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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA ®STANDARDS 

NFPA" codes, standard'i, recommended practices, and guides ("NFPA Standard<;"), of which the document 
contained herein is one, are developed through a consensus standard'i development process approved by the 
American National Standard'i Institute. This process brings together volunteers representing varied viewpoints 
and interests to achieve consensus on fire and other safety issues. \o\'hile the NFPA administers the process and 
establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or 
verify the accuracy of any information or the soundness of any judgment'i contained in NFPA Standard'i. 

The NFPA disclaims liability for any personal iJ1jury, property, or other damages of any nature what'ioever, 
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use 
of, or reliance on NFPA Standards. The NFPA also makes no guaranty or \lt-arranty as to the accuracy or 
completeness of any information published herein. 

In issuing and making NFPA Standards a\'-ailable, the NFPA is not undertaking to render professional or other 
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any 
person or entity to someone else. Anyone using this document should rely on his or her own independent 
judgment or, a'i appropriate, seek the advice of a competent professional in determining the exercise of 
rea'ionahle care in any given circumstances. 

The NFPA ha'i no power, nor does it undertake, to police or enforce compliance with the content'i of NFPA 
Standards. Nor does the NFPA list, certify, test, or inspect product'i, designs, or installations for compliance with 
this document. Any certification or other statement of compliance with the requirement<; of this document shall 
not be attributable to the NFPA and is solely the responsibility of the certifier or' maker of the statement. 

ALERT: THIS STANDARD HAS BEEN MODIFIED BY A TIA OR ERRATA 

NFPA codes, standard'i, recommended practices, and guides ("NFPA Standard<;") may 
be superseded at any time by the issuance of a new edition, he amended with the 
issuance of Tentative Interim Amendment'i (TIA'i), or be corrected by Errata. This 

updating considers the then-current and available information on incident'i, materials, technologies, 
innm-ations, and method'i that develop over time. Therefore, any previous edition may no longer 
represent the current NFPA Standard on the subject matter. NFPA encourages the use of the most 
current edition of any NFPA Standard [a'i it may he amended by TIA(s) or Errata]. An official NFPA 
Standard at any point in time consist<; of the current edition of the document, with any issued TIA'i and 
Errata. Visit the "Codes & Standards" section at w\lt·w.nfpa.org for more information. 

Copyright� NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal:fYnfpa.org. 



ADDmONAL IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA �STANDARDS 

Updating of NFPA Standards 

Users of :-.IFPA codes, standard'i, recommended practices, and guides (MNFPA Standards") should be aware that these 
documcnt'i may be superseded at any time by the is.'iuancc of a new edition, may be amended "idt the issuance of Tentative 
Imcrim Amendment'> (TIA'i), or be corrected by Errata. It is imcndcd that duough regular rc'l'isions and amendment'>, 
participant'> in dtc 1'\FPA standards development proccs.'l consider dtc then-current and available infonnation on incident'>, 
materials, technologies, innovations, and method'> a'> these develop over time and thatl'\FPA Standarcl'i reflect dtis 
consideration. Therefore, any previous edition of this document no longer rcprcscnt'i the currcm NFPA Standard on the 
subject matter addressed. :-.IFPA encourages dtc usc of the most current edition of any NFPA Standard La'> it may be amended 
by TIA(s) or Errataj to take advantage of current experience and understanding. An officiall'\FPA Standard at any poim in 
time consist'> of the current edition of the documcm, including any is.'lucd TIA'> and Errata dtcn in effect. 

To determine whcdtcr an NFPA Standard ha'> been amended through the issuance of TIA'> or corrected by Errata, visit the 
MCodcs & Standard'i" section at www.nfpa.org. 

Interpretations of NFPA Standards 

A statement, written or oral, that is not proccs.'lcd in accordance with Section 6 of the Regulations Governing the 
Development of 1'\FPA Standard'> shall not be considered dtc official position of NFPA or any of it'i Committees and shall not 
be considered to be, nor be relied upon a'>, a Formal Imcrprctation. 

Patents 

The :-.IFPA docs not take any position "idt respect to the validity of any patent right'> referenced in, related to, or a'i.'lcrtcd in 
connection with an :-.IFPA Standard. The users ofl'\FPA Standard'> bear the sole rcsponsibilityfor determining the validity of 
any such patent right'i, a'> well a'> the risk of infringement of such right'>, and the :-.IFPA disclaims liability for the infringement 
of any patent resulting from the usc of or reliance on 1'\FPA Standard'i. 

1'\FPA adheres to the policy of the American National Standard" Institute (ANSI) regarding the inclusion of patent'> in 
American 1'\ational Standarcl'i (Mthc ANSI Patent Policy"), and hereby gives the following notice pursuant to that policy: 

1'\0TICE: The user's attention is called to dtc pos.'iibility dtat compliance with an 1'\FPA Standard may require usc of an 
invention covered by patent right'i. NFPA takes no position a'> to dtc validitY of any such patclll right'> or a'i to whether such 
patent right'> constitute or include cs.'lcntial patent claims under the A:-.ISJ Patent Policy. If, in connection "ith the Al'\SI Patent 
Policy, a patclll holder ha'i filed a statement of willingncs.'i to grant licenses under these right'i on rca'lonablc and 
nondiscriminatory terms and conditions to applicant'> desiring to obtain such a license, copies of such filed statcmcnt'i can be 
obtained, on request, from NFPA. For further information, contact the :-.IFPA at dtc addrcs.'l listcd below. 

Law and Regulations 

l:scrs of :-.IFPA Standards should consult applicable federal, state, and local laws and regulations. 1'\FPA docs not, by the 
publication of it'i codes, standard'i, recommended practices, and guides, intend to urge action dtat is not in compliance "idt 
applicable laws, and these document'> may not be construed a'> doing so. 

Copyrights 

1'\FPA Standarcl'i arc cop}Tightcd. They are made available for a wide variety of both public and private uses. These include 
both usc, by reference, in laws and regulations, and usc in private self-regulation, standardization, and dtc promotion of safe 
practices and mcdtod'i. By making dtcse document'> available for usc and adoption by public authorities and private users, the 
1'\FPA docs not waive any right'i in copyright to these document'>. 

l:sc ofl'\FPA Standard" for regulatory purposes should be accomplished through adoption by reference. The term 
Madoption by reference" means the citing of tide, edition, and publishing information only. Any deletions, additions, and 
changes desired by the adopting authority should be noted separately in the adopting instrument. In order to a'i.'listl'\FPA in 
following the uses made of it'> document'>, adopting audtorities arc requested to notify the 1'\FPA (Attention: Secretary, 
Standard'> Council) in \\Tiling of such usc. For technical a'i.'iistancc and questions concerning adoption ofl'\FPA Standarcl'i, 
contact NFPA at dtc addrcs.'l below. 

For Funherlnfonnation 

All questions or other communications relating to :-.IFPA Standard" and all request'> for information on 1'\FPA procedures 
governing it'> codes and standards development process, including information on the procedures for requesting Formal 
Imcrprctations, for proposing Tentative Interim Amcndmcnt'i, and for proposing revisions to NFPA standard" during regular 
rc'l'ision cycles, should be sent to 1'\FPA headquarters, addrcs.'iCd to the attention of the Secretary, Standarcl'i Council, 1'\FPA, I 
Battcf}1narch Park, P.O. Box 9101, Quincy, �lA 02269-9101; email: std'i_admin@nfpa.org. 

For more infonnation about NFPA, 'l'isit dtc 1'\FPA website at www.nfpa.org. All NFPA codes and standard'> can be viewed at 
no cost at www.nfpa.org/ docinfo. 

Copyright� NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
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National Electrical Code • 

2023 Edition 

This edition of NFPA 70, National Elutrical ('..ode, was prepared by the 1'\ational Electrical Code 
Committee and acted on by dtc 1'\FPA membership during the 2022 :"'FPA Technical Meeting held 

June 8-9. It was is.'iucd by the Stanclarcls Council on August 12, 2022, with an effective date of 
Scptcm ber 1, 2022, and supersedes all prc'l'ious editions. 

This Codewa.'i is.'iuccl "id1 Tentative Interim Amcndmcnt'i (TIA'i) dtat impacted provisions in 
210.8(F), 215.15, 555.30, ancl555.35. For more information on TIA'i, sec \\"Ww.nfpa.org/70 and 
Section 5 of the Regulations Cnroenling the Development of NFPA Standanls al-ailablc at www.nfpa.org/ 
regs. 

This edition of NFPA 70 v.ras approved a'i an American :"'ational Standard on September 1, 2022. 

History and Development of the National Electrical Code• 

The :"'ational Fire Protection A'i.'iOciation ha'i acted a'i sponsor of dtc /1/ational E!Pctriral ('..ode since 
1911. The original ('..ode document was developed in 1897 a'i a result of the united clTort'i of l-arious 
insurance, electrical, architectural, and allied intcrcst'i. 

In accordance "id1 the Regulations Governing the Droelopmmt of NFPA Standards, a National Ekctriral 
Code first draft report containing proposed amcnclmcnt'i to the 2020 National Ekctrical Code was 
published by 1'\FPA in June 2021. This report recorded the actions of the 'l'<lrious code-making panels 
and the correlating committee of the National Electrical Code Committee on each public input and 
first rcl-ision dtat had been made to revise the 2020 Code. The report was published at \\"Ww.nfpa.org/ 
70 .. Follm\ing dtc close of the public comment period, the cocl�making panels met, acted on each 
comment, and created some second rc\isions. which were reported to the correlating committee. 
1'\FPA published dtc National E!Pctrical C..odescconcl draft report in March 2022, which recorded the 
actions of the code-making panels and the correlating committee on the public commcnt'i submitted 
on the 1'\ational Electrical Code Committee first draft report. The National E!Pcll"ical ('..ode first and 
second draft rcport'i were presented to dtc 2022Junc A'i.'iociation Technical Meeting for adoption. 

NFPA ha'i an Electrical Section that prmiclcs an opportunity for 1'\FPA members interested in 
electrical safety to become better informed and to contribute to the development of the National 
Elutrical ('..ode and other NFPA electrical standards. At dtc Electrical Section busincs.'i meeting/ codes 
and stanclard'i rcl-icw session held at the 2022 :"'FPA Conference and Expo, section members had the 
opportunity to docU.'i.'i and review dtc report of dtc National Electrical Code Committee prior to the 
adoption of thi'i edition of the ('..ode by dtc a'isociation at it'i 2022 June Technical Meeting. 

This 56th edition supersedes all odtcr pre'l'ious editions, supplcmcnt'i, and printings elated 1897, 
1899,1901, 1903, 1904,1905,1907,1909, 1911, 1913,1915,1918,1920, 1923, 1925,1926,1928,1930, 
1931, 1933, 1935, 1937, 1940, 1942, 1943, 1947, 1949, 1951, 1953, 1954, 1955, 1956, 1957, 1958, 1959, 
1962,1965, 1968, 1971,1975,1978,1981, 1984, 1987,1990,1993,1996, 1999, 2002,2005,2008,2011, 
2014, 2017, ancl2020. 

This Code is purely adl-isory a'i far a'i 1'\FPA is concerned. It is made available for a l\iclc l-aricty of 
both public and private uses in dtc interest of life and property protection. These incluclc both usc in 
law and for regulatory purposes and usc in pril-atc self-regulation and standardization actilitics such 
a'i insurance undcnvriting, building and facilities construction and management, and product 
testing and certification. 

1\:FPA 70, :'\ational Elecu;cal Code, :'\EC, 1\:FPA, and 1\:ational Fire Protection .-\ssociation are regl•tererl trademark.• of the :-.la1ional Fire Protection As.mciation, 

Quincy, :\fa'l..achtL�tl• 0216!1. 
Copyright� NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 

For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 
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Inc., TX [L'] 

(Alt. to Charles L. Boynton) 
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Brian E. Rock, Hubbell Incorporated, CT [M) 
(Alt. to Thoma• A. Domiu·mich) 

JosephJ. Wages,Jr., International A•sociation of Electrical 
ln�pecton, TX [E) 

(Alt. to David G. Humphrey) 

Michael Weaver, :\f&W Elecu·ic, OR [IM) 
(Alt. to Fred Neubauer) 

Nonvotiug 

Douglas A. Lee, L'S C..on.•umer Product Safety C..ommi'l.•ion, MD [C) 
Rep. US Con�umer Product Safely C..ommi'l.•ion (CPSC) 

Einstein Miller, L'S C..on.•ume1· Product Safety C..ommis.•ion (CPSC), 
MD [C) 

Jeffrey S. Sargent, NFPA Staff Liaiwn 

Rep. US Con�umer Product Safety C..ommi'l.•ion (CPSC) 
(Alt. to Dougla• A. Lee) 

Code-Making Panel No. 3 

Articles 300, 305, 335, 590, 722, 724, 725, 726, 728, 760, Chapter 9 Tables l l(A), l l (B), 12(A), and 12(8) 

Robert A. Jones. Chair 
Independent Elecuical C..ontracton, Inc., TX [IM) 

Rep. Independent Electrical C..ontracton, Inc. 

Richard S. Anderson, RTKL A .. •ociate� Inc., VA [M) Donald R. Iverson, Sclp1clder Elecuic, Ml [:\f) 
Chad M.Jones, Ci� S}'!ltem•, OH [:\f) Rep. Building lndu.•u-y C..on.•ulting Sen-ice� International 

Douglas P. Bassett, Xfinity Home, FL [IM) 
Rep. Elecu·onic Securily As..ociation 

Kyle Krueger, �arional Electrical C..ontractoD- MiJv,;aukee Chapter, 
WI [IM) 

Steven D. Burlison, Duke Energy, FL [L'T) 
Rep. Elecuic Light & Power Group/EEl 

Jay Burris, \'\'heatland Tube (Di\'. ofZekelman Indu�uio), OH [M) 
Rep. Steel Tube In�titute of North Ame1ica 

PauiJ. Casparro, Scranton Elecuician�.JATC, PA [L) 
Rep. International Brotherhood of Elecuical Worker.� 

Shane M. Clary, Bay Alarm Company, CA [M) 
Rep. Automatic Fire Alrum A•sociation, Inc. 

Michael Cogbill, REV2 C..on�ulting, FL [1:\f) 
Rep. Cu.•tom Electronic De�ign & ln�tallation As.•ociation 

(C.EDIA) 
Raymond W. Homer, Atkore International, IL [M) 

Rep. National Electrical :\fanufacturen As..ociation 
RandolphJ. Ivaus, L'L LLC, NY [RT) 

Rep. National Electrical C..ontracton A'l..ociation 
Timothy J. Mildoiche, Town ofWe�t Hru1ford, CT [E) 

Rep. International As..ociation of Elecuical Inspectors 
Steft&J. Owen, Steven.J. Owen, Inc., AL [IM) 

Rep. A'l..ociated Builders & C..ontracton 
David A. Pace, Olin C.orporation, AL [L') 

Rep. American Chemi•try C..ouncil 
William C. Szeto, Retired, TX [U) 

Rep. IEEE-IA.'>/PES JTCC 
Ronald Tellas, Belden, FL [:\f) 

Rep. Communication� ("..able & Connecti\ily A•sociation 
(CCC..A) 
George Allan Zimmerman, CME Consulting, Inc., CA [SE) 

Rep. Ethernet Alliance 

Alternates 

Louis Alvarez, Local 3 1BEW, NY [L) 
(Alt. to Paui.J. C..a.•pan-o) 

James S. Conrad, RSCC Wire & C..able, CT [M) 
(Alt. to Ra}mond W. Homer) 

Adam D. Corbin, C..orbin Elecllical Senico, Inc., �J [IM) 
(Alt. to Robert A  . .Jone�) 

Dale Crawford, Steel Tube ln�titute, L'T [:\f) 
(Alt. to .Jay Burri.•) 

Ken Erdmann, Erdmann Electric Inc., L'T [1:\f) 
(Alt. to :\fichael C..ogbill) 

DavidJ. Hendershot, Main Elecuic C..on�truction Inc, ND [IM) 
(Alt. to Kyle Krueger) 

Ward Judson, nVent, OH [M) 
(Alt. to Richard S. Andenon) 

Jessica Leigh Kiefer, CiKo System�. Inc., CA [M) 
(Alt. to Chad M . .Jones) 

John Lupacchino, Gaylor Elecuic Incorporated, IN [IM) 
(Alt. to Sle\•en .J. Owen) 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJCAL COI>t: 

Kenneth L McKinney, Jr., UL LLC, :'IIC [RT) 
(Alt. to Randolph]. (vans) 

Jack McNamara, Bo..ch Secmity System•, :\'Y [M) 
(Alt. to Shane M. Clru-y) 

Rhonda Parkhurst, Cily of Palo Alto, ("..A [E) 
(Alt. to Timothy J. :\fikloiche) 

Christopher J. Pavese, Duke Energy, KY [L'T) 
(Alt. to Ste\'en D. Burliwn) 

Rick D. Sheets, AT&T Digital Life, TX [IM) 
(Alt. to Dougla• P. Ba'l.�ll) 

Rebecca S. Templet, Shell Chemical, LA [L') 
(Alt. to Da\id A. Pace) 

Keith Waters, Schneider Elecuic, KY [:\f) 
(Alt. to Donald R. Iverson) 

Carl R. �tterhan, Pry�mian C..able & System• USA, LLC., KY [M) 
(Alt. to Ronald Tella•) 
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Edward C. Lawry, Oregon, \\-1 [0] 
(Member Emelitu.•) 

JeffreyS. Sargent, NFPA Staff Liaison 

Nonvotiug 

Code-Making Panel No. 4 

Articles 690, 691, 692, 694, 705, 710 

JamesJ. Rogers, Chair 
Tov.ns of Oak Bluff.•, Ti.•bury, West Ti•bury, MA [E) 

Rep. International A'l..aciation of Elecnical inspectors 

Brian Baughman, Generac Power S}'liteln• Inc., \'\1 [M] 
William F. Brooks, Brook.• Enginee1ing, CA [U] 

Rep. Photmultaic lndu•try C..ode C..ouncil 
Bill Brown, Schneider Elecuic, TN [M] 

Rep. National Electrical :\lanufacturers As.'IOCiation 
James G. Cialdea, CE Power Engineered Senices, LLC, :\1,\ [IM] 

Rep. InterNational Elecnical Testing A'l..aciation 
Samantha Doshi, lnte11ek, CA [RT] 
Steven Emert, Rosendin Electric, C..A [I :\I] 

Rep. National Electrical C..ontractors A'I.'IOCiation 
Brenton M. Fedele, National G1id, :\'Y [UT] 

Rep. Edimn Elecnic ln•titute 
Jason M. FJSber, Solar Technical C..onsulting LLC, VA [U] 

Rep. Solar Energy lndu.•Uies As.'IOCiation 
Todd Fries, Helle1mannTyton, \'\1 [M] 
Mark D. Gibbs, UCOR an Amentum-Led Pannel'llhip ''ithjacobs, 
TN [l:] 

Rep. IEEE-IA'>/PES JTCC 

John S. Berdner, Solarcowboyz, CA [U] 
(Alt. to William F. Brook.•) 

Ron Borowski, Eaton C..orporation, \\-1 [M] 
(Alt. to Bill Brov.n) 

Ward I. Bower, Solar Energy lndu•Uies As.•ociation, NM [U] 
(Alt. to .Jamn M. Fi•her) 

Michael E. Brousseau, lntenek Testing Sen-ices, GA [RT] 
(Alt. to Samantha Do.•hi) 

Blake Ely, E Light Elecuic Sen-ices, Inc., CO [IM] 
(Alt. to Ted L. Smith, Sr.) 

Mark Gillespie, T:\11 Elecuic, OH [I� 
(Alt. to Duke W. Schamel) 

· 

Cari Dee Helberg, HellermannJ:vton, \\-1 [:\!] 
(Alt. to Todd Flies) 

Jason David Hopkins, UL LLC, IL [RT] 
(Alt. to Timothy P. Zgonena) 

Peter D. Jackson, City of Bakenfield, California, CA [E) 
(Alt. to.James.J. Rogel'S) 

Stephen W. Douglas, QPS El'aluation Sen-ices Inc., Canada [SE] 
Rep. CSA/Canadian Electrical C..ode C..ommiuee 

JeffreyS. Sargent, NFPA Staff Liaison 

70-12 

Anthony Granato, Manchester Fire Rescue E:\IS, CT [L] 
Rep. International As.'IOCiation of Fire Fighters 

Rebekah Wharton Hren, IPPNC LLC, NC [{;] 
Rep. Solar Energy International 

Lee M. Kraemer, Fint Solar, OH [:\!] 
Rep. Large-Scale Solar A'I.'IOCiation 

IrozeneU Pruitt, C..orte\'8 ComPilDY• Inc. /The DuPont Company, 
Inc., TX [{;] 

. 

Rep. American Chemistry Council 
Duke W. Schamel, Electrical Senice Solutions, Inc., C..A [l:\1] 

Rep. lndependellt Elecuical Contractors, Inc. 
Uday Singh, Hanwha Q C..ell•, CA [M] 
Ted L Smith, Sr

;
, E Light Elecn"ic Senices, Inc., CO [IM) 

WendeD R. Whistler, IBEW Local 280 , OR [L) 
Robert H. Wdis, Intergrid, LLC, NH [l:] 

Rep. American Wind Energy A'l..aciation 
Tunoeby P. 7«onena, UL LLC, IL [RT] 
Allg Zbu, Momingstar C..orporation, :\ID [:\!] 

Alternates 

Brian Mehalic, Winston�'>alem, NC [U] 
(Alt. to Rebekah Whanon Hren) 

Harold C. Ohde, IBEW 134/Electrical Joint Apprenticeship 
Training & Tru•t. IL [L] 

(Alt. to Wendell R. Whi•tler) 
Isaac Opalinsky, Sun Power Corporation, MD [M] 

(Alt. to Lee :\1. Kraemer) 
Robert W. Preus, :'liational Rene\\'able Energy Lab, CO [U] 

(Alt. to Robert H. Will•) 
George Ray StovaU, International As.•ociation of Fire Fighters, CT 
[L] 

(Alt. to Anthony Granato) 
John THOne, Timne Elecnic, FL [IM] 

(Alt. to Ste\'en Emen) 
Leo Zieman, Florida Power & Light (Nextera Energy), FL [UT] 

(Alt. to Brenton :\1. Fedele) 

Nonvotiug 
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Code-Making Panel No. 5 

Articles 200, 250 

G. Scott Hardiug, Chair 
F. B. Harding, Inc., MD [IM) 

Rep. Independent Electrical <'..on tractors, Inc. 

Paul W. Abernathy, Encore Wire Corporation, TX [M) 
Rep. The Aluminum As.•ociation, Inc. 

Joseph James Hardiug, Power Tool Institute, OH [M) 
Rep. Power Tool Institute, Inc 

Christopher M.Jeusen, UL LLC, l:T [RT) Joseph F. Andre, Steel Tube Institute, WA [M) 
Rep. Steel Tube Institute of North Ame1ica Daleep C. Mohla, DCM Electrical C..onsulting Senices, Inc., TX [L"] 

Rep. IEEE-IA'>/PES JTCC 
. 

Derrick L AtkiDs, Minneapoli• ElectricalJATC, MN [L) 
Rep. International Brotherhood of Elecuical Workers 

'lievor N. Bowmer, Bunya Telecom C..onsulting, LLC, ME [U) 
Rep. Alliance for Telecommunications lndu•u-y Solution.• 

David Enrique Beltran Feliciano, Sa\"allnah Ri\•er Nuclear Solutions, 
SC [U) 

William A. Pancake, 01, CAP Govemment, FL [E) 
Rep. International As.'IOCiation of Electrical Inspectors 

Christine T. Porter, Intertek Testing Sen. ices, WA [RT) 
Gregory J. Steinman, ABB Installation Product.• Inc., TN [M) 

Rep. National Electrical Manufacturers As.'IOCiation 
Carlie Rose Crawford, RSCC Wire and <'..able, CT [M) 

Rep. Copper Development A•sodation Inc. 
Paul Dobrowsky, Innovative Technology Senices, :\'Y [U) 

Rep. American Chemi•try C..oundl 

Eric Roland Stromberg, La$ Alamos National Laboratory, NM [U) 
Darrell M. Sumbera, Centerpoint Energy, TX [UT) 

BobbyJ. Gray, Hoydar/Buck, Inc., WA [IM) 
Rep. National Electrical <'..on tractors A'I.'IOCiation 

Michael Anthony Alamprese, S\\inford Electric, CA [L) 
(Alt. to Denick L Atkins) 

Larry Albert, Stanley Black And Decker, MD [M) 
(Alt. to .Jo.'leph .James Harding) 

Jon Coulimore,.JC Electric, Inc., WA [IM) 
(Alt. to G. Scott Harding) 

Kenneth S. Crawford, Chemours C..ompany, \\-'\! [U) 
(Alt. to Paul Dobrowsky) 

ErnestJ. Gallo, Telcordia Technologies (Erics.•on), NJ [L"] 
(Alt. to Tre\•or N. Bov.mer) 

David A. Gerstetter, UL LLC, IL [RT) 
(Alt. to Ch1istopher M . .Jensen) 

Lee S. Herron, Burndy LLCr A Hubbell C..ompany; AL [M) 
(Alt. to Gregory.J. Steinman) 

RobertA. Nelson, C..anadian StandardaA'I.'IOCiation, Canada [RT) 

JeffreyS. Sargent, NFPA Staff Liaison 

Rep. Elecuic Light & Power Group/EEl 
Bryan KeithWalson, C..NSY-12, Dl [U) 

Alternates 

Raym011d W. Homer, Atkore International, IL [M) 
(Alt. to .Jo.'leph F. Andre) 

Juan R. Lahera, Arizona Public Senice, fil. [l:T) 
(Alt. to DruTell M. Sumbera) 

Karin Manfredi, AFC <'..able Systems/ Atkore, MA [M) 
(Alt. to Paul W. Abernathy) 

Richard M. O'Brien, City of La.• Vega.•, Building & Safety, :\'V [E) 
(Alt. to William A. Pancake, Ill) 

Nathan Philips, Integrated Elecu·onic System.•, OR [IM) 
(Alt. to Bobby.J. Gray) 

Phil Simmons, Simmons Electrical Senices, WA [M) 
(Alt. to <'..artie Rose Crawford) 

Nonvoting 

Code-Making Panel No. 6 

Arlicles 310, 315, 320, 322, 324, 326, 330, 332, 334, 336, 337, 338, 340, 382, 394, 395, 396, 398, 400, 402, 

Chapter 9 Tables 5 through 9, Annex B, Annex D Example D7, Annex E 

Susan Newman Scearce, <'.hair 
Director of Public Work.'l, Fort <'..ampbell, T:-.1 [E) 

Rep. lntemational A'I.'IOciation of Elecuical Inspectors 

Todd Crisman, IBEW Local 22JATC, NE [L) 
Rep. International Brotherhood of Elecuical Workers 

Joseph W. Cross, Ea•unan Chemical Company, T:-.1 [U) 
Rep. American Chemi•try C..oundl 

Brian Deacy, Atkore lntemational, IL [M) 
Rep. Copper Development A•sodation Inc. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

Tunotby Earl, GBH International, Ml [M) 
Rep. The Vinyl Institute 

Peter Graser, C..oppen�eld, GA [M) 
Rep. American Bimetallic A'I.'IOCiation (ABA) 

Christel K. Hunter, Cen-o Wire, !lo'V [M) 
Rep. The Aluminum As.'IOCiation, Inc. 
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Gerald W. Kent, Kent Elecuic & Plumbing Systems, TX [IM] 
Rep. Independent Elecuical Contractors, Inc. 

Kelly Lamp, Idaho Chapter NECA, 1D [IM] 
Rep. National Electrical ("..on tractors A'I.'IOCiation 

Demlis A. Nielsen, Lawrence Berkeley :'liational Laboratory, CA [U] 
Rep. IEEE-lAS/PES JTCC 

Michael Thomas Pon:aro, National Grid, MA [UT] 
Rep. Elecuic Light & Power Group/EEl 

Keuneth Riedl, lntertek Testing Senices, :\'Y [RT] 
Rep. lntertek Testing Senices 

Susan L Stene, l:L LLC, CA [RT] 
Dave Watson, Southv.ire, GA [M] 

Rep. National Electrical Manufacturers As.'iOCiation 

Alternates 

David R. Carron, Flmida Power and Light, FL [UT] 
(Alt. to Michael Thoma• Porcaro) 

· 

Shane Douglas Custer, Big State Elecuic, TX [IM] 
(Alt. to Kelly Lamp) . 

ChrisJ. Fahrenthold, Facility Solutions Group, TX [IM] 
(Alt. to Gerald W. Kent) 

Ravindra H. Ganacra, CME Wire and C..able Inc., GA [M) 
(Alt. to Da\•e Watmn) 

Gary Douglas Luusford, Shelby County ("..ode Enforcement, T:'li [L] 
(Alt. to Todd Cri•man) 

JeffreyS. Sargent, NFPA Staff Liaison 

Borgia Noel, State of Wyoming Fire Marshal's Office, \W [E) 
(Alt. to Su..an Newman Scearce) 

Rodrigo O'Byme, ENER\\-lRE/C..ondu..aJ, E1 Sal\-ador [M] 
(Alt. to Peter Gra�r) 

Kevin T. Porter, Encore Wire Corporation, TX [M) 
(Alt. to Ch1istel K. Hunter) 

Mario Xerri, UL LLC, :\'Y [Kf] 
(Alt. to Su..an L Stene) 

Joseph S. Zimnoc:b, The Okonite Company, NJ [M] 
(Alt. to B1ian Deacy) 

Code-Making Panel No. 7 

Articles 220 Part VII, 545, 547, 550, 551, 552, 555, 604, 675, Annex D Examples D 11 and Dl2 

L Keith Lofland, Chair 
lntemational A'I.'IOCiation ofElecuical lnspeC1ors (IAEI), TX [E) 

Rep. International A'l.mciation of Elecuical Inspectors 

Jorge L Arocha, Flmida Power & Light, FL [l:T] 
Rep. Edimn Elecuic ln•titute 

· 

Wade Elliott, Utility Supply Group, WA [U] 
Rep. National A'I.'IOCiation of RV Park.• & C..ampground• 

RobertJ. FJCk, Alliant Energy, WI [U] 
Rep. American Society of Agricultural & Biological EngineeD 

Adam Gilbert, lntertek, CA [RT] 
Jacob Gray, Denier Elecuic, OH [IM] 

Rep. Independent Elecuical Contractors, Inc. 
Ryan Hyer, Testing Engineers International, l:T [RT] 
Thomas R. Lichtenstein, l:L LLC, IL [Kf] 
Gary D. Loftis, Maffett Loftis Engineering. LLC, TN [l:] 

Rep. American Boat & Yacht Council Inc. 
David M. Mibalick, Thor lndu.•uies Inc., IN [M] 
Doug Mulvaney, Kampground• of America, Inc., MT [l:] 
Clifford Norton, Bellingham Marine Utilities, FL [IM] 

Stacey Campbell, Kampground• of America, Inc., MT [U] 
(Alt. to Doug Muh'aney) 

Byron Carron, C..an-ol Wood.• Inc., NC [U] 
(Alt. to Wade Elliott) 

Clay Carron, Settle Muter Elecuic, OH [IM] 
(Alt. to .Jacob Gray) 

Mark A. Cook, MCC, \\-1 [U] 
(Alt. to Robert.J. Fick) 

Gerald D. Dix, Hampton Road• .Joint Apprenticeship Training 
C..ommittee, VA [L] 

(Alt. to Richard A. Paredes) 
Christopher James Doty, UL LLC, 1\'Y [RT] 

(Alt. to Thoma• R. Lichtenstein) 
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Richard A. Paredes, IBEW Local 164.JATC, N.J [L] 
Rep. International Brotherhood of Elecuical Workers 

PaulJ. Reis, AFC ("..able S}'litems, Inc., MA [M) 
Rep. The Aluminum As.'iOCiation, Inc. 

Curt Richardson, Recreation Vehicle lndu.•try A'I.'IOCiation (R\1A), 
1:'1: [M] 

Rep. Recreation Vehicle Industry A'l.mciation 
Stephen G. Rood, Legrand North America, NH [M] 

Rep. National Electrical Manufacturers As.'iOCiation 
Paul David Seff, Eaton C..orporation, VA [M] 
Wesley L Wheeler, :'liational Elecuical C..onb-actors A'l.mciation, MD 
[IM] 

Rep. National Electrical ("..on tractors A'I.'IOCiation 
Michael L Zieman, RADCO, CA [M] 

Rep. Manufactured Hou.•ing Institute 

Alternates 

Dean C. Hunter, Minnesota Department of Labor & lndu.•try, M:'li 
[E) 

(Alt. to L. Keith Lofland) 
Randy D. Kummer, South,,ire C..o., GA [M) 

(Alt. to Paui.J. Reis) 
Brian �erowicz, Baltimore Ga• and Elecuic, MD [l:T] 

(Alt. to .Jorge L Arocha) 
Philip Ostrow, Ostrow Elecuic C..ompany, MA [IM] 

(Alt. to Wesley L. \\-1Jeeler) 
Matthew J. Samojeden, Hubbell Incorporated, CT [M] 

(Alt. to Stephen G. Rood) 
Michael G. Sass, Recreation Vehicle Industry A'l.mciation (R\1A), 
VA [M] 

(Alt. to Curt Richard•on) 
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TunScblabach, Thor lndu•nies Inc., 1:'11 [M) 
(Alt. to David M. Mihalick) 

JeffreyS. Sargent, NFPA Staff Liaison 

CO�I�IITIEE PERSOJ'>l'>EL 

David Alan Smith, Eaton C.orporation, PA [M) 
(Alt. to Paul Da\id Sell) 

Code-Making Panel No. 8 

Articles 342, 344, 348, 350, 352, 353, 354, 355, 356, 358, 360, 362, 366, 368, 369, 370, 371, 372, 374, 376, 378, 380, 

384, 386, 388, 390, 392, Chapter 9 Tables I, 2, 4, Annex C, Annex D Example Dl3 

Thomas E. Moore, \.hair 
City ofStow, OH [E) 

Rep. International A'l..ociation of Elecuical lnspectors 

Doug Adams, MP Hu•ky LLC, SC [M) 
Rep. Cable Bus Manufacturers A'l.•ociation 

David M. Campbell, AFC \..able S}'lltems, Inc., MA [M) 
Rep. The Aluminum As..ociation, Inc. 

David A. Gerstetter, UL LLC, IL [RT) 
David H. Kendall, ABB Inc., T:-.1 [M) 

Rep. The Vinyl Institute 
Jeffrey Kriner, Arizona Public Senice \.o., AZ [UT) 

Rep. Elecuic Light & Power Group/EEl 
Michael C. Martin, Retired, TX [U) 

Rep. American Chemi•try \..ouncil 
Paul W. Myers, Nuuien, OH [U) 

Rep. IEEE-IA'>/PES JTCC 

Rhett A. Roe, IBEW Local Union 26JATC, MD [L) 
Rep. International Brotherhood of Elecnical Workers 

Raymond H. Smith, C..ogbum Bros., Inc., FL [IM) 
Rep. National Electrical \.on tractors A'l..ociation 

Raul L Vasquez, Independent ElecQical \.ontractm'll, TX [IM) 
Rep. Independent Elecuical Contractors, Inc. 

Rodney J. West, Schneide� Electric, OH [M) 
Rep. National Electrical .Manufacturers As..ociation 

Carolyn Faye Wood, Nucor Republic \.onduit lnc., KY [M) 
Rep. Steel Tube ln.•litute of North Ame1ica 

Alternates 

Jay Burris, \'\'heatland Tube (Di\•. ofZekelman lndusuies), OH [M) 
(Alt. to \..amlyn Faye Wood) 

Michael Cannady, Newkirk Elecuic As.•ociates, Ml [IM) 
(Alt. to Ra}mond H. Smith) 

Brian Deacy, Atkore International, IL [M) 
(Alt. to Da\id H. Kendall) 

Jeffrey A. Fecteau, UL LLC, AZ [RT) 
(Alt. to Da\id A. Gerstetter) 

Javier Herrera, Central Electric, TX [IM) 
(Alt. to Raul L. Va'IIJuez) 

Scott Thomas Higgius, Minnesota Department of Labor & lndu•try, 
MN [E) 

(Alt. to Thoma• E. Moore) 

Gary K. Johnson, Dow Chemical, Inc., LA [{;) 
(Alt. to Michael C. Martin) 

Josiah Daniel McNulty, Nuuien, OH [U) 
(Alt. to Paul W. Mye111) 

Andrew Nause, IPEX Management Inc., \..anada [M) 
(Alt. to Rodney J. West) 

Dan Rodriguez, IBEW Local Union 332, CA [L) 
(Alt. to Rhett A. Roe) 

Dan Suriyamongkol, Advanced Cable Bus, SC [M) 
(Alt. to Doug Adam•) 

Dave Watson, Southv.ire, GA [M) 
(Alt. to Da\id M. Campbell) 

Nonvotiug 

Stephen W. Douglas, QPS E\-aluation Senices Inc., Canada [SE) 
Rep. CSA/Canaclian ElecuicaJ.\..ode \.ommiuee 

JeffreyS. Sargent, NFPA Staff Liaison 

Code-Making Panel No. 9 

Articles 312, 314, 404, 408, 450, 495 

Rodney D. Belisle, Chair 
NE\..A-IBEW Elecuical Training Trust, OR [L) 

Rep. International Brotherhood ofEJecuical Worke111 

David R. Carron, Flmida Power and Light, FL [UT) 
Rep. Elecuic Light & Power Group/EEl 

Carmon A. Colvin, Bright Future Electric, LLC, AL [IM) 
Rep. Independent Elecuical Contractors, Inc. 

Lou Grahor, Eaton C.orporation, PA [M) 
Frederic P. Hartwell, Hartwell Elecuical Senices, Inc., MA [SE) 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

Richard HoUander, Shum• \.oda A'l..ociates, \..A [E) 
Rep. International As..ociation of Elecuical lnspectm'll 

Robert D. Osborne, l:L LLC, NC [RT) 
Ryan Parker, Ea•unan Chemical \..ompany, TN [U) 

Rep. American Chemi•try \..ouncil 
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Ronnie H. Ridgeway, Siemens lndu.•u-y, Inc., TX [M] 
Rep. National Electrical :\lanufacturers As.mciation 

Nick Sasso, Clark C..ounty Building and Fire Prevention, NV [E) 

TUDotby James Schultheis, T.S.B Inc., Schulthei• Electric, PA [IM] 
Rep. National Electrical <'..on tractors A'l.mciation 

George Smith, Schneider Elecu·ic, TN [:\!] 

Paul B. Sullivan, DuPont, SC [l:] 
Rep. IEEE-lAS/PES JTCC 

Alternates 

Gary Boom, Pru·kin Elecuic Inc., OR [IM] 
(Alt. to (' .. armon A. C.olvin) 

TUDotby Evaus, l:L, LLC C..anada, C..anada [RT] 
(Alt. to Robert D. Osbome) 

Fnmklin Dean Fo11ney, C.ounty of Fairfax C..apital Facility , VA [E) 
(Alt. to Richard Hollander) 

Andrew Jobn Kasznay, A\"angrid, Cf [l:T] 
(Alt. to Da\id R. C..arroll) 

Haley Masbruch, Danat"d Electric, Inc., WA [1:\1] 
(Alt. to Timothy Jatnes Schultheis) 

Reggie M. Maxey, Methat1ex USA, LLC, LA [U] 
(Alt. to Ryan Parker) 

Richard D. Michon, State of Wyoming, \W [E) 
(Alt. to :'liick Sa'i.m) 

Jeffrey S. Sargent, NFPA Staff Liaison 

Sharon MuUen, DuPont Energy Operations, DE [U] 
(Alt. to Paul B. Sulli\"an) 

Michael O'ConneU, .Joint Apprentice & Training C..ommittee of 
Greater Boston, MA [L] 

(Alt. to Rodney D. Belisle) 

Garrett Fauble Rettig, Allied :\loulded Product•, Inc., OH [:\!] 
(Alt. to Ronnie H. Ridgeway) 

Joe Schomaker, Eaton, MO [M] 
(Alt. to Lou Grahor) 

Michael Simister, lnte11ek Testing Senices, TX [RT] 
(Voting Alt.) 

. 

Cod�Making Panel No. 10 

Articles 215, 225, 230, 235, 240, 242, 245 

Nathan Philips, ('.hair 
Integrated Electronic System.'- OR [IM] 

Rep. National Electrical C..ontracton As.mciation 

Richard P. Anderson, Jr., Fluor C.orporation, TX [U] 
Rep. A'l.mciated Builders & C..ontractors 

Kevin S. Arnold, Eaton's Bu. .. •mann Bu.•ines.•, MO [M] 

Scott A. Blizard, American Electrical Testing C..ompany, Inc., :\lA 
[I :\I] 

Rep. InterNational Elecuical Testing A'l.mciation 

Randy DoUar, Siemens lndu•u-y, GA [:\!] 
Rep. National Electrical :\lanufacturers As.mciation 

Ed Koepke, Nidec :\lotor C..orporation, MO [:\!] 

Derrick Robey, Lyondellba�u. TX [U] 

Roy K. Sparks, W, Eli Lilly and C.ompany, I :'I: [U] 
Rep. American Chemi•try C..ouncil 

Steven E. TOWDSeDd, General Motors C..ompany, :\11 [{;] 
Rep. IEEE-lAS/PES JTCC 

Christopher R. Vance, :'liational G1id, NY [UT] 
Rep. Elecuic Light & Power Group/EEl 

David A. Williams, Delta Charter Township, :\11 [E) 
Rep. International As.mciation of Electrical Inspectors 

Danish Zia, UL LLC, 1\'Y [RT] 

Alternates 

Paul D. Barnhart, UL LLC, NC [RT] 
(Alt. to Danish Zia) 

Joseph R. Chandler, Independent Electrical Contractors-Dalla•, TX 
[I :\I] 

(Voting Alt.) 

Anthony Dawes, DTE Energy, :\11 [l:T] 
(Alt. to Ch1istopher R. Vance) 

Thomas A. Domitrovicb, Eaton C..orporation, MO [:\!] 
(Alt. to Ke\in S. Amold) 

Richard E. Lofton, D, IBEW Local l:nion 280, OR [L] 
(Voting Alt.) 

Jeffrey S. Sargent, NFPA Staff Liaison 
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Elva Diane Lynch, Sturgeon Electric Company, Inc., CO [IM] 
(Alt. to :'liathan Philips) 

Alan Mancbe, Schneider Elecu·ic, KY [:\!] 
(Alt. to Randy Dollar) 

David Morrissey, American Electrical Testing C..ompany, Inc., MA 
[I :\I] 

(Alt. to Scott A. BJiZat·d) 

Douglas C. Smith, West C.oa•t <'..ode C..onsultanL• (WC3), UT [E) 
(Alt. to David A. William.•) 

Peter R. Walsh, Teaticket Technical A'l.•ociates, LLC, MA [U] 
(Alt. to Ste\•en E. Townsend) 
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Cod�Making Panel No. 11  

Articles 409, 430, 440, 460, 470, Annex D Example DS 

Luis M. Bas, lntertek Testing Sen ices, FL [RT] 
John E. Cabaniss, Ea,unan Chemical Company, T:-.1 [U] 

Rep. American Chemi,try C..ouncil 
Zivorad Cosic, ABB Inc., WI [M] 
Donald P. Deacbin, DTE, Ml [UT] 

Dirk R. F. Mueller, Chair 
l:L LLC, Ge1many [RT] 

Rep. UL LLC 

Arthur S. Neubauer, ArseaJ Technologies, GA [U] 
Rep. American Petroleum ln,titute 

JebediahJ. Novak, C..edar Rapid, Elecuical.JATC, lA [L] 
Rep. International Brotherhood of Elecuical Workers 

Joe Schomaker, Eaton, MO [M] 
Rep. Edimn Elecuic Jn,titute 

Tua Hinson, Miller Electric C..ompany, FL [IM] 
Rep. National Electrical ("..on tractors A'l.mciation 

Arthur J. Smith, ID, Waldemar S. Nelson & C..ompany, Inc., LA [U] 
Rep. IEEE-IA'>/PES .JTCC 

Joseph Larson, Daikin Applied Ame1ica,, MN [M] 
Charles Littlefield, Goochland C..ounty, VA [E) 

Rep. International As.mciation of Elecuical Inspectors 
Carlos Martinez, Fluor Enterpri�s Inc., TX [U] 

Rep. A'l.mciated Builders & C..ontractors 

MasheD D Carissimi,.JMC Elecuical C..ontractor LLC, Ml [IM] 
(Alt. to Tim Hinson) 

SethJ. Carlton, UL LLC, IL [RT] 
(Alt. to Dirk R. F. Mueller) 

Eric Gesualdi, Shell Oil C.ompany, TX [U] 
(Alt. to Arthur S. :'lleubauer) 

Charles A. Goetz, Siemens lndu.,u-y, Inc., IL [M] 
(Alt. to Keith Waters) 

Ron Greenhill, Elecuic Solutions Inc., OH [IM] 
(Alt. to George S. Tidden) 

Darryl Hill, Wichita Elecuical.JATC/IBEW 271, KS [L] 
(Alt. to .Jehecliah .J. No\-ak) 

JeffreyS. Sargent, NFPA Staff Liaison 

George S. Tidden, IES Residential Inc., TX [IM] 
Rep. Independent Elecuical Contractors, Inc. 

Keith Waters, Schneider Elecuic, KY [M) 
Rep. National Electrical Manufacturers As.mciation 

Ron Widup, She1mco lnd\)Slrles, TX [IM] 
Rep. InterNational ElecuicaJ Testing A'l.mciation 

Alternates 

Jack E.JamisoD,Jr.,.Jack E . .Jamimn,.Jr. lnspection,, WV [E) 
(Alt. to charles Littlefield) 

Chester .Kailly, Dupont Chestnut Run Plaza, DE [U] 
(Ait: to .John E. C..ahanis.,) 

JosepbPavia, Eaton Bu.'l.,mann Bu.,ines.,, 1:'11 [M] 
(Alt. to .Joe Schomaker) 

Darrell M. Sumbera, Centerpoint Energy, TX [UT] 
(Alt. to Donald P. Deachin) 

Steven E. Townsend, General Motors C..ompany, Ml [{;] 
(Alt. to Arthur .J. Smith, Ill) 

Bobby A. Walton, lnte11ek, TX [RT] 
(Alt. to Luis M. Ba,) 

Cod�Making Panel No. 12 

Articles 610, 620, 625, 626, 630, 640, 645, 646, 647, 650, 660, 665, 668, 669, 670, 685, Annex D Examples D9 and 

DIO 

Joseph M. Bablo, (".hair 
UL LLC, IL [RT] 

Frank Anthony Belio, International Union of Elevator C..onstructors, 
CA [L] 
Pbilip Clark, City of Southfield, Ml [E) 

Rep. International As.mciation of Elecuical Inspectors 
Karl M. C.mningham, Self Employed, FL [M] 

Rep. The Aluminum As.mciation, Inc. 
Joel Goergen, Cisco System.,, Inc., ("..A [M) 
Jody B. Greenwood, :'lla�y Crane C..enter, VA [l:] 
John D. (Doug) Henderson, TK Ele\-ator, TN [M) 

Robert E. Johnson, ITE Safety, MA [l:] 
Rep. Information Technology Industry Council 

MarkS. Joiner, Office State Fire Marshal, LA [E) 
Stanley Kaufman, C..ableSafe, lnc./OFS, GA [M] 

Rep. Pla,tic., lndu.,u-y A'l.mciation (Pla,tic.,) 
Todd R. Konieczny, lntertek Testing Sen ices, MA [RT] 

Rep. lntertek Testing Senices 
Todd F. Lottmann, Eaton's Bu.'l.,mann Busines.,, MO [M) 

Rep. National Electrical Manufacturers As.mciation 
Rep. National Ele\-ator Industry Inc. 

Andrew Hernandez, Facebook, IL [U] 
Rep. IEEE-IA'>/PES .JTCC 

Jim Murnan, Texa, Depat1ment of Licensing & Regulation, TX [E) 
Karl Reighard, Del man-a Power and Light, MD [l:T] 

Jeffrey L Holmes, IBEW Local Union l .JATC, MO [L] 
Rep. International Brotherhood of Elecuical Workers 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. COI>t: 

Rep. Edimn Elecuic ln,titute 
Edward E. Rodriguez, Lakey Elecuic C..o., TX [IM] 

Rep. Independent Elecuical Contractors, Inc. 
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Clinton Summers, Rosendin Electric Inc, TX [IM) 
Rep. National Electrical ("..on tractors A'I.'IOCiation 

James E. Tan:hinsld, General :\lotors Company, Ml [U) 
Rep. SAE Hybrid/EV Technical Standard� C..ommiuee 

D. Douglas Burkett, Ford Motor, Ml [U) 
(Alt. to .James E. Tarchinski) 

Thomas Joseph Couch, Tmm of Amherst, 1\'Y [E) 
(Alt. to Philip Clark) 

Tunothy M. Croushore, FirstEnergy, PA [l:T) 
(Alt. to Karl Reighard) 

Courtland Scott Emerson, Navy Crane C..enter, VA [{;) 
(Alt. to .Jody B. Greenwood) 

Martin Flanagan, Schindler Elevator C..orporation, N.J [M) 
(Alt. to .John D. (Doug) Hendenon) 

Kameron Hurst, Ci•co System.•, Inc., CA [M) 
(Alt. to .Joel Goergen) 

John R. Kovacik, UL LLC, IL [RT) 
(Alt. to.Jo.�ph :\1. Bablo) 

Carmon Marshall, Texa• Deparunent of Licen.•ing & Regulation, 
TX [E) 

(Alt. to .Jim Murnan) 

Andre R. Carlal, Yardley, PA [0) 
(Member Emelitu.•) 

JeffreyS. Sargent, NFPA Staff Liaison 

Robert C. Turner, lnductothe1m C..orporation, PA [M) 

Alternates 

Paul McCracken, Soutlmire, IL [:\!) 
(Alt. to Karl M. Cunningham) 

Joseph F. Prisco, IBM Corporation, MN [{;) 
(Alt. to Robert E. Johnson) 

Jacob Clinton Raines, Sierra Elecuic Inc., WA [1:\1) 
(Alt. to Clinton Summers) 

Stephen G. Rood, Legrand North America, NH [M) 
(Alt. to Todd F. LOtunann) 

Richard R. ShawbeU,Jr., Florida Ea•t C..oa•t Elecuical.JATC, FL [L) 
(Alt. to .Jeffrey L Holmes) 

Gilbert Soliz, IEC Texa• Gulf Coa�t, TX [IM) 
(Alt. to Edward E. Rodriguez) 

Emad Tabatabaei, lnductothe1m C..orpontion, �J [M) 
(Alt. to Robert C. Turner) 

Fred Z. Zhu, lntenel,, IL [RT) .· 
(Alt. to Todd R. Konieczn)') 

Nonvoting 

Cod�Making Panel No. 13 

Articles 445, 455, 480, 695, 700, 701, 702, 706, 708, 750, Annex F, Annex G 

LindaJ. l.ittle, Chair 
IBEW Local ! ElecuiciansJATC, :\10 [L) 

Steve Baldwin, lntenel;, CA [RT) 
Rep. lntertek Testing Senices 

GregJ. Ball, Tesla, C..A [:\!) 

Krista McDonald Biason, HGA Architect.• and Engineers, MN [{;) 
Rep. American Society for Healthcare Engineering 

William P. Cantor, TPI C..orporation, PA [{;) 
. 

Rep. IEEE-IA'>/PES JTCC 
. 

DanielJ. Caron, Bard, Rao + Athana� C..on.•ulting Engineers, LLC, 
MA [SE) 

. . 

James S. Conrad, RSCC Wire & C.able, CT [M) 
Rep. Copper Development A'l.mciation Inc. 

Richard D. Currin, Jr., North C.arolina State l:ni\•ersity, NC [l:) 
Rep. American Society of Agriculwral & Biological Engineers 

Neil A. Czamedd, Reliance C..ontroL� C..orporation, \\-1 [M) 
Rep. National Electrical :\lanufacturers As.'iOCiation 

Herbert H. Daugherty, Elecuic Generating System.• A'I.'IOCiation, FL 
[M) 

Steven F. Froemming, City of Franklin, \\-1 [E) 
Rep. International As.'iOCiation of Electrical Inspectors 

Matthew B Grover, Kings Elecuic Senices, OH [IM) 
Rep. Independent Electrical Contractors, Inc. 

Robert E. Jordan, Alabama Power C..ompany, AL [UT) 
Rep. Elecuic Light & Power Group/EEl 

John R. Kovacik, UL LLC, IL [RT) 

Greg Marchand, Finnan Power Equipment, \'\1 [M) 
Rep. Portable Generator Manufacturers' A'l..ociation 

Daniel R. Neeser, Eaton's Bu.'l.•mann Di\i•ion, MO [M) 

Arnoldo L Rodriguez, LyondeiiBa�ll lndustries, TX [U) 
Rep. American Chemi�try C..ouncil 

Justine Sanchez, Mayfield Renewables, CO [U) 

Mario C. Spina, Verizon Wireles.•, OH [l:) 

Steven R. Terry, Electronic Theatre C..ontrols Inc., NY [M) 
Rep. US Institute for Theau·e Technology, Inc. 

Richard 'lice, T Squared Electrical, OH [IM) 
Rep. National Electrical ("..on tractors A'I.'IOCiation 

Tunothy P. W'mdey, Cummins Power Generation, MN [M) 

Alternates 

Kevin S. Arnold, Eaton's Bu.'l.•mann Bu.•ines.•, MO [M) 
(Alt. to Daniel R. :-.Ieeser) 

Lawrence S. Ayer, Biz C..om Electric, Inc., OH [IM) 
(Alt. to :\lattltew B. Grover) 
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Barry S. Bauman, Alliant Energy, \\-1 [l:) 
(Alt. to Richard D. Cunin,.J•·.) 

Glenn Brown, qL Enginee1ing, PA [U) 
(Alt. to Kli•ta :\lcDonald Biamn) 
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Laurie B. Florence, UL LLC, IL [RT] 
(Alt. to John R. Ko\'acik) 

Christel K. Hunter, f'..erm Wire, !lo'V [M) 
(Alt. to James S. Conrad) 

CO�I�IITIEE PERSOJ'>l'>EL 

Raymond Richard Prucha, Bard, Rao + Anthana, f'..onsulting 
Engineers, LLC, NY [SE] 

. 

(Alt. to Daniei.J. ('..ru·on) 
Rich Scroggins, Cummins Power Generation, MN [M] 

(Alt. to Timothy P. Windey) Jeff Jonas, Generac Power SysteJn,, Inc., WI [M] 
(Alt. to Herbert H. Daugherty) 

Chad Kennedy, Schneider Elecuic, SC [M] 
(Alt. to :'1/eil A. f'..zatnecki) 

Larry Ray Waldennuth, Orange f'..ounty Di\i.,ion Building Safety, FL 
[E) 

Brian Northway, Briggs and StraUon, TX [M] 
(Alt. to Greg Marchand) 

Charles Picard, Tesla, CA [M] 
(Alt. to Greg.J. Ball) 

Jeffrey S. Sargent, NFPA Staff Liaison 

(Alt. to Ste\'en F. Froemming) 
Michael Wdson, CSA Group, f'..anada [Kf] 

(Voting Alt.) 

Cod�Making Paoel No. 14 

Articles 500, 501, 502, 503, 504, 505, 506, 511, 512, 513, 514, 515, 516 

Michael W. Smith, Chair 
ZAK f'..ompany, MO [IM] 

Rep. National Elecuical ('..on tractors As.mciation 

Donald W. Ankele, UL LLC, IL [RT] 
StevenJ. Blais, Appleton Group, IL [M] 

Rep. National Electrical Manufacturers As.mciation 
Corey CabiU, US Coa,t Guard, DC [E) 
Pauick Fam, United lllwninating, CT [UT] 

Rep. Elecuic Light & Power Group/EEl 
William T. FISke, lntertek Testing Senices, :\'Y [RT] 
Mark Goodman, Mark Goodman Elecuical f'..onsulting, CA [U] 

Rep. American Petroleum ln,titute 
· 

Paul E. Guidry, Fluor Enterp1ises, Inc., TX [L'] 
Rep. A.'l.�ciated Builders & f'..ontractors 

William E. McBride, CONAM f'..on,truction Company, AK [U] 
Rep. IEEE-IAS/PE.'i JTCC 

Jeremy Neagle, US Bureau of Alcohol, Tobacco, Firerum., & 
Explosi\-es, MD [U] 
Lowell Reith, Interstates f'..onstruction Senices, Inc., KS [IM] 

Rep. �ndependent Elecuical Contractors, Inc. 
TecfH. Sclmaare, Rosemowu lncorporated, MN [M) 

Rep. International Society of Automation 
John L Simmons, Florida Ea,t f'..oa,tJATC, FL [L] 

Haywood Kines, Prince William County Building De\•elopment, VA 
[E) 

Rep. International Bmtherhood of Elecuical Workers 
Karl von Knobelsdorff, KnobeLmoriT Eiecuic, M:-.1 [IM] 
David B. Wechsler, f'..onsultant, TX [U] 

Rep. American Chemi,try f'..ouncil 
Rep. International As.mciation of Elecuical Inspectors 

William G. Lawrence, Jr., FM Global, MA [I] 

Mibail Bantic, lntertek, TX [Kf] 
(Alt. to William T. Fiske) 

Rexford Belleville, L'S Deparunent of The Air Force, TX [E) 
(Voting Alt.) 

.· 

Dave Bums, Shell Pr�jecL, & Technology, TX [U] 
(Alt. to Mark Goodman) 

David Caffrey, f'..enterfire Electric Inc., NM [IM] 
(Alt. to Lowell Reith) 

Mark A. Chrysler, San Diego Ga, And Elecuic, ('..A [E) 
(Alt. to Haywood Kines) 

Thomas E. Dunne, Long L,land Joint Apprenticeship & Training 
f'.ommittee, NY [L] 

(Alt. to John L Simmon,) 

Michael E. Aaron, Wi'l.,, Janney, Elstne1· A.'l.mciates, Inc., IL [SE] 
Rep. TC on Airport Facilities 

Jeffrey S. Sargent, NFPA Staff Liaison 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL COI>t: 

Mark C. WD"fs, R & W Engineering, Inc., OR [U] 
Rep. Grain Ele\-ator arid Proces.,ing Society 

Alternates 

Glen R. Edwards, Detector Electronics f'..orporation, MN [M] 
(Alt. to Ted H. Schnaare) 

Richard A. Holub, The DuPont f'..ompany, Inc., DE [U] 
(Alt. to Da\id B. Wechsler) 

Paul T. Kelly, UL LLC, IL [Kf] 
(Alt. to Donald W. Ankele) 

Edmund R. Leubner, Eaton's Crouse-Hind, BlL,ines.,, NY [M] 
(Alt. to Ste\'en .J. Blai,) 

Scott Masters, MauixNac, PA [IM] 
(Alt. to Michael W. Smith) 

Eddie Ramirez, FM Global, MA [I] 
(Alt. to William G. La\\Tence,Jr.) 

Nonvotiug 

Mark McEwen, Canadian Standard, A.'l.mciation (CSA) Group, 
f'..anada [Kf] 
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Cod�Making Panel No. 15 

Articles 220 Part VI, 517, 518, 520, 522, 525, 530, 540 

Michael L Savage, Sr., C.Aair 
Mation C..ounty Building Safety, FL [E) 

Gary A. Beckstrand, Utah Elecuical.JATC, UT [L) 
Rep. International Brotherhood of Elecuical Worker.� 

Chad E. Beebe, ASHE -AHA, WA [U) 

David A. Dagenais, Parmen/Wentv.;orth-Dougla'l.� Hospital, NH [U) 
Rep. NFPA Health Care Section 

Matthew B. Dozier, !Design Senices, TN [L") 
Rep. IEEE-lAS/PES JTCC 

ChrisM. Fmen, Eaton C..orporation, TN [M) 

Pamela Gwynn, UL LLC, NC [RT) 
Rep. UL LLC 

Mitchell K. Hefter, SignifY, SC [IM) 
Rep. Illuminating Engineering Society of North America 

Mark R. Hilbert, MR Hilbert Electrical Inspections & Training, :'IIH 
[E) 

Rep. International As.mciation of Electrical Inspectors 

Sudesh Kamble, lmenel•, TX [RT) 
Rep. lntertek Testing Senices 

Chad Kennedy, Schneider Elecuic, SC [M) 

Edwin S. Kramer, Radio City Music Hall, NY [L) 
Rep. International Alliance of Theatrical Stage Employees 

Stephen M. Upster, SNAG Consulting, SC [SE) 

Kevin T. Porter, Encore Wire Corporation, TX [M) 
Rep. The Aluminum As.mciation, Inc. 

Brian E. Rock, Hubbell Incorporated, CT [M) 
Rep. National Electrical Manufacturer.� As.mciation 

Wendy L Russell, Electronic Theatre Control�. \\-1 [M) 
Rep. US Institute for Theau·e Technology, Inc. 

James C. Seabury m, Emerprise Elecuic, LLC, TN [IM) 
Rep. Independent Electrical Contractor.�, Inc. 

Bnlce D. Shelly, Shelly Elecuic C..ompany, Inc., PA [IM) 
Rep. National Electrical C..oJ1traclOr.l A'l.mciation 

Michael D. Skinner, <'..on tract Senices Admini�tration TrtL�t Fund, 
CA [U) 

Rep. Alliance of Motion Picture and Tele\ision Producer.� 

Walter N. Vernon, IV, Mazzetti, CA [SE) 
Rep. TC on Elecuical System� 

Alternates 

Michael A. Anthony, S1andard� Michigan, Ml [U) 
(Alt. to Matthew B. Dozier) 

· 

David M. Campbell, AFC <'..able S}'llteln�. Inc., MA [M) 
(Alt. to Ke\in T. Porter) 

Carmon A. Colvin, Bright Future Electric, LLC, AL [IM) 
(Alt. to .James C. Seimury III) 

James D. Ferris, TLC Engineering, FL [U) 
(Alt. to na,;d A. Dagenais) 

Connor Wright Frazier, HGA Architect.� and Engineer.�, C..A [U) 
(Alt. to Chad E. Beebe) 

Edward Joseph, UL LLC, 1\'Y [RT) 
(Alt. to Pamela Gwynn) 

Todd F. Lottmann, Eaton's BlL'I.�mann Business, MO [M) 
(Alt. to Ch1is M. Finen) 

William Ross McCorde, Ame1ican ElectriC Power, OK [L'T) 
(Voting Alt.) 

Thomas PapaUo, Siemens IndlL�try Inc., GA [M) 
(Alt. to B1ian E. Rock) 

JeffreyS. Sargent, NFPA Staff Liaison 

Don Rabel, Mid-West Electric C..ompany, TX [IM) 
(Alt. to Bruce D. Shelly) 

Mark D. Ross, C..annon and Wendt Electric C..o., AZ [L) 
(Alt. to Gru] A. Beck.�trand) 

Alan M. Rowe, llllemational Alliance ofTheauical Stage 
Employees, CA [L) 

(Alt. to Ed,,in S. Kramer) 

Clinton Bret Stoddard, City of Rexburg, ID [E) 
(Alt. to Mark R Hilbert) 

Steven R. Terry, Electronic Theatre C..ontrols Inc., NY [M) 
(Alt. to Wendy L Rus.�ll) 

Lawrence E. Todd, llllertek Testing Senices, KY [RT) 
(Alt. to Sudesh Kamble) 

· 

R. Duane Wilson, lzenour A'l.mciates, NM [IM) 
(Alt. to Mitchell K. Hefter) 

Cod�Making Panel No. 16 

Articles 770, 800, 805, 810, 820, 830, 840 

Lawrence E. Todd, ('.hair 
Imenek Testing Senices, KY [RT) 

Daniel Ashton, Lumen Technologies, Inc. /C..enturylink, TX [L'T) 

George Bish, Amazon/Ring Protect Inc., NC [IM) 
Rep. Satellite Broadca�ting & C.ommunication.� As.mciation 

Terry C. Coleman, Elecuical Training Alliance, TN [L) 
Rep. International Brotherhood of Elecuical Worker.� 

Robert Davies, Da\ies Electric C..ompany, C..A [IM) 
Rep. National Electrical C..ontracton A'l.mciation 
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Fred C. Dawson, Chemoun, C..anada [U) 
Rep. American Chemi�try C..ouncil 

Gerald Lee Dorna, Belden, IN [M) 
Rep. Insulated Cable Engineer.� A'l.�ociation Inc 

Brian Ensign, Superior Es.� C..ommunications, PA [M) 
Rep. Communications <'..able & Connecti\ity A'l.mciation 

(CCC..A) 

l'\.-\TJO:'\AL ELEGJ"RJC-\1. CODE 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



CO�I�IITIEE PERSOJ'>l'>EL 

Jeffrey Fitzloff, Idaho Chapter-International A'I.'IDciation of 
Electrical Inspectors (IAEI), ID [E) 

Rep. International As.'IOciation of Electrical Inspectors 
WilliamJ. McCoy, Telco Sales, Inc., TX [{;] 

Rep. IEEE-IA'>/PES JTCC 
'lbomasJ. Parrish, Telgian Corporation, Ml [M] 

Rep. Automatic Fire Alatm A'I.'IDCiation, Inc. 
Roy Pollack, Comca,t Xfinity Home, FL [UT] 

Rep. Elecu·onic Security As.'IDCiation 
Jeffrey Alan Poulsen, Leviton Manufacturing, WA [M] 

Rep. Telecommunication., Industry A'I.'IDCiation 
Luigi G. Prezioso, :\f. C. Dean, Inc., VA [1:\f] 

Rep. Independent Electrical Contractors, Inc. 

Edward Acosta, Morrow :\feadows C..orporation, ("..A [I :\f) 
(Alt. to Robert Davies) 

'lievor N. Bowmer, Bunya Telecom C..onsulting, LLC, ME [U] 
(Voting Alt.) 

TUDotby D. Cooke, Amphenol Broadhand Solutions/Times Fiber, 
VA [l:T] 

(Alt. to .John W. William.,) 
EmestJ. Gallo, Telcordia Technologies (Erics.,on),  NJ [{;] 

(Alt. to Tre\•or N. Bov.mer) 
RandolphJ. Ivaus, l:L LLC, NY [RT] 

(Alt. to Anthony Ta'l.'«lne) 
John A. Kacpersld, P2S Engineering, Inc., ("..A [:\f) 

(Alt. to C..ahin Robert.,) 
Stanley Kaufman, C..ableSafe, lnc./OFS, GA [M] 

(Alt. to C.erald Lee Doma) 
Eric Lawrence, Berk-Tek, A :'1/exans C..ompany, PA [M] 

(Voting Alt.) 

Jeffrey S. Sargent, NFPA Staff Liaison 

Rodger Reiswig, .Johnson C..ontml,, VA [M] 
Rep. National Electrical :\fanufacturers As.'IDCiation 

Calvin Roberts, .Jacobs Technologies, FL [M] 
Rep. Building lndu,b] C..on.,ulting Sen-ices International 

Anthony Tassone, UL LLC, :\'Y [RT] 
Rep. UL LLC 

John W. Williams, Chat"ter Communications, CO [UT] 
Rep. Society of ("..able Telecommunications Engineers (SCTE) 

Leo Zieman, Florida Power & Light (Nextera Energy), FL [UT] 
Rep. Elecuic Light & Power Group/EEl 

Alternates 

Jim Loftus, Siemens, �J [M] 
(Alt. to Thoma,J. Parri,h) 

Michael F. Murphy, lnte11ek Testing Sen-ices, MA [RT] 
(Alt. to La\\Tence E. Todd) 

GeraldJ. O'Connor, City of Chicago, IL [E) 
(Alt. to .Jeffrey Fitzloft) 

Christopher Rawson, Intetnational Brotherhood of Electrical 
Workers (IBEW), IL "[L] 

(Alt. to Terry C. C..oleinan) 
David B. Schrembeck, DBS C..ommunications, Inc., OH [I :\f) 

(Alt. to Luigi G. Prezioso) 
Kurt Seenger, AT&T, :\f:-.1 [1:\f] 

(Alt. to C.eorge Bi,h) 
Carl R. Wetterban, Prysmian ("..able & System., USA, LLC., KY [M] 

(Alt. to B1ian Ensign) 

Cod�Making Paoel No. 17 

Articles 422, 424, 425, 426, 427, 680, 682 

Michael Weaver, Chair 
M&W Electric, OR [I :\f) 

Rep. National Electrical C...mtractors As.'IDCiation 

Jacob C. Colston, C.eorgia Power Company, GA [UT] 
Rep. Elecuic Light & Power Group/EEl 

Donald R. Cook, Dewberry/Edmond, Enginee1ing, AL [E) 
Rep. International As.�ation of Electrical Inspectors 

Jerry Lee Daniel, Texa, Depru·unent of Licensing Regulation, TX 
[E) 
Stephen Gatz, Whirlpool Corporation, lA [:\f) 
E. P. Hamilton, Ill, E. P. Hatnilton & A'I.'IDCiates, Inc., TX [:\f) 

Rep. Pool & Hot Tub Alliance (PHTA) 
Stephen R. Kusc:sik, UL LLC, IL [RT] 
Brian Myers, IBEW Local l:nion 98, PA [L] 

Rep. International Brotherhood of Elecuical Workers 

Paul W. Abernathy, Encore Wire Corporation, TX [:\f) 
(Alt. to Kenneth M. Shell) 

Ryan Andrew, Ala,ka .Joint Electrical Apprenticeship and 1\"aining 
Trust, AK [L] 

(Alt. to Brian Myers) 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

Dennis Michael Querry, Trinity River Authmity, TX [IM] 
Rep. Independent Electrical Contractors, Inc. 

Chester L Sandberg, C L Sandberg & A'I.'IDciates, LLC, C..A [U] 
Kenneth M. Shell, nVent Thennal Management, C..A [M] 

Rep. Copper Development A,sociation Inc. 
Kam Fai Siu, lntertek Testing Senices, Hong Kong [RT] 

Rep. lntertek Testing Senices 
Marcelo E. Valdes, A� Bm\\11 Bm·eri Ltd. (ABB), :'1/C [M] 

Rep. National Electrical :\fanufacturers As.'IDCiation 
Matt B. Williams, A'I.'IDCiation of Home Appliance :\fanufacturers 
(AHAM), DC [M] 

Rep. A'I.'IDciation of Home Appliance Manufacturers 

Alternates 

Vmcent Della Croce, Siemen.,, FL [:\f) 
(Alt. to :\farcelo E. Valdes) 

Robert DeUavalle, UL LLC, :\'Y [RT] 
(Alt. to Stephen R Kuscsik) 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 

70-21 



NATIONAL ELECTRICAL CODE 

Chris Faucette, State of North (' .. amlina Department ofln�urance, 
NC [E) 

(Alt. to Donald R. f'..ook) 
Armando M. Lozano, MSF Electric, Inc., TX [IM) 

(Alt. to Denni• Michael Querry) 
Greg Pearly, Balboa Water Group, CA [M) 

(Alt. to E. P. Hamilton, Ill) 

Andrew M. 'Iiotta, US f'..on�umer Product Safety f'.ommi'l.•ion, MD 
[C) 

Rep. US Con�umer Product Safety f'.ommis.•ion (CPSC) 

JeffreyS. Sargent, NFPA Staff Liaiwn 

Larry Reichle, Texa• Deparunent Of Licen�ing Regulation, TX [E) 
(Alt. to .Jerry Lee Daniel) 

Greg Woyczyuski, As.mciation of Home Appliance Manufacturen 
(AHAM), DC [M) 

(Alt. to Matt B. William.•) 

Nonvotiug 

Einstein Miller, L'S f'.on.•umer Product Safety f'.ommis.•ion (CPSC), 
MD [C) 

Rep. US Con�umer Product Safety f'.ommis.•ion (CPSC) 

Cod�Making Panel No. 18 

Articles 393, 406, 410, 411, 600, 605 

Robert G. Fahey, ('..hair 
City of.Jane!l\'ille, WI [E) 

Rep. International A'l..ociation of Elecnical ln�pecton 

Ron D. Alley, Northern New Mexico IEC, :'liM [IM) 
Rep. Independent Electrical Contracton, Inc. 

Frederick L Carpenter, Acuity Brand• Lighting, GA [M) 
Rep. National Electrical Manufacturen As.mciation 

KurtJ. Clemente, R.'i&H, lnc., VA [L') 
Rep. IEEE-IA'>/PES .JTCC 

Paul Costello, NECA and IBEW Local 90 .JATC, CT [L) 
Rep. International Brotherhood of Elecnical Worken 

Hakim Hasan, lntertek, GA [RT) 
Charles S. Kurten, L'L LLC, NY [RT) 

William Ross McCorcle, American Electric Power, OK [L'T) 
Rep. Elecuic Light & Power Group/EEl 

Michael S. O'Boyle. Pbili� Lightolier /SignifY :'1/onh America 
f'.orp., MA [M] 

Rep. American Lighting A'l..ociation 
Jason D l"ottVf, Ci•co, TX [M) 

Rep. Entertainment Senic� and Technology A'l..ociation 
Randall K. Wright, RKW Con.•ulting, PA [SE) 
Paul Yesbeck, ACU Sign f'.orporation, FL [IM] 

Rep. National Electrical f'.ontracton A'l.mciation 

Altemates 

Donald Berlin, lntermatic Inc., IL [M) 
(Alt. to Michael S. o·Bo}ie) 

Juan M. Caamaiio, L'L LLC, NY [RT) 
(Alt. to Charle� S. Kurten) 

Mark Cosbal, Facility Solution.• Group (FSG), TX [IM) · 
(Alt. to Ron D. Alley) 

BobbyJ. Gray, Hoydar/Buck, lnc., WA [IM) 
(Alt. to Paul Ye�beck) 

James \\bod Hathorn, City of lning, TX [E] 
(Alt. to Robert G. Fahey) 

JeffreyS. Sargent, NFPA Staff LiailiOll 

Kenneth Peskin, International Sign A'l..aciation (ISA), VA [M) 
(Voting Alt.) 

Robert Setaro, lntenek, GA [RT) 
(Alt. to Hakim Ha.an) 

Frank Tse, Le\iton Manufacturing f'..ompany, Inc., NY [M) 
(Alt. to Frede1ick L. f'..arpenter) 

Daniel Van Sickle, m, Elecnical Training Alliance of .Jack..omille, 
FL [L] 

(Alt. to Paul f'..mtello) 

NFPA 1o-, National Electrical Code•, Standards Development Staff 

Chad Duffy, Standard• Lead, Elecnical and Fire Protection Sy�tem.• 
Sarah D. CaldweU, f'.ommittee Admini�trator 
Kimberly H. Cervantes, Technical f'..ontent Editorial Speciali•t 

70-22 

Christopher D. Coache, Senior Elecnical Engineer 
Michael S. McCabe, Electrical Speciali�t 
Jeffrey Sargent, Principal Electrical Speciali�t 

l'\.-\TJO:'\AL ELEGJ'RJC-\1. CODE 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 
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NFPA 70 

National Electrical Code 

2023 Edition 

IMPORTANT NOTE: This NFPA document is made available for 
use subject to important notices and legal disclaimers. These notices 
and disclaimers appear in all publications containing this document 
and may be found under the heading "Important Notices and 
Disclaimers Concerning NFPA Standards. " They can also be viewed 
at www.n.flxl.Org/disdaimers or obtained on request from NFPA. 

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of 
NFPA codes, standards, recommended practices, and guides (i.e., 
NFPA Standards) are released on scheduled revision cydes. This 
edition may be superseded by a later one, or it may be amended 
outside of its scheduled revision cyde through the issuance of Tenta. 
live Interim Amendments (TIAs). An official NFPA Standard at any 
point in time consists of the current edition of the document, together 
with all TlAs and Errata in effect. To verify that this document is the 
current edition or to determine if it has been amended by TlAs or 
Errata, please consult the National Fue Codes• Subscription Service 
or the "List of NFPA Codes & Standards" at www.nffia.org/docinfo. 
In addition to TlAs and Errata, the document information pages also 
indude the option to sign up for alerts for individual documents and 
to be involved in the development of the next edition. 

ARTICLE 90 
Introduction 

90.1 Scope. This article covers usc and application, arrange
ment, and cnrorccmcnt or this Code. It also covers the expres
sion or mandatory, permis.o;ivc, and nonnilindatory text, 
prm-iclcs guidance on the examination or equipment and on 
wiring planning, and specifics the usc and expression or mcao;
urcmcnts. 

90.2 Use and App6cation. 

(A) Practical Safeguarding. The purpose or this Code is the 
practical safeguarding or persons and property rrom hazard-; 
arising rrom the usc or electricity. This C"..ode is not intended ao; a 
design specification or an instruction manual ror untrained 
persons. 

(B) Adequacy. This Code contains prmisions that arc consid
ered ncccs.o;ary ror safety. Compliance thcrc"idt and proper 
maimcnancc result in an installation dtat is csscmially rrcc 
rrom hazard but not ncccs.o;arily crficicm, convenient, or 
adequate ror good scnicc or ruturc expansion or electrical usc. 

Informational :'\ote: Hazard.• often occur because of overloading 
of "iring systems by methods or u..age not in conformity with 
thi• l.odl'. This occurs because initial wiring did not prmide for 
increa<;es in the u.<;e of electricity. An initial adequate in.•tallation 
and rea.onable prmi•ions for system changes provide for future 
increa<;es in the u.<;e of electricity. 

(C) Installations Covered. This ("..ode covers dtc installation 
and removal or electrical conductors, cquipmcm, and raceways; 
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signaling and communications conductors, cquipmcm, and 
raceways; and optical fiber cables ror dtc rollo"ing: 

( 1 )  Public and private premises, inducting buildings, struc
tures, mobile homes, recreational vehicles, and floating 
buildings 

(2) Yard-;, lot-;, parking lot-;, carnivals, and industrial substa
tions 

(3) Installations or conductors and equipment that connect 
to the supply or electricity 

(4) Installations used by the electric utility, such ao; ollicc 
buildings, warehouses, garages, machine shops, and 
recreational buildings, that arc not an imcgral part or a 
generating plant, substation, or control center 

(5) Installations supplying shore power to ships and watcr
crart in marina-; and boatyar<lo;, including monitoring or 
leakage current 

(6) Installations used to export electric power rrom vehicles 
to premises "iring or ror bidirectional current flow 

(D) Installations Not Covered. This Code docs not cover the 
rollowing: 

( 1 )  Installations in ships, watercraft other than floating build
ings, railway rolling stock, aircraft, or automotive vehicles 
other than mobile homes and recreational vehicles 

Informational Note: Although the scope of thi• (".od, indicates 
that the Code does not cover installations in ships, ponions of 
thi' · Code are incorporated by reference into Title 46, Code of 
Fedeml Regulations, Parts 1 10-1 13. 

(2) Installations underground in mines and self-propelled 
mobile surracc mining machinery and ito; attendant elec
trical trailing cable 

(3) Installations or railways ror generation, transrormation, 
transmis.o;ion, energy storage, or distribution or power 
used exclusively ror operation or rolling stock or installa
tions used exclusively ror signaling and communications 
purposes 

(4) Installations or communications equipment under the 
exclusive control or communications utilities located 
outdoors or in building spaces used exclusively ror such 
installations 

(5) Installations under the exclusive control or an electric 
utility where such installations 
a. Consist or service drops or service laterals, and ao;.o;oci

atcd metering, or 
b. Arc on property mmcd or lcao;cd by the electric utility 

ror the purpose or communications, metering, gener
ation, control, transrormation, transmis.o;ion, energy 
storage, or distribution or electric energy, or 

c. Arc located in legally established cao;cmcnto; or righto;
or-wav, or 

cl. Arc l�catccl by other \\Tittcn agreement-; either desig
nated by or recognized by public scnicc commis.o;ions, 
utility commis.o;ions, or other regulatory agencies 
having jurisdiction ror such installations. These "Tit
ten agreement-; shall be limited to installations ror the 
purpose or communications, metering, generation, 
control, transronnation, transmis.o;ion, energy storage, 
or distribution or electric energy where legally estab
lished cao;cmcnto; or righto;-or-way cannot be obtained. 
These installations shall be limited to rcdcral lando;, 
1'\ativc American rcscnations dtrough the U.S. 
Department or the Interior Bureau or Indian Affairs, 
military bao;cs, lands controlled by port audtoritics 
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90.2 ARTICLE 90 - 1:"/TRODUCTIOJ'\ 

and state agencies and department�, and land� owned 
by railroacl�. 

Informational l'ote to (4) and (5): Examples of utilities may 
include those entities that are typically designated or recognized 
by governmental law or regulation by public senice/utility 
commi,..•ions and that install, operate, and maintain electric 
supply (such a• generation, transmission, or distribution 
systems) or communications system.• (such a• telephone, \ . .A TV, 
Internet, satellite, or data services). L"tilities may be su�ject to 
compliance "ith codes and standards cm·ering their regulated 
acti�ities a •  adopted under governmental law or regulation. 
Additional infmmation can be found through consultation with 
the appropriate gm·ernmental bodies, such as state regulatory 
commi,..•ions, the Federdl Energy Regulatory Commission, and 
the Federdl \ .. ommunications \..ommi,..•ion. 

(E) Relation to Other International Standards. The require
ment• in this Code addrcs.o; the fundamental principles of 
protection for safety contained in Section 131 of International 
Elcctrotcchnical Commis.o;ion Standard 60364-1, Low-voltage 
Electrical Installations - Pm·t 1: Fundamental Principles, Assessment 
of General Chamcte1i�tics, Definitions. 

Informational Note: See IEC 60364-1, f..mq.vn/tagl' Eil'.ctrical lmtal
latioii.S - Part 1: Fundamental Pri11cipil'.<, .4s.<l''-<llllmt ofC.elleral Char
acteri<lic.<, IJI'jinilion.<, Section 131, for fundamental principles of 
protection for safety that encompa'i. •  protection ag-dinst electric 
shock, protection again.•t thermal effects, protection against 
overcun-ent, protection against fault cun-enL•, and protection 
ag-dinst overvoltage. All of these potential hazards are addressed 
by the requirements in this I .ode. 

(F) Special Permission. The authority having jurisdiction for 
enforcing this \..ode may grant exception for the installation of 
conductors and equipment that arc not under dtc exclusive 
control of dtc electric utilities and arc used to connect the elec
tric utility supply system to dtc scnicc conductors of the prem
ises served, provided such installations arc out�idc a building or 
structure, or tcnninatc inside at a readily acccs.�iblc location 
nearest the point of entrance of dtc senicc conductors. 

90.3 Code Arrangement. This \..ode is divided into · the intro
duction and nine chapters, a• shown in Figure 90.3. Chapters 1,  
2, 3, and 4 apply generally. Chapters 5, 6, and 7 apply to special 
occupancies, special equipment, or other special conditions 
and may supplement or modifY the rcq11ircmcnt� in Chapters 1 
through 7. 

Chapter 8 covers communication.� systems and is not su�cct 
to the requirement� of Chapters 1 through 7 except where the 
requirement• arc specifically referenced in Chapter 8. 

Chapter 9 consist� of tables that arc applicable a• referenced. 

Informative annexes arc not part of the requirement� of this 
Code but arc included for informational purposes only. 

90.4 Enforcement. 

(A) Application. This Code is intended to be suitable for 
mandatory application by governmental bodies dtat exercise 
legal jurisdiction over electrical installations, including signal
ing and communications systems, and for usc by insurance 
inspectors. 

(B) Interpretations. The authority having jurisdiction for 
enforcement of the Code ha� the responsibility for making 
interpretations of the rules, for deciding on dtc approval of 
equipment and materials, and for granting the special permis
sion contemplated in a number of the rules. 
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Chapter 1 - General 

Chapter 2 - Wiring and Protection 

Chapter 3 - Wiring Methods and Materials 

Chapter 4 - Equipment for General Use 

Applies generally 
to all electrical 

installations 

{ I Chapter 5 - Special Occupancies I 
Supplements or modifies I Chapter 6 - Special Equipment I 

Chapters 1 through 7 
I Chapter 7 - Special Conditions I 

Chapter 8 is not subject 
to the requirements of 

I . . 1} Chapters 1 through 7 except 
Chapter 8 - Communications Systems 

.where the requirements are 
specifically referenced in 
Chapter S. 

I Chapter 9 - Tables I} Applicable as referenced 

:=:::===========:::::: 
Informative Annex A through } Informational only; 

Informative Annex K not mandatory 
�--------�--------� 

FIGURE 90.$ · Code Arrangement. 

(C) Specific Requirements and Alternative Methods. By 
special pcrmis.o;ion, the authority ha\-ing jurisdiction may waive 
specific requirement• in thi• Code or permit alternative mcth
ocl'i where it is ao;surcd that equivalent objectives can be 
achieved by establishing and maintaining effective safety. 

(D) New Products, Constructions, or Materials. This Code may 
require new product•, constructions, or materials that may not 
yet be available at the time the Code is adopted. In such event, 
the authority having jurisdiction may permit the usc of the 
product•, constructions, or materials that comply "ith the most 
recent prc\iotL� edition of this Code adopted by the jurisdiction. 

Informational l'ote: See lnformath·e Annex H, Administrdtion 
and Enforcement, for a model of guidelines that can be used to 
create an electrical inspection and enforcement program and to 
adopt NFPA 70, National E/l't:triral ('..ode. 

90.5 Mandatory Rules, Permissive Rules, and Explanatory 
Material. 

(A) Mandatory Rules. Mandatory rules of dtis \..ode arc those 
that identify actions that arc specifically required or prohibited 
and arc characterized by the tL<;c of the terms shall or sltall 1wt. 

(B) Permissive Rules. Pcrmis.•ivc rules of this Code arc those 
that identify actions that arc allowed but not required, arc 
normally tLo;cd to describe options or alternative method�, and 
arc characterized by the usc of the terms sltall be permitted or 
shall not be t-equired. 

(C) Explanatory Material. Explanatory material, such a• refer
ences to other standard�, references to related sections of this 
\..ode, or information related to a Code rule, is included in this 
('..ode in the form of infonnational notes or an informative 
annex. Unlcs.� the standard reference includes a date, the refer
ence is to be considered a� dtc latest edition of the standard. 
Such notes arc informational onlv and arc not enforceable a� 
requirement� of dtis \..ode. 
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Bracket'! contammg section references to another NFPA 
documcm arc for informational purposes only and arc prmi
dcd a"l a guide to indicate the source of the extracted text. 
These bracketed references immediately follow the extracted 
text. 

Informational :'\ote: The fmmat and language used in this Code 
follows guidelines establi"lhed by l'FPA and published in the 
NEC Style ManuaL Copies of this manual can be obtained from 
l'FPA. 

(D) Informative Annexes. ?\on mandatory information relative 
to the usc of the NEC is provided in informative annexes. Infor
mative annexes arc not part of dtc enforceable rcquircmcnl"l of 
the NEC, but arc included for information purposes only. 

90.6 Formal Interpretations. To promote uniformity of inter
pretation and application of dtis Code, formal imcrprctation 
procedures have been established and arc found in the Regula
timJs C'nroeming the Development of NFPA Stmulanls. 

90.7 Examination of Equipment for Safety. For specific itcm"l 
of cquipmcm and materials referred to in this ('..ode, examina
tions for safety made under standard conditions prmidc a ba"lis 
for approval where the record is made generally available 
through promulgation by organizations properly equipped and 
qualified for experimental testing, inspections of the run of 
good"l at factories, and scnicc-valuc determination through 
field inspections. This avoid"l dtc ncccs."lity for repetition of 
examinations by diffcrcm examiners, frcqucndy with inade
quate facilities for such work, and dtc confusion that would 
result from conflicting report'! on the suitability of devices and 
materials examined for a given purpose. 

It is the imcnt of this Code that factorv-installcd imcrnal 
"iring or the construction of cquipmcm nc�d not be inspcctnl 
at the time of installation of the equipment, except to detect 
alterations or damage, if the cquipmcm ha"l been listed by a 
qualified electrical testing laboratory that is recognized a"l 
haling the facilities described in the preceding paragraph and 
that requires suitability for installation in accordance l\ith this 
('..ode. Suitability shall be determined by application of rcquirc
mcnl"l that arc compatible with dtis ('..ode. 

Informational l'ote :'\o. I :  See 1 10.3 for guidance on safety 
examinations. 

Informational :'\ote No. 2: See Article 100 for definitions of 
h•tl'd and Reconditioned. 

Informational :'\ote :'\o. 3: See Tnfonnati1>e Annex A for a list of 
product safety standard.'� that are compatible 1\ith this Code. 

90.8 Waring Planning. 

(A) Future Expansion and Convenience. Plans and specifica
tions that provide ample space in raceways, spare raceways, and 
additional spaces allow for future incrca"lcs in electric power 
and communications circuit"l. Distribution ccmcrs located in 
readily acccs."liblc locations provide convenience and safety of 
operation. 
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(B) Number of Circuits in Enclosures. It is elsewhere prmiclcd 
in this Code that dtc number of circuit"l confined in a single 
enclosure be varyingly restricted. Limiting the number of 
circuit"l in a single enclosure minimizes the cffccl"l from a short 
circuit or ground fault. 

90.9 Units of Measurement. 

(A) Measurement System of Preference. For the purpose of 
this ('..ode, metric unit"l of mca"lurcmcm arc in accordance with 
the modernized metric system known a"l the International 
System of l:nit"l (SI). 

(B) Dual System of Units. SI unit"l shall appear first, and inch
pound unit"l shall immediately follow in parentheses. Conver
sion from inch-pound unit"l to SI units shall be ba"lccl on hard 
conversion cxccpt a"l prmidccl in 90.9(C). 

Exception: The tables located in Informative Annex C shall be /Jt'l'mitled 
to list the trade sizes bifm"t' Sf units. 

(C) Permitted Uses of Soft Conversion. The ca"lCS given in 
90.9(C)(l) through (C) (4.) shall not be required to usc hard 
conversion and shall be permitted to usc soft conversion. 

(I) Trade Sizes. ·where the actual mca"lurccl size of a product 
is not the same � the nominal size, trade size designators shall 
be used rather than dimensions. Tracie practices shall be 
followed in all ca"lCs. 

(2) . Extracted Material. Where material is extracted from 
a nother standard, the comcxt of the original material shall not 
be compromised or \iolatcd. Any editing of the extracted text 
�ball be confined to making dtc style consistcnl l\ith that of the 
/1/EC. 
(3) Industry Practice. \\'here industry practice is to cxprcs."l 
unit"l in inch-pound unit"l, the inclusion of SI unit"l shall not be 
required. 

(4) Safety. Where a negative impact on safety would result, 
soft conversion shall be used. 

(D) Compliance. Conversion from inch-pound unit"l to SI 
units shall be pcnniucd to be an approximate conversion. 
Compliance l\idt dtc numbers shown in either the SI system or 
the inch-pound system shall constitute compliance l\ith this 
('..ode. 

Informational :'\ote l'o. I :  Hard conversion is considered a 
change in dimensions or properties of an item into new sizes 
that might or might not be interchangeable 1\ith the sizes lL"led 
in the original mea"lurement. Soft com>ersion is considered a 
direct mathematical cmwersion and im-oll>es a change in the 
description of an exi"lting mea"lurement but not in the actual 
dimension. 

Informational l'ote l'o. 2: Sl cmwersion."l are ba"led on IEEE/ 
ASTM Sl 10-1997, Standard for tile U.v of till' lntemationat Systl'ln of 
Units (Sf): Tile Modmt Ml'tric Sy.•tem. 
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CHAPTER I ARTICLE I 00 -DEFINITIO:"'S 

ARTICLE 100 
Definitions 

Chapter 1 

Scope. This article contains only those definitions cs.o;cntial to 
the application of this Code. It is not intended to include 
commonly defined general terms or commonly defined techni
cal terms from related codes and standard-.. An article number 
in parentheses following the definition indicates that the defi
nition only applies to that article. 

Informational :'\ote: A definition that is followed by a reference 
in brackeL• ha.• been extracted from one of the follm•ing stand
ard•. Only editorial changes were made to the extrdcted text to 
make it consistent with this l.odl'. 

( I )  :'\FPA 30A-2021,  l.odl' for Motnr Fuel DiiJHm.<inr; Facilitir.; 
ami Repair Garar;l'.< 

(2) :'\FPA 33-2021,  Stmuiard for Spra.l' Appliratiou lJ.<ing Flam
mable or C.omlm.<t ible Material< 

(3) :'\FPA 75-2020, Standard for the Fiw Protection of Information 
TI'C/mo/or;)· Equipment 

(4) l'FPA 79-2021 ,  Elertrical Stmuiardfor lndu.<trial MarhiUI'T)' 
(5) l'FPA 99-2021 ,  Health C.aw Faciliti"" Code 
(6) l'FPA /Ol"'-2022, l.ife SafetJ C.od.? 
(7) l'FPA 1 10-2019, Stmulard for Emerr;enq and Standby Poruer 

SJSti'IR.< 
(8) l'FPA 303-2021 ,  Fire Protertiou Stmulard for Marinas and 

&atyard.< 
(9) l'FPA 307-2021,  Standard for tlv C.on.<trurtion and Fire 

Protection of Mariue Tl'mtiual<, Piers, and ll1111nN'.< 
( 10) l'FPA 499-2021,  Rn:o111111Pnded Practicl' for tlv Cla.<.<ijiration 

of C.ombiL<tible Du.<t.< and of HllUlrdous (C/as.<ijil'd) l.ocatioru 
for furtriral l n.<tal/ations iu Cllemiral Prori'SS .4 wa.< 

( 1 1 )  l'FPA 501-2022, Standard on Manufactuml Hou.<ing 
( 12) l'FPA 790-2021,  Stmuiard for C.ompetenq of17tird-Pa¥t)' Field 

f.valuation Bodies 
( 13) l'FPA 1 192-2021,  Stmulard ou RHreational Vehicw 

Accessible (as applied to equipment). Capable of being 
reached for operation, renewal, and inspection. (C:\-IP-1) 

Accessible (as applied to wiring methods). \..apablc of being 
removed or exposed widtout damaging the building structure 
or finish or not permanently closed ii1 or blocked by the struc
ture, odtcr electrical equipment, odtcr building systems, or 
finish of the building. (CMP-1) 

Accessible, Readily (Readlly Accessible). \..apablc of being 
reached quickly for operation, renewal, or inspections without 
requiring those to whom ready acccs.o; is requisite to take 
actions such as to usc tools (other than kc)'S), to climb over or 
under, to remove obstacles, or to resort to portable ladders, 
and so ford1. (C:\-IP-1) 

Informational :'\ote: t.:se of keys is a common prdctice under 
controlled or supervised conditions and a common alte1nati\·e 
to the ready acces.• requiremenL• under such supenised condi
tions as prmided elsewhere in the NEC. 

Adapter. A device tLo;cd to adapt a circuit from one configura
tion of an attachment plug or receptacle to another configura
tion with the same current rating. (520) (C:\-IP-15) 
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General 

Adjustable Speed Drive. Power conversion equipment that 
prmidcs a means of adjusting the speed of an electric motor. 
(CMP-1 1)  

Informational :'\ote: A variable frequency drive is one type of 
electronic a�ju.•table speed d1i\>e that controls the rotational 
speed of an ac electric motor by controlling the frequency and 
\'Oitage of the elecuical pmver supplied to the motor. 

Adjustable Speed Drive System. A combination of an acljusta
blc speed drive, its as.-.ociatcd motor(s), and auxiliary equip
ment. (C:\-IP-1 1 )  

Aircraft Painting Hangar. An aircraft hangar constructed for 
the ex pres.-. purpose of spraying, coating, and/ or dipping appli
cations and provided with dedicated ventilation supply and 
exhaust. (C:\-IP-14) · 

Alternate Power Source • .  ·· One or more generator set-., or 
battery systems where . permitted, intended to prmidc power 
during the interruption of the normal electrical service; or the 
public utility elcctl'ical service intended to provide power 
during interruption of service normally provided by the gener
ating facilitics on the premises. L99:3.3.4j (517) (C:\-IP-15) 

Ambulatory Health Care Occupancy. An occupancy used to 
prmidc ·!'ICniccs or treatment simultaneously to four or more 
patients that provides, on an outpatient ba-.is, one or more of 
the follo"ing: 
(1) Trcauncnt for patient-. that renders the patient-. incapa

ble of taking action for self-prcscn-ation under emer
gency conditions "ithout the a'i.o;istancc of others. 

(2) Anesthesia that renders dtc patient-. incapable of taking 
action for self-prcscnation under emergency conditions 
without the a'i.o;istancc of others. 

(3) Trcauncnt for patient-. who, due to the nature of their 
injury or illness, arc incapable of taking action for sclf
prescnation under emergency conditions "ithout the 
ao;sistancc of odtcrs. 

Ll01:3.3.198.1J  (517) (C:\-IP-15) 

Ampacity. The maximum current, in amperes, that a conduc
tor can carry continuously under the conditions of tLo;c without 
exceeding it-. temperature rating. (C:\-IP-6) 

Amplifier (Audio Amplifier) (Pre-Amplifier). Electronic equip
ment that incrcao;es the current or voltage, or both, of an audio 
signal intended for usc by another piece of audio equipment. 
Amplifier is the term used to denote an audio amplifier. (640) 
(CMP-12) 

Appliance. l:tilization equipment, generally other than indus
trial, dtat is fa-.tcncd in place, stationary, or portable; is 
normally built in a standardized size or type; and is installed or 
connected a-. a unit to perform one or more functions such a-. 
clothes washing, air-conditioning, food mixing, deep frying, 
and so ford1. (C:\-IP-17) 

Applicator. The dc\'icc tL-.cd to transfer energy between the 
output circuit and dtc object or ma'i.o; to be heated. (665) 
(CMP-12) 

Approved. Acceptable to dtc authority ha\'ing jurisdiction. 
(CMP-1) 
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Arc-Fault Circuit Interrupter (AFCI). A dc,icc imcndcd to 
prm-idc protection from the cffccl"l of arc fuults by recognizing 
characteristics unique to arcing and by functioning to de
energize the circuit when an arc fault is detected. (CMP-2) 

Array. A mechanically and electrically imcgratcd grouping of 
modules wilh support structure, including any auachcd !;ystcm 
components !;Uch as inverter(!;) or dc-to-clc converter(!;) and 
auachcd a"l!;ociatcd wiring. (690) (C:MP-4) 

Askarel. A generic term for a group of nonflammable synthetic 
chlorinated hydrocarbon!; used a"l electrical insulating media. 
(CMP-9) 

Informational :'\ote: A�karels of valious compositional types are 
u.�ed. t:nder arcing conditions, the ga�s produced, while 
consisting predominantly of noncombustible hydrogen chlor
ide, can include \'arying amount� of combustible g-.t.�es, depend
ing on the askarel type. 

Associated Apparatus. ApparattL"l in which lhc circuits arc not 
ncccs."larily inlrin!;ically �fc thcm!;C)VC!; but dtat affccl"l lhc 
energy in lhc intrin!;ically !;aCe circuit"l and is relied on to main
tain intrinsic �fcty. Such apparatus i!; one of lhc following: 

( 1)  Electrical apparatu!; lhat ha"l an alternative type of protec
tion for usc in the appropriate hazardou!; (cla"l."lificd) 
location 

(2) Electrical apparattL"l not w protected that !;hall not be 
tt"lCd "ithin a hazardou!; (cla"l."lificd) location 

(CMP-14) 

Informational Note No. I :  :\."l.�ciated apparatu.� ha� identified 
inuinsically safe connections for inuinsically safe apparatu.� and 
also might ha,·e connections for noninuinsically safe appardU��. 

Informational :'\ote l'o. 2: An example ofa"l.�ciated apparatus is 
an inuinsic safety ban-ier, which is a network designed to limit 
the energy (n>hage and current) a�<tilable to the protected 
circuit in the hazardou.� (cla'l.�ified) location under spKified 
fault conditions. 

Informational :'\ote l'o. 3: See Al'SI/UL 913, llllrinsit:ally Safe 
Apparatus and Auociatnl Apparalu.< for lf.<tr in 1./osj /, 11, and Ill, 
Divi<ioll I, Haznrdou.< (Cias.<ijini) Location.<; Al\"SI/UL 600i9-l l ,  
Explosive Atllw.<pll""' - Par/ II: Equipment Protection by lntrimic 
Safrly "i"; and A.'\SI/ISA RP 12.06.01,. Tlert11fl111t!llded Practire for 
Wiring '"lt!llwds for Haznrdous (Cias.<iji«l) [.,qcations lnslrwlllmlalion 
- Part I: lntrimic Safoi_J, for additional information. 

Associated Nonincendive Field Waring Apparatus. ApparattL"l 
in which dtc circuit"l arc not ncccs."larilv noninccndivc thcm
selvc!; but lhat affccl"l dtc energy in nm;inccndivc field "iring 
circuits and i!; relied on to maintain noninccndivc energy 
levels. Such apparatus is one of dtc following: 

( 1)  Electrical apparatus lhat ha"l an alternative type of protec
tion for usc in the appropriate hazardou!; (cla"l."lificd) 
location 

(2) Electrical apparattL"l not w protected that shall not be 
tt"lCd "ithin a hazardous (cla"l."lificd) location 

(CMP-14) 

Informational :'\ote No. I :  As.�ociated nonincendh·e field \\iling 
appardtu.� ha� designated a'l.�ciated nonincendh-e field \\iling 
appardtu.� connections for nonincendh·e field \\iring appardtus 
and also might have connections for other elecuical appardtus. 

Informational Note No. 2: See ANSI/t:L 121201, Nonincmdive 
flwtrical Equipmtml for Uv in Cla.<S l and II, Divi<ioll 2 ami Cla.u Ill, 
Divi<io11s I and 2 Haznrdous (Classified) !..oration.<, for additional 
infmmation. 
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Attachment Fitting, Weight-Supporting (WSAF) (Weight
Supporting Attachment Fitting). A device lhat, by insertion 
imo a weight-supporting ceiling receptacle, C!;lablishes a 
connection between the conducto� of lhc attached utilization 
cquipmcm and lhc branch-circuit conducto� connected to lhc 
weight-supporting ceiling receptacle. (C�lP-18) 

Informational Note No. I :  A weight-supporting attachment 
fitting i� different from an attachment plug because no cord is 
a'l.�ciated \\ith the fitting. A weight-supporting attachment 
fitting in combination \\ith a weight-supporting ceiling recepta
cle secures the a'l.�ociated utilization equipment in place and 
suppon� it� weight. 

Informational :'\ote l'o. 2: See A.'\SI/NEI\L\ WD 6, Aml'rican 
National Standard for Wiring Droir'-'i - Dimensional Sp..cifications, 
for the standard configurdtion of weight-supporting attachment 
fittings and related \\-eight-supporting ceiling receptacles. 

Attachment Plug (Plug Cap) (Plug). A device lhat, by insertion 
in a receptacle, C!;lablishes a connection between the conduc
to� of dtc attached flexible cord and the conducto� connec
ted permanently to dtc receptacle. (CMP-18) 

Audio Autotransformer.· A tran!;formcr l\ith a single "inding 
and multiple taps imcndcd for usc wilh an amplifier loud
speaker signal output. (640) (C�lP-12) 

Audio Sip Processing Equipment (Audio Equipment). Elec
trically operated equipment that produces, proces�, or bod1, 
electronic signals dtat, when appropriately amplified and 
reproduced by a loudspeaker, produce an acoustic signal 
within lhc range of normal human hearing (typically 20-20 
kHz). Within Article 640, lhc terms equipment and audio 
equipment arc a"l."lumcd to be equivalent to audio signal 
proccs."ling equipment. (640) (CMP-12) 

Informational l'ote: This equipment includes, but i� not limited 
to, loud�peakers; headphones; pre-amplifiers; microphones and 
their power supplies; mixers; :\UDI (musical instmment digital 
interface) equipment or other digital conu·ol systems; equaliz
ers, compres.�ors, and other audio signal proces.�ing equipment; 
and audio media recording and playback equipment, including 
turntables, tape deck.� and disk players (audio and multimedia), 
synthesizers, tone generators, and electronic org-dns. Elecu·onic 
organs and synthesizers may ha\-e integJ<tl or separdte amplifica
tion and loud�peakers. With the exception of amplifier output�, 
\irtually all such equipment is u.�d to proces.� sig�1als (using 
analog or digital techniques) that have nonhazardous levels of 
\ultage or current. 

Audio System. The totality of all equipment and interconnect
ing "iring tL"lcd to fabricate a fully functional audio signal 
proccs."ling, amplification, and reproduction system. (640) 
(CMP-12) 

Audio Transformer. A transformer with two or more electri
cally isolated windings and multiple taps intended for tL"lC wilh 
an amplifier loud"lpcakcr signal output. (640) (CMP-12) 

Authority Having Jurisdiction (Alg). An organization, office, 
or individual responsible for enforcing dtc rcquircmcnl"l of a 
code or standard, or for approving equipment, materials, an 
installation, or a procedure. (CMP-1) 

Informational l'ote: The ph raw "authority ha�ing jurisdiction," 
or it� acron�m AHJ, is u.�d in :'\FPA document� in a broad 
manner, since jurisdictions and appro,-aJ agencies '<II'Y· a� do 
their respon�ibilities. \'\'bere public safety is p1imary, the author
icy ha\ing jurisdiction may be a federal, state, local, or other 
regional department or indi�idual such a� a fire chief; fire 
marshal; chief of a fire prevention bureau, labor department, or 
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health deparunent; building official; electrical inspector; or 
others ha\ing statutory authority. For i11.�urance purposes, an 
insurance inspection depanment, rating bureau, or other insur
ance company represemati\·e may be the authority ha�ing juris
diction. In many circumstances, the pmpeny owner or his or 
her designated agent a'i.�umes the role of the authority ha\ing 

jurisdiction; at govemment in�lallatimt.�, the commanding offi
cer or deparunemal official may be the authmity ha\ingjurisdic
tion. 

Automatic. Pcrfonning a function "ithout the necessity of 
human intervention. (CMP-1) 

Bathroom. An area including a sink with one or more of the 
following: a toilet, a urinal, a tub, a shower, a bidet, or similar 
plumbing fixtures. (CMP-2) 

Battery. A single cell or a group of cells connected together 
electrically in series, in parallel, or a combination of both. 
(CMP-13) 

Battery, Flow. (Flow Battery) An energy storage component 
that stores ito; active materials in the form of one or two electro
lytes external to the reactor interface. \\"ben in usc, the elcctro-
1}-tes arc transferred between reactor and storage tanks. (706) 
(CMP-13) 

Informational Note: Three commerciallv available flow batten· 
technologies are zinc air, zinc bromine: and \'anadium redm�, 
sometimes referred to a� pumped rlectro�JII' ESS. 

Battery, Sealed. (Sealed Battery) A battery that hao; no prmi
sion for the routine addition of water or elcctrol}"tC or for 
external mcao;urcmcnt of electrolyte specific gravity and might 
contain prcs.o;urc relief venting. (CMP-13) 

Battery, Stationary Standby. (Stationary Standby Battery) A 
battery that spends the majority of the time on continuous float 
charge or in a high state of charge, in rcadincs.o; for a discharge 
event. (CMP-13) 

Informational l'ote: l"nintemtptible Power Supply (L..-s) 
batteries are an example that falls under this definition. 

Battery-Powered Lighting Units. Individual unit equipment for 
backup illumination consisting of a rechargeable battery; a 
battery-charging means; prmisions for one or more lamps 
mounted on the equipment, or with terminals for remote 
lamps, or both; and a rela}'ing dc\icc arranged to energize the 
lamps automatically upon failure of dtc supply to the unit 
equipment. (517) (CMP-15) 

Berth. The water space to be occupied by a boat or other 
vessel alongside or between bulkhcado;, piers, piles, fixed and 
floating docks, or any similar acccs.o; structure. L303:3.3.2j (555) 
(CMP-7) 

Informational l'ote: See the definition of Slip for additional 
infmmation. 

Bipolar Circuit. A de circuit that is comprised of two 
monopole circuito;, each having an opposite polarity connected 
to a common reference point. (CMP-4) 

Block. A square or portion of a city, town, or village enclosed 
by strccto; and including the alleys so enclosed, but not any 
street. (800) (CMP-16) 

Boatyard. A facility used for constructing, repairing, scnicing, 
hauling from the water, storing (on land and in water) , and 
launching ofboato;. L303:3.3.3j (555) (CMP-7) 
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Bodies of Water, Artificially Made. (Artificially Made Bodies of 
Water) Bodies of water that have been constructed or modified 
to fit some decorative or commercial purpose such ao;, but not 
limited to, aeration pondo;, fish farm ponclo;, storm retention 
bao;ins, treatment ponclo;, and irrigation (channel) facilities. 
Water depths may vary scao;onally or be controlled. (682) 
(CMP-17) 

Bodies of Water, Natural. (Natural Bodies of Water) Bodies of 
water such ao; lakes, streams, pondo;, rivers, and other naturally 
occurring bodies of water, which may vary in depth throughout 
the year. (682) (CMP-17) 

Bonded (Bonding). Connected to establish electrical continu
ity and conductivity. (CMP-5) 

Bonding Conductor (Bonding Jumper). A conductor that 
ensures the required electrical conductivity between metal 
parto; that arc required to be electrically connected. (CMP-5) 

Bonding Jumper, Equipment. (Equipment Bonding Jumper) 
The connection between tw9 or more portions of the equip
ment grounding conductor; (CMP-5) 

Bonding Jumper, Main. (Main Bonding Jumper) The connec
tion between the grounded circuit conductor and the equip
ment grounding conductor, or the supply-side bonding jumper, 
or both, at thc .scnicc. (CMP-5) 

Bonding Jumper, Supply-Side. (Supply-Side Bonding Jumper) 
A conductor installed on the supply side of a scnicc or l\ithin a 
scnicc equipment cnclosurc(s), or for a separately derived 
system, dtat ensures the required electrical conducti\ity 
between metal parto; required to be electrically connected. 
(CMP-5) 

Bonding Jumper, System. (System Bonding Jumper) The 
connection between the grounded circuit conductor and the 
supply-side bonding jumper, or the equipment grounding 
conductor, or both, at a separately derived system. (CMP-5) 

Border Light. A permanently installed overhead strip light. 
(520) (CMP-15) 

Bottom Shield. A protective layer that is installed between the 
floor and flat conductor cable (Type FCC) to protect the cable 
from physical damage and may or may not be incorporated ao; 
an integral part of dtc cable. (324) (CMP-6) 

Branch Circuit (Branch-Circuit). The circuit conductors 
between the final ovcrcurrcnt dc\icc protecting the circuit and 
the oudct(s). (CMP-2) 

Branch Circuit, Appliance. (Appliance Branch Circuit) A 
branch circuit that supplies energy to one or more outlcto; to 
which appliances arc to be connected and that hao; no pcnna
ncntly connected luminaires tltat arc not a part of an appli
ance. (CMP-2) 

Branch Circuit, General-Purpose. (General-Purpose Branch 
Circuit) A branch circuit that supplies two or more receptacles 
or outlcto; for lighting and appliances. (CMP-2) 

Branch Circuit, Individual. (Individual Branch Circuit) A 
branch circuit that supplies only one utilization equipment. 
(CMP-2) 

Branch Circuit, Motor. (Motor Branch Circuit) The circuit 
conductors, including equipment, between the motor branch-
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circuit short-circuit and ground-fault protective device and an 
individual motor. (C�lP-1 1) 

Branch Circuit, Multiwire. (Multiwire Branch Circuit) A 
branch circuit that consist-; of two or more ungrounded 
conductors that have a voltage between them, and a neutral 
conductor that has equal voltage between it and each ungroun
ded conductor of the circuit and that is connected to the 
neutral conductor of the system. (CMP-2) 

Branch-Circuit Selection Current (BCSC). The value in 
amperes to be used instead of the rated-load current in deter
mining the ratings of motor branch-circuit conductors, discon
necting means, controllers, and branch-circuit short-circuit and 
ground-fault protective devices wherever dtc running overload 
protective device permit-; a sustained current greater dtan the 
specified percentage of the rated-load current. The value of 
branch-circuit selection current will always be equal to or 
greater dtan the marked rated-load current. (440) (CMP-1 1 )  

Breakout Assembly. An adapter used to connect a multipolc 
connector containing two or more branch circuit-; to multiple 
individual branch-circuit connectors. (520) (C�lP-15) 

Broadband. Wide band"idth data transmission that transport-; 
multiple signals, protocols, and trallic types over various media 
types. (C�lP-16) 

Building. A structure that stand-; alone or dtat is separated 
from adjoining structures by fire walls. (C�lP-1 ) 

Building, Floating. (Floating Building) A building that float-; 
on water, is moored in a permanent location, and ha-; a prem
ises "iring system served duough connection by permanent 
"iring to an electrical supply system not located on the prem
ises. (CMP-7) 

Building, Manufactured. (Manufactured Building) Any build
ing that is of closed construction and is made or ao;.-;cmblcd in 
manufacturing facilities on or off the building site for installa
tion, or for ao;.-;cmbly and installation on dtc building site, other 
than manufactured homes, mobile homes, park trailers, or 
recreational vehicles. (545) (C�lP-7) 

Building Component. Any subsystem, supao;.-;cmbly, or other 
system designed for usc in or integral \\idl or a-; part of a struc
ture, which can include structUral, electrical, mechanical, 
plumbing, and fire protection systems, and odtcr systems affect
ing health and safety. (545) (CMP-7) 

Building System. Plans, specifications, and documentation for 
a system of manufactured building or for a type or a system of 
building component-;, which can include structural, electrical, 
mechanical, plumbing, and fire protection systems, and other 
systems affecting health and safety, and including such varia
tions thereof a-; arc specifically permitted by regulation, and 
which variations arc submitted a-; part of the building system or 
amendment thereto. (545) (C�lP-7) 

Bulkhead. A vertical structural wall, usually of stone, timber, 
metal, concrete, or syndtctic material, constructed along, and 
generally parallel to, the shoreline to retain earth a-; an exten
sion of the upland, and often to prmidc suitable water depth at 
the waterside face. L303:3.3.5j (555) (C�lP-7) 

Bull Switch. An externally operated wall-mounted safety Sl\itch 
that can contain ovcrcurrcnt protection and is designed for the 
connection of portable cables and cord-;. (530) (CMP-15) 
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Bundled. \..abies or conductors that arc tied, wrapped, taped, 
or othcmisc periodically bound together. (520) (CMP-15) 

Busbar. A noninsulatcd conductor electrically connected to 
the source of supply and physically supported on an insulator 
prmiding a power rail for connection to utilization equipment, 
such a-; sensors, actuators, A/V devices, low-voltage luminaire 
a-;scmblics, and similar electrical equipment. (393) (CMP-18) 

Busbar Support. An insulator that runs the length of a section 
of suspended ceiling bus rail that serves to support and isolate 
the busbars from the suspended grid rail. (393) (C�lP-18) 

Busway. A raceway consisting of a metal enclosure containing 
factorv-mountcd, bare or insulated conductors, which arc 
usually copper or aluminum bars, rod-;, or tubes. (C�lP-8) 

Cabinet. An enclosure dtat is designed for either surface 
mounting or flush mounting and is provided with a frame, mat, 
or trim in which a swinging door or doors arc or can be hung. 
(CMP-9) 

Cable, Abandoned. (Abandoned Cable) Installed cable that is 
not terminated at equipment other than a tcnnination fitting 
or a connector and is not identified for future u.-;c with a tag. 
(CMP-16) 

Informational :'\ote: See 640.6(B), 645.5(G), i22.25, i60.25, 
ii0.25, ·and 800.25 for requiremenL• covering the remm<tl of 
abandoned cahles. 

Cable, Armored (Type AC). (Armored Cable) A fabricated 
as!!Cmblv of insulated conductors in a flexible interlocked 
metallic. armor. (CMP-6) 

Cable, Circuit Integrity (CI). (Circuit Integrity Cable) \..ablc(s) 
marked "ith the sullix K-CI" u.-;cd for remote-control, signaling, 
power-limited, fire alarm, optical fiber, or communications 
systems that supply critical circuit-; to ensure survivability for 
continued circuit operation for a specified time under fire 
conditions. (CMP-3) 

Informational l'ote: See 728.4 for power circuiL• in.•talled for 
suni\'llbility. 

Cable, Coaxial. (Coaxial Cable) A cylindrical ao;.-;cmbly 
composed of a conductor centered inside a metallic tube or 
shield, separated by a dielectric material, and usually covered 
by an insulating jacket. (C�lP-16) 

Cable, Festoon. (Festoon Cable) Single- and multiple
conductor cable intended for usc and installation where llcxi
bilil)' is required. (610) (C�lP-12) 

Cable, Flat Conductor (Type FCC). (Flat Conductor Cable) 
Three or more separate flat copper conductors placed horizon
tally edge-to-edge and enclosed "ithin an insulating ao;.-;cmbly. 
(324) (OlP-6) 

Cable, Instrumentation Tray (Type lTC). (Instrumentation 
Tray Cable) A factory ao;.-;cmbly of two or more insulated 
conductors, with or without an equipment grounding conduc
tor(s) , enclosed in a nonmetallic sheath. (C�lP-3) 

Cable, Integrated Gas Spacer (Type IGS). (Integrated Gas 
Spacer Cable) A factory ao;.-;cmbly of one or more conductors, 
each individually insulated and enclosed in a loose fit, nonme
tallic flexible c�nduit a-; an integrated ga-; spacer cable rated 
0 volt-; through f>OO volts. (C�lP-6) 
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Cable, Limited Use. (Limited-Use Cable) \..abies that arc inten
ded to be used with protection such a-; a raceway or for specific 
restricted applications. (722) (C:MP-3) 

Cable, Medium Voltage(Type MV). (Medium Voltage Cable) A 
single or multiconductor solid dielectric insulated cable rated 
2001 volts up to and including 35,000 volts, nominal. (CMP-6) 

Cable, Metal Clad (Type MC). (Metal Clad Cable) A factory 
a-;scmblv of one or more insulated circuit conductors l\ith or 
"ithout. optical fiber members enclosed in an annor of inter
locking metal tape, or a smoodt or corrugated metallic shcadt. 
(CMP-6) 

Cable, Metallic Conductor. (Metallic Conductor Cable) A 
factory a'i.-;cmbly of two or more conductors having an overall 
covering. (C�IP-16) 

Cable, Mineral-Insulated, Metal-Sheathed (Type Ml). (Mineral
Insulated, Metal-Sheathed Cable) A factory a-;scmbly of one or 
more conductors insulated with a highly compressed refractory 
mineral insulation and enclosed in a liquidtight and ga-;tight 
continuous copper or alloy steel shcadt. (C�IP-6) 

Cable, Nonmetallic-Sheathed. A factory a'i.-;cmbly of two or 
more insulated conductors enclosed within an overall nonme
tallic jacket. ( C�IP-6) 

Cable, Nonmetallic-Sheathed (Type NM). Insulated conduc
tors enclosed "ithin an overall nonmetallic jacket. (C�IP-6) 

Cable, Nonmetallic-Sheathed (Type NMC). Insulated conduc
tors enclosed l\ithin an overall, corrosion resistant, nonmetallic 
jacket. (CMP-6) 

Cable, Optical Fiber. (Optical Fiber Cable) A factory a'i.-;cmbly 
or field a'i.-;cmbly of one or more optical fibers having an over
all covering. (CMP-16) 

Informational l'ote: A field-a.'i.-;embled optical fiber cable is an 
a.'i.-;embly of one or more optical fibers \\itbin a jacket. The 
jacket, without optical fibers, is installed in a manner similar to 
conduit or rdceway. Once tbe jacket is installed, tbe optical 
fibers are insened into tbe jacket, completing tbe cable a.'i.-;em
bly. 

Cable, Optical Fiber, Conductive. (CondUctive Optical Fiber 
Cable) A factory a'i.-;cmbly of one or more optical fibers having 
an overall covering and containing non-current-carrying 
conductive mcmbcr(s) such a-; metallic strength mcmber(s), 
metallic vapor barricr(s), metallic armor, or metallic shcadt. 
(CMP-16) 

Cable, Optical Fiber, Hybrid. (Hybrid Optical Fiber Cable) A 
cable containing optical fibers and current-carrying electrical 
conductors. (CMP-16) 

Cable, Optical Fiber, Nonconductive. (Nonconductive Optical 
Fiber Cable) A factory a'i.-;cmbly of one or more optical fibers 
having an overall covering and containing no electrically 
conductive materials. (CMP-16) 

Cable, Optical Fiber, Protected. (Protected Optical Fiber 
Cable) Optical fiber cable protected from relca�ing optical 
radiation into dtc atmosphere during normal operating concli
tions and foreseeable malfunctions by additional armoring, 
conduit, cable tray, or raceway. (CMP-14) 

Informational :'\ote: See ,\1'\:SI/t:L 60079-28, Explo..ive Al111os
phnes - Par/ 28: Pmtnlion of Equipment and Tran.<mis.<ion .�)·stem.< 
Using optical Radiation, for additional information. 
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Cable, Portable Power Feeder. (Portable Power Feeder Cable) 
One or more flexible shielded insulated power conductors 
enclosed in a flexible covering rated from 2001 to 25,000 volts. 
(CMP-6) 

Cable, Power and Control Tray (Type TC). (Power and Control 
Tray Cable) A factory a'i.-;cmbly of two or more insulated 
conductors, "ith or "ithout a'i.�ociatcd bare or covered equip
ment grounding conductors, under a nonmetallic jacket. 
(CMP-6) 

Cable, Power-Limited Tray (Type PLTC). (Power-Limited Tray 
Cable) A factory a�scmbly of two or more insulated conductors 
rated at 300 volts, "ith or without a�sociatcd bare or insulated 
equipment grounding conductors, under a nonmetallic jacket. 
(CMP-3) 

Cable, Service. (Service Cable) Service conductors made up in 
the form of a cable. (C�IP-10) 

Cable, Service Entrance. (Service Entrance Cable) A single 
conductor or multiconductqr cable prmidcd with an overall 
covering, primarily used fqr &erviccs. (C�IP-6) 

Cable, Service EntranC:e (Type SE). Service-entrance cable 
having a flame-retardant, moisture-resistant covering. (CMP-6) 

Cable, Service Entrance (Type USE). Service-entrance cable, 
identified for · underground usc, having a moisture-resistant 
covering, but not required to have a flame-retardant covering. 
(CMP-6) 

Cable, 1)pe P. A factory a�scmbly of one or more insulated 
flexible tinned copper conductors, "idt a'i.�ociatcd equipment 
grounding conductor(s), "idt or "ithout a braided metallic 
armor and with an overall nonmetallic jacket. (C�IP-6) 

Cable, Under Carpet. (Under Carpet Cable) \..ablcs dtat arc 
intended to be used under carpeting, floor covering, modular 
tiles, and plank.�. (722) (CMP-3) 

Cable, Underground Feeder and Branch-Circuit (Type UF). 
(Underground Feeder and Branch-Circuit Cable) A factory 
a�scmbly of one or more insulated conductors "ith an integral 
or an overall covering of nonmetallic material suitable for 
direct burial in the earth. (CMP-6) 

Cable Assembly, Flat (Type FC). (Flat Cable Assembly) An 
a�scmbly of parallel conductors formed integrally with an insu
lating material web specifically designed for field installation in 
surface metal raceway. (C�IP-6) 

Cable Bundle. A group of cables that arc tied together or in 
contact l\idt one another in a closely packed configuration for 
at lca-;t 1.0 m (40 in.). (CMP-3) 

Informational Note: Random or loose installation of individual 
cables can result in les.� heating. Combing of the cables can 
result in les.� heat di'l.�ipation and more signal ems.� talk between 
cables. 

Cable Connector. A connector designed to join flat conductor 
cables (Type FCC) without using a junction box. (324) 
(CMP-6) 

Cable Connector [as applied to hazardous (classified) loca
tions). An electrical de\ icc dtat is part of a cable a'i.-;cmbly and 
that, by insertion of two mating configurations, establishes a 
connection between the conductors of the cable a'i.�cmbly and 
the conductors of a fixed piece of equipment. (CMP-14) 
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Informational Note No. 1: See ANSI/t:L 121201, Nouincnulive 
Elwtrical Equipmmt for Uv in Cla.<S l and ll, Divi<iou 2 ami C/a.u Ill, 
Divi<iollS I and 2 HflUlrdou.< (Cia.uijied) Location.<, for information 
on the use of cable connectors. 

Informational Note No. 2: Cable connectors in other tban 
bazardou.� (classified) locations are refen-ed to as male and 
female fittings. 

Informational l'ote :'\o. 3: See A:'\SI/t:L 2238, CablP As.vmb/ii'S 
ami Fillings for l11du.<trial Omtml and Sigual Di.<tribution, and 
ANSI/t:L 2237, Multi-Point lnlerconnwtiou Pmuer CablP As.vmb/ii'S 
for Industrial Machinery, for examples of standard� on male and 
female fittings in other than bazardou.� (cla.•sified) locations. 

Cable Joint. A connection consisting of an insulation system 
and a connector where two (or more) medium voltage (T}'pc 
MV) cables arc joined together. (CMP-6) 

Cable Management System. An apparatus clcsignccl to control 
and organize lengths of cable or cord. (CMP-1 2) 

Cable Routing Assembly. A single channel or conncctccl multi
ple channels, ao; well ao; ao;sociatcd fittings, forming a structural 
system that is used to support and route communications wires 
and cables, optical fiber cables, data cables ao;sociatcd with 
infonnation technology and communications equipment, 
Cla'l.o; 2, Clao;s 3, and T}'pc PLTC cables, and powcr-limitccl fire 
alarm cables in plenum, riser, and general-purpose applica
tions. (CMP-16) 

Cable Sheath. A single or multiple layers of a protective cover
ing that holdo; and protects the conductors or optical fibers, or 
both, contained inside. (CMP-16) 

Cable System, Yare-Resistive. (Yare-Resistive Cable System) A 
cable and components used to ensure survivability of critical 
circuits for a specified time under fire conditions. (CMP-3) 

Cable System, Flat Conductor. (Flat Conductor Cable System) 
A complete \\iring system for branch circuit" that is designed 
for installation under carpet squares. (324) (CMP-6) 

Informational l'ote: The FCC system includes T}'Pe FCC cable 
and a.'i.�ciated shielding, connectors, terminators, adapters, 
boxes, and receptacles. 

Cable Termination. A connection consisting of an insulation 
system and a connector and instaUed on a medium voltage 
(T}pc MV) cable to connect from a table to a dc\icc, such ao; 
equipment. (CMP-6) 

Cable Tray System. A unit or a'l.o;cmbly of unito; or sections and 
ao;sociatcd fittings forming a structural system u.o;cd to securely 
fao;tcn or support cables and raceways. (CMP-8) 

Cablebus. An ao;sembly of unito; or sections "id1 insulated 
conductors ha\ing ao;sociatccl fittings forming a structural 
system u.o;cd to securely fao;tcn or support conductors and 
conductor terminations in a completely enclosed, ventilated, 
protective metal hou.o;ing. This ao;sembly is designed to carry 
fault current and to "idtstand the magnetic forces of such 
current. (CMP-8) 

Informational :'\ote: Cablebu.� is ordimuilv a.'i.•embled at the 
point of i11.�tallation from the componenL�· fumished or speci
fied bv the manufdcturer in accordance "ith instmctions for the 
specific job. 

CeU (as applied to batteries). The bao;ic electrochemical unit, 
characterized by an anode and a cathode, used to receive, 
store, and deliver electrical energy. (CMP-1 3) 
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CeU, Sealed. (Sealed CeU) A cell that hao; no provision for the 
routine addition of water or electrolyte or for external mcao;
urcmcnt of electrolyte specific gravity and might contain pres
sure relief venting. (CMP-13) 

CeU Line. An ao;sembly of electrically interconnected electro
lytic cells supplied by a source of direct-current power. 
(CMP-12) 

CeU Line Attachments and Auxiliary Equipment. A term that 
includes, but is not limited to, auxiliary tanks; process piping; 
ductwork; structural supporto;; exposed cell line conductors; 
concluito; and other raceways; pumps, positioning equipment, 
and cell cutout or b}'pa'l.o; electrical dc\iccs. Auxiliary equip
ment includes tools, welding machines, crucibles, and other 
portable equipment u.o;cd for operation and maintenance 
"ithin the electrolytic cell line working zone. In the cell line 
working zone, auxiliary equipment includes the exposed 
conductive surfaces of ungrounded cranes and crane-mounted 
ccll-scr\icing equipment. (f>68) (CMP-1 2) 

Charge ControUer. Equipment that controls de voltage or etc 
current, or both, and that is u.o;cd to charge a battery or other 
energy storage device: (CMP-1 3) 

Charger Power Converter. The dc\icc u.o;ccl to convert energy 
from dtc power grid to a high-frequency output for "irelcs.o; 
power transfer: (625) (CMP-12) 

Child Care Facility. A building or structure, or portion thereof, 
for educational, supcr\isory, or personal care ser\iccs for more 
than four chilclrcn 7 years old or lcs.o;. ( 406) (CMP-18) 

Circuit Breaker. A clc\icc designed to open and dose a circuit 
by nonautomatic means and to open the circuit automatically 
on a prcdctcrminccl ovcrcurrcnt l\ithout damage to ito;clf when 
properly applied l\ithin ito; rating. (CMP-10) 

Informational :'\ote: The automatic opening mean.• can be inte
gral, direct acting \\ith the circuit breaker, or remote from the 
circuit breaker. 

Circuit Breaker, Adjustable. (Adjustable Circuit Breaker) A 
qualifying tcnn indicating that the circuit breaker can be set to 
trip at various values of current, time, or both, within a prcclc
tcnninccl range. (CMP-10) 

Circuit Breaker, Instantaneous Trip. (Instantaneous Trip 
Circuit Breaker) A qualil}ing term indicating that no delay is 
purposely introduced in the tripping action of the circuit 
breaker. (CMP-10) 

Circuit Breaker, Inverse Tune. (Inverse Tune Circuit Breaker) 
A qualif)'ing term indicating that there is a delay purposely 
introduced in the tripping action of the circuit breaker, and 
the delay dccrcao;cs ao; dtc magnitude of the current incrcao;cs. 
(CMP-10) 

Circuit Breaker, Nonadjustable. (Nonadjustable Circuit 
Breaker) A qualif}ing term indicating that the circuit breaker 
docs not have any adjustment to alter the value of the current 
at which it \\ill trip or the time required for ito; operation. 
(CMP-10) 

Class I Circuit. The portion of the \\iring system between the 
load side of the Cla'l.o; I power source and the connected equip
ment. (CMP-3) 

Class 2 Circuit. The portion of the \\iring system between the 
load side of a Cla'l.o; 2 power source and the connected equip-
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mcnt. Due to il"l power limitations, a Class 2 circuit considers 
safety from a fire initiation standpoint and provides acceptable 
protection from electric shock. (CMP-3) 

Class 3 CircuiL The portion of the wiring system between the 
load side of a Clao;."l 3 power source and the connected equip
ment. Due to it"l power limitations, a Clao;."l 3 circuit considers 
safety from a fire initiation standpoim. Since higher levels of 
voltage and current dtan for Clao;."l 2 arc permitted, additional 
safeguard'! arc specified to prmidc protection from an electric 
shock hazard that could be encountered. (CMP-3) 

Class 4 CircuiL The portion of the wiring system between the 
load side of a Clao;."l 4 transmitter and the Clao;."l 4 receiver or 
Clao;."l 4 utilization cquipmcm, a"l appropriate. Due to the active 
monitoring and control of dtc voltage and currcm pro\'idcd, a 
Clao;."l 4 circuit considers safety from a fire initiation standpoint 
and prmidcs acceptable protection from electric shock. (726) 
(CMP-3) 

Informational :'\ote: A Cla'i.• 4 circuit i• also commonly refened 
to a• a fault-managed power circuit. 

Class 4 Device. Any active dc\'icc connected to the Clao;."l 4 
circuit; examples include a Clao;."l 4 transmitter, a Clao;."l 4 
receiver, or Clao;."l 4 utilization cquipmcm. (CMP-3) 

Class 4 Power System. An actively monitored and controlled 
system consisting of one or more Clao;."l 4 transmitters and one 
or more Clao;."l 4 receivers connected by a cabling system. 
(CMP-3) 

Class 4 Receiver. A dc\'icc that acccpl"l Clao;."l 4 power and 
convcrl"l it for usc by utilization cquipmcm. (C:\ofP-3) 

Class 4 Transmitter. A dc\'icc that sources Clao;."l 4 power. (726) 
(CMP-3) 

lnformational l'ote: A Cla'i.• 4 transmitter i• different from tradi
tional power sources in that it monitors the line for faull• (both 
line-to-line and line-to-ground) and cea"leS power transmi ... •ion if 
a fault i• sensed. 

Class 4 Utilization Equipment. Devices that arc dirccdy 
powered by a Clao;."l 4 transmitter without dtc need for a sepa
rate Clao;."l 4 receiver ( dtc receiver is imcgrated. imo the equip
ment). (C:\ofP-3) 

Closed Construction. Any building, building componcm, 
a"lsembly, or system manufactured in such a manner that all 
concealed part"l of proccs."les of manufacture cannot be inspec
ted after installation at dtc building site without disao;."lCmbly, 
damage, or destruction. (545) (CMP-7) 

Clothes Closet. A nonhabitablc room or space imcndcd 
primarily for storage of ganncnl"l and apparel. (C:\ofP-1) 

Clothes Closet Storage Space. The area within a clodtes closet 
in which combustible materials can be kept. (410) (C�IP-18) 

CoUector Rings. An ao;."lcmbly of slip rings for transferring elec
tric energy from a stationary to a rotating member. (675) 
(CMP-7) 

Combiner (DC). (de Combiner) (Direct-Current Combiner) 
An enclosure that includes devices used to connect two or 
more PV system de circuit"l in parallel. (690) (C�IP-4) 

Combustible Dust. Solid particles dtat arc 500 Jlln or smaller 
(i.e., material pao;."ling a U.S. 1'\o. 35 Standard Sieve a"l defined 
in AST�l El l-17, Standard Specification fa,. Wovro Wire u.d Sieve 
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Cloth and ust Sieves) that can form an cxplosiblc mixture when 
suspended in air at standard atmospheric pressure and temper
ature. L499:3.3.3J (C:\ofP-14) 

Informational l'ote: See ASTM El 226, Standard Test '"ldlwd for 
Explosibility of Du.<l Qouds; ISO 6184- l ,  Expln.<ion protection .<_)'stems 
- Par/ I: Detenninalion of I'Xplo.<ion indices of rombu.<tible dusts in 
air, or A.'\SI/UL 800i9-20-2, Expltuive Alllwspll""' - Part 20-2: 
Material C.llaracteri.<lic.< - Co111bustibb- Du.<l.< Tl'!i/ Metilod.<, for proce
dures for determining the explosibility of dt�•L•. Hi•torically, 
explosibility ba• been described a• presenting a lla•h fire or 
explosion hazard. It could be understood that potential hazard• 
due to the fmmation of an explosible mixture when suspended 
in air at standard atmospheric pressure and temperature would 
include ignition. 

Combustible Gas Detection System. A protection technique 
utilizing stationary ga"� detectors in industrial establishmcnl"l. 
(CMP-14) 

Commissioning. The process, proe<;durcs, and testing used to 
set up and verify the initial performance, operational controls, 
safety systems, and sequence of operation of electrical devices 
and equipment, prior to it .being placed into active service. 
(CMP-13) 

Communications Circuit. A metallic, fiber, or wirelcs."l circuit 
that prmidcs voice/data (and a'l"llciatcd power) for 
communications-related services between communications 
equipment, (CMP-16) 

Commuilications Circuit, Network-Powered Broadband. 
(Network-Powered Broadband Communications Circuit) The 
circuit extending from the communications utility's or service 
provider's serving terminal or tap up to and including the 
network interface unit (1'\IU). (830) (CMP-16) 

Informational Note: A typical one-family dwelling network
powered communications circuit consi•L• of a communications 
drop or communications sen·ice cable and an NIU and includes 
the communications utility"s sening tenninal or tap where it i• 
not under the exclush-e control of the commw1ications utility. 

Communications Circuit, Premises. (Premises Communications 
Circuit) The circuit that cxtcnd"l voice, audio, video, data, 
imcractivc services, telegraph (except radio), and out"lidc 
wiring for fire alarm and burglar alarm from the service provid
er's network terminal to the CtL"ltmncr's communications cquip
mclll. (840) (CMP-16) 

Communications EquipmenL The electronic equipment that 
performs dtc telecommunications operations for the transmi"l
sion of audio, '"ideo, and data, and includes power cquipmclll 
(e.g., de converters, inverters, and batteries),  technical support 
cquipmclll (e.g., computers) , and conductors dcdicatccl solely 
to the operation of the equipment. (C�IP-16) 

Informational l'ote: As the telecommunications network transi
tions to a more dat<H:enuic network, computers, routers, sen� 
ers, and their powering equipment, are becoming essential to 
the u-ansmission of audio, �ideo, and data and are finding 
increa•ing application in commw1ication.• equipment installa
tions. 

Communications Service Provider. An organization, busincs."l, 
or indhidual dtat offers communications service to others. 
(CMP-16) 

Community Antenna Television Circuit (CA1V). The circuit 
that cxtcnd"l community antenna telc\'ision systems for audio, 
'"ideo, data, and interactive services from the service provider's 
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network terminal to the appropriate customer equipment. 
(CMP-16) 

Concealable Nonmetallic Extension. A listed a"i.o;cmbly of two, 
three, or four insulated circuit conductors within a nonmetallic 

jacket, an extruded thcrmopla-;tic covering, or a scaled nonme
tallic covering. The da-;sification includes surfucc extensions 
intended for mounting directly on the surface of walls or ceil
ings and concealed with paint, texture, joint compound, pla�
tcr, wallpaper, tile, wall paneling, or other similar materials. 
(CMP-6) 

Concealed. Rendered inaccessible bv the structure or finish of 
the building. (CMP-1) 

· 

lnformational l'ote: Wires in concealed racewavs are considered 
concealed, even though they may become a�cessible by "ith
dra\\ing them. 

Concealed Knob-and-Tube Wuing. A wiring method using 
knobs, tubes, and flexible nonmetallic tubing for the protec
tion and support of single insulated conductors. (CMP-6) 

Conductor, Bare. (Bare Conductor) A conductor having no 
covering or electrical insulation whatsoever. (C:\IlP-6) 

Conductor, Copper-Clad Aluminum. (Copper-Clad Aluminum 
Conductor) Conductor drawn from a copper-clad aluminum 
rod, with the copper metallurgically bonded to an aluminum 
core. (CMP-6) 

Conductor, Covered. (Covered Conductor) A conductor 
cnca-;cd "itltin material of composition or thickness tltat is not 
recognized by tltis Code a-; electrical insulation. (C:\IlP-6) 

Conductor, Insulated. (Insulated Conductor) A conductor 
cnca-;cd l\ithin material of composition and thickness that is 
recognized by tltis Code a-; electrical insulation. (C:\IlP-6) 

Conductor, Insulated. (Insulated Conductor) Overhead scnicc 
conductor cnca�cd in a pol}'mcric material adequate for the 
applied nominal voltage and any conductor types described in 
310.4. (396) (CMP-6) 

. 

lnformational l'ote: See ICEA S-76-474-20ll, Standard for Neutral 
Supported Porwr (.able A.uemhlie.• lt!illl Wmthtr·lmi<lanl Extruded 
lnsulatiml Rated 600 Volt.<, for infonnaw)n ah<>ut overhead service 
conductors. 

· 

Conductors, Outdoor Overhead. (Outdoor Overhead Conduc
tors) Single conductors, insulated, covered, or bare, installed 
outdoors on support structures in free air. (399) (C:\IlP-6) 

Conduit, Flexible Metal (FMC). (Flexible Metal Conduit) A 
raceway of circular cross section made of helically wound, 
formed, interlocked metal strip. (CMP-8) 

Conduit, High Density Polyethylene (HDPE). (High Density 
Polyethylene Conduit) A nonmetallic raceway of circular eros.� 
section, with a�sociatcd couplings, connectors, and fittings for 
the installation of electrical conductors. (C:\IlP-8) 

Conduit, Intermediate Metal (IMC). (Intermediate Metal 
Conduit) A steel tltrcadablc raceway of circular eros.-; section 
designed for the physical protection and routing of conductors 
and cables and for usc a� an equipment grounding conductor 
when installed "ith its integral or a"i.�ociatcd coupling and 
appropriate fittings. (CMP-8) 

Conduit, Liquidtight Flexible Metal (LFMC). (Liquidtight Flexi
ble Metal Conduit) A raceway of circular cross section ha�ing 

20'.!3 t:dition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

an outer liquidtight, nonmetallic, sunlight-resistant jacket over 
an inner flexible metal core "ith a"i.-;ociatcd couplings, connec
tors, and fittings for the installation of electric conductors. 
(CMP-8) 

Conduit, Liquidtight Flexible Nonmetallic (LFNC). (Liquid
tight Flexible Nonmetallic Conduit) A raceway of circular eros.� 
section of various types a� follows: 

( 1 )  A smooth scamlcs.� inner core and cover bonded together 
and having one or more reinforcement layers between 
the core and covers, designated a� LFN\..-A 

(2) A smootlt inner surface "ith integral reinforcement 
"ithin the raceway wall, designated a� LFN\..-8 

(3) A corrugated internal and external surface without inte
gral reinforcement "ithin the raceway wall, designated a-; 
LFI'\\..-C 

(CMP-8) 

Informational :'\ote: FNMC is an ahemath·e designation for 
LFNC. 

Conduit, Nonmetallic Underground with Conductors (NUCC). 
(Nonmetallic Underground Conduit with Conductors) A 
factory a"i.-;cmbly of conductors or cables inside a nonmetallic, 
smooth wall raceway with a circular eros.-; section. (C:\IlP-8) 

Conduit, Reinforced Thermosetting Resin (RTRC). (Rein
forced Thermosetting Resin Conduit) A rigid nonmetallic 
raceway of circular cross section, with integral or a"i.�ociatcd 
couplings, connectors, and fittings for the installation of elec
trical conductors and cables. (C:\IlP-8) 

Conduit, Rigid Metal (RMC). (Rigid Metal Conduit) A thread
able raceway of circular eros.� section designed for the physical 
protection and routing of conductors and cables and for usc a-; 
an equipment grounding conductor when installed with its 
integral or a�sociatcd coupling and appropriate fittings. (C:\IlP 
-8) 

Conduit, Rigid Polyvinyl Chloride (PVC). (Rigid Polyvinyl 
Chloride Conduit) A rigid nonmetallic raceway of circular 
cross section, "ith integral or a"i.�ociatcd couplings, connectors, 
and fittings for the installation of electrical conductors and 
cables. (CMP-8) 

Conduit Body. A separate portion of a conduit or tubing 
system that pro�ides acccs.-; tltrough a removable covcr(s) to 
the interior of the system at a junction of two or more sections 
of the system or at a terminal point of the system. 

Boxes such a-; FS and FD or larger ca-;t or sheet metal boxes 
arc not da"i.�ificd a-; conduit bodies. (C:\IlP-9) 

Connector. An electromechanical fitting. (393) (CMP-18) 

Connector, Intercell. (lnterceU Connector) An electrically 
conductive bar or cable used to connect adjacent cells. 
(CMP-13) 

Connector, Intertier. (lntertier Connector) An electrical 
conductor used to connect two cells on different tiers of the 
same rack or different shelves of the same rack. (C:\IlP-13) 

Connector, Load. (Load Connector) An electromechanical 
connector used for power from the busbar to utilization equip
ment. (393) (CMP-18) 

Connector, Pendant. (Pendant Connector) An electromechani
cal or mechanical connector used to suspend low-voltage 
luminairc or utilization equipment below the grid rail and to 
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supply power to connect from the busbar to utilization equip
ment. (393) (CMP-18) 

Connector, Power Feed. (Power Feed Connector) An clcctro
mcchanical connector used to connect the power supply to a 
power distribution cable, to connect dircctlv to tl1c busbar, or 
to connect from a power distribution cable t� the busbar. (393) 
(CMP-18) 

Connector, Pressure (Solderless). (Pressure Connector) A 
dc\'icc that establishes a connection between two or more 
conductors or between one or more conductors and a terminal 
by means of mechanical prcs.<mrc and witllout the usc of solder. 
(CMP-1) 

Connector, Ran to Ran. (Ran to Ran Connector) An clcctro
mcchanical connector used to interconnect busbars from one 
ceiling grid rail to another grid rail. (393) (CMP-18) 

Connector Strip. A metal "ireway containing pendant or flush 
receptacles. (520) (CMP-15) 

Container (as applied to batteries). A single-cell or multiccll 
vessel or jar tllat holds the plates, electrolyte, and other 
clements of a single unit in a baucry. (CMP-13) 

Continuous Load. A load where tile maximum currcm is 
expected to cominuc for 3 hours or more. (CMP-2) 

Control. The prcdctcnnincd process of connecting, discon
necting, increasing, or reducing electric power. (750) 
(CMP-13) 

Control Circuit. The circuit of a comrol apparatus or system 
that carries the electric signals directing the performance of 
the comrollcr but docs not carry the main power current. 
(CMP-1 1 )  

Control Circuits, Fault-Tolerant External. (Fault-Tolerant Exter� 
nal Control Circuits) Those control circuit"l either entering or 
leaving the fire pump comrollcr enclosure, which if broken, 
disconnected, or shorted "ill not prcvcm tile comroUcr from 
starting the fire pump from all other internal or external 
means and may cause tile controller to stan the pump under 
these conditions. (695) (CMP-13) 

Control Device, Emergency Lighting, (Emergency Lighting 
Control Device) A separate or imegral device intended to 
perform one or more emergency lighting comrol functions. 
(700) (CMP-13) 

Informational :'\ote: See t:L 924, Emergrmq I.ighling and Poruer 
Equipment, for infmmation covering emergency lighting contn>l 
de-.ices. 

Control Drawing. A dral�ing or otl1cr document prmidcd by 
the manufacturer of tile intrinsically safe or associated appara
tus, or of the noninccndivc field \\iring apparatus or as."lociatcd 
noninccndivc field wiring apparatus, tllat details tile allowed 
imcrconncctions between the intrinsicallv safe and as."lociatcd 
apparatus or between the noninccndivc field wiring apparatus 
or associated noninccndivc field wiring apparatus. (CMP-14) 

Informational :'\ote: See the follm\ing standard• for additional 
infmmation: 
( 1 )  ANSI/ISA/t:L 120202, /Vrom111mdatiollS for the Preparation, 

Content, and Orgrmizalion of lntrin.<ir Safet)' Control Drmuings 
(2) ANSI/l'L 913, lnlrinsiraUJ Safe Apparatu.< and As.<ociated 

Apparatus for CJ.v in C/a.u I, IT, ami Ill, Division I, Hazardous 
(('Ja.uijied) Location.< 
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(3) ANSI/l'L 60079-1 1 ,  Explosive.4/mo.<phem - Part II: Equip
men/ Pm/I'Ction bJ lntrin.<ir Safe/)' "i" 

(4) ANSI/l'L 121201, NoninrendivP Ehrtrical Equip111en/ for Use 
in C/a.<S I ami l/, Division 2 and Clan Ill, DivisiollS I and 2 
HfJUlrdous (C/a.uijied) l..oratiollS 

(5) ANSI/ISA RP 12.06.01,  /Vro111111Pnded PrarticP for Wiring 
Methods for Hazardous (Qas.<ijied) Locations Ins/rumen/a/ion 
- Part I: Intrinsic Safo(J 

Control Room. An enclosed control space out"lidc tile hoist
way, intended for full bodilv cntrv, that contains tile elevator 
m�tor controller. The ro�m co'uld also contain electrical 
and/or mechanical cquipmcm used directly in connection 
"itll tile clcl-ator or dumbwaiter but not tl1c electric driving 
machine or tl1c hydraulic machine. (620) (CMP-12) 

Control Space. A space inside or out"lidc tile hoist"-ay imcndcd 
to be acccs."lcd witll or witllout full bodily entry tllat contains 
the clcl-ator motor controller. This space could also contain 
electrical and/ or mechanical equipment used directly in 
connection with the clc\-ator, dumbwaiter, escalator, moving 
walk, or platform lift, but nol the electrical driving machine or 
the hydraulic machine. (6�0) (CMP-12) 

Control System. The overall system governing tile starting, 
stopping, direction of motion, acceleration, speed, and retarda
tion of tl1c mming member. (620) (CMP-12) 

Controller. A device or group of devices that serves to govern, 
in some predetermined manner, the electric power delivered 
to tile apparatus to which it is connected. (CMP-1) 

Controller, Motion. (Motion Controller) The electrical 
dc\'icc(s) for tllat part of tile comrol system that governs tile 
acceleration, speed, retardation, and stopping of the moving 
member. (620) (CMP-12) 

Informational Note: The motor control function rna\' be inte-
gral to the motion conu·oller. 

' 

Controller, Motor. (Motor Controller) Any switch or device 
that is normally used to stan and stop a motor by making and 
breaking the motor circuit current. (CMP-1 1 )  

Controller, Operation. (Operation Controller) The electrical 
dcvicc(s) for that part of the control system tllat initiates tile 
starting, stopping, and direction of motion in response to a 
signal from an operating device. (620) (CMP-12) 

Converter, DCto-DC. (DCto-DC Convener) A device tllat can 
prmidc an output de voltage and current at a higher or lower 
v-alue man the input de voltage and current. (CMP-4) 

Converter Circuit, DCto-DC. (DCto-DC Converter Circuit) 
The de circuit conductors connected to tile output of a de-to
de convener. (CMP-4) 

Converting Device. That part of the heating equipment that 
convcrt"l input mechanical or electrical energy to the voltage, 
current, and frequency used for tile heating applicator. A 
convening device consist'! of equipment using line frequency, 
all static multipliers, oscillator-type unit"l using l-acuum tubes, 
inverters using solid-state devices, or motor-generator equip
ment. (665) (CMP-12) 

Cooking Unit, Counter-Mounted. (Counter-Mounted Cooking 
Unit) A cooking appliance designed for mounting in or on a 
counter and consisting of one or more heating clcmcnt"l, inter
nal wiring, and built-in or mountable controls. (CMP-2) 
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Coordination, Selective. (Selective Coordination) Localization 
of an ovcrcurrcnt condition to restrict outages to the circuit or 
equipment affected, accomplished by the selection and installa
tion of ovcrcurrcnt protective devices and their ratings or 
settings for the full range of available ovcrcurrcnL�, from over
load to the available fault current, and for the full range of 
ovcrcurrcnt protective dc'l'icc opening times associated with 
those ovcrcurrcnL�. (CMP-10) 

Cord, Flexible. (Flexible Cord) Two or more flexible insulated 
conductors enclosed in a flexible covering. (C:\IP-6) 

Cord Connector. A contact device terminated to a flexible 
cord that acccpL� an attachment plug or other insertion device. 
(CMP-6) 

Cord Connector [as applied to hazardous (classified) loca
tions). A fitting intended to tcnninatc a cord to a box or simi
lar device and reduce the strain at poinL� of termination and 
might include an cxplosionproof, a dust-ignitionproof, or a 
flamcproofscal. (CMP-14) 

Cord Set. A length of flexible cord having an attachment plug 
at one end and a cord connector at the other end. (C:\IlP-6) 

Corrosive Environment. Areas or enclosures without adequate 
ventilation, where electrical equipment is located and pool 
sanitation chemicals arc stored, handled, or dispensed . (680) 
(CMP-17). 

Informational :'\ote No. 1 :  See .4dvisory: Sruimming Pool Cllemiral: 
l11lori111', OSWER 90-008.1, June 1990, a\<tilable from the EPA 
:'\ational Senice C..enter for Emimnmental Publications 
(l'SCEP) a.• sanitation chemical• and pool \\<tier are considered 
to pose a ri•k of corrosion (gJ<tdual damage or destruction of 
material•) due to the presence of oxidizers (e.g., calcium hypo
chlorite, sodium hypochlorite, bromine, chlorinated isoq<tnu
rates) and chlorinating agent• that relea.� chlorine when 
dis..olved in \\<tier. 

Informational I' ole l'o. 2: See ANSI/ APSP-1 1,  Standard for ll�ter 
QualiiJ in Public Pool< and Spa.<, A:'\SI/ASHRAE 62.1, Table 6-4 
:\finimum ExhalL•t Rates, and 2021 International SuMnmh��r Pool 
and Spa C.ode (/SPSC), Section 324, including asM>ciated defini
tions and requirement.• concerning adequate \"entilation of 
indoor spaces such a.• equipment and .chemical storage rooms, 
which can reduce tbe likelihood of the accumulation of corro
sh-e \<tpors. Chemicals such a.• chlorine calL� severe corrosh-e 
and deteriordting effect• on electricaJ ·connections, equipment, 
and enclosures when stored and· kept in the same 'icinity. 

Counter (Countertop). A fixed or stationary surface typically 
intended for food preparation and serving, personal lavation, 
or laundering or a similar surface that prcscnL� a routine risk of 
spillage of larger quantities of liquid� upon oudcL� mounted 
directly on or in the surface. (CMP-2) 

lnformational l'ote :'\o. 1: See UL 498, Rueptac!l'. and .4ttachmml 
Pluf{', and t.:L 943, Ground-Fault Circuit luterruptmo, which estab
lish the perfonnance e�<tluation criteria and constmction crite
ria. 

Informational l'ote :'\o. 2: See 406.5(E), 406.5(G) (I) ,  and 
406.5(H) for infonnation on receptacles for counters and coun
tenops di•tingui•hed from receptacles for work surfdces. 

Crane. A mechanical device tL�cd for lifting or mming boaL�. 
L303:3.3.6J (555) (OlP-7) 

Critical Branch. A system of feeders and branch circuiL� supply
ing power for task illumination, fixed equipment, select recep
tacles, and select power circuiL� scr'l'ing areas and functions 
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related to patient care that arc automatically connected to 
alternate power sources by one or more transfer s"itches 
during interruption of the normal power source. L99:3.3.30j 
(517) (C:\IlP-15) 

Critical Operations Areas, Designated (DCOA). (Designated 
Critical Operations Areas) Areas l\idtin a facility or site desig
nated as requiring critical operations power. (C:\IP-13) 

Critical Operations Data System. An information technology 
equipment system that requires continuotL� operation for 
reasons of public safety, emergency management, national 
security, or business continuity. (645) (C:\IlP-12) 

Critical Operations Power Systems (COPS). Power systems for 
facilities or parL� of facilities that require continuous operation 
for the reasons of public safety, emergency management, 
national security, or busincs.� continuity. (C:\IP-13) 

Cutout Box. An enclosure designed for surface mounting that 
has s"inging doors or covers �cured dirccdy to and telescop
ing with the walls of the �nclosurc. (C:\IlP-9) 

Data Center, Modular (MDC). (Modular Data Center) Prefabri
cated uniL�, rated 1000 volts or lcs.�, consisting of an outer 
enclosure housing multiple racks or cabincL� of information 
technology equipment (ITE) (e.g., servers) and variotL� 
support equipment, such a� electrical scnicc and distribution 
cquipmclll, HVAC systems, and the like. (646) (C:\IlP-12) 

l.nfonnational :'\ote: A typical constmction may lL� a standard 
ISO shipping container or other structure a.• the outer enclo
sure, rdck.• or cabinet• of ITE, senice-entrdnce equipment and 
power distribution component•, power stm<tge such a.• a t.:PS, 
and an air or liquid cooling system. Modular data centers are 
intended for fixed installation, either indoors or outdoors, 
ba..ed on their constntction and resi•tance to en�imnmental 
conditions. MDC.• can be config�tred a.• an all-in-one system 
housed in a single equipment enclosure or a.• a system "ith the 
suppon equipment housed in separdte equipment enclosures. 

DC Plugging Box. A de dc\-icc consisting of one or more 2-
polc, 2-l\irc, nonpolarizcd, non-grounding-type receptacles 
intended to be used on de circuit� only. (530) (C:\IlP-15) 

Dead-Front. Without live parL� exposed to a person on the 
operating side of the equipment. (C:\IlP-9) 

Demand Factor. The ratio of the maximum demand of a 
system, or part of a system, to the total connected load of a 
system or the part of dtc system under consideration. (CMP-2) 

Dental Office. A building or part dtcrcof in which the follow
ing occur: 

( 1 )  Examinations and minor trcatmcnL�/proccdures 
performed under the continuous supcnision of a dental 
profcs.�ional; 

(2) Usc of limited to minimal sedation and treatment or 
procedures that do not render the patient incapable of 
self-preservation under emergency conditions; and 

(3) 1'\o overnight stays for paticnL� or 24-hour operations. 
L99:3.3.38j (CMP-15) 

Device. A unit of an electrical system, other than a conductor, 
that carries or controls electric energy a� iL� principal function. 
(CMP-1) 

Dielectric Heating. Heating of a nominally insulating material 
due to iL� own dielectric los.�s when the material is placed in a 
v<uying electric field. (665) (C:\IlP-12) 
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Disconnecting Means. A device, or group of dc\iccs, or other 
means bv which the conductors of a circuit can be disconnec
ted from

' 
their source of supply. (CMP-1 ) 

Distribution Point (Center Yard Pole) (Meter Pole). An electri
cal supply point from which senicc drops, senicc conductors, 
feeders, or branch circuit-; to buildings or structures utilized 
under single management arc supplied. (547) (CMP-7) 

Informational :'\ote: The sef\ice point is typically located at the 
distribution point. 

Diversion ControUer (Diversion Charge ControUer) (Diversion 
Load ControUer). Equipment dtat regulates dlc output of a 
source or charging proccs.o; by diverting power to direct-current 
or alternating-current load-; or to an interconnected utility serv
ice. (CMP-13) 

Diversion Load. A load connected to a diversion charge 
controller or diversion load controller, also known as a dump 
load. (CMP-4) 

Docking Facility. A covered or open, fixed or floating structure 
that provides acccs.o; to the water and to which boat-; arc 
secured. L303:3.3.7J (555) (CMP-7) 

Dormitory Unit. A building or a space in a building in which 
group sleeping accommodations arc prmidcd for more than 
16 persons who arc not members of the same family in one 
room, or a series of closely associated rooms, under joint occu
pancy and single management, with or "idtout meals, but with
out indhidual cooking facilities. (CMP 2) 

Drop Box. A box containing pendant- or flush-mounted recep
tacles attached to a multiconductor cable '"ia strain relief or a 
multipolc connector. (520) (CMP-15) 

Dust-Ignitionproof. Equipment enclosed in a manner that 
excludes dust-; and docs not permit arcs, sparks, or heat oilicr
"isc generated or liberated inside of the enclosure to cause 
ignition of exterior accumulations or atmospheric suspensions 
of a specified dust on or in dlc vicinity of the enclosure. 
(CMP-14) 

Informational l'ote l'o. 1: See A. '\SI/UL 1203, Explo.<inn-Proof 
ami Du.<t-lgnition-Proof Elutrical EqlliJnmmt Jm· (!.<1! iu Hawrdoru 
(('.la.uijied) l..nratious, for additional jnfonnation on dtL•t
ignitionproof enclosures. 

lnformational l'ote l'o. 2: See l'E�·L\ 250, Enclosurt'S fnr Electrical 
Equipment ( 1000 Vnlts Maximum), for additional infmmation on 
dtL•t-ignitionproof enclosures that are sometimes marked addi
tionally marked Type 9. 

Dusttigbt. Enclosures constructed so dtat dust will not enter 
under specified test conditions. (CMP-14) 

Informational Note No. 1 :  See ANSI/t:L 121201, Nouincemlive 
1-Jwtrical Equipment for Uv in Cla.u l and II, Divi<iou 2 ami C/a.u Ill, 
Divi<iollS I and 2 Haznrdoru (('.lassijied) /..oration.<, for additional 
infmmation. 

lnformational l'ote l'o. 2: See l'E�·L\ 250, Enclosurt'S fnr Electrical 
Equipment ( 1000 Vnlts '"laximum), and A:'\SI/t:L 50E, Euclo.ums 
fnr ElPCtrical Equipmml, Environmental C.nn.<idl'ration.<, for addi
tional information on enclosure Types 3, 3X, 3S, 3SX, 4, 4X, 5, 
6, 6P, 12, 12K, and 13 that are considered dtL•ttight. 

Duty, Continuous. (Continuous Duty) Operation at a substan
tially constant load for an indefinitely long time. (CMP-1) 
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Duty, Intermittent. (Intermittent Duty) Operation for alternate 
intcn<�ls of (1)  load and no load; or (2) load and rest; or (3) 
load, no load, and rest. (CMP-1) 

Duty, Periodic. (Periodic Duty) lntcnnittcnt operation in 
which the load conditions arc regularly recurrent. (CMP-1 ) 

Duty, Short-Time. (Short-Tune Duty) Operation at a substan
tially constant load for a short and definite, specified time. 
(CMP-1) 

Duty, Varying. (Varying Duty) Operation at load-;, and for 
intcn<�ls of time, born of which may be subject to wide \<lria
tion. (CMP-1) 

DweUing, One-Famlly. (One-Famlly Dwelling) A building that 
consist-; solely of one dwelling unit. (CMP-1) 

DweUing, Two-Famlly. (Two-Family DweUing) A building that 
consist-; solely of two dwelling unit-;. (CMP-1) 

DweUing, Multifamlly. (Multifamily Dwelling) A building that 
contains dlrcc or more dwelling units. (CMP-1) 

DweUing Unit. A single unit, providing complete and inde
pendent living facilitie!l for one or more persons, including 
permanent prmisiml!l for li\ing, sleeping, cooking, and sanita-
tion. (CMP-2) .· 

Electric-Dischlirge Lighting. Systems of illumination utilizing 
fluorescent lamps, high-intensity discharge (HID) lamps, or 
neon tubing; (CMP-18) 

Electrk Power Production and Distribution Network. Power 
production, distribution, and utilization equipment and facili
ties; such as electric utility systems that arc connected to prem
ises \\iring and arc external to and not controlled by a system 
that operates in interactive mode. (CMP-13) 

Electric Sign. A fixed, stationary, or portable self-contained, 
electrically operated and/ or electrically illuminated utilization 
equipment widl word-; or symbols designed to convey informa
tion or attract attention. (CMP-18) 

Electric Supply Stations. Locations containing the generating 
stations and substations, including dlcir associated generator, 
storage battery, transformer, and s"itchgcar areas. (CMP-4) 

Electric Vehicle (EV). An automotive-type vehicle for on-road 
tt.<;e, such ao; pao;.o;cngcr automobiles, btt.o;cs, trucks, \<IllS, neigh
borhood electric vehicles, and electric motorcycles, primarily 
powered by an electric motor dlat draws current from a 
rechargeable storage battery, fuel cell, photovoltaic array, or 
oilier source of electric current. Plug-in hybrid electric vehicles 
(PHEV) arc electric vehicles ha\ing a second source of motive 
power. (CMP-12) 

Informational Note: Off-road, self-propelled elecuic mobile 
machines, such as indtL•Uial uuck.•, hoi•L•, lifL•, mmsporL•, golf 
can.•, airline ground suppon equipment, u-actors, and boaL• are 
not considered elecuic vehicles. 

Electric Vehicle Connector. A device that, when electrically 
coupled (conductive or inductive) to an electric vehicle inlet, 
establishes an electrical connection to dlc electric vehicle for 
dlc purpose of power transfer and information exchange. 
(625) (CMP-12) 

Informational :'\ote: See 625.48 for further information on inter
active system•. 
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Electri� Vehi�e Power Export Equipment (EVPE). The equip
ment, mcludmg the outlet on the vehicle, tl1at is used to 
prm-idc electrical power at voltages greater than or equal to 
30 Vac or 60 Vdc to load'i external to tile vehicle, using tile 
vehicle as the source of supply. (625) (CMP-12) 

Informational Note: Electric vehicle power export equipment 
and elecllic ,·ehicle supply equipment or "ireles.• power transfer 
equipment are sometimes contained in one piece of equipment, 
sometimes referred to a• a bidirectional electric vehicle supply 
equipment (EVSE) or bidirectional "ireles.• power transfer 
equipment (WPTE). 

Electric Vehicle Supply Equipment (EVSE). Equipment for 
plug-in charging, including the ungrounded, grounded, and 
equipment grounding conductors, and tile electric vehicle 
connectors, attachment plugs, personnel protection system, 
and all other fittings, devices, power outlct'i, or apparatus 
installed spccificaii_Y for

. 
t�c purpose of transferring energy 

between the prcmtscs "umg and the electric vehicle. (625) 
(CMP-12) 

Informational Note: Electric vehicle power export equipment 
and elecllic ,·ehicle supply equipment or "ireles.• power transfer 
equipment (WPTE) are sometimes contained in one piece of 
equipment, sometimes refened to a• a bidirectional EVSE or 
bidirectional \\'PTE. 

Electrical Circuit Protective System. A system consisting of 
componcnt'i and materials intended for installation as protec
tion for specific electrical \�iring systems with respect to tile 
disruption of electrical circuit integrity upon exterior fire expo
sure. (CMP-16) 

Electrical Datum Plane. A specified vertical distance above tile 
normal high-water level at which electrical equipment can be 
installed and electrical connections can be made. (CMP-7) 

Electrical Ducts. Electrical conduit'i, or od1cr raceways round 
in cros.'i section, that arc suitable for usc underground or 
embedded in concrete. (CMP-6) 

Electrical Life Support EquipmenL Elcctricallypowcrcd equip
ment whose continuous operation is ncccs.'iarv to maintain a 
patient's life. L99:3.3.45j (517) (CMP-15) 

' 

Electri� Resistance Trace Heating '"410079-30-1". Type of 
protccuon for the purpose of pr9ducing heat on the principle 
of electrical resistance and typically composed of one or more 
metallic conductors and/ or an c)cctricallv conductive material 
suitably electrically insulated and protcct�d. (CMP-14) 

' 

Informational :'\ote: See Al'SI/t:L 60079-30-1, Explo..ive Atmo ... 
plvres - Part 30-1: Electrical &sistaure Trare Heatiug- C.n1eral aud 
T"ting /Vqummmts, for additional information. 

Electrically 
.
c'_)nn�ed. A connection capable of carrying 

current a'i d1sungmshcd from connection til rough electromag
netic induction. (668) (CMP-12) 

Electrified Truck Parking Space. A truck parking space tllat 
ha'i been provided "itl1 an electrical system tl1at allows truck 
operators to connect their vehicles while stopped and to usc 
off-board power sources in order to operate on-board systems 
such a'i air conditioning, heating, and appliances, "idto.ut anv 
engine idling. (626) (CMP-12) 

' 

Informational l'ote: An elec11ified truck parking space al•o 
includes dedicated parking area• for hea\'\'-duJ\• truck.• at trd,·el 
plaza•, wareholL'ieS, shipper and consignee 'yard�, depot facilities, 
and border cros.•ings. It does not include area• such a• the 
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shoulders of highway rdmps and acces.• road•, camping and 
recreational \>ehicle sites, residential and commercial parking 
area• lL'ied for automotive parking or other area• where ac 
power is prmided solely for dte purpose of connecting automo
tive and odter light electrical load•, such a• engine block heat
ers, and at pri\"dte residences. 

Electrified Truck Parking Space Wuing Systems. All of tile 
electrical "iring, equipment, and appurtenances related to 
electrical installations "ithin an electrified truck parking space, 
including tile electrified parking space supply equipment. 
(626) (CMP-12) 

Electrolyte. The medium that provides tile ion transport mech
anism between the positive and negative electrodes of a cell. 
(CMP-13) 

Electrolytic CeU. A tank or vat in which electrochemical reac
tions arc caused by applying electric energy for the purpose of 
refining or producing usable materials. (6fl8) (CMP-12) 

Electrolytic CeU Line Working Zone. The space envelope 
wherein operation or maintenance is normally pcrfonncd on 
or in tl1c "icinity of exposed energized surfaces of elcctrolvtic 
cell lines or their attachmcnt'i. (668) (CMP-12) 

' 

Electronic Power Converter. A device tllat uses power electron
ics to convert one fonn of electrical power into anomer fonn of 
elcctricalpowcr. (CMP-4) 

lnfonnational Note: Examples of electronic pm\>er conveners 
include, but are not limited to, ilwerters, de-to-de converters, 
and electJ·onic charge controllers. These de>ices ha\'e limited 
current capabilities ba'ied on me de�ice ratings at continuotL• 
rated power. 

Electronically Protected. A motor provided with electronic 
control that is an integral part of the motor and protcct'i tile 
motor against dangerous overheating due to failure of tile elec
tronic control, overload, and failure to start. (430) (CMP-1 1 )  

Emergency Luminaire, Battery-Equipped. (Battery-Equipped 
Emergency Lwninaire) A Juminairc "ith a rechargeable 
battery, a battery charging means, and an automatic load 
control relay. (CMP-13) 

Emergency Luminaire, Directly ControUed. (Directly Control
led Emergency Luminaire) A luminairc supplied by the facility 
emergency power system and l\ith a control input for dimming 
or s"itching that prmidcs an emergency illumination level 
upon los.'i of normal power. (700) (CMP-13) 

Informational Note: See ANSI/t:L 924, Emwgmcy l.igllting and 
Porwr Equifmuml, for information coveling directly controlled 
emergency luminaires. 

· 

Emergency Power Supply (EPS). The sourcc(s) of electric 
power of tl1c required capacity and quality for an emergency 
power supply system (EPSS).  (CMP-13) 

�m�ncy Power Supply System (EPSS). A complete func
uonmg EPS system coupled to a system of conductors, discon
necting means and ovcrcurrcnt ·protective devices, transfer 
Sl�itchcs, and all control, supcf\-isory, and support dc\-iccs up to 
and including the load terminals of tile transfer equipment 
needed for tile system to operate a'i a safe and reliable source 
of electric power. Lll0:3.3.4j (CMP-13) 

Emergency Systems. Those systems legally required and 
cla'l.'iCd a'i emergency by municipal, state, federal, or other 
codes, or by any governmental agency ha\-ing jurisdiction. 
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These !;y!;tCm!; arc intended to automatically !;Upply illumina
tion, power, or both, to dC!;ignatcd areas and cquipmcm in the 
cvcm of failure of the normal !;Upply or in the event of accidcm 
to clements of a sy!;tcm intended to supply, di!;tributc, and 
comrol power and illumination cs.�cntial for safety to human 
life. (C:MP-13) 

Encapsulation "m". Type of protection where electrical part� 
that could ignite an cxp)o!;ivc atmo!;phcrc by cidtcr sparking or 
heating arc cnclo!;cd in a compound in !;Uch a way that this 
explosive atmO!;phcrc cannot be ignited. (CMP-14) 

Informational l'ote: See ANSI/L'L 600i9-l8, Explo.uve a/mos
PI""'-< - Par/ 18: I:quiJnlllml pmtnlion by enrap.mlation •m�. for 
additional information. 

Enclosed. Surrounded by a ca�c. housing, fence, or wall(s) that 
prcvcnt"l pcf!;ons from accidentally contacting energized part"l. 
(CMP-1) 

Enclosed-Break. Having electrical make-or-break contact� !;Uch 
that, if an internal explosion of the flammable ga� or vapor dtat 
can cmcr it occuf!;, the device "ill withstand the imcmal cxplo
!;ion without !;Offering damage and "idtout communicating the 
internal cxplo!;ion to dtc external flammable ga"� or vapor. 
(CMP-14) 

Informational l'ote: See Al'SI/UL 121201, Nonincmdive Ekctri
call:'quiJnlllm/ for Uv. in C/Jm I and II, Division 2 ami Cla.<S l/1, Divi
.<iom I and 2 HflUlrdou.< (Cia.uijied) Location.<, for additional 
infmmation. 

Enclosure. The ca"lC or housing of apparatu!;, or the fence or 
wall!; surrounding an installation to prevent pcf!;onncl from 
accidentally contacting energized part� or to protect dtc cquip
mcm from physical damage. (C�IP-1 ) 

Informational Note: See Table I 10.28 for examples of enclosure 
types. 

Energized. Electrically connected to, or is, a source of voltage. 
(CMP-1) 

Energized, Likely to Become. (Likely to Become Energized) 
\..onductivc material that could become energized because of 
the failure of electrical insulation or electrical !;pacing. 
(CMP-5) 

. 

Energy Management System (EMS). A system consisting of any 
of dtc following: a monitor(s) , communication!; equipment, a 
comrollcr(s), a timcr(s), or Qthcr dcvicc(s) that monitof!; 
and/or controls an electrical load or a power production or 
!;loragc !;OUrcc. (CMP-13) 

Energy Storage System (FSS). One or more device!; installed a"l 
a sy!;tcm capable of !;loring energy and prm-iding electrical 
energy imo the premise!; "iring system or an electric power 
production and di!;tribution network. (C�IP-13) 

lnformational l'ote No. 1: An ESS(s) can include but is not limi
ted to batteries, capacitors, and kinetic energy devices (e.g., 
Hywheels and compres.o;ed air) . An ESS(s) can include inverters 
or cmweners to change voltage levels or to make a change 
between an ac or a de system. 

Informational :'\ote No. 2: These system"l differ from a stationary 
standby battery installation where a battery spends the m'!jority 
of the time on continuous Hoat charge or in a high state of 
charge, in readines."l for a di"lcharge event. 
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Entertainment Device. A mechanical or electromechanical 
device that prm-idcs an cmcrtainmcnt experience. (522) 
(CMP-15) 

Informational :'\ote: These devices can include animated props, 
show action equipment, animated figures, and special elfecL"l, 
coordinated "ith audio and lighting to pm,ide an entenain
ment expe1ience. 

Equipment. A general term, including fittings, dc,icc!;, appli
ances, luminairc!;, apparatus, machinery, and the like used a� a 
part of, or in connection "ith, an electrical in!;tallation. 
(CMP-1) 

Equipment, Mobile. (Mobile Equipment) Equipment "ith elec
trical component� that is suitable to be moved only with 
mechanical aid� or is provided "ith wheels for movement by a 
pcf!;on(s) or powered dc\'iCC!;. (513) (CMP-14) 

Equipment, Portable. (Portable Equipment) Equipmcm fed 
"ith portable cord� or cables in�udcd to be moved from one 
place to another. (640) (CMP�12) 

Equipment, Portable. (Po..talJle Equipment) Equipment with 
electrical component� suitable to be moved by a !;inglc pcf!;on 
"ithout mechanical aids. (51 1 )  (CMP-14) 

Equipment, Porlllble. (Portable Equipment) Equipmcm fed 
with portable cords or cables intended to be moved from one 
place to another. (520) (CMP-15) 

Equipment, Portable. (Portable Equipment) Equipmcm inten
ded tQ be moved from one place to another. (530) (CMP-15) 

Equipment, Signal. (Signal Equipment) IncludC!; audible and 
"isual cquipmcm such a� chimes, gongs, light"l, and displays 
that convey information to the user. (620) (CMP-12) 

Equipment Branch. A sy!;tcm of fccdcf!; and branch circuit� 
arranged for delayed, automatic, or manual connection to the 
alternate power source and dtat scrvC!; primarily 3-pha"lc power 
cquipmcm. L99:3.3.50j (517) (C�IP-15) 

Equipment Protection Level (EPL). Level of protection 
a�!;igncd to equipment ba"lcd on it� likelihood of becoming a 
source of ignition, and distinguishing the differences between 
explosive ga"l atmO!;phcrC!; and explosive du!;l atmospheres. 
(CMP-14) 

Informational Note: See A:'\SI/L'L 60079-0, Explo.uve .4/mo.<phem 
- Par/ 0: I:quipmenl - Gmeral Requinmum/.<, for additional infor
mation. 

Equipment Rack. A framework for the !;Upport, enclosure, or 
both, of equipment; can be portable or !;tationary. (640) 
(CMP-12) 

Informational :'\ote: See EIA/EC . .A 310-E-2005, Cabinets, Racks, 
Pauel< and .4s.<orialed Equipmtml, for examples of equipment 
racks. 

Equipotential Plane. Conductive part� bonded together to 
reduce voltage gradient'! in a designated area. (682) (CMP-17) 

Equipotential Plane. Conductive clement� that arc connected 
together to minimize voltage differences. (C�IP-7) 

Essential Electrical System. A system comprised of alternate 
power !;ourcC!; and all connected di�tribution systems and ancil
lary cquipmcm, designed to ensure continuity of electrical 
power to designated arca"l and functions of a health care facility 
during disruption of normal power sourcC!;, and al�o to mini-
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mizc disruption within the imcrnal wiring system. L99:3.3.52j 
(517) (CMP-15) 

Explosionproof Equipment. Equipmcm enclosed in a case that 
is capable of "ithstanding an explosion of a specified gas or 
vapor that might occur l\ithin it, that is capable of preventing 
the ignition of a specified gas or vapor surrounding the enclo
sure by sparks, flashes, or explosion of the ga.'i or vapor l\ithin, 
and that operates at such an external temperature that a 
surrounding flammable atmosphere "ill not be ignited. 
(CMP-14) 

Informational l'ote l'o. 1: See A. '\SI/UL 1203, Explo.<inn·Proof 
ami Du.<t·lgnition·Proof Elutrical Equip111mt fnr U.<e iu Hawrdoru 
(('.la.uijied) l.ocatinn.<, for additional infmmation. 

lnformational l'ote l'o. 2: See l'E�·L\ 250, Enclosui'I'S fnr Electrical 
Equipment ( 1000 Volts Maxi111u111), for additional infmmation on 
explosionproof enclosures that are sometimes additionally 
marked Type 7. 

Exposed (as applied to live parts). Capable of being inadver
tently touched or approached nearer than a safe distance by a 
person. (CMP-1) 

Informational :'\ote: This term applies to part.� that are not suita
bly guarded, isolated, or insulated. 

Exposed (as applied to wiring methods). On or attached to the 
surface or behind panels designed to allow acccs.'i. (CMP-1) 

Exposed (Optical Fiber Cable Exposed to Accidental Contact). 
A conductive optical fiber cable in such a position that, in case 
of failure of support'i or insulation, contact between the cable's 
non-currcm-car!Jing conductive members and an electrical 
circuit might result. (CMP-16) 

Exposed (to Accidental Contact). A circuit in such a position 
that, in ca'iC of failure of support'i or insulation, contact. with 
another circuit may result. (CMP-16) 

Exposed Conductive Surfaces. Those surfaces that arc capable 
of cartying electric currcm and that arc unprotected, uninsula
tcd, unenclosed, or unguarded, pcnnitting personal contact. 
L99:3.3.54J (517) (CMP-15) 

Informational Note: Paint, anodizing, and lrimilar coatings are 
not considered suitable insulation, qnless they are li�ted for such 
u."'e. 

Extemally Operable. Capable of being operated l\ithout 
exposing the operator to contact l\ith live part'i. (CMP-1) 

Facility, On-Site Power Production. (On-Site Power Production 
Facility) The normal supply of electric power for the site tltat is 
expected to be constantly producing power. (695) (CMP-13) 

Fastened-in-Place. Mouming means of cquipmcm in which the 
fa'itcning means arc specifically designed to permit removal 
\\ithout thc usc of a tool. (625) (CMP-12) 

Fault-Managed Power (FMP). A powering system that monitors 
for faults and controls currcm delivered to ensure fault energy 
is limited. (726) (CMP-3) 

Informational l'ote :'\o. I: The monitoring and control system.� 
differentiate fault-managed power from electric light and power 
circuiL�; therefore, altemative requiremenL� to those of Chapters 
1 through 4 are given regarding minimum \\ire sizes, ampacity 
a<!ju.�tment and correction factors, overcurrent protection, insu
lation requiremenL�, and \\i1ing methods and materials. 

Informational Note :'\o. 2: A fault-managed power circuit i� al�o 
commonly referred to a� a Cla'i.� 4 circuit. 

Fault Current. The current delivered at a point on the system 
during a short-circuit condition. (CMP-10) 

Fault Current, Available. (Available Fault Current) The largest 
amount of currcm capable of being delivered at a point on the 
system during a short-circuit condition. (CMP-10) 

Informational Note: A short-circuit can occur during abnonnal 
conditions such a� a fault between circuit conductors or a 
ground fault. See lnfonnational l'ote Figure I 00.1 .  

Fault Protection Device. An electronic dc\icc that is imcndcd 
for the protection of personnel and functions under fault 
conditions, such a'i network-powered broadband communica
tions cable short or open circuit, to limit the current or voltage, 
or both, for a low-power network-powered broadband commu
nications circuit and provide acceptable protection from elec
tric shock. (830) (CMP-16) 

Feeder. All circuit conductors between the sc�Vicc equipment, 
the source of a separately derived system, or other power 
supply source and the final branch-circuit ovcrcurrcnt dc\icc. 
(CMP-10) 

Feeder �· The overhead or undcr-cha'i.'iis feeder 
conductors, including the cquipmcm grounding conductor, 
together 11oith the ncccs.'iary fittings and cquipmcm; or the 
powcr�upply cord a'i.'icmbly for a mobile home, recreational 
vehicle, or park trailer, identified for the delivery of energy 
from the source of electrical supply to lite panelboard "ithin 
the mobile home, recreational vehicle, or park trailer. (CMP-7) 

Festoon Lighting. A string of outdoor light'i that is suspended 
between two point'i. (CMP-18) 

Supply source: ac or de 

Available fault current 

Equipment with a short-circuit 
current rating 

Equipment 

I 
I I 

: OCPD : 
Overcurrent protective device -+--+11 : 

with an interrupting rating 1 1 

Available fault current� 

Load 

Informational Note F.gure 100.1 Available Fault Current. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RICAL COI>t: 70-39 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



CHAPTER I ARTICLE 100 - DEFINITIO:"'S 

Fibers/Flyings, Combustible. (Combustible Fibers/Flyings) 
Fibers/flyings, where any dimension is greater than 500 JLm in 
nominal size, which can form an cxplosiblc mixture when 
suspended in air at standard atmospheric pressure and temper
ature. L499:3.3.4.1 J  (C�IP-14) 

Informational :'\ote l'o. I :  Thi• definition and lnfonnational 
:'\otes :'\o. 2 and :'\o. 3 have been extracted from 
:'\FPA 499-2021, Reco11mumdl'd Practice for the Cla.uif1Calion of 
Co111hustih/e Dusts ami of Hazardous (Oassijied) /..orations for Electri
cal lnslallations in IJvmical Procts.• .41J'tl.<. The l'FPA 499 reference 
i• in brackeL•. Only editorial changes were made to the extrdc
ted text to make it consistent \\ith this Code. 

Informational :'\ote l'o. 2: Section 500.5(0) defines a Cia."-• Ill 
location. f'..ombustible fibers/fl}ings can be similar in physical 
fmm to ignitible fibers/flyings and protected u.•ing the same 
electrical equipment installation method•. Examples of fibers/ 
fl�ings include flat platelet-shaped particulate, such a.• metal 
flake, and fibrous paniculate, such a.• panicle board core mate
Jial. If the smallest dimension of a combu.•tible matelial is 
greater than 500 flm, it is unlikely that the mate1ial would be 
combt�•tible fibers/flyings, as dete1mined by test. Finely dhided 
solid• "ith lengths that are large compared to their diameter or 
thicknes.• usually do not pa..s through a 500 fliO sieve, yet when 
tested could potentially be detennined to be explosible. 
[499:A.3.3.4.1 ]  

Informational :'\ote No. 3: See AST:\·1 El226, Standarrl 1e.<t 
'"lellwd for Explosibility of Du.<t Ooud.<, ISO 6184-1 , Explo.<ion protl'r
tion .<y.<lellu - Par/ I: Determination of ncplo.<ion indic" of rmnbu.<lihle 
d1u/s in air, or ISO/IEC/t.:L 800i9-20-2, Explo.<ive a/111osphnrs 
Par/ 20-2: Material cllamrtm.<tir.• - Co111bustihil' dusts lest 1111'1/wd.<, 
for procedures for determining the explosibility of dt�•L•. A 
material that is found to not present an explosible mixture 
could still be an ignitible fiber/fl}ing, a.• defined in this article. 
Hi•torically, the explosibility condition has been described a.• 

presenting a fla.•h fire or explosion hazard. It could be under
stood that the potential hazard due to the formation of an 
explosible mixture when st�•pended in air at standard atmOli
pheric pres.•ure and temperature would include ignition. 
[499:A.3.3.4.1 ]  

Fibers/Flyings, Ignitible. (lgnitible Fibers/Flyings} Fibers/ 
flyings where any dimension is greater than 500 lim in nominal 
size, which arc not likely to be in suspension in. quantities to 
produce an cxplosiblc mixture, but could produce an ignitiblc 
layer fire hazard. L499:3.3.4.2J (C�IP-14) 

Informational :'\ote l'o. I: Thi• definitiori and lnfonnational 
:'\ote :'\o. 2 ha,·e been extracted fro1n NFPA 499-2021, Rn:ollulll'n
dl'd Practice for 1M Cla.uifiralion '!/ Co111bustihle Du.<t.• ami of Hawrrl
D'Us (Oa.uijied) /..orations for El«trical lmtallaliom in Ounnical 
Proceu Areas. The l'FPA 499 reference is in brdckeL•. Only edito
rial changes were made to the extracted text to make it consis
tent \tith this I .ode. 
Informational :'\ote No. 2: Section 500.5 of this (.odl' presc1ibes a 
Cia."-• Ill location a.• one where ignitible fibers/fl)ings are 
present, but not likely to be in st�•pension in the air in quantities 
sufficient to produce ignitible mixtures. This description 
addres.�s fibers/fl)ings that do not present a fla.•h-fire hazard or 
explosion hazard by test. This could be beca�� those fibers/ 
fl�ings are too large or too agglomerated to be st�•pended in air 
in sufficient concentration, or at all, under typical test condi
tions. Alternath·ely, this could be because they bum so slowly 
that, when st�•pended in air, they do not propagate combustion 
at any concentration. In this document the zone cla.'l.•ification 
system includes ignitible fibers/fl�ings a.• a fire ha1.ard in a layer, 
which i• not addres.�d in the IEC zone S'\''Stem (see IEC 
600i9-J0-2, Explosive atllw.•pll"" - Part 10-2: Ctd.uijiration of areas 
- Explo.<ive du.</ a/111osplvres). \'\'bere these are present, the user 
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could also consider in.•tallation in accordance \\ith Article 503 of 
this (.odl'. [499::\.3.3.4.2] 

Field Evaluation Body (FEB). An organization or part of an 
organization that perfonns field evaluations of electrical or 
other equipment. L790:3.3.4J (CMP-1) 

Informational :'\ote: See l'FPA i!J0-2021,  Stamiard for l.o111/JI'tmcy 
of Tllird-PariJ Field Evaluation Bodie.<, prmides guidelines for 
establi•hing the qualification and competency of a body 
pe•·forming field e�<Jiuations of electrical products and a.'l.�m
bles \\ith electrical componenL•. 

Field Labeled (as app6ed to evaluated products). Equipmcm 
or materials to which ha• been attached a label, s�mbol, or 
other identifying mark of an FEB indicating the equipment or 
materials were c\-aluatcd and found to comply with require
ment.• a• described in an accompanying field c\-aluation report. 
L790:3.3.6J (CMP-1) 

Fire Alarm Circuit. The portion of the wiring system between 
the load side of the ovcrcurrcnt device or the power-limited 
supply and the cmmcctcd equipment of all circuit.• powered 
and controlled by the fire al� system. Fire alarm circuit• arc 
clao;sificd a• either ·non-power-limited or power-limited. 
(CMP-3) 

F�re Alarm circuil, Non-Power-Limited (NPLFA). (Non-Power
Limited F�re Alarm Circuit) A fire alarm circuit powered by a 
source that i.<� not power limited. (CMP-3) 

lnforinational l'ote: See i60.41 and i60.43 for requiremenL• for 
non-power-limited fire ala1m circuit•. 

F�re Alarm Circuit, Power-Limited (PLFA). (Power-Limited F�re 
Alatm Circuit) A fire alann circuit powered by a power-limited 
source . (C�IP-3) 

Informational :'\ote: See 760. 121 for requiremenL• on power
limited fire alann circuiL•. 

Fitting. An acccs..ory such a• a locknut, btL•hing, or other part 
of a "iring system that i• intended primarily to perform a 
mechanical rather than an electrical function. (CMP-1) 

Faxed (as app6ed to equipment). Equipment that is fao;tcncd 
or olhcmise secured at a specific location. (f>80) (C�IP-1 7) 

Fixed-in-Place. �(ounting means of equipment using fao;tcncrs 
that require a tool for removal. (625) (CMP-12) 

Flameproof "d". Type of protection where the enclosure will 
"ithstand an internal explosion of a flammable mixture that 
ha• penetrated into the interior, l\ithout suffering damage and 
without causing ignition, through any joint• or structural open
ings in dtc enclosure of an external explosive ga• atmosphere 
consisting of one or more of the gao;cs or v-apors for which it is 
designed. (CMP-14) 

Informational Note: See A.'\SI/t.:L 60079-1, Explo.<ive .4/mo.<phem 
- Part 1: Equipmnzl Protection by Ha111f'proof Enclosures "d", for 
additional information. 

Flammable Anesthetics. Gao;cs or \-apors, such a• fluroxcnc, 
cyclopropane, divinyl cdtcr, ethyl chloride, ethyl ether, and 
ethylene, that could form flammable or explosive mixtures l\ith 
air, oxygen, or reducing gao;cs such ao; nitrous oxide. (517) 
(CMP-15) 

Flexible Bus Systems. An a<;.o;cmbly of flexible insulated bus, 
with a system of ao;sociatcd fittings used to secure, support, and 
tcnninatc the bus. (CMP-8) 
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Informational l'ote: Flexible bus system.• are engineered system.• 
for a specific site location and are ordinalily a.'i.�mbled at the 
point of in.•tallation from the componenL• fumi•hed or speci
fied by the manufacturer. 

Flexible Insulated Bus. A flexible rectangular conductor with 
an overall insulation. (CMP-8) 

Flywheel ESS (FESS). A mechanical ESS composed of a spin
ning mas."l referred to as a rotor and an energy conversion 
mechanism such as a motor-generator that converts the 
mechanical energy to electrical energy. (706) (CMP-13) 

Informational l'ote: There are p1imarily two types of rotor 
constmctions, solid metal ma.'i.• design and composite fiber 
design. 

Footlight. A border light installed on or in the stage. (520) 
(CMP-15) 

Forming Shell. A structure designed to support a wet-niche 
luminairc as."lcmbly and intended for mounting in a pool or 
fountain structure. (f>80) (CMP-17) 

Fountain. An ornamental structure or recreational water 
feature from which one or more jets or streams of water arc 
discharged into the air, including splash pacl"l, ornamental 
pools, display pools, and reflection pools. The definition docs 
not include drinking water fountains or water coolers. (f>80) 
(CMP-17) 

Frame. Chas."lis rail and anv welded addition thereto of metal 
thickncs."l of 1 .35 mm (0.053 in.) or greater. (551) (CMP-7) 

Free Air (as applied to conductors). Open or ventilated em-i
ronment that allows for heat dis."lipation and air flow around an 
installed conductor. (CMP-6) 

Fuel Cell. An electrochemical system that consumes fu_el to 
produce an electric current. In such cells, dtc main chemical 
reaction tL"lcd for producing electric power is not combustion. 
However, there may be sources of combustion used "idtin the 
overall cell system, such as reformers/fuel proccs�rs. (CMP-4) 

Fuel CeO System. The complete aggregate of equipment used 
to convert chemical fuel into tL"lablc electricity and typically 
consisting of a reformer, stack, power inverter, and auxiliary 
equipment. (CMP-4) 

Fuse. An ovcrcurrcnt protective device "id1 a circuit-opening 
fusible part that is heated and severed by the pas."lagc of over
current through it. (CMP-10) 

Informational :'\ote: A fuse complises all the pan• that fonn a 
unit capable of perfonning the prescribed functions. It may or 
may not be the complete de�ice neces..ary to connect it into an 
elecuical circuit. 

Fuse, ElectronicaUy Actuated. (EiectronicaUy Actuated Fuse) 
An ovcrcurrcnt protective device that generally consist'! of a 
control module dtat prmidcs current-sensing, electronically 
derived time-current characteristics, energy to initiate tripping, 
and an interrupting module that interrupt'� current when an 
ovcrcurrcnt occurs. Such ftL"lCS may or may not operate in a 
current-limiting fashion, depending on the type of control 
selected. (CMP-10) 

Fuse, Expulsion. (Expulsion Fuse) A vented fuse unit in which 
the expulsion effect of gases produced by the arc and lining of 
the fuscholdcr, either alone or aided by a spring, extinguishes 
the arc. (CMP-10) 
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Fuse, Nonvented Power. (Nonvented Power Fuse) A ftL"lC with
out intentional prmision for the escape of arc gases, liquid"l, or 
solid particles to the atmosphere during circuit interruption. 
(CMP-10) 

Fuse, Power. (Power Fuse) A vented, nonvcntcd, or controlled 
vented fuse unit in which the arc is extinguished by being 
drawn through solid material, granular material, or liquid, 
either alone or aided by a spring. (CMP-10) 

Fuse, Vented Power. (Vented Power Fuse) A fuse with prmi
sion for the escape of arc ga."lcs, liquicl"l, or solid particles to the 
surrounding atmosphere during circuit interruption. (CMP-10) 

Garage. A building or portion of a building in which one or 
more self-propelled vehicles can be kept for usc, sale, storage, 
rental, repair, exhibition, or demonstration purposes. (CMP-1) 

Informational :'\ote: See 511 . 1  for commercial garages, repair 
and storage. 

Garage, Major Repair. (Major Repair Garage) A building or 
portions of a building where major repairs, such a"l engine 
overhauls, painting, body and fender work, welding or grind
ing, and repairs that require draining or emptying of dtc motor 
vehicle fuel tank arc · performed on motor vehicles, including 
a"lsociatcd floor space tL"lCd for offices, parking, or showrooms. 
L30A:3.3.12.1] .(CMP-14) 

Garage, Minor Repair. (Minor Repair Garage) A building or 
portions of a building tL"lCd for lubrication, inspection, and 
minor automotive maintenance work, such a"l engine tun�ups, 
replacement of part"l, fluid changes (e.g., oil, antifreeze, trans
mis."lion fluid, brake fluid, air-conditioning rcfrigcrant"l), brake 
system repairs, tire rotation, and similar routine maintenance 
work, including the a'i."lociatcd floor space used for offices, 
parking, or showrooms. L30A:3.3.12.2J (CMP-14) 

General-Purpose Cables, Cable Routing Assemblies, and Race
ways. \.ablcs, cable routing a'i."lCmblics, and raceways arc suita
ble for general-purpose applications and arc resistant to the 
spread of fire. (722) (CMP-3) 

Generating Capacity, Inverter. (Inverter Generating Capacity) 
The sum of parallel-connected inverter maximum continuotL"l 
output power at 4o•c in watt"l, kilowatt"l, volt-amperes, or 
kilovolt-amperes. (CMP-4) 

Generating Station. A plant wherein electric energy is 
produced by conversion from some other form of energy (e.g., 
chemical, nuclear, solar, wind, mechanical, or hydraulic) by 
means of suitable apparatus. (CMP-4) 

Generator (Generator Set). A machine that convcrt"l mechani
cal energy into electrical energy by means of a prime mover 
and alternator and/or inverter. (CMP-13) 

Generator, On-Site Standby. (On-Site Standby Generator) A 
facility producing electric power on site a"l dtc alternate supply 
of electric power. It differs from an on-site power production 
facility in that it is not constandy producing power. (695) 
(CMP-13) 

Grid Bus Rail. A combination of the btL"lbar, dtc btL"lbar 
support, and the structural suspended ceiling grid system. 
(393) (CMP-18) 

Ground. The earth. (CMP-5) 
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Ground Fault. An unimentional, electrically conductive 
connection between an ungrounded conductor of an electrical 
circuit and the normally non-current-car!Jing conductors, 
metal enclosures, metal raceways, metal equipment, or earth. 
(CMP-5) 

Ground-Fault Circuit Interrupter (GFCI). A de\-ice imended 
for the protection of personnel that functions to de-energize a 
circuit or portion thereof within an established period of time 
when a ground-fault currem exceedo; the values established for 
a Clao;s A device. (CMP-2) 

Informational :'\ote: See L"L 943, Standard for Gmund-Fau/1 Circuit 
lntwruptl'rs, for further infonnation. Cla.'i.• A gmund-fault circuit 
interrupters uip when the ground-limit current i• 6 mA or 
higher and do not trip when the ground-fdult current i• les.• 
than 4 mA.  

Ground-Fault Circuit Interrupter, Special Purpose (SPGFCI). 
(Special Purpose Ground-Fault Circuit Interrupter) A de\-ice 
imended for the detection of ground-fault currents, used in 
circuits l\ith voltage to ground greater than 150 volts, that func
tions to de-energize a circuit or portion of a circuit within an 
established period of time when a ground-fault currem exceedo; 
the values established for Cla"i.o; C, D, or E de\-ices. (CMP-2) 

Informational Note: See UL 943C, Outline of bwi'Stigation for 
Special Purpose Ground-Fault Circuit /ntnrupter.<, for information 
on Cla.•ses C, D, or E special purpose ground-limit circuit inter
rupters. 

Ground-Fault Current Path. An electrically conductive path 
from dte poim of a ground fault on a \\iring system through 
normally non-currem-carrying conductors, grounded conduc
tors, equipment, or the earth to the electrical supply source. 
(CMP-5) 

Informational Note: Examples of ground-fdult current paths are 
any combination of equipment grounding conductors, metallic 
raceways, metallic cable sheaths, electrical equipment, and any 
other elecuicallv conducti\'e material such a.• metal, water, and 
g-ds piping; steel framing members; stucco mesh; metal ducting; 
reinforcing steel; shield• of communications cablel>; gmunded 
conductors; and the earth iL�If. 

Ground-Fault Current Path, Effective. (Effective Ground-Fault 
Current Path) An imentionally constructed, 

·
low-impedance 

electrically conductive path designed and imended to carry 
currem during ground-fault events from the point of a ground 
fault on a wiring system to the electriyd supply source and that 
facilitates the operation of the O\'CTcurrem protective device or 
ground-fault detectors. (C:MP-5) 

Ground-Fault Detector-Interrupter, de (GFDI). A de\ice that 
prm-ides protection for PV system dc circuits by detecting a 
ground fault and could imerrupt the fault path in the dc 
circuit. (690) (CMP-4) 

lnformational l'ote: See UL li41, Standard for bwertl'rs, l.onvert
ers, (.ontm/krs and /ntwrolmi'Ction Systl'ln EquiJnlllml for lJ.v ruitll 
Di.<tributwl Energy &sourer.;, and L"L 62109, Stmuiarrl for Porver 
l.onverters for u.<e in Pllotovoltaic Poruer Sy.<tmu, for further informa
tion on GFDI equipment. 

Ground-Fault Protection of Equipment (GFPE). A system 
imended to provide protection of equipment from damaging 
line-to-ground fault currents by operating to catLo;c a discon
necting means to open all ungrounded conductors of the faul
ted circuit. This protection is provided at currem levels les.o; 
than those required to protect conductors from damage 
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through the operation of a supply circuit overcurrent device. 
(CMP-5) 

Grounded (Grounding). Connected (connecting) to ground 
or to a conductive body that extends the ground connection. 
(CMP-5) 

Grounded, Functionally. (Functionally Grounded) A system 
that hao; an electrical ground reference for operational purpo
ses that is not solidly grounded. (C:MP-4) 

Informational l'ote: A functionally grounded system is often 
connected to ground through an electronic means intemal to 
an inverter or charge controller that provides ground-fault 
protection. Examples of operational purposes for functionally 
grounded systems include ground-limit detection and 
per·formance-related t'i.•ues for some power sources. 

Grounded, Solidly. (Solidly Grounded) Connected to ground 
"ithout inserting any resistor or impedance de,ice. (C:MP-5) 

Grounded Conductor. A system or circuit conductor that is 
imentionally grounded. (CMp-5) 

Informational Note: Although an equipment gmunding 
conductor is grounde4, id s not con.•idered a grounded conduc
tor. 

Grounded System, Impedance. (Impedance Grounded 
System) An electrical system that is grounded by imentionally 
connecting. the system neutral poim to ground through an 
impedance delice. (C:MP-5) 

Grounding Conductor, Equipment (EGC). (Equipment 
Growiding Conductor) A conductive path(s) that is part of an 
effective ground-fault currem path and connects normally non
current-car!Jing metal parts of equipmem together and to the 
system grounded conductor or to the grounding electrode 
conductor, or both. (C:MP-5) 

Informational :'\ote l'o. I: It is recognized that the equipment 
grounding conductor also perform• bonding. 

Informational l'ote l'o. 2: See 250.1 18 for a list of acceptable 
equipment grounding conductors. 

Grounding Conductor, Impedance. (Impedance Grounding 
Conductor) A conductor that connecto; the system neutral 
poim to the impedance de,ice in an impedance grounded 
system. (CMP-5) 

Grounding Electrode. A conducting o�ect through which a 
direct connection to earth is established. (CMP-5) 

Grounding Electrode Conductor (GEC). A conductor used to 
connect the system grounded conductor or the equipment to a 
grounding electrode or to a poim on the grounding electrode 
system. (CMP-5) 

Grouped. C..ables or conductors positioned acljacem to one 
another but not in continuous contact with each other. (520) 
(CMP-15) 

Guarded. Covered, shielded, fenced, enclosed, or otherwise 
protected by means of suitable covers, cao;ings, barriers, rails, 
screens, mato;, or platforms to remove the likelihood of 
approach or contact by persons or objecto; to a poim of danger. 
(CMP-1) 

Guest Room. An accommodation combining lhing, sleeping, 
sanital)', and storage facilities "ithin a compartment. (C:MP-2) 
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Guest Suite. An accommodation with two or more contiguous 
rooms comprising a comparuncm, with or "ithout doors 
between such rooms, that provides living, sleeping, sanitary, 
and storage facilities. (CMP-2) 

Gutter, Metal Awilliary. (Metal AuxUiary Gutter) A sheet metal 
enclosure used to supplement wiring spaces at meter centers, 
distribution ccmcrs, S\'itchgcar, switchboard.,, and similar 
point'i of \\iring systems. The enclosure has hinged or remova
ble covers for housing and protecting electrical "ires, cable, 
and busbars. The enclosure is designed for conductors to be 
laid or set in place after the enclosures have been installed as a 
complete system. (CMP-8) 

Gutter, Nonmetallic Auxiliary. (Nonmetallic Auxiliary Gutter) 
A flam�rctardam, nonmetallic enclosure used to supplcmcm 
"iring spaces at meter ccmcrs, distribution ccmcrs, S\'itchgcar, 
Sl\itchboard'i, and similar point'i of "iring systems. The enclo
sure ha'i hinged or removable covers for housing and protect
ing electrical "ires, cable, and busbars. The enclosure is 
designed for conductors to be laid or set in place after the 
enclosures have been installed a'i a complete system. (CMP-8) 

Habitable Room. A room in a building for living, sleeping, 
eating, or cooking, but excluding bathrooms, toilet rooms, dos
ct'i, hallways, storage or utility spaces, and similar arca'i. 
(CMP-2) 

Handhole Enclosure. An enclosure for usc in underground 
systems, provided "idt an open or dosed bouom, and sized to 
allow personnel to reach imo, but not cmcr, for the purpose of 
installing, operating, or maintaining cquipmcm or \\iring or 
both. (CMP-9) 

Hazard Current. For a given set of connections in an isolated 
power system, the total currcm that would flow through a low 
impedance if it were cmmcctcd between cidtcr isolated 
conductor and ground. L99:3.3.72j (517) (CMP-15) 

/Iazard Current, Fault. (Fault /Iazard Current) The hazard 
currclll of a given isolated power system witlt all devices 
connected except dtc line isolation monitor. L99:3.3.72.1j  
(517) (CMP-15) 

Mo-nitor l/az.ard Cummt. The hazard currem of the line isola
tion monitor alone. L99:3.3.72.2j (517) (CMP-15) 

Total /Iazard Current. The hazard currclll of a given isolated 
system l\idt all dcliccs, including dtc line isolation monitor, 
connected. L99:3.3.72.3j (517) (CMP-15) 

Header. Transverse metal raceways for electrical conductors, 
providing access to predetermined cells of a prcca'it cellular 
concrete floor, dtcreby permitting the installation of electrical 
conductors from a distribution cemcr to dtc floor cells. 
(CMP-8) 

Health Care Facilities. Buildings, portions of buildings, or 
mobile enclosures in which human medical, dental, psychiatric, 
nursing, obstetrical, or surgical care is prolidcd. L99:3.3.73j 
(CMP-15) 

Informational l'ote: Examples of health care facilities include, 
hut are not limited to, hospitals, nursing homes, limited care 
fdcilities, clinics, medical and dental offices, and ambulatory 
care centers, whether permanent or movable. 

Health Care Facility's Governing Body. The person or persons 
who have the overall legal responsibility for dtc operation of a 
health care facility. L99:3.3.74j (517) (CMP-15) 
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Heating Equipment. Any cquipmcm that is used for heating 
purposes and whose heat is generated by induction or dielec
tric mcthocl'i. (665) (CMP-12) 

Heating Panel. A complete a'iscmbly prmidcd "ith a junction 
box or a length of flexible conduit for connection to a branch 
circuit. (CMP-17) 

Heating Panel Set. A rigid or nonrigid a'iscmbly provided with 
non heating lcad'i or a terminal junction a'i.'iCmbly identified a'i 
being suitable for connection to a "iring system. (CMP-17) 

Heating System. A complete system consisting of componcnt'i 
such a'i heating elcmcnt'i, fa'itcning devices, non heating circuit 
wiring, lcad'i, temperature comrollcrs, safety signs, junction 
boxes, raceways, and fittings. (426) (CMP-17) 

Heating System, Impedance. (Impedance Heating System) A 
system in which heat is generated in an otMcct, such a'i a pipe, 
rod, or combination of such otMcct'i scfl'ing a'i a heating 
clcmcm, by causing current to flow through such objcct'i by 
direct connection to aJ), ac voltage source from an isolating 
transfonncr. In some iulltallations the otMcct is embedded in 
the surface to be heated.or constitutes dtc exposed componclll 
to be heated. (('.\f:P-17) 

Heating System, Induction. (Induction Heating System) A 
system in which heat is generated in a pipeline or vcs.'iel wall by 
inducing currcm in the pipeline or vcs.'iCI wall from an external 
isolated ac field source. (CMP-17) 

Heating System, Skin Effect. (Skin-Effect Heating System) A 
!!}'!Item in which heat is generated on the inner surface of a 
ferromagnetic envelope embedded in or fa'itcncd to the 
surface to be heated. 

Informational l'ote: Typically, an electrically insulated conduc
tor is routed through and connected to the em-elope at the 
other end. The em·elope and the electrically insulated conduc
tor are connected to an ac voltage source from an i'iolating 
transformer. (C:\IP-17) 

Hermetic Refrigerant Motor-Compressor. A combination 
consisting of a comprcs.'ior and motor, both of which arc 
enclosed in dtc same housing, l\ith no external shaft or shaft 
seals, "ith dtc motor operating in the rcfrigcram. (CMP-1 1 )  

Hoistway. Any shaftway, hatchway, well hole, or other vertical 
opening or space in which an elcl<ttor or dumbwaiter is 
designed to operate. (CMP-12) 

Hospital. A building or portion thereof used on a 24-hour 
ba'iis for the medical, psychiatric, obstetrical, or surgical care of 
four or more inpaticnt'i. Ll01:3.3.152j (CMP-15) 

Host Sign. A sign or oudinc lighting system already installed in 
me field that i'i designated for field conversion of the illumina
tion system with a retrofit kit. (600) (CMP-18) 

Hydromassage Bathtub. A pcrmancndy installed bathtub 
equipped l\ith a recirculating piping system, pump, and a'isoci
atcd cquipmcm. It is designed so it can accept, circulate, and 
discharge water upon each usc. (680) (CMP-17) 

Identified (as applied to equipment). Recognizable a'i suitable 
for the specific purpose, function, usc, em-ironment, applica
tion, and so fordt, where described in a particular Code requirc
mcm. (CMP-1) 

Informational :'\ote: Some examples of ways to determine suita
bility of equipment for a specific purpose, emironment, or 
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application include im·estigations by a qualified testing labora
tory (listing and labeling), an inspection agency, or other organ
i7.ations conce1ned "itb product evaluation. 

In Sight From (Within Sight From) (Within Sight). Equipmcm 
that is "isiblc and not more than 15 m (50 ft) clistam from 
other cquipmcm is in sight ftvm that other equipment. (C�IP-1 ) 

Informational :'\ote: See 1 10.29 for additional infonnation. 

Increased Safety "e". Type of protection applied to electrical 
cquipmcm that docs not produce arcs or sparks in normal serv
ice and under specified abnormal conditions, in which addi
tional measures arc applied to give increased security against 
the pos.o;ibility of cxccs.o;ivc temperatures and of the occurrence 
of arcs and spark.-;. (CMP-14) 

Informational Note: See A:'\SI/l"L 60079-7, Explo.<ive .4/mo.tphem 
- Part 7: l:quipmmt Protection by lncrm.twl SafrlJ •e-, for additional 
infmmation. 

Induction Heating (Induction Melting) (Induction Welding). 
The heating, melting, or welding of a nominally conductive 
material clue to its own 12R losses when the material is placed 
in a varying electromagnetic field. (665) (C�IP-12) 

Industrial Control Panel. An a'i.o;cmbly of two or more compo
nents consisting of one of the follm�ing: (1)  power circuit 
components only, such ao; motor comrollcrs, overload relays, 
fused disconnect S\\itches, and circuit breakers; (2) control 
circuit components only, such ao; push buttons, pilot light-;, 
selector s\\itches, timers, S\\itches, and comrol relays; (3) a 
combination of power and control circuit component-;. These 
component-;, \\id1 a'i.o;ociatccl wiring and terminals, arc moun
ted on, or contained \\ithin, an enclosure or mounted on a 
subpanel. (CMP-1 1 )  

Informational l'ote: The indu.o;Uial control panel does not 
include the controlled equipment. 

Industrial Installation, Supervised. (Supervised Industrial 
Installation) The industrial portions of a facility where all of 
the follo\\ing conditions arc met: 

(1) Conditions of maintenance and engineering supervision 
ensure dlat only qualified persons monitor and scnicc 
the system. 

(2) The premises \\iring system hao; 2500 kVA or greater of 
load used in indusuial proccs.o;(es), manufacturing acti\i
tics, or bod1, ao; calculated in accordance with Article 220. 

(3) The premises hao; at least one scnicc or feeder that is 
more than 150 volt-; to ground and more than 300 volt-; 
phao;�to-phao;c. 

This definition excludes installations in buildings tt.o;ccl by 
the indtt.o;trial facility for olliccs, warehouses, garages, machine 
shops, and recreational facilities dlat arc not an imcgral part of 
the industrial plant, substation, or comrol ccmcr. (240) 
(CMP-10) 

Information Technology Equipment (ITE). Equipment and 
systems rated 1000 volt-; or lcs.o;, normally found in offices or 
other busincs.o; establishment-; and similar environment-; cla'i.o;i
ficd ao; ordinary locations, that arc used for creation and 
manipulation of data, voice, video, and similar signals that arc 
not communications equipment and do not proccs.o; communi
cations circuit-;. (C�IP-12) 

Informational :'\ote: See UL 60950-1,  bifonnalion Terlmology 
Equipment - SafeiJ - Par/ I: tll'neral RPquirmvnts, or UL 62368-1,  
Audio/Video Information ami C.mnmunication Tl't:/moiog)· Equipmtm/ 
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Par/ I: Safl'tJ Rr-quiremenl.t, for infmmation on listing require
menLo; for both infonnation technology equipment and commu
nication<; equipment. 

Information Technology Equipment Room. A room \\idtin dlc 
infonnation technology equipment area dtat contains dlc 
infonnation technology equipment. L75:3.3.15J (CMP-12) 

lnnerduct. A nonmetallic raceway placed \\ithin a larger race
way. (C�IP-16) 

Insulated Bus Pipe (mP). A cylindrical solid or hollow conduc
tor \\idl a solid insulation system, having conductive grading 
layers and a grounding layer imbedded in the insulation, and 
prmiclcd l\ith an overall covering of insulating or metallic 
material. IBP is also referred to ao; tubular covered conductor 
(TCC) . (OIP-8) 

Insulated Bus Pipe System. An a'i.o;cmbly dlat includes btt.o; 
pipe, connectors, fittings, mounting structures, and other 
fittings and acccs.o;orics. (C�IP-8) 

Insulating End. An insulator clesignccl to electrically insulate 
the cncl of a flat conductor �lc (Type FCC) . (324) (CMP-6) 

Interactive Mode. Tht operating mode for power production 
cquipmcm or mi�:rogrido; dtat operate in parallel \\ith and arc 
capable of delivering energy to an electric power production 
and distribution network or oilier primary source. (C�IP-4) 

Informational l'ote: lnterdcth·e mode is an operational mode of 
both interacti\-e systemo; and of equipment such a.o; interacti\-e 
im-erters. 

Interrupting Rating. The highest current at rated voltage that 
a dclicc is identified to interrupt under standard test concli
tions. (C�IP-10) 

Informational :'\ote: Equipment intended to intenupt current at 
other than fdult le\-els may have iLo; intenupting rdting implied 
in other ratings, such a.o; horsepower or locked rotor cun-ent. 

Intersystem Bonding Termination (mT). A device that 
prmiclcs a means for connecting intersystem bonding conduc
tors for communications systems to the grounding electrode 
system. (CMP-16) 

Intrinsic Safety "i". Type of protection where any spark or 
thermal effect is incapable of causing ignition of a mixture of 
flammable or combtt.o;tiblc material in air under prescribed test 
conditions. (CMP-14) 

lnformational l'ote: See A.'\SI/UL 913, lnlrin.ticai�J Safr Appara
/u.t and A.tsociolni .4pparai1Lt for Uv in Cla.ts I, II, ami Ill, Divi.tion I, 
Hawrdou.t (l.las.tijied) l.ocalimu; and A:'\SI/l"L 60079-1 1 ,  Explosive 
Atllw.tplum.t - Par/ l1: l:quipmmt Protertion lrj lnlrin.tic SafotJ "i ", 
for additional information. 

Intrinsically Safe Apparatus. Apparattt.o; in which all dlc circuit-; 
arc intrinsically safe. (CMP-14) 

Informational :'\ote l'o. 1: See ,\J'\SI/UL 913, lnlrin.ticailJ Safe 
Apparatru and A.tsneiatni Appara/u.t for U.te in Cla.ts I, II, and Ill, 
Divition I, Hazardous (Cias.tijinl) l.ncatiom, and ANSI/ 
l"L 60079-1 1 ,  Explo.tivl' .4/mo.tplvre.t - Par/ II: Equipment Protertion 
bJ lntrinsir Safi'IJ "i", for additional infmmation. 

Informational :'\ote l'o. 2: See ,\J'\SI/ISA RP 12.06.01,  Rrrol!uMn
dl'd Practia for Wiring '"letlwds for Hawrdou.t (Oa.tsijiwi) l.ncations 
Ins/rumen/a/ion - Par/ I: lnlrin.tic Safrry, for inslallation informa
tion. 
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Intrinsically Safe Circuit. A circuit in which any spark or ther
mal effect is incapable of causing ignition of a mixture of flam
mable or combustible material in air under prescribed test 
conditions. (CMP-14) 

lnformational l'ote: See A.'\SI/UL 913, lntrimicai�J Safr Appara
tu.< and A.<Snciatni .4pparatus for Uv in C/a.u I, II, ami Ill, Divi.<ion I, 
HllUlrdou.< (1./as.<ified) Locations, and A:'\SI/l'L 60079-1 1 ,  Explosive 
Atmo.<plum.< - Part II: l:quip111mt Protection by lntrin.<ir Safety "i", 
for test condition.�. 

Intrinsically Safe Circuits, Different. (Different Intrinsically 
Safe Circuits) Intrinsically safe circuits in which the pos.'iiblc 
interconnections have not been C\--aluatcd and identified as 
intrinsically safe. (CMP-14) 

lnformational l'ote: See A.'\SI/UL 913, lntrimicai�J Safr Appara
tu.< and A.unciatni .4pparatus for Uv in C/a.u I, II, ami Ill, Divi.<ion I, 
HllUlrdou.< (1./as.<ified) Locations, and A:'\SI/l'L 60079-1 1, Explosive 
Atmo.<pll""' - Part II: l:quip111mt Protection by lntrin.<ir Safety "i", 
for additional infmmation. 

Intrinsically Safe System. An as.'icmbly of interconnected 
intrinsically safe apparatus, associated apparatus, and intercon
necting cables, in which those part'i of the system that might be 
used in hazardous (clas.'iificd) locations arc intrinsically safe 
circuit'i. (CMP-14) 

Informational :'\ote No. 1 :  An intrinsically safe system might 
include more than one intrinsically safe circuit. 

Informational :'\ote l'o. 2: See ,\J'\SI/UL 913, lntrimirolly Safe 
Apparatru and A.<.<OCiatni Apparatu.< for lf.<e in Cla.<S I, II, and Ill, 
Divi<ion I, HllUlrdou.< (Cias.<ijini) Location.<; ,\J'\SI/UL 60079-1 1 ,  
Explosive Atmo.<pll""' - Part II: Equipment Protection by lntrimic 
Safety "i"; and ,\J'\SI/UL 60079-2.?, Explo.<ivP At111ospllms -
Part 25: lntrinsirally Safe 1:1Prtriral Sy.<tellt<, for additional informa
tion. 

Informational :'\ote l'o. 3: See ,\J'\SI/ISA RP 12.06.01,  Rn:omllli'n
dPd Practiu for Wiring '"letlwds for HllUlrdou.< (Qassijied) Locations 
Instrumentation - Part I: lntrimic Safrty, for installation informa
tion. 

Invasive Procedure. Any procedure dtat penetrates the protec
tive surfaces of a patient's body (i.e., skin, mucous membrane, 
cornea) and that is performed "ith an a."'Cptic field (procedural 
site) . L:"!ot included in this category arc placement of periph
eral intravenous needles or catheters used to administer fluid'i 
and/or medications, gastrointestinal endoscopies (i.e., sigmoi
doscopies) , insertion of urcthtal catheters, and other similar 
proccdurcs.j L99:3.3.91j  (517) (CMP-15) 

Inverter. Equipment that changes de to ac. (CMP-4) 

Inverter, Interactive. (Interactive Inverter) Inverter equipment 
having the capability to operate only in interactive mode. 
(CMP-13) 

Inverter, Multimode. (Multimode Inverter) Inverter equip
ment capable of operating in both interactive and island 
modes. (CMP-4) 

Inverter, Stand-alone. (Stand-alone Inverter) Inverter equip
ment ha\-ing dtc capabilities to operate only in island mode. 
(CMP-4) 

Inverter Input Circuit. Conductors connected to the de input 
of an inverter. (CMP-13) 

Inverter Output Circuit. Conductors connected to the 
ac output of an inverter. (CMP-13) 
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Inverter Utilization Output Circuit. Conductors between the 
multimodc or stand-alone inverter and utilization equipment. 
(706) (CMP-13) 

Irrigation Machine. An electrically driven or controlled 
machine, l\ith one or more motors, not hand-portable, and 
used primarily to transport and distribute \\<Iter for agricultural 
purposes. (675) (CMP-7) 

Irrigation Machine, Center Pivot. (Center Pivot Irrigation 
Machine) A multimotorcd irrigation machine that revolves 
around a central pivot and employs alignment switches or simi
lar dc\-iccs to control incli\-idual motors. (675) (CMP-7) 

Island Mode. The operating mode for power production 
equipment or microgrids that allows energy to be supplied to 
load'i that arc disconnected from an electric power production 
and distribution network or other primary power source. 
(CMP-4) 

Isolated (as applied to locadon). Not readily acccs.'iiblc to 
persons unlcs.'i special miJans for acccs.'i arc used. (CMP-1) 

Isolated Power System. A system comprising an isolation trans
former or it'i cqwvalcnt, a line isolation monitor, and it'i 
ungrounded circuit conductors. L99:3.3.93j (517) (CMP-15) 

Isolation Transformer. A transformer of the multiplc-"inding 
type, l\ith .thc primary and secondary windings physically sepa
rated, that inductively couples it'i ungrounded secondary wind
ing·.to the grounded feeder system that energizes it'i primary 
winding. L99:3.3.94j (517) (CMP-15) 

Kitchen. An area "ith a sink and permanent prmisions for 
food preparation and cooking. (CMP-2) 

Labeled. Equipment or materials to which has been attached a 
label, S}'mbol, or other idcntif}'ing mark of an organization that 
is acceptable to the authority ha\-ing jurisdiction and 
concerned with product c\-aluation, that maintains periodic 
inspection of production of labeled equipment or materials, 
and by whose labeling the manufacturer indicates compliance 
with appropriate standard'i or performance in a specified 
manner. (CMP-1 ) 

Informational Note: If a listed product is of such a size, shape, 
material, or surfdce texture that it is not pos.�ible to apply legibly 
the complete label to the product, the complete label may 
appear on the smallest unit container in which the product is 
packaged. 

Laundry Area. An area containing or designed to contain a 
laundry tray, clothes washer, or clothes dryer. (CMP-2) 

Leakage-Current Detector-Interrupter (LCDI). A device prmi
dcd in a power supply cord or cord set that senses leakage 
current flm\ing between or from the cord conductors and 
intcrmpt'i the circuit at a predetermined level of leakage 
current. (440) (CMP-1 1) 

LED Sign Wumination System. A complete lighting system for 
usc in signs and outline lighting consisting of light-emitting 
diode (LED) light sources, power supplies, wire, and connec
tors to complete the installation. (600) (CMP-18) 

Legally Required Standby Systems. Those systems required 
and so cla.'i."'Cd a.'i legally required standby by municipal, state, 
federal, or other codes or by any governmental agency ha\-ing 

jurisdiction. These systcm'i arc intended to automatically supply 
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power to selected loads (other than those cla'ised a'i emergency 
systems) in the cvcm of failure of the normal source. (C:\-IP-13) 

llfe Safety Branch. A system of feeders and branch circuits 
supplying power for lighting, receptacles, and cquipmcm 
cs.'iCntial for life safety that is automatically connected to alter
nate power sources by one or more transfer switches during 
imcrruption of the normal power source. L99:3.3.97j (517) 
(CMP-15) 

Lighting Assembly, Cord-and-Plug-Connected. (Cord-and-Plug
Connected Lighting Assembly) A lighting a'l.'iCmbly consisting 
of a luminairc imcndcd for installation in the wall of a spa, hot 
tub, or storable pool, and a cord-and-plug-connected trans
former or power supply. (f>80) (C:\-IP-17) 

Lighting Assembly, Through-WaD. (Through-WaD Lighting 
Assembly) A lighting a'l.'iCmbly imcndcd for installation above 
grade, on or through the wall of a pool, consisting of two inter
connected groups of componcnt'i separated by the pool wall. 
(f>80) (C:\-IP-17) 

Lighting OudeL An outlet imcndcd for tl1c direct connection 
of a lampholdcr or luminairc. (C:\-IP-18) 

Lighting Track. (Track Lighting) A manufactured a'l.'iCmbly 
designed to support and energize luminaires that arc capable 
of being readily repositioned on tl1c track. lt'i length can be 
altered bv tl1c addition or subtraction of sections of track. 
(CMP-18)

. 

Limited Care Facility. A building or portion of a building used 
on a 24-hour ba'iis for tl1c housing of four or more persons who 
arc incapable of self-preservation because of age; physical limi
tation due to accidcm or illncs.'i; or limitations such a'i imcllcc
tual disability/developmental disability, mental illncs.'i, or 
chemical dependency. LIOI:3.3.93.2j (C:\-IP-15) 

Limited Fmishing Workstation. A power-ventilated apparatus 
that is capable of confining tl1c vapors, mist'i, residues, dust'i; or 
dcposit'i that arc generated by a limited spray application proc
cs.'i. Such apparatus is not a spray booth or spray room, a'i 
herein defined. L33:3.3.23.1 j  (C:\-IP-14) 

Informational Note: See :'\FPA 33, Standard for Spra.l' .4ppliration 
Using f7ammahle or C.mnhu.<tibl£ Material<, Secti()Jl 14.3, for infor
mation on limited finishing workstations. 

Line Isolation Monitor. A test instrwncnt designed to continu
ally check the balanced and unbalanced impedance from each 
line of an isolated circuit to ground and equipped l\ith a built
in test circuit to exercise the alarm "ithout adding to the leak
age currcm hazard. L99:3.3.99j (517) (C:\-IP-15) 

Liquid Immersion "o". Type of protection where electrical 
cquipmcm is immersed in a protective liquid so tl1at an explo
sive aunosphcrc that might be above tl1c liquid or out'iidc the 
enclosure cannot be ignited. (C:\-IP-14) 

Informational Note: See :\.'\SI/l"L 60079-6, Explo.<ive .4tmo.<phem 
- Part 6: Equipment Protertion by I.iquid Immersion "o ", for addi
tional information. 

Listed. Equipmcm, materials, or sen-ices included in a list 
published by an organization that is acceptable to the autltority 
having jurisdiction and concerned "itl1 C\'aluation of product'i 
or services, tl1at maintains periodic inspection of production of 
listed cquipmcm or materials or periodic C\'aluation of services, 
and whose listing states that citllcr the cquipmcm, material, or 
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senicc mcct'i appropriate designated standard., or ha'i been 
tested and found suitable for a specified purpose. (C:\-IP-1 ) 

Informational l'ote: The means for identil}ing listed equipment 
may ''"1' for each organization concemed "ith product e\"dlua
tion, some of which do not recognize equipment a• listed unles.• 
it is al.o labeled. l"se of the system employed by the listing 
organization allows the authority ha,ingjuri..diction to identify a 
listed product. 

Live Parts. Energized conductive componcnt'i. (CMP-1) 

Load Management. The proccs.'i l\ithin an energy managcmcm 
system that limit'i the total electrical load on an electrical 
supply system to a set \-'aluc by adjusting or controlling the incli
vidual loads. (625) (C:\-IP-12) 

Informational :'\ote: Load management is sometimes called 
demmui·sidl' mmmgmvnl (DS:\·1) . 

Location, Anesthetizing. (Anesthetizing Location) Any space 
"ithin a facility that ha'i been designated for the administration 
of any flammable or nonflammable inhalation ancstl1ctic agcm 
during examination or trcai:mcm, including the usc of such 
agcnt'i for relative analgesia. (517) (CMP-15) 

Location, Anesthetizing, Flammable. (Flammable Anesthetizing 
Location) Any area of the facility that ha'i been designated to 
be u.'iCd for the administration of any flammable inhalation 
anesthetic agcut'i in tl1c normal course of examination or trcat
mcm. (517) (CMP-15) 

Location, Damp. (Damp Location) Locations protected from 
wcatller and not subject to saturation "ith \\'alcr or other 
liquids but su�cct lo moderate degrees of moisture. (CMP-1) 

Informational :'\ote: Examples of such locations include partially 
protected locations under canopies, marquees, roofed open 
po•·ches, and like locations, and interior locations su�ject to 
moderate degrees of moisture, such a• some bawmenL•, some 
barn.•, and some cold-stordge warehou.ws. 

Location, Dry. (Dry Location) A location not normally su�ccl 
to dampncs.'i or wctncs.'i. A location cla'l.'iificd a'i dry may be 
temporarily su�ccl to dampncs.'i or wctncs.'i, a'i in the ca'iC of a 
building under construction. (CMP-1 ) 

Location, Remote. (Remote Location) A location, other than a 
motion picture or telc,ision studio, where a production is 
filmed or recorded. (530) (CMP-15) 

Location, WeL (Wet Location) A location that is one or more 
of the following: 

(1)  Unprotected and exposed to weather 
(2) Su�cct to saturation "itl1 "'alcr and other liquids 
(3) Underground 
(4) In concrete slabs or ma'ionl)' in direct contact l\ith the 

cartl1 
(CMP-1) 

Informational Note: A ,·ehicle \\a•hing area is an example of a 
wet location saturated "ith water or other liquids. 

Location, Wet Procedure. (Wet Procedure Location) The area 
in a paticm care space where a procedure is performed that is 
normally su�ccl to wet conditions while paticnt'i arc present, 
including standing fluid'i on the floor or drenching of the work 
area, either of which condition is intimate to the patient or 
staff. L99:3.3.187J (517) (C:\-IP-15) 
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Informational :'\ote: Routine hm�•ekeeping procedures and inci
dental spillage of liquid• do not define a wet procedure loca
tion. [99:A.3.3.18i) 

Locations, Hazardous (Classified). [Hazardous (Classified) 
Locations) Locations where fire or explosion hazards might 
exist due to flammable gases, flammable liquid-produced 
vapors, combm;tiblc liquid-producccl vapors, combm;tiblc 
dust•, combustible fibcr/fl}'ings, or ignitiblc fibers/fl}'ings. 
(CMP-14) 

Locations, Unclassified. (Unclassified Locations) Locations 
determined to be ncidtcr Cia.'-• I, Division 1 ;  Cla.•s I, Division 2; 
Zone 0; Zone 1 ;  Zone 2; Cla.•s II, Division 1; Cia.'-• II, Division 2; 
Cia.'-• Ill, Division 1 ;  Cia.'-• Ill, Dhision 2; Zone 20; Zone 21; 
Zone 22; nor any combination thereof. (C�IP-14) 

Long-Time Rating. A rating ba.�cl on an operating interval of 
5 minutes or longer. (f>60) (C�IP-12) 

Long-Time Rating (Standby Power). A rating ba.•ccl on an 
operating interval of 5 minutes or longer. (517) (CMP-15) 

Loudspeaker (Speaker). Equipment dlat convert• an ac elec
tric signal into an acoustic signal. (f>40) (CMP-12) 

Low-Voltage Contact Limit. A voltage not exceeding dtc follow
ing values: 
(1) 15 volt• (R�IS) for sinusoidal ac 
(2) 21.2 volt• peak for nonsinusoidal ac 
(3) 30 volt• for continuo�• de 
( 4) 12.4 volt• peak for de that is interrupted at a rate of I 0 to 

200 Hz 
(f>80) (OIP-17) 

Low-Voltage Suspended Ceiling Power Distribution System. A 
system dlat serves a.• a support for a finished ceiling surface and 
consist• of a bm;bar and busbar support system to distribute 
power to utilization equipment supplied by a Cia.'-• 2 power 
supply. (393) (CMP-18) 

Luminaire. A complete lighting unit con:oisting of a light 
source such a.• a lamp or lamps, togcdler widl dlc part• 
designed to position the light source and connect it to dlc 
power supply. It may also include parU; to protect dlc light 
source or dtc balla.•t or to distrib!ltc the light. A lampholdcr 
it�lf is not a luminairc. (C�IP-18) 

Luminaire, Dry-Niche. (Dry-Nkbe Luminaire) A luminaire 
intended for installation in the floor or wall of a pool, spa, or 
fountain in a niche that is scaled against dlc entry of water. 
(f>80) (OIP-17) 

Luminaire, No-Niche. (No-Niche Luminaire) A luminaire 
intended for installation above or below the water widlout a 
niche. (680) (CMP-17) 

IA•minaire, Wet-Niche. (Wet-Niche Luminaire) A luminairc 
intended for installation in a Conning shell mounted in a pool 
or fountain structure where dlc luminairc "ill be completely 
surrounded by water. (680) (CMP-17) 

Machine Room. An enclosed machinery space out•iclc dlc 
hoistway, intended for full bodily entry, dtat contains dlc elec
trical driving machine or dlc hydraulic machine. The room 
could also contain electrical and/or mechanical equipment 
��d clirectlv in connection "id1 the elevator or dumbwaiter. 
(620) (OIP:12) 
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Machine Room and Control Room, Remote. (Remote Machine 
Room and Control Room) A machine room or control room 
that is not attached to the out•idc perimeter or surface of dlc 
walls, ceiling, or floor of dlc hoistway. (620) (C�IP-12) 

Machinery, Industrial (Industrial Machine). (Industrial Machi
nery) A power-driven machine (or a group of machines work
ing together in a coordinated manner) , not portable by hand 
while working, dlat is �•eel to process material by cutting; form
ing; pressure; electrical, thermal, or optical techniques; lamina
tion; or a combination of these proccs.�s. It can include 
a.<;sociatcd equipment ��d to transfer material or tooling, 
including fixtures, to a."t•cmblc/disa."t•cmblc, to inspect or test, 
or to package. The a."t•ociatcd electrical equipment, including 
the logic controllcr(s) and a."t•ociatcd software or logic together 
"idl dtc machine actuators and sensors, arc considered a.• part 
of dlc ind�•trial machine. (C�IP-12) 

Machinery Space. A space inside or out•idc dlc hoistway, inten
ded to be acccs.�cl "id1 or "idtout full bodily entry, that 
contains the elevator, d,wnbwaitcr, platform lift, or staim-ay 
chairlift equipment and could also contain equipment used 
directly in connection with the elc\-ator, dumbwaiter, platform 
lift, or staim-ay chairlit\. (620) (CMP-12) 

Machinery Space and Control Space, Remote. (Remote Machi
nery Space and Control Space) A machinery space or control 
space that is not widlin the hoistway, machine room, or control 
room and dlat is not attached to dlc out•iclc perimeter or 
surface of the "-ails, ceiling, or floor of the hoistway. (620) 
(C..MP-12) 

Manufactured Home. A structure, transportable in one or 
more sections, which in the traveling mode is 2.4 m (8 ft) or 
more in "idth or 12.2 m (40 ft) or more in lcngdt, or when 
crcctccl on site is 29.77 m2 (320 ft2) or more is built on a 
permanent cha.•sis and is designed to be used a.• a dwelling widl 
or l\ithout a pcnnancnt foundation, whether or not connected 
to dlc utilities, and includes plumbing, heating, air condition
ing, and electrical systems contained therein. The term 
includes any structure that meet• all dlc requirement• of this 
paragraph except dtc size requirement• and "idl respect to 
which the manufacturer voluntarily files a certification 
required by the regulatory agency. \..alculations used to deter
mine the number of square meters (square feet) in a structure 
arc ba.�d on dtc structure's exterior dimensions and include 
all expandable room•, cabinet•, and other projections contain
ing interior space, but clo not include bay l\indows. 
L501:1 .2.12J (CMP-7) 

Informational :'\ote l'o. 1: Unles.• othen,ise indicated, the tenn 
mobil£ home includes manufactured home and excludes park 
trailers. 

Informational l'ote No. 2: See the applicable building code for 
definition of the term permanmt foundation. 

Informational Note No. 3: See 24 CFR Part 3280, Manufactured 
Hmnl' C.onstrurtion and Safet)' Standard.•, of tile Fedl'ral D"fltlrtmml of 
Hou.•ing ami Urban Droelnpment, for additional information on 
the definition. 

Manufactured Wuing System. A system containing component 
part• that arc a."t•cmblcd in dlc proccs.• of manufacture and 
cannot be inspected at the building site "idtout damage or 
destruction to dtc a.•semblv and �•eel for the connection of 
luminaires, utilization cq�ipmcnt, continuous plug-in type 
b�w.oays, and other dc,iccs. (604) (CMP-7) 
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Marina. A facility, generally on the waterfront, that stores and 
seniccs boat-; in berths, on moorings, and in dry storage or dry 
stack storage. L303:3.3.13J (555) (CMP-7) 

Maximum Output Power. The maximum power delivered by 
an amplifier into ito; rated load as dctcnnincd under specified 
test conditions. (f>40) (CMP-12) 

Informational :'\ote: The maximum output power can exceed 
the manufdcturer's rdted output power for the same amplifier. 

Maximum Output Power. The maximum 1 minute average 
power output a wind turbine produces in normal steady-state 
operation (instantaneous power output can be higher). (694) 
(CMP-4) 

Maximum Voltage. The greatest difference in potential 
produced between any two conductors of a wind turbine 
circuit. (694) (CMP-4) 

Maximum Water Level. The highest level that water can reach 
before it spills out. (680) (CMP-17) 

Medical Office. A building or part thereof in which the follow
ing occur: 
(1) Examinations and minor trcatmcnto;/proccdures 

performed under the continuous supcnision of a medi
cal profcs.o;ional; 

(2) The usc of limited to minimal sedation and trcauncnt or 
procedures that do not render the patient incapable of 
self-prcscn'ation under emergency conditions; and 

(3) No overnight stays for patient-; or 24-hour operations. 
L99:3.3.1 10J (CMP-15) 

Membrane Enclosure. A temporary enclosure used for the 
spra)'ing of workpicccs that cannot be moved into a spray 
booth where open spraying is not practical clue to proximity to 
other operations, finish quality, or concerns such ao; the collcc� 
tion of ovcrspray. (CMP-14) 

Informational Note: See :'\FPA 33, Standard fnr Spra.l' .4pplirolinn 
Using flammable nr l.nmbu.•tible Material<, Chapter 18, for informa
tion on the constntction and tL<;e of membrdne encl051ires. 

Messenger-Supported Wuing. An exposed "iring support 
system using a mcs.o;cngcr wire to support insulated conductors 
by any one of the following: 
( 1)  A mcs.o;cngcr "id1 rings and s;tddles for conductor 

support 
(2) A mcs.o;cngcr with a field-in!ltallcd Jao;hing material for 

conductor support 
(3) Factorv-ao;semblccl aerial cable 
(4) Multiplex cables utilizing a bare conductor, factory a'i..o;cm

blccl and 1:\\istcd with one or more insulated conductors, 
such ao; duplex, triplex, or quadruplcx type of construc
tion 

(CMP-6) 

Messenger Wu-e (Messenger). A \\ire that is run along wim or 
integral with a cable or conductor to provide mechanical 
support for the cable or conductor. (CMP-6) 

Metal Shield Connections. Means of connection for nat 
conductor cables (Type FCC) designed to electrically and 
mechanically connect a metal shield to another metal shield, to 
a receptacle. housing or self-contained device, or to a transition 
ao;sembly. (324) (CMP-6) 
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Microgrid. An electric power system capable of operating in 
island mode and capable of being intcrconncctccl to an electric 
power production and distribution network or other primary 
source while operating in interactive mode, which includes the 
ability to disconnect from and reconnect to a primary source 
and operate in island mode. (CMP-4) 

Informational :'\ote ll:o. I: See IEEE 1547, IEEE Standard for lnler
con11eclinn and lnlnvpPrabilily of Dislribulni E11erg:,· Resource.• ruilll 
Auocialed Electric PmoPr -�)·stem.• lnterfacr, IEEE 2030.7, IEEE Stand
ani for lile Specifualinn nf Microgrid Omtro/lerr, IEEE 2030.8, IEEE 
Standard for tile Tl'!iting of Microgrid l.nntroller..-, and 
l'L 10088, Outlilll' fnr Source Intercmmeclinn, for additional infor
mation about microgtid<;. 

Informational :'\ote ll:o. 2: Examples of power sources in micro
grid<; include such item<; a.<; photovoltaic systems, generators, fuel 
cell system<;, \\ind electric systems, energy storage system<;, elec
uic ,·ehicles that are used as a source of supply, and electrical 
power com·ersion from other energy sources. 

Microgrid, Health Care (Health Care Microgrid System). 
(Health Care Microgrid) A group of interconnected loads and 
clistributccl energy rcsourccil .within dearly clcfinccl boundaries 
that acto; ao; a single controllable entity with respect to the util
ity. L99:3.3.75J (517) (CMP-15) 

Microgrid Control System (MCS). A structured control system 
that manages .microgrid operations, functionalitics for utility 
intcropcrabilil.y, islanded operations, and transitions. (CMP-4) 

Informational :'\ote: MC'i differ fmm multiple standby genera
tms or uninteiTUptibJe power supplies that are e\-aJUated and 
rat� to operdte a.<; a single source of backup power upon los.<; of 
the primary power source. MC'i functions include coordination, 
transitions, and interoperability between multiple power sour
ces. 

Microgrid Interconnect Device (MID). A device that enables a 
microgrid system to separate from and reconnect to an intcr
conncctccl primary power source. (CMP-4) 

Mixer. Equipment used to combine and level match a multi
plicity of electronic signals, such ao; from microphones, elec
tronic instrument-;, and recorded audio. (640) (CMP-12) 

Mobile. X-ray equipment mounted on a permanent bao;c with 
wheels and/ or cao;tcrs for mming while completely a'i..o;cmblcd. 
(f>60) (CMP-12) 

Mobile Home. A factorv-a.'i..o;cmblcd structure or structures 
transportable in one or �ore sections that arc built on a 
permanent cha."l.o;is and designed to be used a.o; a dwelling l\ith
out a permanent foundation where connected to the required 
utilities and that include dtc plumbing, heating, air
conditioning, and electrical systems contained therein. 
(CMP-7) 

Informational :'\ote: Unless othen\ise indicated, the term mobile 
home includes manufactured home and excludes park trdilers. 

Mobile Home Lot. A designated portion of a mobile home 
park designed for the accommodation of one mobile home 
and ito; acccs.o;ory buildings or structures for the exclusive usc of 
ito; occupant<;. (550) (CMP-7) 

Mobile Home Park. A contiguous parcel of Janel that is used 
for the accommodation of mobile homes that arc intended to 
be occupied. (550) (CMP-7) 
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Module, AC. (AC Module) A complete, cmironmcntally 
protected unit consisting of solar cells, inverter, and other 
components, designed to produce ac power. (690) (CMP-4) 

Module System, AC. (AC Module System) An as.o;cmbly of ac 
modules, wiring mcdtodo;, materials, and subao;semblics that arc 
C\-ctluatccl, identified, and clcfinccl ao; a system. (690) (CMP-4) 

Momentary Rating. A rating bao;cd on an operating intcr\-al 
that docs not cxccccl 5 seconcl�. (660) (CMP-12) 

Momentary Rating (Maximum Power). A rating bao;cd on an 
operating intcnal that docs not exceed 5 second-;. (517) 
(CMP-15) 

Monitor. An electrical or electronic means to observe, record, 
or detect the operation or condition of the electric power 
system or apparatus. (750) (CMP-13) 

Monopole Circuit. An electrical subset of a PV system dtat ha� 
two conductors in the output circuit, one positive ( +) and one 
negative (-) . (690) (CMP-4) 

Monorail. Overhead track and hoist system for mming mate
rial around the boatyard or moving and launching boat�. 
L303:3.3.16J (555) (CMP-7) 

Mooring(s). Any place where a boat is wet stored or berthed. 
L303:3.3.17J (555) (CMP-7) 

Motion Picture Studio (Television Studio). A building, group 
of buildings, other structures, and outdoor area-; designed, 
constructed, pcrmancndy altcrccl, designated, or approved for 
the purpose of motion picture or tclc,ision production. (530) 
(CMP-15) 

Motor Control Center. An ao;.o;cmbly of one or more enclosed 
sections ha\-ing a common power bus and principally contain
ing motor control unit-;. (CMP-1 1 )  

Motor Fuel Dispensing Facility. That portion of a property 
where motor fuels arc stored and dispensed from fixed equip
ment into the fuel tanks of motor vehicles or marine craft or 
into approved containers, including all equipment used in 
connection thcrc\\ith. L30A:3.3. 1 I J  (C:MP-14). 

Informational l'ote: See 511 . 1  \\ith respect 'to electrical \\iling 
and equipment for other area.• u.�d a.' lubritoriums, senice 
roo1ns, repair room."l, offices, salesroom.,.., compressor roo1ns, 
and similar locations. 

Multi-Circuit Cable Oudet Enclosure. An enclosure containing 
one or more multi-circuit plugs, receptacles, or both. (520) 
(CMP-15) 

Multioudet Assembly. A surface, flush, or freestanding assem
blage "ith a raceway and fittings or other enclosure provided 
widt one or more receptacles, for the purpose of suppl}'ing 
power to utilization equipment. (C�lP-18) 

NaceUe. An enclosure housing dtc alternator and odtcr part-; 
of a wind turbine. (694) (C�lP-4) 

Neon Tubing. Electric-discharge luminous tubing, including 
cold cadtodc luminous tubing, dtat is manufactured into 
shapes to illuminate signs, Conn letters, part� of letters, skeleton 
tubing, oudinc lighting, odtcr decorative clement-;, or art 
form� and filled "idt \-ctrious inert gao;cs. (f>OO) (C�lP-18) 

Network Interface Unit (NIU). A dc,icc dtat convert-; a broad
band signal into component voice, audio, \-ideo, data, and 
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interactive scniccs signals and prmidcs isolation between dtc 
network power and the premises signal circuit�. These clc\iccs 
often contain primary and secondary protectors. (CMP-16) 

Network Terminal. A clc\-icc that convert� nctwork-prmiclcd 
signals (optical, electrical, or wireless) into component signals, 
including voice, audio, \-ideo, data, wireless, optical, and inter
active scniccs, and is considered a network dc,icc on the prem
ises dtat is connected to a communications senicc prmidcr 
and is powered at the premises. (CMP-16) 

Neutral Conductor. The conductor connected to dtc neutral 
point of a system dtat is intended to carry current under 
normal conditions. (CMP-5) 

Neutral Point. The common point on a wyc-conncction in a 
polypha�c system or midpoint on a singlc-phao;c, 3-wirc system, 
or midpoint of a single-phase portion of a 3-phao;c delta system, 
or a midpoint of a 3-\\irc, direct-current system. (CMP-5) 

Informational Note: At the neutral point of the system, the 
,·ectmial sum of the nQminal ,·oltages from all other pha.'e5 
\\ithin the system that utilize the neutral, \\ith respect to the 
neutral point, is zero potential. 

Nonautomatic. Requiring human intervention to perform a 
function. (CMP-1) 

Nonincendive Circuit. A circuit, other than field wtrmg, in 
which any arc or thermal effect produced under intended 
operating conditions of the equipment, is not capable, under 
specified test conditions, of igniting the flammable ga'i-air, 
vapor-air, or dust-air mixture. (CMP-14) 

Informational l'ote: See ,\J'I:SI/UL 121201, Nonincmdive Ekctri
rol Equip111mt for Uv in Clan I and II, Division 2 ami C/a.u Ill, Divi
·•iom I and 2 HaUJrdou.• (C/a.uiji,_ti) Locatiom, for additional 
infmmation. 

Nonincendive Component. A component ha,ing contact-; for 
making or breaking an inccnclivc circuit and the contacting 
mechanism is constructed so that dtc component is incapable 
of igniting the specified flammable ga'i-air or \-ctpor-air 
mixture. The housing of such a component is not intended to 
exclude dtc flammable atmosphere or contain an explosion. 
(CMP-14) 

Informational l'ote: See ,\J'I:SI/UL 121201, Nonincmdive Ekctri
cal Equip111mt for Uv in Clan I and II, Division 2 ami C/a.u Ill, Divi
sion.< I and 2 HaUJniou.• (C/a.uiji,_ti) Location.•, for additional 
infmmation. 

Nonincendive Equipment. Equipment ha\-ing electrical/ elec
tronic circuitry dtat is incapable, under nonnal operating 
conditions, of causing ignition of a specified flammable gao;-air, 
\-ctpor-air, or dust-air mixture due to arcing or dtcnnal means. 
(CMP-14) 

Informational l'ote: See ,\J'I:SI/UL 121201, Nonincmdive Ekctri
rol Equip111mt for Uv in Clan I and II, Division 2 ami C/a.u Ill, Divi
·•iom I and 2 HaUJrdou.• (C/a.uiji,_ti) Locatiom, for additional 
infmmation. 

Nonincendive Field Wiring. Wiring dtat enters or leaves an 
equipment enclosure and, under normal operating conditions 
of dtc equipment, is not capable, clue to arcing or dtcrmal 
effect-;, of igniting the flammable gao;-air, \-ctpor-air, or dust-air 
mixture. 1'\ormal operation includes opening, shorting, or 
grounding dtc field \\iring. (C�lP-14) 

Informational l'ote: See ,\J'I:SI/UL 121201, Nonincmdive Ekctri
cal Equip111mt for Uv in Clan I and II, Division 2 ami C/a.u Ill, Divi-
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.<ion.< I and 2 HfJUlrdou.< (C/a.uiji,_ti) Location.<, for additional 
infmmation. 

Nonincendive Field Wuing Apparatus. Apparatus intended to 
be connected to noninccndivc field wiring. (CMP-14) 

Informational l'ote: See AJ">SI/UL 121201, Nonincmdive Ekctri
cal Equip111mt for Uv in C/au I and II, Divi.<ion 2 ami Cla.u Ill, Divi
.<ion.< I and 2 HfJUlnious (C/a.uiji,_ti) Location.<, for additional 
infmmation. 

Nonlinear Load. A load where the wave shape of the steady
state current docs not follow the wave shape of the applied volt
age. (C:MP-1) 

Informational Note: Electronic equipment, electronic/electric
discharge lighting, a�jtL�table-speed drive systems, and similar 
equipment may be nonlinear load�. 

Nonmetallic Extension. An asscmblv of two insulated conduc
tors l\ithin a nonmetallic jacket or �n extruded thermoplastic 
covering. The classification includes surface extensions inten
ded for mounting directly on the surface of walls or ceilings. 
(CMP-6) 

Nonsparking. Constructed to minimize the risk of arcs or 
sparks capable of creating an ignition hazard during conditions 
of normal operation. ( C�IP-14) 

Informational l'ote: See ,\J'\:SI/UL 121201, Nonincmdive Ekctri
cal Equip111mt for Uv in C/au I and II, Divi.<ion 2 ami Cla.u Ill, Divi
.<ion.< I and 2 HfJUlnious (C/a.uiji,_ti) Location.<, for additional 
infmmation. 

Normal/Emergency Power Source. A power source on the 
output side of a transfer Sl\itch or unintcrruptiblc power supply 
that is automatically available upon loss of normal power. (700) 
(CMP-13). 

Normal High-Water Level (as applies to electrical datum plane 
distances). :"'atural or Artificially �lade Shorelines: An cle\1-a
tion delineating tl1c highest water level that hao; been main
tained for a sufficient period of time to leave c\idcnce upon 
the land-;capc, commonly the point where the nauu-al vegeta
tion changes from predominantly aquatic to predominantly 
terrestrial. 

Rivers and Streams: The elc,-ation of the tpp of the bank of 
the channeL Stream-;, rivers, and tributaries that arc prone to 
flooding and effects of "-atcr runoff shall consider the Kbank
full stage" where an established gauge height at a given loca
tion along a river or stream, above which a rise in "-atcr surface 
will cause the river or stream to overflow the lowest natural 
stream bank somewhere in the corresponding reach. 

Flood Control Bodies of Water: The flood pool maximum 
"-atcr surface elc\-ation of a reservoir, equal to the elc,-ation of 
the spiJh,-ay. 

1'\onflood Control Bodies of \Vater: The flowage ca-;cmcnt 
boundary in which the highest "-atcr surface elc\-ation defined 
by the area existing between govcrnmcntal-mmcd property 
linc(s) and a contour line "itl1 perpetual right-; to flood the 
area in connection "itl1 the operation of the reservoir. 

(CMP-7) 

Nurses' Station. A space intended to prmidc a center of nurs
ing acti\ity for a group of nurses scning bed patient-;, where 
patient calls arc received, nurses dispatched, nurses' notes "Tit
ten, inpatient chart-; prepared, and medications prepared for 
distribution to patient-;. \\"bcrc such actil-itics arc carried on in 
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more than one location "itl1in a nursing unit, all such separate 
spaces arc considered a to be part-; of the nurses' station. (517) 
(CMP-15) 

Nursing Home. A building or portion of a building used on a 
24-hour ba-;is for tl1c housing and nursing care of four or more 
persons who, because of mental or physical incapacity, might 
be unable to provide for their mm ncccl-; and safety "itl1out the 
a-;sistancc of another person. LIOI:3.3.150.2j (CMP-15) 

Office Furnishing. Cubicle panels, partitions, study carrels, 
workstations, desks, shell-ing systems, and storage unit-; that 
may be mechanically and electrically interconnected to form 
an ollicc furnishing system. (CMP-18) 

Oil Immersion. Electrical equipment immersed in a protective 
liquid so that an explosive aunosphcrc that might be above the 
liquid or outo;idc the enclosure cannot be ignited. (CMP-14) 

Informational l'ote: See ,\J'\:SI/UL 121201, Nonincmdive Ekctri
cal Equip111mt for Uv in C/au I and D, Divi.<ion 2 ami Cla.u Ill, Divi
.<iou.< I and 2 HfJUlrdous (C/IIs.<ifi'-ti) Location.<, for additional 
infmmation. 

Open Wuing on Insulators. An exposed \\iring method using 
cleat-;, knobs, tubes, and flexible tubing for tl1c protection and 
support of single .illSulatcd conductors run in or on buildings. 
(CMP-6) 

Operating Device. The car Sl\itch, pushbuuons, key or toggle 
Sl\itch(s), or other devices used to actil--atc the operation 
controller. (620) (CMP-12) 

Operator. The indil-idual responsible for starting, stopping, 
and controlling an amusement ride or supcnising a conces
sion. (525) (CMP-15) 

Optical Radiation. Electromagnetic radiation at wavelengths in 
\-acuum between tl1c region of transition to X-rays and the 
region of transition to radio "-aves that is approximately 
between 1 nm and lOOO 11m. (C�IP-14) 

Informational :'\ote: See ,\J'\:SI/t.:L 60079-28, Explo.<ive Al111o.<
plll"re.< - Part 28: Pmtl't:tion of Equipment and Tran.<miuion SJ.<Iem.< 
Using Dptiral Radiation, for information on types of protection 
that can be applied to minimize the tisk of ignition in explosh-e 
atmospheres from optical radiation in dte mwelength range 
from 380 mn to 10 (tm. 

Optical Radiation, Inherently Safe "op is". (Inherently Safe 
Optical Radiation "op is") Type of protection to minimize the 
risk of ignition in explosive atmospheres from optical radiation 
where \isiblc or infrared radiation is incapable of producing 
sufficient energy under normal or specified fault conditions to 
ignite a specific explosive atmosphere. (CMP-14) 

Informational :'\ote: See ,\J'\:SI/t.:L 60079-28, Explo.<ive Al111o.<
plll"re.< - Part 28: Pmtl't:tion of Equipment and Tran.<miuion SJ.<Iem.< 
Using optical Radiation, for additional information. 

Optical Radiation, Protected "op pr". (Protected Optical Radi
ation "op pr") Type of protection to minimize the risk of igni
tion in explosive aunosphcrcs from optical radiation where 
l-isiblc or infrared radiation io; confined inside optical fiber or 
other transmis.o;ion medium under normal constructions or 
constructions l\ith additional mechanical protection bao;cd on 
the a-;sumption that there is no escape of radiation from the 
confinement. (CMP-14) 
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Informational :'\ote: See ,\1'\:SI/t:L 60079-28, Explo..ive Al111os
phnes - Par/ 28: Pmtnlion of Equipment and Tran.<mis.<ion .�)·stem.< 
Using optical Radiation, for additional information. 

Optical System With Interlock "op sh". Type of protection to 
minimize dtc risk of ignition in explosive atmospheres from 
optical radiation where "isiblc or infrared radiation is confined 
inside optical fiber or other transmission medium "ith inter
lock cutoff provided to reliably reduce the unconfined beam 
strength to safe levels within a specified time in cao;c the 
confinement fails and the radiation becomes unconfined. 
(CMP-14) 

Informational :'\ote: See ,\1'\:SI/t:L 60079-28, Explo.<ive Al111os
phnes - Par/ 28: Pmtnlion of Equipment and Tran.<mis.<ion .�)·stem.< 
Using optical Radiation, for additional information. 

Optional Standby Systems. Those systems intended to supply 
power to public or private facilities or property where life safety 
docs not depend on the performance of the system. These 
systems arc intended to supply on-site generated or stored 
power to selected load'i either automatically or manually. 
(CMP-13) 

Organ, Electronic. (Electronic Organ) A musical instrument 
that imitates dtc sound of a pipe organ by producing sound 
electronically. (CMP-12) 

Informational Note: :\fost new electronic organs produce sound 
digitall>· and are called digital orgdns. 

Organ, Pipe. (Pipe Organ) A musical instrument that produ
ces sound by driving pressurized air (called wind) through 
pipes selected via a keyboard. (C�lP-12) 

Organ, Pipe Sounding Apparatus. (Pipe Organ Sounding Appa
ratus) (Pipe Organ Chamber). The sound-producing part of a 
pipe organ, including, but not limited to, pipes, chimes, bells, 
the prcs.'iurizccl air- (wincl-) producing equipment (blower), 
a'isociatcd controls, and power equipment. (CMP-12) 

OutleL A point on dtc wiring system at which current is taken 
to supply utilization equipment. (CMP-1 ) 

Outlet Box Hood. A housing shield intended to fit over a face
plate for flush-mounted wiring devices, or an integral compo
nent of an outlet box or of a faccp�tc for flush-mounted 
wiring devices. The hood docs noi &ervc to complete the elec
trical enclosure; it reduces the risk of water coming in contact 
"ith electrical componcnt'i within dtc hood, such a'i attach
ment plugs, current taps, surge protective devices, direct plug
in transformer units, or \\iring devices. (CMP-18) 

Outline Lighting. An arrangement of incandescent lamps, 
electric-discharge lighting, or other electrically powered light 
sources to outline or call attention to certain features such a'i 
the shape of a building or the decoration of a "indow. 
(CMP-18) 

Output Cable to the Electric Vehicle. An a'iscmbly consisting of 
a lcngdt of flexible EV cable and an electric vehicle connector 
(suppl)'ing power to the electric vehicle). (625) (C�lP-12) 

Output Cable to the Primary Pad. A multiconductor, shielded 
cable a'i.'icmbly consisting of conductors to carry the high
frequency energy and any status signals between the charger 
power converter and the primary pad. (625) (CMP-12) 

Overcurrent. Anv current in cxccs.'i of the rated current of 
equipment or the

. 
ampacity of a conductor. It may result from 

overload, short circuit, or ground fault. (C�lP-10) 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJCAL com: 

Informational 1\:ote: A current in exces.'i of rating may be accom
modated by certain equipment and conductors for a gi,·en set of 
conditions. Therefore, the ndes for overcurrent protection are 
specific for particular situations. 

Overcurrent Protective Device, Branch-Circuit. (Branch-Circuit 
Overcurrent Protective Device) A dclicc capable of providing 
protection for service, feeder, and branch circuits and equip
ment over the full range of ovcrcurrcnt'i between its rated 
current and its interrupting rating. (C�lP-1 0) 

Overcurrent Protective Device, Current-Limiting. (Current
Limiting Overcurrent Protective Device) A device that, when 
interrupting currents in its current-limiting range, reduces the 
current flowing in the faulted circuit to a magnitude substan
tially lcs.'i than that obtainable in the same circuit if the device 
were replaced with a solid conductor having comparable impe
dance. (240) (CMP-10) 

Overcurrent Protective Device, Supplementary. (Supplemen
tary Overcurrent Protective Device) A device intended to 
prmiclc limited ovcrcurn:nt protection for specific applications 
and utilization cquip1ncnt such a'i luminaires and appliances. 
This limited prot<:ction is in addition to the protection prmi
clcd in the required branch circuit by the branch-circuit over
current prot<:ctivc device. (CMP-10) 

Overhead. Gaatry. A structure consisting of horizontal frame
work, supported by vertical columns spanning above electrified 
truck parking spaces, dtat support'i equipment, appliances, 
racC\Iray; and other ncccs.'iary components for the purpose of 
supplying electrical, HVAC, internet, communications, and 
Qthcr services to the spaces. (626) (C�lP-12) 

Overload. Operation of equipment in cxccs.'i of normal, full
load rating, or of a conductor in cxccs.'i of its ampacity that, 
when it persist'i for a sullicicnt length of time, would cau.o;c 
damage or dangerous overheating. A fault, such a'i a short 
circuit or ground fault, is not an overload. (C�lP-10) 

Packaged Therapeutic Tub or Hydrotherapeutic Tank Equip
ment Assembly. A factory-fabricated unit consisting of "atcr
circulating, heating, and control equipment mounted on a 
common bao;c, intended to operate a therapeutic tub or hydro
therapeutic tank. Equipment can include pumps, air blowers, 
heaters, light'i, controls, sanitizer generators, and so ford1. 
(f>80) (OlP-17) 

Panelboard. A single panel or group of panel units designed 
for a'i.'icmbly in the form of a single panel, inducting buses and 
automatic ovcrcurrcnt dcliccs, and equipped "ith or without 
switches for the control of light, heat, or power circuits; 
designed to be placed in a cabinet, enclosure, or cutout box 
placed in or against a "all, partition, or odtcr support; and 
acccs.'iiblc only from the front. (C�lP-9) 

Panelboard, Enclosed. (Enclosed Panelboard) An a'i.'icmblv of 
bu.o;cs and connections, ovcrcurrcnt devices, and control appa
ratus l�ith or without switches or other equipment, installed in 
a cabinet, cutout box, or enclosure suitable for a panelboard 
application. (C�lP-9) 

Park Electrical Wuing Systems. All of the electrical \�iring, 
luminaires, equipment, and appurtenances related to electrical 
installations within a mobile home park, including the mobile 
home service equipment. (550) (C�lP-7) 
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Park Trailer. A unit that is built on a single cha'i.�is mounted on 
wheels and ha� a gros.� trailer area not exceeding 37 m2 
(400 ft2) in the set-up mode. (552) (C�IP-7) 

Part-Wmding Motors. A part-winding stan induction or 
synchronous motor is one that is arranged for starting by first 
energizing part of its primary (armature) winding and, subse
quently, energizing dtc remainder of this winding in one or 
more steps. A standard part-winding start induction motor is 
arranged so dtat one-half of its primary "inding can be ener
gized initially, and, subscqucndy, dtc remaining half can be 
energized, both halves then carl)ing equal current. (CMP 1 1 )  

Informational l'ote: A hennetic refrigerant motor-compres.mr i• 
not considered a standard part-\\inding start induction motor. 

Passenger Transportation Facilities. Any area open to the 
public a'i.�ociatcd with pa'i.�ngcr transportation such a� an 
airport, bus terminal, highway rest stop and service area, 
marina, seaport, ferry slip, subway station, train station, or port 
of entry. (CMP-18) 

Patient Bed Location. The location of a patient sleeping bed, 
or dtc bed or procedure table of a C'..atcgory 1 space. 
L99:3.3.138J (CMP-15) 

Patient Care-Related Electrical Equipment. Electrical equip
ment appliance that is intended to be used for diagnostic, ther
apeutic, or monitoring purposes in a patient care vicinity. 
L99:3.3.139J (517) (CMP-15) 

Patient Care Space Category. Any space of a hcald1 care facility 
wherein patients arc intended to be examined or treated. 
L99:3.3.140J (517) (CMP-15) 

Informational l'ote :'\o. 1 :  The health care facility's governing 
body designates patient care space in accordance ,,;th the type 
of patient care anticipated. 

Informational l'ote :'\o. 2: Bt�•ines.• offices, corridors, lounge� 
day room.•, dining rooms, or similar areas typically are not da!isi
fied as patient care spaces. [99:A.3.3.140) 

C'..altgm)' 1 Space (('..ategm)' 1 ). Space in which failure of equip
ment or a system is likely to cause major il�ury or death of 
patients, staff, or visitors. L99:3.3.140.1 J  (C�-1�) 

Informational :'\ote: These spaces, fonnerly knmm as c1itical 
care room.•, are typically where patientll are intended to be 
su�jected to ima•ive procedures . -and connected to line
operated, patient care--related appliances. Examples include, 
but are not limited to, special care patient rooms a�d for criti
cal care, intensh>e care, and special care treatment room.• such 
as angiography labordtmies, cardiac catheterization laboratmies, 
delh>ery rooms, operating rooms, post-ilnesthesia care uniL•, 
trauma room.•, and other similar room.•. [99:A.3.3.140.1)  

C'..altgm)' 2 Space (('..ategm)' 2). Space in which failure of equip
ment or a system is likely to cause minor injury to patient�, 
staff, or visitors. L99:3.3.140.2J (CMP-15) 

Informational Note: These spaces were fonnerly knmm a.• 
generdl care room.•. Examples include, but are not limited to, 
inpatient bedroom.•, dialysi• rooms, in \itro fertilization rooms, 
procedural rooms, and similar room.•. [99:A.3.3.140.2) 

Caltgm)' 3 Space (Calegv!J 3). Space in which the failure of 
equipment or a system is not likely to cause injury to patient�, 
staff, or visitors but can cause discomfort. L99:3.3.140.3J (51 7) 
(CMP-15) 
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Informational Note: These spaces, fmmerly known a.• ba.•ic care 
rooms, are typically where ba.•ic medical or dental care, treat
ment, or examination• are perfmmed. Examples include, but 
are not limited to, examination or treatment rooms in clinics, 
medical and dental offices, nursing homes, and limited care 
fdcilities. [99:A.3.3.140.3) 

C'..altgm)' 4 Space (('..ategm)' 4). Space in which failure of equip
ment or a system is not likely to have a physical impact on 
paticnt carc. L99:3.3.140.4J (517) (C�IP-15) 

Informational Note: These spaces were fonnerly known a.• 
support rooms. Examples of support spaces include, but are not 
limited to, anesthesia work rooms, stelile supply, laboratmies, 
morgues, waiting rooms, utility rooms, and lounges. 
[99:A.3.3.140.4) 

Patient Care Vicinity. A space, l\ithin a location intended for 
the examination and treatment of patient�, extending 1.8 m 
(6 ft) beyond the normal location of the bed, chair, table, 
treadmill, or other device that support� the patient during 
examination and treatment and extending vertically to 2.3 m 
(7 ft 6 in.) above the floor. L99:3.3.141J (517) (CMP-15) 

Patient Equipment Groundilig Point. A jack or terminal that 
serves a� the collection point for redundant grounding of elec
tric appliances serving a patient care vicinity or for grounding 
other items in order to eliminate electromagnetic interference 
problems. L99:.�.3.l42J (517) (CMP-15) 

Performance Area. The stage and audience seating area a'i.�oci
atcd l\ith a temporary stage structure, whether indoors or 
outdoors, constructed of scaffolding, trus.�, platforms, or similar 
dc\iccs, dtat is used for the presentation of theatrical or musi
cal productions or for public presentations. (520) (CMP-15) 

Permanent Amusement Attraction. A ride dc\icc, entertain
ment device, or a combination of bod1 that is installed such 
that portability or relocation is impracticable. (522) (C�IP-15) 

Permanendy Installed Decorative Fountains and ReOection 
Pools. Those that arc constructed in the ground, on the 
ground, or in a building in such a manner that the fountain 
cannot be readily disa'i.�cmblcd for storage, whether or not 
served bv electrical circuit� of anv nature. These unit� arc 
primarily constructed for their ac'sthctic value and arc not 
intended for S\'imming or wading. (680) (CMP-17) 

Personnel Protection System (as app6ed to EVSE). A system of 
personnel protection devices and constructional features that 
when used together prmidc protection against electric shock 
of pcrsonncl. (625) (CMP-12) 

Phase, Manufactured. (Manufactured Phase) The pha� that 
originates at the pha�c converter and is not solidly connected 
to cidlcr of the singlc-pha� input conductors. (CMP-13) 

Phase Converter. An electrical device that convert� singlc
pha�c power to 3-pha� electric power. (C�IP-13) 

Informational :'\ote: Pha.•e cmwerters ha,·e characteristics that 
modifY the starting torque and locked-rotor current of motors 
served, and consideration i• required in selecting a pha.� 
cmwerter for a specific load. 

Phase Converter, Rotary. (Rotary-Phase Converter) A device 
that consist� of a rotary transformer and capacitor panel(s) that 
permit� the operation of 3-pha� loads from a singlc-pha� 
supply. (455) (CMP-13) 
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Phase Converter, Static. (Static-Phase Converter) A dcl"icc 
"ithout rotating parL�, sized for a given 3-phasc load to permit 
operation from a singlc-pha� supply. (455) (CMP-13) 

Photovoltaic Cell (PV). (Solar Cell). The ba�ic photovoltaic 
device dtat generates de electricity when exposed to light. 
(CMP-4) 

Pier. A structure extending over dtc water and supported on a 
fixed foundation (fixed pier) , or on flotation (floating pier), 
that prO\ides acccs.� to the water. L303:3.3.18J (CMP-7) 

Pier, FIXed. (FIXed Pier) Pier constructed on a permanent, 
fixed foundation, such a� on piles, that pcrmancndy establishes 
the elc\"ation of the structure deck l\ith respect to land. 
L303:3.3.18.2J (CMP-7) 

Pier, Floating. (Floating Pier) Pier designed l\ith inhcrcm 
flotation capability that allows the structure to float on the 
v.'atcr surface and rise and fall with water level changes. 
L303:3.3.18.3J (CMP-7) 

Pipeline. A length of pipe including pumps, l''alvcs, flanges, 
comrol devices, strainers, and/ or similar cquipmcm for 
convc}'ing fluid�. (CMP-17) 

Plenum. A compartment or chamber to which one or more air 
dueL� arc connected and that forms part of the air distribution 
system. (CMP-3) 

Plenum Cable, Cable Routing AssembHes, and Raceways. 
Cables, cable routing a'l.�mblies, and raccv.'a)'S that have 
adequate fire-resistant and low smok�producing characteristics 
and arc suitable for usc in dueL�, plenums, and other spaces 
u.�d for environmental air. (722) (CMP-3) 

Point of Entrance. The point within a building at which the 
wire or cable emerges from an external \\'all, from the roof, or 
from a concrete floor slab. (CMP-16) 

Pool. Manufactured or field-constructed equipment designed 
to contain v.'atcr on a permanent or semipermanent ba�is and 
u.�d for Sl\imming, "'ading, immersion, or therapeutic purpo
ses. (680) (CMP-17) 

Pool, Immersion. (Immersion Pool) A pool for ceremonial or 
ritual immersion of users, which i.s designed and intended to 
have iL� contcnL� drained or dischargl!d. (680) (CMP-17) 

Pool, Permanently Installed Swimming, Wading, Immersion, 
and Therapeutic. (Permanently Installed Swimming, Wading, 
Immersion, and Therapeutic Pools) Those that arc construc
ted or installed in dtc ground or partially in the ground, and 
all pools installed inside of a building, whether or not served by 
electrical circuiL� of any nature. (680) (CMP-17) 

Pool, Storable; used for Swimming, Wading, or Immersion 
(Storable Immersion Pool). (Storable Pool) Pools installed 
entirely on or above dtc ground that arc intended to be stored 
when not in usc and arc designed for ca�c of relocation, 
rcgardlcs.� of water dcpd1. (680) (CMP-17) 

Pool Cover, Electrically Operated. (Electrically Operated Pool 
Cover) Motor-driven equipment designed to cover and 
uncover the \\'atcr surface of a pool by means of a flexible sheet 
or rigid frame. (680) (CMP-17) 

Pool lift, Electrically Powered. (Electrically Powered Pool 
lift) An electrically powered lift that provides accessibility for 
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people with disabilities to and from a pool or spa. (f>80) 
(CMP-17) 

Portable. A device intended for indoor or outdoor usc that is 
designed to be hand-carried from location to location, or ca�ily 
transported without the u.� of other dc\iccs or equipment. 
(625) (CMP-12) 

Portable. X-ray equipment designed to be hand-carried. (6fl0) 
(CMP-12) 

Portable (as appHed to equipment). Equipment that is actually 
moved or can ca�ily be moved from one place to another in 
normal u.�. (680) (CMP-17) 

Portable Power Distribution Unit. A power distribution box 
containing receptacles and ovcrcurrcnt devices. (520) 
(CMP-15) 

Informational l'ote: See ,\1'\:SI/L'L 1640, Portable Poltler
Diitribution Equipmtml, for infmmation on po11able power distJ·i
bution uniL•. 

Portable Structures • .  Units designed to be moved including, 
but not limited to; amu·scmcnt rides, attractions, conccs.�ions, 
tcnL�, trailers, trud."', and similar uniL�. (525) (CMP-15) 

Portable Substation. A portable a'l.�mbly, usually mounted on 
a trailer, containing primary and secondary S\'itchgcar and a 
transfomicr. (530) (CMP-15) 

Powder Filling "q". Type of protection where electrical parL� 
capable of igniting an explosive atmosphere arc fixed in posi
tion and completely surrounded by filling material (gla�s or 
quartz powder) to prevent the ignition of an external explosive 
atmosphere. (CMP-14) 

Informational Note: See A:'\SI/L'L 60079-5, Explo.•ive .4tmo.•phem 
- Part 5: l:quipmml prot,Ltion b_r po"'d" filling "q", for additional 
infmmation. 

Power Oudet. An enclosed ao;.�mbly that may include recepta
cles, circuit breakers, fuscholdcrs, fused S\'itches, buses, and 
watt-hour meter mounting means; intended to supply and 
control power to mobile homes, recreational vehicles, park 
trailers, or boaL� or to serve a� a means for distributing power 
required to operate mobile or temporarily installed equipment. 
(CMP-7) 

Power Oudet, Marina. (Marina Power Oudet) An enclosed 
a�scmbly that can include equipment such a� receptacles, 
circuit breakers, fused switches, fu.�cs, \\'aU-hour meters, panel
board�, and monitoring means identified for marina usc. (555) 
(CMP-7) 

Power Production Equipment. Electrical generating equip
ment supplied by any source other than a utility service, up to 
the source S)'Stcm di�connccting means. (CMP-4) 

Informational Note: Examples of power production equipment 
include such item• a• generators, solar photmultaic system•, and 
fuel cell system•. 

Power Source Output Conductors. The conductors between 
power production equipment and the service or other premises 
"iring. (CMP-4) 

Power Supply. A Ciao;.� 2 power supply connected between the 
branch-circuit power distribution system and the bu.�bar low
voltage su.�pcndcd ceiling power distribution system. (393) 
(CMP-18) 
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Power-Supply Cord. An a'isembly consisting of an auachmcm 
plug and a length of flexible cord connected to utilization 
cquipmcm. (CMP-6) 

Premises. The Janel and buildings located on the user's side of 
the point of demarcation between the communications scnicc 
prmiclcr and the user. (800) (CMP-16) 

Premises-Powered. Using power prmiclccl locally from the 
premises. (CMP-16) 

Premises Wuing (System). I mcrior and exterior "iring, includ
ing power, lighting, comrol, and signal circuit wiring together 
with all their a'i.'iOciatccl hardware, fittings, and wiring dc\iccs, 
both permanently and temporarily installed. This includes one 
of the following: 

(1) 

(2) 

Wiring 
oudcts 

from the scnicc poim or power source to the 

Wiring from and including the power source to 
oudcts where there is no scnicc point 

the 

Such wiring docs not include wiring imcrnal to appliances, 
luminaires, motors, controllers, motor control centers, and 
similar equipment. (CMP-1) 

Informational l'ote: Power sources include, but are not limited 
to, interconnected or stand-i!lone batteries, solar photovohaic 
systems, other di•uibuted generdtion systems, or generdtors. 

Pressurized. The proccs.'i of supplying an enclosure with a 
protective ga., with or without cominuous flow at sufficicm 
pressure to prevent dtc entrance of combustible dust or igniti
blc fibers/flyings. (CMP-14) 

Pressurized Enclosure "p". Type of protection for electrical 
cquipmcm that uses the technique of guarcling against the 
ingrcs.'i of the external atmosphere, which might be explosive, 
into an enclosure by maintaining a protective ga., therein at a 
pressure above that of the external atmosphere. (CMP-14) 

Informational :'\ote: See ANSI/t:L-60079-2, Expln.<ivP .4/mospl��nS 
- Part 2: Equip111ml protection bJ P"'-ntri-.ni endo.mm "p", for addi
tional information. 

Pressurized Room "p". A room volume protected by prcs.'iuri
zation and of sufficient size to permit dtc entry of a person who 
might occupy dtc room. (CMP-14) 

Informational :'\ote: See ,\J'\:SI/t:L 0007�13, t;xplo.<ive At111o ... 
plvre.• - Par/ /3: Equip111ml protection b)· fm.uuriud roo111 "p" and 
artifiriai�J ventilatP.d mom "

v
"
, for infunnation on the require

menL• for rooms intended for human emry where pres.•urization 
i• used a• a means of reducing the risk of explosion. 

Primary Pad. A clc'l'icc external to the EV that transfers power 
via dtc contactlcs.'i coupling a'i part of a wireless power transfer 
system. (625) (CMP-12) 

Primary Source. An electric utility or another source of power 
that act'i a'i the main forming and stabilizing source in an elec
tric power system. (CMP-4) 

Prime Mover. The machine that supplies the mechanical 
horsepower to a generator. (CMP-13) 

Process Seal. A seal between electrical systems and flammable 
or combustible proccs.'i fluids where a f�ilurc could allow the 
migration of proccs.'i fluid'i imo the premises' wiring system. 
(CMP-14) 
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Informational :'\ote: See A. '\:SI/UL 12270 I, 1Vqui7'1'1111'111s for Pror
I'.U Sealing 8Ptrut�tm Elwtrical Systems ami Flammabl£ or C.mnbu.<libl£ 
Proceu fluids, for additional infmmation. 

Production Areas. Arca'i where portable electrical cquipmcm 
is ll'iccl to implement the capture of images. (530) (CMP-15) 

Projector, Nonprofessional. (Nonprofessional Projector) 
Those types of projectors that do not comply with dtc defini
tion of Pmfessional-T)•pe Projectm: (540) (CMP-15) 

Projector, Professional-Type. (Professional-Type Projector) A 
type of projector ll'iing 35- or 70-mm film dtat ha'i a minimum 
width of 35 mm (1% in.) and ha'i on each edge 212 perfora
tions per meter (5.4 perforations per inch), or a type using 
carbon arc, xenon, or other light source equipment that devel
ops hazardoll'i ga'ics, dust, or radiation. (540) (CMP-15) 

Proscenium. The wall and arch that separates the stage from 
the auditorium (i.e., holl'iC). (520) (CMP-15) 

Protection by Enclosure "t". T�pc of protection for explosive 
dust atmospheres where electrical equipment i'i prmidccl with 
an enclosure prmiding clusi. ingrcs.'i protection and a means to 
limit surface temperatures. (CMP-14) 

Informational :'\ote: See ,\J'\:SI/t:L 00079-31,  t;xplo.<ive At111o ... 
plvre.• -Part 31; Equipment Du.<l lgnilinn Pro/Ntion by E11cln.mw "1", 
for additional infonnation. 

Psychiatric Hospital. A building ll'iccl exclusively for the psychi
atric care, on a 24-hour ba'iis, of four or more inpaticnt'i. (517) 
(CMP-15) 

Purged and Pressurized. The proccs.'i of ( 1) purging, suppl}'ing 
ail enclosure "ith a protective ga'i at a sufficient flow and posi
tive pressure to reduce dtc concentration of any flammable ga., 
or vapor initially present to an acceptable level; and (2) pres
surization, suppl}'ing an enclosure l\ith a protective ga., with or 
without continuous flow at sufficient prcs.'iurc to prevent the 
entrance of a flammable ga., or l--apor, a combustible dust, or an 
ignitiblc fiber. (CMP-14) 

Informational :'\ote: See NFPA 496, Standani for Purgwi ami Pre. .. 
. mriud E11cln.mm for Ekctrical Equipmelll, for additional informa
tion. 

Purpose-Built. A Cll'itOJn luminairc, a piece of lighting cquip
mcm, or an effect that is constructed for a specific purpose and 
is not serially manufactured or a'l'-ailablc for general sale. (530) 
(CMP-15) 

PV DC Circuit (PV System DC Circuit). Any de conductor in 
PV source circuits, PV string circuits, and PV clc-to-clc converter 
circuits. (690) (CMP-4) 

PV DC CiJTUit, Sourre. (PV Sourre CiJTUit) The PV de circuit 
conductors between modules in a PV string circuit, and from 
PV string circuit'i or de combiners, to de combiners, electronic 
power converters, or a de PV system disconnecting means. 
(690) (CMP-4) 

PV DC Cirmit, String. (PV String Circuit) The PV source circuit 
conductors of one or more series-connected PV modules. (690) 
(CMP-4) 

PV Module (Module). A complete, cmironmcntally protected 
unit consisting of solar cells and odtcr componcnt'i clcsignccl to 
produce de power. (CMP-4) 
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PV (Photovoltaic) System (PV System) (Photovoltaic System). 
The total components, circuit"l, and equipment up to and 
including the PV system disconnecting means dtal, in combina
tion, convert solar energy into electric energy. (C:\-IP-4) 

Qualified Person. One who has skills and knowledge related to 
the construction and operation of dtc electrical cquipmcm and 
installations and has received safety training to recognize and 
avoid me hazard'� involved. (CMP-1) 

Informational :'\ote: See NFPA 70.1-.:2021, Standard for Electrical 
Safrly in the Workplace, for electrical safety trdining requiremenl"l. 

Raceway. An enclosed channel designed expressly for holding 
wires, cables, or busbars, wim additional functions ao; permitted 
in mis \..ode. (C:\-IP-8) 

Raceway Cell. A single enclosed tubular space in a cellular 
metal or concrete floor member, dtc axis of me cell being 
parallel to the axis of the floor member. (C:\-IP-8) 

Raceway, Cellular Metal Floor. (Cellular Metal Floor Raceway) 
The hollow spaces of cellular metal floors, together "ith suita
ble fittings, mat may be approved ao; enclosed channel for elec
trical conductors. (CMP-8) 

Raceway, Communications. (Communications Raceway) An 
enclosed channel of nonmetallic materials designed expressly 
for holding communications wires and cables; optical fiber 
cables; data cables a"lsociatcd with information technology and 
communications equipment; C)a<;.o; 2, C)a<;.o; 3, and Type PLTC 
cables; and power-limited fire alarm cables in plenum, riser, 
and general-purpose applications. (C:\-IP-16) 

Raceway, Strut-'JYpe Channel. (Strut-Type Channel Raceway) A 
metal raceway mat is intended to be mounted to me surface of 
or suspended from a structure, l\ith a<;.o;ociatcd accessories for 
the installation of electrical conductors and cables. (C:\-IP-8) 

Raceway, Surface Metal. (Surface Metal Raceway) A metal 
raccwav mat is intended to be mounted to dtc surface of a 
structu.rc, with a<;.o;ociatcd couplings, connectors, boxes, and 
fittings for me installation of electrical conductors. (CMP-8) 

Raceway, Surface Nonmetallic. (Surface Noametallic Raceway) 
A nonmetallic raceway mat is intended to· be mounted to me 
surface of a structure, wid1 ao;sociatecl couplings, connectors, 
boxes, and fittings for me installation of electrical conductors. 
(CMP-8) 

Raceway, Underfloor. (Underfloor Raceway) A raceway and 
ao;sociatcd component-; designed and intended for installation 
bencam or flush wim me surface of a floor for me installation 
of cables and electrical conductors. (C:\-IP-8) 

Ran. The structural support for me Stl"lpcndcd ceiling system 
typically forming me ceiling grid supporting me ceiling tile 
and listed utilization equipment, such a"l sensors, actuators, 
A/V devices, and low-voltage luminaires and similar electrical 
cquipmcm. (393) (CMP-18) 

Rainproof. Constructed, protected, or treated so a"l to prevcm 
rain from imcrfcring wid1 me successful operation of dtc appa
ratus under specified test conditions. ( C:\-IP-1) 

Raintight. Constructed or protected so that exposure to a beat
ing rain \\ill not result in me entrance of water under specified 
test conditions. (CMP-1) 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

Rated-Load Current (RLC). The current of a hermetic refrig
erant motor-compressor resulting when it is operated at me 
rated load, rated voltage, and rated frequency of me equip
ment it serves. (440) (C:\-IP-1 1 )  

Rated Output Power. The amplifier manufacturer's stated or 
marked output power capability into ito; rated load. (640) 
(CMP-12) 

Rated Power. The output power of a wind turbine at ito; rated 
wind speed. (694) (C:\-IP-4) 

Informational Note: See IEC 61400-12-1, Pmow Pe�fonnanu Meas
uremmts of Ev-t:tricily Producing Wind Turbines, for the method for 
mea"luring wind turbine power output. 

Receptacle. A contact device installed at the oudct for me 
connection of an attachment plug, or for the direct connection 
of electrical utilization equipment designed to male l\ith me 
corresponding contact dc,icc. A single receptacle is a single 
contact device wim no other contact dc\icc on me same vokc 
or strap. A multiple receptacle is two or more contact dc�ices 
on me same yoke or strap. (C:\-IP-18) 

Informational :'\ote: A duplex receptacle i"l an example of a 
multiple receptacle that ha"l two receptacles on the same yoke or 
Strdp. 

Receptacl�, Weight-Supporting Ceiling (WSCR). (Weight
Supportiilg Ceiling Receptacle) A contact de\ icc installed at an 
oudct box for the connection and support of luminaries or 
ceiling-Suspended (paddle) fans ll"ling a weight-supporting 
attachment fitting (WSAF). (CMP-18) 

Informational Note: See Al'SI/NEMA \'\'D 6, Ammcan Natio11al 
Standard for Wiring Device.< - Dimmsional SJNLifiration.<, for the 
standard configurdtion of weight-<�upporting ceiling receptacles 
and related weight-supporting attachment fittings. 

Receptacle Oudet. An oudct where one or more receptacles 
arc installed. (CMP-18) 

Reconditioned. Electromechanical systcm"l, equipment, appa
ratus, or component-; mat arc restored to operating conditions. 
This process differs from normal scnicing of equipment that 
remains l\ithin a facility, or replacement of listed equipment on 
a one-to-one ba"lis. (C:\-IP-1) 

Informational :'\ote: The term Tl'rollliilionl'd i"l frequendy referred 
to a"l Tt'bui/t, "furbished, or rr:manufartuml. 

Recreational Vehicle (RV) (Camping Trailer) (Motor Home) 
(Travel Trailer) (Truck Camper). A vehicle or slide-in camper 
mat is primarily designed ao; temporary li\ing quarters for 
recreational, camping, or scao;onal usc; hao; ito; own motive 
power or io; mounted on or towed by anomer vehicle; is regula
ted by me 1'\ational Highway Traffic Safety Administration a"l a 
vehicle or vehicle equipment; docs not require a special high
way usc permit for operation on the highways; and can be ca"lily 
transported and set up on a daily ba"lis by an individual. 
L I I92:3.3.52J (551)  (C:\-IP-7) 

Informational Note: See :'\FPA 1 192, Standard on RecT1'0tio11al 
Vehicles, lnfmmative Annex A, for product types and definitions 
for motor homes and towable recreational ,·chicles. 

Recreational Vehicle Park. Any parcel or tract of land under 
me control of any person, organization, or govcmmcntal entity 
wherein two or more recreational vehicle, recreational park 
trailer, and/ or oilier camping sites arc offered for usc by me 
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public or members of an organization for overnight stays. (551)  
(CMP-7) 

Recreational Vehicle Site. A specific area "idtin a recreational 
vehicle park or campground that is set ao;idc for usc by a camp
ing unit. (551) (CMP-7) 

Recreational Vehicle Site Supply Equipment. A power oudct 
ao;sembly located ncar dtc point of entrance of supply conduc
tors to a recreational vehicle site and intended to constitute me 
disconnecting means for connected recreational vehicles. 
(551)  (OIP-7) 

Recreational Vehicle Stand. That area of a recreational vehicle 
site intended for the placement of a recreational vehicle. (551) 
(CMP-7) 

Reference Grounding Point. The ground bus of the panel
board or isolated power system panel supplying dtc patient 
care room. L99:3.3.158J (517) (CMP-15) 

Relative Analgesia. A state of sedation and partial block of pain 
perception produced in a patient by the inhalation of concen
trations of nitrous oxide insufficient to produce loss of 
consciousncs.o; (conscious sedation). (517) (CMP-15) 

Relay, Automatic Load Control. (Automatic Load Control 
Relay) An emergency lighting control device used to set 
normally dimmed or normally-off Sl\itchcd emergency lighting 
equipment to full power illumination levels in me event of a 
los.o; of dtc normal supply by bypao;sing the dimming/sl\itching 
controls, and to return the emergency lighting equipment to 
normal status when the dclicc senses the normal supply hao; 
been restored. (700) (C�IP-13) 

Informational Note: See ANSI/L"L 924, E111n-gmcy l.igllting and 
Porwr Equipmml, for the requiremenL• covering automatic load 
conu-ol relays. 

Remote-Control Circuit. Any electrical circuit mat controls any 
other circuit through a relay or an equivalent dc\icc. (CMP-3) 

Remote Disconnect Control. An electric device and circuit that 
controls a disconnecting means duough a relay or equivalent 
dc\icc. (645) (CMP-12) 

Resistance Heating Element. A specific separate clement to 
generate heat mat is stand-alone, externally attached to, 
embedded in, integrated with, or i nternal to the o�cct to be 
heated. (CMP-17) 

Informational Note: Tubular heaters, strip heaters, heating 
cable, heating tape, heating blankeL•, immersion heaters, and 
heating panels are examples of resi•tance heaters. 

Restricted Industrial Establishment [as applied to hazardous 
(classified) locations]. Establishment l\ith restricted public 
access, where the conditions of maintenance and supcnision 
ensure mat only qualified persons service me installation. 
(CMP-14) 

Retrofit Kit. A complete suba'i.o;cmbly of parts and dcliccs for 
field conversion of utilization equipment. (C�IP-18) 

Retrofit Kit, General Use. (General Use Retrofit Kit) A kit 
consisting of primary pan-;, which docs not include all me parLo; 
for a complete suba'i.-.cmbly but includes a list of required parLo; 
and installation instructions to complete the suba'i.o;cmbly in 
the field. (600) (CMP-18) 
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Retrofit Kit, Sign Specific. (Sign Specific Retrofit Kit) A kit 
consisting of the ncccs.<;ary parL-. and hardware to allow for field 
installation in a host sign, bao;cd on me included installation 
instructions. (600) (CMP-18) 

Reverse Polarity Protection (Backfeed Protection). A system 
that prcvcnL-. two interconnected power supplies, connected 
positive to negative, from pao;sing current from one power 
source into a second power source. (393) (CMP-18) 

Ride Device. A dclicc or combination of dcliccs mat carrv, 
convey, or direct a pcrson (s) over or through a fixed or rcstri�
tcd course l\ithin a defined area for dtc primary purpose of 
amuo;cmcnt or entertainment. (522) (C�IP-15) 

Riser Cable, Cable Routing Assemblies, and Raceways. Cables, 
cable routing a'i.-.cmblics, and raceways that have fire-resistant 
characteristics capable of preventing the carrying of fire from 
floor to floor and arc suitable for u-.c in a vertical run in a shaft 
or from floor to floor. (722) (CMP-3) 

Safe Zone. Low probability (')[ damage other dtan a slight swel
ling of the capacitor ca�, ao; identified by me ca-.c rupture 
curve of the capacitor. (460) ·(CMP-1 1 )  

Safety Circuit. The part of a control system containing one or 
more dcliccs mat pcrform a safety-related function. L79:3.3.95J 
(CMP-12) 

Informational l'ote: See l'FPA 79-2021 ,  Ev-t:trical Standard for 
lndu.<lrial Marlli11ery. Safel)�related control sy.<tem and .<afet)' interlock 
cirnUt are common term.• that can be u.wd to refer to the safety 
circuit in other standard•. The safety circuit can include hard
"ired, communication, and software-related componenL•. 

Sealable Equipment. Equipment enclosed in a ca-.c or cabinet 
that is provided "ith a means of scaling or locking so that live 
pan-; cannot be made acccs.o;iblc l\ithout opening me enclo
sure. (CMP-1) 

Informational Note: The equipment may or may not be opera
ble without opening the enclosure. 

Sealed [as applied to hazardous (classified) locations]. 
Constructed such mat equipment is scaled effectively against 
entry of an external atmosphere and is not opened during 
normal operation or for any maintenance activities. (CMP-14) 

Informational l'ote: See ,\J'I:SI/UL 121201, Nonincendive Ekctri
cal Equip111ent for Uv in Clan I and II, Division 2 ami Cla.u TIT, Divi
.<iou.< I and 2 HfJUlrdou.< (Cia.uiji,_ti) Location.<, for additional 
inf01mation. 

Sealed, Hermetically. (Hermetically Sealed) Scaled against me 
entrance of an external atmosphere, such that the seal is made 
by fusion of metal to metal, ceramic to metal, or gla'i.o; to metal. 
(CMP-14) 

Informational l'ote: See ,\J'I:SI/UL 121201, Nonincendive Ekctri
cal Equip111ent for Uv in Clan I and II, Division 2 ami Cla.u TIT, Divi
siou.< I and 2 HfJUlniou.< (Cia.uiji,_ti) Location.<, for additional 
inf01mation. 

Section Sign. A sign or oudinc lighting system, shipped ao; 
subao;semblics, dtat requires field-installed wiring between me 
subao;semblics to complete me overall sign. The suba'i.-.cmblics 
arc cidtcr physically joined to fonn a single sign unit or arc 
installed a-. separate remote pan-; of an overall sign. (600) 
(CMP-18) 
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Selected Receptacles. A minimal number of receptacles selec
ted by the health care facility's governing body ao; necessary to 
prm-idc cs.o;cntial patient care and facility scniccs during los." of 
normal power. L99:3.3.164J (517) (CMP-15) 

Self-Contained Therapeutic Tubs or Hydrotherapeutic Tanks. 
A factory-fabricated unit consisting of a dtcrapcutic tub or 
hydrotherapeutic tank with all water-circulating, heating, and 
comrol cquipmcm integral to dtc unit. Equipment may 
include pumps, air blowers, heaters, light controls, sanitizer 
generators, and so ford1. (680) (CMP-17) 

Separable Power Supply Cable Assembly. A flexible cord or 
cable, including ungrounded, grounded, and cquipmcm 
grounding conductors, provided with a cord connector, an 
attachmcm plug, and all odtcr fittings, grommet", or devices 
installed for dtc purpose of delivering energy from dtc source 
of electrical supply to the truck or transport refrigerated unit 
(TRU) flanged surface inlet. (626) (CMP-12) 

Separately Derived System. An electrical power supply output, 
other than a scnicc, having no direct conncction(s) to circuit 
conductors of anv other electrical source other dtan dtosc 
established by gro�nding and bonding connections. (CMP-5) 

Service. The conductors and cquipmcm connecting the serv
ing utility to the \\iring system of the premises served. 
(CMP-10) 

Service Conductors. The conductors from the scnicc point to 
the scnicc disconnecting means. (CMP-10) 

Service Conductors, Overhead. (Overhead Service Conduc
tors) The overhead conductors between the scnicc poim and 
the first point of connection to the sen-icc-entrance conductors 
at the building or other structure. (CMP-10) 

Service Conductors, Underground. (Underground Service 
Conductors) The underground conductors between the serv
ice point and the first point of connection to dtc service
entrance conductors in a terminal box, meter, or other 
enclosure, inside or outo;idc the building wall. (G.\fP-10) 

Informational Note: Where there i• no terminal box, meter, or 
other enclosure, the point of connection is considered to be the 
point of entrance of the sen ice conductors into the building. 

Service Drop. The overhead conductors between the scning 
utility and dtc scnicc poim. (C:MP-10) 

Service-Entrance Conductor Assembly. Multiple single
insulated conductors tl\istcd togcdtcr "idtout an overall cover
ing, odtcr than an optional binder intended only to keep the 
conductors togcdtcr. (CMP-6) 

Service-Entrance Conductors. The scnicc conductors between 
the terminals of the scnicc equipment to the scnicc drop, 
overhead scnicc conductors, scnicc lateral, or underground 
scnicc conductors. (CMP-10) 

Informational l'ote: \'\'bere senice equipment is located ouL•ide 
the building wall•, there could be no senice-entrdnce conduc
tors or they might be entirely oul•ide the building. 

Service Equipment. The ncccs.�ry cquipmcm, consisting of a 
circuit brcakcr(s) or Sl\itch(cs) and fusc(s) and dtcir accesso
ries, connected to the scning utility and intended to constitute 
the main control and disconnect of dtc serving utility. 
(CMP-10) 
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Service Equipment, Mobile Home. (Mobile Home Service 
Equipment) The equipment containing the disconnecting 
means, ovcrcurrcnt protective devices, and receptacles or other 
means for connecting a mobile home feeder a•;scmbly. (550) 
(CMP-7) 

Service Lateral. The underground conductors between the 
utility electric supply system and dtc service point. (CMP-10) 

Service Point. The point of connection between the facilities 
of the serving utility and the premises "iring. (CMP-10) 

Informational :'\ote: The senice point can be described a.• the 
point of demarcation beuveen where the serving utility end• and 
the premises \\iling begins. The sening utility generally specifies 
the location of the sen ice point ba.�d on the conditions of sen� 
ice. 

Servicing. The proccs.o; of following a manufacturer's set of 
instructions or applicable industry standarclo; to analyze, adjust, 
or perform prescribed actions upon cquipmcm l\ith the inten
tion to preserve or restqrc the operational perfonnancc of the 
cquipmcm. (CMP-1) 

Informational l'ote: Sei·vicing often encompa.'l.�s maintenance 
and repair acti\it:i� 

Shore Power� The electrical cquipmcm required to power a 
floating vcs.'ICI including, but not limited to, the receptacle and 
cordo;. (555) (CMP-7) 

Shoreline. The farthest extent of standing water under the 
applicable conditions that dctcnninc the electrical datum 
plane for the specified body of water. (682) (CMP-17) 

Short Circuit. An abnormal connection (including an arc) of 
relatively low impedance, whether made accidentally or inten
tionally, between two or more pointo; of different potential. 
(CMP-10) 

Short-Circuit Current Rating. The prospective symmetrical 
fault current at a nominal voltage to which an apparatus or 
system is able to be connected without sustaining damage 
exceeding defined acceptance criteria. (CMP-10) 

Show Window. Any l\indow, including windows above doors, 
used or designed to be used for the display of good" or advertis
ing material, whether it is fully or partly enclosed or entirely 
open at the rear and whether or not it hao; a platform raised 
higher dtan the street floor level. (CMP-2) 

Sign, Photovoltaic (PV) Powered (PV Powered Sign). [Photo
voltaic (PV) Powered Sign] A complete sign powered by solar 
energy consisting of all component" and suba•;scmblics for 
installation either ao; an off-grid stand-alone, on-grid interactive, 
or non-grid interactive system. (600) (CMP-18) 

Sign Body. A portion of a sign that may provide protection 
from dtc weather but is not an electrical enclosure. (600) 
(CMP-18) 

Signaling Circuit. Any electrical circuit dtat energizes signaling 
cquipmcm. (CMP-3) 

Simple Apparatus. An electrical component or combination of 
component" of simple construction l\ith well-defined electrical 
parameters that docs not generate more than 1.5 volt", I 00 rnA, 
and 25 mW, or a pa•;sivc componcm that docs not dis."ipatc 
more than 1 .3 watto; and is compatible with the intrinsic safety 
of the circuit in which it is used. (CMP-14) 
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Informational l'ote :'\o. I: The follm\ing are examples of simple 
appardttt.�: 

( I )  Pa..sh·e componenL�; for example, s"itches, instntment 
connectors, plugs and sockeL�, junction boxes, resistance 
temperature devices, and simple semiconductor de,ices 
such a.� LEOs 

(2) Sources of stored energy con.�isting of single componenl� 
in simple circuiL� with well..tefined parameters; for exam
ple, capacitors or inductors, whose \"dlues are considered 
when determining the overall safety of the system 

(3) Sources of generated energy; for example, thennocouples 
and photocells, that do not generate more than 1.5 ,·oiL�, 
100 rnA, and 25 mW 

Informational :'\ote l'o. 2: See AJ">SI/UL 913, lutrimically Safe 
Apparatus and As.wciatni Apparalu.< for lf.<tr in Cla.<S I, ll, and Ill, 
Divi<iou I, Hazardous (C/as.<ijini) l.ocaliom, and ANSI/ 
t:L 60079-1 1 ,  Explo.<ive .4/mosplvres - Par/ II: Equipment Protwtion 
by lnlrinsir Safety "i", for additional infmmation. 

Single-Pole Separable Connector. A device that is installed at 
the cncl'i of portable, flexible, single-conductor cable that is 
u.'iCcl to establish connection or disconnection between two 
cables or one cable and a single-pole, panel-moumccl separable 
connector. (CMP-18) 

Site-Isolating Device. A polc-moumcd disconnecting means 
installed at the distribution poim for the purposes of isolation, 
system maimcnancc, emergency disconnection, or connection 
of optional standby systems. (547) (CMP-7) 

Skeleton Tubing. Neon tubing that is it'iCif the sign or outline 
lighting and is not attached to an enclosure or sign body. (600) 
(CMP-18) 

Slip. A berthing space between or adjaccm to piers, wharves, 
or docks; tl1c water arca'i a'i.'iociatcd with boat occupation. 
L303:3.3.21J  (555) (CMP-7) 

Informational :'\ote: See the definition of &rth for additional 
infmmation. 

Solid-State Phase-Control Dimmer. A solid-state dimmer where 
the wave shape of the steady-state currclll docs not follow the 
wave shape of the applied voltage such that the wave shape is 
nonlinear. (CMP-15) 

Solid-State Sine Wave Dimmer. A solicl-6tatc dimmer where the 
wave shape of the steady-state current follows the wave shape of 
the applied voltage such tltat the 'i\'aVC shape is linear. 
(CMP-15) 

Spa or Hot Tub. A hydroma'i.'iagc pool, or tub for recreational 
or tltcrapcutic usc, not located in health care facilities, 
clesignccl for immersion of U.'icrs, and usually ha"ing a filter, 
heater, and motor-driven blower. It may be installed indoors or 
outdoors, on the ground or supporting structure, or in the 
ground or supporting structure. Generally, they arc not 
clesignccl or intended to have it'i comcnl'i drained or 
discharged after each usc. (f>80) (CMP-17) 

Spa or Hot Tub, Packaged Equipment Assembly. (Packaged 
Spa or Hot Tub Equipment Assembly) A factory-fabricated unit 
consisting of \\'atcr-circulating, heating, and control cquipmcm 
mounted on a common ba'iC, intended to operate a spa or hot 
tub. Equipmcm can include pumps, air blowers, heaters, light'i, 
controls, sanitizer generators, and so forth. (f>80) (CMP-17) 

Spa or Hot Tub, Self-Contained. (Self-Contained Spa or Hot 
Tub) Factory-fabricated unit consisting of a spa or hot tub 
vessel "itl1 all \\'atcr-circulating, heating, and control equip-
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mcm integral to the unit. Equipment can include pumps, air 
blowers, heaters, light'i, comrols, sanitizer generators, and so 
forth. (f>80) (CMP-17) 

Spa or Hot Tub, Storable. (Storable Spa or Hot Tub) Spa'i or 
hot tubs installed entirely on or above the ground that arc 
intended to be stored when not in U.'ic and arc designed for 
ca'ic of relocation. (680) (CMP-17) 

Space. A portion of tltc health care facility designated by the 
hcaltll care facility's governing body that serves a specific 
purpose. L99:3.3.171J (517) (CMP-15) 

Special Permission. The written conscm of the authority 
ha\ingjurisdiction. (CMP-1) 

Special Protection "s". Type of protection that permil'i design, 
a'iscssmcnt, and testing of equipment that cannot be fully 
a'iscsscd "itltin a recognized type of protection or combination 
of recognized types of protection because of functional or 
operational limitations, but tllat can be demonstrated to 
prmiclc the necessary cquipmcm protection level (EPL). 
(CMP-14) 

Informational :'\ote: See . ,\J'\:SI/t:L 60079-33, Explo..ive At111o.<
plvres - Par/ JJ: l:IJII.iJmumt Prolertiou by SfNt:ial Pm/I'Ction ".< ", for 
additional information. 

Special-Purpose Multi-Circuit Cable System. A portable 
branch-circuit distribution system consisting of one or more 
trunk cables and optional breakout a'iscmblics or multi-circuit 
outlet enclosures. (520) (CMP-15) 

Spider (Cable Splicing Block). A clc\'icc that contains busbars 
that arc insulated from each other for the purpose of splicing 
or distributing power to portable cables and cord'i that arc 
tcnninatcd "ith single-pole busbar connectors. (530) 
(CMP-15) 

Spin Down. A shutdown condition of the FES..'i, where energy 
is being dissipated and the flywheel rotor is slm\ing down to a 
stop. (706) (CMP-13) 

Informational :'\ote: A complete stop of a Opvheel rotor cannot 
occur instantanemt.�ly becau.� of the high kinetic energy of the 
rotor, but rdther occurs over time a.� a result of friction forces 
acting on the rotor. 

Splash Pad. A fountain intended for recreational usc by pedes
trians and designed to contain no more than 25 mm (1 in.) of 
"'atcr dcptl1. This definition docs not include showers intended 
for hygienic rinsing prior to usc of a pool, spa, or otltcr \\'atcr 
feature. (680) (CMP-17) 

Spray Area. Any fully enclosed, partly enclosed, or unenclosed 
area in which flammable or combu.'itiblc \'apors, mist'i, residues, 
clust'i, or dcposit'i arc present clue to the operation of spray 
proccs.'iCs, including: 
(1) any area in the direct pam of a spray application proccs.'i; 
(2) tllc interior of a spray booth, spray room, or limited 

finishing workstation, a'i herein clcfinccl; 
(3) tllc imcrior of any cxhau.'it plenum, eliminator section, or 

scrubber section; 
(4) the interior of any cxhau.'it duct or cxhau.'it stack leading 

from a spray application proccs.'i; 
( 5) the interior of any air recirculation path up to and includ

ing recirculation particulate filters; 
(6) any solvcm concentrator (pollution abatement) unit or 

solvent recovery (distillation) unit; and 
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(7) the inside of a membrane enclosure. 

The follm,ing arc not part of dtc spray area: 
(1) fresh air make-up uniLo;; 
(2) air supply dueL-; and air supply plenums; 
(3) recirculation air supply clucLo; downstream of recirculation 

particulate filters; and 
( 4) exhaust dueL-; from solvent concentrator (pollution abate

ment) uniL�. L33:3.3.2.3J (CMP-14) 

Informational :'\ote l'o. I :  l" nenclosed sprdy area� are locations 
out.�ide of buildings or are localized operations \\ithin a larger 
room or space. Such area� are nmmally prm·ided \\ith some 
local �<tpor extrdction/ventilation system. In automated opera
tions, the area limit.� are the maximum area in the direct path of 
sp1<ty ope1<1tions. In manual operation.�, the area limit.� are the 
maximmn area of sp1<ty when aimed at 90 degrees to dte appli
cation surface. 

Informational Note No. 2: See definitions for /imitnl jini.<hing 
ltlork.<lation and membrane mrlo.mrt' for additional information. 

Spray Area, Outdoor. (Outdoor Spray Area) A spray area that 
is ouLo;idc the confines of a building or that hao; a canopy or 
roof dlat docs not limit the dis.�ipation of dlc heat of a fire or 
dispersion of flammable vapors and docs not restrict fire
fighting acccs.o; and control. For the purpose of dtis standard, 
an outdoor spray area can be treated ao; an unenclosed spray 
area a� defined in this ('..ode. L33:3.3.2.3.1 J  (CMP-14) 

Spray Area, Unenclosed. (Unenclosed Spray Area) Any spray 
area that is not confined by a limited finishing workstation, 
spray boom, or spray room, ao; herein defined. L33:3.3.2.3.2J 
(CMP-14) 

Spray Booth. A powcr-vcntilatccl enclosure for a spray applica
tion operation or proccs.� that confines ancl limiLo; the escape of 
the material being sprayed, including vapors, misLo;, dtLo;L"'; and 
residues that arc produced by dtc spraying operation and 
conclucLo; or dirccLo; dlcsc materials to an cxhatLo;t system. 
L33:3.3.19J (CMP-14) 

. 

Informational l'ote: A sprdy booth i� an enclosure or insen 
\\idtin a larger room used for sprd)ing, coating, and/or dipping 
applications. A spray bood1 can be fully enclosed or ha,·e open 
front or fdce and can include a separate cmweyor enll<tnce and 
exit. The sp1<ty booth i� pro,ided \\ith a dedicated ,-entilation 
exhaust \\ith supply air from the larger room or from a dedica
ted air supply. 

Spray Room. A power-ventilated fully enclosed room "id1 a 
specified fire resistance rating used exclusively for open spray
ing of flammable or combtl�tiblc materials. L33:3.3.20J 
(CMP-14) 

Stage Effect (Special Effect). An electrical or clcctromcchani
cal piece of equipment tLo;cd to simulate a distinctive visual or 
audible effect, such ao; a wind machine, lighming simulator, or 
sunset projector. (CMP-15) 

Stage Equipment. Equipment at any location on dlc premises 
integral to dtc stage production inducting, but not limited to, 
equipment for lighting, audio, special ciTccLo;, rigging, motion 
control, projection, onidco. (520) (CMP-15) 

Stage Lighting Hoist. A motorized lifting dc'l-icc dtat contains a 
mounting position for one or more luminaires, \\idl "iring 
dc\iccs for connection of luminaires to branch circuiLo;, and 
integral flexible cables to allow dlc luminaires to travel over dlc 
lifting range of dtc hoist while energized. (520) (CMP-15) 
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Stage Property. An article or object used a� a \isual clement in 
a motion picture or television production, except painted back
ground-; (scenery) and costumes. (530) (CMP-15) 

Stage Set. A specific area set up \\ith temporary scenery and 
properties designed and arranged for a particular scene in a 
motion picture or television production. (CMP-15) 

Stage Switchboard, F"JXed. (F"JXed Stage Switchboard) A pcrma
ncndy installed s\\itchboard, panclboard, or rack containing 
dimmers or relays "idl ao;sociatcd ovcrcurrcnt protective dc'l-i
ccs, or ovcrcurrcnt protective clc'l-iccs alone, used primarily to 
feed stage equipment. (CMP-15) 

Stage Switchboard, Portable. (Portable Stage Switchboard) A 
portable rack or pack containing dimmers or relays \\ith a<;.o;oci
atcd ovcrcurrcnt protective clc\iccs, or ovcrcurrcnt protective 
dc\iccs alone, used to feed stage equipment. (520) (CMP-15) 

Stand Lamp. A portable stand dlat contains a general-purpose 
luminairc or lampholdcr \\im guard for the purpose of prmicl
ing general illumination on a stage, in an auditorium, or in a 
studio. (520) (CMP-1q) 

Stand-Alone System. A system dlat is not connected to an elec
tric power production and distribution network. (CMP-4) 

Stationary (as applied to equipment). Equipment that is not 
moved from one place to anodtcr in nonnal usc. (f>80) 
(CMP-17) 

Storage, Dry Stack. (Dry Stack Storage) A facility, either 
covered or uncovcrccl, constructed of horizontal and vertical 
!\tructural members designed to allow placement of small boaLo; 
in defined sloLo; arranged bodl horizontally and vertically. 
L303:3.3.24.2J (555) (CMP-7) 

Stored-Energy Power Supply System (SEPSS). A complete 
functioning EPSS powered by a storccl-cncrgy electrical source. 
(CMP-13) 

Stranding, Compact. (Compact Stranding) A conductor strand
ing mcmod in which each layer of strand-; is prcs.o;ccl togcmcr 
to minimize me gaps between the strand-; so me overall diame
ter of dtc finished conductor is lcs.� dtan a concentric stranded 
conductor and lcs.o; man a comprcs.o;cd stranded conductor. 
(CMP-6) 

Stranding, Compressed. (Compressed Stranding) A conductor 
stranding mcmod in which me outer layer of stranclo; i-; prcs.o;cd 
togcmcr so dtc overall diameter of dlc finio;hcd conductor is 
lcs.o; than a concentric stranded conductor but greater man a 
compact stranded conductor. (CMP-6) 

Stranding, Concentric. (Concentric Stranding) A conductor 
consisting of a straight central strand surrounded by one or 
more layers of strand-;, helically laid in a geometric pattern. 
(CMP-6) 

Strip Light. A luminairc "id1 multiple lamps arranged in a row. 
(520) (CMP-15) 

Structure. That which i-; built or constructed, odtcr than 
equipment. (CMP-1) 

Structure, Relocatable. (Relocatable Structure) A factory
a�scmblccl structure or structures transportable in one or mo;c 
sections mat arc built on a permanent cha'i.o;is and designed to 
be used ao; odtcr man a dwelling unit \\imout a permanent 
foundation. (545) (CMP-7) 
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Informational Note: Examples of relocatable structures are 
those unit• tbat are equipped for sleeping purposes only, 
conu-actor's and other on-site offices, construction job dormito
ries, studio dres.•ing rooms, banks, clinics, stores, shower facili
ties and resu·ooms, u-aining centers, or for the display or 
demonsu-ation of merchandise or machines. 

Subassembly. Componcm parts or a segment of a sign, retrofit 
kit, or outline lighting system tltat, when assembled, forms a 
complete unit or product. (600) (CMP-18) 

Substation. An assemblage of equipment (e.g., Sl\itchcs, imcr
rupting dc\iccs, circuit breakers, btt'ics, and transfonncrs) 
through which electric energy is pa'i.'iCd for the purpose of 
distribution, s"itching, or modifying it'i characteristics. 
(CMP-9) 

Supervisory Control and Data Acquisition (SCADA). An elec
tronic system tltat prmidcs monitoring and controls for me 
operation of the critical operations power system. (C:\IIP-13) 

Informational Note: This can include the fire alann system, 
security system, control of tbe HVAC, the stan/stop/monitming 
of tbe power supplies and electrical disuibution system, annun
ciation and communication.• equipment to emergency person
nel, facility occupant•, and remote ope1-ators. 

Support Areas. Area'i, other man fixed production offices, 
intended to support production and where image capture \\ill 
not take place. Such arca'i include, but arc not limited to, 
mobile production offices, storage, and workspaces; vehicles 
and trailers for ca'it, makeup, hair, lighting, grip, wardrobe, 
props, catering, and craft sen-ices; and portable rcstrooms. 
(530) (C:\IIP-15) 

Surge Arrester. A protective device for limiting surge voltages 
by discharging or bypa'i.'iing surge current; it also prcvcnt'i 
continued flow of follow current while remaining capable of 
repeating these functions. (C:\IIP-10) 

Surge-Protective Device (SPD). A protective dc\icc for limiting 
transient voltages by diverting or limiting surge current; it also 
prcvcnt'i continued flow of follow currcm while remaining 
capable of repeating these functions and is designated a'i 
follows: 
(1)  Type 1 :  Permanently connected SPD� imcndcd for instal

lation between the sccondarv of the sen-icc transformer 
and the line side of the sc�icc di!IConncct ovcrcurrcm 
de\ icc 

(2) Type 2: Permanently connected SPDs intended for instal
lation on the load side of me sen-icc di!IConncct ovcrcur
rcnt device, including SPDs located at the branch panel 

(3) Type 3: Poim of utilization SPDs 
(4) Type 4: Componcm SPDs, including discrete compo

ncnt'i, a'i well a'i a'i.'icmblics. (CMP-10) 

Informational l'ote: See UL 1449, Staudard for Sur� Pmtnlive 
Deviu.<, for further information on SPDs. 

Suspended Ceiling Grid. A system that serves a'i a support for a 
finished ceiling surface and otltcr utilization equipment. (393) 
(CMP-18) 

Switch, General-Use. (General-Use Switch) A Sl\itch intended 
for tL'iC in general distribution and branch circuit'i. It is rated in 
amperes, and it is capable of interrupting it'i rated current at it'i 
rated voltage. (C:\IIP-9) 

Switch, General-Use Snap. (General-Use Snap Switch) A form 
of general-usc Sl\itch constructed so tltat it can be installed in 
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dc\icc boxes or on box covers, or omcn,isc tt'iCd in conjunc
tion l\ith "iring systems recognized by mis \Aide. (C:\IIP-9) 

Switch, Isolating. (Isolating Switch) A Sl\itch intended for 
isolating an electrical circuit from me source of power. It ha'i 
no interrupting rating, and it is intended to be operated only 
after the circuit ha'i been opened by some omcr means. 
(CMP-9) 

Switch, Motor-Circuit. (Motor-Circuit Switch) A S\'itch rated in 
horsepower mat is capable of interrupting me maximum oper
ating overload current of a motor of the same horsepower 
rating a'i the s"itch at the rated voltage. (CMP-1 1 )  

Switchboard. A large single panel, frame, or a'i.'icmbly of panels 
on which arc mounted on tltc face, back, or bom, Sl\itchcs, 
ovcrcurrent and other protective dc,iccs, buses, and usually 
instrumcnt'i.(CMP-9) 

Informational Note: These a'i.•emblies can be acces.•ible from 
the rear or side a• well a• from the from and are not intended to 
be installed in cabinet•. 

Switchgear. An a'i.'iCmbly co�plctely enclosed on all sides and 
top ";th sheet metal (except for ventilating openings and 
inspection "indo\\'S) and containing primary power circuit 
Sl\itching, imcrrupting dc,iccs, or both, "itl1 buses and 
connections. The a'i.'iCmbly may include control and auxiliary 
dc,iccs. Accc� to the interior of me enclosure is prmidcd by 
doors, rcmm'<lhlc covers, or bom. (C:\IIP-9) 

lnfonnational Note: All S\\itchgear su�ject to Nt:c requirement• 
is metal enclosed. S\\itchgear 1-ated below 1000 V or les.• may be 
identified a• "loW-\"l>ltage power circuit breaker S\\itchgear." 
S\\itchgear rated oYer 1000 V may be identified a• "metal
enclosed S\\itchgear" or "metal-clad s"itchgear." S"itchgear is 
a\-ailable in non-arc-resi•tant or arc-resi•taJll constnJctions. 

Switching Device( as applied to equipment rated over 1000 volts 
ac, 1500 volts de, nominal). A dc,icc designed to close, open, 
or both, one or more electrical circuit'i. (CMP-9) 

Cutout. An a'i.'iCmbly of a ftt'ic support wim cimcr a fuscholdcr, 
fuse carrier, or disconnecting blade. The ftt'iCholdcr or ftt'iC 
carrier may include a conducting elcmcm (ftt'iC link) or may 
act a'i me disconnecting blade by the inclusion of a nonftt'iiblc 
member. 

Di�ronntcting Sluitch ( m· lmlating Switch). A mechanical s\\itching 
dc\icc used for isolating a circuit or equipment from a source 
of power. 

lnttnupter Switch. A s\\itching dc\icc capable of making, carry
ing, and interrupting specified current'i. 

Oil-Filled Cutout. A cutout in which all or part of the ftt'iC 
support and it'i ftt'ic link or disconnecting blade is moumcd in 
oil \\ith complete immersion of the contact'i and me ftt'iiblc 
portion of me conducting elcmcm (ftL'iC link) so mat arc imcr
ruption by severing of the fuse link or by opening of me 
contact'i will occur under oil. 

Oil Switch. A S\\itching del-icc hal-ing contact'i mat operate 
under oil (or a'ikarel or omcr suitable liquid).  

Regulatm· B_vpass Switch. A s\\itching dc\icc or combination of 
s\\itching del-ices designed to bypa'i.'i equipment tt'iCd to control 
voltage levels or related circuit characteristics. 

System Isolation EquipmenL A redundantly monitored, 
remotely operated contactor-isolating system, packaged to 
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prm-idc the disconnection/isolation function, capable of verifi
able operation from multiple remote locations by means of 
lockout switches, each having the capability of being padlocked 
in the Moff' (open) position. (430) (CMP-1 1 )  

Tap Conductor. A conductor, other than a service conductor, 
that hao; ovcrcurrcnt protection ahead of its point of supply 
that exceed-; the value permitted for similar conductors that 
arc protected ao; described elsewhere in 240.4. (240) (CMP-10) 

Task Wumination. Prm-isions for the minimum lighting 
required to carry out necessary tao;ks in the area-; described in 
517.34(A) , including safe acccs.o; to supplies and equipment 
and acccs.Ho cxits. L99:3.3.177J (517) (CMP-15) 

Technical Power System. An electrical distribution system 
where the equipment grounding conductor is isolated from the 
premises grounded conductor and the premises equipment 
grounding conductor except at a single grounded termination 
point within a branch-circuit panelboard, at dtc originating 
(main breaker) branch-circuit panelboard or at the premises 
grounding electrode. (640) (CMP-12) 

Temporary Equipment. Portable \�iring and equipment inten
ded for usc with event-; of a transient or temporary nature 
where all equipment is presumed to be removed at dtc conclu
sion of the event. (640) (CMP-12) 

Terminal (as applied to batteries). That part of a cell, 
container, or battery to which an external connection is made 
(commonly identified ao; post, pillar, pole, or terminal post). 
(CMP-13) 

Thermal Protector (as applied to motors). A protective device 
for ao;scmbly ao; an integral part of a motor or motor
comprcs.o;or that, when properly applied, protect-; the motor 
against dangerous overheating due to overload and failure to 
start. (CMP-1 1 )  

Informational :'\ote: The dtermal protector may consist of one 
or more sensing element• integral wim the motor m· motor
compres..or and an external control de-.ice. 

Thermal Resistivity. The heat transfer capability duough a 
substance by conduction. (CMP-6) 

Informational Note: Thermal resi•ti�ity is dte reciprocal of ther
mal conducthity and i• designated Rho, which is expres.•ed in 
the unit• ·c...cm/W. 

Thermally Protected (as applied to motors). A motor or 
motor-comprcs.o;or dtat is provided with a thermal protector. 
(CMP-1 1 )  

Top Shield. A grounded metal shield covering under-carpet 
component-; of the flat conductor cable (Type FCC) system for 
the purposes of prm-iding protection against physical damage. 
(324) (CMP-6) 

Tower. A pole or odtcr structure that support-; a wind turbine. 
(694) (CMP-4) 

Transfer Switch. An automatic or nonautomatic device for 
transferring one or more load conductor connections from 
one power source to anodtcr. (CMP-13) 

Transfer Switch, Branch-Circuit Emergency lighting. (Branch
Circuit Emergency lighting Transfer Switch) A device connec
ted on the load side of a branch-circuit ovcrcurrcnt protective 
dcl'icc that transfers only emergency lighting load-; from the 
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normal power source to an emergency power source. (700) 
(CMP-13) 

Informational :'\ote: See ,\J'I:SI/t.:L 1008, Trm�<Jer Sruitch Equip
mmt, for infonnation covering branch-circuit emergency light
ing trdnsfer "''itches. 

Transfer Switch, Bypass Isolation. (Bypass Isolation Transfer 
Switch) A manual, nonautomatic, or automatic operated 
device tLo;cd in conjunction "ith a transfer Sl�itch to provide a 
means of dirccdy connecting load conductors to a power 
source and of disconnecting the transfer switch. (CMP-13) 

Transfer Switch, Meter-Mounted. (Meter-Mounted Transfer 
Switch) A transfer Sl\itch connected between the utilitl' meter 
and the meter bao;c. (CMP-13) 

' 

Informational l'ote: :VIeter�mounted transfer "''itches can plug 
into dte meter ba�. Transfer S'l\itches mat incorporate the 
meter base in the tran.•fer equipment a'i.�mbly are not con.•id
ered meter-mounted trdnsfer l>'\i.tches. 

Transformer. Equipment, either singlc-phao;c or polyphao;c, 
that uses electromagnetic induction to convert current and 
voltage in a primary circuit into current and voltage in a secon
dary circuit. (CMP�9) 

Transition Assembly. An a'l.o;cmbly to facilitate connection of 
the flat conductor cable (Type FCC) system to other "iring 
systems, incorporating (1)  a means of electrical interconnec
tion and (2) a suitable box or covering for prm-iding electrical 
safety at'ld protection against physical damage. (324) (CMP-6) 

Transport Refrigerated Unit (TRU). A trailer or container, 
"ith integrated cooling or heating, or both, used for the 
purpose of maintaining the desired em-ironment of 
temperature-sensitive goods or product-;. (626) (CMP-12) 

Transportable. X-ray equipment that is to be installed in a 
vehicle or that may be readily disa'i.o;cmblcd for transport in a 
vehicle. (660) (CMP-12) 

Truck. A motor vehicle designed for the transportation of 
good-;, scfl'iccs, and equipment. (626) (CMP-12) 

Truck Coupler. A truck flanged surface inlet and mating cord 
connector. (626) (CMP-12) 

Truck Flanged Surface Inlet. The dcvicc(s) on dtc truck into 
which the conncctor(s) is inserted to prm-idc electric energy 
and other scfl'iccs. This device is part of the truck coupler. For 
the purposes of this article, the truck flanged surface inlet is 
considered to be part of the truck and not part of the electri
fied truck parking space supply equipment. (626) (CMP-12) 

Trunk Cable. A portable extension cable containing six or 
more branch circuit-;, a male multipolc plug, and a female 
multipolc receptacle. (520) (CMP-15) 

Tubing, Electrical Metallic (EMT). (Electrical Metallic Tubing) 
An unducadcd dtinwall raceway of circular eros.-; section 
designed for the physical protection and routing of conductors 
and cables and for usc ao; an equipment grounding conductor 
when installed utilizing appropriate fittings. (CMP-8) 

Tubing, Electrical Nonmetallic (ENT). (Electrical Nonmetallic 
Tubing) A nonmetallic, pliable, corrugated raceway of circular 
eros.-; section with integral or a'i.o;ociatcd couplings, connectors, 
and fittings for the installation of electrical conductors. It is 
composed of a material that is resistant to moisture and chemi
cal atmospheres and is flame retardant. 
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A pliable raceway is a raceway that can be bent by hand with 
a rca<;Onablc force but without other a'i.�istancc. (C:\-IP-8) 

Thbing, Flexible Metallic (FMT). (Flexible Metallic Tubing) A 
metal raceway that is circular in eros.� section, flexible, and 
liquidtight without a nonmetallic jacket. (C:\-IP-8) 

Two-Fer. An a'i.�mbly containing one male plug and two 
female cord connectors used to connect two loads to one 
branch circuit. (520) (C:\-IP-15) 

1yPe of Protection "n". Type of protection where electrical 
equipment, in normal operation, is not capable of igniting a 
surrounding explosive ga� atmosphere and a fault capable of 
causing ignition is not likely to occur. (C:\-IP-14) 

Informational :'\ote: See ,\1'\:SI/t:L 60079-15, Explo.<ive Al111os
plvre.< - Par/ 15: Equipment Protwtinn by TyfN' of Protection "n ", for 
additional information. 

Ungrounded. 1'\ot connected to ground or to a conductive 
body that extend� the ground connection. (C:\-IP-5) 

Uninterruptible Power Supply (UPS). A device or system that 
prm-idcs quality and continuity of ac power through the usc of 
a stored-energy dc"l-icc a� the backup power source for a period 
of time when the normal power supply is incapable of perform
ing acceptably. (C:\-IP-13) 

Unit Equipment. A battery-equipped emergency luminairc 
that illuminates only a� part of the emergency illumination 
system and is not illuminated when dtc nonnal supply is availa
ble. (C:\-IP-13) 

Utilization Equipment. Equipment that utilizes electric energy 
for electronic, electromechanical, chemical, heating, lighting, 
or similar purposes. (C:\-IP-1) 

Valve Actuator Motor (VAM) Assemblies. A manufactured 
a'i.�mbly, used to operate a valve, consisting of an actuator 
motor and other components such a� motor controllers, torque 
switches, limit s"itches, and overload protection. (430) 
(CMP-1 1)  

Informational :'\ote: VAt.b typically have short-time duty and 
high-torque characteristics. 

Ventilated. Provided with a means to permit circulation of air 
sufiicicnt to remove an execs.� of heat, fumes, or vapors. 
(CMP-14) 

Vessel. A container such a� a barrel, drum, or tank for holding 
fluids or other material. (CMP-1 7) 

Volatile Flammable Liquid. A flammable liquid ha"l-ing a fla�h 
point below 38•c (1000F) , or a flammable liquid whose 
temperature is above its fla�h point, or a Cla'i.� II combustible 
liquid that ha� a vapor prcs.�urc not exceeding 276 kPa 
(40 psia) at 38•c (1000F) and whose temperature is above its 
fla�h point. (C:\-IP-14) 

Voltage (of a circuit). The greatest root-mean-square (rms) 
(effective) difference of potential between any two conductors 
of the circuit concerned. ( C:\-IP-1 ) 

Informational Note: Some systems, such a� 3-pha� 4-"ire, 
single-pha� 3-\,ire, and 3-\\ire direct cun-ent, may ha\·e \-ariolL� 
circuiL� of �-ariolL� \'Oitages. 

Voltage, High. (High Voltage) A potential difference of more 
than 1000 volts, nominal. (C:\-IP-9) 
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Informational l'ote: CircuiL� and equipment 1-ated at potential 
differences of more than 1000 n>IL� and up to 52 kV are al�o 
commonly referred to a� medium \'Oitage. 

Voltage, Low. (Low Voltage). An electromotive force rated 
24 volts, nominal, or lcs.�. (551) (C:\-IP-7) 

Voltage, Nominal. (Nominal Voltage) A nominal value a'i.�igncd 
to a circuit or system for the purpose of convcnicndy designat
ing iL� voltage cla'i.� (e.g., 120/240 voiL�, 480¥/277 voiL�, 
600 voiL�). (CMP-1) 

Informational l'ote :'\o. I :  The actual voltage at which a circuit 
ope1-ates can \'ary from the nominal "ithin a range that permiL� 
satisfactory operdtion of equipment. 

lnformational l'ote l'o. 2: See ANSI <'..84.1-2011 ,  Voltagr. Rnlings 
for furtrir Pmtltff Sy<te111.< and Equipment (60 Hz). 

Voltage, Nominal (as applied to bauery or ceU).(Nominal Volt
age) The value a'i.�igncd to a cell or battery of a given voltage 
cla'i.� for dtc purpose of convenient designation. The operating 
voltage of dtc cell or battery may vary above or below this value. 
(CMP-13) 

. 

Informational l'ote: The most common nominal cell ,·oltages 
are 2 miL� per cell for the lead-..cid hatteries, 1.2 miL� per cell 
for alkali hatteries, imd 3.2 to 3.8 miL� per cell for Li-ion batter
ies. Nominal ml�es might �-ary "ith different chemi�tries. 

Voltage to Ground. For grounded circuiL�, the voltage between 
the given ronductor and that point or conductor of dtc circuit 
that is groUJidcd; for ungrounded circuiL�, the greatest voltage 
between the given conductor and any other conductor of the 
circuit. (C:\-IP-1) 

Watertight. Constructed so that moisture \\ill not enter the 
enclosure under specified test conditions. (C:\-IP-1 ) 

Weatherproof. Constructed or protected so that exposure to 
the weather will not interfere with succcs.�ful operation. 
(CMP-1) 

Informational l'ote: Rainproof, raintight, or \\-atertight equip
ment can fulfill the requirements for weatherproof where \"dl")� 
ing weather conditions other than wetnes.�, such a� snow, ice, 
dtL�t. or temperature extremes, are not a fdctor. 

Wharf. A structure at the shoreline that ha� a platform built 
along and parallel to a body of water with either an open deck 
or a superstructure. L307:3.3.28j (555) (C:\-IP-7) 

W'md Turbine. A mechanical device that convcrL� wind energy 
to electrical energy. (C:\-IP-4) 

W'md Turbine Output Circuit. (Turbine Output Circuit) The 
circuit conductors between the internal componcnL� of a wind 
turbine (which might include an alternator, integrated recti
fier, controller, and/or inverter) and other equipment. (694) 
(CMP-4) 

Ware. A factory a'i.�mbly of one or more insulated conductors 
without an overall covering. (805) (C:\-IP-16) 

W'areless Power Transfer (WPT). The transfer of electrical 
energy from a power source to an electrical load l-ia magnetic 
field� by a contactlcs.� means between a primary device and a 
secondary device. (625) (C:\-IP-12) 

W'areless Power Transfer Equipment (WPTE). Equipment 
installed specifically for the purpose of transferring energy 
between the premises "iring and the electric vehicle \\ithout 
physical electrical contact. ( 625) ( C:\-IP-12) 
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Informational Note :'\o. 1: The general form of WPTE consisL• 
of two physical packages: a control box and a ptimary pad. 

Informational Note l'o. 2: Electric vehicle power export equip
ment and \\ireles.• power transfer equipment are sometimes 
contained in one set of equipment, sometimes referred to a• a 
bidirectional \-\'PTE. 

Wu-eways, Metal. (Metal Wareways) Sheet metal troughs wilh 
hinged or removable covers for housing and protecting electri
cal wires and cable and in which conductors arc laid in place 
after the raceway has been installed as a complete system. 
(CMP-8) 

Wu-eways, Nonmetallic. (Nonmetallic Wareways) Flame
retardant, nonmetallic troughs wilh removable covers for hous
ing and protecting electrical wires and cables in which 
conductors arc laid in place after the raceway has been instal
led as a complete system. (CMP-8) 

Work Surface. A fixed, stationary, or portable surface typically 
intended for dry usc and for task.'i other dtan food preparation, 
pcrsonal la\-ation, or laundering dtat prcscnt'i an incidental risk 
of spillage of smaller quantities of beverages and other liquid'i 
upon oudct'i mounted dirccdy on or rcccs.'icd in dtc surface. 
(CMP-2) 

Informational Note l'o. I: See UL I l l ,  Out Iiiii' of lmmsligaliml for 
Multioutlel .4smnblies, and l"L 962A, Furnilu" Pmoer Distribution 
Units, which establish the perfmmance e\"aluation ctitetia and 
constntction criteria. 

Informational Note No. 2: See 406.5(F), 406.5(G) ( l ) ,  and 
406.5(H) for information on receptacles for work surfdces 
distinguished from receptacles for counters and countertops. 

Zone. A physically identifiable area (such a'i barriers or separa
tion by distance) "ithin an information technology equipment 
room, with dedicated power and cooling systems for the infor
mation technology equipment or systems. (645) (C�IP-12) 

ARTICLE 1 10 
General Requirements for Electrical 

Installations 

Part I. General 

110.1 Scope. This article covers general requirement" for lhc 
examination and apprO\al, installation and usc, access to and 
spaces about clcclrical conductors and equipment; enclosures 
intended for personnel entry; and tunnel installations. 

Informational l'ote: See lnfmmative Annex .J for information 
regarding ADA acces.•ibility design. 

110.2 Approval. The conductors and equipment required or 
permitted by this Code shall be acceptable only if approved. 

Informational l'ote: See 90.7, Examination of Equipment for 
Safety, and 1 10.3, Examination, Identification, Installation, and 
l"se of Equipment. See definitions of Apprtn!l'd, /dmtijini, l.abdnl, 
and l..istni. 
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1 10.3 Examination, Identification, Installation, Use, and List
ing (Product Certification) of Equipment. 

(A) Examination. In judging equipment, considerations such 
a'i lhc follo"ing shall be C'l'aluatcd: 
(1)  Suitability for installation and usc in conformity wilh this 

('..ode 

Informational l'ote :'\o. I :  Equipment may be new, recondi
tioned, refurbished, or remanufactured. 

Informational Note No. 2: Suitability of equipment u.� may be 
identified by a dese�iption marked on or pro,ided \\ith a prod
net to identity the suitability of the product for a specific 
purpose, emiromnent, or application. Special conditions of u.•e 
or other limitations and other pertinent infmmation may be 
marked on the equipment, included in the product instntctions, 
or included in the appropliate listing and labeling infonnation. 
Suitability of equipment may be e\idenced by li•ting or labeling. 

(2) Mechanical strength and durability, including, for part'i 
designed to enclose and protect odtcr equipment, lhc 
adequacy of the protection thtL'i provided 

(3) Wire-bending and connection space 
(4) Electrical insulation 
(5) Heating cffcct'i under normal conditions of usc and also 

under abnormal conditions likclv to arise in service 
(6) Arcing cffcct'i 

· 

(7) Cla..Sification by type, size, voltage, current capacity, and 
specific tL'iC 

(8) ·. Cybersccurity for network-connected life safety equip
ment to addrcs.'i it'i abilitv to l\ithstand unauthorized 
updates and malicious �ttack.'i while continuing to 
perform its intended safety functionality 

Informational l'ote l'o. 3: See the A. '\SI/ISA 62443 series of 
standards for indu.•trial automation and control S'\'"Stems, the 
l"L 2900 selies of standard• for software cybet�urity for 
network-connectable prodnCL•, and l"L 5500, Standard for REIIwte 
Sojltoarl' Updates, which are standard• that provide framework.• to 
mitig-dte current and future security cybersecnrity \'lllnerabilities 
and addres.• software integrity in ")'"Stems of elecuical equip
ment. 

(9) Odtcr factors lhat contribute to the practical safeguard
ing of persons tL'iing or likely to come in contact with lhc 
equipment 

(B) Installation and Use. Equipment lhat is listed, labeled, or 
both, or identified for a tL'iC shall be installed and used in 
accordance "ilh any instructions included in lhc listing, label
ing, or identification. 

Informational Note: The installation and u.•e instntctions may 
be prmided in the form of printed material, quick response 
(QR) code, or the addres.• on the internet where u.•ers can 
dmmload the required instruction.•. 

(C) Listing. Product testing, C\-aluation, and listing (product 
certification) shall be performed by recognized qualified elec
trical testing laboratories and shall be in accordance wilh appli
cable product standarcl'i recognized a'i achieving cquhalcnt 
and effective safety for equipment installed to comply "ilh this 
('..ode. 

Informational l'ote: The Occupational Safety and Health 
Admini•u-ation (OSHA) recognizes qualified elecuical testing 
labm-atmies that perform e\-aluations, testing, and certification 
of certain prodnCL• to ensure that they meet the reqniremenL• of 
both the constntction and general indu.•u·y OSHA electrical 
standards. If the listing (product certification) is done under a 
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qualified electJical testing laboratory program, this listing mark 
signifies that the tested and certified product complies \\ith the 
requirement• of one or more appropriate product safety test 
standards. 

110.4 Voltages. The voltage considered shall be that al which 
the circuit operates. The voltage rating of electrical cquipmcm 
shall not be lcs.� than dtc nominal voltage of a circuit to which 
it is connected. 

110.5 Conductors. Conductors used to carry current shall be 
of copper, aluminum, or copper-clad aluminum unlcs.� othcr
"isc provided in dlis Code. If the conductor material is not 
specified, the sizes given in this \..ode shall apply to copper 
conductors. If other materials arc used, me size shall be 
changed accordingly. 

110.6 Conductor Sizes. Conductor sizes arc expressed in 
American Wire Gauge (AWG) or in circular mils. 

110.7 Wuing Integrity. Complctccl wiring installations shall be 
free from short circuit�, ground fault�, or any connections to 
ground other dtan a� required or pcrmiuccl elsewhere in this 
Code. 

110.8 Wuing Methods. Only \\iring mcdtod� recognized a� 
suitable arc included in this Code. The recognized method� of 
"iring shall be pcnniucd to be installed in any type of building, 
occupancy, or premises wiring system, except a� odtcrwisc 
prm-iclcd in dlis \..ode. 

110.9 Interrupting Rating. Equipment intended to imcrrupl 
current at fault levels shall have an interrupting rating at nomi
nal circuit voltage at lca�l equal to me available fault current at 
me line terminals of me equipment. 

Equipmcm intended to interrupt current at odtcr than fault 
levels shall have an interrupting rating at nominal circuit volt;. 
age at lca�l equal to dtc current mat must be imcrruptcd. 

110.10 Circuit Impedance, Short-Circuit Current RatingB, and 
Other Characteristics. The ovcrcurrcnt protective dc\.iccs, me 
total impedance, me equipment short-circuit current ratings, 
and other characteristics of me circuit to be protected shall be 
selected and coordinated to permit the circuit protective dcli
ccs used to dear a fault to do so without extensive damage to 
the electrical equipment of me circuit. This fault shall be 
a�sumcd to be cidtcr between two or more of dtc circuit 
conductors or between any circuit conductor and me cquip
mcm grounding conductor(s) pemiiucd in 250.1 18. Listed 
cquipmcm applied in accordance wim dtcir listing shall be 
considered to meet dtc requirement� of dtis section. 

110.11 Deteriorating Agents. Unlcs.� idcmificd for tt� in me 
operating cmironmcnt, no conductors or cquipmcm shall be 
located in damp or wet locations; where exposed to ga�s, 
fumes, vapors, liquid�, or oilier agent� mat have a deteriorating 
effect on the conductors or equipment; or where exposed to 
excessive temperatures. 

Informational l'ote :'\o. I :  See 300.6 for protection against 
corrosion. 

Informational :'\ote No. 2: Some cleaning and lubricating 
compound• can calL� severe deteriordtion of many pla•tic mate
rials lL�d for insulating and stmctural application• in equip
men!. 

Equipment not identified for outdoor usc and cquipmcm 
idcmificd only for indoor usc, such a� "dry locations," "indoor 
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tL� only," "clamp locations," or enclosure Types 1 ,  2, 5, 12, 12K, 
and/or 1 3, shall be protcctccl against damage from the weather 
during construction. 

Informational l'ote l'o. 3: See Table 1 10.28 for appropriate 
enclosure-type designations. 

Informational l'ote l'o. 4: See NFPA 5000.2015, Building 
Om.<lruction ami Safdy ("..ode, the lniPmational Building C.nde (lBC), 
and the lntmltllional Residential C.nde for Ont�- and Tlt!o·Family 
DwPI/inl{' (/RC), for infmmation for minimum Hood pro,isions. 

110.12 Mechanical Execution of Work. Electrical cquipmcm 
shall be installed in a profcs.�ional and skillful manner. 

Informational :'\ote: See Al'SI/:'\ECA 1-2015, Staudard for C.ood 
Workmauship in Ekctrical Omstrurtion, and other ,\J'I:SI-approved 
installation standard• for infmmation on accepted industry prdc
tices. 

(A) Unused Openings. l:nuscd openings, oilier than dlosc 
intended for dtc operation of equipment, those imcndccl for 
mounting purposes, or dtosc penniuccl a� part of me design 
for listed equipment, shan · be dosed to afford protection 
substantially equivalent w the wall of the cquipmcm. \\'here 
metallic plugs or plate." arc used l\ilh nonmetallic enclosures, 
they shall be recessed at lca�l 6 mm (Y., in.) from me outer 
surface of me enclosure. 

(B) Integrity of Electrical Equipment and Connections. Inter
nal part� of electrical equipment, including btt�bars, "iring 
tcnninals, insulators, and other surfaces, shall not be damaged 
or contaminated by foreign materials such a� paint, pla�tcr, 
cleaners, abra�ivcs, or corrosive residues. There shall be no 
damaged part� mat may adversely affect safe operation or 
mechanical strcngdl of the equipment such a� part� mat arc 
broken; bent; cut; or clctcrioratcd by corrosion, chemical 
action, or overheating. 

(C) Cables and Conductors. f'..ablcs and conductors installed 
exposed on me surfaces of ceilings and sidewall� shall be 
supported by me building structure in such a manner that me 
cables and conductors will not be damaged by normal building 
tL�. Such cables and conductors shall be secured by hardware 
including straps, staples, cable tics, hangers, or similar fittings 
designed and installed so a� not to damage me cable. The 
installation shall also conform "idl 300.4 and 300. 1 1 .  :"'onmc
tallic cable tics and oilier nonmetallic cable acccs.�ories used to 
secure and support cables in oilier spaces used for environ
mental air (plenums) shall be listed a� having low smoke and 
heal relca� properties. 

Informational :'\ote l'o. 1 :  See NFPA 90A-2021, Standanifor the 
lmtallation of Air.('..oluiitioni•'K and Vmtilating Sy.<ll!llt<, 4.3. 1 1.2.6.5 
and 4.3.1 1 .5.5.6, for discrete comhlL•tible component• installed 
in accordance \\ith 300.22(C). 

Informational :'\ote :'\o. 2: Paint, pla•ter, cleaners, abra•ives, 
corrosh·e residues, or other contaminant• mav result in an unde
tennined alteration of optical fiber cable propenies. 

110.13 Mounting and Cooling of Equipment. 

(A) Mounting. Electrical equipment shall be firmly secured to 
me surface on which it is mounted. Wooden plugs driven imo 
holes in ma�onry, concrete, pla�tcr, or similar materials shall 
not be tt�cd. 

(B) Cooling. Electrical equipment dtat depend� on me natu
ral circulation of air and convection principles for cooling of 
exposed surfaces shall be installccl so mat room airflow over 
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such surfaces is not prcvcmcd by walls or by acljaccm installed 
cquipmcm. For cquipmcm designed for floor mounting, clear
ance between top surfaces and adjacclll surfaces shall be provi
ded to dissipate rising warm air. 

Electrical cquipmcm provided wilh ventilating openings 
shall be installed so lhat walls or other obstructions do not 
prcvcm lhc free circulation of air duough the cquipmcm. 

110.14 Electrical Connections. Because of different character
istics of dissimilar metals, devices such as pressure terminal or 
pressure splicing connectors and soldering lugs shall be identi
fied for the material of the conductor and shall be properly 
installed and used. Conductors of dissimilar metals shall not be 
imcrmixcd in a tcnninal or splicing connector where physical 
contact occurs between dissimilar conductors unlcs.� the device 
is identified for the purpose and conditions of usc. Materials 
such a� solder, fluxes, inhibitors, and compounclo;, where 
employed, shall be suitable for the usc and shall be of a type 
that "ill not adversely affect dtc conductors, installation, or 
cquipmcm. 

f'..onncctors and terminals for conductors more finely stran
ded lhan Cla'i.� B and Cla'i.� C stranding ao; shown in Chapter 9, 
Table 10, shall be idcmificd for the specific conductor cla'i.� or 
cla'i.o;cs. 

(A) Terminals. f'..onncction of conductors to tcnninal part� 
shall ensure a mechanically secure electrical connection with
out damaging dtc conductors and shall be made by means of 
pressure connectors (including set-screw type), solder lugs, or 
splices to flexible lead�. f'..onncction by means of wire-binding 
screws or studo; and nuto; that have upturned lugs or the cquiva
lcm shall be pcrmiucd for 10 AWG or smaller conductors. 

Terminals for more than one conductor and terminals used 
to connect aluminum shall be so identified. 

(B) Splices. Conductors shall be spliced or joined with splic
ing devices identified for the usc or by brazing, welding, or 
soldering with a fusible metal or alloy. Soldered splices shall 
first be spliced or joined so ao; to be mechanically and electri
cally secure without solder and then be soldered. All splices 
and jointo; and the free end� of conductorS shall be covered 
wilh an insulation cqui\alcm to that of lhc conductors or wilh 
an identified insulating device. 

Wire connectors or splicing means installed on conductors 
for direct burial shall be lis�d for such usc. 

(C) Temperature Limitations. The temperature rating a�soci
atcd with lhc ampacity of a conductor shall be selected and 
coordinated so a� not to exceed lhc lowest temperature rating 
of any connected termination, conductor, or device. Conduc
tors with temperature ratings higher lhan specified for termi
nations shall be pcrmiucd to be used for ampacity adjuslrllcnt, 
correction, or both. 

(I) Equipment Provisions. The dctcnnination of termination 
prmisions of equipment shall be bao;cd on l 10.14(C) ( 1 ) (a) or 
(C) ( 1  ) (b). Unlcs.o; the cquipmcm is listed and marked other
wise, conductor ampacitics used in determining cquipmcm 
tcnnination provisions shall be bao;cd on Table 310.16 ao; appro
priately modified by 310.12. 

(a) Termination provisions of cquipmcm for circuit� 
rated 100 amperes or lcs.�. or marked for 14 AWG through 
1 AWG conductors, shall be used only for one of the following: 

(1)  f'..onductors rated 60°C (l40°F). 
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(2) f'..onductors wilh higher temperature ratings, provided 
the ampacity of such conductors is determined bao;cd on 
the 60°C (l40°F) ampacity of thc conductor size used. 

(3) Conductors l\ith higher temperature ratings if lhc equip
ment is listed and identified for usc "id1 such conductors. 

(4) For motors marked with design lcucrs B, C, or D, conduc
tors having an insulation rating of 75°C (167°F) or higher 
shall be permitted to be used, provided the ampacity of 
such conductors docs not exceed lhc 75°C (167°F) 
ampacity. 

(b) Termination prmisions of equipment for circuit� 
rated over 100 amperes, or marked for conductors larger than 
1 AWG, shall be used only for one of lhc follm,ing: 

( 1 )  Conductors rated 75°C (167°F) 
(2) Conductors wilh higher temperature ratings, provided 

the ampacity of such conductors docs not exceed lhc 
75°C (167°F) ampacity of the conductor size used, or up 
to their ampacity if lhc equipment is listed and identified 
for usc wid1 such conductors 

(2) Separate Connector
. 
Provisions. Separately installed pres

sure connectors shall be uo;cd wilh conductors at the ampacitics 
not exceeding thc:ampacity at the listed and identified temper
ature rating of the connector. 

Informational Note: Equipment markinw- or li"ting information 
may additimially restJict the sizing and temperature rdtinw- of 
connected conductors. 

(Df Terminal Connection Torque. Tightening torque values 
for tenninal connections shall be ao; indicated on cquipmcm or 
in installation instructions provided by the manufacturer. An 
approved means shall be used to achieve lhc indicated torque 
\aluc. 

Informational :'\ote No. 1: Examples of approved means of 
achieving the indicated torque values include torque tools or 
de\·ices such a" shear boll" or breakaway-style de\'ices \\ith \'isual 
indicators that demonstrdte that the proper torque ha" been 
applied. 

Informational :'\ote l'o. 2: See t:L Standard 486A-4868, Staudard 
fnr Safny-Wm Cmmectnn, lnformati,·e Annex I for torque \'alues 
in the absence of manufdcturer's recommendations. The equip
ment manufdcturer can be contacted if numeric torque \'alues 
are not indicated on the equipment or if the installation instJuc
tions are not a\<tilable. 

Informational Note l'o. 3: See NFPA 70S.20 19, RHmnmemled 
Prarticl' fnr Ekctrical Equipment '"laiutmanre, Section 8. 1 1  for addi
tional infmmation for torquing threaded connections and 
te1minations. 

1 10.15 High-Leg Marking. On a 4-l\irc, delta-connected system 
where the midpoim of one phao;c "inding is grounded, only 
the conductor or btLo;bar having the higher phao;c voltage to 
ground shall be durably and pcrmancndy marked by an outer 
finish that is orange in color or by odtcr effective means. Such 
idcmification shall be placed at each poim on the system where 
a connection is made if lhc grounded conductor is also 
present. 

1 10.16 Arc-Flash Hazard Warning. 

(A) General. Electrical equipment, such ao; switchboardo;, 
switchgear, enclosed panelboards, indtLo;trial control panels, 
meter socket enclosures, and motor control centers, lhat is in 
other lhan dwelling unito;, and is likely to require examination, 
adjuslrllcnt, servicing, or maimcnancc while energized, shall be 
field or factory marked to "arn qualified persons of potential 
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electric arc flash hazard�. The marking shall meet the require
ments in 1 1 0.21 (B) and shall be located so as to be clearly visi
ble to qualified persons before examination, adjustment, 
sen-icing, or maintenance of the equipment. 

(B) Service Equipment and Feeder Supplied Equipment. In 
other than dwelling unit�, in addition to the requirement� in 
l 10.16(A), a permanent arc flash label shall be field or factory 
applied to scnicc equipment and feeder supplied equipment 
rated 1000 amperes or more. The arc fla�h label shall be in 
accordance "id1 applicable industry practice and include me 
date the label was applied. The label shall meet me require
ment� of 1 1 0.21 (B). 

Informational Note :'\o. 1 :  See A:'\SI Z.'>35.4-20l l  (R20l i),  Prod
uct Saf1'1)" Sign.< and Labrl.<, for guidelines for the design of safety 
signs and labels for application to producl�. 

Informational :'\ote l'o. 2: See :'\FPA 70f.:2021,  Stmulard for fur
triral Saft!ly in the Worllp/aCI', for applicable indt�•try prdctices for 
equipment labeling. This standard prmides specific clitelia for 
developing arc-Ha.•h label• for equipment that prm·ides nominal 
system ,·oltage, incident energy levels, arc-Ha.•h boundalies, 
minimum required level• of personal pmtecth·e equipment, and 
so forth. 

110.17 Servicing and Maintenance of EquipmenL Servicing 
and electrical preventive maintenance shall be performed by 
qualified persons trained in sen-icing and maintenance of 
equipment and shall comply t\ith the follm\ing: 

(1)  The sen-icing and electrical preventive maintenance shall 
be perfonncd in accordance with the original equipment 
manufacturer's instructions and information included in 
the listing information, applicable indn�try standard�, or 
a� approved by the authority hat-ing jurisdiction. 

(2) The sen-icing and electrical preventive maintenance shall 
be perfonncd using identified replacement part� dtat arc 
verified under applicable product standards. The replace
ment part� shall comply "id1 at lca�t one of dtc following: 

a. Be provided by me original equipment manufacturer 
b. Be designed by an engineer experienced in the design 

of replacement part� for dtc type of equipment being 
scniccd or maintained 

c. Be approved by the authority having jurisdiction 

Informational l'ote l'o. I: For equipme-nt that i• not listed or 
field labeled, or for which componenl• are no longer a�-ailable 
from the original equipment manufacturer, one \\<1)' to deter
mine suitability is to r�iew the docuinentation that accompa
nies the replacement pan•. 

Informational :'\ote No. 2: See l'FPA iOB, Recommendl'd Practice 
for Ekctrical Equipment '"lainte111111re, for information related to 
preventive maintenance for electrical, electronic, and communi
cation system• and equipment. 

110.18 Arcing Parts. Part� of electrical equipment dtat in orcli
nary operation produce arcs, spark.�, flames, or molten metal 
shall be enclosed or separated and isolated from all combn�ti
blc material. 

110.19 Light and Power from Railway Conductors. Circuit� for 
lighting and power shall not be connected to any system that 
contains trolley wires wim a ground return. 

Exception: Such ciwuit connections shall be permilltd in car houses, 
pawer hmtses, m· passenger and ft"eight stations aperattd in connectian 
with tlectric railways. 
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110.20 Reconditioned Equipment. Reconditioned equipment 
shall be pcnnittcd except where prohibited elsewhere in this 
Codt. Equipment mat is restored to operating condition shall 
be reconditioned wim identified replacement part�, verified 
under applicable standard�, mat arc either provided by me 
original equipment manufacturer or mat arc designed by an 
engineer experienced in dtc design of replacement part� for 
the type of equipment being reconditioned. 

(A) Equipment Required to Be Listed. Equipment that is 
reconditioned and required by mis ('..adt to be listed shall be 
listed or field labeled a� reconditioned n�ing available instruc
tions from the original equipment manufacturer. 

(B) Equipment Not Required to Be Listed. Equipment that is 
reconditioned and not required by this Codt to be listed shall 
comply t\ith one of me follo\\ing: 

(1)  Be listed or field labeled a� reconditioned 
(2) Have me reconditioning performed in accordance wim 

the original equipment manufucturcr instructions 

(C) Approved EquipmenL If the options specified in 
l 10.20(A) or (B) arc not a"ailablc, me aumority hat-ing juris
diction shall be permitted to approve reconditioned equip
ment, and me rccouditioncr shall prmidc the authority hat-ing 

jurisdiction wim documentation of me changes to me product. 

110.21 Markilig. 

(A) Equipment Markings. 

(1) Geoeral. The manufacturer's name, trademark, or other 
descriptive marking by which dtc organization responsible for 
the product can be identified shall be applied or affixed onto 
all electrical equipment. Other markings mat indicate voltage, 
current, wattage, or other ratings shall be prmidcd a� specified 
elsewhere in this Codt. The marking shall be of sufficient dura
bility to withstand the em-ironment involved. 

(2) Reconditioned Equipment. Reconditioned equipment 
shall be marked "im me follm\ing: 

(1)  1'\amc, trademark, or odtcr descriptive marking of me 
organization mat performed me reconditioning 

(2) The date of me reconditioning 
(3) The term t-econditifmed or omcr approved wording or 

symbol indicating mat the equipment ha� been recondi
tioned 

The original listing mark shall be removed or made pcnna
ncndy illegible. The equipment nameplate shall not be 
required to be removed or made pennancndy illegible, only 
me part of the nameplate mat includes the listing mark, if 
applicable. Approval of the reconditioned equipment shall not 
be ba�d solely on me equipment's original listing. 

Exception: In indust1ial accupancits, where conditians of maintmana 
and supn-vi�ion eiUU1"t! tlmt ml�}· qualijitd persons se1-vice the equip
ment, the mmftings indicated in 110.21(A)(2) shall 1wt be rtquhedfm· 
equipmtnt that is reconditioned by the owner m· apemtm· as Jlart af a 
regular 1'-JfuiJmlmt maintmana pmgram. 

Informational :'\ote l'o. I :  A:'\SI-approved standard• are a\'llila
ble for application of reconditioned and refurbi•hed equip
ment. 

Informational Note :'\o. 2: The tenn TNOJuiilinned may be inter
changeable "ith the term• rl'huilt, refurbished, or mnauufactured 
even though these are sometimes different pmces.�s. 
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(B) Field-Applied Hazard Markings. Where caution, warning, 
or danger hazard markings such as labels or signs arc required 
by this ('..ode, the markings shall meet the follo"ing require
ments: 

( 1) The marking shall be of sufficient durability to withstand 
the environment involved and warn of the hazard-; using 
effective word-;, colors, S}mbols, or any combination 
thereof. 

Informational Note No. 1 :  See ,\.'\SI Z.'>35.2-201 1  (R2017), Envi
TOiliiUmtal and Facility Safd)' Sigm, which describes the design, 
application, and lL'Ie of safety signs in facilities and in dte em-i
ronment. 

Informational Note :'\o. 2: See A:'\SI Z.'>35.4-201 1  (R2017), Prod
uct Safdy Signs and /.abel<, which detail• the design, application, 
tL•e, and placement of safety signs and label• on a "ide variety of 
products. 

(2) The marking shall be permanently affixed to the equip-
ment or wiring mctl1od and shall not be handwritten. 

Exception to (2): Pm·tions of the mm"kings that at1' vmiable, or that 
could be subject to changes, shall be Jnmnittl'd to be handun·ittm and 
shall be legible. 

110.22 Identification of Disconnecting Means. 

(A) General. Each disconnecting means shall be legibly 
marked to indicate ito; purpose unlcs.o; located and arranged so 
the purpose is evident. In other than one- or two-family dwell
ings, tl1c marking shall include the identification and location 
of the circuit source that supplies the disconnecting means 
unlcs.o; located and arranged so the identification and location 
of the circuit source is evident. The marking shall be of sum
dent durability to "ithstand the environment involved. 

(B) Engineered Series Combination Systems. Equipment 
enclosures for circuit breakers or fuses applied in compliance 
with series combination ratings selected under cngipccring 
supervision in accordance with 240.86(A) shall be legibly 
marked in the field as directed by tl1c engineer 'tO indicate the 
equipment has been applied with a series combination rating. 
The marking shall meet the rcquircmcniS in l 10.21 (B) and 
shall be readily visible and state tl1c foUo\\i"g: 

f'..AUTION - E:"!Gil'\EERED SERIES COMBIJ'\ATION 
SYSTEM RATED ___ AMPERES. IDE:"'TIFIED REPLACE-

MEJ'\T COMPONEl'\TS REQUIRED. 

(C) Tested Series Combination Systems. Equipment enclo
sures for circuit breakers or fuses applied in compliance with 
the series combination ratings marked on the equipment by 
the manufacturer in accordance "itl1 240.86(B) shall be legibly 
marked in the field to indicate tl1c equipment hao; been applied 
with a series combination rating. The marking shall meet the 
requirement-; in 1 10.21 (B) and shall be readily visible and state 
the follo"ing: 

f'..AUTI0:"-1 - SERIES COMBI:"'ATIOJ'\ SYSTEM RATED 
A.\<lPERES. IDENTIFIED REPLACEMEJ'\T COMPONENTS 

REQURED. 

Informational Note: See IEEE 3004.5-2014 Rn:olmlll'nd'-" Practice 
for tlv Application of l.m11-Voltar;e Circuit Bw-Oki'TS in Industrial and 
Cmmlii'TCial Pmuer Sy.<lellt<, for furdter infonnation on series tested 
system.•. 
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1 10.23 Current Transformers. l:nused current transformers 
ao;sociatcd with potentially energized circuit-; shall be short
circuited. 

1 10.24 Available Fault Current. 

(A) Field Marking. Scnicc equipment at other than dwelling 
unit-; shall be legibly marked in the field "ith the available fault 
current. The field marking(s) shall include the date the fault
current calculation was perfonncd and be of sullicicnt durabil
ity to l\ithstand the environment involved. The calculation shall 
be documented and made available to those authorized to 
design, install, inspect, maintain, or operate the system. 

Informational :'\ote l'o. I: See :'\FPA 70f.:2021,  Standard for Eur
triral Safoty in tlv Workplare, for a.'l.•istance in detennining the 
severity of potential exposure, planning safe work practices, and 
selecting personal protective equipment. The a\-ailable fault
current marking(s) addres.•ed in 1 10.24 is related to required 
short-circuit current and interrupting rdtings of equipment. 

Informational :'\ote No. 2: Values of a\'ailable fault current for 
•�•e in detetmining appropriate minimum short-circuit current 
and inteJTupting rdtings of senice equipment are a\-ailable from 
electric utilities in published or oilier form.•. 

(B) Modifications. When modifications to the electrical instal
lation occur that affect the available fault current at the scnicc, 
the availal>le fault current shall be verified or recalculated ao; 
ncccs.o;ary to ensure the service equipment ratings arc sufficient 
for .the available fault current at the line terminals of the cquip
mcnL The required field marking(s) in 1 10.24(A) shall be 
adju.o;tcd to reflect the new level of available fault current. 

Exception: The field marking requirements in 110.24(A) and 
1 10.24(8) shall not be required in industrial installations where cmuli
tions of maintroana and supervision rosw't' that Oil�}· qualified 
persons servire tile equiJ17nrot. 

1 10.25 Lockable Disconnecting Means. If a disconnecting 
means is required to be lockable open elsewhere in this Code, it 
shall be capable of being locked in the open position. The 
prm-isions for locking shall remain in place v.ith or v.ithout the 
lock installed. 

Exception: Locking pmvi�ions fm· a cmrl-and·Jilug connPction slmU not 
be 11'quired to nm�ain in Jllace without the /nck installed. 

Part II. 1000 Volts, Nominal, or Less 

1 10.26 Spaces About Electrical Equipment. Working space, 
and acccs.o; to and egress from working space, shall be provided 
and maintained about all electrical equipment to permit ready 
and safe operation and maintenance of such equipment. Open 
equipment doors shall not impede access to and cgrcs.o; from 
the working space. Acccs.o; or cgrcs.o; is impeded if one or more 
simultaneously opened equipment doors restrict working space 
acccs.o; to be lcs.o; than 610 mm (24 in.) "ide and 2.0 m (6� ft) 
high. 

(A) Working Space. Working space for equipment operating at 
1000 volt-;, nominal, or lcs.o; to ground and likely to require 
examination, adjustment, sen-icing, or maintenance while 
energized shall comply l\ith the dimensions of l 10.26(A) ( l  ),  
(A) (2), (A) (3), and (A) (4) or ao; required or pcnniucd else
where in tl1is ('..ode. 

Informational :'\ote: See NFPA 70f.:2021,  Standard for Electrical 
Safny in the Worllplacl', for guidance, such a.• determining severity 
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of potential exposure, planning safe work practices including 
establishing an electrically safe work condition, arc fla.�h label
ing, and selecting personal protecti,·e equipment. 

(1) Depth of Working Space. The depth of the working space 
in the direction of live parts shall not he lcs.'i dtan that specified 
in Table 1 10.26(A) ( I )  unless the requirement., of 1 10.26(A) (1)  
(a), (A) ( I  ) (b) , or (A) ( I ) (c) arc met. Distances shall be mca'i
urcd from the exposed live part'i or from me enclosure or 
opening if dtc live part'i arc enclosed. 

(a) DP.ad-Fnmt A:1semblies. Working space shall not be 
required in me back or sides of a'i.'iCmblics, such a'i dead-from 
switchboards, switchgear, or motor control ccmcrs, where all 
connections and all renewable or adjustable part'i, such a'i fuses 
or switches, arc acccs.'iiblc from locations other than the back 
or sides. Where rear access is required to work on nonelectrical 
part'i on the back of enclosed equipment, a minimum horizon
tal working space of 762 mm (30 in.) shall he prmidcd. 

(b) Low Voltagr'. By special pcrmis.'iion, smaller working 
spaces shall be permitted where all exposed live part'i operate 
at not greater than 30 volt'i rms, 42 volt'i peak, or 60 volt'i dc. 

(c) Existing Buildings. In existing buildings where electri
cal cquipmcm is being replaced, Condition 2 working clear
ance shall he pcnnittcd between dead-from switchboard.,, 
switchgear, enclosed panelboard'i, or motor control ccmcrs 
located acros.'i dtc aisle from each other where conditions of 
maintenance and supervision ensure that "Tittcn procedures 
have been adopted to prohibit equipment on both sides of me 
aisle from hcing open at the same time and qualified persons 
who arc audtorizcd "ill sen-icc the installation. 

(2) Width of Working Space. The "idth of the working space 
in front of the electrical equipment shall be the widdl of me 
cquipmcm or 762 mm (30 in.), whichever is greater. In all 
ca'ics, me work space shall pennit at lca'it a 90-dcgrcc opening 
of equipment doors or hinged panels. 

(3) Height of Working Space. The work space shall be dear 
and extend from the grade, floor, or platform to a height of 
2.0 m (6� ft) or me height of dtc equipment, whichever is 
greater. Within me height requirement., of dtis section, oilier 
cquipmcm or support structures, such a'i concrete pad'i, a'i.'iOci
atcd wim me electrical installation and loca�d·abovc or below 
the electrical equipment shall he permitted to extend not more 
man 150 mm (6 in.) beyond me front of dtc electrical cquip
mcm. 

Table 110.26(A)(1) Working Spaces 

Nomioal 
Voltage to 
Ground 

Mioimum Clear Distance 

0-150 
151--600 

f)()1-1000 

Condition 1 

900 111111 (3 ft) 
900 111111 (3 ft) 
900 111111 (3 ft) 

Condition % 
900 111111 (3 ft) 

1.0 m (3 ft 6 in.) 
1.2 Ill (1 ft) 

l'ote: \\-ltere the conditions are a.� follows: 

Condition 3 
900 111111 (3 ft) 

1.2 Ill (4 ft) 
1.5 Ill (5 ft) 

Condition I - Exposed Jh·e parL� on one side of the working space and 
no Jh·e or grounded part� on the other side of the working space, or 
exposed Jh·e part� on both sides of the working space that are 
effectively guarded by in.�ulating matelials. 
Condition 2 - Exposed Jh·e parL� on one side of the working space and 
w·ounded parts on the other side of the working space. Connete, 
brick, or tile wall� shall be cmt.�idered a.� grounded. 
Condition 3 - Exposed Jh·e parL� on both sides of the working space. 
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Exception No. 1: On battery .<;ystems mounted on oflt'TI racks, tile tofJ 
ckamnce shall comply zuitll 4HO.JO(D). 

Exception No. 2: Jn existing dwelling unit�, service P.quiJ1711rot m· 
enclosed Jlanelboards that do not exct't'd 200 amJm-es shall be permitted 
in .�paces wile1-e tile height of tile wm-king space i� less than 2.0 m (6liz 
Jt). 
Exception No. 3: Metn-s that are installed in metn· socket� slmU be 
pennitttd to extend bl!)'lmd tile otiler equiJn�trot. The metn· socket slmU 
be 71'quired to follmu tile rules of thi� section. 

(4) Limited Access. \\'here equipment operating at 1000 volt'i, 
nominal, or lcs.'i to ground and likely to require examination, 
adjustment, servicing, or maintenance while energized is 
required by installation instructions or function to be located 
in a space l\ith limited acccs.'i, all of me follo"ing shall apply: 
(1)  \\'here equipment is installed above a lay-in ceiling, mere 

shall he an opening not smaller man 559 mm x 559 mm 
(22 in. x 22 in.), or in a cra\\'1 space, dtcrc shall he an 
acccs.'iiblc opening not smaller than 559 mm x 762 mm 
(22 in. x 30 in.). 

(2) The \\idth of the worlung space shall be the widm of me 
cquipmcm cndamre or a minimum of 762 mm (30 in.), 
whichever is greater. 

(3) All cndosuic doors or hinged panels shall he capable of 
opcninga minimum of90 degrees. 

(4) The space in front of me enclosure shall comply widl me 
dcpdl requirement" of Table l 10.26(A) (1)  and shall he 
unobstructed to the noor by fixed cabinct'i, walls, or parti
tions. Space reductions in accordance widl l 10.26(A) (1)  
(b) shall he permitted. The maximum height of me work
ing space shall he the height ncccs...ary to iJl.'itall me 
cquipmcm in me limited space. A horizontal ceiling 
structural mcmhcr or acccs.'i panel shall he permitted in 
mis space prm-idcd the location of weight-bearing struc
tural members docs not result in a side reach of more 
than 150 mm (6 in.) to work \\idlin me enclosure. 

(5) Separation from High-Voltage Equipment. \\'here switches, 
cutouts, or oilier equipment operating at 1000 volt'i, nominal, 
or lcs.'i arc installed in a vault, room, or enclosure where mere 
arc exposed live part'i or exposed \\iring operating over 
1000 volt'i, nominal, dtc high-voltage equipment shall he effec
tively separated from me space occupied by dtc low-voltage 
cquipmcm by a suitable partition, fence, or screen. 

(6) Grade, Floor, or Working Platform. The grade, floor, or 
platfonn in dtc required working space shall be kept dear, and 
the noor, grade, or platform in the working space shall he a'i 
level and nat a'i practical for me entire required dcpdl and 
width of dtc working space. 

(B) Clear Spaces. Working space required by dli'i section shall 
not he tl.'iCd for storage. When normally enclosed live part'i arc 
exposed for inspection or senicing, me working space, ir in a 
pa'i.'iagcway or general open space, shall be suitably guarded. 

(C) Entrance to and Egress from Working Space. 

(1) Minimum Required. At lca'it one entrance of sufficicm 
area shall be provided to give acccs.'i to and cgrcs.'i from work
ing space about electrical cquipmcm. 

(2) Large Equipment. For large equipment mat contains over
current dcliccs, S\'itching dc,iccs, or control dc\iccs, there 
shall be one entrance to and cgrcs.'i from me required working 
space not lcs.'i than 610 mm (24 in.) wide and 2.0 m (6� ft) 
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high at each end of the working space. This rcquircmcm shall 
apply to either of the following conditions: 

(1)  For equipment rated 1 200 amperes or more and over 
1 .8 m (6 ft) "ide 

(2) For scnicc disconnecting means installed in accordance 
with 230.71 (B) where the combined ampere rating is 
1200 amperes or more and where the combined width is 
over 1 .8 m (6 ft) 

A single cmrancc to and cgrcs.o; from the required working 
space shall be permitted where either of the conditions in 
1 10.26(C) (2) (a) or (C) (2) (b) is met. 

(a) Unobstmcttd Egrtss. \\'here the location permit-; a 
continuous and unobstructed way of cgrcs.o; travel, a single 
entrance to the working space shall be permitted. 

(b) Extra Working Spare. \\'here the depth of the working 
space is twice that required by l 10.26(A) (l  ) ,  a single cmrancc 
shall be permitted. It shall be located such that the distance 
from the equipment to the nearest edge of dtc entrance is not 
lcs.o; than the minimum dear distance specified in Table 
l 10.26(A) (l)  for cquipmcm operating at dtat voltage and in 
that condition. 

(3) Personnel Doors. Where equipment rated 800 amperes or 
more dtat contains ovcrcurrcm devices, switching dc'l'iccs, or 
comrol devices is installed and there is a personnel door(s) 
intended for entrance to and cgrcs.o; from the working space 
lcs.o; than 7.6 m (25 ft) from the nearest edge of dtc working 
space, the door(s) shall open at lcao;t 90 degrees in the direc
tion of cgrcs.o; and be equipped with listed panic hardware or 
listed fire exit hardware. 

lnfonnational :'\ote: See t:L 305, Standard For Panir HarduHJre, 
for additional infonnation on panic hardware, and see t:L lOC, 
Standard for Saf1'1)" for Positive Pmsurt! Firt! TI'St.< of Door .4s.<tnoblil'.<, 
for additional infonnation. 

(D) Wumination. Illumination shall be provided for aU work
ing spaces about scnicc equipment, Sl\itchboardo;, switchgear, 
enclosed panelboards, or motor control CCJ1�fll installed 
indoors. Control by automatic means shall not he permitted to 
comrol all illumination "idtin the working !!pace. Additional 
lighting oudcto; shall not be required where the work space is 
illuminated by an adjacent light source ·or ao; permitted by 
210.70(A) (l  ) ,  Exception :"'o. 1 ,  fon;witchcd receptacles. 

(E) Dedicated Equipment Space. All scnicc equipment, 
Sl\itchboardo;, switchgear, panelboards, and motor control 
centers shall be located in dedicated spaces and protected from 
damage. 

Exception: Contml equipment that by its Vel)" natun� m· btcause of othel· 
rules of tht ('..ode must be adjacent to m· wit/tin sight of its operating 
macltineJ)' shall bt pennitled in tlwse locations. 

(1) Indoor. Indoor installations shall comply "id1 1 10.26(E) 
( l ) (a) through (E) ( 1 ) (d). 

(a) DP.dicattd Electrical Spau. The space equal to the l\idth 
and depth of the equipment and extending from dtc floor to a 
height of 1 .8 m (6 ft) above the equipment or to dtc structural 
ceiling, whichever is lower, shall be dedicated to the electrical 
installation. :"'o piping, duct-;, leak protection apparatus, or 
other cquipmcm foreign to the electrical installation shall be 
located in this zone. 

Exception: S-uspended ceilings with remooable panel< sltaU bt pennitled 
wit/tin tile 1.8 m ( 6 fl) wne. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. com: 

(b) Foreign Systems. The area above dtc dedicated space 
required by 1 10.26(E) (1)  (a) shall be permitted to contain 
foreign systems, provided protection is installed to avoid 
damage to the electrical cquipmcm from condensation, leaks, 
or breaks in such foreign systems. 

(c) Sprinkler Pmll'.ction. Sprinkler protection shall be 
permitted for the dedicated space where the piping complies 
with this section. 

(d) Suspended ('..eilings. A dropped, suspended, or similar 
ceiling that docs not add strength to the building structure 
shall not be considered a structural ceiling. 

(2) Outdoor. Outdoor installations shall comply with 
1 10.26(E) (2) (a) duough (E) (2) (c). 

(a) hutallation Requirements. Outdoor electrical cquip
mcm shall be the follm\ing: 

(1)  Installed in identified enclosures 
(2) Protected from accidental contact by unauthorized 

personnel or by vchictdar trallic 
(3) Protected from accidental spillage or leakage from piping 

systems 
(b) Wm-k Space:. The working clearance space shall 

include the zone dCllcribed in 1 10.26(A). No architectural 
appurtenance or other equipment shall be located in this zone. 

(c) Dtdicaud EquiJ1711ent SJJare. The space equal to the 
width and. depth of the equipment, and extending from grade 
to a height of 1 .8 m (6 ft) above the equipment, shall be dedi
cated to dtc electrical installation. 1'\o piping or other equip
ment foreign to the electrical installation shall be located in 
this zone. 

Exception: Stmctuml oon-hangs m· mof txtensions shall bt Jmmitted in 
this wnt. 

(F) Locked Electrical Equipment Rooms or Enclosures. Elec
trical equipment rooms or enclosures housing electrical appa
ratus that arc controlled bv a lock(s) shall be considered 
accessible to qualified person�. 

1 10.27 Guarding of Live Parts. 

(A) Live Parts Guarded Against Accidental Contact. Except ao; 
elsewhere required or permitted by this \..ode, live part-; of elec
trical equipment operating at 50 to 1000 volt-;, nominal shall be 
guarded against accidental contact by approved enclosures or 
by any of the following means: 

(1)  By location in a room, vault, or similar enclosure dtat is 
accessible only to qualified persons. 

(2) By permanent, substantial partitions or screens arranged 
so that only qualified persons have access to the space 
within reach of the live part-;. Any openings in such parti
tions or screens shall be sized and located so that persons 
arc not likely to come imo accidental contact with the live 
part-; or to bring conducting o�ccto; into contact with 
them. 

(3) By location on a balcony, gallery, or platform elevated and 
arranged so ao; to exclude unqualified persons. 

(4) By elevation above the floor or other working surface ao; 
follows: 

a. A minimum of 2.5 m (8 ft) for 50 volt-; to 300 volt-; 
between ungrounded conductors 

b. A minimum of 2.6 m (8 ft 6 in.) for 301 volt-; to 
600 volt-; between ungrounded conductors 

c. A minimum of 2.62 m (8 ft 7 in.) for f>()} volts to 
1000 volt-; between ungrounded conductors 
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(B) Prevent Physical Damage. In locations where electrical 
equipment is likely to be exposed to physical damage, enclo
sures or guard-; shall be so arranged and of such strength ao; to 
prevent such damage. 

(C) Warning Signs. Entrances to rooms and other guarded 
locations that contain exposed live part"l shall be marked with 
conspicuous warning signs forbidding unqualified persons to 
enter. The marking shall meet the requirement'! in 1 10.21 (B). 

1 10.28 Enclosure 'JYpes. Enclosures (other than surrounding 
fences or walls covered in 1 1 0.31) of Sl\itchboardo;, Sl'itchgear, 
enclosed panelboardo;, industrial control panels, motor control 
centers, meter socket"l, enclosed Sl'itches, transfer Sl\itches, 
power outlet-;, circuit breakers, adjustable-speed drive systems, 

Table 1 10.28 Enclosure Selection 

Provides a Degree of Protection Against 
the FoUowing Environmental Conditions 

Incidental contact \\ith the enclosed 
equipment 

Rain, snow, and sleet 
Sleet* 
Windblm•n du."lt 
Hosedown 
(' .. orrosive agenl"l 
Temporary submersion 
Prolonged submersion 

Provides a Degree of Protection Against 
the FoUowing Environmental Conditions 

3 

X 

X 

X 

Incidental contact \\ith the enclosed X 
equipment 

Falling dirt X 
Falling liquids and light spla."lhing 
Circulating du."lt, lint, fibers, and fl}ings 
Settling airbome du."lt, lint, fibers, and 

flyings 
Hosedown and spla."lhing \\"dter 
Oil and coolant seepage 
Oil or coolant spra}ing and spla."lhing 
(' .. orrosive agenl"l 
Temporary submersion 
Prolonged submersion 

*The mechanism shall be operable when ice covered. 

3R 

X 

X 

2 

X 

X 
X 

3S 

X 

X 
X 
X 

4 

X 

X 
X 
X 
X 

X 

pullout Sl\itches, portable power distribution equipment, lenni
nation boxes, general-purpose transfonners, fire pump control
lers, fire pump motors, and motor controllers, rated not over 
1000 volt-; nominal and intended for such locations, shall be 
marked with an enclosure-type number ao; shown in Table 
1 10.28. 

Table I I  0.28 shall be used for selecting these enclosures for 
usc in specific locations other than hazardous (cla"l.o;ified) loca
tions. The enclosures arc not intended to protect against 
conditions such ao; condensation, icing, corrosion, or contami
nation that may occur l\ithin the enclosure or enter via the 
raceway or unsealed openings. 

For Outdoor Use 

Enclosure Type Number 

3X 3RX 

X X 

X X 

X 

X X 

3SX 

X 

X 
X 
X 

X 

For Indoor Use 

Enclosure Type Number 

4X 5 6 

X X X 

X X X 
X X X 
X X 
X X X 

X X 

X 
X 

4 4X 6 6P 

X X X X 

X X X X 

X X X X 
X X X X 

X X 
X X 

X 

6P 12 12K 13 

X X X X 

X X X X 
X X X X 
X X X X 
X X X X 

X 
X X X 

X 
X 
X 
X 

Informational :'\ote l'o. I: The tenn raintight is typically used in cm�junction "ith Enclosure Types 3, 3S, 3SX, 3X, 4, 4X, 6, and 6P. The term rainproof 
i"l typically used in co�junction "ith Enclosure Types 3R and 3RX. The te1m IIJatertight i"l typically •�'led in cm�junction \\ith Enclosure Types 4, 4X, 6, 
and 6P. The te1m driptigllt is typically used in co�junction "ith Enclosure Types 2, 5, 12, 12K, and 13. The term dusllight is typically •�'led in 
co1�junction \\ith Enclosure Types 3, 3S, 3SX, 3X, 4, 4X, 5, 6, 6P, 12, 12K, and 13. 
Informational :'\ote l'o. 2: See ,\J'I:SI/IEC 60529, D� of Pmtntion Providnl by Enclosurt'S, for ingres."l protection (IP) ratings. 
Informational :'\ote l'o. 3: See 502.10(,\) (3), 502.10(8)(4), 503. 10(,\) (2), and 506.15(C)(9) for information on the •�w of dt�"lttight enclosures in 
hazardm�o; locations. 
Informational :'\ote l'o. 4: Some enclosure types, such a.o; 12, 12K, or 13 enclosures, may be marked "ith an ancillary • -XH" for corrosh>e and 
hosed<mn capable indoor enclosure. 
Informational :'\ote l'o. 5: Some type 4X enclosures may be marked "indoor only." 
Informational :'\ote l'o. 6: See t.:L 50&\, Standard for l11dustrial Control Pand<, for infmmation on determining applicable requirement<; for e\'aluating 
type 4, 4X, and 12 ,·entilated enclosures. 
Informational :'\ote l'o. 7: See :'\E:\fA 250, E11clo.<Urt'.< for Evrtriral Equipment ( 1000 Volt.< Maximum), for the desctiption of the "Enclosure Type Rating: 
Ancillary- PW for Pres.o;ure Wa.o;h." 
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110.29 In Sight From (Within Sight From, Within Sight). 
Where dtis ('..ode specifics that one equipment shall be Min sight 
from," M"ithin sight from," or M"id1in sight or anomer equip
ment, dlc specified equipment shall be l'isiblc and not more 
than 15 m (50 ft) distant from dlc odtcr. 

Part m. Over 1000 Volts, Nominal 

110.30 General. Conductors and equipment used on circuits 
over 1000 volt'i, nominal, shall comply with Part I of this article 
and l\ith 110.30 through 1 10.41, which supplement or modifY 
Part I. In no case shall this part apply to equipment on dlc 
supply side of the service point. 

110.31 Enclosure for Electrical Installations. Electrical instal
lations in a vault, room, or closet or in an area surrounded by a 
wall, screen, or fence, acccs.'i to which is controlled bv a lock(s) 
or oilier approved means, shall be considered to be. acccs.'iiblc 
to qualified persons only. The type of enclosure used in a given 
case shall be designed and constructed according to dlc nature 
and degree of dtc hazard(s) associated widl the installation. 

For installations other than equipment a'i described in 
1 10.31 (D), a wall, screen, or fence shall be used to enclose an 
outdoor electrical installation to deter acccs.'i by persons who 
arc not qualified. A fence shall not be lcs.'i man 2.1 m (7 ft) in 
height or a combination of 1.8 m (6 ft) or more of fence fabric 
and a 300 mm ( I  ft) or more extension utilizing three or more 
strand., of barbed wire or equivalent. The distance from dlc 
fence to live part'i shall be not lcs.'i than given in Table 1 10.31. 

Informational Note: See ANSI/IEEE <:2-2017, National Electrical 
Safrly Code, for clearances of conductors for specific system 
mltages and typical BIL ratings. 

(A) Electrical Vaults. Where an electrical vault is required or 
specified for conductors and equipment 1 10.31 (A) (1) to 
(A) (5) shall apply. 

(I) Walls and Roof. The walls and roof shall be constructed of 
materials dlat have adequate structural strcngdl for the concli
tions, "id1 a minimum fire rating of 3 hours. For the purpose 
of this section, stud'i and wallboard construction shall not be 
permitted. 

(2) Floors. The floors of \-<tUit'i in contact "id1 dlc earth shall 
be of concrete dlat is not lcs.'i J,han 102 mm (4 in.) thick, but 
where dlc vault is constructed with a vacant space or other 
stories below it, the floor shall have adequate structural 
strength for dtc load imposed on it and a minimum fire resist
ance of 3 hours. 

(3) Doors. Each doorway leading into a \-<tult from dlc build
ing interior shall be prmidcd with a tight-fitting door dtat ha'i a 
minimum fire rating of 3 hours. The audlority hal'ing jurisdic
tion shall be pennittcd to require such a door for an exterior 
"all opening where conditions warrant. 

Table 110.31 Minimum Distance from Fence to Live Parts 

Nominal Voltage 

]001-13,799 
13,800-230,000 
Over 230,000 

Minimum Distance to Live Parts 

m 

3.05 
4.57 
5.49 

ft 

10 
15 
18 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJCAL COI>t: 

Exception to (1), (2j, mul (3j: Mvre tlv vault is Jllvll'cttd with auto
matic sprinkle�; water spm)� em-bon dioxide, or halon, construction 
with a 1 -Jwur rating shaU be permitted. 

(4) Locks. Doors shall be equipped with locks, and doors shall 
be kept locked, with acccs.'i allowed only to qualified persons. 
Personnel doors shall open at lca'it 90 degrees in the direction 
of cgrcs.'i and be equipped "idl listed panic hardware or listed 
fire exit hardware. 

lnformational l'ote: See UL 305, Standard for Panic Hardlt!are, for 
additional information, and t:LlOC, Standard for Safrly for Positive 
Pmsure Fire Tl'!it.< of Door As.vmblies. 

(5) Transformers. \\'here a transformer is installed in a vault 
a'i required by Part II  of Article 450, dlc vault shall be construc
ted in accordance with Part III of Article 450. 

Informational :'\ote l'o. 1 :  See ,\J'I:SI/AST:\·1 E l l9-2018a, Method 
for Fiw TI'St.< of Buildhzr; C.on.<lruction and Material<, for additional 
infmmation, and see l'FPA 80-�019, Standard for Fi" Doon and 
01/vr Dpenhzr; Proll'rtivl'!i. 

Informational Note . :'\o . . 2: A typical 3-hour construction i• 
150 mm (6 in.) dtid reinforced concrete. 

(B) Indoor Installations. 

(1) In Placea Accessible to Unqualified Persons. Indoor elec
trical installations that arc acccs.'iiblc to unqualified persons 
shall � made l\ith metal-enclosed equipment. Switchgear, 
transfonncrs, pull boxes, connection boxes, and oilier similar 
a'isOciatcd equipment shall be marked l\ith appropriate caution 
signs. Openings in ventilated dry-1ypc transformers or similar 
openings in other equipment shall be designed so that foreign 
o�cct'i inserted through dtcsc openings arc deflected from 
energized part'i. 

(2) In Places Accessible to Qualified Persons Only. Indoor 
electrical installations considered acccs.'iiblc only to qualified 
persons in accordance l\idl dlis section shall comply widl 
1 10.34, 1 10.36, and 495.24. 

(C) Outdoor Installations. 

(1) In Places Accessible to Unqualified Persons. Outdoor elec
trical installations dlat arc open to unqualified persons shall 
comply l\idl Part III of Article 225. 

(2) In Places Accessible to Qualified Persons Only. Outdoor 
electrical installations dlat have exposed live part'i shall be 
acccs.'iiblc to qualified persons only in accordance l\ith dtc first 
paragraph of dlis section and shall complp\idl 1 10.34, 1 10.36, 
and 495.24. 

(D) Enclosed Equipment Accessible to Unqualified Persons. 
Ventilating or similar openings in equipment shall be designed 
such dtat foreign objcct'i inserted through dtcsc openings arc 
deflected from energized part'i. \\'here exposed to physical 
damage from vehicular traffic, suitable guarcl'i shall be prmi
dcd. Equipment located outdoors and acccs.'iiblc to unqualified 
persons shall be designed such dlat exposed nuts or bolt'i 
cannot be readily removed, permitting acccs.'i to live part'i. 
\\'here equipment is acccs.'iiblc to unqualified persons and dlc 
bottom of dtc enclosure is lcs.'i dtan 2.5 m (8 ft) above dlc floor 
or grade level, the enclosure door or hinged cover shall be kept 
locked. Doors and covers of enclosures used solely a'i pull 
boxes, splice boxes, or junction boxes shall be locked, bolted, 
or screwed on. Underground box covers dlat weigh over 
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45.4 kg ( 100 lb) shall be considered a"l meeting this require
ment. 

110.32 Work Space About Equipment. Sufficient space shall be 
prmidcd and maintained about electrical equipment to permit 
ready and safe operation and maintenance of such equipment. 
\\'here energized part"l arc exposed, the minimum clear work 
space shall be not less than 2.0 m (6� ft) high (mca"lurcd verti
cally from the floor or platform) and the l\idth of the equip
ment or 914 mm (3 ft) wide (mca"lurcd parallel to the 
equipment), whichever is greater. The depth shall be a"l 
required in l10.34(A) . In all ca"lCs, the work space shall permit 
at lca"lt a 90-dcgrcc opening of doors or hinged panels. Within 
the height requirements of dtis section, other equipment that 
is a"lsociatcd with the electrical installation and is located above 
or below dtc electrical equipment shall be permitted to extend 
not more than 150 mm (6 in.) beyond the front of the electri
cal equipment. Working space required by this section shall not 
be used for storage. \\'hen normally enclosed live part"l arc 
exposed for inspection or senicing, the working space, if in a 
pao;."lagcway or general open space, shall be suitably guarded. 

110.33 Entrance to Enclosures and Access to Working Space. 

(A) Entrance. At lca"lt one entrance to enclosures for electrical 
installations a"l described in 1 10.31 not less than 610 mm 
(24 in.) \\ide and 2.0 m (6� ft) high shall be prmidcd to give 
access to the working space about electrical equipment. 

Open equipment doors shall not impede acccs."l to and 
egress from dtc working space. Acccs."l or cgrcs."l is impeded if 
one or more simultaneously opened equipment doors restrict 
working space acccs."l to be lcs."l than 610 mm (24 in.) \\ide and 
2.0 m (6� ft) high. 

(1) Large Equipment. On switchgear and control panels 
exceeding 1.8 m (6 ft) in l\idth, there shall be one entrance at 
each end of the equipment. A single entrance to dtc required 
working space shall be permitted where either of the concli
tions in l 10.33(A) ( 1 ) (a) or (A) ( 1 ) (b) is met. 

(a) Unobstmcttd Exit. Where dtc location . pennit"l a 
continuous and unobstructed way of exit travel, a single 
entrance to dtc working space shall be permitted. 

(b) Extra Working Spare. Where the depth of the working 
space is twice that required by 1 10.34(A) , a single entrance 
shall be permitted. It shall be located so dlat the distance from 
the equipment to dtc nearest edge of dtc entrance is not lcs."l 
than the minimum clear distance specified in Table 1 10.34(A) 
for equipment operating at that voltage and in that condition. 

(2) Guarding. Where bare energized part"l at any voltage or 
insulated energized part"l above 1000 volts, nominal, arc loca
ted adjacent to such entrance, dtcy shall be suitably guarded. 

(3) Personnel Doors. Where there arc personnel doors inten
ded for entrance to and cgrcs."l from dtc working space lcs."l 
than 7.6 m (25 ft) from the nearest edge of the working space, 
the doors shall open at lca"lt 90 degrees in dtc direction of 
egress and be equipped with listed panic hardware or listed fire 
exit hardware. 

lnformational l'ote: See UL 305, Standard for Panic Hardlt!art!, for 
additional infmmation, and UL JOC, Standard for Safrly for Po.•i
tive fu.«Urt' Firl' Test.< of Door Auemb/ie.<. 

(B) Access. Permanent ladders or stairways shall be prmidcd 
to give safe acccs."l to dtc working space around electrical equip-
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mcnt installed on platforms, balconies, or mezzanine floors or 
in attic or roof rooms or spaces. 

110.34 Work Space and Guarding. 

(A) Working Space. Except a"l elsewhere required or permitted 
in this Codt, equipment likely to require examination, adjust
ment, senicing, or maintenance while energized shall have 
clear working space in the direction of acccs."l to live part"l of 
the electrical equipment and shall be not lcs."l than specified in 
Table 1 10.34(A) . Distances shall be mca"lurcd from the live 
part"l, if such arc exposed, or from dtc enclosure front or open
ing if such arc enclosed. The grade, floor, or platform in the 
required working space shall be kept clear, and the floor, 
grade, or platform in the working space shall be a"l level and 
flat a"l practical for the entire depth and l\idth of dtc working 
space. 

Exception: Wm-king space slwU not bt required in back of equipment 
.•uch as switcltgpm· m· rontml a.•sembli6s whert there ant no renewable m· 
adju.•table Jlarl.< (such a.• fuses or .fWilches) on the back mul whn"l' aU 
conntctions m"l' acctssible from loCations other tlwn the back. Whe11' J"l'at' 
access is 11'-Jflti11'4 to wm-k on rumelect1ical pmt• on the back of enclosed 
equipment, a minimum workillg sJmce of 762 mm (30 in.) hmizontally 
shall be Jmroidtd. 

(B) Separation from Low-Voltage Equipment. Where Sl\itchcs, 
cutout"l, or other equipment operating at 1000 volts, nominal, 
or lcs."l arc installed in a vault, room, or enclosure where there 
arc exposed Jive part"l or exposed wiring operating at over 
1000 volts, nominal, dtc high-voltage equipment shall be effec
tively separated from the space occupied by dtc low-voltage 
equipment by a suitable partition, fence, or screen. 

Exception: Switchts m· other equipment oJmnting at 1000 volt.<, nmni
nal, m· less mul serving on{}' 1'-JfltiJJment within tht high-voltage vault, 
mom, m· enclosure slwU bt Jmmitted to bt instaliP.d in the high-voltage 
vault, JVOm, m· enclosw-e witlwut a pm·tition, fence, m· screen if acct.<.<i
ble to qualified Jm:mns cmly. 

(C) Locked Rooms or Enclosures. The entrance to all build
ings, vaults, rooms, or enclosures containing exposed live part"l 
or exposed conductors operating at over 1000 volt"l, nominal, 
shall be kept locked unlcs."l such entrances arc under the obser
vation of a qualified person at all times. 

Table 110.34(A) Minimum Depth of Cear Working Space at 
Electrical Equipment 

Nominal 
Voltage 

to Ground 

1001-2500V 
2501-9000 V 

9001-25,000 v 
25,001 V-75 kV 

AboYe 75 kV 

Minimum Clear Distance 

Condition 1 

900 mm (3 ft) 
1.2 m (4 ft) 
1.5 m (5 ft) 
1.8 m (6 ft) 
2.5 m (8 ft) 

Condition 2 

1.2 m (4 ft) 
1.5 m (5 ft) 
1.8 m (6 ft) 
2.5 m (8 ft) 

3.0 m (10 ft) 

Condition 3 

1.5 m (5 ft) 
1.8 m (6 ft) 
2.8 m (9 ft) 

3.0 m (10 ft) 
3.7 m (12 ft) 

l'ote: \\1tere the conditions are as follows: 
Condition I - Exposed lh·e pan• on one side of the working space and 
no lh·e or grounded parL• on the other side of the working space, or 
exposed lh·e pan• on both sides of the working space that are 
effecti\>ely guarded by in.•ulating matelials. 
Condition 2 - Exposed lh·e pan• on one side of the working space and 
grounded pans on the other side of the working space. Concrete, 
brick, or tile wall• shall be con.•idered a• grounded. 
Condition 3 - Exposed lh·e parL• on both sides of the working space. 

:-1.-\TJO:'\AL ELEGJ'RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTI\..LE 110- GEJ'\ERAL REQUIRE�IEJ'\TS FOR ELECfRICAL 1:"/STALLATIO:"'S 110.58 

Pcrmancm and conspicuous danger signs shall be provided. 
The danger sign shall meet the requirement-; in 1 10.21 (B) and 
shall read ao; follows: 

DAJ'\GER - HIGH VOLTAGE - KEEP OUT 

(D) Wumination. Illumination shall be provided for all work
ing spaces about electrical cquipmcm. \.omrol by automatic 
means only shall not be pcrmiucd. The lighting outlet-; shall be 
arranged so that persons changing lamps or making repairs on 
the lighting system arc not endangered by live part-; or other 
cquipmcm. 

The point-; of control shall be located so dtal persons arc not 
likely to come in contact with any live pan or moving part of 
the equipment while turning on lite light-;. 

(E) Elevation of Unguarded Live Parts. Unguarded live part-; 
above working space shall be maintained at elc\ations not lcs.o; 
than required by Table 1 10.34(E). 

(F) Protection of Service Equipment, Switchgear, and Indus
trial Control Assemblies. Pipes or duct-; foreign to the electri
cal installation and requiring periodic maintenance or whose 
malfunction would endanger the operation of the electrical 
system shall not be located in lite vicinity of lite service cquip
mclll, S\'itchgcar, or industrial control a'l.o;cmblics. Protection 
shall be provided where ncccs.o;ary to avoid damage from 
condensation leak.-; and break.-; in such foreign systems. Piping 
and other facilities shall not be considered foreign if provided 
for fire protection of the electrical installation. 

110.36 Circuit Conductors. Circuit conductors shall be permit
ted to be installed in raccv.ays; in cable trays; ao; metal-dad 
cable Type �IC; ao; bare "ire, cable, and busbars; or ao; Type MY 
cables or conductors ao; prmidcd in 305.3, 305.9, 305.10, and 
305.15. Bare live conductors shall comply wim 495.24. 

Insulators, togcdtcr "ith dteir mounting and conductor 
attachment-;, where u.o;cd ao; support-; for \\ires, single-conductor 
cables, or bu.'ibars, shall be capable of safely withstanding me 
maximum magnetic forces mat would prc,ail if two or more 
conductors of a circuit were subjected to short-circuit currcm. 

Exposed runs of insulated wires and ca'l?les that have a bare 
lead sheath or a braided outer covering shall be supported in a 
manner designed to prcvcm physical damage to the braid or 
sheath. Support-; for lead-covered cables shall be designed to 
prcvclll electrolysis of the shcadt.-

110.40 Temperature Limitations at Terminations. Conductors 
shall be pcrmiucd to be terminated bao;cd on lite 90"C (194.F) 
temperature rating and ampacity ao; given in Table 315.60(C) 
(1) duough Table 315.60(C) (20), unlcs.'i othcmise identified. 

Table I I  0.34(E) Elevation of Unguarded Live Parts Above 
Working Space 

Elevation Nominal Voltage------------------
Between Phases 
J OOI-7f>OO V 

7501-35,000 v 
O..·er 3:> kV 

m 

2.7 
2.9 

Add 9.:> mm per kV 
abm·e 3:> kV 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

ft 

9 
9 ft 6 in. 

Add 0.37 in. per kV 
above 3:> kV 

1 10.41 Inspections and Tests. 

(A) Pre-energization and Operating Tests. \\'here required 
elsewhere in mis \Aide, me complete electrical system design, 
including settings for protective, Sl\itching, and comrol 
circuit-;, shall be prepared in ad\ancc and made a\ailablc on 
request to me authority havingjurisdiction and shall be tested 
when first installed on-site. 

(B) Test Report. A lest report covering the result-; of the test-; 
required in 1 10.41 (A) shall be al-ailablc to me aumority having 

jurisdiction prior to cncrgization and made al-ailablc to mose 
authorized to install, operate, test, and maintain the system. 

Part IV. Tunnel Installations over 1000 Volts, Nominal 

1 10.51 General. 

(A) Covered. This part shall apply to the installation and u.o;c 
of high-voltage power distribution and utilization cquipmcm 
that is portable, mobile; or bodt, such ao; substations, trailers, 
cars, mobile shovels, c)raglincs, hoist'i, drills, dredges, compres
sors, pumps, conveyors, underground excavators, and me like. 

(B) Protection Against Physical Damage. \.onductors and 
cables in tuni1cls shall be located above the tunnel floor and so 

placed or guarded to protect mcm from physical damage. 

1 10.5% Overcurrent Protection. Motor-operated cquipmcm 
shall bee protected from ovcrcurrcnl in accordance "im Part-; 
UI, IV, and V of Article 430. Transformers shall be protected 
from ovcrcurrcm in accordance "im 450.3. 

1 10.53 Conductors. High-voltage conductors in tunnels shall 
be installed in metal racc\\ay, Type �IC cable, or other 
approved multiconductor cable. Multiconductor portable cable 
shall be permitted to supply mobile equipment. 

1 10.54 Bonding and Equipment Grounding Conductors. 

(A) Grounded and Bonded. All non-c:urrcnt-carJ]ing metal 
part-; of electrical cquipmcm and all metal racc\\'a)'S and cable 
sheaths shall be solidly grounded and bonded to all metal pipes 
and rails at the ponal and at imcrvalo; not exceeding 300 m 
(1000 ft) mroughoul me tunnel. 

(B) Equipment Grounding Conductors. An cquipmcm 
grounding conductor shall be run l\im circuit conductors 
inside me metal racc\\ay or inside me multiconductor cable 
jacket. The cquipmcm grounding conductor shall be permit
ted to be insulated or bare. 

1 10.55 Transformers, Switches, and Electrical Equipment. All 
transformers, switches, motor controllers, motors, rectifiers, 
and omcr cquipmclll installed belowground shall be protected 
from physical damage by location or guarding. 

1 10.56 Energized Parts. Bare terminals of transformers, 
Sl\itchcs, motor controllers, and odtcr equipment shall be 
enclosed to prcvcm accidental contact l\ith energized part-;. 

1 10.57 Ventilation System Controls. Electrical controls for me 
ventilation system shall be arranged so mat lite airflow can be 
reversed. 

1 10.58 Disconnecting Means. A Sl\ilch or circuit breaker mal 
simultaneously opens all ungrounded conductors of the circuit 
shall be installed l\ithin sight of each transformer or motor 
location for disconnecting me transformer or motor. The 
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Sl\itch or circuit breaker for a transformer shall have an 
ampere rating not lcs.� than dtc ampacity of the transformer 
supply conductors. The Sl\itch or circuit breaker for a motor 
shall comply widl the applicable rcquircmcnt"l of Pan IX of 
Artidc 430. 

110.59 Enclosures. Enclosures for usc in tunnels shall be drip
proof, wcadlcrproof, or submersible as required by the cmi
ronmcmal conditions. Switch or comactor enclosures shall not 
be used as junction boxes or as raceways for conductors feed
ing through or tapping off to oilier switches, unlcs.� the enclo
sures comply wid1 312.8. 

Part V. Manholes and Other Electrical Enclosures Intended 
for Personnel Entry 

110.70 General. Electrical enclosures imcndcd for personnel 
entry and specifically fabricated for this purpose shall be of 
sufficicm size to prmidc safe work space about electrical cquip
mclll with live part"l that is likely to require examination, adjust
mcm, servicing, or maimcnancc while energized. Such 
enclosures shall have sufficicm size to permit ready installation 
or widldrawal of the conductors employed widloul damage to 
the conductors or to dtcir insulation. They shall comply widl 
this pan. 

Exception: Mum• tdntrical enclo.rutl!S covnP.d by Part V of thif article 
m-e Jlart of an indust1ial zuiling systro1 ofJmlling under condititms of 
maintenance and supn"Vifion that t>11sm-e that tm{}· qualified persons 
monitor and .mJm"Vife tile .ry.ftrol, tile)' shall be fJe17nitted to be designed 
and installed in accm7lance with aJJjJmj»iate engin«ring Jnuctice. If 
ntquit-ed by tile aut/unity having juri.fdiction, de.fign documentation 
shall be Jmroided. 

110.71 Strength. Manholes, vault"l, and their means of acccs.� 
shall be designed under qualified engineering supcnision and 
shall withstand all load� likely to be imposed on me structures. 

Informational :'\ote: See ANSI C2-2007, National E/utrical Safrty 
('.ode, for additional infonnation on the loading tbat· can be 
expected to bear on underground enclosures. 

110.72 Cab6ng Work Space. A dear work space not lcs.� than 
900 mm (3 ft) wide shall be prmidcd where cables arc located 
on both sides, and not lcs."l man 750 mm (2lf.t ft) where cables 
arc only on one side. The vertical headroom shall be not lcs.� 
than 1 .8 m (6 ft) unlcs.� the opening is "ithin 300 mm (1 ft),  
mca�urcd horizontally, of me adjacent imcrior side wall of me 
enclosure. 

Exception: A manlwle containing on{l' one or mml' of tile following 
shall be pemtitiP.d to have one of tile llmizontal wm* sJJace dimensions 
1-educP.d to 600 mm (2ft) whe11' tile other lw1izontal clear wo1* space if 
inmased so tile sum of tile two dime11sions if not le.fs than 1.8 m (6ft): 

( 1) OJitical fiber cable.f 
(2) Pmuel�limiiP.d Jit-e almm circuits suJijllied in accordance with 

760.121 
( 3) Cuus 2 or Class 3 remote-contml and signaling circuits, or both, 

.mpplied in accordance with 725.60 

110.73 Equipment Work Space. \\'here electrical cquipmcm 
"idl livc part� that is likely to require examination, adjustment, 
scnicing, or maimcnancc while energized is installed in a 
manhole, vault, or oilier enclosure designed for personnel 
acccs."l, me work space and a�sociatcd rcquircmcnt"l in 1 10.26 
shall be mel for installations operating at 1000 volt"l or lcs."l. 
\\'here the installation is over 1000 volt"l, the work space and 
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a�sociatcd requirement� in 1 10.34 shall be met. A manhole 
acccs."l cover that weighs over 45.4 kg (100 lb) shall be consid
ered a"l meeting the requirement� of 1 10.26(F) and 1 10.34(C). 

110.74 Conductor Installation. Conductors installed in 
manholes and other enclosures imcndcd for personnel cmry 
shall be cabled, racked up, or arranged in an approved manner 
that prO\idcs ready and safe acccs."l for persons to cmcr for 
installation and maimcnancc. The installation shall comply 
"id1 1 10.74(A) or 1 10.74(B), a� applicable. 

(A) 1000 Volts, Nominal, or Less. Wire bending space for 
conductors operating at 1000 volt� or lcs."l shall be prO\idcd in 
accordance "id1 314.28. 

(B) Over 1000 Volts, Nominal. Conductors operating at over 
I 000 volt"l shall be provided "idl bending space in accordance 
widl 314.71 (A) and (B), a� applicable. 

Exception: Whnl' 314. 71 (B) aJijllies, each 1vw or column of ducts on 
one wall of tile enclo.rut-e shall be calcuhlted individually, and tile 
.fingle row m· column that protJides tile maximum distance shall be 
used. 

110.75 Access to Manholes. 

(A) Dimensions. ReCtangular acccs."l openings shall not be lcs.� 
than 650 mm x 550 mm (26 in. x 22 in.). Round acccs.� open
ings in a manhole shall be not lcs.� than 650 mm (26 in.) in 
diameter. 

Exception: A manhole that has a fixed hldder that does 1111t obstruct tile 
oJ�ening or that contains on{l' one or mm-e of the following shall be 
pemtiued to ll'duce the minimum cover diameter to 600 111111 (2ft): 

(1) OJitical fiber cables 
(2) Pmuel�limiiP.d Jit-e ahlrm circuitf suJijllied in accordance with 

760.121 
(3) Cla'is 2 or Class 3 remote-rontml and signaling circuitf, or both, 

.mpplied in accordance with 725.60 

(B) Obstructions. Manhole openings shall be free of protru
sions mat could injure personnel or prcvclll ready cgrcs.�. 

(C) Location. Manhole openings for personnel shall be loca
ted where they arc not directly above electrical cquipmcm or 
conductors in the enclosure. \\'here this is not practicable, 
either a protective barrier or a fixed ladder shall be provided. 

(D) Covers. Covers shall be over 45 kg (100 lb) or otherwise 
designed to require the usc of tools to open. They shall be 
designed or restrained so they cannot fall imo me manhole or 
protrude sufficiently to contact electrical conductors or cquip
mcm within me manhole. 

(E) Marking. Manhole covers shall have an identifying mark 
or logo mat prominently indicates dlcir function, such a� "elec
tric." 

110.76 Access to Vaults and Tunnels. 

(A) Location. Acccs.� openings for personnel shall be located 
where dlcy arc not dirccdy above electrical cquipmcm or 
conductors in the enclosure. Other openings shall be permit
ted over equipment to facilitate installation, maimcnancc, or 
rcplaccmcm of cquipmcm. 

(B) Locks. In addition to compliance widl the rcquircmcnt"l of 
1 10.34, if applicable, access openings for personnel shall be 
arranged such mat a person on me inside can exit when me 
aCCCS."l door i� locked from dlc OUt"lidc, or in dlc ca� of 
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normally locking by padlock, the locking arrangement shall be 
such that the padlock can be closed on the locking system to 
prevent locking from the out'lide. 

110.77 Ventllation. \\'here manholes, tunnels, and vault'l have 
communicating openings into enclosed areas used by the 
public, ventilation to open air shall be prm-ided wherever prac
ticable. 

20'.!3 t:dition :'\.-\:110:-1.-\L t:Lt:GJ"RJCAL com: 

1 10.78 Guarding. Where conductors or equipment, or both, 
could be contacted by object'! falling or being pushed through 
a ventilating grating, both conductors and live part'l shall be 
protected in accordance "ith the requirement'> of 1 10.27(A) 
(2) or 1 10.31 (B) (l) ,  depending on the voltage. 

1 10.79 FIXed Ladders. Fixed ladders shall be corrosion resist
ant. 
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CHAPTER 2  ARTICLE 200 - USE AND IDEJ'\TIFICATIOJ'\ OF GROl:NDED CONDl:CTORS 

Chapter 2 Wiring and Protection 

ARTICLE 200 
Use and Identification of Grounded 

Conductors 

200.1 Scope. This article provides requirement-; for the follow
ing: 
( 1)  Identification of terminals 
(2) Grounded conductors in premises "iring system-; 
(3) Identification of grounded conductors 

Informational Note: See Anicle 100 for definitions of Grounded 
Condurtor, Equipmnzl Grounding C.nndw:tor, and Grou11ding Eke/rode 
Condurtor. 

200.2 General. Grounded conductors shall comply with 
200.2(A) and (B). 

(A) Insulation. The grounded conductor, if insulated, shall 
have insulation that complies with either one of the following: 
( 1)  Is suitably rated, other than color, for any ungrounded 

conductor of the same circuit for systems of 1000 volt-; or 
lcs.o;. 

(2) lo; rated not lcs.o; than 600 volt-; for solidly grounded 
neutral system-; of over 1000 volt-; in accordance with 
250.184(A) 

(B) Continuity. The continuity of a grounded conductor shall 
not depend on a connection to a metal enclosure, raceway, or 
cable armor. 

Informational l'ote: See 300.13(8) for the continuity of groun
ded conductors u.�ed in multh•ire branch circuiL�. 

200.3 Connection to Grounded System. Grounded conductors 
of premises wiring systems shall be electrically connected to the 
supply system grounded conductor to ens� a common, 
continuous grounded system. For the purpose· of this section, 
eler:t1ically conntcted shall mean making · a· direct electrical 
connection capable of carrying current, ao; distinguished from 
induced current<;. 

Exception: Listed intemctive inverters identified fm· use in di�t1ibuted 
resmm:e generation !i)'.�tems such as plwtovoltaic and fuel cell power 
systrot� slmll be Jnmnitted to be comucted to premises wi1ing zuithout a 
g�vundP.d conductor if the connPcted Jllmti'il's zui1ing m· utilit)' !1)'.�11'711 
includes a g�vundP.d conductm: 

200.4 Neutral Conductors. :-.lcutral conductors shall be 
installed in accordance with 200.4(A) and (B). 

(A) Installation. :-.lcutral conductors shall not be used for 
more than one branch circuit, for more than one multiwire 
branch circuit, or for more than one set of ungrounded feeder 
conductors unlcs.o; specifically permitted elsewhere in dtis Code. 

Informational l'ote: See 215.4 for information on common 
neutral�. 

(B) Multiple Circuits. \\'here more than one neutral conduc
tor ao;.o;ociatcd with different circuit-; is in an enclosure, groun
ded circuit conductors of each circuit shall be identified or 
grouped to correspond "id1 the ungrounded circuit conduc-
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tor(s) by wire markers, cable tics, or similar means in at lcao;t 
one location within the enclosure. 

Exception No. 1: Tlte requirement fm· g�vttJiing m· identifying shall not 
aptJ�l' if tlte bmnclt-circuit m· feeder conducto1:� enter from a cable m· a 
raceway unique to the cirruit tlmt makes the grouping obvious. 

Exception No. 2: Tlte requirement fm· g�vttJiing m· identifying shall not 
aptJ�l' where bmnclt-circuit conductm-s pa.�s tlnvuglt a box or conduit 
body without a loofJ a.� dese�ibed in 314. 16(8 j( 1) m· without a splice m· 
termination. 

200.6 Means of Identifying Grounded Conductors. 

(A) Sizes 6 AWG or Smaller. The insulation of grounded 
conductors of 6 AWG or smaller sh;lll be identified bv one of 
the following means: · ' 
(1) A continuous white outer finish. 
(2) A continuous gray outer finish. 
(3) Three continuou.� white or gray stripes along the conduc

tor's entire length on odtcr than green insulation. 
(4) C-onductors with white or gray insulation and colored 

tracer threads in the braid identifying dtc source of 
manufacture. 

(5) A single-conductor, sunlight-resistant, outdoor-rated cable 
used ao; a solidly grounded conductor in photovoltaic 
power systems, ao; permitted by 690.3l (C) (1 ) ,  shall be 
identified at the time of installation by markings at termi
nations in accordance "ith 200.6(A) (1)  through (A) (4). 

(6) The grounded conductor of a mineral-insulated, metal
sheathed cable (Type MI) shall be identified at the time 
of installation by a distinctive white or gray marking at ito; 
tcnninations The marking shall encircle the conductor 
insulation. 

(7) Fixture \\ire shall comply l\ith the requirement-; for 
grounded conductor identification in accordance with 
402.8. 

(8) For aerial cable, the identification shall comply l\ith one 
of the method-; in 200.6(A) ( 1 )  through (A) (5), or by 
means of a ridge located on dtc exterior of the cable so ao; 
to identify it. 

(B) Sizes 4 AWG or Larger. An insulated grounded conductor 
4 AWG or larger shall be identified by one of the follo"ing 
means: 
(1)  A continuous white outer finish. 
(2) A continuous gray outer finish. 
(3) Three continuous white or gray stripes along the entire 

length on other than green insulation. 
(4) At the time of installation, be identified by a distinctive 

white or gray marking at ito; terminations. This marking 
shall encircle the conductor insulation. 

(C) Flexible Cords. An insulated conductor that is intended 
for usc ao; a grounded conductor, where contained l\ithin a 
flexible cord, shall be identified by a white or gray outer finish 
or by mcdtodo; permitted by 400.22. 

(D) Grounded Conductors of Different Nominal Voltage 
Systems. If grounded conductors of different nominal voltage 
systems arc installed in the same raceway, cable, box, auxiliary 
gutter, or other type of enclosure, each grounded conductor 
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ARTICLE 200 - USE AND IDEJ'\TIFICATIOJ'\ OF GROl:NDED CONDl:CTORS 200.10 

shall be identified by nominal voltage system. Identification 
that distinguishes each nominal voltage system grounded 
conductor shall be permiucd by one of the following means: 
( 1)  One nominal voltage system grounded conductor shall 

have an outer covering conforming to 200.6(A) or (B). 
(2) The grounded conductor(s) of other nominal voltage 

systems shall have a diffcrcm outer covering conforming 
to 200.6(A) or (B) or by an outer covering of white or 
gray with a distinguishable colored stripe other than 
green running along dtc insulation. 

(3) Odtcr and diffcrcm means of identification allowed by 
200.6(A) or (B) shall distinguish each nominal voltage 
system grounded conductor. 

The means of idcmification shall be documented in a 
manner that is readily available or shall be pcrmancndy posted 
where the conductors of different nominal voltage systems orig
inate. 

(E) Grounded Conductors of Multiconductor Cables. The 
insulated grounded conductor(s) in a multiconductor cable 
shall be identified by a continuous white or gray outer finish or 
by three continuous white or gray stripes on other than green 
insulation along ito; cmirc length. For conductors that arc 
4 AWG or larger in cables, identification of the grounded 
conductor shall be pcrmiucd to comply with 200.6(B). For 
muhiconductor flat cable l\ith conductors dtat arc 4 AWG or 
larger, an external ridge shall be permiucd to identify the 
grounded conductor. 

Exception No. 1: \..onductors within mttltironductm· cables shall be 
pennilltd to be 11'-idmtijied at tlvit· terminations at tht time of instalhl
tifm b)• a diftinctive whitt m· gray marking m· other equally efftctive 
means. 

Exception No. 2: The gmundP.d cmulttctm· of a multicmuluctm· 
vamifhtd-cloth-inruhlted cable shall be Jmmitll'.d to be identifie-d at its 
te1minations at the timt of instalhltion by a distinctive white mat-king 
m· other equally effictive mean.f. 

Informational l'ote: The color gray may ha,·e been used in the 
pa.<;t a.<; an ungrounded conductor. Care should be taken when 
working on existing system<;. 

200.7 Use of Insulation of a White or Gray Color or with 
Three Continuous White or Gray Siripes. 

(A) General. The following shall be used only for the groun
ded circuit conductor, unles.o; othcmise pcnniucd in 200.7(B) 
and (C): 
(1) A conductor l\ith continuous white or gray covering 
(2) A conductor with three continuous white or gray stripes 

on other than green insulation 
(3) A marking of white or gray color at the termination 

(B) Circuits of Less Than 50 Volts. A conductor with white or 
gray color insulation or three continuous white stripes or 
haling a marking of white or gray at the termination for 
circuit-; of less than 50 volt-; shall be required to be grounded 
only in accordance with 250.20(A) . 

(C) Circuits of 50 Volts or More. The usc of insulation that is 
white or gray or that has three continuous white or gray stripes 
for odtcr than a grounded conductor for circuit-; of 50 volt-; or 
more shall be pcrmiucd only ao; in the follm\ing: 
(1) If part of a cable ao;scmbly that hao; the insulation pcrma

ncndy reidentified to indicate ito; usc ao; an ungrounded 
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conductor by marking tape, painting, or other effective 
means at ito; termination and at each location where the 
conductor is lisiblc and accessible. Identification shall 
encircle the insulation and shall be a color other than 
white, gray, or green. If used for single-pole, 3-way or 
4-way switch loops, the reidentified conductor l\ith white 
or gray insulation or three continuous white or gray 
stripes shall be used only for dtc supply to dtc switch, but 
not ao; a return conductor from dtc Sl\itch to the oudct. 

(2) A flexible cord haling one conductor identified by a 
white or gray outer finish or three cominuous white or 
gray stripes, or by any other means in accordance with 
400.22, that is used for connecting an appliance or equip
ment in accordance l\ith 400.10. This shall apply to flexi
ble corclo; connected to oudcto; whether or not the oudct 
is supplied by a circuit that hao; a grounded conductor. 

Informational l'ote: The color gray may ha,·e been used in the 
pa.<;t a.<; an ungrounded conductor. Care should be taken when 
working on existing system<;. 

200.9 Means of lden�cation of Terminals. In dcliccs or 
utilization equipment with polarized connections, identifica
tion of terminals to . which a grounded conductor is to be 
connected shall be white or silver in color. The identification of 
other terminal<� shall be of a distinguishable different color. 

Exception:. 1f tlze conditifms of maintfmana mul supervision en.rure 
that only qualijitd person.f se111ire the in.ftalhltions, te1minalf fm· 
gtvutuied conductors shall be pennitted to be pmnanent�l' identified at 
lht linfL of instalhltion by a diftinctive white mmfling m· ot/�tt· equally 
t�./Jectivt mean.f. 

200.10 Identification of Terminals. 

(A) Device Terminals. All devices, excluding panclboard'l, 
prmidcd l\ith terminals for dtc attachment of conductors and 
intended for connection to more than one side of the circuit 
shall have terminals marked for identification, unless the elec
trical connection of the terminal imcndcd to be connected to 
the grounded conductor is clearly clidcm. 

Exception: Terminal identification shall twt be t1'-f{lti17'4 fm· droius that 
have a rummt mting of over 30 amJII!I1's, other than /JOUlliud attach
ment plugs and polmiud 11'Ceptacles for attachment plugs in accmrl
ance with 200.10(8). 

(B) Receptacles, Plugs, and Connectors. Receptacles, polar
ized attachment plugs, and cord connectors for plugs and 
polarized plugs shall have the terminal imcndcd for connec
tion to dtc grounded conductor identified ao; follows: 
(1)  Identification shall be by a metal or metal coating that is 

white or silver in color or bv the word �white" or the letter 
My.,� located adjacent to the" identified terminal. 

(2) If the terminal is not visible, the conductor cmrancc hole 
for the connection shall be colored white or marked with 
the word �white" or the Jcucr �w." 

Informational :'\ote: See 250. 126 for identification of wiling 
de\ice equipment grounding conductor terminals. 

(C) Screw Sbells. For dcliccs with screw shells, the terminal 
for the grounded conductor shall be the one connected to the 
screw shell. 

(D) Screw Sbell Devices with Leads. For screw shell devices 
with attached lcacl'l, the conductor attached to the screw shell 
shall have a white or gray finish. The outer finish of the other 
conductor shall be of a solid color that will not be confused 
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with the white or gray finish used to identify dtc grounded 
conductor. 

Informational l'nte: The color gray may ha,·e been used in the 
pa.�t a.� an ungrounded conductor. C..aution should be taken 
when working on exi�ting systems. 

(E) App6ances. Appliances that have a single-pole switch or a 
single-pole ovcrcurrcm dc\icc in the line or any line-connected 
screw shell lampholdcrs, and that arc to be connected by ( 1 )  a 
pcrmancm wiring method or (2) field-installed attachmcm 
plugs and cord-; with three or more wires (including dtc cquip
mcm grounding conductor), shall have means to idcmify the 
tcnninal for the grounded circuit conductor (if any) . 

200.11  Polarity of Connections. :"'o grounded conductor shall 
be attached to any terminal or lead so ao; to reverse the designa
ted polarity. 

ARTICLE 210 
Branch Circuits Not Over 1000 Volts ac, 

1500 Volts de, Nominal 

Part I. General 

210.1 Scope. This article prmidcs dtc general requirements 
for branch circuit-; not over 1000 volt-; ac, 1500 volt-; de, nomi
nal. 

Informational l'ote: See Pan II of Article 235 for requirement� 
for brdnch circuit� m·er 1000 volt� ac, 1500 volt� de, nominal. 

210.2 Reconditioned EquipmenL The follm\ing shall not bC 
reconditioned: 
(1) Equipmcm that provides ground-fault circuit-interrupter 

protection for personnel 
(2) Equipmcm dtat prmidcs arc-fault circuit�imcrruptcr 

protection 

210.3 Other Articles for Specific-Purpose Branch Circuits. 
Table 210.3 list-; references for specific equipment and applica
tions not located in Chapters 5, 6, and i dlat amend or supplc
mcm dtc requirement-; of this article . . · 

210.4 Multiwire Branch Circuits. 

(A) General. Branch circuits recognized by this article shall be 
permitted ao; multh\irc circuit-;. A multi"irc circuit shall be 
permitted to be considered ao; multiple circuit-;. Except ao; 
permitted in 300.3(B)(4), all conductors of a multi"irc branch 
circuit shall originate from the cquipmcm containing the 
branch-circuit ovcrcurrcm protective dc,icc or protective dc,i
ccs. 

Informational :'\ote No. 1: A 3-pha.�. 4-\\ire, wye-connected 
power system ���ed tn supply power to nonlinear load� might 
necessitate that the power system design allow for the pos.�ibility 
of high hannonic current� on the neuu-al conductor. 

Informational :'\nte l'o. 2: See 300.13(8) for cnntinuitv of 
grounded conductors on multi\\ire circuit�. 

· 

(B) Disconnecting Means. Each multh\irc branch circuit shall 
be prmidcd with a means that will simultaneously disconnect 

70-78 

Table 210.3 Specific-Purpose Branch Circuits 

Equipment 
Air-conditioning and 

refrigemting equipment 
8u�ways 
Cenn-al heating equipment 

other than fixed electric space
he-dting equipment 

Fixed elecnic heating 
equipment for pip�lines and 
ves.�ls 

Fixed elecnic space-heating 
equipment 

Fixed outdoor electrical deicing 
and snow-melting equipment 

lnfrdred lamp indu�trial heating 
equipment 

�lotors, motor circuit�, and 
controllers 

Switchboards and panelboard• 

Article 

430 

Section 

440.6, 440.31 ,  
and 440.32 
368.17 
422.12 

427.4 

424.4 

426.4 

422.48 and 424.3 

408.52 

all ungrounded conductors at dtc point where the branch 
circuit originates . . · 

Informational !l:ote: See 240.15(8) for information on the use 
of single-pole circuit breakers a.� the di�onnecting means. 

(C) Lin&-to-Neutral Loads. Multh\irc branch circuit-; shall 
supply only linc-to-ncutral loado;. 

Exception No. 1: A multiwire lmmch cimtit that supt1lies on�)' one 
Ulilization equipment slmU he permilltd to suJIP�l· line-to-line loads. 

Exception No. 2: A multiwi1't' branch rin:uit shall he permittP.d to suJIP�l· 
Line-to-line loads if all ungmunded condurtors of the mttltiwire branch 
ci1TUit al'l' opened simultanrous�l' by the bmnch-circuit overcummt 
devict. 

(D) Grouping. The ungrounded and grounded circuit 
conductors of each multiwirc branch circuit shall be grouped 
in accordance with 200.4(B). 

210.5 Identification for Branch Circuits. 

(A) Grounded Conductor. The grounded conductor of a 
branch circuit shall be identified in accordance l\idl 200.6. 

(B) Equipment Grounding Conductor. The equipment 
grounding conductor shall be identified in accordance with 
250.1 19. 

(C) Identification of Ungrounded Conductors. Ungrounded 
conductors shall be identified in accordance \\ith 210.5(C) (1)  
or (2) , ao; applicable. 

(1) Branch Circuits Supp6ed from More Than One Nominal 
Voltage System. \\'here dtc premises wiring system hao; branch 
circuit-; supplied from more dlan one nominal voltage system, 
each ungrounded conductor of a branch circuit shall be identi
fied by phao;c or line and by nominal voltage system at all termi
nation, connection, and splice point-; in accordance with 
210.5(C) (l  ) (a) and (C) (l  ) (b). Different systems \\idlin the 
same premises that have the same nominal voltage shall be 
permitted to usc the same identification. 

(a) Mtans of Identification. The means of identification 
shall be pcnniucd to be by separate color coding, marking 
tape, tagging, or other approved means. 
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(b) Posting of Tdenttjication Means. The method used for 
conductors originating within each branch-circuit panelboard 
or similar branch-circuit distribution equipment shall be docu
mented in a manner that is readily available or shall be perma
nently posted at each branch-circuit panelboard or similar 
branch-circuit distribution equipment. The label shall be of 
sufficient durabilitv to "itl1stancl tl1c cmironmcnt involved and 
shall not be hanch\;.ittcn. 

Exception: Tn I'Xisting in.�tallations whert' a voltage sy.�tem(s) alrt'ady 
exists and a different voltage system is being addP.d, it shall be /Jel'mi.'i.�i
bk to mm"k on{}· the new !i)'.�tem voltage. Exi�ting unidentified .ry.�tems 
shall 1wt be 11'-Jflti11'4 to be identified at each tel'mination, connection, 
and splice point in accordance with 210.5(C)( 1 )(a) mul (C)(J )(b). 
Labeling shall be J'f!quiJ1'4 at each voltage sy.�tem di.�tribution equipment 
to identifY tlmt only one voltage sy.�tem has been 11Ull"ked fm· a new 
.rystrot(s). The new system label(.�) .�/mil include the wmrls "other 
unidentified .rystems exi.�t on tlte Jlll!mi.'it's. " 

(2) Branch Circuits Supplied from Direct-Current Systems. 
Where a branch circuit is supplied from a etc system operating 
at more than f>O volts, each ungrounded conductor of 4 AWG 
or larger shall be identified by polarity at all termination, 
connection, and splice point'i by marking tape, tagging, or 
other approved means; each ungrounded conductor of f> AWG 
or smaller shall be identified by polarity at all termination, 
connection, and splice point'i in compliance witll 210.5(C) (2) 
(a) and (b). The identification methods utilized for conductors 
originating "itl1in each branch-circuit panelboard or similar 
branch-circuit distribution equipment shall be documented in 
a manner that is readily available or shall be pcnnancntly 
posted at each branch-circuit panelboard or similar branch
circuit distribution equipment. 

(a) Po.�itive Polal'il)� Sizes 6 A WG m· Smalkl: Where the posi
tive polarity of a de system docs not serve a'i tl1c connection 
point for tile grounded conductor, each positive ungrounded 
conductor shall be identified by one of tl1c follo"ing means: 
(1) A continuous red outer finish 
(2) A continuous reel stripe durably marked along tile 

conductor's entire lcngtl1 on insulation of a color other 
than green, white, gray, or black 

(3) Imprinted plus signs (+) or tl1c word POSITIVE or POS 
durably marked on insulation of a color otllcr than 
green, white, gray, or black a:nd repeated at intcn•ils not 
exceeding f>lO mm (24 in.) in accordance l\ith 310.8(8) 

(4) An approved permanent in;trking means such a'i slcc,ing 
or shrink-tubing that is suitable for tl1c conductor size, at 
all termination, connection, and splice point'i, witll 
imprinted plus signs ( +) or the word POSITIVE or POS 
durably marked on insulation of a color otl1cr than 
green, white, gray, or black 

(b) Negative Polarit)', Sizes 6 A WG m· Smalkl: Where tile 
negative polarity of a de system docs not serve a'i the connec
tion point for tl1c grounded conductor, each negative ungroun
ded conductor shall be identified by one of the follo"ing 
means: 
(1) A continuous black outer finish 
(2) A continuous black stripe durably marked along tile 

conductor's entire lcngtl1 on insulation of a color other 
than green, white, gray, or red 

(3) Imprinted minus signs (-) or tile word :"'EGATIVE or 
1'\EG durably marked on insulation of a color other than 
green, white, gray, or red and repeated at intervals not 
exceeding f>lO mm (24 in.) in accordance l\ith 310.8(8) 
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(4) An approved permanent marking means such a'i slcc,ing 
or shrink-tubing that is suitable for tl1c conductor size, at 
all termination, connection, and splice point'i, witll 
imprinted minus signs (-) or the word NEGATIVE or 
NEG durably marked on insulation of a color other than 
green, white, gray, or reel 

210.6 Branch-Circuit Voltage Limitations. The nominal voltage 
of branch circuit'i shall not exceed the values permitted by 
210.f>(A) tllrough (D). 

(A) Occupancy Limitation. In dwelling unit'i and guest room'i 
or guest suites of hotels, motels, and similar occupancies, tile 
voltage shall not exceed 120 volt'i, nominal, between conduc
tors that supply the terminals of tile follo"ing: 
(1 )  Luminaires 
(2) Cord-and-plug-conncctccl load'i 1440 volt""mpcrcs, nomi-

nal, or lcs.'i or lcs.'i than � hp 

(B) 120 Volts Between Conductors. Circuit'i not exceeding 
120 volt'i, nominal, between conductors shall be permitted to 
supply the follo"ing: .· .· 

( 1 )  The terminals of lampholdcrs applied "ithin tllcir voltage 
ratings 

(2) Auxiliary equipment of electric-discharge lamps 

Informational Note: See 410.137 for auxiliary equipment limita
tions. 

(3) ·. Cord-and-plug-conncctccl or permanently connected 
utilization equipment 

(C) 277 Volts to Ground. Circuit'i cxccccling 120 volt'i, nomi
nal, between conductors and not exceeding 277 volt'i, nominal, 
to ground shall be pcnnittcd to supply cord-and-plug
conncctccl or permanently connected utilization equipment, or 
the follo"ing types of listed luminaires: 
( 1 )  Elcctric-clischargc luminaires witll integral balla'il'i 
(2) LED luminaires witll LED drivers between the branch 

circuit and the lampholclcrs 
(3) Incandescent or LED luminaires, equipped l\ith mcclium

ba'iC or smaller screw shell lampholdcrs, where tl1c lamp
holders arc supplied at 120 volt'i or lcs.'i from the output 
of a stcpdown autotransformer, LED driver, or otl1cr type 
of power supply tl1at is an integral component of tile 
luminairc 

Informational Note No. 1: See 410.90 for requiremenL� regard
ing the connection of screw shell lampholders to gmunded 
conductors. 

(4) Luminaires equipped "itll mogul-ba'ic screw shell lamp
holders 

(5) Luminaires equipped l\ith lampholclcrs, otllcr than tile 
screw shell type, when tL'iccl "itl1in tile voltage ratings of 
their lampholclcrs 

(f>) Luminaires witllout lampholdcrs 

Informational :'\ote No. 2: Luminaires \\ith nonseniceable LEOs 
are examples of luminaires \�ithout lampholders. 

(7) Auxiliary equipment of electric-discharge or LED-type 
lamps 

Informational l'ote l'o. 3: See 410.137 for au.xiliary equipment 
limitations. 

(8) Luminaires converted "itll listed retrofit kit'i incorporat
ing integral LED light sources or accepting LED lamps 
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that also conform l\ith 210.6(C) ( 1 ) ,  (C) (2), (C) (3) , (C) 
(4), or (C)(5) 

(D) 1000 Volts ac or 1500 Volts de Between Conductors. 
Circuit"l cxccccling 277 volt"l, nominal, to ground and not 
exceeding 1000 volt"l ac or 1500 volt"l etc, nominal, between 
conductors shall be permitted to supply the following: 
(1)  The auxiliary cquipmcm of electric-discharge lamps 

moumcd in permanently installed luminaires where the 
luminaires arc moumcd in accordance with one of the 
following: 
a. 1'\ot lcs."l than a height of 6.7 m (22 ft) on poles or 

similar structures for the illumination of outdoor 
areas such as highways, road"l, bridges, athletic field"l, 
or parking lot"l 

b. 1'\ot lcs."l tltan a height of 5.5 m (18 ft) on other struc
tures such as tunnels 

Informational l'ote: See 410.137 for auxiliary equipment 
limitations. 

(2) Cord-and-plug-conncctccl or permanently connected 
utilization cquipmcm otltcr than luminaires 

(3) Luminaires powered from dircct-currcm systems where 
either of the follo"ing apply: 
a. The luminairc contains a listed, de-rated ballast that 

prmiclcs isolation between the de power source and 
the lamp circuit and protection from electric shock 
when changing lamps. 

b. The luminairc contains a listed, de-rated balla"ll and 
ha"l no provision for changing lamps. 

Exception No. 1 to (B), (C), and (D): Fm· lmnplwldn-s of infrmm 
industl"ial heating aptJlianus as provided in 425.14. 

Exception No. 2 to (B), (C), mul (D): Fm· railway pmpn·ties as 

descri!JP.d in 1 10. 1 9. 
210.7 Multiple Branch Circuits. If two or more branch circuit"l 
supply del-ices or equipment on the same yoke or mounting 
strap, a means to simultaneously clisconnccl tlte ungrounded 
supply conductors shall be provided at the point at which the 
branch circuit"l originate. 

210.8 Ground-Fault Circuit-Interruptel' Protection for Person
nel. A listed Cla'i."l A GF\.J shall prmide protection in accorcl
ancc "ith 210.8(A) through (F). The GFCI shall be installed in 
a readily acccs."liblc location. 

Informational :'\ote: See 215.9 for GFCI protection on feeders. 

For the purposes of this section, the distance from recepta
cles shall be mca"lurcd a"l the shortest path tl1c power supply 
cord connected to the receptacle would follow "itltoul piercing 
a floor, wall, ceiling, or fixed barrier. 

(A) Dwelling Units. All 12:>-volt through 250-volt receptacles 
installed in tl1c following locations and supplied by singlc
pha"lc branch circuit"l rated 150 volt"l or lcs."l to ground shall 
have ground-fault circuit-interrupter protection for personnel: 

(1)  Bathrooms 
(2) Garages and also acccs."llry buildings tltal have a floor 

located at or below grade level not imcndcd a"l habitable 
rooms and limited to storage arca"l, work arca"l, and 
arca"l of similar usc 

(3) Outdoors 
( 4) Crawl spaces - at or below grade level 
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(5) Ba"lCmcnl"l 
(6) Kitchens 
(7) Arca"l "ith sinks and permanent proviSions for food 

preparation, beverage preparation, or cooking 
(8) Sink."l - where receptacles arc installed within 1.8 m 

(6 ft) from the top inside edge of the bowl of the sink 
(9) Boathouses 

(10) Bathtubs or shower stalls - where receptacles arc 
installed "ithin 1 .8 m (6 ft) of the out"liclc edge of the 
batlnub or shower stall 

( 1 1 )  Launclrv arca"l 
(12) Indoor damp and wet locations 

Exception No. 1: RecefJtacles that are 1wt 11'miily accessibk and mf! 
.mpplied by a lnunclt cirruit dP.dicated to e!Pctric stww-melting, deicing, 
or piJ�eline mul vessel heating equiJ1711ent slmU be permitted to be 
instalkd in accmrlana with 426.28 or 427.22, as aJ1plicabk. 

Exception No. 2: A 11'cejJtack .mpplying only a Jle/'0Ul1Umtly installed 
premises securit_l' sy.�tem shaU be Jmmitled to omit gmmulfault circuit
interrupter Jnvtection. 

Exception No. 3: Listed weighl-sliJ1porting ceiling 11'Cejltacks (H-sCR) 
utiliZP.d in combination with comJJatibk weight-.mpporting attachment 

fittings (�) insta/H.d for the JIUI pose of suJJpm·ting a ceiling lumin
ailf! or reiling-.m.�pended Jan shall be Jmmitted to omit gmundfault 
cirruit-intermJJter protection. lJ a grmeral-purpo.'il' convenience 11'cejlta
ck i.� integral tO the ceiling luminai11' m· ceiling-.msJJroded Jan, GF\.J 
Jnvtection shall be Jllvvided. 

Exceptiun No. 4: Factory-installed 11'cejltacles tlmt mf! twt ,.,mJily acces
.�ibk and m"t' mounted intemall_l' to batlnvom exhaust Jan a.�semblies 
shall not 11'-f[Uire GF\.J pmtection unless 11'qui11'd by the imtallation 
i.nstmctions or li.�ting. 

Informational :'\ote: See 760.41 (8) and 760. 121 (8) for power 
supply requirement• for lire alarm systems. 

(B) Other Than Dwelling Units. All 125-volt through 250-volt 
receptacles supplied by singlc-pha"lc branch circuit"l rated 
150 volt"l or lcs."l to ground, 50 amperes or lcs."l, and all recepta
cles supplied by thrcc-pha"lC branch circuit"l rated 150 volt"l or 
lcs."l to ground, 100 amperes or lcs."l, installed in tltc follo"ing 
locations shall be provided "itl1 GFCI protection: 

(1)  Bathrooms 
(2) Kitchens 
(3) Arca"l "ith sink."l and permanent proV1s10ns for food 

preparation, beverage preparation, or cooking 
(4) Buffet serving arca"l with pcrmancm provisions for food 

scning, beverage serving, or cooking 
(5) Rooftops 
(6) Outdoors 
(7) Sink."l where receptacles or corcl-ancl-plug-conncctcd 

fixed or stationary appliances arc installed within 1.8 m 
(6 ft) from the top inside edge of the bowl of the sink 

(8) Indoor damp or wet locations 
(9) Locker rooms with a"lsociatcd showering facilities 

(10) Garages, acccs."lory buildings, service bays, and similar 
arca"l otltcr than vehicle exhibition halls and showrooms 

( 1 1 )  Crawl spaces at or below grade level 
(12) l:nfinishcd arca"l of ba"lcmcnl"l 
(13) Aquariums, bait wells, and similar open aquatic vcs."lels 

or containers, such a"l tank."l or bowls, where receptacles 
arc installed within 1.8 m (6 ft.) from the top inside 
edge or rim or from the conductive support framing of 
the vcs."lel or container 
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( 14) Laundrv areas 
( 15) Bathtubs and shower stalls where receptacles arc instal

led "idtin 1 .8 m (6 ft) of me out�ide edge of the bathtub 
or shower stall 

Exception No. 1: Reuptacks that are 1wt 11'miily accessibk and m-e 
.mpplied by a lnunclt cirruit dP.dicated to e!Pctric s1ww-melting, deicing, 
m· piJit'line mul ve.�sel lteating l'-f[UiJ1711ent shall be Jlelmitll'.d to be imtal
kd in accmrlanu with 426.28 or 427.22, as aJ1plicabk. 

Exception No. 2: ReceJJtades on moftofJs shall not be requi1-ed to be J-ead
i�l' accessibk other than fiv-m the 1VOflofJ. 

Exception No. 3: Receptacles ctr mrd-and·plug-connPcttd fixed and 
statictnaJ)' apt1lianus instalkd within 1.8 m (6ft) fivm the top inside 
tdge of a bmvl of a sink shall not be 11'quil"td to be GF('J Jllvll'cttd in 
indust1ial establishments wlte1-e the cmulitions of mainteiUmce and 
.�upervision emw1' that ctn�}· qualijiP.d persmmel m-e involvtd, an 
a.uw"t'd equipment gromuling conductm· pmgmm in acconlance with 
590.6(8)(2) shall be pm11itted Jctr on�)' those 11'ajltack outkts used to 
.mptJly l'-f[UiJ1711ent that would Cl-eate a grP.ater hazanl if Jlmvel· is inlel._ 
mJittd m· that ha.� a desigll 1wt compatibk with GF('J pmtection. 

Exception No. 4: Receptacles ctr mrd-and·plug-connecttd fixed and 
statictnaJ)' appliances instalkd within 1.8 m (6ft) fivm the top inside 
tdge of a bmvl of a sink shall not be 11'qui11'd to be GF('J Jllvll'cttd in 
indust1ial labomto1its w!lt'lf! the 11'cejJtacles a11' used to supp�l· equip
ment if removal of /JmtJer would intmduce a w-eater hazanl. 

Exception No. 5: RPceptacks locattd in J�atient bed locations of ('_.ate
go')" 2 (geneml care) or CalegoiJ 1 (Ciitical cm1') sJJaces of /tea/tit cm-e 
facilities shall be pen11itted to comp�}· witlt 517.21. 

Exception No. 6: Li�ttd weight-:mJ1po1·ting ceiling 11'ceptacks (H-sCR) 
utiliZP.d in cOIIIbinatictn with mmJ�atible weight-.�upporting attachment 
fittings (H-sAF) installed Jm· tile purpo.� of serving a ceiling luminaire 
m· ceiling-susJit'luil'n Jan sllaU be Jmmitted to ctmit GF('J Jllvtection. If a 
general-Jiwpose convenience 11'ajltacle is intewul to the ceiling lllmin
ail-e ctr ceiling-su.�pended Jan, GF('J pmtPctictn slmU be pmvided. 

(C) Crawl Space Lighting Oudets. GFCI protection shall be 
prm-ided for lighting oudet� not exceeding 120 \--olt� installed 
in crawl spaces. 

(D) Specific Appliances. GFCI protectioQ shall be provided 
for dte branch circuit or oudet suppl}ing dte follo"ing applian
ces rated 150 volt� or les.� to ground and 60 amperes or lcs.�, 
singlC" or 3-pha�e: 

· 

(1)  Automotive vacuum machiites 
(2) Drinking water coolers and botde fill stations 
(3) High-pressure spray washing machines 
(4) Tire inflation machines 
(5) Vending machines 
(6) Sump pumps 
(7) Dishwashers 
(8) Electric ranges 
(9) Wall-mounted ovens 

( 10) Counter-mounted cooking unit� 
( 1 1) Clomes drvers 
(12) Microwave· ovens 

(E) Equipment Requiring Servicing. GFCI protection shall be 
prm-ided for the receptacles required by 210.63. 

(F) Outdoor Oudets. For dwellings, all outdoor outlet�, other 
than dtosc covered in 210.8(A) , Exception 1'\o. 1, including 
oudet� installed in dte following locations, and supplied by 
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single-pha�e branch circuit� rated 150 volts or les.� to ground, 
50 amperes or less, shall be prm-ided wim GFCI protection: 
( 1 )  Garages that have floors located at or below grade level 
(2) Acccs.�ory buildings 
(3) Boathouses 

If equipment supplied by an oudet covered under me 
requirement� of this section is replaced, me oudet shall be 
supplied "im GFCI protection. 

Exception No. 1: GFCT pmttction shall 1wt be 11'qui11'd on lighting 
mttlets other than those cove1-ed in 210.8(C). 

Exception No. 2: GF('J Jllvll'ctictn shall not be 1pqui1-ed Jctr listtd T TVAC 
equipment. Thi� exception shall expi11' September 1, 2026. 

210.9 Circuits Derived from Autotransformers. Branch 
circuit� shall not be derived from autotransformers unles.� me 
circuit supplied ha� a grounded conductor mat is electrically 
connected to a grounded conductor of the system suppl}'ing 
the autotransformer. 

Exception No. I: An a']lkJtmn.ifm"lllt'l" shall be pennittl'.d withctUt the 
conntction to a /PTtUnt/N i:muluctm· wlte1-e tran.ifmming fivm a nmlli
nal 208 volts to a IWminal 240-volt suptJ�V m· .�imila* Jmm 240 volts 
to 208 volts. 

Exception /l[o. 2: Tn indust1ial ocruJJancies, whe11' conditions of main
tenance aild .rupervi�ion t'11SU17! that on�)' qua/ijii'R persons .�I"Vice t/te 
in�talltition, autotmnsfmmers shall be permitltd to .mJIP�l· nominal 
600-volt loads fivm nominal 480-volt systt'ms, and 480-volt /nads Jmm 
nominal 600-volt !i)"Slems, withctUt the ectnnection to a similar groun
ded mnducto1: 

210.10 Ungrounded Conductors Tapped from Grounded 
Systems. Two-wire dc circuit� and ac circuit� of two or more 
ungrounded conductors shall be permitted to be tapped from 
the ungrounded conductors of circuit� that have a grounded 
neutral conductor. S"itching de'l'ices in each tapped circuit 
shall have a pole in each ungrounded conductor. All poles of 
multipole Sl\itching devices shall manually switch together 
where such Sl\itching de'l'ices also serve a� a disconnecting 
means a� required by the follm\ing: 
(1)  410.93 for doubiC"pole s"itched lampholders 
(2) 410.104(B) for electric-discharge lamp auxiliary equip-

ment switching de'l'ices 
(3) 422.31 (B) for an appliance 
(4) 424.20 for a fixed electric spacC"heating unit 
(5) 426.51 for electric deicing and snow-melting equipment 
(6) 430.85 for a motor controller 
(7) 430.103 for a motor 

210.11 Branch Circuits Required. Branch circuit� for lighting 
and for appliances, including motor-operated appliances, shall 
be provided to supply the loacl� calculated in accordance wim 
220.10. In addition, branch circuits shall be prmided for 
specific loacl� not covered by 220.10 where required elsewhere 
in this ('..ode and for dwelling unit loads a� specified in 
210. 1 l (C). 

(A) Number of Branch Circuits. The mnumum number of 
branch circuit� shall be determined from dte total calculated 
load and the size or rating of the circuit� used. In all installa
tions, me number of circuit� shall be sufficient to supply me 
load served. In no ca�e shall the load on any circuit exceed me 
maximum specified by 220.1 1 .  
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(B) Load Evenly Proportioned Among Branch Circuits. \\'bcrc 
the load is calculated on the basis of volt-amperes per square 
meter or per square foot, the wiring system up to and including 
the branch-circuit panclboard(s) shall be provided to serve not 
lcs.� than the calculated load. This load shall be evenly propor
tioned among multioutlct branch circuit� l\ithin the pancl
board(s). Branch-circuit ovcrcurrcnt dcliccs and circuit� shall 
be required to be installed only to serve the connected load. 

(C) Dwelling Units. 

(I) Small-Appliance Branch Circuits. In addition to the 
number of branch circuit� required by other part� of this 
section, two or more 20-ampcrc small-appliance branch circuit� 
shall be prmidcd for all receptacle outlet� specified by 
210.52(B). 

(2) Laundry Branch Circuits. In addition to the number of 
branch circuit� required by other part� of this section, at least 
one additional 20-ampcrc branch circuit shall be prolidcd to 
supply tltc laundry receptacle outlct(s) required by 210.52(F). 
This circuit shall have no other outlet�. 

(3) Bathroom Branch Circuits. In addition to the number of 
branch circuit� required by other part� of this section, one or 
more 120-volt, 20-ampcrc branch circuit shall be prolidcd to 
supply bathroom(s) receptacle outlct(s) required by 210.52(D) 
and any countcrtop and similar work surface receptacle outlet�. 
Such circuit� shall have no otltcr outlet�. 

Exception: �Wum� the 20-amJJelf! cin:uit suJJfrlies a single bathmom, 
cmtlets Jm· ot/�e�· equipmtmt within the same bathroom shall be permitted 
to be suptJLied in acccmlance with 210.23(Bj( I) mul (8)(2). 

(4) Garage Branch Circuits. In addition to the number of 
branch circuit� required by other part� of this section, at least 
one 120-volt, 20-ampcrc branch circuit shall be installed to 
supply receptacle outlet�, including those required by 
210.52(G) ( 1 )  for attached garages and in detached garages 
with electric power. This circuit shall have no other outlet<;. 

Additional branch circuit� rated 15 amperes or greater shall 
be permitted to serve receptacle outlet� other than tltose 
required by 210.52(G) (1) .  

Exception No. 1: Thi� circuit shall be /JI'I'mitted lo suJIP{l' outd1101· lf'cejl-
tark outlets. 

· 

Exception No. 2: ll1ie11! the 20-amJmf' cin:uit suptJLies a single vehicle 
bay gamge, outlets Jm· other 1'-f[UiJmlt'Tit wiihin the same gamge slmU be 
permitted to be suptJLied in accmrlan� with 210.23(Bj( I) mul (Bj(2). 

210.12 Arc-Fault Circuit-Interrupter Protection. Arc-fault 
circuit-interrupter (AFCI) protection shall be installed in 
accordance l\itlt 210.12(B) through (E) by any of the means 
described in 210.12(A) (1)  through (A) (6). The AFCI shall be 
listed and installed in a readily accessible location. 

(A) Means of Protection. AFCI protection shall be prmidcd by 
any of the follm\ing means: 

( 1) A listed combination-type AFCI installed to prolidc 
protection of the entire branch circuit. 

(2) A listed branch/fccdcr-t}'pc AFCI installed at the origin 
of the branch circuit in combination with a listed outlet 
branch-circuit-type AFCI installed on tltc branch circuit at 
the first outlet box, which shall be marked to indicate 
that it is the first outlet of tltc branch circuit. 

(3) A listed supplemental arc protection circuit breaker 
installed at the origin of the branch circuit in combina-
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tion l\ith a listed outlet branch-circuit-type AFCI installed 
on the branch circuit at the first outlet box if all of the 
following conditions arc met: 

a. The branch-circuit \\iring shall be continuous from 
the branch-circuit ovcrcurrcnt dc,icc to the outlet 
branch-circuit AFCI. 

b. The maximum Jcngtl1 of the branch-circuit wiring 
from the branch-circuit ovcrcurrcnt dclicc to tltc first 
outlet shall not exceed 15.2 m (50 ft) for a 14 AWG 
conductor or 21.3 m (70 ft) for a 12 AWG conductor. 

c. The first outlet box shall be marked to indicate that it 
is the first outlet of the branch circuit. 

(4) A listed outlet branch-circuit-type AFCI installed on the 
branch circuit at the first outlet in combination with a 
listed branch-circuit ovcrcurrcnt protective dclicc if all of 
the follm\ing conditions arc met: 

a. The branch-circuit \\iring shall be continuous from 
the branch-circuit ovcrcurrcnt dc,icc to the outlet 
branch-circuit AFCI. 

b. The maximum length of the branch-circuit wiring 
from the branch-circuit ovcrcurrcnt dclicc to tltc first 
outlet shall not exceed 15.2 m (50 ft) for a 14 AWG 
conductor or 21.3 m (70 ft) for a 12 AWG conductor. 

c. The first outlet box shall be marked to indicate that it 
is the first.outlct of the branch circuit. 

d. The combination of the branch-circuit ovcrcurrcnt 
device and outlet branch-circuit AFCI shall be idcnti

·. ficd as meeting the requirement� for a system 
combination-type AFCI and listed as such. 

(5) If metal raceway, metal wircways, metal auxiliary gutters, 
or Type �lC or Type AC cable meeting tltc applicable 
requirement� of 250.1 18, witlt metal boxes, metal conduit 
bodies, and metal enclosures arc installed for the portion 
of the branch circuit between the branch-circuit ovcrcur
rcnt dc'l'icc and the first outlet, it shall be permitted to 
install a listed outlet branch-circuit-type AFCI at the first 
outlet to prmidc protection for the remaining portion of 
the branch circuit. 

(6) "'bcrc a listed metal or nonmetallic conduit or tubing or 
Type :MC cable is encased in not lcs.� than 50 mm (2 in.) 
of concrete for the portion of the branch circuit between 
the branch-circuit ovcrcurrcnt dclicc and the first outlet, 
it shall be permitted to install a listed outlet branch
circuit-type AFCI at the first outlet to prmidc protection 
for the remaining portion of the branch circuit. 

Informational l'ote: See t:L 1699-201 1, Standard for Arc·Fault 
Cirruit-lntl'rrupters, for infonnation on combination-type and 
branch/feedeHype AFCI devices. See UL Su�ject 1699:\, Outline 
of htve.<tiglltion for Outlet Branrll Circuit Arc-Fault Circuit-Interrupter.<, 
for infmmation on outlet branch<ircuit type AFCI devices. See 
t:L Su�ject 1699C, Outlhll' of lnv�'>tigation for Systl'm l.ombination 
Arr-Fault Circuit luterruptmo, for information on system combina
tion AFCis. 

(B) Dwelling Units. All 120-volt, single-phase, 10-, 15-, and 20-
ampcrc branch circuit� suppl)ing outlet� or dcliccs installed in 
the following locations shall be protected by any of the means 
described in 210.12(A) (1)  through (A) (6): 

(1)  Kitchens 
(2) Family rooms 
(3) Dining rooms 
(4) Lhing rooms 
(5) Parlors 
(6) Libraries 
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(7) Dens 
(8) Bedrooms 
(9) Sunrooms 

( 10) Recreation rooms 
( 1 1 )  Closets 
(12) Hallways 
(13) Laundrv areas 
( 14) Similar ;.rcas 

Exception No. 1: AKJ Jnvtecti(m shall 1wt be Tequhed fm· an individ
ual branch citruit .�upplying a fin• alann .�_vstem in.�talled in accordance 
with 760.4/(B) m· 760.121(8). Tlv brandt cilruit shall be installed in 
a metal mct!Wa_l', metal auxilim)' gutte1; sll'-t!l-armD11'4 cable, m· Type 
MC m· Type AC cable meeting the applicable requiremenLf of 250.118, 
with metal boxes, conduit bodies, and enclo.mll!!i. 

Exception No. 2: AFCT protection shall not be required fm· the individ
ual branch ci�ruit .mpplying an (nttlet for arc welding equipment in a 
dwelling unit until]anum)' 1, 2025. 

lnformational l'ote l'o. 1 :  See J\1-PA 72-2022, National Fire .4/arm 
ami Sigmzlinr; ('.od,., 29.9.4(5), for infonnation on secondary 
power source requiremenL� for smoke alarms installed in dwell
ing uniL�. 

Informational l'ote :'\o. 2: See i60.41 (8) and 760. 121 (8) for 
power source requiremenL� for fire alarm systems. 

(C) Dormitory Units. All 120-volt, single-phase, 10-, 15-, and 
20-ampcrc branch circuits supplying outlets or dc\iccs installed 
in the following locations shall be protected by any of the 
means described in 210.12(A) ( 1 )  through (A) (6): 
(1) Bedrooms 
(2) Lhing rooms 
(3) Hallways 
(4) Closct'i 
(5) Bathrooms 
(6) Similar rooms 

(D) Other Occupancies. All 120-volt, single-phase, 10-, 15-, 
and 20-ampcre branch circuit'i supplying outleL'i or devices 
installed in the follm\ing locations shall be protected by any of 
the means described in 210.12(A) (1)  through (A) (6): 
(1) Guest rooms and guest suites of bote� and motels 
(2) Areas used exclusively a'i patient sleeping rooms in nurs

ing homes and limited-care fucilities 
(3) Arca'i designed for usc cxclu.�vely a'i sleeping quarters in 

fire stations, police stations, ambulance stations, rescue 
stations, ranger station.�, and similar locations 

(E) Branch Circuit Waring Extensions, Modifications, or 
Replacements. If branch-circuit wiring for any of the areas 
specified in 210.12(B), (C), or (D) is modified, replaced, or 
extended, the branch circuit shall be protected by one of the 
following: 
(1)  By any of tltc means described in 210.12(A) ( 1 )  through 

(A) (6) 
(2) A listed outlet branch-circuit-type AFCI located at the first 

receptacle outlet of the existing branch circuit 

Exception: AF('J pmlt'ction shall 1wt be 11'-f{lti11'4 where the extension of 
the existing branch-ci�ruit conductm-s is not mm'l! than 1.8 m (6ft) and 
does not include any additional outkLf m· droices, other than .fplicing 
droius. Thif mea.rut'l!IRI!nt shall not include the crmdtutm-s infide an 
enclo.ml'l!, cabinet, mjunction box. 

210.13 Ground-Fault Protection of EquipmenL Each branch
circuit disconnecting means rated 1000 amperes or more and 
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installed on solidly grounded wyc electrical systems of more 
than 150 volt'i to ground, but not exceeding 1000 volts pha'ic
to-pha'iC, shall be prmidcd "ith ground-fault protection of 
equipment in accordance \\ith 230.95. 

Informational l'ote: See 51i. l i  for requiremems on buildings 
that coma in health care occupancies. 

Exception No. 1: This s«tion shall not apply to a discrmn«ting tneanf 
fm· a continuouf indu.ftrial Jnvress wlm1' a nonordel�}· shutdmvn will 
intmdtue additional m· increased hazards. 

Exception No. 2: This section shall not apply if gmundfault Jnvlt'ction 
of 1'-f[UiJJmrot is provided on tlv .mfrP{l· .�ide of the branch cimtit and on 
the load side of any tmnifonner .ruptJ{Ving tlv brandt cin:uit. 

210.17 Guest Rooms and Guest Suites. Guest rooms and guest 
suites in the following occupancies tltat arc prm-idcd with 
permanent provisions for cooking shall have branch circuit'i 
installed to meet the rules for dwelling units: 
( 1 )  Hotels 
(2) Motels 
(3) A'isistcd li\ing facilities 

Informational :'\o�e t\o. 1 :  See 210. 1 1  (C)(2) and 210.52(F), 
Exception l'o .. 2, for infmmation on laundry brdnch circuiL� and 
receptacle outlet.�. 

lnformatiomtl :'\ote l'o. 2: See :'\FPA /01-2021, l.i[l' Stifet)' Code, 
3.3.198.12 and ,\.3.3.198.12(5), for the definition of aui<ted 
livingfarilities. 

Part II. Branch-Circuit Ratings 

210.18 Rating. Branch circuit'i recognized by this article shall 
be rated in accordance \\ith the maximum permitted ampere 
rating or setting of the ovcrcurrcnt dc,icc. The rating for other 
than individual branch circuits shall be 10, 15, 20, 30, 40, and 
50 amperes. \\'here conductors of higher ampacity arc used for 
any rca'ion, the ampere rating or setting of the specified over
current device shall determine the circuit rating. 

Exception No. 1: Multioutkt branch cin:uits greater than 50 amjJI!Il!!i 
shall be Jmmitted to suptJ{V nonlighting outkt loadf in locati(tnS whe1't! 
ronditionf of maintenance and supet-vifion msut'l! that only qualified 
pn-s(ms sn-vice tlv equiJmlrot. 

Exception No. 2: Branch cin:uits mll'.d 10 amjJI!Il!!i shall 1wt supply 
ll!CeJJtack outlets. 

210.19 Conductors - Minimum Ampacity and Size. Branch
circuit conductors for circuits not exceeding 1000 volts ac or 
1500 volt'i de shall be sized in accordance "ith 210.19(A) 
through (D). 

Informational l'ote: Conductors for brdnch circuiL� a.� defined 
in Anicle 100, sized to pre,·ent a n>ltage dmp exceeding 
3 percent at the fanhest outlet of power, heating, and lighting 
load�. or combinations of such load�, and where the maximum 
total voltage dmp on both feeders and branch circuiL� to the 
fanhest outlet does not exceed 5 percent, pm,ide rea.�nable 
efficiency of operation. See 215.2(,\) (2), lnfonnational :'\ote 
:'\o. 2, for infonnation on n>ltage drop on feeder conductors. 

(A) General. Branch-circuit conductors shall have an ampacity 
not lcs.'i than the larger of tltc following and comply with 
1 10.14(C) for equipment terminations: 
( 1 )  \\'here a branch circuit supplies continuotL'i loacl'i or any 

combination of continuou.'i and noncontinuous load'i, the 
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minimum branch-circuit conductor size shall have an 
ampacity not lcs.� than the noncontinuous load plus 
125 percent of the continuous load in accordance with 
310.14. 

Exception to (I): If tile a.<;semh�l', including tile overcwnml devices 
pmtecting tile lnunclt cin:uits, is listed for oJm1llion at I()() percent of its 
11lling, tile ampacit_l' of tile bmncll-cin:uit conductors shall be Jmmitted 
to be not less than tile sum of tlv continuous /nad plus the noncontinu
ous load in accmdanu with I I 0. I 4( C). 

(2) The minimum branch-circuit conductor size shall have an 
ampacity not lcs.� than the maximum load to be served 
after the application of any adjustment or correction 
factors in accordance with 310.15. 

Exception to (I) and (2): ll1tell' a pmtion of a branch circuit is connec
ted at both its .mpply and /nad ends to sepamte�l· installed pl-e.'l.mll' 
connections as covell'd in JJO.J4(C)(2), an allowable amfJacit_l' in 
acconlance with 3IO.I5 not less than tlv .mm of tile continuous load 
plus tlv noncontinuous load shall be permitted. No Jlm·tion of a branch 
circuit installed under this exception shall extend into an enclo.mll' 
containing rithn· the lnunch-circuit suJJ/I�l· m· tlv bmncll-cin:uit load 
te1minations. 

(B) Branch Circuits with More than One Receptacle. Conduc
tors of branch circuits supplying more than one receptacle for 
cord""'nd-plug-conncctcd portable loads shall have an ampacity 
of not lcs.� than the rating of the branch circuit. 

(C) Household Ranges and Cooking App6ances. Branch
circuit conductors supplying household ranges, wall-mounted 
ovens, counter-mounted cooking unit�, and other household 
cooking appliances shall have an ampacity not lcs.� than the 
rating of the branch circuit and not lcs.� than the maximum 
load to be served. For ranges of 8� kW or more rating, the 
minimum branch-circuit rating shall be 40 amperes. 

Exception No. I: \..onductors taJJjled ftmn a bmncll cin:uit not 1'-Xr:eed
ing 50 am/Jnl'S supplying e!Pct1ic ranges, wall-mounted elecll"ic ovens, 
and counteNnounted electric cooking units shall have an ·IJlllfJacity of 
not less than 20 ampetf's and shall be sufficient for the /nad to be 
served. The.'il' tap conductm-s include an_l' conductm;� that alf' a Jlart of 
the !Pmls suJJjlliP.d with tlv appliance that all' smaller than tile bmncll
circuit conductm:�. Tile taps shall not be longer t.han 1me.'l.�al) fm· serv-
icing the appliance. 

· 

Exception No. 2: The neutml conduclo!· of a 3-will' lnunch cin:uit 
supplying a llousPJwld e!Pct1ic mngr, ti wall-mounted oven, or a 
countn�mountl'.d cooking unit shall be Jmmitted to be smaller than tile 
ungmunded conductm-s whelf' tile maximum demand of a mngP- of 
8� kW m· mmf' 11lling has been calculated according to Column C of 
Table 220.55, but .mel! conductm· shall have an ampacitJ of 1wt /e.'l.� 
than 70 pnr:rol of the lnunch-circuit mting and shall not be smaller 
than 10AWG. 

(D) Other Loads. Branch-circuit conductors that supply load� 
other than those specified in 210.3 and other than cooking 
appliances as covered in 210.19(C) shall have an ampacity sum
dent for the load� served and shall not be smaller than 
14 AWG. 

Exception No. 1: Tap conductm-s shall have an ampacity sufficient fm· 
the /nad served. In addition, tlleJ• shall have an amJJacitJ of not /e.'l.� 
than 15 for ci1r:uits 11lled le.'l.f than 40 amflt'I1'S and not less than 20 fm· 
circuits mted at 40 or 50 ampert!!i and on�}· where these tap condttclm-s 
.fupply an_l' of tlv following loads: 
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( 1) Individual lampllolders m· luminaiTt!!i with taps extending not 
longr>�· than 450 mm (18 in.) b,·ond any portion of the lamp
holdn· m·luminailf' 

(2) A luminaill' having tap conductm-s in accmdance with 410. I 1 7 
( 3) Individual outlets, other than TPcejllacle outlets, zuith taJJs not 

over 4 50 mm (I 8 in.) long 
( 4) Infralf'd lamJI industria/ heating appliances 
( 5) Nonheating leads of deicing and snmv-melting cables and mats 

Exception No. 2: Fixture wilt!!i and flexible cords shall be pn·mitted to be 
smallel· than 14 A WG as permitted bJ 240.5. 

210.20 Overcurrent Protection. Branch-circuit conductors and 
equipment for circuit� not exceeding 1000 volt� ac or 
1500 volt� de shall be protected by ovcrcurrcnt protective dc\-i
ccs that have a rating or setting that complies with 210.20(A) 
through (D). 

(A) Continuous and Noncontinuous Loads. \\'here a branch 
circuit supplies continuous load� or any combination of contin
uous and noncontinuous lo;ul<�, the rating of the ovcrcurrcnt 
dc\icc shall not be lcs.� than the noncontinuous load plus 
125 percent of the continuoiL� load. 

Exception: �Wml' tile ft.'l.femb�l� incltuling tile ovnrunml devict!!i 
protecting the lnmu:/1 dn:mt(s ), is lifted for oJm1llion at 1 ()() Jlt'lrent of 
its mting, tile ampere mting of tlv ovemmml device shall be pn·mitted 
to be 1wt le.'l.f than the .mm of tile contimwus /nad plus lite noncontinu
ous load. 

(B) Conductor Protection. Conductors shall be protected in 
accordance with 240.4. Flexible cords and fixture "ires shall be 
protected in accordance l\ith 240.5. 

(C) Equipment. The rating or setting of the ovcrcurrcnt 
protective dc\-icc shall not exceed that specified in the applica
ble articles referenced in Table 240.3 for equipment. 

(D) Outlet Devices. The rating or setting shall not exceed that 
specified in 210.21 for outlet clc\'ices. 

210.21 Outlet Devices. Outlet dc\-iccs shall have an ampere 
rating that is not lcs.� than the load to be served and shall 
complp\ith 210.21 (A) and (B). 

(A) Lampholders. \\'here connected to a branch circuit ha\-ing 
a rating in execs.� of 20 amperes, lampholclcrs shall be of the 
heavy-duty type. A heavy-duty lampholdcr shall have a rating of 
not lcs.� than f>60 watt� if of tltc aclmcdium type, or not lcs.� 
than 750 watt� if of any other type. 

(B) Receptacles. 

(I) Single Receptacle on an Individual Branch Circuit. A 
single receptacle installed on an indi\idual branch circuit shall 
have an ampere rating not lcs.� than that of the branch circuit. 

Exception No. 1: A ll'Ct'jltarle installed in accmdance with 430.81(8). 

Exception No. 2: A TPcejllacle installed exclusively for tile use of a cmrl
and-JJ!ug-connected mr: welder shall be permitted to have an amjlell' 
11lling 1wt le.'l.f than tlv minimum branch-circuit condtu:tm· ampacity 
dete1mi1ted by 630.11 (A) fm· mr: weldn:f. 

Informational :'\ote: See Anicle 100 for the definition of recepta
clt-. 
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(2) Total Cord-and-Plug-Connected Load. Where connected 
to a branch circuit suppl}'ing two or more receptacles or 
outlets, a receptacle shall not supply a total cord-and-plug
connected load in excess of the maximum specified in Table 
210.21 (B) (2). 

(3) Receptacle Ratings. \\'here connected to a branch circuit 
supplying two or more receptacles or outlet�, receptacle ratings 
shall not be lcs.� than the \-"Cducs listed in Table 210.21 (B) (3), 
or, where rated higher than 50 amperes, the receptacle rating 
shall not be lcs.� than the branch-circuit rating. 

Exception No. I: &reJJtarles installed 1'-Xclusive�l' fm· the use of cmrl
and-JJLug-ronnected an: weldn-s slmU be pemtitll'.d to have ampere 
ratings not less than t!te minimum bmnch-cin:uit rondurtor ampacity 
determined by 630. JJ (A) m· (B )Jm· mr weldn-s. 

Exception No. 2: T!te ampere mting of a lf!CeJJtarle installed for elect1ic 
disdmrge lighting shaU be Jmmitted to be based on 410.62(C). 

(4) Range Receptacle Rating. The ampere rating of a range 
receptacle shall be permitted to be ba�d on a single range 
demand load a� specified in Table 220.55. 

210.22 Permissible Loads, Individual Branch Circuits. An incH
vidual branch circuit shall be permitted to supply any load for 
which it is rated, but in no ca�c shall the load exceed the 
branch-circuit ampere rating. 

210.23 Permissible Loads, Multiple-Outlet Branch Circuits. In 
no ca� shall the load exceed the branch-circuit ampere rating. 
A branch circuit supplying two or more outlet� or receptacles 
shall supply only the loacl� specified according to it� size in 
accordance with 210.23(A) through (E) and a� summarized in 
210.24. 

(A) 10-Ampere Branch Circuits. A 10-ampcrc branch circuit 
shall comply l\ith tltc requirement� of 210.23(A) ( 1 )  and (A) 
(2). 

(I) Loads Permitted for 10-Ampere Branch Circuits. A 10-
ampcrc branch circuit shall be pennittcd to ·supply one or 
more of the follo"ing: 
(1) Lighting outlet� 

Table 210.21(B)(2) Maximum Cord-and-Plug-Connected Load 
to Receptacle 

Circuit Rating 
(Amperes) 

15 or 20 
20 
30 

Receptacle Rating 
(Amperes) 

15 
20 
30 

Maximum Load 
(Amperes) 

12 
16 
21 

Table 210.21(B)(3) Receptacle Ratings for Circuits Serving 
More Tban One Receptacle or Receptacle Outlet 

Circuit Rating 
(Amperes) 

15 
20 
30 
40 
50 

Receptacle Rating 
(Amperes) 

15 
15 or 20 

30 
40 or 50 

50 
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(2) Dwelling unit exhaust fans on bathroom or laundry room 
lighting circuits 

(3) A ga� fireplace unit supplied by an indhidual branch 
circuit 

(2) Loads Not Permitted for 10-Ampere Branch Circuits. A 10-
ampcrc branch circuit shall not supply any of the follo"ing: 
(1)  Receptacle outlet� 
(2) Fixed appliances, except a� permitted for individual 

branch circuit� 
(3) Garage door openers 
(4) Laundry equipment 

(B) 15- and 20-Ampere Branch Circuits. A 1:>- or 20-amperc 
branch circuit shall be permitted to supply lighting outlets, 
lighting unit�, or other utilization equipment, or any combina
tion of tltcm, and shall comply "ith 210.23(B) (1)  and (B) (2). 

Exception: T!te .�mall-aptJLiance ln'flnch ciwuits, laundlJ bmnclt 
riiTUit�, and bathroom bmnclt cirr:uit� ntquiml in a dweUing unit(s) by 
2JO.ll(C)(l), (C)(2), an4 (C)(3) slmU .mpply cmly the lf'cejJtacle 
o·utlets sJJerijil'.d in that ser.tion. 

(I) Cord-and-Plug-Connected Equipment Not Fastened in 
Place. The rating of any one cord-and-plug-connected utiliza
tion equipment not fa�tcncd in place shall not exceed 
80 percent of the branch-circuit ampere rating. 

(2) UtUfzation Equipment Fastened in Place. The total rating 
of utilization equipment fa�tcncd in place, other than lumin
aim, shall not exceed 50 percent of the branch-circuit ampere 
rating where lighting unit�. cord-and-plug-connected utilization 
equipment not fa�tcncd in place, or both, arc also supplied. 

(C) 30-Ampere Branch Circuits. A 30-ampcrc branch circuit 
shall be permitted to supply fixed lighting unit� with heavy-duty 
lampholdcrs in other than a dwelling unit(s) or utilization 
equipment in any occupancy. The rating of any one cord-and
plug-connected utilization equipment shall not exceed 
80 percent of the branch-circuit ampere rating. 

(D) 40- and 50-Ampere Branch Circuits. A 40- or 50-ampere 
branch circuit shall be permitted to supply cooking appliances 
that arc fa�tcncd in place in any occupancy. In other than 
dwelling unit�. such circuit� shall be permitted to supply fixed 
lighting unit� with heavy-duty lampholdcrs, infrared heating 
unit�, or other utilization equipment. 

(E) Branch Circuits Larger Tban 50 Amperes. Branch circuit� 
larger than 50 amperes shall supply only nonlighting outlet 
load�. 

210.24 Branch-Circuit Requirements Summary. The 
requirement� for circuit� that have two or more outlet� or 
receptacles, other than the receptacle circuits of 210. 1 1  (C) (l  ),  
(C) (2), and (C) (3) , arc summarized in Table 210.24(1)  for 
copper conductors and Table 210.24(2) for aluminum and 
copper-clad aluminum conductors. Table 210.24(1)  and Table 
210.24(2) prm-idc only a summary of minimum requirements. 
Sec 210.19, 210.20, and 210.21 for the specific requirement� 
applying to branch circuit�. 

210.25 Branch Circuits in Buildings with More Tban One 
Occupancy. 

(A) Dwelling Unit Branch Circuits. Branch circuits in each 
dwelling unit shall supply only load-; l\ithin that dwelling unit 
or load-; ao;sociatcd only with tltat dwelling unit. 
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Table 210.24(1) Summary of Branch-Circuit Requirements - Copper Conductors 

Circuit Rating lO A IS A 20 A 30 A 40 A SOA 

(' .. onductnrs (min. size): 
Circuit \\ires 14 14 12 10 8 6 
Taps 14 14 14 14 12 12 
Fixture \\ires and cord• See 240.5. 

Overcurreot Protection lO A IS A 20 A 30 A 40 A SOA 

Outlet de�ices: 
Lampholders permitted Any type Any type Any type Heavy duty Hea�-y duty Hea�-y duty 
Receptacle rating' :'\ot applicable2 15 ma.x. A 15 A or 20 A 30 A 40 A or 50 A  50 A 

Maximum Load lO A IS A 20 A 30 A 40 A SOA 

Permis.•ible load See 210.23(:\). See 210.23(8). See 210.23(8). See 210.23(C). See 210.23(0). See 210.23(0). 
'For receptacle rating of cord<onnected electric-di.charge luminaires, see 410.62(C). 
28rdnch circuit• rdted l lklmperes shall not supply receptacle outlets. 

Table 210.24(2) Summary of Branch-Circuit Requirements -Aluminum and Copper-Clad Aluminum Conductors 

Circuit Rating lO A IS A 20 A 30 A 40 A SO A 

f'..onductors (min. size): 
Circuit "ires 12  12  10  8 6 4 
Taps 12  12  12  12  1 0  1 0  
Fixture \\ires and cords See 240.5. 

Overcurrent Protection lO A IS A 20 A 30 A 40 A SO A 

Outlet d�ices: 
Lampholders pennitted Any tn>e Any tn>e Any t}l>e Heavy duty Heavy duty Heavy duty 
Receptacle rating' Not applicable2 15 max. A 15 A or 20 A  30 A 40 A or 50 A  50 A 

Maximum Load lO A IS A 20 A 30 A 40 A SO A 

Permis.•ible load See 210.23(A). See 210.23(8). See 210.23(8). See 210.23(C). See 210.23(0). See 210.23(0). 
'For receptacle rating of cord<onnected electric-di.charge luminaires, .see 410.62(C). 
28rdnch circuit• rdted l lklmperes shall not supply receptacle outlets. 

(B) Common Area Branch Circuits. Branch circuits installed 
for lighting, central alarm, signal, communications, or other 
purposes for public or common areas of a two-family dwelling, 
a multifamily dwelling, or a multi-occupancy building shall not 
be supplied from equipment tltat supplies an indh-idual dwell
ing unit or tenant space. 

Informational Note: Examples of public or common area• 

include, but are not limited to, lobbies, corridors, stain\-a�-s. 
laundn· rooms, roo[•, ele\"dtors, W'dshrooms, store room•, dri�e
wa�-s (parking), and mechanical rooms. 

Part m. Required Outlets 

210.50 Receptacle Outlets. Receptacle outlets shall be 
installed as specified in 210.52 dlrough 210.65. 

Informational l'ote: See Informative Annex .J for information 
regarding ADA acces.•ibility design. 

(A) Cord Pendants. A cord connector dlat is supplied by a 
permanently connected cord pendant shall be considered a 
receptacle outlet. 

(B) Cord Connections. A receptacle outlet shall be installed 
wherever flexible cord• widl attachment plugs arc used. \\'here 
flexible cord• arc permitted to be permanently connected, 
receptacles shall be pcnnittcd to be omitted for such cord•. 
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(C) Appliance Receptacle Outlets. Appliance receptacle 
outlets installed in a dwelling unit for specific appliances, such 
as laundry equipment, shall be installed widlin 1 .8 m (6 ft) of 
dlc intended location of dlc appliance. 

210.52 Dwelling Unit Receptacle Outlets. This section 
pro�idcs requirements for 125-volt, 1:>- and 20-ampcrc recepta
cle outlet•. The receptacles required by dlis section shall be in 
addition to any receptacle dlat i• as follows: 
(1) Part of a luminairc or appliance, or 
(2) \..ontrollcd by a listed wall-mounted control dc\-icc in 

accordance "itl1 210.70(A) (l  ) ,  Exception :"'o. 1, or 
(3) Located "ithin cabinet• or cupboard•, or 
(4) Located more man 1 .7 m (5� ft) above the floor 

Permanently installed electric bascboanl heaters equipped 
widl factory-installed receptacle outlets or outlet• prmidcd as a 
separate assembly by dlc manufacturer shall be permitted as 
dlc required outlet or outlet• for the wall space utilized by such 
permanently installed heaters. Such receptacle outlet• shall not 
be connected to dlc heater circuit•. 

Informational l'ote: Listed ba.�board heaters include instruc
tions that may not pennit dteir installation below receptacle 
outlet•. 

(A) General Provisions. In every kitchen, family room, dining 
room, lhing room, parlor, library, den, sunroom, bedroom, 
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recreation room, or similar room or area of dwelling unit�, 
receptacle outlet� shall be installed in accordance l\ith the 
general prmisions spccificd in 210.52(A) ( 1 )  through (A) (4). 

(I) Spacing. Receptacles shall be installed such that no point 
mcao;urcd horizontally along the floor line of any wall space is 
more than 1 .8 m (6 ft) from a receptacle outlet. 

(2) Wall Space. Ao; used in tltis section, a wall space shall 
include tltc following: 
(1)  Any space 600 mm (2 ft) or more in width (including 

space mcao;urcd around corners) and unbroken along the 
floor line by doom-ays and similar openings, fireplaces, 
stationary appliances, and fixed cabinet-; that do not have 
countcrtops or similar work surfaces 

(2) The space occupied by fixed panels in \\-ails, excluding 
sliding panels 

(3) The space afforded by fixed room di\idcrs, such a� free-
standing bar-type counters or railings 

(3) Floor Receptacles. Receptacle outlet-; in or on floors shall 
not be counted a� part of the required number of receptacle 
outlet-; unless located within 450 mm (18 in.) of the wall. 

(4) Countertop and Similar Work Surface Receptacle Outlets. 
Receptacles installed for countcrtop and similar work surfaces 
a� specified in 210.52(C) shall not be considered a� the recep
tacle outlet-; required by 210.52(A) . 

(B) Small App6ances. 

(I) Receptacle Outlets Served. In the kitchen, pantry, brcak
fa�t room, dining room, or similar area of a dwelling unit, the 
two or more 20-ampcrc small-appliance branch circuit-; 
required by 210.1 l (C) (1)  shall serve all \\-all and floor recepta
cle outlet-; covered by 210.52(A), all countcrtop outlet-; covered 
by 210.52(C), and receptacle outlet-; for refrigeration equip
ment. 

Exception No. I: Tn addition to the 11'-f[Ui11'4 ll!UfJtarles specified by 
210.52, switched 11'cefllacles .�uJJjlliP.d from a gmt!ral-JiurfJOse I 5- or 20-
ampere lmmch circuit shall be permitted in arconumce with 210. 70(A) 
( 1 ), Excl'jlti1m No. 1. 

Exception No. 2: Tn addition to the 11'-JfltVM Tl!UfJtarles .�pecified by 
210.52, a lf!CeJJtacle outlet to serve a sptr.ijic apt1liance shall be Jmmit
ted to be supt1lied jivm an itulividutd brnnch cin:uit ratl'.d I5 amperes 
m·g�.,.atel: 

(2) No Other Outlets. The two or more small-appliance 
branch circuit� specified in 210.52(B) (1)  shall have no other 
outlet-;. 

Exception No. 1: A 11'CI'jltacle i1utalled solely for the elect1·ical suptJ�l' to 
and .�upport of an electric clock in an_l' of tile morns sfJPcified in 
210.52(B)(l) slmll be permitted to be served by a small-appliance 
bmnch cirruit. 

Exception No. 2: ReceJJtades imtal!P.d to Jllvvide powe1· for .mJJjllernen
tal equiJnnent and ligllting on gas-jiJ1'4 mngps, ovros, m· counter
ITWunted cooking units shall be Jmmitted to be served bJ• a small
aptJliance brandt cin:uit. 

(3) Kitchen Receptacle Requirements. Receptacles installed in 
a kitchen to serve countcrtop surfaces shall be supplied by not 
fewer than two small-appliance branch circuit-;, either or both 
of which shall also be permitted to supply receptacle outlet� in 
the same kitchen and in otltcr rooms specified in 210.52(B) 
(1) .  Additional small-appliance branch circuit-; shall be permit-
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ted to supply receptacle outlet-; in the kitchen and otltcr room� 
specified in 210.52(B) (1) .  :"'o small-appliance branch circuit 
shall serve more than one kitchen. 

(C) Countertops and Work Surfaces. In kitchens, pantries, 
brcakfa�t room�, dining rooms, and similar area� of dwelling 
unit-;, receptacle outlet-; for countcrtop and work surfaces that 
arc 300 mm (12 in.) or l\idcr shall be installed in accordance 
with 210.52(C) (1)  tluough (C) (3) and shall not be considered 
a� the receptacle outlet-; required by 210.52(A) . 

For the purposes of this section, where using multioutlct 
a�scmblics, each 300 mm (12 in.) of multioutlct ao;scmbly 
containing two or more receptacles installed in indilidual or 
continuous lengths shall be considered to be one receptacle 
outlet. 

(I) Wall Spaces. Receptacle outlet� shall be installed so that no 
point along the wall line is more than 600 mm (24 in.) mcao;
urcd horizontally from a receptacle outlet in tltat space. The 
location of the receptacles shall be in accordance with 
210.52(C) (3). 

Exception No. I: Recttptacli! outlets shall not be 11'qui11'd direct�v behind 
a rangp, counteNII.tnmted cooking unit, or sink in the imtallation 
describl'.d in Figu-re 210.52(C)( 1 ). 

Exception /l[o. 2: ll1ie1-e a requiJ1'4 11'cl'jltacle outlet cannot be installed 
in the wall areas shown in Figm-e 210.52(C)(J ), the lf!CeJJtacle outlet 
shall he pmnitted to be installed as close as practicable to the countertofJ 
m-ea lQ be served. The total number of 11'CI'jltacle outlets serving the 
rou.ntertofJ slmll not be less than the number nl't'dP.d to satisfy 
210.52(C)( I). These outlets slmll be located in accordance with 
210.52(C)(3). 

(2) Island and Peninsular Countertops and Work Surfaces. 
Receptacle outlet-;, if installed to serve an island or peninsular 
countcrtop or work surface, shall be installed in accordance 
with 210.52(C) (3). If a receptacle outlet is not prolidcd to 
serve an island or peninsular countcrtop or work surface, prmi
sions shall be prmidcd at the island or peninsula for future 
addition of a receptacle outlet to serve the island or peninsular 
countcrtop or work surface. 

(3) Receptacle Outlet Location. Receptacle outlet-; shall be 
located in one or more of the follo"ing: 
(1 )  On or above, but not more than 500 mm (20 in.) above, a 

countcrtop or work surface 
(2) In a countcrtop using receptacle outlet ao;scmblics listed 

for usc in countcrtops 
(3) In a work surface using receptacle outlet a'i.o;cmblics listed 

for usc in work surfaces or listed for usc in countcrtops 

Receptacle outlet-; rendered not readily acccs.o;iblc by appli
ances fa�tcncd in place, appliance garages, sink.-;, or rangctops 
a� covered in 210.52(C) (1) ,  Exception 1'\o. 1 ,  or appliances 
occupying a�signcd spaces shall not be considered a� these 
required outlet-;. 

lnformational l'ote :'\o. 1: See 406.5(E) for installation of recep
tacles in countertops and 406.5(F) for installation of receptacles 
in work surfaces. See 380.10 for installation of multioutlet 
a.'i.o;emblies. 

Informational Note :'\o. 2: See Informative Annex .J and 
ANSI/ICC Al l i. l-2009, Standard on Arci'.<Sibl£ and l.!.•abl£ Build
in� and Facililii'S, for additional infonnation. 
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Outlet within-+ 

600 mm (24 in.) 

4 

OuUet within 
600 mm 
(24 in.) 

Space exempt from wall .. Outlet within 
line if X< 300 mm (t2 in.) 600 mm (24 in.) 

! 
l 

Range, counter-mounted 
cooking unit or sink in 

counter space 

- Outlet within 600 mm (24 in.)_, 

FIGURE 210.52(C)(1) Determination of Area Behind a 
Range, Counter-Mounted Cooking Unit, or Sink. 

(D) Bathrooms. At least one receptacle outlet shall he 
installed in bathrooms "ithin 900 mm (3 ft) of the outside 
edge of each sink. The receptacle outlet shall he located on a 
wall or partition that is adjacent to the sink or sink countcrtop, 
located on the countcrtop, or installed on the side or face of 
the sink cabinet. In no cao;c shall the receptacle he located 
more than 300 mm (12 in.) helow the top of dtc sink or sink 
countcrtop. Receptacle outlet assemblies listed for usc in coun
tcrtops shall he permitted to he installed in the countcrtop. 

Informational Note: See 406.5(E) and 406.5(G) for require
menLo; on installation of receptacles in countenops. 

(E) Outdoor Outlets. Outdoor receptacle outlet-; shall he 
installed in accordance with 210.52(E) (1) through (E) (3). 

(1) One-Family and Two-Family Dwellings. For a one-family 
dwelling and each unit of a two-family dwelling that is at grade 
level, at least one receptacle outlet readily accessible from 
grade and not more titan 2.0 m (6� ft) above grade level shall 
he installed at dtc front and back of the dwelling. 

(2) Multifamily Dwellings. For each dwelling unit of a multi
family dwelling where the dwelling unit is located at grade level 
and provided "id1 individual exterior entrance/ egress, at least 
one receptacle outlet readily accessible from grade and not 
more than 2.0 m (6� ft) above grade level shall he installed. 
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(3) Balconies, Decks, and Porches. Balconies, decks, and 
porches that arc l\ithin 102 mm (4 in.) horizontally of the 
dwelling unit shall have at least one receptacle outlet accessible 
from the balcony, deck, or porch. The receptacle outlet shall 
not he located more titan 2.0 m (6� ft) above the balconv, 
deck, or porch walking surface. 

· 

(F) Laundry Areas. In dwelling unit-;, at least one receptacle 
outlet shall he installed in areas designated for the installation 
oflaundry equipment. 

Exception No. 1: A ll'cejJtacle fm· laundry equipment shall not be 
ntquhed in a dwelling unit of a multifamily building where laundry 
facilitil's are fnvvidl'.d on the Jmmti'il's fctr use by aU building occupants. 

Exception No. 2: A ll'cejJtacle fm· laundry equipment shall not be 
requit-ed in other titan mtefami�l' dUN!llings whl'11' lamubJ facilitil's all! 

not to be installed m· permitted. 

(G) Basements, Garages, and Accessory Buildings. For one
and two-family dwellings, and multifamily dwellings, at least 
one receptacle outlet shall be installed in the areas specified in 
210.52(G) ( 1 )  duough (G)(3), These receptacles shall he in 
addition to receptacles requii·cd for specific equipment. Recep
tacles suppl}'ing only a pcrmancndy installed premises security 
system shall not be considered ao; meeting these requirement-;. 

(1) Garages. I.n each attached garage and in each detached 
garage "ith electric power, at lcao;t one receptacle outlet shall 
he installed in each vehicle bay and not more than 1.7 m 
(5� ft) above the floor. 

Exaptioo: Gamge .�paces not attached to an individual dwelling unit 
of a multifami�l' dUN!lling sltaU not lf!lJUilf! a Jf!ceptack mttlet in l'm:h 
vehicle bay. 

(2) Al:cessory Buildings. In each accessory building with elec
tric power. 

(3) Basements. In each separate unfinished portion of a bao;c
mcnt. 

(H) Hallways. In dwelling unit-;, hallways of 3.0 m (10 ft) or 
more in length shall have at lcao;t one receptacle outlet. 

Ao; LLo;cd in this subsection, the hallway length shall be consid
ered the lcngd1 along dtc centerline of the hallway without 
pa'i.o;ing through a doom-ay. 

(I) Foyers. Foyers dtat arc not part of a halh\-ay in accordance 
"ith 210.52(H) and that have an area that is greater than 
5.6 m2 (60 ft2) shall have a rcccptaclc(s) located in each v.-all 
space 900 mm (3 ft) or more in l\idth. Doom"a}"ll, door-side 
"indows that extend to the floor, and similar openings shall 
not be considered \\"all space. 

210.60 Guest Rooms, Guest Suites, Dormitory Units, and Simi
lar Occupancies. 

(A) General. Guest rooms or guest suites in hotels or motels, 
sleeping room-; in dormitory unit-;, and similar occupancies 
shall have receptacle outlet-; installed in accordance with 
210.52(A) and (D). Guest room-; or guest suites prmidcd with 
permanent provisions for cooking shall have receptacle outlet-; 
installed in accordance with all of the applicable rules in 
210.52. 

(B) Receptacle Placement. The total number of receptacle 
outlet-; shall not he less titan required in 210.52(A). These 
receptacle outlet-; shall he permitted to he located conveniently 
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for permanent furniture layout. At lcao;t two receptacle outlets 
shall he readily acccs.o;iblc. \\'here receptacles arc installed 
behind the hed, the receptacle shall be located to prcvclll the 
bed from contacting any attachmcm plug that may be installed 
or the receptacle shall he prmidcd with a suitable guard. 

210.62 Show W"mdows. At lcao;t one 12!>-volt, singlc-phao;c, 15-
or 20-amperc-ratcd receptacle outlet shall he installed "ithin 
450 mm (18 in.) of the top of each show "indow. No poim 
along the top of the "indow shall he fartltcr than 1.8 m (6 ft) 
from a receptacle outlet. 

210.63 Equipment Requiring Servicing. A 125-volt, singlc
phao;c, 15- or 20-amperc-ratcd receptacle outlet shall he 
installed at an acccs.o;iblc location within 7.5 m (25 ft) of the 
cquipmcm ao; specified in 210.63(A) and (B). 

Informational :'\ote: See 210.8(E) for requirement• on GFCI 
protection. 

(A) Heating, Air-Conditioning, and Refrigeration Equipment. 
The required receptacle outlet shall be located on tltc same 
level ao; the heating, air-conditioning, and refrigeration cquip
mcm. The receptacle outlet shall not he connected to tltc load 
side of the equipment's branch-circuit disconnecting means. 

Exception: A TPct>ptack cmtkt slmU not be Tequiml at one- and two
fami�l' dwellings fm· tile service of evaJJOmtive cooln:f. 

(B) Other Electrical Equipment. In otltcr titan one- and two

family dwellings, a receptacle outlet shall he located ao; speci
fied in 210.63(B) (1)  and (B) (2). 

(I) Indoor Service Equipment. The required receptacle outlet 
shall be located "itltin the same room or area ao; tltc scnicc 
cquipmcm. 

(2) Indoor Equipment Requiring Dedicated Eq�pmeat 
Spaces. Where cquipmcm, other than scnicc cqutpmcnt, 
requires dedicated cquipmcm space ao; specified in 1 10.26([), 
the required receptacle outlet shall be located within the same 
room or area ao; the electrical equipment and shall not be 
connected to the load side of the equipment's disconnecting 
means. 

210.65 Meeting Rooms. 

(A) General. Each meeting roo� of not more titan 93 m2 
(1000 ft2) in otltcr than dwelling unit-; shall have outlet-; for 
nonlocking-typc, 12!>-volt, 15- or 20-ampcrc receptacles. The 
outlet-; shall he installed in accordance with 210.65(B). \\'here 
a room or space is provided "itlt movable partition(s), each 
room size shall be determined with the partition in the position 
that result-; in the smallest size meeting room. 

Informational l'ote l'o. 1: For the purposes of this section, 
meeting rooms are typically designed or intended for the gath
ering of seated occupant• for such purposes a• conferences, 
deliberations, or similar purposes, where portable electmnic 
equipment such a• computers, pr<!jectors, or similar equipment 
is likely to be used. 

Informational :'\ote No. 2: E.xamples of rooms that are not meet
ing room.• include auditoriums, schoolrooms, and coffee shops. 

(B) Receptacle Outlets Required. The total number of recep
tacle outlet-;, including floor outlet-; and receptacle outlet-; in 
fixed furniture, shall not be lcs.o; titan ao; determined in 
210.65(B) (1)  and (B) (2). 
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(1) Receptacle Outlets in Faxed Walls. The required numher 
of receptacle outlet-; shall be dctcnnincd in accordance with 
210.52(A) (1)  through (A) (4). These receptacle outlet-; shall he 
permitted to he located ao; determined by the installer, 
designer, or building mmcr. 

(2) Floor Outlets. A meeting room with any floor dimension 
that is 3.7 m (12 ft) or greater in any direction and that hao; a 
floor area of at lcao;t 20 m2 (215 ft2) shall have at lcao;t one floor 
receptacle outlet, or at lcao;t one floor outlet to serve a rcccpta
clc(s), located at a distance not lcs.o; than 1.8 m (6 ft) from any 
fixed wall for each 20 m2 (215 ft2) or fraction thereof. 

Informational l'ote l'o. 1 :  See 314.27(B) for requirement• on 
floor boxes used for receptacles located in the floor. 

lnformational l'ote :'\o. 2: See 518.1 for requirements on a'i.�m
bly occupancies designed for 100 or more persons. 

210.70 Lighting Outlets Required. Lighting outlet-; shall be 
installed where specified in 210.70(A), (B), and (C). The 
sl\itch or wall-moumcd control dc\-icc shall not rely exclusively 
on a battery unlcs.o; a means is provided for automatically ener
gizing the lighting oulJet� upon battery failure. 

(A) Dwelling Units. in dwelling unit-;, lighting outlet-; shall be 
installed in accordance with 210.70(A) (1)  and (A) (2). 

( 1) Habitable Rooms, Kitchens, Laundry Areas, and Bath
rooms, At lcao;t one lighting outlet controlled by a listed wall
mowtted control device shall he installed in cvcrv habitable 
room, · kitchen, laundry area, and bathroom. The wa'll-mountcd 
control dc'l'icc shall be located ncar an entrance to the room 
on a wall. 

Exception No. 1: Jn other than kitchens, laundry aTP.as, mul batll
nxnns, one m· mmf' 7f'Ct'jJtacles controlled by a listed waU-mounted 
rontml device shaU be Jmmitted in lieu of lighting outkts. 

Exception No. 2: Lighting outkts shall be permitted to be ccmtml!P.d by 
otcuJJancy sen.fm-s that are ( 1) in additicm to lifted waU-mounted 
contml devires m· ( 2) located at a customary wall :;zuitcll location and 
equipfH'.d with a manual override tlmt wiU allow tile sen.fm· to function 
as a wall switch. 

(2) Additional Locations. Additional lighting outlet-; shall be 
installed in accordance with the following: 
(1 )  At lcao;t one lighting outlet controlled by a listed wall

mounted control device shall be installed in hallways, 
staim"ays, attached garages, detached garages, and acc�s
sory buildings with electric power. 

(2) For dwelling unit-;, attached garages, and detached 
garages with electric power, at lcao;t one exterior lighting 
outlet controlled by a listed wall-mounted control dc\-icc 
shall be installed to prmidc illumination on the exterior 
side of outdoor entrances or exit-; "ith grade-level acccs.�. 
A vehicle door in a garage shall not be considered ao; an 
outdoor entrance or exit. 

Exception to ( 2 ): Fm· an outdom; grade-fnlel bulkhead dom· zuitlt stai1� 
way arce.<;s to a .�ub-gradt-fnlel ba.wment, the l"lJUitf'd lighting outkt 
that fnvvides iUumination on the stairway steps slmU be permitted to be 
located in tile ba.wmtent interim· zuithin 1.5 m (5 ft) horizonta�}· of the 
bottommost stairway lifn: This interior lighting outkt slmll be permit
ted to be contml!P.d b)• a listed wall-mounlP.d contml device m· by a unit 
switch of the interiorlttmi1Uli17! m· interim· lampllolde1: 

(3) \\'here lighting outlet-; arc installed for an interior stair
v.'ay with six or more risers hetwccn floor levels, there 
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210.70 ARTICLE 215 - FEEDERS 

shall be a listed wall-moumcd control dc\-icc at each floor 
level and at each landing level that includes a staim<ty 
entry to control dtc lighting oudcts. 

Exception to (1 ), (2), and (3): &mote, central, m· automatic contml of 
lighting shall be pennitttd in lmUways, in stairwa_l'S, and at fnttdom· 
entrances. 

(4) Dimmer control of lighting outlets installed in accorcl
ancc l\ith 210.70(A) (2) (3) shall not be pcrmiucd unlcs.� 
the listed control devices can prm-idc dimming control to 
maximum brightness at each control location for dtc int� 
rior stairway illumination. 

(B) Guest Rooms or Guest Suites. In hotels, motels, or similar 
occupancies, guest rooms or guest suites shall have at least one 
lighting oudct controlled by a listed wall-mounted control 
device installed in every habitable room and bathroom. 

Exception No. 1: In othtr than bathroom.� and kitchens whert providtd, 
one or mm"t' lf!CeJJtades contmllP.d bJ• a li.�ted waU-mmmted contml dtvice 
shall be Jmmitted in lieu of lighting outlets. 

Exception No. 2: Lighting outlets shall be pennitttd to be crmtmllP.d by 
occuJJanf)' sen.�m-s that alf! ( 1) in additifm to li.�ted wall-mounted 
contml dtvices m· (2) /ncated at a customary wall !izuitch /ncation and 
equipJH'.d with a manual ovenidt tlmt allows tht smsm· to function as 
a wall switch. 

(C) All Occupancies. For attics and undcrfloor spaces, utility 
rooms, and ba�cmcnt�, at lca�t one lighting oudct containing a 
Sl\itch or controlled by a "<til switch or listed \\<tll-moumcd 
comrol device shall be installed where these spaces arc used for 
storage or contain cquipmcm requiring servicing. A poim of 
comrol shall be at each cmry that permit� access to the auic 
and undcrfloor space, utility room, or ba�mcnt. Where a light
ing oudct is installed for equipment requiring senicc, the light� 
ing oudct shall be installed at or ncar the equipment. 

ARTICLE 215 
Feeders 

215.1 Scope. This article covers the installation requirement�, 
ovcrcurrent protection requirement�, minimum size, and 
ampacity of conductors for feeders not over 1000 volt� ac or 
1500 volt� de, nominal. 

Informational Note: See Pan Ill of Article 235 for feeders over 
1000 volt• ac or 1500 ,·oiL• de. 

215.2 Minimum Rating and Size. 

(A) General. Feeder conductors shall have an ampacity not 
lcs.� than dtc larger of 215.2(A) ( 1 )  or (A) (2) and shall comply 
with l 10.14(C). 

(I) Continuous and Noncontinuous Loads. \\'here a feeder 
supplies continuous load� or any combination of continuous 
and noncontinuous load�, the minimum feeder conductor size 
shall have an ampacity not lcs.� dtan the noncominuous load 
plus 125 percent of the continuous load. 

Exception No. 1: If tht assembly, including tht ovm:unmt dtvires 
pmttcting the feedtr(s), is li.�IP.d for optmtion at 100 percent of its 
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rating, tht amJmcitJ of tht f1'1'4er conducto1-s slmU be pmnitted to be not 
less than the sum of the continuous load plus tht noncontinuous load. 

Exception No. 2: Whtl"l' a J101·tion of a feedtr is connecttd at both its 
.mfrPly and load ends to sepamte{l' installed pres.mlf! conmctifms as 
covered in 110.14(C)(2), it slmU be Jmmitted to have an ampacity not 
less tlmn tht .rum of the contimwus load Jllus tht 1wncontimwus load. 
No pm·tion of a f".det· installed undtr this txcf'jltion shall txtend into 
an enclosu11' containing eithtr tht ft'-edtr suJ1ply m· tht ftP.det· load tmni
nations, as cove11'd in 11 0.14(C)( 1 ). 

Exception No. 3: Gmundtd conductm:� tlmt al"l' not conntcted to an 
ovemmmt dtvice shall be permitttd to be siu.d at 100 percent of tht 
continuous and 1wncontimwus load. 

(2) Ampacity Adjustment or Correction Factors. The mini
mum feeder conductor size shall have an ampacity not lcs.� 
than the maximum load to be served after the application of 
any acljustmcnt or correction factors in accordance with 310.14. 

Informational Note No. I: See lnfonnati\-e Annex D for Exam
ples D l  through D l l .  

Informational l'ote l'o. 2:·· C..onductors for feeders, as defined in 
Anicle 100, sized to prevent a mltage drop exceeding 3 percent 
at the fanhest outlet of power, heating, and lighting load•, or 
combinations ofsuch load•, and where the maximum total n>lt
age drop on bolh feeders and brdnch circuiL• to the fdJ'thest 
outlet does .uot e-Xceed 5 percent, \\ill provide rea..onable effi
ciency of Opel'ation. 

lnfortnational Note l'o. 3: See 210.19, Informational Note for 
mltage drop for branch circuiL•. 

(B) Grounded Conductor. The size of the feeder circuit 
grounded conductor shall not be smaller than the cquipmcm 
grounding conductor size required by 250.122, except that 
250.122(F) shall not apply where grounded conductors arc run 
in parallel. 

Additional minimum sizes shall be a� specified in 215.2(C) 
under the conditions stipulated. 

(C) Ampacity Relative to Service Conductors. The feeder 
conductor ampacity shall not be lcs.� than that of the scnicc 
conductors where the feeder conductors carrv dtc total load 
supplied by service conductors l\ith an ampacity of 55 amperes 
or less. 

215.3 Overcurrent Protection. Feeders shall be protected 
against ovcrcurrclll in accordance "ith Part I of Article 240. 
\\-'here a feeder supplies continuous load� or any combination 
of continuous and noncontinuous load�, the rating of the over
current dc\icc shall not be lcs.� than the noncontinuous load 
plus 1 25 pcrcclll of the continuotL� load. 

Exception: �W!elf! tht a.�semb{l� including tht ovt1runmt dtvices 
pmttcting tlv feedtl"(s), is li.�IP.d for optmtion at 100 percent of its 
rating, tht amJJel"t' rating of tht overcummt droice slmU be Jmmitted to 
be not less than tlv sum of tht contimwus load Jllus tht noncontinuous 
load. 

215.4 Feeders with Common Neutral Conductor. 

(A) Feeders with Common Neutral. Up to three set� of 3-"irc 
feeders or two set� of 4-wirc or 5-"irc feeders shall be pcrmiucd 
to utilize a common neutral. 
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ARTICLE 215 - FEEDERS 215.12 

(B) In Metal Raceway or Enclosure. \\'here installed in a metal 
raccwav or other metal enclosure, all conductors of all feeders 
using � common neutral conductor shall be enclosed "ithin 
the same raceway or other enclosure ao; required in 300.20. 

215.5 Diagrams of Feeders. If required by the audtority 
having jurisdiction, a diagram showing feeder details shall be 
prmiclcd prior to the installation of the feeders. Such a 
diagram shall show the area in square feet of the building or 
other structure supplied by each feeder, me total calculated 
load before applying demand factors, me demand factors used, 
the calculatccl load after appl}ing demand factors, and the size 
and type of conductors to be used. 

215.6 Feeder Equipment Grounding Conductor. \\'here a 
feeder supplies branch circuit"l in which equipment grounding 
conductors arc required, the feeder shall include or prmiclc an 
equipment grounding conductor, to which the equipment 
grounding conductors of the branch circuit"l shall be connec
ted. \\'bcrc dtc feeder supplies a separate building or structure, 
the requirement-; of 250.32 shall apply. 

215.7 Ungrounded Conductors Tapped from Grounded 
Systems. Two-wire clc circuit"l and ac circuit-; of two or more 
ungrounded conductors shall be permitted to be tapped from 
the ungrounded conductors of circuit"l haling a grounded 
neutral conductor. S"itching clc'l'iccs in each tapped circuit 
shall have a pole in each ungrounded conductor. 

215.9 Ground-Fault Circuit-Interrupter Protection for Person
nel. Feeders shall be permitted to be protected by a listed 
ground-fault circuit interrupter installed in a readily accessible 
location in lieu of me prmisions for such interrupters ao; speci
fied in 210.8 and 590.6(A). 

215.10 Ground-Fault Protection of Equipment. Each feeder 
disconnect ratccl 1000 amperes or more and installed on solidly 
grounded wyc electrical systems of more than 150 volts to 
ground, but not exceeding 1000 volt-; phao;c-to-phasc, shall be 
prmiclcd widl ground-fault protection of equipment in accord
ance l\ith 230.95. 

Informational :'\ote: See 51i.l7 for buildinK$ dtat contain health 
care occupancies. 

Exception No. 1: Thif section slwU not apply ·lo a discmmecting meam 
fm· a continuous indu.ftrial JIIvress wlww. a nonordel�}· shutdmvn wiU 
intmdtu:e additimwl m· increased hazards. 

Exception No. 2: This section .flwU not apply if gmundfault Jllvtection 
of equiJnnml is pmvidP.d on tile .tttJJ/J{l" .fide of tile feP.del· mul on tile load 
.fide of any transfonner .mpplying lite jl'-ede1: 

Exception No. 3: If lemJIOIYll)' ft't'der ronductm-s at"t! used to cmmect a 
generator to a facility fm· repai1; maintenance, m· emergmcies, gmund
faull pmtection of equipment shall not be 1"1'qui1"t'd. Tempo11l!J fl!l'.del-s 
witlwut gmundfault pmtection slwU be Jmmitted fctr tile li1ne Jmiod 
nuessary but shall not excl!l'.d 90 days. 

215.11 Circuits Derived from Autotransformers. Feeders shall 
not be clcrivccl from autotransformers unless the system 
supplied ha"l a grounded conductor dtat is electrically connec
ted to a grounded conductor of the system suppl}'ing me auto
transfonncr. 

Exception No. 1: An aulotmn.ifonner shall be permilll'n withctUl lite 
conneclictn to a gmunded cmultu:tm· witel"t! tran.ifmming fivm a nmni
nal 208 volts to a nmninal 240-volt suptJ{l' m· .fimila* from 240 volts 
to 208 volts. 
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Exception No. 2: In indu.fll"ial occuJJancies, whn"l' conditions of main
tenance and supet-vifion 1!1/SUI"t! that on{}' qualijiP.d pet-sct11s sn-vice lite 
installation, aulotmnsfm'Tilt'l-s shall be permitted to .mJJ/J{l" nominal 
600-volt loads fivm nominal 480-volt systt'ms, and 480-volt loads from 
n(t71tinal 600-volt !i)"Slems, withctUl lite mnnection to a similar gmtm
ded mnducto1: 

215.12 Identification for Feeders. 

(A) Grounded Conductor. The grounded conductor of a 
feeder, if insulated, shall be identified in accordance widl 
200.6. 

(B) Equipment Grounding Conductor. The equipment 
grounding conductor shall be identified in accordance widl 
250.1 19. 

(C) Identification of Ungrounded Conductors. Ungrounded 
conductors shall be identified in accordance "ith 215.12(C) ( 1)  
or (C) (2), ao; applicable. 

(1) Feeders Supp6ed from More Than One Nominal Voltage 
System. \\'bcrc the premises \\iring system hao; feeders 
supplied from more man one nominal voltage system, each 
ungrounded conducwr of a feeder shall be identified by pha"lc 
or line and system at all termination, connection, and splice 
point-; in compliancC \\ith 215.12(C) ( 1 ) (a) and (C) ( 1 ) (b). 

(a) Means of Identificatictn. The means of identification 
shall be pennittcd to be by separate color coding, marking 
tape, tagging, or other approved means. 

· (b.) · Posting of Identification Meam. The mcdlod utilized for 
conductors originating "idlin each feeder panelboard or simi
lar feeder distribution equipment shall be documented in a 
manner mat is readily available or shall be pcrmancndy posted 
at each feeder panelboard or similar feeder distribution equip
ment. 

(2) Feeders Supp6ed from Direct-Current Systems. \\'here a 
feeder is supplied from a clc system operating at more than 
60 volt"l, each ungrounded conductor of 4 AWG or larger shall 
be identified by polarity at all termination, connection, and 
splice point-; by marking tape, tagging, or other approved 
means; each ungrounded conductor of 6 AWG or smaller shall 
be identified by polarity at all termination, connection, and 
splice point"l in compliance widl 215.1 2(C) (2) (a) and (C) (2) 
(b). The identification mcdlocl"l utilized for conductors origi
nating l\ithin each feeder panelboard or similar feeder distri
bution equipment shall be documented in a manner that is 
readily available or shall be permanently posted at each feeder 
panelboard or similar feeder distribution equipment. 

(a) Positive Polarit)� Sizes 6 A WG m· Smalle!: \\-'here the posi
tive polarity of a clc system docs not serve a"l the connection for 
the grounded conductor, each positive ungrounded conductor 
shall be identified by one of the follo"ing means: 

( 1 )  A continuous red outer finish 
(2) A continuous reel stripe durably marked along me 

conductor's entire lcngdl on insulation of a color other 
than green, white, gray, or black 

(3) Imprinted plus signs (+) or the word POSITIVE or POS 
durably marked on insulation of a color oilier than 
green, white, gray, or black, and repeated at intervals not 
exceeding 610 mm (24 in.) in accordance l\ith 310.8(8) 

(4) An approved permanent marking means such a"l slccving 
or shrink-tubing that is suitable for the conductor size, at 
all termination, connection, and splice point"l, widl 
imprinted plus signs (+) or the word POSITIVE or POS 
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durably marked on insulation of a color other than 
green, white, gray, or black 

(b) Negative Polarit_l', Sius 6 A WG m· Small£1: Where the 
negative polarity of a de system docs not serve as the connec
tion for the grounded conductor, each negative ungrounded 
conductor shall be identified by one of the follo"ing means: 
(1)  A continuous black outer finish 
(2) A continuous black stripe durably marked along the 

conductor's entire length on insulation of a color other 
than green, white, gray, or red 

(3) Imprinted minus signs (-) or the word :"'EGATIVE or 
NEG durably marked on insulation of a color other than 
green, white, gray, or red, and repeated at intervals not 
exceeding 610 mm (24 in.) in accordance with 310.8(B) 

(4) An approved permanent marking means such as slcc\-ing 
or shrink-tubing that is suitable for the conductor size, at 
all termination, connection, and splice pointo;, with 
imprinted minus signs (-) or the word :"'EGATIVE or 
1'\EG durably marked on insulation of a color other than 
green, white, gray, or reel 

215.15 Barriers. Barriers shall be placed such that no ener
gized, uninsulatcd, ungrounded busbar or terminal is exposed 
to inadvertent contact by persons or maintenance equipment 
while servicing load tcnninations in panelboards, switchboardo;, 
switchgear, or motor control centers supplied by feeder taps in 
240.21 (B) or transformer sccondarv conductors in 240.21 (C) 
when the disconnecting device, to · which the tap conductors 
arc terminated, is in the open position. 

215.18 Surge Protection. 

(A) Surge-Protective Device. Where a feeder supplies any of 
the following, a surge-protective device (SPD) shall be instal
lccl: 
(1)  Dwelling unito; 
(2) Dormitory unito; 
(3) Guest rooms and guest suites of hotels and motels 
(4) Areas of nursing homes and limited-care faciliti�s used 

exclusively ao; patient sleeping rooms 

(B) Location. The SPD shall be installed in or adjacent to 
distribution equipment, conncctccl to the load side of the 
feeder, that contains branch circuit overcurrcnt protective 
dc\icc(s) that supply the locations specified in 215.18(A). 

Informational Note: Surge protectiOn is most effecth-e when 
closest to dte branch circuit. Sur�s can be generdted from 
multiple sources including, but not limited to, lightning, the 
electric utility, or utilization equipment. 

(C) Type. The SPD shall be a Type I or Type 2 SPD. 

(D) Replacement. Where the distribution equipment supplied 
by the feeder is replaced, all of the requirement" of this section 
shall apply. 

(E) Ratings. SPDs shall have a nominal discharge current 
rating (In) of not lcs.o; than 10kA. 
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ARTICLE 220 
Branch-Circuit, Feeder, and Service Load 

Calculations 

Part I. General 

220.1 Scope. This article provides requirement" for calculat
ing branch-circuit, feeder, and senicc loado;. Part I prmiclcs 
general requirement" for calculation mcthodo;. Part II prmiclcs 
calculation mcthoclo; for branch-circuit loaclo;. Part Ill and 
Part IV provide calculation mcthodo; for feeder and service 
loado;. Part V provides calculation mcthodo; for farm loado;. 
Part VI provides calculation mcthodo; for health care facilities. 
Part \11 provides calculation mcthodo; for marinao;, boatyardo;, 
floating buildings, and commercial and noncommercial dock
ing facilities. 

Informational Note :'\o. 1 :  Se.e lnfhrmati\-e Annex D for exam
ples. 

Informational :'\ote l'o. 2: See Informational :'\ote Figure 220. 1 
for infonnation on the orgdnization of thi• anicle. 

220.3 Other Artides for Specific-Purpose Calculations. Table 
220.3 shall prmide references for specific-purpose calculation 
requirements not located in Chapters 5, 6, or 7 that amend or 
supplement the requirement" of this article. 

Part I General I 
Part II Branch-circuit load calculations I 
I I 

Part Ill  220.61 Part IV 
Feeder and service load - Neutral f- Optional feeder and 

calculations loads service calculations 

I I 
I I 

Farm dwellings Farm dwellings 
only only 

I I 
I I 
I I 

Part V Farm load calculations I 
Part VI Part VII 

Health care Marinas, boatyards, 
facilities floating buildings, 

and commercial 
and noncommercial 

docking facilities 

Informational Note Figure 220.1 Branch-Circuit, Feeder, and 
Service Load Calculation Methods. 
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ARTICLE 220 - BRANCH-CIRCUIT, FEEDER, AND SERVJ\.E LOAD CALCl:LATIONS 220.14 

220.5 Calculations. 

(A) Voltages. l:nlcs.o; other voltages arc specified, for purposes 
of calculating branch-circuit and feeder load-;, nominal system 
voltages of 120, 120/240, 208Y/120, 240, 347, 480¥/277, 480, 
600Y /347, and f>OO volts shall be used. 

(B) Fractions of an Ampere. \..alculations shall be permitted to 
be rounded to the nearest whole ampere, with decimal frac
tions smaller than 0.5 dropped. 

(C) Floor Area. The floor area for each floor shall be calcula
ted from the outside dimensions of the building, dwelling unit, 
or other area involved. For dwelling unit-;, the calculated floor 
area shall not include open porches or unfinished areas not 
adaptable for future usc ao; a habitable room or occupiable 
space. 

Part D. Branch-Circuit Load Calculations 

220.10 General. Branch-circuit load-; shall be calculated in 
accordance "idt the follm\ing sections: 

(1) 220.14 for other load-; - all occupancies 
(2) 220.16 for additions to existing installations 
(3) 220.41 for dwelling unit-; 
(4) 220.42 for lighting load-; for non-dwelling occupancies 
(5) 220.44 for hotel and motel occupancies 

220.11 Maximum Load. The total load on a branch circuit 
shall not exceed the rating of the branch circuit nor dtc maxi
mum load-; specified in 220.1 1  (A) through (C) under the 
conditions specified therein. 

(A) Motor-Operated and Combination Loads. \\'here a circuit 
supplies only motor-operated load�, the conductor sizing 
requirement specified in 430.22 shall apply. \\'bcrc a circuit 
supplies only air-conditioning equipment, refrigerating equip-

Table 220.3 Specific-Pwpose Calculation References 

Calculation 

Air-conditioning and refrigerdting 
equipmem, brdnch-circuit 
conductor sizing 

C.apacitors 
Fixed electric heating equipment for 

pipelines and \>essels, branch-circuit 
sizing 

Fixed electric space-heating 
equipmem, brdnch-circuit sizing 

Fixed outdoor electric deicing and 
snow-melting equipment, branch
circuit sizing 

Fixed resi�tance and electrode 
indu.�trial proces.� heating equipment 

:\fotors, feeder demand factor 
:\fotors, muhimotor and combination

load equipment 
:\fotors, several motors or a motor(s) 

and other load(s) 
0\>er 1000-volt ac and 1500-mlt de 

branch-circuit calculations 
0\>er I 000-volt feeder calculations 
Pha� converters, conductors 
Storage-type water heaters 
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Article 

440 

460 
427 

424 

426 

425 

430 
430 

430 

235 

215 
455 
422 

Section (or 
Part) 

Part IV 

460.8 
427.4 

424.3 

426.4 

425.4 

430.26 
430.25 

430.24 

235.19 

215.2(B) 
455.6 

422.1 1  

mcnt, or both, the requirement-; of 440.6 shall apply. For 
circuit-; suppl}'ing loads consisting of motor-operated utilization 
equipment dtat is fao;tcncd in place and ha� a motor larger 
than II,; hp in combination l\ith other load-;, the total calculated 
load shall be bao;cd on 125 percent of the largest motor load 
plus the sum of the other load� in accordance with 430.24. 

(B) Inductive and LED Lighting Loads. For circuits supplying 
lighting units that have ballao;to;, transformers, autotransform
ers, or LED drivers, the calculated load shall be bao;cd on the 
total ampere ratings of such unit-; and not on the total watt-; of 
the lamps. 

(C) Electric Cooking Appliances. Appl}ing demand factors for 
ranges, wall-mounted ovens, counter-mounted cooking unit�, 
and other household cooking appliance load-; in excess of I Y., 
kW shall be pennittcd in accordance l\ith Table 220.55, includ
ing 1'\otes 4, 5, and 6. 

220.14 Other Loads - All Occupancies. Branch-circuit load 
calculations shall include calculation of a minimum load on 
each oudct ao; calculat$Xl in 220.14(A) through (K) and then 
summed to establish thc.load on the branch circuit. 

In all occupancies; the minimum load for each oudct for 
general-usc receptacles and oudct� not used for general illumi
nation shall not be lcs.o; than that calculated in 220.14(A) 
through (K), with the loads shmm being bao;cd on nominal 
branch-circuit voltages. 

ExcefXion: The Loads of cmtlets se111ing .witdtboanls and .'ilvitching 
frames in teleplwne exchanges shall be waivP.d fmm the calculations. 

(A) Specific Appliances or Loads. An oudct for a specific 
appliance or other load not covered in 220.14(B) through (K) 
shall be calculated bao;cd on the ampere rating of the appliance 
or load served. 

(B) Electric Dryers and Electric Cooking Appliances in Dwell
ings and Household Cooking Appliances Used in Instructional 
Programs. Load calculations shall be permitted ao; specified in 
220.54 for electric dryers and in 220.55 for electric ranges and 
other cooking appliances. 

(C) Motor Oudets. The conductor sizing requirement� speci
fied in 430.22, 430.24, and 440.6 shall be u.o;cd to determine the 
load-; for motor oudcto;. 

(D) Luminaires. An oudct supplying a luminairc(s) shall be 
calculated bao;cd on the maximum volt-ampere rating of the 
equipment and lamps for which dtc luminairc(s) is rated. 

(E) Heavy-Duty Lampholders. Oudcto; for heavy-duty lamp
holders shall be calculated at a minimum of f>OO volt-amperes. 

(F) Sign and Oudine Lighting. Sign and oudinc lighting 
oudcto; shall be calculated at a minimum of 1200 volt-amperes 
for each required branch circuit specified in 600.5(A). 

(G) Show Wmdows. Show l\indows shall be calculated in 
accordance "idt either of the follm\ing: 

(1 )  The unit load per oudct a� required in  other provisions 
of this section 

(2) At 200 volt-amperes per linear 300 mm (1 ft) of show 
"in dow 

(H) Faxed Multioutiet Assemblies. Fixed multioudct a">.o;cm
blics used in other than dwelling unit-; or the guest rooms or 
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220.14 ARTICLE 220 - BRANCH-CIRCUIT, FEEDER, AND SERVJ\.E LOAD CALCl:LATIONS 

guest suites of hotels or motels shall be calculated in accord
ance l\ith the follm\ing: 
(1) Where appliances arc unlikely to be used simultaneously, 

each 1.5 m (5 ft) or fraction dtcrcof of each separate and 
continuous lcngd1 shall be considered as one outlet of 
not less than 180 volt-amperes. 

(2) Where appliances arc likely to be used simultaneously, 
each 300 mm ( I  ft) or fraction tllcrcof shall be consid
ered as an oudct of not less titan 180 volt-amperes. 

For tile purposes of tllis section, the calculation shall be 
permitted to be based on the ponion that contains receptacles. 

(I) Receptacle Oudets. Except as covered in 220.41 and 
220.14(1), receptacle outlets shall be calculated at not lcs.o; than 
180 volt-amperes for each single or for each multiple recepta
cle on one yoke. A single piece of equipment consisting of a 
multiple receptacle comprised of four or more receptacles 
shall be calculated at not lcs.o; than 90 volt-amperes per recepta
cle. This prmision shall not be applicable to the receptacle 
oudcto; spccificd in 210. 1 l (C) ( 1 )  and (C) (2). 

0> Receptacle Oudets in Office Buildings. In office buildings, 
the receptacle load-; shall be calculated to be the larger of tile 
follo"ing: 
(1) The calculated load from 220.14(1) 
(2) 1 1  volt-ampcrcs/m2 (1 volt-ampcrc/ft2) 

(K) Oilier Oudets. Other outlet-; not covered in 220.14(A) 
through 0> shall be calculated based on 180 volt-amperes per 
oudct. 

220.16 Loads for Additions to Existing Installations. 

(A) Dwelling Units. Loaclo; added to an existing dwelling 
unit(s) shall comply "id1 the follo"ing ao; applicable: 
(1) Load-; for structural additions to an existing dwelling w1it 

or for a previously un"ircd portion of an existing dwell
ing unit shall be calculated in accordance "id1 220.14. 

(2) Load-; for new circuit-; or extended circuit-; in prtviously 
wired dwelling unit-; shall be calculated in accordance 
"itll 220.14. 

(B) Oilier Than Dwelling Units. Loads for ilcw circuit-; or 
extended circuit-; in otllcr than dwelling units shall be calcula
ted in accordance with citllcr 220.42 or 220.14, ao; applicable. 

Part m. Feeder and Service Load Calculations 

220.40 General. The calculated load of a feeder or scnicc 
shall not be Jcs.o; dtan the sum of tile load-; on tile branch 
circuit-; supplied, ao; determined by Part II of dtis aniclc, after 
any applicable demand factors permitted or required by 
Part Ill, IV, V, \1, or VII have been applied. 

lnformational l'ote l'o. 1: See lnfonnath>e Annex D, Examples 
D I (a) through D 10, for examples of feeder and senice load 
calculations. 

lnformational l'ote l'o. 2: See 220.1 1  (B) for the maximum load 
in amperes permitted for lighting uniL• operating at les.• than 
100 percent power factor. 

220.41 Dwelling Units, Minimum Unit Load. In one-family, 
two-family, and multifamily dwellings, the minimum unit load 
shall be not lcs.o; titan 33 volt-ampercs/m2 (3 volt-ampcrcs/ft2). 
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l:nit load-; include tile follm\ing lighting and receptacle 
oudcto;, and no additional load calculations shall be required: 
(1) All gcncral-tLo;c receptacle oudcto; of 20-ampcrc rating or 

lcs.o;, including receptacles connected to the circuit-; speci
fied in 210. 1 1  (C) (3) and (C) (4) 

(2) The receptacle oudcto; specified in 210.52(E) and (G) 
(3) The lighting oudcto; specified in 210.70 

The minimum lighting load shall be dctcnnincd tLo;ing tile 
minimum unit load and tile floor area ao; dctcnnincd in 
220.5(C) for dwelling occupancies. :Motors rated lcs.o; than Y,. hp 
and connected to a lighting circuit shall be considered part of 
the minimum lighting load. 

220.42 Lighting Load for Non-Dwelling Occupancies. 

(A) General. A unit load of not lcs.o; dtan tllat specified in 
Table 220.42(A) for non-dwelling occupancies and the floor 
area determined in 220.5(C) shall be m;cd to calculate tile 
minimum lighting load. :Motors rated less dtan Y,. HP and 
connected to a lighting cin:uit shall be considered general 
lighting load. 

Informational Note: The unit values of Table 220.42(,\) are 
ha•ed on minimum load conditions and 80 percent power factor 
and might not prOvide sufficient capacity for the in.•tallation 
contemplated. 

(B) Energy Code. Where tile building is designed and 
constructed to comply l\ith an energy code adopted by tile 
local authority, tile lighting load shall be pcnnittcd to be calcu
lated u.o;ing the unit values specified in the energy code where 
the follo"ing conditions arc met: 
(1) A power monitoring system is installed tllat "ill prmidc 

continuous information regarding dtc total general light
ing load of the building. 

(2) The power monitoring system \\ill be set witll alarm 
values to alert tile building mmcr or manager if the light
ing load exceeds tile values set by tile energy code. Auto
matic means to take action to reduce tile connected load 
shall be permitted. 

(3) The demand factors specified in 220.45 arc not applied to 
the general lighting load. 

(4) The continuous load multiplier of 125 percent shall be 
applied. 

220.43 Office Buildings. In office buildings, tile receptacle 
load-; shall be calculated to be the larger of tile follm\ing: 
(1) The calculated load from 220.14(1) after Table 220.47 

demand factors have been applied 
(2) 1 1  volt-ampcrcs/m2 or I volt-ampcrc/ft2 

220.44 Hotel and Motel Occupancies. In guest room-; or guest 
suites of hotels and motel-;, the following lighting and recepta
cle outlet-; arc included in the minimum unit load in Table 
220.42(A) , and no additional load calculations shall be 
required for such oudcto;: 
(1) All gcncral-tLo;c receptacle oudcto; of 20-ampcrc rating or 

lcs.o;, including receptacles connected to tile circuit-; in 
210. 1 l (C) (3) and (C) (4) 

(2) The receptacle oudcto; specified in 210.52(E) (3) 
(3) The lighting oudcto; specified in 210.70 
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ARTICLE 220 - BRANCH-CIRCUIT, FEEDER, AND SERVJ\.E LOAD CALCl:LATIONS 220.50 

Table 220.42(A) General Lighting Loads by Non-Dwelling 
Occupancy 

Unit Load 

Volt-amperes/ Volt..uperes/ 
Type of Occupancy m' ft' 

Automotive fdcility 16 1.5 
Convention center 15 1.4 
f'..ounhom;e 15 1.4 
Donnitory 16 1.5 
E.xercio;e center 15 1.4 
Fire station 14 1.3 
G�mna�ium1 18 l .i 
Health care clinic l i  1.6 
Hospital l i  1.6 
Hotel or motel, or 18 l .i 

apartment hou.o;e without 
prmision� for cooking by 
lenant.�2 

Library 16 1.5 
Manufacturing fdcility1 24 2.2 
Motion picture theater l i  1.6 
Mu.o;eum l i  1.6 
Office� 14 1.3 
P.drking gardge" 3 0.3 
Penitentiary 13 1.2 
Performing art.� theater 16 1.5 
Police station 14 1.3 
Post office l i  1.6 
ReJigiOIL� fuciJity 24 2.2 
Restaurant" 16 1.5 
Retaif·" 20 1.9 
School/ university 16 1.5 
Sport.� arena 16 1.5 
Town hall 15 1.4 
Transportation 13 1.2 
Warehouse 13 1.2 
Work.�hop 18 l .i 

l'ole: The 125 percent multiplier for a conlinuou.� load as !IJlecified in 
210.20(A) is included, therefore no additional mulriplier shall he 
required when using the unit loads in this table for calculating the 
minimum lighting load for a specified occupancy. 
1Armories and auditorium� are considered ·�nmna�ium-type 
occupancies. 
2J..odge room� are similar to hotels and motels. 
31ndtL�trial commercial loft buildings are con�idered manufacturing
type occupancies. 
�Bank.� are office-type occupancies. 
"C..ommercial (storage) g"drdges are con�idered parking g"drdge 
occupancies. 
"Club.� are considered restaurdnt occupancies. 
7Barher shops and beauty parlors are considered retail occupancies. 
"Stores are con�idered retail occupancies. 

220.45 General Lighting. The demand factors specified in 
Table 220.45 shall apply to that portion of lhe total branch
circuit load calculated for general illumination. They shall not 
be applied in determining lhe number of branch circuit-; for 
general illumination. 

220.46 Show-Wmdow and Track Lighting. 

(A) Show Wmdows. For show-"indow lighting, a load of not 
les.o; lhan 660 volt-amperes/linear meter or 200 volt-amperes/ 
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Table 220.45 Lighting Load Demand Factors 

Type of Occupancy 

Dwelling unit.� 

Portion of Lighting Load to 
Which Demand Factor Applies 

(Volt-Amperes) 

First 3000 at 
From 3001 to 120,000 at 
Remainder over 120,000 at 

Hotels and motels, First 20,000 or les.� at 
including apanment From 20,001 to 100,000 at 
hou.o;es without Remainder over 100,000 at 
provision for 
cooking by tenant.�* 

Warehou.<;es (storage) First 12,500 or les.� at 
Remainder over 12�'>00 at 

Demand 
Factor (%) 

100 
35 
25 

60 
50 

35 

100 
50 

All others Total volt-iimperes 100 

*The demand fdctors of this table s)lall not apply to the calculated load 
of feeders or services suppl}ing area� in hotels and motels where the 
entire lighting is likely to 1>e used at one time, a<; in ballrooms or dining 
rooms. 

linear foot shaU be included for a show window, meao;ured hori
zontally along it.-; bao;c. 

Informational :'\ole: See 220.14(G) for branch circuits suppl�ing 
show \Oindows. 

(B) 'Ihlck Lighting. For track lighting in other lhan dwelling 
unil.o; or guest rooms or guest suites of hotels or motels, an 
additional load of 150 volt-amperes shall be included for every 
600 mm (2 ft) of lighting track or fraction thereof. \\'berc 
multicircuit track is installed, the load shall be considered to be 
divided equally between the track circuit.-;. 

Exception: lJ the track lighting is .mpplied th1vugh a droiu that Limit� 
the nmmt to the track, the Load slmU be permitlt'd to be calcuLalt'd 
based on the rating of the device used to Limit tile cunmt. 

220.47 Receptacle Loads - Other Than Dwelling Units. 
Receptacle loaclo; calculated in accordance wilh 220.14(H) and 
(I) shall be penniued to be made su�ecl to the demand 
factors given in Table 220.45 or Table 220.47. 

220.50 Motors and Air-Conditioning Equipment. 

(A) Motors. The conductor sizing requirement.-; specified in 
430.24 and 430.25 and lhe feeder demand factor calculation 
method specified in 430.26 shall be used to determine motor 
load-;. 

(B) Air-Conditioning Equipment. The conductor stzmg 
requirement.-; specified in Part IV of Article 440 shall be tt.o;cd to 
determine air-conditioning loaclo; for hermetic refrigeram 
motor-compres.o;ors. 

Table 220.47 Demand Factors for Non-Dwelling Receptacle 
Loads 

Portion of Receptacle Load to 
Which Demand Factor Applies 

(Volt-Amperes) 

First 10 kVA or les.<; at 
Remainder over 10 kVA at 

Demand Factor (%) 

1 ()() 
50 
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220.51 ARTICLE 220 - BRANCH-CIRCUIT, FEEDER, AND SERVJ\..E LOAD CALCl:LATIONS 

220.51 FIXed Electric Space Heating. Fixed electric space
heating load-. shall he calculated at I 00 percent of the total 
connected load. However, in no ca-.c shall a feeder or scnicc 
load current rating he less than dtc rating of the largest branch 
circuit supplied. 

Exception: lJ J"eduad Loading of tile cmultu:tm:� 11'sults fivm units rtpn._ 
ating on dttty-cyckor inter111illently, or from aU units not oJmnting at 
the same time, the aut/unity having jurisdiction slmU be per111itted to 
gmnt JJermission fmfeeder and service conductors to lmve an antpacity 
Less than 100 pm:ent if tile conductors have an ampacit_l' for the Load so 
determined. 

220.52 Small-Appliance and Laundry Loads - Dwelling UniL 

(A) Small-Appliance Circuit Load. In each dwelling unit, me 
load shall he calculated at 1500 volt-amperes for each 2-"irc 
small-appliance branch circuit a-. covered by 210. 1 1  (C) ( I ) .  
\\'here me load is subclividcd through two or more feeders, me 
calculated load for each shall include not less dtan 1500 volt
amperes for each 2-l\irc small-appliance branch circuit. These 
load-. shall he pcnnittcd to be included with dtc general light
ing load and su�cctcd to dtc demand factors prmidcd in Table 
220.45. 

Exception: The individtml bmncll cirruit pemtitll'.d by 210.52(B)(l), 
Exception No. 2, slmU be pemtilled to be excluded from tile calrulation 
Tequhed by 220.52. 

(B) Laundry Circuit Load. A load of not less dtan 1500 volt
amperes shall be included for each 2-wirc laundry branch 
circuit installed a-. covered bv 210.1 1 (C) (2). This load shall be 
permitted to he included \\�th dtc general lighting load and 
shall he su�cctcd to the demand factors provided in Table 
220.45. 

220.53 Appliance Load - Dwelling Unit(s). Appl}'ing a 
demand factor of 75 percent to the nameplate rating load of 
four or more appliances rated � hp or greater, or 500 watts or 
greater, mat arc fa-.tcncd in place, and mat arc served by me 
same feeder or service in a on�famil}; two-family, or multifam
ily dwelling shall he permitted. This demand factor shall not 
apply to the following: 
(1)  Household electric cooking equipment mat is fa-.tcncd in 

place 
(2) Clodlcs drvcrs 
(3) Space heating equipment 
(4) Air-conditioning cquipmcllt 
(5) Electric vehicle supply equipment (EVSE) 

220.54 Electric Cothes Dryers - Dwelling Unit(s). The load 
for household electric clodtcs dryers in a dwelling unit(s) shall 
he cidlcr 5000 watt'> (volt-amperes) or me nameplate rating, 
whichever is larger, for each dryer served. The usc of me 
demand factors in Table 220.54 shall he permitted. \\'here two 
or more singl�pha-.c dryers arc supplied by a 3-pha-.c, 4-"irc 
feeder or scnicc, dtc total load shall be calculated on the ba-.is 
of twice me maximum numher connected between anv two 
pha-.es. Kilovolt-amperes (kVA) shall be considered cqui�-alcnt 
to kilo"-atts (kW) for load-. calculated in dtis section. 

220.55 Electric Cooking Appliances in Dwelling Units and 
Household Cooking Appliances Used in Instructional 
Programs. The load for household electric ranges, \\-all
mounted ovens, counter-mounted cooking units, and oilier 
household cooking appliances individually rated in cxccs.'i of 
IY., kW shall be permitted to be calculated in accordance widl 

70-96 

Table 220.54 Demand Factors for Household Electric Cothes 
Dryers 

Number of 
Dryers 

1-4 
5 
6 
7 
8 
9 

10 
1 1  

12-23 

24-42 

43 and over 

Demand Factor 
(%) 

100 
85 
75 
65 
60 
55 
50 
47 

47% minus 1% for each dryer 
exceeding 1 1  · 

35% minu.'l 0.5% for each dryer 
exceeding 23 

25% 

Table 220.55. Kilovolt-amperes (kVA) shall he considered 
equivalent to kilowatts (k W) for load-. calculated under this 
section. 

.· 

\\'here two ·or more singlc-pha-.c ranges arc supplied by a 
3-pha-.c, 4-wirc feeder or service, me total load shall he calcula
ted on dtc ba-.is of t"icc the maximum numher connected 
between any two pha-.cs. 

Informational Note :'\o. 1: See lnfonnati\'e Annex D for exam
ples. 

Informational :'\ote No. 2: See Table 220.56 for demand factors 
for commercial cooking equipment. 

220.56 Kitchen Equipment - Other Than Dwelling Unit(s). 
\..alculating me load for commercial electric cooking equip
ment, di-.hwashcr booster heaters, \\>atcr heaters, and oilier 
kitchen equipment in accordance widl Table 220.56 shall be 
permitted. Orner kitchen equipment shall include equipment 
that is fa-.tcncd in place and rated � hp or greater, or 500 \\>att'i 
or greater. These demand factors shall be applied to all equip
ment that ha-. either thermostatic control or intermittent u.-.c a-. 
kitchen equipment. These demand factors shall not apply to 
spac�hcating, ventilating, or air-conditioning equipment. 

However, in no ca-.c shall the feeder or scnicc calculated 
load be lcs.'i than me sum of the largest two kitchen equipment 
load-.. 

220.57 Electric Vehicle Supply Equipment (EVSE) Load. The 
EVSE load shall be calculated at cidtcr 7200 "-atl'i (volt
amperes) or me nameplate rating of me equipment, whichever 
is larger. 

220.60 Noncoincident Loads. If it is unlikely mat two or more 
noncoincidcnt load-. will he in usc simultaneously, using only 
the largest load(s) dtat \\ill he used at one time for calculating 
the total load of a feeder or scnicc shall be permitted. If a 
motor or air-conditioning load is part of the noncoincidcnt 
load and is not the largest of the noncoincidcnt load-., 
125 percent of either the motor load or air-conditioning load, 
whichever is larger, shall he used in me calculation. 
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ARTICLE 220 - BRANCH-CIRCUIT, FEEDER, AND SERVJ\.E LOAD CALCl:LATIONS 220.60 

Table 220.55 Demand Factors and Loads for Household Electric Ranges, Wall-Mounted Ovens, Counter-Mounted Cooking Units, 
and Other Household Cooking Appliances over 1 � kW Rating (Column C to be used in all cases except as otherwise permitted in 
Note 3.) 

Demand Factor (%) (See Notes) Column C 
Maximum Demand (kW) 

ColumnA Column B (See Notes) 
Number of Appliances (Less than 3Yt kW Rating) (3Yt kW through 8� kW Rating) (Not over 1% kW Rating) 

I 80 80 8 
2 75 65 I I  
3 70 55 14 
4 66 50 17  
5 62 45 20 

6 59 43 21 
7 56 40 22 
8 53 36 23 
9 51 35 24 

10 49 34 2" a 

I I  47 32 26 
12 45 32 27 
13 43 32 28 
14 41 32 29 
15 40 32 30 

16 39 28 31 
17 3H 28 32 
18 37 28 33 
19 36 28 34 
20 35 28 35 

21 34 26 36 
22 33 26 37 
23 32 26 3H 
24 31 26 39 
2" a 30 26 40 

26-30 30 24 15 kW + I kW for each range 
31-40 30 22 

41-50 30 20 25 kW + %  kW for each mnge 
51-60 30 18 

61 and over 30 16 

ll:otes: 
l .  Over 12 kWthmugh 27 kWra•li!P all of:toJNe rating. For ranges indhidually rated more than 12 kW but not more than 27 kW, the ma.ximum demand 
in Column C shall be increa.'led 5 percent for each additional kilowatt of rating or m�jor frdction thereof by which the rating of indhidual ranges 
exceed• 12 k W. 
2. Over 8'1., kW tllmug/1 27 kW rangt'.f of �n,"'ual ratings. For rdnges indhidually rdted more than 8% kW and of different mtings, but none exceeding 
27 kW, an averdge value ofrdting shall be calculated by adding together the ratings of all rdnges to obtain the total connected load (R•ing 12 kW for 
any range mted les.• than 12 k W) and di�iding by the total number of ranges. Then the maximum demand in Column C shall be increa.'led 5 percent 
for each kilowatt or m�jor frdction thereof by which this a\·erdge \'alue exceed• 12 k W. 
3. Over 1'4 kW tllmug/1 8'1., ki·V. In lieu of the method prmided in \..olumn C, adding the nameplate mtings of all household cooking appliances rdted 
more than I% k W but not more than 8% k W and multipl}ing the sum by the demand factors specified in \..olumn A or Column 8 for the given 
number of appliances shall be permitted. \.,.bere the rdting of cooking appliances fall• under both \..olumn A and Column 8, the demand factors for 
each column shall be applied to the appliances for that column, and the result• added together. 
4. \..alculating the branch-circuit load for one range in accordance \\ith Table 220.55 shall be permitted. 
5. The brdnch-circuit load for one wall-mounted oven or one counter-mounted cooking unit shall be the nameplate mting of the appliance. 
6. The brdnch-circuit load for a counter-mounted cooking unit and not more than two wall-mounted ovens, all supplied from a single brdnch circuit 
and located in the same room, shall be calculated by adding the nameplate rating of the indhidual appliances and treating this total a.• equi\'alent to 
one rdnge. 
i. Thi• table shall also apply to hmL'iehold cooking appliances rdted over I% k W and used in in•tructional progrdm•. 
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220.61 ARTICLE 220- BRANCH-CIRCUIT, FEEDER, AND SERVJ\.E LOAD CALCl:LATIONS 

Table 220.56 Demand Factors for Kitchen Equipment
Other Than Dwelling Unit(s) 

Number of Units of 
Equipment 

2 
3 
4 
5 

6 andover 

Demand Factor 
(%) 

100 
100 
90 
80 
70 
65 

220.61 Feeder or Service Neutral Load. 

(A) Basic Calculation. The feeder or service neutral load shall 
he dtc maximum unhalancc of dlc load determined by dtis arti
cle. The maximum unbalanced load shall he dlc maximum net 
calculated load hetwccn the neutral conductor and any one 
ungrounded conductor. 

Exception: Fm· 3-wiiP, 2.phase m· 5-wiiP, 2-pha.'il' .<;ystems, the maximum 
unbalanced /nad shall be tile maximum net calculated /nad between the 
neutral conductor and any one ungmunded conductor multiplied by 
140 perrent. 

(B) Permiued Reductions. A senicc or feeder suppl}'ing dlc 
follo"ing load-; shall be permitted to have an additional 
demand factor of 70 percent applied to dtc amount in 
220.61 (B)( I) and a portion of the amount in 220.61 (B)(2). 

(I) Household Electric Ranges, Wall-Mounted Ovens, Counter
Mounted Cooking Units, and Dryers. A feeder or scnicc 
supplying household electric ranges, wall-mounted ovens, 
counter-mounted cooking units, and electric dryers, where dlc 
maximum unbalanced load ha-; been determined in accord
ance l\ith Table 220.55 for ranges and Table 220.54 for dryers. 

(2) Unbalanced Load in Excess of 200 Amperes. That portion 
of the unhalanccd load in excess of 200 amperes where dlc 
feeder or scnicc is supplied from a 3-l\irc dc or single-pha-;c ac 
system; a 4-wirc, 3-pha-;c system; a 3-wirc, 2-phasc system; or a 5-
wirc, 2-pha-;c system. 

lnfonnational l'ote: See lnfonnative Anne-x D, Examples D l  (a), 
Dl (b), D2(b), D4(a) , and D5(a) for examples of unbalanced 
feeder or service neutrdl loads. 

(C) Prohibited Reductions. There shall he no reduction of dlc 
neutral or grounded conductor capacity applied to the amount 
in 220.61 (C) (I), or portion of dtc amount in (C)(2), from that 
determined by the ba�ic calculation: 

(1) Any portion of a 3-l\irc circuit consisting of 2 ungroun
ded conductors and dlc neutral conductor of a 4-wirc, 3-
pha-;c, wyc-conncctcd system 

(2) That portion consisting of nonlinear load-; supplied from 
a 4-"irc, wyc-conncctcd, 3-pha�c system 

lnfonnational l'ote: A 3-pba�. 4-"ire, wye-connected power 
system used to supply power to nonlinear load� might necessi
tate that the pm\'er system design allows for the pos.•ibility of 
high hannonic neutral conductor current•. 

220.70 Energy Management Systems (EMSs). If an energy 
management system (EMS) is used to limit the current to a 
feeder or senicc in accordance widl 750.30, a single value 
equal to dlc maximum ampere setpoint of dtc EMS shall he 

70-98 

permitted to he tt-;cd in load calculations for dtc feeder or serv
ice. 

The sctpoint value of the EMS shall be considered a continu
ott-; load for the purposes of load calculations. 

Part IV. Optional Feeder and Service Load Calculations 

220.80 General. Optional feeder and senicc load calculations 
shall he permitted in accordance "ith Part IV. 
220.82 Dwelling Unit. 

(A) Feeder and Service Load. This section applies to a dwell
ing unit haling the total connected load served by a single 
120/240-volt or 208¥/120-volt set of 3-wirc scnicc or feeder 
conductors widl an ampacity of 100 or greater. It shall he 
pcrmL'i.�iblc to calculate the feeder and senicc loads in accord
ance widl this section instead of the mcdlod specified in 
Part HI of this article. The calculated load shall he the result of 
adding dtc load-; from 220.82(B) and (C). Feeder and service
entrance conductors whose calculated load is determined by 
this optional calculation shall be permitted to have the neutral 
load determined by 220.61. 

(B) General Loads. The general calculated load shall he not 
lcs.� man 100 percent of dtc first 10 kVA plus 40 percent of dlc 
remainder of the following load�: 

(1) 33. volt-ampcrcs/m2 or 3 volt-ampcrcs/ft2 for general 
lighting and gcncral-tt-;c receptacles. The floor area for 
each floor shall be calculated from the outside dimen
sions of the dwelling unit. The calculated floor area shall 
not include open porches, garages, or unused or unfin
ished spaces not adaptable for future tt-;c. 

(2) 1500 volt-amperes for each 2-l\irc, 20-ampcrc small
appliance branch circuit and each laundry branch circuit 
covered in 210.1l(C)(l) and (C)(2). 

(3) The nameplate rating of dlc follo"ing: 

a. All appliances that arc fa-;tcncd in place, pcnnancndy 
connected, or located to he on a specific circuit 

b. Ranges, wall-mounted ovens, counter-mounted cook
ing unit-; 

c. Clodlcs dryers dlat arc not connected to dlc laundry 
branch circuit specified in 220.82(B)(2) 

d. Water heaters 
(4) The nameplate ampere or kVA rating of all pcnnancndy 

connected motors not included in 220.82(B) (3). 

(C) Heating and Air-Conditioning Load. The largest of dlc 
follo"ing six selections (load in kVA) shall he included: 

(1) 100 percent of dtc nameplate rating(s) of the air concli
tioning and cooling. 

(2) 100 percent of the nameplate rating(s) of dlc heat pump 
when the heat pump is used widlout any supplemental 
electric heating. 

(3) 100 percent of the nameplate rating(s) of dlc heat pump 
comprcs.-;or and 65 percent of dlc supplemental electric 
heating for central electric space-heating systems. If dlc 
heat pump comprcs.�r is prevented from operating at 
the same time a� dtc supplementary heat, it docs not 
need to he added to dlc supplementary heat for dlc total 
central space heating load. 

(4) 65 percent of dlc nameplate rating(s) of electric space 
heating if less than four separately controlled unit-;. 

;-1,\TJO:'\AL EJ..EGrRJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 220- BRANCH-CIRCUIT, FEEDER, AND SERVJ\..E LOAD CALCl:LATIONS 220.85 

(5) 40 percent of the nameplate rating(s) of electric space 
heating if four or more separately controlled unit'>. 

(6) 100 percent of the nameplate ratings of electric thermal 
storage and other heating systems where the usual load is 
expected to be continuous at the full nameplate value. 
System'> qualil}ing under this selection shall not be calcu
lated under any other selection in 220.82(C). 

220.83 Existing Dwelling Unit. This section shall be permitted 
to be used to determine if the existing scnicc or feeder is of 
sufiicicnt capacity to serve additional loacl'l. \\'here the dwelling 
unit is served by a 120/240-volt or 208¥/120-volt, 3-wirc scnicc 
or feeder, calculating the total load in accordance with 
220.83(A) or (B) shall be pcnnittcd. 

(A) Where Additional Air-Conditioning Equipment or Electric 
Space-Heating Equipment Is Not to Be InstaUed. The percen
tages listed in Table 220.83(A) shall be used for existing and 
additional new load'>. 

Load calculations shall include the following: 

(1) General lighting and general-usc receptacles at 33 volt
ampcrcs/m2 or 3 volt-ampercs/ft2 as determined by 
220.42 

(2) 1500 volt-amperes for each 2-l\irc, 20-ampcrc small
appliance branch circuit and each laundry branch circuit 
covered in 210.1l(C)(I) and (C)(2) 

(3) The nameplate rating of dtc follo"ing: 

a. All appliances that arc fastened in place, pcnnancndy 
connected, or located to be on a specific circuit 

b. Ranges, wall-mounted ovens, counter-mounted cook
ing unit'> 

c. Clothes dryers that arc not connected to the laundry 
branch circuit specified in item (2) 

d. Water heaters 

(B) Where Additional Air-Conditioning Equipment or Electric 
Space-Heating Equipment Is to Be Installed. The percentages 
listed in Table 220.83(B) shall be used for existing and addi
tional new load'>. The larger connected load of air conditioning 
or space heating, but not bod1, shall be used. 

Odtcr load'l shall include the follo"ing: . 

(1) General lighting and gcncral-u.'lc receptacles at 33 volt
ampcrcs/m2 or 3 volt-am�res/ft2 as determined by 
220.42 

(2) 1500 volt-amperes for cath 2-l\irc, 20-ampcrc small
appliance branch circuit and each laundry branch circuit 
covered in 210.1l(C)(I) and (C)(2) 

(3) The nameplate rating of dtc follo"ing: 

a. All appliances that arc fastened in place, pcnnancndy 
connected, or located to be on a specific circuit 

b. Ranges, wall-mounted ovens, counter-mounted cook
ing unit'> 

c. Clothes dryers that arc not connected to the laundry 
branch circuit specified in item (2) 

d. Water heaters 

Table 220.83(A) Without Additional Air-Conditioning or 
Electric Space-Heating Equipment 

Load (kVA) 

First 8 k VA ofload at 
Remainder of load at 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

Percent of Load 

100 
40 

220.84 Multifamily Dwelling. 

(A) Feeder or Service Load. It shall be permissible to calculate 
the load of a feeder or scnicc that supplies three or more 
dwelling unit'> of a multifamily dwelling in accordance with 
Table 220.84(8) instead of Pan Ill of this article if all the 
follo"ing conditions arc met: 

(1) No dwelling unit is supplied by more than one feeder. 
(2) Each dwelling unit is equipped l\ith electric cooking 

equipment. 

Exception: Whro the ralculaiP.d load fm· multifamily dweUings zuithout 
electric rooking in PaTt Ill of this mticle exrl'£ds that ralculaiP.d under 
Pmt IV fm· the identical load plus electrir cooking (based fm 8 kW per 
unitj, the le.'iser of the tUKI loads shall be /JelmitiP.d to be used. 

(3) Each dwelling unit is equipped with either electric space 
heating or air conditioning, or both. Feeders and scnicc 
conductors whose calculated load is determined by this 
optional calculation shall be pcnnittcd to have the 
neutral load dctcrminccl by 220.61. 

(B) House Loads. House load'> shall be calculated in accord
ance l\ith Part Ill of this article and shall be in addition to the 
dwelling unit loacl'l calculated in accordance with Table 
220.84(B). 

. 

(C) Calculated Loads. The calculated load to which the 
dcma.11d factors of Table 220.84(B) apply shall include the 
follo"ing: 

(1) 33 volt-ampcrcs/m2 or 3 volt-ampcrcs/ft2 for general 
lighting and general-usc receptacles 

(2) 1500 volt-;unpercs for each 2-l\irc, 20-ampcrc small
appliance branch circuit and each laundry branch circuit 
covered in 210.1l(C)(l) and (C)(2) 

(3) The nameplate rating of the follo"ing: 

a. All appliances that arc fastened in place, pcnnancndy 
connected, or located to be on a specific circuit 

b. Ranges, wall-mounted ovens, counter-mounted cook
ing unit'> 

c. Clothes dryers that arc not connected to the laundry 
branch circuit specified in item (2) 

d. Water heaters 
(4) The nameplate ampere or kVA rating of all pcnnancndy 

connected motors not included in item (3) 
(5) The larger of the air-conditioning load or dtc fixed elec-

tric space-heating load 

220.85 Two Dwelling Units. Where two dwelling unit'> arc 
supplied by a single feeder or scnicc and the calculated load 
under Pan Ill of this article cxccccl'l that for three identical 
unit'> calculated under 220.84, dtc lesser of the two load'> shall 
be permitted to be used. 

Table 220.83(8) With Additional Air-Conditioning or Electric 
Space-Heating Equipment 

Load 

Air-conditioning equipmelll 
\..emral elecuic space heating 
Les.'l than four sepamtely 

conu·olled space-heating uniL'I 
First 8 k VA ofall other loacl'l 
Remainder of all other loads 

Percent of Load 

100 
100 
100 

100 
40 
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220.86 ARTICLE 220 - BRANCH-CIRCUIT, FEEDER, AND SERVI\.E LOAD CALCl:LATIONS 

Table 220.84(B) Optional Calculations - Demand Factors for 
Three or More Multifamily Dwelling Units 

Number of Demand Factor 
Dwelliug Units (%) 

3-5 45 
6-7 44 

8-10 43 

1 1  42 
12-13 41 
14-15 40 
16-17 39 
18-20 38 

21 37 
22-23 36 
24-25 35 
26-27 34 
28-30 33 

31 32 
32-33 31 
34-36 30 
37-38 29 
39-4 2 28 

43-4 5 27 
46-50 26 
51-55 2-:> 
56-61 24 

62 and over 23 

220.86 Schools. The calculation of a feeder or service load for 
schools shall be permitted in accordance "ith Table 220.86 in 
lieu of Part Ill of this article where equipped with electric space 
heating, air conditioning, or both. The connected load to 
which the demand factors of Table 220.86 apply shall include 
all of the interior and exterior lighting, power, water heating, 
cooking, other load"l, and the larger of the air-conditioning 
load or space-heating load within the building or structure. 

Feeders and senice conductors whose calculated load is 
determined by this optional calculation shall be permitted to 
have the neutral load determined bv 220. 61. \\'here the build
ing or structure load is calculated

· 
by this optional method, 

feeders "ithin the building or structure shall have ampacity as 
permitted in Part Ill of this article; however, the ampacity of an 
individual feeder shall not be required to be larger than the 
ampacity for the entire building. 

This section shall not apply to portable cla"lsroom buildings. 

Table 220.86 Optional Method - Demand Factors for Feeders 
and Service Conductors for Schools 

Couoected Load Demaod Calculated Loads 
TotaiVA/m2 Total VA/ft2 Factor (%) (VA) 

0-33 0-3 100 Amoulll x 100% 
Over 33-220 Over 3-20 75 (Amoum x 

75%) + 3 
Remainder Remainder 25 (Amoum x 

over 220 over 20 25%) + 15.75 

70-100 

220.87 Determining Existing Loads. The calculation of a 
feeder or senice load for existing installations shall be permit
ted to usc actual maximum demand to detennine the existing 
load under all of the follm\ing conditions: 

(1)  The maximum demand data is available for a 1-year 
period. 

Exception: If the maximum demmul data for a 1-year Jmiod is not 
available, the calculated load slmU be pmnitted to be based on the 
maximum demand (the highest average kilmvatts t-eaclv.d and 11Ulin
tained fm· a 1 5-minute inlet-val) continucmsly 17'Corded ovn· a mini
mum 30-day Jmiod using a 17'conling ammeter m· power meter 
ronnected to the highest loaded Jlha.'il' of the feedn· or se1-via, ba.fed on 
the initial loading at the start of the 1-ecmrling. The Tl'cmrling slmU 
1-ejlPct the maximum demand of the fteder or servia h)• being taken 
when the building m· space is occupied mul shall include h)• me.asutl!
ment m· calculation the larger of the heating m· cooling equipment load, 
and otlte�· loads tlmt might be pe1iodic in natwl! due to sea.fonal m· 
.fimilm· cmulitions. This exct'jltion shaU not be permittl'.d if the f".der m· 
se1-vice ha.f a nmewable energy sy.ftt'lll (i.e., sola1· photovoltaic m· wind 
elect1ic) m· employs an_l' form of peak load slmving. 

(2) The maximum demand at 1 25 percent plus the new load 
docs not exceed the ampacity of the feeder or rating of 
the senice . . · 

(3) The feeder ha"l overcurrent protection in accordance 
with 240A, and the service ha"l overload protection in 
accorcL"tnce "idt 230.90. 

220.88 New Restaurants. \..alculation of a service or feeder 
load. where the feeder serves the total load, for a new restau
rant shall be permitted in accordance l\ith Table 220.88 in lieu 
of Part Ill of this article. 

The overload protection of dte senice conductors shall be in 
accordance "idt 230.90 and 240.4. 

Feeder conductors shall not be required to be of greater 
ampacity than the scnice conductors. 

Senice or feeder conductors whose calculated load is deter
mined by dtis optional calculation shall be permitted to have 
the neutral load determined by 220.61.  

Part V. Farm Load Calculations 

220.100 General. Farm load"l shall be calculated in accordance 
"ith Part V. 

220.102 Farm Loads - Buildings and Other Loads. 

(A) Dwelling Unit. The feeder or scnice load of a farm dwell
ing unit shall be calculated in accordance "idt the prmisions 
for dwellings in Part Ill or IV of this article. Where the dwelling 
ha"l electric heat and the farm ha"l electric grain-dl)ing systems, 
Part IV of this article shall not be used to calculate the dwelling 
load where the dwelling and farm loads arc supplied by a 
common senice. 

(B) Other Than Dwelling Unit. \\'bere a feeder or service 
supplies a farm building or other load ha\-ing two or more 
separate branch circuit"l, the load for feeders, scnice conduc
tors, and scnice equipment shall be calculated in accordance 
with demand factors not les."l than indicated in Table 
220.102(8) . 
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ARTICLE 220 - BRANCH-CIRCUIT, FEEDER, AND SERVJ\..E LOAD CALCl:LATIONS 220.120 

Table 220.88 Optional Method - Permitted Load Calculations for Service and Feeder 
Conductors for New Restaurants 

Total Connected 
Load (kVA) 

0-200 
201-325 
32tH«>O 
Over800 

All Electric Restaurant 

Calculated Loads (kVA) 

80% 
10% (amount over 200) + 160.0 
50% (amount over 325) + 172.5 
50% (amount over 800) + 410.0 

Not All Electric Restaurant 

Calculated Loads (kVA) 

100% 
50% (amount over 200) + 200.0 
45% (amount over 325) + 262.5 
20% (amount over 800) + 476.3 

l'ote: Add all electrical load•, including both heating and cooling loads, to calculate the total connected load. 
Select the one demand factor that applies from dte table, then multiply the total connected load by this single 
demand factor. 

220.103 Farm Loads - Total. Where supplied by a common 
scnicc, the total load of the farm for service conductors and 
scnicc equipment shall be calculated in accordance with the 
farm dwelling unit load and demand factors specified in Table 
220.103. \\'bcrc there is equipment in two or more fann equip
ment buildings or for load• having the same function, such 
load• shall be calculated in accordance l\ith Table 220.102(8) 
and shall be pcnniucd to be combined as a single load in Table 
220.103 for calculating the total load. 

Part VI. Health Care Facilities 

220.110 Receptacle Loads. Receptacle loads calculated in 
accordance l\ith 220.14(H) and (I) and supplied by branch 
circuits not exceeding 150 volt• to ground shall be pcrmiucd to 
be subjected to the demand factors prO\idcd in Table 
220. 1 10(1)  and Table 220.1 10(2) for hcald1 care facilities. 

Informational :'\ote No. 1: See Article 100 for dte definitions of 
patient care space categories. 

Informational :'\ote No. 2: See 220.14(1) for the calculation of 
receptacle oudet load•. 

Part VB. Marinas, Boatyards, Floating Buildings, and 
Commercial and Noncommen:ial Docking Facilities 

220.120 Receptacle Loads. General lighting and other load• 
in marinas, boatyards, floating buildings, and commercial and 
noncommercial docking facilities shall be calculated in accord
ance "id1 Part [[] of this article and, in addition, the demand 
factors set forth in Table 220.120 shall be pcnniucd for each 
service or feeder circuit suppl)'ing receptacles dtat provide 
shore power for boat•. These calculations shall be pcnniucd to 
be modified as indicated in Notes (1)  and (2) of Table 220.120. 
\\'bcrc demand factors of Table 220.120 arc applied, the 
demand factor specified in 220.61 (B) shall not be pcrmiucd. 

Informational Note: These demand factors could he inadequate 
in areas of extreme hot or cold temperatures "ith loaded 
circuiL• for heating, air<mtditioning, or refrigerdting equip
ment. 
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Table 220.102(B) Method for Calculating Farm Loads for 
Other Than Dwelling Unit 

Ampere Load at 240 Volts Maximum 

The greater of the follm\ing: 
All loaclo; that are expected to operate 

simultaneously, or 

Demand Factor 
(%) 

100 

125 percem ofthe full load cun-ent of the 
largest motor, or 

First 60 amperes of the load 
:-.!ext 60 amperes of all other loads 
Remainder of other loaclo; 

50 
25 

Table 220.103 Method for Calculating Total Farm Load 

Individual Loads Calculated in 
Accordance with Table 220.102 

Largest load 
Second largest load 
lbird largest load 
Remaining Joaclo; 

Demand Factor 
(%) 

100 
75 
65 
50 

l'ote: To this total load, add the load of the fdrm dwelling unit 
calculated in accordance "idt Pan Ill or IV of this article. Where the 
dwelling ha.• electric heat and the farm ha.• electric grdin-(hying 
systems, Pan IV of this article shall not he tL<;ed to calculate the 
dwelling load. 

Table 220.110(1) Demand Factors for Receptacles Supplied by 
General-Purpose Branch Circuits in Category I and Category 
2 Patient Care Spaces 

Portion of Receptacle Load to 
Which Demand Factor Applies 

(Volt-Amperes) 

First 5000 or les.o; 
From 5001to 10,000 
Remainder over 10,000 

Demand Factor (%) 

100 
50 
25 

70-101 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



225.1 ARTICLE 225-0UTSIDE BRA.'ICH CIRCUITS MD FEEDERS 

Table 220.110(2) Demand Factors for Receptacles Supplied by 
General-Purpose Branch Circuits in Category 3 and Category 
4 Patient Care Spaces 

Portion of Receptacle Load to 
Which Demand Factor Applies 

(Volt-Amperes) 

First 10,000 or les.� 
Remainder over lO,OOO 

Demand Factor (%) 

100 
50 

Table 220.120 Demand Factors for Shore Power Receptacle 
Loads 

Number of Sbore Power 
Receptacles 

l'otes: 

1-4 
5-8 

9-14 
15-30 
31-40 
41-50 
51-70 

2:71 

Sum of tbe Rating of tbe 
Receptacles (%) 

100 
90 
80 
70 
60 
50 
40 
30 

1. Where shore pm\"er accommodations prmide two receptacles 
specifically for an indhidual hoat slip and these receptacles have 
different \'oltages (e.g., one 30-ampere, 12!">-mlt and one 50-ampere, 
125/250-mlt) , only the receptacle \\ith the larger kilowau demand 
shall he required to he calculated. 
2. For each shore powered pedestal being installed that includes an 
indhidual kilowatt-hour suhmeters for each slip and i� being calculated 
•�•ing the criteria li•ted in Table 220.120, the total demand amperes 
shall he permitted to he multiplied hy 0.9 to achie\'e the final demand 
amperes of the fdcility. 
3. If a circuit feeding a hoat hoist and shore power for the same boat 
slip i• shared, only the load "ith the larger kilowatt demand,sball he 
required to he counted in the load calculation. 

ARTICLE 225 
Outside Branch Circuits and Feeders 

Part I. General 

225.1 Scope. This article covers requirement� for out�idc 
branch circuit� and feeders not over 1000 volt� ac or 1500 volt'i 
de, nominal, run on or between buildings, structures, or poles 
on dtc premises; and electrical cquipmcm and \\iring for me 
supply of utilization cquipmcm dtat is located on or auachcd 
to me OUt'iidc of buildings, structures, or poles. 

Informational Note: See Part IV of Article 235 for ouL•ide 
branch circuiL• and feeders over 1000 \'OIL• ac or 1500 voiL• de. 

225.3 Other Articles. Application of odtcr articles, including 
additional requirement" to specific ca'ics of equipment and 
conductors, is shown in Table 225.3. 

225.4 Conductor Insulation. \\'here "idtin 3.0 m (10 ft) of any 
building or structure other than supporting poles or towers, 
open indi\idual (aerial) overhead conductors shall be insulated 
for me nominal voltage. The insulation of conductors in cables 
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Table 225.3 Other Articles 

Equipment/Conductors 

Branch circuiL• 
Cia.'-• I power-limited circuits and Cia.'-• 1 pm•>er

limited remote-control and signaling circuiL• 
Cia.'-• 2 and Cla..s 3 remote-contml, signaling, 

and power-limited circuiL• 
C.onductors for general \\iring 
Electrically dri\·en or controlled irrigation 

machines 
Electric signs and outline lighting 
Feeders 
Fire alarm systems 
Fixed outdoor electric deicing and snow-

melting equipment 
Grounding and bonding 
Hazardous (cla.'l.•ified) location.• 
Hazardous (cla.'l.•ified) location.• - specific 
Marina.• and boatyard• 
Medium-\"l>ltage conductors and cable 
Messenger-supported "iring 
Mobile homes, manufactured homes, and 

mobile home parks 
Open \\iring on in.•ulators 
0\>er I 000 \'oiL•, general 
0\>ercun-ent protection 
0\>ercun-ent protection for systems rdted m·er 

1000 volts ac, 1500 volts de 
Senices 
Senices, feeders, and branch circuiL• over 

1000 volts ac, 1500 volts de 
Solar photovoltaic systems 
:s\\imming pools, fountains, and similar 
· installations 
l'se and identification of grounded conductors 

Article 

210 
724 

725 

310 
675 

600 
215 
760 
426 

250 
500 
510 
555 
3 1 1  
396 
550 

398 
495 
240 
245 

230 
235 

690 
680 

200 

or raceways, except Type MI cable, shall be of dtcrmosct or 
mcrmopla'itic type and, in wet locations, shall comply wim 
310.10(C). The insulation of conductors for festoon lighting 
shall be of the mcrmosct or mcrmopla'itic type. 

Exception: Equipment grounding condurtors and grounded rin:uit 
rondurtors shall be permitted to be bare or covered as sp-eijical�}' permit
ted el�t!!ulm't' in this Code. 

225.6 Conductor Size and Support. 

(A) Overhead Spans. Open indhidual conductors shall not be 
smaller than 10 AWG copper or 8 AWG aluminum for spans up 
to 15 m (50 ft) in length, and 8 AWG copper or 6 AWG alumi
num for a longer span unlcs.'i supported by a mcs.'iCngcr t\irc. 

(B) Festoon Lighting. Overhead conductors for festoon light
ing shall not be smaller than 12 AWG unlcs.'i me conductors arc 
supported by mcs.'iCngcr \\ires. In all spans exceeding 12 m 
(40 ft), me conductors shall be supported by mcs.'icngcr \\ire. 
The mcs.'iCngcr \\ire shall be supported by strain insulators. 
\..onductors or mcs.'icngcr "ires shall not be attached to any fire 
escape, downspout, or plumbing equipment. 

225.10 Wuing on Buildings (or Other Structures). The instal
lation of out'iidc \\iring on surfaces of buildings (or other struc
tures) shall be pcrmiucd for circuits not exceeding 1000 volt'i, 
nominal, a'i me follo"ing: 

(1) Auxiliary guucrs 
(2) Busways 
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ARTICLE 225-OUTSIDE BRA. 'ICH CIRCUITS Al'\D FEEDERS 225.19 

(3) Cable trays 
(4) Cablcbu.o;

· 

(5) Electrical metallic tubing (EMT) 
(6) Flexible metal conduit (F�lC) 
(7) Intermediate metal conduit (l�lC) 
(8) Liquidtight flexible metal conduit (LniC) 
(9) Liquidtight flexible nonmetallic conduit (LFI'\C) 

(10) �(cs.o;cngcr-supportcd wiring 
( 11) Open wiring on insulators 
(12) Reinforced thcnnosctting resin conduit (RTRC) 
(13) Rigid metal conduit (RMC) 
(14) Rigid polyvinyl chloride conduit (PVC) 
(15) Type MC cable 
(16) Type MI cable 
( 17) Type SE cable 
(18) Type TC'..-ER cable 
(19) Type UF cable 
(20) Wircways 

225.11 Feeder and Branch-Circuit Conductors Entering, Exit
ing, or Attached to Bulldings or Structures. Feeder and 
branch-circuit conductors entering or exiting buildings or 
structures shall be installed in accordance l\ith 230.52. Over
head branch circuits and feeders attached to buildings or struc
tures shall be installed in accordance with 230.54. 

225.12 Open-Conductor S upports. Open conductors shall be 
supported on knobs, racks, brackcto;, or strain insulators, that 
arc made of glao;s, porcelain, or other approved materials. 

225.14 Open-Conductor Spacings. C'..onductors shall comply 
with dtc spacings provided in Table 230.51 (C). 

(A) Separation from Other Circuits. Open conductors shall be 
separated from open conductors of other circuit" or systcmo; by 
not Jcs.o; than 100 mm ( 4 in.). 

(B) Conductors on Poles. Conductors on poles shall have a 
separation of not less than 300 mm (I ft) where not placed on 
racks or brackcto;. Conductors supported on poles shall provide 
a horizontal climbing space not lcs.o; than the following: 

(1) Power conductors below communications conductors -
750 mm (30 in.) 

(2) Power conductors alone or above communications 
conductors: 

a. 300 volto; or Jcs.o;-600 mm (24 in.) 
b. Over 300 volto;-750 mm (30 in.) 

(3) Communications conductors below power conductors -
same ao; power conductors 

(4) Communications conductors alone-no requirement 

225.15 Supports over Bulldings. Outo;idc branch-circuit and 
feeder conductors pao;sing over a building shall be securely 
supported. 

225.16 Attachment to Bulldings. 

(A) Point of Attachment. The point of attachment to a build
ing shall be in accordance "id1 230.26. 

(B) Means of Attachment. The means of attachment to a 
building shall be in accordance "id1 230.27. 

225.17 Masts as Supports. Only feeder or branch-circuit 
conductors specified "idtin this section shall be permitted to 
be attached to the feeder and/or branch-circuit mao;t. �(ao;to; 
u.o;cd for the support of final spans of feeders or branch circuit" 
shall be installed in accordance wid1 225.17(A) and (B). 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RICAL COI>t: 

(A) Strength. The mao;t shall have adequate strength or be 
supported by braces or guy wires to safely l\ithstand the strain 
imposed by the overhead feeder or branch-circuit conductors. 
Hubs intended for usc wid1 a conduit serving ao; a mao;t for 
support of feeder or branch-circuit conductors shall be identi
fied for usc with a mao;t. 

(B) Attachment. Feeder and/ or branch-circuit conductors 
shall not be attached to a mao;t where the connection is 
between a wcathcrhcad or the end of the conduit and a 
coupling where the coupling is located above the Jao;t point of 
securement to the building or other structure, or where the 
coupling is located above the building or other structure. 

225.18 Clearance for Overhead Conductors and Cables. Over
head spans of open conductors and open multiconductor 
cables of not over 1000 volto;, nominal, shall have a clearance of 
not Jcs.o; than the following: 

(1) 3.0 m (10 ft) -above finished grade, sidewalks, or from 
any platform or projection that \\ill permit personal 
contact where the voltage docs not exceed 150 volto; to 
ground and acccli.,iblc to pedestrians only 

(2) 3.7 m (12 ft)- over residential property and driveways, 
and those romincrcial arcao; not subject to truck trallic 
where the 'voltage docs not exceed 300 volto; to ground 

(3) 4.5 m (15ft)-for those arcao; listed in the 3.7 m (12 ft) 
clao;sification where the voltage cxcccdo; 300 volto; to 
ground 

(4) ·. 5.5 m (18 ft) -over public strccto;, alleys, roado;, parking 
arcao; subject to truck traffic, driveways on other than resi
dential property, and other land traversed by vehicles, 
such ao; culthatcd, grazing, forest, and orchard 

(5) 7.5 m (24� ft) -over track rails of railroads 

225.19 Clearances from Bulldings for Conductors of Not over 
1000 Volts, Nominal. Overhead spans of open conductors and 
open multiconductor cables shall comply with 225.19(A), (B), 
(C), and (D). 

(A) Above Roofs. Overhead spans of open conductors and 
open multiconductor cables shall have a vertical clearance of 
not Jcs.o; than 2.6 m (8 ft 6 in.) above the roof surface. The verti
cal clearance above the roof level shall be maintained for a 
distance not lcs.o; than 900 mm (3 ft) in all directions from the 
edge of the roof. 

Exception No. 1: Tile mf!a above a roof swfare subject to Jlt'destrian or 
vellicular tmffic shall have a vertical c!P.amnce from tile rooJ.�wface in 
acconlance zuith tile clearance 11'-Jflthements of 225.18. 

Exception No. 2: n11e1f! tile voltagP- between conductm-s does not exceed 
300, and the roof has a sloJit' of 100 mm in 300 mm ( 4 in. in I 2 in.) 
m· greatn; a reduction in clearance to 900 mm (3ft) slmll he permitted. 

Exception No. 3: n11e1f! tile voltagP- between conductm-s does not exceed 
300, a t1'4tution in clearance above em{}" the overlmnging pot·ticm of tile 
mof to not less than 4 50 mm (I 8 in.) shall he /JelmitiP.d if ( 1) not moll! 
than 1.8 m (6 ft) of tile conductm-s, 1.2 m (4ft) llorizcmtally, pa.�s 
above tile roof overhang, and (2) till!)' al"t' terminated at a tllrough-tlv
mof mcewa_y m· aptmroed .rupport. 

Exception No. 4: Tile l"t'quimnrot fm· maintaining tile ve1tical c!Pm._ 
ance 900 mm (3ft) from the P.dgP- of the mofslmll not aptJ{l' to tlv final 
conductor sJJan whelf! the cmulttctm-s alf! attached to tile .�ide of a build
ing. 

(B) From Nonbullding or Nonbridge Structures. From signs, 
chimneys, radio and television antcnnao;, tanks, and other 
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nonbuilding or nonbridgc structures, clearances - vertical, 
diagonal, and horizontal - shall not be less than 900 mm 
(3 ft) . 

(C) Horizontal Clearances. Clearances shall not be less than 
900 mm (3 ft).  

(D) Fmal Spans. Final spans of feeders or branch circuit-; shall 
comply with 225.19(D) (1),  (D) (2), and (D) (3). 

(1) Clearance from Wmdows. Final spans to the building they 
supply, or from which they arc fed, shall be pcnnittcd to be 
attached to the building, but they shall be kept not lcs.o; than 
900 mm (3 ft) from "indows that arc designed to be opened, 
and from doors, porches, balconies, ladders, stairs, fire escapes, 
or similar locations. 

Exception: \..ondurtors nm above the trtp level of a window shaU be 
permitted to be less than the 900 mm (3ft) 11'quiremrot. 

(2) Vertical Clearance. The vertical clearance of final spans 
above or within 900 mm (3 ft) measured horizontally of plat
form�, projections, or surfaces that will permit personal contact 
shall be maintained in accordance with 225.18. 

(3) Building Openings. The overhead branch-circuit and 
feeder conductors shall not be installed beneath openings 
through which materials may be moved, such a� openings in 
farm and commercial buildings, and shall not be installed 
where they obstruct entrance to these openings. 

(E) Zone for Fire Ladders. \\'ncrc buildings exceed three 
stories or 15 m (50 ft) in height, overhead lines shall be 
arranged, where practicable, so that a dear space (or zone) at 
lca�t 1 .8 m (6 ft) \\ide will be left either adjacent to the build
ings or beginning not over 2.5 m (8 ft) from them to facilitate 
the raising of ladders when ncccs.o;ary for fire fighting. 

225.20 Protection Against Physical Damage. Conductors 
installed on buildings, structures, or poles shall be protected 
against physical damage ao; provided for services in 230.50. 

225.21 Multiconductor Cables on Exterior Surfaces of Build
ings (or Other Structures). Support� for multiconductor cables 
on exterior surfaces of buildings (or other structures) shall be 
ao; provided in 230.51 .  

225.22 Raceways on Exterior Surfaces of Buildings or Other 
Structures. Raceways on exteriors of buildings or other struc
tures shall be arranged to drain and shall be listed or approved 
for usc in wet locations. 

225.24 Outdoor Lampholders. \\'ncrc outdoor lampholdcrs 
arc attached a� pendant�, dtc connections to the circuit wires 
shall be staggered. \\onere such lampholdcrs have terminals of a 
type that puncture the insulation and make contact with the 
conductors, they shall be attached only to conductors of the 
stranded type. 

225.25 Location of Outdoor Lamps. Locations of lamps for 
outdoor lighting shall be below all energized conductors, trans
formers, or other electric utilization equipment, unlcs.o; either 
of the following apply: 
( 1)  Clearances or other safeguard� arc provided for relamp

ing operations. 
(2) Equipment is controlled by a disconnecting means that is 

lockable open in accordance "ith 1 1 0.25. 
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225.26 Vegetation as Support. Vegetation such a� trees shall 
not be used for support of overhead conductor spans. 

225.27 Raceway Seal. \\onere a raceway enters a building or 
structure from out�idc, it shall be scaled in accordance with 
300.5(G) and 300.7(A) . Spare or unused raceways shall also be 
scaled. Sealant� shall be identified for usc "ith cable insulation, 
conductor insulation, bare conductor, shield, or other compo
nent�. 

Part II. Buildings or Other Structures Supplied by a Feeder(s) 
or Branch Circuit(s) 

225.30 Number of Supplies. A building or other structure that 
is served bv a branch circuit or feeder on the load side of a 
service dis�onnccting means shall be supplied by only one 
feeder or branch circuit unlcs.o; permitted in 225.30(A) 
through (F) . For dtc purpose of this section, a multi"irc 
branch circuit shall be considered a single circuit. 

\\onere a branch circuit or &cdcr originates in these addi
tional buildings or other structures, only one feeder or branch 
circuit shall be permitted to supply power back to the original 
building or structure, · unlcs.� permitted in 225.30(A) 
through (F). · 

(A) Special Conditions. Additional feeders or branch circuit-; 
shall be permitted to supply dtc follo"ing: 
(1) Fire pumps 
(2) Emergency systems 
(3) Legally required standby systems 
(4) . Optional standby systems 
(5) Parallel power production system� 
(6) System� designed for connection to multiple sources of 

supply for dtc purpose of enhanced reliability 
(7) Electric vehicle power transfer systems listed, labeled, and 

identified for more than a single branch circuit or feeder 
(8) Docking facilities and piers 

(B) Common Supply EquipmenL \\'ncrc feeder conductors 
originate in the same panelboard, Sl'itchboard, or other distri
bution equipment, and each feeder terminates in a single 
disconnecting means, not more than six feeders shall be 
permitted. \\'ncrc more dtan one feeder is installed in accord
ance with this section, all feeder disconnect� supplying the 
building or structure shall be grouped in the same location, 
and the requirement� of 225.33 shall not apply. Each discon
nect shall be marked to indicate the load served. 

(C) Special Occupancies. By special pcrmis.o;ion, additional 
feeders or branch circuit-; shall be permitted for either of the 
following: 
(1)  �lultiplc-occupancy buildings where there is  no space 

available for supply equipment acccs.o;iblc to all occupant-; 
(2) A single building or other structure sullicicndy large to 

make two or more supplies ncccs.o;ary 

(D) Capacity Requirements. Additional feeders or branch 
circuit-; shall be permitted where the capacity requirement� arc 
in execs.-; of 2000 amperes at a supply voltage of I 000 volt-; or 
lcs.o;. 

(E) Different Characteristics. Additional feeders or branch 
circuit-; shall be permitted for different voltages, frequencies, 
or pha�s, or for different uses such a� control of outo;idc light
ing from multiple locations. 
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(F) Documented Switching Procedures. Additional feeders or 
branch circuits shall be permitted to supply installations under 
single managcmcm where documcmcd safe switching proce
dures arc established and maintained. 

225.31 Disconnecting Means. 

(A) General. Means shall be prmidcd for disconnecting all 
ungrounded conductors that supply or pas.o; through the build
ing or structure. 

(B) Location. The disconnecting means shall be installed 
either inside or outside of the building or structure served or 
where the conductors pa<;.o; through the building or structure. 
The disconnecting means shall be at a readily accessible loca
tion nearest the poim of entrance of the conductors. For the 
purposes of dtis section, the requirements in 230.6 shall apply. 

Exception No. 1: For imtallations under singk management, where 
docummttd safe .<;witching procP.dw-es are establislll'n mul maintained, 
and where the installation is monilDTI'.d by qualijitd individualf, the 
difronmcling 1111'n1l.f shall be pennilltd to be locatl'.d elfewllt!Tt! on the 
premises. 

Exception No. 2: For buildings or othn· stmctures quali/}"ing under 
685.1, the difconnecting mtans simi/ be pennilltd to be lorattd elfe
wllt!Tt! on the Jll-emi.fts. 

Exception No. 3: For lowers m· polts ustd as lighting standards, the 
disronmcling 1111'n1l.f shall be pennilltd to be locatl'.d elfewllt!Tt! on the 
premises. 

Exception No. 4: Fm·JJOles m· simila1· .flruclw-es U!itd on�)' fm· .fUPJIOit of 
. figns in.flalltd in arconlance with 600.1, lht discmmecting meam 
shall be Jmmitted to bt locattd elfewht!"l' on tht Jm�mi.fes. 

225.33 Maximum Number of Disconnects. 

(A) General. The disconnecting means for each supply 
permitted by 225.30 shall consist of not more than six switches 
or six circuit breakers mounted in a single cndOiiutc, in a 
group of separate enclosures, or in or on a switchboard or 
switchgear. There shall be no more than six disconnect'! per 
supply grouped in any one location. 

Exception: Fm· the purpo.'it'.f of thi.f section, difcomll'cling !Mans used 
soltly for the amlml cin:uit of lht gmuntl-Jault pmttction !i)'.fltm, or the 
contml cin:uil of tht power-operat.l supply di.fconntcling Jltl'am, 
installtd a.f part of the lifltd tquijmlml, simi/ not be con.fide1-ed a 
.mpply di.fconntcting 1111'n1l.f. 

(B) Single-Pole Units. Two or three single-pole S\'itchcs or 
breakers capable of indi\idual operation shall be pcnniucd on 
multiwirc circuit-;, one pole for each ungrounded conductor, a"l 
one multipolc disconnect, provided dtcy arc equipped with 
idcmificd handle tics or a mao;tcr handle to disconnect all 
ungrounded conductors with no more than six operations of 
the hand. 

225.34 Grouping of Disconnects. 

(A) General. The two to six disconnect-; a"l permitted in 225.33 
shall be grouped. Each disconnect shall be marked to indicate 
the load served. 

Exception: One of the two to .fix di.fconnecting 1111'n1l.f pennilll'd in 
225.33, whe1-e u.ft'd on�)' fm· a wall'rJJUmfJ alfo inttndtd to pruvide ji1-e 
pmltction, shall be Jmmitll'd to be locattd J"l'molt ftvm tht otllt!l· di.fam
ntcling 1111'nn.f. 
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(B) Additional Disconnecting Means. The one or more addi
tional disconnecting means for fire pumps or for emergency, 
legally required standby or optional standby system permitted 
by 225.30 shall be installed sufficicndy remote from the one to 
six disconnecting means for normal supply to minimize the 
possibility of simultaneous imcrruption of supply. 

225.35 Access to Occupants. In a multiple-occupancy build
ing, each occupanl shall have access to the occupam's supply 
disconnecting means. 

Exception: In a multipfe.occuJJancy building whe1-e tltclric suptJ�V and 
eltct1ica/ mainll'nance m-e pmvidP.d by lht building ma1mgemml and 
wllt!Tt! thtse m-e muler continuous building managemml .mflt!l-vifion, 
lht .mJI/J�l· difconnecting 1111'n1l.f .ruptJ�l·ing mm"t' tlmn ont occupancy 
shall be Jmmitll'd to be acce.fsiblt to autluniud managemml Jm:mnntl 
only. 

225.36 Type of Disconnecting Means. The disconnecting 
means specified in 225.31 shall be a circuit breaker, molded 
ca"lc switch, general-usc switcb, snap switch, or other approved 
means. Where applied in accordance "ith 250.32(B) (I), 
Exception :-.lo. 1, the disconnecting means shall be suitable for 
usc ao; service equipment. 

225.37 Iden�cation. Where a building or structure hao; any 
combination of feeders, branch circuit-;, or services pa<;.o;ing 
through it or supplying it, a permancm plaque or directory 
shall be installed at each feeder and branch-circuit disconnect 
location denoting all other scr\iccs, feeders, or branch circuit-; 
supplying that building or structure or pa"lsing through that 
building or structure and dtc area served by each . 

Exception No. 1: A Jllaque m· dil"I'ClmJ shall not be 1-equi1-ed for large
raJmcit)' multibuilding indust1ial imtallations under single maJmge
menl, wllt!l-e it is emmJ1'4 tlmt disconnection can be accompli.flred by 
e.ftabli.fhing mul maintaining saft switching fJ!vcP.dw-es. 

Exception No. 2: Thi.f idmtijication shall JWI bt 11'qui11'd for branch 
circuitf imtal!P.d ftvm a dwelling unit to a second building or slntclUI"I'. 

225.38 Disconnect Construction. Disconnecting means shall 
meet the requirement-; of 225.38 (A) duough (D). 

(A) Manually or Power Operable. The disconnecting means 
shall consist of either (1) a manually operable s"itch or a 
circuit breaker equipped with a handle or other suitable oper
ating means or (2) a power-operable switch or circuit breaker, 
prm-idcd the switch or circuit breaker can be opened by hand 
in the cvcnl of a power failure. 

(B) Simultaneous Opening of Poles. Each building or struc
ture disconnecting means shall simultaneously disconnect all 
ungrounded supply conductors that it controls from the build
ing or structure "iring system. 

(C) Disconnection of Grounded Conductor. Where dtc build
ing or structure disconnecting means docs not disconnect the 
grounded conductor from dtc grounded conductors in the 
building or structure "iring, other means shall be prmidcd for 
this purpose at the location of the disconnecting means. A 
tcnninal or bus to which all grounded conductors can be 
attached by means of prcs.o;urc connectors shall be permitted 
for this purpose. 

In a multiscction S\'itchboard or S\'itchgcar, disconnect-; for 
the grounded conductor shall be permitted to be in any section 
of the switchboard or switchgear, if the switchboard section or 
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switchgear section is marked to indicate a grounded conductor 
disconnect is contained l\ithin the equipment. 

(D) Indicating. The building or structure disconnecting 
means shall plainly indicate whether it is in the open or dosed 
position. 

225.39 Rating of Disconnect. The feeder or branch-circuit 
disconnecting means shall have a rating of not les.o; than the 
calculated load to be supplied, determined in accordance with 
Parts I and II of Article 220 for branch circuits, Part III or IV of 
Article 220 for feeders, or Part V of Article 220 for farm load-.. 
\\'here the branch circuit or feeder disconnecting means 
consist-. of more than one S\'itch or circuit breaker, as permit
ted by 225.33, combining dte ratings of all the Sl\itches or 
circuit breakers for determining the rating of the disconnect
ing means shall be permitted. In no case shall the rating be 
lower than specified in 225.39(A), (B), (C), or (D). 

(A) One-Circuit Installation. For installations to supply only 
limited load-. of a single branch circuit, the branch circuit 
disconnecting means shall have a rating of not Jcs.-. than 
15 amperes. 

(B) Two-Circuit Installations. For installations consisting of 
not more than two 2-"ire branch circuit-., dte feeder or branch
circuit disconnecting means shall have a rating of not less than 
30 amperes. 

(C) One-Famlly Dwelling. For a one-family dwelling, the 
feeder disconnecting means shall have a rating of not less than 
100 amperes, 3-wire. 

(D) All Others. For all other installations, the feeder or 
branch-circuit disconnecting means shall have a rating of not 
les.o; dtan 60 amperes. 

225.40 Access to Overcurrent Protective Devices. \\'here a 
feeder overcurrent de\ice is not readilv accessible, branch
circuit overcurrent de\ices shall be installed on the load side, 
shall be mounted in a readily accessible location, and shall be 
of a lower ampere rating than the feeder overcurrent del ice. 

225.41 Emergency Disconnects. For one-and two-family dwell
ing unit-., an emergency disconnecting means s�all be installed. 

(A) General. 
(1) Location. The disconnecting means shall be installed in a 
readily acccs.-.ible outdoor location on or "idtin sight of the 
dwelling unit. 

(2) Rating. The disconnecting means shall have a short-circuit 
current rating equal to or greater than the available fault 
current. 

(3) Grouping. If more than one disconnecting means is prmi
ded, they shall be grouped. 

(B) Identification of Other Isolation Disconnects. \\'here 
equipment for isolation of other energy source systems is not 
located adjacent to the emergency disconnect required by this 
section, a plaque or directory identif}'ing dte location of all 
equipment for isolation of other energy sources shall be loca
ted adjacent to the disconnecting means required by this 
section. 

Informational Note: See 445.18, 480.7, 705.20, and 706.15 for 
examples of other energy source system isolation means. 
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(C) Marking. The disconnecting means shall be marked as 
EMERGE:"'CY DISCO:"'NECT. 

Markings shall comply with l10.21(B) and all of the follow
ing: 

( 1) The marking or labels shall be located on the outo;ide 
front of the disconnect enclosure "ith red background 
and white text. 

(2) The letters shall be least 13 mm (Y:t in.) high. 

225.42 Surge Protection. 

(A) Surge-Protective Device. Where a feeder supplies any of 
the follo"ing, a surge-protective de\ice (SPD) shall be instal
led: 

(1) Dwelling unit-. 
(2) Dormitory unit-. 
(3) C.uest room-. and guest suites of hotels and motels 
(4) Areas of nursing homes and limited-care facilities used 

exclusively ao; patient sleeping rooms 

(B) Location. The SPD shall be installed in or acljacent to the 
distribution equipment that is connected to the load side of the 
feeder and contains branch circuit overcurrent protective 
device(s) that supply the location specified in 225.42(A). 

Informational No.te: Surge protection is most effecti\'e when 
closest to the branch circuit. Surges can be generdted from 
multiple lK>Urces including, but not limited to, lightning, the 
electric utility, or utili1.ation equipment. 

(C) 1)pe. The SPD shall be a Type I or Type 2 SPD. 

(D) Replacement. Where the distribution equipment supplied 
b)· the feeder is replaced, all of the requirement-; of this section 
shall apply. 

(E) Ratings. SPDs shall have a nominal discharge current 
rating (1,.) of not les.o; than I OkA. 

Informational Note: Lead lengths of conductors to the SPD 
should be kept a<; short a<; pos.<;ible to reduce let-through 
\'Oitages. 

Part I. General 

ARTICLE 230 
Services 

230.1 Scope. This article covers senice conductors and equip
ment for control and protection of senices not over 1000 volt-; 
ac or 1500 volt-; de, nominal and their installation require
ment-;. 

Informational :'\ote l'o. I :  See lnfmmational Note Figure 230.1 .  

Informational :'\ote No. 2:  See Part V of Article 235 for senices 
m·er 1000 ,·oiL" ac or 1500 \'OIL" de, nominal. 

230.2 Number of Services. A building or other structure 
served shall be supplied by only one sen ice unless permitted in 
230.2(A) through (D). For the purpose of 230.40, Exception 
1'\o. 2 only, underground seto; of conductors, 1/0 AWG and 
larger, running to the same location and connected together at 

l'\ATJO:'\AL EI..EGJ"RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 230-SER\1CES 230.9 

General 
Overhead Service Conductors 
Underground Service Conductors 
Service-Entrance Conductors 
Service Equipment-General 
Service Equipment-Disconnecting Means 
Service Equipment-Overcurrent Protection 

Part I 
Part II 
Part Ill 
Part IV 
PartV 
Part VI 
Part VII 

Overhead 
Last pole 

Serving Utility 

Underground 
Street main 

Part II Overhead Underground Part Ill 
service conductors 
Clearances 

service conductors 
230.24 Depth of burial 230.32 

Service head 

Service-entrance 
conductors 

Service equipment-general 

Grounding and bonding 

Service equipment-
disconnecting means 

Service equipment-
overcurrent protection 

and protection 

Terminal box, 
meter, or other 
enclosure 

Part IV 

Part V 

Artide 250 

Part VI 

Part VII 

Branch circuits 
Feeders 

Articles 210, 225 
Articles 215, 225 

Informational Note Fagure 230.1 Services. 

their supply end but not connected together at their load end 
shall be considered to be supplying one scnicc. 

(A) Special Conditions. Additional services shall be permitted 
to supply the following: 
(1) Fire pumps 
(2) Emergency systems 
(3) Legally required standby systems 
(4) Optional standby systems 
(5) Interconnected electric power production sources 
(6) Systcmo; designed for connection to multiple sources of 

supply for the purpose of enhanced reliability 

(B) Special Occupancies. By special permission, additional 
scniccs shall be permitted for either of the follm�ing: 
(1) Multiple-occupancy buildings where there is no available 

space for scnicc equipment accessible to all occupanto; 
(2) A single building or other structure sullicicndy large to 

make two or more scnices ncccs.o;ary 

(C) Capacity Requirements. Additional scnices shall be 
permitted under any of the following: 
(1) Where the capacity requirement" arc in cxccs.o; of 

2000 amperes at a supply voltage of I 000 volto; or lcs.o; 
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(2) Where the load requirements of a singl�phao;c installa
tion arc greater than the scning agency normally 
supplies through one scnicc 

(3) By special permission 

(D) Different Characteristics. Additional scniccs shall be 
permitted for different voltages, frequencies, or phao;cs, or for 
different uses, such ao; for different rate schedules. 

(E) Identification. Where a building or structure is supplied 
by more than one scnicc, or any combination of branch 
circuito;, feeders, and services, a permanent plaque or directory 
shall be installed at each scnicc disconnect location denoting 
all other services, feeders, and branch circuit" supplying that 
building or structure and dtc area served by each. Sec 225.37. 

230.3 One Building or Other Structure Not to Be Supplied 
Through Another. Scnicc conductors suppl}'ing a building or 
other structure shall not pao;s through the interior of another 
building or other structure. 

230.6 Conductors Considered Outside the Building. Conduc
tors shall be considcn;d outside of a building or other structure 
under any of dtc f9llollting conditions: 
(1) Where installed under not lcs.o; than 50 mm (2 in.) of 

concrete beneath a building or other structure 
(2) \\'here ino;tallcd "ithin a building or other structure in a 

race\,-ay that is cncao;cd in concrete or brick not Jcs.o; than 
50 mm (2 in.) thick 

(3) ·. Where installed in any \--ault that mccto; dtc construction 
requirement" of Part III of Article 450 

(4) Where installed in conduit and under not less than 
450 mm (18 in.) of earth beneath a building or other 
structure 

(5) Where installed within rigid metal conduit (RMC) or 
intermediate metal conduit (IMC) used to accommodate 
the clearance requirement" in 230.24 and routed dirccdy 
through an cave but not a wall of a building 

230.7 Other Conductors. Circuit conductors other than serv
ice conductors, shall not be installed in the same raccwav, 
cable, handholc enclosure, or underground box ao; the scrvic'c 
conductors. 

Exception No. 1: Gmunding e!Pctrode conductm-s m· .mJIP{l· side hfmd
ing jumJm-s or cmulttctm-s shall be pennittl'.d within service mct'Wa_vs. 

Exception No. 2: Load management contml conductm:� having overcur
nmt pmtection shall be pemtittl'.d within service mct'Wa_vs. 

230.8 Raceway Seal. Where a scnicc racc"-ay enters a building 
or structure, it shall be scaled in accordance l�ith 300.5(G) and 
300.7(A). Spare or unused racc\\-ays shall also be scaled. Scal
anto; shall be identified for usc with the cable insulation, 
conductor insulation, bare conductor, shield, or other compo
nents. 

230.9 Clearances on Buildings. Scnicc conductors and final 
spans shall comply with 230.9(A), (B), and (C). 

(A) Clearances. Scnicc conductors installed ao; open conduc
tors or multiconductor cable without an overall outer jacket 
shall have a clearance of not Jcs.o; than 900 mm (3 ft) from 
windows dtat arc designed to be opened, doors, porches, balco
nies, ladders, stairs, fire escapes, or similar locations. 

Exception: \..onductm-s nm above the top Lroel of a window shall be 
jlemtitted to be k:1s titan the 900 mm (3ft) 71'quiremrot. 
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230.9 ARTICLE 230 - SERVICES 

(B) Vertical Clearance. The vertical clearance of final spans 
above, or l�ithin 900 mm (3 ft) mcao;urcd horizontally of plat
form<;, projections, or surfaces that \�II permit personal contact 
shall be maintained in accordance with 230.24(8). 

(C) BuDding Openings. Overhead scnicc conductors shall not 
be installed bencad1 openings through which materials may be 
moved, such ao; openings in farm and commercial buildings, 
and shall not be installed where dtcy obstruct entrance to these 
building openings. 

230.10 Vegetation as Support. Vegetation such a<; trees shall 
not be used for support of overhead scnicc conductors or serv
ice equipment. 

Part D. Overhead Service Conductors 

230.22 Insulation or Covering. Individual conductors shall be 
insulated or covered. 

Exception: The gmunded comltu:tm· of a multiconductor cabk shall be 
permitted to be hmf!. 

230.23 Size and Ampacity. 

(A) General. Conductors shall have sufficient ampacity to 
carry the current for dtc load a<; calculated in accordance with 
Parts II through V of Article 220 and shall have adequate 
mechanical strength. 

(B) Minimum Size. The conductors shall not be smaller than 
8 AWG copper or 6 AWG aluminum or copper-clad aluminum. 

Exception: C'..onductm-s .ruptJ�ving only limited loads of a single brmu:h 
circuit - stu:h as small JJOiypha.fe JIOlllel; contml!P.d water heaters, and 
.fimilar loads - shall not be .wnalkr than 12 A WG hard-dmwn cofJper 
m· P,quivaknt. 

(C) Grounded Conductors. The grounded conductor !lltall 
not be lcs.o; dtan the minimum size a<; required by 250.24(D). 

230.24 Clearances. Overhead service conductors shall not be 
readily acccs.<;iblc and shall comply l�ith 230.24(A) through (E) 
for scniccs not over 1000 volts, nominal. 

(A) Above Roofs. Conductors shall have a v.::rtlcal clearance of 
not Jcs.<; than 2.6 m (8 ft 6 in.) above the roof surface. The verti
cal clearance above dtc roof level shall be maintained for a 
distance of not lcs.<; than 900 mm (� ft) in all directions from 
the edge of the roof. 

Exception No. 1: The mf!a above a mof swfare subject to Jlt'destlian ctr 
vehicular tmffic shall have a ve1·tical c!P.amnce fmm the mof.mlface in 
acconlance zuith the ckamnce 11'.f[Uil"nnents of 230.24(8). 

Exception No. 2: H111'11! the voltagP- between ronductm-s does not exceed 
300 and the mof ha.f a slope of 100 711711 in 300 mm ( 4 in. in 12 in.) ctr 
gJ1tate1; a Jf!duction in ckamnce to 900 mm ( 3 fl) shall be Jmmitted. 

Exception No. 3: H111'11! the voltagP- between conductm-s does not exreed 
300, a 11'.dtu:tictn in ckamnce above ctn�}· the ovedumging pm·timl of the 
mof to not !Pss than 4 50 mm ( 18 in.) shall be /Jelmittl'.d if (1) not JM/7! 
than 1.8 m (6 ji) of ove1-head se111ice conductors, 1.2 m (4 ji) hmizctn
ta�}� pa.fs above the mof overhang, and (2) the)" al"t' tmninated at a 
thmugh-the-mof mceway ctr apt11wed .fuptxnt. 

Informational :'\ote: See 230.28 for ma.<;t suppon<;. 

Exception No. 4: The l"t'quilmlent fm· maintaining the ve1tical c!Pm._ 
ance 900 mm (3 ji) fmm thu.dgP- of the mofshaU not aptJ�l' to tlv final 
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conductor span whe11' the se111ice dmp m· ovedv.ad se111ice cctndtutm-s 
alf! attached to the side of a building. 

Exception No. 5: H111'11! the voltagP- between ronductm-s does not exceed 
300 and tlv mof a11'.a is guarded m· isolated, a l"t'dtu:tictn in ckamnce 
to 900 7/tm (3 ji) shall be pemtilll'.d. 

(B) Vertical Clearance for Overhead Service Conductors. 
Overhead scnicc conductors, where not in execs.<; of I 000 volts, 
nominal, shall have dtc following minimum clearance from 
final grade: 
(1)  3.0 m (10 ft) - at the electrical service entrance to build

ings, also at the lowest point of the drip loop of the build
ing electrical entrance, and above area<; or sidewalk.-; 
acccs.<;iblc only to pedestrians, mcao;urcd from final grade 
or odtcr acccs.<;iblc surface onlv for overhead service 
conductors supported on and �bled together l\ith a 
grounded bare mcs.<;cngcr where the voltage docs not 
exceed 150 volts to ground 

(2) 3.7 m (12 ft) - over residential property and driveways, 
and those commcrciafarcao; not su�cct to truck trallic 
where the voltage docs 11ot exceed 300 volts to ground 

(3) 4.5 m (15 ft) - for those area<; listed in the 3.7 m (12 ft) 
clao;sification where · the voltage exceed<; 300 volts to 
ground 

(4) 5.5 m (18 ft) - over public street-;, alleys, road-;, parking 
area<; su�cct to truck traffic, driveways on other dtan resi
dential property, and other land such a<; cultivated, graz
ing, forest, and orchard 

(5) 7.5 ni (24� ft) over track.<; of railroad<; 

(C) Clearance from BuDding Openings. Clearances from 
building openings shall comply with 230.9(C). 

(D) Clearance from Swimming Pools, Fountains, and Simllar 
Installations. Clearances from swimming pools, fountains, and 
similar installations shall comply "id1 680.9. 

(E) Clearance from Communication Wares and Cables. Clear
ance from communication \�ires and cables shall be in accord
ance l�ith 800.44(A) (4). 

230.26 Point of Attachment. The point of attachment of the 
overhead service conductors to a building or odtcr structure 
shall prmidc the minimum clearances ao; specified in 230.9 and 
230.24. In no ca<;c shall this point of attachment be lcs.<; than 
3.0 m (10 ft) above finished grade. 

230.27 Means of Attachment. �lulticonductor cables used for 
overhead scnicc conductors shall be attached to buildings or 
other structures by fittings identified for usc with service 
conductors. Open conductors shall be attached to fittings iden
tified for usc with service conductors or to noncombustible, 
nonabsorbent insulators securely attached to the building or 
other structure. 

230.28 Service Masts as Supports. Only power scrvicc-clrop or 
overhead service conductors shall be permitted to be attached 
to a scnicc ma<;t. Scnicc ma<;l<; used for the support of sen-icc
drop or overhead scnicc conductors shall be installed in 
accordance "id1 230.28(A) and (8). 

(A) Strength. The service ma<;t shall be of adequate strength 
or be supported by braces or guy wires to withstand safely the 
strain imposed by dtc scnicc-<lrop or overhead scnicc conduc
tors. Hubs intended for usc with a conduit that serves ao; a serv
ice ma<;t shall be identified for usc with scnicc-cntrancc 
equipment. 
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ARTICLE 230 - SER\1CES 230.41 

(B) Attachment. Service-drop or overhead service conductors 
shall not be attached to a senice mast between a weadterhead 
or dte end of dte conduit and a coupling, where dte coupling 
is located above the last poim of securemem to dte building or 
other structure or is located above the building or odter struc
ture. 

230.29 Supports over Buildings. Service conductors pas.o;ing 
over a roof shall be securely supported by substantial struc
tures. For a grounded system, where dte substamial structure is 
metal, it shall be bonded by means of a bonding jumper and 
listed connector to the grounded overhead service conductor. 
Where practicable, such support-; shall be independem of dte 
building. 

Part m. Underground Service Conductors 

230.30 Installation. 

(A) Insulation. Underground service conductors shall be insu
lated for the applied voltage. 

Exception: A gmunded cmultutor shaU be permitted to be unimulalt'd 
asfoUows: 

( 1) Bare coJJjJer used in a rareway 
(2) Bare coptJerfor dir«t bwial whm! ban! copper if aJJfrmved fm· the 

soil ronditions 
(3) Bare rofrPet· fm· direct bwial zuithout regard to soil conditions 

w/11!11! part of a cable assembly identified for undel]pVUnd use 
( 4) Aluminum m· coppn--clad aluminum without individual inrula

tion or covering wht'11' part of a cabk a.fsemb(l· identijil'.d fm· 
undel]pVUnd use in a rareway mim· ditl'ct bwial 

(B) Waring Methods. l:nderground senice conductors shaD 
be installed in accordance "ith the applicable requiremenl!l of 
this Code covering dte type of \\iring medtod used and shall be 
limited to the follo"ing method-;: 

( 1 )  R\<lC conduit 
(2) 1:\-IC conduit 
(3) Type NL"CC conduit 
(4) HDPE conduit 
(5) PVC conduit 
(6) IITRC conduit 
(7) Type IGS cable 
(8) Type USE conductors or cables 
(9) Type �lV or Type �lC cable identified for direct burial 

applications 
( 10) Type �([ cable where suitably protected against physical 

damage and corrosive conditions 
( 1 1 )  Type T\..-ER cable where identified for service emrance 

u.o;c and direct burial applications 

230.31 Size and Ampacity. 

(A) General. Underground service conductors shall have sulli
ciem ampacity to carry dte currem for the load as calculated in 
accordance "idt Part-; II through V of Article 220. 

(B) Minimum Size. The conductors shall not be smaller than 
8 AWG copper or 6 AWG aluminum or copper-clad aluminum. 

Exception: C'..onductm-s .rupp�ving only Limited Loads of a single branch 
circuit - such a.f smaU Jmlypha.fe /JOWl!!; contmllP.d walt'r healt'1-s, and 
.fimilar Loads - shaU not be smaUer than 12 A WG rofrPet· m· 10 A WG 
aluminum or coptm--clad aluminum. 
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(C) Grounded Conductors. The grounded conductor shall 
not be smaller than the minimum size required by 250.24(0). 

230.32 Protection Against Damage. Underground senice 
conductors shall be protected against damage in accordance 
"idt 300.5. Service conductors emering a building or other 
structure shall be installed in accordance with 230.6 or protec
ted by a raceway "iring method identified in 230.43. 

230.33 Spliced Conductors. Senice conductors shall be 
permitted to be spliced or tapped in accordance with 1 1 0.14, 
230.46, 300.5(E), 300.13, and 300.15. 

Part IV. Service-Entrance Conductors 

230.40 Number of Service-Entrance Conductor Sets. Each 
senice drop, set of overhead service conductors, set of under
ground senice conductors, or service lateral shall supply only 
one set of sen-ice-entrance conductors. 

Exception No. 1: A builditJg utith mml' than one occupancy shaU be 
permitted to have one set of.vrvice-rotrance condttctm-s fm· each service, 
a.f pennitlt'd in 230.2, run· to Pm:h occupancy m· gmttJI of ocntJJancies. 
Tf the number ofserrfice disconnect locations for any given cla.<t.fijication 
of service does not txul'.d six, the 11!quirements of 230.2(E) shall apply 
at each locatilm. Tf the number of service disconn«t Locations excP-eds 
.fix fm· any given .mJJ/I{l· cla.fsijication, the foUowing conditions shaU 
aptJ�V: 

( 1) ·. AU se111ice difcmmect Locations for aU .ruptJ�V characlt'riftics, 
together with any bnuuh circuit m"Jt't'der .fupply sources, shaU be 
ckarly desCJibed using graJJhics or ll'xt, or both, on one m· moll! 
plaques 

(2) The plaqui!S shall be Localt'd in an aJJfrmved, ll'adi�l' acce.<i.fible 
location(f) on the building m· structw1! snwd and a.f near a.f 
pmcticabk to the point(s) of attachment or entt)•(ies) for Pm:h 
se111iu dmp m· se111iu latnnl and fm· each set of overhead m· 
undel]pVUnd se111ice conducto1-s. 

Exception No. 2: Whe11! two to six se111ice disconnecting meam in sepa
mte enclo.rures all! grouped at one /.oration and .rupply sepamlt' loads 
from one se111ice dmp, set of ovn-head service conducto1-s, set of utuil!l._ 
gmwul service condttctm-s, or se111iu Lalt'ral, one set of se111icNmtmnce 
conductm:f shall be Jmmitlt'd to .ruptJ�l' Pm:h or several sttch se111ice 
equipment enclo.futl!s. 

Exception No. 3: A one-fami�v dwelling unit and its acci!Ssory struc
twl!s shaU be pennitlt'd to have one set of se111ice-t'ntmnu cmultutm-s 
nm to each fmm a single se111iu dmp, set of ove1-head sn11ice conduc
tm:f, set of underground servire cmultutm-s, or service Lalt'ral. 

Exception No. 4: nuo-fami�v dweUings, multifami{l· dwellings, and 
multipk occupancy buildings shaU be permitted to have one set of 
se111iu-entmnce cmultutm-s imtallP.d to .ruptJ�V the circuits cove11!d in 
210.25. 

Exception No. 5: One set ofsn1JicNmtmnce conducto1-s connected to the 
.fupply side of the nonnal se111iu difconnPcting meam shall be pemtitll'.d 
to .mJJ/I{l" eadt m· sevnnl systrotf cove11!d by 230. 82(5) or 230.82( 6 ). 

230.41 Insulation of Service-Entrance Conductors. Service
entrance conductors emering or on the exterior of buildings 
or other structures shall be insulated. 

Exception: A wounded cmultutor shaU be pemtitted to be unimulalt'd 
a.f foUows: 

( 1) Bat1! coJJjJer ·ltfed in a ramvay m· pa,-t of a service cable a.'IS1'711bly 
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230.42 ARTICLE 230 - SERVICES 

(2) Bare copJJerfor dir«t bwial where ban� copper is appmved fm· the 
soil conditions 

(3) Bare copper fm· dir«t bwial zuithout regard to soil conditions 
wl�e�Y-part of a cable assembly identified for undn-gmund use 

( 4) Aluminum m· copper-clad aluminum witlwut individtwl in.mla
tion or covmng whm• pa1·t of a cable a.••stm1bly m· identijiP.d fm· 
undn-gmund use in a 171CI!IIIa)� mfm· dir«t burial 

( 5) BatY- cmultu:tm-s used in an auxiliary gutlt!r 

230.42 Minimum Size and Ampacity. 

(A) General. Sen-icc-entrance conductors shall have an 
ampacity of not less than the maximum load to be served. 
Conductors shall be sized not less than the largest of 230.42(A) 
(1)  or (A) (2). Load-; shall be dctcnnincd in accordance with 
Part III, IV, or V of Article 220, ao; applicable. Ampacity shall be 
determined from 310.14 and shall comply with 1 10.14(C). The 
maximum current of busways shall be that '"'due for which the 
busway hao; been listed or labeled. 

Informational Note: See t:L 85i, Standard for Safi'IJ for Bu.nuay.<, 
for infonnation on busways. 

(1) Continuous and Noncontinuous Loads. \\'here the service
entrance conductors supply continuous load-; or any combina
tion of noncominuous and cominuous load-;, the minimum 
scnicc-cmrancc conductor size shall have an ampacity not lcs.o; 
than the sum of dtc noncontinuous loacl-; plus 125 pcrccnl of 
continuous loads. 

Exception No. 1: Gmmuled cmultu:tm:� tlwt are not conntclt!d to an 
ovnrunmt device shall be pemtitttd to be siu.d at 100 pm:ent of the 
.mm of the continuous and 1wncontimwus Ina d. 

EXCt!fJtion No. 2: Tlte .�um of the 1wncontimwus load and the contimt
ous load if tlte sn-viu-t'71tmtu:e conductm:� ll!l7ninalt! in an ove1runY-nt 
droiu whn1' botlt the ove1runY-nt device and its a.�.wmb{l· mY- lislt!d fm· 
ofmntion at 100 pt!1r:ent of their mting slwU be pt!mlitttd. 

(2) Application of Adjustment or Correction Factors. The 
minimum sen-icc-entrance conductor size shall have an ampac
ity not less dtan dtc maximum load to be served after the appli
cation of any adjusuncnt or correction factors. 

(B) Specific Installations. In addition to the requirements of 
230.42(A) , the minimum ampacity for ungroun.dcd conductors 
for specific installations shall not be less dtan the rating of the 
scnicc disconnecting means specified it1 230.79(A) through 
(D). 

(C) Grounded Conductors. The grounded conductor shall 
not be smaller than the minimum size ao; required by 
250.24(0). 

230.43 Wuing Methods for 1000 Volts, Nominal, or Less. 
Sen-icc-entrance conductors shall be installed in accordance 
"ith the applicable rcquircmcnLo; of this Code covering the t}'pc 
of wiring method used and shall be limited to dtc follo"ing 
method-;: 

( 1) Open wiring on insulators 
(2) Type IGS cable 
(3) Rigid metal conduit (RMC) 
(4) Intermediate metal conduit (l�lC) 
(5) Electrical metallic tubing (EMT) 
(6) Electrical nonmetallic tubing 
(7) Sen-icc-entrance cables 
(8) Wircways 
(9) Busways 
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( 10) Auxiliary guucrs 
( 1 1 )  Rigid polyvinyl chloride conduit (PVC) 
(12) \..ablcbus 
(13) Type MC cable 
( 14) Mineral-insulated, metal-sheathed cable, Type MI 
( 15) Flexible metal conduit (nlC) not over 1.8 m (6 ft) long 

or liquidtight flexible metal conduit (LFMC) not over 
1 .8 m (6 ft) long between a raceway, or between a race
way and scnicc cquipmcm, "id1 a supply-side bonding 
jumper routed with the flexible metal conduit (FMC) or 
the liquidtight flexible metal conduit (LF�lC) according 
to 250.102(A), (B), (C), and (E) 

(16) Liquidtight flexible nonmetallic conduit (LFI'\C) 
(17) High density polyethylene conduit (HOPE) 
( 18) Nonmetallic underground conduit with conductors 

(1'\UCC) 
( 19) Reinforced thcnnosctting resin conduit (RTRC) 
(20) T}pc TG·ER cable where identified for usc ao; scnicc 

entrance conductors 
(21) Flexible bus systems 

230.44 Cable Trays. Cable u:ay systems shall be pcrmiucd to 
support sen-icc-entrance conductors. \..able trays used to 
support scnicc-cntram:c conductors shall contain only sen-icc
entrance conductoril and shall be limited to the follo"ing 
mcthocl-;: 
(1)  Type SE cable 
(2) Type MC cable 
(3) T)pc MI cable 
(4) Type IGS cable 
(5) Single conductors 1/0 and larger dtat arc listed for usc in 

cable trav 
(6) T}pc T\;ER cable 

Such cable trays shall be identified "id1 permanently affixed 
labels l\ith the wording MScnicc-Entrancc Conductors." The 
labels shall be located so a-; to be \-isiblc after installation "ith a 
spacing not to exceed 3 m (10 ft) so that the sen-icc-entrance 
conductors arc able to be readily traced through the entire 
length of the cable tray. 

EXCt!fJtion: Conductm-s, ot/�e�· than se1-vict-entmnce conductm-s, slwU be 
pt!mtitttd to be instaUtd in a cable tmy zuitlt sn-vice-t'71tmnce conduc
tm:�, pnroidl'.d a solid Jixtd banin· identijiP.d for u.w witlt tlte cable tmy 
is instaUtd to .wfJamtt tlte servict-entrance conducto1-s from other 
conductm:� installed in tlte cable tra_y. 

230.46 Sp6ced and Tapped Conductors. Scnicc-cmrancc 
conductors shall be pcrmiucd to be spliced or tapped in 
accordance l\ith 1 10.14, 300.5(E), 300.13, and 300.15. Power 
distribution blocks, prcs.o;urc connectors, and dc\-iccs for splices 
and taps shall be listed. Power distribution block.-; installed on 
scnicc conductors shall be marked Ksuitablc for usc on the line 
side of the scnicc cquipmcm" or cquivalcm. 

Pressure connectors and dc\iccs for splices and laps installed 
on scnicc conductors shall be marked Msuitablc for usc on the 
line siclc of dtc scnicc equipment" or cquhalcm. 

230.50 Protection Against Physical Damage. 

(A) Underground Service-Entrance Conductors. Under
ground scnicc-cmrancc conductors shall be protected against 
physical damage in accordance "ith 300.5. 

l'\ATJO:'\AL EJ..EGrRJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 230 - SER\1CES 230.56 

(B) All Other Service-Entrance Conductors. All other service
entrance conductors, other than underground service entrance 
conductors, shall be protected against physical damage as 
specified in 230.50(8) ( 1 )  or (8) (2). 

(1) Service-Entrance Cables. Sen-icc-entrance cables, where 
subject to physical damage, shall be protected by any of the 
follm\ing: 
(1) Rigid metal conduit (RMC) 
(2) Intermediate metal conduit (IMC) 
(3) Schedule 80 PVC conduit 
(4) Electrical metallic tubing (EMT) 
(5) Reinforced thcnnosctting resin conduit (IITRC) 
(6) Odtcr approved means 

(2) Other Than Service-Entrance Cables. Individual open 
conductors and cables, odtcr than scnicc-cntrancc cables, shall 
not be installed within 3.0 m (I  0 ft) of grade level or where 
exposed to physical damage. 

Exception: T_\jW Ml mul T_ljW MC cable slmU be permitted zuithin 3.0 m 
( 10 fl) of gmde level wlm1' not exposl'.d to physical damage or where 
pmtuted in ammlanu with 300.5(D). 

230.51 Mounting Supports. Service-entrance cables or individ
ual open sen-icc-entrance conductors shall be supported as 
specified in 230.51 (A), (B), or (C). 

(A) Service-Entrance Cables. Sen-icc-entrance cables shall be 
supported by straps or other approved means within 300 mm 
(12 in.) of every scnicc head, gooseneck, or connection to a 
raceway or enclosure and at intcn'als not exceeding 750 mm 
(30 in.). 

(B) Other Cables. \..ablcs that arc not approved for mounting 
in contact "idt a building or other structure shall be mounted 
on insulating support'i installed at intervals not exceeding 
4.5 m (15 ft) and in a manner that maintains a clearance of not 
lcs.'i dtan 50 mm (2 in.) from dtc surface over which they pa'is. 

(C) Individual Open Conductors. Indilidual open conductors 
shall be installed in accordance l\ith Table 230.51 (C). \\'here 
exposed to the weather, the conductors shall be mounted on 
insulators or on insulating support'i attached to racks, brackct'i, 
or odtcr approved means. Where not exp{>scd to dtc weather, 
the conductors shall be mounted oh gla'i.'i or porcelain knobs. 

230.52 Individual Conductors Entering Buildings or Other 
Structures. \\'here indhidual open conductors enter a build
ing or odtcr structure, they shall enter dtrough roof bushings 
or through the \\'all in an upl\'ard slant through indhidual, 

Table 230.51(C) Supports 

Maximum 
Volts 

1000 
1000 
300 

1000* 

Maximum 
Distance 
Between 
Supports 

m ft 

2.7 9 
4.5 15 
1.4 4!1, 

1 .4* 4!1,* 

*Where not exposed to weather. 

Miuimum Clearance 

Between 
Conductors From Surface 

mm in. mm in. 

150 6 50 2 
300 12 50 2 
75 3 50 2 

65* 2!1,* 2w* :) I* 
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noncombustible, nonabsorbent insulating tubes. Drip loops 
shall be formed on the conductors before they enter the tubes. 

230.53 Raceways to Drain. \\'bcrc exposed to the weather, 
raceways enclosing scnicc-cntrancc conductors shall be listed 
or approved for usc in wet locations and an'angcd to drain. 
\\-'here embedded in ma'ionf)', racc"'<�YS shall be arranged to 
drain. 

230.54 Overhead Service Locations. 

(A) Service Head. Scnicc racc"'a}'S shall be equipped l\ith a 
scnicc head at the point of connection to scnicc-drop or over
head scnicc conductors. The scnicc head shall be listed for 
usc in wet locations. 

(B) Service-Entrance Cables Equipped with Service Head or 
Gooseneck. Sen-icc-entrance cables shall be equipped "idt a 
scnicc head. The scnicc head shall be listed for usc in wet 
locations. 

Exception: T_\pe SE cable shall be /Jelmitll'.d to be fori'IU'd in a goo.'il'IIPCk 
and tape.d with a self.w�aling weatheN"t'sistant tlvnnofJia.�tic. 

(C) Service HeadS and Goosenecks Above Service-Drop or 
Overhead Service Attachment. Scnicc hcad'i on racc\\'a}'S or 
sen-icc-entrance cables and goosenecks in sen-icc-entrance 
cables shall be located above dtc point of attachment of the 
scnicc-drop or overhead scnicc conductors to the building or 
other structure. 

Excilpt.ion: �Wm'l! it i.� imjnrJctirable to /.orate the .'il'rviu lvml or goose
n«ek above tlv point of attachment, tlv service head ctr goo.'il'ni'Ck lora
tictn shall be Jmmitted 1wt farther than 600 mm (24 in.) ftmn the /JOint 
of attachment. 

(D) Secured. Scnicc-cntrancc cables shall be held sccurelv in 
place. 

· 

(E) Separately Bushed Openings. Scnicc hcad'i shall have 
conductors of different potential brought out through sepa
rately bushed openings. 

Exception: Fm· jacketed mttltirmultu:tm· servire-entm1u:e rable zuithout 
sfJlice. 

(F) Drip Loops. Drip loops shall be formed on indi\idual 
conductors. To prevent the entrance of moisture, scnicc
cntrancc conductors shall be connected to the scnicc-drop or 
overhead sen icc conductors either (I)  below the level of the 
scnicc head or (2) below the level of the termination of the 
sen-icc-entrance cable sheath. 

(G) Arranged That Water Will Not Enter Service Raceway or 
Equipment. Scnicc-cntrancc and overhead scnicc conductors 
shall be arranged so that "'<Iter \\ill not enter scnicc racc\\'aY or 
equipment. 

230.56 Service Conductor with the Higher Voltage to Ground. 
On a 4-"irc, delta-connected scnicc where the midpoint of one 
pha'ic l\inding is grounded, the scnicc conductor haling the 
higher pha'iC voltage to ground shall be durably and pcrma
ncndy marked by an outer finish that is orange in color, or by 
other effective means, at each termination or junction point. 
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230.62 ARTICLE 230 - SERVICES 

Part V. Service Equipment - General 

230.62 Service Equipment - Enclosed or Guarded. Ener
gized part'i of scnicc cquipmcm shall be enclosed a'i specified 
in 230.62(A) or guarded a'i specified in 230.62(B). 

(A) Enclosed. Energized part'i shall be enclosed so that they 
"ill not be exposed to accidental contact or shall be guarded a'i 
in 230.62 (B). 

(B) Guarded. Energized part'i that arc not enclosed shall be 
installed on a switchboard, panelboard, or comrol board and 
guarded in accordance with 1 10.18 and 1 10.27. \\'here ener
gized part'i arc guarded a'i provided in I 10.27(A) ( I )  and 
(A) (2), a means for locking or scaling doors providing acccs.'i 
to energized part'i shall be provided. 

(C) Barriers. Barriers shall be placed in service cquipmcm 
such that no uninsulatcd, ungrounded scr.icc busbar or serv
ice terminal is exposed to inadvertent contact by persons or 
maintenance equipment while scnicing load terminations with 
the service disconnect in the open position. 

230.66 Marking. 

(A) General. Scr.icc equipment rated at 1000 volt'i or lcs.'i 
shall be marked to idcmify it a'i being suitable for usc a'i scr.icc 
cquipmcm. All service cquipmcm shall be listed or field C\-alu
atcd. 

(B) Meter Sockets. Meter sockct'i shall not be considered serv
ice cquipmcm but shall be listed and rated for dtc voltage and 
current rating of the scnicc. 

Exception: Mete1· sockets .mJJ/JliP.d bJ' mul under the exclusive control of 
an electric -utilitJ shall not be required to be li�ted. 

230.67 Surge Protection. 

(A) Surge-Protective Device. All scr.iccs supplying dtc follow
ing occupancies shall be provided "ith a surge-protective 
device (SPD): 
(1) Dwelling unit'i 
(2) Dormitory unit'i 
(3) Guest room'i and guest suites of hotels and motels 
(4) Arca'i of nursing homes and limited-care facilities used 

exclusively a'i patient sleeping room!! . 

Informational :'\ote: See 517.10(8) (2). 

(B) Location. The SPD shall be an intcgrnl part of the scr.icc 
cquipmcm or shall be located immediately adjacent thereto. 

Exception: The SPD shall not be ntquiml to be located at the se111ire 
equipment as 11'quhed in 230.67(8) if /.orated at each nPxt level distli
b-ution equipment down.�lream towanl the load. 

(C) Type. The SPD shall be a Type I or Type 2 SPD. 

(D) Replacement. \\'here scr.icc cquipmcm is replaced, all of 
the requirement" of this section shall apply. 

(E) Ratings. SPDs shall have a nominal discharge currcm 
rating (In) of not lcs.'i dtan 10kA. 

Part VI. Service Equipment - Disconnecting Means 

230.70 General. �leans shall be provided to disconnect all 
ungrounded conductors in a building or other structure from 
the service conductors. 
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(A) Location. The scr.icc disconnecting means shall be 
installed in accordance with 230.70(A) (1),  (A) (2), and (A) (3). 

(1) Readlly Accessible Location. The service disconnecting 
means shall be installed at a readily acccs.'iiblc location either 
out'iidc of a building or structure or inside nearest the point of 
entrance of dtc scnicc conductors. 

(2) Bathrooms. Service disconnecting means shall not be 
installed in bathroom'i. 

(3) Remote Control. Where a remote control dcvicc(s) is used 
to actuate the service disconnecting means, the scnicc discon
necting means shall be located in accordance with 230.70(A) 
(1) .  

(B) Marking. Each scr.icc disconnect shall be pcnnancndy 
marked to identify it a'i a scr.icc disconnect. 

(C) Suitable for Use. Each scr.icc disconnecting means shall 
be suitable for the prc\'ailing conditions. Scr.icc equipment 
installed in hazardous (cla'i.'iilicd) locations shall comply with 
the hazardous location rcquitcmcnt'i. 

230.71 Maximum Number �f Disconnects. Each service shall 
have only one disconncctiitg means unlcs.'i the requirement" of 
230.71 (B) arc met. 

(A) General. For dlc purpose of this section, disconnecting 
means installed a'i part of listed equipment and used solely for 
the following shall not be considered a scr.icc disconnecting 
means: 
( 1) Power monitoring equipment 
(2) Surge-protective dcvicc(s) 
(3)

. 
Control circuit of the ground-fault protection system 

(4) Power-operable scr.icc disconnecting means 

(B) Two to Six Service Disconnecting Means. Two to six serv
ice disconncct'i shall be permitted for each scr.icc permitted by 
230.2 or for each set of sen-icc-entrance conductors permitted 
by 230.40, Exception No. 1,  3, 4, or 5. The two to six scr.icc 
disconnecting means shall be pcnnittcd to consist of a combi
nation of any of the follov.ing: 
(1)  Separate enclosures "id1 a main scr.icc disconnecting 

means in each enclosure 
(2) Panelboard.'i with a main service disconnecting means in 

each panelboard enclosure 
(3) Switchboard(s) where dtcrc is only one service discon

nect in each separate vertical section with barriers prmi
dcd between each vertical section to maintain the 
inadvertent contact protection required in 230.62 ba'iCd 
on acccs.'i from the adjacent scction(s) 

(4) Scnicc disconncct'i in switchgear, transfer S\'itchcs, or 
metering centers where each disconnect is located in a 
separate compartment 

(5) Metering centers with a main scr.icc disconnecting 
means in each metering center 

(6) �(otor control ccntcr(s) where there is only one scr.icc 
disconnect in a motor control center unit and a maxi
mum of two service disconncct'i prmidcd in a single 
motor control center "id1 barriers provided between 
each motor control center unit or compartment contain
ing a service disconnect to maintain the inadvertent 
contact protection required in 230.62 ba'icd on acccs.'i 
from adjacent motor control center unit(s) or compart
mcnt(s) 
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ARTICLE 230 - SER\1CES 230.82 

Exception to (2), (3), (4), (5), mul (6): Existing seruiu equipment, 
instalkd in compliance with Jmroious editions of this Code that Jmmit

ted multipk serviu difccmtvcting means in a single enclosure, section, 
m· comJJO:rtment, shall be permitted to ccmtain a maximum of six se111ice 
difconnl'cting means. 

Informational l'ote :'\o. I :  See l"L 67, Standard for Pane/board<, 
for infonnation on metering centers. 

Informational Note No. 2: Examples of separate enclosures \\lth 
a main senice disconnecting means in each enclosure include 
hut are not limited to motor control centers, fmred di•connecL•, 
and circuit breaker enclosures. 

Informational l'ote :'\o. 3: Trdnsfer s"itches are prm·ided \\ith 
one senice disconnect or multiple sen·ice disconnecL• in sepa
rate compartmenL•. 

230.72 Grouping of Disconnects. 

(A) General. The two to six disconncct'i, if permitted in 
230.71, shall be grouped. Each disconnect shall be marked to 
indicate dtc load served. 

Exception: One of tile two to .fix sn11ice disconnecting me.ans pn·mitted 
in 230. 7 I, where U.'it'd on{}· fm· a wate1· pump alm intended to provide 
fire pmtection, shall be pn·mitled to be locatl'.d remote ftmn the other 
difconnl'cting means. If remotely instalkd in arconlanre with this 
exception, a plaque shall be posted at the Location of tile Jl!maining 
gmuJJed disconnecLf denoting its location. 

(B) Additional Service Disconnecting Means. The one or 
more additional service disconnecting means for fire pumps, 
emergency systems, legally required standby, or optional 
standby sc�Viccs permitted by 230.2 shall be installed remote 
from dtc one to six service disconnecting means for normal 
service to minimize dtc pos.'iibility of simultaneous interruption 
ofsupply. 

(C) Access to Occupants. In a multiple-occupancy building, 
each occupant shall have acccs.'i to dtc occupant's service 
disconnecting means. 

Exception: In a multiple-m:cuJJancy building where eltdlic sn11ice and 
elect1ical maintenance all! pmvidP.d by the building management and 
w/11'17! these all! muln· continuous building 1nanagement supn11ifion, 
the .'it'l1Jice disconnecting meanf .mpplying 1noi1' than one occupancy 
shall be Jmmitled to be acce.fsibk to mttlu11iUd management Jm:mnnel 
cmly. 

230.74 Simultaneous Opening of Poles. Each service discon
nect shall simultaneously disconnect all ungrounded service 
conductors mat it controls from the premises "iring system. 

230.75 Disconnection of Grounded Conductor. \\'here me 
service disconnecting means docs not disconnect dtc grounded 
conductor from the premises "iring, other means shall be 
provided for this purpose in the service equipment. A tcnninal 
or btL'i to which all grounded conductors can be attached by 
means of prcs.'iurc connectors shall be permitted for this 
purpose. In a multisection s"itchboard or s"itchgcar, discon
ncct'i for me grounded conductor shall be pcnnittcd to be in 
any section of dtc s"itchboard or s"itchgcar, if the "''itchboard 
or switchgear section is marked to indicate a grounded conduc
tor disconnect is located within. 

Informational Note: In S\\itchgear or multisection s\\itchboarcb, 
the disconnecting means prmided for the grounded conductor 
i• typically identified a• a neutrdl disconnect link and is typically 
located in the hu.• to which the senice grounded conductor i• 
connected. 
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230.76 Manually or Power Operable. The service disconnect
ing means for ungrounded service conductors shall consist of 
one of the follo"ing: 
(1)  A manually operable s"itch or circuit breaker equipped 

"idl a handle or oilier suitable operating means 
(2) A power-operated switch or circuit breaker, provided me 

switch or circuit breaker can be opened by hand in me 
event of a power supply failure 

230.77 Indicating. The service disconnecting means shall 
plainly indicate whether it is in the open (oil) or closed (on) 
position. 

230.79 Rating of Service Disconnecting Means. The service 
disconnecting means shall have a rating not lcs.'i man me calcu
lated load to be carried, determined in accordance widl 
Pan III, IV, or V of Article 220, a'i applicable. In no ca'iC shall 
the rating be lower dtan specified in 230.79(A), (B), (C), or 
(D) . 

(A) One-Circuit Installat,ions. For installations to supply only 
limited load'i of a single branch circuit, me service disconnect
ing means shall have a rating of not lcs.'i than 15 amperes. 

(B) Two-Circuit lustallations. For installations consisting of 
not more dlan two 2-"irc branch circuit'i, d1c SCIViCC discon
necting means. shall have a rating of not lcs.'i man 30 amperes. 

(C) O�Family Dwellings. For a one-family dwelling, me serv
ice ·disconnecting means shall have a rating of not lcs.'i than 
100.ampcrcs, 3-"irc. 

(D) All Others. For all oilier installations, me service discon
necting means shall have a rating of not lcs.'i man 60 amperes. 

230.80 Combined Rating of Disconnects. Where the service 
disconnecting means consist'i of more man one s"itch or 
circuit breaker, a'i pcnnittcd by 230.71, the combined ratings of 
all me switches or circuit breakers used shall not be lcs.'i than 
the rating required by 230.79. 

230.81 Connection to Terminals. The sc�Vicc conductors shall 
be connected to the service disconnecting means by prcs.'iurc 
connectors, clamps, or oilier approved means. Connections 
that depend on solder shall not be used. 

230.82 Equipment Connected to the Supply Side of Service 
Disconnect. Only the following equipment shall be permitted 
to be connected to me supply side of the service disconnecting 
means: 

(1)  
(2) 

(3) 

Cable limiters. 
:\llctcrs and meter sockct'i nominally rated not in execs.� 
of 1000 volt'i, if all metal housings a�d service enclosures 
arc grounded in accordance widl Part \11 and bonded 
in accordance widl Part V of Article 250. 
Meter disconnect switches nominally rated not in execs.� 
of 1000 volt'i that have a shon-ci�cuit current rating 
equal to or greater dtan me available fault current, if all 
metal housings and service enclosures arc grounded in 
accordance with Part \11 and bonded in accordance 
"idl Part V of Aniclc 250. A meter disconnect switch 
shall be capable of interrupting the load served. A meter 
disconnect shall be legibly field marked on it'i exterior in 
a manner suitable for dtc environment a'i follows: 

METER DISCONJ'\ECT 
NOT SER\1CE EQUIPMENT 
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ARTICLE 240-OVERCURRE:"'T PROTECTI0:"-1 240.91 

design or maintenance of electrical installations. The selection 
shall he documented and stamped by the profcs.�ional engi
neer. This documentation shall he available to those authorized 
to design, install, inspect, maintain, and operate the system. 
This series combination rating, including identification of the 
upstream dc'l'icc, shall he field marked on the end usc equip
ment. 

For calculated applications, the engineer shall ensure that 
the dmmstrcam circuit brcakcr(s) dtat arc part of the series 
combination remain pa. ... �ivc during the interruption period of 
the line side fully rated, current-limiting dc'l'icc. 

Informational Note: See 1 10.22 for marking of series combina
tion system�. 

(B) Tested Combinations. The combination of line-side over
current dc'l'icc and load-side circuit brcakcr(s) is tested and 
marked on the end usc equipment, such a.� switchboards and 
panelboards. 

Informational Note: See 1 10.22 for marking of series combina
tion system�. 

(C) Motor Contribution. Series ratings shall not be used in the 
follo"ing situations: 

(1) Where motor circuits arc connected hetwccn the higher
rated ovcrcurrcnt dc\icc of a series-rated combination 
and on the lower-rated circuit breaker 

(2) \\'here the sum of these motor full-load currents exceed� 
1 percent of the interrupting rating of the lower-rated 
circuit breaker 

240.87 Arc Energy Reduction. Where the highest continuous 
current trip setting for which dtc actual ovcrcurrcnt dc,icc 
installed in a circuit breaker is rated or can he adjusted is 1200 
amperes or higher, 240.87(A) , (B), and (C) shall apply. 

(A) Documentation. Documentation shall he available to dtosc 
authorized to design, install, operate, or inspect the installation 
a.� to dtc location of the circuit brcakcr(s) . Documentation 
shall also be prmidcd to demonstrate that the method chosen 
to reduce clearing time is set to operate at a value below the 
available arcing current. 

(B) Method to Reduce Clearing Time • .  One of dtc follo"ing 
means shall he prmidcd and shall be sct to operate at lcs.� than 
the available arcing current: 

( 1) Zone-selective interlocking ·· 
(2) Differential relaying 
(3) Energy-reducing maintenance switching "id1 local status 

indicator 
(4) Energy-reducing active arc fla.�h mitigation system 
(5) An instantaneous trip setting. Temporary adjustment of 

the instantaneous trip setting to achieve arc energy reduc
tion shall not be permitted. 

(6) An instantaneous override 
(7) An approved equivalent means 

Informational :'\ote No. I: An energ}�reducing maintenance 
s\\itch allows a worker to set a circuit breaker trip unit to "no 
intentional delay" to reduce the clearing time while the worker 
is working \\ithin an arc-fla.�h boundary a.� defined in 
NFP.4 70f.:2021,  Standard for E/PC/riral SafoiJ in 1/v Womplace, and 
then to set the trip unit back to a nonnal setting after the poten
tially ha1.ardous work i� complete. 

Informational Note :'\o. 2: An energ}�reducing actin' arc-Ha.�h 
mitig-dtion system helps in reducing arcing duration in the elec-

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. com: 

uical disuibution system. l'o change in the circuit breaker or 
the seuings of other de>ices i� required during maintenance 
when a worker is working \\ithin an arc-Ha.�h boundary a.� 
defined in NfPA 70B·202l ,  Standard for Ekctrical Safe/)" in 1/v Work· 
place. 

Informational Note No. 3: An ht.�tantaneou.� uip i� a function 
that cau.�s a circuit breaker to trip \\ith no intentional delay 
when currenL� exceed the instantaneou.� uip setting or current 
level. If arcing cunenl� are above the in�tantaneou.� uip level, 
the circuit breaker \\ill trip in the minimum pos.�ible time. 

Informational l'ote l'o. 4: See IEEE 1584-2018, /Efl-: Guide for 
Pl'rjorming A�r Ha.•h Hazard l.alrulations, for guidance in deter
mining arcing current. 

(C) Performance Testing. The arc energy reduction protec
tion system shall he performance tested by primary current 
injection testing or another approved method when first instal
led on site. This testing shall be conducted by a qualified 
pcrson(s) in accordance with the manufacturer's instructions. 

A "Tittcn record of this testing shall be made and shall he 
a\'ailablc to dtc authority havingjurisdiction. 

Informational Note: Some energy reduction protection system� 
cannot be tested· u.'ii1g a test proces.� of primary current it�jec
tion due to. eilhC!r the protection method being damaged such 
a.� \\ith the u.� of f•��e technology or becau.� current is not the 
primary. method of arc detection. 

240.89 Replacement Trip Units. Replacement trip unit� shall 
be listed for usc with the circuit breaker type in which it is 
installed. 

Informational l'ote: The replacement trip unit can be a listed 
unit identical to the original or a different trip unit listed for u.�e 
,,;th the specific circuit breaker. 

Part Vlll. Supervised Industrial Installations 

240.90 General. Ovcrcurrcnt protection in area.� of supervised 
industrial installations shall comply lvith all of the other appli
cable prmisions of this article, except a.� prmidcd in Part \111. 
Part \111 shall be permitted to apply only to those portions of 
the electrical system in the supcniscd industrial installation 
used exclusively for manufacturing or process control acti'l'itics. 

240.91 Protection of Conductors. Conductors shall he protec
ted in accordance with 240.91 (A) or 240.91 (8). 

(A) General. Conductors shall be protected in accordance 
with 240.4. 

(B) Devices Rated Over 800 Amperes. Where the ovcrcurrcnt 
device is rated over 800 amperes, the ampacity of the conduc
tors it protect� shall he equal to or greater than 95 percent of 
the rating of the ovcrcurrcnt dc,icc in accordance lvith the 
follo"ing: 

(1) The conductors arc protected l\ithin recognized time vs. 
current limit� for short-circuit current� 

Informational l'ote: Table 240.92(8) pro,ides time '""· short
circuit current formula.� to determine limiL� for copper and 
aluminum conductors. 

(2) All equipment in which the conductors tcnninatc is listed 
and marked for the application. 
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ARTICLE 230-SER\1CES 230.95 

(A) Ungrounded Conductor. Such protection shall he prmi
dcd by an ovcrcurrcm device in series with each ungrounded 
service conductor dtal has a rating or setting not higher than 
the ampacity of dtc conductor. A set of fuses shall be consid
ered all dtc fuses required to protect all dtc ungrounded 
conductors of a circuit. Single-pole circuit breakers, grouped in 
accordance wim 230.71 (B), shall he considered ao; one protec
tive device. 

Exception No. 1: For motoNtaTting cun"P-nts, ratings that comp{l· with 
430.52, 430.62, and 430.63 shaU be pennitttd. 

Exception No. 2: Fu.fts and circuit brtake1-s with a mting m· setting that 
complies with 240.4(8) or (C) and 240.6 shaU be Jnmnitted. 

Exception No. 3: Two to six ciwuit breake1-s m· seLf of fuses shaU be 
pennitttd as the ovemmmt device to Jmroidt the over/Dad Jnvtection. 
The .mm of the ratings of the chcuit brtakel:f mfuses shall bt permitted 
to exCI'm tht amJmcity of the servict cmultu:tm:f, provided tht calculated 
!Dad does 1wt exCI'm the amJmcity of the service cond·1u:tm-s. 

Exception No. 4: Overload pmttction fm·ji11' pumJI sufrP{l' cmultutm-s 
shall comp{l" with 695.4(B)(2)(a). 

Exception No. 5: Overload pmtection in accmrla1u:t with the conductor 
ampacitits of 310.12 shall be pennitttd for sing/e-Jihase d!tJtlling serv
ices. 

(B) Not in Grounded Conductor. No ovcrcurrcm dc'l-icc shall 
he inserted in a grounded scnicc conductor except a circuit 
breaker that simultaneously opens all conductors of dtc circuit. 

230.91 Location. The service ovcrcurrcnt device shall be an 
integral part of the scnicc disconnecting means or shall be 
located immediately adjacent mcrcto. \\'bcrc fuses arc used ao; 
the scnicc ovcrcurrcnt device, the disconnecting means shall 
he located ahead of me supply side of dtc fuses. 

230.92 Locked Service Overcurrent Devices. '\'here me llcrv
icc ovcrcurrcnt dc'l-iccs arc locked or scaled or arc not readily 
accessible to me occupant, branch-circuit or feeder ovcrcur
rcnt devices shall be installed on me load side, shall he moun
ted in a rcadilv accessible location, and shall he of lower 
ampere rating than the scnicc ovcrcurrcnt dc'l-icc. 

230.93 Protection of Specific Circuits. Where necessary to 
prevent tampering, an automatic ovcrcurrcnt device that 
protects service conductors supplying only a specific load, such 
ao; a water heater, shall be pcnniucd to be locked or scaled 
where located so ao; to he acce!Wbic. 

230.94 Relative Location of Overcurrent Device and Other 
Service Equipment. The ovcrcurrcnt dc\icc shall protect all 
circuits and devices. 

Exception No. 1: The service switch shall be Jll'nnitted on the .mpply 
.fidt. 

Exception No. 2: lligh-impedanct skunt circuits, .om1� an"t'ste1-s, 
T_ljll' 1 .fww--pmtectivt devices, sw�-pmttctive caJmcitol-s, and instm
ment tmn.fjorme1-s ( cunmt and voltage) shall bt Jll'nnitted to be conntc
ttd and imtal!P.d on the suptJ{l' side of the servict disconntcting meam 
as permitted by 230.82. 

Exception No. 3: Circuits for load management devires shall bt Jmmit
ttd to bt conntcted on the .mpply side of the servict overcurrent device 
wlll'l"P- seJJarattly Jnvvidtd with ove1current pmtP.ction. 

Exception No. 4: Circuits used on{l' fm· the operati(m of jiTe almm, ot/11'1· 
pmttctive .fignaling systems, m· tht .ruptJ{l' to jint pump tquipment shall 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

be permitted to bt conntctl'.d on the .ruptJ{V sidt of tht service overcummt 
devict where seJJmutely p1vvidP.d with ovnr:un"P-nt Jnvtl'.cti(m. 

Exception No. 5: Mete1-s nominally mted 1wt in exce.••s of 600 volts shall 
be permitted, Jnvvidtd all metal housings and service enclosuTes fll"l' 
gmutuil'.d. 

Exception No. 6: n11t11! serviu equipmmt is power opemble, the contml 
circuit shall bt permitted to bt conntcted ahead of tht service equipment 
if suitable overcunf!nt Jnvtection mul discomv.cting meam fll"P- Jnvvi
ded. 

230.95 Ground-Fault Protection of Equipment. Ground-fault 
protection of equipment shall he prmidcd for solidly grounded 
wyc electric scniccs of more than 150 volts to ground but not 
exceeding 1000 volts pha�lo-phao;c for each scnicc discon
nect rated 1000 amperes or more. The grounded conductor 
for the solidly grounded wyc system shall be connected dirccdy 
to ground mrough a grounding electrode system, ao; specified 
in 250.50, l\ithout inserting any resistor or impedance dc\icc. 

The rating of the service disconnect shall be considered to 
be the rating of the Jargesl fuse mal can he installed or me 
highest continuous currcm trip setting for which dtc actual 
ovcrcurrcnt dc'l-ice installed in a circuit breaker is rated or can 
be adjusted. 

Exception: .The gmundfault pmttction fr1VVifion.f of this Sl'.ction slmll 
not apply · tQ a service disconnect fm· a continuous i1ulustrial Jnvce.•is 
wlll'l"P- a ntmonlerly slmtrlown will intmduu additional m· incll!ased 
haunds. 

(A) Setting. The ground-fault protection system shall operate 
to cause the scnicc disconnect to open all ungrounded 
conductors of the faulted circuit. The maximum setting of me 
ground-fault protection shall be 1200 amperes, and the maxi
mum time delay shall be one second for ground-fault currents 
equal to or greater than 3000 amperes. 

(B) Fuses. If a switch and fuse combination is used, me fuses 
employed shall he capable of imcrrupting any currcm higher 
than the imcrrupting capacity of the Sl\itch during a time that 
the ground-fault protective system \\ill not cause me s"itch to 
open. 

(C) Performance Testing. The ground-fault protection system 
shall he perfonnancc tested when first installed on site. This 
testing shall he conducted by a qualified pcrson (s) using a test 
proccs.o; of primary current il�cction, in accordance wim 
instructions that shall be provided with me equipment. A "Tit
len record of mis testing shall be made and shall he available to 
the authority ha\ingjurisdiction. 

Informational l'ote l'o. 1: Ground-fault protection that func
tions to open the senice di"Konnect affords no protection from 
faults on the line side of the protecth·e element. It serves only to 
limit damage to conductors and equipment on the load side in 
the event of an arcing ground fault on the load side of the 
protecth·e element. 

Informational Note :'\o. 2: This added protecti\-e equipment at 
the service equipment could make it neces.'lary to re\iew the 
m·emll \\i1ing system for proper selective m·ercurrent protection 
coordination. Additional installations of ground-fault protecti\-e 
equipment might be needed on feeders and brdnch circuiL• 
where ma.ximum continuity of electric sen ice is neces.'lal")'. 

Informational Note :'\o. 3: Where ground-fault protection i• 
prmided for the senice disconnect and interconnection is made 
"ith another supply system by a trdn•fer de�ice, means or devi-
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ces could be needed to e11.�ure proper gmund-fault sensing by 
tbe gmund-fault protection equipment. 

Informational Note No. 4: See 517.17(A) for information on 
where an additional step of gmund-fault protection is required 
for hospitals and otber buildings with clitical areas or life 
suppon equipment. 

ARTICLE 235 
Branch Circuits, Feeders, and Services 

Over 1000 Volts ac, 1500 Volts de, Nominal 

Part I. General 

235.1 Scope. This article provides dtc general requirements 
for branch circuit.�, feeders, and services over 1000 volt.� ac or 
1500 volt.� de, nominal. 

Informational Note: See ANSI/IEEE <:2-2017, National Electrirol 
Safety Code, for additional information on wiling m-er 1000 ,·oiL�, 
nominal. 

Part D. Branch Circuits 

235.3 Other Articles for Specific-Purpose Branch Circuits. 
Table 235.3 list.� references for specific cquipmcm and applica
tions not locatccl in Chapters 5, 6, and 7 dlat amend or supplc
mcm dtc requirement.� of this article. 

235.5 Conductor Identification for Branch Circuits. 

(A) Grounded Conductor. The grounded conductor of a 
branch circuit shall be idcmificd in accordance with 200.6. 

(B) Equipment Grounding Conductor. The cquipmcm 
grounding conductor shall be idcmificd in accordance widl 
250.1 19. 

Table 235.3 References for Specific Equipment and 
Applications Not Located in Chapters 5, 6, and 7 

Equipment 

Air-conditioning and 
refrigerating equipment 

Busways 
Centr.tl he-.tting equipment 

other tban fixed electric 
space-heating equipment 

Fixed elecuic heating 
equipment for pipelines 
and \'es.�eL� 

Fixed elecuic space-heating 
equipment 

Fixed outdoor electrical 
deicing and snow-melting 
equipment 

lnfr.tred lamp indu.�tlial 
he-.tting equipment 

Motors, motor circuit�, and 
controllers 
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Article 

430 

Section 

440.6, 440.31, and 
440.32 

368.17 
422.12 

427.4 

424.4 

426.4 

422.48 and 424.3 

(C) Ungrounded Conductors. Ungrounded conductors shall 
be identified in accorclancc widl 235.5 (C) (l)  or (C) (2), as 
applicable. 

(1) Branch Circuits Supplied from More Than One Nominal 
Voltage System. \\'here the premises wiring system has branch 
circuit.� supplied from more man one nominal voltage system, 
each ungrounded conductor of a branch circuit shall be identi
fied by phase or line and by nominal system voltage at all termi
nation, connection, and splice point.� in accorclancc widl 
235.5(C) (l  ) (a) and (C) (l  ) (b). Diffcrcm systems "idlin dlc 
same premises that have the same nominal voltage shall be 
permitted to usc the same identification. 

(a) Means of Identification. The means of identification 
shall be pcnnittcd to be by separate color coding, marking 
tape, tagging, or other approved means. 

(b) Posting of Idmtifiration Means. The mcdlocl used for 
conductors originating within each branch-circuit panclboard 
or similar branch-circuit distribution cquipmcm shall be docu
mcmccl in a manner that is readily available or shall be pcrma
ncndy posted at each branch-circuit panclboard or similar 
branch-circuit distribution equipmcm. The label shall be of 
sufiicicnt durabilitv to widtstancl dlc cmironmcm involved and 
shall not be handl\;.iuen. 

Exception: In I'Xi�tlng installations where a voltage system(s) already 
exists and a diffmmJ voltage system is being addl'.d, it shall be /Jelmissi
bk to mm-k only the new !i)'.�tem voltage. Existing unidrotified .rystems 
shall rwt. be t�-ui11'.d to be identified at each te!7nination, connection, 
and splir.e point in acrordanre with 235.5(Cj(l)(a) mul (C)(lj(b). 
Labelir£g shall be requitY.d at each voltage system distribution equipment 
to identifY tlmt only one voltage ·'?·stem has hero ma1-ked fm· a new 
system(s). The new ·'?·stem label(s) simi/ include the words "other 
unidrotified .rystrot� exist on tile Jll-emi�es. " 

(2) Branch Circuits Supplied from Direct-Current Systems. 
\\'here a branch circuit is supplied from a clc system operating 
at more than 1500 volt.�, each ungrounded conductor of 
4 AWG or larger shall be identified by polarity at all termina
tion, connection, and splice point.� by marking tape, tagging, or 
other approved means and each ungrounded conductor of 
6 AWG or smaller shall be identified by polarity at all termina
tion, connection, and splice point.� in compliance widl 
235.5(C) (2) (a) and (C) (2) (b). The identification mcdlocl� 
LL�d for conductors originating l\ithin each branch-circuit 
panclboard or similar branch-circuit distribution equipment 
shall be documented in a manner dlat is readily available or be 
pcrmancndy posted at each branch-circuit panclboarcl or simi
lar branch-circuit distribution equipment. 

(a) Positive Polarit)� Sizes 6 A WG m· Smalk!: Where the posi
tive polarity of a de system docs not serve as dlc connection 
point for dlc grounded conductor, each positive ungrounded 
conductor shall be identified by one of dtc follo"ing means: 
(1) A continuous red outer finish 
(2) A continuous reel stripe durably marked along dlc 

conductor's entire lcngdl on insulation of a color other 
than green, white, gray, or black 

(3) Imprinted piLL'i signs (+) or dlc word POSITIVE or POS 
durably marked on insulation of a color oilier than 
green, white, gray, or black and repeated at intervals not 
exceeding 610 mm (24 in.) in accordance l\ith 310.8(8) 

(4) An approved permanent marking means such as slcc\-ing 
or shrink-tubing that is suitable for dtc conductor size, at 
all termination, connection, and splice point.�, widl 
imprinted plus signs ( +) or the word POSITIVE or POS 
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durably marked on insulation of a color other than 
green, white, gray, or black 

(b) Negative Polarit_l', Sizes 6 A WG m· Smalln: Where the 
negative polarity of a de system docs not serve as the connec
tion point for the grounded conductor, each negative ungroun
ded conductor shall be identified by one of the follo"ing 
means: 

(1) A continuous black outer finish 
(2) A continuous black stripe durably marked along the 

conductor's entire length on insulation of a color other 
than green, white, gray, or red 

(3) Imprinted minus signs (-) or the word :"'EGATIVE or 
1'\EG durably marked on insulation of a color other than 
green, white, gray, or red and repeated at intervals not 
exceeding 610 mm (24 in.) in accordance l\ith 310.8(B) 

(4) An approved permanent marking means such as slccling 
or shrink-tubing that is suitable for the conductor size, at 
all termination, connection, and splice poinLo;, with 
imprinted minus signs (-) or the word :"'EGATIVE or 
NEG durably marked on insulation of a color other than 
green, white, gray, or red 

235.6 Branch-Circuit Voltage Limitations Over 1000 volts ac or 
1500 volts de, Nominal, Between Conductors. CircuiLo; exceed
ing 1000 voiLo; ac or 1500 volts de, nominal, between conductors 
shall be permitted to supply utilization equipment in installa
tions where conditions of maintenance and supcnision ensure 
that only qualified persons senicc the installation. 

235.9 Circuits Derived from Autotransformers. Branch 
circuits shall not be derived from autotransformers unlcs.o; the 
circuit supplied has a grounded conductor that is electrically 
connected to a grounded conductor of the system suppl}'ing 
the autotransformer. 

235.10 Ungrounded Conductors Tapped from Gronnded 
Systems. Two-"irc de circuiLo; and ac circuiLo; of two or more 
ungrounded conductors shall be permitted to be tapped from 
the ungrounded conductors of circuiLo; that have a grounded 
neutral conductor. S"itching dc'l-ices in each tapped circuit 
shall have a pole in each ungrounded conductor. All poles of 
multipolc switching dcliccs shall manually switch together 
where such Sl\itching dc'l-ices also serve · ao; a disconnecting 
means ao; required by the following sections: 

(1) 410.93 for double-pole s"itchcd lampholdcrs 
(2) 410.104(B) for electric-discharge lamp auxiliary equip-

ment S\'itching dc'l-ices 
(3) 422.31 (B) for an appliance 
(4) 424.20 for a fixed electric space-heating unit 
(5) 426.51 for electric deicing and snow-melting equipment 
(6) 430.85 for a motor controller 
(7) 430.103 for a motor 

235.11 Branch Circuits Required. The mmunum number of 
branch circuiLo; shall be determined from the total calculated 
load and the size or rating of the circuiLo; used. In all installa
tions, the number of circuiLo; shall be sufficient to supply the 
load served. 

235.18 Rating. Branch circuits recognized by this article shall 
be rated in accordance l\ith the maximum permitted ampere 
rating or setting of the ovcrcurrcnt device. Where conductors 
of higher ampacity arc used for any rcao;on, dtc ampere rating 
or setting of the specified ovcrcurrcnt device shall determine 
the circuit rating. 
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235.19 Conductors - Minimum Ampacity and Size. The 
ampacity of conductors shall be in accordance l\ith 310.14 and 
315.60, ao; applicable. Branch-circuit conductors shall be sized 
in accordance with 235.19(A) or (B). 

(A) General. The ampacity of branch-circuit conductors shall 
not be lcs.o; than 125 percent of the designed potential load of 
utilization equipment that "ill be operated simultaneously. 

(B) Supervised Installations. For supeniscd installations, 
branch-circuit conductor sizing shall be permitted to be deter
mined by qualified persons under engineering supcnision. 
Supcnised installations arc defined ao; those portions of a 
facility where both of the follo"ing conditions arc met: 

(1)  \..onditions of design and installation arc prmidcd under 
engineering supcnision. 

(2) Qualified persons l\ith documented training and experi
ence in over 1000-volt ac or 1500-volt de systems prmidc 
maintenance, monitoring, and senicing of the system. 

235.20 Overcurrent Protection. Branch-circuit conductors and 
equipment shall be protected by ovcrcurrcnt protective dclices 
that have a rating or setting that complies l\ith 235.20(A) 
through (C). 

(A) Continuous and Noncontinuous Loads. \\'here a branch 
circuit supplies continuous load-; or any combination of contin
uous and .noncontinuous loaclo;, the rating of the ovcrcurrcnt 
dclice · shall not be lcs.o; than the noncontinuous load plus 
125.pcrccnt of the continuous load. 

Exception: n1um! the a.•;semh�l� inrluding the overrunmt devires 
fnvtuting the bmnch circuit(s), is Li.�ted for oJmmion at 100 Jll'rr:mt of 
its mting, the ampm! rating of tile ovemmmt devire shall be permitted 
to be 1wt Less than the .mm of the rontimwus load plus tile nonrontinu
mu load. 

(B) Conductor Protection. Conductors shall be protected in 
accordance \\ith the ampacitics specified in 310.14 or 315.60, 
ao; applicable. 

(C) Equipment. The rating or setting of the ovcrcurrcnt 
protective dclicc shall not exceed that specified in the applica
ble articles referenced in Table 240.3 for equipment. 

235.22 Permissible Loads, Individual Branch Circuits. An incli
lidual branch circuit shall be permitted to supply any load for 
which it is rated, but in no cao;c shall the load exceed the 
branch-circuit ampere rating. 

235.23 Permissible Loads, Multiple-Outlet Branch Circuits. A 
branch circuit supplying two or more outlcLo; or receptacles 
shall supply only the loaclo; specified according to ito; size in 
accordance l\ith 210.23(A) through (E) and ao; summarized in 
210.24, and in no cao;c shall the load exceed the branch-circuit 
ampere rating. 

(A) IS. and 20-Ampere Branch Circuits. A !::1- or 20-amperc 
branch circuit shall be permitted to supply lighting outlets, 
lighting unit.-;, or other utilization equipment, or any combina
tion of dtcm, and shall comply "ith 235.23(A) (I) and (A) (2). 

(I) Cord-and-Plug-Connected Equipment Not Fastened in 
Place. The rating of any one cord-and-plug-connected utiliza
tion equipment not fao;tcncd in place shall not exceed 
80 percent of the branch-circuit ampere rating. 

(2) Utilization Equipment Fastened in Place. The total rating 
of utilization equipment fao;tcncd in place, other than lumin-
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aires, shall not exceed 50 perccm of dtc branch-circuit ampere 
rating where lighting units, cord-and-plug-connected utilization 
cquipmcm not fa-;tcncd in place, or both, arc also supplied. 

(B) 30-Ampere Branch Circuits. A 30-ampcrc branch circuit 
shall be pcrmiucd to supply fixed lighting units widl heavy-duty 
lampholdcrs in other than a dwelling unit(s) or utilization 
cquipmcm in any occupancy. The rating of any one cord-and
plug-connected utilization cquipmcm shall not exceed 
80 perccnl of the branch-circuit ampere rating. 

(C) 40- and 50-Ampere Branch Circuits. A 40- or 50-ampere 
branch circuit shall be permiucd to supply cooking appliances 
that arc fa-;tcncd in place in any occupancy. In other than 
dwelling units, such circuits shall be pcrmiucd to supply fixed 
lighting units with heavy-duty lampholdcrs, infrared heating 
unit-;, or other utilization equipment. 

(D) Branch Circuits Larger Than 50 Amperes. Branch circuit-; 
larger man 50 amperes shall supply only nonlighting outlet 
load-;. 

235.63 Equipment Requiring Servicing. A 125-volt, singlc
pha-;c, 15- or 20-amperc-ratcd receptacle outlet shall be 
installed at an acccs.-;iblc location within 7.5 m (25 ft) of me 
cquipmcm a-; specified in 210.63(A) and (B). 

Informational :'\ote: See 210.8(E) for requirement• on GFCI 
protection. 

(A) Heating, Air-Conditioning, and Refrigeration Equipment. 
The required receptacle outlet shall be located on lite same 
level ao; the heating, air-conditioning, and refrigeration cquip
mcm. The receptacle oudct shall not be connected to lite load 
side of the cquipmcm's branch-circuit disconnecting means. 

Exception: A rl'ceptack cmtkt slmU not be Tequiml at one- and two
Jami�l' dwellings Jctr tile service of evaporative coolers. 

(B) Other Electrical Equipment. In otltcr titan one- and two
family dwellings, a receptacle outlet shall be located a<; speci
fied in 210.63(B) ( l )  and (B) (2). 

(1) Indoor Service Equipment. The required receptacle outlet 
shall be located "idtin the same room or area a-; dtc scnicc 
cquipmcm. 

(2) Indoor Equipment Requiring Dedicated Equipment 
Spaces. Where equipment, oilier than scnicc cqmpmcnt, 
requires dedicated cquipmcm space ao; specified in 1 10.26(E), 
the required receptacle outlet !!hall be located l\ithin the same 
room or area a-; the electrical equipmcm and shall not be 
connected to me load side of the cquipmem's disconnecting 
means. 

Part m. Feeders 

235.201 General. Part III covers the installation requirement-;, 
ovcrcurrcnt protection requirement-;, minimum size, and 
ampacity of conductors for feeders over 1000 volt-; ac or 
1500 volt-; de, nominal. 

235.202 Minimum Rating and Size. The ampacity of conduc
tors shall be in accordance "ith 310.14 and 315.60 ao; applica
ble. \\'here installed, dtc size of the feeder-circuit grounded 
conductor shall not be smaller than that required by 250.122, 
except that 250.122(F) shall not apply where grounded 
conductors arc run in parallel. Feeder conductors over 
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1000 volt-; shall be sized in accordance "ith 235.202(A), (B), or 
(C). 

(A) Feeders Supplying Transformers. The ampacity of feeder 
conductors shall not be lcs.-; than me sum of the nameplate 
ratings of the transformers supplied when only transformers 
arc supplied. 

(B) Feeders Supplying Transformers and Utilization Equip
ment. The ampacity of feeders supplying a combination of 
transfonncrs and utilization equipment shall not be lcs.o; than 
the sum of the nameplate ratings of the transformers and 
125 percclll of me designed potential load of the utilization 
cquipmcm tltat \\ill be operated simultaneously. 

(C) Supervised Installations. For supervised installations, 
feeder conductor sizing shall be pcnniucd to be determined by 
qualified persons under engineering supenision in accordance 
widl 310.14(B) or 315.60(B). Supcniscd installations arc 
defined a-; those portions of a facility where all of me follo"ing 
conditions arc met: 

(1) C..onditions of design and installation arc prmidcd under 
engineering supenislon. 

(2) Qualified persons with documcmcd training and experi
ence in over 1000-volt systems prmidc maimcnancc, 
monitoring, and sen-icing of the system. 

235.203 Overeurrent Protection. Feeders shall be protected 
against overcurrem. 

235.205 ·Diagrams of Feeders. If required by the audlority 
having jurisdiction, a diagram sho"ing feeder details shall be 
prmidcd prior to the installation of the feeders. Such a 
diagram shall show lite area in square feet of lite building or 
other structure supplied by each feeder, me total calculated 
load before appl)'ing demand factors, me demand factors used, 
the calculated load after appl}'ing demand factors, and lite size 
and type of conductors to be used. 

235.206 Feeder Equipment Grounding Conductor. Where a 
feeder supplies branch circuit-; in which cquipmcm grounding 
conductors arc required, lite feeder shall include or provide an 
cquipmem grounding conductor, to which lite cquipmcm 
grounding conductors of the branch circuit-; shall be connec
ted. \\'bcrc me feeder supplies a separate building or structure, 
the requirement-; of 250.32 shall apply. 

235.212 Identification for Feeders. 

(A) Grounded Conductor. The grounded conductor of a 
feeder, if insulated, shall be idcmificd in accordance widl 
200.6. 

(B) Equipment Grounding Conductor. The cquipmcm 
grounding conductor shall be idemificd in accordance widl 
250.1 19. 

(C) Identification of Ungrounded Conductors. Ungrounded 
conductors shall be identified in accordance l\ith 235.212(C) 
(1) or (C) (2), ao; applicable. 

(1) Feeders Supp6ed from More Than One Nominal Voltage 
System. \\'bcrc the premises \\iring system ha-; feeders 
supplied from more than one nominal voltage system, each 
ungrounded conductor of a feeder shall be identified by pha-;c 
or line and system at all termination, connection, and splice 
point-; in compliance l\idl 235.212(C) (I) (a) and (C) (I) (b). 
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(a) Means of Identification. The means of identification 
shall he pcnnittcd to be by separate color coding, marking 
tape, tagging, or other approved means. 

(b) Posting of Identification Mean�. The mcdtod utilized for 
conductors originating "idtin each feeder panelboard or simi
lar feeder distribution equipment shall he documented in a 
manner mat is readily available or shall he pcnnancndy posted 
at each feeder panelboard or similar feeder distribution equip
ment. 

(2) Feeders Supp6ed from Direct-Current Systems. \\'here a 
feeder is supplied from a de system operating at more than 
1500 volts, each ungrounded conductor of 4 AWG or larger 
shall he identified by polarity at all termination, connection, 
and splice point"l by marking tape, tagging, or other approved 
means; each ungrounded conductor of 6 AWG or smaller shall 
be identified by polarity at all termination, connection, and 
splice point"l in compliance l\ith 235.212(C) (2) (a) and (C) (2) 
(b). The identification mcmod"l utilized for conductors origi
nating l\ithin each feeder panelboard or similar feeder distri
bution equipment shall be documented in a manner that is 
readily available or shall he permanently posted at each feeder 
panelboard or similar feeder distribution equipment. 

(a) Po.�itive Polmit)� Sizes 6 A WG m· Smalln: Where the posi
tive polarity of a de system docs not serve as the connection for 
the grounded conductor, each positive ungrounded conductor 
shall he identified by one of dtc follo"ing means: 

(1) A continuous red outer finish 
(2) A continuous red stripe durably marked along me 

conductor's entire lcngd1 on insulation of a color other 
than green, white, gray, or black 

(3) Imprinted plus signs (+) or dtc word POSITIVE or POS 
durably marked on insulation of a color odtcr than 
green, white, gray, or black, and repeated at intervals not 
exceeding 610 mm (24 in.) in accordance l\ith 310.8(8) 

(4) An approved permanent marking means such a'l slc�ving 
or shrink-tubing that is suitable for dtc conductor size, at 
all termination, connection, and splice point"l, wim 
imprinted plus signs ( +) or the word POSITIVE or POS 
durably marked on insulation of a color odtcr than 
green, white, gray, or black 

(b) Negative Pohlrit)', Sizes 6 A WG or. Smalln: Where me 
negative polarity of a de system does not serve a"l the connec
tion for the grounded conductor, each negative ungrounded 
conductor shall he identified by one of dtc follo"ing means: 

(1)  A continuous black outer fii1ish 
(2) A continuous black stripe durably marked along me 

conductor's entire lcngd1 on insulation of a color other 
than green, white, gray, or red 

(3) Imprinted minus signs (-) or me word :"'EGATIVE or 
1'\EG durably marked on insulation of a color other than 
green, white, gray, or red, and repeated at intervals not 
exceeding 610 mm (24 in.) in accordance l\ith 310.8(8) 

(4) An approved permanent marking means such a"l slccving 
or shrink-tubing that is suitable for dtc conductor size, at 
all termination, connection, and splice point"l, wim 
imprinted minus signs (-) or the word NEGATIVE or 
1'\EG durably marked on insulation of a color other than 
green, white, gray, or red 

Part IV. Outside Branch Circuits and Feeders 

235.301 General. Part IV covers rcquircmcnt"l for out"lidc 
branch circuit"l and feeders over 1000 volts ac or 1500 volt"l de, 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL COI>t: 

nominal, that arc run on or between buildings, structures, or 
poles on me premises; and electrical equipment and wiring for 
the supply of utilization equipment that is located on or 
attached to dtc out"lidc of buildings, structures, or poles. 
Out"lidc branch circuit"l and feeders over 1000 volt"l ac or 
1500 volt"l de, nominal, shall comply wim me applicable 
rcquircmcnt"l in Part"l I and [[ of Article 225 and "id1 Part IV of 
this article, which supplcmcnt"l or modifies those rcquircmcnt"l. 

235.306 Conductor Size and Support. For overhead spans, 
open individual conductors shall not he smaller man 6 AWG 
copper or 4 AWG aluminum where open individual conductors 
and 8 AWG copper or 6 AWG aluminum where in cable. 

235.310 Waring on Buildings (or Other Structures). The instal
lation of out"lidc wiring on surfaces of buildings (or other struc
tures) shall he installed a"l provided in 305.3. 

235.314 Open-Conductor Spacings. Conductors shall comply 
"im me spacings provided in 1 10.36 and 495.24. 

235.339 Rating of Disc»nnect. The feeder or branch-circuit 
disconnecting means shall have a rating of not lcs."l man me 
calculated load to .be supplied, determined in accordance wim 
Part"l l and II of Article 220 for branch circuits, Part Ill or IV of 
Article 220 for feeders, or Part V of Article 220 for fann load"l. 

235.350 S� of Conductors. The sizing of conductors over 
1000 voll'l shall he in accordance "id1 235.19(A) for branch 
circuitS and 235.19(B) for feeders. 

235.351 Isolating Switches. \\"bcrc oil switches or air, oil, 
\oacuum, or sulfur hexafluoride circuit breakers constitute a 
building disconnecting means, an isolating Sl\itch "im visible 
break contact"l and meeting me rcquircmcnt"l of 235.404(8), 
(C), and (D) shall he installed on the supply side of the discon
necting means and all a'i."lociatcd equipment. 

Exception: The isohlting switch shall not be required where the discon
nuting me.ans is mounted on removable tmck panel� m· .nuitchgear 
units tlmt camwt be opened unless tile circuit is di�ccmnected and that, 
when 11'movl'4 ftmn tile normal operating pa�ition, automatically 
disconmct the circuit bJ-,.,akn· m· .nvitch from all energized JlarL�. 

235.352 Disconnecting Means. 

(A) Location. A building or structure disconnecting means 
shall be located in accordance "id1 225.31 (B), or, if not readily 
accessible, it shall he operable by mechanical linkage from a 
readily acccs."liblc point. For multibuilding industrial installa
tions under single management, it shall be pcnnittcd to he 
electrically operated by a readily accessible, remote-control 
device in a separate building or structure. 

(B) Type. Each building or structure disconnect shall simulta
neously disconnect all ungrounded supply conductors it 
controls and shall have a fault-closing rating not lcs."l man me 
a\'ailablc fault current at it"l supply terminals. 

Exception: Mum• the individual disconnuting mean� con�ists of fused 
cutouts, the simultaneous disconnution of all ungmundl'.d .mpply 
conductm:� shall 1wt be required if there is a means to disconnut the 
load before opening the cutouts. A Jlermanrot legible sign slmll be 
in�talled adjacent to tile fused cutouts and shall read DISCOlvNECT 
LOAD BEFORE OPENING CUTOVTS. 

\\onere fused Sl\itchcs or separately mounted fuses arc 
installed, the fuse characteristics shall be permitted to contrib
ute to me fault-closing rating of me disconnecting means. 
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(C) Locking. Disconnecting means shall be lockable open in 
accordance "idt 1 10.25. 

Exception: H1vre an individtwl discomvcting means consi�t� of fused 
cutouts, a suitabk enc/nsw1' capabk of being Inched mul siud to 
contain aU cutout fuse /widen; shaU be instal!P.d at a convenient /nca
tifm to the fused cutout�. 

(D) Indicating. Disconnecting means shall clearly indicate 
whether they arc in the open Moff' or closed Kon" position. 

(E) Uniform Position. Where disconnecting means handles 
arc operated vertically, the Kup" position of me handle shall be 
the Kon" position. 

Exception: A switching deviu having mmf! tlwn one "on " po.�ition, 
.mch as a doubk thiVw switch, shall 1wt be 11'qui11'd to comJI�l' with thi� 
requitf!llumt. 

(F) Identification. Where a building or structure has any 
combination of feeders, branch circuits, or services pa."l.o;ing 
through or suppl}ing it, a permanent plaque or directory shall 
be installed at each feeder and branch-circuit disconnect loca
tion that denotes all other services, feeders, or branch circuits 
supplying that building or structure or pa.o;sing through that 
building or structure and the area served by each. 

235.356 Inspections and Tests. 

(A) Pre-Energization and Operating Tests. The complete elec
trical system design, including settings for protective, switching, 
and control circuits, shall be prepared in advance and made 
available on request to the authority ha,ing jurisdiction and 
shall be performance tested when first installed on-site. Each 
protective, S\'itching, and control circuit shall be adjusted in 
accordance "ith me system design and tested by actual opera
tion using current injection or cqui\-alcnt mcmoclo; a.o; necessary 
to ensure that each and every such circuit operates correctly to 
the satisfaction of the aumority having jurisdiction. 

(1) Instrument Transformers. All instrument transfonncrs 
shall be tested to verity correct polarity and burden. 

(2) Protective Relays. Each protective relay shaiJ be demon
strated to operate by injecting current or voltage, or both, at 
the a."l.o;ociatcd instrument transformer output terminal and 
obsening dtat the a.o;sociatcd S\\itching and signaling functions 
occur correctly and in proper time and sequence to accomplish 
the protective function intended. 

(3) Switching Circuits. Each switching circuit shall be observed 
to operate the a.o;sociatcd equipment being S\'itchcd. 

(4) Control and Signal Circuits. Each control or signal circuit 
shall be observed to perform ito; proper control function or 
produce a correct signal output. 

(5) Metering Circuits. All metering circuit-; shall be verified to 
operate correctly from voltage and current sources in a similar 
manner to protective relay circuit-;. 

(6) Acceptance Tests. Complete acceptance test-; shall be 
performed, after me substation installation is completed, on all 
a.o;semblics, equipment, conductors, and control and protective 
systems, a.o; applicable, to verity dtc integrity of all me systems. 

(7) Relays and Metering Utilizing Phase Differences. All relays 
and metering mat usc pha.o;c differences for operation shall be 
verified by mca.o;uring pha.o;c angles at the relay under actual 
load conditions after operation commences. 
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(B) Test Report. A test report covering the result-; of the test-; 
required in 235.356(A) shall be dclivcrccl to the aumority 
ha\ingjurisdiction prior to cncrgization. 

Informational l'ote: See Al'SI/NETA ATS, .4creptance TI'Sting 
Specifuatinns for Ev-t:trical Pnruer Di<tributinn Equip111mt and Sptems, 
for an example of acceptance specification�. 

235.360 Clearances over Roadways, Walkways, Rall, Water, and 
Open Land. 
(A) 22 kV or Less to Ground. The clearances over road"-ays, 
"-alkways, rail, water, and open Janel for conductors and Jive 
part-; up to 22 kV or less to ground shall be not less man me 
v-alues shown in Table 235.360(A). 

(B) More Than 22 kV to Ground. Clearances for me catego
ries shown in Table 235.360(A) shall be incrca.o;cd by 10 mm 
(0.4 in.) per kV, or major fraction thereof, more man 22 kV. 

(C) Special Cases. For special ca.o;c�, such a.o; where crossings 
will be made over lakes, rivers, or area.-; using large vehicles 
such a.o; mining operations, specific designs shall be engineered 
considering me special circumstances and shall be approved by 
the authority having jurisdiction. 

Informational Note: See ANSI/IEEE <:2-2017, National Electrical 
Safety ('.od,, for additional infonnation. 

235.361 Clearimces over Buildings and Other Structures. 

(A) 22 kV or Less to Ground. The clearances over buildings 
and other structures for conductors ancl livc part-; up to 22 kV 
or less to ground shall be not less man the \-alucs shown in 
Table 235.361 (A). 

(B) More Than 22 kV to Ground. Clearances for me catego
ries shown in Table 235.361 (A) shall be incrca.o;cd by 10 mm 
(0.4 in.) per kV, or major fraction mcrcof, more man 22 kV. 

Informational Note: See ANSI/IEEE <:2-2017, National Electrical 
Safety ('.od,, for additional infonnation. 

Part V. Services 

235.401 General. Part V covers requirement-; for scnicc 
conductors and equipment used on circuit-; over 1000 volt-; ac 
and 1500 volt-; de, nominal, shall comply wim all of the applica
ble requirement-; in Part-; I mrough \11 of Article 230 and wim 
Part V of mio; article, which supplement-; or modifies mosc 
requirement-;. In no ca.o;c shall the prmisions of Part V apply to 
equipment on the supply side of me scnicc point. 

Table 235.360(A) Clearances over Roadways, Walkways, Rall, 

Water, and Open Land 

Location 

Open land subject to \'ehides, 
culth<ttion, or grd7Jng 

Road\\"d)'S, lhive\\'"d}'S, parking lot�, 
and alle}'S 

Walk\\'"d}'S 
Rails 
Spaces and wa}'S for pedestrians 

and restricted traffic 
Water area� not suitable for 

boating 

m 

5.6 

5.6 

4.1 
8.1 
4.4 

5.2 

Clearance 

ft 

18.5 

18.5 

13.5 
26.5 
14.5 

17.0 
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Table 235.36l (A) Clearances over Buildings and Other 
Structures 

Horizontal Clearance from Conductors or ------
Vertical 

Live Parts from: 

Building walls, projections, and 
windows 

Balconies, catwalk.�, and similar 
area� acces.�ible to people 

o,·er or under roo[� or 
projections not readily 
accessible to people 

o,·er roo[� acces.�ible to 
vehicles but not trucb 

o,·er roo[� acces.�ible to u·uck.� 
Other su·uctures 

m ft 

2.3 7.5 

2.3 7.5 

2.3 7.5 

m ft 

4.1 13.5 

3.8 12.5 

4.1 13.5 

5.6 18.5 

235.402 Service-Entrance Conductors. Scnicc-cntrancc 
conductors to buildings or enclosures shall be installed to 
conform to 235.402(A) and (B). 

(A) Conductor Size. Scnicc-cntrancc conductors shall not be 
smaller than 6 AWG unlcs.� in multiconductor cable. Multicon
ductor cable shall not be smaller than 8 AWG. 

(B) Waring Methods. Scnicc-cntrancc conductors shall be 
installed by one of the wiring method� covered in 305.3 and 
305.15. 

235.404 Isolating Switches. 

(A) Where Required. \\'here oil Sl\itchcs or air, oil, l-acuum, or 
sulfur hexafluoride circuit breakers constitute the service 
disconnecting means, an isolating switch l\idt visible break 
contact� shall be installed on the supply side of dtc disconnect
ing means and all a�sociatcd scnicc equipment. 

Exception: An i.mhlting switch slwU not be required wlll!fe the cin:uit 
/ny,aker or switch is mounlP.d on removabk tnu:k panels m· !iluitchgear 
units where both of tile follmuing ronditions app{l·: 

· 

( 1) \..an not be ofJroP.d unkss the cirruit i.� disctm1U!Ctl'4 
(2) H'hm• all roergiud pmt� m1' autoinoticau_l' di.�comm:tP.d when 

the cin:uit /ny,aker or switch is 7"t'I'IIDilid from the nm·mal operating 
po.�ition 

(B) Fuses as Isolating Switch. Where fuses arc of the type that 
can be operated a� a disconnecting switch, a set of such fuses 
shall be permitted a� the isolating switch. 

(C) Accessible to Qualified Persons Only. The isolating Sl\itch 
shall be accessible to qualified persons only. 

(D) Connection to Ground. Isolating switches shall be provi
ded with a means for readily connecting the load side conduc
tors to a grounding electrode system, equipment ground 
busbar, or grounded steel structure when disconnected from 
the source of supply. 

A means for grounding the load side conductors to a 
grounding electrode system, equipment grounding busbar, or 
grounded structural steel shall not be required for any dupli
cate isolating switch installed and maintained by the electric 
supply company. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAL COI>t: 

235.405 Disconnecting Means. 

(A) Location. The scnicc disconnecting means shall be loca
ted in accordance with 230.70. 

For either overhead or underground primary distribution 
systems on private property, the service disconnect shall be 
permitted to be located in a location that is not readily acccs.�i
blc, if the disconnecting means can be operated by mechanical 
linkage from a readily acccs.�iblc point, or electronically in 
accordance wid1 235.405(C), where applicable. 

(B) Type. Each scnicc disconnect shall simultaneously discon
nect all ungrounded service conductors that it controls and 
shall have a fault-closing rating that is not less than the availa
ble fault current at its supply terminals. 

\\'here fused switches or separately mounted fuses arc 
installed, the fuse characteristics shall be permitted to contrib
ute to the fault-closing rating of the disconnecting means. 

(C) Remote Control. For multibuilding, industrial installa
tions under single management, the service disconnecting 
means shall be pcrmiucd to be located at a separate building 
or structure. In siu;h ca�s, dtc service disconnecting means 
shall be pcnnitted to be electrically operated by a readily acces
sible, rcmote<ontrol device. 

235.406 Overcurrent Devices as Disconnecting Means. Where 
the circuit breaker or alternative for it, a� specified in 235.408 
for ·scnicc ovcrcurrcnt devices, meet� the requirement� speci
fied i11 235.405, it shall constitute the service disconnecting 
means. 

235.408 Protection Requirements. A short-circuit protective 
device shall be prmidcd on the load side of, or a� an integral 
part of, the service disconnect, and shall protect all ungroun
ded conductors that it supplies. The protective dc\icc shall be 
capable of detecting and interrupting all values of current, in 
excess of it� trip setting or melting point, that can occur at it� 
location. A fuse rated in continuous amperes not to exceed 
three times dtc ampacity of the conductor, or a circuit breaker 
with a trip setting of not more than six times the ampacity of 
the conductors, shall be considered a� prmiding the required 
short-circuit protection. 

Informational l'ote: See Table 315.60(C) ( I )  through Table 
315.60(<:)(20) for ampacities of conductors rated 2001 mil• to 
35,000 mll•. 

Ovcrcurrcnt devices shall conform to 235.408(A) and (B). 

(A) Equipment Type. Equipment u.�d to protect service
entrance conductors shall meet the requirement� of Article 
495, Part II. 

(B) Enclosed Overcurrent Devices. The restncuon to 
80 percent of the rating for an enclosed ovcrcurrcnt device for 
continuous loads shall not apply to ovcrcurrcnt dc\ices 
installed in systems operating at over 1000 volt�. 

235.409 Surge Arresters. Surge arresters installed in accord
ance with the requirements of Part� U and Ill of Article 242 
shall be permitted on each ungrounded overhead scrl'icc 
conductor. 

Informational :'\ote: Surge arresters may be referred to a.• light
ning an-esters in older documenl•. 
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235.410 Service Equipment General. Service equipment, 
including instrumem transformers, shall conform to Part I of 
Article 495. 

235.411 Switchgear. Switchgear shall consist of a substantial 
metal structure and a sheet metal enclosure. \\'here installed 
over a combustible floor, suitable protection dtereto shall be 
prm-ided. 

235.412 Over 35,000 Volts. \\'here the voltage exceed'i 
35,000 volts between conductors that emer a building, dtey 
shall terminate in a switchgear comparunent or a vault 
conforming to the requiremenL'i of 450.41 through 450.48. 

Part I. General 

ARTICLE 240 
Overcurrent Protection 

240.1 Scope. ParL'i I through \11 of this article provide me 
general requiremenL'i for overcurrent protection and overcur
rem protective devices not more than 1000 voiL'i, nominal. 
Part \111 covers overcurrent protection for those portions of 
supervised industrial installations operating at voltages of not 
more man 1000 voiL'i, nominal. 

Informational :'\ote No. 1: 0\'ercurrent protection for conduc
tors and equipment is provided to open the circuit if the current 
reaches a \'alue that "ill cau.'le an exces.•i\'e or dangerou.• 
temperature in conductors or conductor insulation. 

Informational :'\ote l'o. 2: See 1 10.9 for requirement.• for inter
rupting mtings and I I  0.10 for requirement.• for protection 
ag-dinst fault current.•. 

240.2 Reconditioned Equipment. 

(A) Reconditioning Not Permitted. The following equipment 
shall not be reconditioned: 
(1) Equipmem prm-iding ground-fault protection of equip

ment 
(2) Ground-fault circuit interrupters 
(3) Low-voltage fuseholders and lm�voltage nonrenewable 

fuses 
(4) �Iolded-ca'iC circuit breakers 
(5) Low-voltage power circuit breaker electronic trip uniL'i. 

(B) Reconditioning Permitted. The following equipmem shall 
be permitted to be reconditioned: 
( 1) Low-voltage power circuit breakers 
(2) Electromechanical protective relays and current trans

formers 

Reconditioned equipment shall be listed a'i reconditioned 
and comply "id1 1 10.21 (A) (2). 

240.3 Other Articles. Equipment shall be protected against 
overcurrent in accordance widl the article in dlis Code that 
covers the type of equipment specified in Table 240.3. 

240.4 Protection of Conductors. Conductors, oilier dtan flexi
ble corcl'i, flexible cables, and fixture wires, shall be protected 
against overcurrem in accordance "id1 their ampacities sped-

70-122 

Table 240.3 Other Articles 

Equipment 

Air-conditioning and refrigerdting 
equipment 

Appliances 
A.o;.'lembly occupancies 
Audio signal processing, amplification, and 

reproduction equipment 
Bmnch circuit.• 
Bu.•ways 
C..apacitors 
Ciao;.• 1 power-limited circuit.• and Cla.o;.• I 

power-limited remote-control and 
signaling circuit.• 

Cla•s 2 and Cla.•s 3 remote-control, 
signaling, and power-limited circuit.• 

Crdnes and hoi•L• 
Electric signs and outline lighting 
Electric welders 
Electrolytic cells 
Ele\-ators, dumb"-aiters, escalators, moving 

walk.•, wheelchair lift.•, and staim-ay 
-

chairlift.• 
Emergency systems 
Fire alarm system• 
Fire pumps 
Fixed electric heating equipment for 

pipelines and \'elt'lels 
Fixed electric space-heating equipment 
Fixed outdoor electric deicing and snow-

melting equipment 
;Genemtors 
:Health care facilities 
Induction and dielectric heating equipment 
lndtL•trial machinery 
Luminaires, lampholders, and lamp.• 
Motion picture and tele\i•ion studios and 

similar locations 
Motors, motor circuit.•, and controllers 
Pha.'le converters 
Pipe orgdns 
Receptacles 
Sen ices 
Solar photm�>ltaic �'}'Stem• 
Switchboard•, �·witchgear, and panelboard• 
Theaters, audience area.• of motion picture 

and tele�ision studios, and similar 
locations 

Tmnsformers and tmnsformer \"dUlL• 
X-rdy equipment 

Article 

440 

422 
51!! 
640 

210 
368 
460 
724 

725 

610 
600 
630 
668 
620 

700 
760 
695 
427 

424 
426 

445 
517 
665 
670 
410 
530 

430 
455 
6.')0 
406 
230 
690 
408 
520 

450 
660 

lied in 310.14, unless odtemise permitted or required in 
240.4(A) dlrough (H). 

Informational Note: See ICEA P-32-382-2018, Slwrt Cin:uil Char
acteri<tics of lmulated l.abks, for information on allm•-able short
circuit current.• for insulated copper and aluminum conductors. 

(A) Power Loss Hazard. Conductor overload protection shall 
not be required where the interruption of me circuit would 
create a hazard, such a'i in a material-handling magnet circuit 
or fire pump circuit. Short-circuit protection shall be provided. 

Informational Note: See :'\FPA 20-2019, Standard for the 11�</aUa
lion ofStatiollary Pu111ps for Fire Prater/ion. 
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ARTICLE 240 -OVERCURRE:"'T PROTECTI0:"-1 240.5 

(B) Overcurrent Devices Rated 800 Amperes or Less. The 
next higher standard ovcrcurrcm device rating (above the 
ampacity of the conductors being protected) shall be pcrmiucd 
to be used, prmidcd all of the follo"ing conditions arc mel: 

(1) The conductors being protected arc not pan of a branch 
circuit supplying more than one receptacle for cord-and
plug-connected portable load�. 

(2) The ampacity of the conductors docs not correspond with 
the standard ampere rating of a fuse or a circuit breaker 
without overload trip adjustment� above it� rating (but 
that shall be pcrmiucd to have other trip or rating adjust
ments) . 

(3) The next higher standard rating selected docs not exceed 
800 amperes. 

If the ovcrcurrcnt protective dc\-icc is an adjustable trip dc\-i
ccinstallcd in accordance with 240.4(B) (1),  (B) (2), and (B) 
(3), it shall be penniucd to be set to a value that docs not 
exceed the next higher standard '"'due above the ampacity of 
the conductors being protected as shmm in Table 240.6(A) 
where restricted acccs.� in accordance l\ith 240.6(C) is prmi
dcd. 

(C) Overcurrent Devices Rated over 800 Amperes. \\'here the 
ovcrcurrcnt device is rated over 800 amperes, the ampacity of 
the conductors it protect� shall be equal to or greater than the 
rating of the ovcrcurrcm device defined in 240.6. 

(D) Small Conductors. l:nlcs.� specifically permiucd in 
240.4(E) or (G), the ovcrcurrcm protection shall not exceed 
that required by 240.4(D) (I) through (D) (8) after any correc
tion factors for ambicm temperature and number of conduc
tors have been applied. 

(1) 18 AWG Copper. 7 amperes, provided all the follo"ing 
conditions arc met: 

(1)  Continuous loads do not exceed 5.6 amperes. 
(2) Ovcrcurrcm protection is provided by one of the follow

ing: 

a. Branch-circuit-rated circuit breakers listed and 
marked for usc "id1 18 AWG copper conductor 

b. Branch-circuit-rated fuses listed and marked for usc 
with 18 AWG copper conductor 

c. Class CC, Class CF, Classj; or Class T fuses 

(2) 16 AWG Copper. 10 amperes, provided all the following 
conditions arc met: 

(1) \.ontinuous loads do not exceed 8 amperes. 
(2) Ovcrcurrcm protection is prolidcd by one of the follow

ing: 

a. Branch-circuit-rated circuit breakers listed and 
marked for usc wid1 16 AWG copper conductor 

b. Branch-circuit-rated fuses listed and marked for usc 
with 16 AWG copper conductor 

c. Class CC, Class CF, Class], or Class T fuses 

(3) 14 AWG Copper-Clad Aluminum. 10 amperes, provided all 
the following conditions arc met: 

(1) \.ontinuous loads do not exceed 8 amperes 
(2) Ovcrcurrcm protection is prolidcd by one of the follow

ing: 

a. Branch-circuit-rated circuit breakers arc listed and 
marked for usc l\ith 14 AWG copper-clad aluminum 
conductor. 
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b. Branch-circuit-rated fuses arc listed and marked for 
usc with 14 AWG copper-clad aluminum conductor. 

(4) 14 AWG Copper. 15 amperes 

(5) 12 AWG Aluminum and Copper-Clad Aluminum. 15 
amperes 

(6) 12 AWG Copper. 20 amperes 

(7) 10 AWG Aluminum and Copper-Clad Aluminum. 25 
amperes 

(8) 10 AWG Copper. 30 amperes 

(E) Tap Conductors. Tap conductors shall be pcrmiucd to be 
protected against ovcrcurrcm in accordance with the follo"ing: 

(1)  210.19(C) and (D), Household Ranges and \.ooking 
Appliances and Other Load� 

(2) 240.5(B) (2), Fixture Wire 
(3) 240.21, Location in Circuit 
( 4) 368.17 (B), Reduction in Alnpacity Size of Busway 
(5) 368.17(C) ,  Feeder or Branch Circuit� (busway taps) 
(6) 430.53(D), Single Motor Taps 

(F) Transformer Secondary Conductors. Single-phase (other 
than 2-wirc) and multiphasc (other than delta-delta, 3-wirc) 
transfonncr secondary conductors shall not be considered to 
be protected by the primary ovcrcurrcm protective dc\icc. 
\.onductors supplied by the secondary side of a single-phase 
transfonncr having a 2-"irc (single-voltage) secondary, or a 
duce-phasc, delta-delta connected transformer having a 3-wirc 
(singl�voltagc) secondary, shall be permiucd to be protected 
by ovcrcurrcm protection provided on the primary (supply) 
side of the transformer, prmidcd this protection is in accord
ance with 450.3 and docs not exceed the \-aluc determined by 
multiplying the secondary conductor ampacity by the 
secondary-to-primary transformer voltage ratio. 

(G) Overcurrent Protection for Specific Conductor Applica
tions. Ovcrcurrcnt protection for the specific conductors shall 
be pcrmiucd to be provided as referenced in Table 240.4(G). 

(H) Dwelling Unit Service and Feeder Conductors. Dwelling 
unit scrl'icc and feeder conductors shall be pcrmiucd to be 
protected against ovcrcurrcm at the ampacity \-alucs in 310.12. 

240.5 Protection of Flexible Cords, Flexible Cables, and 
Fixture Wares. Flexible cord and flexible cable, including tinsel 
cord and extension cord�, and fixture wires shall be protected 
against ovcrcurrcm by either 240.5(A) or (B). 

(A) Ampacities. Flexible cord and flexible cable shall be 
protected by an ovcrcurrcnt dc\icc in accordance with their 
aillpacity as specified in Table 400.5(A) (1 )  and Table 400.5(A) 
(2) . Fixture \\ire shall be protected against ovcrcurrcm in 
accordance with its ampacity as specified in Table 402.5. 
Supplementary ovcrcurrcm protection, as covered in 240.10, 
shall be pcrmiucd to be an acceptable means for providing this 
protection. 

(B) Branch-Circuit Overcurrent Device. Flexible cord shall be 
protected, where supplied by a branch circuit, in accordance 
with one of dtc mcthocl� described in 240.5(B) ( l  ) ,  (B) (3), or 
(B) (4). Fixture \\ire shall be protected, where supplied by a 
branch circuit, in accordance with 240.5(B) (2). 
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240.5 ARTICLE 240 -OVERCURRE:"'T PROTECfi0:"-1 

Table 240.4(G) Specific Conductor Applications 

Conductor 

Air-conditioning and 
refrigeration 
equipment circuit 
conducLOrs 

C..apacitor circuit 
conductors 

('..omrol and 
instrumentation 
circuit conductOJ'S 
(Type lTC) 

Article 

440, Parts Ill, 
IV, VI 

160 

335 

Section 

460.8(B) and 
160.25 
335.9 

Elecuic welder circuit 
conductors 

630 630.12 and 630.32 

Fire alann system circuit 
conductors 

�lotor-opemted 
appliance circuit 
conductors 

�lotor and motor
conu·ol circuit 
conductors 

Pha.'le com·ener supply 
conductors 

Remote-conu·ol, 
signaling, and power
limited circuit 
conductors 

Secondary tie conductOJ'S 

760 

122, Pan II 

430, Part� II, 
Ill, IV, V, VI, 

VII 
155 

725 

150 

760.43, 760.15, 
760.121, and 

Chapter 9, 
'lables 12(A) 

and 12(B) 

455.7 

724.43, 724.15, 
725.60, and 
Chapter 9, 

'lables 1 1  (A) 
and 1 1  (B) 

450.6 

(I) Supply Cord of Listed Appliance or Luminaire. \\'here 
flexible cord or tinsel cord is approved for and used with a 
specific listed appliance or luminairc, it shall be co.nsidcrcd to 
be protected when applied within dtc appliance or luminairc 
listing requirements. For the purposes of this section, a lumin
airc may be cidtcr ponablc or permanent. 

(2) FIXture Ware. Fixture wire shall be permitted to be tapped 
to dtc branch-circuit conductor of a branch circuit in accord-
ance l\ith the follm\ing: 

. 

(1) 15- or 20-ampcrc circuits - 18 AWG, up to 15 m (50 ft) 
of run lcngd1 

(2) 15- or 20-ampcrc circuits - 16 AWG, up to 30 m (100 ft) 
of run lcngd1 

(3) 20-ampcrc circuits - 14 AWG and larger 
(4) 30-ampcrc circuits - 14 AWG and larger 
(5) 40-ampcrc circuits - 12 AWG and larger 
(6) 50-ampere circuits - 12 AWG and larger 

(3) Extension Cord Sets. Flexible cord used in listed extension 
cord sets shall be considered to be protected when applied 
"ithin the extension cord listing requirements. 

(4) Field Assembled Extension Cord Sets. Flexible cord used 
in extension cord� made with separately listed and installed 
components shall be permitted to be supplied by a branch 
circuit in accordance l\ith the follm\ing: 

20-ampcrc circuits - 16 AWG and larger 
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240.6 Standard Ampere Ratings. 

(A) Fuses and Faxed-Trip Circuit Breakers. The standard 
ampere ratings for fuses and inverse time circuit breakers shall 
be considered a.o; shown in Table 240.6(A) . Additional standard 
ampere ratings for fuses shall be I ,  3, 6, and f>Ol. The usc of 
fuses and inverse time circuit breakers "ith nonstandard 
ampere ratings shall be permitted. 

Table 240.6(A) Standard Ampere Ratings for Fuses and 
Inverse Tune Circuit Breakers 

Standard Ampere Ratings 

10 15 20 2-:> 30 
35 40 45 50 60 
70 80 90 100 1 10 

125 150 175 200 225 
250 300 350 400 450 
500 600 700 800 1000 

1 200 1600 2000 2500 3000 
4000 5000 6000 

(B) Adjustable-Trip Circuit Breakers. The rating of acljustablc
trip circuit breakers having external means for acljusting the 
current setting (long-time pickup setting), not meeting the 
requirements of 240.6(C), shall be the maximum setting pos.o;i
blc. 

(C) Local Restricted Access Adjustable-Trip Circuit Breakers. 
A circuit brcakcr(s) that ha.o; restricted acccs.o; to the acljusting 
means shall be permitted to have an ampere rating(s) that is 
equal to the acljustcd current setting (long-time pickup 
setting) . Restricted acccs.o; shall be achieved by one of the 
follo"ing method-;: 

(1) Located behind removable and scalable covers over the 
adjusting means 

(2) Located behind bolted equipment enclosure doors 
(3) Located behind locked doors acccs.o;iblc only to qualified 

personnel 
(4) Pa.o;.o;word protected, with pa.o;.o;word accessible only to 

qualified personnel 

1nfonnational Note: See NFPA 730, Guide for P"mi"' Suurity, 
and A. '\SI/TIA-50 17, TrlPCD1mnunication.< Phy.<iral Neltoorlt Securily 
Standard, for infonnation reg-drding physical security. 

(D) Remotely Accessible Adjustable-Trip Circuit Breakers. A 
circuit brcakcr(s) that can be adjusted remotely to modifY the 
adjusting means shall be permitted to have an ampere rating(s) 
that is equal to the adjusted current setting (long-time pickup 
setting) . Remote acccs.o; shall be achieved by one of the follow
ing mcthocb;: 

(1) ('.onncctcd dirccdy duough a local nonnctworkcd inter
face. 

(2) Connected through a networked interface compl}'ing 
with one of dtc follo"ing methods: 

a. The circuit breaker and a.o;.o;ociatcd software for adjtto;t
ing the settings arc identified a.o; being cl-aluatcd for 
cvbersccuritv. 

b. A cybcrsccu
.
rity a.o;.o;cs.o;mcnt of the network is comple

ted. Documentation of the a.o;.o;cs.-.mcnt and certifica
tion shall be made available to those authorized to 
inspect, operate, and maintain the system. 
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ARTICLE 240 -OVERCURRE:"'T PROTECTI0:"-1 240.21 

Informational l'ote :'\o. I: See ,\J'I:SI/ISA 62443, CJhersecurity 
Standard.< serie.<, t:L 2900 C)·bersPCuriiJ Staudard sml'!i, or the l'IST 
Framelllork for Improving Critiral llifra�trurtu" CJber.<ecuriiJ, Version 
1 .1  for a.'l.'les.•ment requirement•. 

Informational :'\ote l'o. 2: Examples of the commis.•ioning 
cenification used to demonstrdte the system ha.• heen im>estiga
ted for cybersecurity \'lllnerahilities could he one of the follow
ing: 

(I)  The ISA Security Compliance ln.•titute (ISCI) conformity 
a.'l.'les.•ment program 

(2) C.enification of compliance hy a nationally recognized test 
laboratory 

(3) Manufacturer certification for the specific type and hrand 
of system provided 

Informational l'ote l'o. 3: Cybersecurity i• a specialized field 
requhing constant, \igilant attention to security \'lllnerahilities 
that could arise due to software defects, system configurdtion 
changes, or u.'ler interactions. Installation of de\ices that can he 
secured i• an important first step hut not sufficient to guarantee 
a secure system. 

240.7 Listing Requirements. The following shall he listed: 

(1)  
(2) 

(3) 

Branch-circuit ovcrcurrcnt protective clc'l'iccs 
Relays and circuit breakers providing ground-fault protec
tion of equipment 
Ground-fault circuit interrupter devices 

240.8 Fuses or Circuit Breakers in Parallel. Fuses and circuit 
breakers shall he permitted to be connected in parallel where 
they arc factory a'i.•cmblcd in parallel and listed a• a unit. Incli
'"idual fu.•cs, circuit breakers, or combinations thereof shall not 
othcmisc he connected in parallel. 

240.9 Thermal Devices. Thermal relays and other devices not 
clcsignccl to open short circuits or ground faults shall not be 
u.�d for dtc protection of conductors against ovcrcurrcnt clue 
to short circuit• or ground fault•, but dtc usc of such devices 
shall be permitted to protect motor branch-circuit conductors 
from overload if protected in accordance with 430.40. 

240.10 Supplementary Overcurrent Protection. \\There supple
mentary ovcrcurrent protection is u.�d for luminaires, applian
ces, and odtcr equipment or for internal circuit• and 
component• of equipment, it shall not he· uscd a• a substitute 
for required branch-circuit ovcrcurrent devices or in place of 
the required branch-circuit protection. Supplementary over
current devices shall not he required to he readily acccs.•iblc. 

240.11  Selective Coordination. If one or more feeder ovcrcur
rcnt protective devices arc required to be selectively coordina
ted with a scf'l'icc ovcrcurrcnt protective dc'l'icc by other 
requirement• in this Code, all feeder ovcrcurrcnt protective 
devices supplied directly by the scnicc ovcrcurrcnt protective 
device shall be selectively coordinated with the service ovcrcur
rcnt protective clc'l'icc. 

240.12 Orderly Shutdown. Where an orderly shutdown is 
required to minimize dtc hazard(s) to personnel or equip
ment, a system of coordination ba�d on dtc following two 
conditions shall he permitted: 

(1)  Coordinated short-circuit protection 
(2) Overload indication ba�d on monitoring systems or dc'l'i

ccs 

Informational :'\ote: The monitoring system may cau.'le the 
condition to go to alarm, allm•ing conective action or an 
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orderly shutdmm, thereby minimizing personnel hazard and 
equipment damage. 

240.13 Ground-Fault Protection of Equipment. Ground-fault 
protection of equipment shall he prmidccl in accordance with 
230.95 for solidly grounded wyc electrical system• of more than 
150 volt• to ground but not exceeding 1000 volt• pha�to
pha•c for each incli'l'iclual device used a• a building or structure 
main disconnecting means rated 1000 amperes or more. 

This section shall not apply to the disconnecting means for 
the follo"ing: 

(1)  C-ontinuous industrial proccs.•cs where a nonordcrly shut
down will introduce additional or incrca�d hazard• 

(2) Installations where ground-fault protection is provided by 
other requirement• for services or feeders 

(3) Fire pumps 

240.15 Ungrounded Conductors. 

(A) Overcurrent Device Required. A fu.•c or an ovcrcurrcnt 
trip unit of a circuit breaker shall he connected in series with 
each ungrounded conductor. A combination of a current trans
former and ovcrcurrcnt relay shall be considered equivalent to 
an ovcrcurrcnt trip unit. 

Informational Note: See Pan• Ill, IV, V, and XI of Article 430 for 
motor cjrcuilli. 

(B) Circuit Breaker as Overcurrent Device. Circuit breakers 
shan open all ungrounded conductors of the circuit both 
manually and automatically unlcs.• othcmisc permitted in 
240.15(8) (1) ,  (B)(2), (B) (3), and (8) (4). 

(I) Multiwire Branch Circuits. Individual single-pole circuit 
breakers, "ith identified handle tics, shall he permitted a• the 
protection for each ungrounded conductor of multi"irc 
branch circuit• that serve only singl�pha� lin�to-ncutral 
load•. 

(2) Grounded Single-Phase Alternating-Current Circuits. In 
grounded systems, individual singl�polc circuit breakers rated 
120/240 volt• ac, with identified handle tics, shall be permitted 
a• the protection for each ungrounded conductor for lin�to
linc connected load• for singl�pha� circuit•. 

(3) 3-Phase and 2-Phase Systems. For line-to-line load• in 4-
wirc, 3-pha•c systems or !>-l\irc, 2-pha•c systems, individual 
single-pole circuit breakers rated 120/240 volt• ac with identi
fied handle tics shall be permitted a• the protection for each 
ungrounded conductor, if the systems have a grounded neutral 
point and the voltage to ground docs not exceed 120 volt•. 

(4) 3-WJre Direct-Current Circuits. Indi'l'idual single-pole 
circuit breakers rated 125/250 volt• clc with identified handle 
tics shall he pcnnittcd a• the protection for each ungrounded 
conductor for line-to-line connected loads for 3-\\irc, direct
current circuit• supplied from a system with a grounded 
neutral where the voltage to ground docs not cxccccl 125 volt•. 

240.16 Interrupting Ratings. Branch-circuit ovcrcurrcnt 
protective devices shall have an interrupting rating no lcs.• than 
5000 amperes. 

Part II. Location 

240.21 Location in Circuit. Ovcrcurrcnt protection shall be 
prmiclcd in each ungrounded circuit conductor and shall he 
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located at dtc point where the conductors receive dtcir supply 
except ao; specified in 240.21 (A) through (H). Conductors 
supplied under 240.21 (A) duough (H) shall not supply 
anomer conductor except dlrough an ovcrcurrcnt protective 
device meeting the requirements of 240.4. 

(A) Branch-Circuit Conductors. Branch-circuit tap conductors 
meeting the requirements specified in 210.19 shall he permit
ted to have ovcrcurrcnt protection ao; specified in 210.20. 

(B) Feeder Taps. \..onductors shall he pcnnittcd to he tapped, 
"idlout ovcrcurrcnt protection at the tap, to a feeder ao; speci
fied in 240.21 (8) ( 1 )  through (8) (5). The tap shall be permit
ted at any point on the load side of dlc feeder ovcrcurrcnt 
protective device. Section 240.4(8) shall not be permitted for 
tap conductors. 

(I) Taps Not over 3 m  (10 ft) Long. If the lcngd1 of dlc tap 
conductors docs not exceed 3 m  (10 ft) and the tap conductors 
comply with all of the following: 

(1) The ampacity of dlc tap conductors is ao; follows: 

a. Not less than dtc combined calculated load-; on dlc 
circuits supplied by dlc tap conductors 

b. 1'\ot lcs.o; dtan the rating of dlc equipment containing 
an ovcrcurrcnt dcl-icc(s) supplied by the tap conduc
tors or not lcs.o; man dtc rating of dtc ovcrcurrcnt 
protective device at the termination of dlc tap 
conductors 

Exception to b: WhelP listed equipment, such as a !iU1gr'-JIIvtective 
deviu(�) [SPD(s)], i� provided with .�pecific instmctions on mini
mum cmultu:tor .�izing, the ampacit_l' of the tap conductors .ruptJ�V
ing that equipment shall be Jmmitted to be dete1mi1v.d based on tile 
manufacturer:� i1utmctions. 

(2) The tap conductors do not extend heyond the S\'itch� 
board, switchgear, panelboard, disconnecting means, or 
control dc\iccs dlcy supply. 

(3) Except at the point of connection to the feeder, the tap 
conductors arc enclosed in a raccwav, which extends from 
the tap to the enclosure of an c'nclosed tn\itchboard, 
Sl\itchgcar, a panelboard, or control dniccs, or to dlc 
back of an open S\'itchboard. 

(4) For field installations, if the tap conductors leave dlc 
enclosure or vault in which dtc tap is made, the ampacity 
of the tap conductors is not lcs.<l than onc-tcnd1 of dlc 
rating of dlc ovcrcurrcnt dnicc protecting dlc feeder 
conductors. 

Informational :'\ote: See 408.36 for overcurrent protection 
requiremenL• for panelhoards. 

(2) Taps Not over 7.5 m (25 ft) Long. \\'here the lcngd1 of dlc 
tap conductors docs not exceed 7.5 m (25 ft) and the tap 
conductors comply with all the following: 

(1) The ampacity of the tap conductors is not lcs.o; man one
third of dlc rating of dtc ovcrcurrcnt del-icc protecting 
the feeder conductors. 

(2) The tap conductors tcnninatc in a single circuit breaker 
or a single set of ftLo;cs that limit the load to dtc ampacity 
of dtc tap conductors. This dc,icc shall he permitted to 
supply any numher of additional ovcrcurrcnt devices on 
ito; load side. 

(3) The tap conductors arc protected from physical damage 
by heing enclosed in an approved raceway or by other 
approved means. 
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(3) Taps Supplying a Transformer [Primary Plus Secondary 
Not over 7.5 m (25 ft) Long). Where the tap conductors supply 
a transformer and comply with all the follo"ing conditions: 

( 1)  The conductors supplying the primary of a transformer 
have an ampacity at lcao;t onc-dlird dlc rating of dtc over
current device protecting dlc feeder conductors. 

(2) The conductors supplied by dtc secondary of dlc trans
former shall have an ampacity that is not Jcs.o; man dlc 
value of dlc primary-to-secondary voltage ratio multiplied 
by one-third of the rating of dlc ovcrcurrcnt dc,icc 
protecting dlc feeder conductors. 

(3) The total length of one primary plus one secondary 
conductor, excluding any portion of the primary conduc
tor dlat is protected at ito; ampacity, is not over 7.5 m 
(25 ft).  

(4) The primary and secondary conductors arc protected 
from physical damage by heing enclosed in an approved 
raceway or by oilier approved means. 

(5) The secondary conductors terminate in a single circuit 
breaker or set of flLo;cs that limit the load current to not 
more man the con<:\uctor ampacity dtat is permitted by 
31Q1� 

. 

(4) Taps over 7.5 m (25 ft) Long. Where dtc feeder is in a 
high bay manufacturing building over 1 1  m (35 ft) high at walls 
and dlc install�tion complies "idl all the following conditions: 

( 1)  Conditions of maintenance and supervision ensure that 
onlv qualified persons senicc the systems. 

(2) Ttl� tap conductors arc not over 7.5 m (25 ft) long hori
zontally and not over 30 m (100 ft) total length. 

(3) The ampacity of the tap conductors is not lcs.o; man one
third dlc rating of dlc ovcrcurrcnt device protecting dlc 
feeder conductors. 

(4) The tap conductors terminate at a single circuit breaker 
or a single set of ftLo;cs that limit the load to dtc ampacity 
of dlc tap conductors. This single ovcrcurrcnt dc\icc shall 
be permitted to supply any number of additional ovcrcur
rcnt devices on ito; load side. 

(5) The tap conductors arc protected from physical damage 
by heing enclosed in an approved raceway or by other 
approved means. 

(6) The tap conductors arc continuotLo; from end-to-end and 
contain no splices. 

(7) The tap conductors arc sized 6 AWG copper or 4 AWG 
aluminum or larger. 

(8) The tap conductors do not penetrate walls, floors, or ceil-
ings. 

(9) The tap is made no lcs.o; man 9 m (30 ft) from the floor. 

(5) Outside Taps of Unlimited Lengdl. \\'bcrc dtc conductors 
arc located outo;idc of a building or structure, except at dlc 
point of load termination, and comply "ith all of the follo"ing 
conditions: 

(1) The tap conductors arc protected from physical damage 
in an approved manner. 

(2) The tap conductors terminate at a single circuit breaker 
or a single set of fuses that limit-; the load to dlc ampacity 
of dlc tap conductors. This single ovcrcurrcnt dc\icc shall 
be permitted to supply any number of additional ovcrcur
rcnt devices on ito; load side. 

(3) The ovcrcurrcnt device for the tap conductors is an inte
gral part of a disconnecting means or shall he located 
immediately adjacent thereto. 
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(4) The disconnecting means for the tap conductors is 
installed at a readily acccs.o;iblc location compl}'ing wilh 
one of the follo"ing: 

a. Outo;idc of a building or structure 
b. Inside, nearest the poim of entrance of lhc lap 

conductors 
c. \\'here installed in accordance with 230.6, nearest lhc 

poim of cmrancc of the lap conductors 

(C) Transformer Secondary Conductors. A set of conductors 
feeding a single load, or each set of conductors feeding sepa
rate load-;, shall be permiucd to be connected to a transformer 
secondary, without ovcrcurrcm protection at lhc secondary, as 
specified in 240.21 (C) (1)  through (C) (6). Section 240.4(8) 
shall not be pcrmiucd for transformer secondary conductors. 

Informational l'ote: See 450.3 for overcurrent protection 
requiremenL• for trdnsfmmers. 

(I) Protection by Primary Overcurrent Device. Conductors 
supplied by the secondary side of a single-phase transformer 
having a 2-"irc (single-voltage) secondary, or a ducc-phasc, 
delta-delta connected transformer having a 3-wirc (single
voltage) secondary, shall be pcrmiucd to be protected by ovcr
currcm protection prmidcd on dtc primary (supply) side of 
the transformer, prmidcd lhis protection is in accordance wilh 
450.3 and docs not exceed the value determined by multipl}'ing 
the secondary conductor ampacity by lhc secondary-to-primary 
transfonncr voltage ratio. 

Single-phase (other than 2-wirc) and multiphasc (other than 
delta-delta, 3-wirc) transformer secondary conductors arc not 
considered to be protected by the primary ovcrcurrcm protec
tive device. 

(2) Transformer Secondary Conductors Not over 3 m  (10 ft) 
Long. If the lcngdt of secondary conductor docs not exceed 
3 m ( 10 ft) and complies with all of lhc following: 

( 1)  The ampacity of lhc secondary conductors is as foliov.os: 

a. Not less than dtc combined calculated load-; on lhc 
circuit-; supplied by lhc secondary conductors 

b. 1'\ot lcs.o; dtan the rating of lhc equipment containing 
an ovcrcurrcm dc,icc(s) supplied by dtc secondary 
conductors or not less lh;o�n lh<!c rating of lhc ovcrcur
rcnt protective dc\icc at dte.tcrmination of the secon
dary conductors 

Exception: Men• listed equipment, such as a surge Jnvtective 
deviu(�) [SPD(s)], i� provided with .�pecific instmctions on mini
mum comluctor .�izing, the ampacit_l' of the tap conductors suptJ�V
ing that equipment shall be Jmmitted to be dete1mi1v.d based on the 
manufacturer:� i1utmctions. 

(2) The secondary conductors do not extend beyond lhc 
switchboard, switchgear, panelboard, disconnecting 
means, or control de, ices they supply. 

(3) The secondary conductors arc enclosed in a raceway, 
which shall extend from the transfonncr to dtc enclosure 
of an enclosed switchboard, S\'itchgcar, a panel board, or 
comrol dc\iccs or to dtc back of an open S\'itchboard. 

(4) For field installations where the secondary conductors 
leave dtc enclosure or vault in which lhc supply connec
tion is made, the secondary conductors shall have an 
ampacity that is not less than dtc value of the primary-to
secondary voltage ratio multiplied by onc-tcmh of lhc 
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rating of lhc ovcrcurrcnt device protecting the primary of 
the transformer. 

Informational :'\ote: See 408.36 for overcunent protection 
requiremenL• for panelhoards. 

(3) Industrial Installation Secondary Conductors Not over 
7.5 m (25 ft) Long. For the supply of switchgear or S\'itch
boarclo; in indlL'itrial installations only, where dtc length of lhc 
secondarv conductors docs not exceed 7.5 m (25 ft) and 
complics

.
l\ith all of the follm\ing: 

( 1 )  Conditions of maimcnancc and supcnision ensure that 
only qualified persons senicc the systems. 

(2) The ampacity of lhc secondary conductors is not less than 
the secondary current rating of the transformer, and lhc 
sum of dtc ratings of lhc ovcrcurrcnt dc\iccs docs not 
exceed lhc ampacity of the secondary conductors. 

(3) AJI ovcrcurrcnt dcliccs arc grouped. 
(4) The secondary conductors arc protected from physical 

damage by being enclosed in an approved raceway or by 
other approved m¢ans. 

(4) Outside Secondary Conductors. \\'bcrc lhc conductors arc 
located outo;idc of a building or structure, except at lhc poim 
of load termination, and comply with all of the following concli
tions: 

( 1 )  The ·conductors arc protected from physical damage in 
a.n approved manner. 

(2) ·. The conductors terminate at a single circuit breaker or a 
!lingle set of fno;cs that limit the load to lhc ampacity of 
the conductors. This single ovcrcurrcnt dclicc shall be 
pcrmiucd to supply any number of additional ovcrcur
rcm de\ ices on ito; load side. 

(3) The ovcrcurrcnt dc'l-icc for dtc conductors is an imcgral 
pan of a disconnecting means or shall be located immedi
ately acljaccnt thcrcto. 

(4) The disconnecting means for lhc conductors is installed 
at a readily acccs.'iiblc location compl}ing l\ith one of lhc 
following: 

a. Outo;idc of a building or structure 
b. Inside, nearest the point of cmrancc of lhc conduc

tors 
c. \\-bcrc installed in accordance l\ith 230.6, nearest lhc 

poim of cmrancc of the conductors 

(5) Secondary Conductors from a Feeder Tapped Trans
former. Transformer secondary conductors installed in accord
ance l\ith 240.21 (B) (3) shall be pcrmiucd to have ovcrcurrcm 
protection as specified in that section. 

(6) Secondary Conductors Not over 7.5 m (25 ft) Long. 
\\'bcrc the lcngd1 of secondary conductor docs not exceed 
7.5 m (25 ft) and complies v.ith all of lhc follov.ing: 

(1)  The secondary conductors shall have an ampacity that is 
not lcs.o; than the value of lhc primary-to-secondary volt
age ratio multiplied by one-third of the rating of the over
current de\ icc protecting lhc primary of the transformer. 

(2) The secondary conductors terminate in a single circuit 
breaker or set of fno;cs that limit the load current to not 
more lhan the conductor ampacity dtat is pcrmiucd by 
310.14. 

(3) The secondary conductors arc protected from physical 
damage by being enclosed in an approved raceway or by 
other approved means. 
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(D) Service Conductors. Service conductors shall he permit
ted to he protected by ovcrcurrcm devices in accordance with 
230.91.  

(E) Busway Taps. Busways and busway taps shall be permitted 
to be protected against ovcrcurrcm in accordance with 368.17. 

(F) Motor Circuit Taps. �Iotor-fccdcr and branch-circuit 
conductors shall be permitted to be protected against ovcrcur
rcm in accordance "idt 430.28 and 430.53, respectively. 

(G) Conductors from Generator Terminals. Conductors from 
generator terminals dtat meet the size rcquircmcm in 445.13 
shall he permitted to he protected against overload by the 
generator overload protective dc'l'icc(s) required by 445.12. 

(H) Battery Conductors. Ovcrcurrcm protection shall he 
permitted to he installed ao; dose ao; practicable to the storage 
battery tcnninals in an unda"l.o;ificd location. Installation of the 
ovcrcurrcnt protection within a hazardous (dao;sificcl) location 
shall also be permitted. 

240.22 Grounded Conductor. 1'\o ovcrcurrcm clc'l'icc shall be 
connected in series with any conductor dtat is imcntionally 
grounded, unless one of the following two conditions is met: 

( 1)  The ovcrcurrcm dc'l'icc opens all conductors of the 
circuit, inducting the grounded conductor, and is 
clesignccl so that no pole can operate indcpendcndy. 

(2) Where required by 430.36 or 430.37 for motor overload 
protection. 

240.24 Location in or on Premises. 

(A) Accessibility. Circuit breakers and S\'itchcs contammg 
fuses shall be readily accessible and installed so that dtc ccmcr 
of the grip of the operating handle of the switch or circuit 
breaker, when in ito; highest position, is not more dtan 2.0 m 
(6 ft 7 in.) above the floor or working platform, unless one of 
the follo"ing applies: 

(1)  For busways, ao; prmidcd in 368.1 7(C). 
(2) For supplementary ovcrcurrcm protection, a'l described 

in 240. 10. 
(3) For ovcrcurrcm protective dc'l'iccs, ao; described in 225.40 

and 230.92. 
(4) For ovcrcurrcm protective dc'l'iccs arljaccm to utilization 

cquipmcm dtat they supply, access shall be pcnniucd to 
be by portable means. 

Exception: The use of a tool slmU be fnmnitted to acce.•1s overcummt 
pmttctive devius located within listtd industrial control pantlf, within 
roclo.mlf!S de.�igntd for hazardous ( rla.fsijitd) locations or mc/nsw"t's to 
prottct against tmvimmnental conditions. An rocln.�UI"I' within tht scope 
of thif 1'-XCtfJtitm, and aU ovm:unmt Jnvtective droice(s) within such 
roclo.mlf!S as judged with the roclo.mlf! open, slmU comp{l· with the 
acce.uibilit_l' pmvifitms of 240.24(A). 

(B) Occupancy. Each occupam shall have ready access to all 
ovcrcurrcnt devices protecting the conductors supplying that 
occupancy, unless otherwise permitted in 240.24(8) (1)  and 
(B) (2). 

(I) Service and Feeder Overcurrent Protective Devices. 
\\'here electric service and electrical maimcnancc arc provided 
by the building management and where these arc under 
continuous building management supervision, the service over
current protective devices and feeder ovcrcurrcnt protective 
devices suppl}ing more than one occupancy shall be permitted 
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to he acccs.o;iblc only to authorized management personnel in 
the follo"ing: 

(1)  �Iultiplc-occupancy buildings 
(2) Guest roomo; or guest suites 

(2) Branch-Circuit Overcurrent Protective Devices. \\'bcrc 
electric service and electrical maintenance arc provided by the 
building management and where dtesc arc under cominuous 
building management supcnision, the branch-circuit ovcrcur
rcnt protective devices supplying any guest rooms, guest suites, 
or sleeping roomo; in dormitory unito; without pcrmancm prmi
sions for cooking shall be permitted to be acccs.o;iblc only to 
authorized management personnel. 

(C) Not Exposed to Physical Damage. Ovcrcurrcnt protective 
devices shall he located where they will not be exposed to physi
cal damage. 

Informational Note: See I I  0. 1 1  for information on deteliorat
ing agenL• that could cause physical damage. 

(D) Not in Vicinity of Easily lgnitible Material. Ovcrcurrcm 
protective devices shall no( t>e located in the 'l'icinity of cao;ily 
ignitiblc material, such, as in clothes doscto;. 

(E) Not Located in Bathrooms. Ovcrcurrcnt protective dc'l'i
ccs, other dtan supplementary ovcrcurrcnt protection, shall 
not be located in · baduooms, showering facilities, or locker 
rooms with. showering facilities. 

(F) Nof Located over Steps. Ovcrcurrcm protective devices 
shall not he located over steps of a stain\-ay. 

Part Ill. Enclosures 

240.30 General. 

(A) Protection from Physical Damage. Ovcrcurrcm devices 
shall be protected from physical damage by one of the follow
ing: 

(1)  Installation in enclosures, cabinet-;, cutout boxes, or 
cquipmcm a"l.o;cmblics 

(2) Mounting on open-type switchboards, panelboardo;, or 
comrol boarclo; that arc in rooms or enclosures free from 
clampncs.o; and cao;ily ignitiblc material and arc acccs.o;iblc 
only to qualified personnel 

(B) Operating Handle. The operating handle of a circuit 
breaker shall he permiuccl to be acccs.o;iblc "ithout opening a 
door or cover. 

240.32 Damp or Wet Locations. Enclosures for ovcrcurrcm 
devices in damp or wet locations shall comply with 312.2. 

240.33 Vertical Position. Enclosures for ovcrcurrcnt devices 
shall be mounted in a vertical position. Circuit breaker enclo
sures shall be permitted to be installed horizontally where the 
circuit breaker is installed in accordance "ith 240.81.  Listed 
btLo;way plug-in unit-; shall be permitted to be mounted in orien
tations corresponding to the btLw.oay mounting position. 

Part IV. Disconnecting and Guarding 

240.40 Disconnecting Means for Fuses. C..artridgc ftLo;cs in 
circuits of any voltage, and all ftLo;cs in circuit-; over ]50 volt-; to 
ground, shall he prmidccl with a disconnecting means on their 
supply side so that each circuit containing fuses can he inclc-
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pendently disconnected from the source of power. A cable 
limiter l\ithout a disconnecting means shall be permitted on 
the supply side of tltc senicc disconnecting means as permitted 
by 230.82. A single disconnecting means shall be permitted on 
the supply side of more than one set of fuses as permitted by 
430.1 12, Exception, for group operation of motors, 424.22(C) 
for fixed electric space-heating equipment, and 425.22(C) for 
fixed resistance and electrode industrial process heating cquip
mcm, or where specifically permitted elsewhere in litis Code. 

240.41 Arcing or Suddenly Moving Parts. Arcing or suddenly 
moving parts shall comply l\ith 240.41 (A) and (B). 

(A) Location. Fuses and circuit breakers shall be located or 
shielded so that persons "ill not be burned or otltcrwisc 
injured by their operation. 

(B) Suddenly Moving Parts. Handles or levers of circuit break
ers, and similar parto; that may move suddenly in such a way 
that persons in tltc vicinity arc likely to be injured by being 
struck by them, shall be guarded or isolated. 

Part V. Plug Fuses, Fuseholders, and Adapters 

240.50 General. 

(A) Maximum Voltage. Plug fuses shall be permitted to be 
used in the following circuito;: 

(1)  Circuit" not exceeding 125 volto; between conductors 
(2) Circuit" supplied by a system having a grounded neutral 

poim where the line-to-neutral voltage docs not exceed 
150 volto; 

(B) Marking. Each fuse, fuseholdcr, and adapter shall be 
marked with ito; ampere rating. 

(C) Hexagonal Configuration. Plug fuses of 1:>-ampcre and 
lower rating shall be identified by a hexagonal configuration of 
the "indow, cap, or otltcr prominent part to distinguish them 
from fuses of higher ampere ratings. 

(D) No Energized Parts. Plug fuses, fuseholdcrs, and adapters 
shall have no exposed energized parto; after fuses or fuses and 
adapters have been installed. 

(E) Screw SheD. The screw shell of a plug-type fuscholdcr shall 
be connected to the load side of tl1e circuit. 

240.51 Edison-Base Fuses. 

(A) Classification. Plug fuses of the Edison-base type shall be 
classified at not over 125 volto; and 30 amperes and below. 

(B) Replacement Only. Plug fuses of the Edison-base type shall 
be used only for rcplaccmcnto; in existing installations where 
there is no c'idcncc of ovcrfusing or tampering. 

240.52 Edison-Base Fuseholders. Fuscholdcrs of the Edison
base type shall be installed only where they arc made to accept 
Type S fuses by the usc of adapters. 

240.53 Type S Fuses. Type S fuses shall be of the plug type and 
shall comply "itl1 240.53(A) and (B). 

(A) Classification. Type S fuses shall be classified at not over 
125 volto; and 0 to 15 amperes, 16 to 20 amperes, and 21 to 
30 ampercs. 

(B) Noninterchangeable. Type S fuses of an ampere classifica
tion as specified in 240.53(A) shall not be imcrchangcablc with 
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a lower ampere clao;sification. They shall be designed so that 
they cannot be used in any fuseholdcr other than a T}'pc S fuse
holder or a fuseholdcr l\ith a Type S adapter inserted. 

240.54 Type S Fuses, Adapters, and Fuseholders. 

(A) To Fit Edison-Base Fuseholders. Type S adapters shall fit 
Edison-bao;c fu.o;choldcrs. 

(B) To Fit Type S Fuses Only. Type S fuscholdcrs and adapters 
shall be designed so that either the fuscholdcr ito;elf or the fuse
holder "ith a Type S adapter inserted cannot be used for any 
fuse other than a Type S fuse. 

(C) Nonremovable. Type S adapters shall be designed so that 
once inserted in a fuse holder, they cannot be removed. 

(D) Nontamperable. Type S fu.o;cs, fuscholdcrs, and adapters 
shall be designed so tltat tampering or shunting (bridging) 
would be difficult. 

(E) Interchangeability. Dimensions of Type S fuses, fusehold
crs, and adapters shall be standardized to permit imcrchangca
bilil)' rcgardlcs.o; of the �"Jnufacturer. 

Part VI. Carlridge Fuses and Fuseholders 

240.60 General. 

(A) Maximum Voltage - 300-Volt Type. C-artridge fuses and 
fuscholdcrs of the 300-volt l)pc shall be permitted to be used in 
the follo"ing circuito;: 

(1 )  Circuit" not exceeding 300 volto; between conductors 
(2) Singlc-phao;c line-to-neutral circuit" supplied from a 

3-phao;c, 4-wirc, solidly grounded neutral source where 
the line-to-neutral voltage docs not exceed 300 volto; 

(B) Noninterchangeable - 0-6000-Ampere Cartridge Fuse
holders. Fuscholdcrs shall be designed so that it \\ill be diffi
cult to put a fu.o;c of any given clao;s imo a fuscholdcr that is 
designed for a currcm lowcr, or voltage higher, titan that of the 
clao;s to which the fu.o;c belongs. Fuscholdcrs for current
limiting fu.o;cs shall not permit insertion of fuses that arc not 
current-limiting. 

(C) Marking. Fu.o;cs shall be plainly marked, either by printing 
on tltc fu.o;c barrel or by a label attached to the barrel sho"ing 
the follo"ing: 

(1)  Ampere rating 
(2) Voltage rating 
(3) Interrupting rating where otltcr than 10,000 amperes 
(4) Currcm limiting where applicable 
(5) The name or trademark of the manufacturer 

The imcrrupting rating shall not be required to be marked 
on fuses used for supplementary protection. 

(D) Renewable Fuses. Cia"" H cartridge fu.o;cs of the renewable 
t}pc shall be permitted to be used only for rcplaccmcm in 
existing installations where there is no c\'idcncc of ovcrfusing 
or tampering. 

(E) Fuse Reducers. Fuse reducers shall be listed. 

240.61 Classification. C-artridge fu.o;cs and fu.o;choldcrs shall be 
cla'l.o;ificd according to voltage and amperage ranges. Fuses 
rated 1000 volto;, nominal, or Jcs.o; shall be permitted to be used 
for voltages at or below their ratings. 
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240.67 Arc Energy Reduction. Where fuses rated 1200 
amperes or higher arc installed, 240.67(A) , (B) , and (C) shall 
apply. 

(A) Documentation. Documentation shall be available to dtose 
authorized to design, install, operate, or inspect me installation 
a'i to the location of me fuses. 

Documentation shall also be prmidcd to demonstrate that 
the mcdtod chosen to reduce dearing time is set to operate at 
a value below the available arcing current. 

(B) Method to Reduce Clearing Time. A fuse shall have a 
dearing time of 0.07 second" or lcs.'i at dtc available arcing 
current, or one of me following means shall be provided and 
shall be set to operate at lcs.'i man the a\-ailablc arcing current: 
(1)  Differential relaying 
(2) Energy-reducing maintenance switching wid1 local status 

indicator 
(3) Energy-reducing active arc-fla'ih mitigation system 
(4) Current-limiting, electronically actuated fuses 
(5) An approved equivalent means 

Informational :'\ote No. 1: An enefiD�reducing maintenance 
s"itch allows a worker to set a di'iConnect S\\itch to reduce the 
dearing time while the worker i• working \\ithin an arc-Ha•h 
boundary a• defined in NfP.4 70B·202l, Standard for Electrical 
Safrly in tile Workplace, and then to set the di•connect S\\itch back 
to a normal setting after the potentially ha1.ardous work i• 
complete. 

Informational Note :'\o. 2: An enefiD�reducing actin' arc-Ha•h 
mitigation system helps in reducing arcing duration in the elec
uical distribution system. No change in the disconnect S\\itch or 
the seuings of other de\"ices i• required during maintenance 
when a worker is working \\ithin an arc-Ha•h boundary a• 
defined in NfPA 70B·202l, Standard for Ekctrical Safety in tlv Work
place. 

Informational l'ote :'\o. 3: IEEE 1584-2018, IEEE Guide fM 
Pl'rfonning .4« f7ash HllZilrri C.alculalion.<, pm,ides guidance in 
determining arcing cun-ent. 

(C) Performance Testing. The arc energy reduction protec
tion system shall be performance tested by primary currcm 
injection testing or another approved mcdlod when first instal
led on site. This testing shall be cmtducted by a qualified 
pcrson(s) in accordance widl thc manufacturer's instructions. 

A "Tillcn record of dtis testing sh�ll be made and shall be 
available to dtc authority having jurisdiction. 

Informational Note: Some energy reduction protection systems 
cannot be tested u.•ing a test proces.• of primary current it�jec
tion due to either the protection method being damaged such 
a• \\ith the u.w of f•�•e technology or becau.w current is not the 
primary method of arc detection. 

Part VD. Circuit Breakers 

240.80 Method of Operation. Circuit breakers shall be trip 
free and capable of being dosed and opened by manual opera
tion. Their normal mcdtod of operation by other man manual 
means, such a'i electrical or pneumatic, shall be pcnniucd if 
means for manual operation arc also provided. 

240.81 Indicating. Circuit breakers shall dearly indicate 
whether dtcy arc in the open Moll" or dosed Kon" position. 
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Where circuit breaker handles arc operated vertically rather 
than rotationally or horizontally, the Kup" position of me 
handle shall be me Kon" position. 

240.82 Nontamperable. A circuit breaker shall be of such 
design mat any alteration of its trip point (calibration) or me 
time required for it'i operation requires dismanding of me 
device or breaking of a seal for oilier than intended adjust
mcnt'i. 

240.83 Marking. 

(A) Durable and VISible. Circuit breakers shall be marked widl 
their ampere rating in a manner dtat will be durable and visible 
after installation. Such marking shall be pcnniucd to be made 
\-isiblc by rcmmal of a trim or cover. 

(B) Location. Circuit breakers rated at 100 amperes or lcs.'i 
and I 000 volt'i or lcs.'i shall have the ampere rating molded, 
stamped, etched, or similarly marked into their handles or 
escutcheon arca'i. 

(C) Interrupting Rating. Every circuit breaker having an inter
rupting rating oilier man 5000 amperes shall have it'i interrupt
ing rating shown on me circuit breaker. The interrupting 
rating shall not be required to be marked on circuit breakers 
used for supplementary protection. 

(D) Used as Switches. Circuit breakers used a'i switches in 
120-volt and 277-volt fluorescent lighting circuit'i shall be listed 
and shall be marked S\\'D or HID. Circuit breakers used a'i 
slvitches in high-intensity discharge lighting circuit'i shall be 
listed and shall be marked a'i HID. 

(E) Voltage Marking. Circuit breakers shall be marked lvidl a 
voltage rating not lcs.'i than dtc nominal system voltage that is 
indicative of their capability to interrupt fault currcnt'i between 
pha'ics or pha'iC to ground. 

240.85 App6cations. A circuit breaker lvidt a straight voltage 
rating, such a'i 240V or 480V, shall be permitted to be applied 
in a circuit in which the nominal voltage between any two 
conductors docs not exceed dtc circuit breaker's voltage rating. 
A two-pole circuit breaker shall not be used for protecting a 
3-pha'ic, corner-grounded delta circuit unlcs.'i me circuit 
breaker is markcd l<!>-3<!> to indicate such suitability. 

A circuit breaker widl a sla'ih rating, such a'i 120/240V or 
480Y/277V, shall be permitted to be applied in a solidly groun
ded circuit where the nominal voltage of any conductor to 
ground docs not exceed the lower of me two values of me 
circuit breaker's voltage rating and the nominal voltage 
between any two conductors docs not exceed me higher \-aluc 
of me circuit breaker's voltage rating. 

Informational l'ote: Proper application of molded caw circuit 
breakers on 3-phaw systems, other than solidly grounded wye, 
particularly on comer grounded delta systems, con.•iders the 
circuit breakers· indhidual pole-intenupting capability. 

240.86 Series Ratings. \\"bcrc a circuit breaker is u.'iCd on a 
circuit ha\-ing an a\-ailablc fault current higher man me 
marked interrupting rating by being connected on the load 
side of an approved ovcrcurrcnt protective device having a 
higher rating, dtc circuit breaker shall meet me requirement" 
specified in 240.86(A) or (B), and (C). 

(A) Selected Under Engineering Supervision in Existing Instal
lations. The series rated combination devices shall be selected 
by a licensed profcs.'iional engineer engaged primarily in me 
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design or maintenance of electrical installations. The selection 
shall he documented and stamped by the profcs.�ional engi
neer. This documentation shall he available to those authorized 
to design, install, inspect, maintain, and operate the system. 
This series combination rating, including identification of the 
upstream dc'l'icc, shall he field marked on the end usc equip
ment. 

For calculated applications, the engineer shall ensure that 
the dmmstrcam circuit brcakcr(s) dtat arc part of the series 
combination remain pa. ... �ivc during the interruption period of 
the line side fully rated, current-limiting device. 

Informational Note: See 1 10.22 for marking of series combina
tion system�. 

(B) Tested Combinations. The combination of line-side over
current device and load-side circuit brcakcr(s) is tested and 
marked on the end usc equipment, such a.� switchboards and 
panel boards. 

Informational Note: See 1 10.22 for marking of series combina
tion system�. 

(C) Motor Contribution. Series ratings shall not be used in the 
following situations: 

(1) Where motor circuits arc connected hetwccn the higher
rated ovcrcurrcnt dc\icc of a series-rated combination 
and on the lower-rated circuit breaker 

(2) \\'here the sum of these motor full-load currents exceed� 
1 percent of the interrupting rating of the lower-rated 
circuit breaker 

240.87 Arc Energy Reduction. Where the highest continuous 
current trip setting for which dtc actual ovcrcurrcnt dc,icc 
installed in a circuit breaker is rated or can he adjusted is 1 200 
amperes or higher, 240.87(A) , (B), and (C) shall apply. 

(A) Documentation. Documentation shall he available to dtosc 
authorized to design, install, operate, or inspect the installation 
a.� to dtc location of the circuit brcakcr(s) . Documentation 
shall also be prmidcd to demonstrate that the method chosen 
to reduce clearing time is set to operate at a value below the 
available arcing current. 

(B) Method to Reduce Clearing Time • .  One of dtc follo"ing 
means shall he provided and shall be sct to operate at lcs.� than 
the available arcing current: 

( 1)  Zone-selective interlocking ·· 
(2) Differential relaying 
(3) Energy-reducing maintenance switching "id1 local status 

indicator 
(4) Energy-reducing active arc fla.�h mitigation system 
(5) An instantaneous trip setting. Temporary adjustment of 

the instantaneous trip setting to achieve arc energy reduc
tion shall not be permitted. 

(6) An instantaneous override 
(7) An approved equivalent means 

Informational :'\ote No. I :  An energ}�reducing maintenance 
s\\itch allows a worker to set a circuit breaker trip unit to "no 
intentional delay" to reduce the clearing time while the worker 
is working \\ithin an arc-fla.�h boundary a.� defined in 
NFP.4 70f.:2021, Standard for E/PC/riral SafoiJ in 1/v Womplace, and 
then to set the trip unit back to a nonnal setting after the poten
tially ha1.ardous work i� complete. 

Informational Note :'\o. 2: An energ}�reducing actin' arc-Ha.�h 
mitig-dtion system helps in reducing arcing duration in the elec-
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uical disuibution system. l'o change in the circuit breaker or 
the seuings of other de>ices i� required during maintenance 
when a worker is working \\ithin an arc-Ha.�h boundary a.� 
defined in NfPA 70B·202l ,  Standard for Ekctrical Safe/)" in 1/v Work· 
place. 

Informational Note No. 3: An ht.�tantaneou.� uip i� a function 
that cau.�s a circuit breaker to trip \\ith no intentional delay 
when currenL� exceed the instantaneou.� uip setting or current 
level. If arcing cunenl� are above the in�tantaneou.� uip level, 
the circuit breaker \\ill trip in the minimum pos.�ible time. 

Informational l'ote l'o. 4: See IEEE 1584-2018, /Efl-: Guide for 
Pl'rjorming A�r Ha.•h Hazard l.alrulations, for guidance in deter
mining arcing current. 

(C) Performance Testing. The arc energy reduction protec
tion system shall he performance tested by primary current 
injection testing or another approved method when first instal
led on site. This testing shall be conducted by a qualified 
pcrson(s) in accordance with the manufacturer's instructions. 

A "Tittcn record of this testing shall be made and shall he 
a\'ailablc to dtc authority ha\ingjurisdiction. 

Informational Note: Some energy reduction protection system� 
cannot be tested· u.'ii1g a test proces.� of primary current it�jec
tion due to. either the protection method being damaged such 
a.� \\ith the U.� of ft��e technology or becau.� CUITent is not the 
primary. method of arc detection. 

240.89 Replacement Trip Units. Replacement trip unit� shall 
be listed for usc with the circuit breaker type in which it is 
installed. 

Informational l'ote: The replacement trip unit can be a listed 
unit identical to the original or a different trip unit listed for u.�e 
,,;th the specific circuit breaker. 

Part Vlll. Supervised Industrial Installations 

240.90 General. Ovcrcurrcnt protection in area.� of supernscd 
industrial installations shall comply \\ith all of the other appli
cable prmisions of this article, except a.� prmidcd in Part \111. 
Part \111 shall be permitted to apply only to those portions of 
the electrical system in the supervised industrial installation 
used exclusively for manufacturing or process control activities. 

240.91 Protection of Conductors. Conductors shall he protec
ted in accordance with 240.91 (A) or 240.91 (8). 

(A) General. Conductors shall be protected in accordance 
with 240.4. 

(B) Dmces Rated Over 800 Amperes. Where the ovcrcurrcnt 
dc\icc is rated over 800 amperes, the ampacity of the conduc
tors it protect� shall he equal to or greater than 95 percent of 
the rating of the ovcrcurrcnt dc,icc in accordance \\ith the 
follm\ing: 

(1)  The conductors arc protected l\ithin recognized time vs. 
current limit� for short-circuit current� 

Informational l'ote: Table 240.92(8) pro,ides time '""· short
circuit current formula.� to determine limiL� for copper and 
aluminum conductors. 

(2) All equipment in which the conductors tcnninatc is listed 
and marked for the application. 
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240.92 Location in Circuit. An ovcrcurrcnt device shall be 
connected in each ungrounded circuit conductor ao; required 
in 240.92(A) through (E). 

(A) Feeder and Branch-Circuit Conductors. Feeder and 
branch-circuit conductors shall be protected at the point the 
conductors receive their supply ao; pcnnittcd in 240.21 or ao; 
othcmisc permitted in 240.92(8), (C), (D), or (E). 

(B) Feeder Taps. For feeder taps specified in 240.21 (B) (2), 
(8) (3) , and (8) (4), the tap conductors shall be permitted to be 
sized in accordance "ith Table 240.92 (8) . 

(C) Transformer Secondary Conductors of Separately Derived 
Systems. Conductors shall be permitted to be connected to a 
transfonncr secondary of a separately derived system, l\ithout 
ovcrcurrcnt protection at dtc connection, where dtc conditions 
of 240.92(C) (1 ) , (C) (2), and (C) (3) arc met. 

(1) Short-Circuit and Ground-Fault Protection. The conduc
tors shall be protected from short-circuit and ground-fault 
conditions by complying l\ith one of the following conditions: 

(1)  The length of the secondary conductors docs not exceed 
30 m (100 ft),  and the transformer primary ovcrcurrcnt 
dc\icc hao; a rating or setting that docs not exceed 
150 percent of the value determined by multipl}ing the 
secondary conductor ampacity by the secondary-to
primary transformer voltage ratio. 

Table 240.92(B) Tap Conductor Short-Circuit Current Ratings 

Tap conductors are considered to be protected under short-circuit 
conditions when ilieir short-circuit tempemture limit io; not 
exceeded. Conductor heating under short-circuit conditions is 
detennined by (1 )  or (2): 

( 1 )  Shmt-Chmit J•imnu{(t fill· (Aiji/J'-1· (Amdurllrrs 
(P/ A2) t  = 0.0297 1og10 [ ( "J� + 234)/CJ; + 234)] 

(2) Shmt-Chmit J•imnu{(t fill· Aluminum Cmulucllm• 
(P/ A2) t  = 0.0125 1og10 [ ( "J� + 228)/("J; + 228)] 

where: 
I= short-circuit current in amperes 
A = conductor area in circular mils 
t = time of short circuit in secomlo; (for times les.o; than or equal to 

10 secomlo;) 
'1; = initial conductor tempemture in degrees C..elsius 
'12 = final conductor tempemture in degrees Celsiu.o; 
Copper conductor ''ith paper, rubber, varnished cloili insulation, 

'12 = 200 
C..opper conductor with thennoplastic insulation, '11 = 150 
C..opper conductor ''ith cros.'l-linked polyethylene insulation, 

'12 = 250 
C..opper conductor with ethylene propylene rubber insulation, 

'12 = 250 
Aluminum conductor with paper, rubber, varnished cloth 

insulation, '11 = 200 
Aluminum conductor with thennoplao;tic insulation, '12 = 150 
Alumimun conductor with cros.'l-linked polyeiliylene insulation, 

'1; = 250 
Alumimun conductor with eiliylene propylene rubber insulation, 

'12 = 250 
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(2) The conductors arc protected by a differential relay with 
a trip setting equal to or less than dtc conductor ampac
ity. 

Informational l'ote: A differential relay i<; connected to be sensi
tive only to short-circuit or fault cwTenL<; \\ithin the protected 
zone and i<; nonnally set much lower than the conductor ampac
ity. The differential relay is connected to trip protective de,ices 
that d�nergize the protected conductors if a short-circuit 
condition occurs. 

(3) The conductors shall be considered to be protected if 
calculations, made under engineering supenision, deter
mine that the system ovcrcurrcnt dc\iccs will protect the 
conductors "ithin recognized time vs. current limits for 
all short-circuit and ground-fault conditions. 

(2) Overload Protection. The conductors shall be protected 
against overload conditions by complying with one of the 
following: 

(1 )  

(2) 

(3) 

(4) 

The conductors terminate in a single ovcrcurrcnt device 
that \\ill limit the load 10 the conductor ampacity. 
The sum of the ovcrqurcnt dc'l'iccs at the conductor 
tcnnination limits the load to the conductor ampacity. 
The ovcrcurrcnt dC\iccs shall consist of not more than six 
circuit brcakcri or seto; of fuses mounted in a single enclo
sure, in a group of sepamtc enclosures, or in or on a 
switchboard or switchgear. There shall be no more than 
six ovcrcurrcnt devices grouped in any one location. 
Overcurrcnt rela}'ing is connected L \\ith a current trans
formcr(s) , if nccdcdJ to sense all of the secondary 
conductor current and limit dtc load to the conductor 
ampacity by opening upstream or downstream devices. 
C.onductors shall be considered to be protected if calcula
tions, made under engineering supervision, determine 
that the system ovcrcurrcnt devices \\ill protect the 
conductors from overload conditions. 

(3) Physical Protection. The secondary conductors arc protec
ted from physical damage by being enclosed in an approved 
raceway or by other approved means. 

(D) Outside Feeder Taps. Outo;idc conductors shall be permit
ted to be tapped to a feeder or to be connected at a trans
former secondary, "ithout ovcrcurrcnt protection at the tap or 
connection, where all the follm\ing conditions arc met: 

(1)  The conductors arc protected from physical damage in 
an approved manner. 

(2) The sum of the ovcrcurrcnt dc'l'iccs at the conductor 
tcnnination limit-; the load to the conductor ampacity. 
The ovcrcurrcnt dc\iccs shall consist of not more than six 
circuit breakers or seto; of fuses mounted in a single enclo
sure, in a group of scpamtc enclosures, or in or on a 
s\\itchboard or switchgear. There shall be no more than 
six ovcrcurrcnt devices grouped in any one location. 

(3) The tap conductors arc installed outdoors of a building 
or structure except at dtc point of load termination. 

(4) The ovcrcurrcnt dc'l'icc for dtc conductors is an integral 
part of a disconnecting means or is located immediately 
adjacent thereto. 

(5) The disconnecting means for dtc conductors arc installed 
at a readily acccs.o;iblc location complying \\ith one of the 
following: 

a. Outo;idc of a building or structure 
b. Inside, nearest the point of entrance of the conduc

tors 
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c. \\'here installed in accordance with 230.6, nearest the 
point of entrance of the conductors 

(E) Protection by Primary Overcurrent Device. Conductors 
supplied by the secondary side of a transformer shall be penn it
ted to be protected by overcurrcnt protection prolided on the 
primary (supply) side of the transformer, prmided the primary 
de\ice time-current protection characteristic, multiplied by the 
maximum effective primary-to-secondary transformer voltage 
ratio, effectively protects the secondary conductors. 

Part I. General 

ARTICLE 242 
Overvoltage Protection 

242.1 Scope. This article prmides the general requirement�, 
installation requirement�, and connection requirement� for 
overvoltage protection and overvoltage protective devices. 
Part II covers surge-protective de\ices (SPDs) pennanently 
installed on premises \\iring system� of not more than 
1000 volt�, nominal, while Part III covers surge arresters perma
nently installed on premises "iring systems over 1000 volt�, 
nominal. 

242.2 Reconditioned EquipmenL SPDs and surge arresters 
shall not be reconditioned. 

242.3 Other Articles. Equipment shall be protected against 
overvoltage in accordance "ith tlte article in this Code that 
covers the type of equipment or location specified in Table 
242.3. 

Part D. Surge-Protective Devices (SPDs), 1000 Volts or Less 

242.6 Listing. An SPD shall be a listed de\icc. 

Table 242.3 Other Articles 

Cla.<�.'l I locations 
Cla.<�.'l II locations 

Equipment 

C..ommunity antenna televi'lion and radio 
di'ltribution systems 

Critical operation.'! power systems 
Elevators, dumbwaiters, escalators, moving 

walk.'l, platfonn lifL'I, and staim'<ly chairlifL'I 
Emergency system.'l 
Equipment over 1000 voiL'I, nominal 
Fire pumps 
Industrial machinery 
lnfonnation technology equipment 
Modular data centers 
Outdoor m·erhead conductors m·er 1000 volt'l 
Radio and television equipment 
Receptacles, cord connectors, and 

attachment plugs (caps) 
Wind electric system.'l 
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501 
502 
820 

708 
620 

700 
495 
695 
670 
645 
646 
395 
810 
406 

691 

242.8 Short-Circuit Current Rating. The SPD shall be marked 
with a short-circuit current rating and shall not be installed at a 
point on the system where the available fault current is in 
excess of that rating. This marking requirement shall not apply 
to receptacles. 

242.9 Indicating. An SPD shall prmide indication that it is 
functioning properly. 

242.12 Uses Not Permitted. An SPD device shall not be 
installed in the following: 

(1)  Circuit'l over 1000 volt'l 
(2) On ungrounded system�, impedance grounded systems, 

or comer grounded delta system� unless listed specifically 
for usc on these systems 

(3) Where the rating of the SPD is les.'l than the maximum 
continuous pha.��to-ground voltage at the power 
frequency a\'ailable at the point of application 

242.13 Type 1 SPDs. Type 1 SPDs shall be installed in accord
ance l\ith 242.13(A) and (8). 

(A) lostallation. Type i SPDs shall be pennitted to be connec
ted in accordance with one of the following: 

(1)  To the �upply side of the service disconnect a.� permitted 
in 230.82(4) 

(2) A� specified in 242.14 

(B) M the Service. When installed at senices, Type 1 SPDs 
shall be connected to one of the follm\ing: 

(1) Grounded senice conductor 
(2) Grounding electrode conductor 
(3) Grounding electrode for the se�Vice 
(4) Equipment grounding terminal in the senice equipment 

242.14 Type 2 SPDs. Type 2 SPDs shall be installed in accord
ance l\ith 242.14(A) through (C). 

(A) Service-Supplied Building or Structure. Type 2 SPDs shall 
be connected anywhere on the load side of a senice disconnect 
overcurrcnt device required in 230.91 unles.� installed in 
accordance "itl1 230.82(8). 

(B) Feeder-Supplied Building or Structure. Type 2 SPDs shall 
be connected at the building or structure anywhere on the load 
side of the first overcurrent device at the building or structure. 

(C) Separately Derived System. The SPD shall be connected 
on the load side of the first overcurrent de\ice in a separately 
derived system. 

242.16 Type 3 SPDs. Type 3 SPDs shall be permitted to be 
installed on tlte load side of branch-circuit overcurrent protec
tion up to tlte equipment served. If included in the manufac
turer's instructions, the Type 3 SPD connection shall be a 
minimum 10 m (30 ft) of conductor distance from the scnice 
or separately derived system disconnect. 

242.18 Type 4 and Other Component Type SPDs. Type 4 
component a.<�.'ICmblies and other component type SPDs shall 
only be installed by the equipment manufacturer. 

242.20 Number Required. \\'here used at a point on a circuit, 
tile SPD shall be connected to each ungrounded conductor. 

242.22 Location. SPDs shall be permitted to be located 
indoors or outdoors and shall be made inacccs.�ible to unquali
fied persons unlcs.� li'lted for installation in acces.'lible locations. 
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242.24 Routing of Conductors. The conductors used to 
connect the SPD to the line or bus and to ground shall not be 
any longer dtan necessary and shall avoid unncccs.<;ary bends. 

242.28 Conductor Size. SPD line conductors and conductors 
to ground shall not be smaller man 14 AWG copper or 12 AWG 
aluminum. 

242.30 Connection Between Conductors. An SPD shall be 
permitted to be connected between any two conductors -
ungrounded conductor(s), grounded conductor, cquipmcm 
grounding conductor, or grounding electrode conductor. The 
grounded conductor and the equipment grounding conductor 
shall be imcrconncctcd only by me nonnal operation of me 
SPD during a surge. 

242.32 Grounding Electrode Conductor Connections and 
Enclosures. Except as indicated in this article, SPD grounding 
connections shall be made a'i specified in Article 250, Part III. 
Grounding electrode conductors installed in metal enclosures 
shall comply "id1 250.f>4(E). 

Part m. Surge Arresters, Over 1000 Volts 

242.40 Uses Not Permitted. A surge arrester shall not be 
installed where the rating of the surge arrester is lcs.'i than me 
maximum continuous pha'iC-to-ground voltage at me power 
frequency available at the poim of application. 

242.42 Surge Arrester Rating. The duty cycle rating of a surge 
arrester shall be not lcs.'i dtan 125 perccm of the maximum 
continuous operating voltage available at the poim of applica
tion. 

For solidly grounded systems, the maximum cominuous 
operating voltage shall be the pha'iC-to-ground voltage of me 
system. 

For impedance or ungrounded systems, the maximum 
continuous operating voltage shall be me pha'iC-to-pha� volt-
age of the system. · 

Informational Note :'\o. 1: See IEEE C62.1 1-2020, Standard for 
Metal-Oxide Surgr. Am<tler.. for Altmmling-Current PawPT Cilruil.< (>/ 
H?, and IEEE C62.22-2009, Guide for till' Applicntimi of Metal-Oxide 
Surgr. .4 ,.,..ter., for A/lema/ ing-Currenl Sysll'lils, for 'r urther informa
tion on surge arresters. 

Informational :'\ote :'\o. 2: The se-lection of a properly rated 
metal oxide arrester is ba.•ed on considerations of maximum 
continuou.• operdting \'oltage and the magnitude and durdtion 
of ovef\·oltages at the arrester location a.• affected by pha.o;e-to
ground fault•, system grounding techniques, s"itching surges, 
and other causes. See the manufacturer's application rules for 
selection of the specific arrester to be u.� at a particular loca
tion. 

242.44 Number Required. \\'here used at a poim on a circuit, 
a surge arrester shall be connected to each ungrounded 
conductor. A single installation of such surge arresters shall be 
permitted to protect a number of imcrconncctcd circuits if no 
circuit is exposed to surges while disconnected from the surge 
arresters. 

242.46 Location. Surge arresters shall be permitted to be loca
ted indoors or outdoors. Surge arresters shall be made inacces
sible to unqualified persons unless listed for installation in 
acccs.'iiblc locations. 
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242.48 Routing of Surge Arrester Equipment Grounding 
Conductors. The conductor u.'iCd to connect me surge arrester 
to line, bus, or cquipmcm and to an cquipmcm grounding 
conductor or grounding electrode connection poim a'i prmi
dcd in 242.50 shall not be any longer than necessary and shall 
avoid unncccs.'iary bencl'i. 

242.50 Connection. The arrester shall be connected to one of 
the follo"ing: 

(1) Grounded service conductor 
(2) Grounding electrode conductor 
(3) Grounding electrode for me sen-icc 
(4) Equipmcm grounding terminal in the service equipment 

242.52 Surge-Arrester Conductors. The conductor between 
the surge arrester and the line, and the surge arrester and me 
grounding connection, shall not be smaller man 6 AWG 
copper or aluminum. 

242.54 Interconnections. The llllrgc arrester protecting a 
transfonncr mat supplies a secondary distribution system shall 
be imcrconncctcd a'i specified in 242.54(A) , (8), or (C). 

(A) Metal lnterconnectioQS. A metal imcrconncction shall be 
made to the second.·uy grounded circuit conductor or me 
secondary circuit·· grounding electrode conductor, if, in addi
tion to the direct grounding connection at dtc surge arrester, 
the connection complies l\ith 242.54(A) (I) or (A) (2). 

(1) Additional Grounding Connection. The grounded conduc
tor of the secondary ha'i a grounding connection elsewhere to 
a continuous metal underground water piping system. In urban 
water-pipe arca'i where there arc at lca'it four water-pipe 
corincctions on the neutral conductor and not fewer than four 
such connections in each mile of neutral conductor, the metal 
imcrconncction shall be permitted to be made to me secon
dary neutral conductor "ith omis.'iion of the direct grounding 
connection at dtc surge arrester. 

(2) Multigrounded Neutral System Connection. The grounded 
conductor of the secondary system is part of a multigroundcd 
neutral system or static \\ire of which dtc primary neutral 
conductor or static wire ha'i at lca'it four grounding connec
tions in each 1.6 km (I  mile) of line in addition to a grounding 
connection at each senicc. 

(B) Through Spark Gap or Device. Where dtc surge arrester 
grounding electrode conductor is not connected a'i in 
242.54(A) , or where me secondary is not grounded a'i in 
242.54(A) but is omcrwisc grounded a'i in 250.52, an imcrcon
ncction shall be made duough a spark gap or listed device a'i 
required by 242.54(8) (1)  or (8)(2). 

(1) Ungrounded or Unigrounded Primary System. For 
ungrounded or unigroundcd primary systems, me spark gap or 
a listed device shall have a 60-Hz breakdown voltage of at lca'it 
twice the primary circuit voltage but not ncccs.'klrily more than 
10 kV, and there shall be at lca'it one other ground on me 
grounded conductor of me secondary mat is not lcs.'i than 
6.0 m (20 ft) distant from dtc surg�arrcstcr grounding elec
trode. 

(2) Multigrounded Neutral Primary System. For multigroun
dcd neutral primary systems, the spark gap or listed dclicc shall 
have a 60-Hz breakdown of not more than 3 kV, and there shall 
be at lca'it one other ground on the grounded conductor of the 
secondary that is not lcs.'i man 6.0 m (20 ft) distant from me 
surg�arr�stcr grounding electrode. 
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(C) By Special Permission. An interconnection of dtc surge
arrester ground and dtc secondary neutral conductor, other 
than as provided in 242.54(A) or (B), shall be pcnnittcd to be 
made only by special pcnnis.<;;ion. 

242.56 Grounding Electrode Conductor Connections and 
Enclosures. Except as indicated in dtis article, surge-arrester 
grounding electrode conductor connections shall be made as 
specified in Article 250, Parts III and X. Grounding electrode 
conductors installed in metal enclosures shall comply wim 
250.f>4(E). 

ARTICLE 245 
Overcurrent Protection for Systems Rated 

Over I 000 Volts ac, 1500 Volts de 

245.1 Scope. This article covers ovcrcurrcnt protection 
requirement-; for systems over 1000 volt-; ac, 1500 volt-; de, 
nominal. 

245.2 Reconditioned EquipmenL 

(A) Reconditioned Equipment Permitted. The follo"ing 
reconditioned equipment shall be permitted: 

(1) Medium- and high-voltage circuit breakers 
(2) Electromechanical protective relays and current trans

formers 

(B) Reconditioned Equipment Not Permitted. Medium
voltage fuscholdcrs and medium-voltage nonrenewable fu!ICS 
shall not be permitted. 

245.21 Circuit-Interrupting Devices. 

(A) Circuit Breakers. 

(1) Location. 
(a) Circuit breakers installed indoors shall be mounted 

either in metal-enclosed unit-; or firc-rc!\istant cell-mounted 
unit-;, or they shall be permitted to be open-mounted in loca
tions acccs.o;iblc to qualified persons only. 

(b) Circuit breakers used. to control oil-filled transform
ers in a vault shall either be located outo;idc the transformer 
vault or be capable of operation from outo;idc the vault. 

(c) Oil circuit breakers shall be arranged or located so 
that adjacent readily combustible structures or materials arc 
safeguarded in an approved manner. 

(2) Operating Characteristics. Circuit breakers shall have me 
follo"ing equipment or operating characteristics: 

(1) An acccs.o;iblc mechanical or odtcr identified means for 
manual tripping, independent of control power 

(2) Be relcao;c free (trip free) 
(3) If capable of being opened or closed manually while 

energized, main contact-; mat operate independently of 
the speed of dtc manual operation 

(4) A mechanical position indicator at the circuit breaker to 
show me open or closed position of dtc main contact-; 

(5) A means of indicating me open and closed position of 
the breaker at me point(s) from which they may be oper
ated 
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(3) Nameplate. A circuit breaker shall have a permanent and 
legible nameplate shm\ing me manufacturer's name or trade
mark, manufacturer's type or identification number, continu
ous current rating, interrupting rating in megavolt-amperes 
(�IVA) or amperes, and maximum voltage rating. Modification 
of a circuit breaker affecting ito; rating(s) shall be accompanied 
by an appropriate change of nameplate information. 

(4) Rating. Circuit breakers shall have dtc follo"ing ratings: 

(1)  The continuous current rating of a circuit breaker shall 
not be lcs.o; man me maximum continuous current 
through the circuit breaker. 

(2) The interrupting rating of a circuit breaker shall not be 
lcs.o; man me available fault current the circuit breaker 
will be required to interrupt, including contributions 
from all connected sources of energy. 

(3) The closing rating of a circuit breaker shall not be lcs.o; 
than me maximum ao;ymmctrical fault current into which 
the circuit breaker can be closed. 

(4) The momentary rating of a circuit breaker shall not be 
lcs.o; than the maximum ao;ymmctrical fault current at me 
point of installation. 

(5) The rated maximum voltage of a circuit breaker shall not 
be lcs.o; man the maximum circuit voltage. 

(5) Retrofit 'Iiip Units. Retrofit trip unit-; shall be listed for 
usc l\ith the specific circuit breaker l\ith which it is installed. 

(B) . Pcnver Fuses and Fuseholders. 

(1) Use. Where fuses arc used to protect conductors and 
equipment, a fuse shall be placed in each ungrounded conduc
tor. Two power fuses shall be permitted to be used in parallel to 
protect me same load if bom fuses have identical ratings and 
both fuses arc installed in an identified common mounting 
"im electrical connections mat divide dtc current equally. 
Power fuses of dtc vented 1ypc shall not be used indoors, 
underground, or in metal enclosures unlcs.o; identified for me 
usc. 

(2) Interrupting Rating. The interrupting rating of power 
fuses shall not be Jcs.o; man the available fault current me fuse is 
required to interrupt, including contributions from all connec
ted sources of energy. 

(3) Voltage Rating. The maximum voltage rating of power 
fuses shall not be lcs.o; man the maximum circuit voltage. Fuses 
having a minimum recommended operating voltage shall not 
be applied below mis voltage. 

(4) Identification of Fuse Mountings and Fuse Units. Fu.o;c 
mountings and fu.o;c unit-; shall have permanent and legible 
nameplates shm\ing me manufacturer's type or designation, 
continuous current rating, interrupting current rating, and 
maximum voltage rating. 

(5) Fuses. Fuses that expel flame in opening the circuit shall 
be designed or arranged so that they function properly l\ithout 
hazard to persons or property. 

(6) Fuseholders, Fu.o;choldcrs shall be designed or installed so 
that mcy arc de-energized while a fuse is being replaced. A 
field-applied permanent and legible sign, in accordance wim 
1 10.21 (B), shall be installed immediately acljaccnt to me fuse
holders and shall be worded ao; follows: 

DAJ'\GER - DISCO:"'NECT CIRCUIT BEFORE REPLACING 
FUSES. 
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245.21 ARTICLE 245 - 0VERCURREJ'\T PROTECTION FOR SYSTEMS RATED OVER 1000 VOLTS AC, 1500 VOLTS DC 

Exception: Fu.'il's and fu.feholdn-s designed to permit fu.'it' 1-efJlactmumt by 
qualijiP.d pemms using idrotified equipment without de-energizing the 
fu.'it'lwlbr slmU be permitted. 

(7) High-Voltage Fuses. Switchgear and substations that usc 
high-voltage fuses shall be provided "id1 a gang-operated 
disconnecting switch. 1-iolation of me fuses from the circuit 
shall be provided by either connecting a switch between me 
source and the fuses or prmiding roll-out switch and fusc-l}'pc 
construction. The Sl\itch shall be of the load-interrupter type, 
unless mechanically or electrically interlocked "ith a load
interrupting device arranged to reduce the load to dtc inter
rupting capability of me Sl'itch. 

Exception: More tlmn one switch shaU be permitted as the disconnecting 
means for one .'it't of fu.'it's wlrere the .'iluitches m"t' instal!P.d to provide 
connection to mo1-e tlmn one set of.fupply conductm-s. Tile switches slmU 
be medmnicaUJ or elect1·icaUJ interlocked to permit access to the fuses 
tmly when aU .'ilvitches m-e open. A consJJicuous sign slmU be placed at 
the fu.fes idrotifJing the pl"t'seiiCe of mm-e tlmn one source. 

(C) Distribution Cutouts and Fuse Links - Expulsion Type. 

(I) Installation. Cutout"l shall be located so that mcy may be 
readily and safely operated and r�fused, and so that me 
exhaust of the fuses docs not endanger persons. Distribution 
cutout"l shall not be used indoors, underground, or in metal 
enclosures. 

(2) Operation. \\'here fused cutout"l arc not suitable to inter
rupt dtc circuit manually while carJ]ing full load, an approved 
means shall be installed to interrupt the entire load. Unlcs."l me 
fused cutout"l arc interlocked \�th the Sl\itch to prcvcm open
ing of the cutout"l under load, a conspicuous sign shall be 
placed at such cutout"l identifying that they shall not be oper
ated under load. 

(3) Interrupting Rating. The imcrrupting rating of distribu
tion cutout"l shall not be lcs."l dtan me available fault currcm 
the cutout is required to interrupt, including comributions 
from all connected sources of energy. 

(4) Voltage Rating. The maximum voltage rating of cutout"l 
shall not be lcs."l man the maximum circuit voltage. 

(5) Identification. Distribution cutout"l shall have on their 
body, door, or fuse tube a permanent and legible nameplate or 
idcmification sho"ing the manufacturer's type or designation, 
continuous current rating, maximum voltage rating, and inter
rupting rating. 

(6) Fuse Links. Fuse links shall have a pcrmancm and legible 
idcmification shm\ing continuous current rating and type. 

(7) Structure Mounted Outdoors. The height of cutout"l 
mounted outdoors on structures shall provide safe clearance 
between lowest energized part"l (open or dosed position) and 
standing surfaces, in accordance "id1 1 10.34(E) . 

(D) Oil-Filled Cutouts. 

(I) Continuous Current Rating. The continuous currcm 
rating of oil-filled cutout"l shall not be less dtan me maximum 
continuous current mrough me cutout. 

(2) Interrupting Rating. The imcrrupting rating of oil-filled 
cutout"l shall not be lcs."l man dtc available fault current the oil
filled cutout is required to interrupt, including comributions 
from all connected sources of energy. 
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(3) Voltage Rating. The maximum voltage rating of oil-filled 
cutout"l shall not be lcs."l man the maximum circuit voltage. 

(4) Fault Closing Rating. Oil-filled cutout"l shall have a fault 
dosing rating not lcs."l dtan dtc maximum a."l}'mmctrical fault 
current that can occur at the cutout location, unlcs."l suitable 
intcrlock."l or operating procedures preclude the pos."libility of 
dosing into a fault. 

(5) Identification. Oil-filled cutout"l shall have a pcrmancm 
and legible nameplate sho"ing the rated continuous current, 
rated maximum voltage, and rated imcrrupting current. 

(6) Fuse Links. Fuse link."l shall have a pcrmancm and legible 
idcmification shm\ing the rated continuous current. 

(7) Location. Cutout"l shall be located so that mcy arc readily 
and safely acccs."liblc for r�fusing, wim me top of the cutout 
not over 1 .5 m (5 ft) above the floor or platform. 

(8) Enclosure. Suitable barriers or enclosures shall be prmi
dcd to prcvcm contact wim nonshieldcd cables or energized 
part"l of oil-filled CUlOUl"l. 

(E) Load Interrupter&. Load-interrupter s"itchcs shall be 
permitted if suitabl� fuses or circuit breakers arc used in 
cm�unction with tbe!lc devices to interrupt available fault 
currcnt"l. \\'here these devices arc used in combination, dtcy 
shall be coordinated electrically so mat they \�II safely \�lh
stand dtc cffcct"l of dosing, carrying, or imcrrupting all pos."li
blc current"l up to dtc a."lsigncd maximum short-circuit rating. 

\\'here more man one switch is installed with interconnected 
load terminals to prO\idc for alternate connection to diiTcrcm 
supply conductors, each Sl\itch shall be provided "id1 a warn
ing sign identifying me presence of more than one source. 
Each warning sign or label shall comply \�lh 1 10.21. 

(I) Continuous Current Rating. The continuous currcm 
rating of interrupter Sl\itchcs shall equal or exceed me maxi
mum continuous current at me point of installation . 

(2) Voltage Rating. The maximum voltage rating of inter
rupter S\�lchcs shall equal or exceed dtc maximum circuit volt
age. 

(3) Identification. Interrupter s"itchcs shall have a pcrmancm 
and legible nameplate, including the following information: 
manufacturer's t}pc or designation, cominuous current rating, 
interrupting current rating, fault dosing rating, maximum volt
age rating. 

(4) Switching of Conductors. The S\�lching mechanism shall 
be arranged to be operated from a location where me operator 
is not exposed to energized part"l and shall be arranged to 
open all ungrounded conductors of me circuit simultaneously 
"im one operation. Sl\itchcs shall be arranged to be locked in 
me open position. Metal-enclosed switches shall be operable 
from out"lidc me enclosure. 

(5) Stored Energy for Opening. The stored-energy operator 
shall be permitted to be left in dtc uncharged position after me 
S\�lch ha."l been dosed if a single movement of me operating 
handle charges me operator and opens me switch. 

(6) Supply Terminals. The supply terminals of fused inter
rupter s"itchcs shall be installed at the top of me S\�lch enclo
sure, or, if me terminals arc located elsewhere, me cquipmcm 
shall have barriers installed to prevent persons from accidcn-
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ARTICLE 250 - GROUNDI:"'G AND BONDI:"'G 250.1 

tally contacting energized part'i or dropping tools or fuses imo 
energized part'i. 

245.26 Feeders and Branch Circuits. 

(A) Location and Type of Protection. Feeder and branch
circuit conductors shall have ovcrcurrcm protection in each 
ungrounded conductor located at the point where the conduc
tor receives it'i supply or at an alternative location in the circuit 
when designed under engineering supcn-ision that includes 
but is not limited to considering dtc appropriate fault studies 
and time-current coordination analysis of the protective dc'l-i
ccs and the conductor damage curves. The ovcrcurrcnt protec
tion shall be permitted to be provided by either 250.184(8) or 
(A) (2). 

(I) Overcurrent Relays and Current Transformers. Circuit 
breakers used for ovcrcurrcnt protection of 3-phasc circuit'i 
shall have a minimum of three ovcrcurrcnt relay clcmcnt'i 
operated from three current transformers. The separate over
current relay clcmcnt'i (or protective functions) shall be 
permitted to be part of a single electronic protective relay unit. 

On 3-phasc, 3-wirc circuit'i, an ovcrcurrcnt relay clement in 
the residual circuit of dtc current transformers shall be permit
ted to replace one of dtc phase relay clcmcnt'i. 

An ovcrcurrcnt relay clement, operated from a currcm 
transfonncr that links all pha'iCS of a 3-pha'ic, 3-wirc circuit, 
shall be permitted to replace dtc residual relay clement and 
one of the pha'iC-Conductor current transformers. \\'here the 
neutral conductor is not rcgroundcd on the load side of the 
circuit a'i permitted in 250.184(8), dtc current transformer 
shall be permitted to link all 3-pha'iC conductors and the 
grounded circuit conductor (neutral). 

(2) Fuses. A fuse shall be connected in series with each 
ungrounded conductor. 

(B) Protective Devices. The protective dcvicc(s) shall be capa
ble of detecting and interrupting all values of cWTcnt that can 
occur at their location in cxccs.'i of their trip«ctting or melting 
point. 

(C) Conductor Protection. The operating. time of the protec
tive dc'l-icc, the available short-circuit current, and dtc conduc
tor used shall be coordinated .· to prevent damaging or 
dangerous temperatures in conductors or conductor insulation 
under short-circuit conditions. · 

245.27 Additional Requirements for Feeders. 

(A) Rating or Setting of Overcurrent Protective Devices. The 
continuous ampere rating of a fuse shall not exceed three 
times the ampacity of the conductors. The long-time trip 
clcmcm setting of a breaker or the minimum trip setting of an 
electronically actuated fuse shall not exceed six times the 
ampacity of the conductor. For fire pumps, conductors shall be 
permitted to be protected for ovcrcurrcnt in accordance with 
695.4(8) (2). 

(B) Feeder Taps. Conductors tapped to a feeder shall be 
permitted to be protected by the feeder ovcrcurrent dc'l-icc 
where that ovcrcurrcnt device also protcct'i the tap conductor. 

ARTICLE 250 
Grounding and Bonding 

Part I. General 

250.1 Scope. This article covers general requirement" for 
grounding and bonding of electrical installations and the 
following specific rcquircmcnt'i: 
(1) Systems, circuit'i, and equipment required, permitted, or 

not pcnnittcd to be grounded 
(2) Circuit conductor to be grounded on grounded systems 
(3) Location of grounding connections 
(4) Types and sizes of grounding and bonding conductors 

and electrodes 
(5) Mcdtod'i of grounding and bonding 
(6) \..onditions under which isolation, insulation, or guarcl'i 

arc permitted to be subititutcd for grounding 

Informational Note: See lnfmmational l'ote Figure 250.1 for 
infmmation on the organization of this article covering ground
ing and bonding req!Jiremenl�. 

Part I General 

Part VIII Direct-current 
systems 

Part X Grounding of 
systems and circuits of 

over 1000 volts 

Part Il l  Grounding electrode 
system and grounding t-----:1 

electrode conductor 

Part IV Enclosure, 
raceway, and service 

cable connections 

Part VII Methods of equipment 
grounding conductor 

connections 

Part V Bonding 

Part IX Instruments, 
meters, and relays 

Informational Note F.gure 250.1 Grounding and Bonding. 
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250.4 ARTICLE 250 - GROUNDI:'IIG AND BONDI:'IIG 

250.4 General Requirements for Grounding and Bonding. 
The following general requirement-; identify what grounding 
and hooding of electrical systems arc required to accomplish. 
The prescriptive methods contained in dtis article shall be 
followed to comply with the performance requirement" of this 
section. 

(A) Grounded Systems. 

(1) Electrical System Grounding. Electrical systems dtat arc 
grounded shall be connected to card1 in a manner that \\ill 
limit the voltage imposed by lighUling, line surges, or uninten
tional contact widl higher-voltage lines and dtat will stabilize 
the voltage to card1 during normal operation. 

lnformational l'\ote 1'\o. 1: An important considerdtion for limit
ing the imposed mhage i" the routing of bonding and ground
ing electrode conductors so that they are not any longer than 
necessary to complete the connection "ithout di<;turbing the 
permanent pans of the installation and so that unneces.<;ary 
bends and loops are a\·oided. 

Informational :'\ote No. 2: See :'\FPA iS0-2020, Standard fnr the 
Instal/a/inn of l.ightning Protl'rlion SJ•Iem.•, for infonnation on 
installation of grounding and bonding for lightning protection 
systems. 

(2) Grounding of Electrical Equipment. Normally non
currcnt-cartying conductive materials enclosing electrical 
conductors or equipment, or forming part of such equipment, 
shall be connected to earth so ao; to limit dtc voltage to ground 
on dlcse materials. 

(3) Bonding of Electrical Equipment. Normally non-currcnt
cartying conductive materials enclosing electrical conductors 
or equipment, or forming part of such equipment, shall be 
connected togcdlcr and to dlc electrical supply source in a 
manner that establishes an effective ground-fault current path. 

(4) Bonding of Electrically Conductive Materials and Other 
Equipment. 1'\ormally non-current-carrying electrically concluc
tivc materials that arc likely to become energized shall be 
connected togcdlcr and to dlc electrical supply source in a 
manner that establishes an effective ground-fault current path. 

(5) Effective Ground-Fault Current Path. Electrical equip
ment and wiring and odlcr electrically conductive material 
likely to become energized shall be inStalled in a manner that 
creates a low-impedance circuit facilitating the operation of dlc 
ovcrcurrcnt device or ground dct«tor for impedance groun
ded systems. It shall be capable of safely carrying dlc maximum 
ground-fault current likely to be imposed on it from any point 
on the \\iring system where a ground fault occurs to dtc electri
cal supply source. The cardl shall not be considered ao; an 
effective ground-fault current path. 

(B) Ungrounded Systems. 

(1) Grounding Electrical Equipment. 1'\on-currcnt-carrying 
conductive materials enclosing electrical conductors or equip
ment, or forming part of such equipment, shall be connected 
to earth in a manner dtat "ill limit dlc voltage imposed by 
lightning or unintentional contact l\ith higher-voltage lines 
and limit the voltage to ground on these materials. 

Informational Note: See :'\FPA iS0-2020, Standard for the ln.•talla
tion nf l.ightninK Proti'Ciion Spte11t•, for infmmation on in.<;tallation 
of grounding and bonding for lightning protection systems. 

(2) Bonding of Electrical Equipment. 1'\on-currcnt-carrying 
conductive materials enclosing electrical conductors or equip-
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mcnt, or forming part of such equipment, shall be connected 
together and to the supply system grounded equipment in a 
manner dlat creates a low-impedance path for ground-fault 
current that is capable of carrying the maximum fault current 
likely to be imposed on it. 

(3) Bonding of Electrically Conductive Materials and Other 
Equipment. Electrically conductive materials dlat arc likely to 
become energized shall be connected togcdtcr and to dlc 
supply system grounded equipment in a manner that creates a 
low-impedance pad1 for ground-fault current dlat is capable of 
cartying the maximum fault current likely to be imposed on it. 

(4) Path for Fault Current. Electrical equipment, \\iring, and 
other electrically conductive material likely to become ener
gized shall be installed in a manner dlat creates a low
impedance circuit from any point on the wiring system to dlc 
electrical supply source to facilitate the operation of ovcrcur
rcnt dc\iccs should a second ground fault from a different 
phao;c occur on dlc "iring system, The card1 shall not be 
considered ao; an effective fault-current path. 

250.6 Objectionable Currellt. 

(A) Arrangement to ·Prevent Objectionable Current. The 
grounding and bpnding of electrical systems, circuit conduc
tors, surge arresters, surge-protective devices, and conductive 
normally non,.currcnt-carrying metal part-; of equipment shall 
be installccl and arranged in a manner dlat will prevent objec
tionable current. 

(B) Alterations to Stop Objectionable Current. If dlc usc of 
multiple grounding or hooding connections result-; in objec
tionable current and the requirement" of 250.4(A) (5) or (B) 
(4) arc met, one or more of dlc following alterations shall be 
permitted: 

(1) Discontinue one or more but not all of such grounding 
or bonding connections. 

(2) Change dlc locations of the grounding or bonding 
connections. 

(3) Interrupt the continuity of the conductor or conductive 
path causing the objectionable current. 

(4) Take other remedial and approved action. 

(C) Currents Not Classified as Objectionable Currents. 
Current-; resulting from abnormal conditions such ao; ground 
fault-;, and from currcnto; resulting from required grounding 
and bonding connections shall not be cla'l.o;ificd ao; objectiona
ble current for dlc purposes specified in 250.6(A) and (B). 

(D) Umitations to Permissible Alterations. This section shall 
not be considered ao; permitting electronic equipment to be 
operated on ac systems or branch circuit-; dlat arc not connec
ted to an equipment grounding conductor ao; required by this 
article. Currcnto; that introduce electromagnetic interference 
or data errors in electronic equipment shall not be considered 
the objectionable current-; addrcs.o;cd in this section. 

(E) Isolation of Objectionable Direct-Current from Cathodic 
Protection Systems. If isolation of objectionable direct 
currcnto; from a cathodic protection system is required, a listed 
isolator device shall be permitted in the equipment grounding 
conductor path to prmidc an effective return pam for ac 
ground-fault current while blocking the flow of direct current-;. 
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ARTICLE 250 - GROUNDI:-.IG AND BONDI:-.IG 250.24 

250.8 Connection of Grounding and Bonding Equipment. 

(A) Permitted Methods. Equipment grounding conductors, 
grounding electrode conductors, and bondingjumpcrs shall be 
connected by one or more of the follo"ing means: 

(1) Listed pressure connectors 
(2) Terminal bars 
(3) Pressure connectors listed ao; grounding and bonding 

cquipmcm 
(4) Exothermic welding proccs.o; 
(5) Machine screw-type fao;tcncrs that engage not Jcs.o; than 

two thrcado; or arc secured "ith a nut 
(6) Thread-forming machine screws dtal engage not lcs.o; than 

two thrcado; in dlc enclosure 
(7) Connections that arc part of a listed a"l.o;cmbly 
(8) Odtcr listed means 

(B) Methods Not Permitted. Connection devices or fittings 
that depend solely on solder shall not be used. 

250.10 Protection of Ground Clamps and Fiuings. Ground 
damps or other fittings exposed to physical damage shall be 
enclosed in metal, wood, or cquivalcm protective covering. 

250.12 Clean Surfaces. :-.lonconductivc coatings (such ao; 
paim, lacquer, and enamel) on equipment to be grounded or 
bonded shall be removed from thrcaclo; and other contact surfa
ces to ensure electrical continuity or shall be connected by 
means of fittings designed to make such removal unncccs...ary. 

Part D. System Grounding 

250.20 Alternating-Current Systems to Be Grounded. 
Altcrnating-currcm systems shall be grounded in accordance 
"idl 250.20(A), (B), (C), or (D), unlcs.o; prohibited elsewhere 
in dtis Code. Other systems shall be permitted to be groutidcd. 
If such systems arc grounded, they shall comply "ith the appli
cable provisions of this article. 

Informational Note :'\o. 1: An example of a system penniued to 
be gmunded is a comer-grounded delta transformer connec
tion. 

Informational Note :'\o. 2: See 503.155; 517.61, 517.160, 668.10, 
and 680.23(A) (2) for examples of circuiL" prohibited to be 
grounded. 

(A) Alternating-Current Syst� of Less Than 50 Volts. 
Altcrnating-currcm systems of Jess than 50 volts shall be groun
ded under any of the follm\ing conditions: 

(1)  If supplied by transformers, if the transformer supply 
system cxcccclo; 150 volts to ground 

(2) If supplied by transformers, if the transformer supply 
system is ungrounded 

(3) If installed outo;idc ao; overhead conductors 

(B) Alternating-Current Systems of 50 Volts to 1000 Volts. 
Altcrnating-currcm systcmo; of 50 volto; to 1000 volto; that supply 
premises \\iring and premises "iring systems shall be grounded 
under any of the follo"ing conditions: 

(1) If dtc system can be grounded so that the maximum volt
age to ground on dlc ungrounded conductors docs not 
exceed 150 volto; 

(2) If the system is 3-phao;c, 4-wirc, wyc connected in which 
the neutral conductor is LLo;cd ao; a circuit conductor 
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(3) If dlc system is 3-phao;c, 4-wirc, delta connected in which 
the midpoint of one phao;c l\inding is LLo;cd ao; a circuit 
conductor 

Informational :'\ote: See NFPA 70.1-.:2021, Standard for Electrical 
Safrly in the Worltplace, Annex 0, for infonnation on impedance 
grounding to reduce arc-nash hazards. 

(C) Alternating-Current Systems of over 1000 Volts. 
Altcrnating-currcm systems supplying mobile or portable 
cquipmcm shall be grounded in accordance l\ith 250.188. If 
supplying other than mobile or portable cquipmcm, such 
systems shall be pcnniucd to be grounded. 

(D) Impedance Grounded Systems. Impedance grounded 
systems shall be grounded in accordance widl 250.36 or 
250.187, ao; applicable. 

250.21 Alternating-Current Systems of 50 Volts to 1000 Volts 
Not Required to Be Grounded. 

(A) General. The follm\ing ac systems of 50 volto; to 1000 volto; 
shall be permitted to be grounded but shall not be required to 
be grounded: 

.· 

( 1 )  Electrical systems used exclusively to supply industrial 
electric fwnaccs LLo;cd for applications such ao; melting, 
refining, or tempering 

(2) Separately derived systcmo; used exclusively for rectifiers 
that supply only adjustable-speed industrial drives 

(3) . Separately derived systems supplied by transfonncrs that 
have a primary voltage rating of 1000 volto; or less if all dlc 
following conditions arc met: 

a. The svstcm is LLo;cd exclusively for control circuito;. 
b. The 

'
conditions of maint�nancc and supervision 

ensure that only qualified persons senicc the installa
tion. 

c. \..ontinuity of control power is required. 
(4) Other systems that arc not required to be grounded in 

accordance wid1 250.20(B) 

(B) Ground Detectors. Ground detectors shall be installed in 
accordance wid1 the follm\ing: 

(1)  Ungrounded ac systcmo; ao; permitted in 250.21 (A) (1) 
through (A) (4) operating at not lcs.o; than 120 volto; and at 
1000 volto; or less shall have ground detectors installed on 
the S\''Slcm. 

(2) The 
' 

ground detection sensing equipment shall be 
connected ao; close ao; practicable to where the system 
receives ito; supply. 

(C) Marking. Ungrounded S}'Slcms shall be legibly marked 
M\..;mtion: l:ngroundcd System Operating - __ Volto; 
Between Conductors" at dlc source or first disconnecting 
means of the system. The marking shall be of sufficicm durabil
ity to l\ithstand dlc cnvironmcm involved. 

250.24 Grounding of Service-Supp6ed Alternating-Current 
Systems. 

(A) System Grounding Connections. A premises wiring S)'Slcm 
supplied by a grounded ac service shall have a grounding elec
trode conductor connected to the grounded scnicc conductor, 
at each scnicc, in accordance with 250.24(A) (1)  dlrough 
(A) (4). 

(1) General. The grounding electrode conductor connection 
shall be made at any acccs.o;iblc point from dlc load end of dlc 
overhead scnicc conductors, scnicc drop, underground scrv-
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icc conductors, or sen-icc lateral to lhc terminal or bus to 
which lhc grounded sen-icc conductor is connected at lhc serv
ice disconnecting means. 

Informational :'\ote: See Article I 00 for definitions of Service 
Omdurlors, Overhead; Snvire C.nnduclor.<, Umli'I]!;IDUIIli; Snvice Drop; 
and ServiCI' LateraL 

(2) Outdoor Transformer. Ir lhc transformer suppl}'ing lhc 
sen-icc is located out�idc the building, at least one additional 
grounding connection shall be made from the grounded serv
ice conductor to a grounding electrode, either at the trans
former or elsewhere out�idc the building. 

Exception: The additional gmunding electmde cmultu:tm· connection 
shall not be made on impe.datu:e gmunded systems. Tmpedance gmun
ded systems shall meet the 11'-JfltiJrment< of 250.36 m· 250. 187, as appli
cable. 

(3) Dual-Fed Services. For sen-ices that arc dual fed (double 
ended) in a common enclosure or grouped together in sepa
rate enclosures and cmplo}'ing a secondary tic, a single ground
ing electrode conductor connection to dtc tic poim of lhc 
grounded conductor(s) from each power source shall be 
permitted. 

(4) Main Bonding Jumper as Wu-e or Busbar. If dtc main 
bonding jumper specified in 250.28 is a "ire or busbar and is 
installed from the grounded conductor terminal bar or bus to 
the equipment grounding terminal bar or bus in lhc sen-icc 
cquipmcm, lhc grounding electrode conductor shall be 
permitted to be connected to the equipment grounding termi
nal, bar, or bus to which lhc main bonding jumper is connec
ted. 

(B) Load.Side Grounding Connections. A grounded conduc
tor shall not be connected to nonnally non-currcnt-carf}'ing 
metal part� of equipment, to equipment grounding conduc� 
tor(s), or be reconnected to ground on dtc load side of lhc 
sen-icc disconnecting means except as othcn,isc permitted in 
this article. 

Informational l'ote: See 250.30 for separdtely derived systems, 
250.32 for connections at separate buildings or structures, and 
250.142 for use of the grounded circuit conductor for ground
ing equipment. 

(C) Main Bonding Jumper. For a grounded system, an 
unspliccd main bonding jumper shall be used to connect lhc 
cquipmcm grounding conductor(s) and dtc service-disconnect 
enclosure to the grounded conductor l\ithin the enclosure for 
each sen-icc disconnect in accordance l\ith 250.28. 

Exception No. 1: lJ mmf' than one service discmmecting mean.< i< loca
ted in an a.<se1nb�l' li<ted fm· use a.< service equiJJment, an umpliced 
main bmuling jumper shall bond the gmunded condtu:tm(s) to the 
Q.�'il'mb{l' roc/.o.<UI1'. 

Exception No. 2: Tmpedance gmundP.d :rystems shall be pmnitted to be 
connected in accmrlance with 250.36 and 250. 187. 

(D) Grounded Conductor Brought to Service Equipment. If 
an ac system operating at I 000 volt� or lcs.� is grounded at any 
poim, lhc grounded conductor(s) shall be routed l\ith lhc 
ungrounded conductors to each sen-icc disconnecting means 
and shall be connected to each disconnecting means grounded 
conductor(s) tcnninal or bus. A main bonding jumper shall 
connect dtc grounded conductor(s) to each sen-icc disconnect
ing means enclosure. The grounded conductor(s) shall be 

70-140 

installed in accordance "ith 250.24(C) (I)  and 250.24(0) (1) 
through (0) (4). 

Exception: lJ two m· moll! service disconnecting menns aJf! located in a 
.<ingle a.<sembly listed for use a.< .<eJ1Jice equipment, it shall be permitted 
to connect the gmunded cmultutm(s) to the a.�w�mb�l' common gmunded 
conductor(<) terminal or bus. The a.�'it"mb/}' shall include a main bfmd
ing jumper fm· connecting the gmunded 

'
anultu:tor(s) to the a.<se1nbly 

rod.o.<Uif!. 

(1) Sizing for a Single Raceway or Cable. The grounded 
conductor shall not be smaller than specified in Table 
250.102(C) (1) .  

(2) Conductors Connected in Parallel in Two or More Race
ways or Cables. If lhc ungrounded sen-icc-entrance conduc
tors arc connected in parallel in two or more raceways or 
cables, lhc grounded conductors shall also be installed in each 
raceway or cable and shall be connected in parallel. The size of 
each grounded conductor(s) in each raceway or cable shall not 
be smaller than 1/0 AWG and shall be sized in accordance wilh 
250.24(D) (2) (a) or (D) (2) (b) in accordance \\ith 250.24(0) 
(1).  

.· 

(a) Shall be based on the largest ungrounded conductor 
in each raccwav or cable. 

· 

(b) Shali be based on the sum of the circular mil areas of 
the largest ungrounded conductors from each set connected in 
parallel in each raceway or cable. 

Informational :'\ote: See 310.10(G) for grounded conductors 
connected in par.tllel. 

(3) Delta-Connected Service. The grounded conductor of a 3-
phasc, 3-l\irc delta sen-icc shall have an ampacity not lcs.� than 
that of the ungrounded conductors. 

(4) Impedance Grounded Service. The impedance grounding 
conductor on an impedance grounded system shall be connec
ted in accordance \\ith 250.36 or 250.187, as applicable. 

(E) Grounding Electrode Conductor. A grounding electrode 
conductor shall be used to connect the cquipmcm grounding 
conductors, lhc sen-icc-equipment enclosures, and, if lhc 
system is grounded, lhc grounded sen-icc conductor to lhc 
grounding elcctrodc(s) required by Part Ill of this article. This 
conductor shall be sized in accordance l\ith 250.66. 

Impedance grounded system connections shall be made in 
accordance "id1 250.36 or 250.187, a� applicable. 

(F) Ungrounded System Grounding Connections. A premises 
wiring system that is supplied by an ac sen-icc that is ungroun
ded shall have, at each sen-icc, a grounding electrode conduc
tor connected to the grounding elcctrodc(s) required by 
Part III of lhis article. The grounding electrode conductor shall 
be connected to a metal enclosure of the sen-icc conductors at 
any accessible poim from the load end of lhc overhead sen-icc 
conductors, scnicc drop, underground sen-icc conductors, or 
sen-icc lateral to the sen-icc disconnecting means. 

250.25 Grounding of Systems Permiued to Be Connected on 
the Supply Side of the Service Disconnect. The grounding of 
systems connected on the supply side of lhc sen-icc disconnect, 
in accordance l\ith 230.82, dtat arc in enclosures separate from 
the sen-icc equipment enclosure shall comply "id1 250.25(A) 
or (8). 

(A) Grounded System. If dtc utility supply system is grounded, 
the grounding of systems permitted to be connected on lhc 
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ARTICLE 250 - GROUNDI:-.IG AND BONDI:-.IG 250.30 

supply side of dtc senicc disconnect and arc installed in one or 
more separate enclosures from the scnicc cquipmcnl enclo
sure shall comply "id1 the requirement" of 250.24(A) dlrough 
(D). 

(B) Ungrounded Systems. If the utility supply system is 
ungrounded, dlc grounding of systems pcnnittcd to be connec
ted on dtc supply side of the scnicc disconnect and arc instal
led in one or more separate enclosures from dtc scnicc 
cquipmcm enclosure shall comply "ith the requirement" of 
250.24(F) . 

250.26 Conductor to Be Grounded - Alternating-Current 
Systems. If an ac premises "iring system is grounded, dlc 
conductor to be grounded shall be one of the follm\ing: 

(1) Singl�phasc, 2-"irc - one conductor 
(2) Singl�phasc, 3-"irc - dlc neutral conductor 
(3) :\llultiphao;c systems having one \\ire common to all phao;cs 

- dtc neutral conductor 
(4) :\llultiphao;c systems if one phao;c is grounded - that 

phao;c conductor 
(5) :\llultiphao;c systems in which one phao;c is used ao; in (2) 

- dtc neutral conductor 

250.28 Main Bonding Jumper and System Bonding Jumper. 
For a grounded system, main bonding jumpers and system 
bonding jumpers shall be installed ao; follows: 

(A) Material. Main bonding jumpers and system bonding 
jumpers shall be of copper, aluminum, copper-clad aluminum, 
or other corrosion-resistant material. A main bonding jumper 
and a system bonding jumper shall be a \�ire, bus, screw, or 
similar suitable conductor. 

(B) Construction. If a main bonding jumper or a system bond• 
ing jumper is a screw only, dlc screw shall be identified wim a 
green finish that shall be visible lvith dlc screw installed. 

(C) Attachment. Main bonding jumpers and system bonding 
jumpers shall be connected by one or more of dtc mcdtodo; in 
250.8 dlat is suitable for the material of dtc bOnding jumper 
and enclosure. 

(D) Size. :\!lain bonding jumpers and �'Stem bonding jumpers 
shall be sized in accordance "idl 250.28(D) (1)  dlrough 
(D) (3). 

(1) General. Main bonding jumpers and system bonding 
jumpers shall not be smaller than specified in Table 250.102(C) 
(1).  

(2) Main Bonding Jumper for Service wim More Than One 
Enclosure. If a scnicc consisto; of more than a single enclosure 
ao; permitted in 230.7l (B), the main bonding jumper for each 
enclosure shall be sized in accordance l\ith 250.28(D) (I) bao;cd 
on the largest ungrounded scnicc conductor sening that 
enclosure. 

(3) Separately Derived System with More Than One Enclosure. 
If a separately derived system supplies more than a single enclo
sure, dlc system bonding jumper for each enclosure shall be 
sized in accordance "id1 250.28(D) (1) bao;cd on dtc largest 
ungrounded feeder conductor scning that enclosure, or a 
single system bonding jumper shall be installed at dtc source 
and sized in accordance "ith 250.28(D) (l)  bao;cd on dtc cquiv
alcnl size of dtc largest supply conductor determined by dlc 
largest sum of dtc arcao; of dlc corresponding conductors of 
each set. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. COI>t: 

250.30 Grounding Separately Derived Alternating-Current 
Systems. ln addition to compl}'ing with 250.30(A) for groun
ded systems, or ao; prol'idcd in 250.30(8) for ungrounded 
systems, separately derived systems shall comply "id1 250.20, 
250.21 , or 250.26, ao; applicable. :\llultiplc power sources of dlc 
same 1ypc dlat arc connected in parallel to form one system 
that supplies premises \�iring shall be treated ao; a single sepa
rately derived system and shall be installed in accordance widl 
250.30. 

lnformational ll:ote :'\o. 1: An alternate ac power source, such a.• 
an on-site generator, is not a separately deJi,·ed system if the 
grounded conductor i• solidly interconnected to a senice
supplied system gmunded conductor. An example of such a 
situation is if the alternate source transfer equipment does not 
include a S\\ltching action in the gmunded conductor and 
allows it to remain solidly connected to the senice-supplied 
grounded conductor when the alternate source i• operdtional 
and suppl�ing the load served. 

Informational Note No. 2: See 445.13 for the minimum size of 
conductors that carry fa1.1lt current. 

(A) Grounded SystemS • . A separately derived ac system that is 
grounded shall comply with 250.30(A) (l)  through (A) (8). 
Except ao; otherwise · permitted in this article, a grounded 
conductor shall not be connected to normally non-currcnl
carf}'ing metal parto; of cquipmcnl, be connected to cquipmcm 
grounding conductors, or be reconnected to ground on dlc 
load side of the system bonding jumper. 

Informational 1\:ote: See 250.32 for connections at separate 
buildings or stmctures and 250.142 for u.� of the gmunded 
circuit conductor for gmunding equipment. 

Exception: Tmpedance grounded system gmunding connections shall be 
made in accordance with 250.36 m· 250. I 87, as applirable. 

(1) System Bonding Jumper. An unspliccd system bonding 
jumper shall comply with 250.28(A) dlrough (D). This connec
tion shall be made at any single poim on dlc separately derived 
system from the source to the first system disconnecting means 
or ovcrcurrcnl device, or it shall be made at the source of a 
separately derived system dlat hao; no disconnecting means or 
ovcrcurrcnl devices, in accordance with 250.30(A) (1) (a) or 
(A) (1)  (b). The system bonding jumper shall remain "idtin dlc 
enclosure where it originates. If the source is located outo;idc 
the building or structure supplied, a system bonding jumper 
shall be installed at the grounding electrode connection in 
compliance with 250.30(C). 

Exception No. 1: Fm· !i)'.�ltmt� installed in accordance with 450.6, a 
.�ingle system bonding fumJJer connection to the tie point of the gmun
ded circuit condtu:tm-s from each power source slmU he permitted. 

Exception No. 2: lJ a building or stnu:ture is suptJlied by a feeder from 
an outdoor sepamle{l' derived systnn, a system bonding jumper at both 
the source and the ji1-st disconnecting means shall be permitted if doing 
so does 1wt establish a pamllel path for the gmunded ronductm: lJ a 
gmundP.d conductor is usl'.d in thi� mannn; it shall not be .�maller than 
the size specified fm· the system bonding jumJJer but shall not be required 
to be largrr than the ungrounded conductor(s ). For the purJJOses of thi� 
exception, comm:tion thmugh the em·th slmU not be considered as 
pmuiding a pamllel path. 

Exception No. 3: Tile size of the !iystem bonding jumper for a !i)'.�lfml 
that .mJ1plies a Oass I, Cla.�s 2, m· Class 3 circuit, and is derived from 
a tmnsfonller rated not 711017! than IOOO volt-amperes, shall not be 
n11alln· limn the de1ived ungrounded conductm:� and shall not be 
.�malin· tlmn I 4 A we copper or 12 A we aluminum. 
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(a) hutalkd at the Smm:e. The system bonding jumper 
shall connect the grounded conductor to the supply-side bond
ingjumpcr and the normally non-currcnt-cartying metal enclo
sure. 

(b) lnstalkd at the Fi1:�t Discmmecting Means. The system 
bonding jumper shall connect the grounded conductor to the 
supply-side bonding jumper, the disconnecting means enclo
sure, and the equipment grounding conductor(s). 

Exception: Sepamte�l' del·ivP.d .�_vstems con.�isting of multipk soun:es of 
the same type that al1' connected in Jlaralkl shall be permitted to have 
the system bonding jttmJJer imtal!P.d at tile pamlkling switdtgpm; 
switchboard, m· other pamlkling connection point instead of at the 
disconmcting meam locatl'.d at each seJmrate soun:e. 

(2) Supply-Side Bonding Jumper. If the source of a separately 
derived system and the first disconnecting means arc located in 
separate enclosures, a supply-side bonding jumper shall be 
installed with the circuit conductors from dtc source enclosure 
to the first disconnecting means enclosure. A supply-side bond
ing jumper shall not be required to be larger than the derived 
ungrounded conductors. The supply-side bonding jumper shall 
be permitted to be of nonflcxiblc metal raceway t}'pc or of the 
wire or bus type ao; follows: 

(1) A supply-side bonding jumper of the wire type shall 
comply with 250.102(C), ba-.cd on the size of the derived 
ungrounded conductors. 

(2) A supply-side bonding jumper of the bus type shall have a 
cross-sectional area not smaller than a supply-side bond
ingjumper of the wire type ao; determined in 250.102(C). 

Exception: A .mpply-side bonding jmnJm· shall not be 11'qui11'd between 
roclo.mi"I!S fm· installations made in compliance with 250.30(A)(I), 
Exception No. 2. 

(3) Grounded Conductor. If a grounded conductor is installed 
and the system bonding jumper connection is not located at 
the source, 250.30(A) (3) (a) duough (A) (3) (d) shall apply. 
The grounded conductor shall not be required to be larger 
than dtc derived ungrounded conductors. 

(a) Sizing fm· a Single Racewa_l'. The grounded conductor 
shall not be smaller than specified in Table 250.102(C) (I). 

(b) Cfmductm-s Cmmectl'.d in Pamlkl in. Two ��· MmY- Raceways 
m· ('Ables. If dtc ungrounded conductors arc connected in paral
lel in two or more raceways or cables, the grounded conductors 
shall also be installed in each raceway or cable and shall be 
connected in parallel. The size of tbc grounded conductor(s) 
in each raceway or cable shall be bao;cd on the largest derived 
ungrounded conductor in each raccwav or cable, or the sum of 
the circular mil area-. of the largc�t derived ungrounded 
conductors from each set connected in parallel in each raceway 
or cable, in accordance with 250.30(A) (3) (a), but not smaller 
than 1/0 AWG. 

Informational :'\ote: See 310.10(G) for grounded conductors 
connected in parallel. 

(c) Delta-C'..tmnected System. The grounded conductor of a 
3-pha-.c, 3-"irc delta system shall have an ampacity not less than 
that of the ungrounded conductors. 

(d) lmJit'dance Gmunded System. The impedance ground
ing conductor of an impedance grounded system shall be 
installed in accordance with 250.36 or 250.187, a-. applicable. 

(4) Grounding Electrode. The building or structure ground
ing electrode system shall be used ao; the grounding electrode 
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for the separately derived system. If located outdoors, the 
grounding electrode shall be in accordance with 250.30(C). 

Exception: If a sepamte�l· de1ived system originates in equipment that is 
li.�ted and idmtifiP.d as .ruitabk for use as service equipment, the 
g�vunding ell'ctmde used fm· the service or feedel· equipment shall be 
permitted to be usl'.d as tile g�vunding ekctmde for tile seJmmtl'ly derived 
system. 

Informational :'\ote l'o. 1 :  See 250. 104(0) for bonding require
menL" for intelior metal water piping in the area served by sepa
rately derh·ed systems. 

Informational Note No. 2: See 250.50 and 250.58 for require
menL" for bonding all electrodes together if located at the same 
building or structure. 

(5) Grounding Electrode Conductor, Single Separately Derived 
System. A grounding electrode conductor for a single sepa
rately derived system shall be sized in accordance with 250.66 
for dtc derived ungrounded conductors. It shall be used to 
connect the grounded conductor of the derived s\-stcm to the 
grounding electrode in aca,rdancc l\ith 250.30(A) (4), or a-. 
permitted in 250.68(C) (1)  and (C) (2). This connection shall 
be made at the same point on the separately derived system 
where the system bonding jumper is connected. 

Exception No. I: If til£ .�_vstem /xmdingjumJII!r sJit'cified in 250.30(A) 
(I) is a witY- m: ·bwrbat; it shall be Jlt'nnitted to connect the g�vunding 
ekctmde crm4ur.tm· to the equipment gmunding terminal, bat; m· bus if 
the equipment grounding termina� bm; m· bus is of sufficient size frtr 
the sepamtel_l' de1ived .ry.�tem. 

Exception No. 2: If tile smm:e of a sepamte�l· derived .rystem is located 
within equipment li�ted and identified as suitabk frtr u.� as se111ia 
equipment, the g�vunding ekctmde conductm·ftvm the se111ire m"Jeedel· 
equipment to the g�vtmding ekctmde shall be pennittl'.d as the g�vund
ing electmde conductor fm· the sefJarate�l' derived !i_l'.�tem, if the g�vund
ing ekctmde cmtductm· is of sufficient .�iu fm· the .<iefmmte�v de1ived 
.rystem. If the 1'-f[UiJnnrot giTtUnding bus internal to the equiJnnrot is not 
smalk!· than the 11'qui11'd grounding ell'ctmde conductm· fm· the sepa
rate�)' de1ived .rystem, the g�vunding ekctmde connPctimt fm· the sepa
mte�l' del·ivP.d .rystem shall be Jmmitted to be made to the bus. 

Exception No. 3: A g�vunding ekctmde conductor shall not be 1Y-qui1"1!d 
fm· a SJstem that suptJ/ies a Class I, C/a.'l.� 2, m· Cla.�s 3 circuit and is 
de1ived from a tmnsfftl1ner mted not 11WI1' than I()()() volt-amperes, 
pmvided the g�vunded mnductor is bonded to the transfm'l'llt'l·ftnme m· 
roclo.w11' by a jumpet· siZP.d in accmrlance with 250.30(A)( I), Excep
timt ;Vo. 3, and the tmn.ifm'l'llt'l· ftmne or enclosw1' i� g�vunded by rtne 
of the 1neans specified in 250. I 34. 

(6) Grounding Electrode Conductor, Multiple Separately 
Derived Systems. A common grounding electrode conductor 
for multiple separately derived systems shall be permitted. If 
installed, the common grounding electrode conductor shall be 
used lo connect the grounded conductor of each scparatelv 
derived S}-stcm to dtc grounding electrode a-. specified i� 
250.30(A) (4). A grounding electrode conductor tap shall then 
be installed from each separately derived system to the 
common grounding electrode conductor. Each tap conductor 
shall connect the grounded conductor of the scparatelv 
derived ")'"Stem to the common grounding electrode conducto;. 
This connection shall be made at the same point on the sepa
rately derived system where the system bonding jumper is 
connected. 

Exception No. I: If the .�_vstem bonding jumper sJit'cified in 250.30(A) 
(I) is a witY- rtr bu.wm; it shall be Jlt'nnitted to cmmect the g�vunding 
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electmde cmultu:tor la/J to the 1'-f[UiJmlrot gmunding tei'Tni1Ul� bm; ctr 
bus, pmvided the equiJmlrot gmunding termi1w� bm; m· bus is of .ruffi
cimt .w.t fm· the sqmmte�l' del·ivP.d system. 

Exception No. 2: A gmunding ekctmde conductor shall not be required 
fm· a system tlwt supt1lies a Class 1, Cuus 2, ctr Class 3 circuit and is 
de1ived from a tmnsfctnner mted 1wt 1/U/17! tlwn 1()()() volt-amperes, 
pmvided the .ry.�tem gmunded mnductctr is bonded to the tmnifonner 
frame ctr roclosure by a jumpn· .�ized in acmrdance with 250. 30( A)( I), 
Exception No. 3, and the tmn.iforme�frmne m· enclo.rutf! is JPVUtuiP.d by 
m1e of the me.ans sJit'cified in 250. I 34. 

Exception No. 3: If the smm:e of a sepamte�l· derived .rystem is located 
within equipmrot li�ted and idrotified as suitabk fctr u.� as se111ice 
equijnnent, the JPVUnding electmde conductm·ftvm the se111ice mfeeder 
equijnnent to the JPVU1uling ekctmde shall be Jlel7nitt1'4 as the JPVUnd
ing electmde conductor fctr the sefJarate�l' derived !i)'.�tem, if the JPVUnd
ing electmde cmultu:tm· is of .�ufficimt .�ize fm· the .'ii'Jmmte�l' de1ived 
.rystem. If the 1'-f[UiJmlrot JPVUnding bus internal to the equiJmlrot i� not 
smal/n· than the 11'quhed grounding e!Pctmde conductm· fm· the sepa
rate�)' de1ived .rystem, the JPVUnding ekctmde connPctiml fm· the sepa
rate�)' del·ivP.d .rystem shall be Jmmitted to be made to the bus. 

(a) C'..omnwn G1vunding Electmde C'..onducto1: The common 
grounding electrode conductor shall be pcrmiucd to be one of 
the follo"ing: 

(1) A conductor of the wire type not smaller dtan 3/0 AWG 
copper or 250 kcmil aluminum 

(2) A metal water pipe in accordance l\ith 250.68(C) (1) 
(3) The metal structural frame of the building or structure in 

accordance "id1 250.68(C) (2) or is connected to me 
grounding electrode system by a conductor not smaller 
than 3/0 AWG copper or 250 kcmil aluminum 

(b) TaJI C'..onductor Size. Each lap conductor shall be sized 
in accordance "id1 250.66 based on the derived ungrounded 
conductors of the separately derived system it serves. 

Exception to (a)( 1) mul (b): If the ctnly electrodes tlwt are pri'Senl a/1' of 
the types in 250.66(A), (B), m· (C), the size of the commor� JPVUnding 
electmde cmultu:tm· slwU not be 11'qui11'd to be lmge1· llum the largest 
conductor 11'q11i11'd by 250.66(A), (B), m· (C) fctr the f:J/11' of electmde 
that is J111'Sent. 

(c) C'..onnections. All lap conncctioQ.'i to me common 
grounding electrode conductor shall be. made at an acccs.'iiblc 
location by one of dtc follo"ing methods: 
(1) A connector listed as grounding and bonding equipment. 
(2) Listed connections to aluminum or copper busbars not 

smaller man 6 mm thick x 50 mm wide (Y.. in. thick x 2 in. 
"ide) and of a length to accommodate the number of 
tcnninations ncccs.'ial)' for the installation. If aluminum 
busbars arc used, me installation shall also be in accord
ance l\ith 250.64(A) . 

(3) The cxodtcrmic welding proccs.'i. 

Tap conductors shall be connected to me common ground
ing electrode conductor in such a manner that the common 
grounding electrode conductor remains l\ithout a splice or 

joint. 

(7) Installation. The installation of all grounding electrode 
conductors shall comply with 250.64(A), (8), (C), and (E). 

(8) Bonding. Structural steel and metal piping shall be 
connected to dtc grounded conductor of a separately derived 
system in accordance "id1 250.104(0). 
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(B) Ungrounded Systems. The equipment of an ungrounded 
separately derived system shall be grounded and bonded as 
specified in 250.30(8) (1)  mrough (8) (3). 

(1) Grounding Electrode Conductor. A grounding electrode 
conductor, sized in accordance wim 250.66 for me largest 
derived ungrounded conductor(s) or set of derived ungroun
ded conductors, shall be used to connect the metal enclosures 
of the derived system to dtc grounding electrode as specified in 
250.30(A) (5) or (A) (6), as applicable. This connection shall be 
made at any point on me separately derived system from me 
source to the first system disconnecting means. If me source is 
located OUl'iidc me building or StrUCtUre supplied, a grounding 
electrode connection shall be made in compliance wim 
250.30(C). 

(2) Grounding Electrode. Except a'i pcrmiucd by 250.34 for 
portable and vchicl�mountcd generators, the grounding elec
trode shall complp\ith 250.30(A) (4). 

(3) Bonding Path and Conductor. A supply-side bonding 
jumper shall be installed from me source of a separately 
derived system to me first disconnecting means in compliance 
wim 250.30(A) (2). 

(C) Outdoor. Solii'Ce. If the source of the separately derived 
system is located out'iidc me building or structure supplied, a 
grounding el('ctrode connection shall be made at the source 
location to one or more grounding electrodes in accordance 
"im 2!>0.50. In addition, me installation shall be in accordance 
"ith 250.30(A) for grounded systems or "id1 250.30(B) for 
ungrounded systems. 

Exception: The JPVUnding ekctmde cmulttctctr mnnection fm· imJit'dance 
JPVUtuiP.d systems slwU be in acconlance with 250. 36 m· 250. 187, as 
apt1licabk. 

250.32 Buildings or Structures Supplied by a Feeder(s) or 
Branch Circuit(s). 

(A) Grounding Electrode System and Grounding Electrode 
Conductor. A building(s) or structure(s) supplied by a 
feeder(s) or branch circuit(s) shall have a grounding electrode 
system and grounding electrode conductor installed in accord
ance l\ith Part Ill of Article 250. 

Exception: A JPVUnding ekctmde .rystem and gmunding ekctmde 
conductor shall 1wt be 11'qui11'd if only a singk branch circuit, itu:lud
ing a multiwi11' brmu:h chcuit, .rupt1lies the building ctr stmctwP and 
the brmu:h circuit includes an equipment JPVUnding cmultu:tm· fctr 
JPVUtuling the nm·mally nctn-cunmt-canJing metalJJmts of equipment. 

(B) Grounded Systems. 

(1) Supplied by a Feeder or Branch Circuit. An equipment 
grounding conductor, a'i described in 250.1 18, shall be run 
"im the supply conductors and be connected to the building 
or structure disconnecting means and to me grounding elcc
trodc(s). The equipment grounding conductor shall be used 
for grounding or bonding of equipment, structures, or frames 
required to be grounded or bonded. The equipment ground
ing conductor shall be sized in accordance "im 250.122. Any 
installed grounded conductor shall not be connected to me 
equipment grounding conductor or to me grounding elcc
trodc(s). 

Exception No. I: For installatictn� made in compliance with previctu.� 
editictn� of thi� ('..ode tlwt pn·mitted s1u:h comvctictn, the JPVUnded 
conductor mn with the .ruptJ�l' to the building m· .�tructwf! slwU be 
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250.32 ARTICLE 250 - GROUNDI:'IIG AND BONDI:'IIG 

jHmltilltd to .w�rvt as the gmundfault retuTn path if all of the following 
requhemmts continut to be met: 

( 1) An equipment gmunding conductor is not run zuith tht suJIP{l· to 
tht building m· stmctw1'. 

(2) Tlvre a/1' no contimwus mttallic paths bmulP.d to the gtvunding 
.�ystrol in each building m· stmcture involved. 

(3) Gmundfault pmtection of equiJmumt has 1wt been in�tal!P.d on 
tht .rupp{l' side of the JP-eder(s ). 

If the gtvundtd ccmductor is used for gmunding in accordance with 
tht pmvision of this exctfJti(m, the .WL of tht gtvmulP.d condtu:tm· shall 
not be smalle1· than the largP-r of either of tht following: 

( 1) The calculated neutral load in a rem-dance zuith 220.61 
(2) The minimum equiJmlent gtmmding crmductm· siZP.d in accmrl-

ance with 250.122 

Exception No. 2: If system bonding jumpers a/1' in.�talled in arcmrlance 
with 250.30(A)( 1 ), Exupti(m No. 2, tht feeder gtmmded circuit 
conductor at the building m· structU11' se1w.d shall be comvcttd to the 
tquipment gtmmding conductors, gtmmding electmde conductm; and 
tht enclo.rut-e for the fin;t disconnecting mtans. 

(2) Supplied by Separately Derived System. 
(a) With Overcunmt Pmtection. If ovcrcurrcnt protection is 

prm-idcd where dtc conductors originate, the installation shall 
comply with 250.32(8) (1) .  

(b) Without Ovt1runmt Pmtection. If ovcrcurrcnt protec
tion is not provided where the conductors originate, dtc instal
lation shall comply l\ith 250.30(A). If installed, dtc supply-side 
bonding jumper shall be connected to me building or struc
ture disconnecting means and to the grounding elcctrodc(s). 

(C) Ungrounded Systems. 

(1) Supplied by a Feeder or Branch Circuit. An equipment 
grounding conductor, as described in 250.1 18, shall be instal� 
led "id1 the supply conductors and be connected to the build
ing or structure disconnecting means and to the grounding 
elcctrodc(s) . The grounding elcctrodc(s) shall also be connec
ted to me building or structure disconnecting means; 

(2) Supplied by a Separately Derived System. 
(a) With Overcunmt Pmtection. If ovcrcurrent protection is 

prm-idcd where dtc conductors originate, dlc installation shall 
comply with 250.32(C) (1) .  

(b) Without Ovt1runmt Pmtection. If ovcrcurrcnt protec
tion is not provided where the conductors originate, dtc instal
lation shall comply with 250.30(B). I( installed, the supply-side 
bonding jumper shall be connected to me building or struc
ture disconnecting means and to the grounding elcctrodc(s). 

(D) Disconnecting Means Located in Separate Building or 
Structure on dle Same Premises. If one or more disconnecting 
means supply one or more additional buildings or structures 
under single management, and where mcse disconnecting 
means arc located remote from dtose buildings or structures in 
accordance l\ith 225.31 (8), Exception No. I and 1'\o. 2, 
700.12(0) (4), 701.12(0) (3), or 702.12, all of the following 
conditions shall be met: 

(1) The connection of the grounded conductor to me 
grounding electrode, to normally non-currcnt-carl)ing 
metal part-; of equipment, or to me equipment ground
ing conductor at a separate building or structure shall not 
be made. 

(2) An equipment grounding conductor for grounding and 
bonding any normally non-current-carrying metal part-; of 
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equipment, interior metal piping systems, and building or 
structural metal frames is run "id1 the circuit conductors 
to a separate building or structure and connected to exist
ing grounding elcctrodc(s) required in Part Ill of this 
article, or, if dtcrc arc no existing electrodes, me ground
ing elcctrodc(s) required in Part Ill of this article shall be 
installed if a separate building or structure is supplied by 
more man one branch circuit. 

(3) The connection between the equipment grounding 
conductor and me grounding electrode at a separate 
building or structure shall be made in a junction box, 
panelboard, or similar enclosure located immediately 
inside or outo;idc me separate building or structure. 

(E) Grounding Electrode Conductor. The size of dtc ground
ing electrode conductor to dtc grounding elcctrodc(s) shall 
not be smaller man given in 250.66, bao;cd on the largest 
ungrounded supply conductor. The installation shall comply 
wim Part Ill of this article. 

250.34 Portable, Vehicle-Mounted, and TraDer-Mounted 
Generators. 

(A) Portable Generators. The frame of a portable generator 
shall not be required. to be connected to a grounding electrode 
ao; defined in 250.52 for a system supplied by dtc generator 
under bod1 of me following conditions: 

(1)  The generator supplies only cquipmcm moumcd on me 
generator, cord-and-plug-connected cquipmcm mrough 
receptacles moumcd on the generator, or both. 

(2) The normally non-currcnt-carl)ing metal part-; of equip
ment and the equipment grounding conductor terminals 
of me receptacles arc connected to me generator frame. 

(B) Vehicle-Mounted and TraDer-Mounted Generators. The 
frame of a vehicle or trailer shall not be required to be connec
ted to a grounding electrode ao; defined in 250.52 for a system 
supplied by a generator located on dtis vehicle or trailer under 
all of the follo"ing conditions: 

( 1)  The frame of the generator is bonded to the vehicle or 
trailer frame. 

(2) The generator supplies only equipment located on me 
vehicle or trailer; cord-and-plug-connected equipment 
through receptacles moumcd on dtc vehicle; or bom 
equipment located on the vehicle or trailer and cord-and
plug-connected cquipmcm through receptacles moumcd 
on me vehicle, trailer, or on the generator. 

(3) The normally non-currcnt-carl)ing metal part-; of equip
ment and the equipment grounding conductor terminals 
of me receptacles arc connected to me generator frame. 

(C) Grounded Conductor Bonding. A conductor mat is 
required to be grounded by 250.26 shall be connected to me 
generator frame if me generator is a componcm of a separately 
derived system. 

Informational l'ote: See 250.30 for grounding po11ahle genera
tors suppl}ing fixed \\iring systems. 

250.35 Permanently Installed Generators. A conductor that 
prm-idcs an effective ground-fault current path shall be instal
led l\ith me supply conductors from a pcrmancndy installed 
gcncrator(s) to the first disconnecting mcan(s) in accordance 
"im 250.35(A) or (8). 
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ARTICLE 250 - GROUNDI:"'G AND BONDI:"'G 250.52 

(A) Separately Derived System. If the generator is installed as 
a separately derived system, the requirements in 250.30 shall 
apply. 

(B) Nonseparately Derived System. If the generator is instal
led ao; a nonseparately derived system, and ovcrcurrcnt protec
tion is not integral with the generator a'l.o;cmbly, a supply-side 
bonding jumper shall be installed between the generator 
cquipmcm grounding terminal and the equipment grounding 
tcnninal, bar, or bus of the disconnecting mcan (s) . It shall be 
sized in accordance l\ith 250.102(C) bao;cd on the size of the 
conductors supplied by the generator. 

250.36 Impedance Grounded Systems - 480 Volts to 
1000 Volts. Impedance grounded systems in which a ground
ing impedance device, typically a resistor, limit-; the ground
fault current shall be permitted for 3-phao;c ac systems of 
480 volt-; to 1000 volt-; if all the following conditions arc mel: 

(1) The conditions of maintenance and supervision ensure 
that only qualified persons senicc the installation. 

(2) Ground detectors arc installed on the system. 
(3) Line-to-neutral load-; arc not served. 

Impedance grounded systems shall comply l\ith 250.36(A) 
through (G). 

Informational :'\ote: See NFPA 70.1-.:2021, Standard for Electrical 
Safrly in the Worltplace, Annex 0, for infonnation on impedance 
grounding to reduce arc-Oa•h hazards. 

(A) Location. The grounding impedance device shall be 
installed between the grounding electrode conductor and the 
impedance grounding conductor connected to dtc S)'Slcm 
neutral point. If a neutral point is not available, the grounding 
impedance shall be installed between the grounding electrode 
conductor and the impedance grounding conductor connec
ted to the neutral point derived from a grounding transformer. 

(B) Impedance Grounding Conductor Insulation and Ampac
ity. The impedance grounding conductor from the neutral 
point of dtc transformer or generator to ito; connection poim 
to the grounding impedance shall be fully in!lulatcd. 

The impedance grounding conductor shall have an ampacity 
of not lcs.o; than the maximum current rating of the grounding 
impedance but in no cao;c shall ·· the impedance grounding 
conductor be smaller than 8 AWG copper or 6 AWG aluminum 
or copper-clad aluminum. 

(C) System Grounding Coanection. The system shall not be 
connected to ground except through the grounding impe
dance dclicc. 

Informational :'\ote: The impedance is nmmally selected to limit 
the ground-fault cun-ent to a value slightly greater than or equal 
to the capaciti\� charging current of the ")'Stem. This \"dlue of 
impedance ,,;n alm limit transient overmltages to safe \'alues. 
For guidance, refer to c1ite1ia for limiting transient ovef\·ohages 
in IEEE 3003.1-2019, ilHollmlmded Practicl' for SJslem Grounding of 
/ndu.<lrial and C.mnmerrial Pmuer SJ•Iem.•. 

(D) Impedance Grounding Conductor Routing. The impe
dance grounding conductor shall be permitted to be installed 
in a separate raceway from the ungrounded conductors. It shall 
not be required to run this conductor "id1 dtc phao;c conduc
tors to the first system disconnecting means or ovcrcurrcm 
de\ icc. 

(E) Impedance Bonding Jumper. The impedance bonding 
jumper ( dtc connection between the equipment grounding 
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conductors and the grounding impedance device) shall be an 
unspliccd conductor run from the first system disconnecting 
means or ovcrcurrcnt device to the grounded side of the 
grounding impedance device. 

(F) Grounding Electrode Conductor Connection Location. 
For senices or separately derived systems, the grounding elec
trode conductor shall be connected at any point from the 
grounded side of the grounding impedance dc,icc to the 
cquipmcm grounding connection at the scnicc equipment or 
the first S)'Slcm disconnecting means of a separately derived 
system. 

(G) Impedance Bonding Jumper Size. The impedance bond
ing jumper shall be sized in accordance "id1 cidtcr of the 
follo"ing: 

( 1 )  If the grounding electrode conductor connection is made 
at the grounding impedance dc\icc, the cquipmcm 
bonding jumper shall be sized in accordance \\ith 250.66, 
bao;cd on the size of the scriicc entrance conductors for a 
senicc or the derived phao;c conductors for a separately 
derived S)'Slcm . . · .· 

(2) If the grounding electrode conductor is connected at the 
first S)'Slcm di!IConnccting means or ovcrcurrcnt dc\icc, 
the impcwmcc bonding jumper shall be sized the same ao; 
the impedance grounding conductor in 250.36(B). 

Part ID. Grounding Electrode System and Grounding Elec-
trode Conductor 

250.50 Grounding Electrode System. All grounding electrodes 
ao; described in 250.52(A) (1)  through (A) (7) that arc prcsem 
at each building or structure served shall be bonded together 
to form the grounding electrode S)'Slcm. If none of these 
grounding electrodes exist, one or more of the grounding elec
trodes specified in 250.52(A) (4) through (A) (8) shall be 
installed and used. 

Exception: \..onn-ete-enrased ekctmdes of existing buildings ctr .•tructw-es 
shall not he 1-equired Ia he pm·t of the gmunding ekrtmde system if the 
n!bm· is not accessibk fm· use without distwfling the cctnn-ete. 

250.52 Grounding Electrodes. 

(A) Electrodes Permitted for Grounding. 

(1) Metal Underground Water Pipe. A metal underground 
water pipe in direct contact \\ith the earth for 3.0 m (10 ft) or 
more (including any metal well cao;ing bonded to the pipe) and 
electrically cominuous (or made electrically continuous by 
bonding around insulating joint-; or insulating pipe) to the 
point-; of connection of the grounding electrode conductor 
and the bonding conductor(s) or jumpcr(s), if installed. 

(2) Metal In-ground Support Structure(s). One or more metal 
in-ground support structurc(s) in direct contact "id1 the earth 
vertically for 3.0 m (10 ft) or more, "id1 or "ithout concrete 
cncao;cmcnt. If multiple metal in-ground support structures arc 
present at a building or a structure, it shall be pcrmis.o;iblc to 
bond only one into the grounding electrode system. 

Informational :'\ote: Metal in-ground support structures include, 
but are not limited to, pilings, ca•ings, and other structural 
metal. 

70-145 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 
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(3) Concrete-Encased Electrode. A concrete-encased electrode 
shall consist of at least 6.0 m (20 ft) of cidtcr of dtc following: 

(1) One or more bare or zinc galvanized or odtcr electrically 
conductive coated rcbar of not lcs.o; man 13 mm (� in.) in 
diameter, installed in one continuous 6.0 m (20 ft) 
length, or if in multiple pieces, the rcbar shall be connec
ted togcdlcr by steel tic wires, exothermic welding, weld
ing, or oilier effective means to create a 6.0 m (20 ft) or 
greater length 

(2) Bare copper conductor not smaller than 4 AWG 

Metal component-; shall be encased by at least 50 mm (2 in.) 
of concrete and shall be located horizontally widlin that 
portion of a concrete foundation or footing th�t is in direct 
contact with dtc earth or "idtin vertical foundations or struc
tural component-; or members mat arc in direct contact widl 
the cardl. If multiple concrete-encased electrodes arc presem 
at a building or structure, it shall be pcrmis.o;iblc to bond only 
one imo the grounding electrode system. 

Informational :'\ote: Concrete installed "ith in•nlation, vapor 
barliers, films, or similar item.• separating the concrete from the 
earth is not considered to be in "direct contact" ''ith the earth. 

(4) Ground Ring. A ground ring encircling the building or 
structure, in direct contact with the earth, consisting of at least 
6.0 m (20 ft) of bare copper conductor not smaller than 
2 AWG. 

(5) Rod and Pipe Electrodes. Rod and pipe electrodes shall 
not be less than 2.44 m (8 ft) in length and consist of me 
follo"ing materials. 

(1) Grounding electrodes of pipe or conduit shall not be 
smaller man metric designator 21 (trade size Y.,) and, 
where of steel, shall have dtc outer surface galvanized or 
othcn,isc metal-coated for corrosion protection. 

(2) Rod-type grounding electrodes of stainless steel and 
copper or zinc-coated steel shall be at lcao;t 15.87 mm (% 
in.) in diameter, unless listed. 

(6) Other Listed Electrodes. Other listed grounding electro
des shall be permitted. 

(7) Plate Electrodes. Each plate electrode shall expose not lcs.o; 
than 0.186 m2 (2 ft2) of surface to exterior soil. Electrodes of 
bare or electrically conductive coated iron or steel plates shall 
be at lcao;t 6.4 mm (� in.) in dlickness. Solid, uncoated electro
des of nonferrous metal shall be at lcao;t 1.5 mm (0.06 in.) in 
thickncs.o;. 

(8) Other Local Metal Underground Systems or Structures. 
Odtcr local metal underground systems or structures such ao; 
piping systems, underground tanks, and underground metal 
well cao;ings mat arc not bonded to a metal water pipe. 

(B) Not Permitted for Use as Grounding Electrodes. The 
follo"ing systems and materials shall not be used ao; grounding 
electrodes: 

(1) Metal underground gao; piping systems 
(2) Aluminum 
(3) The structures and structural rcbar described in 

680.26(B) (1)  and (B) (2) 

Informational :'\ote: See 250.104(8) for bonding requiremenL• 
of ga• piping. 
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250.53 Grounding Electrode System Installation. 

(A) Rod, Pipe, and Plate Electrodes. Rod, pipe, and plate elec
trodes shall be free from nonconductivc coatings such ao; paim 
or enamel. Rod, pipe, and plate electrodes shall meet me 
requirement-; of 250.53(A) (1)  dlrough (A) (3). 

(I) Below Permanent Moisture Level. If practicable, rod, pipe, 
and plate electrodes shall be embedded below pcrmancm 
moisture level. 

(2) Supplemental Electrode Required. A single rod, pipe, or 
plate electrode shall be supplcmcmcd by an additional elec
trode of a type specified in 250.52(A) (2) through (A) (8). The 
supplemental electrode shall be permitted to be bonded to one 
of me following: 

(1)  Rod, pipe, or plate electrode 
(2) Grounding electrode conductor 
(3) Grounded service-entrance conductor 
(4) 1'\onflcxiblc grounded senice raceway 
(5) Any grounded senicc cncl<lllurc 

Exception: If a .�ingle rod, pipe, Ol' platt grounding electmde has a 
resistanre to em·th of 25 ohms m· /e.••s, the .mJlplemenlal tlectmde slmU 
not be 11'-Jfltitl'.d. 

. 

(3) Supplemental Electrode. If multiple rod, pipe, or plate 
electrodes are installed to meet dtc requirement-; of this 
section, du�y shall not be Jcs.o; than 1.8 m (6 ft) apart. 

lnformat.ional Note: The paralleling efficiency of rod• i• 
increased by spacing them "'ice the length of the longest rod. 

(4) Rod and Pipe Electrodes. The electrode shall be installed 
such mat at lcao;t 2.44 m (8 ft) of lcngdl is in contact "idl me 
soil. It shall be driven to a depth of not lcs.o; than 2.44 m (8 ft) 
except that, where rock bottom is cncoumcred, me electrode 
shall be driven at an oblique angle not to exceed 45 degrees 
from the vertical or, where rock bottom is encountered at an 
angle up to 45 degrees, the electrode shall be permitted to be 
buried in a trench mat is at Jcao;t 750 mm (30 in.) deep. The 
upper end of the electrode shall be flush "id1 or below ground 
level unlcs.o; me aboveground end and the grounding electrode 
conductor attachmcm arc protected against physical damage ao; 
specified in 250.10. 

(5) Plate Electrode. Plate electrodes shall be installed not lcs.o; 
than 750 mm (30 in.) below the surface of me earth. 

(B) Electrode Spacing. If more than one of me electrodes of 
the type specified in 250.52(A) (5) or (A) (7) arc used, each 
electrode of one grounding system (including that used for 
strike termination dc\-iccs) shall not be lcs.o; than 1 .83 m (6 ft) 
from any other electrode of another grounding system. 

(C) Bondingjumper. The bondingjumpcr(s) tLo;cd to connect 
the grounding electrodes togcdlcr to form the grounding elec
trode system shall be installed in accordance l\ith 250.f>4(A), 
(B), and (E), shall be sized in accordance l\ith 250.66, and 
shall be connected in the manner specified in 250.70. Rebar 
shall not be used ao; a conductor to interconnect the electrodes 
of grounding electrode systems. 

(D) Metal Underground Water Pipe. If used ao; a grounding 
electrode, metal underground water pipe shall meet me 
rcquircmcnto; of 250.53(D) (l)  and (D) (2). 
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ARTICLE 250 - GROUNDI:"'G AND BONDI:"'G 250.64 

(1) Continuity. Continuity of the grounding path or the bond
ing connection to interior piping shall not rely on water meters 
or filtering dc\-iccs and similar equipment. 

(2) Supplemental Electrode Required. A metal underground 
water pipe shall be supplemented by an additional electrode of 
a type specified in 250.52(A) (2) through (A) (8). If the supple
mental electrode is of dtc rod, pipe, or plate type, it shall 
comply "ith 250.53(A) . The supplemental electrode shall be 
bonded to one of the follm�ing: 

(1) Grounding electrode conductor 
(2) Grounded service-entrance conductor 
(3) Nonflcxiblc grounded service raceway 
(4) Any grounded service enclosure 
(5) Ao; prmidcd by 250.32(8) 

Exception: The .�upplnmmtal tdutmde shall be Jmmitted to be bonded to 
the interim· metal walerJiiping as sJJUijied in 250. 68( C)( 1 ). 

(E) Supplemental Grounding Electrode Bonding Jumper Size. 
If the supplemental electrode is a rod, pipe, or plate electrode, 
that portion of the bonding jumper that is the sole connection 
to the supplemental grounding electrode shall not be required 
to be larger dtan 6 AWG copper wire or 4 AWG aluminum or 
copper-clad aluminum \�ire. 

(F) Ground Ring. The ground ring shall be installed not lcs.o; 
than 750 mm (30 in.) below the surface of dtc earth. 

250.54 Auxiliary Grounding Electrodes. One or more ground
ing electrodes shall be permitted to be connected to the equip
ment grounding conductors specified in 250.1 18 and shall not 
be required to comply l�ith the electrode bonding require
ments of 250.50 or 250.53(C) or the resistance requirements of 
250.53(A) (2) Exception, but the earth shall not be used as an 
effective ground-fault current path ao; specified in 250.4(A) (5) 
and (8) (4) . 

250.58 Common Grounding Electrode. If an ac system is 
connected to a grounding electrode in or at a building or struc
ture, the same electrode shall be used to ground conductor 
enclosures and equipment in or on dtat building or structure. 
If separate scniccs, feeders, or branch drcuito; supply a build
ing and arc required to be connected to a grounding elcc
trodc(s), the same grounding elcct.rodc(s) shall be used. 

250.60 Use of Strike Terminatioa Devices. Conductors and 
driven pipes, rods, or plate dc;ctrodcs used for grounding 
strike tcnnination dc\-iccs shall not be used in lieu of the 
grounding electrodes required by 250.50 for grounding "iring 
systems and equipment. This prmision shall not prohibit the 
required bonding together of grounding electrodes of differ
ent systems. 

Informational Note :'\o. I: See 250. 106 for the bonding require
ment of the lightning protection system componenL'i to the 
building or structure grounding electrode system. 

Informational Note :'\o. 2: Bonding together of all separdte 
grounding electrodes "ill limit \'ohage differences between 
them and between their a.'i.'K>ciated \\iling systems. 

250.62 Grounding Electrode Conductor Material. The 
grounding electrode conductor shall be of copper, aluminum, 
copper-clad aluminum, or dtc items ao; permitted in 250.68(C). 
The material selected shall be resistant to anv corrosive concli
tion existing at the installation or shall be protected against 
corrosion. C..onductors of the wire type shall be solid or stran
ded, insulated, covered, or bare. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAL COI>t: 

250.64 Grounding Electrode Conductor Installation. Ground
ing electrode conductors at the scnicc, at each building or 
structure where supplied by a fccdcr(s) or branch circuit(s), or 
at a separately derived system shall be installed ao; specified in 
250.f>4(A) through (G) . 

(A) Aluminum or Copper-Clad Aluminum Conductors. 
Grounding electrode conductors of bare, covered, or insulated 
aluminum or copper-clad aluminum shall comply with the 
follo"ing: 

(1)  Bare or covered conductors "ithout an extruded poly
meric covering shall not be installed where sutMcct to 
corrosive conditions or be installed in direct contact with 
concrete. 

(2) Terminations made "ithin outdoor enclosures that arc 
listed and identified for dtc environment shall be permit
ted "idtin 450 mm (18 in.) of the bottom of the enclo
sure. 

(3) Aluminum or copper-clad .aluminum conductors external 
to buildings or equipment enclosures shall not be termi
nated "ithin 450 nun (18 in.) of the earth. 

(B) Securing and Protection Against Physical Damage. If 
exposed, a groundirig electrode conductor or ito; enclosure 
shall be securely fastened to the surface on which it is carried. 
Grounding electrode conductors shall be permitted to be 
installed on or through framing members. 

(1) Not Exposed to Physical Damage. A 6 AWG or larger 
copper, copper-clad aluminum, or aluminum grounding elec
trode conductor not exposed to physical damage shall be 
permitted to be run along the surface of the building construc
tion l\ithout metal covering or protection. 

(2) Exposed to Physical Damage. A 6 AWG or larger copper, 
copper-clad aluminum, or aluminum grounding electrode 
conductor exposed to physical damage shall be protected in 
rigid metal conduit (RMC) , intcnncdiatc metal conduit (IMC), 
Schedule 80 rigid polyvinyl chloride conduit (PVC), reinforced 
thermosetting resin conduit Type XW (RTRG·XW), electrical 
metallic tubing (EMT), or cable armor. 

(3) Smaller Than 6 AWG. Grounding electrode conductors 
smaller than 6 AWG shall be protected in RMC, I�lC, Sched
ule 80 PVC, RTRG·XW, EMT, or cable armor. 

(4) In Contact with the Earth. Grounding electrode conduc
tors and grounding electrode bonding jumpers in contact with 
the earth shall not be required to comply "ith 300.5 or 305.15, 
but shall be buried or othcmise protected if subject to physical 
damage. 

(C) Continuous. Except ao; provided in 250.30(A) (5) and 
(A) (6), 250.30(8) (1) ,  and 250.68(C), grounding electrode 
conductor(s) shall be installed in one continuoLL'i length with
out a splice or joint. If necessary, splices or connections shall be 
made ao; permitted in the follm\ing: 

(1 )  Splicing of dtc "ire-type grounding electrode conductor 
shall be permitted only by irreversible comprcs.o;ion-typc 
connectors listed ao; grounding and bonding equipment 
or by the exothermic welding proccs.o;. 

(2) Sections of busbars shall be permitted to be connected 
together to form a grounding electrode conductor. 

(3) Bolted, riveted, or welded connections of structural metal 
frames of buildings or structures. 

(4) Threaded, welded, brazed, soldered or bolted-flange 
connections of metal water piping. 
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(D) Building or Structure with Multiple Disconnecting Means 
in Separate Enclosures. If a building or structure is supplied by 
a scnicc or feeder l\ith two or more disconnecting means in 
separate enclosures, the grounding electrode connections shall 
be made in accordance with 250.fl4(D) (I), (D) (2), or (D) (3). 

(1) Common Grounding Electrode Conductor and Taps. A 
common grounding electrode conductor and grounding elec
trode conductor taps shall be installed. The common ground
ing electrode conductor shall be sized in accordance with 
250.f>6, bao;cd on dtc sum of the circular mil area of the largest 
ungrounded conductor(s) of each set of conductors that 
supplies the disconnecting means. If the service-entrance 
conductors connect dirccdy to the overhead senicc conduc
tors, senicc drop, underground senicc conductors, or service 
lateral, dtc common grounding electrode conductor shall be 
sized in accordance "ith Table 250.66, note 1. 

A grounding electrode conductor tap shall extend to the 
inside of each disconnecting means enclosure. The grounding 
electrode conductor taps shall be sized in accordance with 
250.f>6 for dtc largest scnicc-cntrancc or feeder conductor 
serving the individual enclosure. The tap conductors shall be 
connected to dtc common grounding electrode conductor by 
one of the follm\ing mcthodo; in such a manner dtat the 
common grounding electrode conductor remains "idtout a 
splice or joint: 

( 1) Exothermic welding. 
(2) Connectors listed ao; grounding and bonding equipment. 
(3) Connections to an aluminum or copper busbar not lcs.o; 

than 6 mm thick x 50 mm "ide (� in. thick x 2 in. "ide) 
and of a length to accommodate the number of termina
tions ncccs.o;arv for the installation. The busbar shall be 
securely fao;tcJicd and shall be installed in an acccs.o;iblc 
location. Connections shall be made by a listed connector 
or by the cxodtcrmic welding pro�cs.o;. If aluminum 
busbars arc used, dtc installation shall comply with 
250.fl4(A) . 

(2) Individual Grounding Electrode Conductors. A grounding 
electrode conductor shall be connected between the ground
ing electrode system and one or more of dtc foJioy,ing, ao; appli
cable: 

(1) Grounded conductor in each scl'vicc equipment discon
necting means enclosure 

(2) Equipment grounding condu�tor installed "id1 the 
fccdcr(s) or branch circuit(s) for odtcr than seniccs 

(3) Supply-side bondingjumpcr 

Each grounding electrode conductor shall be sized in 
accordance l\ith 250.66 bao;cd on the scnicc-cntrancc or feeder 
conductor(s) suppl}'ing the individual disconnecting means. 

(3) Common Location. A grounding electrode conductor 
shall be connected in a wircway or other accessible enclosure 
on the supply side of the disconnecting means to one or more 
of the following, ao; applicable: 

(1) Grounded senicc conductor(s) 
(2) Equipment grounding conductor installed "id1 the 

feeder 
(3) Supply-side bondingjumpcr 

The connection shall be made "id1 cxothcnnic welding or a 
connector listed ao; grounding and bonding equipment. The 
grounding electrode conductor shall be sized in accordance 
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with 250.66 bao;cd on dtc senicc-cntrancc or feeder conduc
tor(s) at the common location where dtc connection is made. 

(E) Raceways, Cable Armor, and Enclosures for Grounding 
Electrode Conductors. 

(1) General. Ferrous metal raceways, enclosures, and cable 
armor for grounding electrode conciuctors shall be electrically 
continuous from the point of attachment to cabinet-; or equip
ment to dtc grounding electrode and shall be securely fao;tcncd 
to the ground clamp or fitting. Ferrous metal raceways, enclo
sures, and cable armor shall be bonded at each end of the race
way or enclosure to the grounding electrode or grounding 
electrode conductor to create an electrically parallel pad1. 
Nonferrous metal raceways, enclosures, and cable armor shall 
not be required to be electrically continuous. 

(2) Methods. Bonding shall be in compliance "ith 250.92(8) 
and ensured by one of the methods in 250.92(8) (2) through 
(8)(4). 

(3) Size. The bonding jumper for a grounding electrode 
conductor(s), raccway(s), j:nclosurc(s), or cable armor shall be 
the same size ao;, or larger than, the largest enclosed grounding 
electrode conductor. 

(4) Waring MethOds. If a raceway is used ao; protection for a 
grounding elc�trodc conductor, the installation shall comply 
with dtc requirement-; of dtc applicable raceway article. 

(F) Installation to Electrode(s). Grounding electrode conduc
tor(s) and· bonding jumpers interconnecting grounding elec
trodes shall be installed in accordance "id1 one of the 
following. The grounding electrode conductor shall be sized 
for the largest grounding electrode conductor required among 
all the electrodes connected to it. 

(1) The grounding electrode conductor shall be permitted to 
be run to any convenient grounding electrode available 
in the grounding electrode system where dtc other elcc
trodc(s), if any, is connected by bonding jumpers that arc 
installed in accordance with 250.53(C). 

(2) Grounding electrode conductor(s) shall be permitted to 
be run to one or more grounding elcctrodc(s) individu
ally. 

(3) Bondingjumpcr(s) from grounding elcctrodc(s) shall be 
permitted to be connected to an aluminum or copper 
busbar not Jcs.o; than 6 mm thick x 50 mm "ide (� in. 
thick x 2 in "ide.) and of sufficient length to accommo
date the number of terminations ncccs.o;arv for the instal
lation. The busbar shall be securely fao;tcn�d ancl shall be 
installed in an accessible location: Connections shall be 
maclc by a listed connector or by the exothermic welding 
proccs.o;. The grounding electrode conductor shall be 
permitted to be run to the busbar. Where aluminum 
busbars arc used, the installation shall comply with 
250.fl4(A) . 

(G) Enclosures with Ventilation Openings. Grounding elec
trode conductors shall not be installed through a ventilation 
opening of an enclosure. 

250.66 Size of Alternating-Current Grounding Electrode 
Conductor. The size of the grounding electrode conductor 
and bonding jumpcr(s) for connection of grounding electro
des shall not be smaller than given in Table 250.66, except ao; 
permitted in 250.66(A) through (C). 
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Table 250.66 Grounding Electrode Conductor for Alternating
Current Systems 

Size of Largest Ungrounded 
Conductor or Equivalent Area for Size of Grounding 

Parallel Conductors Electrode Conductor 
(AWG/kcmil) (AWG/kcmil) 

Aluminum or Aluminum or 
Copper-Clad Copper-Clad 

Copper Aluminum Copper Aluminum 

2 or smaller 1/0 or smaller 8 6 

1 or 1/0 2/0 or 3/0 6 4 

2/0 or 3/0 1/0 or 250 1 2 

Over 3/0 Over 250 2 1/0 
through 350 through 500 

o,·er 350 Over 500 1/0 3/0 
through 600 through 900 

Over 600 Over 900 2/0 4/0 
through 1100 through 1750 

o,·er l iOO Over 1750 3/0 250 

ll:otes: 
l .  If multiple sel� of sen·ice-entrance conductors connect directly to a 
sen ice drop, set of overhead sen ice conductors, set of undergmund 
sen ice conductors, or sen ice laterdl, the equivalent size of the largest 
senice-entrdnce conductor shall be dete1mined by the largest sum of 
the area� of tl1e corresponding conductors of each set. 
2. If tl1ere are no senice-entrdnce conductors, the grounding electrode 
conductor size shall be determined by tile equi�-alent size of the largest 
senice-entrdnce conductor required for the load to be sen·ed. 
3. See installation resuictions in 250.64. 

(A) Connections to a Rod, Pipe, or Plate Electrode(s). If the 
grounding electrode conductor or bonding jumper connected 
to a single or multiple rod, pipe, or plate elt"cttodc(s) , or any 
combination thereof, ao; described in 250.52(A) (5) or (A) (7), 
docs not extend on to other types of electrodes that require a 
larger size conductor, the grounding electrode conductor shall 
not be required to be larger than 6 AWG copper "ire or 4 AWG 
aluminum or copper-clad aluminum v.irc. 

(B) Connections to Concrete-Encased Electrodes. If the 
grounding electrode conductor or bonding jumper connected 
to a single or multiple concrctc-cncao;cd clcctrodc(s), ao; 
described in 250.52(A) (3), docs not extend on to other types 
of electrodes that require a larger size of conductor, the 
grounding electrode conductor shall not be required to be 
larger than 4 AWG copper \\ire. 

(C) Connections to Ground Rings. If dtc grounding electrode 
conductor or bonding jumper connected to a ground ring, ao; 
described in 250.52(A) (4), docs not extend on to other types 
of electrodes that require a larger size of conductor, the 
grounding electrode conductor shall not be required to be 
larger than dtc conductor LL-;cd for dtc ground ring. 

250.68 Grounding Electrode Conductor and Bonding Jumper 
Connection to Grounding Electrodes. The connection of a 
grounding electrode conductor at the service, at each building 
or structure where supplied by a fccdcr(s) or branch circuit(s), 
or at a separately derived system and ao;sociatcd bonding 
jumpcr(s) shall be made ao; specified 250.68(A) duough (C). 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RIC.-\1. COI>t: 

(A) Accessibility. All mechanical clement-; used to terminate a 
grounding electrode conductor or bonding jumper to a 
grounding electrode shall be accessible. 

Exception No. 1: An nu:ased m· buried connution to a concrete-encased, 
driven, or buried gmunding elutmde slwll not be required to be acce.<isi
ble. 

Exception No. 2: Exothermic m· in't'Vt!rsible comfne.<ision connections 
U!ied at termi1wtions, together with tile 1111'chanical means usl'.d to 
attach such terminations to fheprooftd .�tructuml metal whet/It'!· or not 
the meclwnical means is reversible, shall 1wt be 1equil't'd to be accessible. 

(B) Effective Grounding Path. The connection of a grounding 
electrode conductor or bonding jumper to a grounding elec
trode shall be made in a manner that "ill ensure an effective 
grounding path. \\'here necessary to ensure dtc grounding 
path for a metal piping system used ao; a grounding electrode, 
bonding shall be provided around insulated joints and around 
any equipment likely to be disconnected for repairs or replace
ment. Bonding jumpers shall be of sufficient length to permit 
removal of such equipment while retaining the integrity of the 
grounding path. 

· 

(C) Grounding Electrode Conductor Connections. Grounding 
electrode conductors and bonding jumpers shall be permitted 
to be connected at the following locations and LLo;cd to extend 
the conncctimi to an clcctrodc(s): 

(1)  Interior metal water piping that is  electrically continuoLLo; 
with a metal underground water pipe electrode and is 
located not more than 1.52 m (5 ft) from the point of 
entrance to the building, ao; mcao;urcd along the water 
piping, shall be permitted to extend the connection to an 
clcctrodc(s) . Interior metal water piping located more 
than 1 .52 m (5 ft) from the point of entrance to the 
building, ao; mcao;urcd along the water piping, shall not be 
LL-;cd ao; a conductor to interconnect electrodes of the 
grounding electrode system. 

Exception: In industria� commercia� mul in�titutional buildings ctr 
stnu:tu1es, if cmulitions of mainti'IUl1U:e and sttJm-vi�ictn roswe that 
ctnly qualijil'.d persctn� se1-vice the in�tallation, inte1im· metal water 
piping /ncated more tlwn 1. 52 m ( 5 ft) ftvm tile /JOint of mtmnce to the 
building, a.� measu17'4 along tile water piping, shall be permitted as a 
bonding conductor to intercmmect elut1vdes tlwt me pa1·t of the gmU1ul
ing e!Pctmde systnn, m· a.� a gmunding electmde conductm; if the entire 
length, ot/11'1· than shm·t Sl'ctictns pa. ... �ing fmpe1uliculm�}· thmugll waU.�, 
jlom:�, m· ceilings, of tile interim· meta/ wale!· pipe that i� being used fm· 
the mnductor i� exposl'.d. 

(2) The metal structural frame of a building shall be permit
ted to be used ao; a conductor to interconnect electrodes 
that arc pan of the grounding electrode system, or ao; a 
grounding electrode conductor. Hold-down bolts secur
ing the structural steel column that arc connected to a 
concrctc-cncao;cd electrode compl}'ing "id1 250.52(A) (3) 
and located in dtc support footing or foundation shall be 
permitted to connect the metal structural frame of a 
building or structure to the concrctc-cnca-.cd grounding 
electrode. The hold-dmm bolts shall be connected to the 
concrctc-cncao;cd electrode by welding, exothermic weld
ing, steel tic wires, or other approved means. 

(3) A rcbar-typc concrctc-cnca-.cd electrode installed in 
accordance l\ith 250.52(A) (3) "ith an additional rcbar 
section extended from ito; location "ithin the concrete 
foundation or footing to an acccs.o;iblc location that is not 
sutMcct to corrosion shall be permitted for connection of 
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grounding electrode conductors and bonding jumpers in 
accordance "idt the follm\ing: 

a. The additional rcbar section shall be continuous widt 
the grounding electrode rebar or shall be connected 
to the grounding electrode rcbar and connected 
together by steel tic wires, exothermic welding, weld
ing, or other effective means. 

b. The rebar extension shall not be exposed to contact 
widt dtc card1 "idtout corrosion protection. 

c. Rebar shall not be used as a conductor to intercon-
nect dtc electrodes of grounding electrode systems. 

250.70 Methods of Grounding and Bonding Conductor 
Connection to Electrodes. 

(A) General. The grounding or bonding conductor shall be 
connected to the grounding electrode by cxodtcrmic welding, 
listed lugs, listed pressure connectors, listed clamps, or other 
listed means. Connections depending on solder shall not be 
used. Ground clamps shall be listed for the materials of dtc 
grounding electrode and dtc grounding electrode conductor 
and, if used on pipe, rod, or other buried electrodes, shall also 
be listed for direct soil burial or concrete cncao;cmcnt. :'llot 
more than one conductor shall be connected to dtc grounding 
electrode by a single clamp or fitting unlcs.o; the clamp or fitting 
is listed for multiple conductors. 

(B) Indoor Communications Systems. For indoor communica
tions purposes only, a listed sheet metal strap-type ground 
clamp ha\ing a rigid metal bao;c dtat scato; on dtc electrode and 
having a strap of such material and dimensions dtat it is not 
likely to stretch during or after installation shall be permitted. 

Informational :'\ote: Listed ground clamps that are identified for 
direct bmial are al'K> suitable for concrete encasement. 

Part IV. Enclosure, Raceway, and Service Cable Connections 

250.80 Service Raceways and Enclosures. :Metal enclosures 
and raceways for scnicc conductors and equipment shall be 
connected to the grounded conductor if dtc electrical system is 
grounded or to the grounding electrode conductor for electri
cal systems dtat arc not grounded. 

Exception: Metal co-mJxmenL� that a71' instalhd in a rnn of unde-r
gmu1ul nonmetallic raceway(s) and alf! isolaled f1V711 JIOssibk contact by 
a minimum C(fl}l!1" of 4 50 mm ( 18 in.) to aU pm·ts of the metal co-mJJO
nents shall not be 11'qui11'd to be connected to tile gromuled conductm; 
.�upply-side bmulingjumpn; m· grounding ekctmde conductm: 

250.84 Underground Service Cable or Raceway. 

(A) Underground Service Cable. The sheath or annor of a 
continuous underground metal-sheathed or armored scnicc 
cable system that is connected to dtc grounded conductor on 
the supply side shall not be required to be connected to dtc 
grounded conductor at dtc building or structure. The shcadt 
or annor shall be permitted to be insulated from dtc interior 
metal raceway or piping. 

(B) Underground Service Raceway Containing Cable. An 
underground metal senicc raceway dtat contains a metal
sheathed or armored cable connected to dtc grounded 
conductor shall not be required to be connected to dtc groun
ded conductor at dtc building or structure. The shcadt or 
armor shall be permitted to be insulated from dtc interior 
metal raceway or piping. 
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250.86 Other Conductor Enclosures and Raceways. Except ao; 
permitted by 250.1 12(1) , metal enclosures and raceways for 
other dtan scnicc conductors shall be connected to dtc equip
ment grounding conductor. 

Exception No. 1: Metal encloswf!S and mcewa_vs fm· conductm-s added 
to 1'-Xi.�ting installatifms of open will', knob-and-tube wiring, and 
nmunetallic-sheathed rabk shall not be 11'-JfltiTI'.d to be connected to the 
equijnnent gromuling conductor if these enclosu11's or wiring method� 
comply with all the follawing: 

( 1) Do notJmroide an equipment ground 
(2) A11' in rnns of k:1s than 7.5 -m (25ft) 
{3) A11' fi1'-t! from pmbabk contact with ground, gromuled metal, 

metal lath, m· other conductive matnial 
(4) A11' guarded again.�t contact by jJI!1-sm�s 

Exception No. 2: Shm·t sections of metal enclo.mlf!S m· mct!Uiays usl'.d to 
pmuide suppmt m· pmtection of cabk a.�semblits fivm physical damage 
shall not be ll!qUilf!d to be connected to the I'-Jf1tiJ1711ent wvunding 
conductm: 

Exception No. 3: Metal components shall not be TI'-Jfltil1'd to be connec
ted to the equipment wvu,Jdltig cmuluctm· m· suptJ�)'-.�ide bonding 
jumpn· if rithn· of the folloruing condition.� exist: 

( 1) The 1netal components all' instalkd in a rnn of nomnetallic mce
way(�) and i.rolated fmm JJO.<�.�ibk contact by a -mini-mu-m cover of 
4 50 111111 {18 in.) to any pm·t of the 1netal component�. 

(2) The metal components all' pm·t of an installation of nonmetallic 
l"llf"#!VflJ(S) and m-e isolated fivm po.'i.�ibk contact to any Jlart of 
the 111etal components b)• bring enca.�ed in not k<�.� than 50 mm 
(2 in.) of cm�lf!te. 

Part V. Bonding 

250.90 General. Bonding shall be prmidcd if ncccs...ary to 
ensure electrical continuity and dtc capacity to conduct safely 
any fault current likely to be imposed. 

250.92 Services. 

(A) Bonding of Equipment for Services. The normally non
current-carrying metal parto; of equipment indicated in dtc 
follo"ing shall be bonded togcdtcr: 

(1) All raceways, cable trays, cable bus framework, auxiliary 
gutters, or senicc cable armor or sheath that enclose, 
contain, or support scnicc conductors, except ao; permit
ted in 250.80 

(2) All enclosures containing senicc conductors, including 
meter fittings, boxes, or dtc like, interposed in dtc scnicc 
raceway or armor 

(B) Method of Bonding at the Service. Bonding jumpers 
meeting the requirement" of this article shall be used around 
impaired connections, such ao; reducing washers or oversized, 
concentric, or eccentric knockouto;. Standard locknuto; or btt.o;h
ings shall not be the only means for the bonding required by 
this section but shall be permitted to be installed to make a 
mechanical connection of dtc raccway(s) . 

Electrical continuity at senicc equipment, senicc raceways, 
and scnicc conductor enclosures shall be ensured bv one or 
more of the follo"ing mcthodo;: 

· 

( 1)  Bonding equipment to the grounded sen icc conductor 
by an applicable method in 250.8(A) 

l'\ATJO:'\AL EJ..EGJ"RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 250 - GROUNDI:"'G AND BONDI:"'G 250.97 

(2) Connections made up "Tcnchtight using threaded 
couplings, threaded entries, or listed threaded huhs on 
enclosures 

(3) Thrcadlcs.� couplings and connectors if made up tight for 
metal raceways and metal-dad cables 

(4) Odtcr listed dc\-iccs, such a� bonding-type locknuts, bush-
ings, or bushings "idt bonding jumpers 

250.94 Bonding for Communicalions Systems. Communica
tions system bonding conductor terminations shall be connec
ted in accordance wilh 250.94(A) or (B). 

(A) The Intersystem Bonding Termination Device. An intersys
tem bonding termination (IBT) for connecting intersystem 
bonding conductors shall be provided external to enclosures at 
the scnicc equipment or metering equipment enclosure and at 
the disconnecting means for any buildings or structures that 
arc supplied by a feeder or branch circuit. If an IBT is used, it 
shall comply "id1 the follo"ing: 

(1)  Be acccs.o;iblc for connection and inspection 
(2) Consist of a set of terminals with the capacity for connec

tion of not lcs.� dtan three intersystem bonding conduc
tors 

(3) Not interfere "idt opening the enclosure for a service, 
building or structure disconnecting means, or metering 
equipment 

(4) Be securely mounted a� follows: 

a. At dtc service equipment, to a metal enclosure for the 
scnicc equipment, to a metal meter enclosure, or to 
an exposed nonflcxiblc metal service raceway, or be 
connected to the metal enclosure for dtc grounding 
electrode conductor l\ith a minimum 6 AWG copper 
conductor 

b. At dtc disconnecting means for a building or struc
ture that is supplied by a feeder or branch circuit. be 
electrically connected to the metal enclosure for the 
building 

'
or structure disconnecting means, or be 

connected to the metal enclosure for d1e grounding 
electrode conductor l\ith a minimum 6 AWG copper 
conductor 

(5) Be listed a� grounding and bonding equipment 

Exception: In 1'-Xisting buildings or stnu:lttrl•s, ij an_l' of the intn"S_l·.�trol 
bonding and gtvunding e!Pctmde conducw1-s required by 770.100(B) 
(2), 800.100(B)(2), 810.21(F)(2), and 820.100 exi�t, installation of 
an IBT shall 1wt be 11'quired. An ai:r��ibk means extemal to encloswl!!i 
fm· comvcting intersystem bonding mul gtvtt1uling electmde cmulttctm-s 
shall be permitted at tile sn-uitY equipment mul at the disconnecting 
means fm· any buildings m· stmctull!!i that ant suptJlied by a ft'l'der m· 
bmnch circuit by at ka.�t one of tile following means: 

( 1) ExfJOsed twnjlPxibk metal muwa_l'S 
(2) An exposed gmunding electmde cmulttctor 
(3) AJifJmved means for tile exln'llal connection of a coJJjler or other 

cmTo.�ion-resistant bonding m· gtvunding e!Pctmde condttctm· to 
the gmunded rareway m·equiJnnent 

Informational :'\ote: See 770. 100, 800.100, 810.21,  and 820.100 
for intersystem bonding and grounding requirement• for 
conductive optical fiber cables, communications circuit•, radio 
and teJe,ision equipment, CATV circuit•, and network-powered 
broadband communications systems, respecth·ely. 

(B) Other Means. Connections to an aluminum or copper 
btto;bar not Jcs.o; than 6 mm thick x 50 mm wide (Y.i in. thick x 

2 in. \\ide) and of a length to accommodate at lcao;t three 
tcnninations for communication systems in addition to other 
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connections. The busbar shall be securely fao;tcncd and shall be 
installed in an acccs.�iblc location. Connections shall be made 
bv a listed connector. If aluminum busbars arc tt�cd, dtc inslal
l�tion shall also comply with 250.f>4(A). The btto;bar shall be 
connected to dtc grounding electrode system by a conductor 
that is the larger of the following: 

(1)  The largest grounding electrode conductor that is 
connected to the btto;bar 

(2) Ao; required or permitted in 250.94(A) 

Exception to (A) and (B): MPnns fm· connecting intn�ystem bonding 
conductm:� m1' not 11'-Jflti11'4 if communications !i_l'.�tems ant not like�v to 
be used in m· on tile building or structw1'. 

Informational l'ote: The •�•e of an IBT can reduce electrical 
noise on communication systems. 

250.96 Bonding Other Enclosures. 

(A) General. Metal raceways, cable trays, cable armor, cable 
sheath, enclosures, frames, fittings, and odtcr metal non
current-carrying part� that arc to serve a� equipment ground
ing conductors, "ith . or without dtc tL� of "ire-type 
supplementary equipment grounding conductors, shall be 
bonded if ncccs.'lllry · to ensure electrical continuity and the 
capacity to conduct fault current likely to be imposed on them. 
Any nonconductivc paint, enamel, or similar coating shall be 
removed at thread�. contact point�, and contact surfaces or 
shall be connected by means of fittings designed so ao; to make 
such removal unncccs.�ry. 

(!I) Isolated Grounding Circuits. If installed for the reduction 
of electromagnetic interference on the grounding circuit, an 
equipment enclosure supplied by a branch circuit shall be 
permitted to be isolated from a raceway containing circuit� 
supplying only dtat equipment by one or more listed nonmetal
lic raceway fittings located at the point of attachment of the 
raceway to dtc equipment enclosure. The metal raceway shall 
comply "idt dtis article and shall be supplemented by an inter
nal insulated equipment grounding conductor installed in 
accordance "ith 250.146(0) to ground the equipment enclo
sure. 

Informational l'ote: t:se of an isolated equipment gmunding 
conductor does not relieve the requirement for grounding the 
raceway system. 

250.97 Bonding for Over 250 Volts to Ground. For circuit� of 
over 250 volts to ground, the electrical continuity of metal race
ways and cables "ith metal shcadts that contain anv conductor 
other than scnicc conductors shall be ensured by �nc or more 
of dtc mcthodo; specified for scnices in 250.92(B), except for 
(B) (l ) .  

Exception: If ove1:WLd, cmtcenlric, or ercenll'ic knockout� a/'t! not 
encountn7'4, m· if a box or enrlosu1't! with concent1·ic m· ecctmt1ic knock
outs i� li�led to Jmroide a l't!liabk bonding comvction, tile following 
method� s/m/1 be permitted: 

( 1) Tln1'adkss couplings and comm:tm-s for cables with metal 
sheaths 

(2) Two locknuts, on 1igid metal cmuluit m· intermediate metal 
conduit, one inside mul one outside of boxes and cabinets 

( 3) Fittings with slloulde1:� that seat tight�}· again�t tile box m· cabi
net, such as ekct1ical metallic tubing connecto1-s, Jlexibk metal 
conduit connectm-s, mul cabk connecto1-s, with one locknut on 
the in�ide of boxes mul cabinets 

( 4) Li�ted fittings 
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250.98 Bonding Loosely Jointed Metal Raceways. Expansion, 
expansion-deflection, or deflection fittings and telescoping 
sections of metal raceways shall be made electrically continuous 
by equipment bonding jumpers or other means. 

250.100 Bonding in Hazardous (Classified) Locations. Rcgarcl
lcs.� of the voltage of the electrical system, the electrical 
continuity of normally non-currcnt-carl)ing metal parto; of elec
trical equipment, raceways, metal-clad cable, and metal enclo
sures containing electrical equipment in any hazardous 
(classified) location, a� defined in 500.5, 505.5, and 506.5, shall 
be ensured by any of dtc bonding mcthodo; specified in 
250.92(B) (2) through (B)(4). One or more of these bonding 
method� shall be used whether or not equipment grounding 
conductors of the "ire type arc installed in the raceway or in a 
multiconductor cable ao;.�cmbly. 

Informational l'ote: See 501.30, 502.30, 503.30, 505.30, or 
506.30 for specific bonding requirement•. 

250.102 Grounded Conductor, Bonding Conductors, and 
JUD1pers. 

(A) Material. Bonding jumpers shall be of copper, aluminum, 
copper-clad aluminum, or other corrosion-resistant material. A 
bonding jumper shall be a wire, bus, screw, or similar suitable 
conductor. 

(B) Attachment. Bonding jumpers shall be attached in the 
manner specified in 250.8 for circuit" and equipment and in 
250.70 for grounding electrodes. 

(C) Size - Supply-Side Bondingjun1per. 

(1) Size for Supply Conductors in a Single Raceway or Cable. 
The supply-side bonding jumper shall not be smaller than 
specified in Table 250.102(C) (I). 

(2) Size for Parallel Conductor Installations in Two or More 
Raceways or Cables. If the ungrounded supply conductors arc 
connected in parallel in two or more raceways or cables, the 
supply-side bonding jumper shall be sized in accordance with 
either of the follo"ing: 

(1 )  An individual bonding jumper for each raceway or cable 
shall be selected from Table 250.102(C) (l ) ba�d on the 
size of the largest ungrounded st.�pply conductor in each 
raceway or cable. 

(2) A singic bonding jumper installed for bonding two or 
more raceways or cables shaU be sized in accordance with 
Table 250.102(C) ( l )  ba�d on the sum of the circular mil 
area� of the largest ungrounded conductors from each set 
connected in parallel in each raceway or cable. The size 
of the grounded conductor(s) in each raceway or cable 
shall be ba�d on the largest ungrounded conductor in 
each raceway or cable, or the sum of the circular mil 
area� of the l�rgest ungrounded conductors from each set 
connected in parallel in each raceway or cable. 

Informational Note No. I: The term supply conductors includes 
w1gnmnded conductors d1at do not have overcurrent protec
tion on their supply side and tenninate at senice equipment or 
the first disconnecting means of a separdtely derived system. 

Informational Note No. 2: See Chapter 9, Table 8, for the circu
lar mil area of conductors 18 AWG mrough 4/0 AWG. 

(D) Size - Equipment Bonding jun1per on Load Side of an 
Overcurrent Device. The equipment bonding jumper on the 
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Table 250.102(C)(1) Grounded Conductor, Main Bonding 
jun1per, System Bondingjun1per, and Supply-Side Bonding 
jun1per for Alternating-Current Systems 

Size of Largest Ungrounded 
Conductor or Equivalent Area Size of Grounded Conductor 

for Parallel Conductors or Bonding jumper 
(AWG/kcmil) (AWG/kcmil) 

Aluminum or Aluminum or 
Copper-Clad Copper-Clad 

Copper Aluminum Copper Aluminum 

2 or smaller 1/0 or smaller 8 6 

1 or 1/0 2/0 or 3/0 6 4 

2/0 or 3/0 4/0 or 250 4 2 

Over 3/0 Over 250 2 1/0 
through 350 through 500 

Over 350 Over 500 1/0 3/0 
through 600 through 900 

Over 600 Over 900 2/0 1/0 
ilirough through 

1100 1750 

Over 1100 (h·er 1 750 See Notes 1 and 2. 
l'otes: 
I. If d1e circul-dr mil area of ungrounded supply conductors that are 
connected in pardllel is larger than 1 100 kcmil copper or 1750 kcmil 
aluminum, the grounded conductor or bondingjumper shall have an 
area not les.• than 12\':, percent of the area of the largest ungrounded 
llupply conductor or equh"alent area for parallel supply conductors. 
The grounded conductor or bondingjumper shall not be required to 
be larger than me largest ungrounded conductor or set of ungrounded 
conductors. 
2. If d1e circular mil area of ungrounded supply conductors that are 
connected in pardllel is larger than 1 100 kcmil copper or 1750 kcmil 
aluminum and if the ungmunded supply conductors and the bonding 
jumper are of different materials (copper, aluminum, or copper-dad 
aluminum) ,  d1e minimum size of the grounded conductor or bonding 
jumper shall be based on me a'i.•umed use of ungrounded supply 
conductors of me same material a• the grounded conductor or 
bonding jumper mat ha• an ampacity equh"alent to d1at of the installed 
ungrounded supply conductors. 
3. If d1ere are no senic�ntrance conductors, the supply conductor 
size shall be determined by the equh"alent size of the largest senice
entrdnce conductor required for the load to be served. 

load side of an ovcrcurrcnt dc'l'icc(s) shall be sized in accord
ance l\ith 250.122. 

A single common continuott� equipment bonding jumper 
shall be permitted to connect two or more raceways or cables if 
the bondingjumpcr is sized in accordance "id1 250.122 for the 
largest ovcrcurrcnt device supplying circuit" therein. 

(E) Installation. Bonding jumpers or conductors and equip
ment bonding jumpers shall be permitted to be installed inside 
or out�idc of a raceway or an enclosure. 

(1) Inside a Raceway or an Enclosure. If installed inside a race
way, equipment bonding jumpers and bonding jumpers or 
conductors shall comply "id1 the requirement� of 250.1 19 and 
250.148. 
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(2) Outside a Raceway or an Enclosure. If installed on the 
outo;idc, the length of the bonding jumper or conductor or 
equipment bonding jumper shall not exceed 1.8 m (6 ft) and 
shall be routed "ith dtc raceway or enclosure. 

Exception: An equipment bonding jumJm· or suptJ�l'-.�ide bonding 
jumper lo-nger than 1.8 m (6ft) slmU be Jmmitted at outside JIOk loca
tifms fm· tile purpose of bonding m· gmunding isolated Sl'ctifms of metal 
racnvays m· elhows installed in exposed lifn:f of metal conduit or otlln· 
metal racnva_l', and for bonding g�vunding ekctmdes, and shall not be 
requiml to be routed with a racnva_l' m· enclosure. 

(3) Protection. Bonding jumpers or conductors and equip
ment bonding jumpers shall be installed in accordance with 
250.64(A) and (B)-

250.104 Bonding of Piping Systems and Exposed Structural 
Metal. 

(A) Metal Water Piping. The metal water piping system shall 
be bonded as required in 250_104(A) ( I ) ,  (A) (2), or (A) (3)_ 

(1) General. Metal water piping systcm(s) installed in or 
attached to a building or structure shall be bonded to any of 
the following: 

(1) Service equipment enclosure 
(2) Grounded conductor at the service 
(3) Grounding electrode conductor, if of sufficient size 
(4) One or more grounding electrodes used, if dtc ground

ing electrode conductor or bonding jumper to the 
grounding electrode is of sufficient size 

The bondingjumpcr(s) shall be installed in accordance with 
250.64(A) , (B), and (E). The point-; of attachment of dtc bond
ingjumpcr(s) shall be acccs.o;ibJc_ The bondingjumpcr(s) shall 
be sized in accordance with Table 250.102(C) (I)  except that it 
shall not be required to be larger than 3/0 copper or 250 kcmil 
aluminum or copper-clad aluminum and except ao; permitted 
in 250.104(A) (2) and (A) (3). 

(2) Buildings of Multiple Occupancy. In buildings of multiple 
occupancy where dtc metal water piping syst.cm(s) installed in 
or attached to a building or structure for the individual occu
pancies is metallically isolated from aJI other occupancies by 
usc of nonmetallic water piping, the inctal water piping 
systcm(s) for each occupancy shaU be pcnniucd to be bonded 
to the equipment grounding terminal of dtc switchgear, S\'itch
board, or panel board cncloslir<: (other than service equip
ment) supplying that occupancy. The bonding jumper shall be 
sized in accordance "ith 250_102(D)-

(3) Buildings or Structures Supplied by a Feeder(s) or Branch 
Circuit(s). The metal water piping systcm(s) installed in or 
attached to a building or structure shall be bonded to any of 
the follo"ing: 

( 1) Building or structure disconnecting means enclosure 
where located at the building or structure 

(2) Equipment grounding conductor run with the supply 
conductors 

(3) One or more grounding electrodes used 

The bonding jumpcr(s) shall be sized in accordance with 
250.102(D)_ The bonding jumper shall not be required to be 
larger than the largest ungrounded feeder or branch-circuit 
conductor supplying the building or structure. 

(B) Other Metal Piping. If installed in or attached to a build
ing or structure, a metal piping systcm (s), including gao; piping, 
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that is likely to become energized shall be bonded to any of the 
follo"ing: 

(1)  Equipment grounding conductor for the circuit that is 
likely to energize the piping system 

(2) Service equipment enclosure 
(3) Grounded conductor at the service 
( 4) Grounding electrode conductor, if of sufficient size 
(5) One or more grounding electrodes used, if dtc ground

ing electrode conductor or bonding jumper to the 
grounding electrode is of sufficient size 

The bonding conductor(s) or jumpcr(s) shall be sized in 
accordance with Table 250.122, and equipment grounding 
conductors shall be sized in accordance with Table 250.122 
using the rating of dtc circuit that is likely to energize the 
piping systcm(s)_ The point-; of attachment of the bonding 

jumpcr(s) shall be acccs.o;ibJc_ 

Informational :'\ote l'o. 1: Bonding all piping and metal air 
dueL• ltithin the premises ,,;u pr<n·ide additional safety. 

Informational l'ote :'\9. 2: See l'FPA 54, Natimw/ Fun Gas Code, 
and NFPA 780, Stan®rd for tile lmtallation of I.iglltning Protwtion 
Systl'ln.<, for information on ga.• piping systems. 

(C) Structural t.letal. Exposed structural metal that is inter
connected to fcmn a metal building frame, is not intentionally 
grounded. or bonded, and is likely to become energized shall 
be bonded to any of the follo"ing: 

( 1 )  ·. Service equipment enclosure 
(2) Grounded conductor at the service 
(3) Disconnecting means for buildings or structures supplied 

by a feeder or branch circuit 
(4) Grounding electrode conductor, if not smaller than a 

conductor sized in accordance "ith Table 250.102(C) ( 1 )  
(5) One or more grounding electrodes used, if dtc ground

ing electrode conductor or bonding jumper to the 
grounding electrode is not smaller than a conductor 
sized in accordance "ith Table 250.102(C) ( 1 )  

The bonding conductor(s) or jumpcr(s) shall be sized in 
accordance with Table 250.102(C) (l ) ,  except that it shall not 
be required to be larger than 3/0 AWG copper or 250 kcmil 
aluminum or copper-clad aluminum, and installed in accord
ance with 250_64(A) , (B), and (E). The point-; of attachment of 
the bonding jumper(s) shall be acccs.o;iblc unlcs.o; installed in 
compliance with 250.68(A), Exception 1'\o. 2. 

(D) Separately Derived Systems. :Metal water piping system-; 
and structural metal that is interconnected to fonn a building 
frame shall be bonded to separately derived system-; in accord
ancc l\ith 250.104(D) (l)  through (D) (3). 

(1) Metal Water Piping System(s). The grounded conductor of 
each separately derived system shall be bonded to dtc nearest 
acccs.-.iblc point of the metal water piping systcm(s) in the area 
served by each separately derived system. This connection shall 
be made at the same point on the separately derived system 
where the grounding electrode conductor is connected. Each 
bonding jumper shall be sized in accordance l\ith Table 
250.102(C) (1)  bao;cd on the largest ungrounded conductor of 
the separately derived system except that it shall not be 
required to be larger than 3/0 AWG copper or 250 kcmil 
aluminum or copper-clad aluminum. 

Exception No. 1: A separate bonding fumJJer to tile metal watn·Jiiping 
system shall 1wt be requitl'.d if tile metal water piping system is used as 
the g�vutuling electrode m· grounding ekctmde conductor fm· the sepa-
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ratt�l' derived .�_vstem and the connection to the watn·Jiiping !i)'-�tem is in 
tht area sn-vtd by tht sepamte�l' dtrivtd systro1. 

Exception No. 2: A sepamte bonding fumJm· to tile metal water J1iping 
systro1 slmU not be required if tht metal in-gmund .mppmt .�tructw-e i� 
U.'il'd as a gmmuling electmde m· tht metal fi-ame of a building or struc
tul-e i� U.'il'd as tht grounding e!Pctmde cmuluctor fm· a seJmrately 
derived systro1 and is bonded to tile metal water piping system in the 
m-ea se1wd b)• tht sepamtt�l' delivtd systtmt. 
(2) Structural Metal. If exposed structural metal that is inter
connected to form the building frame exists in the area served 
by the separately derived system, it shall be bonded to the 
grounded conductor of each separately derived system. This 
connection shall be made at the same point on the separately 
derived system where the grounding electrode conductor is 
connected. Each bonding jumper shall be sized in accordance 
"ith Table 250.102(C) (l)  based on the largest ungrounded 
conductor of the separately derived system except that it shall 
not be required to be larger than 3/0 AWG copper or 250 
kcmil aluminum or copper-clad aluminum. 

Exception No. 1: A sepamtt bonding fumJJer to tht building stmctural 
metal slmU not be 11'-f[Uill'.d if the metal in-gmmul .�uppmt stl'UCtU11' i� 
U.'il'd as a gmmuling electmde m· tht metal fi-ame of a building or struc
tul-e i� used as the grounding electmde conductor fm· tile seJmrately 
de1ived !i)'-�tem. 

Exception No. 2: A sepamtt bonding fumJJer to tht building stmctural 
metal shall not be 11'qui11'd if tht water piJiing system of a building or 
stmctu11' is U.'il'd as the gmunding electrode or gmmuling tlectmde 
conductorfm· a sepamte�l· derived system and is bondtd to the building 
stmctuml metal in tht m-ea sn-vtd by tht sepamte�l' dtlivtd systro1. 

(3) Common Grounding Electrode Conductor. If a common 
grounding electrode conductor is installed for multiple sepa
rately derived systems as permitted by 250.30(A) (6), and 
exposed structural metal that is interconnected to form the 
building frame or interior metal water piping exists in the area 
served by the separately derived system, the metal water piping 
and the structural metal member shall be bonded to the 
common grounding electrode conductor in dtc area served by 
the separately derived system. 

Exception: A sepamte bonding jumJJel· ftvlll l'.!lCh delivl'.d ·'9'-�11'711 to 
metal wale!· piJiing mul to structuml metal Jne1nbe1-s shall not be 
ll!qUi1-ed if the mttal watn· piping and tht .ftnli:tural Jnetal mro1be1-s in 
tht m-ea sn-vtd b)· tht sepamte�l' dt1Wuj ·'i)·strol m-e bonded to the 
common grounding electmdt conducto1: 

250.106 Lightning Protection Systems. The lightning protec
tion system ground terminals shall be bonded to the building 
or structure grounding electrode system. 

Informational l'ote :'\o. I: See 250.60 for U.'le of strike teJmina
tion de�ices. 

Informational :'\ote l'o. 2: See :'\FPA 780, Standard for tlv ln.tlalla
lion of Uglltning Protertion Splmtt, which contains detailed infor
mation on gmunding, bonding, and sidefla�h distance from 
lighming protection systems. 

Part VI. Equipment Grounding and Equipment Grounding 
Conductors 

250.109 Metal Enclosures. :Metal enclosures shall be permitted 
to be used to connect bonding jumpers or equipment ground
ing conductors, or both, together to become a part of an cffcc-
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tivc ground-fault current path. If installed, metal covers, plaster 
rings, extension rings, and metal fittings shall be attached to 
these metal enclosures to ensure an effective ground-fault 
current path or shall be connected with bonding jumpers or 
equipment grounding conductors, or both. 

Informational :'\ote: See 250.97 for bonding requiremenL� for 
over 250 voiL� to gmund. 

250.110 Equipment Fastened in Place (Faxed) or Connected by 
Permanent Wuing Methods. Exposed, normally non-currcnt
cartying metal part-; of fixed equipment supplied by or enclos
ing conductors or component-; that arc likely to become 
energized shall be connected to an equipment grounding 
conductor under any of the follo"ing conditions: 

(1) If l\ithin 2.5 m (8 ft) vertically or 1 .5 m (5 ft) horizontally 
of ground or grounded metal object-; and subject to 
contact by persons 

(2) If located in a wet or damp location and not isolated 
(3) If in electrical contact with metal 
(4) If in a hazardou.o; (clas.o;ified) location 
(5) If supplied by a wirjng method that provides an equip

ment grounding conductor, except as permitted by 
250.86, Exception No. 2, for short sections of metal enclo
sures 

(6) If equipment operates with any terminal at over 150 volts 
to ground 

Exception No. I: If exrmJittd b)• sperial permi.•1sion, the Jnetal fmmt of 
tlectlically lreated appliances that llavt the fi-ame pmnanent�l' and 
ejfectivtl_v insulatl'.d fivm gmmul slmU not be 1-equil-ed to be grounded. 

Exception No. 2: Di�tribution aptJaratu.�, such as tran.iformn· and 
c.apacitor cases, mounted on UJ()()dtn poles at a hright txcttding 2.5 111 
(8 ji) above gmund or gradt level shall not be 11'-f[Ui11'4 to be gmundP.d. 

Exception No. 3: Li.�ted equipmrot pmtected b)• a ·'i)·strol of double insu
lation, or its 1'-f[Uiva/ent, shall not be 11'-f[Ui11'4 to be connected to the 
equip1nent grounding conducta1: If .mcll a ·'i)·stem is rotployed, the 
tquip1nent shall be distinctive�,. marktd. 

250.112 Specific Equipment Fastened in Place (Faxed) or 
Connected by Permanent Wuing Methods. Except as permit
ted in 250.1 12(F) and (1), exposed, normally non-currcnt
cartying metal part-; of equipment described in 250.1 12(A) 
through (K), and normally non-current-carrying metal part-; of 
equipment and enclosures described in 250.1 12(L) and (:M), 
shall be connected to an equipment grounding conductor, 
rcgardlcs.o; of voltage. 

(A) Switchgear and Switchboard Frames and Structures. 
Sl\itchgcar or Sl\itchboard frames and structures supporting 
switching equipment, except frames of 2-wirc de switchgear or 
switchboards if effectively insulated from ground. 

(B) Pipe Organs. Generator and motor frames in an electri
cally operated pipe organ, unlcs.o; effectively insulated from 
ground and the motor driving it. 

(C) Motor Frames. Motor frames, as prmidcd by 430.242. 

(D) Enclosures for Motor Controllers. Enclosures for motor 
controllers unlcs.o; attached to ungrounded portable equip
ment. 

(E) Elevators and Cranes. Electrical equipment for elcl'-ators 
and cranes. 
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(F) Garages, Theaters, and Motion Picture Studios. Electrical 
cquipmcm in commercial garages, theaters, and motion 
picture studios, except pendant lampholclcrs supplied by 
circuits not over 150 volts to ground. 

(G) Electric Signs. Electric signs, outline lighting, and ao;soci
atcd equipment ao; prmidccl in 600.7. 

(H) Motion Picture Projection Equipment. :Motion picture 
projection cquipmcm. 

(I) Remote-Control, Signaling, and Fu-e Alarm Circuits. Equip
mcm supplied by Clao;s I circuit-; shall be grounclccl unlcs.o; 
operating at less than 50 volt-;. Equipmcm supplied by Clao;s 1 
power-limited circuit-;, by Cla"l.o; 2 and Clao;s 3 remote-control 
and signaling circuit-;, and by fire alarm circuit-; shall be groun
ded if system grounding is required by Part II or Part VIII of 
this article. 

0> Luminaires. Luminaires ao; provided in Part V of Arti
cle 410. 

(K) Skid-Mounted Equipment. Permanently moumccl electri
cal equipment and skid-; shall be connected to the cquipmcm 
grounding conductor. Wir�typc cquipmcm grounding 
conductors shall be sized ao; required by 250.122. 

(L) Motor-Operated Water Pumps. �(otor-opcratcd water 
pumps, including the submersible type. 

(M) Metal Well Casings. If a submersible pump is used in a 
metal well cao;ing, tl1c well cao;ing shall be connected to the 
pump circuit equipment grounding conductor. 

250.114 Equipment Connected by Cord and Plug. Exposed, 
normally non-currcm-carrying metal part-; of cord-and-plug
connected equipment shall be connected to the equipment 
grounding conductor under any of the follo"ing conditions: 

Exception: Li�ttd tool�, li�ttd aptJliances, and li�IP.d l'.f[UiJnnml f'overed 
in 250.114, li�t ittms 2 thnmgh 4, shall not be rtquirtd to bt ronntcttd 
to an tquiJnnmt gmunding cmultu:tm· if JllvlPcttd by a sy.�tem of dauble 
in.�ulatifm m· its l'.f[Uivalent. Double-imuhlttd equipment slmU be 
distinctively mmfled. 

(1)  In hazardous (da"l.o;ificd) location.'! 
(2) If operated at over 150 volt'l to ground 

Exception No. 1 to (2): Motmx, if guardtd, slmU not be Tl'.f[UiTI'.d to be 
conntcttd to an equipment gmundi"'{ cmultutm: 

Exception No. 2 to (2): Metal fnunts of electrically lv.ated appliances, 
txemJittd h)• sJ�tcial JJermission, slmU not be J'f!quiJ'f'R to be cmmtclP.d to 
an equipment gmmuling conductm; in which ca.'il' the fmmes slmU be 
pennanmtly mul tJ!ectivtly insumted ftvm gmund. 

(3) In residential occupancies: 

a. Refrigerators, freezers, iccmakcrs, and air condition
ers 

b. Clothes-washing, clothes-drying, and dish-washing 
machines; ranges; kitchen waste disposers; informa
tion technology equipment; sump pumps; and electri
cal aquarium equipment 

c. Hand-held motor-operated tools, stationary and fixed 
motor-operated tools, and light industrial motor
operated tools 

cl. Motor-operated appliances of the following types: 
hedge dippers, lawn mowers, snow blowers, and wet 
scrubbers 

c. Portable hancllamps 
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(4) In other than residential occupancies: 

a. Refrigerators, freezers, iccmakcrs, and air condition
ers 

b. Clothes-washing, clothes-drying, and dish-washing 
machines; information technology equipment; sump 
pumps; and electrical aquarium equipment 

c. Hand-held motor-operated tools, stationary and fixed 
motor-operated tools, and light industrial motor
operated tools 

cl. Motor-operated appliances of the following types: 
hedge dippers, lawn mowers, snow blowers, and wet 
scrubbers 

c. Portable hancllamps 
f. \..ord-ancl-plug-conncctccl appliances used in clamp or 

wet locations or by persons standing on the ground, 
standing on metal noors, or working inside of metal 
tank.-; or boilers 

g. Tools likely to be used in wet or conductive locations 

Exception: Tool� and portabk lm1ulmmps and portable luminaiJ"l!S 
like{}· to ht used in wtl or amductivt locations slmU not ht 11!qui1m 
to ht comvcttd to an equipmmt gmunding cond·1u:tm· if suptJlied 
th1vuglt an isohiling tmnsfonntr with an ungmundtd Sl'ctnula!J of 
not ovn· 50 volts. 

250.116 Non�ectrical Equipment. The metal parto; of the 
follo"ing ·nonelectrical cquipmcm clescribccl in this section 
shall be connected to the equipment grounding conductor: 

(1)  ·. Frames and tracks of electrically operated cranes and 
hoist-; 

(2) Frames of nonelcctrically driven elevator cars to which 
electrical conductors arc attached 

(3) Hancl-opcratccl metal shifting ropes or cables of electric 
elc\-ators 

Informational Note: If extensh-e metal in or on buildinw- or 
stmcuu-es may become energized and i• su�ject to personal 
contact, adequate bonding and grounding "ill prmide addi
tional safety. 

250.118 Types of Equipment Grounding Conductors. 

(A) Permitted. Each equipment grounding conductor run 
"ith or enclosing tl1c circuit conductors shall be one or more 
or a combination of the following: 

(1)  A copper, aluminum, or copper-clad aluminum conduc
tor. This conductor shall be solid or stranded; insulated, 
covered, or bare; and in the form of a \\ire or a busbar of 
any shape. 

(2) Rigid metal conduit. 
(3) lmcrmccliatc metal conduit. 
(4) Electrical metallic tubing. 
(5) Listed flexible metal conduit meeting all the follo"ing 

conditions: 

a. The conduit is terminated in listed fittings. 
b. The circuit conductors contained in the conduit arc 

protected by ovcrcurrcnt devices rated at 20 amperes 
or lcs.o;. 

c. The size of the conduit docs not exceed metric desig
nator 35 (trade size 1 �).  

cl. The combined length of flexible metal conduit, ncxi
blc metallic tubing, and liquicltight flexible metal 
conduit in tl1c same effective ground-fault current 
path docs not cxccccl l .8 m (6 ft).  
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250.118 ARTICLE 250 - GROUNDI:'IIG AND BONDI:'IIG 

c. If flexibility is necessary to minimize the transmis.�ion 
of vibration from equipment or to provide flexibility 
for equipment that requires movement after installa
tion, a wir�typc equipment grounding conductor or 
a bonclingjumpcr in accordance "idt 250.102(E)(2) 
shall be installed. 

f. If flexible metal conduit is constructed of stainlcs.� 
steel, a "ire-type equipment grounding conductor or 
bonding jumper in accordance l\idt 250.102(E)(2) 
shall be installed. 

(6) Listed liquidtight flexible metal conduit meeting all the 
follo"ing conditions: 

(7) 

(8) 
(9) 

( 10) 

a. The conduit is terminated in listed fittings. 
b. For metric designators 12 through 16 (trade sizes 

Y,; through �) , dtc circuit conductors contained in 
the conduit arc protected by ovcrcurrcnt devices 
rated at 20 amperes or lcs.�. 

c. For metric designators 21 through 35 (trade sizes 
Y. through I�), the circuit conductors contained in 
the conduit arc protected by ovcrcurrcnt devices 
rated not more than 60 amperes and there is no flex
ible metal conduit, flexible metallic tubing, or liquid
tight flexible metal conduit in metric designators 12 
through 16 (trade sizes % through �) in the effective 
ground-fault current path. 

ct. The combinccl lcngth of flexible metal conduit, flexi
ble metallic tubing, and liquicltight flexible metal 
conduit in dtc same effective ground-fault current 
path docs not exceed 1 .8 m (6 ft).  

c.  If flexibility is ncccs.�ry to minimize the transmis.�ion 
of vibration from equipment or to provide flexibility 
for equipment that requires movement after installa
tion, a l\ir�typc equipment grounding conductor or 
a bonclingjumpcr in accordance "idt 250.102(E)(2) 
shall be installed. 

f. If liquicltight flexible metal conduit contains a stain
lcs.� steel core, a wir�typc equipment growtding 
conductor or a bonding jumper in accordance with 
250.102(E) (2) shall be installed. 

Flexible metallic tubing if the tubing is terminated in 
listed fittings and meeting dtc follo"ing conditions: 

a. The circuit conductors contained in the tubing arc 
protected by ovcrcurrcnt devices rated at 20 amperes 
or lcs.�. 

b. The combinccl lcngth of flexible metal conduit, flexi
ble metallic tubing, and liquicltight flexible metal 
conduit in dtc same effective ground-fault current 
path docs not exceed 1 .8 m (6 ft).  

Armor of Type AC cable as prmidcd in 320.108. 
The copper sheath of mineral-insulated, metal-sheathed 
cable Type MI. 
Type MC cable that provides an effective ground-fault 
current path in accordance l\ith one or more of the 
following: 

a. It contains an insulated or uninsulatcd equipment 
grounding conductor in compliance with 
250. 1 18(1).  

b. The combined metallic sheath and uninsulatcd 
equipment grounding/bonding conductor of inter
locked metal tape-type MC cable that is listed and 
identified as an equipment grounding conductor 

c. The metallic sheath or dtc combined metallic sheath 
and equipment grounding conductors of the smooth 
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or corrugated tub�typc MC cable that is listed and 
identified a� an equipment grounding conductor 

( 1 1 )  \..able trays a� permitted i n  392.10 and 392.60. 
(12) \..ablcbus framework a� permitted in 370.60(1 ) .  
(13) Odtcr listed electrically continuous metal raceways and 

listed auxiliary gutters. 
( 14) Surface metal raceways listed for grounding. 

Informational l'ote: See Anicle I 00 for a definition of tffn:tive 
grou��tifault current path. 

(B) Not Permitted. The follm\ing shall not be used a� equip
ment grounding conductors. 

( 1) Grounding electrode conductors 

Exception: A wit-e-type I'.JfltiJnnmt g1Vu1uling conductm· installed in 
compliance zuith 250.6(A) and the aJJjJlicable requimnmts fm· both the 
equijnnmt grounding conductor and the giVunding e!Pctrode condtu:tm· 
in Parts Tl, TTl, and H of this m·tirle shall be Jnmnitted to se111e as both 
an equipment giVunding crmductm· and a gromuling ekctiVde conduc
tm: 

(2) Structural metal frame 9fa building or structure 

250.119 Identification of Ware-Type Equipment Grounding 
Conductors. 

(A) General. Unles.� required elsewhere in this \Aide, equip
ment grounding conductors shall be permitted to be bare, 
covered, or illlmlatcd. lndi\idually covered or insulated equip
ment grounding conductors of the "ire type shall have a 
continuous outer finish that is cidtcr green or green with one 
or more yellow stripes except a� permitted in this section. 
Conductors with insulation or individual covering that is green, 
green with one or more yellow stripes, or othcmisc identified 
a� permitted by this section shall not be used for ungrounded 
or grounded circuit conductors. 

Exception No. 1: Pmuel�limill'.d \.k•is 2 m· Cla.�s 3 cables, polUI!1�limited 
Jit-e a/ann rabies, m· communications cables containing on�v circuit� 
oJm-ating at less than 50 volts ac m· 60 volts de if connPcttd to equip-
7/tl'nt not 71'qui1-ed to be giVmuil'.d simi/ be pemtilll'n to use a crmductm· 
with gmm insulation m· green zuith one m· mm-e yellow stripes for other 
than equip71tl'nt gmunding /JU1fJOses. 
Exception No. 2: Flexible cords having an inttgml insulation and 
jacket without an equipment gromuling conductor shall be fJe1·mitted to 
have a contimwus outet'finish that is green. 

lnformational l'ote: An example of a flexible cord \\ith integral
type insulation is Type SPT-2, 2 conductor. 

Exception No. 3: \..onductm-s with green in.mhltion simi/ be permitll'.d to 
be used as ungmunded .�ignal ronductm-s whn1' installed betzueen the 
output terminations of traffic sig1ml contml and traffic sig1ml indicat
ing head�. Signaling circuit� installed in accordance with thi� I'XCeJition 
shall include an equijnnmt grounding conductor in accm-dance with 
250.118. WitP-type equiJ171tl'nt grounding crmductm-s simi/ be bm-e m· 
have insulation or covering that is grl'-1!11 with one or mm1' yellow 
stripes. 

(B) Conductors 4 AWG and Larger. Equipment grounding 
conductors 4 AWG and larger shall comply "ith dtc follo"ing: 

(1) At the time of installation, if the insulation docs not 
comply with 250.1 19(A), it shall be pcrmancndy identi
fied a� an equipment grounding conductor at each end 
and at every point where the conductor is acccs.�iblc. 
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ARTICLE 250 - GROUNDI:"'G AND BONDI:"'G 250.122 

Exception: C..onductm-s 4 A WG and largpr shall not be 11'-Jflti11'4 to be 
mm"ked in crmduit bodies that contain 1w splices or unu.'it'd hubs. 

(2) Identification shall encircle dtc conductor and shall he 
accomplished by one of the follo"ing: 

a. Stripping the insulation or covering from the entire 
exposed lcngdt 

b. Coloring the insulation or covering green at me 
tcnnination 

c. Marking me insulation or covering with green tape or 
green adhesive labels at dtc tcnnination 

(C) Multiconductor Cable. One or more insulated conductors 
in a multiconductor cable, at the time of installation, shall he 
permitted to he permancndy identified as cquipmcm ground
ing conductors at each end and at every point where me 
conductors arc accessible by one of me following means: 

(1)  Stripping the insulation from me entire exposed lcngdt. 
(2) Coloring me exposed insulation green. 
(3) �larking dtc exposed insulation widl green tape or green 

adhesive lahels. Identification shall encircle me conduc
tor. 

(D) Flexible Cord. Equipment grounding conductors in flexi
ble corclo; shall be insulated and shall have a continuous outer 
finish dtat is either green or green wid1 one or more yellow 
stripes. 

250.120 Equipment Grounding Conductor InstaUation. An 
cquipmcm grounding conductor shall he installed in accord
ance l\ith 250.120(A), (B), and (C). 

(A) Raceway, Cable Trays, Cable Armor, Cablebus, or Cable 
Sheaths. If it consists of a raceway, cable tray, cable armor, 
cablcbus framework, or cable shcadl or if it is a wire l\ithin a 
raccwav or cable, it shall be installed in accordance l\ith me 
applic�blc provisions in dlis ('.ode using fittings for joints and 
tcnninations approved for usc wid1 the type of raceway or cable 
used. All connections, join to;, and fittings shall be made tight 
using suitable tools. 

Informational Note: See the l"L Guide Information for Electri
cal Circuit Integrity System• (FHIT) for equipment grounding 
conductors installed in a rdceway dtat are pan of a listed electri
cal circuit protecth>e system or a li•ted fite-resi•th·e cable system. 

(B) Aluminum and Copper-Clad ·Aluminum Conductors. 
Equipmcm grounding conductors of bare, covered, or insula
ted aluminum or copper-dad aluminum shall comply "id1 me 
following: 

( 1)  l: nlcss part of an applicable cable \\iring mcdtod, bare or 
covered conductors shall not he installed if subject to 
corrosive conditions or he installed in direct contact widl 
concrete, masonry, or me cardl. 

(2) Terminations made "ithin outdoor enclosures that arc 
listed and identified for dtc environment shall he permit
ted "idtin 450 mm (18 in.) of dtc bottom of dtc enclo
sure. 

(3) Aluminum or copper-clad aluminum conductors external 
to buildings or enclosures shall not be tcnninatcd "ithin 
450 mm (18 in.) of dtc earth, unless terminated l\ithin a 
listed \\ire connector system. 

(C) Equipment Grounding Conductors Smaller Than 6 AWG. 
If not routed "ith circuit conductors a• pcnnittcd in 
250.130(C) and 250.134, Exception :"'o. 2, equipment ground
ing conductors smaller than 6 AWG shall he protected from 
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physical damage by an identified raceway or cable armor unlcs.• 
installed "ithin hollow spaces of the framing members of build
ings or structures and if not subject to physical damage. 

250.122 Size of Equipment Grounding Conductors. 

(A) General. Copper, aluminum, or copper-clad aluminum 
cquipmcm grounding conductors of me wire type shall not be 
smaller than shown in Table 250.122. The equipment ground
ing conductor shall not be required to be larger than me 
circuit conductors supplying the cquipmcm. If a cable tray, a 
raceway, or a cable armor or shcad1 is used a• the cquipmcm 
grounding conductor, a• provided in 250.1 1 8  and 250.134(1) ,  
it  shall comply with 250.4(A) (5) or (B) ( 4). 

Equipmcm grounding conductors shall be permitted to be 
sectioned within a multiconductor cable, provided me 
combined circular mil area complies l\ith.Tablc 250.122. 

(B) Increased in Size. If ungrounded conductors arc 
incrcao;cd in size for any rcao;on oilier than ao; required in 
310.15(8) or 310.15(G), wire-type equipment grounding 
conductors, if installed, !!hall be incrcao;cd in size proponion
atcly to the increase in · circular mil area of me ungrounded 
conductors. 

Exception: EqUipment grounding conductoT"S slwU be Jmmitted to be 
.�iud by a qualified pmon to provide an ejJPctive ground fault cummt 
path in aictnrlana with 250.4(A)(5) or (8)(4) 

(C) ·. Multiple Circuits. A single equipment grounding conduc
tor mall he pcnnittcd to be installed for multiple circuit• that 
are installed in the same raceway, cable, trench, or cable tray. It 
shall he sized from Table 250.122 for the largest ovcrcurrcm 
dc\icc protecting circuit conductors in the raceway, cable, 
trench, or cable tray. Equipment grounding conductors 
installed in cable trays shall meet me minimum requirement• 
of 392.10(8) (1  ) (c). 

(D) Motor Circuits. Equipmcm grounding conductors for 
motor circuit• shall he sized in accordance widl 250.122(0) (1)  
or (D) (2). 

(1) General. The equipment grounding conductor size shall 
not be smaller than determined by 250.122(A) bao;cd on me 
rating of the branch-circuit short-circuit and ground-fault 
protective device. 

(2) Instantaneous-Trip Circuit Breaker and Motor Short-Circuit 
Protector. If dtc ovcrcurrcnt device is an instantaneous-trip 
circuit breaker or a motor short-circuit protector, dtc equip
ment grounding conductor shall he sized not smaller man that 
given by 250.122(A) using the maximum permitted rating of a 
dual clement time-delay fuse selected for branch-circuit shon
circuit and ground-fault protection in accordance widl 
430.52(C) ( 1 ) ,  Exception 1'\o. 1.  

(E) Flexible Cord and Fixture Ware. The cquipmcm ground
ing conductor in a llcxiblc cord l\ith me largest circuit conduc
tor 10 AWG or smaller, and me equipment grounding 
conductor used "idl fixture \\ires of any size in accordance 
"idl 240.5, shall not be smaller than 18 AWG copper and shall 
not he smaller than me circuit conductors. The cquipmcm 
grounding conductor in a llcxiblc cord with a circuit conduc
tor larger than 10 AWG shall he sized in accordance l\ith Table 
250.122. 

(F) Conductors in Parallel. For circuit• of parallel conductors 
ao; permitted in 310.10(G), the equipment grounding conduc-
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tor shall be installed in accordance l\ith 250.122(F) (1)  or 
(F) (2). 

(1) Conductor Installations in Raceways, Auxiliary Gutters, or 
Cable Trays. 

(a) Single Raceway or Cable Ttu_l', Auxiliary Gutte1; or ('Able 
Ttuy. If circuit conductors arc connected in parallel in the same 
raceway, auxiliary gutter, or cable tray, a single wire-type 
conductor shall be permitted ao; the equipment grounding 
conductor. The \\ire-type equipment grounding conductor 
shall be sized in accordance with 250.122 ba-;cd on the ovcrcur
rcnt protective dc'l'icc for the feeder or branch circuit. 

(b) MultiJJle Rareways. If conductors arc installed in multi
ple raceways and arc connected in parallel, a wire-type equip
ment grounding conductor, if used, shall be installed in each 
raceway and shall be connected in parallel. The equipment 
grounding conductor installed in each raceway shall be sized in 
accordance "idt 250.122 ba-;cd on the rating of dtc ovcrcurrcnt 
protective device for the feeder or branch circuit. 

(c) Win•-Type Equipment Grounding Conductors in ('Able 
Ttuys. Wire-type equipment grounding conductors installed in 
cable trays shall meet the minimum requirement-; of 392.10(8) 
(1) (c). 

(d) Metal Racewa}'S, Auxilim1· Gutters, or Cable Ttu}·s. �leta) 
raceways or auxiliary gutters in 

·
accordance with 25().] 18 or 

cable trays complying l\ith 392.60(8) shall be pennittcd ao; the 
equipment grounding conductor. 

(2) Multiconductor Cables. 
(a) Except a-; provided in 250.122(F) (2) (c) for raceway 

or cable tray installations, the equipment grounding conductor 
in each multiconductor cable shall be sized in accordance with 
250.122 bao;cd on the ovcrcurrcnt protective device for the 
feeder or branch circuit. 

(b) If circuit conductors of multiconductor cables arc 
connected in parallel, the equipment grounding conductor(s) 
in each cable shall be connected in parallel. 

(c) If multiconductor cables arc paralleled in the same 
raceway, auxiliary gutter, or cable tray, a single equipment 
grounding conductor that is sized in accordance \\idl 250.122 
shall be permitted in combination "ith the equipment ground
ing conductors provided "idtin dtc multiconcluctor cables and 
shall all be connected together. 

(d) Equipment grounding conductors installed in cable 
trays shall meet dtc minimum requirement-; of 392.10(8) 
(1) (c). \..able trays complying with 392.60(8), metal raceways in 
accordance "idt 250.1 18, or auxiliary gutters shall be permitted 
a-; dtc equipment grounding conductor. 

(G) Feeder Taps. Equipment grounding conductors installed 
"ith feeder taps shall not be smaller than shown in Table 
250.122 ba-;cd on the rating of the ovcrcurrcnt device ahead of 
the feeder on the supply side ahead of dtc tap but shall not be 
required to be larger than the tap conductors. 

250.124 Equipment Grounding Conductor Continuity. 

(A) Separable Connections. Separable connections such a-; 
those provided in drawout equipment or attachment plugs and 
mating connectors and receptacles shall provide for first-make, 
Ja-;t-brcak of the equipment grounding conductor. First-make, 
Ja-;t-brcak shall not be required if interlocked equipment, 
plugs, receptacles, and connectors preclude cncrgization with
out grounding continuity. 

(B) Switches. :'llo automatic cutout or switch shall be placed in 
the equipment grounding conductor of a premises "iring 
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Table 250.122 Minimum Size Equipment Grounding 
Conductors for Grounding Raceway and Equipment 

Rating or Setting of Size (AWG or kcmil) 
Automatic Overcurreot 
Device in Circuit Ahead 
of Equipment, Conduit, Aluminum or 

etc., Not Exceeding Copper-Clad 
(Amperes) Copper Aluminum* 

15 11 12 
20 12 10 
60 10 8 

100 8 6 

200 6 4 
300 4 2 
400 3 1 

500 2 1/0 
600 1 2/0 
800 1/0 3/0 

1000 2/0 4/0 
1200 3/0 250 
1600 4/0 350 

2000 250 400 
2500 350 600 
3000 400 600 

4000 500 750 
5000 700 1250 
6000 800 1250 

Note: \\1tere neces.'\ary to comply "ith 250.4(A) (5) or (B) (4), the 
equipment grounding conductor shall he sized larger than given in thi<; 
table. 
*See installation restrictions in 250.120. 

system unless the opening of dtc cutout or Sl\itch disconnect-; 
all sources of energy. 

250.126 Identification of Wuing Device Terminals. The termi
nal for the connection of the equipment grounding conductor 
shall be identified by one of dtc follo"ing: 

( 1)  A green, not readily removable terminal screw "idt a 
hexagonal head. 

(2) A green, hexagonal, not readily removable terminal nut. 
(3) A green prcs.-;urc wire connector. If the terminal for the 

equipment grounding conductor io; not visible, the 
conductor entrance hole shall be marked "idt the word 
green or ground, the letters G or GR, a grounding S}mbol, 
or othcnvisc identified by a distinctive green color. If the 
terminal for the equipment grounding conductor is read
ily removable, the area adjacent to the terminal shall be 
similarly marked. 

Informational :'\ote: See lnfmmational Note Figure 250.126. 

Informational Note F.gure 250.126 One Example of a 
Symbol Used to Identify the Grounding Termination Point for 
an Equipment Grounding Conductor. 
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Part VD. Methods of Equipment Grounding Conductor 
Connections 

250.130 Equipment Grounding Conductor Connections. 
Equipmcm grounding conductor connections at the source of 
separately derived systems shall be made in accordance with 
250.30(A) (I). Equipment grounding conductor connections at 
service cquipmcm shall be made ao; indicated in 250.130(A) or 
(B). For rcplaccmcm of non-grounding-type receptacles with 
grounding-type receptacles, or snap switches widtout an cquip
mclll grounding terminal l\ith snap switches "idt an cquip
mcm grounding terminal, and for branch-circuit extensions 
only in existing installations that do not have an cquipmcm 
grounding conductor in the branch circuit, connections shall 
be permitted ao; indicated in 250.130(C). 

(A) For Grounded Systems. The connection shall be made by 
bonding dtc equipment grounding conductor to the grounded 
service conductor and the grounding electrode conductor. 

(B) For Ungrounded Systems. The connection shall be made 
by bonding the cquipmcm grounding conductor to the 
grounding electrode conductor. 

(C) Replacement of Nongrounding Receptacle or Snap Switch 
and Branch Circuit Extensions. The cquipmcm grounding 
conductor that is connected to a grounding-type receptacle, a 
snap Sl\itch with an cquipmcm grounding tcnninal, or a 
branch-circuit extension shall be permitted to be connected to 
any of the follm\ing: 

(1) Any acccs.o;iblc poim on the grounding electrode system 
ao; described in 250.50 

(2) Any acccs.o;iblc poim on dtc grounding electrode conduc
tor 

(3) The cquipmcm grounding terminal bar "idtin the enclo
sure where the branch circuit for the receptacle or 
branch circuit originates 

(4) An cquipmcm grounding conductor that is part of 
another branch circuit that originates from the enclosure 
where the branch circuit for the receptacle, snap switch, 
or branch circuit originates 

(5) For grounded systems, the grounded service conductor 
"ithin the scnicc cquipmcm enclosure 

(6) For ungrounded systems, the grounding terminal bar 
"ithin the scnicc equipment enclosure 

lnformational l'ote :'\o. 1: See 406.4(0) for the u.'<e of a ground
fault circuit-intemtpting l}pe of receptacle. 

Informational l'ote :'\o. 2: See 404.9(8) for requirement.• 
regarding grounding of snap switches. 

250.132 Short Sections of Raceway or Cable Armor. bolatcd 
sections of metal raceway or cable armor, if required to be 
connected to an equipment grounding conductor, shall be 
connected in accordance with 250.134. 

250.134 Equipment Fastened in Place or Connected by Perma
nent Waring Methods (FIXed). l:nlcs.o; connected to the groun
ded circuit conductor a"l permitted by 250.32, 250.140, and 
250.142, non-current-carrying metal part-; of equipment, race
ways, and other enclosures, if grounded, shall be connected to 
an cquipmcm grounding conductor by one of the follo"ing 
method-;: 

(1) By connecting to any of the cquipmcm grounding 
conductors permitted by 250.1 18(2) through ( 14) 
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(2) By connecting to an cquipmcm grounding conductor of 
the \\ire 1ypc that is contained l\ithin the same raceway, 
contained l\ithin the same cable, or othcn,isc run with 
the circuit conductors 

Exception No. 1: As pmvidP.d in 250.130(C), the equipment gmunding 
conductor shall be permilll'n to be nm !if'/Jarattly ftvm the cin:uit 
conductm:5. 

Exception No. 2: Fm· de cin:uits, tile equipment gmutuling crmductor 
shall be Jlermitted to be nm seJJamtl'ly Jmm the circuit conductm-s 

Informational :'\ote No. 1 :  See 250. 102 and 250.168 for equip
ment bondingjumper requirement.•. 

Informational :'\ote No. 2: See 400.10 for ll.'<e of flexible cord• 
and flexible cables for fixed equipment. 

250.136 Equipment Secured to a Metal Rack or Structure. If a 
metal rack or structure is connected to an equipment ground
ing conductor in accordance "ith 250.134, it shall be permitted 
to serve ao; the equipment grounding conductor for electrical 
cquipmclll secured to and in electrical contact \\lth the metal 
rack or structure. · 

250.138 Cord�d-PJug-Connected Equipment. :"'on-currcm
cartying metal parts of cord-and-plug-connected equipment, if 
required to be connected to an cquipmcm grounding conduc
tor, shall be connected by one of the mcthoclo; in 250.138(A) or 
(B) . 

(A) · By ·Means of an Equipment Grounding Conductor. By 
means of an cquipmcm grounding conductor run "ith the 
pm\·cr supply conductors in a cable a'i.o;cmbly or flexible cord 
properly terminated in a grounding-type attachmcm plug with 
one fixed grounding contact. 

Exception: Tht gmunding contacting /JOk of gmunding-tJfJe plug-in 
gmutulfault circuit interrupte1-s slmll be permilltd to be of tht movable, 
sel.frtstoring l_}jJt on circuits optmting at 1wt over 150 volt5 httween 
any two condtu:tm:5 or over 150 volts between anJ conductor and 
gmutul. 

(B) By Means of a Separate Flexible Wu-e or Strap. By means 
of a separate flexible wire or strap, insulated or bare, connec
ted to an cquipmcm grounding conductor, and protected ao; 
well ao; practicable against physical damage, if part of equip
ment. 

250.140 Frames of Ranges and Clothes Dryers. Frames of elec
tric ranges, wall-mounted ovens, counter-mounted cooking 
unit-;, clothes dryers, and oudct or junction boxes that arc part 
of the circuit shall be connected to the cquipmcm grounding 
conductor in accordance l\ith 250.140(A) or dtc grounded 
conductor in accordance with 250.140(B). 

(A) Equipment Grounding Conductor Connections. The 
circuit supplying the appliance shall include an cquipmcm 
grounding conductor. The frame of the appliance shall be 
connected to the equipment grounding conductor in the 
manner specified by 250.134 or 250.138. 
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250.140 ARTICLE 250 - GROUNDI:'IIG AND BONDI:'IIG 

(B) Grounded Conductor Connections. For existing branch
circuit installations only, if an equipment grounding conductor 
is not present in the outlet or junction box the frame of the 
appliance shall be permitted to be connected to the grounded 
conductor if all the conditions in the follo"ing list itcm'i (I), 
(2), and (3) arc met and the grounded conductor complies 
"ith citl1cr list item (4) or (5): 

(1) The supply circuit is 120/240-volt, singlc-pha'ic, 3-wirc; or 
208Y/l20-volt derived from a 3-pha'ic, 4-wirc, wyc
conncctcd system. 

(2) The grounded conductor is not smaller than 10 AWG 
copper or 8 AWG aluminum or copper-clad aluminum. 

(3) Grounding contact'i of receptacles furnished a'i part of 
the equipment arc bonded to the equipment. 

(4) The grounded conductor is insulated, or tl1c grounded 
conductor is uninsulatcd and part of a Type SE service
entrance cable and tl1c branch circuit originates at the 
service equipment. 

(5) The grounded conductor is part of a Type SE sen-icc
entrance cable that originates in equipment other than a 
service. The grounded conductor shall be insulated or 
field covered within the supply enclosure "ith listed insu
lating material, such a'i tape or slcc'l'ing to prevent contact 
of the uninsulatcd conductor "ith any nonnally non
currcnt-cartying metal part'i. 

250.142 Use of Grounded Circuit Conductor for Grounding 
Equipment. 

(A) Supply-Side Equipment. A grounded circuit conductor 
shall be permitted to be connected to non-currcnt-cartying 
metal part'i of equipment, raceways, and other enclosures at 
any of the follm�ing locations: 

( 1)  On the supply side or "ithin the enclosure of the ac serv
ice disconnecting means 

(2) On tl1c supply side or within the enclosure of the main 
disconnecting means for separate buildings a'i provided 
in 250.32 (B) ( I) Exception 1'\o. 1 

(3) On tl1c supply side or within the enclosure of the main 
disconnecting means or ovcrcurrcnt devices of a sepa
rately derived system where permitted by 250.30(A) (I) 

(B) Load..Side Equipment. Except a'i pcnnittcd in 250.30(A) 
( 1) ,  250.32 (B) (I), Exception 1'\o. 1 ,  and Part X of Article 250, a 
grounded circuit conductor shall not be connected to non
currcnt-cartying metal part'i of cquipncnt on tl1c load side of 
the sen-icc disconnecting means or on the load side of a sepa
rately derived system disconnecting means or tl1c ovcrcurrcnt 
dc'l'iccs for a separately derived system not having a main 
disconnecting means. 

Exception No. 1: The framt's of ranges, waU-mmmted ovens, counter
mounted cooking units, mul clothes dt)'ers under the cmulitions Jmmit
ted for existing installations by 250.140 slmU be Jmmitted to be 
connected to the grounded circuit crmductm: 

Exception No. 2: It slmU be Jmmissible to connect mt'ter enclosw"t's to 
the gmunded circuit conductor on the Load side of tile service difconmct 
if all of the foUowing conditions aJJflly: 

( 1) GroundfaultJIIvtection of equipment is 1wt imtallP.d. 
(2) AU mt'ter enclo.rut-es are located immediate�)' adjacent to the serv

ice disconnecting mt'ans. 
( 3) Tile size of tile gmunded cin:uit conductm· is not smaller tlmn the 

.fiu .fpecijied in Table 250. 122 fm· equipment grounding conduc
tm:f. 
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Exception No. 3: Electmde-type boi!n:f operating at over JOOO voltf 
shall be gmunded as 11'-JfUi11'd in 495. 72(E)( 1) mul 495. 74. 

250.144 Multiple Circuit Connections. If equipment is 
required to be grounded and is supplied by more than one 
circuit containing an equipment grounding conductor, a 
means to terminate each equipment grounding conductor 
meeting the requirement., of 250.8 shall be pro'l'idcd a'i speci
fied in 250.134 and 250.138. 

250.146 Connecting Receptacle Grounding Terminal to an 
Equipment Grounding Conductor. An equipment bonding 
jumper shall be used to connect the grounding terminal of a 
grounding-type receptacle to a metal box that is connected to 
an equipment grounding conductor, except a'i permitted in 
250.146(A) through (D). The equipment bondingjumpcr shall 
be sized in accordance with Table 250.122. 

(A) Surface-Mounted Box. If a metal box is mounted on the 
surface, the direct metal-to-metal contact between the device 
yoke or strap to the box shall be permitted to provide the 
required effective ground-fault current patl1. At lca'it one of the 
insulating washers shall be removed from receptacles that do 
not have a contact yo�e or dc'l'icc to ensure direct metal-to
metal contact. Direct metal-to-metal contact for prmiding 
continuity applies to cover-mounted receptacles if the box and 
cover combination. arc listed a'i prmiding continuity between 
the box and the receptacle. A listed exposed work cover shall 
be permitted to be the grounding and bonding means under 
both of thc follo"ing conditions: 

(1) The device is attached to the cover with at lca'it two 
fa'itcncrs that arc permanent (such a'i a rivet) or have a 
thread-locking or screw- or nut-locking means. 

(2) The cover mounting holes arc located on a flat non raised 
portion of the cover. 

(B) Contact Devices or Yokes. Contact dc'l'iccs or yokes 
designed and listed a'i self-grounding shall be pennittcd in 
cm�unction with the supporting screws to establish equipment 
bonding between the dc'l'icc yoke and flush-type boxes. 

(C) Floor Boxes. Floor boxes designed for and listed a'i 
prmiding continuity between the box and the device shall be 
permitted. 

(D) Isolated Ground Receptacles. If installed for the reduc
tion of electromagnetic interference on tl1c equipment 
grounding conductor, a receptacle in which the grounding 
tcnninal is purposely insulated from the receptacle mounting 
means shall be permitted. The receptacle grounding tcnninal 
shall be connected to an insulated equipment grounding 
conductor run with the circuit conductors. This equipment 
grounding conductor shall be permitted to pa'is through one 
or more panelboards without a connection to the panelboard 
grounding terminal bar a'i permitted in 408.40, Exception, so 
a'i to terminate l�ithin the same building or structure directly at 
an equipment grounding conductor terminal of the applicable 
derived system or service. If installed in accordance "ith this 
section, this equipment grounding conductor shall also be 
permitted to pa'is through boxes, "ircways, or other enclosures 
"ithout being connected to such enclosures. 

Informational l'ote: t:se of an imlated equipment gmunding 
conductor does not relieYe dte requirement for connecting the 
raceway system and oudet box to an equipment gmunding 
conductor. 
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ARTICLE 250 - GROUNDI:"'G AND BONDI:"'G 250.167 

250.148 Continuity of Equipment Grounding Conductors and 
Attachment in Boxes. Ir circuit conductors arc spliced within a 
box or terminated on cquipmcm within or supported by a box, 
the installation shall comply "id1 250.148(A) through (D). 

Exception: Tile equiJ1711rot grounding condurtm· permitted in 
250.146(D) slmU not he required to be connected to the other equipment 
gmu1uling ronductm-s or to the box. 

(A) Connections and Splices. All equipment grounding 
conductors that arc spliced or terminated l\ithin the box shall 
be conncctccl together. Connections and splices shall be made 
in accorclancc l\ith 1 1 0.14(B) and 250.8 except that insulation 
shall not be required. 

(B) Equipment Grounding Conductor Continuity. The 
arrangement of grounding connections shall be such dtat the 
disconnection or the removal of a luminairc, receptacle, or 
other device feel from the box docs not imcrrupt the electrical 
continuity of the equipment grounding concluctor(s) provid
ing an effective ground-fault current path. 

(C) Metal Boxes. A connection used for no other purpose 
shall be made between the metal box and the cquipmcm 
grounding conductor(s) . The equipment bonding jumper or 
cquipmcm grounding conductor shall be sized from Table 
250.122 based on dtc largest ovcrcurrclll device protecting 
circuit conductors in dtc box. 

(D) Nonmetallic Boxes. One or more equipment grounding 
conductors brought into a nonmetallic outlet box shall be 
arranged to provide a connection to any fitting or device in 
that box requiring connection to an equipment grounding 
conductor. 

Part VDI. Direct-Current Systems 

250.160 General. Dircct-currclll systems shall comply with 
Part \111 and other sections of Article 250 not specifically inten
ded for ac systems. 

250.162 Direct-Current Circuits and Systems to Be Grounded. 
Direct-current circuit" and systems shall be grounded as prmi
clcd for in 250.162(A) and (B). 

(A) Two-Wu-e, Direct-Current SyStems. A 2-"irc, de system 
supplying premises wiring and operating at greater than 
60 volto; but not greater than 300 \'olto; shall be grounded. 

Exception No. 1: A !i)'-�lem equipfH'.d zuith a gmund detertm· mul .ruptJ�V
ing ftn�}· industl·ial P,quiJmumt in limill'.d mY.as shall not be 11'quil'ed to 
be gmunded if installed immediately adjacent to, or integral with, tile 
soun:e of.�upply. 

Exception No. 2: A 1't!rttjier-de1ived dr !i)'-�ielll .mJJjlliP.d Jmm an ac 
system complying zuitll 250.20 shall not be 11'qui11'd to he grounded. 

Exception No. 3: Dil't'rt-runmt jitf! alarm cil'cuits lmving a maximum 
runmt of 0.030 amfJelf! as sJ�erijiP.d in A1·tirk 760, PaTt TTl, shall not 
be 11'qui11'd to he gmunded. 

(B) Three-Wu-e, Direct-Current Systems. The neutral conduc
tor of all 3-\\irc, de systems supplying premises "iring shall be 
grounded. 

250.164 Point of Connection for Direct-Current Systems. 

(A) Off-Premises Source. Dircct-currcm systems to be groun
ded and supplied from an off-premises source shall have the 
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grounding connection made at one or more supply stations. A 
grounding connection shall not be made at indhidual services 
or at any point on the premises "iring. 

(B) On-Premises Source. If dtc de system source is located on 
the premises, a grounding connccti�n shall be made at one of 
the following: 

(1)  The source 
(2) The first system disconnection means or ovcrcurrcm 

device 
(3) By other means that accomplish system protection and 

that usc equipment listed and iclcmificd for dtc usc 

250.166 Size of the Direct-Current Grounding Electrode 
Conductor. The size of the grounding electrode conductor for 
a de system shall be as specified in 250.1f>6(A) and (B), except 
ao; permitted by 250.166(C) through (E). The grounding elec
trode conductor for a de system shall meet dtc sizing require
menlo; in this section but shall not be required to be larger than 
3/0 copper or 250 kcmil aluminum or copper-clad aluminum. 

(A) Not Smaller Than die. Neutral Conductor. If the de svstcm 
consisto; of a 3-"irc balancer set or a balancer winding with 
ovcrcurrcnt protection ao; provided in 445.12(D), dtc ground
ing electrode conductor shall not be smaller than dtc neutral 
conductor and not smaller than 8 AWG copper or 6 AWG 
aluminum or coppcr-clacl aluminum. 

(B) Not Smaller Than the Largest Conductor. If the de system 
is other than ao; in 250.166(A), the grounding electrode 
conductor shall not be smaller than dtc largest conductor 
supplied by dtc system and not smaller than 8 AWG copper or 
6 AWG aluminum or copper-clad aluminum. 

(C) Connected to Rod, Pipe, or Plate Electrodes. If connected 
to rod, pipe, or plate electrodes ao; in 250.52(A) (5) or (A) (7), 
that portion of the grounding electrode conductor dtat is the 
sole connection to the grounding electrode shall not be 
required to be larger than 6 AWG copper wire or 4 AWG alumi
num or copper-clad aluminum wire. 

(D) Connected to a Concrete-Encased Electrode. If connected 
to a concrctc-cncao;ccl electrode ao; in 250.52(A) (3), that 
portion of the grounding electrode conductor that is the sole 
connection to the grounding electrode shall not be required to 
be larger dtan 4 AWG copper \\ire. 

(E) Connected to a Ground Ring. If connected to a ground 
ring ao; in 250.52(A) (4), that portion of dtc grounding elec
trode conductor that is the sole connection to the grounding 
electrode shall not be required to be larger than the conductor 
used for dtc ground ring. 

250.167 Direct-Current Ground-Fault Detection. 

(A) Ungrounded Systems. Ground-fault detection systems 
shall be required for ungrounded systems. 

(B) Grounded Systems. Ground-fault detection shall be 
permitted for grounded systems. 

(C) Marking. Dircct-currcm systems shall be legibly marked to 
indicate the grounding type at the de source or dtc first discon
necting means of the system. The marking shall be of sufficicm 
durability to l\ithstancl the cmironmcm involved. 

Informational :'\ote: See NFPA 70f.:2018, Staudard for Electrical 
Safety in tile Workplace, which identifies four de gmunding types 
in detail. 
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250.168 ARTICLE 250 - GROUNDI:'IIG AND BONDI:'IIG 

250.168 Direct-Current System Bonding Jumper. For direct
current systems that arc to be grounded, an unspliccd bonding 

jumper shall be used to connect the equipment grounding 
conductor(s) to the grounded conductor at the source or to 
the first system disconnecting means where the system is groun
ded. The size of the bonding jumper shall not be smaller than 
the system grounding electrode conductor specified in 250.166 
and shall comply with 250.28(A), (B), and (C). 

250.169 Ungrounded Direct-Current Separately Derived 
Systems. Except as othcmise permitted in 250.34 for portable 
and vehicle-mounted generators, an ungrounded de separately 
derived system supplied from a stand-alone power source (such 
a'i an cngin�cncrator set) shall have a grounding electrode 
conductor connected to an electrode that complies with 
Part Ill of this article to provide for grounding of metal enclo
sures, raceways, cables, and exposed non-current-carrying 
metal part'i of equipment. The grounding electrode conductor 
connection shall be to the metal enclosure at any point on the 
separately derived system from the source to the first system 
disconnecting means or ovcrcurrcm dc\icc, or it shall be made 
at the source of a separately derived system that ha'i no discon
necting means or ovcrcurrcnt dc\iccs. 

The size of the grounding electrode conductor shall be in 
accordance "idt 250.166. 

Part IX. Instruments, Meters, and Relays 

250.170 Instrument Transformer Circuits. Sccondarv circuit'i 
of current and potential instrumcm transformers 

·
shall be 

grounded if the primary l\indings arc connected to circuit'i of 
300 volt'i or more to ground and, if installed on or in S\'itch
gcar and on S\'itchboards, shall be grounded irrespective of 
voltage. 

Exception No. 1: Circuits where tile Jnimary zuindings all! connecUd to 
cirruiL� of }()()() volts or less with no live pmt� or wiring exposed m· 
accessible to other than qualijil'.d persons. 

Exception No. 2: Current tran.iforrner Sl'cmula1·ies conneciP.d in a three
phase delta ronfigumtion slmU not be required to be grounded. 

250.172 Instrument Transformer Cases. ('..ascs or frames of 
instrument transformers shall be conn�ted to dtc cquipmcm 
grounding conductor if acccs.'iiblc to other dtan qualified 
persons. 

Exception: C..ases or frames of cw"mmt tran.iforl'llt!l:�, the fnimm·ies of 
which are 1wt over 150 volts to gmund and that a11' used exclusive{}· to 
. mpply cunmt to meters. 
250.174 Cases of Instruments, Meters, and Relays Operating 
at 1000 Volts or Less. lnstrumcnt'i, meters, and relays operat
ing \�th "indings or working part'i at 1000 volt'i or lcs.'i shall be 
connected to the equipment grounding conductor a'i specified 
in 250.174(A) , (8), or (C). 

(A) Not on Switchgear or Switchboards. lnstrumcnt'i, meters, 
and relays not located on switchgear or switchboard" operating 
with \�ndings or working part'i at 300 volt'i or more to ground, 
and acccs.'iiblc to odtcr dtan qualified persons, shall have the 
ca'ies and other exposed metal part'i connected to dtc equip
ment grounding conductor. 

(B) On Switchgear or Dead-Front Switchboards. lnstrumcnt'i, 
meters, and relays (whether operated from currcm and poten
tial transformers or connected dirccdy in the circuit) on S\'itch-
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gear or Sl\itchboard'i having no live part'i on the from of the 
panels shall have the ca'ics connected to the cquipmclll 
grounding conductor. 

(C) On Live-Front Switchboards. Instrumcnt'i, meters, and 
relays (whether operated from currcm and potential trans
formers or connected dirccdv in the circuit) on switchboarcl'i 
having exposed live part'i on the from of panels shall not have 
their ca'ies connected to the equipment grounding conductor. 
Mat'i of insulating rubber or other approved means of floor 
insulation shall be prmidcd for the operator where the voltage 
to ground cxccccl'i 150 volt'i. 

250.176 Cases of Instruments, Meters, and Relays - Operat
ing at Over 1000 Volts. If instrumcnt'i, meters, and relays have 
current-carrying part'i of over 1000 volt'i to ground, they shall 
be isolated by elc,-ation or protected by a barricr(s), grounded 
metal, or insulating covers or guard'i. Their ca'ics shall not be 
connected to the cquipmcm grounding conductor. 

Exception: C..ases of e!Pctmstatic gmuml detectors shaU be Jlermitted to be 
connected to an equipment gm1uiding conductor if the intenml ground 
segments of the i1utrument a,:e comvcted to the instrument case and 
gJVU1uiP4 and the gmund�thtector is isolatl'.d h)• elevation. 

250.178 lnstrum«;nt Equipment Grounding Conductor. The 
cquipmcm grounding conductor for secondary circuit'i of 
instrument transformers and for instrumcm ca'ics shall not be 
smaller than 1 2  AWG copper or 10 AWG aluminum or copper
clad aluminum. Ca'iCs of instrument transfonncrs, instrumcnt'i, 
meters, ·and relays that arc mounted dirccdy on grounded 
metal surfaces of enclosures or grounded metal of Sl\itchgcar 
or s"itchboard panels shall not be required to be connected to 
an additional equipment grounding conductor. 

Part X. Grounding of Systems and Circuits of over 1000 Volts 

250.180 General. If systems over 1000 volt'i arc grounded, dtcy 
shall comply "ith all applicable requirement" of 250.1 through 
250.178 and "ith 250.182 through 250.194, which supplcmcm 
and modify the preceding sections. 

250.182 Derived Neutral Systems. A system neutral poim 
derived from a grounding transformer shall be permitted to be 
u.'iCd for grounding systems over 1 kV. 

250.184 SoHdly Grounded Neutral Systems. Solidly grounded 
neutral systems shall be pcnniucd to be either single poim 
grounded or multigroundcd neutral. 

(A) Neutral Conductor • 

(1) Insulation Level. The muumum insulation level for 
neutral conductors of solidly grounded systems shall be 
600 volt'i. 

Exception No. 1: Fm· multigJvunded neutral .rystems as permitted in 
250. 1 84( C), hmf! copJJer cmultu:tm:� shall be permitted to be ust'd for the 
neutral conductor of the following: 

( 1) Service-mtrmu:e conductors 
(2) Set-vice lateral� or underground service conductm-s 
( 3) Dhect-bwil'.d po1·tions of feedeJ:� 

Exception No. 2: Bmf! conductm:� shall be permitted for tile neutral 
conductor of overhead JIOrtions instal!P.d outdom-s. 
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ARTICLE 250 - GROUNDI:"'G AND 80NDI:"'G 250.186 

Exception No. 3: The grounded neutral cmultu:tm· slmU be Jmmitlt'd to 
be a bare conductm· if i�olall'.d fmm phase conductors and pmlt'cll'n ftmn 
physical damage. 

Informational :'\ote: See 225.4 for conductor covering where 
"ithin 3.0 m (I  0 ft) of any building or other stmcture. 

(2) Ampacity. The neutral conductor shall have an ampacity 
that is not less than the load imposed and he not lcs."l than 33\r,. 
pcrccm of dtc ampacity of the pha"lC conductors. 

Exception: Tn i1ulustrial mul com11U'rrial premises under tmgitv_ering 
.mpervision, it slmU be pmni.•isibk to size the ampacity of the neutral 
conductor to not k:is limn 20 Jmnmt of tile amJJacity of tile phase 
conductm: 

(B) Single-Point Grounded Neutral System. If a singlc-poim 
grounded neutral system is used, the following shall apply: 

( 1) A singlc-poim grounded neutral system shall he permit
ted to be supplied from one of the following: 

a. A separately derived system 
b. A multigroundcd neutral system "id1 an cquipmcm 

grounding conductor cmmcctcd to dtc multigroun
dcd neutral conductor at the source of the singlc
poim grounded neutral system 

(2) A grounding electrode shall he provided for the system. 
(3) A grounding electrode conductor shall connect the 

grounding electrode to the system neutral conductor. 
( 4) A bonding jumper shall connect dtc cquipmcm ground

ing conductor to the grounding electrode conductor. 
(5) An cquipmcm grounding conductor shall be prmidcd to 

each building, structure, and cquipmcm enclosure. 
(6) A neutral conductor shall only he required if pha"lc-to

ncutral loads arc supplied. 
(7) The neutral conductor, if prmidcd, shall he insulated and 

isolated from earth except at one location. 
(8) An equipment grounding conductor shall be run wilh the 

pha"lc conductors and shall comply with all of dte follow
ing: 

a. Shall not carry continuous load 
b. Shall be bare, covered, or insulated 
c. Shall have ampacity for fault current duty 

(C) Multigrounded Neutral Systems • .Jf a multigroundcd 
neutral system is used, the follo"ing shall apply: 

(1) The neutral conductor of a solidly grounded neutral 
system shall be permitted to he grounded at more than 
one poim. Grounding shall he permitted at one or more 
of the following locations: 

a. Transformers suppl)'ing conductors to a building or 
other structure 

b. Underground circuits if the neutral conductor is 
exposed 

c. Overhead circuits installed outdoors 
(2) The multigroundcd neutral conductor shall he grounded 

at each transformer and at other additional locations by 
connection to a grounding electrode. 

(3) At lca"lt one grounding electrode shall he installed and 
connected to dtc multigroundcd neutral conductor every 
400 m (1300 ft) . 

(4) The maximum distance between any two adjaccm electro
des shall not be more dtan 400 m (1 300 ft).  

(5) In a multigroundcd shielded cable system, the shielding 
shall be grounded at each cable joim that is exposed to 
personnel contact. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

Exception: Tn a multipoint gmmuled .rystl'ln, a gmunding electmde 
shaU not be l"f'quil"ed to bond tile neutral conductm· in an uninterrupted 
conductor 1'-Xceeding 400 111 ( 1300 fl) if the on{}" /JUifJOse fm· t"t'moving 
the cabk jacket i.� for bonding tile neutml conductor to a gmunding 
electmde. 

250.186 Grounding Service-Supplied Alternating-Current 
Systems. 

(A) Systems with a Grounded Conductor at the Service Point. 
If an ac system is grounded at any poim and is provided with a 
grounded conductor at the senicc poim, a grounded conduc
tor(s) shall he installed and routed l\ith the ungrounded 
conductors to each scnicc disconnecting means and shall he 
connected to each disconnecting means grounded conduc
tor(s) terminal or bus. A main bonding jumpcr shall connect 
the grounded conductor(s) to each service disconnecting 
means enclosure. The grounded conductor(s) shall be instal
led in accordance with 250.186(A) (1)  through (A) (4). The size 
of the solidly grounded circuit conductor(s) shall he the larger 
of that determined by 2!J().184 or 250.186(A) (1)  or (A) (2). 

Exception: lJ two m· moTfl !iei"Vice disconnecting 11tl'.ans all! located in a 
.�ingle assembly listed for use as se111ice equifr11U'nt, it shall be pennitlt'd 
to connect tile gmunded cmultutm(s) to the a.<;.w�mb{l' common gmunded 
conductor(�) terminal m· bus. Tile a.�'it'"mbi}- shall include a main bond
ing jumper jiJ1· conntcting tile gmtmded 

"
cmultu:tor(s) to the a.�sembly 

end.o.�w"t'. · 

(1) . Siziog for a Single Raceway or Overhead Conductor. The 
grounded conductor shall not be smaller than the required 
grounding electrode conductor specified in Table 250.102(C) 
( 1) but shall not he required to be larger than the largest 
ungrounded service-entrance conductor(s). 

(2) Parallel Conductors in Two or More Raceways or Over
head Conductors. If the ungrounded senicc-cmrancc conduc
tors arc installed in parallel in two or more raceways or a"l 
overhead parallel conductors, the grounded conductors shall 
also be installed in parallel. The size of the grounded conduc
tor in each raceway or overhead shall be ba"lcd on the total 
circular mil area of the parallel ungrounded conductors in the 
raccwav or overhead, a"l indicated in 250.186(A) (1) ,  but not 
smallc; than 1/0 AWG. 

Informational :'\ote: See 3JO.JO(G) for grounded conductors 
connected in pamllel. 

(3) Delta-Connected Service. The grounded conductor of a 3-
pha"lc, 3-wirc delta scnicc shall have an ampacity not lcs."l than 
that of the ungrounded conductors. 

(4) Impedance Grounded Systems. Impedance grounded 
systems shall be installed in accordance "id1 250.187. 

(B) Systems Without a Grounded Conductor at the Service 
Point. If an ac system is grounded at any point and is not prmi
dcd "id1 a grounded conductor at the scnicc point, a supply
side bonding jumper shall be installed and routed with the 
ungrounded conductors to each service disconnecting means 
and shall be connected to each disconnecting means equip
ment grounding conductor terminal or bus. The supply-side 
bonding jumper shall he installed in accordance with 
250.186(8) (1)  through (8) (3). 

Exception: lJ two m· moll! se11Jice disconnecting 11tl'.ans all! located in a 
.�ingle a.�sembly listed for use a.� se111ice equifr11U'nt, it shall be pennitlt'd 
to connect the .mpply-side bonding jumper to tile a.��e1nb{}· common 
tquipment grounding temtinal or bus. 
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250.186 ARTICLE 250 - GROUNDI:'IIG AND BONDI:'IIG 

(1) Sizing for a Single Raceway or Overhead Conductor. The 
supply-side bonding jumper shall not be smaller than the 
required grounding electrode conductor specified in Table 
250.102(C) (1)  but shall not be required to be larger than the 
largest ungrounded service-entrance conductor(s) . 

(2) Parallel Conductors in Two or More Raceways or Over
head Conductors. If the ungrounded sen-icc-entrance conduc
tors arc installed in parallel in two or more raceways or 
overhead conductors, the supply-side bonding jumper shall 
also be installed in parallel. The size of the supply-side bonding 
jumper in each raceway or overhead shall be based on the total 
circular mil area of the parallel ungrounded conductors in the 
raccwav or overhead, as indicated in 250.186(A) ( l  ),  but not 
smallc� than l /0 AWG. 

(3) Impedance Grounded Systems. Impedance grounded 
systems shall be installed in accordance "id1 250.187. 

250.187 Impedance Grounded Systems. Impedance grounded 
systems in which a grounding impedance dc\-icc, typically a 
resistor, limit• the ground-fault current shall be permitted if all 
of the following conditions arc met: 

(1) The conditions of maintenance and supcnision ensure 
that only qualified persons senicc the installation. 

(2) Ground detectors arc installed on the system. 
(3) Line-to-neutral load• arc not served. 

Impedance grounded systems shall comply with 250.187(A) 
through (D). 

(A) Location. The grounding impedance device shall be 
installed between the grounding electrode conductor and the 
impedance grounding conductor connected to dtc system 
neutral point. 

(B) Insulated. The impedance grounding conductor shall be 
insulated for the maximum neutral voltage. 

Exception: A bare imJJedance gmunding cmuluctor slmU be permiltP.d if 
the bare portion of the gmmuling imJJedance device mul conductor all! 
not in a 11'adily acre.'l.�ibk /ncation mul secu11'�l' sepamted Jmm the 
ungromuled cmuluctm-s. 

Informational :'\ote: The ma.ximum neutral YOitage in a 3-pha.o;e 
wye system is 57.7 percent of the phase-t<"pba.o;e mhage. 

(C) System Neutral Point Connection. The system neutral 
point shall not be connected to gtOl,lnd, except through the 
grounding impedance device. 

(D) Equipment Grounding Conductors. Equipment ground
ing conductors shall be permitted to be bare and shall be elec
trically connected to the ground bus and grounding electrode 
conductor. 

250.188 Grounding of Systems Supplying Portable or Mobile 
Equipment. Systems suppl}'ing portable or mobile cquipmcm 
over 1000 volt•, other than substations installed on a temporary 
basis, shall comply "id1 250.188(A) through (F) . 

(A) Portable or Mobile Equipment. Portable or mobile cquip
mcm over 1000 volt-; shall be supplied from a system ha\>ing it• 
neutral conductor grounded duough an impedance. If a delta
connected system over 1000 volt• is used to supply portable or 
mobile cquipmcm, a system neutral point and a.<;.o;ociatcd 
neutral conductor shall be derived. 

(B) Exposed Non-Current-Carrying Metal Parts. Exposed non
currcnt-carf}'ing metal part• of portable or mobile cquipmcm 
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shall be connected by an cquipmcm grounding conductor to 
the point at which the system neutral impedance is grounded. 

(C) Ground-Fault Current. The voltage developed between 
the portable or mobile equipment frame and ground by the 
flow of maximum ground-fault current shall not exceed 
100 volt•. 

(D) Ground-Fault Detection and Relaying. Ground-fault detec
tion and relaying shall be pro"idcd to automatically de-energize 
any component of a system over 1000 volt-; that ha.-; developed a 
ground fault. The continuity of the equipment grounding 
conductor shall be cominuously monitored so a.-; to automati
cally de-energize the circuit of the system over 1000 volt-; to the 
portable or mobile equipment upon loss of cominuity of the 
cquipmcm grounding conductor. 

(E) Isolation. The grounding electrode to which the portable 
or mobile equipment system neutral impedance is connected 
shall be isolated from and separated in the ground by at lca.-;t 
6.0 m (20 ft) from any other system or equipment grounding 
electrode, and there shall be no direct connection between the 
grounding electrodes, sucb as buried pipe and fence, and so 
forth. 

(F) Trailing Cabl� and Couplers. Trailing cable and couplers 
of systems over 1000 volt-; for interconnection of portable or 
mobile equipment shall meet the requirement• of Part Ill of 
Article 400 for cables and 495.65 for couplers. 

250.190 Grounding ofEquipment. 

(A) Equipment Grounding. All non-currcnt-car!Jing metal 
part• of fixed, portable, and mobile equipment and a.<;.o;ociatcd 
fences, housings, enclosures, and supporting structures shall be 
grounded. 

Exception: If isolated ftvm gmund mul lorated such that an_l' fm:�on in 
rontarl with ground cannot rontart such metal pa1·ts when the equip
mtmt i.� energiud, the metal pa1·ts shaU not be JPquiJPd to be gm111uil'.d. 

Informational l'ote: See 250. 1 10, Exception :'\o. 2, for pole
mounted distribution apparatu.•. 

(B) Grounding Electrode Conductor. If a grounding electrode 
conductor connect• non-currcnt-carf}'ing metal part• to 
ground, the grounding electrode conductor shall be sized in 
accordance "ith Table 250.f>6, ba.o;cd on the size of the largest 
ungrounded service, feeder, or branch-circuit conductors 
supplying the equipment. The grounding electrode conductor 
shall not be smaller than 6 AWG copper or 4 AWG aluminum 
or copper-clad aluminum. 

(C) Equipment Grounding Conductor. Equipment grounding 
conductors shall comply with 250.190(C) ( 1 )  through (C) (3). 

(1) General. Equipment grounding conductors that arc not 
an integral part of a cable a.<;.-;cmbly shall not be smaller than 
6 AWG copper or 4 AWG aluminum or copper-clad aluminum. 

(2) Shielded Cables. The metallic insulation shield encircling 
the currcnt-caTI)'ing conductors shall be permitted to be used 
a.• an equipment grounding conductor, if it is rated for dearing 
time of ground-fault current protective dc"l"icc operation with
out damaging the metallic shield. The metallic tape insulation 
shield and drain wire insulation shield shall not be used a.-; an 
cquipmcm grounding conductor for solidly grounded systems. 
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ARTICLE 250 - GROUNDI:-.IG AND BONDI:-.IG 250.194 

(3) Sizing. Equipment grounding conductors shall be sized in 
accordance "idt Table 250.122 based on dtc currcm rating of 
dtc fuse or dtc ovcrcurrcm selling of dtc protective relay. 

Informational 1\'ote: The overcwTent rating for a circuit breaker 
is the combination of the current transfonner rdtio and the 
current pickup setting of the protective relay. 

250.191 Grounding System at Alternating-Current Substations. 
For ac substations, the grounding system shall be in accordance 
"idt Part Ill of dtis article. 

Informational 1\'ote: See IEEE 80, /EI-1-: Guide for Safdy in AC 
Substation Groundi>llf, for further information on outdoor ac 
substation gmunding. 

250.194 Grounding and Bonding of Fences and Other Metal 
Structures. :\llctal fences enclosing, and odtcr metal structures 
in or surrounding, a substation l\idt exposed electrical conduc
tors and cquipmcm shall be grounded and bonded to limit 
step, touch, and transfer voltages. 

(A) Metal Fences. If metal fences arc located l\idtin 5 m 
(16 ft) of the exposed electrical conductors or equipment, dtc 
fence shall be bonded to dtc grounding electrode system widt 
wire-type bondingjumpcrs as follows: 

(1) Bonding jumpers shall be installed at each fence corner 
and at maximum 50 m (160 ft) intervals along dtc fence. 
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(2) lf bare overhead conductors cross dtc fence, bonding 
jumpers shall be installed on each side of dtc cros.o;ing. 

(3) Gates shall be bonded to dtc gate support post, and each 
gate support post shall be bonded to the grounding elec
trode system. 

(4) Any gate or other opening in the fence shall be bonded 
across dtc opening by a buried bonding jumper. 

(5) The grounding grid or grounding electrode systems shall 
be extended to cover dtc S\'ing of all gates. 

(6) The barbed wire strand-; above dtc fence shall be bonded 
to dtc grounding electrode system. 

Alternate designs pcrfonncd under engineering supcnision 
shall be permitted for grounding or bonding of metal fences. 

Informational l\'ote :'\o. I :  A nonconducting fence or section 
may provide isolation for mmsfer of voltage to other area•. 

Informational l\'ote 1\'o. 2: See IEEE 80, 11-1-1-: Guide for Safrty In 
AC Substation Grounding, for design and installation of fence 
grow1ding. 

· 

(B) Metal Structures. All exposed conductive metal structures, 
including guy "ires widlin 2.5 m (8 ft) vertically or 5 m (16 ft) 
horizontally of cxpmcd conductors or cquipmcm and su�cct 
to contact by persons, shall be bonded to dtc grounding elec
trode systems in dtc area. 
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Chapter 3 Wiring Methods and Materials 

ARTICLE 300 
General Requirements for Wning Methods 

and Materials 

300.1 Scope. 

(A) AU Wuing Installations. This article covers general 
requirements for wiring mcdtods and materials for all "iring 
installations unless modified by odtcr articles in Chapter 3. 

(B) Integral Parts of Equipment. The rcquircmcnt"l of this 
article arc not imcndcd to apply to the conductors dtat form 
an imcgral part of equipment, such a"l motors, controllers, 
motor control centers, or factory-ao;."lcmblcd control cquipmcm 
or listed utilization equipment. 

(C) Metric Designators and Trade Sizes. :Metric designators 
and trade sizes for conduit, tubing, and a"lsociatcd fittings and 
accessories shall be in accordance widt Table 300.1 (C). 

300.2 Limitations. 

(A) Voltage. Wiring mcdtod"l specified in Chapter 3 shall be 
used for 1000 volt"l ac, 1500 volt"l de, nominal, or less where not 
specifically limited elsewhere in Chapter 3. They shall be 
pcrmiucd for over 1000 volt"l ac, 1500 volt"l de, nominal, where 
specifically pcnniucd elsewhere in this ('.ode. 
(B) Temperature. Temperature limitation of conductors shall 
be in accordance with 310.14(A) (3). 

300.3 Conductors. 

(A) Single Conductors. Single conductors specified in Table 
310.4(1) shall only be pcnniucd where installed as part of a 
recognized \\iring mcdtod specified in Chapter 3. 

Exception: lndividtwl cmuluctm-s shall be permiltNL where instalkd as 
.wparalt ove1-htad ronductm-s in arcmrlance zuilh225.6. 

Table 300.1(C) Metric Designators and Trade Sizes 

Metric Trade 
Designator Size 

12 Y,. 
16 � 
21 � 
27 1 
35 1 Y.. 
41 1� 
53 2 
63 2� 
78 3 
91 3Y:r 

103 4 
129 5 
155 6 

l'ote: The metric designators and trade sizes are for identification 
purposes only and are not actual dimension•. 
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(B) Conductors of the Same Circuit. All conductors of dtc 
same circuit and, where used, the grounded conductor and all 
cquipmcm grounding conductors and bonding conductors 
shall be contained "idtin the same raceway, conduit body, 
auxiliary guucr, cable tray, cablcbus ao;."lcmbly, trench, cable, or 
cord unlcs."l othcmise pcrmiucd in accordance widt 300.3(8) 
(1) dtrough (B)(4). 

(1) Paralleled Installations. Conductors shall be pcrmiucd to 
be run in parallel in accordance l\ith 310.10(G). The requirc
mcm to run all circuit conductors widtin dtc same raccwav, 
auxiliary guucr, cable tray, trench, cable, or cord shall appiy 
separately to each portion of the paralleled installation, and 
the equipment grounding conductors shall comply widt 
250.122. Connections, taps, or extensions made from paral
leled conductors shall connect to all conductors of the paral
leled set, grounded and ungrounded, a"l applicable. Parallel 
runs in cable trays shall comply l\ith 392.20(C). 

Exception: C..onductm-s iri.�talkd in non11U!tallic raceways rnn under
g1Vu1ui slwll be permitkd to be arranged as isolattd phase, neutral, 
and gromuied condurtm· installatifms. Tile ractwa_l'S shall be instalkd 
in close Jnvximit_l', and tile isolattd phase, neutral, and gtvunded 
conductm:� shall comJI�l' with 300.20(B). 

(2) GroundiDg and Bonding Conductors. Equipment ground
ing conductors shall be pcrmiucd to be installed out"lidc a race
way or cable ao;."lcmbly in accordance with 250.130(C) for 
certain existing installations or in accordance with 250.134, 
Exception 1'\o. 2, for de circuit"l. Equipmcm bonding conduc
tors shall be pcnniucd to be installed on dtc out"lidc of race
ways in accordance with 250.102(E). 

(3) Nonferrous Wuing Methods. C..onductors in \\iring mcth
ocl"l l\ith a nonmetallic or other nonmagnetic shcadt, where 
run in different raceways, auxiliary guucrs, cable trays, 
trenches, cables, or cord"l, shall comply "ith 300.20(8). 
Conductors in single-conductor Type :\Ill cable "ith a nonmag
netic sheath shall comply "idt 332.31. Conductors of single
conductor Type MC cable "idt a nonmagnetic shcadt shall 
comply with 330.31,  330.1 1 6, and 300.20(8). 

(4) Column-Width Panelboard Enclosures. \\'here an auxiliary 
guucr runs between a column-l\idth panelboard and a pull 
box, and dtc pull box includes neutral terminations, dtc 
neutral conductors of circuit"l supplied from the panelboard 
shall be permiucd to originate in dtc pull box. 

(C) Conductors of Different Systems. 

(1) 1000 Volts ac, 1500 volts de, Nominal, or Less. Conductors 
of ac and de circuit"l rated 1000 volt"l ac, 1500 volt"l de, nominal, 
or lcs."l shall be pcrmiucd to occupy the same cquipmcm "iring 
enclosure, cable, or raceway. All conductors shall have an insu
lation rating equal to at lca"lt the maximum circuit voltage 
applied to any conductor l\ithin dtc enclosure, cable, or race
way. 

Secondary wiring to electric-discharge lamps of 1000 volt"l ac, 
1500 volt"l de, or lcs."l, if insulated for dtc secondary voltage 
involved, shall be pcrmiucd to occupy the same luminairc, 
sign, or oudinc lighting enclosure a"l the branch-circuit 
conductors. 
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Informational l'ote l'o. 1: See 725.136(,\) for Cla.'i.• 2 and 
aa. ... , 3 circuit conductors. 

Informational :'\ote No. 2: See 690.31 (B) for photomhaic 
source and output circuits. 

(2) Over I 000 Volts ac, 1500 Volts de, Nominal. Conductors of 
circuits rated over 1000 volts ac, 1500 volt'i de, nominal, shall 
not occupy dtc same cquipmcm wiring enclosure, cable, or 
raceway l\ith conductors of circuit'i rated 1000 volt'i ac, 
1500 volts de, nominal, or lcs.'i unlcs.'i pcrmiucd in accordance 
wid1 305.4. 

300.4 Protection Against Physical Damage. \\'here su�ccl to 
physical damage, conductors, raceways, and cables shall be 
protected. 

(A) Cables and Raceways Through Wood Members. 

(I) Bored Holes. In both exposed and concealed locations, 
where a cabl� or raceway-type wiring method is installed 
through bored holes in joist'i, rafters, or wood members, holes 
shall be bored so that dtc edge of the hole is not lcs.'i than 
32 mm ( 1 �  in.) from dtc edges of me wood member. \\'here 
this distance cannot be maintained, the cable or raceway shall 
be protected from penetration by screws or nails by � steel 
platc(s) or bushing(s) at lca'il 1 .6 mm (Y.ti in.) dtick, and of 
appropriate length and width, installed to cover the area of me 
wiring. 

Exception No. 1: Steel plates shall not be 11'-f[UiTf'.d to pmttct rigid mttal 
conduit, interme-diate metal conduit, rigid PVC conduit, RTRC, 01" 
electrical metallic tubing. 

Exception No. 2: A listed and mat-ked steel JJlate /e.••s than 1.6 mm 
(1.10 in.) thick tlwt Jmroides equal or better Jnvtection against 1wil or 
.w:rrw pmetmtion slwll be permitted. 

(2) Notches in Wood. \\'here there is no o�cction becau.'IC of 
weakening dtc building structure, in born cxpo5ed and 
concealed locations, cables or raceways shall be pcrmiucd to be 
laid in notches in wood stud'i, joist'i, rafters, or odlcr wood 
members where me cable or raceway at those point'i is protec
ted from penetration by nails or screws by a steel plate at lca'il 
1 .6 mm (Y.ti in.) dlick, and of appropriate length and widd1, 
installed to cover dtc area of me wiring. The steel plate shall be 
installed before dtc building finish i� applied. 

Exception No. 1: Steel plates shall not be 11'-f[UiTf'.d to pmtect rigid metal 
conduit, intermediate metal conduit, 'rigid 1ummetallic cmulttit, m· elec
trical metallic tubing. 

Exception No. 2: A li�ted and mat-ked steel JJlate le.�s than 1.6 mm 
(1.10 in.) thick tlwt Jmroides equal or bette1· Jnvtection against 1wil m· 
.w:rrw penetmtion slwll be permitted. 

(B) Nonmetallic-Sheathed Cables and Electrical Nonmetallic 
Tubing Through Metal Framing Members. 

(I) Nonmetallic-Sheathed Cable. In born exposed and 
concealed locations where nonmetallic-sheathed cables pa'i.'i 
through cidtcr factory- or field-punched, cut, or drilled slot'i or 
holes in metal members, me cable shall be protected by listed 
bu.'ihings or listed grommct'i covering all metal edges mat arc 
securely fa'ilcncd in dtc opening prior to installation of me 
cable. 

(2) Nonmetallic-Sheathed Cable and Electrical Nonmetallic 
Tubing. \\'here nails or screws arc likely to penetrate 
nonmetallic-sheathed cable or electrical nonmetallic tubing, a 
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steel sleeve, steel plate, or steel dip not less than 1 .6 mm 
(Y.ti in.) in dlidutcs.'i shall be used to protect the cable or 
tubing. 

Exception: A listed and marked siP_el plate le.�s than 1.6 mm ('l/0 in.) 
thick that provides 1'-JfiWl or better protection agai1ut nail m· screw pene
tration shall be permitted. 

(C) Cables Through Spaces Behind Panels Designed to Allow 
Access. C..ables or raceway-type wiring methods, installed 
behind panels designed to allow acccs.'i shall be supported 
according to their applicable articles. 

(D) Cables and Raceways Parallel to Framing Members and 
Furring Strips. In born exposed and concealed locations, 
where a cabl� or raceway-type wiring method is installed paral
lel to framing members, such a'i joist'i, rafters, or stud'i, or is 
installed parallel to furring strips, the cable or raceway shall be 
installed and supported so mat me nearest outside surface of 
me cable or raceway is not les.'i man 32 mm ( 1 �  in .) from me 
nearest edge of the framing member or furring strips where 
nails or screws arc lil�dy to penetrate. \\'here thi'i di'itancc 
cannot be maintained, the cable or raceway shall be protected 
from penetration by �ails or screws by a steel plate, sleeve, or 
cquivalcm at lca<�t l .6 mm (Y.., in.) dlick. 

Exception No. 1: Steel Jllates, sleeves, or the equivalent shall 1wt be 
requit-ed to· fnntect rigid metal conduit, intermediate metal conduit, 
rigid nottmetallic conduit, m· eiPctrical metallic tubing. 

Exc6f14ion No. 2: For concealed U!OI"k in fini�lv.d buildings, m·finished 
paml� Jm·JirtjabricaiP.d buildings where Sitch supt�m·ting i� impractica
ble, it shall be J�ermi'i.�ble to fish the cable.� between acce.'i.� points. 

Exception No. 3: A li�ted and mat-ked steel JJlate /e.'i.� than 1.6 711711 
('l/0 in.) thick tlwt Jnvvides equal or better Jnvtection against 1wil m· 
screuJ penetmtion slwll be permitted. 

(E) Cables, Raceways, or Boxes Installed in or Under Metal
Corrugated Roof Decking. A cable, raceway, or box, installed 
in exposed or concealed locations under metal-corrugated 
sheet roof decking, shall be installed and supported so there is 
not lcs.'i man 38 mm (1 Y:t in.) mca'iurcd from me lowest surface 
of me roof decking to the top of dtc cable, raceway, or box. A 
cable, raceway, or box shall not be installed in concealed loca
tions in mctai-corrugatcd, sheet decking-type roof. 

Informational l'ote: Roof decking material i• often repaired or 
replaced after the initial raceway or cabling and roofing installa
tion and might he penetrated by screws or other mechanical 
de\ices designed to pro,ide "hold dmm" strength of the water
proof membrane or roof insulating material. 

Exception No. 1: Rigid metal conduit and intermediate metal conduit, 
Ulitlt li�tl'.d steel or malleable iron fittings and boxes, slwll not be 
Tequhed to comply zuith 300. 4(E). 

Exception No. 2: The 38 mm (I '/zin.) sJmcing i� not requit-ed where 
metal-corrugated sheet roof decking i� covn"t'd with a minimum thick
nt.'i.� 50 mm (2 in.) concrete slab, 11U'.asuJ"ed ftvm the toJJ of the con-uga
ted mofing. 

(F) Cables and Raceways Installed in Shallow Grooves. ('..able
or raceway-type \\iring mcthod'i installed in a groove, to be 
covered by wallboard, siding, paneling, carpeting, or similar 
finish, shall be protected by 1 .6 mm (\-'.6 in.) thick steel plate, 
sleeve, or cquivalcm or by not lcs.'i dtan 32-mm (1 �-in.) free 
space for the full lcngdl of the groove in which me cable or 
raceway is installed. 
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300.4 ARTICLE 300 - GE:"'ERAL REQUIRE:ME:"'TS FOR \\-1RING METHODS A.'ID MATERIAL<; 

Exception No. 1: Sttel Jllates, sluves, or tile equivalmt shall 1wt be 
requit-ed to Jnvtect rigid 7111'lal conduit, inter711tdiate metal conduit, 
rigid PVC conduit, RTRC, m·eiPctrical 711ttallic tubing. 

Exception No. 2: A listed and mm-ked steel JJlate le.••s than 1.6 711711 
(1.10 in.) thick tlmt Jmroidts equal or bette�· Jllvtecti(m against 1mil m· 
. w:rew penetration slmU be pe,.mitted. 

(G) Fittings. \\'bcre raceways contain 4 AWG or larger insula
ted circuit conductors, and these conductors enter a cabinet, a 
box, an enclosure, or a raceway, prior to dtc installation of 
conductors, me conductors shall be protected in accordance 
wim any of me following: 

(1) An identified fitting providing a smoodlly rounded insu
lating surface 

(2) A listed metal fitting dtat has smoodlly rounded edges 
(3) Separation from dtc fitting or raceway using an identified 

insulating material mat is securely fao;tcncd in place 
(4) Threaded hubs or bos.o;cs mat arc an integral part of a 

cabinet, box, enclosure, or raceway providing a smoodtly 
rounded or flared entry for conductors 

Conduit bushings constructed wholly of insulating material 
shall not be used to secure a fitting or raceway. The insulating 
fitting or insulating material shall have a temperature rating 
not Jcs.o; than me insulation temperature rating of me installed 
conductors. 

(H) Structural Joints. A listed expansion/ deflection fitting or 
oilier approved means shall be used where a raceway cros.o;cs a 
structural joint intended for expansion, contraction, or deflec
tion, used in buildings, bridges, parking garages, or other struc
tures. 

300.5 Underground Installations. 

(A) Minimum Cover Requirements. Direct-buried cable; 
conduit, or oilier raceways shall be installed to meet me mini
mum cover requirements of Table 300.5(A). 

(B) Wet Locations. The interior of enclosures or raceways 
installed underground shall be considered to be a wet location. 
Insulated conductors and cables installed in dlcsc enclosures 
or raceways in underground installations shall comply wim 
310.10(C). 

. 

(C) Underground Cables and Conductors Under Bulldings. 
t:ndcrground cable and conductors installed under a building 
shall be in a raceway. 

Exception No. I: T_ljll' Ml cable slmU be Jmmitted under a building 
witlwut installation in a raceway wlm'l' nnbeddtd in conn11te, jill, m· 
ot/m· 711asom)' in ammlanct with 332. 10(6) m· in undtrground runs 
w/11'11! .mitab�l' pmttcted against pll_vsical damagP- mul COITO.�ive cmuli
timls in ammlanct with 332. 10( 10). 

Exception No. 2: T_ljll' MC cable listtd fm· dii'I'Ct bwial m· cmJCI't!le 
encasement shall be Jmmitted utuif!l· a building without installation in 
a mmva)· in acconlance with 3 30. 1 0( A)( 5) mul in wet locations in 
acconlan'ce with 330.10(A)(J 1). 

(D) Protection from Damage. \..onductors and cables shall be 
protected from damage in accordance wim 300.5(D) (1)  
through (D)(4). 

(1) Emerging from Grade. Direct-buried conductors and 
cables emerging from grade and specified in Columns 1 and 4 
of Table 300.5(A) shall be protected by enclosures or raceways 
extending from dtc minimum cover distance below grade 
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required by 300.5(A) to a point at lcao;t 2.5 m (8 ft) above 
finished grade. In no cao;c shall me protection be required to 
exceed 450 mm (18 in.) below finished grade. 

(2) Conductors Entering Bulldings. Conductors entering a 
building shall be protected to me point of entrance . 

(3) Service Conductors. Underground service conductors that 
arc not cncao;cd in concrete and mat arc buried 450 mm 
(18 in.) or more below grade shall have their location identi
fied by a warning ribbon mat is placed in the trench at lcao;t 
300 mm (12 in.) above dtc underground installation. 

(4) Enclosure or Raceway Damage. Where the enclosure or 
raceway is su�cct to physical damage, the conductors shall be 
installed in electrical metallic tubing, rigid metal conduit, inter
mediate metal conduit, RTRG·XW, Schedule 80 PVC conduit, 
or equivalent. 

(E) Splices and Taps. Direct-buried conductors or cables shall 
be pcnnittcd to be spliced or tapped "idtout me usc of splice 
boxes. The splices or taps sllall be made in accordance wim 
1 1 0.14(8). 

(F) BackfiU. Backfill that. contains large rocks, paving materi
als, cinders, large or sharply angular substances, or corrosive 
material shall not be placed in an excavation where materials 
might damage. raceways, cables, conductors, or oilier substruc
tures or prevent adequate compaction of fill or contribute to 
corrosion Of raceways, cables, or other substructures. 

\\'bcrc licccs.o;ary to prevent physical damage to me raceway, 
cable, or conductor, protection shall be provided in me form of 
granular or selected material, suitable running boardo;, suitable 
sleeves, or other approved means. 

(G) Raceway Seals. Conduits or raceways duough which mois
ture might contact live parto; shall be scaled or plugged at 
either or both cndo;. Spare or unused raceways shall also be 
scaled. Scalanto; shall be identified for usc l\ith the cable insula
tion, conductor insulation, bare conductor, shield, or other 
componcnto;. 

Informational :'\ote: Presence of hazardou." ga.'�<'s or \'llpors 
might also neces."itate the sealing of undergmund conduil" or 
race\\'ll}"S entering buildings. 

(H) Bushing. A bushing, or terminal fitting, "im an integral 
bllo;hcd opening shall be used at dtc end of a conduit or other 
raceway mat terminates underground where the conductors or 
cables emerge ao; a direct burial "iring method. A seal incorpo
rating the physical protection characteristics of a bushing shall 
be permitted to be used in lieu of a bushing. 

(I) Conductors of the Same Circuit. All conductors of me 
same circuit and, where used, the grounded conductor and all 
equipment grounding conductors shall be installed in the same 
raceway or cable or shall be installed in dose proximity in me 
same trench. 

Exception No. 1: \..onductm:� shall be Jm·mitted to be insta/IP.d in paral
lel in raceways, multicmuluctm· cab�, or di11'Ct-buried singk crmductm· 
cab�. Each racf!lllay or multicrmductm· cabk shall contain all conduc
tm:� of the same circuit, including tquipment gmutuling cmuluctmx. 
Each di11'ct-buritd singk conductm· cabk slmU be locattd in clo.'il' JIIVX
imity in tile tl't'IJCII to the ot/m· .�inglt cmuluctm· cabks in tht same 
pamlkl set of conducto1-s in tile circuit, including P,quiJ1711ent gmmuling 
conductm:�. 

l'\.-\TJO:'\AL ELEGJ'RJC-\1. CODE 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 300 - GE:"'ERAL REQUIRE:MEXfS FOR \\-1RING METHODS A.'ID MATERIAL<; 300.5 

Table 300.5(A) Minimum Cover Requirements, 0 to 1000 Volts ac, 1500 Volts de, Nominal, Burial in Millimeters (Inches) 

Type of Wuing Method or Circuit 

Column4 Column S 
Column 3 Electrical Residential Branch Circuits for Control 

Metallic Tubing, Circuits Rated of Irrigation and 
Nonmetallic 120 Volts or Less Landscape Lighting 

Raceways Usted for with GFCI Limited to Not More 
Direct Burial Protection and Than 30 Volts and 

Column 2 Without Concrete Maximum Installed with Type 
Column I Rigid Metal Conduit Encasement, or Overcurrent UF or in Other 

Direct Burial Cables or Intermediate Other Approved Protection of Identified Cable or 
or Conductors Metal Conduit Raceways 20Amperes Raceway 

Location of Wuing Method or Circuit mm in. mm in. mm in. mm in. mm in. 

All location.• not specified below 600 24 150 6 450 18 300 12 150l.:l 6'·2 

In trench below 50 mm (2 in.) thick 450 18 150 6 300 12 150 6 150 6 
concrete or equivalent 

t.:nder a building 0 0 0 0 0 0 0 0 0 0 
(in rdceway or (in raceway or (in raceway or 

Type MC or Type :\·IC or Type �fC or Type 
Type Ml cable Type Ml cable �n cable 
identified for identified for identified for 
direct burial) direct bmial) direct burial) 

t.:nder minimum of 102 mm (4 in.) 450 18 100 4 100 4 150 6 150 6 
thick concrete exterior slab "ith no (direct burial) (direct bmial) 
,·ehicular tr.illic and the slab 100 4 100 4 
extending not less than 152 mm (in raceway) (in raceway) 
(6 in.) beyond the underground 
installation 

t.: nder streeL•, highways, road•, alleys, 600 24 600 24 600 24 600 24 600 24 
dri\-eways, and parking loL• 

One- and two-family dwelling 450 18 450 18 450 18 300 12 450 18 
dri\-eways and outdoor parking 
areas, and used only for dwelling-
related purposes 

In or under airpon runways, 450 18 450 18 450 18 450 18 450 18 
including a<!jacent areas where 
trespa. .. •ing is prohibited 

1 A les.�r depth shall be penmtted where specified m the mstallauon msuuctions of a hsted lo\\�\ultage hghtmg system. 
2A depth of 150 mm (6 in.) shall he permitted fo

.
r pool, spa, and fountain lighting, in.•talled in a nonmetallic raceway, limited to not more than 

30 miL• where pan of a listed lo\\�mltage lighting system. 
ll:otes: 

· 

1. Cover shall he defined a.• the shortest distance in mm (in.) mea.•ured between a point on the top surface of any direct-buried conductor, cable, 
conduit, or other raceway and the top surface of finished grade, concrete, or similar cover. 
2. Raceways approved for burial only where concrete enca.�d shall require a concrete em-elope not less than 50 mm (2 in.) thick. 
3. Les.•er depths shall he permitted where cables and conductors rise for teiminations or splices or where access is othen•ise required. 

4. Where one of the ''iring method types li•ted in Columns 1 through 3 is u.�d for one of the circuit types in {' .. ohunns 4 and 5, the shallowest depth 
of burial shall he pe1mitted. 
5. Where solid rock pre\-enL• compliance "ith the cover depths specified in this table, the "iring shall be installed in a metal raceway, or a nonmetallic 
raceway permitted for direct burial. The raceways shall he covered by a minimum of 50 mm (2 in.) of concrete extending down to rock. 
6. Directly buried electrical metallic tubing (E�fT) shall comply \\ith 358.10. 

Exception No. 2: lmlated plwse, JIOlmit_l', grounded condtu:tm; and 
equipment gmmuling and bonding cmultu:tm· installations shall be 
permitted in nonmetallic !11Ct!Ways m· cables with a 1wnmetaUic covering 
m· nonmagnetic sheath in do.'il' proximity where conductors fll't' paml
[P.[p,d as Jlermitted in 310. 10( G), and whe11' the conditions of 
300.20(B) are met. 

0) Earth Movement. \\'here direct-buried conductors, race
ways, or cables arc subject to movement by sctdcmclll or frost, 
direct-buried conductors, raceways, or cables shall be arranged 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RICAL com: 

so as to prevent damage to the cndosccl conductors or to 
cquipmcm connected to the raceways. 

Informational :'\ote: This section recognizes "S" loops in under
ground direct burial cables and conductors to raceway transi
tions, expansion fittings in raceway ri�rs to fixed equipment, 
and, generally, the pro,ision of flexible connections to equip
ment su�ject to settlement or frost hea\-es. 
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300.5 ARTICLE 300 - GE:"'ERAL REQUIRE:MEXfS FOR \\-1RING METHODS A.'ID MATERIAL<; 

(K) Directional Boring. C..ables or raceways installed using 
directional boring equipment shall be approved for the 
purpose. 

300.6 Protection Against Corrosion and Deterioration. Race
ways, cable trays, cablcbus, auxiliary gutters, cable armor, 
boxes, cable shcadting, cabinets, enclosures (other than 
surrounding fences and walls),  elbows, couplings, fittings, 
support�, and support hardware shall be of materials suitable 
for dtc cmironmcnt in which dtcy arc to be installed. 

(A) Ferrous Metal Equipment. Ferrous metal raceways, cable 
trays, cablcbus, auxiliary gutters, cable armor, boxes, cable 
sheathing, cabinet�, enclosures (other than surrounding fences 
and walls), elbows, couplings, nipples, fittings, support�, and 
support hardware shall be suitably protected against corrosion 
inside and out�idc (except thread� at joint'>) by a coating of 
approved corrosion-resistant material. \\'here corrosion protec
tion is necessary and the conduit is threaded anywhere other 
than at the factory where the product is listed, the thrcacl� shall 
be coated with an approved electrically conductive, corrosion
resistant compound. 

Exception: Stainless stttd shall not be 11'quhed to luwe jnvtective coat
ings. 

(1) Protected from Corrosion Solely by Enamel. \\'here 
protected from corrosion solely by enamel, ferrous metal race
ways, cable trays, cablcbus, auxiliary gutters, cable armor, 
boxes, cable shcadting, cabinet�, enclosures (other than 
surrounding fences and walls) ,  elbows, couplings, nipples, 
fittings, support'>, and support hardware shall not be used 
outdoors or in wet locations a'l described in 300.6(0). 

(2) Organic Coatings on Boxes or Cabinets. Where boxes, 
cabinet�, or enclosures (other than surrounding fences and 
walls) have an approved system of organic coatings and are 
marked "Raintight," "Rainproof," or "Outdoor Type," dtcy shall 
be permitted outdoors. 

(3) In Concrete or in Direct Contact with the Earth. Ferrous 
metal raceways, cable armor, boxes, cable sheathing, cabinet�, 
enclosures (other than surrounding fences and walls) ,  elbows, 
couplings, nipples, fittings, support�, and support hardware 
shall be permitted to be installed in concrete, in direct contact 
"ith the earth, or in area'> subject to severe corrosive influences 
where made of material approved for the condition or where 
prmidcd with corrosion protection approved for the condition. 

(B) Aluminum Metal Equipment. Aluminum raceways, cable 
trays, cablcbus, auxiliary gutters, cable armor, boxes, cable 
sheathing, cabinet'>, enclosures (other than surrounding fences 
and walls), elbows, couplings, nipples, fittings, support�, and 
support hardware embedded or cnca�d in concrete or in 
direct contact "idt the earth shall be prmidcd l�ith supplemen
tary corrosion protection. 

(C) Nonmetallic Equipment. 1'\onmctallic raceways, cable 
trays, cablcbus, auxiliary gutters, boxes, cables "idt a nonmetal
lic outer jacket and internal metal armor or jacket, cable 
sheathing, cabinet'>, enclosures (other than surrounding fences 
and walls), elbows, couplings, nipples, fittings, support�, and 
support hardware shall be made of material approved for the 
condition and shall comply "idt 300.6(C) (l)  and (C)(2) a� 
applicable to dtc specific installation. 
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(1) Exposed to Sunligbt. Where exposed to sunlight, the mate
rials shall be listed a'l sunlight resistant or shall be identified a� 
sunlight resistant. 

(2) Chemical Exposure. Where sutMcct to exposure to chemi
cal solvent'>, vapors, spla�hing, or immersion, materials or coat
ings shall either be inherently resistant to chemicals ba�cd on 
their listing or be identified for the specific chemical reagent. 

(D) Indoor Wet Locations. In portions of dairy proccs.'>ing 
facilities, laundries, canneries, and other indoor wet locations, 
and in locations where walls arc frequently washed or where 
there arc surfaces of absorbent materials, such a'> damp paper 
or wood, the entire \�iring system, where installed exposed, 
including all boxes, cabinet�, enclosures ( otltcr than surround
ing fences and walls) , fittings, raceways, and cable used there
with, shall be mounted so that there is at lca�t a 6 mm (Y.i in.) 
airspace between it and the wall or supporting surface. 

Exception: Nonmetallic ract!ltlaJS, OOXI'.S, mul fittings shall be permitted 
to be installed witlwut the airsJJflft' on a concrete, ma.nmt)', tile, m· simi
larsmface. 

lnfonnational :'\ote: In general, areas where acid• and alkali 
chemicals are handled and stored might present such corrosh·e 
conditions, panicularly when wet or damp. Severe corrosh·e 
conditions might alllo he present in portions of meatpacking 
planL•, tanneries, glue hou.'les, and some stables; in installations 
immediate))' a�jacent to a sea•hore and "'�imming pool area•; in 
area• where chemical deicers are used; and in stordge cellars or 
rooms for hides, ca•ings, fenilizer, salt, and hulk chemical•. 

300.7 Raceways Exposed to Different Temperatures. 

(A). Sealing. \\'bcrc portions of a raceway or sleeve arc known 
to be subjected to different temperatures, and where condensa
tion is known to be a problem, a� in cold storage area� of build
ings or where pa�sing from the interior to the exterior of a 
building, the raceway or sleeve shall be scaled to prevent the 
circulation of warm air to a colder section of the raceway or 
sleeve. Sealant'> shall be identified for usc with cable insulation, 
conductor insulation, a bare conductor, a shield, or other 
component�. An explosion proof seal shall not be required for 
this purpose. 

(B) Expansion, Expansion-Deflection, and DeOection Fittings. 
Raceways shall be provided "id1 expansion, expansion
deflection, or deflection fittings where ncccs.'lary to compen
sate for thermal expansion, deflection, and contraction. 

lnfonnational l'ote l'o. 1: Table 352.44(A) and Table 355.44 
prmide the expansion infonnation for polp·inyl chloride (PVC) 
and for reinforced thennosetting resin conduit (RTRC), respec
tively. A nominal number for steel conduit can he detennined 
by multipl)ing the expan•ion length in Table 352.44(A) hy 0.20. 
The coefficient of expansion for steel electrical metallic tubing, 
intennediate metal conduit, and rigid metal conduit is 1 . 170 x 
Ht" (0.00001 17 mm per mm of conduit for each ·c in tempera
ture change) [0.650 x 10''' (0.0000065 in. per in. of conduit for 
each "F in temperature change)). 

A nominal number for aluminum conduit and aluminum 
electrical metallic tubing can he detennined by multipl�ing the 
expansion length in Table 352.44(:\) by 0.40. The coefficient of 
expansion for aluminum electrical metallic tubing and alumi
num rigid metal conduit is 2.34 x 10''' (0.0000234 mm per mm 
of conduit for each ·c in temperature change) [1 .30 x JO·" 
(0.000013 in. per in. of conduit for each "F in temperature 
change)). 

lnfonnational Note No. 2: See l'EMA FB 2.40-2019, lmtallalion 
Guidelines for Expm�•ion and Expamion/DPjlection Fittings, for 
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ARTICLE 300 - GE:"'ERAL REQUIRE:MEXfS FOR \\-1RING METHODS A.'ID MATERIAL<; 300.15 

fnnher information on expansion and expansion deflection 
6ttings. 

300.8 Installation of Conductors With Other Systems. Race
ways or cable trays containing electrical conductors shall not 
contain any pipe, tube, or equal for steam, water, air, gas, drain
age, or any senicc other than electrical. 

300.9 Raceways in Wet Locations Above Grade. Where race
ways arc installed in wet locations above grade, the interior of 
these raceways shall be considered to be a wet location. Insula
ted conduct�rs and cables installed in raceways in wet locations 
above grade shall comply l\ith 310.10(C). 

300.10 Electrical Continuity of Metal Raceways, Cable Armor, 
and Enclosures. :Metal raceways, cable armor, and other metal 
enclosures for conductors shall be metallically joined together 
into a continuous electrical conductor and shall be connected 
to all boxes, fittings, and cabinets to provide effective electrical 
continuity. l:nlcs.o; specifically permitted elsewhere in this ('..ode, 
raceways and cable ao;semblics shall be mechanically secured to 
boxes, fittings, cabinet-;, and other enclosures. 

Exception No. 1: Shm·t .wtions of !1lCI!Ways used to pmvide supt101·t m· 
prot«tion of cabk a.�'it'"mblies fmm physical damagp shall not be required 
to be made elutricall_l' continuous. 

Exception No. 2: EquiJ17nrot roclo.mrt's to be isomted, a.5 Jmmitted by 
250. 96( B), shall not be 11'-Jfltil1'4 to be metallically joined to the metal 
mcnuay. 

300.11 Securing and Supporting. 

(A) Secured in Place. Raceways, cable ao;semblics, boxes, cabi
net-;, and fittings shall be securely fao;tcncd in place. 

(B) Waring Systems Installed Above Suspended Ceilings. 
Support "ires dtat do not provide secure support shall not be 
the sole support. Support "ires and ao;sociatcd fittings that 
prm-idc secure support and that arc installed in addition to the 
ceiling grid support wires shall be pcnnittcd as dtc sole 
support. \\'here independent support wires arc used, they shall 
be secured at both end-;. C'..ablcs and raceway!! shall not be 
supported by ceiling griclo;. 

(I) Fu-e-Rated Assemblies. Wiring located· "ithin the cavity of 
a fire-rated floor-ceiling or roof-ceiling a"l.o;cmbly shall not be 
secured to, or supported by, the cciling ao;sembly, including the 
ceiling support "ires. An independent means of secure support 
shall be provided and shall be pcnnittcd to be attached to the 
ao;sembly. \\'here independent support wires arc used, they 
shall be distinguishable by color, tagging, or other effective 
means from those that arc part of the fire-rated design. 

Exception: The ceiling suJ1pm·t system slmll be Jmmitted to suJ1pm·t 
wi•·ing mul I'-Jf1tiJ17nrot that have bun tested a.5 Jlmt of the fht'·mted 
a.�'i#'mbly. 

Informational Note: See AST:\f E l l9, Standard T"t '"''tllods for 
Fire Test.< of Building C.nn.<lrurtion and Matnial<, for one method of 
testing to dete1mine 6re rdting. 

(2) Non-Fu-e-Rated Assemblies. Wiring located l\ithin the 
cavity of a non-fire-rated floor-ceiling or roof-ceiling a"l.o;cmbly 
shall not be secured to, or supported by, the ceiling ao;sembly, 
including the ceiling support wires. An independent means of 
secure support shall be provided and shall be pcnnittcd to be 
attached to the a"l.o;cmbly. Where independent support "ires arc 
u.o;cd, they shall be distinguishable by color, tagging, or other 
effective means. 
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Exception: The ceiling suJ1pm·t systro1 slmll be Jmmitted to suJ1pm·t 
bmnch-cirruit wi1ing and a.�mciated I'-Jf1tiJ17nrot wht'!"t' in5tal!P4 in 
acconlance zuith the uiling ·'9'.511'711 manufactwn·:5 instmctions. 

(C) Raceways Used as Means of Support. Raceways shall be 
used only ao; a means of support for other raceways, cables, or 
nonelectrical equipment under any of the follo"ing concli
tions: 

(1)  Where the raceway or means of support is identified ao; a 
means of support 

(2) Where the raceway contains power supply conductors for 
electrically controlled equipment and is used to support 
Cla"l.o; 2 or Cla"l.o; 3 circuit conductors or cables that arc 
solely for the purpose of connection to the equipment 
control circuit-; 

(3) Where the raceway is u.o;cd to support boxes or conduit 
bodies in accordance with 314.23 or to support lumin
aires in accordance with 410.36(E) 

(D) Cables Not Used as Means of Support. C'..ablc wiring mcth
oclo; shall not be used aS a means of support for other cables, 
raceways, or nonelcctrieal equipment. 

300.12 M�cal Continuity - Raceways and Cables. Race
ways, cable annors, and cable sheaths shall be continuou.o; 
between cabinets, boxes, conduit bodies, fittings, or other 
enclosures or outlet-;. 

ExceptWn No. 1: Shm·t .wtions of !1lCI!Ways used to pmvide supt101·t m· 
prottction of cabk a.�'it'"mblies fmm physical damagp shall not be required 
to be mechanically continumts. 

Exception No. 2: Racnuays and cables installed into the boltO"m of open 
bottom 1'-JfltiJnnrot, .�uch as switchboanls, motm· contml croters, and 
Jlom· m· pad-mounted tmnsfonnnx, s/mll 1wt be 11'-Jfltil"t'd to be meclmni
call_v sPcured to the equipment. 

300.13 Mechanical and Electrical Continuity- Conductors. 

(A) General. Conductors in raceways shall be continuou.o; 
between oudcto;, boxes, devices, and so forth. There shall be no 
splice or tap within a raceway unlcs.o; permitted by 300.15, 
368.56(A) , 376.56, 378.56, 384.56, 386.56, 388.56, or 390.56. 

(B) Device Removal. In multil\irc branch circuit-;, the 
continuity of a grounded conductor shall not depend on 
device connections such ao; Jampholdcrs, receptacles, and so 
forth where the removal of such devices would interrupt the 
continuity. 

300.14 Length of Free Conductors at Outlets, Junctions, and 
Switch Points. At lcao;t 150 mm ( 6 in.) of free conductor, mcao;
urcd from the point in the box where it emerges from ito; race
way or cable sheath, shall be left at each oudct, junction, and 
slvitch point for splices or the connection of luminaires or dc\-i
ccs. The 150 mm (6 in.) free conductor shall be permitted to 
be spliced or unspliccd. Where the opening to an outlet, junc
tion, or switch point is lcs.o; than 200 mm (8 in.) in any dimen
sion, each conductor shall be long enough to extend at lcao;t 
75 mm (3 in.) outside the opening. 

Exception: Cmulttctm:5 that aJ"t' 1wt sJiliCI'.d m· terminatl'.d at the outkt, 
junction, or switch point shall not be 1l!tJUit"t'd to comply with 300. 14. 

300.15 Boxes, Conduit Bodies, or Fittings - Where Required. 
A box shall be installed at each outlet and s"itch point for 
concealed knob-and-tube "iring. 
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300.15 ARTICLE 300 - GE:"'ERAL REQUIREMEXfS FOR \\-1RING METHODS A.'ID MATERIAL<; 

Fittings and connectors shall be used only l\idt the specific 
wiring method-; for which they arc designed and listed. 

\\'here dtc wiring mcdtod is conduit, tubing, Type AC cable, 
Type MC cable, Type M I  cable, nonmctallic-shcadtcd cable, or 
other cables, a box or conduit body shall be installed at each 
oudct point, Sl\itch point, conductor splice point, conductor 

junction point, conductor termination point, \\iring method 
transition point, or conductor pull point, unless odtcrwisc 
permitted in 300.15(A) through (L). 

(A) Wuing Methods with Interior Access. A box or conduit 
body shall not be required for each splice, junction, switch, 
pull, termination, or oudct points in \\iring mcmodo; wim 
removable covers, such as lvirewa\''S, multioudct ao;scmblics, 
auxiliary gutters, and surface racc�\-ays. The covers shall be 
accessible after installation. 

(B) Equipment. An integral junction box or wiring compart
mcm ao; part of approved cquipmcm shall be permitted in lieu 
of a box. 

(C) Protection. A box or conduit body shall not be required 
where cables cmcr or exit from conduit or tubing dtal is used 
to prmidc cable support or protection against physical damage. 
A fitting shall be prmidcd on the cnd(s) of the conduit or 
tubing to protect dtc cable from abrao;ion. 

(D) Type MI Cable. A box or conduit body shall not be 
required where accessible fittings arc used for straight-mrough 
splices in mineral-insulated metal-sheathed cable. 

(E) Integral Enclosure. A lviring dc\'icc l\ith integral enclosure 
idcmificd for the usc, haling bracket<; that securely fao;tcn me 
dclicc to "-ails or ceilings of conventional on-site frame 
construction, for usc with nonmetallic-sheathed cable, shall be 
permitted in lieu of a box or conduit body. 

Informational Note: See 334.30(<:); 545. 10; 550.15(1); 
551.47(E), Exception l'o. I; and 552.48(E), Exception No. L. 

(F) Fitting. A fitting identified for dtc usc shall be permitted 
in lieu of a box or conduit body where conductors arc not 
spliced or terminated lvithin dtc fitting. The fitting shall be 
accessible after installation, unless listed for concealed installa
tion. 

(G) Direct-Buried Conductors and Cables. A• permitted in 
300.5(E), a box or conduit body shall not be required for spli
ces and taps in direct-buried conductors and cables. 

(H) Insulated Devices. A• permitted in 334.40(B), a box or 
conduit body shall not be required for insulated devices 
supplied by nonmctallic-shcamcd cable. 

(I) Enclosures. A box or conduit body shall not be required 
where a splice, Sl\itch, terminal, or pull poim is in a cabinet or 
cutout box, in an enclosure for a Sl\itch or ovcrcurrcnt dclicc 
ao; pcnniucd in 312.8, in a motor comrollcr ao; permitted in 
430.10(A) , or in a motor control center. 

0> Luminaires. A box or conduit body shall not be required 
where a luminairc is used ao; a racc\\-ay ao; permitted in 410.64. 

(K) Embedded. A box or conduit body shall not be required 
for splices where conductors arc embedded ao; permitted in 
424.40, 424.41 (D), 426.22(C), 426.24(A), and 427.19(A) . 

(L) Manholes and Handhole Enclosures. A box or conduit 
body shall not be required for conductors in manholes or 
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handholc enclosures, except where connecting to electrical 
cquipmcm. The installation shall comply with Part V of Article 
1 10 for manholes, and 314.30 for handholc enclosures. 

300.16 Raceway or Cable to Open or Concealed Wuing. 

(A) Box, Conduit Body, or Fitting. A box, conduit body, or 
tcnninal fitting having a separately bushed hole for each 
conductor shall be used wherever a change is made from 
conduit, electrical metallic tubing, electrical nonmetallic 
tubing, nonmetallic-sheathed cable, Type AC cable, Type MC 
cable, or mineral-insulated, metal-sheathed cable and surface 
racc"-ay wiring to open lviring or to concealed knob-and-tube 
wiring. A fitting used for this purpose shall contain no taps or 
splices and shall not be used at luminairc outlet•. A conduit 
body used for mis purpose shall contain no taps or splices 
unlcs.o; it complies wim 314.16(C) (2). 

(B) Bushing. A bushing shall be permitted in lieu of a box or 
tcnninal where dtc conductors emerge from a racc"-ay and 
enter or terminate at equipment, such ao; open switchboardo;, 
unenclosed control equipment, or similar equipment. The 
bushing shall be of me insuhtting l}'pC for other than lead
sheathed conductors. 

300.17 Number and Size of Conductors and Cables in Race
way. The number and size of conductors and cables in any 
racc"-ay shall .not be more man will permit dis.o;ipation of me 
heat and ready installation or "idtdra\\<tl of the conductors or 
cables lvimout damage to the conductors or cables, or to their 
insulation. 

Informational :'\ote: See the follm\ing sections of this Code. 
inte1mediate metal conduit, 342.22; rigid metal conduit, 344.22; 
flexible metal conduit, 348.22; liquidtight flexible metal 
conduit, 350.22; PVC conduit, 352.22; HOPE conduit, 353.22; 
RTRC, 355.22; liquidtight nonmetallic flexible conduit, 356.22; 
electrical metallic tubing, 358.22; flexible metallic tubing, 
360.22; electrical nonmetallic tubing, 362.22; cellular concrete 
floor racewavs, 372.22; cellular metal floor racewavs, 374.22; 
metal \\irem;vs, 376.22; nonmetallic "irewavs, 378.22; surface 
metal racewa�"'• 386.22; surface nomnetalli� rdcewa\'li, 388.22; 
tulClerfloor ra'cewavs, 390.22; fixture \\ire, 402. 7; theaiers, 520.6; 
signs, 600.3 1 (<:); 

·
ele\<ttors, 620.33; audio signal processing, 

amplification, and reproduction equipment, 640.23(,\) and 
640.24; Cia.'-' I circuiL•, 724.3(A) ; Cia.'-' 2, Cia.'-' 3, Cla..s 4, and 
power-limited fire alann (PLFA) circuiL•, 722.3(,\) ; non-power
limited fire ala1m (NPLFA) circuiL•, 760.3(H) ; and optical fiber 
cables and J<tCe\\<t)'S, 770. 1 10(8). 

300.18 Raceway Installations. 

(A) Complete Runs. Raceways other than bus\\-ays, listed 
manufactured ao;semblics in accordance "ith 604.100, or 
exposed raceways haling hinged or rcmm-ablc covers shall be 
installed complete between outlet, junction, or splicing point• 
prior to me installation of conductors or cables. \\'here 
required to facilitate the installation of utilization equipment, 
the racc\\-ay shall be permitted to be initially installed wimout a 
tcnninating connection at the equipment. Prcwircd racc"-ay 
ao;semblics shall be permitted only where specifically permitted 
in mis \..ode for me applicable wiring method. 

Exception: Slun·t Sl'ctifms of mct'Wa_l's used to contain condtu:tm-s m· 
cable assemblies Jm· pml«tion ftvm flh_l'sical damage shall not be 
ntquhed to be in.�talled compute between outkt, junction, m· .�plicing 
points. 

(B) Welding. Metal racc"<t}''S shall not be supported, termina
ted, or connected by welding to the racc\\-ay unlcs.o; specifically 
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ARTICLE 300 - GE:"'ERAL REQUIRE:ME:"'TS FOR \\-1RING METHODS A.'ID MATERIAL<; 300.21 

designed to be or othcmisc specifically permitted to be in this 
\..ode. 

300.19 Supporting Conductors in Vertical Raceways. 

(A) Spacing Intervals - Maximum. \..onductors in vertical 
raceways shall be supported ir the vertical rise exceed-; the 
values in Table 300.19(A). Atlcao;t one support method shall be 
prmidcd ror each conductor at the top or the vertical raceway 
or ao; close to the top ao; practical. Intermediate supporto; shall 
be provided ao; ncccs.o;ary to limit supported conductor lengths 
to not greater than those values specified in Table 300.19(A). 

Exception: Steel will! armor cabk shall be supt101·ttd at tht top of tht 
ri.'il'!· with a cabk supt101·t that clamps tht .�tee/ will' annm: A saftty 
devict slmU be Jnmnitltd at tht Lower nul of tht 1iw�r to lwld tht cable in 
tht event thell' i� slippage of tht cable in tht wii"Nlnnm1'4 cabk suJJjJO!·t. 
Additional Wl'nge-type supt101ts slmll be pennitll'd to JP!ievt tile strain 
on tht P,quiJimtnt ll'mtinal� caused b)• exfJan.�ion of tht cabk under 
Load. 

(B) Fare-Resistive Cables and Conductors. Support mcthodo; 
and spacing intervals ror fire-resistive cables and conductors 
shall comply l\idt any restrictions prmidcd in the listing or the 
electrical circuit protective system or fire-resistive cable system 
used and in no cao;c shall exceed the values in Table 300.19(A). 

(C) Support Methods. One or the rollm,ing methods or 
support shall be used: 

(1) 

(2) 

(3) 

(4) 

Clamping dc\iccs constructed or or employing insulating 
wedges inserted in the cnclo; or the raceways. \\bcrc 
clamping or insulation docs not adequately support the 
cable, the conductor also shall be damped. 
Inserting boxes at the required intervals in which insulat
ing supporto; arc installed and secured in an approved 
manner to withstand the weight or the conductors 
attached thereto, the boxes being provided with covers. 
In junction boxes, deflecting dtc cables not lcs.o; rhan 90 
degrees and carrying them horizontally to a distance not 
lcs.o; than t"icc the diameter or dtc cable, \\ith dtc cables 
being carried on two or more insulating support-; and 
additionally secured dtcrcto by tic wires, ir desired. 
\\bcrc this method is used, cables shall be supported at 
intervals not greater than 20 pcrrent·or the support spac-
ing in Table 300.19(A). 

· 

Odtcr approved means. 

Table 300.19(A) Spacings for Conductor Supports 

300.20 Induced Currents in Ferrous Metal Enclosures or 
Ferrous Metal Raceways. 

(A) Conductors Grouped Together. \\'here conductors carry
ing alternating current arc installed in rcrrous metal enclosures 
or rcrrous metal raceways, they shall be arranged so ao; to avoid 
heating the surrounding rcrrous metal by induction. To accom
plish this, all phao;c conductors and, where used, the grounded 
conductor and all equipment grounding conductors shall be 
grouped togcrhcr. 

Exception No. 1: EquiJimtnt gromuling cmuluctm:� for cn·tain exi�ting 
in.�tallations slmU be Jmmitll'd to be instalkd sepamll' from thtir associ
attd cilruit cmultutm-s whell' run in acconlance with 250. 130(C). 

Exception No. 2: A .�ingle conductor shall be pemtilltd to be installed in 
a fenvmagnetic tmclosu!l' and used fm· skin-Pffect htating in acconlance 
with 426.42 and 427.47. 

(B) Individual Conductors. \\'here a single conductor carrying 
alternating current pao;.o;cs through metal "ith magnetic proper
tics, the inductive effect shall be minimized by either cutting 
sloto; in the metal bc"\'t:Cn the indi\idual holes dtrough which 
the individual conductors pao;.o; or pao;.o;ing all the conductors in 
the circuit through an insulating wall sufficicndy large ror all or 
the conductors of the circuit. 

Exception: [n tile ca.'it' of circuit� .ruptJ�l·ing vacuum m· e!Pct1ic-di�chmge 
Lighting SySlems or sign.� m· X-m_l' aptJm"alus, tht cunmts carried b)• tht 
conducturs all! so small tlmt tht inductivt htating ejfect can be ig1w1l!d 
w!tl'll! l/lise cmultutm-s aJl' Jllactd in metal enclosures or pa.�s tltmugh 
mnal. 

lnformational l'ote: Becau.w aluminum i• not a magnetic metal, 
there \\ill be no heating due to hysteresis; however, induced 
currenL• \\ill be present. They \\ill not be of sufficient magnitude 
to require gmuping of conductors or special treatment in pao;..,. 
ing conductors through aluminum wall sections. 

300.21 Spread of Fu-e or Products of Combustion. Electrical 
installations in hollow spaces, vertical shafto;, and ventilation or 
air-handling ducto; shall be made so that the pos.o;iblc spread or 
fire or producto; or combustion \\ill not be substantially 
incrcao;cd. Openings around electrical penetrations into or 
through fire-resistant-rated walls, partitions, floors, or ceilings 
shall be fircstoppcd using approved method-; to maintain the 
fire resistance rating. 

Informational l'ote: Directories of elecuical constmction mate
rials published by qualified testing laboratmies contain many 
listing installation resuictions neces..aJ)" to maintain the fire
resi•ti,·e rating of a.'l.o;emblies where peneuations or openings are 

Conductors 

Support of 
Conductors in 

Vertical Raceways 

Aluminum or 
Copper-Clad 
Aluminum Copper 

Conductor Size 

18 AWG through 8 AWG 
6 AWG through 1/0 AWG 
2/0 AWG through 4/0 AWG 
()\·er 4/0 AWG through 350 kcmil 
()\·er 350 kcmil through 500 kcmil 
()\·er 500 kcmil through 750 kcmil 
(h·er 750 kcmil 

:'\ot greater than 
:'\ot greater than 
:'\ot greater than 
:'\ot greater than 
:'\ot greater than 
:'\ot greater than 
:'\ot greater than 
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m ft 

30 
60 
55 
41 
36 
28 
26 

100 
200 
180 
1 35 
1 20 
95 
85 

m ft 

30 100 
30 100 
25 80 
18 60 
15 50 
12 40 
1 1  35 
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made. Building codes also contain resuictions on membrane 
penetrations on opposite sides of a fire-resistance-rated wall 
a.'i.'lembly. An example is the 600-mm (24-in.) minimum hmizon
tal separation that u.�ually applies between boxes installed on 
opposite sides of the wall. A'i.�istance in complying "ith the 
requiremenL� of 300.21 can be found in building codes, fire 
resi�tance directories, and product listings. 

300.22 Wuing in Ducts Not Used for Air Handling, Fabricated 
Ducts for Environmental Air, and Other Spaces for Environ
mental Air (Plenums). The requirements of this section shall 
apply to the installation and uses of electrical wiring and equip
ment in duct'i used for dust, loose stock, or vapor rcmm"al; 
duct'i specifically fabricated for cmironmcntal air; and other 
spaces tL'iCd for environmental air (plenums). 

Informational Note: See Pan \1 of Article 424 for requiremenL� 
on duct heaters. 

(A) Ducts for Dust, Loose Stock, or Vapor Removal. :"'o wiring 
systems of any type shall be installed in duct'i tL'icd to transport 
dust, loose stock, or flammable vapors. :"'o lviring system of any 
type shall be installed in any duct, or shaft containing only such 
duct'i, used for vapor removal or for ventilation of commercial
type cooking equipment. 

(B) Ducts Specifically Fabricated for Environmental Air. 
Equipment, dc'l'iccs, and the "iring methods specified in this 
section shall be permitted within such duct'i only if necessary 
for the direct action upon, or sensing of, the contained air. 
Where equipment or dc'l'iccs arc installed and illumination is 
ncccs.'iary to facilitate maintenance and repair, enclosed 
gaskctcd-typc luminaires shall be permitted. 

Only wiring mcthod'i consisting of Type MI cable without an 
overall nonmetallic covering, Type MC cable employing a 
smooth or corrugated impcr'l'ious metal sheath without an 
overall nonmetallic covering, electrical metallic tubing, flexible 
metallic tubing, intermediate metal conduit, or rigid metal 
conduit without an overall nonmetallic covering shall be 
installed in duct'i specifically fabricated to transport em-iron
mental air. Flexible metal conduit shall be pennincd, in 
lengths not to exceed 1 .2 m (4 ft) ,  to connect physically adjtL'it
ablc equipment and dcliccs permitted to be in these fabricated 
duct'i. The connectors used "id1 flexible metal conduit shall 
effectively close any openings in the connection. 

Exception: Wiring methods and cabling syskJitf, lisiP.d for use in other 
spaus used Jm· envimmnental air (pleti.ums), shall be JmmitiP.d to be 
instalkd in ducts sJH'cifically Jalniroted Jm· mvinmmental ait�handling 
fmrposes undn· both of the following conditions: 

( 1) Tile wi1ing methods or cabling systems shall be permittP.d on�l' if 
necessary to connect to I'-Jf1tiJ17nrot m· devices associated with the 
direct action upon m· sensing of the contained ait: 

(2) Tile total length of such wiring methods or cabling syste-ms slmll 
not exm.d 1.2 m (4ft). 

(C) Other Spaces Used for Environmental Air (Plenums). This 
section shall apply to spaces not specifically fabricated for cmi
ronmcntal air-handling purposes but used for air-handling 
purposes a'i a plenum. This section shall not apply to habitable 
rooms or arca'i of buildings, the prime purpose of which is not 
air handling. 

Informational Note :'\o. 1: The space over a hung ceiling u.�ed 
for emiromnental air-handling purposes is an example of the 
type of other space to which this section applies. 

70-174 

Informational :'\ote l'o. 2: See :'\FPA 90A, Standard for tile lmtal
lation of .4ir-C.nnditioning and Vmtilating Sy<tem.<, and other 
mechanical codes for infmmation on how the tenn other .<parn 
u.<ed for mvimnmmtal air (plenum), a.� used in thi� section, corre
lates "ith the U.'le of dte term plenuiiA\ilere the plenum is u.�ed 
for rerum air purposes, a.� well a.� some other ail�handling 
spaces. 

Exception: This section shall not aJIP�l· to tile joift or stud spaces of 
dwelling units wlmf' tile wi1ing passes thnmgh such spaces Jmpendicu
lar to the long dimension of such space.f. 

(1) Wuing Methods. The wiring methods for other spaces 
tL'iCd for cmironmcntal air shall be limited to totally enclosed, 
nonvcntilatcd, insulated busway having no provisions for plug
in connections, T}pc MI cable without an overall nonmetallic 
covering, T}pc MC cable l�ithout an overall nonmetallic cover
ing, Type AC cable, or other factory-a'iscmblcd multiconductor 
control or power cable that is specifically listed for usc "ithin 
an air-handling space, or listed prefabricated cable a'l.'iCmblics 
of metallic manufactured wiring syStems l�ithout nonmetallic 
sheath. Other types of cables; conductors, and raceways shall be 
permitted to be installed iii electrical metallic tubing, flexible 
metallic tubing, intermediate metal conduit, rigid metal 
conduit "idtout an overall nonmetallic covering, flexible metal 
conduit, or, where accessible, surface metal raceway or metal 
wircv.oay "ith metal covers. 

1'\onmctaUic cable tics and other nonmetallic cable accesso
ries usc<.l to secure and support cables shall be listed a'i hal-ing 
low smoke and heat relca'iC properties. 

Tnfonnational :'\ote: See UL 2043, Fiw Test for Hrot and Vi<ible 
Smokl' &il'a.<l' for Di.<erete Product.< and Tlvir Acces.mrks Installed in 
Air-Handling Sparn, for one method of testing low smoke and 
heat relea.'le properties for nonmetallic cable ties and other 
nonmetallic cable acces.mries to detennine a maximum peak 
optical density of 0.50 or les.�, an average optical den.�ity of 0.15 
or less, and a peak heat relea.�e rdte of 100 k W or les.�. 

(2) Cable Tray Systems. The requirement" in 300.22(C) (2) (a) 
or (C) (2) (b) shall apply to the usc of metallic cable tray 
systems in other spaces used for cmironmcntal air (plenums), 
where acccs.'iiblc. 

(a) Metal Cable Tray Systrotf. Metal cable tray systems shall 
be permitted to support the wiring mcthod'i specified in 
300.22(C) ( 1 ) .  

(b) Solid Side and Bottom Metal Cable 111l_Y Sy.ftrotf. Solid 
side and bottom metal cable tray systems with solid metal 
covers shall be permitted to enclose wiring mcthocl'i and cables 
not alrcadv covered in 300.22(C) (1)  in accordance with 
392.10(A) �nd (B). 

(3) EquipmenL Electrical equipment with a metal enclosure, 
or electrical equipment "ith a nonmctaUic enclosure listed for 
tL'iC l�ithin an air-handling space and having low smoke and 
heat relca'ic properties, and a'l.'iociatcd "iring material suitable 
for dtc ambient temperature shall be permitted to be installed 
in such other spaces unlcs.'i prohibited elsewhere in this \..ode. 

Informational :'\ote: See UL 2043, Fiw Test for Heat and Vi<ible 
Smokl' &il'a.<l' for Di.<erete Product.< and Tlvir Acces.mrks Installed in 
Air-Handling Sparn, for one method of testing low smoke and 
heat relea.�e properties to determine that the equipment exhib
iL� a maximum peak optical density of 0.50 or les.�, an a\·erage 
optical density of 0.15 or les.�, and a peak heat relea.'le rate of 
100 kW or less. 

Exception: lntegml Jan systrotf slmll be permitted whe11! specifically 
identified Jm· use within an ai1�ilandling sJJace. 
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(D) Information Technology Equipment. Where the installa
tion complies "id1 the special requirements specified in 645.4, 
electrical "iring in air-handling areas bcncad1 raised floors for 
infonnation technology equipment shall be permitted in 
accordance "id1 645.5(E). 

300.23 Panels Designed to Allow Access. Cables, raceways, and 
equipment installed behind panels designed to allow access, 
including suspended ceiling panels, shall be arranged and 
secured to allow the removal of panels and access to dtc equip
ment. 

300.25 Exit Enclosures (Stair Towers). \\'bcre an exit enclo
sure is required to have a fire resistance rating, only electrical 
wiring method-; scf\ing equipment permitted by the audtority 
having jurisdiction in the exit enclosure shall be installed 
within the exit enclosure. 

Exception: H1vre egress lighting is 11'-Jflthed on ctut�ide exterior door
ways from the exit enclosure, luminahes shall be permitted to be 
.mpplied ftvm the imide of the exit enclo.mt't'. 

Informational Note: See NFPA /0/-2021, Life Safety Code, 
7. 1 .3.2.1 ( lO) (h), for more information. 

300.26 Remote-Control and Signaling Circuits Classification. 
Remote-control and signaling circuits shall be clao;sificd ao; 
either power-limited or non-power-limited and comply "ith the 
following: 

(1)  Ciao;.-; 1 power-limited remote-control and signaling 
circuit-; shall comply l\ith 724.3. 

(2) Ciao;.-; 2 and Clao;.o; 3 power-limited remote-control and 
signaling circuit-; shall comply with 725.3. 

(3) Non-power-limited remote-control and signaling circuit-; 
shall be installed in accordance "id1 300.2 through 
300.25. 

ARTICLE 305 
General Requirements for Wning Methods 

and Materials for Systems Rated Over 
1000 Volts ac, 1500 Volts de, Nominal 

305.1 Scope. This article covers wiring methods and materials 
for systems rated over 1000 volt-; ac, 1500 volt-; de, nominal. 

305.3 Other Articles. Conductors shall be permitted to be 
installed in accordance with any of the wiring mcdtods identi
fied in Table 305.3. 

Exposed runs of Type �IV cables, bare conductors, and bare 
busbars shall be permitted in locations accessible only to quali
fied persons. Busbars shall be permitted to be cidtcr copper or 
aluminum. 

Exception: Aitjield lighting cable used in series cit'cuits tlmt at't' powered 
by regulatm-s mul installed in re.�triclP.d airJmrt Lighting vaults shall be 
permitted as exposl'.d rable in�tallations. 

Informational l'ote: An example of a common application is 
FAA IA!24 cables installed a.• exposed runs \\ithin a restricted 
\omit area. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAL COI>t: 

Table 305.3 Wuing Methods Permitted for Use in Systems 
Rated Over 1000 Volts ac, 1500 Volts de, Nominal 

Wuing Methods Permitted 
for Use Above 1000 Volts 

ac, 1500 Volts dc Voltage Levels Reference 

Pull and junction boxes, Over 1000 Article 314, Part IV 
conduit bodies, and 
handhole endo.•ures 

�(etal-clad cable (Type 1000-35,000 Artide 330 
MC) 

Type P cable 1000-2000 Artide 337 
Intermediate metal 0\-er 1000 Artide 342 

conduit (I�( C) 
Rigid metal conduit 0\-er 1000 Article 344 

(R.\IC) 
Rigid pol}'\"inyl chloride 0\-er 1000 Artide 352 

conduit (PVC) 
Reinforced 0\-er 1000 Artide 355 

thermosetting resin 
conduit (RTRC) 

Electrical metallic tubing 0\-er 1000 Artide 358 
(EMT) 

Auxiliary gutters 0\-er 1000 Article 366 
Busway 0\-er 1000 Article 368, Part IV 
Cablebu.• 1000-35,000 Article 370 
Cable tr.t\'S 1000-35,000 Article 392 
�(es.•eng�r-sttpported 1000-35,000 Article 396 

\\iring 
Outdoor m-erhe-.td 0\-er 1000 Article 395 

conductors 
·Insulated bn.• pipe (IBP) 1000-35,000 ac Article 369 

305.4 Conductors of Different Systems. Conductors of circuit-; 
rated over 1000 volt-; ac, 1500 volt-; de, nominal, shall not 
occupy the same equipment \\iring enclosure, cable, or raceway 
l\ith conductors of circuit-; rated 1000 volt-; ac, 1500 volt-; de, 
nominal, or less unlcs.o; othcf\\isc permitted ao; follows: 

(1)  \\-bcrc contained l\ithin the individual \\iring enclosure, 
primary lead-; of electric-discharge lamp ballao;to; insulated 
for the primary voltage of the ballao;t shall be permitted to 
occupy dtc same luminairc, sign, or oudinc lighting 
enclosure ao; dtc branch-circuit conductors. 

(2) Excitation, control, relay, and ammeter conductors used 
in connection l\idl any individual motor or starter shall 
be permitted to occupy the same enclosure ao; the motor
circuit conductors. 

(3) Conductors of different voltage ratings shall be permitted 
in motors, transformers, switchgear, Sl\itchboarcl-;, control 
ao;semblics, and similar equipment. 

(4) If the conductors of each system in a manhole arc pcnna
ncndy and effectively separated from the conductors of 
the other systems and securely fao;tcncd to racks, insula
tors, or other approved support-;, conductors of different 
voltage ratings shall be permitted. 

Conductors having nonshieldcd insulation and operating at 
different voltage levels shall not occupy dtc same enclosure, 
cable, or raceway. 

305.5 Conductor Bending Radius. The conductor shall not be 
bent to a radius lcs.o; than 8 times the overall diameter for 
nonshieldcd conductors or 12 times dtc overall diameter for 
shielded or lead-covered conductors during or after installa
tion. For multiconductor or multiplexed single-conductor 
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305.6 ARTI\.LE 305 -\\-1RING METHODS/MATERIAL<; FOR SYSTEMS RATED OVER 1000 V AC, 1500 V DC, :"'OMI:"'AL 

cables having indhidually shielded conductors, the minimum 
bending radius shall be 1 2  times the diameter of the individu
ally shielded conductors or 7 times dtc overall diameter, which
ever is greater. 

305.6 Protection Against Induction Heating. Metallic raceways 
and ao;sociatcd conductors shall be arranged to avoid heating of 
the raceway in accordance with 300.20. 

305.7 Covers Required. Suitable covers shall be installed on 
all boxes, fittings, and similar enclosures to prcvcm accidental 
contact "id1 energized parts or physical damage to part-; or 
insulation. 

305.8 Raceways in Wet Locations Above Grade. Where race
ways arc installed in wet locations above grade, the imcrior of 
these raceways shall be considered to be a wet location. Insula
ted conduct�rs and cables installed in raceways in wet locations 
above grade shall be cidtcr moisturc-impcnious metal
sheathed or of a type listed for usc in wet locations. 

305.9 Braid-Covered Insulated Conductors - Exposed Instal
lation. Exposed runs of braid-covered insulated conductors 
shall have a flamc-rctarclam braid. If the conductors used do 
not have this protection, a flamc-rctardam saturant shall be 
applied to the braid covering after installation. This treated 
braid covering shall be stripped back a safe distance at conduc
tor terminals, according to the operating voltage. Where practi
cable, dtis distance shall not be less than 25 mm (I  in.) for 
each kilovolt of the conductor-to-ground voltage of dtc circuit. 

305.10 Insulation Shielding. Metallic and semiconducting 
insulation shielding components of shielded cables shall be 
removed for a distance dependent on the circuit voltage and 
insulation. Strcs.o; reduction means shall be prmidcd at all 
tcnninations of factory-applied shielding. 

Metallic shielding components such ao; tapes, "ires, or 
braid-;, or combinations of them, shall be connected to an 
cquipmcm grounding conductor, an equipment grounding 
busbar, or a grounding electrode. 

305.11 Moisture or Mechanical Protection for Metal-Sheathed 
Cables. \\'here cable conductors emerge from a metal sheath 
and where protection against moisture or physical damage is 
ncccs.o;ary, the insulation of the conductorS shall be protected 
by a cable sheath terminating device. 

305.12 Danger Signs. Danger sign.<� shall be conspicuously 
posted at point-; of access to conductors in all raceway systems 
and cable systems. The sign(s) shall meet the requirement-; in 
1 10.21 (B), shall be readily visible, and shall slate the following: 

DANGER-HIGH VOLTAGE-KEEP OLT 

305.15 Underground Instaliations. 

(A) General. Underground conductors shall be identified for 
the voltage and conditions under which dtcy arc installed. 
\..onductors used for direct-burial applications shall be of a t}'pc 
idcmificd for such usc. Underground cables shall be installed 
in accordance "ith 305.15(A) ( l ) ,  (A) (2), or (A) (3), and the 
installation shall meet the depth requirement-; of Table 
305.15(A). 

(1) Shielded Cables and Nooshielded Cables in Metal
Sheathed Cable Assembfies. U ndcrground cables, including 
nonshieldcd, T}'pc MC and moistur�impcnious metal sheath 
cables, shall have dtosc shcadts grounded through an effective 
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grounding path meeting the requirements of 250.4(A) (5) or 
250.4(8)(4). They shall be direct buried or installed in race
ways identified for the usc. 

(2) Industrial Establishments. In industrial establishment<;, 
where conditions of maimcnancc and supcnision ensure that 
only qualified persons scrncc dtc installed cable, nonshieldcd 
single-conductor cables with insulation l}'pcs up to 2000 volt-; 
that arc listed for direct burial shall be permitted to be dirccdy 
buried. 

(3) Other Nonshielded Cables. Other nonshieldcd cables not 
covered in 305.15(A) ( 1 )  or (A) (2) shall be installed in rigid 
metal conduit, intermediate metal conduit, or rigid nonmetal
lic conduit cncao;cd in not lcs.o; than 75 mm (3 in.) of concrete. 

(B) Wet Locations. The interior of enclosures or raceways 
installed underground shall be considered to be a wet location. 
Insulated conductors and cables installed in these enclosures 
or raceways in underground inslallations shall be listed for usc 
in wet locations and shall be cid1er moistur�impcnious metal
sheathed or of a l}'pc listed for usc in wet locations. Any 
connections or splices in an .underground installation shall be 
approved for wet locations. 

(C) Protection from Damage. Conductors emerging from the 
ground shall be enclosed in listed raceways. Raceways installed 
on poles shall· be of rigid metal conduit, intermediate metal 
conduit, RTRC-XW, Schedule 80 PVC conduit, or equivalent, 
extending from the minimum cover dcpd1 specified in Table 
305.15(A) to a poim 2.5 m (8 ft) above finished grade. Conduc
tors entering a building shall be protected by an approved 
enclosure or raceway from dtc minimum cover depth to the 
poiill of entrance. \\'here direct-buried conductors, raceways, 
or cables arc subject to movement by sctdcmcnt or frost, dtcy 
shall be installed to prevent damage to the enclosed conduc
tors or to the equipment connected to the raceways. Metallic 
enclosures shall be grounded. 

(D) Spfices. Direct burial cables shall be permitted to be 
spliced or lapped "idtout the usc of splice boxes if they arc 
installed using materials suitable for the application. The laps 
and splices shall be watertight and protected from mechanical 
damage. \\'bcrc cables arc shielded, the shielding shall be 
continuous acros.o; dtc splice or lap. 

Exception: At .�plices of an enginl't'11'd cabling systl'm, metaUic shields of 
direct-buried singk-conductor cabks with maintaintd spacing bttwl't'n 
phases shall bt pmnitll'.d to bt interrupted and overlapt�ed. ll11m• 
shitlds m-e intenupttd and overlaJifJed, each shield sl'ction shall bt 
JPVUndP.d at one Jmint. 

(E) Backfill. Backfill containing large rocks, paving materials, 
cinders, large or sharply angular substances, or corrosive mate
rials shall not be placed in an excavation where materials can 
damage or contribute to the corrosion of raceways, cables, or 
other substructures or where it might prcvcm adequate 
compaction of fill. 

Protection in the form of granular or selected material or 
suitable sleeves shall be prmidcd to prevent physical damage to 
the raceway or cable. 

(F) Raceway Seal. Wltcrc a raceway enters from an under
ground system, the end within the building shall be scaled with 
an identified compound to prcvcm dtc entrance of moisture. 
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ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 310.3 

Informational :'\ote: Presence of hazardon.� ga.�s or \'apors 
might al�o neces.�itate sealing of underground conduiL� or rdce
ways entering buildings. 

ARTICLE 310 
Conductors for General Wuing 

Part I. General 

310.1 Scope. This article covers general requirements for 
conductors rated up to and including 2000 volts and their type 
designations, insulations, markings, mechanical strengths, 
ampacity ratings, and uses. These requirements do not apply to 
conductors dtat form an integral part of equipment, such as 
motors, motor controllers, and similar equipment, or to 
conductors specifically provided for elsewhere in this ('..odl'. 

310.3 Conductors. 

(A) Minimum Size of Conductors. The mnumum size of 
conductors for voltage ratings up to and including 2000 volt'i 
shall be 14 AWG copper or 12 AWG aluminum or copper-clad 
aluminum, except as permitted elsewhere in this Code. 

(B) Conductor Material. Conductors in dtis article shall be of 
copper, aluminum, or copper-clad aluminum, unless odterwise 

Table 305.15(A) Minimum Cover Requirements 

General Conditions (not otherwise specified) 

Column I Column 2 Column 3 

Electrical Metallic Rigid Metal 
Tubing, RTRC, Conduit and 

Direct-Buried PVC, and HDPE Intermediate 
Cables' Conduir Metal Conduit 

Circuit Voltage mm in. mm in. mm in. 

Over 1000 V ac, 
1500 V de, 
through 22 kV i50 30 450 18 150 6 

Over 22 kV 
through 40 kV 900 36 600 24 150 6 

Over 40 kV 1000 42 750 30 150 6 

l'otes: 

specified. Aluminum and copper-clad aluminum shall comply 
"idl dle follo"ing: 

(1)  Solid aluminum conductors 8, 10,  and 12 AWG shall be 
made of an AA-8000 series electrical grade aluminum 
alloy conductor material. 

(2) Stranded aluminum conductors 8 AWG dlrough 1000 
kcmil marked a'i Type RHH, RHW, XHHW, XHH:"-1, 
XHWN, Tffi.Y, THHW, Tffi\'1\, THHJ'\, sen-icc-entrance 
Type SE Style U, and SE Style R shall be made of an 
AA-8000 series electrical grade aluminum alloy conductor 
material. 

(3) For copper-clad aluminum conductors, the copper shall 
form a minimum 1 0  percent of dle cros.'i-sectional area of 
a solid conductor or each strand of a stranded conductor. 
The aluminum core of a copper-clad aluminum conduc
tor shall be made of an AA-8000 series electrical grade 
aluminum alloy conductor material. 

(4) Copper-clad aluminum conductor material shall be listed. 

(C) Stranded Conductors. Where installed in raceways, 
conductors 8 AWG and i�er shall be stranded, unles.'i specifi
cally pennitted or required elsewhere in this Code to be solid. 

(D) Insulated. Conductors not specifically permitted else
where in dtis Codl' to be covered or bare shall be insulated. 

lnform;atiomil l'ote: See 250.184 for insulation of neutral 
conductors of a solidly grounded high-mhage system. 

Special Conditions (use if applicable) 

Column4 Column S Column 6 

Raceways Under Cables in Airport Areas Subject to 
Buildings or Exterior Runways or Vehicular Traffic, Such 

Concrete Slabs, Adjacent Areas as Thoroughfares and 
100 mm (4 in.) Where Trespass Is Commercial Parking 

Minimum Thickness' Prohibited Areas 

mm in. mm in. mm in. 

100 4 450 18 600 24 

100 4 450 18 600 24 

100 4 450 18 600 24 

l .  (' .. over shall be defined a� the shonest distance in millimeters (inches) mea�ured between a point on the top surface of any direct-buried conductor, 
cable, conduit, or other raceway and the top surface of fini�hed grade, concrete, or similar cover. 
2. Les.�er depths shall be permitted where cables and conductors rise for terminations or splices or where acces.� i� othen•ise required. 
3. Where solid rock prevenL� compliance \\ith the cover depths specified in thi� table, the \\iring shall be installed in a metal or nonmetallic raceway 

permitted for direct burial. The raceways shall be covered by a minimum of 50 mm (2 in.) of concrete extending dmm to rock. 
4. In industrial establishmenL�, where conditions of maintenance and supenision en'ltre that qualified persons \\ill sen ice the installation, the 
minimum cover requiremenL� for other than rigid metal conduit and intermediate metal conduit shall be permitted to be reduced 150 mm (6 in.) for 
each 50 mm (2 in.) of concrete or equh"alent placed entirely \\ithin the trench over the underground installation. 
'Underground direct-buried cables that are not enca�d or protected by concrete and are buried i50 mm (30 in.) or more below grdde shall ha,·e 
their location idemified by a ''"ming ribbon that is placed in the trench at lea�l 300 mm ( 12 in.) above the cables. 
2Listed by a qualified testing agency a� suitable for direct burial \\ithout enca�ment. All other nonmetallic systems shall require 50 mm (2 in.) of 
concrete or equi\'alem above conduit in addition to the table depth. 
"The slab shall extend a minimum of 150 mm (6 in.) beyond the underground installation, and a warning ribbon or other elfecth·e means suitable for 
the conditions shall be placed above the underground installation. 
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310.4 ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 

Part D. Construction Specifications 

310.4 Conductor Constructions and Applications. Insulated 
conductors shall comply with Table 31 0.4(1)  and Table 
310.4(2). 

Informational Note: Thennopla�tic insulation may stiffen at 
temperatures lower than -lO"C (+14"F). Thennopla�tic insula
tion may also he defonned at nmmal temperdtures where 
su�ected to pressure, such a� at point.� of support. 

310.6 Conductor Identification. 

(A) Grounded Conductors. Insulated or covered grounded 
conductors shall be identified in accordance with 200.6. 

(B) Equipment Grounding Conductors. Equipmcm ground
ing conductors shall be identified in accordance with 250.1 19. 

(C) Ungrounded Conductors. \..onductors that arc imcndcd 
for tt.o;c as ungrounded conductors, whether tt.o;cd ao; a single 
conductor or in multiconductor cables, shall be finished to be 
dearly distinguishable from grounded conductors and cquip
mcm grounding conductors. Distinguishing markings shall not 
conflict in any manner with the surface markings required by 
310.8(B) (1) .  Branch-circuit ungrounded conductors shall be 
idcmificd in accordance with 210.5(C). Feeders shall be identi
fied in accordance with 215.1 2(C) 

Exception: C..onductm· identification shall be Jmmittl'.d in accordance 
with 200. 7. 

310.8 Marking. 

(A) Required Information. All conductors and cables shall be 
marked to indicate the follm\ing information, tt.o;ing the appli
cable method described in 310.8(B): 
(1)  The maximum rated voltage. 
(2) The proper type letter or letters for the type of wire or 

cable ao; specified elsewhere in this Code. 
(3) The manufacturer's name, trademark, or other distinctive 

marking by which the organization responsible for the 
product can be readily identified. 

(4) The AWG size or circular mil area. 

Informational :'\ote: See Chapter 9, Table 81 Conductor Proper
ties, for conductor area expres.�ed in Sl units for conductor sizes 
specified in AWG or circular mil area. 

· 

(5) \..able ao;scmblics where the neutral conductor is smaller 
than the ungrounded conductors shall be so marked. 

(B) Method of Marking. 

(I) Surface Marking. The following conductors and cables 
shall be durably marked on the surface: 
( 1) Single-conductor and multiconductor thcnnosct and 

thcrmoplao;tic-insulatcd \\ire and cable 
(2) Nonmetallic-sheathed cable 
(3) Scnicc-cntrancc cable 
( 4) U ndcrground feeder and branch-circuit cable 
(5) Trav cable 
(6) Irrigation cable 
(7) Power-limited trav cable 
(8) Instrumentation tray cable 
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The AWG size or circular mil area shall be repeated at imer
vals not exceeding 610 mm (24 in.). All other markings shall be 
repeated at imen'als not exceeding 1 .0 m (40 in.). 

(2) Marker Tape. Metal-covered multiconductor cables shall 
employ a marker tape located l\ithin the cable and running for 
ito; complete length. 

Exception No. 1: Type Mf cable shall not 71'qui71' a marker laJJe. 

Exception No. 2: Type AC cable shall not require a mm-ker taJII!. 

Exception No. 3: The infonnation l'l'quired in 310.8(A) shall be Jmmit
ted to be dumb{}· mm-ked fm tile outer nonmetallic covering of T_ljJe MC, 
T_ljJe fTC, m· T_ljll! PLTC cables at intn-vals not exceeding 1.0 m 
(40 in.). 

Exception No. 4: The infonnation l'l'quired in 310.8(A) shall be Jmmit
ted to be dumb{v mm-kl'.d on a nonmetallic covning under the metallic 
sheath of T_ljJe fTC m· Type PLTC cable at intn-val5 1wt exreeding 
1.0 m (40 in.). 

Informational l'ote: Included in the group of metal<overed 
cables are Type AC cahl<;, lype MC cable, and lead.,.heathed 
cable. 

· 

(3) Tag Marking. The following conductors and cables shall be 
marked by mcatl$ of a primed tag attached to the coil, reel, or 
carton: 
(1)  Type MI cable 
(2) S\\itchboard wires 
(3) �Ietal-covcrcd, single-conductor cables 
(4) Type AC cable 

(4) Optional Marking of W�re Size. The information required 
in 310.8(A) (4) shall be pcnniucd to be marked on the surface 
of the individual insulated conductors for the following multi
conductor cables: 
( 1)  Type MC cable 
(2) Trav cable 
(3) Irrigation cable 
(4) Power-limited trav cable 
(5) Power-limited fir� alarm cable 
(6) Instrumentation tray cable 

(C) Suffixes to Designate Number of Conductors. A type 
letter or letters used alone shall indicate a single insulated 
conductor. The letter sufiixcs shall be indicated ao; follows: 
(1) D - For two insulated conductors laid parallel within an 

outer nonmetallic covering 
(2) M - For an a'i.o;cmbly of two or more insulated conduc-

tors twisted spirally within an outer nonmetallic covering 

(D) Optional Markings. All conductors and cables contained 
in Chapter 3 shall be pcnniucd to be surface marked to incli
catc special characteristics of the cable materials. These mark
ings include, but arc not limited to, markings for limited 
smoke, sunlight resistant, and so forth. 
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ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 310.8 

Table 310.4(1) Conductor Applications and Insulations Rated 600 Volts 

Maximum 
lbickness of IDsulalion 

Type Operaling Application AWG or 
Trade Name Letter Temperature Provisious Jasulalion lu:miJ mm mils Outer Covering' 

•lttorinaK-cl ethylene n:l' ur \JO"C l>ry and clamp Fltturiniltcd 14-10 O.i'>l 20 ;\'one 
pmpylcnc n:rB (I�WF) locations ctln·lcnc 8-2 0.76 30 

pn;pylcnc 

200"(; Un• Jocttion.'l - Fltturiniltccl 14-8 0.36 14 GliL"-' braid 
(392"F) �pedal ••JlJJ1icttion.'l1 ctlnicnc 

tm;pylcnc 6-2 0.36 14 (;(;L'i..'i or udtcr suitable 
hr;aid ma1c1ial 

Mincr.tl insul;ation :\U \JO"C U�· and wet Jocttion.'l �;tgnt.-sium oxide 18-16' O.i'>8 23 Copper or alluy steel 
(metal shc-.1thcd) (I�WF) 16-10 0.91 36 

2i'>O"C For special 9-4 1 .27 ;,o 
(482"F) ;applications2 3-i'>CMJ 1 .40 55 

Mui<mn.�, hc-.1t-, and uil- :-.rrw (j()"(; Machine tool ''iring FlamL�rctarclillll, (.-\) (B) (.-\) (B) (A) :-lone 
r<--sistanl (140"F) in wet locations moistun.�. hc-.tt-, (B) l'\�1un jackct ur 
thcnnopla.'ltic \J()"(; Machine tool ''iring and oil-n-si'ltant 2'1-12 0.76 0.38 30 li'>  «-�Jtli\-alcnl 

(I�WF) in dry kn:aliuns. thcnnoplastic 10 0.76 O.i'>l 30 20 
8 1.14 0.76 4i'> 30 

lnfunnational ='lotc: 6 l .i'>2 0.76 60 30 
Sec :-IFI'A 79-2021, 4-2 l .i'>2 1.02 60 40 
1-:/tYirira/ .'i/amfmd 1-4/0 2.03 1.27 80 ;,o 
for l11d1l.<lria/ 213-5CJO 2.41 l .i'>2 95 60 
Marhinny. i'>OI-1000 2.79 1.78 110 70 

l'apcr S.">"C For undcrgnHntd l'itpcr l.cad shcatll 
(18i'>"F) scnicc conchtcton, 

or by SJJCci;tl 
pcnnis . .'iion 

Pcrfhtoro-alkoxy r•:-\ \JO"C l>ry and clamp l'crfltturo·alkoxr 14-10 O.i'>l 20 ;\'one 
(I�WF) locations 8-2 0.76 30 
2oo·c On• location." - 1-4/0 1 .14 4i'> 

(392"F) �pedal itpplic;ttiun.<1 

Pcrfhtoro-alkoxy I'E-\H 2:.0"(; On• location." onl\•. l'crflttur<><tlkoxr 14-10 O.i'>l 20 ;\'one 
(482"F) Onh· fur lc;tel• · 8-2 0.76 30 

\\ill;in appar.atus or 1-4/0 1 .14 4i'> 
\\ilhin r.sc<-'\\"a�'S 
connected tu 
itpp;tr.tttL< (nickel 
or nickcl�cJaled 
CUI>I'C" onh·) 

·n,cnnosct RHH \JO"C l>ry and clamp 14-10 1 .14 4i'> �oistur<-'"-r<--sislan� fl;am<-'"-
(I�WF) locations 8-2 U2 60 rcrardanl� nonmetallic 

1-4/0 2.03 80 CO\"Ciing1 
213-5CJO 2.41 95 

i'>OI-1000 2.79 1 10 
1001-2000 3.18 12i'> 

Moi'iUtn.'"-n.-si.<it;uu RHW 7i'>"C 0�· and wet location." FlatnL�rctard;nu, 14-10 1 .14 4i'> �oistur<-'"-r<--sislan� fl;am<-'"-
rhennosct (167"F) moistttn.'"- 8-2 U2 60 rcrardanl� nonmetallic 

n.-si.'ilanl 1-4/0 2.03 80 CO\"Ciing 
�HW-2 \JO C  thcnnuscl 213-5CJO 2.41 95 

(I�WF) i'>OI-1000 2.�J 1 10 
1001-2000 3.18 12i'> 

Silicone SA \JO"C l>ry and clamp Silicone nthhcr 14-10 1 .14 4i'> (;I;L'i.'i or other suitable 
(I�WF) locations 8-2 U2 60 hr.tid ntalctial 

1-4/0 2.03 80 
2oo·c For special 213-5CJO 2.41 95 

(392"F) itpplicatiun2 i'>OI-1000 2.79 1 10 
1001-2000 3.18 12i'> 

(ronlimus) 
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310.8 ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 

Table 310.4(1) Continued 

Maximum 
lbickness of IDsulalion 

Type Operaling Application AWG or 
Trade Name Letter Temperature Provisious Jasulalion lu:miJ mm mils Outer Covering' 

·n,cnnoscl SIS \)()"(; s .. itchlx>arcl anti Bam��rctartlitlll 14-10 0.7«i 30 ;\'one 
(I�WF) �''itchgc-.sr ''iring thcnnusct 8-2 1.1-t 4i'> 

onl�· 1-4/0 1 .40 55 

"lltcnnopla.•tic ancl TR.'i \)()"(; s .. itchlx>arcl anti Thcnnopl;.-tic 14-10 0.7«i 30 Fl;un��rctarclam, 
fihrott'i outer hr.tid (I�WF) �''itchgc-.sr ''iring 8 1.1-t 4i'> nontncrallic co\·cring 

onl�· 6-2 U2 60 
1-4/0 2.03 80 

Extcntlctl polytctr.t· TFE 2:.0"(; Un• loc.ttion.'l onh•. El<tmtlctl polytctfil- 14-10 O.i'>l 20 ;\'one 
fluonJ-Cthylcnc (482"F) Onh· for lc;ICL• · Jluorocthylcnc 8-2 0.7«i 30 

,,;tJ;in appar.ttU.'l or 1-4/0 1.1-t 4i'> 
\\ithin I";!Ct.'\\"a�'S 
connected to 
;appm-.sut'� or ;t'i 
open \\iring (nickel 
or nickel-coaled 
coppcr onh·) 

Hc-.U-R.."!ii'itaRI THH:'\ \)()"(; Dry anti clamp Bam��rctartl;uu, 14-12 0.38 li'> �ylon jacket or 
dtcnnopla.'ltic (I�WF) locations hc;u-n-si'ltant 10 O.i'>l 20 «-�)tti\-alcnl 

thcnnopla.'ltic 8-li 0.7«i 30 
4-2 1 .02 40 

1-4/0 1 .27 ;,o 
2:>0-500 U2 60 

:.01-1000 1 .78 70 

�·loi'ltUn..."- and bc-.u- THHW 7i'>"C \\�ct loc.uion Bam��rctartl;uu, 14-10 0.7«i 30 ;\'one 
R."!iistanl (Ui7"F) moistnn."- and 8 1.1-t 4i'> 
dtcnnopla.'ltic hc;u-n .. -si'ltant 6-2 U2 60 

\)()"(; U�· location thennupha."tic 1-4/0 2.03 80 
(I�WF) 213-500 2.41 95 

:.01-1000 2.�1 1 10 
1001-2000 3.18 125 

�·lui'\tttn."- and heal- THW 7i'>"C U�· and wet Joc.ation.'i Bam��rctarcl;uu, 14-10 0.7«i 30 l\'une 
n.-sistanl (Ui7"F) moistun.-- and 8 1.1-t 4i'> 
dtennopla.<itic \)()"(; Special itpplicatiuus he;u-n"Si<itant 6-2 U2 60 

(I�WF) \\ithin electric thennupha."tic 1-4/0 2.03 80 
cli.cllilrgc lighting 213-"'10 2.41 95 
equipment. :.01-1000 2.79 1 10 
Umitccl to I 000 1001-2000 3.18 125 
opcn-circuil vull<i 
or k-s.•. (Size 14-8 
on)�· a." penniU<-�1 
in -410.68.) 

THW-2 90'C U�· and wet loc.ation.'i 
(I�WF) 

�·lui'itttn."- and heal- THWl'\ 7i'>"C U�· and wet Joc.ation.'i Bam��rctarcl;uu, 14-12 0.38 15 l\'ylon jacket ur 
n.-sistanl (Ui7"F) moistun.-- and 10 O.i'>l 20 <-�Jili\-alenl 
dtennopla.<itic he;u-n"Si<itant 8-li 0.7«i 30 

thennupha."tic 4-2 1 .02 40 
rH\\'l'\-2 90'C 1-4/0 1 .27 ;,o 

(I�WF) 2:>0-"'10 U2 60 
:.01-1000 1 .78 70 

�·lui'itttn."-n."Si<it;uu TW liO"C U�· and wet Joc.ation.'i Bam��rctarcl;uu, 14-10 0.71i 30 l\'une 
dtennopla.<itic (140"F) moistun.-- 8 1.1-t 4i'> 

n .. "Si<itant 6-2 U2 60 
thennupha."tic 1-4/0 2.03 80 

213-"'10 2.41 95 
:.01-1000 2.�1 1 10 
1001-2000 3.18 125 

t: ncJCl'),'TUUncJ f�"t.'Cicr n· liO"C Sec l'itn II uf Article �loi'itttn.'"r<--sistant 14-10 U2 liO' htt<-1,'T.tl ,,;th in.<i1da1ion 
and br.tnch-cin:uil (140"F) 340. 8-2 2.03 8W 
cable - single 7i'>"C �loi'itun.'" ;uul heat- 1-4/0 2.41 �·5;, 
coucluctor ( fiu· Type (167"F)• n .. "Si<itant 
t:F cahlc cmplcJ)illg 
tnure dtan one 
conductor, !K..� Part II 
of Article 340). 

(ronlimus) 
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ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 

Table 310.4(1) 

Trade Name 

Continued 

Type 
Letter 

t: ndcrJ,•round scnic�� t:SE 
cntr •. mcc cable -
single conductor (for I..::.E-2 
··�1"' l'SE Cilhlc 
ctnphJ}ing tnorc 
dmn one conductor� 
sec l':on II of Aniclc 
338) . 

�oi'ltttn."-n.-si'lt;uu 

dtcnnosct 

�oi'ltttn..."-n.-si'lt;utt 

dtcnnosct 

�oi'ltttn."-n.-si'lt;uu 

dtcnnosct 

:\fodifi�-cl ethylene 
lctr.tfhtor<�thylcnc 

i\tottifi�-cl ethylene 
tctr.tfhaor<�thylcnc 

XHH 

XHHX 

XHH\\' 

XHH\\C2 

XHWX 

p<HWX-2 

z 

Z\\' 

Maximum 
Operating 

Temperature 

75"(; 
( 167"F)• 

\JO-e 
(I�H"F) 

\)()"(; 
(I�H"F) 

\)()"(; 
(I�H"F) 

\)()"(; 
(I�H"F) 

75"C 
(Ui7"F) 

\)()"(; 
(I�H"F) 

75"(; 
(Ui7"F) 

\JO,C 
(I�H"F) 

\)()"(; 
(I�H"F) 

150"(; 
(302"F) 

75"(; 
(Ui7"F) 
\)()"(; 

(I�H"F) 
150"(; 

(302"F) 

Application 
Provisions Insulation 

Sec l':on II of Anidc Heat- and moi•m�� 
338. �-si."ant 

U�· and wet Jocttion.'l 

Dry and damt> 
locations 

Dry ancl clamp 
locations 

Dry ancl clamJ> 
locations 

\Vet locuiuns 

U�· and wet Jocttion.'l 

U�· and wet Jocttion.'l 

Dry ancl clamp 
locations 

Un• location." 
�pedal i!pplicootion.•' 

\Vet locations 

Dry ancl clamp 
locations 

Un• location." 
�pedal i!pplicootion.•' 

Bam��retarclilnt 
thcnnusct 

Bam��retarclilllt 
thcnnusct 

Bam��retarclilnt, 
moistnn."-
n-si'ltant 
thcnnusct 

Bam��retarclilllt, 
moistnn."-
n .. -si'ltant 
thcnnusct 

Bam��retarclilnt, 
moistnn."-
n .. -si'ltant 
thcnnosct 

:'.loctified ethylene 
tclrafltt<)J"t� 

ethylene 

:\-loctified ethylene 
tclr.sfluon� 

ctlt�icnc 

�\\C2 \)()"(; Dry ancl wet locootion.• 
( 194"F) 

lbickness of Insulation 

AWG or 
lu:mil mm 

14-10 1.1-t 
8-2 1 .52 

1-4/0 2.03 
213-500 2.41 

501-1000 2.79 
1001-2000 3.18 

14-10 0.7«i 
8-2 1.1-t 

1-4/0 1 .40 
213-5«10 1.65 

501-1000 2.03 
1001-2000 2.41 

14-12 0.38 
10 0.51 

8-«i 0.7«i 
4-2 1 .02 

1-4/0 1.27 
250-5«10 1.52 

501-1000 1 .78 

14-10 0.7«i 
8-2 1.1-t 

1-4/0 1 .40 
213-5«10 1 .65 

501-1000 2.03 
1001-2000 2.41 

14-10 0.7«i 
8-2 1.1-t 

1-4/0 1 .40 
213-5«10 1 .65 

501-1000 2.03 
1001-2000 VII 

14-12 0.38 
10 0.51 

8-«i 0.7«i 
4-2 1 .02 

1-4/0 1.27 
250-5«10 1 .52 

501-1000 1 .78 

14-12 0.38 
10 0.51 

8-4 0.6-t 
3-1 0.�1 

1/0-4/0 1.1-t 

14-10 0.7«i 
8-2 1.1-t 

l'ote: C..onductors in Table 310.4(1)  shall he pennitted to he rated up to 1000 miL� ifli�ted and marked. 
10uter coverings shall not he required where listed without a covering. 

mils 

45 
60 
80 

g- . " 
1 10 
125 

30 
45 
55 
65 
80 
95 

15 
20 
30 
40 
50 
60 
70 

30 
45 
55 
65 
80 
95 

30 
45 
55 
65 
80 
95 

15 
20 
30 
40 
50 
60 
70 

15 
20 

25 
35 
45 

30 
45 

310.8 

Outer Covering' 

�loistun.'-rt.-sislanl 
nontnctallic co\·cring 
(Sec 3311.2.) 

;\'one 

Xylon jacket or 
«-�)tti\-alcnl 

;\'one 

;\'one 

l\'ylon jacket or 
«-�)tti\-alcnl 

;\'one 

;\'one 

2Higher temperature rdted construction.� shall he penniued where design conditions require maximum conductor operating temperatures above 
go·c ( l94"F). 
"C..onductor sizes shall he pennitted for signaling circuit� pennitting 300-mlt insulation. 
•The ampacity of Type UF cable shall he limited in accordance "ith 340.80. 
''Type t:F insulation thicknes.� shall include the integral jacket. 
"Insulation thicknes.� shall he pennitted to he 2.03 mm (80 mil�) for listed Type USE conductors that have been su�jected to special im·estigations. 
The nonmetallic cm·ering m·er indhidual rubber-covered conductors of aluminum-sheathed cable and of lead-sheathed or multiconductor cable shall 
not he required to he Harne retardant. 
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310.10 ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 

Table 310.4(2) Thickness of Insulation for Nonshielded Types RHH and RHW Solid Dielectric 
Insulated Conductors Rated 2000 Volts 

Conductor Size ColumnA1 Column B2 

(AWG or kcmil) mm mils mm mils 
14-10 2.03 80 1.52 60 

8 2.03 80 1.78 70 
6-2 2.41 95 1.78 70 

1-2/0 2.79 110 2.29 90 
3/0-4/0 2.79 110 2.29 90 
213--500 3.18 125 2.67 105 

501-1000 3.56 110 3.05 120 
1001-2000 3.56 110 3.56 140 

1\..olumn A in•ulations shall be limited to natural, SBR, and butyl rubbers. 
2\..olumn 8 insulations shall he material• such as cros.'l-linked p�lyethylene, ethylene propylene rubber, and 
composites thereof. 

Part m. Installation 

310.10 Uses Permitted. The conductors described in 310.4 
shall be pcrmiucd for usc in any of lhc wiring method• covered 
in Chapter 3 and as specified in their respective tables or as 
pcrmiuccl elsewhere in this Code. 

(A) Dry Locations. htsulatcd conductors and cables used in 
clry locations shall be any of dtc types iclcntificcl in lhis Code. 

(B) Dry and Damp Locations. lnsulatccl conductors and cables 
used in clry and damp locations shall be Types FEP, FEPB, 
�ITI\', PFA, RJ-IH, RHW, RHW-2, SA, THH:"-1, THW, THW-2, 
THHW, TH\o\'1'\, TH\o\':"1-2, TW, XHH, XHI-1\\', XHHW-2, 
XHHJ'\, XI-1\\'N, XH\\-':"1-2, Z, or ZW. 

(C) Wet Locations. lnsulatccl conductors and cables used in 
wet locations shall comply "ith one of the follo"ing: 
(1)  Be moisture-impervious metal-sheathed 
(2) Be types MTW', RHW, RI-IW-2, TW, TI-1\V, THW-2, TIUIW, 

TH\o\'1'\, THWN-2, XHI-1\.Y, XHJ-IW-2, XI-1\\:'N; XH\o\':"1-2 
or ZW 

(3) Be of a type listed for usc in wet locations 

(D) Locations Exposed to Direct Sunlight. Jnsulatccl conduc
tors or cables used where exposed to eli reel rays of the sun shall 
comply with one of lhc following: 
(1)  Conductors and cables shall be listccla"l being sunlight 

resistant. 
(2) Conductors and cables shall be covered "id1 insulating 

material, such a"l tape or slccving, that is llistccl a"l being 
sunlight resistant. 

(E) Direct-Burial Conductors. Conductors used for direct
burial applications shall be of a type iclcntificcl for such usc. 

(F) Corrosive Conditions. Conductors exposed to oils, 
grcao;cs, \--apors, ga"lCs, fumes, liquid"l, or other substances 
having a deleterious effect on the conductor or insulation shall 
be of a type suitable for the application. 

(G) Conductors in Parallel. 

(I) General. Aluminum, copper-clad aluminum, or copper 
circuit conductors for each ungrounclccl conductor, grounded 
conductor, or neutral conductor shall be permiuccl to be 
connected in parallel (electrically joined at bolh end•) only in 
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sizes 1 /0 AWG and larger an(l shall be installed in accordance 
"ilh 310.10(G) (2) through (G)(4). 

Exception No. 1: C'..ondurtot-s in sizes .�malkr than 1/0 A WG slmU be 
fJtmltilltd to be nm in pamUtl to suJIP{l" contml Jmwer to indicating 
instnnntnts, contartot-s, n.fa}'S, .m/nwidf, and similar contml deviri!S, 
m· for frP-qumcit.f of )60 lli and highe1; Jmroidtd all of tht foUowing 
aptJ{W 

· 

( 1) Tile)· m-e containtd wit/tin tht samt mceway or cable. 
(2) Tlie amJmcit_v of tacit individtml condttctm· is sufficimt to cany 

the enti1-e load cunmt slml"l'.d by tht pamlkl conductoi"S. 
( 3) The ove1run-ent pmttction is such tlmt the ampacity of each indi

vidual conductor will not be tXCI't'dP.d if ont or mm-e of the paml
lel ronductm-s beromt inadvnttmtly disconntcled. 

Exception No. 2: lJndtr tngineering supn-vision, 2 A WG and 1 A WG 
JPVUndP.d neutral ronductm-s shall be Jmmitted to be infta[{p,d in paml
lel fm·,xisting inftallations. 

Informational :'\ote: Exception No. 2 can he used to alleviate 
overheating of neuu-al conductors in exi•ting in.•tallations due 
to high content of triplen harmonic cun-enL•. 

(2) Conductor and Installation Characteristics. The paralleled 
conductors that comprise each ungrounclccl conductor, groun
ded conductor, neutral conductor, cquipmcm grounding 
conductor, equipment bonding jumper, or supply-side bonding 
jumper shall comply "id1 all of lhc follo"ing: 
(1) Be the same length 
(2) C..onsist of the same conductor material 
(3) Be the same size in circular mil area 
(4) Have the same insulation type 
(5) Be terminated in lhc same manner 

(3) Separate Cables or Raceways. Where run in separate 
cables or racc""a\'S, the cables or racc"-avs with conductors shall 
have the same n'umber of conductors �net shall have lhc same 
electrical characteristics. Conductors composing one paralleled 
set shall not be required to have the same physical characteris
tics a"l those of another paralleled set. 

(4) Ampacity Correction or Adjusbnent. Conductors installed 
in parallel shall comply with 310.15(B)and (C). 

(5) Equipment Grounding Conductors. Where parallel cquip
mcm grounding conductors arc used, they shall be sized in 
accordance "id1 250.122. Sectioned cquipmcm grounding 
conductors smaller lhan 1 /0 AWG shall be pcrmiuccl in multi-
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ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 310.14 

conductor cables, if dtc combined circular mil area of the 
sectioned cquipmcm grounding conductors in each cable 
complies with 250.122. 

(6) Bonding Jumpers. \\'here parallel equipment bonding 
jumpers or supply-side bonding jumpers arc installed in race
ways, dtcy shall be sized and installed in accordance with 
250.102 . .  

310.12 Single-Phase Dwelling Services and Feeders. For one
family dwellings and the indh·idual dwelling uniL"l of two-family 
and multifamily dwellings, service and feeder conductors 
supplied by a singlc-pha"lc, 120/240-volt system shall be permit
ted to be sized in accordance "id1 310.12(A) duough (D) . 

For one-family dwellings and the individual dwelling uniL"l of 
two-family and multifamily dwellings, singlc-pha"lc feeder 
conductors consisting of two ungrounded conductors and the 
neutral conductor from a 208¥/120 volt system shall be permit
ted to be sized in accordance "id1 310.12(A) duough (C). 

(A) Services. For a se�Vicc rated 100 amperes through 
400 amperes, the service conductors suppl)"ing dtc entire load 
a"lsociatcd with a one-family dwelling, or the senicc conductors 
supplying the entire load a"lsociatcd with an individual dwelling 
unit in a two-family or multifamily dwelling, shall be permitted 
to have an ampacity not lcs."l dtan 83 pcrccm of the scnicc 
rating. If no acljtL"lUncm or correction factors arc required, 
Table 310.12(A) shall be permitted to be applied. 

(B) Feeders. For a feeder rated 100 amperes through 
400 amperes, the feeder conductors supplying the entire load 
a"lsociatcd "id1 a one-family dwelling, or the feeder conductors 
supplying the entire load a"lsociatcd with an individual dwelling 
unit in a two-family or multifamily dwelling, shall be permitted 
to have an ampacity not less than 83 perccm of the feeder 
rating. If no acljtL"lUncm or correction factors arc required, 
Table 310.12(A) shall be permitted to be applied. 

(C) Feeder Ampacities. In no ca"lc shall a feeder for an incli
l-idual dwelling unit be required to have an ampacity greater 
than dtat spccificd in 310.12(A) or (B). 

(D) Grounded Conductors. Grounded conductors shall be 
permitted to be sized smaller than the ungrounded conduc-

Table 310.12(A) Single-Phase Dwelling Services and Feeders 

Service or Feeder 
Rating 

(Amperes) 

100 
110 
125 
150 
175 
200 
225 
250 
300 
350 
100 

Conductor 
(AWG or kcmil) 

Aluminum or 
Copper-Clad 

Copper Aluminum 

1 2 
3 1 
2 1/0 
1 2/0 

1/0 3/0 
2/0 4/0 
3/0 250 
4/0 300 
250 350 
350 500 
400 600 

tors, if the rcquiremcnL"l of 220.61 and 230.42 for scnicc 
conductors or the rcquircmcnL"l of 215.2 and 220.61 for feeder 
conductors arc met. 

\\'here correction or adjusuncnt factors arc required by 
310.15(8) or (C), they shall be permitted to be applied to the 
ampacity a'l."lociatcd "ith the temperature rating of the conduc
tor. 

Informational l'ote :'\o. 1: See 240.6(A) for standard ampere 
ratings for ftJ."les and in\"erse time circuit breakers. 

Informational :'\ote No. 2: See lnfmmative Annex D, Example 
Di. 

310.14 Ampacities for Conductors Rated 0 Volts - 2000 Volts. 

(A) General. 
(I) Tables or Engineering Supervision. Ampacitics for conduc
tors shall be permitted to be determined by tables a"l provided 
in 310.15 or under engineering supervision a"l prm-idcd in 
310.14(8). 

Informational :'\ote I'�>. l: See 210.19, Informational :'\ote, for 
,·oltage drop on bmnch circuiL• that this section does not take 
into consideration. See 215.2(A) (2), lnfonnational :'\ote No. 2, 
for n>ltage .drop on feeders that thi• section does not take into 
consideration. 

lnformational l'ote :'\o. 2: See l'FPA 79-2021, E/PC/riral Staudard 
for Jndu.<trial Machinery, Table 12.5.1, for the allowable ampaci
ties of Type MTW \\ire. 

(�) Selection of Ampacity. Where more than one ampacity 
applies for a given circuit length, the lowest value shall be used. 

Exception: ll11m� diffmmt amJJacities aJIP{l' to pmtions of a circuit, the 
higher ampacity sltaU be permilltd to be used tJ tht total portion(<) of 
tht cirruit zuitlt lower ampacity does 1wt I!XCI!t!d the le.<ser of 3. 0 m 
(10ft) or lOpm:rot oftlte total cin:uit. 

Informational l'ote: See 1 10.14(C) for conductor temperature 
limitations due to tetmination prmi•ions. 

(3) Temperature Limitation of Conductors. :"'o conductor 
shall be used in such a manner that iL"l operating temperature 
exceeds that designated for the type of insulated conductor 
involved. In no case shall conductors be a'l."llciatcd together in 
such a way, with respect to type of circuit, the \�iring method 
employed, or the number of conductors, that the limiting 
temperature of any conductor is exceeded. 

Informational l'ote l'o. 1: See Table 310.4(1) and Table 
315.10(A) for the temperdture rdting of a conductor that i• the 
maximum temperdture, at any location along iL• length, that the 
conductor can \\ithstand over a prolonged time period \\ithout 
serious degradation. The ampacity tables of Article 310 and the 
ampacity tables of lnfmmative Annex 8, the ambient tempera
ture correction factors in 310.15(8), and the notes to the tables 
prmide guidance for coordinating conductor sizes, types, 
ampacities, ambient temperatures, and number of a'l."llciated 
conductors. The principal detenninanL• of operdting tempera
ture are a• follows: 

( 1 )  Ambient temperdture - ambient temperature may \'ary 
along the conductor length a• well a• from time to time. 

(2) Heat generated intemally in the conductor a• the result 
of load current flow, including fundamemal and 
harmonic currenL•. 

(3) The rdte at which generated heat dis.•ipates into the ambi
ent medium. Thetmal insulation that covers or surround• 

l'ote: If no a�jusunent or correction factors are required, this table conductors affecL• the rate of heat dis.•ipation. 

shall be permitted to be applied. 
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310.14 ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 

( 4) :�jacent load-caiT}ing conductors - a�jacent conductors 
ha\·e the dual effect of rdising the ambient temperature 
and impeding heat dis.•ipation. 

Informational Note No. 2: Refer to 1 10.14(C) for the tempera
ture limitation of terminations. 

(B) Engineering Supervision. Under engineering supcnision, 
conductor ampacitics shall be permitted to be calculated by 
means of Equation 310.14(8). 

[310.14(B)) 

T -T I =  ' • x103 amperes 
R .. (l+ � }R,. 

where: 
T, = conductor temperature in degrees Celsius ("C) 
T,, = ambient temperature in degrees C..clsius ("C) 
R,1, = de resistance of 305 mm ( 1 ft) of conductor in micro

ohms at temperature, T, 
Y, = component ac resistance resulting from skin effect and 

proximity effect 
R,. .. = effective thermal resistance between conductor and 

surrounding ambient 

310.15 Ampacity Tables. 

(A) General. Ampacitics for conductors rated 0 volts to 
2000 volts shall be as specified in dtc Ampacity Table 310.16 
through Table 310.21, a"i modified by 310.15(A) duough (F) 
and 310.12. l:ndcr engineering supcn-ision, ampacitics of sizes 
not shown in ampacity tables for conductors meeting me 
general wiring requirements shall be permitted to be deter
mined by interpolation of me adjacent conductors ba"iCd on 
the conductor's circular-mil area. 

The temperature correction and adjustment factors shaD be 
permitted to be applied to dtc ampacity for the temperature 
rating of the conductor, if the corrected and adjusted ampacity 
docs not exceed dtc ampacity for the temperature rating of me 
tcnnination in accorclancc "id1 l 10.14(C). 

Informational Note No. 1 :  Table 310.16 through Table 310.19 
are application tables for u.� in determining .amductor sizes on 
load• calculated in accordance with Pari U, Pan Ill, Pan IV, or 
Part V of Article 220. Ampacities result from considerdtion of 
one or more of the following: 

(I )  Temperature compatibility with connected equipment, 
especially the connection point• 

(2) C..oordination \\ith circuit and system overcunent protec
tion 

(3) Compliance \\ith the requirement• of product li•tings or 
certifications. 

( 4) Preser\'ation of the safety benefit• of estahli•hed industry 
practices and standardized procedures 

Informational l'ote l'o. 2: See Chapter 9, Table 8, Conductor 
Properties, for conductor area. Interpolation is ha.•ed on the 
conductor circular-mil area and not the conductor overdll area. 

Informational :'\ote No. 3: See 400.5 for the ampacities of nexi
ble cord• and cables. See 402.5 for the ampacities of fixture 
wires. 

Informational l'ote l'o. 4: See Table 310.4(1) and Table 
310.4(2) for explanation of type letters u.�d in tables and for 
recognized sizes of conductors for the \'arious conductor insula
tions. See 310.1 through 310.14 and the \'llrious articles of thi• 

70-184 

Code for installation requirement•. See Table 400.4, Table 
400.5(A) ( l ) ,  and Table 400.5(A) (2) for nexible cord•. 

(B) Ambient Temperature Correction Factors. 

(1) General. Ampacitics for ambient temperatures odtcr than 
those shmm in the ampacity tables shall be corrected in 
accordance "ith Table 310.15(8) (1) (1)  or Table 310.15(8) (1)  
(2), or shall be permitted to be calculated tL"iing Equation 
310.15(8) (1) .  

where: 

I'= It: -7;.' 
T. -T. 

[310.15(B)(1)) 

I' = ampacity corrected for ambient temperature 
I = ampacity shown in me tables 

T, = temperature rating of conductor ("C) 
T,. ' = new ambient tcmpcra.tlire (0C) 
T,, = ambient temperature u"iCd in the table (•C) 

(2) Rooftop. For raccwa)'S or cables exposed to direct sunlight 
on or above rooftop where dtc distance above the roof to me 
bottom of me racell.-ay or cable is less man 19 mm (% in.), a 
temperature adder of 33•c (60.F) shall be added to me 
outdoor temperature to dctcnninc me applicable ambient 
temperature for application of the correction factors in Table 
310.15(8) (1) (1) or Table 310.15(B) ( 1 ) (2). 

Exception: Type XI 11/VV-2 in.mlated cmultu:tors shall not be subjPcl to 
lhi.r ampacity adjustment. 

Informational l'ote: The ASH/lAE Handbook - Fundammtals i• 
one source for the ambient temperatures in \'llriou.• locations. 

(C) Adjustment Factors. 

(1) More than Three Current-Carrying Conductors. The 
ampacity of each conductor shall be reduced a"l shown in Table 
310.15(C) (1 )  where me number of currcnt-carl)ing conduc
tors in a racc"-ay or cable exceeds mrcc, or where single 
conductors or multiconductor cables not installed in raceways 
arc installed wimout maintaining spacing for a continuotL"i 
lcngm longer than 600 mm (24 in.) . Each currcnt-carl)ing 
conductor of a paralleled set of conductors shall be counted a"i 
a currcnt-carl)ing conductor. 

\\'here conductors of different systems, a"i prmidcd in 300.3, 
arc installed in a common raceway or cable, the adjusuncnt 
factors shmm in Table 310.15(C) (1 )  shall apply only to me 
number of power and lighting conductors. 

Informational Note No. I: See lnformati,·e Annex B for a�ju.•t
ment factors for more than three current-canying conductors in 
a raceway or cable \\ith load dh>ersity. 

Informational Note :'\o. 2: See 366.23 for a�justment factors for 
conductors and ampacity for hare copper and alumimun bars in 
au.xiliary gutters and 376.22(8) for a�justment factors for 
conductors in metal "ireways. 

(a) \\'here conductors arc installed in cable u-ays, 392.80 
shall apply. 

(b) AdjtL"itmcnt factors shall not apply to conductors in 
racc"-ays having a lcngdl not exceeding 600 mm (24 in.) . 

(c) AdjtL"lUncnt factors shall not apply to underground 
conductors entering or leaving an outdoor trench if mose 
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ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 310.15 

conductors have physical protection in the form of rigid metal 
conduit, intermediate metal conduit, rigid polyvinyl chloride 
conduit (PVC), or reinforced thermosetting resin conduit 
(RTRC) ha\-ing a length not exceeding 3.05 m (10 ft),  and if 
the number of conductors docs not exceed four. 

(1)  The cables do not have an overall outer jacket. 
(2) Each cable has not more than three currcnt-carf}'ing 

conductors. 
(3) The conductors arc 12 AWG copper. 

(d) Adjusuncnt factors shall not apply to T}'pc AC cable 
or to Type MC cable under the following conditions: 

(4) 1'\ot more than 20 currcnt-carf}'ing conductors arc 
installed without maintaining spacing, arc stacked, or arc 
supported on Kbricllc rings." 

Table 310.15(8)(1)(1) Ambient Temperature Correction Factors Based on 30°C (86°F) 

For ambient temperatures other than 30"C (86"F), multiply the ampacities specified in the ampacity tables by the 
appropriate conec:tion factor shown below. 

Ambient Temperature Rating of Conductor Ambient 
Temperature Temperature 

("C) oo·c 75"C go·c ("F) 

10 m· less 1.29 1.20 1.15 50 or less 
1 1-15 1.22 1.15 1.12 51-59 
1 6-20 1.15 1 . 1 1  1 .08 60-68 
21-25 1.08 1.05 1 .04 6!l-77 
26-30 1.00 1.00 1 .00 78-86 
31-35 0.91 0.94 0.96 87-95 
36-40 0.82 0.88 0.91 !l6-104 
41-45 0.71 0.82 0.87 10!">-1 13 
41l-50 0.58 0.75 0.82 1 14-122 
51-55 0.41 0.67 0.76 123-131 
56-(j(} - 0.58 0.71 132-140 
61-1}5 - 0.47 0.65 141-149 
61l-70 - 0.33 0.58 150-158 
71-75 - - 0.50 1 5!l-167 
76-80 - - 0.41 168-176 
81-85 - - 0.29 l ii-185 

l'ote: Table 310.15(B) ( I ) ( I )  shall he u.ored Mth Table 310.16 and Table 310.17 a... reqmred. 

Table 310.15(8)(1)(2) Ambient Temperature Correction Factors Based on 40°C (I04°F) 

For ambient temperatures other than 40"C (104"F), multiply the ampacities specified in the ampacity tables by the appropriate correction factor shown 
below. 

Ambient Temperature Rating of Conductor Ambient 
Temperature Temperature 

("C) oo·c 75"C go·c 150"C 200"C 250"C (oF) 

10 or les.� 1 .:.8 1 .36 1 .26 1.13 J.()<J 1 .07 50 or les.� 
1 1-15 1.50 1.31 1 .22 1.11  1.08 1 .06 51-59 
1 6-20 1.41 1 .25 1.18 1.09 1.06 1 .05 60-68 
21-25 1 .32 1.2 1.14 1.07 1.05 1 .04 6!l-ii 
26-30 1 .22 1.13 1.10 1.04 1.03 1 .02 78-86 
31-35 1.12 1 .07 1 .05 1.02 1.02 1.01 87-95 
36-40 1 .00 1.00 1 .00 1.00 1.00 1.00 !l6-104 
41-45 0.87 0.93 0.95 0.98 0.98 0.99 10!">-1 13 
46-50 0.71 0.85 0.89 0.95 0.97 0.98 1 14-122 
51-55 0.50 0.76 0.84 0.93 0.95 0.96 123-131 
56-l'iO - 0.65 0.77 0.90 0.94 0.95 132-140 
61-1}5 - 0.53 0.71 0.88 0.92 0.94 141-149 
66-70 - 0.38 0.63 0.85 0.90 0.93 150-158 
71-75 - - 0.55 0.83 0.88 0.91 1 5!l-167 
76-80 - - 0.45 0.80 0.87 0.90 168-176 
81-90 - - - 0.74 0.83 0.87 l ii-l!l4 

91-100 - - - 0.67 0.79 0.85 l!l!">-212 
101-1 10 - - - 0.60 0.75 0.82 213-230 
1 1 1-120 - - - 0.52 0.71 0.79 231-248 
121-130 - - - 0.43 0.66 0.76 24!l-266 
131-140 - - - 0.30 0.61 0.72 267-284 
141-160 - - - - 0.50 0.65 28!">-320 
Jl}l-180 - - - - 0.35 0.58 321-356 
181-200 - - - - - 0.49 357-392 
201-225 - - - - - 0.35 393-437 

-l'ote: Table 310.1:>(B) ( I ) (2) shall he u.�d Mth Table 310.18, Table 310.19, Table 310.20, and Table 310.21 a.� requared. 
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310.15 ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 

Exception to (4): lJ cabks meeting the requirements in 310.15(Cj( l)(d) 
(1) th1vuglt (C)(l)(dj(3) with 1/UYfe than 20 cw·1mt-canJing conduc
tors an� i1utalkd Longer than 600 mm (24 in.) without maintaining 
spacing, «71' stacked, m· alf! .�upportt'd on bridk 1ings, a 60 pnrent 
adju.�tment Jactm· shall be applied. 

(2) Raceway Spacing. Spacing between raceways shall be main
tained. 

(D) Bare or Covered Conductors. Where bare or covered 
conductors arc installed with insulated conductors, the temper
ature rating of the bare or covered conductor shall be equal to 
the lowest temperature rating of the insulated conductors for 
the purpose of dctcnnining ampacity. 

(E) Neutral Conductor. :-.lcutral conductors shall be consid
ered currcm car!Jing in accordance with any of the following: 

(1) A neutral conductor that carries only the unbalanced 
currcm from other conductors of the same circuit shall 
not be required to be coumcd when applying the prmi
sions of 310.15(C) (1) .  

(2) In a 3-"irc circuit consisting of two phao;c conductors and 
the neutral conductor of a 4-wirc, 3-phao;c, wyc-conncctcd 
system, the neutral conductor carries approximately the 
same currcm ao; the lin�to-ncutral load currents of the 
other conductors and shall be counted when appl}ing 
310.15(C) (1) .  

(3) On a 4-wirc, 3-phasc wyc circuit where the major portion 
of the load consist-; of nonlinear load-;, harmonic current-; 
arc present in the neutral conductor; the neutral conduc
tor shall therefore be considered a currcnt-carf}ing 
conductor. 

(F) Grounding or Bonding Conductor. A grounding or bond
ing conductor shall not be coumcd when applying the prmi
sions of 310.15(C) (1) .  

Table 310.15(C)(I) Adjustment Factors for More Than Three 
Current-Carrying Conductors 

Number of 
Conductors• 

4-6 
7-9 

10-20 
21-30 
31-40 

11 and above 

Percent of Values in 
Table 310.16 Through Table 

310.19 as Adjusted for Ambient 
Temperature if Necessary 

80 
70 
50 
45 
40 
35 

·!'umber of conductors is dte total number of conductors in the 
raceway or cable, including spare conductors. The count shall be 
a<!jtt.<;ted in accordance "idt 310.15(E) and (F). The count shall not 
include conductors dtat are connected to electrical componenL<; that 
cannot be simuhaneott.<;Jy energized. 

70-186 

310.16 Ampacities of Insulated Conductors in Raceway, Cable, 
or Earth (Directly Buried). The ampacities shall be ao; specified 
in Table 310.16 where all of the following conditions apply: 

(1) Conductors arc rated 0 volt-; through 2000 volt-;. 
(2) Conductors arc rated 60•c (140.F), 75•c (167.F), or 

go•c (194.F). 
(3) Wiring is installed in a 3o•c (86.F) ambicm tcmpcraturc. 
(4) There arc not more than three currcm-carf}ing conduc

tors. 

310.17 Ampacities of Single-Insulated Conductors in Free Air. 
The ampacitics shall be ao; specified in Table 310.17 where all 
of the following conditions apply: 

(1) Conductors arc rated 0 volt-; through 2000 volt-;. 
(2) Conductors arc rated 60•c (140.F), 75•c (167.F), or 

go•c (194.F). 
(3) Wiring is installed in a 3o•c (86.F) ambicm tcmpcraturc. 

310.18 Ampacities of Insulated Conductors in Raceway or 
Cable. The ampacities shall . be ao; specified in Table 310.18 
where all of the follm\ing conditions apply: 

(1) C-onductors arc rated 0 ·volt-; through 2000 volts. 
(2) C-onductors arc rated 15o•c (302.F), 2oo•c (392.F) , or 

2500C (482.F). 
(3) Wiring is installed in a 4o•c (104.F) ambicm tempera

ture. 
(4) There arc not more than three currcm-carf}ing conduc

tors. 

310.19 Ampacities of Single-Insulated Conductors in Free Air. 
The ampacitics shall be ao; specified in Table 310.19 where all 
of the following conditions apply: 

(1)  C-onductors arc rated 0 volt-; through 2000 volts. 
(2) C-onductors arc rated up to 25o•c (482.F). 
(3) Wiring is installed in a 4o•c (104.F) ambicm tempera

ture. 

310.20 Ampacities of Conductors Supported on a Messenger. 
The ampacitics shall be ao; specified in Table 310.20 where all 
of the following conditions apply: 

(1) Conductors arc rated 0 volt-; through 2000 volts. 
(2) Conductors arc rated 75•c (167.F) or go•c (194.F). 
(3) Wiring is installed in a 4o•c (104.F) ambicm tempera

ture. 
(4) There arc not more than three single-insulated conduc

tors. 

310.21 Ampacities of Bare or Covered Conductors in Free Air. 
The ampacitics shall be ao; specified in Table 310.21 where all 
of the following conditions apply: 

(1) Wind velocity is 610 mm/scc (2 ft/scc) .  
(2) Conductors arc 8o•c (1 76.F) total conductor tempera

ture. 
(3) Wiring is installed in a 4o•c (104.F) ambicm tempera

ture. 
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ARTICLE 310 - COl'\DUCfORS FOR GEJ'\ERAL \\-1RlNG 310.21 

Table 310.16 Ampacities of Insulated Conductors with Not More Than Three Current-Carrying Conductors in Raceway, Cable, or 
Earth (Directly Buried) 

Temperature Rating of Conductor [See Table 310.4(1)] 

&o·c (140·F) 1s•c (167.F) go•c (194.F) &O·c (140·F) 1s•c (1&7·F) go•c (194.F) 

Types TBS, SA, SIS, 
FEP, FEPB, MI, PFA, Types TBS, SA, SIS, 

Types RHW, RHH, RHW-2, THHN, THHN, THHW, 
THHW, THW, THHW, THW-2, Types RHW, THW-2, THWN-2, 

THWN, THWN-2, USE-2, XHH, THHW, THW, RHH, RHW-2, USE-2 
XHHW, XHHW, XHHW-2, THWN, XHH, XHHW, 

XHWN, USE, XHWN, XHWN-2, XHHW, XHHW-2, XHWN, 

SizeAWG or TypesTW, UF zw XHHN, Z, ZW-2 Types TW, UF XHWN, USE XHWN-2, XHHN SizeAWG or 
kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil 

18* - - 14 - - - -

16* - - 18 - - - -

14* 15 20 25 - - - -

12* 20 25 30 15 20 25 12* 
10* 30 35 40 25 30 35 10* 

8 40 50 -r. :>.> 35 40 45 8 

6 55 65 75 40 50 55 6 
4 70 85 95 55 65 75 4 
3 85 100 1 15 65 75 85 3 
2 95 1 15 130 75 90 100 2 
I 1 10 130 145 85 100 1 15 I 

1/0 125 150 170 100 120 135 1/0 
2/0 145 175 195 1 15 135 150 2/0 
3/0 165 200 225 130 155 175 3/0 
4/0 195 230 260 150 180 205 4/0 

250 215 255 290 170 205 230 250 
300 240 285 320 195 230 260 300 
350 260 310 350 210 250 280 350 
400 280 335 380 225 270 305 400 
500 320 380 430 260 310 350 500 

600 350 420 475 285 340 385 600 
700 385 460 520 315 375 425 700 
750 400 475 535 320 385 435 750 
800 410 490 --r. :J:>.> 330 395 445 800 
900 435 520 585 355 425 480 900 

1000 455 545 615 375 445 500 1000 
1250 495 590 665 405 485 545 1250 
1500 525 625 705 435 520 585 1500 
1750 545 650 735 455 545 615 1750 
2000 555 665 750 470 560 630 2000 

l'otes: 
I. Section 310.15(8) shall be referenced for ampacity correction fdctors where the ambient temperdture is other than 3o•c (86.F). 
2. Section 31 0.15(C) ( I )  shall be referenced for more than three current<arrying conductors. 
3. Section 310.16 shall be referenced for condition.� of u.�. 
*Section 240.4(0) shall be referenced for conductor overcurrent protection limitations, except a.� modified el�where in the C.nde. 
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Table 310.17 Ampacities of Single-Insulated Conductors in Free Air 

Temperature Rating of Conductor [See Table 310.4(1)1 

Go·c (I40·F) 1s•c (167.F) go•c (I94.F) Go·c (I40.F) 1s•c (167.F) go•c (194.F) 

Types TBS, SA, SIS, Types TBS, SA, SIS, 
FEP, FEPB, Ml, PFA, THHN, THHW, 

RHH, RHW-2, THHN, THW-2, THWN-2, 
Types RHW, THHW, THW-2, Types RHW, RHH, RHW-2, 

THHW, THW, THWN-2, USE-2, XHH, THHW, THW, USE-2,XHH, 
THWN, XHHW, XHHW-2, THWN, XHHW, XHHW-2, 
XHHW, XHWN, XHWN-2, XHHW, XHWN, XHWN-2, 

SizeAWG or Types TW, UF XHWN, ZW XHHN, Z, ZW-2 Types TW, UF XHWN XHHN SizeAWG or 
kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil 

18 - - 18 - - - -
16 - - 24 - - - -

14* 25 30 35 - - - -
12* 30 35 40 25 30 35 12* 
10* 40 50 55 35 40 45 10* 

8 60 70 80 45 55 60 8 

6 80 95 105 60 75 85 6 
4 105 125 140 80 100 1 15 4 
3 120 145 165 95 1 15 130 3 
2 140 170 190 1 10 135 150 2 
1 165 195 220 130 155 175 1 

1/0 195 230 260 150 180 205 1/0 
2/0 225 265 300 1 75 210 235 2/0 
3/0 260 310 3!">0 200 240 270 3/0 
4/0 300 360 405 235 280 315 4/0 

250 340 405 455 26.'> 315 355 250 
300 375 445 500 290 350 395 300 
350 420 505 570 330 395 445 350 
400 455 545 615 355 425 480 400 
500 515 620 700 405 485 545 500 

600 575 690 780 455 545 615 600 
700 630 i55 850 500 595 670 700 
750 655 785 885 515 620 700 750 
800 680 815 920 535 645 725 800 
900 730 870 980 580 700 790 900 

1000 780 935 1055 625 750 845 1000 
1250 890 1065 1200 710 855 965 1250 
1500 980 1 175 1 325 795 950 1070 1500 
1 750 1070 1280 1445 875 1050 1 185 1750 
2000 1 155 1385 1560 960 1 150 1295 2000 

l'otes: 
1 .  Section 310.15(8) shall be referenced for ampacity conection fdctors where the ambient temperdture is other than 30"C (86"F). 
2. Section 310. 1 7  shall be referenced for condition.� of lL�. 
*Section 240.4(0) shall be referenced for conductor overcurrent protection limitations, except a.� modified el�where in the C.nde. 
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ARTICLE 310 - COJ\'DUCfORS FOR GEJ\'ERAL \\-1RlNG 310.21 

Table 310.18 Ampacities of Insulated Conductors with Not More Than Three Current-Carrying Conductors in Raceway or Cable 

Temperature Rating of Conductor [See Table 310.4(1)1 

tso·c (302.F> 2oo·c (392.F) 2so•c (482.F) tso·c (3o2·F) 

Types FEP, FEPB, 
Type Z  PFA, SA Types PFAH, TFE Type Z 

NICKEL OR ALUMINUM OR 
NICKELCOATED COPPER-CLAD 

Size AWG or kcmil COPPER COPPER ALUMINUM Size AWG or kcmil 

14 31 36 39 - 14 
12 43 15 54 30 12 
10 55 60 73 11 10 
8 76 83 93 57 8 

6 96 110 117 75 6 
4 120 125 148 91 4 
3 143 152 166 109 3 
2 160 171 191 121 2 
1 186 197 215 115 1 

1/0 215 229 244 169 1/0 
2/0 251 260 273 198 2/0 
3/0 288 297 308 227 3/0 
1/0 332 316 361 260 4/0 

ll:otes: 
1 .  Section 310.15(8) shall be referenced for ampacity correction fdctors where the ambient temperdture is other than 40"C ( 104.F). 
2. Section 31 0.15(C) ( I )  shall be referenced for more than three currenH:arrying conductors. 
3. Section 310.18 shall be referenced for condition� of use. 

Table 310.19 Ampacities of Single-Insulated Conductors in Free Air 
Temperature Rating of Conductor [See Table 310.4(1)1 

1so·c (3o2·F) 2oo·c (392.F> 25o•c (482.F> 1so·c (3o2·F) 

Types FEP, 
Type Z  FEPB, PFA, SA Types PFAH, TFE Type Z 

ALUMINUM OR 
NICKEL, OR NICKEL- COPPER-CLAD 

Size AWG or kcmil COPPER COATED COPPER ALUMINUM Size AWG or kcmil 

14 16 54 59 - 11 
12 60 68 78 47 12 
10 80 90 107 63 10 
8 106 124 142 83 8 

6 155 165 205 112 6 
4 190 220 278 118 1 
3 214 252 327 170 3 
2 255 293 381 198 2 
1 293 344 440 228 I 

1/0 339 399 532 263 1/0 
2/0 390 467 591 305 2/0 
3/0 151 546 708 351 3/0 
4/0 529 629 830 411  4/0 

ll:otes: 
1 .  Section 310.15(8) shall be referenced for ampacity correction fdctors where the ambient temperdture is other than 40"C ( 104.F). 
2. Section 310.19 shall be referenced for condition� of use. 
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312.1 ARTICLE 312 - \..ABIJ'\ETS, CUTOUT BOXES, A.'ID METER SOCKET ENCLOSURES 

Table 310.20 Ampacities of Conductors on a Messenger 

Temperature Raling of Conductor [See Table 310.4(1)1 

1s•c (1&7·F) go•c (194.F) 1s•c (1&7·F) go•c (194.F) 

1Ypes MI, THHN, Types THHN, THHW, 
THHW, THW-2, RHH, XHHW, RHW-2, 

1Ypes RHW, THHW, THWN-2, RHH, RHW-2, Types RHW, THW, XHHW-2, THW-2, 
THW, THWN, XHHW, USE-2, XHHW, XHHW-2, THWN, THHW, THWN-2, XHWN-2, 

XHWN, ZW XHWN-2, ZW-2 XHHW, XHWN USE-2, ZW-2 

Size AWG or kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM Size AWG or kcmil 

8 5i 66 44 51 8 
6 76 89 59 69 6 
4 101 I Ii i8 91 4 
3 1 18 138 92 107 3 
2 135 158 106 123 2 
I 158 185 123 144 I 

1/0 183 214 143 167 1/0 
2/0 212 24i 165 193 2/0 
3/0 245 28i 192 224 3/0 
4/0 28i 335 224 262 4/0 

250 320 3i4 251 292 250 
300 359 419 282 328 300 
350 39i 464 312 364 350 
400 430 503 339 395 400 
500 496 580 392 458 500 

600 553 64i 440 514 600 
iOO 610 714 488 5i0 iOO 
i50 638 74i 512 598 i50 
800 660 7i3 532 622 800 
900 i04 826 5i2 669 900 

1000 i48 8i9 612 il6 1000 

ll:otes: 
I .  Section 310.15(8) shall be referenced for ampacity conection fdctors where the ambient temperdture is other than 40"C ( 104.F). 
2. Section 310.15(C) ( I )  shall be referenced for more than three cnrrenl-<anying conductors. 
3. Section 310.20 shall be referenced for condition.• of use. 

ARTICLE 312 
Cabinets, Cutout Boxes, and Meter Socket 

Enclosures 

Part I. General 

312.1 Scope. This article covers the installation and construc
tion specifications of cabinet•, cutout boxes, and meter socket 
enclosures. It docs not apply to cquipmclll operating at over 
1000 volt•, except ao; specifically referenced elsewhere in the 
\..ode. 

312.2 Damp or Wet Locations. In damp or wet locations, 
surfac�typc enclosures within the scope of this article shall be 
placed or equipped so ao; to prevent moisture or water from 
entering and accumulating within the cabinet or cutout box, 
and shall be mounted so there is at lca•t f>-mm (�-in.) airspace 
between the enclosure and the wall or other supporting 
surface. Enclosures installed in wet locations shall be weather
proof. For enclosures in wet locations, raceways or cables enter
ing above dtc level of uninsulatcd live part• shall usc fittings 
listed for wet locations. 

70-190 

Exception: Nonmetallic nu:losw"t's shall he permitted to he installed 
witlwut the ait"spau em a ronrrete, masonry, tile, m· similar !iUtfaa. 

Informational :'\ote: See 300.6 for protection against corTOsion. 

312.3 Position in Wall. In walls of concrete, tile, or other 
noncombustible material, cabinet• shall be installed so that the 
from edge of the cabinet is not set back of the finished surface 
more dtan f> mm (� in.). In walls constructed of wood or other 
combustible material, cabinet• shall be flush with the finished 
surface or project therefrom. 

312.4 Repairing Noncombustible Surfaces. 1'\oncombustiblc 
surfaces that arc broken or incomplete shall be repaired so 
there will be no gaps or open spaces greater than 3 mm (Y,; in.) 
at the edge of the cabinet or cutout box employing a flush-type 
cover. 

312.5 Cabinets, Cutout Boxes, and Meter Socket Enclosures. 
\..able a'i.�mblies and insulated conductors entering enclosures 
within the scope of this article shall be protected from abra•ion 
and shall comply with 312.5(A) through (C). 

(A) Openings to Be Closed. Openings through which conduc
tors enter shall be dosed in an approved manner. 

(B) Metal Cabinets, Cutout Boxes, and Meter Socket Enclo
sures. \\'here metal enclosures "ithin dtc scope of this article 
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ARTICLE 312 - \..ABIJ'\ETS, CUTOUT BOXES, A.'ID METER SOCKET ENCLOSURES 312.6 

Table 310.21 Ampacities of Bare or Covered Conductors in Free Air 

Copper Conductors 

Bare Covered 

AWG or AWG or 
kcmil Amperes kcmil Amperes 

8 98 8 103 
6 124 6 130 
4 155 4 163 
2 209 2 219 

1/0 282 l /0 29i 
2/0 329 2/0 344 
3/0 382 3/0 401 
4/0 444 4/0 466 
250 494 250 519 
300 556 300 584 
500 ii3 500 812 
750 1000 i50 1 050 

1000 1 193 1000 1253 

l'ote: Section 310.21 shall be referenced for conditions of U.'le. 

arc installed l\ith mcs.�cngcr-supportcd wiring, open wiring on 
insulators, or concealed knob-and-tube wiring, conductors shall 
enter through insulating bushings or, in dry locations, through 
flexible tubing extending from the last insulating support and 
finnly secured to dtc enclosure. 

(C) Cables. \\'here cable is used, each cable shall be secured 
to the cabinet, cutout box, or meter socket enclosure. 

Exception No. 1: Cabks with entin�ly nonmetaUic .fl�atlu shall be 
permitttd to entn· the top of a swfare-mounted rodn.m'-e through ont ur 
Jn011' 1wnflexibk rauwa_l'S not less than 450 mm ( 18 in.) and not 1/Wif! 
than 3.0 m (10ft) in lmgth, fnvvidP.d all of till! following conditiuns 
0:17! met: 

( 1) Each cabk is fastrotd within 3d0 mm ( 12 in.), mea.m11!d along 
tht sheath, of tht outer end of the mctwa_l'. 

(2) Till! ractwa_l' exttnds dil'l'cl/:y above the enclo.rutf! and dots not 
penetratt a structuml ctJiling. 

(3) A fitting is providtd un Pm:h end of till! mceway to Jllvtect the 
cable(s) from abrruion and till! fittings mnain acussible afttr 
instalmtion. 

( 4) Till! racewa_y is staled or Jllugged at tht outer rod ·1uing afJfnvved 
means so fl!i to fn7!vtnt acct.'i.f to the enclo.rutf! through tht mce
wa}·. 

( 5) Tlie cabk shtath is cuntinuouf through the racewa_l' mul txtmds 
into till! nu:losu11' b,·ond the fitting not k.'i.f than 6 mm (11. in. ). 

( 6) Till! 1ru:eway if fa.ftnlP.d at its outer end mul at other points in 
arconlance zuith the apt1Licabk artick. 

(7) »'he11' instalkd fl!i cmuluit or tubing, till! cabk Jill dots not I'Xcted 
tht amount that would be permitted for compkte cmuluit m· 
tubing systems by Table 1 of ClmJittr 9 of this Codt and all appli
rable 1wtts thtlf'to. Note 2 to tht tabkf in Chapter 9 dtw!i not 
aptJ�\' to thif cundition. 

Informational :'\ote: See Chapter 9, Table 1 ,  including l'ote 9, 
for allowable cable fill in circular rdceways. See 310. 15(C) ( I )  for 
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AAC Aluminum Conductors 

Bare Covered 

AWG or AWG or 
kcmil Amperes kcmil Amperes 

8 i6 8 80 
6 96 6 101 
4 121  4 12i 
2 1 63 2 Iii 

1/0 220 1/0 231 
2/0 255 2/0 268 
3/0 29i 3/0 312 
4/0 346 4/0 364 
266.8 403 266.8 423 
336.4 468 336.4 492 
39i.5 522 397.5 548 
477.0 588 477.0 617 
556.5 650 556.5 682 
636.0 709 636.0 i44 
795.0 819 i95.0 860 
954.0 920 

1033.5 968 1033.5 1017 
1272 1 103 1272 1201 
1590 1267 1590 1381 
2000 1454 2000 1527 

rfi)uired ampacity reductions for multiple cables installed in a 
common raceway. 

Exception No. 2: Single cunductors and multiconductor cables shall be 
permitttd to rotn· tlu:Losw"t's in arconlance zuith 392. 46(A) m· ( 8 ). 

312.6 DeOection of Conductors. Conductors at terminal� or 
conductors entering or lca\ing cabinet�, cutout boxes, and 
meter socket enclosures shall comply l\ith 312.6(A) through 
(C). 

Exception: Wilf'·bnuling space in roclo.fUif'S fm· 1/Wtm· contmlkrs with 
provisions for ont or two wires per tt17ninal slwll romp{\· with 
430.10(8). 

(A) Width of Wuing Gutters. Conductors shall not be deflec
ted within a cabinet or cutout box unless a gutter having a 
"idth in accordance with Table 312.6(A) is provided. Conduc
tors in parallel in accordance with 310.10(G) shall be judged 
on the basis of the number of conductors in parallel. 

(B) Wo-e-Bending Space at Terminals. Wire-bending space at 
each terminal shall be provided in accordance with 312.6(B) 
(1)  or (B) (2) . 

(I) Conductors Not Entering or Leaving Opposite Wall. Table 
312.6(A) shall apply where the conductor docs not enter or 
leave the enclosure through the wall opposite it� terminal. 

(2) Conductors Entering or Leaving Opposite Wall. Table 
312.6(8)(2) shall apply where the conductor docs enter or 
leave the enclosure through the wall opposite it� terminal. 

Exception No. 1: ll111!11! the diftance betwten till! wall mul its terminal 
i� in accmdanu with Table 312.6(A), a cmultu:tm· shall be permilltd to 
enttr or Leave an encloswf! through the wall oJJjlo.fite its terminal, provi
dtd the cunductor enters or kaves the enclo.�w., whe11! till! guttn"joins an 
adjacrot guun· that ha.w width tlwt conforms to Tabk 312.6(8)(2)/m· 
the cunducto1: 
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312.6 ARTICLE 312 - \..ABIJ'\ETS, CUTOUT BOXES, A.'ID METER SOCKET ENCLOSURES 

Table 312.6(A) Minimum Ware-Bending Space at Terminals and Minimum Width of Wiring Gutters 

W.re Size (AWG or kcmil) Wires per Terminal 

Compact Stranded 1 2 5 4 5 
AA.SOOO Alumioum 
Alloy Conductors 

All Other Conductors (see Note 2) DUD in. DUD in. DUD in. DUD in. DUD in. 
14-10 12--8 Not specified 
8--6 6-4 38.1 1!4 
4-3 2-1 50.8 2 

2 1/0 63.5 2!4 
1 2/0 76.2 3 

1/0-2/0 3/0-4/0 88.9 3!4 127 5 178 7 
3/0-4/0 250-300 102 4 152 6 203 8 

250 350 1 14 4!4 152 6 203 8 251 10 
300-350 100-500 127 5 203 8 254 10 305 12 
400-500 600-750 152 6 203 8 254 10 305 12 356 14 
600-700 800-1000 203 8 251 10 305 12 356 14 406 16 
750-900 203 8 305 12 356 14 406 16 457 18 

1000-1250 254 10 
1500-2000 305 12 

l'otes: 
l .  Bending space at terminals shall he measured in a straight line from the end ofthe lug or \\ire cOnnector (in the direction that the \\ire lea,·es the 
terminal) to the wall, hanier, or obstruction. 
2. Thi• column shall he permitted to he •�•ed to determine the minimum "ire-bending space for compact stranded aluminum conductors in sizes up 
to 1000 kcmil and manufactured a•ing AA-8000 series electrical grade aluminum alloy conductor material in accordance "ith 310.3(8). The 
minimum \\idth of the \\ire gutter space shall he determined using the all other condnc

.
tors \"dine in this table. 

Exception No. 2: A conductor not lawr than 350 kcmil slmU be 
pennilltd to enlel· m· kavt an enclosure containing on{}· a meter 
socktt(s) through tht wall opJwsitt its terminal, pmvided tht distance 
betwten tile terminal mul tile opposite waU is 1wt less than that sfH'-eifred 
in Table 31 2.6(A) mul tile tmninal is a lay-in type m· removab/J! lug 
with integml mounting tang, whtre tile terminal is eit/�e�· of tht follow
ing: 

(1) Dhectl'.d toward tht opening in tht enrlo.rutl! aiul within a 
4 5-deglu angle of dil'l'.ct{l' facing tile nu:losw-e waU 

(2) Ditectly facing tht nu:lo.ru1-e wall and offset. not greater than 
50 pm:ent of tht bending .�pact .�peciji""d ill Table 31 2.6(A) 

Informational :'\ote: OJJ.•el is the distance mea•ured along the 
enclosure wall from the axis of the centerline of the terminal to 
a line pa .. •ing through the center of the opening in the enclo
sure. 

(C) Conductors 4 AWG or Larger. Installation shall comply 
with 300.4(G). 

312.7 Space in Enclosures. \..abinct• and cutout boxes shall 
have approved space to accommodate all conductors installed 
in them "idtout crowding. 

312.8 Switch and Overcurrent Device Enclosures. The wiring 
space "idtin enclosures for switches and ovcrcurrcnt devices 
shall be permitted for other \\iring and equipment subject to 
limitations for specific equipment a• provided in 312.8(A) and 
(B). 

(A) Splices, Taps, and Feed-Through Conductors. The wiring 
space of enclosures for switches or ovcrcurrcnt devices shall be 
permitted for conductors feeding through, spliced, or tapping 
off to odtcr enclosures, switches, or ovcrcurrcnt devices where 
all of the follo"ing conditions arc met: 
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(1 ) 

(2) 

(3) 

(4) 

The total of all conductors installed at anv eros.• section of 
the "iring space docs not exceed 40 pcr�cnt of the cros.o;
scctional area of that space. 
The total area of all conductors, splices, and taps installed 
at any eros.• section of the \\iring space docs not exceed 
75 percent of the cross-sectional area of that space. 
The bending space for conductors 4 AWG and larger 
complies l\ith 314.28(A) (2). 
A warning label compl}ing l\ith 1 10.21 (B) is applied to 
the enclosure that identifies the closest disconnecting 
means for any feed-through conductors. 

(B) Power Monitoring or Energy Management EquipmenL 
The \\iring space of enclosures for Sl\itchcs or ovcrcurrcnt dc\-i
ccs shall be permitted to contain power monitoring or energy 
management equipment in accordance with 312.8(B) (1)  
through (B) (3). 

(I) Identification. Power monitoring or energy management 
equipment shall either be identified a• a field installablc acces
sory a• part of the listed equipment or be a listed kit C\'aluatcd 
for field installation in Sl\itch or ovcrcurrcnt dc\-icc enclosures. 

(2) Area. The total area of all conductors, splices, taps, and 
equipment at any eros.• section of the \\iring space shall not 
exceed 75 percent of dtc cross-sectional area of that space. 

(3) Conductors. Conductors used exclusively for control or 
instrumentation circuit• shall comply l\ith either 312.8(B) 
(3) (a) or (B) (3) (b). 

(a) Conductors shall comply "id1 724.49. 
(b) Conductors smaller than 18 AWG, but not smaller 

than 22 AWG for a single conductor and 26 AWG for a multi
conductor cable, shall be permitted to be used where the 
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ARTICLE 312 - \..ABIJ'\ETS, CUTOUT BOXES, A.'ID METER SOCKET ENCLOSURES 312.10 

Table 312.6(B)(2) Minimum Ware-Bending Space at Terminals 

Wires per Terminal 

Ware Size (AWG or kcmil) 1 2 s 4 or More 

Compact Stranded 
AA-8000 Aluminum 

All Other Alloy Conductors 
Conductors (See Note S.) mm m. mm m. mm m. mm m. 

14-10 12-8 :'\ot specified - - - - -
8 6 38.1 1 !1.,  - - - - -
6 4 50.8 2 - - - - -
4 2 76.2 3 - - - - -
3 I 76.2 3 - - - - -
2 1/0 88.9 3!1., - - - - -
I 2/0 1 14 4!1., - - - - -

1/0 3/0 140 5!1., 140 5!1., 178 7 - -
2/0 4/0 152 6 152 6 190 7!1., - -
3/0 250 165" 6!/.," 165" 6!/.," 203 8 - -
4/0 300 178" 7h 190" 7!1.,' 216" 8!/.," - -

250 350 216d 8!1.,<1 216d 8!/.,d 229h 9h 254 10 
300 400 254" J()'" 254d JO<I 279h l ib 305 12 
350 500 305" 12'" 305'" 12'" 330'" 1 3" 356 .. 14d 

400 600 330'' 13'" 330'" 13'" 356'" 14" 381'" .-. :> 
500 700-750 356" 14'" 356'" 14'" 381'" .-. :> 406'" 16" 
600 800-900 381" · -·· :> 406'" 16'" 4--·· :> I  I S<  483'" I!J< 
700 1000 406" 16'" 457'" 18'" 508'" 20" 559'" 22" 
750 - 432" 17'" 483'" 19'" 559'" 22" 610'" 24" 

800 - 457 18 508 20 559 22 610 24 
900 - 483 19 559 22 610 24 610 24 

1000 - 508 20 - - - -
1250 - 559 22 - - - -
1500 - 610 24 - - - -
1750 - 610 24 - - - -
2000 - 610 24 - - - -

l'otes: 
I .  Bending space at terminals shall he measured in a straight line from the end of the lug or \\ire connector in a direction perpendicular to dte 
enclosure wall. 
2. For remmahle and lay-in \\ire terminals intended for only one \\ire, bending space shall he permitted to he reduced by the follm•ing number of 
millimeters (inches): 
"12.7 mm (!/., in.) 
"25.4 mm (I in.) 
<38.1 mm (I !I., in.) 
<150.8 mm (2 in.) 
'76.2 mm (3 in.) 
3. Thi• column shall he permitted 10 determine dte required \\ire-bending space for compact stranded aluminum conductors in sizes up to 
1000 kcmil and manufdctured ming AA-8000 series electrical grade aluminum alloy conductor material in accordance \\ith 310.3(8). 

conductors and cable a'lscmblics meet all of the follm\ing 
conditions: 

(1) Arc enclosed \\ithin raceways or routed along one or 
more walls of the enclosure and secured at intervals that 
do not exceed 250 mm (10 in.) 

(2) Arc secured \\idtin 250 mm (10 in.) of terminations 
(3) Arc secured to prevent contact \\id1 current carl)ing 

components within the enclosure 
(4) Arc rated for the system voltage and not lcs.'l than 

600 volts 
(5) Have a minimum insulation temperature rating of 90"C 

312.9 Side or Back Waring Spaces or Gutters. \..abinct.'l and 
cutout boxes shall be prmidcd with back-wiring spaces, gutters, 
or wiring compartmcnt.'l a'l required by 312.101 (C) and (D). 
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312.10 Screws or Other Fasteners. Screws or other fa'ltcncrs 
installed in dtc field that enter \\iring spaces shall be a'l prmi
dcd by or specified by dtc manufacturer or shall comply with 
the follm\ing a'l applicable: 

(1)  Screws shall be machine type \\ith blunt cnd'l. 
(2) Odtcr fa'ltcncrs shall have blunt cnd'l. 
(3) Screws or other fa'ltcncrs shall extend into the enclosure 

no more than 6 mm (� in.) unless the end is protected 
\\ith an approved means. 

Exception to ( 3 ): Smws m· otherfa.�trotrs shaU be pennitttd to txlt'tul 
into the nu:lo.m11' not mm11 than 11 mm (�6 in.) if locall'.d within 
10 mm (� in.) of an roclosut"t' waU. 
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312.100 ARTICLE 314 - 0UTLET, DE\1CE, Pt:LL, A.'IDJUNCTION BOXES 

Part D. Construction Specifications 

312.100 Material. C..abinct"l, cutout boxes, and meter socket 
enclosures shall comply with 312.100(A) through (C). 

(A) Metal Cabinets and Cutout Boxes. Metal enclosures within 
the scope of this aniclc shall be protected both inside and 
out"lidc against corrosion. 

(B) Strength. The design and construction of enclosures 
"ithin the scope of this article shall be such as to secure ample 
strength and rigidity. If constructed of sheet steel, the metal 
thickncs."l shall not be lcs."l than 1.35 mm (0.053 in.) uncoated. 

(C) Nonmetallic Cabinets. 1'\onmctallic cabinet'! shall be 
listed, or they shall be submitted for approval prior to installa
tion. 

312.101 Spacing. The spacing l\ithin cabinet'! and cutout 
boxes shall comply with 312.101 (A) through (D). 

(A) General. Spacing within cabinet'! and cutout boxes shall 
prmidc approved spacing for the distribution of wires and 
cables placed in them and for a separation between metal part"l 
of dcliccs and apparatus moumcd within them in accordance 
"ith 312.101 (A) (1 ) ,  (A) (2), and (A) (3). 

(I) Base. Other than at point"l of support, there shall be an 
airspace of at least 1.59 mm (0.0625 in.) between the base of 
the device and the wall of any metal cabinet or cutout box in 
which the del icc is moumcd. 

(2) Doors. There shall be an airspace of at lca"lt 25.4 mm 
(1.00 in.) between any live metal pan, including live metal 
part"l of enclosed fuses, and the door. 

Exception: H11en� the dom· is lined with an aJJfrmved insulating mate
rial m· if of a thickness of metal not k:1s than 2.36 mm (0.093 in.) 
uncoated, the airspau shall not be less than 12. 7 mm (0.500 in.). 

(3) Live Parts. There shall be an airspace of at lca"lt 12.7 mm 
(0.500 in.) between the walls, back, gutter partition, if of metal, 
or door of any cabinet or cutout box and the ncarcit exposed 
currcnt-canying part of devices mounted within the cabinet 
where the voltage docs not exceed 250. This 5pacing shall be 
incrca"lcd to at lca"lt 25.4 mm (1.00 in.) for voltages of 251 to 
1000, nominal. 

Exception: H1ie11� the cmulitions in 312.10J(A)(2), Exception, are mel, 
the ahspace for twminal voltages from 25� to 600 shall be permitted to 
be 1wt less titan 12. 7 111m ( 0. 500 i11. ). 

(B) Switch Clearance. C..abinct"l and cutout boxes shall be 
deep enough to allow the closing of dtc doors when 30-amperc 
branch-circuit panelboard switches arc in any position, when 
combination cutout Sl\itchcs arc in any position, or when other 
single-throw s"itches arc opened a"l far a"l their construction 
pcrmit"l. 

(C) Wuing Space. Cabinets and cutout boxes that contain 
devices or apparatus connected within the cabinet or box to 
more than eight conductors, including dtose of branch circuit"l, 
meter loops, feeder circuit"l, power circuit"l, and similar circuit"l, 
but not including the supply circuit or a continuation dtcrcof, 
shall have back-"iring spaces or one or more side-wiring spaces, 
side gutters, or wiring compartmcnt"l. 

(D) Wuing Space - Enclosure. Side-wiring spaces, side 
gutters, or sidc-l\iring compartmcnt"l of cabinet'! and cutout 
boxes shall be made tight enclosures by means of covers, barri-
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crs, or partitions extending from the ba"lcs of the devices 
contained in the cabinet, to the door, frame, or sides of the 
cabinet. 

Exception: Sidt'-whing sJmces, .fide gullet-s, and sidt'-whing comJJmt
menls of rabint'ls shall not be 11'-f[Uirt'.d to be made tight nu:lo.fU11'S wltm! 
those side spaces contain on{}" cond·1u:tm-s tlmt enter the cabinet di11'Ctly 
ofljlosite to the devices whm they ll!mtinate. 

Partially enclosed back-wiring spaces shall be provided with 
covers to complete the enclosure. Wiring spaces that arc 
required by 312.101 (C) and arc exposed when doors arc open 
shall be prmidcd with covers to complete the enclosure. \\'here 
space is prmidcd for feed-through conductors and for splices 
a"l required in 312.8, additional barriers shall not be required. 

312.102 Doors or Covers. C..abinct"l, cutout boxes, and meter 
socket enclosures shall be equipped "ith doors or covers. 

ARTICLE 314 
Outlet, Device, Pull, and Junction Boxes; 
Conduit Bodies; Fittings; and Handhole 

Enclosures 

Part I. General 

314.1 Scope. This article covers the installation and usc of all 
boxes and conduit bodies used a"l oudct, del-icc, junction, or 
pull boxes, depending on their usc, and handholc enclosures. 
C..ast metal, sheet metal, nonmetallic, and other boxes such a"l 
FS, FD, and larger boxes arc not cla'i."lificd a"l conduit bodies. 
This article also includes installation requirements for fittings 
used to join raceways and to connect raceways and cables to 
boxes and conduit bodies. 

314.2 Round Boxes. Round boxes shall not be used where 
conduit"l or connectors requiring the usc of locknut"l or bush
ings arc to be connected to the side of the box. 

314.3 Nonmetallic Boxes. :"'onmctallic boxes shall be permit
ted only with open \\iring on insulators, concealed knob-and
tube "iring, cabled \\iring mcdtod"l "ith entirely nonmetallic 
sheaths, flexible cords, and nonmetallic raceways. 

Exception No. 1: Whe11' intenml bfmding means an! provided between 
all rot1ies, nonmetallic boxes shall be Jmmitted to be used with metal 
mcnvays m· metal-mmored cables. 

Exception No. 2: Whe11' integml bo1uling meam with a pmvision fm· 
attaching an equipment bonding jumper imide the box are provided 
between all tln"t'adP.d ent1ies in nonmetallic boxes liftl'.d fm· the purJmse, 
nmunetallic boxes shall be Jmmitll'.d to be used with tnelal mcnvays m· 
metal-mmml!d cabks. 

314.4 Metal Boxes. :Metal boxes shall be grounded and 
bonded in accordance "ith Part"l I, IV, V, \1, \11, and X of Arti
cle 250 a"l applicable, except a"l permitted in 250.112(1) . 
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ARTICLE 314 - OUTLET, DE\1CE, Pt:LL, A. 'ID JUNCTION BOXES 314.16 

314.5 Screws or Other Fasteners. Screws or other fa'itcncrs 
installed in the field that cmcr \\iring spaces shall be a'i prmi
dcd by or specified by the manufacturer or shall comply with 
the following a'i applicable: 

(1) Screws shall be machine type "id1 blum end'>. 
(2) Odtcr fa'itcncrs shall have blunt end'>. 
(3) Screws attaching a cover shall extend no more than 

10 mm (Y,; in.). 
(4) Screws or odtcr fa'itcncrs, other than in (3), penetrating a 

cover shall extend no more than 8 mm (Y.ti in.). 
(5) Screws or odtcr fa'itcncrs penetrating a wall of a box 

exceeding 1650 cm3 (100 in.3) shall extend no more than 
6 mm (� in.), or more than 1 1  mm (Y.ti in.) if located 
"ithin 10 mm (Y,. in.) of an adjaccm box wall. 

(6) Screws or other fa'itcncrs penetrating the wall of a box 
not exceeding 1650 em� (100 in.3) and not covered in 
314.23(B) (1) shall be made flush with dtc box imcrior. 

(7) Screws or other fa'itcncrs penetrating the wall of a 
conduit body shall be made flush l\ith the conduit body 
imcrior. 

Exception to ( 3) thnmgh ( 6 ): A snrw shall be permitttd to be longe1· if 
tht end of tht snrw is Jnvtl'cttd with an aptmrotd means. 

Part D. Installation 

314.15 Damp or Wet Locations. In damp or wet locations, 
boxes, conduit bodies, oudct box hood'i, and fittings shall be 
placed or equipped so a'i to prcvcm moisture from cmcring or 
accumulating within the box, conduit body, or fitting. Boxes, 
conduit bodies, oudct box hoods, and fittings installed in wet 
locations shall be listed for usc in wet locations. Approved 
drainage openings not smaller than 3 mm (Y,. in.) and not 
larger than 6 mm (� in.) in diameter shall be permitted to. be 
installed in the field in boxes or conduit bodies listed for usc in 
clamp or wet locations. For installation of listed drain fittings, 
larger openings arc permitted to be installed in the field in 
accordance "id1 manufacturer's instructions. 

lnfonnational :'\ote l'o. 1: See 314.27(8) for boxes in Hoors. 

lnfonnational l'ote :'\o. 2: See 300.6 for . protection against 
corrosion. 

314.16 Number of Conductors in Outlet, Device, and Junction 
Boxes, and Conduit Bodies. Boxes and conduit bodies shall be 
of an approved size to provide free space for all enclosed 
conductors. In no ca'iC shall the volume of the box, a'i calcula
ted in 314.16(A) , be less than the fill calculation a'i calculated 
in 314.16(B). The minimum volume for conduit bodies shall 
be a'i calculated in 314.16(C). 

This section shall not apply to terminal housings supplied 
with motors or generators. 

lnfonnational :'\ote: See 430.12 for volume requirement• of 
motor or generdtor tenninal hou.•ings. 

Boxes and conduit bodies enclosing conductors 4 AWG or 
larger shall also comply "ith 314.28. Oudct and device boxes 
shall also comply "id1 314.24. 

(A) Box Volume Calculations. The volume of a "iring enclo
sure (box) shall be the total volume of the a'l.'iCmblcd sections 
and, where tt'iCd, the space prmidcd by pla'itcr rings, domed 
covers, extension rings, and so forth, that arc marked with dtcir 
volume or arc made from boxes the dimensions of which arc 
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listed in Table 314.16(A) . \\'bcrc a box is prmiclcd l\ith one or 
more securely installed barriers, the volume shall be appor
tioned to each of the resulting spaces. Each barrier, if not 
marked l\ith its volume, shall be considcrccl to take up 8.2 cm3 

(� in.3) if metal, and 16.4 cm3 (1.0 in.3) if nonmetallic. 

(1) Standard Boxes. The volumes of standard boxes dtat arc 
not marked "ith their volume shall be a'i given in Table 
314.16(A). 

(2) Other Boxes. Boxes 1650 cm3 (100 in.�) or less, other than 
those described in Table 314.16(A), and nonmetallic boxes 
shall be durably and legibly marked by dtc manufacturer with 
their volumc(s). Boxes described in Table 314.16(A) that have 
a volume larger than is designated in the table shall be permit
ted to have their volume marked a'i required by this section. 

(B) Box Fill Calculations. The volumes in 314.16(B) (1) 
through (B) (6), a'i applicable, shall be acldccl together. No 
allowance shall be required for. small fittings such a'i locknuts 
and bushings. Each space ·within a box installed with a barrier 
shall be calculated separitt�ly. 

(1) Conductor Fill. Each conductor that originates outside the 
box and tcnninates or is spliced l\ithin dtc box shall be coun
ted once, and �ch conductor dtat pa'l.'ics through the box 
without splice or termination shall be coumcd once. Each loop 
or coil of unbroken conductor not lcs.'i than ll\icc the mini
mum length required for free conductors in 300.14 shall be 
counted ll\icc. The conductor fill shall be calculated using 
Table 314.16(B) (1) .  A conductor, no part of which leaves the 
box, shall not be coumccl. 

Exception: An I'.Jf1tiJ1711tnt gmunding condtu:t01· 01· conductors or not 
overfourjixture wit'I'S smaller than 14 A WG, 01· both, shall be Jlermitted 
to be omittl'.d jivm the ralculations where the)' enter a box ftvm a domed 
luminahe or simihlr canoJry and tm11inatt within that box. 

(2) Clamp Fill. Where one or more imcrnal cable clamps, 
whether factory or field supplied, arc prescm in the box, a 
single volume allowance in accordance with Table 314.16(B) 
(1) shall be made ba'icd on dtc largest conductor prescm in 
the box. 1'\o allowance shall be required for a cable connector 
with its clamping mechanism outside the box. 

(3) Support Fittings Fill. \\'bcrc one or more Juminairc stucl'i 
or hickcys arc prcsem in the box, a single volume allowance in 
accordance l\ith Table 314.16(B) (1) shall be made for each 
type of fitting ba'iCd on the largest conductor present in the 
box. 

(4) Device or Equipment Fill. For each yoke or strap contain
ing one or more devices or cquipmclll, a double volume allow
ance in accorclancc wid1 Table 314.16(B) (1)  shall be made for 
each yoke or strap ba'icd on the largest conductor connected to 
a dcvicc(s) or cquipmclll supported by that yoke or strap. A 
device or utilization cquipmcm wider than a single 50 mm 
(2 in.) device box a'i described in Table 314.16(A) shall have 
double volume allowances prmidcd for each gang required for 
mounting. 

(5) Equipment Grounding Conductor Fill. \\'bcrc up to four 
cquipmcm grounding conductors cmcr a box, a single volume 
allowance in accorclancc with Table 314.16(B) (1) shall be 
made ba'icd on the largest cquipmcm grounding conductor 
cmcring the box. A � volume allowance shall be made for each 
additional cquipmcm grounding conductor that cmcrs the 
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Table 314.16(A) Metal Boxes 

Minimum Maximum Number of Conductors* 
Box Trade Size Volume (arranged by AWG size) 

nun in. an' 

100 X 32 (4 X I Y..) round/ octagonal 205 
100 X 38 (4 X I Y,) round/ octagonal 254 
100 X 54 (4 X 2Y,.) round/ octagonal 353 

100 X 32 (4x I !;.) square 295 
100 X 38 (4 X I Y,) square 344 
100 X 54 (4 X 2Y,.) square 497 

120 X 32 (41Y,o; x I V.) square 4I8 
120 X 38 (41Y,o; x I Y,) square 484 
120 X 54 (41Y,o; x 2Y,.) square 689 

75 X 50 X 38 (3 X 2 X I Y,) device I23 
75 X 50 X 50 (3 X 2 X 2) device I64 
75x 50 x 57 (3x 2 x 2!1.) device I72 
75 X 50 X 65 (3 X 2 X 2Y,) device 205 
75 X 50 X 70 (3 X 2 X 2-'Y.,) device 230 
75 X 50 X 90 (3 X 2 X 3Y,) device 295 

I00 X 54 X 38 (4 X 2Y,. X I Y,) device I69 
I00 X 54 X 48 (4 X 2Y,. X IV,.) device 2I3 
I00 X 54 X 54 (4 X 2Y,. X 2Y,.) device 238 

95 x 50 x 65 (3'� X 2 X 2Y,) ma.�onry box/g.mg 230 
95 x 50 x 90 (3'� X 2 X 3Y,) ma.�onry box/g.mg 344 

min. 44.5 depth FS - single cover/g.mg ( I'Y.,) 22I 
min. 60.3 depth FD - single cover I g.mg (2'}(.) 295 

min. 44.5 depth FS - multiple cover I gdng ( I  'Y.,) 295 
min. 60.3 depth m - multiple cover I gdng (2¥,.) 395 

*Where no \'olume allowances are reqmred by 314.16(8) (2) dtmugh (B) (6). 

box, ba-;cd on dtc largest equipment grounding conductor 
entering the box. 

(6) Terminal Block Fill. \\'here a terminal block i-; present in a 
box, a single volume allowance in accordance "id1 Table 
314.16(8) (1) shall be made for each terminal block ao;.o;cmblv 
ba-;cd on dtc largest conductor(s) terminal� tothc ao;.o;cmbly. 

' 

(C) Conduit Bodies. 

(I) General. \..onduit bodies cndming 6 AWG conductors or 
smaller, other dtan short-radiu!l conduit bodies a-; described in 
314.16(C) (3), shall have a cros.�-scctional area not lcs.o; than 
twice me cros.o;-scctional area of the largest conduit or tubing to 
which thcv can be attached. The maximum number of conduc
tors per�ittcd shall be the maximum number permitted by 
Table 1 of Chapter 9 for dtc conduit or tubing to which it is 
attached. 

(2) With Splices, Taps, or Devices. Only mose conduit bodies 
that arc durably and legibly marked by dtc manufacturer wim 
their volume shall be permitted to contain splices, taps, or dc\-i
ccs. The maximum number of conductors shall be calculated 
in accordance wim 314.16(8). Conduit bodies shall be suppor
ted in a rigid and secure manner. 

(3) Short Radius Conduit Bodies. \..onduit bodies such ao; 
capped elbows and service-entrance elbows mat enclose 
conductors 6 AWG or smaller, and arc onlv intended to enable 
the installation of the raceway and the c�ntaincd conductors, 
shall not contain splices, taps, or devices and shall be of an 
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in.' 18 16 14 12 10 8 

I2.5 8 7 6 5 5 4 
I5.5 IO 8 7 6 6 5 
21.5 I4 I2 IO 9 8 7 

I8.0 I2 IO 9 8 7 6 
21.0 I4 I2 IO 9 8 7 
30.3 20 I7 I5 I3 I2 IO 

25.5 I7 I4 I2 I I  I O  8 

29.5 HI I6 I4 I3 I I  9 
42.0 28 24 2I I8 I6 14  

7.5 5 4 3 3 3 2 
10.0 6 5 5 4 4 3 
I0.5 7 6 5 4 4 3 
I2.5 8 7 6 5 5 4 
I4.0 9 8 7 6 5 4 
I8.0 I2 IO 9 8 7 6 

I0.3 6 5 5 4 4 3 
I3.0 8 7 6 5 5 4 

I4.5 9 8 7 6 5 4 

I4.0 9 8 7 6 5 4 
21.0 I4 I2 IO 9 8 7 

I3.5 9 7 6 6 5 4 
I8.0 I2 IO 9 8 7 6 

I8.0 I2 IO 9 8 7 6 
24.0 I6 I3 I2 10 9 8 

Table 314.16(B)( I) Volume Allowance Required per 
Conductor 

Size of Conductor 
(AWG) 

I8 
I6 

14 
I2 
IO 

8 
6 

Free Space Within Box for Each 
Conductor 

24.6 

28.7 
32.8 
36.9 
41.0 
49.2 
81.9 

• 3 m. 

1 .50 

1 .75 
2.00 

2.25 
2.50 
3.00 
5.00 

6 

2 
3 
4 

3 
4 
6 

5 
5 
8 

I 
2 
2 
2 
2 
3 

2 
2 
2 

2 
4 

2 
3 

3 
4 

approved size to provide free space for all conductors enclosed 
in me conduit body. 

314.17 Conductors and Cables Entering Boxes, Conduit 
Bodies, or Fittings. Conductors entering boxes, conduit 
bodies, or fittings shall be protected from abra-;ion. Conductors 
and cables shall comply "im 314.17(A) duough (C). 

(A) Openings to Be Closed. Openings through which conduc
tors enter shall be dosed in an approved manner. 

(B) Boxes and Conduit Bodies. The installation of me 
conductors and cables in boxes and conduit bodies shall 
complp\ith 314.17(8) (1)  through (8)(4). 
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(I) Conductors Entering Through Individual Holes or 
Through Flexible Thbing. For mcs.o;cngcr-supportcd \\iring, 
open \\iring on insulators, or concealed knob-and-tube \\iring, 
the conductors shall cmcr the box through indhidual holes. In 
installations where metal boxes or conduit bodies arc used with 
conductors unprotected by flexible tubing, the individual 
openings shall be provided with insulating bushings. \\'bcrc 
flexible tubing is used to enclose the conductors, the tubing 
shall extend from the last insulating support to not less than 
6 mm (� in.) inside dtc box or conduit body and 6 mm (� in.) 
beyond the end of any cable damp. The \\iring method shall 
be secured to dtc box or conduit body. 

(2) Cables Entering Through Cable Clamps. \\'here cable 
a'iscmblics "id1 nonmetallic sheaths arc used, dtc shcad1 shall 
extend not lcs.'i than 6 mm (� in.) inside the box and 6 mm (� 
in.) beyond the end of any cable damp. Except a'i covered in 
300.15(C), the \\iring method shall be secured to the box or 
conduit body. 

Exception: H1vre 1wnmetaUic-sheathed rable i.� U.'it'd with .�ingle gung 
mmmetallic boxes 1wt lmgf!T than a 1wminal .�ize 57 mm x 100 mm 
(21f. in. x 4 in.) mounted in waU.� or ceilings, mul wlvre the cable i.� 

Jastrol'.d zuithin 200 111m ( 8 in.) of the box 7/ll'.asuTI'.d along the sheath 
and wlum� the sheath extends th1vugh a cable knockout not less than 
6 mm fl. in.), secwing the cable to the box shall not be required. Multi
ple rable entries shall be Jmmitted in a .�ingle cable knockcmt opening. 

(3) Conductors and Cables Entering Through Raceways. 
\\'bcrc the raceway is complete between boxes, conduit bodies, 
or both and encloses individual conductors or nonmetallic 
cable a'iscmblics or bod1, the conductors or cable a'l.o;cmblies 
shall not be required to be additionally secured. Where race
ways enclose cable a'iscmblics a'i covered in 300.15(C), the 
cable a'iscmbly shall not be required to be additionally secured 
within the box or conduit body. 

(4) Temperature Limitation. 1'\onmctallic boxes and conduit 
bodies shall be suitable for the lowest temperature-rated 
conductor entering dtc box or conduit body. 

(C) Conductors 4 AWG or Larger. Installation shall comply 
with 300.4(G). 

lnfonnational :'\ote: See 1 10.12(A) for retjuiremenL• on closing 
untL�d cable and rdceway knockout opt:nings. 

314.19 Boxes Enclosing Flush Devices or Flush Equipment. 
Boxes used to enclose flush devices or flush cquipmcm shall be 
of such design that the devices or cquipmclll will be completely 
enclosed on the back and sides, and substantial support for the 
devices or equipment \\ill be prO\idcd. Screws for supporting 
the box shall not also be tL'icd to attach a device or equipment. 

314.20 Flush-Mounted Installations. Installations l\ithin or 
behind a surface of concrete, tile, g}psum, pla'itcr, or other 
noncombustible material, including boxes cmplo}ing a fltt'ih
typc cover or faceplate, shall be made so that dtc front edge of 
the box, pla'itcr ring, extension ring, or listed extender \\ill not 
be set back of the finished surface more than 6 mm (� in.). 

Installations within a surface of wood or other combtt'itiblc 
surface material, boxes, pla'itcr rings, extension rings, or listed 
extenders shall extend to dtc finished surface or project there
from. 

314.21 Repairing Noncombustible Surfaces. 1'\oncombtt'itiblc 
surfaces that arc broken or incomplete around boxes employ
ing a flush-type cover or faceplate shall be repaired so there 
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will be no gaps or open spaces greater than 3 mm (Y,. in.) at the 
edge of the box. 

314.22 Surface Extensions. Surface extensions shall be made 
by mounting and mechanically securing an extension ring over 
the box. Equipmcm grounding shall be in accordance with 
Part \1 of Article 250. 

Exception: A swface extension shall be pemuttl'.d to be made from the 
rover of a box where the cover is designed so it is unlike{}· to fall off or be 
removed if its SI'CWing means becomes loose. The zui1ing metlwd shall be 
flexible JoT an afr!llvved length that pe1mils 11'moval of the rover and 
provides arw;s to the box interior and shall be annngp.d so that any 
g1Vutuling continuit_v is independent of the ccmnection between tlv box 
and covn: 

314.23 Supports. Enclosures l\ithin the scope of this article 
shall be supported in accordance with 314.23(A) duough (H) 
a'i applicable. 

(A) Surface Mounting. An enclosure mounted on a building 
or other surface shall be rigidly and securely fa'itcncd in place. 
If the surface docs nqt provide rigid and secure support, addi
tional support in accordance with thi'i section shall be prmi
dcd. 

(B) Structural Mounting. An enclosure supported from a 
structural . member or from grade shall be rigidly supported 
cimcr direcdy or by using a metal, pol)'mcric, or wood brace. 

(I) ·.Nails and Screws. Nails and screws, where used a'i a fa'itcn
ing means, shall secure boxes by tt'iing brackct'i on the out'iidc 
of the enclosure, or by using mounting holes in the back or in 
one or more sides of the enclosure, or they shall pa'is through 
the interior "ithin 6 mm (� in.) of the back or ends of the 
enclosure. Screws shall not be permitted to pa'i.'i through the 
box unlcs.'i exposed thrcad'i in the box arc protected using 
approved means to avoid abra'iion of conductor insulation. 
Mounting holes made in the field shall be approved. 

(2) Braces. Metal braces shall be protected against corrosion 
and formed from metal that is not lcs.'i than 0.51 mm 
(0.020 in.) thick uncoated. Wood braces shall have a cros.'i 
section not lcs.'i than nominal 25 mm x 50 mm (1 in. x 2 in.). 
Wood braces in wet locations shall be treated for the concli
tions. Polpncric braces shall be identified a'i being suitable for 
the usc. 

(C) Mounting in Fmished Surfaces. An enclosure mounted in 
a finished surface shall be rigidly secured thereto by damps, 
anchors, or fittings identified for the application. 

(D) Suspended Ceilings. An enclosure mounted to structural 
or supporting elcmcnt'i of a suspended ceiling shall be not 
more than 1650 cm3 (100 in.3) in size and shall be securely 
fa'itcncd in place in accordance "ith either 314.23(0) (1)  or 
(D) (2) . 

(I) Framing Members. An enclosure shall be fa'itcncd to the 
framing members by mechanical means such a'i bolts, screws, 
or rivct'i, or by the usc of dips or other securing means identi
fied for tL'iC with the type of ceiling framing mcmber(s) and 
cndosurc(s) employed. The framing members shall be suppor
ted in an approved manner and securely fa'itcncd to each other 
and to the building structure. 

(2) Support Wires. The installation shall comply with 
300.1 1  ( 8). The enclosure shall be secured, tt'iing identified 
mcthocl'i, to ceiling support wirc(s), including any additional 
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support wirc(s) installed for ceiling support. Support wirc(s) 
used for enclosure support shall be fastened at each end so as 
to be taut within the ceiling cavity. 

(E) Raceway-Supported Enclosure, Without Devices, Lumin
aires, or Lampholders. An enclosure that docs not contain a 
dcvicc(s), other than splicing devices, or supports a lumin
airc(s), a lampholdcr, or other equipment and is supported by 
entering raceways shall not exceed 1650 cm3 ( 100 in.3) in size. 
It shall have threaded entries or identified hubs. It shall be 
supported by two or more conduit"l threaded wrcnchtight into 
the enclosure or hubs. Each conduit shall be secured "ithin 
900 mm (3 ft) of dtc enclosure, or within 450 mm (18 in.) of 
the enclosure if all conduit entries arc on dtc same side. 

Exception: The following wiring methods slmU be pennilltd to supt101·t a 
conduit bodJ• of any .�iu, including a conduit body constructed with 
cmly one conduit f'nt!)� Jmroidtd that tilt tmdt siu of tht conduit body 
is not latgf!l" than tilt largtsl tmde .w.t of tht conduit m· tubing: 

( 1) lntmnediate metal conduit, TMC 
(2) Rigid metal conduit, RMC 
( 3) Rigid polyvinJ•l cltlm·idt ccmduil, PVC 
( 4) Reinforced thennosetting !1'sin conduit, RTRC 
( 5) Elect1ical metaUic tubing, EMT 

(F) Raceway-Supported Enclosures, with Devices, Luminaires, 
or Lampholders. An enclosure that contains a dc"l"icc(s), other 
than splicing devices, or support"l a luminairc(s), a lampholdcr, 
or other equipment and is supported by entering raceways shall 
not exceed 1650 em� (100 in.�) in size. It shall have ducadcd 
entries or identified hubs. It shall be supported by two or more 
conduit"l threaded "Tcnchtight into the enclosure or hubs. 
Each conduit shall be secured "ithin 450 mm (18 in.) of the 
enclosure. 

Exception No. 1: Rigid metal or intmnediate metal conduit shaU btt 
pennilltd to .mpport a conduit body of any .w.t, including a conduit 
body constructed with on�)' one conduit mt!)� Jmroidtd tilt tmde .�iu of 
lht conduit bodJ• is not larger tlmn tht latgf!Sl tmdt .�iu of the amduil. 

Exception No. 2: An unbroken length(s) of 1igid or intertnediatt metal 
conduit shall be pennitll'.d to .rupt101·t a box used for luminail1' or lamp
holdn· SUJJjJm·t, m· to .mJJjJm·t a Wiling enCW!iW"I! that i� an integral pm·t 
of a luminai1-e and usl'.d in lieu of a box in · accordance with 
300.15( B), whe11' all of the following conditimu m1' met: 

( 1) The conduit is secu11'�l' faslml'.d at a point so that the length of 
conduit be:)'ond the last /JOint of conduit .rupt101t does not exreed 
900 1mn (3ft). 

(2) The unbroken conduit length bl'fm-e tilt la.�t point of conduit 
.�uptJo1t is 300 mm (I 2 in.) m· grp.ater, and that portion of tilt 
conduit i� Sl'cure�}· fastened at some /JOint not less than 300 mm 
( 12 in. ) ftmn its la.�t point of .mJJjJorl. 

( 3) Whe11' arctssible to U1Uf1Ullijied persons, tilt lmninai1-e or lamp
holdn; measm1'd to its lowe.� I point, is at least 2. 5 111 (8ft) above 
grade m· standing aTI'.a and at lea.�l 900 1mn (3 ft) Jnea.mred 
hm·iwntally to tilt 2.5 m (8ft) tlevation ftvm windmvs, doors, 
po1r:lres, ji1-e escaJJts, m· similar locations. 

( 4) A luminai1-e supt101·ttd by a single conduit does not exceed 
300 mm (12 in.) in any di11'clion ftvm the point of conduit 
entry. 

( 5) The weight suptJmttd bJ• any single conduit does not txceed 9 kg 
(20 /b). 

( 6) At tilt luminai1-e m· lamJJholdel· end, the conduil(s) is thl"eadtd 
Wl"f'ltchtight into tilt box, conduit bodJ•, integml wiring enrlo.m1-e, 
m· identijitd hubs. Wlm-e a box or conduit bodJ• is used fm· 
. mpport, tilt luminai1-e shall be secm1'd dim:l�l· to the box m· 
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conduit bod_l� m· thmugh a threadtd conduit nipple not over 
75 mm (3 in.) long. 

(G) Enclosures in Concrete or Masonry. An enclosure suppor
ted by embedment shall be identified as suitably protected 
from corrosion and securely embedded in concrete or 
ma"lonry. 

(H) Pendant Boxes. An enclosure supported by a pendant 
shall comply wid1 314.23(H) (1)  or (H) (2). 

(I) Flexible Cord. A box shall be supported from a multicon
ductor cord or cable in an approved manner that protccl"l the 
conductors against strain. A connection to a box equipped with 
a hub shall be made "ith a listed cord grip attachment fitting 
marked for usc "ith a threaded hub. 

(2) Conduit. A box supporting lampholdcrs or luminaires, or 
"iring enclosures within luminaires used in lieu of boxes in 
accordance wid1 300.15(B), shall be supported by rigid or inter
mediate metal conduit stcm"l. For stems longer than 450 mm 
(18 in.), the stems shall be connected to the wiring system with 
listed s"ivcl hangers suital}le for the location. At the luminairc 
end, the conduit(s) shall be threaded "Tcnchtight into the box, 
wiring enclosure, or identified hubs. 

\\'here supported by only a single conduit, the ducadcd 
joint"l shall be prt"Vcntcd from loosening by the usc of set
screws or other effective means, or the luminairc, at any point, 
shall be at lca<�t 2.5 m (8 ft) above grade or standing area and at 
lca"lt 900 m•n (3 ft) mcao;urcd horizontally to the 2.5 m (8 ft) 
clc\--ation from windows, doors, porches, fire escapes, or similar 
locations. A luminairc supported by a single conduit shall not 
exceed 300 mm (12 in.) in anv horizontal direction from the 
point of conduit entry. 

· 

314.24 Dimensions of Boxes. Oudct and device boxes shall 
have approved dimensions to allow equipment installed "ithin 
them to be mounted properly and widtout likelihood of 
damage to conductors "ithin the box. 

(A) Depth of Oudet Boxes Without Enclosed Devices or 
Utilization Equipment. Outlet boxes that do not enclose dc,i
ccs or utilization equipment shall have a minimum internal 
dcpd1 of 12.7 mm (� in.). 

(B) Depth of Oudet and Device Boxes with Enclosed Devices 
or Utilization Equipment. Oudct and dc\icc boxes that enclose 
dc\iccs or utilization equipment shall have a minimum internal 
dcpd1 that accommodates the rearward projection of the 
equipment and the size of dtc conductors that supply the 
equipment. The internal depth shall include, where used, that 
of any extension boxes, plao;tcr rings, or raised covers. The 
internal depth shall comply with 314.24(B) (1)  through (B) (5) 
a"l applicable. 

(I) Large Equipment. Boxes dtat enclose dc\iccs or utilization 
equipment that project-; more than 48 mm (1'¥,; in.) ream-ard 
from the mounting plane of the box shall have a depth that is 
not less than the depth of the equipment plus 6 mm (� in.). 

(2) Conductors Larger Than 4 AWG. Boxes that enclose dc,i
ccs or utilization equipment supplied by conductors larger 
than 4 AWG shall be identified for their specific function. 

Exception: Devices or utilization tquijnnenl .mpplitd bJ• condttclmx 
latgf!r than 4 A WG shall be pemtilltd to be mounttd on m· in junction 
and puU boxes larger than 1650 cm1 ( 100 in. 1) if the sJJacing at tilt 
terminal� metls tht J"equimnenls of 312. 6 . 
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(3) Conductors 8, 6, or 4 AWG. Boxes that enclose dc\-iccs or 
utilization equipment supplied by 8, 6, or 4 AWG conductors 
shall have an internal dcpdt mat is not less dtan 52.4 mm 
(2\tl., in.). 

(4) Conductors 12 or 10 AWG. Boxes mat enclose dc,iccs or 
utilization equipment supplied by 12 or 10 AWG conductors 
shall have an internal dcpdt mat is not less dtan 30.2 mm 
(1¥.., in.). \\'here the equipment projcct'i rearward from me 
mounting plane of the box by more than 25 mm ( 1  in.), me 
box shall have a dcpm not lcs.'i dtan dtal of dtc equipment plus 
6 mm (\.!, in.). \\'here "iring enters me center portion of me 
rear of a box opposite to me equipment, dtc minimum clear
ance shall be increased to 13 mm (� in.) 

(5) Conductors 14 AWG and Smaller. Boxes mat enclose dc,i
ccs or utilization cquipmcm supplied by 14 AWG or smaller 
conductors shall have a dcpm that is not less man 23.8 mm 
(1%, in.). 

Exception: Under any of the conditions sJwcified in 314.24(8)( 1) 
th1vugh (B)( 5 ), droices m· utilization I'-Jf1tiJ1711rot that is listl'.d to be 
instalkd with sfH'-eified boxts shall be Jmmitted. 

(C) Clearances for Side-Waring Entrances. \\"bcrc dc\iccs or 
cquipmcm arc mounted in boxes haling sidc-l\iring entries, 
the conductors cmcring from dtc side shall be protected a'i 
covered in (1)  or (2), a'i follows. The term side applies to any 
wall of a box other man the one opposite to me opening. 
( 1)  The rcam-ard projection of me de\ icc or cquipmcm shall 

not extend beyond dtc ccmcrlinc of the "iring knockout 
or other cmry. 

(2) The clearance from dtc box wall to dtc installed dclicc or 
cquipmcm shall be not lcs.'i than 13 mm (� in.). 

314.25 Covers and Canopies. In completed installations, each 
box shall have a cover, faceplate, lampholdcr, or luminairc 
canopy, except where dtc installation complies with 410.24(B). 
Conduit body enclosures shall be installed with a cover, lamp
holder, or dc\icc. Screws used for me purpose of attaching 
covers, or other equipment, to me box shall be cidtcr machine 
screws matching dtc dtrcad gauge and size mat is integral to 
the box or shall be in accordance wid1 the manufacturer's 
instructions. 

(A) Nonmetallic or Metal Covers and Plates. 1'\onmctallic or 
metal covers and plates shall be permitted. \\"bcrc metal covers 
or plates arc used, they shall be connected to the cquipmcm 
grounding conductor in accordance with 250.1 10. 

lnfonnational Note: See 410.42 for metal luminaire canopies 
and 404.12 and 406.6(8) for melal faceplates for additional 
grounding requirement�. 

(B) Exposed Combustible Wall or Ceiling Fmish. \\onere a 
luminairc canopy or pan is tt'icd, any combustible "-all or ceil
ing finish exposed between me edge of the canopy or pan and 
the outlet box shall be covered "id1 noncombustible material if 
required by 410.23. 

(C) Flexible Cord Pendants. \..overs of outlet boxes and 
conduit bodies haling holes mrough which flexible cord pcnd
ant'i pa'is shall be prmidcd \\ith identified bushings or shall 
have smoodt, well-rounded surfaces on which the cord'i can 
bear. So-called hard rubber or composition btt'ihings shall not 
be used. 
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314.27 Oudet Boxes. 

(A) Boxes at Luminaire or Lampholder Oudets. Oudct boxes 
or fittings designed for me support of luminaires and lamp
holders, and installed a'i required by 314.23, shall be permitted 
to support a luminairc or lampholdcr. 

(1) Vertical Surface Oudets. Boxes tt'icd at luminairc or lamp
holder oudct'i in or on a vertical surface shall be identified and 
marked on the interior of me box to indicate the maximum 
weight of the luminairc mal is permitted to be supported by 
the box if other man 23 kg (50 lb). 

Exception: A vertically mountl'.d luminaire or lamJJboldtr weighing not 
mml' than 3 kg ( 6 lb) slmll be permitttd to be suptJm·tf'.d on other boxes 
m· plaster rings that ml' secu11'd to other boxes, provided that tile lumin
aire m· its .�upporting yoke, m· tht lamJJboldt�; is stcml'.d to tht box with 
no fewer than two No. 6 or larger SCil'WS. 

(2) Ceiling Oudets. At every outlet used exclusively for light
ing, me box shall be designed or installed so dtal a luminairc 
or lampholdcr can be att.-u:hcd. Boxes shall be required to 
support a luminairc weighing a minimum of 23 kg (50 lb). A 
luminairc that weighs more than 23 kg (50 lb) shall be suppor
ted indcpcndcndy of the oudct box, unlcs.'i me oudct box is 
listed for not less man me weight to be supported. The interior 
of the box shall be marked bv me manufacturer to indicate me 
maximum· weight dtc box sh�ll be permitted to support. 

(B) . Floor Boxes. Boxes listed specifically for this application 
shall be used for receptacles located in me floor. 

Exception: Whe11' the autllmity having jwi�diction jttdgl'S them fi-ee 
fivm likely 1'-Xjlosttll' to physical damagr', moistw"P-, and dht, boxts loca
ttd in tlevated Jlom-s of slunv windmvs and similar locations shall be 
pennitttd to be othtr than thost listl'.d forjloor apt1lications. Rueptacles 
and covn:� slmll be li.�ted as an assemb�l' fm· tlli� l_ljW of location. 

(C) Boxes at Ceiling-Suspended (Paddle) Fan Oudets. Oudct 
boxes or oudct box systcm'i tt'icd a'i me sole support of a 
ceiling-suspended (paddle) fan shall be listed, shall be marked 
bv their manufacturer on me interior of dtc box a'i suitable for 
this purpose, and shall not support ceiling-suspended (paddle) 
fans dtal weigh more man 32 kg (70 lb). For oudct boxes or 
oudct box systems designed to support ceiling-stt'ipcndcd 
(paddle) fans mal weigh more man 16 kg (35 lb) , the required 
marking shall include the maximum weight to be supported. 

Oudct boxes mounted in me ceilings of habitable room'i of 
dwelling occupancies in a location acceptable for the installa
tion of a ceiling-suspended (paddle) fan shall comply l\ith one 
of me follo\\ing: 
(1)  Listed for me sole support of ceiling-suspended (paddle) 

fans 
(2) Installed so a'i to allow direct access mrough the box to 

structural framing capable of supporting a ceiling
suspended (paddle) fan l\ithout rcmming me box 

(D) Utilization EquipmenL Boxes used for the support of 
utilization cquipmcm odtcr than ceiling-suspended (paddle) 
fans shall meet me requirement" of 314.27(A) for me support 
of a luminairc that is the same size and weight. 

Exception: Utilization tquiJ1711rot weiglling not mmP tlmn 3 kg ( 6 lb) 
shall be Jwrmitted to be suJ!pm·ttd on other boxes m· plasttrlings that alP 
suutPd to ot/m· boxts, provided the equipment or its supporting yoke i� 
suutPd to the box with no fewer than two No. 6 m·larger screws. 
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314.27 ARTICLE 314 - 0UTLET, DE\1\.E, Pt:LL, A.'IDJUNCTION BOXES 

(E) Weight-Supporting Ceiling Receptacles (WSCR) and 
Weight-Supporting Attachment Fittings (WSAF). Outlet boxes 
required in 314.27 shall he pcnniucd to support listed weight
supporting ceiling receptacles (WSCR). A WSCR shall be used 
in combination "ith compatible weight-supporting auachmcm 
fittings (WSAF)tltat arc identified for the support of cquipmcm 
witllin the weight and mounting orientation limits of tile list
ing. Where tltc WSCR is installed, it shall he included in tile 
box fill calculation covered in 314.16(8) (4). 

Listed WSCR used in combination with compatible WSAF 
shall he pcrmiucd to he installed in outlet boxes for tl1c sole 
support of ceiling-suspended (paddle) fans, in accordance witll 
314.27(C). 

Informational l'ote: See Al'SI/NE:\fA WD-6, American National 
Standard for Wiring Droires-Dimtmsimwl SperifiralioiiS, for standard 
configurations of weight-supporting ceiling receptacles and 
weight·<mpporting attachment fittings. 

314.28 Pull and Junction Boxes and Conduit Bodies. Boxes 
and conduit bodies used as pull or junction boxes shall comply 
"itll 314.28(A) tluough (E). 

Exception: Temu1wl housings supt1lied with motors shall comJI�l' with 
the pmuisions of 4 30.12. 

(A) Minimum Size. For raceways containing conductors of 
4 AWG or larger that arc required to be insulated, and for 
cables containing conductors of 4 A\VG or larger, tile minimum 
dimensions of pull or junction boxes installed in a raceway or 
cable run shall comply witll 314.28(A) (1) through (A) (3). 
\\'here an enclosure dimension is to be calculated based on tile 
diameter of cmcring raceways, tile diameter shall be tltc metric 
designator (trade size) expressed in the unit"l of mcasuremcm 
employed. 

(I) Straight Pulls. In straight pulls, the lcngtll of the box or 
conduit body shall not be lcs."l titan eight times tile metric desig
nator (trade size) of the largest raceway. 

(2) Angle or U Pulls, or Splices. Where splices or where angle 
or U pulls arc made, the distance hetwccn each raceway cmry 
inside tile box or conduit body and tile oppO&itc wall of tile 
box or conduit body shall not he less than 11ix tjmcs the metric 
designator (trade size) of tltc largest raceway in a row. This 
distance shall be increased for additionid entries by tile amoum 
of the sum of the diameters of all otllcr raccwav �ntrics in tile 
same row on tile same wall of the box. Each rm� shall be calcu
lated individually, and the single row tllat prmidcs the maxi
mum distance shall he used. 

Exception: H11en� a raceway or cable entl) is in the wall of a box m· 
conduit body ofJposite a 7't'movable cove1; the di�tance from that wall to 
the Covt'l' shall be pemtilled to comply with the distance 11'-f[Uirt'.d fm· one 
wire per temtinal in Table 312.6(A). 

The distance between raceway entries enclosing tltc same 
conductor shall not he lcs."l than six times tltc metric designator 
(trade size) of tltc larger raceway. 

When transposing cable size into raceway size in 314.28(A) 
(1)  and (A) (2), tile minimum metric designator (trade size) 
raceway required for tile numher and size of conductors in tile 
cable shall be used. 

(3) Smaller Dimensions. Listed boxes or listed conduit bodies 
of dimensions lcs."l than those required in 314.28(A) (l)  and 
(A) (2) shall he permiucd for installations of combinations of 
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conductors that arc lcs."l than the maximum conduit or tubing 
fill (of conduit"l or tubing heing used) permiucd by Table 1 of 
Chaptcr 9. 

Listed conduit bodies of dimensions lcs."l man those required 
in 314.28(A) (2), and having a radius of the curve to the center
line not lcs."l titan tltat indicated in Table 2 of Chapter 9 for 
one-shot and full-shoe benders, shall he permiucd for installa
tions of combinations of conductors pcrmiucd by Table I of 
Chapter 9. These conduit bodies shall he marked to show tltcy 
have been specifically C\--aluatcd in accordance witll tltis prmi
sion. 

Where the pcrmiucd combinations of conductors for which 
the box or conduit body ha"l hecn listed arc lcs."l than the maxi
mum conduit or tubing fill pcrmiucd by Table I of Chapter 9, 
the box or conduit body shall he permanently marked "ith tile 
maximum numher and maximum size of conductors permit
ted. For other conductor sizes and combinations, the total 
cross-sectional area of the fill shall not exceed the cros.'i
scctional area of the conductors specified in the marking, 
ba"lCd on the type of conductor idcmificd a"l part of the prod-
uct listing. 

· 

Informational Note: Unles.• othen•iw specified, the applicable 
product standard• e\'aluate the fill markings covered here ba.•ed 
on conductors "ith Type XHHW insulation. 

(B) Conductors in Pull or Junction Boxes. In pull boxes or 
junctio� boxes having any dimension over 1 .8 m (6 ft) , all 
conductOrs shall he cabled or racked up in an approved 
mann(!T. 

(C) Covers. All pull boxes, junction boxes, and conduit bodies 
shail he provided witll covers compatible witll the box or 
conduit body construction and suitable for the conditions of 
U."lC. \\'bcre ti."lcd, metal covers shall comply l\ith tile grounding 
rcquircmcnl"l of 250.1 10. 

(D) Permanent Barriers. \\'bcre permanent barriers arc 
installed in a box, each section shall he considered a"l a sepa
rate box. 

(E) Power Distribution Blocks. Power distribution blocks shall 
he permiucd in pull and junction boxes over 1650 cm3 
( 100 in.3) for connections of conductors where installed in 
boxes and where tile installation complies "itll 314.28(E) (1)  
through (E) (5). 

Exception: Equijnnent grounding termi1wl bm-s slwU be permitted in 
smalle1· enc/nsw't's. 

(I) Installation. Power distribution blocks installed in boxes 
shall he listed. 

(2) Size. In addition to tile overall size requirement in the first 
semcncc of 314.28(A) (2), the power distribution block shall be 
installed in a box "itl1 dimensions not smaller than specified in 
the installation instructions of tile power distribution block. 

(3) Ware Bending Space. Wire hending space at tltc terminals 
of power distribution blocks shall comply with 312.6. 

(4) Live Parts. Power distribution blocks shall not have unin
sulatcd live parl"l exposed within a box, whctllcr or not tile box 
cover is installed. 

(5) Through Conductors. \\'here tltc pull or junction boxes 
arc used for conductors that do not terminate on tile power 
distribution block(s) , tile through conductors shall he 
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ARTICLE 314 - OUTLET, DE\1\.E, Pt:LL, A. 'ID JUNCTION BOXES 314.71 

arranged so the power distribution block terminals arc unob
structed follo"ing installation. 

314.29 Boxes, Conduit Bodies, and Handhole Enclosures to 
Be Accessible. Boxes, conduit bodies, and handholc enclo
sures shall be installed so that wiring and devices contained in 
the boxes, conduit bodies, or handholc enclosures can be 
rendered accessible in accordance with 314.29(A) and (B). 

(A) In Buildings and Other Structures. Boxes and conduit 
bodies shall be installed so dtc contained wiring and devices 
arc acccs.o;iblc. 

(B) Underground. t:ndcrground boxes and handholc enclo
sures shall be installed so they arc acccs.o;iblc widtout excavating 
sidewalks, paving, card1, or other substance that is to be used to 
establish the finished grade. 

Exception: Listed boxes and lumdhole enclosw1's shall be permitted 
wl�ere rovered b)• grave� Light aggregate, or noncolvsive granulated soil 
if their location is ejJ«tiVP�l' desaibed and accessible fm· excavation. 
Tlv location dese�iJJtifm shall be available to those authmiu.d to acce.••s, 
maintain, m· insJJ«t tlv wiring. 

314.30 Handhole Enclosures. Handholc enclosures shall be 
designed and installed to "idtstand all loaclo; likely to be 
imposed on them. They shall be identified for usc in under
ground systems. 

Informational l'ote: See ANSI/SCfE 77-2013, Sperifiratiou for 
UndnJfTOUiui Enclosure lnll'p;ri/y, for additional infmmation on 
deliberate and nondeliberate millie loading that can be expec
ted to bear on underground enclosures. 

(A) Size. Handholc enclosures shall be sized in accordance 
wim 314.28(A) for conductors operating at 1000 volts or below, 
and in accordance l\ith 314.71 for conductors operating at over 
1000 volts. For handholc enclosures "ithout bottomo; where the 
prmisions of 314.28(A) (2), Exception, or 314.71 (B) (1),  Excep
tion :-.lo. 1 ,  apply, the measurement to me removable cover 
shall be taken from dtc end of me conduit or cable a.o;scmbly. 

(B) Waring Entries. Underground raceways and cable a.o;scm
blics entering a handholc enclosure shall extend into me 
enclosure, but dtcy shall not be required to be mechanically 
connected to the enclosure. 

(C) Enclosed Waring. All enclosed conductors and any splices 
or terminations, if present, shall be listed as suitable for wet 
locations. 

(D) Covers. Handholc enclosure covers shall have an identify
ing mark or logo mat promincndy identifies dtc function ;,f 
the enclosure, such a.o; Kelcctric." Handholc enclosure covers 
shall require the usc of tools to open, or they shall weigh over 
45 kg ( I  00 lb) . Metal covers and odtcr exposed conductive 
surfaces shall be bonded in accordance "id1 250.92 if me 
conductors in the handholc arc service conductors, or in 
accordance with 250.96(A) if the conductors in the handholc 
arc feeder or branch-circuit conductors. 

Part m. Pull and Junction Boxes, Conduit Bodies, and Hand
hole Enclosures for Use on Systems over 1000 Volts, 
Nominal 

314.70 General. 

(A) Pull and Junction Boxes. \\'bcre pull and junction boxes 
arc used on systems over 1000 volt-;, the installation shall 
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comply "im Part III and "ith me follm\ing general provisions 
of mis article: 

( 1 )  Pan I ,  314.2, 314.3, 314.4, and 314.5 
(2) Pan II, 314.15; 314.17; 314.20; 314.23(A), (B), or (G); 

314.28(B); and 314.29 
(3) Pan III, 314.JOO(A) and (C); and 314.101 

(B) Conduit Bodies. \\'here conduit bodies arc used on 
systems over 1000 volt-;, me installation shall comply wim 
Pan III and l\ith the follm\ing general prmisions of this article: 

(1)  Pan I ,  314.4, and 314.5 
(2) Pan II, 314.15; 314.17; 314.23(A), (E), or (G); 314.28(A) 

(3); and 314.29 
(3) Pan III, 314.JOO(A) and 314.101 

(C) Handhole Enclosures. \\-'here handholc enclosures arc 
used on systems over I 000 volt-;, the installation shall comply 
"im Part III and l\ith the follo"ing general provisions of this 
article: 

( 1 )  Pan I ,  314.3, 314.4; and 314.5 
(2) Pan II, 314.15, �14.17, 314.23(G), 314.28(B), 314.29, and 

314.30 

314.71 Size of PuU and Junction Boxes, Conduit Bodies, and 
Handhole Eliclosures. Pull and junction boxes and handholc 
enclosures shall provide approved space and dimensions for 
the installation of conductors, and they shall comply l\ith me 
spccifit r�quircmcnto; of mis section. Conduit bodies shall be 
permitted if mcy meet the dimensional requirement-; for 
boxes. 

(A) For Straight Pulls. The lcngdl of me box shall not be lcs.o; 
than 48 times the outo;idc diameter, over sheath, of dtc largest 
shielded or lead-covered conductor or cable entering the box. 
The length shall not be lcs.o; than 32 times the outo;idc diameter 
of me largest nonshieldcd conductor or cable. 

(B) For Angle or U Pulls. 

(1) Distance to Opposite Wall. The distance between each 
cable or conductor entry inside me box and me opposite wall 
of the box shall not be Jcs.o; man 36 times the outo;idc diameter, 
over sheath, of me largest cable or conductor. This distance 
shall be incrca.o;cd for additional entries by the amount of me 
sum of me outo;idc diameters, over shcam, of all odtcr cables or 
conductor entries through the same wall of the box. 

Exception No. 1: �W�ere a amductm· or cable entry is in the wall of a 
box optmsite a reTIUivable covn; the di�tance from that wall to the rover 
shall be Jmmitted to be 1wt le.••s than the bending radius fm· the ronduc
tm:� as provided in 305.5. 

Exception No. 2: Whe11' cables m1' 1wnsltielded mul 1wt Lead covered, 
the distance of 36 times tlv outside diametn· shall be permitted to be 
reduu.d to 24 times the outside diamele1: 

(2) Distance Between Entry and Exit. The distance between a 
cable or conductor cntrv and ito; exit from the box shall not be 
lcs.o; than 36 times the �uto;idc diameter, over shcam, of that 
cable or conductor. 

Exception: lWum� cables ant nonshielded and not Lead covn1'd, the 
distance of 36 times the outside diameter shall be permitted to be 
reduu.d to 24 times the outside diamele1: 

(C) Removable Sides. One or more sides of any pull box shall 
be removable. 
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314.72 Construction and Installation Requirements. 

(A) Corrosion Protection. Boxes shall be made of material 
inherently resistant to corrosion or shall be suitably protected, 
both internally and externally, by enameling, gah·<mizing, plat
ing, or other means. 

(B) Passing Through Partitions. Suitable bushings, shield-;, or 
fittings having smooth, rounded edges shall be provided where 
conductors or cables pa-;s through partitions and at other loca
tions where ncccs.-;ary. 

(C) Complete Enclosure. Boxes shall pro"idc a complete 
enclosure for tltc contained conductors or cables. 

(D) Wuing Is Accessible. Boxes and conduit bodies shall be 
installed so that the conductors arc acccs.-;iblc witltout remov
ing any fixed part of tltc building or structure. Working space 
shall be prmidcd in accordance "itl1 1 10.34. 

(E) Suitable Covers. Boxes shall be closed by suitable covers 
securely fa-;tcncd in place. Underground box covers that weigh 
over 45 kg ( 100 lb) shall be considered meeting tltis require
ment. Covers for boxes shall be permanently marked 
MDANGER - HIGH VOLTAGE - KEEP Ot:T." The marking 
shall be on the out-;idc of tltc box cover and shall be readily 
\-isiblc. Letters shall be block type and at lca-;t 13 mm (Y:z in.) in 
height. 

(F) Suitable for Expected Handling. Boxes and their covers 
shall be capable of witltstanding tile handling to which tltcy arc 
likely to be subjected. 

Part IV. Construction Specifications 

314.100 Metal Boxes, Conduit Bodies, and Fittings. 

(A) Corrosion Resistant. Metal boxes, conduit bodies, and 
fittings shall be corrosion resistant or shall be wcll-galvaniZ!:d, 
enameled, or otltcrwisc properly coated inside and out to 
prevent corrosion. 

Informational Note: See 300.6 for limitation in the use of boxes 
and fittinw- protected from corrosion solely by enamel. 

(B) Thickness of Metal. Sheet steel b()XCll not over 1650 cm3 

( 100 in.3) in size shall be made from steel not lcs.-; than 
1 .59 mm (0.0625 in.) thick. The wall of a malleable iron box or 
conduit body and a dic-ca-;t or permanent-mold ca-;t aluminum, 
bra<�.-;, bronze, or zinc box or conduit body shall not be lcs.-; 
than 2.38 mm (}:'12 in.) thick. Other ca-;t metal boxes or conduit 
bodies shall have a wall tltickncs.-; not Jcs.-; than 3.17 mm (V,. in.). 

Exception No. 1: Li�ted boxes mul conduit bodies shmvn to have equiv
alent strength and chamcte1i�tics shall be permittP.d to be made of thin
ner m· other metalf. 

Exception No. 2: The wall� of listed slwrt mdius conduit bodies, as 
covered in 314.16(C)(2), slmU be permilltd to be madt of thinner 
metal. 

(C) Metal Boxes Over 1650 em' (100 in.'). Metal boxes over 
1650 cm3 ( 100 in.3) in size shall be constructed so a-; to be of 
ample strcngtlt and rigidity. If of sheet steel, the metal tltick
ncs.-; shall not be lcs.-; titan 1 .35 mm (0.053 in.) uncoated. 

(D) Equipment Grounding Conductor Provisions. A means 
shall be prmidcd in each metal box for the connection of an 
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equipment grounding conductor. The means shall be permit
ted to be a tapped hole or cquhalcnt. 

314.101 Covers. Metal covers shall be of the same material a-; 
the box or conduit body "ith which tltcy arc used, or tltcy shall 
be lined "itl1 firmly attached insulating material tltat is not lcs.-; 
titan 0.79 mm (�2 in.) tltick, or tltcy shall be listed for tile 
purpose. Metal covers shall be the same tltickncs.-; a-; the boxes 
or conduit body for which they arc used, or tltcy shall be listed 
for the purpose. Covers of porcelain or otltcr approved insulat
ing materials shall be permitted if of such form and thickncs.-; 
a-; to afford tltc required protection and strcngtlt. 

314.102 Bushings. Covers of outlet boxes and conduit bodies 
having holes tltrough which flexible cord pendant-; pa<�.-; shall 
be provided "itlt approved bushings or shall have smootlt, well
rounded surfaces on which tile cord \�ill bear. \\'here individual 
conductors pa<�.-; tltrough a metal cover, a separate hole equip
ped witlt a bushing of suitable insulating material shall be 
provided for each conductor. Such separate holes shall be 
connected by a slot a-; required by 300.20. 

314.103 Nonmetallic Bo:w;es •. Provisions for support-; or other 
mounting means for n�mmctallic boxes shall be out-;idc of tile 
box, or tile box shall be constructed so a-; to prevent contact 
between tile conductors in tile box and tile supporting screws. 

314.104 Marking. All boxes and conduit bodies, covers, exten
sion rings, plaster rings, and tile like shall be durably and legi
bly marked ll.itlt the manufacturer's name or trademark. 

ARTICLE 315 
Medium Voltage Conductors, Cable, Cable 

Joints, and Cable Terminations 

Part I. General 

315.1 Scope. This article covers the usc, installation, construc
tion specifications, and ampacitics for Type MY medium volt
age conductors, cable, cable joints, and cable terminations. 
This article includes voltages from 2001 volt-; to 35,000 voltsac, 
nominal and 2001 volt-; to 2500 volts dc,nominal. 

315.6 Listing Requirements. Type MV cables, type MV cable 
joint-;, type :\llV cable terminations, connectors, and a<�.-;ociatcd 
fittings shall be listed. The listing requirement for Type MY 
cable joint-;, cable terminations, and connectors shall be effec
tive january 1 ,  2026. 

Part D. Construction Specifications 

315.10 Constructions and Applications. Type :\llV cables shall 
comply witlt tile applicable provisions in 315.10(A) tltrough 
(C). 

(A) Conductor Application and Insulation. Conductor applica
tion and insulation shall comply witlt Table 315.10(A). 

(B) Thickness of Insulation and Jacket for Nonsbielded Insula
ted Conductors. Thickncs.-; of insulation and jacket for 
nonshieldcd solid dielectric insulated conductors rated 
2001 volt-; to 5000 volts shall comply "itl1 Table 315.10(8). 
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Table 315.10(A) Conductor Application and Insulation Rated 2001 Volts and Higher 

Maximum 
Trade Type Opera ling Application 
Name Letter Temperature Provision Insulation Outer Covering 

:\ledium voltage :\IV-90 90"C Dry or wet Thennopla.�tic or Jacket, sheath, 
solid dielectric MV-105* 105·c locations thennosetti n� or annor 

*Where design conditions require maximum conductor temperatures above 90"C. 

(C) Thickness of Insulation for Shielded Insulated Conduc
tors. Thickncs.o; of insulation for shielded solid dielectric insu
lated conductors rated 2001 volts to 35,000 volts shall comply 
with Table 315.JO(C) and 315.JO(C) (1)  duough (C) (3). 

(I) 100 Percent Insulation Level. \..ablcs shall be pcrmiucd to 
be applied where the system is prmidcd l\ith relay protection 
such that ground faults \\ill be cleared as rapidly as pos.o;iblc 
but, in any case, within I minute. These cables arc applicable to 

cable installations that arc on grounded systems and shall be 
pcrmiucd to be used on other systems prO\idcd the above 
dearing rcquircmcnLo; arc met in completely de-energizing the 
faulted section. 

(2) 133 Percent Insulation Level. \..ablcs shall be pcrmiucd to 
be applied in situations where dtc dearing time rcquircmcnLo; 
of the 100 pcrccm lcvel category cannot be met and the faulted 
section "ill be dc-cncrgizccl in. a time not exceeding I hour. 

Table 315.10(8) Thickness of Insulation and jacket for Nonshielded Solid Dielectric Insulated Conductors Rated 2001 Volts to 
5000 Volts 

Dry Locations, Single Conductor Wet or Dry Locations 

Without Jacket With Jacket Single Conductor Multiconductor 

Conductor Size Insulation Insulation Jacket Insulation Jacket Insulation* 

(AWG or kcmil) mm mils mm mils mm mils mm mils mm mils mm mils 
8 2.79 1 10 2.29 90 0.76 30 3. 18 125 2.03 80 2.29 90 
6 2.79 1 10 2.29 90 0.76 30 3. 18 125 2.03 80 2.29 90 

4-2 2.79 1 10 2.29 90 1 .14 45 3. 18 125 2.03 80 2.29 90 
1-2/0 2.79 1 10 2.29 90 1 .14 45 3. 18 125 2.03 80 2.29 90 

3/0-4/0 2.79 1 10 2.29 90 1 .65 6.? 3. 18 125 2.41 95 2.29 90 
213-500 3.05 120 2.29 90 1 .65 6.? 3.!'>6 140 2.79 1 10 2.29 90 
501-750 3.30 130 2.29 90 1 .65 6.? 3.94 155 3.18 125 2.29 90 
751-1000 3.30 130 2.29 90 1 .65 6.? 3.94 155 3.18 125 2.29 90 
1001-12.?0 3.56 140 2.92 1 15 1 .65 6.? 4.32 170 3.56 140 2.92 1 15 
1251-1500 3.56 140 2.92 1 15 2.03 80 4.32 170 3.56 140 2.92 1 15 
1501-2000 3.56 140 2.92 1 15 2.03 80 4.32 170 3.94 155 3.56 140 

*l' nder a common o\·erall cove1ing such a.• a jacket, sheadt, or rumor. 

Table 315.10(C) Thickness of Insulation for Shielded Solid Dielectric Insulated Conductors Rated 2001 Volts to 35,000 Volts 

2001-5000 
Volts 5001-8000 Volts 

100 100 133 173 

Conductor 
Percent Percent Percent Pen:ent 

Insulation IDsulation Insulation Jasulation 
Size 

Level Level Level Level 
(AWG 

or lu:mil) mm mils mm mils mm mils mm mils 

8 2.29 \J() 
6-4 2.29 \J() 2.\12 115 3.5«i 140 4.45 175 
2 2.29 \J() 2.\12 115 3.5«i 140 4.45 175 
I 2.29 \J() 2.\12 115 3.5«i 140 4.45 175 

I/0-2«MJO 2.29 \J() 2.\12 115 3.5«i 140 4.45 175 

%5,001-28,000 Volts 

100 135 

Conductor 
Pen:ent Pen:ent 

Insulation Insulation 
Size 

Level Level 
(AWG 

orkc:mU) IDID mils IDID mils 

I 7.11 280 8.7«i 345 
l/0-2000 7.11 280 8.7«i 345 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GJ'RJC.-\1. COJ>t: 

8001-15,000 Volls 

100 
Percent 

Insulation 
Level 

mm mils 

4.4.� 175 
4.4.� 175 
4.4.� 175 

173 
Pen:ent 

Jasulation 
Level 

IDID mils 
11.30 445 
11.30 445 

133 173 
Pen:ent Pen:ent 

Insulation Insulation 
Level Level 

IDID 

5.59 
5.59 
5.59 

mils mm 

2'.!0 6.60 
2'.!0 6.60 
2'.!0 6.60 

100 
Pen:ent 

Jasulation 
Level 

mils 

2«j0 
2«j0 
2«j0 

IDID mils 

8.7«i 

15,001-25,000 Volls 

100 135 173 
Percent Percent Percent 

IDsulation IDsulation IDsulation 
Level Level Level 

IDID mils mm mils mm mils 

6.«iO l!«iO 1!.13 320 10.67 420 
6.«iO l!«iO 1!.13 320 10.67 420 

%8,001-55,000 Volls 

ISS 175 
Percent Percent 

Jasulation IDsulation 
Level Level 

IDID mils IDID mils 

10.67 420 14.73 580 
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315.10 ARTICLE 315 - MEDIUM VOLTAGE CONDt:CTORS, CABLE, \..ABLEJOI:"'TS, Al'\D \..ABLE TERMIJ'\ATIONS 

\..able shall be permitted to be used in 100 percent insulation 
level applications where the installation requires additional 
insulation. 

(3) 173 Percent Insulation Level. \..abies shall be permitted to 
be applied under all of the follo"ing conditions: 
(1) In industrial establishments where the conditions of 

maintenance and supervision ensure only qualified 
persons scnicc the installation 

(2) \\'here dtc fault dearing time requirement" of the 
133 percent level category cannot be met 

(3) Where an orderly shutdmm is required to protect cquip
mcm and personnel 

(4) Where the faulted section "ill be de-energized in an 
orderly shutdown 

\..ablcs shall be permitted to be used in 100 percent or 
133 percent insulation level applications where the installation 
requires additional insulation. 

Informational l'ote: See UL 1072, Mniium-Vnltagl' Poruer (.able, 
ANSI/ICEA S-93-639, Ammcan Natioual Standard for 5-46/cV Shiel· 
dwl PmoPT Cab/1' for lJy in till' Transmis.•iou and DistribuJiml of Ekctric 
Eu,.,y;y, and ICEA S-94-649 2013, Standarrl for Omcmtrir Neutral 
C.abll's Rated 5 tllrougll 46 kV for MI'Aium Vnltagl' C.abks. 

315.12 Conductors. 

(A) Minimum Size of Conductors. The mnumum size of 
conductors shall be as shown in Table 315. 12(A) , except as 
permitted elsewhere in this Code. 

Table 315.12(A) Minimum Size of Conductors 

Conductor Voltage Rating 
(Volts) 

2001-5000 
5001-8000 

8001-15,000 
15,001-28,000 
28,001-35,000 

Minimum Conductor Size (AWG) 

Copper, Aluminum, or Copper-Clad 
Aluminum 

8 
6 
2 
1 

1/0 

(B) Conductor Material. Conductors shall be of aluminum, 
copper-dad aluminum, or copper unless othcn,isc specified. 

(C) Stranded Conductors. Where .· installed in raceways, 
conductors not specifically permitted or required elsewhere ·in 
this Code to be solid shall be stranded. 

315.14 Conductor Identification. Conductors that arc inten
ded for usc as ungrounded conductors, whcdtcr used ao; a 
single conductor or in multiconductor cables, shall be finished 
to be dearly distinguishable from grounded and grounding 
conductors. Distinguishing markings shall not connict in any 
manner l\ith the surface markings required by 315.16(8) (1 ) .  
Branch-circuit ungrounded conductors shall be identified in 
accordance with 210.5(C). Feeders shall be identified in 
accordance "id1 215.12. 

315.16 Marking for Type MV Cables and Conductors. 

(A) Required Information for Type MV Cables and Conduc
tors. All conductors and cables shall be marked to indicate the 
following information, using the applicable method described 
in 315.16(B): 
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(1) The maximum rated voltage 
(2) The proper type letter or letters for the type of \\ire or 

cable ao; specified elsewhere in this Code 
(3) The manufacturer's name, trademark, or other distinctive 

marking by which the organization responsible for the 
product can be readily identified 

(4) The AWG size or circular mil area 

Informational :'\ote: See Chapter 9, Table 8, Conductor Proper
ties, for conductor area expres.•ed in Sl uniL• for conductor sizes 
specified in AWG or circular mil area. 

(B) Method of Marking for Type MV Cables and Conductors. 
One or more of the mcthodo; in 315.16(8) (1)  through (8) (4) 
shall be used for marking of cable. 

(I) Surface Marking. \..abies shall be durably marked on the 
surface. The AWG size or circular mil area shall be repeated at 
intcn<ils not exceeding 610 mm (24 in.). All other markings 
shall be repeated at intcn-;ds not exceeding 1.0 m (40 in.). 

(2) Marker Tape. Metal-covered multiconductor cables shall 
employ a marker tape located within the cable and along ito; 
complete length. · 

(3) Tag Marking. �letal-covcrcd, single-conductor cables shall 
be marked by means of a printed tag attached to the reel. 

(4) Optional Marking of Ware Size. The information required 
in 315.16(A)(4) shall be permitted to be marked on the 
surface of th� indi\idual insulated conductors for multiconduc
tor Ty� :MC cable. 

(C) Optional Markings. \..ablcs shall be permitted to be 
marked to indicate special characteristics of the cable matcri
alli, such ao; limited smoke and sunlight resistance. 

315.17 Marking for Type MV Cable joints and Terminations. 

(A) Required Information for Type MV Cable Joints, Termina
tions, and Connectors. All Type MY cable join to;, cable termina
tions, and connectors shall be marked to indicate the follo"ing 
infonnation, using one or more of the mcthodo; described in 
315.17(8) (1)or (8) (2), and shall be permitted to be optionally 
marked ao; described in 315.17(C): 
(1)  The maximum rated voltage. 
(2) The proper type letter or letters for the type of \\ire or 

cable ao; specified elsewhere in this ('..ode that the cable 
joint or cable terminations is listed for usc l\ith. 

(3) The manufacturer's name, trademark, or other distinctive 
marking by which the organizations responsible for the 
product can be readily identified. 

(4) The conductor AWG size or circular mil area size, or 
range of sizes, that the cable joim or cable terminations is 
listed for LLo;c with. 

(5) The cable outer diameter size, or size range, that the 
cable joim or cable termination is listed for LLo;c with. 

(6) \..onncctors shall be marked "id1 the following informa
tion; the marking shall also be on the unit container (the 
smallest container in which the connector is packaged): 
a. The manufacturer's name, trademark, or other 

distinctive marking by which the organization respon
sible for the product can be readily identified 

b. The manufacturer's catalog number 
c. The conductor AWG size or circular mil LLo;c range, 

and die number if applicable 
d. The type of conductor matcrial(s) the connector is 

for usc "id1 
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ARTICLE 315 - :MEDIUM VOLTAGE CONDt:CTORS, \ABLE, \ABLEJOI:"'TS, Al'\D \ABLE TER:Mil'\ATIONS 315.32 

(B) Method of Marking for Type MV Cable Joints, Termina
tions, and Connectors. One or both of dtc method-; in 
315.17(8) (1)  or (8) (2) shall be used for the marking of cable 

joints, terminations, or connectors. 

(I) Surface Marking. Type �lV cable jointo;, terminations, or 
connectors shall be durably marked on the surface. 

(2) Tag Marking. Type �lV cable joint-;, terminations, or 
connectors shall be marked by means of a durably printed tag 
or label attached to joint or tcnnination. 

(C) Optiooal Markings. Type :MY cable join to; and cable termi
nations shall be permitted to be marked to indicate special 
characteristics, such as limited smoke and sunlight resistance. 

Part m. Installation 

315.30 Installation. A qualified pcrson(s) "ith documented 
training and experience shall perform the installation and test
ing of Type MV cable. A qualified person(s) with documented 
training and experience in dtc installation of Type MV cable 

joint-; shall perform the installation of Type :MY cable join to;. A 
qualified pcrson(s) "ith clocumcntccl training and experience 
in the installation of Type MV cable terminations shall perform 
the installation of Type �lV cable terminations. 

Informational :'\ote No. 1: See Al'SI/NEC..:\/:'\C-'>CB 600-2020, 
Standard for lmtalling ami Maintainhzr; Mediu111-Voitagl' C.ah/1', and 
IEEE 5i6, Rn:omJlll'nded Practice for TllSiaHatiou, Ti>mtiuation, and 
1;.,;thzr; of !mutated Pmuer C.ahil's as Used in Industrial and C.mnmer
cial Applications, for information about accepted indtL•try practi
ces and installation procedures for medium-voltage cable. 

Informational l'ote No. 2: \'\'bere medium-vohage cable i• tL•ed 
for de circuiL•, low frequency polarization can neate hazardotL•. 
mltages. \'\'ben handling !he cable these mltages could he 
present or could develop on de su-es.o;ed cable while !he circuit i• 
energized. Solidly grounding !he cable ptior to contacting, 
cutting or disconnecting cables in de circuiL• i• a method to 
discharge these n>ltages. 

315.32 Uses Permitted. 

(A) Type MV Cable. Type MV cable shall be permitted for tL<;c 
on power systems rated up to and including 35,000 volto;, nomi
nal, as follows: 
(1)  
(2) 
(3) 

(4) 

(5) 

In wet or dry locations. 
In raceways. 
In cable rrays, where identified for dtc usc, in accordance 
with 392.1.0, 392.20(B), (C), and (D), 392.22(C), 
392.30(8) (1) ,  392.46, 392.56, and 392.60. Type �lV cable 
that has an overall metallic sheath or armor, complies 
"ith the requirement<; for Type MC cable, and is identi
fied as ":MY or MC" shall be permitted to be installed in 
cable trays in accordance with 392.10(B) (2). 
In mcs.o;c'ngcr-supportccl wiring in accordance "id1 Part II 
of Article 396. 
Ao; exposed runs in accordance l\ith 305.3. Type :MY cable 
that has an overall metallic sheath or armor, complies 
with the requirement<; for Type MC cable, and is identi
fied as ":MY or :MC" shall be permitted to be installed as 
exposed runs of mctal-clacl cable in accordance with 
305.3. 

(6) C-orrosive conditions where exposed to oils, greases, 
'"apors, gases, fumes, liquid-;, or other substances haling a 
deleterious effect on dtc conductor or insulation shall be 
of a type suitable for the application. 

20'.!3 t:clition :'\.-\:110:-1.-\t. t:t.t:GJ"RJC.-\1. COI>t: 

(7) Conductors in parallel in accordance l\ith 310.IO(G). 
(8) Type �lV cable used where exposed to direct sunlight 

shall be identified for the usc. 
(9) Direct buried in accordance "ith 315.36. 

(B) Type MV Cable Joints and Terminations. Type MV cable 
joint-; and terminations shall be permitted for usc on power 
systems rated up to and including 35,000 volt-;, nominal, as 
follows: 
(1) Type �lV cable joint-; and terminations, used where 

exposed to direct sunlight, shall be iclcntificcl for the usc. 
(2) Direct buried. 
(3) Where tLo;ccl intcrmiucndy or continuotLo;Jy submerged in 

water at a clcpd1 not cxccccling 7 m (23 ft) t}'pc MV cable 
joint-; and terminations shall be iclcntificcl for the usc. 

(4) The environmental operating temperature range shall be 
iclcntificcl. 

(5) 

(6) 

(7) 

\\-'here used in one or more of dtc follm\ing conditions 
Type �lV cable join to; and terminations shall be identified 
for the tLo;c: 
a. Unclcrgroun$f chambers 
b. Tunnels 

· 

c. \.oncluits 
ct. Mat1holC!1 
c. Vault'l 
C-orrosive conditions where exposed to oils, grca.o;cs, 
l'apors, ga.o;cs, fumes, liquid-;, or other substances haling a 
clelctcrious effect on dtc joint or tcnnination shall be of a 
type suitable for the application. 
In cable trays, where identified for usc, in accordance 
"ith 392.10, 392.20(8), (C) and (D) , 392.22(C), 
392.30(8) (1) ,  392.46, 392.56, and 392.60. 

Informational Note :'\o. I: The "tLo;es permitted� is not an all
incltL•ive 1i•t. 

Informational l'ote :'\o. 2: See IEEE-404, IEEE Standard for Extru
ded and l.a111inated Dielutric Shil'lded {' .ah/1' Joint.< Rnted 2. 5k V to 
500kV, for more information on cable joinL•. Cable joinL• are 
often refened to a• splices. However, !he tenn .<pliu includes 
many other application• not included in !he definition of a 
cablejoinL 

Informational :'\ote l'o. 3: See IEEE-48, /EJ-1-: Standard for 1e.<t 
Procedum and Requirement.< for .4/temating.Cunmt C.abk Tennina
tious l!SI'.d on Shielded C.ahil's Having /.aminated llmtlation Rnted 2.5 
kV through 765 kV or Extrudl'd lmulatiou Rnted 2.5 kV through 500 
kV, for infmmation on tenninations. Type MV cable tetmina
tions include tetminations tLo;ed to connect directly to equip
mentor insulators. 

Informational :'\ote No. 4: See IEEE-386, 11-1-1-: Standard for Sepa
mble /mutated C.olml't:tor S_yste11u for Porwr Di.<tribution Sy<tem.< Rnted 
2.5kV through 35 kV, and IEEE-1215, 11-1-1-: Guide for tile .4ppliration 
of.vpambk lmulatl'.d Con11ecton, for more infonnation on sepru-a
ble insulated connectors. Type :\fV cable tenninations al•o 
include sepru-able insulated connectors, which are a type of 
pluggable cable termination and can he u.o;ed for connection to 
equipmem, such a• s"itchgear or transformers. A separable 
connector has a matching interface that the separdble connec
tor plugs into on !he equipmem, such a• S\\itchgear or trdn,.. 
fmmers. Separable connectors can also be ganged together to 
fmm a distribution junction •�•ing specialized junction bt-ackeL•. 
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315.36 ARTICLE 315 - :MEDIUM VOLTAGE CONDt:CTORS, \ABLE, \ABLEJOI:"'TS, Al'\D \ABLE TER:Mil'\ATIONS 

315.36 Direct-Burial Conductors. Type �lV conductors and 
cables used for direct burial applications shall be shielded, 
idcmificd for such usc, and installed in accordance with 
305.15. 

Exception No. 1: Nonshielded multiconductor cables rated 2001 volts to 
2400 volt� slmU be permittl'.d if tile cable has an overaU metaUic sheath 
m· anmn: 

The metallic shield, sheath, or annor shall be connected to a 
grounding electrode conductor, a grounding busbar, or a 
grounding electrode. 

Exception No. 2: Ai1jield Ligllting cable used in series chcuits that all! 
rated up to 5()()0 volts and all! JIOWelf!d b)• lf!gulatm-s shall be permitted 
to be nonsllielded. 

Informational :'\ote to Exception :'\o. 2: Federal A\iation Admin
i�tration (FAA) Ad�i�o•-y Circulars (AG�) prmide additional 
practices and method� for airpon lighting. 

315.40 SupporL Type MV cable terminated in cquipmcm or 
installed in pull boxes or vaults shall be secured and supported 
by metallic or nonmetallic support-; suitable to l�ithstand the 
weight by cable tics listed and identified for securement and 
support, or other approved means, at imcrvals not exceeding 
1 .5 m (5 ft) from terminations or a maximum of 1.8 m (6 ft) 
between support<;. 

315.44 Shielding. Nonshieldcd, ozonc-resistalll insulated 
conductors with a maximum pha.'iC-to-pha.o;c voltage of 
5000 volt-; shall be permitted in Type �lC cables in industrial 
establishment-; where the conditions of maimcnancc and 
supcnision ensure dtat only qualified persons scnicc the 
installation. For other establishment-;, solid dielectric insulated 
conductors operated above 2000 volt-; in pcnnancm installa
tions shall have ozonc-resistalll insulation and shall be shiel
ded. All metallic insulation shield<; shall be connected to a 
grounding electrode conductor, a grounding busbar, an cquip
mcm grounding conductor, or a grounding electrode. Equip
mcm grounding conductors installed "ith circuitll using 
medium voltage cables shall be sized according to 250.190(C). 

Informational l'ote: The primary purposes of mie!ding are to 
confine the voltage stres.�s to the insulation,. di!l'iipate in.�ulation 
leakage current, and drain off the capacitive chi!rging current. 

Exception No. 1: Nonshielded insulatl'.d condmtm-s Li.�ted b)· a q1mhjied 
testing Labmutm)" shall be Jmmitll'.d fm· use U/J to 2400 volts under the 
foUowing conditions: 

( 1) Conducto1-s shall have insulation J"esistant to electric discllmge 
and .�wface tmcking, or tile insulated conductor(s) shall be 
covered with a material J"t!Sistant to ozone, elect1ic discharge, and 
.�wface tmcking. 

(2) »'hell' used in wet locations, the in.�ulated conductor(�) slmU 
have an overall 1ummetallic jacket or a continuous metallic 
sheath. 

(3) ln.mlation mul jacket tllicknes!ies shall be in accordance with 
Table 315.10(8). 

Exception No. 2: Nonshielded insulatl'.d cmultutm:s Li.�ted b)· a q1mlijied 
testing Labm1llm)' slmU be permitted fm· use up to 5()()0 volt� to 17!/Jlace 
existing nonshielded conducto1-s, on existing 1'-f[UiJmlent in indusll"ial 
establishment� only, unde1· the foUowing conditions: 

(1) H'he11' tile condition of maintenance and .mpervision en.ruJ"t!S 
that only q1mlijied pn:wmnel in.�tall mul service the in.�tallation. 

(2) \..rmducto1-s shall have insulation Jl!Sistant to electric discllmge 
and .�wface tmcking, or tile in.rulated conductor(s) shall be 
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covered with a material 11!Sistant to ozone, elect1ic discharge, and 
.�wface tmcking. 

(3) Whe11' used in wet locations, the imulated conductor(�) slmU 
have an overall 1ummetallic jacket or a continuous metallic 
sheath. 

(4) ln.mlation mul jacket tllicknes.'it's shall be in accordance with 
Table 315.10(8). 

Informational l'ote: Relocation or replacement of equipment 
may not comply \\ith the tenn existing a� related to thi� excep
tion. 

Exception No. 3: Whelf! fm'1nitted in 315.36, Exception No. 2. 

315.45 Shielding at Type MV Cable Joints and Terminations. 
Type MV cable joint-; and terminations shall be provided with 
means to connect the metallic insulation shield to ground if 
required. 

Part IV. Ampacities 

315.60 Ampacities of Condu(:(prs. 

(A) General. 

(I) Tables or Engineering Supervision. Ampacities for solid 
dielectric-insulated conductors shall be permitted to be deter
mined by tables or under engineering supcnision, as provided 
in 315.60(B) and (C). 

The ampacity of Type :MY cable installed in cable tray shall 
be determined in accordance l�ith 392.80(8). 

(2) Selection of Ampacity. \\"bcrc more than one calculated or 
tabi.datcd ampacity could apply for a given circuit length, the 
lowest value shall be used. 

Exception: ll1ie11! diffelmt amJJacities aJIP{l" to p01tion.� of a chcuit, the 
higher ampacity slmU be permitted to be used if the total portion(�) of 
the circuit with tile Lower ampacity does not exct't'd the lessn· of 3. 0 m 
(10 jt) or 10pen:ent oftlv total cin:uit. 

Informational l'ote: See 1 10.40 for conductor temperature limi
tations due to tennination prmisions. 

(B) Engineering Supervision. Under engineering supervision, 
conductor ampacitics shall be permitted to be calculated by 
using the follo"ing general equation: 

T -(T +t.T ) 
I = ' • 4 x lO' amperes 

R..,. (1+ >: )R,. 

where: 
T, = conductor temperature ("C) 
T,, = ambient temperature ("C) 

ll. T,1 = dielectric los.o; temperature rise 

[315.60(8)) 

R,1, = de resistance of conductor at temperature, T, 
Y, = component ac resistance resulting from skin effect and 

proximity effect 
/?,.., = effective thermal resistance between conductor and 

surrounding ambient 

Informational Note: The dielectric los.� temperature rise (t. 7�) 
i� negligible for single circuit extruded dielectric cables rated 
below 46 kV. 
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ARTICLE 315 - MEDIUM VOLTAGE CONDt:CTORS, CABLE, \..ABLEJOI:"'TS, Al'\D \..ABLE TERMIJ'\ATIONS 315.60 

(C) Tables. Ampacitics for conductors rated 2001 volts to 
35,000 volts shall be as specified in Table 315.f>O(C) ( 1 )  through 
Table 315.flO(C) (20). Ampacities for ambient temperatures 
other than those specified in dtc ampacity tables shall be 
corrected in accordance with 315.f>O(D) (4). 

Informational Note No. 1 :  See IEEE 835, Standard Porwr Cab!£ 
AmparilJ Tabks, and the references therein for a�ailability of all 
factors and constanl� for ampacities calculated in accordance 
"ith 315.60(,\). 

Informational :'\ote l'o. 2: See 210.19, Informational :'\ote, for 
,·oltage drop on branch circuil� that this section does not take 
into consideration. See 215.2(,\) (2), lnfonnational :'\ote No. 2, 
for n>ltage drop on feeders that thi� section does not take into 
consideration. 

(D) Ampadty Adjusbnent. 

(1) Grounded Shields. Ampacitics shown in Table 315.f>O(C) 
(3), Table 315.f>O(C) (4), Table 315.f>O(C) ( l5), and Table 
315.flO(C) (1f>) shall apply for cables "id1 shield-; grounded at 
one point only. \\'here shield-; for these cables arc grounded at 
more dtan one point, ampacities shall be adjusted to take into 
consideration the heating due to shield current-;. 

Informational :'\ote: Tables other than those listed contain the 
ampacity of cables "ith shield� grounded at multiple poinl�. 

Table 315.60(C)(1) Ampacities of Insulated Single Copper 
Conductor Cables Triplexed in Air 

Temperature Rating of Conductor 

2001-5000 Volts 5001-55,000 Volts 
Ampacity Ampacity 

Conductor 105"C 105"C 
Size 9o•c (221"F) 9o•c (221"F) 

(AWG or (194"F) Type (194"F) Type 
kcmil) Type MV-90 MV-105 Type MV-90 MV-105 

8 65 71 
6 90 99 100 1 1 0  
4 120 130 130 140 
2 160 175 1 70 195 
1 185 205 195 225 

1/0 215 240 225 255 
2/0 250 275 260 295 
3/0 290 320 300 340 
4/0 335 375 315 390 

250 375 4 15 380 430 
350 165 515 170 525 
500 580 645 580 650 
750 750 835 730 820 

1000 880 980 850 950 

l'ote: Refer to 315.60(E) for the ba�is ofampacities, 315.10(:\) for 
conductor maximum operdting temperdture and application, and 
315.60(0) (4) for the ampacity correction factors where the ambient air 
temperature is other than 40•c ( 104"F). 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GrRICAL COI>t: 

Table 315.60(C)(2) Ampacities of Insulated Single Aluminum 
Conductor Cables Triplexed in Air 

Temperature Rating of Conductor 

2001-5000 Volts 5001-55,000 Volts 
Ampacity Ampacity 

Conductor 105"C 105"C 
Size 9o•c (221"F) 9o•c (221"F) 

(AWG or (194"F) Type (194"F) Type 
kcmil) Type MV-90 MV-105 Type MV-90 MV-105 

8 50 57 
6 70 77 75 84 
4 90 100 100 1 1 0  
2 125 135 130 150 
1 145 160 150 175 

1/0 170 185 1 75 200 
2/0 195 215 200 230 
3/0 225 250 230 265 
4/0 265 290 270 305 

250 295 325 300 335 
350 365 405 370 415 
500 160 510 160 515 
750 600 66.? 590 660 

1000 715 800 700 780 

l'ote: Refer to 315.60(E) for ba�i� of ampacities, 315.1 O(A) for 
conductor maximum operdting temperdture and application, and 
!H5.60(D) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40•c ( 104.F). 

(2) Burial Depth. Where the burial depth of direct burial or 
electrical duct bank circuit-; is modified from the values shown 
in a figure or table, ampacitics shall be permitted to be modi
fied as indicated in 315.flO(D) (2) (a) and (D) (2) (b). :"'o ampac
ity adjustment-; shall be required where the burial depth is 
decreased. 

(a) Where burial depths arc increased in part(s) of an 
electrical duct run, a decrease in ampacity of the conductors 
shall not be required, pro,idcd dtc total length of part-; of the 
duct run increased in depth is less than 25 percent of the total 
run length. 

(b) \\'bcrc burial dcpdts arc deeper dtan shown in a 
specific underground ampacity table or figure, an ampacity 
derating factor of f> percent per 300 mm ( I  ft) increase in 
depth for all values of rho shall be permitted. 

(3) Electrical Ducts Entering Equipment Enclosures. At loca
tions where electrical duct-; enter equipment enclosures from 
underground, spacing between such duel<;, as shown in Figure 
315.flO(D) (3), shall be permitted to be reduced "ithout requir
ing the ampacity of conductors therein to be reduced. 
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Table 315.60(C)(3) Ampacities of Insulated Single Copper 
Conductor Isolated in Air 

Temperature Rating of Conductor 

5001- 15,001-
2001-5000 Volts 15,000 Volts 35,000 Volts 

Ampacity Ampacity Ampacity 

Conductor 9o•c 105"C 9o•c 105"C 9o•c 105"C 
Size (194 "F) (221 "F) (194"F) (221"F) (194"F) (221"F) 

(AWG Type Type Type Type Type Type 
or kcmil) MV-90 MV-105 MV-90 MV-105 MV-90 MV-105 

8 83 93 
6 1 10 120 1 10 125 
4 145 160 150 16.'} 
2 190 215 195 215 
1 225 250 225 250 225 250 

1/0 260 290 260 290 260 290 
2/0 300 330 300 335 300 330 
3/0 345 385 345 385 315 380 
1/0 400 115 400 115 395 445 

250 445 195 445 195 410 490 
350 550 615 550 610 515 605 
500 695 775 685 76.? 680 755 
750 900 1000 885 990 870 970 

1000 1075 1200 1060 1 1 85 1010 1 1 60 
1250 1230 1370 1210 1350 1 185 1320 
1500 1365 1525 1345 1500 1315 1465 
1750 1495 166.? 1470 1610 1430 1595 
2000 1605 1790 1575 1755 1535 1710 

l'ote: Refer to 315.60(E) for the ba•is ofampacities, 315.10(:\) for 
conductor maximum operdting temperdtnre and application, and 
315.60(0) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40"C (104"F). 

(4) Ambient Temperature Correction. AmpacitiC5 for ambient 
temperatures other than those specified in dtc ampacity tables 
shall be corrected in accordance "id1 Table 315.60(0) (4) or 
shall be permitted to be calculated usjng the follo"ing equa
tion: 

where: 

I'= I �T. -7;,' 
T. -T. 

[315.60(D)(4)) 

I' = ampacity corrected for ambient temperature 
I = ampacity shown in the table for T, and T,, 

T, = temperature rating of conductor ("C) 
7;, ' = new ambient temperature ("C) 
7;, = ambient temperature used in dte table ("C) 

Informational Note: See 1 10.40 for ambient temperature a�just
menl• for terminal•. 
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Table 315.60(C)(4) Ampacities of Insulated Single Aluminum 
Conductor Isolated in Air 

Temperature Rating of Conductor 

5001- 15,001-
2001-5000 Volts 15,000 Volts 35,000 Volts 

Ampacity Ampacity Ampacity 

Conductor 9o•c 105"C 9o•c 105"C 9o•c 105"C 
Size (194"F) (221"F) (194"F) (221"F) (194"F) (221"F) 

(AWG Type Type Type Type Type Type 
or kcmil) MV-90 MV-105 MV-90 MV-105 MV-90 MV-105 

8 64 71 
6 85 95 87 97 
4 1 15 125 1 15 130 
2 150 Hl.'l 150 1 70 
1 175 195 175 195 175 195 

1 /0 200 225 200 225 200 225 
2/0 230 260 235 260 230 260 
3/0 270 300 270 300 270 300 
1/0 310 350 310 350 310 345 

250 345 385 345 385 315 380 
350 430 180 430 180 430 475 
500 545 605 535 600 530 590 
750 710 790 700 780 685 765 

1000 855 950 840 910 825 920 
1250 980 1095 970 1080 950 1055 
1500 1 1 05 1230 1085 1215 1060 1 1 80 
1750 1215 1355 1 195 1335 1 165 1300 
2000 1320 1175 1295 1115 1265 1410 

Note: Refer to 315.60(E) for the ba•is ofampacities, 315.10(:\) for 
conductor maximum operdting temperdtnre and application, and 
315.60(0) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40"C (104"F). 

(E) Ampacity in Air. Ampacities for conductors and cables in 
air shall be as specified in Table 315.60(C) ( 1 )  through Table 
315.f>O(C) ( 10) . Ampacities shall be bao;ed on the following: 
(1)  Conductor temperatures of 90"C (194"F) and 105"C 

(221 "F) 
(2) Ambient air temperature of 40"C (104"F) 

Informational Note: See 315.60(0) (4) where the ambient air 
temperature is other dtan 40"C (104"F). 

(F) Ampacity in Underground Electrical Ducts and Direct 
Buried in Earth. Ampacities for conductors and cables in 
underground electrical ducto; and direct buried in earth shall 
be ao; specified in Table 315.60(C) ( l l) through Table 
315.f>O(C) (20) . Ampacities shall be bao;ed on the following: 
(1)  Ambient earth temperature of 200C (68"F) 
(2) Arrangement in accordance with Figure 315.f>O(D) (3) 
(3) 100 percent load factor 
(4) Thennal resistance (Rho) of90 
(5) Conductor temperatures 900C (194oF) and 105oC 

(221 "F) 
(6) �linimum burial depths to the top electrical ducto; or 

cables shall be in accordance with 305.15. 
(7) Maximum depth to the top of electrical duct banks shall 

be 750 mm (30 in.), and maximum depth to the top of 
direct-buried cables shall be 900 mm (36 in.). 
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Table 315.60(C)(5) Ampacities of an Insulated 
Three-Conductor Copper Cable Isolated in Air 

Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts 
Ampacity Ampacity 

Conductor 9o•c 105•c 9o•c 105•c 
Size (194.F) (221.F) (194.F) (221.F) 

(AWG Type Type Type Type 
or kcmil) MV-90 MV-105 MV-90 MV-105 

8 59 66 
6 79 88 93 105 
1 105 1 1 5  120 135 
2 140 151 165 185 
1 160 180 185 210 

1/0 185 205 215 240 
2/0 215 210 245 275 
3/0 250 280 285 315 
4/0 285 320 325 360 

250 320 355 360 400 
350 395 410 435 490 
500 485 515 535 600 
750 615 685 670 745 

1000 705 790 770 860 

l'ote: Refer to 315.60(E) for the ba•is ofampacities, 315.10(:\) for 
conductor maximum operdting temperdtnre and application, and 
315.60(0) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40"C ( 104"F). 

Table 315.60(C)(6) Ampacities of an Insulated 
Three-Conductor Aluminum Cable Isolated in Air 

Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts 
Ampacity Ampacity 

Conductor 9o•c 105•c 9o•c 105•c 
Size (194.F) (221.F) (194.F) (221.F) 

(AWG Type Type Type Type 
or kcmil) MV-90 MV-105 MV-90 MV-105 

8 46 51 
6 61 68 72 80 
1 81 90 95 105 
2 1 10 120 125 145 
1 125 110 145 165 

1/0 145 160 170 185 
2/0 1 70 185 190 215 

3/0 195 215 220 245 
4/0 225 250 255 285 

250 250 280 280 315 
350 310 315 345 385 
500 385 430 425 475 
750 495 550 540 600 

1000 585 650 635 705 

l'ote: Refer to 315.60(E) for the ba•is ofampacities, 315.10(:\) for 
conductor maximum operdting temperdtnre and application, and 
315.60(0) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40"C ( 104"F). 

20'.!3 t:clition :'\.-\:110:-1.-\t. t:t.t:GJ"RJC.-\1. COI>t: 

Table 315.60(C)(7) Ampacities of an Insulated Triplexed or 
Three Single-Conductor Copper Cables in Isolated Conduit in 
Air 

Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts 
Am parity Ampacity 

Conductor 105"C 9o•c 105"C 
Size 9o•c (221.F) (194.F) (221"F) 

(AWG (194"F) Type Type Type 
or kcmil) Type MV-90 MV-105 MV-90 MV-105 

8 55 61 
6 75 84 83 93 
4 97 1 10 1 10 120 
2 130 145 150 165 
1 155 1 75 170 190 

1/0 180 200 195 215 
2/0 205 225 225 255 
3/0 240 270 260 290 
4/0 280 305 295 330 

250 315 355 330 365 
350 385 430 395 440 
500 475 530 480 535 
750 600 665 585 655 

1000 690 770 675 755 

l'ote: Refe•: to 315.60(E) for the ba•is ofampacities, 315.10(:\) for 
conductor maximum operdting temperduu·e and application, and 
315.60(0) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40"C (104"F). 

Table 315.60(C)(8) Ampacities of an Insulated Triplexed or 
Three Single-Conductor Aluminum Cables in Isolated Conduit 
in Air 

Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts 
Am parity Ampacity 

105"C 9o•c 105"C 
Conductor 9o•c (221"F) (194.F) (221"F) 

Size (AWG or (194"F) Type Type Type 
kcmil) Type MV-90 MV-105 MV-90 MV-105 

8 43 48 
6 58 65 65 72 
4 76 85 84 94 
2 100 1 15 1 15 130 
1 120 135 130 150 

1/0 140 155 150 170 
2/0 160 1 75 175 200 
3/0 190 210 200 225 
4/0 215 240 230 260 

250 250 280 255 290 
350 305 340 310 350 
500 380 425 385 430 
750 490 545 485 540 

1000 580 645 565 640 

l'ote: Refer to 315.60(E) for the ba•is ofampacities, 315.10(:\) for 
conductor maximum operdting temperdtnre and application, and 
315.60(0) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40"C (104"F). 
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Table 315.60(C)(9) Ampacities of an Insulated Table 315.60(C)(l l )  Ampacities of Three Single-Insulated 
Three-Conductor Copper Cable in Isolated Conduit in Air Copper Conductors in Underground Electrical Ducts 

(Three Conductors per Electrical Duct) 
Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts Temperature Raling of Conductor 

Am parity Ampacity !001-5000 Volts 5001-!15,000 Volts 

Conductor 105"C 9o•c 105"C 
Ampacity Ampacity 

Size 9o•c (221"F) (194"F) (221"F) Conductor go•c 1os·c go·c 1o5•c 
(AWG (194"F) Type Type Type Size (194°F) (%21.F) (194°F) (221.F) 

or kc:mil) Type MV-90 MV-105 MV-90 MV-105 (AWG Type Type Type Type 
orkc:mil) MV-90 MV-105 MV-90 MV-105 

8 52 58 One Circuit [See F".gure li15.60(D)(ll), DetaU 1.] 
6 69 77 83 92 
4 91 IOO 105 120 I! f>4 69 
2 I25 I35 145 165 6 1!5 \12 \10 \17 

I 140 I 55 165 185 4 1 10 120 1 15 125 
2 145 155 155 165 

1/0 I65 I85 195 2I5 1 170 11!0 1 75 11!5 
2/0 I90 210 220 245 1/0 195 210 200 215 
3/0 220 245 250 280 2/0 220 235 230 245 
4/0 255 285 290 320 3/0 250 270 2fl0 2i5 

250 280 315 3I5 350 4/0 290 310 2\15 315 

350 350 390 31!5 430 2fl0 320 345 325 345 
500 425 475 470 525 3:JO 31!5 415 3\10 415 
750 525 585 570 635 500 470 ;;o;; 4fl5 500 

1000 590 6f)() 650 725 7:JO 51!5 630 ;;r,;; 610 

l'ote: Refer to 315.60(E) for the ba•is ofampacities, 315.10(:\) for 
1000 670 720 640 6\10 

conductor maximum operdting temperdtnre and application, and Three Circuits [See F".gure li15.60(D)(ll), DetaU %.] 
315.60(0) (4) for the ampacity correction factors where dte ambient air I! 56 flO 
temperature is other dtan 40"C (104"F). 6 73 79 77 1!3 

4 95 100 \19 105 
2 125 130 130 135 

Table 315.60(C)(10) Ampacities of an Insulated 1 140 l:JO 145 155 
Three-Conductor Aluminum Cable in Isolated Conduit in Air 

1/0 1fl0 1 75 1fl5 1 75 
2/0 11!5 l\15 11!5 200 

Temperature Rating of Conductor 3/0 210 225 210 225 

2001-5000 Volts 5001-35,000 Volts 4/0 235 255 240 255 

Am parity Ampacity 2fl0 2fl0 21!0 2fl0 21!0 

Conductor 105"C 9o•c 105"C 
3:JO 315 335 310 330 
500 375 405 370 3\15 

Size 9o•c (221"F) (194"F) (221"F) 7:JO 4fl0 4\15 440 475 
(AWG (194"F) Type Type Type 1000 525 ;;r,;; 4\15 535 

or kc:mil) Type MV-90 MV-105 MV-90 MV-105 
Six Circuits [See F".gure lii5.60(D)(ll), DetaU S.] 

8 41 46 
6 53 59 64 71 

I! 41! 52 
6 62 67 fl4 61! 

4 71 79 84 94 4 1!0 1!6 1!2 Ill! 
2 96 I05 1 15 125 2 105 1 10 105 1 15 
I 1 10 I25 130 145 1 1 15 125 120 125 

1/0 I30 145 150 170 1/0 1 35 145 135 145 
2/0 I 50 I65 170 190 2/0 150 lfJO 1:JO 165 
3/0 I70 I90 195 220 3/0 170 11!5 1 70 11!5 
4/0 200 225 225 255 4/0 195 210 1\10 205 

250 220 245 250 280 2fl0 210 225 210 225 

350 275 305 305 340 3:JO 250 270 245 265 

500 340 380 31!0 425 500 300 325 2\10 310 

750 430 480 470 520 
7:JO 365 3\15 3:JO 375 

1000 410 445 3\10 415 
1000 505 560 550 6I5 

l'ote: Refer to 315.60(F) for ba•is ofampacities and Table 315.10(:\) 
l'ote: Refer to 315.60(E) for the ba•is ofampacities, 315.10(:\) for for the temperdture rdting of me conductor. 
conductor maximum operdting temperdtnre and application, and 
315.60(0) (4) for the ampacity correction factors where dte ambient air 
temperature is other dtan 40"C (104"F). 
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Table 315.60(C)(I2) Ampacities of Three Single-Insulated Table 315.60(C)(I3) Ampacities of Three Insulated Copper 
Aluminum Conductors in Underground Electrical Ducts Conductors Cabled Within an Overall Covering 
(Three Conductors per Electrical Duct) (Three-Conductor Cable) in Underground Electrical Ducts 

(One Cable per Electrical Duct) 
Temperature Rating of Conductor 

2001-5000 Volts 5001-!15,000 Volts Temperature Ratiug of Conductor 

Ampacity Ampacity 2001-5000 Volts 5001-!15,000 Volts 
Conductor 90·c 1o5•c 9o•c 1o5•c Ampacity Ampacity 

Size (I94°F) (%2J•F) (I94°F) (%%t•F) Conductor 9o•c 105•c 9o•c 105•c 
(AWG Type Type Type Type Size (I94°F) (2%1°F) (J94•F) (%21°F) 

orkcmll) MV-90 MV-105 MV-90 MV-105 (AWG Type Type Type Type 

One Circuit [See F".gure lii5.60(D)(ll), DetaU 1.] 
orkcmll) MV-90 MV-105 MV-90 MV-105 

8 50 :>4 
One Circuit [See F".gure li15.60(D)(ll), DetaU 1.] 

6 f!6 71 70 if» 8 5!1 f>-1 
4 86 93 !II !II! 6 78 1!4 88 95 
2 1 15 125 120 130 4 100 1 10 115 125 
I 130 140 135 145 2 135 145 150 160 

l/0 150 lf>O 155 165 
155 If�'> 170 185 

2/0 170 185 175 1!10 1/0 175 1!10 195 210 
3/0 195 210 200 215 2/0 200 220 220 235 
4/0 225 245 230 245 3/0 230 2:.0 250 270 

4/0 265 285 285 305 
250 250 270 2:.0 270 
350 305 325 305 330 250 290 315 310 335 
500 370 400 370 400 350 355 380 375 400 
750 470 505 455 4!10 :.oo 430 4f,O 450 485 

1000 545 590 525 565 750 530 570 545 :.s5 
1000 f.OO 645 615 6f.O 

Three Circuits [See F".gure lii5.60(D)(ll), DetaU %.] 
Three Circuits [See F".gure li15.60(D)(ll), DetaU %.] 

47 8 44 
6 5i 61 f.O 65 8 53 5i 
4 74 80 77 83 6 6!1 74 i5 !!I 
2 96 105 100 105 4 8!1 96 97 105 

I 1 10 120 1 10 120 2 115 125 125 135 
I 135 145 140 155 

l/0 125 135 125 140 
2/0 145 155 145 155 1/0 150 If�'> lf.O 175 

3/0 lf.O 175 lfl5 175 2/0 170 185 185 195 

4/0 185 200 185 200 3/0 195 210 205 220 
4/0 225 240 230 250 

250 205 220 200 220 
250 245 2fl5 255 270 350 245 2fl5 245 260 

500 295 320 2!10 315 350 295 315 305 325 

750 370 395 355 385 
:.oo 355 380 3(,0 385 
750 430 4f�') 430 465 

1000 425 4f.O 405 440 
1000 485 520 485 515 

Six Circuits [See F".gure lii5.60(D)(ll), DetaU S.] Six Circuits [See F".gure li15.60(D)(ll), DetaU ll.] 
8 38 41 8 46 ;,o 
6 48 52 ;,o 54 6 f.O f�') 63 f>l! 
4 62 67 f>-1 6!1 4 ii 1!3 I! I 1!7 
2 80 86 80 88 2 91! 105 105 110 
I 91 91! !10 !1!1 I 110 120 115 125 

l/0 105 1 10 105 1 10 1/0 125 135 130 145 
2/0 1 15 125 1 15 125 2/0 145 155 150 lf.O 
3/0 135 145 130 145 3/0 165 175 170 11!0 
4/0 150 lfl5 1:.0 160 4/0 11!5 200 190 200 

250 165 180 lfl5 175 250 200 220 205 220 
350 195 210 1!15 210 350 240 270 245 275 
500 240 255 230 250 :.oo 290 310 290 305 
750 290 315 280 305 750 350 375 340 365 

1000 335 3f.O 320 345 1000 390 420 31!0 405 
l'ote: Refer to 315.60(F) for ba.�i� ofampacities and Table 315.10(:\) l'ote: Refer to 315.60(F) for ba.�i� ofampacities and Table 315.10(:\) 
for the temperdture rdting of dte conductor. for the temperdture rdting of me conductor. 
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Table 315.60(C)(I4) Ampacities of Three Insulated Aluminum 
Conductors Cabled Within an Overall Covering 
(Three-Conductor Cable) in Underground Electrical Ducts 
(One Cable per Electrical Duct) 

Conductor 
Size 

(AWG 
orkcmil) 

Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts 
Ampacity Ampacity 

9o•c to5·c 9o•c to5·c 
(I94°F) (2%1°F) (I94°F) (221°F) 
Type Type Type Type 
MV-90 MV-105 MV-90 MV-105 

One Circuit [See F".gure 315.60(0)(3), Detail 1.] 

8 46 :.o 
6 61 fJ6 69 74 
4 80 86 89 96 
2 105 1 10 1 15 125 

120 130 135 145 

1/0 140 t:.o 150 165 
2/0 Jf.O 170 170 185 
3/0 180 195 195 210 
4/0 205 220 220 240 

250 230 245 245 265 
350 280 310 295 315 
:.oo 340 3f>5 355 385 
750 425 4f.O 440 475 

1000 495 535 510 545 

Three Circuits [See F".gure 315.60(0)(3), Detail 2.] 

8 41 44 

6 54 58 59 f>4 
4 70 i5 i5 81 
2 90 97 100 105 
I 105 1 10 1 10 120 

1/0 120 125 125 135 
2/0 135 145 140 155 
3/0 155 Jf>.'J Jf.O 175 
4/0 175 185 180 195 

250 190 205 200 215 
350 230 2:.0 240 255 
:.oo 280 300 285 305 
750 345 375 350 375 

1000 400 430 400 430 

Six Circuits [See F".gure 315.60(0)(3), Detail 3.] 

8 36 39 
6 46 50 49 53 
4 f.O f>.') 63 f.S 
2 ii 83 80 86 
I 87 94 90 98 

1/0 99 105 105 1 10 
2/0 1 10 120 1 15 125 
3/0 130 140 130 140 
4/0 145 155 150 Jf.O 

250 Jf.O 170 Jf.O 170 
350 190 205 190 205 
:.oo 230 245 230 245 
750 280 305 275 295 

1000 320 345 315 335 

l'ote: Refer to 315.60(F) for ba.�i� ofampacities and Table 315.10(:\) 
for the temperdture rdting of dte conductor. 
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Table 315.60(C)(I5) Ampacities of Single Insulated Copper 
Conductors Directly Buried in Earth 

Conductor 
Size 

(AWG 
or kanil) 

Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts 
Ampacity Ampacity 

go•c 105•c go•c 105•c 
(194.F) (221•F) (194•F) (221•F) 

1}pe Type 1}pe 'I}pe 
MV-90 MV-105 MV-90 MV-105 

One Circuit, Three Conductors [See Figure 315.60(0)(3), Delail 9.] 

8 1 1 0  1 15 
6 140 150 130 140 
4 180 195 170 180 
2 230 250 210 225 
I 260 280 240 260 

l/0 295 320 275 295 
2/0 335 365 310 335 
3/0 385 415 355 380 
4/0 435 465 405 435 

250 470 510 440 475 
350 570 615 535 575 
500 690 745 6.')0 700 
750 845 910 805 865 

1 000 980 1 055 930 1005 

1Wo Circuits, Six Conductors [See F�gure 315.60(0)(3), Oelail 10.] 

8 100 1 1 0  
6 130 140 120 130 
4 165 180 160 170 
2 215 230 195 210 
I 240 260 225 240 

l/0 275 295 255 275 
2/0 310 335 290 315 
3/0 355 380 330 355 
4/0 400 430 375 405 

250 435 470 410 440 
350 520 560 495 530 
500 630 680 600 645 
750 775 835 740 795 

1 000 890 960 8.')5 920 

l'ote: Refer to 315.60(F) for ba.�i� ofampacities and Table 315.10(:\) 
for the temperdture rdting of me conductor. 
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ARTICLE 315 - :MEDIUM VOLTAGE CONDt:CTORS, \ABLE, \ABLEJOI:"'TS, Al'\D \ABLE TER:Mil'\ATIONS 315.60 

Table 315.60(C)(I6) Ampacities of Single Insulated Aluminum Table 315.60(C)(I7) Ampacities of Three Insulated Copper 
Conductors Directly Buried in Earth Conductors Cabled Within an Overall Covering 

(Three-Conductor Cable), Directly Buried in Earth 
Temperature Rating of Conductor 

2001-5000 Volts 5001-35,000 Volts Temperature Rating of Conductor 

Ampacity Ampacity 2001-5000 Volts 5001-35,000 Volts 
Conductor 9o•c 105•c go•c 105•c Ampacity Ampacity 

Size (194.F) (221°F) (194.F) (221°F) 9o•c 105•c 9o•c 105•c 
(AWG Type Type Type 'I}pe Conductor (194°F) (221.F) (194.F) (221°F) 

or kcmil) MV-90 MV-105 MV-90 MV-105 Size Type 'IYPe 'IYPe Type 

One Circuit, Three Conductors [See Figure 315.60(0)(3), Detail 9.] (AWG or kcmil) MV-90 MV-105 MV-90 MV-105 

8 85 90 One Circuit [See F.gure 315.60(0)(3), Oetail 5.1 
6 1 10 1 15 100 l lO 8 85 89 
4 140 150 130 140 

6 105 1 15 1 15 120 2 180 195 165 175 
I 205 220 185 200 4 135 150 145 155 

2 180 190 185 200 
l/0 230 250 215 230 1 200 215 210 225 
2/0 265 28.'> 245 260 
3/0 300 320 275 295 1/0 230 215 240 255 

4/0 340 36.'> 315 340 2/0 260 280 270 290 
3/0 295 320 305 330 

250 370 395 345 370 1/0 335 360 350 375 
350 445 480 415 450 
500 540 580 5l0 545 250 365 395 380 410 

750 665 720 635 680 350 440 175 460 495 

l OOO 780 840 740 795 500 530 570 550 590 

1\vo Circuits, Six Conductors [See F�gure 315.60(0)(3), Oetail 10.] 
750 650 700 665 720 

1000 730 785 750 810 
8 80 !!.'> Two Circuits [See F.gure 315.60(0)(3), Oetail 6.] 
6 lOO 1 10 95 100 
4 130 140 125 130 8 80 81 
2 165 180 155 165 6 100 105 105 1 15 
I 190 200 175 190 4 130 110 135 145 

l/0 215 230 200 215 
2 165 180 170 185 

2/0 245 260 225 245 1 185 200 195 210 

3/0 275 295 255 275 1/0 215 230 220 235 
4/0 310 335 290 315 2/0 240 260 250 270 

250 340 36.'> 320 345 3/0 275 295 280 305 
350 410 440 385 415 1/0 310 335 320 345 

500 495 530 470 505 250 340 365 350 375 
750 610 655 580 625 

1000 710 76.'> 680 730 
350 410 110 420 450 
500 490 525 500 535 

l'ote: Refer to 315.60(F) for ba.�i� ofampacities and Table 315.10(:\) 750 595 610 605 650 
for the temperdture rdting of d1e conductor. 1000 665 715 675 730 

l'ote: Refer to 315.60(F) for ba.�i� ofampacities and Table 315.10(:\) 
for the temperdture rdting of me conductor. 
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315.60 ARTICLE 315 - :MEDIUM VOLTAGE CONDt:CTORS, \ABLE, \ABLEJOI:"'TS, Al'\D \ABLE TER:Mil'\ATIONS 

Table 315.60(C)(I8) Ampacities of Three Insulated Aluminum Table 315.60(C)(I9) Ampacities of Three Triplexed Single 
Conductors Cabled Within an Overall Covering Insulated Copper Conductors Directly Buried in Earth 
(Three-Conductor Cable), Directly Buried in Earth 

Temperature Rating of Conductor 
Temperature Rating of Conductor %001-5000 Volts 5001-35,000 Volts 

%001-5000 Volts 5001-35,000 Volts Ampacity Ampacity 
Ampacity Ampacity Conductor 9o•c 1o5•c 9o•c 1o5•c 

Conductor 9o•c 105•c 9o•c 105•c Size (194°F) (%%10F) (194°F) (%%10F) 
Size (I94°F) (%%1 °F) (1940F) (%%I OF) (AWG Type 'I)pe Type 'I)pe 

(AWG Type 'I)pe 'I)pe Type or kcmil) MV-90 MV-105 MV-90 MV-105 
or kcmil) MV-90 MV-105 MV-90 MV-105 One Circuit, Three Conductors ISee F.gure 315.60(D)(3), Detail 7.1 

One Circuit [See F.gure 315.60(D)(3), Detail 5.1 8 �)0 95 

8 65 70 6 120 130 1 15 120 

6 80 88 90 95 4 150 165 150 160 

4 105 1 15 1 15 125 2 195 205 190 205 

2 140 150 145 155 1 225 240 215 230 

I 155 170 165 175 1/0 255 270 245 260 

1/0 180 190 185 200 2/0 2�10 310 275 295 

2/0 205 220 210 225 3/0 330 360 315 340 

3/0 230 250 240 260 4/0 375 405 360 385 

1/0 260 280 270 295 250 410 445 390 410 

250 285 310 300 320 350 490 580 470 505 

350 345 375 360 390 500 5�)0 635 565 605 

500 420 150 435 470 750 725 780 68.? 740 

750 520 560 540 580 1000 825 885 770 830 

1000 600 650 620 665 Two Circuits, Six Conductors I See F.gure 315.60(D)(3), Detail S. I 
Two Circuits [See F.gure 315.60(D)(3), Detail 6.] 8 85 90 

8 60 66 
6 1 10 1 15 105 1 15 
4 140 150 140 150 

6 75 83 80 95 
2 180 195 175 190 

4 100 1 10 105 1 1 5  1 205 220 200 215 
2 130 110 135 145 
I 145 155 150 165 1/0 235 250 225 240 

1/0 165 180 170 185 
2/0 265 285 255 275 
3/0 300 320 290 315 

2/0 190 205 195 210 4/0 340 365 325 350 
3/0 215 230 220 240 
1/0 245 260 250 270 250 370 395 355 380 

350 445 480 425 455 
250 265 285 275 295 500 535 575 510 545 
350 320 315 330 355 750 650 700 615 660 
500 385 115 395 425 1000 740 795 6�)0 745 
750 480 515 485 525 

l'ote: Refer to 315.60(F) for basi• ofampacities and Table 315.10(:\) 
1000 550 590 560 600 

l'ote: Refer to 315.60(F) for ba.•i• ofampacities and Table 315.10(:\) 
for the temperdture rdting of the conductor. 

for the temperdture rdting of dte conductor. 
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ARTICLE 315 - :MEDIUM VOLTAGE CONDt:CTORS, \ABLE, \ABLEJOI:"'TS, Al'\D \ABLE TER:Mil'\ATIONS 315.60 

Table 315.60(C)(20) Ampacities of Three Triplexed Single Insulated Aluminum Conductors 
Directly Buried in Earth 

Temperature Rating of Conductor 
Conductor 

Size 2001-5000 Volts Ampacity 5001-35,000 Volts Ampacity 

(AWG 9o•c (194.F) 105•c (221.F) go•c (194.F) 105•c (221.F) 
or kcmil) Type MV-90 Type MV-105 Type MV-90 Type MV-105 

One Circuit, Three Conductors [See F.gure 315.60(D)(3), Detail 7.1 

8 70 75 
6 90 100 
4 120 130 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
350 
500 
750 

1000 

155 
175 

200 
225 
255 
290 

320 
385 
16.'} 
580 
670 

165 
190 

210 
240 
275 
310 

350 
420 
500 
625 
725 

Two Circuits, Six Conductors [See Figure 315.60(D)(3), Detail S.] 

8 6.'l 70 
6 85 95 
4 1 10 120 
2 110 150 
1 160 170 

1/0 180 195 
2/0 205 220 
3/0 235 250 
4/0 26.'l 285 

250 290 310 
350 350 375 
500 120 455 
750 520 560 

1000 600 645 

90 95 
1 15 125 
145 155 
165 175 

190 205 
215 230 
245 26.'l 
280 305 

305 325 
370 100 
445 180 
550 590 
635 680 

85 90 
105 1 15 
135 115 
155 170 

175 190 
200 215 
225 215 
255 275 

280 300 
335 360 
405 435 
485 525 
565 605 

l'ote: Refer to 315.60(F) for ba.�i� ofampacities and Table 315.10(:\) for the temperature rating of the 
conductor. 
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315.60 ARTICLE 315 - MEDIUM VOLTAGE CONDt:CTORS, CABLE, \..ABLEJOI:"'TS, Al'\D \..ABLE TERMIJ'\ATIONS 

� t{!2:J 
Detail 1 
290 mm x 290 mm 
(11.5 in. x 11.5 in.) 
Electrical duct bank 
One electrical duct 

• ! 

190 mm (7.5 in.) 

Detail 2 
475 mm x 475 mm 
(19 in. x 19 in.) 
Electrical duct bank 
Three electrical ducts 

or l·.���:t ��� I 
190 mm 1 90 mm 
(7.5 in.) (7.5 in.) 

675 mm x 290 mm 
(27 in. x 11.5 in.) 
Electrical duct bank 
Three electrical ducts 

600 mm 

l 

(24 in.) 

le 
Detail S Detail & Detail 7 
Buried 3 
conductor 
cable 

1 90 mm 190 mm 
(7.5 in.) (7.5 in.) 

I I 1 

Buried 3 
conductor 
cables 

Buried triplexed 
cables (1 circuit) 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

I I I 

1 90 mm (7.5 in.) 

Detail 3 
475 mm x 675 mm 
(19 in. x 27 in.) 
Electrical duct bank 
Six electrical ducts 

or 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

675 mm x 475 mm 
(27 in. x 19 in.) 
Electrical duct bank 
Six electrical ducts 

J. 

600 mm 
(24 in.) 

Detail 8 

I. 

Buried triplexed 
cables (2 circuits) 

60o mm 
(24 in.) 

1 90 mm 190 mm 
(7.5 in.) (7.5 in.) 

I I 1 

Detail 9 Detail 10 
Buried single-conductor 
cables ( 1 circuit) 

Buried single-conductor 
cables (2 circuits) 

Note: Minimum burial depths to top electrical ducts or cables shall be 
in accordance with 300.50. Maximum depth to the top of electrical 
duct banks shall be 750 mm (30 in.) and maximum depth to the top 
of direct-buried cables shall be 900 mm (36 in.). 

Legend 

� Backfill (earth or concrete) 

0 Electrical duct 

• Cable or cables 

F1GURE 315.60(0)(3) Cable Installation Dimensions for Use with Table 315.60(C)(l l )  
Through Table 315.60(C)(20). 
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ARTICLE 320 -ARMORED CABLE: 1YPE AC 320.24 

Table 315.60(D)(4) Ambient Temperature Correction Factors 

For ambient temperatures other than 40•c (104•F), multiply the allowable ampacities specified in the 
ampacity tables by the appropriate factor shown below. 

Ambient Temperature Rating of Conductor 
Temperature 

(.C) go•c 

10 or les.� 1.26 
1 1-15 1.22 
16-20 1.18 
21-25 1.14 
26-30 1.10 
31-35 1.05 
3�0 1.00 
4 1-45 0.95 
46-50 0.89 
51-55 0.84 
56-60 0.77 
61-65 0.71 
66-70 0.63 
71-75 0.55 
7t�O 0.45 
81-85 0.32 
86-90 -

91-95 -

96-100 -

ARTICLE 320 
Armored Cable: Type AC 

Part I. General 

Ios·c 

1.21 
1.18 
1 .14 
1 . 1 1 
1.07 
1.04 
1.00 
0.96 
0.92 
0.88 
0.83 
0.78 
0.73 
0.68 
0.62 
0.55 
0.48 
0.39 
0.28 

320.1 Scope. This article covers the usc, installation, and 
construction specifications for armored cable, T}pc A£. 
320.6 Listing Requirements. Type AC cable and as.o;ociatcd 
fittings shall be listed. 

Part D. Installation 

320.10 Uses Permitted. Type AC cable shall be permitted as 
follows: 

(1)  For feeders and branch circuits in both exposed and 
concealed installations 

(2) In cable trays 
(3) In dry locations 
(4) Embedded in plaster finish on brick or other masonry, 

except in damp or wet locations 
(5) To be run or fished in the air void-; of masonry block or 

tile walls where such walls arc not exposed or subject to 
excessive moisture or dampncs.o; 

lnfonnational Note: The "Uses Penniued" is not an all-inclush·e 
list. 

320.12 Uses Not Permitted. Type AC cable shall not be used 
ao; follows: 

(1) Where subject to physical damage 
(2) In damp or wet locations 
(3) In air voiclo; of mao;onry block or tile walls where such walls 

arc exposed or subject to excessive moisture or dampncs.o; 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. COI>t: 

Ambient 
Temperature 

(•F) 
50 or less 

51-59 
60--68 
69-77 
78--86 
87-95 

96-104 
105-1 13 
1 14-122 
123-131 
132-110 
111-119 
150-158 
159-167 
168-176 
1 77-185 
186-194 
195-203 
204-212 

(4) \\-'here exposed to corrosive conditions 
(5) Embedded in plao;tcr finish on brick or other mao;onry in 

damp or wet locations 

320.15 Exposed Work. Exposed runs of cable, except ao; prmi
dcd in 300.11  (B), shall closely follow the surface of the build
ing finish or of running bo�rdo;. Exposed runs shall also be 
permitted to be installed on the underside of joist-; where 
supported at each joist and located so ao; not to be subject to 
physical damage. 

320.17 Through or Parallel to Framing Members. Type AC 
cable shall be protected in accordance with 300.4(A) , (C), and 
(D) where installed through or parallel to framing members. 

320.23 In Accessible Attics. Type AC cables in acccs.o;iblc attics 
or roof spaces shall be installed ao; specified in 320.23(A) and 
(B). 

(A) Cables Run Across the Top of Framing Members. \\''here 
run acros.o; the top of framing members, or acros.o; dtc face of 
rafters or studding within 2.1 m (7 ft) of dtc floor or horizontal 
surface, the cable shall be protected by guard strips that arc at 
lcao;t ao; high ao; the cable. \\'here thio; space is not acccs.o;iblc by 
pcrmancndy installed stairs or ladders, protection shall only be 
required within 1 .8 m (6 ft) of the nearest edge of the scutdc 
hole or attic entrance. 

(B) Cable Installed Parallel to Framing Members. \\'bcrc the 
cable i-; installed parallel to the sides of rafters, studs, or ceiling 
or floor joist-;, neither guard strips nor running boards shall be 
required, and the installation shall also comply l\idt 300.4(0). 

320.24 Bending Radius. Bend-; in Type AC cable shall be made 
such that the cable is not damaged. The radius of the curve of 
the inner edge of any bend shall not be lcs.o; than five times the 
diameter of the Type AC cable. 
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320.30 ARTICLE 322 - FLAT CABLE ASSEMBLIES: 1YPE FC 

320.30 Securing and Supporting. 

(A) General. Type AC cable shall be supported and secured by 
staples; cable tics listed and identified for securement and 
support; straps, hangers, or similar fittings; or other approved 
means designed and installed so as not to damage the cable. 

Type AC cable fittings shall be permitted a'i a means of cable 
support. 

(B) Securing. Unlcs.'i othcmisc permitted, Type AC cable shall 
be secured l\ithin 300 mm (12 in.) of every oudct box,junction 
box, cabinet, or fitting and at intervals not exceeding 1 .4 m 
(4!f:t ft) .  

(C) Supporting. Unlcs.'i othcmisc permitted, Type AC cable 
shall be supported at intervals not exceeding 1.4 m (4!f:t ft) .  

Horizontal runs of Type AC cable installed in wooden or 
metal framing members or similar supporting means shall be 
considered supported and secured where such support docs 
not exceed 1 .4 m ( 4!f:t ft) intervals. 

(D) Unsupported Cables. Type AC cable shall be permitted to 
be unsupported and unsecured where the cable complies with 
any of the follm\ing: 
(1)  Is fished between access points through concealed spaces 

in finished buildings or structures and supporting is 
impracticable 

(2) Is not more than f>OO mm (2 ft) in lcngd1 at terminals 
where flexibility is ncccs.'iary 

(3) l'i not more dtan 1.8 m (6 ft) in length from dtc la'it point 
of cable support to the point of connection to a lumin
airc(s) or other electrical equipment and the cable and 
point of connection arc l\ithin an acccs.'iiblc ceiling 

320.40 Boxes and Fittings. At all point'i where the armor of 
AC cable terminates, a fitting shall be prmidcd to protect wires 
from abra'iion, unlcs.'i the design of the oudct boxes or fittings 
is such a'i to alford equivalent protection, and, in addition, an 
insulating bushing or it'i equivalent protection shall be prmi
dcd between dtc conductors and dtc armor. The connector or 
damp by which the Type AC cable is fa'itcncd to boxes or cabi
nct'i shall be of such design dtat dtc insulating hushing or it'i 
equivalent will be \isiblc for inspection. ""'here change is made 
from Type AC cable to other cable or raceway wiring mcdtod'i, 
a box, fitting, or conduit body shall be installed at junction 
point'i a'i required in 300.15. 

320.80 Ampacity. The ampacity shall be determined in accord
ance l\ith 310.14. 

(A) Thermal Insulation. Armored cable installed in thermal 
insulation shall have conductors rated at go•c (194.F). The 
ampacity of cable installed in these applications shall not 
exceed that of a f>O•c (1400F) rated conductor. The 900C 
(194.F) rating shall be permitted to be used for ampacity 
adjustment and correction calculations; however, the ampacity 
shall not exceed dtat of a oo•c (140.F) rated conductor. 

\\'here more than two Type AC cables containing two or 
more current-carrying conductors in each cable arc installed in 
contact "id1 thermal insulation, caulk, or scaling foam without 
maintaining spacing between cables, the ampacity of each 
conductor shall be adjusted in accordance with Table 
310.15(C) ( 1 ) .  

(B) Cable Tray. The ampacity of Type AC cable installed in 
cable tray shall be determined in accordance with 392.80(A). 
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Part Ill. Construction Specifications 

320.100 Construction. Type AC cable shall have an armor of 
flexible metal tape and shall have an internal bonding strip of 
copper or aluminum in intimate contact l\ith the armor for it'i 
entire length. 

320.104 Conductors. Insulated conductors shall be of a type 
listed in Table 310.4(1)  or those identified for usc in this cable. 
In addition, the conductors shall have an overall moisture
resistant and fire-retardant fibrous covering. For Type ACT, a 
moisture-resistant fibrous covering shall be required only on 
the indilidual conductors. 

320.108 Equipment Grounding Conductor. Type AC cable 
shall prOlidc an adequate path for fault current a'i required by 
250.4(A) (5) or (8) (4) to act a'i an equipment grounding 
conductor. 

320.120 Marking. The cable shall be marked in accordance 
with 310.8, except that Type AC shall have ready identification 
of the manufacturer by distinctive external markings on the 
cable armor throughout it'i entire length. 

ARTICLE 322 
Flat Cable Assemblies: Type FC 

Part I. General 

322.1 Scope. This article covers the usc, installation, and 
construction specifications for flat cable a'i.'iCmblics, Type FC. 

322.6 Listing Requirements. Type FC and a'i.'iociatcd fittings 
shall be listed. 

Part II. Installation 

322.10 Uses Permitted. Flat cable a'i.'icmblics shall be permit
ted only a'i follows: 
(1) A'i branch circuit'i to supply suitable tap dc\iccs for light

ing, small appliances, or small power load'i. The rating of 
the branch circuit shall not exceed 30 amperes. 

(2) \\'here installed for exposed work. 
(3) In locations where they "ill not be su�cctcd to physical 

damage. \\'here a flat cable a'iscmbly is installcd lcs.'i than 
2.5 m (8 ft) above the floor or fixed working platform, it 
shall be protected by a cover identified for the usc. 

(4) In surface metal raceways identified for the usc. The 
channel portion of the surface metal raceway systems 
shall be installed a'i complete systems before the flat cable 
assemblies arc pulled into the raceways. 

322.12 Uses Not Permitted. Flat cable a'i.'iCmblics shall not be 
u.'iCd a'i follows: 
(1) Where exposed to corrosive conditions, unless suitable 

for the application 
(2) In hoistways or on elc\'ators or escalators 
(3) In any h�rdou.'i (da'i.'iificd) location, except a'i specifi

cally pcnnittcd by other articles in this \..ode 
(4) Outdoors or in wet or damp locations unlcs.'i identified 

for the U.'iC 
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ARTICLE 324- FLAT COJ'\DUCTOR CABLE: 1YPE FCC 324.12 

322.30 Securing and Supporting. The flat cable assemblies 
shall be supported by means of dtcir special design features, 
wimin the surface metal raceways. 

The surface metal raceways shall be supported a'i required 
for dtc specific raceway to be installed. 

322.40 Boxes and Fittings. 

(A) Dead Ends. Each flat cable as.'iCmbly dead end shall be 
tcnninatcd in an cncl-cap device iclcmificd for dtc U.'iC. 

The dead-end fitting for dtc enclosing surface metal raceway 
shall be identified for the usc. 

(B) Luminaire Hangers. Luminaire hangers installed wim me 
flat cable assemblies shall be identified for me usc. 

(C) Fittings. Fittings to be installed "ith flat cable a'i.'iCmblies 
shall be designed and installed to prevclll physical damage to 
the cable assemblies. 

(D) Extensions. All extensions from flat cable a'i.'icmblics shall 
be made by approved "iring mcdtocls, "idtin me junction 
boxes, installed at cimcr end of the flat cable a'i.'icmbly runs. 

322.56 Sp6ces and Taps. 

(A) Sp6ces. Splices shall be made in listed junction boxes. 

(B) Taps. Taps shall be made between any pha'iC conductor 
and the grounded conductor or any omcr pha'ic conductor by 
means of devices and fittings identified for the U.'iC. Tap devices 
shall be rated at not less dtan 15 amperes, or more than 
300 volts to ground, and shall be marked in accordance wim 
322.120(C). 

Part m. Construction Specifications 

322.100 Construction. Flat cable assemblies shall consist of 
two, ducc, four, or five conductors. 

322.104 Conductors. Flat cable a'i.'icmblies shall have conduc
tors of 10 AWG special stranded copper wires. 

322.112 Insulation. The entire flat cable a'i.'iCmbly shall be 
formed to prmidc a suitable insulation covering all me conduc
tors and using one of me materials recognized in Table 
310.4(1)  for general branch-circuit "iring. 

322.120 Marking. 

(A) Temperature Rating. In addition to dtc provtstons of 
310.8, Type FC cable shall have the temperature rating durably 
marked on dtc surface at imcrvals not exceeding 600 mm 
(24 in.). 

(B) Identification of Grounded Conductor. The grounded 
conductor shall be idcmificd throughout its lcngm by means of 
a distinctive and durable white or gray marking. 

Informational l'ote: The color gray may ha,·e been used in the 
pa.�l a.� an ungmunded conductor. Care should be taken when 
working on existing system�. 

(C) Terminal Block Identification. Terminal blocks idcmificd 
for the usc shall have distinctive and durable markings for 
color or word coding. The grounded conductor section shall 
have a white marking or omcr suitable designation. The next 
adjaccm section of the terminal block shall have a black mark
ing or other suitable designation. The next section shall have a 
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reel marking or omcr suitable designation. The final or outer 
section, opposite the grounded conductor section of me termi
nal block, shall have a blue marking or other suitable designa
tion. 

ARTICLE 324 
Flat Conductor Cable: Type FCC 

Part I. General 

324.1 Scope. This article covers a ficlcl-installcd wiring system 
for branch circuits incorporating Type FCC cable and a'l.'iOci
atcd acccs.'iorics as clcfinccl by the article. The wiring system is 
clesignccl for installation under carpel squares. 

324.6 Listing Requirements. Type FCC cable and a'l.'iOciatcd 
fittings shall be listed . . · 

Part II. Iostalladon 

324.10 Uses Permitted. 

(A) Br.mch Circuits. Usc of FCC systems shall be permitted 
hom for general-purpose and appliance branch circuit'i and for 
indnidual branch circuit'i. 

(B) Branch-Circuit Ratings. 

(1) Voltage. Voltage between ungrounded conductors shall 
not exceed 300 volt'i. Voltage between ungrounded conductors 
and me grounded conductor shall not exceed 150 volt'i. 

(2) Current. General-purpose and appliance branch circuit'i 
shall have ratings not exceeding 20 amperes. Individual branch 
circuit'i shall have ratings not exceeding 30 amperes. 

(C) Floors. l:sc of FCC systems shall be pcnniuccl on hard, 
sound, smoom, continuous floor surfaces made of concrete, 
ceramic, or composition flooring, wood, and similar materials. 

(D) Walls. l:sc of FCC systems shall be permitted on wall surfa
ces in surface metal raceways. 

(E) Damp Locations. Usc of FCC systems in damp locations 
shall be permitted. 

(F) Heated Floors. Materials u.'iCd for floors heated in cxccs.'i 
of 3o•c (86.F) shall be identified a'i suitable for U.'iC at these 
temperatures. 

(G) System Height. Any portion of an FCC system l\im a 
height above floor level exceeding 2.3 mm (0.090 in.) shall be 
tapered or fcamcrccl at me edges to floor level. 

324.12 Uses Not Permitted. FCC systems shall not be used in 
me follo"ing locations: 

(1)  Outdoors or in wet locations 
(2) Where subject to corrosive vapors 
(3) In any hazardou.'i (cla.'l.'iificcl) location 
(4) In rcsidcmial buildings 
(5) In school and hospital buildings, omcr man administra

tive office arca.'i 
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324.18 ARTICLE 324- FLAT COJ'\DUCTOR CABLE: 1YPE FCC 

324.18 Crossings. Cros.o;ings of more than two Type FCC cable 
runs shall not be permitted at any one point. Cros.o;ings of a 
Type FCC cable over or under a flat communications or signal 
cable shall be permitted. In each case, a grounded layer of 
metal shielding shall separate dtc two cables, and cros.-;ings of 
more dtan two flat cables shall not be permitted at any one 
point. 

324.30 Securing and Supporting. All FCC system components 
shall be firmly anchored to the floor or wall using an adhesive 
or mechanical anchoring system identified for this usc. Floors 
shall be prepared to ensure adherence of dtc FCC system to 
the floor until the carpet squares arc placed. 

324.40 Boxes and Fittings. 

(A) Cable Connections and Insulating Ends. All Type FCC 
cable connections shall usc connectors identified for their usc, 
installed such dtat electrical continuity, insulation, and scaling 
against dampncs.o; and liquid spillage arc provided. All bare 
cable end-; shall be insulated and scaled against dampncs.-; and 
liquid spillage using listed insulating ends. 

(B) Polarization of Connections. All receptacles and connec
tions shall be constructed and installed so a-; to maintain 
proper polarization of me system. 

(C) Shields. 

(1) Top Shield. A metal top shield shall be installed over all 
floor-mounted Type FCC cable, connectors, and insulating 
end-;. The top shield shall completely cover all cable runs, 
corners, connectors, and end-;. 

(2) Bottom Shield. A bottom shield shall be installed bencadl 
all Type FCC cable, connectors, and insulating end-;. 

(D) Connection to Other Systems. Power feed, grounding 
connection, and shield system connection between the FCC 
system and other \�iring systems shall be accomplished in a 
transition ao;scmbly identified for dlis usc. 

(E) Metal-Shield Connectors. Metal shield-; shall be connected 
to each oilier and to boxes, receptacle housings, self-contained 
dc\-iccs, and transition ao;scmblics using metal-shield connec
tors. 

324.41 Floor Coverings. Floor-mounted Type FCC cable, cable 
connectors, and insulating ends shall be covered l\im carpet 
squares not larger dtan 1 .0 m (39.37 in.) square. \..arpct 
squares that arc adhered to the floor shall be attached widl 
relca-;�typc adhesives. 

324.42 Devices. 

(A) Receptacles. All receptacles, receptacle housings, and self
contained dc"iccs used "id1 me FCC system shall be identified 
for dtis usc and shall be connected to 

·
d1c Type FCC cable and 

metal shields. Connection from any equipment grounding 
conductor of the Type FCC cable shall be made to dtc shield 
system at each receptacle. 

(B) Receptacles and Housings. Receptacle housings and self
contained dc\-iccs designed either for floor mounting or for in
wall or on-wall mounting shall be permitted for usc with me 
FCC system. Receptacle housings and self-contained dc\-ices 
shall incorporate means for facilitating entry and termination 
of Type FCC cable and for electrically connecting me housing 
or dc\-icc "id1 me metal shield. Receptacles and self-contained 
dc\-iccs shall comply l\im 406.4. Power and communications 
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oudcts installed togcmcr in common housing shall be permit
ted in accordance with 800.133(A) (3), Exception No. 2. 

324.56 Sp6ces and Taps. 

(A) FCC Systems Alterations. Alterations to FCC systems shall 
be permitted. :-.lew cable connectors shall be used at new 
connection points to make alterations. It shall be permitted to 
leave unused cable runs and a'l.o;ociatcd cable connectors in 
place and energized. All cable cncl-; shall be covered widl insu
lating cncl-;. 

(B) Transition Assemb6es. All transition ao;scmblics shall be 
identified for their usc. Each a-;scmbly shall incorporate means 
for facilitating entry of me Type FCC cable into me a-;scmbly, 
for connecting dtc Type FCC cable to grounded conductors, 
and for electrically connecting the ao;scmbly to me metal cable 
shields and to equipment grounding conductors. 

324.60 Grounding and Bonding. All metal shielcl-;, boxes, 
receptacle housings, and self-contained dc\-iccs shall be electri
cally continuous to the equipment grounding conductor of me 
supplying branch circuit . .AU such electrical connections shall 
be made with conncctc;,.-s identified for this usc. The electrical 
rcsisti\-ity of such shield system shall not be more than dtat of 
one conductor ofthe Type FCC cable used in the installation. 

Part Ill. C()IIStruction Specifications 

324.100- Coristruction. 

(A) Type FCC Cable. Type FCC cable shall be listed for usc 
"idl the FCC system and shall consist of three, four, or five flat 
copper conductors, one of which shall be an equipment 
grounding conductor. 

(B) Shields. 

(1) Materials and Dimensions. All top and bottom shields shall 
be of designs and materials identified for meir usc. Top shielcl-; 
shall be metal. Born metallic and nonmetallic materials shall be 
permitted for bottom shield-;. 

(2) Resisti\-ity. Metal shield-; shall have cros.'Hiectional area-; 
that prmidc for electrical rcsisti\ity of not more than mat of 
one conductor of the Type FCC cable used in the installation. 

324.101 Corrosion Resistance. Metal component-; of me 
system shall be either corrosion resistant, coated widl 
corrosion-resistant materials, or insulated from contact widl 
corrosive substances. 

324.112 Insulation. The insulating material of me cable shall 
be moisture resistant and flame retardant. All insulating mate
rials in the FCC system-; shall be identified for meir usc. 

324.120 Markings. 

(A) Cable Marking. Type FCC cable shall be clearly and dura
bly marked on both sides at intervals of not more dtan 610 mm 
(24 in.) wim me information required by 310.8(A) and widl 
me follo"ing additional information: 

(1) Material of conductors 
(2) Maximum temperature rating 
(3) Ampacity 

(B) Conductor Identification. Conductors shall be clearly and 
durably identified on hom sides throughout mcir lcngm a-; 
specified in 310.6. 
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ARTICLE 330- �lETAL-CLAD CABLE: lYPE MC 330.6 

ARTICLE 326 
Integrated Gas Spacer Cable: Type IGS 

Part I. General 

326.1 Scope. This article covers the usc, installation, and 
construction specifications for integrated gas spacer cable, 
Typc iGS. 

Part II. Installation 

326.10 Uses Permitted. Type IGS cable shall be pcrmiucd for 
usc underground, including direct burial in dtc earth, as the 
following: 

( 1)  Scnicc-cmrancc conductors 
(2) Feeder or branch-circuit conductors 
(3) Scnicc conductors, underground 

326.12 Uses Not Permitted. Type IGS cable shall not be used 
a'i interior wiring or be exposed in contact "id1 buildings. 

326.24 Bending Radius. Where the coilablc nonmetallic 
conduit and cable arc hem for installation purposes or arc 
flexed or bent during shipment or installation, dtc radius of 
the curve of the inner edge mca'iurcd to the inside of the bend 
shall not be lcs.'i than specified in Table 326.24. 

326.26 Bends. A run of Type IGS cable between pull boxes or 
tcnninations shall not contain more than the equivalent of 
four quarter bcnd'i (360 degrees total) , including dtosc bend'i 
located immediately at the pull box or terminations. 

326.40 Fittings. Terminations and splices for Type IGS cable 
shall be identified a'i a type that is suitable for maintaining the 
ga" pressure within the conduit. A valve and cap shall be prmi
dcd for each length of the cable and conduit to check dtc ga" 
pressure or to il�cct ga'i into the conduit. 

326.80 Ampacity. The ampacity of Type IGS cable shall not 
exceed dtc '"'dues shown in Table 326.80. 

Table 326.24 Minimum Radii of Bends 

Conduit Size Minimum Radii 

Metric Designator 

53 
78 

103 

Trade Size 

2 
3 
4 

mm 

600 
900 

I I!"JO 

Table 326.80 Ampacity of Type IGS Cable 

Size (kanil) Amperes Size (kanil) 

250 1 19 2500 
500 168 3000 
750 206 32!",0 

1000 238 3500 
1250 266 37:,0 
1500 292 4000 
1750 315 42!",0 
2000 336 4500 
2250 357 47:,0 
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in. 

24 
35 
45 

Amperes 

376 
412 
429 
445 
461 
476 
491 
505 
519 

Part III. Construction Specifications 

326.104 Conductors. The conductors shall be solid aluminum 
rods, laid parallel, consisting of one to nineteen 12.7 mm 
(� in.) diameter rod'i. The minimum conductor size shall be 
250 kcmil, and the maximum size shall be 4750 kcmil. 

326.112 Insulation. The insulation shall be dry kraft paper 
tapes and a prcs.'iurizcd sulfur hexafluoride ga" (SF6), both 
approved for electrical usc. The nominal ga" prcs.'iurc shall be 
1 38 kPa gauge (20 lb/in.2 gauge). The thickncs.'i of the paper 
spacer shall be a'iS pecificd in Table 326.1 12. 

Table 326.112 Paper Spacer Thickness 

Size (kanil) 

2.?0-1000 
12.?0-4750 

mm 

1.02 
1.52 

Thickness 

in. 

0.040 
0.060 

326.116 Conduit. The conduit shall be a medium density poly
ethylene identified as suitable for usc with natural ga" rated 
pipe in metric designator 53, 78, or 103 (trade size 2, 3, or 4). 
The percent fill dimensions for the conduit arc shown in Table 
326.1 16. 

The size of the conduit pcrmiucd for each conductor size 
shall be calculated for a percent fill not to exceed those found 
in Thblc I ,  Chapter 9. 

Table 326.116 Conduit Dimensions 

Actual Outside Actual Inside 
Conduit Size Diameter Diameter 

Metric Trade 
Designator Size mm in. mm in. 

53 2 60 2.375 49.46 1.947 
78 3 89 3.500 73.30 2.886 

103 4 l l4 4.500 94.23 3.710 

326.120 Marking. The cable shall be marked in accordance 
with 310.8(A), (8) (1  ) ,  and (D). 

ARTICLE 330 
Metal-Clad Cable: Type MC 

Part I. General 

330.1 Scope. This article covers the usc, installation, and 
construction specifications of metal-clad cable, Type MC. 

330.6 Listing Requirements. Type MC cable shall be listed. 
Fittings used for connecting Type MC cable to boxes, cabinct'i, 
or other equipment shall be listed and identified for such usc. 
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330.10 ARTICLE 330- �lETALCLAD CABLE: lYPE �lC 

Part D. Installation 

330.10 Uses Permitted. 

(A) General Uses. Type MC cable shall be pcnnittcd as 
follows: 

(1)  For services, fccclcrs, and branch circuit�. 
(2) For power, lighting, control, and signal circuit�. 
(3) Indoors or outdoors. 
(4) Exposed or concealed. 
(5) To be direct buried where iclcntificcl for such usc. 
(6) In cable tray where identified for such usc. 
(7) In any raceway. 
(8) A� aerial cable on a mcs.�ngcr. 
(9) In hazardous (clas.�ificcl) locations where specifically 

permitted by other articles in this \..ode. 
( 10) In dry locations and embedded in plaster finish on brick 

or other masonry except in damp or wet locations. 
( 1 1 )  In clamp or wet locations where a corrosion-rcsistalll 

jacket is provided over the metallic covering and any of 
the follo"ing conditions arc met: 
a. The metallic covering is impcnious to moisture. 
b. A jacket rcsistam to moisture is prO\idcd under the 

metal covering. 
c. The insulated conductors under the metallic cover

ing arc listed for usc in wet locations. 
(12) \\'here single-conductor cables arc used, all pha.� 

conductors and, where used, the grounded conductor 
shall be grouped together to minimize inclucccl voltage 
on the shcadt. 

(B) Specific Uses. Type MC cable shall be permitted to be 
installed in compliance with Part� II and III of Article 725 and 
770.133 a.o; applicable and in accordance "ith 330.10(8) (1)  
through (B) (4). 

Informational Note: The "Uses Penniued" is not an all-inclu.•ive 
list. 

(1) Cable Tray. Type �lC cable installed in cable tray shall 
comply "ith 392.10, 392.12, 392.18, 392.20, 392;22, 392.30, 
392.46, 392.56, 392.60(C), ancl 392.80. 

(2) Direct Buried. Direct-buried cable shall comply with 300.5 
or 305.15, a.o; appropriate. 

(3) Installed as Service-Entrance Cable. Type MC cable 
installed a.o; scrvicc-cmrancc cable shall be permitted in accord
ance l\ith 230.43. 

(4) Installed Outside of Buildings or Structures or as Aerial 
Cable. Type MC cable installed outo;iclc of buildings or struc
tures or a.o; aerial cable shall comply l\ith 225.10, 396.10, and 
396.12. 

330.12 Uses Not Permitted. Type MC cable shall not be used 
under either of the following conditions: 
(1) Where sutMcct to physical damage 
(2) Where exposed to any of the destructive corrosive concli

tions in (a) or (b), unlcs.o; dtc metallic sheath or armor is 
rcsistalll to the conditions or is protected by material 
rcsistalll to the conditions: 
a. Direct buried in the earth or cmbecldccl in concrete 

unlcs.� identified for direct burial 
b. Exposed to cinder fills, strong chlorides, caustic alka

lis, or vapors of chlorine or of hydrochloric acids 
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330.15 Exposed Work. Exposed runs of cable, except a.o; prmi
dcd in 300.1 1  (B), shall closely follow the surface of the build
ing finish or of running bo�rdo;. Exposed runs shall also be 
permitted to be installed on the unclcrsiclc of joist� where 
supported at each joist and located so a.o; not to be subject to 
physical damage. 

330.17 Through or Parallel to Framing Members. Type �lC 
cable shall be protected in accordance "ith 300.4(A) , (C), and 
(D) where installed through or parallel to framing members. 

330.23 In Accessible Attics. The installation of Type MC cable 
in acces.o;iblc attics or roof spaces shall also comply "ith 320.23. 

330.24 Bending Radius. Bend� in Type MC cable shall be so 
made that the cable will not be damaged. The radius of the 
curve of the inner edge of any bend shall not be lcs.� than 
required in 330.24(A) through (C). 

(A) Smooth Sheath. 
( 1) Ten times the external diameter of the metallic sheath for 

cable not more than 19 1nm (:Y. in.) in external diameter 
(2) Twelve times the external diameter of the metallic sheath 

for cable more �an 19 mm (:Y. in.) but not more than 
38 mm ( lY:z in.) in external diameter 

(3) Fifteen times the external diameter of the metallic sheath 
for cable more than 38 mm (1  � in.) in external diameter 

(B) Interloclted-Type Armor or Corrugated Sheath. Seven 
times the external diameter of the metallic sheath. 

(C) Shielded Conductors. Twelve times dtc overall diameter of 
one of the indilidual conductors or seven times the overall 
diameter of the multiconductor cable, whichever is greater. 

330.30 Securing and Supporting. 

(A) General. Type MC cable shall be supported and secured 
by staples; cable tics listed and identified for securement and 
support; straps, hangers, or similar fittings; or odtcr approved 
means clcsignccl and installed so a� not to damage the cable. 

Type MC cable fittings shall be pcnnittccl a.o; a means of cable 
support. 

(B) Securing. Unlcs.o; otherwise permitted in this \..ode, cables 
shall be secured at imcn"als not exceeding 1 .8 m (6 ft) . C-ables 
containing four or fewer conductors sized no larger than 
10 AWG shall be secured l\ilhin 300 mm (12 in.) of every box, 
cabinet, fitting, or odtcr cable termination. In vertical installa
tions, listed cables with ungrounded conductors 250 kcmil and 
larger shall be permitted to be secured at imcnals not cxccccl
ing 3 m  (10 ft). 

(C) Supporting. Unlcs.� othcmisc permitted in dtis \..ode, 
cables shall be supported at imcnals not exceeding 1 .8 m 
(6 ft). 

Horizontal runs of Type MC cable installed in wooden or 
metal framing members or similar supporting means shall be 
considered supported and secured where such support docs 
not exceed 1 .8m (6ft) imcnals. 

(D) Unsupported Cables. Type MC cable shall be permitted to 
be unsupported and unsecured where the cable complies with 
any of the follm\ing: 
(1)  Is fished between access point-; through concealed spaces 

in finished buildings or structures and supporting is 
impractical 
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ARTICLE 332- :Mil'\ERAL-1:"/SULATED, :METAL-SHEATHED CABLE: lYPE Ml 332.10 

(2) Is not more dtan 1.8 m (6 ft) in length from the last poim 
of cable support to dlc point of connection to luminaires 
or other electrical equipment and dlc cable and point of 
connection arc "idtin an acccs.�iblc ceiling 

(3) L� Type MC of dlc interlocked armor type in lengths not 
exceeding 900 mm (3 ft) from the la�t point where it is 
securely fa�tcncd and is used to connect cquipmcm 
where flexibility is ncccs.�ry to minimize the transmis.�ion 
of vibration from equipment or to prmidc flexibility for 
cquipmcm that requires movement after installation 

330.31 Single Conductors. \\'here single-conductor cables with 
a nonferrous armor or sheath arc used, dtc installation shall 
comply with 300.20. 

330.80 Ampacity. The ampacity of Type :MC cable shall be 
determined in accordance l\ith 310.14 or 315.60 for 14 AWG 
and larger conductors and in accordance with Table 402.5 for 
18 AWG and 16 AWG conductors. The installation shall not 
exceed the temperature ratings of terminations and equip
ment. 

(A) Type MC Cable Installed in Cable Tray. The ampacitics for 
Type MC cable installed in cable tray shall be determined in 
accordance "id1 392.80. 

(B) Single Type MC Conductors Grouped Together. \\'bcrc 
single Type MC conductors arc grouped together in a triangu
lar or square configuration and installed on a mcs.�cngcr or 
exposed "ith a maintained free airspace of not lcs.� than 
2.15 times one conductor diameter (2.15 x O.D.) of the largest 
conductor contained "idtin the configuration and adjaccm 
conductor configurations or cables, dtc ampacity of dlc 
conductors shall not exceed dlc allowable ampacitics in dlc 
following tables: 
(1)  Table 310.20 for conductors rated 0 volts dlrough 

2000 vohs 
(2) Table 315.60(C) (1)  and Table 315.60(C) (2) for conduc

tors rated over 2000 volts 

(C) Thermal Insulation. Where more than two Type �lC 
cables containing two or more currcnt-canying conductors in 
each cable arc installed in contact widl thermal insulation, 
caulk, or scaling foam \\idlout maintaining spacing between 
cables, the ampacity of each conductor shall be acljustcd in 
accordance "id1 Table 310.15(C) (1). 

Part m. Construction Specifications 

330.104 Conductors. For ungrounded, grounded, and equip
ment grounding conductors, the minimum conductor sizes 
shall be 14 AWG copper, nickel, or nickel-coated copper and 
12 AWG aluminum or copper-clad aluminum. 

For control and signal conductors, minimum conductor 
sizes shall be 18 AWG copper, nickel, or nickel-coated copper, 
14 AWG copper-clad aluminum, and 12 AWG aluminum. 

330.108 Equipment Grounding Conductor. Where Type �lC 
cable is used to prol-idc an equipment grounding conductor, it 
shall comply "idt 250.1 18(A) (10) and 250.122. 

330.112 Insulation. Insulated conductors shall comply \\idl 
330.1 12(A) or (B). 

(A) 1000 Volts or Less. Insulated control and signal conduc
tors in sizes 18 AWG and 16 AWG shall be of a type listed in 
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Table 402.3, l\ith a maximum operating temperature not lcs.� 
than 90°C (194°F) and a� pcrmiucd by 724.49. l:ngroundcd, 
grounded, and equipment grounding conductors 16 AWG and 
larger shall be of a type listed in Table 310.4(1) or of a type 
idcmificd for usc in Type �lC cable. 

(B) Over 1000 Volts. Insulated conductors shall be of a type 
listed in Table 310.4(2) and Table 315.10(A). 

330.116 Sheath. :Metallic covering shall be one of the follow
ing types: smooth metallic shcadl, corrugated metallic sheath, 
or interlocking metal tape armor. The metallic sheath shall be 
continuous and close fitting. A nonmagnetic sheath or armor 
shall be used on single conductor Type �(C. Supplemental 
protection of an outer covering of corrosion-resistant material 
shall be pcrmiucd and shall be required where such protection 
is needed. The sheath shall not be used a� a current-carrying 
conductor. 

Informational :'\ote: See 300.6 f<�r protection against corrosion. 

330.130 Hazardous (Cassified) Locations. Where required to 
be marked M\..-HL, dle cable shall be listed and shall have a 
ga�/vapor tight continuous corrugated metallic sheath, an 
overall jacket of suitable polpncric material, and a separate 
cquipmcm grounding conductor. 

ARTICLE 332 
Mineral-Insulated, Metal-Sheathed Cable: 

Type MI 

Part I. General 

332.1 Scope. This article covers dlc usc, installation, and 
construction specifications for mineral-insulated, metal
sheathed cable, Type MI. 

332.6 Listing Requirements. Type Ml cable and a"l.�ociatcd 
fittings shall be listed. 

Part II. Installation 

332.10 Uses Permitted. T}'pc Ml cable shall be permiucd a� 
follows: 

(1)  For services, feeders, and branch circuit� 
(2) For power, lighting, control, and signal circuit� 
(3) In dry, wet, or cominuously moist locations 
(4) Indoors or outdoors 
(5) \\'bcrc exposed or concealed 
(6) \\'bcrc embedded in pla�tcr, concrete, fill, or other 

ma�onry, whether above or below grade 
(7) In hazardous (cla"l.�ificd) locations where specifically 

pcrmiucd by other articles in this \..ode 
(8) Where exposed to oil and ga�olinc 
(9) Where exposed to corrosive conditions not deteriorating 

to it� shcadl 
( 10) In underground runs where suitably protected against 

physical damage and corrosive conditions 
( 1 1 )  In or attached to cable tray 
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332.12 ARTICLE 334- NO:"'METALLI\..-SHEATHED CABLE: lYPES N:\<l AND 1'\:\-IC 

Informational Note: The "Uses Penniued" is not an all-inclu.•h·e 
list. 

332.12 Uses Not Permitted. Type :\-11 cable shall not be used 
under the following conditions or in the following locations: 

(1) In underground runs unlcs.'i protected from physical 
damage, where necessary 

(2) \\'here exposed to conditions that arc destructive and 
corrosive to the metallic sheath, unless additional protec
tion is prmidcd 

332.17 Through or Parallel to Framing Members. Type :\<ll 
cable shall be protected in accordance with 300.4 where 
installed through or parallel to framing members. 

332.24 Bending Radius. Bcncl'i in Type :\-11 cable shall be so 
made that the cable will not be damaged. The radius of the 
inner edge of any bend shall not be less than required as 
follows: 

(1) Five times the external diameter of the metallic sheath 
for cable not more than 19 mm (% in.) in external diame
ter 

(2) Ten times the external diameter of the metallic sheath for 
cable greater than 19 mm (% in.) but not more than 
25 mm (1 in.) in external diameter 

332.30 Securing and Supporting. Type :\<ll cable shall be 
supported and secured by staples, straps, hangers, or similar 
fittings, designed and installed so as not to damage the cable, 
at imcrvals not exceeding 1 .8 m (6 ft).  

(A) Horizontal Runs Through Holes and Notches. In other 
than vertical runs, cables installed in accordance with 300.4 
shall be considered supported and secured where such support 
docs not exceed 1.8 m (6 ft) imcrvals. 

(B) Unsupported Cable. Type :\-11 cable shall be permitted to 
be unsupported where the cable is fished between acccs.'i poinL'i 
through concealed spaces in finished buildings or structures 
and supporting is impracticable. 

(C) Cable Trays. All :\<ll cable installed in cable trays shall 
comply with 392.30(A) . 

332.31 Single Conductors. \\'here single-Conductor cables arc 
used, all phase conductors and, where used, the neutral 
conductor shall be grouped together to minimize induced volt
age on the sheath. 

332.40 Boxes and Fittings. 

(A) Fittings. Fittings used for connecting Type :\<ll cable to 
boxes, cabinets, or other cquipmcm shall be identified for such 
usc. 
(B) Terminal Seals. Where Type :\<ll cable terminates, an end 
seal fitting shall be installed immediately after stripping to 
prcvcm the entrance of moisture imo the insulation. The 
conductors extending beyond the sheath shall be indi\idually 
provided with an insulating material. 

332.80 Ampacity. The ampacity of Type :\<ll cable shall be 
determined in accordance with 310.14. The conductor temper
ature at the end seal fitting shall not exceed the temperature 
rating of the listed end seal fitting, and dtc installation shall 
not exceed the temperature ratings of terminations or equip
ment. 
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(A) Type Ml Cable Installed in Cable Tray. The ampacitics for 
Type :\-11 cable installed in cable tray shall be determined in 
accordance "id1 392.80(A). 

(B) Single Type MI Conductors Grouped Together. Where 
single Type :\<ll conductors arc grouped together in a triangular 
or square configuration, as required by 332.31, and installed on 
a mcs.'iCngcr or exposed with a maintained free air space of not 
lcs.'i dtan 2.15 times one conductor diameter (2.15 x O.D.) of 
the largest conductor contained "ithin the configuration and 
adjacent conductor configurations or cables, dtc ampacity of 
the conductors shall not exceed the allowable ampacitics of 
Table 310.17. 

Part Ill. Construction Specifications 

332.104 Conductors. Type :\<ll cable conductors shall be of 
solid copper, nickel, or nickel-coated copper with a resistance 
corresponding to standard AWG and kcmil sizes. 

332.108 Equipment Groundiilg Conductor. \\'bcrc the outer 
sheath is made of copper, it shall provide an adequate path to 
serve as an equipment grounding conductor. Where the outer 
sheath is made of steel, a separate equipment grounding 
conductor shall be provided. 

332.112 Insulation� The conductor insulation in Type :\<ll 
cable shall be a highly comprcs.'icd refractory mineral that 
prmidcs proper spacing for all conductors. 

332.116 Sheath. The outer sheath shall be of a cominuous 
construction to prmidc mechanical protection and moisture 
seal. 

ARTICLE 334 
Nonmetallic-Sheathed Cable: Types NM 

and NMC 

Part I. General 

334.1 Scope. This article covers the usc, installation, and 
construction specifications of nonmetallic-sheathed cable. 

334.6 Listing Requirements. Type :"1M and Type N:\<lC cables 
and a'isociatcd fittings shall be listed. 

Part II. Installation 

334.10 Uses Permitted. Type N:\<l and Type N:\<lC cables shall 
be permitted to be used in the following, except a'i prohibited 
in 334.12: 

(1) One- and two-family dwellings and their attached or 
detached garages, and their storage buildings. 

(2) Multi-family dwellings and their detached garages permit
ted to be of Types Ill, IV, and V construction. 

(3) Odtcr structures permitted to be of Types Ill, IV, and V 
construction. Cables shall be concealed "ithin walls, 
floors, or ceilings that provide a thermal barrier of mate
rial that ha'i at lca'it a 1::�-minutc finish rating a'i idcmificd 
in listings of fire-rated a'iscmblics. 
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ARTICLE 334- NO:"'METALLI\..-SHEATHED CABLE: lYPES N:\1 AND 1'\:\-IC 334.30 

lnformational l'ote l'o. 1: See NFPA 220-2021, Staudard 011 1)-pes 
of Buildiug C.on.<lruction, or the applicable building code, or both 
for types of building construction and occupancy cla.'i.�ification 
definitions. 

Informational :'\ote No. 2: See lnfmmative Annex E for determi
nation of building types. 

(4) Cable trays in structures permitted to be Types Ill, IV, or 
V where the cables arc identified for the usc. 

Informational Note :'\o. 3: See 310.14(,\) (3) for temperature 
limitation of conductors. 

(5) Types I and II construction where installed within race
ways permitted to be installed in Types I and II construc
tion. 

(A) Type NM. Type 1'\:\1 cable shall be permitted a'i follows: 
(1) For both exposed and concealed work in normally dry 

locations except a'i prohibited in 334.10(3) 
(2) To be installed or fished in air void'i in ma'ionry block or 

tile walls 

(B) Type NMC. Type 1'\:\-IC cable shall be permitted a'i follows: 
(1)  For both exposed and concealed work in dry, wet, clamp, 

or corrosive locations, except a'i prohibited by 334.10(3) 
(2) In out'iiclc and inside walls of ma'ionl)' block or tile 
(3) In a shallow cha'iC in ma'ionry, concrete, or adobe protec

ted against nails or screws by a steel plate at lca'it 1 .59 mm 
(\1\ti in.) dtick and covered "id1 pla'itcr, adobe, or similar 
finish 

334.12 Uses Not Permitted. 

(A) Types NM and NMC. Types :"1M and :"'MC cables shall not 
be permitted a'i follows: 

( 1)  In any dwelling or structure not specifically permitted in 
334.10(1),  (2), (3), and (5) 

(2) Exposed "idtin a dropped or suspended ceiling cal"ity in 
other than one- and two-family and multifamily dwell
ings 

(3) A'i scnicc-cntrancc cable 
(4) In commercial garages hal"ing hazardous (da'i.'iificd) 

locations a'i clcfinccl in 51 1 .3 
(5) In dtcatcrs and similar locations, except where permit-

ted in 518.4(C) 
(6) In motion picture studios 
(7) In storage battery rooms 
(8) In hoistwa\-"S or on elevators or escalators 
(9) Embcclclcd in poured cement, concrete, or aggregate 

( 10) In hazardous (da'i.'iilicd) locations, except where specifi
cally pcnnittccl by other articles in this \..ade 

(B) Type NM. Type :"1M cables shall not be used under the 
follo"ing conditions or in the follm\ing locations: 
(1) 
(2) 

(3) 

(4) 

\\-'here exposed to corrosive fumes or vapors 
\\-'here cmbeclclccl in ma'ionrv, concrete, adobe, fill, or 
pla'itcr 

· 

In a shallow cha'ic in ma'ionrv, concrete, or adobe and 
covered "id1 pla'itcr, adobe, or "similar finish 
In wet or clamp locations 

334.15 Exposed Work. In exposed work, except a'i provided in 
300.1 1 (8), cable shall be installed a'i specified in 334.15(A) 
through (C). 

20'.!3 t:clition :'\.o\:110:-1.-\1. t:l.t:GI"RJCAL COI>t: 

(A) To FoUow Surface. \..able shall closely follow the surface of 
the building finish or of running board'i. 

(B) Protection from Physical Damage. \..able shall be protec
ted from physical damage where ncccs.'ial)' by rigid metal 
conduit, intermediate metal conduit, electrical metallic tubing, 
Schedule 80 PVC conduit, RTRC marked l\ith the suffix -XW, 
or other approved means. Where pa'i.'iing through a floor, the 
cable shall be cndosccl in rigid metal conduit, intermediate 
metal conduit, electrical metallic tubing, Schcclulc 80 PVC 
conduit, RTRC marked "ith the suffix -XW, or other approved 
means extending at lca'it 150 mm (6 in.) above the floor. 
Conduit or tubing shall be provided "ith a bushing or adapter 
that provides protection from abra'iion at the point the cable 
enters and cxit'i the raceway. 

Type 1'\:\-IC cable installed in shallow cha'ics or grooves in 
ma'ionry, concrete, or adobe shall be protected in accordance 
"ith the requirement" in 300.4(F) and covered l\ith pla'itcr, 
adobe, or similar finish. 

(C) In Unfinished Basements and Crawl Spaces. Where cable 
is run at angles l\ith joistoi in unfinished ba'iCmcnt'i and crawl 
spaces, it shall be permissible to secure cables not smaller than 
two 6 AWG or three 8 AWG conductors directly to the lower 
edges of the joists. Smaller cables shall be run either through 
bored holes in joist'i or on running board'i. 1'\onmctallic
shcathcd i:ablc installed on the wall of an unfinished ba'iCmcnt 
shall be permitted to be installed in a listed conduit or tubing 
or shall be protected in accordance l\ith 300.4. Conduit or 
tubing shall be prmiclcd with a bushing or adapter that 
provides protection from abra'iion at the point tltc cable enters 
and cxit'i the raceway. The sheath of the nonmetallic-sheathed 
cable shall extend through the conduit or tubing and into the 
outlet, device, or junction box not lcs.'i dtan 6 mm (!4 in.). The 
cable shall be secured "ithin 300 mm (12 in.) of the point 
where dtc cable enters the conduit or tubing. :\ictal conduit, 
tubing, and metal outlet boxes shall be connected to an equip
ment grounding conductor compl}'ing with 250.86 and 
250.148. 

334.17 Through or ParaUel to Framing Members. Types :"1M 
and N:\-IC cable shall be protected in accordance l\ith 300.4 
where installed through or parallel to framing members. Grom
mct'i used a'i required in 300.4(B) (1)  shall remain in place and 
be listed for the purpose of cable protection. 

334.19 Cable Entries. The shcad1 on nonmetallic-sheathed 
cable shall extend not lcs.'i than 6 mm (!4 in.) beyond any cable 
damp or cable entry. 

334.23 In Accessible Attics. The installation of cable in acccs.'ii
blc attics or roof spaces shall also comply l\ith 320.23. 

334.24 Bending Radius. Bcnd'i in Types 1'\:\1 and :"'MC cable 
shall be so made that the cable will not be damaged. The radius 
of the curve of the inner edge of any bend during or after 
installation shall not be less titan five times the diameter of the 
cable. For flat cables, the major diameter dimension of the 
cable shall be used to determine the bending radius. 

334.30 Securing and Supporting. 1'\onmctallic-shcatltcd cable 
shall be supported and secured by staples, cable tics listed and 
iclcntificcl for securement and support, or straps, hangers, or 
similar fittings designed and installed so a'i not to damage the 
cable, at intcn-al'i not exceeding 1 .4 m (4!4 ft) and "ithin 
300 mm (12 in.) of every cable cnll)' into enclosures such a'i 
outlet boxes, junction boxes, cabinct'i, or fittings. The cable 
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334.30 ARTI\LE 335 - 1:"--STRUME:"'TATION TRAY CABLE: 1YPE lTC 

length between the cable entry and the closest cable support 
shall not exceed 450 mm (18 in.). Flat cables shall not be 
stapled on edge. 

Sections of cable protected from physical damage by raceway 
shall not be required to be secured within the raceway. 

(A) Horizontal Runs Through Holes and Notches. In other 
than vertical runs, cables installed in accordance with 300.4 
shall be considered to be supported and secured where such 
support docs not exceed 1.4-m (4\l:rft) intervals and the 
nonmetallic-sheathed cable is securely fastened in place by an 
approved means l\ithin 300 mm (12 in.) of each box, cabinet, 
conduit body, or other nonmetallic-sheathed cable termina
tion. 

Informational ll:ote: See 314. l i(B) (I )  for support where 
nonmetallic boxes are u.'led. 

(B) Unsupported Cables. Nonmetallic-sheathed cable shall be 
permitted to be unsupported where the cable: 
(1)  Is fished between acccs.'i points through concealed spaces 

in finished buildings or structures and supporting is 
impracticable. 

(2) l• not more than 1.4 m (4Y:t ft) from the la•t point of 
cable support to the point of connection to a luminaire 
or other piece of electrical equipment and dtc cable and 
point of connection arc "idtin an accessible ceiling in 
one-, two-, or multifamily dwellings. 

(C) W"uing Device Without a Separate Oudet Box. A "iring 
device identified for the usc, without a separate oudct box, and 
incorporating an integral cable clamp shall be permitted where 
the cable is secured in place at intervals not exceeding 1 .4 m 
(4Y:t ft) and l\ithin 300 mm (12 in.) from the "iring dc\'icc wall 
opening, and there shall be at lca•t a 300 mm (12 in.) loop of 
unbroken cable or 150 mm (6 in.) of a cable end al-ailablc mi 
the interior side of the finished \\all to permit replacement. 

334.40 Boxes and Fittings. 

(A) Boxes of Insulating Material. :"'onmctallic oudct boxes 
shall be permitted a• prmidcd by 314.3. 

(B) Devices of Insulating Material. Sclf-<ontaincd switches, 
self-contained receptacles, and listed nonmetallic-sheathed 
cable intcrconncctor devices of insulating material that arc 
listed for usc without a box shall be permitted to be used l\ith
out boxes in exposed or concealed installations. Openings in 
such devices shall fonn a close fit around dtc outer covering of 
the cable, and the device shall fully enclose the part of the 
cable from which any part of the covering ha• been removed. 
\\'here connections to conductors arc by binding-screw termi
nals, there shall be a\'ailablc a• many terminals a• conductors. 

(C) Devices with Integral Enclosures. Wiring del-ices with inte
gral enclosures identified for such usc shall be permitted a• 
prmidcd by 300.15(E). 

334.80 Ampacity. The ampacity of Types NM and NMC cable 
shall be determined in accordance with 310.14. The ampacity 
shall not exceed that of a 600C (1400F) rated conductor. The 
9o•c (194.F) rating shall be pcnnittcd to be used for ampacity 
adjustment and correction calculations, prmidcd the final 
calculated ampacity docs not exceed that of a 60•c (1400F) 
rated conductor. The ampacity of Types 1'\M and :"'MC cable 
installed in cable trays shall be determined in accordance with 
392.80(A) . 
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\\'here more than two :"1M cables containing two or more 
current-carrying conductors arc installed, without maintaining 
spacing between the cables, through the same opening in wood 
framing that is to be scaled "ith thcnnal insulation, caulk, or 
scaling foam, the ampacity of each conductor shall be adjusted 
in accordance with Table 310.15(C) ( 1 )  and 310.14(A) (2), 
Exception, shall not apply. 

\\'here more than two :"1M cables containing two or more 
current-carrying conductors arc installed in contact with ther
mal insulation without maintaining spacing between cables, the 
ampacity of each conductor shall be acljustcd in accordance 
"ith Table 310.15(C) (1)  and 310.14(A) (2) , Exception shall not 
apply. 

Part Ill. Construction Specifications 

334.100 Construction. The outer cable sheath of nonmetallic
sheathed cable shall be a nonmetallic material. 

334.104 Conductors. The 600.\'olt insulated power conductors 
shall be sizes 14 AWG through 2 AWG copper conductors or 
sizes 1 2  AWG through 2 A,WG aluminum or copper-clad alumi
num conductors. \.ontrol and signaling conductors shall be no 
smaller than 18 AWG copper. 

334.108 Equipment Grounding Conductor. In addition to the 
insulated conductors, the cable shall have an insulated, 
covered,_ or bare equipment grounding conductor. 

334.112 Insulation. The insulated power conductors shall be 
one of the types listed in Table 310.4(1)  dtat arc suitable for 
branch-circuit wiring or one that is identified for usc in these 
abies. Conductor insulation shall be rated at 900C (194.F). 

Informational ll:ote: Types !1::\·1 and NMC cable identified by the 
markings NM-8 and :'\:\fC�B meet thi• requirement. 

334.116 Sheath. The outer sheath of nonmetallic-sheathed 
cable shall comply with 334.1 16(A) and (8). 

(A) Type NM. The overall covering shall be flame retardant 
and moisture resistant. 

(B) Type NMC. The overall covering shall be flame retardant, 
moisture resistant, fungus resistant, and corrosion resistant. 

ARTICLE 335 
Instrumentation Tray Cable: Type lTC 

335.1 Scope. This article covers the usc, installation, and 
construction specifications of instrumentation tray cable (Type 
lTC) for application to instrumentation and control circuits 
operating at 150 volts or lcs.• and 5 amperes or less. 

335.3 Other Articles. In addition to the prmisions of this arti
cle, installation of Type lTC cable shall comply "ith other 
applicable articles of this Code. 
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ARTICLE 336 - PO\\''ER A. 'ID CONTROL TRAY CABLE: 1YPE TC 336.10 

335.4 Uses Permitted. T}pc lTC cable shall be pcnnittcd to be 
used ao; follows in industrial establishment-; where the concli
tions of maintenance and supervision ensure that only quali
fied persons service dtc installation: 
(1)  In cable trays. 
(2) In raceways. 
(3) In hazardous locations ao; permitted in 501.10, 502.10, 

503.10, 504.20, 504.30, 504.80, and 505.15. 
(4) Enclosed in a smooth metallic sheath, continuous corm

gated metallic sheath, or interlocking tape armor applied 
over the nonmetallic sheath in accordance with 335.6. 
The cable shall be supported and secured at intervals not 
exceeding 1.8 m (6 ft).  

(5) Cable, "idtout a metallic sheath or armor, that complies 
"ith the crush and impact requirement-; of Type :\llC 
cable and is identified for such usc l\ith the marking ITC
ER shall be pcnnittcd to be installed exposed. The cable 
shall be continuously supported and protected against 
physical damage using mechanical protection such ao; 
dedicated strut<;, angles, or channels. The cable shall be 
secured at intervals not exceeding 1.8 m (6 ft) .  

Exception to (5): �Wum� not subject to Jlhy.�ical damage, Type ITC-ER 
shall be pennittl'.d to tmnsition between cable trays mul between rable 
trays mul -utiliz.atifm equipment m· devices Jm· a di�tanre not to exceed 
/.8 m (6 ji) zuitlwut continuous .mpport. Tile cable shall be medumi
call_l' .mppm·tp,d wlle11' 1'-Xiting tile cable tm_l' to en.�ure that tile minimum 
bending mdi-us is 1wt excl'-eded. 

(6) A<; aerial cable on a mcs.<;cngcr. 
(7) Direct buried where identified for the usc. 
(8) l:ndcr raised floors in rooms containing industrial proc

cs.o; control equipment and rack rooms where arranged to 
prevent damage to the cable. 

(9) Under raised floors in information technology equip-
ment rooms in accordance l\ith 645.5(E) (2). 

335.5 Uses Not Permitted. T}pc lTC cable shall not be 
installed on circuit<; operating at more than 150 volts or more 
than 5 amperes. 

Installation of Type lTC cable "id1 other cables shall be 
subject to the stated requirement-; of the. specific articles for 
the other cables. Where dtc governing articles do not contain 
stated requirement-; for installation with T}'pc lTC cable, the 
installation of T}pc lTC cable "id1 the other cables shall not be 
permitted. 

T}pc lTC cable shall not be installed with power, lighting, 
Cla<;.o; I circuit<; that arc not power limited, or non-power
limited circuit-;. 

Exception No. 1: H1ie11' tenninattd within equipment m"junction boxes 
and sepamtions atf' maintaintd by in.mhlting banie1-s m· other means. 

Exception No. 2: H11en� a metallic sheath m· armor is apt1lied ovn· tile 
nmunetallic slvntll of tile Type lTC cable. 

335.6 Construction. The insulated conductors of T}pc lTC 
cable shall be in sizes 22 AWG through 12 AWG. The conductor 
material shall be copper or thermocouple alloy. Insulation on 
the conductors shall be rated for 300 volt-;. Shielding shall be 
permitted. 

The cable shall be listed ao; being resistant to dtc spread of 
fire. The outer jacket shall be sunlight and moisture resistant. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL com: 

\\'here a smood1 metallic sheath, continuous corrugated 
metallic sheath, or interlocking tape armor is applied over the 
nonmetallic sheath, an overall nonmetallic jacket shall not be 
required. 

Informational :'\ote: One method of defining Tl'.<istant to the 
.<prt'lld of fi" i• that the cables do not spread fire to the top of the 
tray in the UL flame exposure, \-ertical trdy flame test in ANSI/ 
t.:L 1685-2010, Vertical-Tray F;n,.Propagation and Smoke-/Vka<e 1e.<t 
for E/PCtriral and Dptical-FihPr Cabk.<. The smoke mea•uremenL• in 
the test method are not applicable. 

Another method of defining rt'Si.<tanl to tile .<prt'fld of jiw is for 
the damage (char length) not to exceed 1.5 m (4 ft l l  in.) when 
performing the CSA ,·ertical flame test - cables in cable trays, 
as described in CSA C22.2 l'o. 0.3-M-200 I ,  Tt-.<t Ml'tlwds for Ekctri
cal Wiws and C.abvs. 

335.7 Marking. The cable shall be marked in accordance with 
310.8(A) (2) through (A) (5) . Voltage ratings shall not be 
marked on the cable. 

335.8 Ampacity. The ampacity of the conductors shall be 
5 amperes, except for 22 AWG conductors, which shall have an 
ampacity of 3 amperes. 

335.9 Overcurrent Protection. Ovcrcurrcnt protection shall 
not exceed 5 amperes for 20 AWG and larger conductors, and 
3 amperes for 22 AWG conductors. 

335.10 B.mds. Bend-; in T}pc lTC cables shall be made so ao; 
not. to dalnagc the cable. 

ARTICLE 336 
Power and Control Tray Cable: Type TC 

Part I. General 

336.1 Scope. This article covers the usc, installation, and 
construction specifications for power and control tray cable, 
T)pc TC. 

336.6 Listing Requirements. T}pc TC cables and a"l.o;ociatcd 
fittings shall be Jio;tcd. 

Part D. Installation 

336.10 Uses Permitted. T}pc TC cable shall be permitted to 
be used ao; follows: 

(1)  For power, lighting, control, and signal circuit-;. 
(2) In cable trays, including those with mechanically discon-

tinuotLo; segment-; up to 300 mm (I  ft).  
(3) In raceways. 
(4) In outdo�r locations supported by a mcs.o;cngcr wire. 
(5) For Cla<;.o; 1 circuit-; ao; permitted in Part-; II and III of 

Article 725. 
(6) For non-power-limited fire alarm circuit<; if conductors 

comply l\idl the requirement-; of 760.49. 
(7) Between a cable tray and the utilization equipment or 

dcvicc(s), prm-idcd all of the follo"ing apply: 
a. The cable io; Type TG·ER. 

70-227 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



336.12 ARTI\.LE 336 - PO\\''ER A. 'ID CONTROL TRAY CABLE: TYPE TC 

b. The cable is installed in industrial establishments 
where the conditions of maimcnancc and supcni
sion ensure that only qualified persons scnicc the 
installation. 

c. The cable is continuously supported and protected 
against physical damage using mechanical protection 
such ao; strut-;, angles, or channels. 

d. The cable complies wid1 the crush and impact 
requirement'! of Type :MC cable and is idcmificd with 
the marking MT\..-ER." 

c. The cable is secured at imcnals not exceeding 1.8 m 
(6 ft) . 

f. Equipmcm grounding for the utilization cquipmcm 
is prol-idcd by an cquipmcm grounding conductor 
within the cable. In cables containing conductors 
sized 6 AWG or smaller, the cquipmcm grounding 
conductor shall be prmidcd widtin dtc cable or, at 
the time of installation, one or more insulated 
conductors shall be pcrmancndy identified ao; an 
cquipmcm grounding conductor in accordance with 
250.1 19(C). 

Exception to (7 ): \l'hell' not subject to Jlhy.�ical damagp, T_\jJe TC
ER slmU be permitted to transition betwt't'71 cable tm_ys mul between 
cable trays and equipment rtr devices Jm· a di�tance 1wt to exreed 
1.8 m (6 ji) without contimwus .mpprtrt. The cable shall be 
medmnical(\· .mpporled where exiting the rable tmJ' to emU/1' that 
the minimum bending radius i� not excePm.d. 

(8) Type TC cable shall be rcsistam to moisture and corro
sive agent-; where installed in wet locations. 

(9) For one- and two-family dwelling unit"l, Type TC-ER:JP 
cable containing conductors for both power and comrol 
circuit-; shall be pcnniucd for branch circuit"l and feed
ers. Type TG-ER:JP cable used ao; imcrior \\iring shall be 
installed per the requirement-; of Pan II of Article 334 
and where installed ao; exterior \\iring shall be installed 
per the requirement-; of Pan II of Article 340. 

Exception: �Wum� used to connect a generator and associated 
equipment having tmninal� rated 75•c (140°F) or highe1; the 
cable slmU not be limittd in ampacitJ' bJ• 334.80 m· 340.80. 

lnformational l'ote l'o. 1 :  See 725.136 fodimitations on 
Cia.'-' 2 or 3 circuiL• contained \\itbin ihe same cable \\ith 
conductors of electric light, power, or Cia.'-' I circuiL•. 

( 10) Direct buried, where idcmifiedfor such usc. 
( 1 1 )  In hazardous (dao;sificd) locations where specifically 

pcrmiucd by other articles in this \..ode. 
(12) For scnicc-cmrancc conductors where identified for 

such usc and marked T}'pc TC-ER. 

Informational Note :'\o. 2: See 310.14(,\) (3) for temperature 
limitation of conductors. 

336.12 Uses Not Permitted. Type TC tray cable shall not be 
installed or used a"l follows: 
(1) Installed where it "ill be exposed to physical damage 
(2) Installed outo;idc a raceway or cable tray system, except a"l 

pcrmiucd in 336.10(4), 336.10(7), 336.10(9) , and 
336.10(10) 

(3) Used where exposed to direct rays of the sun, unless iden-
tified a"l sunlight rcsistalll 

336.24 Bending Radius. Bcnd"l in Type TC cable shall be made 
so ao; not to damage the cable. For Type TC cable without metal 
shielding, the minimum bending radius shall be ao; follows: 
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(1) Four times the overall diameter for cables 25 mm (I  in.) 
or lcs.o; in diameter 

(2) Five times dtc overall diameter for cables larger than 
25 mm ( 1  in.) but not more than 50 mm (2 in.) in diame
ter 

(3) Six times the overall diameter for cables larger than 
50 mm (2 in.) in diameter 

Type TC cables l\ith metallic shielding shall have a minimum 
bending radius of not lcs."l than 12 times the cable overall cliam
ctcr. 

336.80 Ampacity. The ampacity of Type TC tray cable shall be 
determined in accordance "id1 392.80(A) for 14 AWG and 
larger conductors, in accordance \\ith 402.5 for 18 AWG 
through 16 AWG conductors where installed in cable trays, and 
in accordance l\ith 310.14 where installed outo;idc of cable 
trays, where pcrmiucd. 

Part Ill. Construction Specifjcations 

336.100 Construction. A metallic shcadt or armor a"l defined 
in 330.1 1 6  shall not be pcrmiucd either under or over the 
nonmetallic jacket. Metallic shield(s) shall be pcrmiucd over 
groups of conducton, under the outer jacket, or both. 

336.104 Conductors. For ungrounded, grounded, and cquip
mcm grounding conductors, the conductor sizes shall be 
14 AWG through 1000 kcmil copper, nickel, or nickel-coated 
copper and 1 2  AWG duough 1000 kcmil aluminum or copper
dad aluminum. Insulation types shall be one of dtc t}pcs listed 
in Table 310.4(1)  or Table 310.4(2) that is suitable for branch 
circuit and feeder circuit"l or one that is identified for such usc. 

For comrol and signal conductors, the minimum conductor 
sizes shall be 18 AWG copper, nickel, or nickel-coated copper, 
14 AWG copper-clad aluminum, and 12 AWG aluminum. 

(A) F"are Alarm Systems. \\'here used for fire alarm systems, 
conductors shall also be in accordance \\ith 760.49. 

(B) Thermocouple Circuits. \..onductors in Type TC cable 
tL"lCd for thermocouple circuit-; in accordance "ith Pan Ill of 
Article 724 shall also be pcrmiucd to be any of the materials 
tL"lCd for dtcrmocouplc extension "ire. 

(C) Class 1 Circuit Conductors. Insulated conductors of 
18 AWG and 16 AWG copper shall also be in accordance with 
724.49. 

336.116 Jacket. The outer jacket shall be a flamc-rctardam, 
nonmetallic material. 

336.120 Marking. There shall be no voltage marking on a 
Type TC cable employing thcnnocouplc extension \\ire. 

336.130 Hazardous (Classified) Location Cable. Cable listed 
and marked Type TC-ER-HL shall comply "id1 the follo"ing: 
(1)  The overall nonmetallic jacket shall be suitable for the 

cnvironmcm. 
(2) The overall cable construction shall be essentially circular 

in cros.'Hiection. 
(3) The overall nonmetallic jacket shall be cominuotL"l and 

ga"l/l'apor tight. 
(4) For construction greater than 25.4 mm (I in.) in diame

ter, the follo"ing shall appl)� 
a. The cquipmcm grounding conductor shall be bare. 
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ARTICLE 338 -SERVICE-El'\TRANCE CABLE: 1YPES SE Al'\D USE 338.10 

b. A metallic shield shall be included over all conductors 
under the outer jacket. 

Part I. General 

ARTICLE 337 
Type P Cable 

337.1 Scope. This article covers the usc, installation, and 
construction specifications for up through 2000 volt Type P 
cable (armored and unarmored) .  

337.6 Listing Requirements. Type P cables and as.o;ociatcd 
fittings shall be listed. 

Part D. Installation 

337.10 Uses Permitted. Type P cable shall be permitted to be 
used: 

(1) Under engineering supcnision in industrial installations 
where conditions of maintenance and supenision ensure 
that only qualified persons monitor and scnicc the 
system. 

(2) In hazardous (cla.'l.o;ificd) locations where specifically 
permitted by other articles in this \..ode. 

337.12 Uses Not Permitted. Type P cable shall not be installed 
or used: 

(1) Where it \\ill be exposed to physical damage 
(2) Where not specifically permitted by odtcr articles in the 

\..ode 

337.24 Bending Radius. The minimum bending radii during 
installations and handling in scnicc shall be adequate to 
prevent damage to the cable. 

337.30 Securing and Supporting. Type P cable shall be suppor
ted and secured by cable tics listed and identified for secure
ment and support; straps, hangers; or similar fittings; or other 
approved means designed and installed so a.o; not to damage 
the cable. 

337.31 Single Conductors. \\'here single-conductor cables arc 
used, dtc installation shall comply with 300.20. 

337.80 Ampacity. The ampacity of Type P cable shall be deter
mined in accordance "id1 310.14(A) or (B) for 14 AWG and 
larger conductors. For 18 AWG and 16 AWG conductors, the 
ampacitics shall be determined in accordance \\ith Table 402.5 
or 310.14(8). \\'hen installed in cable tray, the ampacitics shall 
be pennittcd to be determined in accordance l\ith 392.80. The 
installation shall not exceed dtc temperature ratings of termi
nations and equipment. 

Part m. Construction Specifications 

337.104 Conductors. \.onductors shall be of tinned copper. 
\.onductors shall employ flexible stranding. The minimum 
conductor size shall be 18 AWG. 
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337.108 Equipment Grounding Conductor. An equipment 
grounding conductor compl}'ing with 250.122 shall be prmi
dcd l\ithin multiconductor Type P cable. 

337.112 Insulation. Insulated conductors shall be a thermoset 
type identified for usc in Type P cable. All conductors shall be 
suitable for wet locations. The minimum wall thickness shall be 
0.76 mm (30 mils) . 

337.114 Shield. Metallic shield(s) shall be permitted over a 
single conductor or groups of conductors. 

337.115 Jacket. Multiconductor cables shall have an overall 
nonmetallic jacket that is impcnious to moisture, corrosion 
resistant, and sunlight resistant. \\-'hen installed external to an 
enclosure or industrial machinery, single conductor cables 
shall have an overall nonmetallic jacket that is impcnious to 
moisture, corrosion resistant, and sunlight resistant. Single 
conductor cables rated 2000 volts \\ith conductor sizes equal to 
or larger than 4/0 AWG shall be permitted to usc an incrca.o;cd 
insulation thickncs.o; in lieu of using a separate cable jacket. 
\\''hen the incrca.o;cd insulation thickness is used, the insulation 
material shall be sunlight resistant. 

337.116 Armor. Armor shall be permitted over the jacket. If 
provided, the; armor or metallic covering shall be a braided 
ba.-;kct weave type consisting of wire laid closely together, flat 
and parallel, aitd forming a ba.-;kct weave that shall firmly grip 
the cable. The wire shall be commercial bronze, tinned copper, 
stainlcSll steel, or aluminum. The armor shall not be used a.-; a 
curTcnt-carrying conductor or a.-; an equipment grounding 
conductor. A nonmetallic jacket that conforms to 337.115 shall 
be provided over the armor. 

337.120 Marking. Type P cable shall be marked in accordance 
with 310.8. \\''hen an armor is prmidcd, the cable shall be 
marked accordingly. 

ARTICLE 338 
Service-Entrance Cable: Types SE and USE 

Part I. General 

338.1 Scope. This article covers the usc, installation, and 
construction specifications of scnicc-cntrancc cable. 

338.6 Listing Requirements. T}'pc SE and USE cables and a.'l.o;o
ciatcd fittings shall be listed. 

Part II. Installation 

338.10 Uses Permitted. 

(A) Service-Entrance Conductors. Scnicc-cntrancc cable shall 
be permitted to be used a.-; scnicc-cntrancc conductors and 
shall be installed in accordance with 230.6, 230.7, and Parts II, 
JII, and IV of Article 230. 

(B) Branch Circuits or Feeders. 

(I) Grounded Conductor Insulated. Type SE scnicc-cntrancc 
cables shall be permitted in \\iring systems where all of the 
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338.10 ARTICLE 340 - U:"'DERGROUND FEEDER Al'\D BRAJ'\CH-CIRCUIT CABLE: 1YPE l:F 

circuit conductors of the cable arc of the thcnnosct or thcrmo
pla•nic type. 

(2) Use of Uninsulated Conductor. Type SE scnicc-cntrancc 
cable shall be permitted for usc where the insulated conductors 
arc used for circuit wiring and the uninsulatccl conductor is 
used only for equipment grounding purposes. 

Exception: In 1'-Xi�ting instalhltifms, unin.mlattd condtu:tm-s shall be 
perntitttd as a grounded conductor in acconlance with250.32 and 
250.140, wlvre tht unin.mlattd giVundl'.d condtu:tm· of tile cabk m·igi
nalts in se1vicnquipment,and with 225.30 tlnvugh 225.40. 

(3) Temperature Limitations. Type SE scnicc-cntrancc cable 
used to supply appliances shall not be su�cct to conductor 
temperatures in execs.-; of the temperature specified for the 
type of insulation involved. 

(4) Installation Methods for Branch Circuits and Feeders. 

(a) Interim· Instalhltions. Interior installations shall comply 
with dtc follo"ing: 
(1)  In addition to dtc prmisions of dtis article, Type SE 

scnicc-cntrancc cable used for interior \\iring shall 
comply l\ith the installation requirement-; of Part II of 
Article 334, excluding 334.80. 

(2) Where more dtan two Type SE cables containing two or 
more currcnt-car!Jing conductors in each cable arc 
installed in contact l\ith thermal insulation, caulk, or scal
ing foam l\ithout maintaining spacing between cables, 
the ampacity of each conductor shall be adjusted in 
accordance "id1 Table 310.15(C) (I). 

(3) For Type SE cable with ungrounded conductor sizes 
10 AWG and smaller, where installed in contact l\ith ther
mal insulation, the ampacity shall be in accordance with 
oo•c ( 140.F) conductor temperature rating. The maxi
mum conductor temperature rating shall be permitted to 
be used for ampacity adjustment and correction purpo
ses, if dtc final ampacity docs not cxccccl dtat for a r:.o•c 
(140.F) rated conductor. 

(b) Exttrwr Installations. Exterior installations shall 
comply l\ith the follm\ing: 
(1) In addition to the provisions of this <trticlc, service

entrance cable used for feeders or branch circuit-;, where 
installed ao; exterior "iring, shall be installed in accord
ance with Part I of Article 225. The cable shall be suppor
ted in accordance with 334.30. 

(2) Type l:SE cable installed ao; underground feeder and 
branch circuit cable shall comply l\ith Part II of Arti
cle 340. 

Exception: Single-cmultu:tm· Type l!.."iE mul multi-rated l!.."iE cmultutm-s 
shall not be .mbjtct to the ampacit_l' lintitations of Pmt If of A1tick 340. 

338.12 Uses Not Permiued. 

(A) Service-Entrance Cable. Type SE cable shall not be used 
under the following conditions or in the follm\ing locations: 
(1)  \\'here su�cct to physical damage unless protected in 

accordance "id1 230.50(8) 
(2) Underground l\ith or "idtout a raceway 
(3) For exterior branch circuit" and feeder wiring unlcs.o; the 

installation complies l\ith Part I of Article 225 and is 
supported in accordance l\ith 334.30 or is used ao; 
mcs.o;cngcr-supportcd \\iring ao; permitted in Part II of 
Article 396 
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(B) Underground Service-Entrance Cable. Type USE cable 
shall not be used under the following conditions or in the 
follo"ing locations: 
(1) For interior \\iring 
(2) For aboveground installations except where USE cable 

emerges from the ground and is terminated in an enclo
sure at an outdoor location and the cable is protected in 
accordance "id1 300.5(D) 

(3) Ao; aerial cable unlcs.o; it is a multiconductor cable identi
fied for usc aboveground and installed ao; messenger
supported "iring in accorclancc "id1 225.10 and Part II of 
Article 396 

338.24 Bending Radius. Bends in Types USE and SE cable 
shall be so made that the cable \\ill not be damaged. The radius 
of the curve of the inner edge of any bend, during or after 
installation, shall not be Jcs.o; than five times the diameter of the 
cable. For flat cables, the major diameter dimension of the 
cable shall be used to determine the bending radius. 

Part Ill. Construction Specifications 

338.100 Construction. 

(A) Assemblies. Cabled ao;scmblics of multiple single
conductor Type USE conductors shall be permitted for direct 
burial. All conductors shall be insulated. 

lnforinational Note: The te1m "cabled" refers to a manufdctur
ing proces<; of t\\;sting single conductors together and may also 
be referred to a.<; "plexed." 

(B) Uninsulated Conductor. Type SE or l:SE cable with an 
overall covering containing two or more conductors shall be 
permitted to have one conductor uninsulatccl. 

338.120 Marking. Scnicc-cntrancc cable shall be marked ao; 
required in 310.8. C-able "id1 the neutral conductor smaller 
than dtc ungrounded conductors shall be so marked. 

ARTICLE 340 
Underground Feeder and Branch-Circuit 

Cable: Type UF 

Part I. General 

340.1 Scope. This article covers the usc, installation, and 
construction specifications for underground feeder and 
branch-circuit cable, Type UF. 

340.6 Listing Requirements. Type UF cable and a"l.o;ociatcd 
fittings shall be listed. 

Part II. Installation 

340.10 Uses Permiued. Type l:F cable shall be permitted ao; 
follows: 
(1) For usc underground, inducting direct burial in the 

card1. 
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ARTICLE 342 - 11'\TERMEDIATE �IETAL CO:"'DUIT (I:\� C) 342.14 

(2) A"l single-conductor cables. Where installed a"l single
conductor cables, all conductors of the feeder or branch 
circuit, including the grounded conductor and equip
ment grounding conductor, if any, shall be installed in 
accordance "idt 300.3. 

(3) For wiring in wet, dry, or corrosive locations. 
(4) Installed a"l nonmetallic-sheathed cable. \\'bcrc so 

installed, the installation and conductor requirements 
shall comply "idt Part"l II and Ill of Article 334,cxccpt for 
334.12(8), and shall be of dtc multiconductor type. 

(5) A"l single-conductor cables a"l the nonhcating lcad"l for 
heating cables a"l provided in 424.43. 

(6) Supported by cable trays. Type UF cable supported by 
cable trays shall be of the multiconductor type. 

Informational l'ote: See 310.14(A) (3) for temperdture limita
tion of conductors. 

340.12 Uses Not Permitted. Type l:F cable shall not be used 
a"l follows: 

( 1) A"l sen-icc-entrance cable 
(2) In commercial garages 
(3) In theaters and similar locations 
(4) In motion picture studios 
(5) In storage battery rooms 
(6) In hoistways or on elc\'ators or escalators 
(7) In hazard;,us (cla"lsificd) locations, except a"l specifically 

permitted by other articles in this \..ode 
(8) Embedded in poured cement, concrete, or aggregate, 

except where embedded in pla"ltcr a"l nonhcating lcad"l 
where permitted in 424.43 

(9) \\onere exposed to direct rays of dtc sun, unless identi
fied a"l sunlight resistant 

Informational :'\ote: The sunlight-resistant marking on the. 
jacket does not apply to the indhidual conductors. 

( 10) \\'bcrc sutMcct to physical damage 
( 11 )  A"l overhead cable, except where installed as messenger

supported l\iring in accordance "idt Part 0 of Article 
396 

340.24 Bending Radius. Bcnd"l in Type UF . cable shall be so 
made dtat dtc cable is not damaged. The radius of dtc curve of 
the inner edge of any bend shall not be lcs."l dtan five times dtc 
diameter of the cable. For flat cables, the major diameter 
dimension of dtc cable shall be. used to determine dtc bending 
radius. 

340.80 Ampacity. The ampacity of Type UF cable shall be that 
of60•c (1400F) conductors in accordance "idt 310.14. 

Part m. Construction Specifications 

340.104 Conductors. The conductors shall be sizes 14 AWG 
copper or 12 AWG aluminum or copper-clad aluminum 
through 4/0 AWG. 

340.108 Equipment Grounding Conductor. In addition to dtc 
insulated conductors, the cable shall be permitted to have an 
insulated or bare equipment grounding conductor. 

340.112 Insulation. The conductors of Type UF shall be one of 
the moisture-resistant types listed in Table 310.4(1) that is suita
ble for branch-circuit "iring or one dtat is identified for such 
usc. Where installed a"l a substitute wiring method for :"'M 
cable, dtc conductor insulation shall be rated 900C (194.F). 
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340.116 Sheath. The overall covering shall be flame retardant; 
moisture, fungus, and corrosion resistant; and suitable for 
direct burial in the earth. 

ARTICLE 342 
Intermediate Metal Conduit (IMC) 

Part I. General 

342.1 Scope. This article covers dtc usc, installation, and 
construction specifications for intcnncdiatc metal conduit 
(1:\IC) and a"lsociatcd fittings. 

342.6 Listing Requirements. I�IC, factory elbows and 
couplings, and a"lsociatcd fittings shall be listed. 

Part II. Installation 

342.10 Uses Permitted. 

(A) All Atmospheric Conditions and Occupancies. Usc of I�IC 
shall be permitted under all atmospheric conditions and occu
pancie�. 

(B) · Corrosion Environments. IMC, elbows, couplings, and 
fittings shall be permitted to be installed in concrete, in direct 
coittact "idt dtc cardt, in direct burial applications, or in arca"l 
sutMcct to severe corrosive influences where protected by corro
sion protection approved for dtc condition. 

(C) Cinder Fill. I�IC shall be pcnnittcd to be installed in or 
under cinder fill where sutMcct to permanent moisture where 
protected on all sides by a layer of noncindcr concrete not lcs."l 
than 50 mm (2 in.) dtick; where the conduit is not lcs."l than 
450 mm (18 in.) under the fill; or where protected by corro
sion protection approved for dtc condition. 

(D) Wet Locations. All support"l, bolt"l, straps, screws, and so 
forth, shall be of corrosion-resistant materials or protected 
against corrosion by corrosion-resistant materials. 

Informational :'\ote: See 300.6 for protection against corrosion. 

(E) Severe Physical Damage. IMC shall be permitted to be 
installed where sutMcct to severe physical damage. 

342.14 Dissimllar Metals. Where practicable, dis."limilar metals 
in contact anywhere in the system shall be avoided to eliminate 
the pos."libility of gah"anic action. 

Stainless steel and aluminum fittings and enclosures shall be 
permitted to be used "idt gah"anizcd steel I�IC where not 
sutMcct to severe corrosive influences. 

Stainless steel I�IC shall only be used "id1 the follo"ing: 
( 1 )  Stainless steel fittings 
(2) Stainless steel boxes and enclosures 
(3) Steel (gah"anizcd, painted, powder or PVC coated, and so 

forth) boxes and enclosures when not sutMcct to severe 
corrosive influences 

(4) Stainless steel, nonmetallic, or approved acccs."lorics 
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342.20 ARTICLE 344 -RIGID METAL CO:"'DUIT (RMC) 

342.20 Size. 

(A) Minimum. IMC smaller than metric designator 16 (trade 
size �) shall not be used. 

(B) Maximum. 1:\IC larger than metric designator 155 (trade 
size 6) shall not be used. 

Informational l'ote: See 300.1 (C) for dte metric designators 
and trdde sizes. These are for identification purposes only and 
do not relate to actual dimensions. 

342.22 Number of Conductors. The number of conductors 
shall not exceed that permitted by dtc percentage fill specified 
in Table I ,  Chapter 9. 

\..ablcs shall be permitted to be installed where such usc is 
not prohibited by the respective cable ankles. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

342.24 Bends. 

(A) How Made. Bcnd'i of 1:\IC shall be so made that the 
conduit "ill not be damaged and the internal diameter of the 
conduit "ill not be effectively reduced. The radiu.'i of the curve 
of any field bend to the centerline of the conduit shall not be 
lcs.'i dtan indicated in Table 2, Chapter 9. 

(B) Number in One Run. The total degrees of bcnd'i in a 
conduit run shall not exceed 360 degrees between pull points. 

342.28 Reaming and Threading. All cut cnd'i shall be reamed 
or otherwise finished to remove rough edges. \\-'here conduit is 
threaded in the field, a standard cutting die "id1 a taper of 1 in 
16 (� in. taper per foot) shall be used. 

lnfonnational l'ote: See ,\J'I:SI/ASME 81.20.1-2013, Stmularrl for 
Pipe 17umd<, tll!lll'ral Purpose (huh). 

342.30 Securing and Supporting. 1:\IC shall be installed as a 
complete system in accordance with 300.18 and shall be 
securely fa'itcncd in place and supported in accordance with 
342.30(A) and (B). 

(A) Securely Fastened. 1:\IC shall be secured in accordance 
with one of dtc follo"ing: 
(1)  1:\IC shall be securely fa'itcncd within 900 mm (3 ft) of 

each outlet box, junction box, device box, cabinet, 
conduit bodv, or odtcr conduit termination. 

(2) \\-'here struc
.
tural mcmbe01 do not readily permit fa'itcn

ing within 900 mm (3 ft) ,  fastening shall be permitted to 
be incrca'icd to a distance of 1.5 m (5 ft) . 

(3) Where approved, conduit shall not be required to be 
securely fa'itcncd "idtin 900 mm (3 ft) of dtc scnicc head 
for above-the-roof termination of a ma'it. 

Exception: Fm· conaakd ltJOI"k in Jini<hed buildings or fm'Jinislv.d waU 
panels where such securing is impmcticabk, unlnvkm length.< (without 
roupling) of fMC slmU be permitted to be fished. 

(B) Supports. 1:\IC shall be supported in accordance l\idt one 
of the following: 
(1)  Conduit shall be supported at intcn·;ds not exceeding 

3 m  (10 ft). 
(2) The distance between supporl'i for straight runs of 

conduit shall be permitted in accordance with Table 
344.30(B), provided the conduit is made up with threa
ded couplings and supporl'i that prevent transmis.'iion of 
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strcs.'ies to termination where conduit is deflected 
between supporl'i. 

(3) Exposed vertical risers from indu.'itrial machinery or fixed 
cquipmcm shall be permitted to be supported at intcn-.lls 
not exceeding 6 m (20 ft) if the conduit is made up with 
threaded couplings, the conduit is supported and 
securely fa'itcncd at the top and bottom of the riser, and 
no other means of intermediate support is readily availa
ble. 

(4) Horizontal runs of 1:\IC supported by openings through 
framing members at intcn-als not exceeding 3 m  (10 ft) 
and securely fa'itcncd within 900 mm (3 ft) of termina
tion poinl'i shall be permitted. 

342.42 Couplings and Connectors. 

(A) Threadless. Thrcadlcs.'i couplings and connectors used 
with conduit shall be made tight. Where buried in ma'ionry or 
concrete, they shall be the concrctctight type. Where installed 
in wet locations, they shall comply with 314.15. Thrcadlcs.'i 
couplings and connectors 11hall not be used on ducadcd 
conduit ends unless listed for the purpose. 

(B) Running Threads. • Running thrcad'i shall not be used on 
conduit for connection at couplings. 

342.46 Bushings. V.'hcrc a conduit enters a box, fitting, or 
other enclosure, a bu.'ihing shall be prmidcd to protect the 
wires from abrasion unless the box, fitting, or enclosure is 
designed to provide such protection. 

Informational Note: See 300.4(G) for the protection of conduc
tors 4 AWG and larger at bushingli. 

342.56 Spfices and Taps. Splices and taps shall be made in 
accordance "id1 300.15. 

342.60 Grounding. IMC shall be permitted a'i an cquipmcm 
grounding conductor. 

Part Ill. Construction Specifications 

342.100 Construction. 1:\IC shall be made of one of the follow
ing: 
(1)  Steel, with protective coatings 
(2) Stainlcs.'i steel 

342.120 Marking. Each length shall be dearly and durably 
marked at lca'it every 1 .5 m (5 ft) with the letters IMC. Each 
length shall be marked a'i required in the first sentence of 
l10.21 (A) . 

ARTICLE 344 
Rigid Metal Conduit (RMC) 

Part I. General 

344.1 Scope. This article covers the usc, installation, and 
construction specifications for rigid metal conduit (R\IIC) and 
a'isociatcd fittings. 

344.6 Listing Requirements. R\IIC, factory elbows and 
couplings, and a'isociatcd fittings shall be listed. 
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ARTICLE 344 -RIGID METAL CO:"'DUIT (RMC) 344.30 

Part D. Installation 

344.10 Uses Permitted. 

(A) Atmospheric Conditions and Occupancies. 

(1) Galvanized Steel, Stainless Steel, and Red Brass RMC. 
Gah·anizcd steel, stainlcs.� steel, and red bra-;.� RMC shall be 
pcrmiucd under all atmospheric conditions and occupancies. 

(2) Aluminum RMC. Aluminum RMC shall be pcrmiucd to be 
installed where approved for the cmironmclll. 

(3) Ferrous Raceways and Fittings. Ferrous raceways and 
fittings protected from corrosion solely by enamel shall be 
pcrmiucd only indoors and in occupancies not subject to 
severe corrosive influences. 

(B) Corrosive Environments. 

(1) Galvanized Steel, Stainless Steel, and Red Brass RMC, 
Elbows, Couplings, and Fittings. Galvanized steel, stainlcs.� 
steel, and red brass RMC, elbows, couplings, and fittings shall 
be pcrmiucd to be installed in concrete, in direct contact with 
the earth, in direct burial applications, or in areas sutMcct to 
severe corrosive influences where protected by corrosion 
protection approved for the condition. 

(2) Supplementary Protection of Aluminum RMC. Aluminum 
RMC shall be prmidcd l\ith approved supplementary corrosion 
protection where cnca�d in concrete or in direct contact with 
the earth, or in direct burial applications where idcmificd for 
the application. 

(C) Cinder Fill. Gah·anizcd steel, stainlcs.o; steel, and red bra-;.� 
R\<IC shall be pcrmiucd to be installed in or under cinder fill 
where subject to permanent moisture where protected on aU 
sides bv a laver of noncindcr concrete not less dtan 50 mm 
(2 in.)' thick; where dtc conduit is not lcs.� than 4!>0 mm 
(18 in.) under the fill; or where protected by corrosion protec
tion approved for the condition. 

(D) Wet Locations. All support�. bolto;, straps, screws, and so 
forth, shall be of corrosion-resistalll materials or protected 
against corrosion by corrosion-resistant materials. 

Informational :'\ote: See 300.6 for protection 
·
against cormsion. 

(E) Severe Physical Damage. RMC shall be pcrmiucd to be 
installed where sutMcct to severe physical damage. 

344.14 Dissimilar Metals. Where practicable, dis.�imilar metals 
in contact amwhcrc in the s\'Stcm shall be avoided to eliminate 
the pos.o;ibilicy of gah·anic ac'tion. Stainlcs.� steel and aluminum 
fittings and enclosures shall be pcrmiucd to be used with 
gah·anizcd steel R\<IC, and galvanized steel fittings and enclo
sures shall be pcnniucd to be used l\ith aluminum RMC where 
not sutMcct to severe corrosive influences. Stainlcs.o; steel rigid 
conduit shall only be used "id1 the follo"ing: 
(1) Stainless steel fittings 
(2) Stainless steel boxes and enclosures 
(3) Steel (galvanized, painted, powder or PVC coated, and so 

forth) boxes and enclosures when not sutMcct to severe 
corrosive influences 

(4) Stainless steel, nonmetallic, or approved accessories 

344.20 Size. 

(A) Minimum. RMC smaller than metric designator 16 (trade 
size �) shall not be used. 
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Exception: Metric designato,. 12 (trade size �) slmU be Jmmitted fo-r 
mclo.�ing the kads of motors as pe1mittP.d in 4 30.24 5( B). 

(B) Maximum. RMC larger dtan metric designator 155 (trade 
size 6) shall not be used. 

Informational l'ote: See 300.1 (C) for the metric designators 
and trdde sizes. These are for identification purposes only and 
do not relate to actual dimensions. 

344.22 Number of Conductors. The number of conductors 
shall not exceed that pcrmiucd by the percentage fill specified 
in Table I ,  Chapter 9. 

Cables shall be pcrmiucd to be installed where such usc is 
not prohibited by the respective cable articles. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

344.24 Bends. 

(A) How Made. Bends of R\1C shall be so made that the 
conduit \\ill not be damaged and so that the imcmal diameter 
of dtc conduit "ill not be effcctivelv reduced. The radius of the 
curve of anv field belld · to the cc.;terlinc of the conduit shall 
not be lcs.� than i!tdicated in Table 2, Chapter 9 

(B) Number in One Run. The total degrees of bcndo; in a 
conduit run shall not exceed 360 degrees between pull points. 

344.28 Reaming and Threading. All cut cndo; shall be reamed 
or otherwise finished to remove rough edges. Where conduit is 
ducadcd in the field, a standard cutting die l\idl a 1 in 1 6 tapcr 
(� in. taper per foot) shall be used. PV\.-coatcd R\<IC shall be 
threaded in accordance with manufacturer's instructions to 
prevent damage to the exterior coating. 

lnformational l'ote l'o. 1: See Al'SI/ASME 81.20. 1-2013, Stand
ard for Pipe 17mmd<, C.eneral Purpo.<e (l11ch). 

Informational Note No. 2: See l'ECA 101-2013, Standard for 
Installing St"'l (',nnduits (ll.WC, fMC, t:,"tT), for infonnation on 
threading and clamping method• for R.\fC and PVC-coated 
RMC. 

344.30 Securing and Supporting. RMC shall be installed ao; a 
complete system in accordance with 300.18 and shall be 
securely fa�tencd in place and supported in accordance with 
344.30(A) and (B). 

(A) Securely Fastened. RMC shall be secured in accordance 
"ith one of dte follo"ing: 
(1)  R\<IC shall be securely fa�tencd within 900 mm (3 ft) of 

each outlet box, junction box, de\icc box, cabinet, 
conduit bodv, or other conduit termination. 

(2) Fao;tening sh,all be pcrmiucd to be incrca�cd to a distance 
of 1 .5 m (5 ft) where structural members do not readily 
permit fa�tcning within 900 mm (3 ft) . 

(3) Where approved, conduit shall not be required to be 
securely fa�tcncd "idtin 900 mm (3 ft) of dte senicc head 
for above-the-roof termination of a ma�t. 

Exception: Fm· conceakd wmfl in finished buildings o,. Jm'Jinis/11'4 UHlU 
panel� where .�uch securing is impmcticabk, unlnvkm kngths (zuithout 
coupling) of RMC shall be jJelmittl'.d to be fished. 

(B) Supports. RMC shall be supported in accordance "ith one 
of the following: 
(1)  Conduit shall be supported at intcnoals not exceeding 

3 m  (10 ft). 
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344.42 ARTICLE 348 - FLEXIBLE METAL COJ'\DUIT (FMC) 

(2) The distance between support"l for straight runs of 
conduit shall be permiued in accordance with Table 
344.30(8), provided the conduit is made up with threa
ded couplings and support'! that prevent transmis."lion of 
strcs."les to termination where conduit is deflected 
between support"l. 

(3) Exposed vertical risers from industrial machinery or fixed 
equipmem shall be permiued to be supported at intervals 
not exceeding 6 m (20 ft) if the conduit is made up with 
threaded couplings, the conduit is supported and 
securely fa"ltened at the top and bouom of the riser, and 
no other means of intermediate support is readily availa
ble. 

(4) Horizontal runs of RMC supported by openings through 
framing members at intervals not exceeding 3 m  (10 ft) 
and securely fa"ltened within 900 mm (3 ft) of termina
tion point"l shall be permiued. 

344.42 Couplings and Connectors. 

(A) Threadless. Threadles."l couplings and connectors used 
"ith conduit shall be made tight. \\'here buried in ma"lonry or 
concrete, they shall be the concrete tight type. \\'here installed 
in wet locations, they shall comply with 314.15. Threadles."l 
couplings and connectors shall not be used on threaded 
conduit ends unles."l listed for the purpose. 

(B) Running Threads. Running thread"l shall not be used on 
conduit for connection at couplings. 

344.46 Bushings. \\'here a conduit enters a box, fitting, or 
other enclosure, a bushing shall be prmided to protect the 
wires from abra"lion unles."l the box, fitting, or enclosure is 
designed to provide such protection. 

Informational Note: See 300.4(G) for the protection of conduc
tors sizes 4 AWG and larger at bushings. 

344.56 Sp6ces and Taps. Splices and taps shall be made in 
accordance "idt 300.15. 

344.60 Grounding. RMC shall be permiued a"l an cquipmem 
grounding conductor. 

Part m. Construction Specifications 

344.100 Construction. R�IC shall be made of one of the 
follo"ing: 
(1) Steel with protective coatings 
(2) Aluminum 
(3) Red bra"ls 
( 4) Stainless steel 

Table 344.30(B) Supports for Rigid Metal Conduit 

Conduit Size 

Metric 
Designator 

16-21 
27 

35--41 
53-63 

78 and larger 

70-234 

Trade Size 

Y:r'Y.. 
1 

1 Y.-1 Y:r 
2-2Y:r 

3 and larger 

Maximum Distance Between 
Rigid Metal Conduit Supports 

m ft 

3.0 10 
3.7 12 
4.3 14 
4.9 16 
6.1 20 

344.120 Marking. Each length shall be clearly and durably 
identified in every 3 m (10 ft) a"l required in the first sentence 
of 1 1 0.21 (A) . Nonferrous conduit of corrosion-resistant mate
rial shall have suitable markings. 

ARTICLE 348 
Flexible Metal Conduit (FMC) 

Part I. General 

348.1 Scope. This article covers the usc, installation, and 
construction specifications for flexible metal conduit (FMC) 
and a"lsociated fittings. 

348.2 Reconditioned Equipment. FMC shall not be recondi
tioned. 

348.6 Listing RequirementS • . FMC and a"l."lociated fittings shall 
be listed. 

Part II. Installation 

348.10 U� Permitted. FMC shall be permiued to be used in 
exposed and concealed locations. 

348.12 Uses Not Permitted. niC shall not be used in the 
follm�ing: 
(1) In wet locations 
(2) In hoistways, other than a"l permitted in 620.21 (A) ( I )  
(3) In storage battery rooms 
(4) In any hazardous (cla"lsified) location except a"l permiued 

bv other articles in this ('..ode 
(5) \Vnere exposed to materials having a deteriorating effect 

on the installed conductors, such a"l oil or ga"loline 
(6) l:nderground or embedded in poured concrete or aggre

gate 
(7) Where sutMect to physical damage 

348.20 Size. 

(A) Minimum. FMC les."l than metric designator 16 (trade 
size ll:t) shall not be used unles."l permiued in 348.20(A) (1)  
through (A) (5) for metric designator 12 (trade size Y,). 
(1)  For enclosing the leads of motors a"l permitted in 

430.245(8) 
(2) In lengths not in exces."l of 1 .8 m (6 ft) for any of the 

follo"ing uses: 
a. For utilization equipment 
b. A"l part of a listed a"l."lCm bly 
c. For tap connections to luminaires a"l permiued in 

410. 1 1 7(C) 
(3) For manufactured \\iring systems a"l penniued in 

604.100(A) 
(4) In hoistways a"l permiued in 620.21 (A) (l)  
(5) A"l part of a listed a"l."lembly to connect \\ired luminaire 

sections a"l permitted in 410.137(C) 

(B) Maximum. F�lC larger than metric designator 103 (trade 
size 4) shall not be used. 
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ARTICLE 348 - FLEXIBLE METAL COJ'\DUIT (FMC) 348.60 

Informational l'ote: See 300.1 (C) for the metric designators 
and trdde sizes. These are for identification purposes only and 
do not relate to actual dimensions. 

348.22 Number of Conductors. The number of conductors 
shall not exceed that permitted by dtc percentage fill specified 
in Table 1 ,  Chapter 9, or as permitted in Table 348.22, or for 
metric designator 12 (trade size 'Y,.). 

Cables shall be permitted to be installed where such usc is 
not prohibited by the respective cable articles. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

348.24 Bends. 

(A) How Made. Bends in conduit shall be made so that the 
conduit is not damaged and the internal diameter of the 
conduit is not effectively reduced. Bend-; shall be permitted to 
be made manually widtout auxiliary equipment. The radius of 
the curve to the centerline of anv bend shall not be lcs."l than 
shown in Table 2, Chapter 9 using dtc column MOdtcr Bend-;." 

(B) Number in One Run. The total degrees of bend-; in a 
conduit run shall not exceed 360 degrees between pull points. 

348.28 Trimming. All cut end-; shall be uimmcd or odtcrwise 
finished to remove rough edges, except where fittings that 
thread into dtc convolutions arc used. 

348.30 Securing and Supporting. n.lC shall be securely 
fastened in place and supported in accordance with 348.30(A) 
and (B). 

(A) Securely Fastened. FMC shall be securely fastened in place 
by an approved means within 300 mm (12 in.) of each box, 
cabinet, conduit body, or other conduit termination and shall 
be supported and secured at intervals not to exceed 1 .4 m 
(4!f:t ft).  \\'bcre used, cable tics shall be listed and be identified 
for securement and support. 

Exception No. 1: H11en� F.WC is fished betwl!m acwo.� poi'nL� thmugh 
concea!P.d spaces in finis/red buildings m· stmctum and suptxnting is 
impmcticabk. 

Exception No. 2: H'hm• flexibilitJ i� necessary• after installation, kngths 
fivm the last /JOint where the mcewa_l' i� Stlctm�{l· faslml'.d shall not 
t'Xa!ed the following: 

· 

(1) 900 mm (3 ft)fonnelric designatm-s 16 tlnvugh 35 (lmde .�ius 
� through 1lf.) 

(2) 1200 mm (4 ft)fonnelric designatm:� 4J through 53 (tmde sius 
1� tlnvugh 2) 

(3) 1500 mm (5 Jl) fm· Jnelric designatm-s 63 (lmde size 21/z) and 
Lmger 

Exception No. 3: Lengths JWI t'Xa!eding 1.8 m (6 Jl) ftvm a Luminaire 
lermi1wl connection fm· la/J connections to luminaill'S as permitted in 
410.117(C). 

Exception No. 4: Lengths not exc".ding 1.8 m (6 Jl)from tire last /JOint 
wl�e�11 tire mceway is secut-e{}· fa.�tmed fm· connections within an acwisi
bk ceiling to a luminai17!(s) m· other l!tJUipment. Fm· the purJJOses of the 
exceptions, li�tl'.d FMC fittings shall be permitted as a means of secuJl'
menl and suptxnt. 

(B) Supports. Horizontal runs of F�lC supported by openings 
through framing members at intervals not greater than 1 .4 m 
(4!i:t ft) and securely fastened within 300 mm (12 in.) of termi
nation points shall be permitted. 

348.42 Couplings and Connectors. Angle connectors shall not 
be concealed. 

348.56 Spfices and Taps. Splices and taps shall be made in 
accordance "id1 300.15. 

348.60 Grounding and Bonding. 

(A) Faxed. Installation. n.lC shall be permitted to be used as 
an equipment grounding conductor when installed in accord
ance with 250.1 18(A) (5) where ncxibility is not required after 
installation. 

(B) Flexible Installation. An equipment grounding conductor 
shall be installed where flexibility is ncccs.o;af)' to minimize the 
transmis."lion of \ibration from equipment or to prmidc ncxi
bilil)' for equipment that requires movement after installation. 

(C) Equipment Grounding Conductors. \\'bcrc required or 
installed, equipment grounding conductors shall be installed 
in accordance with 250.1 34. 

(D) Equipment Bonding Jumpers. Where required or instal
led, equipment bonding jumpers shall be installed in accord
ance l\ith 250.102. 

Table 348.22 Maximum Number of Insulated Conductors in Metric Designator 12 (Trade Size �) Flexible Metal Conduit (FMC) • 

Types RFH-2, SF-2 Types TF, XHHW, 1W 'JYpes TFN, THHN, THWN Types FEP, FEBP, PF, PGF 

Fittings Fittings Fittings Fittings Fittings Fittings Fittings Fittings 
Inside Outside Inside Outside Inside Outside Inside Outside 

Size (AWG) Cooduit Cooduit Cooduit Cooduit Cooduit Cooduit Cooduit Cooduit 

18 2 3 3 5 5 8 5 8 
16 1 2 3 4 1 6 1 6 
11 1 2 2 3 3 1 3 4 
12 1 2 2 3 2 3 
10 1 1 1 1 1 2 

*In addition, one insulated, cm·ered, or bare equipment gmunding conductor of the same size shall be pennitted. 
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350.1 ARTI\.LE 350 - LIQUDTIGHT FLEXIBLE �IETAL CO:"'DUT (LniC) 

ARTICLE 350 
Liquidtight De:xible Metal Conduit 

(LFMC) 

Part I. General 

350.1 Scope. This article covers the usc, installation, and 
construction specifications for liquicltight flexible metal 
conduit (LFMC) and ao;sociatcd fillings. 

350.2 Reconditioned EquipmenL LF�IC shall not be recondi
tioned. 

350.6 Listing Requirements. LFMC and ao;sociatccl fittings 
shall be listed. 

Part II. Installation 

350.10 Uses Permitted. LF�IC shall be pcrmiucd to be used 
in exposed or conccalccl locations ao; follows: 
(1) Where conditions of installation, operation, or mainte

nance require flexibility or protection from machine oils, 
liquids, vapors, or solids. 

(2) In hazardous (cla"l.o;ificd) locations where specifically 
pcrmiucd by Chapter 5. 

(3) For direct burial where listed and marked for the 
purpose. 

(4) \..oncluctors or cables rated at a temperature higher than 
the listed temperature rating of LFMC shall be pcrmiucd 
to be installed in LFMC, provided the conductors or 
cables arc not operated at a temperature higher than the 
listccl tcmpcraturc rating of the LFMC. 

350.12 Uses Not Permitted. LF�IC shall not be used wh�rc 
sutMcct to physical damage. 

350.20 Size. 

(A) Minimum. LFMC smaller than metric designator 16 (trade 
size �) shall not be used. 

Exception: UWC of metric designatm· I 2 (trade :�;u �) shall be Jmmit
ted as Covt'11'd in 348.20(A). 

(B) Maximum. The maximum size of LFMC shall be metric 
designator 103 (trade size 4). 

Informational l'ote: See 300.1 (C) for the metric designators 
and trdde sizes. These are for identification purposes only and 
do not relate to actual dimensions. 

350.22 Number of Conductors or Cables. 

(A) Metric Designators 16 through 103 (Trade Sizes Yz through 
4). The number of conductors shall not exceed that pcrmiucd 
by the percentage fill specified in Table 1,  Chapter 9. 

\..ablcs shall be pcrmiucd to be installed where such usc is 
not prohibited by the respective cable articles. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

(B) Metric Designator 12 (Trade Size o/s). The number of 
conductors shall not exceed dtat pcnniucd in Table 348.22, 
"Fittings Outo;idc Conduit" columns. 
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350.24 Bends. 

(A) How Made. Bends in conduit shall be so made that the 
conduit "ill not be damaged and the internal diameter of the 
conduit "ill not be effectively reduced. Bend-; shall be permit
ted to be made manually "ithout auxiliary equipment. The 
radius of the curve to the centerline of any benet shall not be 
lcs.o; than required in Table 2, Chapter 9 using the column 
"Other Bend-;." 

(B) Number in One Run. The total degrees of bcnclo; in a 
conduit run shall not exceed 360 degrees between pull point-;. 

350.28 Trimming. All cut ends of conduit shall be trimmed 
inside and outo;idc to remove rough edges. 

350.30 Securing and Supporting. LF�IC shall be securely 
fao;tcncd in place and supported in accordance with 350.30(A) 
and (B). 

(A) Securely Fastened. LFMC :;hall be securely fao;tcncd in 
place by an approved means within 300 mm (12 in.) of each 
box, cabinet, conduit body, or other conduit termination and 
shall be supported and scc1.lr�d at intervals not to exceed 1 .4 m 
(4Yz ft).  \\"bcrc used, cable tics shall be listed and be identified 
for securement and support. 

Exception No. 1: K'het"P- LFMC is jislv.d betwt't'71 access points thmugh 
concea!P.d spaus in finis/red buildings m· stmctttTPs and suptxnting is 
impmctical. 

Exception No. 2: Whe11' flexibilitJ i� necessmy after installation, lmgths 
ftmn. thr last Jmint whe11' the mcewa_y i� secut1'{l" fastrol'.d shall not 
t'Xa!ed the following: 

(1) 900 711711 (3 jt) fm· metric dl'signators 16 tlnvugh 35 (lmde sizes 
� thmugh 1lf.) 

(2) 1200 mm (4 jt) fm· metric designatm:� 41 thmugh 53 (tmde sizes 
1 � tlnvugh 2) 

{3) 1500 mm (5 jt) fm· metric designatm-s 63 (lmde size 21/z) and 
lmger 

Exception No. 3: Lengths 1wt t'Xa!eding 1.8 m (6 Jl) ftvm a luminai11' 
te1minal connection fm· tap comltu:tm:� to Luminaitl!S, as permitted in 
4JO.ll7(C). 

Exception No. 4: Lengths not excl!l'.ding 1.8 m (6 jt) fmm tlre last Jmint 
wlrere tire mceway is secutl!{l" faslent!d fm· connections within an acce:isi
bk ceiling to luminai11'( s) m· other equipment. 

For the purposes of the exceptions, listed LFMC fittings shall 
be pcrmiucd ao; a means of securement and support. 

(B) Supports. Horizontal runs of LF�IC supported by open
ings through framing members at intcnalo; not greater than 
1 .4 m (4� ft) and sccurelv fao;tcncd l\ithin 300 mm (12 in.) of 
tcnnination point-; shall � pcrmiucd. 

350.42 Couplings and Connectors. Only linings listed for usc 
with LF�IC shall be used. Angle connectors shall not be 
conccalccl. Straight LF�IC linings shall be permiuccl for direct 
burial where marked. 

350.56 Splices and Taps. Splices and taps shall be made in 
accordance "id1 300.15. 

350.60 Grounding and Bonding. 

(A) F"axed Installation. LF�IC shall be pcrmiucd to be used ao; 
an cquipmcm grounding conductor when installed in accord-
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ARTICLE 352 -RIGID POLYVINYL CHLORIDE CO:"'DUT (PVC) 352.22 

ancc "ith 250.l l8(A) (6) where flexibility is not required after 
installation. 

(B) Flexible Installation. An equipment grounding conductor 
shall be installed where flexibility is ncccs.�ary to minimize the 
transmis.�ion of vibration from equipment or to provide flcxi
bilil)' for equipment that requires movement after installation. 

(C) Equipment Grounding Conductor. \\'here required or 
installed, equipment grounding conductors shall be installed 
in accordance with 250.1 34. 

(D) Equipment Bonding Jumpers. Where required or instal
led, equipment bonding jumpers shall be installed in accord
ance l\ith 250.102. 

Informational :'\ote: See 501.30(8) (2), 502.30(8) (2), 503.30(8) 
(2), 505.30(8)(2), and 506.30(8) (2) for types of equipment 
grounding conductors. 

Part m. Construction Specifications 

350.120 Marking. LFMC shall be marked according to 1 1 0.21. 
The trade size and other information required by the listing 
shall also be marked on the conduit. Conduit suitable for 
direct burial shall be so marked. 

ARTICLE 352 
Rigid Polyvinyl Chloride Conduit (PVC) 

Part I. General 

352.1 Scope. This article covers the usc, installation, and 
construction specifications for rigid polyvinyl chloride conduit 
(PVC) and associated fittings. 

352.6 Listing Requirements. PVC conduit, factory elbows, and 
a�sociatcd fittings shall be listed. 

Part D. Installation 

352.10 Uses Permitted. The usc of PVC conduit shall be 
permitted in accordance l\ith 352.10(A) through (K) .  

Informational l'ote: E.xtreme cold may cau.� some nonmetallic 
conduiL• to become brittle and, tlterefore, more susceptible to 
damage from physical contact. 

(A) Concealed. PVC conduit shall be permitted in walls, 
floors, and ceilings. 

(B) Encased in Concrete. PVC conduit shall be permitted to 
be cnca�d in concrete. 

(C) Corrosive Influences. PVC conduit shall be pcnnittcd in 
locations su�cct to severe corrosive influences a� covered in 
300.6 and where subject to chemicals for which the materials 
arc specifically approved. 

(D) Cinders. PVC conduit shall be permitted in cinder fill. 

(E) Wet Locations. PVC conduit shall be pcnnittcd in portions 
of dairies, laundries, canneries, or other wet locations, and in 
locations where walls arc frequently washed, the entire conduit 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

system, including boxes and fittings used thcrc"itlt, shall be 
installed and equipped so a� to prevent water from entering 
the conduit. All support�, bolt�, straps, screws, and so fortlt, 
shall be of corrosion-resistant materials or be protected against 
corrosion by approved corrosion-resistant materials. 

(F) Dry and Damp Locations. PVC conduit shall be permitted 
for usc in dry and damp locations not prohibited by 352.12. 

(G) Exposed. PVC conduit shall be permitted for exposed 
work. 

(H) Underground Installations. For underground installa
tions, PVC shall be pennittcd for direct burial and under
ground cnca�d in concrete. Sec 300.5 and 305.15. 

(I) Support of Conduit Bodies. PVC conduit shall be permit
ted to support nonmetallic conduit bodies not larger than the 
largest trade size of an entering raceway. These conduit bodies 
shall not support luminaires or other equipment and shall not 
contain devices other titan splicing devices a� permitted by 
1 10.14(8) and 314.16(C)(2). 

(J) Insulation Teii\petaiDre Limitations. Conductors or cables 
rated at a temperature higher than the listed temperature 
rating of PVC conduit shall be pcnnittcd to be installed in PVC 
conduit, provided the conductors or cables arc not operated at 
a tcmpera_turc higher than tltc listed temperature rating of the 
PVC conduit. 

(K)· Physical Damage. Where subject to physical damage, 
Schedule 80 PVC conduit, Schedule 80 PVC elbows, and listed 
fittings for PVC conduit shall be used. 

Informational :'\ote: All listed PVC conduit fittings are suitable 
for connection to botlt Schedule 40 and Schedule 80 PVC 
conduit. 

352.12 Uses Not Permitted. PVC conduit shall not be used 
under the conditions specified in 352.12(A) tluough (E). 

(A) Hazardous (Classified) Locations. In anv hazardous (clao;
sificd) location, except a� permitted by otlt�r articles of this 
\..ode. 

(B) Support of Luminaires. For tltc support of luminaires or 
other equipment not described in 352.10(1) . 

(C) Physical Damage. Where subject to physical damage, 
except a� pcnnittcd in 352.10(K). 

(D) Ambient Temperatures. \\-'here subject to ambient 
temperatures in execs.� of 500C (122.F) unlcs.� listed othcmisc. 

(E) Theaters and Similar Locations. In theaters and similar 
locations, except a� provided in 518.4 and 520.5. 

352.20 Size. 

(A) Minimum. PVC conduit smaller than metric designator 16 
(trade size lf.t) shall not be used. 

(B) Maximum. PVC conduit larger than metric designator 155 
(trade size 6) shall not be used. 

Informational Note: See 300.1 (C) for the trade sizes and metric 
designators mat are for identification purposes only and do not 
relate to actual dimensions. 

352.22 Number of Conductors. The number of conductors 
shall not exceed that permitted by the percentage fill specified 
in Table I ,  Chapter 9. 
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352.24 ARTICLE 352 - RIGID POLYVINYL CHLORIDE CO:"'DUT (PVC) 

\.ablcs shall be permitted to be installed where such usc is 
not prohibited by the respective cable articles. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

352.24 Bends. 

(A) How Made. Bcnd'i shall be so made that the conduit \\ill 
not be damaged and the internal diameter of the conduit \\ill 
not be effectively reduced. Ficici bend'i shall be made only with 
identified bending equipment. The radius of the curve to the 
centerline of such bend'i shall not be lcs.'i than shown in Table 
2, Chapter 9. 

(B) Number in One Run. The total degrees of bcnd'i in a 
conduit run shall not exceed 3f>O degrees between pull point'i. 

352.28 Trimming. All cut ends shall be trimmed inside and 
out'iidc to remove rough edges. 

352.30 Securing and Supporting. PVC conduit shall be 
installed as a complete system a'i prmidccl in 300.18 and shall 
be fa'itcnccl so that movement from thcnnal expansion or 
contraction is permitted. PVC conduit shall be securely 
fa'itcncd and supported in accordance with 352.30(A) and (B). 

(A) Securely Fastened. PVC conduit shall be securely fa'itcncd 
"ithin 900 mm (3 ft) of each outlet box, junction box, dclicc 
box, conduit body, or other conduit termination. Conduit 
listed for securing at other titan 900 mm (3 ft) shall be permit
ted to be installed in accordance with tltc listing. 

(B) Supports. PVC conduit shall be supported a'i required in 
Table 352.30(8). Conduit listed for support at spacings other 
than a'i shown in Table 352.30(8) shall be permitted to be 
installed in accordance with the listing. Horizontal runs of PVC 

conduit supported by openings through framing members at 
intervals not exceeding those in Table 352.30(8) and securely 
fa'itcncd "ithin 900 mm (3 ft) of termination poinl'i shall be 
permitted. 

352.44 Expansion Fittings. 
(A) Thermal Expansion and Contraction. Expansion fittings 
for PVC conduit shall be prmidccl to compensate for thermal 
expansion and contraction where the length change, in accord
ance "ith Table 352.44(A) , i'i expected to be f> mm (� in.) or 
greater in a straight run between securely mounted items such 
a'i boxes, cabincl'i, elbows, or other conduit terminations. 

(B) Earth Movement. Expansion fittings for underground 
runs of direct buried PVC conduit emerging from the ground 
shall be prolidcd above grade when required to compensate 
for earth settling or movement, including frost heave. 

lnfonnational :'\ote: See 300.5(1). 

Table 352.30(B) Support ofiUgid Polyvinyl Chloride Conduit 
(PVC) 

Conduit Size 

Metric 
Designator 

16-27 
35-53 
63-78 

91-129 
155 

Trade Size 

Y:r-1 
1�-2 
2Y:r3 
3Y:r5 

6 

Maximum Spacing Between 
Supports 

mm or m ft 
900 mm 3 

1.5 Ill 5 
1.8 Ill 6 
2.1 Ill 7 
2.5 111 8 

Table 352.44(A) Expansion Characteristics of PVC Rigid Nonmetallic Conduit Coefficient of 
Thermal Expansion = 6.084 x I� mm/mm;oc (3.38 x I� in.;in.;oF) 

Length Change Length Change Length Change 
Temperature of PVC Conduit Temperature of PVC Conduit Temperature of PVC Conduit 
Change (.C) (mm/m) Change (OF) (in./100 ft) Change (0F) (in./100 ft) 

5 0.30 5 0.20 105 1.26 
10 0.61 10 0.41 1 10 1.46 
15 0.91 15 0.61 1 15 1.66 
20 1.22 20 0.81 120 1.87 
25 1.52 25 1.01 125 5.07 
30 1.83 30 1.22 130 5.27 

35 2.13 35 1.42 135 5.48 
40 2.43 40 1.62 110 5.68 
45 2.74 45 1.83 115 5.88 
50 3.04 50 2.03 150 6.08 

55 3.35 55 2.23 155 6.29 
60 3.65 60 2.43 160 6.49 
65 3.95 65 2.64 16.'} 6.69 
70 4.26 70 2.84 170 6.90 
75 4.56 75 3.04 175 7.10 

80 4.87 80 3.24 180 7.30 
85 5.17 85 3.45 185 7.50 
90 5.48 90 3.65 190 7.71 
95 5.78 95 3.85 195 7.91 

100 6.08 100 1.06 200 8.1 1  
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ARTICLE 353 - HIGH DE:"'SI1Y POLYETHTI.E:"'E CONDUIT (HDPE COJ'\DUIT) 353.22 

352.46 Bushings. \\'here a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be prO\idcd to 
protect dtc \\ire from abrao;ion unless the box, fitting, or enclo
sure design prmides cqui\alcnt protection. 

Informational Note: See 300.4(G) for the protection of conduc
tors 4 AWG and larger at bushings. 

352.48 Joints. All joints between lcngdts of conduit, and 
between conduit and couplings, fittings, and boxes, shall be 
made by an approved method. 

352.56 Splices and Taps. Splices and taps shall be made in 
accordance "id1 300.15. 

352.60 Grounding. Where equipment grounding is required, 
separate grounding conductor shall be installed in the conduit. 

Exception No. 1: The equipment gmmuling conductor shall be Jmmit
ted to be rnn sepamte{l· fivm the cin:uit conductors as permitted in 
250. 134, Exception No. 2, Jm· de circuits and 250. 134, Excq1tion 
No. 1, jo1· sqJamlPly rnn equipment grounding conductors. 

Exception No. 2: Tile 1'-f[UiJnnmt gmunding conductor slmll not be 
J"equhed where the grounded conductor i.� used to gmmul equiJnnmt as 
permitted in 250.142. 

Part m. Construction Specifications 

352.100 Construction. PVC conduit shall be made of rigid 
(nonplasticizcd) polpinyl chloride (PVC) . PVC conduit and 
fittings shall be composed of suitable nonmetallic material that 
is resistant to moisture and chemical aunosphcrcs. For usc 
aboveground, it shall also be flame retardant, resistant to 
impact and crushing, resistant to distortion from heal under 
conditions likclv to be cncoumcrcd in scf\icc, and resistant to 
low tcmpcratu�c and sunlight clfccto;. For usc underground, 
the material shall be acceptably resistant to moisture and corro
sive agcnto; and shall be of sullicicnt strength to withstand 
abuse, such ao; by impact and crushing, in handling and during 
installation. Where intended for direct burial, \\ithout cncao;c
mcnt in concrete, the material shall also be capable of l\ith
standing continued loading that is likely to be encountered 
after installation. 

352.120 Marking. Each lcngdl of PVC conduit shall be dearly 
and durably marked at lcao;t every 3 ni (10 ft) ao; required in me 
first sentence of 1 1 0.21 (A). The type of material shall also be 
included in the marking unleAA it is \isually identifiable. For 
conduit recognized for usc aboveground, these markings shall 
be permanent. For conduit limited to underground usc only, 
these markings shall be sufficicndy durable to remain legible 
until the material is installed. Conduit shall be permitted to be 
surface marked to indicate special characteristics of me mate
rial. 

Informational :'\ote: Examples of these markings include but are 
not limited to "limited smoke" and "sunlight resistant. • 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL COI>t: 

ARTICLE 353 
High Density Polyethylene Conduit (HDPE 

Conduit) 

Part I. General 

353.1 Scope. This article covers me usc, installation, and 
construction specifications for high density polyethylene 
(HDPE) conduit and ao;sociatcd fittings. 

353.6 Listing Requirements. HDPE conduit and a"l.o;ociatcd 
fittings shall be listed. 

Part II. Installation 

353.10 Uses Permitted. The tLo;c of HDPE conduit shall be 
permitted under me following conditions: 
(1)  In discrete lengths or in continuous lengths from a reel 
(2) In locations su"t!jetl to severe corrosive influences ao; 

covered in 300.6 and where sutMccl to chemicals for 
which the conduit is listed 

(3) In cinder fill 
( 4) In direct burial installations in earth or concrete 

lnfurmational l'ote to (4): See 300.5 and 305.15 for under
�ound installations. 

(5) Above ground, except ao; prohibited in 353.12, where 
cncao;cd in not less dtan 50 mm (2 in.) of concrete. 

(6) Conductors or cables rated at a temperature higher than 
the listed temperature rating of HOPE conduit shall be 
permitted to be installed in HDPE conduit, provided me 
conductors or cables arc not operated at a temperature 
higher than me listed temperature rating of the HDPE 
conduit. 

353.12 Uses Not Permitted. HDPE conduit shall not be used 
under me following conditions: 
(1) Where exposed 
(2) Within a building 
(3) In any hazardotLo; (dao;sificd) location, except ao; permit

ted by other articles in mis ('..ode 
(4) \\'here subject to ambicm tcmpcraturcs in cxccs.o; of 50"C 

(122°F) unlcs.o; listed othcmisc 

353.20 Size. 

(A) Minimum. HDPE conduit smaller man metric designator 
1 6  (trade size �) shall not be used. 

(B) Maximum. HDPE conduit larger man metric designator 
155 (uadc size 6) shall not be used. 

Informational Note: See 300.1 (C) for the trade sizes and metric 
designators that are for identification purposes only and do not 
relate to actual dimensions. 

353.22 Number of Conductors. The number of conductors 
shall not exceed mal permitted by me percentage fill specified 
in Table I ,  Chapter 9. 

\..ablcs shall be permitted to be installed where such usc is 
not prohibited by me respective cable articles. The number of 
cables shall not exceed me allowable percentage fill specified 
in Table I ,  Chapter 9. 
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353.24 ARTICLE 354 - 1'\0:"--METALLIC U:"'DERGROUND COJ'\DUIT WITH CO:"'DUCTORS (1'\UCC) 

353.24 Bends. 

(A) How Made. Bcndo; shall be so made that the conduit \\ill 
not be damaged and the internal diameter of the conduit \\ill 
not be effectively reduced. Bcndo; shall be pcnnittcd to be 
made manually without auxiliary equipment, and the radius of 
the curve to the centerline of such bcndo; shall not be less than 
shmm in Table 354.24(A) . For conduit" of metric designators 
129 and 155 (trade sizes 5 and 6), the allowable radii of bendo; 
shall be in accordance l\ith specifications provided by the 
manufacturer. 

(B) Number in One Run. The total degrees of bcndo; in a 
conduit run shall not exceed 360 degrees between pull pointo;. 

353.28 Trimming. All cut ends shall be trimmed inside and 
outo;idc to remove rough edges. 

353.46 Bushings. \\'here a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be prmidcd to 
protect dtc \\ire from abrao;ion unless the box, fitting, or enclo
sure design provides cqui\alcnt protection. 

Informational Note: See 300.4(G) for the protection of conduc
tors 4 AWG and larger at bushings. 

353.48 Joints. All jointo; between lengths of conduit and 
between conduit and couplings, fittings, and boxes shall be 
made by an approved method. 

Informational :'\ote: HDPE conduit can be joined using either 
heat flL"ion, electrofusion, or mechanical fittings. 

353.56 Splices and Taps. Splices and taps shall be made in 
accordance "id1 300.15. 

353.60 Grounding. Where equipment grounding is required, 
a separate grounding conductor shall be installed in the 
conduit. 

Exception No. 1: The equipment gmunding conducto,. shall be J�mnit
ttd to be nm stpmull'�l' from tile conduit where w>ed fo,. grounding 
de cin:uits as pennitttd in 250.134, ExcqJtifm No. 2. 

Exception No. 2: Tile 1'-JfltiJimrot g,.ounding conductor slmll not be 
1equhed where the groundtd conductor is used to ground tquiJnnent as 
pe,.mitttd in 250.142. 

Part m. Construction Specificalions 

353.100 Construction. HDPE conduit shall be composed of 
high density polyethylene that is resistant to moisture and 
chemical atmospheres. The material shall be resistant to mois
ture and corrosive agcnto; and shall be of sufficient strength to 
withstand abuse, such ao; by impact and crushing, in handling 
and during installation. \\'bcre intended for direct burial, l\ith
out cncao;cmcnt in concrete, the material shall also be capable 
of l\ithstanding continued loading dtat is likely to be encoun
tered after installation. 

353.120 Marking. Each lcngd1 of HDPE shall be dearly and 
durably marked at lcao;t every 3 m  (10 ft) ao; required in 1 1 0.21. 
The type of material shall also be included in dtc marking. 
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ARTICLE 354 
Nonmetallic Underground Conduit with 

Conductors (NUCC) 

Part I. General 

354.1 Scope. This article covers the usc, installation, and 
construction specifications for nonmetallic underground 
conduit l\ith conductors (1'\UCC). 

354.6 Listing Requirements. :"'UCC and ao;sociatcd fittings 
shall be listed. 

Part II. Installalion 

354.10 Uses Permitted. The usc of 1'\UCC and fittings shall be 
permitted in the follm\ing: 
(1)  For direct burial underground installation (For minimum 

cover requirement' sec Table 300.5(A) and Table 
305.15(A).) 

(2) Encao;cd or embedded in concrete 
(3) In cinder fill 
(4) In underground locations sutMcct to severe corrosive 

influences ao; covered in 300.6 and where sutMcct to chem
icals fur which the ao;scmbly is specifically approved 

(5) Above ground, except ao; prohibited in 354.12, where 
encao;cd in not less dtan 50 mm (2 in.) of concrete 

354.12 Uses Not Permitted. :"'UCC shall not be u.o;cd in the 
following: 
( 1)  In exposed locations 
(2) Inside buildings 

Exception: Tile condtu:tm· or tht cable J101·tion of the a.••stmb�l� where 
.mitable, slmll be pemtilltd to 1'-Xtrod within tlte building for termina
tifm Jmlposes in accmrlanct witlt 300.3. 

(3) In any hazardou.o; (clao;silicd) location, except ao; permit
ted by other articles of this ('..ode 

354.20 Size. 

(A) Minimum. :"'UCC smaller than metric designator 16 
(trade size lf.t) shall not be u.o;cd. 

(B) Maximum. NCCC larger than metric designator 103 
(trade size 4) shall not be u.o;cd. 

Informational l'ote: See 300.1 (C) for dte metric designators 
and trdde sizes. These are for identification purposes only and 
do not relate to actual dimensions. 

354.22 Number of Conductors. The number of conductors or 
cables shall not exceed that pennittcd by the percentage fill in 
Table 1, Chapter 9. 

354.24 Bends. 

(A) How Made. Bend-; shall be manuallv made so that the 
conduit "ill not be damaged and the intc�nal diameter of the 
conduit "ill not be effectively reduced. The radius of the curve 
of the centerline of such bends shall not be less than shown in 
Table 354.24(A). 

(B) Number in One Run. The total degrees of bcndo; in a 
conduit run shall not exceed 360 degrees between pull pointo;. 
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ARTICLE 355 - REI:'IIFORCED THERMOSEITIJ'\G RESIN CO:'IIDUIT (IITRC) 355.10 

Table 354.24(A) Minimum Bending Radius for Nonmetallic 
Underground Conduit with Conductors (NUCC) 

Conduit Size Minimum Bending Radius 

Metric 
Designator Trade Size nun in. 

16 � 250 10 
21 Y.. 300 12 
27 1 350 14 
35 1 �  450 18 
41 1 �  500 20 
53 2 650 26 
63 2� 900 36 
78 3 1200 48 

103 4 1500 60 

354.28 Trimming. For termination, the conduit shall be trim
med away from the conductors or cables using an approved 
method that will not damage the conductor or cable insulation 
or jacket. All conduit end-; shall be trimmed inside and out to 
remove rough edges. 

354.46 Bushings. \\'here the 1'\UCC enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the conductor or cable from abrasion unlcs.� the design 
of the box, fitting, or enclosure prmidcs equivalent protection. 

Informational Note: See 300.4(G) for the protection of conduc
tors size 4 AWG or larger. 

354.48 Joints. All joints between conduit, fittings, and boxes 
shall be made by an approved method. 

354.50 Conductor Terminations. All terminations between the 
conductors or cables and equipment shall be made by an 
approved method for that type of conductor or cable. 

354.56 Sp6ces and Taps. Splices and taps shall be made in 
junction boxes or other enclosures. 

354.60 Grounding. Where equipment grounding is required, 
an a�scmbly containing a separate grounding conductor shall 
be used. 

Exception No. 1: The equipment gmwuJing conductor shall be Jmmit
ted to be nm separate�)' fivm tile conduit where usl'.d jo1· grounding de 
cirruits as Jlermitted in 250.134, Exception No. 2. 

Exception No. 2: Tile 1'-JfltiJmumt gmunding condurtor slmU not be 
requiTed where the grounded condurtor is used to gmmul equiJmumt as 
permitted in 250.142. 

Part m. Construction Specifications 

354.100 Construction. 

(A) General. NL"CC is an a�scmbly that is provided in continu
ous lengths shipped in a coil, reel, or carton. 

(B) Nonmetallic Underground Conduit. The nonmetallic 
underground conduit shall be listed and composed of a mate
rial that is resistant to moisture and corrosive agents. It shall 
also be capable of being supplied on reels without damage or 
distortion and shall be of sullicicnt strength to l\ithstand abuse, 
such a-; impact or crushing, in handling and during installation 
without damage to conduit or conductors. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAL COI>t: 

(C) Conductors and Cables. Conductors and cables used in 
1'\L"CC shall be listed and shall comply with 310.IO(C). Conduc
tors of different systems shall be installed in accordance with 
300.3(C). 

(D) Conductor Fill. The maximum number of conductors or 
cables in 1'\UCC shall not exceed that permitted by the percent
age fill in Table 1 ,  Chapter 9. 

354.120 Marking. :'IIUCC shall be dearly and durably marked 
at lca-;t every 3.05 m (10 ft) a-; required by 1 10.21. The type of 
conduit material shall also be included in the marking. 

Identification of conductors or cables used in the a�scmbly 
shall be provided on a tag attached to each end of the a�scmbly 
or to the side of a reel. Enclosed conductors or cables shall be 
marked in accordance with 310.8. 

ARTICLE 355 
Reinforced Thermosetting Resin Conduit 

(RTRC) 

Part I. General 

355.1 Scope. This article covers the usc, installation, and 
construction specification for reinforced thermosetting resin 
conduit (RTRC) and a"i.�ociatcd fittings. 

355.6 Listing Requirements. RTRC, factory elbows, and a�soci
atcd fittings shall be listed. 

Part II. Installation 

355.10 Uses Permitted. The usc of RTRC shall be permitted 
in accordance with 355.10(A) through (1). 

(A) Concealed. RTRC shall be permitted in walls, floors, and 
ceilings. 

(B) Corrosive Influences. RTRC shall be permitted in loca
tions su�cct to severe corrosive influences a-; covered in 300.6 
and where subject to chemicals for which the materials arc 
specifically approved. 

(C) Cinders. RTRC shall be permitted in cinder fill. 

(D) Wet Locations. RTRC shall be permitted in portions of 
dairies, laundries, canneries, or other wet locations, and in 
locations where walls arc frequently washed, the entire conduit 
system, including boxes and fittings used thcrc"itlt, shall be 
installed and equipped so a� to prevent water from entering 
the conduit. All support�, bolts, straps, screws, and so fortlt, 
shall be of corrosion-resistant materials or be protected against 
corrosion by approved corrosion-resistant materials. 

(E) Dry and Damp Locations. RTRC shall be permitted for usc 
in dry and damp locations not prohibited by 355.12. 

(F) Exposed. RTRC shall be permitted for exposed work if 
identified for such usc. 

Informational :'\ote: RTRC, Type XW, is identified for areas of 
physical damage. 
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355.10 ARTICLE 355 - REI:'IIFORCED THERMOSETfll'\G RESIN CO:'IIDUIT (RTRC) 

(G) Underground lostallations. For underground installa
tions, sec 300.5 and 305.15. 

(H) Support of Conduit Bodies. RTRC shall be permitted to 
support nonmetallic conduit bodies not larger dtan the largest 
trade size of an entering raceway. These conduit bodies shall 
not support luminaires or oilier equipment and shall not 
contain dc\iccs oilier than splicing devices a-; permitted by 
I IO.l4(B) and 314.16(C) (2). 

(I) Insulation Temperature Limitations. Conductors or cables 
rated at a temperature higher dtan the listed temperature 
rating of RTRC conduit shall be permitted to be installed in 
RTRC conduit, if the conductors or cables arc not operated at a 
temperature higher than the listed temperature rating of me 
RTRC conduit. 

355.12 Uses Not Permitted. RTRC shall not be used under me 
following conditions. 

(A) Hazardous (Classified) Locations. 

(1)  In any hazardous (cla-;sificd) location, except a-; permit
ted by other articles in dlis \..ode 

(2) In Cia-.-; I, Division 2 locations, except a-; pcnnittcd in 
501.10(B) (1) (6) 

(B) Support of Luminaires. For the support of luminaires or 
other equipment not described in 355.10(H). 

(C) Physical Damage. \\'here subject to physical damage 
unless identified for such usc. 

(D) Ambient Temperatures. Where subject to ambient 
temperatures in excess of 5o•c (122.F) unlcs.-; listed othcmisc. 

(E) Theaters and Similar Locations. In dlcatcrs and similar 
locations, except a-; prmidcd in 518.4 and 520.5. 

355.20 Size. 

(A) Minimum. RTRC smaller man metric designator 16 (trade 
size �) shall not be used. 

(B) Maximum. RTRC larger man metric designator 155 (trade 
size 6) shall not be used. 

lnfonnational Note: See 300.1 (C) for the trade sizes and metric 
designators that are for identification pu'Tposes only and do not 
relate to actual dimensions. 

355.22 Number of Conductors. The number of conductors 
shall not exceed mat permitted by the percentage fill specified 
in Table 1 ,  Chapter 9. Cables shall be permitted to be installed 
where such usc is not prohibited by the respective cable arti
cles. The number of cables shall not exceed me allowable 
percentage fill specified in Table I ,  Chapter 9. 

355.24 Bends. 

(A) How Made. Bend-; shall be so made mat the conduit \\ill 
not be damaged and dtc internal diameter of me conduit \\ill 
not be effectively reduced. Field bend-; shall be made only widl 
identified bending equipment. The radius of me curve to me 
centerline of such bend-; shall not be Jcs.-; man shown in Table 
2, Chapter 9. 

(B) Number in One Run. The total degrees of bend-; in a 
conduit run shall not exceed 360 degrees between pull points. 

355.28 Trimming. All cut ends shall be trimmed inside and 
outside to remove rough edges. 
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355.30 Securing and Supporting. RTRC shall be installed a-; a 
complete system in accordance widl 300.18 and shall be 
securely fa-;tcncd in place and supported in accordance widl 
355.30(A) and (B). 

(A) Securely Fastened. RTRC shall be securely fa-;tcncd "ithin 
900 mm (3 ft) of each oudct box, junction box, dc,icc box, 
conduit bodv, or other conduit termination. Conduit listed for 
securing at ;,mer man 900 mm (3 ft) shall be permitted to be 
installed in accordance with me listing. 

(B) Supports. RTRC shall be supported a-; required in Table 
355.30(B). Conduit listed for support at spacing oilier than a-; 
shmm in Table 355.30(8) shall be permitted to be installed in 
accordance \\ith the listing. Horizontal runs of RTRC suppor
ted by openings through framing members at intcn<ds not 
exceeding those in Table 355.30(B) and securely fa-;tcncd 
widlin 900 mm (3 ft) of termination points shall be permitted. 

355.44 Expansion Fittings. Expansion fittings for RTRC shall 
be provided to compensate for dlermal expansion and contrac
tion where dtc lcngdl change; in accordance "id1 Table 355.44, 
is expected to be 6 mm {�. in.) or greater in a straight run 
between securely mounted item-; such a-; boxes, cabinet-;, 
elbows, or other conduit terminations. 

355.46 Bushings. Where a conduit enters a box, fitting, or 
oilier enclosure, a bushing or adapter shall be pro,idcd to 
protect me. \\ire from abra-;ion unlcs.-; me box, fitting, or enclo
sure design prmides cquhalcnt protection. 

InfOrmational Note: See 300.4(G) for the protection of conduc
tors 4 AWG and larger at hushing.. 

355.48 Joints. All joint-; between lcngdls of conduit, and 
between conduit and couplings, fitting, and boxes, shall be 
made by an approved method. 

355.56 Splices and Taps. Splices and taps shall be made in 
accordance "id1 300.15. 

355.60 Grounding. Where equipment grounding is required, 
a separate grounding conductor shall be installed in me 
conduit. 

Exception No. 1: The equipment gmmuling conductor shall be Jmmit
ttd to be run sepamll'{l' fivm the rin:uit conductors as permilltd in 
250.134, Exception No. 2, for de cirruits and 250.134, Excq1tion 
No. 1, jo1· sqJamiPly run equifrmmt grounding conductors. 

Exception No. 2: An equipment gmmuling ronductm· shall not be 
requit-ed where the groundtd condurtor is ustd to gmmul tquiJimtnt as 
in 250.142(A). 

Table 355.30(B) Support of Reinforced Thermosetting Resin 
Conduit (RTRC) 

Conduit Size 

Metric 
Designator 

16-27 
35-53 
63-78 

91-129 
155 

Trade Size 

Y:r-1 
1V.-2 
2Y:r3 
3Y:r5 

6 

Maximum Spacing Between 
Supports 

mm or m  ft 

900 llllll 3 
1.5 Ill 5 
1.8 Ill 6 
2.1 Ill 7 
2.5 Ill 8 
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Thble 355.44 Expansion Characteristics of Reinforced Thermosetting Resin Conduit (RTRC) 
Coefficient of Thermal Expansion = 2.7 x 10-5 mm/mm/"C (1.5 x 10-s in./in./"F) 

Length Cbauge 
ofRTRC Length Cbauge of 

Temperature Conduit Temperature RTRC Conduit 
Cbauge (•C) (mm/m) Cbauge (OF) (in./100 ft) 

5 0.14 5 0.09 
10 0.27 10 0.18 
15 0.41 15 0.27 
20 0.54 20 0.36 
25 0.68 2.'> 0.45 

30 0.81 30 0.54 
35 0.95 35 0.63 
40 1 .08 40 0.72 
45 1 .22 45 0.81 
50 1 .35 50 0.90 

55 1 .49 55 0.99 
60 1 .62 60 1.08 
65 1 .76 6.'> 1.17 
70 1 .89 70 1 .26 
75 2.03 75 1 .35 
80 2.16 80 1.44 

85 2.30 8.'> 1 .53 
90 2.43 90 1 .62 
95 2.57 95 1.71 

100 2.70 100 1.80 

Part m. Construction Specifications 

355.100 Construction. RTRC and fittings shall be composed of 
suitable nonmetallic material that is resistam to moisture and 
chemical atmospheres. For usc aboveground, it shall also · be 
flame retardant, rcsistam to impact and crushing, rcsistailt to 
distortion from heat under conditions likclv to be encountered 
in sen-icc, and resistam to low tcmpc.;lUrc ancl sunlight 
cffccL'i. For usc underground, d1c material shaU be acceptably 
rcsistalll to moisture and corrosive agcnL'i and shall be of sufii
cicm strcngd1 to "ithstand abuse, such as by impact and crush
ing, in handling and during installation. Where imcndcd for 
direct burial, l\ithout cnca'icmcm in concrete, d1c material 
shall also be capable of widtstanding continued loading that is 
likely to be cncoumcrcd after installation. 

355.120 Marking. Each length of RTRC shall be clearly and 
durably marked atlca'it every 3 m (10 ft) a'i required in the first 
scmcncc of 1 10.21 (A) . The type of material shall also be inclu
ded in the marking unlcs.'i it is \isually identifiable. For conduit 
recognized for usc aboveground, these markings shall be 
pcrmancm. For conduit limited to underground usc only, 
these markings shall be sufficicndy durable to remain legible 
until the material is installed. C..onduit shall be pcrmiucd to be 
surface marked to indicate special characteristics of the mate
rial. 

Informational :'\ote: Examples of these marking. include bnt are 
not limited to "limited smoke" and "sunlight resistant." 

Length Cbauge of 
Temperature RTRC Conduit 
Cbauge (oF) (in./100 ft) 

105 1 .89 
1 10 1 .98 
1 15 2.07 
120 2.16 
125 2.25 

130 2.34 
135 2.43 
140 2.52 
145 2.61 
150 2.70 

155 2.79 
160 2.88 
165 2.97 
170 3.06 
175 3.15 
180 3.24 

185 3.33 
190 3.42 
195 3.51 
200 3.60 

ARTICLE 356 
Liquidtight Flexible Nonmetallic Conduit 

(LFNC) 

Part I. General 

356.1 Scope. This article covers the usc, installation, and 
construction specifications for liquidtight flexible nonmetallic 
conduit (LFNC) and a'i.'iOciatcd fittings. 

356.6 Listing Requirements. LF:"'C and a'i.'iOciatcd fittings shall 
be listed. 

Part D. Installation 

356.10 Uses Permitted. LFNC shall be pcrmiucd to be used in 
exposed or concealed locations for the follm\ing purposes: 
(1 )  \\'here flexibility is required for installation, operation, or 

maintenance. 
(2) Where protection of the contained conductors is 

required from vapors, machine oils, liquid'i, or solids. 
(3) For outdoor locations where listed and marked a'i suitable 

for the purpose. 
(4) For direct burial where listed and marked for the 

purpose. 
(5) Installed in lengths longer than 1 .8 m (6 ft) where 

secured in accordance l\ith 356.30. 
(6) LFI'\C-B a'i a listed manufactured prcl\ircd a'i.'iCmbly, 

metric designator 16 through 27 (trade size � through I )  
conduit. 

(7) For cnca'iCmcm in concrete where listed for direct burial 
and installed in compliance with 356.42. 
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356.12 ARTICLE 356-LIQU DTIGHT FLEXIBLE 1'\0N:\-lETALLIC CO:"!Dl:IT (LFl'\C) 

(8) In locations subject to severe corrosive influences ao; 
covered in 300.6 and where sutMcct to chemicals for 
which the materials arc specifically approved. 

(9) Conductors or cables rated at a temperature higher than 
the listed temperature rating of LF:"'C shall be permitted 
to be installed in LFNC, prmidcd the conductors or 
cables arc not operated at a temperature higher than the 
listed temperature rating of the LFNC. 

Informational l'ote: E.xtreme cold can cau.'le some types of 
nonmetallic conduit.• to become brittle and therefore more 
su.�eptible to damage from physical contact. 

356.12 Uses Not Permiued. LF:"'C shall not be u.o;cd ao; follows: 

( 1) \\'here sutMcct to physical damage 
(2) \\'here any combination of ambicm and conductor 

temperatures is in excess of that for which it is listed 
(3) In lengths longer than 1.8 m (6 ft), except ao; permitted 

by 356.10(5) or where a longer length is approved ao; 
cs.o;cntial for a required degree of flexibility 

(4) In any hazardou.o; (clao;sificd) location, except ao; permit
ted by other articles in this ('..ode 

356.20 Size. 

(A) Minimum. LF:"'C smaller than metric designator 16 (trade 
size �) shall not be u.o;cd unlcs.o; permitted for metric designator 
12 (trade size %) ao; follows: 

(1) For enclosing the lcaclo; of motors ao; permitted in 
430.245(B) 

(2) In lengths not exceeding 1.8 m (6 ft) ao; part of a listed 
ao;sembly for tap connections to luminaires ao; required in 
410.117(C), or for utilization cquipmcm 

(B) Maximum. LFNC larger than metric designator 103 (trade 
size 4) shall not be used. 

Informational l'ote: See 300.1 (C) for tlte metric designators 
and trdde sizes. These are for identification purposes only and. 
do not relate to actual dimensions. 

356.22 Number of Conductors. The number of conductors 
shall not exceed that permitted by dtc percentage fill specified 
in Table I ,  Chapter 9. 

Cables shall be permitted to be installed where such usc is 
not prohibited by the respective cable articles. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

356.24 Bends. 

(A) How Made. Bends in conduit shall be so made that the 
conduit is not damaged and the imcrnal diameter of the 
conduit is not effectively reduced. Bcndo; shall be permitted to 
be made manually "idtout auxiliary cquipmcm. The radiu.o; of 
the curve to the centerline of anv bend shall not be Jcs.o; than 
shmm in Table 2, Chapter 9 u.o;ing dtc column MOdtcr Bends." 

(B) Number in One Run. The total degrees of bcndo; in a 
conduit run shall not exceed 360 degrees between pull pointo;. 

356.28 Trimming. All cut ends of conduit shall be trimmed 
inside and outo;idc to remove rough edges. 

356.30 Securing and Supporting. LF:"'C shall be securely 
fao;tcncd and supported in accordance with one of dtc follow
ing: 
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(1) Where installed in lengths exceeding 1.8 m (6 ft), the 
conduit shall be securely fao;tcncd at imcrvals not exceed
ing 900 mm (3 ft) and "ithin 300 mm (12 in.) on each 
side of every oudct box, junction box, cabinet, or fitting. 
Where used, cable tics shall be listed for the application 
and for securing and supporting. 

(2) Securing or supporting of the conduit shall not be 
required where it is fished, installed in lengths not 
exceeding 900 mm (3 ft) at terminals where flexibility is 
required, or installed in lengths not exceeding 1.8 m 
(6 ft) from a luminairc terminal connection for tap 
conductors to luminaires permitted in 410.117(C). 

(3) Horizontal runs of LF:"'C supported by openings through 
framing members at imcrvals not exceeding 900 mm 
(3 ft) and securely fao;tcncd "ithin 300 mm (12 in.) of 
tcnnination pointo; shall be permitted. 

(4) Securing or supporting of LFJ'\C shall not be required 
where installed in lengths not exceeding 1.8 m (6 ft) 
from the Jao;t poim where the raceway is securely fao;tcncd 
for connections "idtin an acccs.o;iblc ceiling to a lumin
airc(s) or other cquipmem. For the purpose of 356.30, 
listed liquidtight Ocxiblc nonmetallic conduit fittings 
shall be permitted $ a  means of support. 

356.42 Couplings aDd Connectors. Only fittings listed for u.o;c 
with LFNC shall be used. Angle connectors shall not be used 
for concealed raceway installations. Straight LFNC fittings arc 
permitted for direct burial or cncao;cmcm in concrete. 

356.56 Splices and Taps. Splices and taps shall be made in 
accordance "id1 300.15. 

356.60 Grounding. \\'here cquipmcm grounding is required, 
a separate grounding conductor shall be installed in the 
conduit. 

Exception No. 1: The equipment gmmuling conductor shall be Jmmit
ted to be rnn sepamte{l· fivm the cin:uit conductors as permitted in 
250. 134, Exception No. 2, Jm· de circuit� and 250. 134, Excq1tion 
No. 1, jo1· sqJamlPly rnn equipment grounding conductors. 

Exception No. 2: Tile I'.JfltiJJment gmunding conductor slmU not be 
J"equhed where the grounded conductor i� used to gmmul equiJnnent as 
permitted in 250.142. 

Part Ill. Construction Specifications 

356.100 Construction. LFJ'\C..-B ao; a prcwircd manufactured 
ao;sembly shall be provided in continuous lengths capable of 
being shipped in a coil, reel, or carton without damage. 

356.120 Marking. LFNC shall be marked at lcao;t every 600 mm 
(2 ft) in accordance "id1 110.21. The marking shall include a 
type designation in accordance "id1 the definition of Gmduit, 
Liquidtigltt Flexible Nonmetallic (LFNC) in Article 100 and the 
trade size. C..onduit that is intended for outdoor u.o;c or direct 
burial shall be marked. 

The type, size, and quantity of conductors used in prcwircd 
manufactured a<�.o;cmblics shall be identified by means of a prin
ted tag or label attached to each end of the manufactured 
ao;semblv and either the carton, coil, or reel. The enclosed 
conductors shall be marked in accordance with 310.8. 
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ARTICLE 358 - ELECTRICAL METALLIC TUBIJ'\G (EMf) 358.30 

ARTICLE 358 
Electrical Metallic Tubing (EMT) 

Part I. General 

358.1 Scope. This article covers the usc, installation, and 
construction specifications for electrical metallic tubing (E:\iT) 
and ao;sociatcd fillings. 

358.6 Listing Requirements. E:\iT, factory elbows, and ao;soci
atcd fittings shall be listed. 

Part D. Installation 

358.10 Uses Permitted. 

(A) Exposed and Concealed. The usc of EMT shall be permit
ted for both exposed and concealed work for dtc follo"ing: 
(1)  In concrete, in direct contact with dtc card1, in direct 

burial applications "ith fittings idcmificd for direct 
burial, or in area-; subject to severe corrosive influences 
where installed in accordance with 358.10(B) 

(2) In dry, damp, and wet locations 
(3) In any hazardous (clao;sificd) location ao; pcrmiucd by 

other articles in this Code 
(4) For manufactured wiring systems ao; pcnniucd in 

604.100(A) (2) 

(B) Corrosive Environments. 

( 1) Galvanized Steel and Stainless Steel EMT, Elbows, and 
Fittings. Galvanized steel and stainless steel EMT, elbows, and 
fittings shall be pcrmiucd to be installed in concrete, in direct 
contact with the canh, or in area-; subject to severe corrosive 
influences where protected by corrosion protection and 
approved ao; suitable for the condition. 

(2) Supplementary Protection of Aluminum �. Aluminum 
EMT shall be prmidcd "id1 approved supplementary corrosion 
protection where cncao;cd in concrete or in direct contact with 
the earth. 

(C) Cinder Fill. Galvanized steel and stainlcs.o; steel E:\iT shall 
be pcnniucd to be installed in cinder concrete or cinder fill 
where subject to permanent moisture when protected on all 
sides by a layer of noncinder concrete at lcao;t 50 mm (2 in.) 
thick or when the tubing is installed at lcao;t 450 mm (18 in.) 
under the fill. 

(D) Wet Locations. All support-;, bolt<;, straps, screws, and so 
forth shall be of corrosion-resistalll materials or protected 
against corrosion by corrosion-resistant materials. 

Informational :'\ote: See 300.6 for protection against corrosion. 

(E) Physical Damage. Steel and stainlcs.o; steel E:\iT shall be 
pcrmiucd to be installed where su�cct to physical damage. 

358.12 Uses Not Permitted. EMT shall not be u.o;cd under the 
following conditions: 
(1) Where su�cct to severe physical damage 
(2) For the suppon of luminaires or other equipment except 

conduit bodies no larger dtan dtc largest trade size of the 
tubing 
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358.14 Dissimllar Metals. Where practicable, dis.o;imilar metals 
in contact anywhere in the system shall be avoided to eliminate 
the pos.o;ibility of galvanic action. 

Stainless steel and aluminum linings and enclosures shall be 
permitted to be used "ith galvanized steel E:\iT, and galvanized 
steel fittings and enclosures shall be permitted to be used with 
aluminum EMT where not subject to severe corrosive influen
ces. 

Stainless steel E:\iT shall only be used l\ith the follm\ing: 
( 1 )  Stainless steel fittings 
(2) Stainless steel boxes and enclosures 
(3) Steel (galvanized, painted, powder or PVC coated, and so 

forth) boxes and enclosures when not su�cct to severe 
corrosive influences 

(4) Stainless steel, nonmetallic, or approved acccs.o;orics 

358.20 Size. 

(A) Minimum. E:\iT smaller than metric designator 16 (trade 
size �) shall not be usc�l; 

Exception: Metric ck.fignaim· 12 (trade size �) slmU be permitted joT 
enclosing the kad� of motors as permittl'.d in 430.245(B). 

(B) Maxim�. The maximum size of E:\iT shall be metric 
designator 155 (trade size 6). 

Informational l'ote: See 300.1 (C) for dte metric designators 
and trdde sizes. These are for identification purposes only and 
do not relate to actual dimensions. 

358.22 Number of Conductors. The number of conductors 
shall not exceed that permitted by the percentage fill specified 
in Table I ,  Chapter 9. 

\..ablcs shall be permitted to be installed where such usc is 
not prohibited by the respective cable aniclcs. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

358.24 Bends. 

(A) How Made. Bcnclo; shall be made so that the tubing is not 
damaged and dtc internal diameter of dtc tubing is not effec
tively reduced. The radius of the curve of any field bend to the 
centerline of the tubing shall not be Jcs.o; than shown in Table 2, 
Chapter 9 for one-shot and full shoe benders. 

(B) Number in One Run. The total degrees of bend-; in a 
tubing run shall not exceed 360 degrees between pull point-;. 

358.28 Reaming and Threading. 

(A) Reaming. All cut end-; of E:\iT shall be reamed or other
wise finished to remove rough edges. 

(B) Threading. EMT shall not be thrcadccl. 

Exception: EMT with factory threaded integral crmplings complying 
with 358.100 shall be permitted. 

358.30 Securing and Supporting. EMT shall be installed ao; a 
complete system in accordance with 300.18 and shall be 
securely fao;tcncd in place and supported in accordance with 
358.30(A) and (B). 

(A) Securely Fastened. E:\iT shall be securely fao;tcncd in place 
in accordance with the following: 
(1)  At imcmds not to exceed 3 m  (10 ft) 
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(2) Within 900 mm (3 ft) of each outlet box, junction box, 
device box, cabinet, conduit body, or other tubing termi
nation 

Exception No. 1: Fastening of unlnvkro lengths shall be permitted to be 
inn1'.ased to a distanu of 1.5 m (5 ji) where structuml mtm1bel-s do not 
readi{l· permit fastroing wit/tin 900 mm ( 3 fl ). 
Exception No. 2: Fm· conualed wmfl in finished buildings m· prefin
ished wall panelf wltere such securing is impmctirable, unlnvken 
lengths (zuitlwut coupling) of EMT slmll be permitted to be fislv.d. 

(B) Supports. Horizontal runs of EMT supported by openings 
through framing members at intervals not greater than 3 m 
(10 ft) and securely fastened "ithin 900 mm (3 ft) of termina
tion points shall be permitted. 

358.42 Couplings and Connectors. Couplings and connectors 
used "itl1 EMT shall be made up tight. Where buried in 
mao;onry or concrete, tltcy shall be concrctctight type. \\"bcre 
installed in wet locations, they shall comply with 314.15. 

358.56 Spfices and Taps. Splices and taps shall be made in 
accordance "itl1 300.15. 

358.60 Grounding. EMT shall be permitted ao; an cquipmcm 
grounding conductor. 

Part m. Construction Specifications 

358.100 Construction. EMT shall be made of one of the 
following: 
( 1)  Steel with protective coatings 
(2) Aluminum 
(3) Stainless steel 

358.120 Marking. EMT shall be dearly and durably marked at 
lcao;t every 3 m (10 ft) ao; required in the first sentence of 
110.21 (A) . 

ARTICLE 360 
Flexible Metallic Tubing (FMT) 

Part I. General 

360.1 Scope. This article covers the usc, installation, and 
construction specifications for flexible metallic tubing (FMT) 
and ao;sociatcd fittings. 

360.6 Listing Requirements. FMT and ao;sociatcd fittings shall 
be listed. 

Part D. Installation 

360.10 Uses Permitted. FMT shall be permitted to be used for 
branch circuits ao; follows: 
(1) In dry locations 
(2) \\-bcrc concealed 
(3) In acccs.o;iblc locations 
(4) For system voltages of 1000 volts maximum 
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360.12 Uses Not Permitted. FMT shall not be used ao; follows: 
(1) In hoistways 
(2) In storagc

.
baucry rooms 

(3) In hazardous (da'i.o;ificd) locations unlcs.o; otltcrwisc 
permitted under other articles in this \Aide 

(4) l:ndcrground for direct earth burial, or embedded in 
poured concrete or aggregate 

(5) \\"bcrc sutMcct to physical damage 
(6) In lengths over 1.8 m (6 ft) 

360.20 Size. 

(A) Minimum. FMT smaller titan metric designator 16 (trade 
size �) shall not be used. 

Exception No. 1: FMT of metric desigtmtor 12 (trade size �) slmll be 
permitted to be itutalled in acconlanre with 300.22(8) and (C). 

Exception No. 2: FMT of metric desigtmtor 12 (trade size �) slmll be 
permitted in lengths not in exce.fs of 1.8 m (6 ji) as paTt of a li.fted 
a.f!iemb{l· mforluminait-e.f . •  "iee 4) 0.117( C). 

(B) Maximum. The maximum size of FMT shall be metric 
designator 21 (trade size �). · 

lnfonnational l'ote: See 300.1 (C) for dte metric designators 
and trdde sizes. The.1e are for identification purposes only and 
do not relate to actual dimensions. 

360.22 Number of Conductors. 

(A) FMT � Metric Designators 16 and 21 (Trade Sizes Yz and 
�). Tbe number of conductors in metric designators 16 (trade 
size �) and 21 (trade size Y.,) shall not exceed that permitted by 
the percentage fill specified in Table I ,  Chapter 9. 

\..ablcs shall be permitted to be installed where such usc is 
not prohibited by the respective cable articles. The number of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

(B) FMT - Metric Designator 12 (Trade Size o/s). The number 
of conductors in metric designator 12 (trade size Y,) shall not 
exceed that permitted in Table 348.22. 

360.24 Bends. 

(A) Infrequent Flexing Use. When FMT is infrequently flexed 
in service after installation, the radii of bend-; mcao;urcd to the 
inside of the bend shall not be less than specified in Table 
360.24(A) . 

Table 360.24(A) Minimum Radii for Flexing Use 

Mmimum Radii 

Metric for Flexing Use 

Desigoator Trade Size nun in. 
12 Y,. 254.0 10 
16 � 317.5 12� 
21 Y., 444.5 17� 

(B) Faxed Bends. \\-bcrc FMT is bent for installation purposes 
and is not flexed or bent ao; required by usc after installation, 
the radii of bend-; mcao;urcd to the inside of the bend shall not 
be lcs.o; than specified in Table 360.24(B). 

360.56 Spfices and Taps. Splices and taps shall be made in 
accordance "itl1 300.15. 
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Table 360.24(8) Minimum Radii for FIXed Bends 

Metric 
Desigoator 

Mioimum Radii for 
FIXed Bends 

12 
16 
21 

Trade Size DUD 

88.9 
101.6 
127.0 

in. 

3� 
1 
5 

360.60 Grounding. FMT shall be permitted a'i an equipment 
grounding conductor where installed in accordance with 
250.1 18(A) (7). 

Part m. Construction Specifications 

360.120 Marking. FMT shall be marked according to 1 10.21. 

ARTICLE 362 
Electrical Nonmetallic Tubing (ENT) 

Part I. General 

362.1 Scope. This article covers the usc, installation, and 
construction specifications for electrical nonmetallic tubing 
(ENT) and a'isociatcd fittings. 

362.2 Reconditioned Equipment. E:"'T shall not be recondi
tioned. 

362.6 Listing Requirements. El'\T and a'isociatcd fittings shall 
be listed. 

Part D. Installation 

362.10 Uses Permitted. For the purpose. of this article, the 
first floor of a building shall be that floor that ha'i 50 percent 
or more of the exterior wall surface area level "ith or above 
finished grade. One additional Jc,�l that is the first level and 
not designed for human habitation and used only for vehicle 
parking, storage, or similar usc shall be permitted. The usc of 
ENT and fittings shall be pcnnittcd in the following: 

( 1)  In any building not exceeding ducc floors above grade 
a'i follows: 
a. For exposed work, where not prohibited by 362.12 
b. \.onccalcd "idtin walls, floors, and ceilings 

(2) In any building exceeding three floors above grade 
concealed within combustible or noncombustible walls, 
floors, and ceilings where the walls, floors, and ceilings 
prm-idc a thermal barrier of material dtat ha'i at lca'it a 
15-minutc finish rating a'i identified in listings of fire
rated a'i.'iCmblics. 

Exception to (2 ): �Wum� an aJJflr(fl}ed automatic fire Jnvtective 
.�ystrot(s) i� installed on all floors, E;'I;T shall be pennilltd to be 
U.'it'd zuithin walls, floors, and ceilings, Pxpostd or conaakd, in 
buildings txatding thlf!e flom-s ab(fl}e grade. 
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Informational :'\ote ll:o. I :  A finish rating is established 
for assemblies containing combtL•tible (wood) suppon•. 
The finish rating i• defined as the time at which the 
wood stud or wood joi•t reaches an a\·erage temperature 
1ise of 12l"C (2500F) or an indhidual temperdture of 
163•c (325"F) a• mea•ured on the plane of the wood 
nearest the fire. A fini•h rating is not intended to repre
sent a rating for a membrane ceiling. 

Informational Note No. 2: See li:FPA 13-2022, Standard 
for tile TllStaUatinn of Sprinkler Sysll'los, a recognized fire 
splinkler system(s) standard. 

(3) In locations su�cct to severe corrosive influences a'i 
covered in 300.6 and where su�cct to chemicals for 
which the materials arc specifically approved. 

(4) In concealed, dry, and damp locations not prohibited by 
362.12. 

(5) Above suspended ceilings where dtc suspended ceilings 
prm-idc a thermal barrier of material dtat ha'i at lca'it a 
15-minutc finish rating a'i identified in listings of fire
rated a'i.'iCmblics, cxccpt a'i permitted in 362.10(1)a. 

Exception to ( 5): I;:NT shall be permitiP.d Ia be U.'it'd ab(fl}e 
.�u.�pended ceilings in buildings Pxceeding three flooi"S ab(fl}e 
grade wllf'Tfl the building i� Jnvll'cltd th1vuglwut by an aJijllvved 
automatic .fore pmttclive ·'?·stem. 

lnfonnational :'\ote ll:o. 3: See :'\FPA 13-2022, Standard 
for tile lmtallatinn of Sprinkler Sys/Pms, a recognized fire 
splinkler system(s) standard. 

(6) Enca'icd in poured concrete floors, ceilings, walls, and 
slabs. 

(7) Embedded in a concrete slab on grade where E:"'T is 
placed on sand or approved screenings, provided fittings 
identified for dtis purpose arc used for connections. 

(8) For wet locations a'i permitted in this section or in a 
concrete slab on or belowgradc, with fittings listed for 
the purpose. 

(9) Metric designator 16 through 27 (trade size Y:t through 
1 )  a'i listed manufactured prc\\ircd a'i.'iCmbly. 

( 10) With conductors or cables rated at a temperature higher 
than the listed temperature rating of El'\T if the conduc
tors or cables arc not operated at a temperature higher 
than dtc listed temperature rating of the E:"'T. 

362.12 Uses Not Permitted. E:"'T shall not be used in the 
following: 
(1 )  In  any hazardous (cla'isificd) location, except a'i permit

ted by other articles in this \..ode 
(2) For the support of luminaires and other equipment 
(3) \\'here subject to ambient temperatures in cxccs.'i of 50"C 

(122.F) unlcs.'i listed othcnvisc 
(4) For direct earth burial 
(5) In exposed locations, except a'i permitted by 362.10(1 ),  

362.10(5), and 362.10(8) 
(6) In theaters and similar locations, except a'i prmidcd in 

518.4 and 520.5 
(7) \\'here exposed to the direct rays of the sun, unlcs.'i identi

fied a'i sunlight resistant 
(8) Where su�cct to physical damage 

Informational :'\ote: Extreme cold may cause some types of 
nonmetallic conduits to become b1ittle and therefore more 
stL�eptible to damage from physical contact. 
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362.20 ARTICLE 366 -At:XILIARY Gt:TIERS 

362.20 Size. 

(A) Minimum. El'\T smaller than metric designator 16 (trade 
size �) shall not he used. 

(B) Maximum. ENT larger dtan metric designator 63 (trade 
size 2�) shall not he used. 

lnfonnational l'ote: See 300.1 (C) for dte metric designators 
and trdde sizes. These are for identification purposes only and 
do not relate to actual dimensions. 

362.22 Number of Conductors. The number of conductors 
shall not exceed that permitted by dtc percentage fill in Table 
I ,  Chapter 9. 

\..abies shall he permitted to he installed where such usc is 
not prohibited by the respective cable ankles. The numher of 
cables shall not exceed the allowable percentage fill specified 
in Table I ,  Chapter 9. 

362.24 Bends. 

(A) How Made. Bcncb; shall he so made dtat the tubing \\ill 
not he damaged and the internal diameter of dtc tubing \\ill 
not be effectively reduced. Bend-; shall be pcnnittcd to he 
made manually \\ithout auxiliary equipment, and dtc radius of 
the curve to the centerline of such bcndo; shall not he less than 
shmm in Table 2, Chapter 9 using dtc column MOdtcr Bends." 

(B) Number in One Run. The total degrees of bcndo; in a 
tubing run shall not exceed 360 degrees between pull points. 

362.28 Trimming. All cut ends shall he trimmed inside and 
outo;idc to remove rough edges. 

362.30 Securing and Supporting. El'\T shall he installed as a 
complete system in accordance with 300.18 and shall he 
securely fastened in place by an approved means and suppor" 
ted in accordance with 362.30(A) and (8). 

(A) Securely Fastened. El'\T shall he securely fastened at inter
vals not cxccccling 900 mm (3 ft).  In addition, ENT shall he 
securely fastened in place \\ithin 900 mm (3 ft) of each oudct 
box, dc\icc box, junction box, cabinet, or fitting where it lenni
nates. Where used, cable tics shall be listed for the application 
and for securing and supporting. 

Exception No. 1: Lengths 1Wt l'xceeding a 4islanu of 1.8 m (6 ji) from 
a luminai7l' tennitwl conlii!Ction fm· tap ronnPctions to lighting lumin
aires shall be pemtitll'.d without being stru1l'd. 

Exception No. 2: Lengt!t.n wt excet'.di?tg 1.8 m (6 ji) from tile last /JOint 
w/1e1l' tile raceway is secutl!{l" fastened fm· connections within an accessi
ble ceiling to luminaill'(s) m· other equipment. 

Exception No. 3: Fm· conualed wmfl in finished buildings m· pll'jin
ished wall panelf whell' such securing is imptnctirable, unbmken 
lengths (witlwut coupling) of Ei\;7 shall be permitted to be fished. 

(B) Supports. Horizontal runs of El'\T supponccl by openings 
in framing mcmhers at intervals not exceeding 900 mm (3 ft) 
and securely fastened "idtin 900 mm (3 ft) of termination 
pointo; shall be permitted. 

362.46 Bushings. \\'here a tubing enters a box, fitting, or 
other enclosure, a bushing or adapter shall he prmidcd to 
protect dtc \\ire from abrao;ion unless the box, fitting, or enclo
sure design prmidcs cqui\alcnt protection. 

lnfonnational Note: See 300.4(G) for the protection of conduc
tors size 4 AWG or larger. 
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362.48 Joints. All JOlllto; hetwccn lcngdts of tubing and 
hetwccn tubing and couplings, fittings, and boxes shall he by 
an approved method. 

362.56 Spfices and Taps. Splices and taps shall he made only 
in accordance with 300.15. 

362.60 Grounding. Where equipment grounding is required, 
a separate grounding conductor shall be installed in the race
way in compliance with Article 250, Part \1. 
Exception No. 1: Tile equipment gmunding conductor shall be Jmmit
ted to be rnn sqJamll'ly ftvm tile raceway wltell' used fm· grounding de 
circuits as Jmmitled in 250.134, Exception No. 2. 

Exception No. 2: Tlte 1'-JfltiJnnent g7vunding conductor slwU not be 
ll!qUitl'd whnl' the gJVttnded conductor is w>ed as pa,-t of tile effictive 
gJVUndfault path as Jmmitted in 250.142. 

Part Ill. Construction Specifications 

362.100 Construction. ENT shall he made of material that 
docs not exceed the ignitibility, flammability, smoke genera
tion, and toxicity characteristics of rigid (nonplasticizcd) poly
vinyl chloriclc. 

ENT, as a prcwirccl manufactured assembly, shall be prmi
clcd in contim.lous lengths capable of being shipped in a coil, 
reel, or carton without damage. 

362.120 Marking. E:"'T shall he clearly and durably marked at 
least every 3 m (10 ft) as required in the first sentence of 
1 10.21 (A) . The type of material shall also he inducted in the 
marking. Marking for limited smoke shall he permitted on the 
tubing that has limited smoke-producing characteristics. 

The type, size, and quantity of conductors used in prcwircd 
manufactured assemblies shall he identified by means of a prin
ted tag or label attached to each end of the manufactured 
ao;scmblv and either the carton, coil, or reel. The enclosed 
conductors shall he marked in accordance \\ith 310.8. 

Part I. General 

ARTICLE 366 
Auxiliary Gutters 

366.1 Scope. This article covers the usc, installation, and 
construction requirement" of metal auxiliary gutters and 
nonmetallic auxiliary gutters and ao;sociatccl fittings. 

366.6 Listing Requirements. 

(A) Outdoors. Nonmetallic auxiliary gutters installed outdoors 
shall he listed for all of the following conditions: 
(1)  Exposure to sunlight 
(2) t:sc in wet locations 
(3) Maximum ambient temperature of the installation 

(B) Indoors. :"'onmctallic auxiliary gutters installed indoors 
shall be listed for the maximum ambient temperature of the 
installation. 
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ARTICLE 3f>6 -At:XILIARY Gt:TIERS 366.60 

Part D. Installation 

366.10 Uses Permitted. 

(A) Sheet Metal Auxiliary Gutters. 

(1) Indoor and Outdoor Use. Sheet metal auxiliary gutters 
shall he permitted for indoor and outdoor usc. 

(2) Wet Locations. Sheet metal auxiliary gutters installed in 
wet locations shall be suitable for such locations. 

(B) Nonmetallic Auxiliary Gutters. Nonmetallic auxiliary 
gutters shall be listed for the maximum ambient temperature 
of the installation and marked for the installed conductor insu
lation temperature rating. 

Informational l'ote: Extreme cold mav catL•e nonmetallic auxili
ary gutters to become blittle and the�efore more susceptible to 
damage from physical contact. 

(1) Outdoors. Nonmetallic auxiliary gutters shall he permitted 
to he installed outdoors where listed and marked a• suitable for 
the purpose. 

(2) Indoors. 1'\onmctallic auxiliary gutters shall he permitted 
to be installed indoors. 

(C) Extended Distance of Auxiliary Gutters. Auxiliary gutters 
shall he pcnnittcd to extend a distance not greater than 9 m 
(30 ft) beyond the equipment that it supplements. 

Exception: H11en� used in accordanre with 620.35 for elevators, an 
auxiliary gutter shall be permitttd to 1'-Xtend a distanu greater than 9 m 
(30ft) beyond tht tquifrment it suptJiements. 

366.12 Uses Not Permitted. Auxiliary gutters shall not he used 
to enclose switches, ovcrcurrcnt devices, appliances, or other 
similar equipment. 

366.20 Conductors Connected in Parallel. \\'bert' single 
conductor cables comprising each phao;c, neutral, or grounded 
conductor of an alternating-current circuit arc connected in 
parallel a• permitted in 310.10(G), the condUctors shall he 
installed in groups consisting of not more thari one conductor 
per phao;c, neutral, or grounded conductor to prevent current 
imbalance in the paralleled conductors due to inductive reac
tance. 

366.22 Number of Conductors. 

(A) Sheet Metal Auxiliary Gutters. The sum of dtc cros.o;
scctional area• of all contained conductors and cables at any 
cross section of a sheet metal auxiliary gutter shall not exceed 
20 percent of dtc interior cros.o;-scctional area of the sheet 
metal auxiliary gutter. 

(B) Nonmetallic Auxiliary Gutters. The sum of cross-sectional 
area• of all contained conductors and cables at any eros.• 
section of the nonmetallic auxiliary gutter shall not exceed 
20 percent of dtc interior cros..-scctional area of dtc nonmetal
lic auxiliary gutter. 

366.23 Ampacity of Conductors. 

(A) Sheet Metal Auxiliary Gutters. The acljustmcnt factors in 
310.15(C) ( 1 )  shall he applied only where the numher of 
currcnt-carf}ing conductors, including neutral conductors 
clao;sificd a• currcnt-carf}ing under 310.15(E), cxcccdo; 30 at 
any cros.o; section of the sheet metal auxiliary gutter. \..onduc
tors for signaling circuits or controller conductors between a 
motor and its starter and used only for starting duty shall not 
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be considered ao; currcnt-carf}ing conductors. The current 
carried continuously in bare copper bars in sheet metal auxili
ary gutters shall not exceed 1 .55 ampcrcs/mm2 (1000 
ampcrcs/in.2) of cros.o; section of the conductor. For aluminum 
bars, the current carried continuously shall not exceed 1 .09 
ampcrcs/mm2 (700 ampercs/in.2) �f cros.o; section of the 
conductor. 

(B) Nonmetallic Auxiliary Gutters. The acljusuncnt factors 
specified in 310.15(C) (1)  shall be applicable to the currcnt
carf}ing conductors up to and including the 20 percent fill 
specified in 366.22(8). 

366.30 Securing and Supporting. 

(A) Sheet Metal Auxiliary Gutters. Sheet metal auxiliary 
gutters shall be supported and secured throughout their entire 
length at intervals not exceeding 1.5 m (5 ft) . 

(B) Nonmetallic Auxiliary Gutters. Nonmetallic auxiliary 
gutters shall he supported ancl secured at intervals not to 
exceed 900 mm (3 ft) and at each end or joint, unlcs.o; listed for 
other support interval� . .In no cao;c shall the distance hetwccn 
supporto; exceed 3 m  (10 ft). 

366.44 Expansion Fittings. Expansion fittings shall he installed 
where expected lcngd1 change, due to expansion and contrac
tion due to temperature change, is more than 6 mm (0.25 in.). 

366.56 Splices and Taps. Splices and taps shall comply with 
366,56(A) through (D) . 

(A) Within Gutters. Splices or taps shall be permitted "ithin 
gutters where they arc acccs.o;iblc by means of removable covers 
or doors. The conductors, including splices and taps, shall not 
fill the gutter to more than 75 percent of it• area. 

(B) Bare Conductors. Taps from bare conductors shall leave 
the gutter opposite their terminal connections, and conductors 
shall not he brought in contact l\ith uninsulatcd currcnt
carf}ing part• of different voltages. 

(C) Suitably Identified. All taps shall be suitably identified at 
the gutter a• to dtc circuit or equipment that they supply. 

(D) Overcurrent Protection. Tap connections from conduc
tors in auxiliary gutters shall he prmidcd wid1 ovcrcurrcnt 
protection ao; required in 240.21 .  

366.58 Insulated Conductors. 

(A) Deflected Insulated Conductors. \\'bcrc insulated conduc
tors arc deflected l\ithin an auxiliary gutter, either at the cnclo; 
or where conduito;, fittings, or other raceways or cables enter or 
leave the gutter, or where the direction of dtc gutter is deflec
ted greater dtan 30 degrees, dimensions corresponding to one 
wire per terminal in Table 312.6(A) shall apply. 

(B) Auxiliary Gutters Used as Pull Boxes. Where insulated 
conductors 4 AWG or larger arc pulled through an auxiliary 
gutter, the distance between raceway and cable entries enclos
ing the same conductor shall not be lcs.o; dtan dtat required in 
314.28(A) (I )  for straight pulls and 314.28(A) (2) for angle 
pulls. 

366.60 Grounding. Metal auxiliary gutters shall be connected 
to an equipment grounding conductor(s), to an equipment 
bonding jumper, or to the grounded conductor where permit
ted or required by 250.92(8) (1)  or 250.142. 
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366.100 ARTICLE 368 - BUSWAYS 

Part m. Construction Specifications 

366.100 Construction. 

(A) Electrical and Mechanical Continuity. Gutters shall be 
constructed and installed so dtal adequate electrical and 
mechanical continuity of me complete system is secured. 

(B) Substantial Construction. Guucrs shall be of substantial 
construction and shall provide a complete enclosure for me 
contained conductors. All surfaces, both imcrior and exterior, 
shall be suitably protected from corrosion. Corner joints shall 
be made tight, and where dtc ao;.�cmbly is held togcdlcr by 
rivets, bolts, or screws, such fa�tcncrs shall be spaced not more 
than 300 mm (12 in.) apart. 

(C) Smooth Rounded Edges. Suitable bushings, shielcl�. or 
fittings having smooth, rounded edges shall be provided where 
conductors pa�s between gutters, through partitions, around 
bend�. between gutters and cabinet� or junction boxes, and at 
other locations where ncccs.�ry to prevent abra�ion of the insu
lation of me conductors. 

(D) Covers. Covers shall be securely fa�tcncd to dtc guucr. 

(E) Clearance of Bare Live Parts. Bare conductors shall be 
securely and rigidly supported so that me minimum clearance 
between bare current-carrying metal part� of diiTcrcm voltages 
moumcd on dtc same surface "ill not be less man 50 mm 
(2 in.), nor lcs.� than 25 mm (1  in.) for part� mat arc held free 
in the air. A clearance not less dtan 25 mm (1  in.) shall be 
secured between bare currcnt-cartying metal part� and any 
metal surface. Adequate pro,isions shall be made for me 
expansion and comraction of busbars. 

366.120 Marking. 

(A) Outdoors. Nonmetallic auxiliary guucrs installed outdoors 
shall have me following markings: 
(1)  Suitable for exposure to sunlight 
(2) Suitable for usc in wet locations 
(3) Installed conductor insulation temperature rating 

(B) Indoors. :"'onmctallic auxiliary gutters installed indoors 
shall be marked \\ith me installed condu�tor insulation 
temperature rating. 

Part I. General 

ARTICLE 368 
Busways 

368.1 Scope. This article covers sc�Vicc-cntrancc, feeder, and 
branch-circuit busways and ao;.�ociatcd fittings. 

Part D. Installation 

368.10 Uses Permitted. Busways shall be pcrmiucd to be 
installed where dlcv arc located in accordance "id1 368.10(A) 
dlrough (C). 

· 

Informational :'\ote: See 300.21 for infmmation concerning the 
spread of fire or producL• of combiL•tion. 
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(A) Exposed. Busways shall be pcrmiucd to be located in me 
open where \isiblc, except a� permitted in 368.10(C). 

(B) Behind Access Panels. Busways shall be permitted to be 
installed behind acccs.� panels, prmidcd the busways arc totally 
enclosed, of nonvcntilating-typc construction, and installed so 
that dtc joint� between sections and at fillings arc acccs.�iblc for 
maimcnancc purposes. \\-'here installed behind acccs.� panels, 
means of acccs.� shall be prmidcd, and either of me follo"ing 
conditions shall be met: 
( 1 )  The space behind me acccs.� panels shall not be used for 

air-handling purposes. 
(2) \\-'here me space behind me acccs.� panels is used for 

cmironmcntal air, oilier man duct� and plenums, there 
shall be no prmisions for plug-in connections, and me 
conductors shall be insulated. 

(C) Through Walls and Floors. Bll�ways shall be permitted to 
be installed through walls or floors in accordance widl 
368.10(C) ( 1 )  and (C) (2). 

(1) Walls. l:nbrokcn lengths of btL�way shall be permitted to 
be extended through dry "-alls. 
(2) Floors. Floor penetrations shall comply "ith 368.10(C) (2) 
(a) and (C) (2) (b}. 

(a) Bll�ways shall be pcnniucd to be extended vertically 
through dry floors if totally enclosed (unventilated) where 
pao;.�ing through and for a minimum distance of 1 .8 m (6 ft) 
above the floor to prmidc adequate protection from physical 
dam�. 

(b) In other than industrial establishment�. where a verti
cal riser penetrates two or more dry floors, a minimum 100-mm 
(4-in.) high curb shall be installed around all floor openings 
for riser btL�ways to prcvcm liquid� from cmcring dtc opening. 
The curb shall be installed \\ithin 300 mm (12 in.) of me floor 
opening. Electrical equipment shall be located so mat it \\ill 
not be damaged by liquid� that arc retained by me curb. 

368.12 Uses Not Permitted. 

(A) Physical Damage. Busways shall not be installed where 
subject to severe physical damage or corrosive vapors. 

(B) Hoistways. Busways shall not be installed in hoistways. 

(C) Hazardous Locations. Busways shall not be installed in any 
hazardous (clao;.�ificd) location, unlcs.� specifically approved for 
such usc. 

Informational :'\ote: See 501.10(8). 

(D) Wet Locations. Busways shall not be installed outdoors or 
in wet or damp locations unlcs.� identified for such usc. 

(E) Working Platform. Lighting busway and trolley busway 
shall not be installed lcs.� man 2.5 m (8 ft) above the floor or 
working platfonn unlcs.� prmidcd widl an identified cover. 

368.17 Overcurrent Protection. Ovcrcurrcm protection shall 
be provided in accordance \\idl 368.17(A) dlrough (D) . 

(A) Rating of Overcurrent Protection - Feeders. A busway 
shall be protected against ovcrcurrcm in accordance \\ith me 
current rating of me bus\\-ay. 

Exception No. 1: Tile applicable pmvisions of 240.4 slmU be permitted. 

Exception No. 2: When• used as tmnsfm7ner serondary ties, 450.6(A) 
( 3) slmU he pennitted. 
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ARTICLE 368 - BUSWAYS 368.234 

(B) Reduction in Ampacity Size of Busway. Ovcrcurrcm 
protection shall he required where busways arc reduced in 
ampacity. 

Exception: Fm· indust1ial establishment� only, omi�sion of overcummt 
prot«tion shall be pennilltd at points wlttre buswa_l'S are 11'dtu:ed in 
ampacity, provided tlmt tht length of tltt buswa_l' having the smaller 
ampacity dol's 1wt I'XCI!td 15 m (50 fl) mul has an ampacitJ at lea.�t 
tqual to one-thin/ the rating or selling of the ovt1runmt device 111'-Xt 
back on tltt line, and pmvided that such buswa_l' i� free fivm contact 
with combu�tible materiaL 

(C) Feeder or Branch Circuits. \\'here a busway is used as a 
feeder, dc\-iccs or plug-in connections for tapping off feeder or 
branch circuits from the buswav shall contain the ovcrcurrcm 
devices required for the protc�tion of the feeder or branch 
circuits. The plug-in dc\-icc shall consist of an externally opera
ble circuit breaker or an externally operable fusible switch. 
\\-'here such devices arc mounted out of reach and contain 
disconnecting means, suitable means such as ropes, chains, or 
sticks shall he prO\idcd for operating the disconnecting means 
from the floor. 

Exception No. 1: As permitll'.d in 240.21. 

Exception No. 2: Fm· Jixtd m· semifixed luminaill'S, wlttre the branch
circuit overcu1nmt droict is Jlmt of tht lumitmi11' cmrl plug on cmrl
conn«led lumitmill'S. 

Exception No. 3: �Wum� luminaill'S without cmrls alf! pluggpd dilf!Ctly 
into the buswaJ and tht ove11:unmt devict i� mounted on tltt lumin
ailf!. 

Exception No. 4: ll1ie11! the brandt-circuit ovm:unmt JJlug-in devict is 
dilf!Ctly .mpplying a Jl'mii{l" arctssible disconn«t, a method of floor oJm� 
ation s/mll 1wt be 11'qui11'd. 

(D) Rating of Overcurrent Protection - Branch Circuits. A 
busway used as a branch circuit shall he protected against ovcr
currcm in accordance "idt 210.20. 

368.30 Support. Busways shall be securely supported at imcr
\-als not exceeding 1.5 m (5 ft) unlcs.� otherwise designed and 
marked. 

368.56 Branches from Busways. Branches from buS\'ays shall 
he permitted to be made in accordance with 3f>8.5f>(A), (B), 
and (C). 

(A) General. Branches from bn�ways shall he permitted to n�c 
any of the follm\ing wiring methods: 

( 1)  Type AC armored cable 
(2) Type MC metal-dad cable 
(3) Type Ml mineral-insulated, mctal-shcadtcd cable 
(4) I:MC imcrmcdiatc metal conduit 
(5) R�lC rigid metal conduit 
(f>) F�lC flexible metal conduit 
(7) LF�lC liquid tight flexible metal conduit 
(8) PVC rigid polyvinyl chloride conduit 
(9) RTRC reinforced thermosetting resin conduit 

( 10) LFI'\C liquidtight flexible nonmetallic conduit 
( 1 1 )  EMT electrical metallic tubing 
(12) ENT electrical nonmetallic tubing 
(13) Bus\\ays 
( 14) Strut-type channel racc\\ay 
( 15) Surface metal raceway 
(If>) Surface nonmetallic raceway 
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\\'here a separate cquipmcm grounding conductor is n�d, 
connection of the cquipmcm grounding conductor to the 
bn�"ay shall comply l\ith 250.8 and 250.12. 

(B) Cord and Cable Assemblies. Suitable cord and cable 
a."i.�mblics identified for extra-hard n�agc or hard usage and 
listed bn� drop cable shall he pcnnittcd a.� branches from 
bn�"ays for the connection of portable cquipmcm or the 
connection of stationary equipment to facilitate their imcr
changc in accordance "ith 400.10 and 400.12 and the follow
ing conditions: 
(1)  The cord or cable shall he attached to the building by an 

approved means. 
(2) The length of the cord or cable from a bn�way plug-in 

device to a suitable tension take-up support device shall 
not exceed 1 .8 m (f> ft).  

(3) The cord and cable shall he installed a.� a vertical riser 
from the tension take-up support device to the cquip
mcm served. 

(4) Strain relief cable grip5 shall he provided for the cord or 
cable at the bn�way plug-in dc\icc and equipment termi
nations. 

Exception to (8)(2): In indust1·ial establi�hments on{}� wltelf! tht cmuli
tions of maintenance and supervi�ion roswl' that on{}" qlmlijied 
persons sen1ice lhe instalhltion, lengths excet'.ding 1.8 m (6 ji) shall be 
pennilltd betwtro tht busway Jllug-in devict and tlv ttmsion take-uJJ 
.mpport devict wht11' tlv rmrl m· cable is .mpported at interval� not 
excmling 2.5 111 (8 ji). 

(C) Branches from TroUey-'JYpe Busways. Suitable cord and 
cable a."i.�mblics identified for extra-hard n�agc or hard n�gc 
and listed bn� drop cable shall he pennittcd a� branches from 
trolley-type buS\'ays for the connection of mmablc cquipmcm 
in accordance with 400.10 and 400.12. 

368.58 Dead Ends. A dead end of a bus\\ay shall be closed. 

368.60 Grounding. Bn�"ay shall be connected to an cquip
mcm grounding conductor(s), to an equipment bonding 

jumper, or to the grounded conductor where permitted or 
required by 250.92(B) ( I )  or 250.142. 

Part ID. Construction 

368.120 Marking. Bn�ways shall he marked with the voltage 
and currcm rating for which they arc designed, and "idt the 
manufacturer's name or trademark in such a manner a.� to he 
visible after installation. 

Part IV. Requirements for Over 1000 Volts, Nominal 

368.214 Adjacent and Supporting Structures. Metal-enclosed 
bn�"ays shall he installed so that temperature rise from 
induced circulating current� in adjaccm ferrous metal part� 
will not be hazardous to personnel or constitute a fire hazard. 

368.234 Barriers and Seals. 

(A) Vapor Seals. Bn�way runs dtat have sections located both 
inside and out�idc of buildings shall have a vapor seal at the 
building "all to prcvcm imcrchangc of air hetwccn indoor and 
outdoor sections. 

Exception: Vnpo1· seal� shall not be requin�d in fmr:td-cooled bus. 
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368.234 ARTICLE 369 - 11'\St:LATED BUS PIPE (IBP)/TUBULAR COVERED CONDUCTORS (TCC) SYSTEMS 

(B) Fare Barriers. Fire barriers shall be prmidcd where fire 
walls, floors, or ceilings arc penetrated. 

Informational :'\ote: See 300.21 for infmmation concerning the 
spread of fire or producL• of combu.•tion. 

368.236 Drain Facilities. Drain plugs, filter drains, or similar 
mcthod'i shall be prmidcd to remove condensed moisture 
from low points in busway run. 
368.237 Ventilated Bus Enclosures. Ventilated btL'iwav enclo
sures shall be installed in accordance with Article 1 10, ·Part III, 
and 495.24. 
368.238 Terminations and Connections. Where btL'i enclosures 
tcnninatc at machines cooled by flammable ga..,, seal-off btL'ih
ings, baffles, or other means shall be provided to prevent accu
mulation of flammable ga.., in the busway enclosures. 

All conductor tcnnination and connection hardware shall be 
accessible for installation, connection, and maintenance. 
368.239 Switches. Switching dc\-iccs or disconnecting links 
prmidcd in the btL'iway run shall have the same momentary 
rating a'i the btL'iway. Disconnecting links shall be plainly 
marked to be removable only when bus is de-energized. S"itch
ing dc'l'ices that arc not load-break shall be interlocked to 
prevent operation under load, and disconnecting link enclo
sures shall be interlocked to prevent access to energized part'i. 
368.240 W"uing 1000 Volts or Less, Nominal. Secondary 
control devices and wiring that arc provided a'i part of the 
metal-enclosed bus run shall be insulated by firc-rctardam 
barriers from all primary circuit clcmcnt'i with the exception of 
short lengths of wire, such a'i at instrument transformer termi
nals. 
368.244 Expansion Fittings. Flexible or expansion conncc� 
tions shall be provided in long, straight runs of btL'i to allow for 
temperature expansion or contraction, or where the busway 
run cros.'iCS building 'l'ibration insulation joint'i. 
368.258 Neutral Conductor. 1'\cutral bus, when: required, 
shall be sized to carry all neutral load current, including 
harmonic currcnt'i, and shall have adequate momentary and 
short-circuit current rating consistent \\ith system rcquirc
mcnt'i. 
368.260 Grounding. Metal-enclosed btL'iway shall be groun
ded. 
368.320 Marking. Each busway run shall be prmidcd with a 
permanent nameplate on which the follo"ing information 
shall be prmidcd: 
(1)  Rated voltage. 
(2) Rated continuous current; if bus is forced-cooled, both 

the normal forced-cooled rating and the self-cooled (not 
forced-cooled) rating for the same temperature rise shall 
be given. 

(3) Rated frequency. 
(4) Rated impulse "ithstand voltage. 
(5) Rated 60-Hz withstand voltage (dry). 
(6) Rated momcntarv current. 
(7) Manufacturer's n�mc or trademark. 

Informational :'\ote: See IEEE C3i.23-2015, IEEE Standard for 
'"letal·E11doswl Bus, for constmction and testing requiremenL• for 
metal�nclosed bus a.'i.�mblies. 
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ARTICLE 369 
Insulated Bus Pipe (mP) /Tubular 

Covered Conductors (TCC) Systems 

Part I. General 

369.1 Scope. This article covers the usc, installation, and 
construction specifications for insulated bus pipe (IBP)systcms. 
369.2 Reconditioned Equipment. IBP and IBP systems shall 
not be reconditioned. 
369.6 Listing Requirements. IBP and IBP systems shall be 
listed. 

Part II. Installation 

369.10 Uses Permitted. IBP'sJ1$tems shall be permitted for tL'iC 
on power systems in accor<:lam:c "ith the follo"ing: 
( 1)  A'i exposed runs in accordance with 305.3. 
(2) In wet or damp locations only when listed for such usc. 
(3) Installed through walls, in unbroken lengths. Where IBP 

penetrates an exterior wall, the entire length that pene
trates the wall shall be listed for outdoor usc, and the 
opening in the wall shall be scaled by an approved 
method. 

(4) Extended vertically through dry floors if totally enclosed 
in metal where pa'ising through the floor and for a mini
mum distance of 1 .8 m (6 ft) above the floor to provide 
protection from physical damage. 

(5) For voltages up to and including 35,000 volt'i ac nominal. 
369.12 Uses Not Permitted. IBP systems shall not be used 
under the following conditions: 
(1) In any hazardous (cla'isificd) location except a'i permitted 

bv other articles in this \..ode 
(2) F�r the support of luminaires or other equipment 
(3) Where concealed by the building structure 
(4) Where acccs.'iiblc to other than qualified pcrson (s) 
369.14 Installation. IBP systems shall be installed by qualified 
persons. All documentation shall be available to the authority 
havingjurisdiction. 
369.20 Termination or Connections. �Ianufacturcr's supplied 
tcnninating means shall be used for IBP system connections or 
tcnninations. Connections employing dis.'iimilar metals shall be 
avoided to eliminate the possibility of galvanic action. 

Informational Note No. 1: See 1 10.14(C) for conductor temper
ature limitations due to termination prmision.• for installations 
up to and including 2000 miL•. 

Informational Note :'\o. 2: See 1 10.40 for conductor tempera
ture limitations due to tennination pro'�'i•ions for installations 
2001 miL• to 35,000 miL•. 

369.80 Ampacity. IBP systems shall be tL'iCd within the marked 
ampacity of the IBP. 

369.90 Temperattare Rating. IBP systems shall be used "ithin 
the maximum rated conductor temperature. 
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ARTICLE 370 - C..ABLEBUS 370.80 

Part m. Construction Specifications 

369.100 Construction. The IBP conductor shall be aluminum 
or copper. The bus pipe shall be permitted to be solid or 
hollow. 

369.110 Barriers. Fire barriers shall be provided where fire 
walls, floors, or ceilings arc pcnctratccl. 

Informational :'\ote: See 300.21 for infmmation concerning the 
spread of fire or producL• of combu.•tion. 

369.120 Marking. All IBP shall be marked to indicate the 
following information: 
( 1)  The maximum rated voltage pha�to-phasc or pha�to

ground 
(2) The maximum rated ampacity 
(3) The manufacturer's name, trademark, or other distinctive 

marking by which the organization responsible for the 
product can be readily identified 

(4) The equivalent AWG size or circular mil area of the 
conductor 

(5) The maximum rated conductor temperature 
(6) The rated peak withstand current rating in rms spnmctri

cal amperes or kA 
(7) Enclosure type designation, if other than Type I 
(8) Rated short-time "ithstand current and duration if 

greater than 2 scconcl'i 

Part I. General 

ARTICLE 370 
Cable bus 

370.1 Scope. This article covers the usc and installation 
requirements of cablcbus and a'isociatcd fittings. 

Part D. Installation 

370.10 Uses Permiued. C..ablcbu5 llhall be pcrmiuccl a'i 
follows: 
(1) At any voltage or current fm• which spaced conductors arc 

rated and where installed only for exposed work, except 
a'i permitted in 370.18 

(2) For branch circuits, feeders, and services 
(3) To be installed indoors, outdoors, or in corrosive, wet, or 

clamp locations where identified for the usc 
370.12 Uses Not Permitted. C..ablcbus shall not be permitted 
to be installed in dtc following: 
(1) Hoistways 
(2) Hazard�us (cla'i.'iificd) locations, unlcs.'i specifically 

permitted in Chapter 5 

370.18 Cablebus Installation. C..ablcbtL'i shall be permitted to 
extend transversely through partitions and walls or vertically 
through platfonns and floors in wet or dry locations where the 
installation, complete "id1 the installed cables, is made in 
accordance "id1 300.21. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. COI>t: 

370.20 Conductor Size and Termination. 

(A) Conductors. The current-carrying conductors in cablcbtL'i 
shall comply "id1 the following: 
(1 )  Have an insulation rating of 75°C (167°F) or higher and 

be of an approved type suitable for the application 
(2) Be sized in accordance with the design of the cablcbtL'i 

but in no ca'ic be smaller than l/0 

(B) Termination. Approved terminating means shall be used 
for connections to cablcbus conductors. 

Informational Note No. 1 :  See 1 10.14(C) for conductor temper
ature limitations due to termination prmision.• for installations 
up to and including 2000 miL•. 

Informational Note :'\o. 2: See 1 10.40 for conductor tempera
ture limitations due to tennination pro'"i•ions for installations 
2001 miL• to 35,000 miL•. 

370.22 Number of Conductors. The number of conductors 
shall be that for which the cablcbus is clesignccl. 

370.23 Overcurrent fro�tion. C..ablcbus shall be protected 
against ovcrcurrcnt in accordance l\ith the ampacity of the 
cablcbtL'i conductOrll in accordance "ith 240.4. 

Exception: Overcurrent pmltction shall be /Jelmitll'.d in arcmrlana with 
245.26 mu/. 245.27. 

370.30 Securing and Supporting. 

(A) · Cablebus Supports. C..ablcbus shall be securely supported 
at intervals not cxccccling 3.7 m (12 ft) . \\'here spans longer 
than 3.7 m (12 ft) arc required, the structure shall be specifi
cally designed for the required span Jcngd1. 

(B) Conductor Supports. The insulated conductors shall be 
supported on blocks or other identified mounting means. 

The incliviclual conductors in a cablcbtL'i shall be supported 
at intervals not greater than 900 mm (3 ft) for horizontal runs 
and 450 mm (1� ft) for vertical runs. Vertical and horizontal 
spacing between supported conductors shall be not lcs.'i than 
one conductor diameter at the point'i of support. 

370.42 Fittings. A cablcbtL'i system shall include fittings for the 
follo"ing: 
(1)  Changes in horizontal or vertical direction of the run 
(2) Terminations in or on connected apparattL'i or equipment 

or the enclosures for such equipment 
(3) Additional physical protection where required, such a'i 

guards where subject to severe physical damage 

370.60 Grounding. A cablcbus system shall be grounded 
and/ or bonded a'i applicable: 
( 1 )  CablcbtL'i framework, where bonded, shall be permitted 

to be tL'iCd a'i the equipment grounding conductor for 
branch circuit'i and feeders. 

(2) A cablcbtL'i installation shall be grounded and bonded in 
accordance with Part V and Part VI of Article 250, exclud
ing 250.86, Exception No. 2. 

370.80 Ampacity of Conductors. The ampacity of conductors 
in cablcbus shall be in accordance "ith 310.17 and 310.19 for 
installations up to and including 2000 volts, or l\ith Table 
315.60(C) (3) and Table 315.60(C) (4) for installations 
2001 volt'i to 35,000 volts. 
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370.120 ARTICLE 371 - FLEXIBLE BUS SYSTEMS 

Part m. Construction Specifications 

370.120 Marking. 

(A) Nameplates. Each cablcbus system shall include a name
plate at each terminating end of the system with the manufac
turer's name or trade designation and the maximum diameter, 
number, voltage rating, and ampacity of the conductors to be 
installed. :"'amcplatcs shall be visible after installation. 

(B) Identification. Each section and fitting of a cablcbus 
system shall be identified "ith a marking that corrcsponcl'i to 
the manufacturer's installation instructions. 

Part I. General 

ARTICLE 371 
Flexible Bus Systems 

371.1 Scope. This article covers the usc and installation 
requirement., of flexible bus systems and as.'iociatcd fittings. 

371.6 Listing Requirements. Flexible bus systems shall be 
listed. 

Part D. Installation 

371.10 Uses Permitted. Flexible bus systems shall be permit
ted for the following: 
(1)  Services, feeders, and branch circuit'i 
(2) Indoors 
(3) Outdoors where iclcntificcl for outcloor usc 
(4) Installed in corrosive, wet, or clamp locations where iden

tified for usc 
(5) Exposed 
(6) Behind access panels where dtc space behind the acccs.'i 

panel is not used for air-handling purposes 
(7) To penetrate duough walls and floors in accordance with 

371.18 
371.12 Uses Not Permitted. Flexible bus systems shall not be 
permitted to be installed in the follo�ng: 
(1)  Hoistways 
(2) Where �xposccl to severe physical damage 
(3) Hazardous (cla'i.'iificd) locations, unlcs.'i specifically 

permitted in Chapter 5 
( 4) Air-hanclling spaces 

371.14 Installation Design. Flexible bus systems shall be 
clesignccl and specified for specific installation site applications 
by a qualified engineer "idtin dtc limits of dtc listing and 
manufacturer's installation instructions. All documentation 
shall be available to the authority having jurisdiction. 

371.17 Overcurrent Protection. Ovcrcurrcm protection shall 
be provided in accordance with 371.17(A) through (G). 

(A) Rating of Overcurrent Protection - Services. Flexible bus 
systems installed for services shall be protected against ovcrcur
rcm in accordance "id1 230.90. 
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(B) Rating of Overcurrent Protection - Feeders. Flexible bus 
systems installed a'i feeders shall be protected against ovcrcur
rcm in accordance "id1 215.3. 
Exception: Tile aJlfJlicable ll!rJUilnlll!nt� of 240.4 shaU be permitted. 

(C) Rating of Overcurrent Protection - Branch Circuits. Flex
ible bus systems installed a'i branch circuit'i shall be protected 
against ovcrcurrcm in accordance l\ith 210.20. 
Exception: Tile aJlplicable ll!rJUilnlll!nt� of 240.4 shaU be permitted. 

(D) Transformer Secondary Flexible Bus Systems. Flexible 
bus systems installed on a transfonncr secondary to the discon
nect and ovcrcurrcnt protection dclicc shall be protected from 
ovcrcurrent in accordance "ith 240.21 (C). 

(E) Flexible Bus Systems from Generator Terminals. Flexible 
bus systems installed from generator terminals that meet the 
size requircmcm in 445.13 shall be permitted to be protected 
against overload by the generator overload protective dcvicc(s) 
required by 445.12. 
(F) Flexible Bus Systems CrO.:Jt· Battery Terminals. Flexible bus 
systems installed for battery systems shall be protected from 
ovcrcurrent in accorclance "ith 240.21 (H). 

(G) Reduction iD Size of Flexible Bus Systems. Ovcrcurrcm 
protection shall be required at the point where flexible bus 
systems arc reduced in size. 

Exception: Fot indust1ial establishment� only, o11ti.�sion of overcummt 
pmtertion .�lmU be permitted at points whn1' a flexible bu.� .�_v.�tem is 
J"edua.d in .�iu, Jmroided that the length of tile f!Pxible bu.� ·'i)'.�le711 
hav:ing a J"educed .�iu does not t'XCI!ed 15 m (50 fl) mul lias a cunmt 
rating at lea.�t equal to one-third tile rating or .�etting of the overcunmt 
device ahead of the point of connection and pmvidP.d that .melt a flexi
ble bus ·'i)·.�tem is fin ftvm contact with combustible material. 

371.18 Flexible Bus Systems Installation. Installation of flexi
ble bus systems shall comply l\ith 371 .18(A) through (E). 

(A) Manufacturer's Installation Instructions. Flexible bus 
systems shall be installed under design engineering supervision 
and in accordance with the manufacturer's instructions, includ
ing supporting and securing. All documentation shall be availa
ble to the authority having jurisdiction. 

(B) Physical Damage. Flexible bus systems sutMcct to physical 
damage shall ha\'C apprm·cd protective means installed. 

Informational Note: Typical methods of protecting flexible bus 
systems from physical damage include suitable ban-iers, guards, 
or elel-ation. 

(C) Transversely Routed. Flexible bus systems shall be permit
ted to extend transversely through partitions or walls if the 
section "ithin the wall is cominuous and protected against 
physical damage. \\'here the flexible bus systems penetrate a 
fire-resistant-rated wall or partition, the installation shall be 
made in accordance "ith 300.21 .  

(D) Through Dry Floors and Platforms. Flexible bus systems 
shall be pcnnittccl to extend vertically through clry floors and 
platfonns. \\'here the flexible bus systems penetrate a firc
rcsistam-ratccl floor or ceiling, the installation shall be made in 
accorclancc "id1 300.21. 
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ARTICLE 372 - CELLULAR COJ'\CRETE FLOOR RACEWAYS 372.18 

(E) Through Floors and Platforms in Wet Locations. Flexible 
bus systems shall be pcrmiucd to extend vertically through 
floors and platforms in wet locations as follows: 

(1) \\'here there arc curbs or other suitable means to prcvcm 
waterflow through the floor or platform opening 

(2) Where the flexible bus system provides a means to seal 
the floor penetration 

Where the flexible bus systems penetrate a fire-resistant
rated floor or ceiling, dtc installation shall be made in accord
ance l\ith 300.21.  
371.20 Terminations. Flexible bus svstcm terminations shall 
complp\ith 371 .20(A) and (B). 

(A) Termination Fittings or Connectors. Flexible bus systems 
shall be terminated l\ith fillings or connectors listed for flexi
ble bus systems. 

Informational l'ote: See 1 10.14(C) for conductor temperature 
limitations due to termination provisions. 

(B) Connection to Equipment. The connection of a flexible 
bus system to the distribution cquipmcm shall comply "ith one 
of the follo\\ing: 

(1) Be listed and marked by the specific distribution cquip
mcm as an acceptable means of termination 

(2) Be listed and identified for the specific distribution 
cquipmcm as an acceptable means of termination 

(3) Incorporate, a'i part of the listed flexible bus system, a 
transition box to interface between the flexible bus 
system and the distribution cquipmcm 

371.30 Securing and Supporting. Flexible insulated bus 
conductors shall be supported on identified mounting means 
at imcrvals not greater than 900 mm (3 ft) for horizontal runs 
and 450 mm (1 Y:t ft) for vertical runs unlcs.'i othcmisc permit
ted by the product listing. Flexible bus systems shall be secured 
and supported by listed a'i.'iOciatcd fittings in accordance with 
371.30(A) duough (C). 
(A) Associated Fittings. A'i.'iOciatcd fittings shall be part of a 
listed flexible bus system. 

(B) Support Brackets. The support brnckct'i for flexible bus 
systems shall be secured to the building structure or to other 
a'isociatcd fittings that arc secured to the building structure. 

(C) Support Tray. Flexible bu.o; systems shall be permitted to 
be installed in support trays supplied a'i a'i.'iOciatcd fittings for 
the listed flexible bus system. Support trays shall not be 
required to be continuous. 

371.40 Short Circuit Current Rating. Flexible bus systems shall 
have a short circuit current rating sufficient for the available 
fault currcm. 

371.60 Grounding. C..onductivc a'i.'iOciatcd fitting support'i for 
flexible bus systems shall be bonded together and grounded. 

Part m. Construction Specifications 

371.120 Marking. Each section of flexible bus systems shall be 
marked "ith the manufacturer's name or trade designation, 
voltage rating, and currcm rating. :Markings shall be located so 
a'i to be l-isiblc after installation. 
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(A) System Nameplate. A system nameplate shall contain the 
manufacturer's name or trademark and the flexible bus system 
ratings. The ratings shall include the voltage, pha'ic, currcm 
rating, short circuit current rating, and applicable em-iron men
tal ratings. The nameplate shall be installed at each end of the 
flexible bus system. The nameplate shall be l-isiblc after installa
tion. 

(B) Associated Fittings. A'isociatcd linings shall be marked a'i 
suitable for flexible bus systems. 

(C) Flexible Insulated Bus. The flexible insulated bus shall be 
marked along the insulation l\ith the manufacturer's name or 
trademark, voltage, manufacturer's part identification, and 
insulation temperature ratings. 

ARTICLE 372 
Cellular Concrete Floor Raceways 

Part I. General-

372.1 Scope. This article covers cellular concrete floor race
ways, the hollow spaces in floors constructed of prcca'it cellular 
concrete slabs, togcdtcr with suitable metal linings designed to 
proVide 'access to dtc floor cells. 

Part II. Installations 

372.12 Uses Not Permitted. C..onductors shall not be installed 
in prcca'it cellular concrete floor raceways a'i follows: 

( 1 )  \\'here sutMcct to corrosive vapor 
(2) In any hazardous (cla'i.'iificd) location, except a'i permit

ted by other articles in this \..ode 
(3) In commercial garages, other than for suppl}ing ceiling 

oudct'i or extensions to the area below the floor but not 
above 

Informational Note: See 300.8 for installation of conductors 
\\ith other systems. 

372.18 Cellular Concrete Floor Raceways Installation. Installa
tion of cellular concrete floor raceways shall comply with 
372.18(A) through (E). 
(A) Header. The header shall be installed in a straight line at 
right angles to the cells. The header shall be mechanically 
secured to the top of the prcca'it cellular concrete floor. The 
end joint'i shall be closed by a metal closure fitting and scaled 
against the cmrancc of concrete. The header shall be electri
cally continuous throughout it'i entire length and shall be elec
trically bonded to the enclosure of the distribution ccmcr. 

(B) Connection to Cabinets and Other Enclosures. C..onncc
tions from headers to cabinct'i and other enclosures shall be 
made by means of listcd metal raceways and listed fittings. 

(C) Junction Boxes. junction boxes shall be leveled to the 
floor grade and scaled against the free entrance of water or 
concrete. junction boxes shall be of metal and shall be 
mechanically and electrically continuous "ith the header. 
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372.18 ARTICLE 374 - CELLULAR �lETAL FLOOR RACEWAYS 

(D) Inserts. Insert'i shall be leveled and scaled against the 
entrance of concrete. Inscrt'i shall be of metal and shall be 
fitted "id1 grounded-type receptacles. An equipment ground
ing conductor or bonding jumper shall connect the insert 
receptacles to a positive ground connection prmidcd on the 
header. \\'bcre cutting through the cell wall for setting insert'i 
or other purposes (such a'i providing acccs.'i openings between 
header and cells), chips and other dirt shall not be allowed to 
remain in the raceway, and the tool u.'iCd shall be designed so a'i 
to prevent the tool from entering the cell and damaging the 
conductors. 
(E) Markers. A suitable number of markers shall be installed 
for dtc future location of cells. 
372.20 Size of Conductors. :"'o conductor larger than 
l/0 AWG shall be installed, except by special pcrmis.'iion. 
372.22 Maximum Number of Conductors. The combined 
cross-sectional area of all conductors or cables shall not exceed 
40 percent of the cross-sectional area of the cell or header. 
372.23 Ampacity of Conductors. The ampacity adjusuncnt 
factors a'i provided in 310.15(C) shall apply to conductors 
installed in cellular concrete floor raceways. 
372.56 Sp6ces and Taps. Splices and taps shall be made only 
in header acccs.'i unit'i or junction boxes. A continuou.'i unbro
ken conductor connecting the individual outlct'i is not a splice 
or tap. 
372.58 Discontinued Outlets. \\'ben an outlet is abandoned, 
discontinued, or removed, the sections of circuit conductors 
supplying the outlet shall be removed from dtc raceway. No 
splices or rcinsulatcd conductors, such a'i would be the ca'ic of 
abandoned oudct'i on loop wiring, shall be allowed in raceways. 

ARTICLE 374 
Cellular Metal Floor Raceways 

Part I. General 

374.1 Scope. This article covers . the usc and installation 
requirement" for cellular metal floor raceways. 
374.6 Listing Requirements. Cellular metal floor raceways and 
a'isociatcd fittings shall be listed. 

Part II. Installation 

374.12 Uses Not Permitted. Conductors shall not be installed 
in cellular metal floor raceways a'i follows: 
(1)  \\-bcrc sui?jcct to corrosive vapor 
(2) In any hazardou.'i (cla'isificd) location, except a'i permit

ted by other articles in this \..ode 
(3) In commercial garages, other than for supplying ceiling 

oudct'i or extensions to the area below dtc floor but not 
above 

Informational Note: See 300.8 for installation of conductors 
\\lth other systems. 
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374.18 Cellular Metal Floor Raceways Installations. Installa
tion of cellular metal floor raceways shall comply with 
374.18(A) through (D). 

(A) Connection to Cabinets and Extensions from CeUs. 
Connections between raceways and distribution centers and 
wall oudct'i shall be made by nicans of liquidtight flexible metal 
conduit, flexible metal conduit where not installed in concrete, 
rigid metal conduit, intermediate metal conduit, electrical 
metallic tubing, or approved fittings. \\'bcrc there arc prmi
sions for the tcnnination of an equipment grounding conduc
tor, rigid pol}�inyl chloride conduit, reinforced thermosetting 
resin conduit, electrical nonmetallic tubing, or liquidtight flexi
ble nonmetallic conduit shall be pcnnittcd. \\'bcrc installed in 
concrete, liquidtight flexible metal conduit and liquidtight 
flexible nonmetallic conduit shall be listed and marked for 
direct burial. 
(B) Junction Boxes. Junction boxes shall be leveled to the 
floor grade and sealed against the free entrance of water or 
concrete. Junction boxes used with these raceways shall be of 
metal and shall be electricallY continuous "ith dtc raccwav. .· � I 

(C) Inserts. Inscrt'i sh.all be leveled to the floor grade and 
sealed against dtc entrance of concrete. Inscrt'i shall be of 
metal and shall be electrically continuous with the raceway. In 
cutting through the cell wall and setting inserts, chips and 
other dirt shaD not be allowed to remain in the raceway, and 
tools shall be U.'icd that arc designed to prevent the tooi from 
entering the cell and damaging the conductors. 
(D) Markers. A suitable number of markers shall be installed 
for locating cells in the future. 
374.20 Size of Conductors. :"'o conductor larger than 
l/0 AWG shall be installed, except by special pcrmis.'iion. 
374.22 Maximum Number of Conductors in Raceway. The 
combined cros.o;-scctional area of all conductors or cables shall 
not exceed 40 percent of the interior cros.o;-scctional area of the 
cell or header. 
374.23 Ampacity of Conductors. The ampacity acljusuncnt 
factors in 310.15(C) shall apply to conductors installed in cellu
lar metal floor raceways. 
374.56 Sp6ces and Taps. Splices and taps shall be made only 
in header acccs.'i unit'i or junction boxes. 

For the purposes of this section, so-called loop "iring 
(continuou.'i unbroken conductor connecting the individual 
oudct'i) shall not be considered to be a splice or tap. 
374.58 Discontinued Outlets. \\'ben an outlet is abandoned, 
discontinued, or removed, the sections of circuit conductors 
supplying the outlet shall be removed from the raceway. No 
splices or rcinsulatcd conductors, such a'i would be the ca'ic 
with abandoned oudct'i on loop wiring, shall be allowed in 
raceways. 

Part m. Construction Specifications 

374.100 General. Cellular metal floor raceways shall be 
constructed so dtat adequate electrical and mechanical 
continuity of the complete system will be secured. They shall 
provide a complete enclosure for the conductors. The interior 
surfaces shall be free from burrs and sharp edges, and surfaces 
over which conductors arc drawn shall be smooth. Suitable 
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ARTICLE 376 - �IETAL WIREWAYS 376.56 

bushings or fittings having smooth rounded edges shall be 
provided where conductors pas.o;. 

Part I. General 

ARTICLE 376 
Metal Wareways 

376.1 Scope. This article covers the usc, installation, and 
construction specifications for metal "ircways and a.'l.o;ociatcd 
fittings. 

Part II. Installation 

376.10 Uses Permitted. The usc of metal wircways shall be 
permitted a.o; follows: 
( 1 )  For exposed work. 
(2) In any hazardous (cla.o;sificd) location, a.o; permitted by 

other articles in this Code. 
(3) In wet locations where wircways arc listed for the 

purpose. 
(4) In concealed spaces a.o; an extension that pa.<;.o;cs trans

versely through walls, if the length pa.<;.o;ing through the 
wall is unbroken. Access to the conductors shall be main
tained on both sides of the wall. 

376.12 Uses Not Permitted. �Ictal wircways shall not be used 
in the following: 
(1)  Where sui?jcct to severe physical damage 
(2) \\-'here sui?jcct to severe corrosive em-ironment-; 

376.20 Conductors Connected in Parallel. \\''here single 
conductor cables comprising each pha.o;c, neutral, or grounded 
conductor of an alternating-current circuit are connected in 
parallel a.o; permitted in 310.10(G), the conductors shall be 
installed in groups consisting of not more than one conductor 
per pha.o;c, neutral, or grounded conductor. 

Informational l'ote: The purpose of ha,ing all parallel conduc
tor seL• \\ithin the same group is to prevent current imbalance 
in the paralleled conductors due l? inducth·e reactance. 

376.21 Size of Conductors. No conductor larger than that for 
which the l\ircway is designed shall be installed in any wircway. 

376.22 Number of Conductors and Ampacity. The number of 
conductors or cables and their ampacity shall comply with 
376.22(A) and (B). 

(A) Cross-Sectional Areas of Wareway. The sum of the cros."i
scctional area.-; of all contained conductors and cables at any 
cross section of a wircway shall not exceed 20 percent of the 
interior cros."i-licctional area of the l\ircway. 

(B) Adjusbnent Factors. The acljustmcnt factors in 310.15(C) 
(1)  shall be applied only where the number of current-carrying 
conductors, including neutral conductors cla.'l..o;ificd a.o; currcnt
cartying under 310. 15(E), exceed• 30 at any eros.• section of 
the wircway. \..onductors for signaling circuit• or controller 
conductors between a motor and ito; starter and used only for 
starting duty shall not be considered a.o; current-carrying 
conductors. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL COI>t: 

376.23 Insulated Conductors. Insulated conductors installed 
in a metal l\ircway shall comply with 376.23(A) and (B). 

(A) Deflected Insulated Conductors. \\''here insulated conduc
tors arc deflected "ithin a metal "irewav, either at the end• or 
where conduit-;, fittings, or other racc\�'a)'S or cables enter or 
leave the metal "irewav, or where the direction of the metal 
wircv.<ty is deflected grc�tcr than 30 degrees, dimensions corre
sponding to one \\ire per terminal in Table 312.6(A) shall 
apply. 

(B) Metal Wareways Used as Pull Boxes. \\-'here insulated 
conductors 4 AWG or larger arc pulled through a wirc\\<ty, the 
distance between racc\\<ty and cable entries enclosing the same 
conductor shall not be less than that required by 314.28(A) (1)  
for straight pulls and 314.28(A) (2) for angle pulls. \\'ben trans
posing cable size into racc\\<ty size, the minimum metric desig
nator (trade size) racc"<tY required for the number and size of 
conductors in the cable shall be used. 

376.30 Securing and �upporting. Metal wirc"<tys shall be 
supported in accordance �'ith 376.30(A) and (B). 

(A) Horizontal Support� Wircv.<t)'S shall be supported where 
run horizontally at each end and at intervals not to exceed 
1 .5 m (5 ft) or for individual lengths longer than 1 .5 m (5 ft) at 
each end or joint, unlcs.o; listed for other support intcT\<tls. The 
distance between support-; shall not exceed 3 m  (10 ft).  

(B) . Vertic:al Support. Vertical runs of wirc\\<tys shall be 
securely supported at intervals not exceeding 4.5 m (15 ft) and 
shall not have more than one joint between support-;. Adjoin
ing wirc\\<ty sections shall be securely fa.o;tcncd together to 
provide a rigid joint. 

376.56 Splices, Taps, and Power Distnbution Blocks. 

(A) Splices and Taps. Splices and taps shall be permitted 
"ithin a l\ircway, prmidcd they arc accessible. The conductors, 
including splices and taps, shall not fill the "ireway to more 
than 75 percent of it• area at that point. 

(B) Power Distribution Blocks. 

(1) Installation. Power distribution blocks installed in metal 
"ircv.'a)'S shall be listed. Power distribution blocks installed on 
the line side of the scT\icc equipment shall be marked "suitable 
for usc on the line side of service equipment" or cquiv<tlcnt. 

(2) Size of Enclosure. In addition to the \\iring space require
ment in 376.56(A) , the power distribution block shall be 
installed in a "ircv.<ty "idt dimensions not smaller than speci
fied in the installation instructions of the power di•tribution 
block. 

(3) Ware Bending Space. Wire bending space at dtc terminals 
of power distribution blocks shall comply \\'ith 312.6(B). 

(4) Live Parts. Power distribution blocks shall not have unin
sulatcd live part-; exposed \\'ithin a wirc\\<ty, whether or not the 
"ircv.<ty cover is installed. 

(5) Conductors. Conductors shall be arranged so the power 
distribution block terminals arc unobstructed follm\ing instal
lation. 
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376.58 ARTICLE 378 - 1'\0:"/METALLIC WIREWAYS 

376.58 Dead Ends. Dead cnclo; of metal "ircways shall be 
dosed. 

376.60 Grounding. Listed metal wircway shall be pcrmiucd ao; 
an cquipmcm grounding conductor in accordance with 
250.1 18(A) ( 13) . 

376.70 Extensions from Metal Wareways. Extensions from 
"ircways shall be made l\ith cord pendants installed in accord
ance with 400.14 or with any "iring mcdtod in Chapter 3 that 
includes a means for cquipmcm grounding. \\'here a separate 
cquipmcm grounding conductor is employed, connection of 
the cquipmcm grounding conductors in the wiring method to 
the wircway shall comply l\ith 250.8 and 250.12. 

Part m. Construction Specifications 

376.100 Construction. 

(A) Electrical and Mechanical Continuity. Wircways shall be 
constructed and installed so that electrical and mechanical 
continuity of dtc complete system arc ao;surcd. 

(B) Substantial Construction. Wirc\\oays shall be of substantial 
construction and shall provide a complete enclosure for the 
contained conductors. All surfaces, both imcrior and exterior, 
shall be suitably protected from corrosion. Corner joints shall 
be made tight, and where dtc ao;.o;cmbly is held together by 
rivcto;, bolto;, or screws, such fao;tcncrs shall be spaced not more 
than 300 mm (12 in.) apart. 

(C) Smooth Rounded Edges. Suitable bushings, shielclo;, or 
fittings having smooth, rounded edges shall be provided where 
conductors pao;.o; between wircways, through partitions, around 
bcndo;, between "ircways and cabincto; or junction boxes, and at 
other locations where ncccs...af)' to prcvcnl abrao;ion of the insu� 
lation of the conductors. 

(D) Covers. Covers shall be securely fao;tcncd to dtc "irc\\oay. 

376.120 Marking. :Metal wirc\\oays shall be so marked that their 
manufacturer's name or trademark will be l-isiblc after installa
tion. 

Part I. General 

ARTICLE 378 
Nonmetallic W:areways 

378.1 Scope. This article covers the usc, installation, and 
construction specifications for nonmetallic wirc\\oays and ao;soci
atcd fittings. 

378.6 Listing Requirements. :"'onmctallic wirc\\oays and ao;soci
atcd fittings shall be listed. 

Part D. Installation 

378.10 Uses Permitted. The usc of nonmetallic "irc\\oays shall 
be pcrmiucd in the follo"ing: 
(1)  Only for exposed work, except ao; pcrmiucd in 378.10(4). 
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(2) \\'here sutMcct to corrosive cmironmcnto; where identified 
for the usc. 

(3) In wet locations where listed for the purpose. 

Informational Note: Extreme cold may cause nonmetallic \\ire
ways to become brittle and dterefore more stt...ceptible to 
damage fmm physical contact. 

(4) Ao; extensions to pao;.o; transversely through \\<ails if the 
length pao;.o;ing through the \\'all is unbroken. Acccs.o; to 
the conductors shall be maintained on bod1 sides of the 
wall. 

378.12 Uses Not Permitted. 1'\onmctallic wircways shall not be 
tt.o;cd in the following: 
(1) Where sutMcct to physical damage 
(2) In any hazardott.o; (dao;sificd) location, except ao; permit

ted by other articles in this \..ode 
(3) Where exposed to sunlight unlcs.o; listed and marked ao; 

suitable for dtc purpose 
(4) Where subject to ambient tt!mpcraturcs other than those 

for which nonmctallk wireway is listed 
(5) For conductors whose insulation temperature limitations 

would exceed dtQ6e for which the nonmetallic wirc\\oay is 
listed 

378.20 Conductors Connected in Parallel. \\"bcrc single 
conductor cables comprising each phao;c, neutral, or grounded 
conductor .of an altcrnating-currcm circuit arc connected in 
parallcl ·_ao; pcrmiucd in 310.10(G), the conductors shall be 
installed in groups consisting of not more than one conductor 
per phao;c, neutral, or grounded conductor to prevent currcm 
imbalance in the paralleled conductors due to inductive reac
tance. 

378.21 Size of Conductors. No conductor larger than that for 
which the nonmetallic l\ircway is designed shall be installed in 
any nonmetallic "ircway. 

378.22 Number of Conductors. The sum of cross-sectional 
arcao; of all contained conductors or cables at anv cross section 
of the nonmetallic l\ircway shall not exceed 20 j,crccm of the 
imcrior cros.<Hicctional area of the nonmetallic "irc\\<aV. 
Conductors for signaling circuits or controller conducto.:S 
between a motor and ito; starter and tt.o;cd only for starting duty 
shall not be considered ao; currcm-cartying conductors. 

The acljtt.o;Uncm factors specified in 310.15(C) ( l )  shall be 
applicable to the currcnt-carl)ing conductors up to and includ
ing the 20 pcrccm fill specified in the first paragraph of this 
section. 

378.23 Insulated Conductors. Insulated conductors installed 
in a nonmetallic l\ircway shall comply with 378.23(A) and (B). 

(A) Deflected Insulated Conductors. \\"bcrc insulated conduc
tors arc deflected "idtin a nonmetallic l\irc\\oay, either at the 
cndo; or where conduito;, fittings, or other raceways or cables 
enter or leave the nonmetallic "irc\\oay, or where dtc direction 
of the nonmetallic l\ircway is deflected greater than 30 
degrees, dimensions corresponding to one wire per terminal in 
Table 312.6(A) shall apply. 

(B) Nonmetallic Wireways Used as Pull Boxes. Where insula
ted conductors 4 AWG or larger arc pulled through a "irc\\oay, 
the distance between racc\\oay and cable entries enclosing the 
same conductor shall not be lcs.o; than dtat required in 
314.28(A) ( l )  for straight pulls and in 314.28(A) (2) for angle 
pulls. \\'hen transposing cable size into raceway size, the mini-
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ARTICLE 380 - MULTIOt:TLET ASSEMBLY 380.76 

mum metric designator (trade size) raceway required for the 
number and size of conductors in the cable shall be used. ARTICLE 380 
378.30 Securing and Supporting. :"'onmctallic wircway shall be 
supported in accordance with 378.30(A) and (B). 
(A) Horizontal Support. :"'onmctallic wircways shall be 
supported where run horizontally at imcrvals not to exceed 
900 mm (3 ft) , and at each end or joint, unlcs.o; listed for other 
support intervals. In no case shall the distance between 
support-; exceed 3 m  (10 ft). 
(B) Vertical Support. Vertical runs of nonmetallic wircway 
shall be securely supported at imcrvals not exceeding 1.2 m 
(4 ft) , unlcs.o; listed for other support imcnals, and shall not 
have more than one joim between support-;. Adjoining nonme
tallic wircway sections shall be securely fastened together to 
prmidc a rigid joim. 
378.44 Expansion Fittings. Expansion fittings for nonmetallic 
wircv.ay shall be provided to compensate for thermal expan
sion and comraction where dtc lcngd1 change is expected to 
be 6 mm (0.25 in.) or greater in a straight run. 

Informational l'ote: SeeTable 352.44(A) for expansion chardc
telistics of PVC conduit. The expansion chardctelistics of PVC 
nonmetallic "ireway are identical. 

378.56 Splices and Taps. Splices and taps shall be permitted 
within a nonmetallic wircway, prmidcd dtcy arc accessible. The 
conductors, including splices and laps, shall not fill the nonme
tallic l\irc"ay to more than 75 pcrccm of ito; area at that point. 
378.58 Dead Ends. Dead ends of nonmetallic wircway shall be 
dosed using listed fittings. 
378.60 Grounding. \\'here cquipmcm grounding is required, 
a separate grounding conductor shall be installed in the 
nonmetallic wircway. A separate cquipmcm grounding conduc
tor shall not be required where the grounded conductor is 
used to ground cquipmcm as permitted in 250.142. 
378.70 Extensions from Nonmeta16c Wueways. Extensions 
from nonmetallic wircway shall be made l\ith cord pendant-; or 
any wiring method of Chapter 3. A separate cquipmcm 
grounding conductor shall be installed in, or an cquipmcm 
grounding connection shall be made to, any of the wiring 
method-; used for the extension. 

Part m. Construction Specifications 

378.120 Marking. :"'onmctallic wircways shall be marked so 
that the manufacturer's name or trademark and interior cros.o;
scctional area in square inches shall be \isiblc after installation. 
Marking for limited smoke shall be permitted on dtc nonmetal
lic wircways that have limited smoke-producing characteristics. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

Multioudet Assembly 

Part I. General 

380.1 Scope. This article covers the usc and installation 
requirement-; for multioudct ao;.o;cmblies. 

Informational Note: See Article 100 for the definition of 111ulti
outlel assemh�J. 

Part II. Installation 

380.10 Uses Permiued. The usc of a multioudct ao;.o;cmbly 
shall be permitted in dry locations. 
380.12 Uses Not Permiued. A multioutlct ao;.o;cmbly shall not 
be installed ao; follows: 
(1) Where concealed, except that it shall be pcrmis.o;iblc to 

surround the baCk ·and sides of a metal multioudct ao;.o;cm
bly by dtc building finish or rcccs.o; a nonmetallic multi
oudct ao;.o;cmblv in a bao;cboard 

(2) Where $�cello severe physical damage 
(3) Where the voltage is 300 volt-; or more between conduc

tors unlcs.o; the ao;sembly is of metal haling a thickncs.o; of 
not Jcs.o; than 1.02 mm (0.040 in.) 

(4) · \\'here sutMccl to corrosive vapors 
(5) In hoist"ays 
(6) In anv haiardous (dao;.o;ificd) location, except ao; permit-

ted b,; other articles in this \..ode 
(7) \\'hc;c cord and plug connected 
380.23 Insulated Conductors. For field-ao;.o;cmblcd multioudct 
a"isemblics, insulated conductors shall comply with 380.23(A) 
and (B), ao; applicable. 
(A) Deflected Insulated Conductors. Where insulated conduc
tors arc deflected l\ithin a multioudct ao;.o;cmbly, either at the 
end-; or where conduit-;, fittings, or other rac�ways or cables 
enter or leave the multioutlct ao;.o;cmblv, or where the direction 
of the multioudct ao;.o;cmbly is deflected greater than 
30 degrees, dimensions corresponding to one \\ire per termi
nal in Table 312.6(A) shall apply. 
(B) Multioudet Assemblies Used as Pull Boxes. \\'bcrc insula
ted conductors 4 AWG or larger arc pulled through a multiout
lct ao;.o;cmbly, the distance between raccwav and cable entries 
enclosing the same conductor shall not' be less than that 
required by 314.28(A) (l)  for straight pulls and 314.28(A) (2) 
for angle pulls. When transposing cable size imo racc"ay size, 
the minimum metric designator (trade size) raceway required 
for the number and size of conductors in the cable shall be 
used. 
380.76 Metal Multioudet Assembly Through Dry Partitions. It 
shall be pcrmis.o;iblc to extend a metal multioudct ao;.o;cmbly 
through (not run "ithin) dry partitions if arrangement-; arc 
made for rcmming the cap or cover on all exposed portions 
and no outlet is located "ithin the partitions. 
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382.1 ARTICLE 382 - 1'\0N:\-IETALLIC EXTEJ'\SIONS 

wallpaper, tile, wall paneling, or other similar materials and 
ARTICLE 382 installed in accordance with 382.15(A). 

Nonmetallic Extensions 

Part I. General 

382.1 Scope. This article covers the usc, installation, and 
construction specifications for nonmetallic extensions. 
382.6 Listing Requirements. Concealable nonmetallic exten
sions and ao;sociatcd fittings and devices shall be listed. The 
starting/source tap dc\icc for the extension shall contain and 
prmidc the follm\ing protection for all load-side extensions 
and dc'lciccs: 
(1)  Supplementary ovcrcurrcnt protection 
(2) Level of protection equivalent to a Cla'l.o; A GFCI 
(3) Level of protection equivalent to a portable GFCI 
(4) Line and load-side misl\irc protection 
(5) Prmidc protection from the effects of arc faults 

Part D. Installation 

382.10 Uses Permitted. :"'onmctallic extensions shall be 
permitted only in accordance \\ith 382.10(A), (B), and (C). 
(A) From an Existing Outlet. The extension shall be from an 
existing outlet on a 15- or 20-ampcrc branch circuit. \\'here a 
concealable nonmetallic extension originates from a non
grounding-type receptacle, tl1c installation shall comply with 
250.130(C), 406.4(D) (2) (b), or 406.4(D) (2) (c). 
(B) Exposed and in a Dry Location. The extension shall be 
run exposed, or concealed ao; pcnnittcd in 382.15, and in a dry 
location. 
(C) Residential or Offices. For nonmetallic surface extensions 
mounted directly on the surface of walls or ceilings, the build
ing shall be occupied for residential or office purposes and 
shall not exceed three floors above grade. \\'here identified for 
the usc, concealable nonmetallic extensions shall be permitted 
more than three floors above grade. 

Informational Note :'\o. 1 :  See 310.14(A)(3) for temperature 
limitation of conductors. 

Informational :'\ote l'o. 2: See 362.10 for definition of Fir.</ floor. 

382.12 Uses Not Permitted. Nonmetallic extensions shall not 
be used ao; follows: 
(1)  In unfinished bao;cmcnts, attics, or roof spaces 
(2) Where the voltage between conductors cxcccdo; 150 volts 

for nonmetallic surface extensions and 300 volts for aerial 
cable 

(3) \\'here sutMcct to corrosive vapors 
(4) \\'here run through a floor or partition, or outside the 

room in which it originates 
382.15 Exposed. 

(A) Nonmetallic Extensions. One or more extensions shall be 
permitted to be run in any direction from an existing outlet, 
but not on tl1c floor or "itl1in 50 mm (2 in.) from the floor. 
(B) Concealable Nonmetallic Extensions. Where identified for 
the usc, nonmetallic extensions shall be permitted to be 
concealed l\ith paint, texture, concealing compound, plao;tcr, 

70-260 

382.24 Bends. 

(A) Nonmetallic Extensions. A bend that reduces the normal 
spacing between the conductors shall be covered l\ith a cap to 
protect the a'l.o;cmbly from physical damage. 
(B) Concealable Nonmetallic Extensions. Concealable exten
sions shall be permitted to be folded back over themselves and 
flattened ao; required for installation. 
382.30 Securing and Supporting. 

(A) Nonmetallic Extensions. :"'onmctallic surface extensions 
shall be secured in place by approved means at intervals not 
exceeding 200 mm (8 in.), with an allowance for 300 mm 
(12 in.) to the first fao;tcning where the connection to the 
suppl}ing outlet is by means of an attachment plug. There shall 
be at lcao;t one fao;tcning between .each two adjacent outlets 
supplied. An extension shall be attached to only woodwork or 
plao;tcr finish and shall not be in contact l\ith any metal work or 
other conductive material ather than \\ith metal plates on 
receptacles. 
(B) Concealable Nonmetallic Extensions. All surface-mounted 
concealable nonmetallic extension components shall be finnly 
anchored to the wall or ceiling using an adhesive or mechani
cal anchoring system identified for this usc. 
382.40 Boxes and Fittings. Each run shall tcnninatc in a 
fitting, connector, or box that covers the end of the a'l.o;cmbly. 
All fiuings, connectors, and dc'lciccs shall be of a type identified 
for d1c usc. 
382.42 Devices. 

(A) Receptacles. All receptacles, receptacle housings, and self
contained dc'lciccs used l\ith concealable nonmetallic exten
sions shall be identified for tl1is usc. 
(B) Receptacles and Housings. Receptacle housings and self
contained dc'lciccs designed either for surface or for recessed 
mounting shall be permitted for usc l\ith concealable nonme
tallic extensions. Receptacle housings and self-contained dc'lci
ccs shall incorporate means for facilitating entry and 
tcnnination of concealable nonmetallic extensions and for 
electrically connecting the housing or dc'lcicc. Receptacle and 
self-contained dc\ices shall comply with 406.4. Power and 
communications outlcto; installed together in common housing 
shall be permitted in accordance with 800.133(A) (3), Excep
tion :"'o. 2. 

382.56 Sp6ces and Taps. Extensions shall consist of a continu
ous unbroken length of the ao;scmbly, "itl1out splices, and l\ith
out exposed conductors between fittings, connectors, or 
dc\iccs. Taps shall be permitted where approved fittings 
completely covering the tap connections arc used. Aerial cable 
and its tap connectors shall be prmidcd "itl1 an approved 
means for polarization. Rcccptacl�typc tap connectors shall be 
of the locking type. 

Part m. Construction Specifications (Concealable Nonmetal
fie Extensions Only) 

382.100 Construction. Concealable nonmetallic extensions 
shall be of a multilayer flat conductor design consisting of a 
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ARTICLE 384 - STRt:T-lYPE CHANJ'\EL RACEWAY 384.56 

center ungrounded conductor enclosed by a sectioned groun
ded conductor and an overall sectioned equipment grounding 
conductor. 
382.104 Flat Conductors. Concealable nonmetallic extensions 
shall be constructed, using flat copper conductors equivalent to 
14 AWG or 12 AWG conductor sizes, and constructed per 
382.104(A) , (8), and (C). 
(A) Ungrounded Conductor (Center Layer). The ungrounded 
conductor shall consist of one or more ungrounded flat 
conductor(s) enclosed in accordance l\ith 382.104(B) and (C) 
and identified in accordance l\ith 310.6(C). 
(B) Grounded Conductor (Inner Sectioned Layers). The 
grounded conductor shall consist of two sectioned inner flat 
conductors that enclose the center ungrounded conductor(s). 
The sectioned grounded conductor shall be enclosed by the 
sectioned equipment grounding conductor and identified in 
accordance "idt 200.6. 
(C) Equipment Grounding Conductor (Outer Sectioned 
Layers). The equipment grounding conductor shall consist of 
two overall sectioned conductors that enclose dtc grounded 
conductor and ungrounded conductor(s) and shall comply 
"ith 250.4(A) (5). The equipment grounding conductor layers 
shall be identified by any one of the follo\\ing methods: 
(1) A"l permitted in 250.1 19 
(2) A dear covering 
(3) One or more continuous green stripes or ha"lh marks 
(4) The term "Equipment Grounding Conductor" primed at 

regular intervals throughout the cable 
382.112 Insulation. The ungrounded and grounded flat 
conductor layers shall be indilidually insulated and comply 
"ith 310.14(A) (3). The equipment grounding conductor shall 
be covered or insulated. 
382.120 Marking. 

(A) Cable. Concealable nonmetallic extensions shall be dearly 
and durably marked on bodt sides at intervals of not more than 
610 mm (24 in.) "idt dtc information required by 310.8(A) 
and l\ith the follm\ing additional informariori: 
(1) Material of conductors 
(2) Maximum temperature rating 
(3) Alnpacity 
(B) Conductor Identification. Conductors shall be dearly and 
durably identified on both sides throughout their length a"l 
specified in 382.104. 

ARTICLE 384 
Strut-Type Channel Raceway 

Part I. General 

384.1 Scope. This article covers the usc, installation, and 
construction specifications of strut-type channel raceway. 
384.6 Listing Requirements. Strut-type channel raceways and 
accessories shall be listed and identified for such usc. 
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Part II. Installation 

384.10 Uses Permitted. The usc of strut-type channel raceways 
shall be permitted in the following: 
( 1 )  \\'here exposed. 
(2) In dry locations. 
(3) In locations su�cct to corrosive vapors where protected 

by finishes approved for the condition. 
(4) A"l power poles. 
(5) In hazardous (da"lsificd) locations a"l permitted in Chap

tcr 5. 
(6) A"l extensions of unbroken lengths through walls, parti

tions, and floors where closure strips arc removable from 
either side and the portion l\ithin the wall, partition, or 
floor remains covered. 

(7) Ferrous channel raceways and fittings protected from 
corrosion solely by enamel shall be permitted only 
indoors. 

384.12 Uses Not Permitted. Strut-type channel raceways shall 
not be used a"l follows: .· 

( 1 )  Where concealed. · 
(2) Ferrous chaimcl raceways and fittings protected from 

corrosion solely by enamel shall not be permitted where 
subject to severe corrosive influences. 

384.21 Size of Conductors. No conductor larger than that for 
which the raceway is listed shall be installed in strut-type chan
nel·raccways. 
384.22 Number of Conductors. The number of conductors or 
cables permitted in strut-type channel raceways shall not 
exceed dtc percentage fill using Table 384.22 and applicable 
cross-sectional area of specific types and sizes of wire given in 
the tables in Chapter 9. 

The adjustment factors of 310.15(C) (1)  shall not apply to 
conductors installed in strut-type channel raceways where all of 
the follo"ing conditions arc met: 
(1)  

(2) 

(3) 

The cros.'Hicctional area of the raccwav cxcccd"l 2500 mm2 
(4 in.2) . 

' 

The currcm-carf}ing conductors do not exceed 30 in 
number. 
The sum of the cross-sectional arca"l of all contained 
conductors docs not exceed 20 percent of the interior 
cross-sectional area of the strut-type channel raceways. 

384.30 Securing and Supporting. 

(A) Surface Mount. A surface mount strut-type channel race
way shall be secured to the mounting surface l\ith retention 
straps external to the channel at intervals not exceeding 3 m 
(10 ft) and l\ithin 900 mm (3 ft) of each outlet box, cabinet, 

junction box, or other channel raceway termination. 
(B) Suspension MounL Strut-type channel raceways shall be 
permitted to be suspension mounted in air l\ith identified 
mcthocl"l at intervals not to exceed 3 m (10 ft) and "ithin 
900 mm (3 ft) of channel raceway terminations and cnd"l. 
384.56 Sp6ces and Taps. Splices and taps shall be permitted in 
raceways that arc accessible after installation by haling a remov
able cover. The conductors, including splices and taps, shall 
not fill the raceway to more than 75 percent of its area at that 
point. All splices and taps shall be made by approved mcthod"l. 
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384.60 ARTICLE 386 - St:RFACE :METAL RACEWAYS 

Table 384.22 Channel Size and Inside Cross-Sectional Area 

Size 
Area 40% Area. 25% Area� 

Channel iu.2 mm2 iu.2 mmt • 2 m. mm2 

I% X "Y,,; 0.887 572 0.355 229 0.222 143 
I% x 1 1.151 743 0.160 297 0.288 186 

1% x iY,. 1.677 I076 0.67I 433 0.1I9 270 
1% x I% 2.028 I308 0.81 1 523 0.507 327 
I% X 2Y.. 3.I69 2045 1.267 817 0.792 511 
1% x 3Y.. 4.308 2780 1.723 1 1 12 1 .077 695 
I !/2 x 'Y. 0.849 548 0.340 219 0.2I2 137 

1 !/2 x i!4 1.828 1179 0.73I 472 0.157 295 
1 !/2 x iV,. 2.301 1485 0.920 591 0.575 37I 
I!/2 X 3 3.854 2487 1.542 995 0.964 622 

·Raceways \\ith external joiners shall use a 40 percent \\ire fill 
calculation to determine the number of conductors permitted. 
1Raceways \\ith internal joiners shall tL'Ie a 25 percent "ire fill 
calculation to determine the number of conductors permitted. 

384.60 Grounding. Strut-type channel raceway enclosures 
prmiding a transition to or from other wiring methods shall 
have a means for connecting an cquipmcm grounding conduc
tor. Strut-type channel raceways shall be pcrmiucd as an cquip
mcm grounding conductor in accordance wilh 250.1 18(A) 
(13). \\'ncrc a snap-fit metal cover for strut-type channel race
ways is used to achieve electrical continuity in accordance wilh 
lhc listing, this cover shall not be pcrmiucd as lhc means for 
prmiding clccuical continuity for a receptacle moumcd in lhc 
cover. 

Part m. Construction Specifications 

384.100 Construction. Strut-type channel raceways and their 
accessories shall be of a construction lhat distinguishes them 
from other raceways. Raceways and their elbows, couplings, and 
other fittings shall be designed such lhat lhc sections can be 
electrically and mechanically coupled togcdtcr at1d installed 
"ilhout subjecting dtc wires to abrasion. They shall comply 
wilh 384.100(A), (B), and (C). 

(A) Material. Raceways and acces.<mries sh;ill be formed of 
steel, stainlcs."l steel, or aluminum. 

(B) Corrosion Protection. Steel raceways and acccs.mrics shall 
be protected against corrosion by galvanizing or by an organic 
coating. 

Informational l'ote: Enamel and PVC coatinw- are examples of 
organic coatinw- that pm,ide conosion protection. 

(C) Cover. Covers of strut-type channel raceways shall be 
cimcr metal or nonmetallic. 

384.120 Marking. Each Jcngd1 of strut-type channel raceway 
shall be dearly and durably identified as required in lhc first 
scmcncc of 1 10.21 (A) . 
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ARTICLE 386 
Surface Metal Raceways 

Part I. General 

386.1 Scope. This article covers lhc usc, installation, and 
construction specifications for surface metal raceways and a"lso
ciatcd fittings. 

386.6 Listing Requirements. Surface metal raceway and a"l.mci
atcd fittings shall be listed. 

Part II. Installation 

386.10 Uses Permitted. The usc of surface metal raceways 
shall be pcrmiucd in lhc follo"ing: 
(1) In dry locations. 
(2) In Cla'i."l I, Dhision 2 hazardous (da"l."lilicd) locations a"l 

pcrmiucd in 501.10(8) (.3) . 
(3) t:ndcr raised floor!�, a"l pcrmiucd in 645.5(E) (2) . 
(4) Extension through walls and floors. Surface metal race

way shall be pcrmiucd to pa'i."l transversely through dry 
walls, dry partitions, and dry floors if the length pa"l."ling 
through "i"l unbroken. Acccs."l to the conductors shall be 
maintained on both sides of the wall, partition, or floor. 

386.12 Uses Not Permiued. Surface metal raceways shall not 
be w;cd in the follm\ing: 
(1) .  "\\onere subject to severe physical damage, unlcs."l othcr

"isc approved 
(2) "\\onere the voltage is 300 volt"l or more between conduc

tors, unlcs."l lhc metal ha"l a lhickncs."l of not lcs."l than 
1 .02 mm (0.040 in.) nominal 

(3) \\'ncrc sutMcct to corrosive vapors 
(4) In hoistways 
( 5) \\'ncrc co�ccalcd, except a"l pcrmiucd in 386.10 

386.21 Size of Conductors. No conductor larger lhan that for 
which lhc raceway is designed shall be installed in surface 
metal raceway. 

386.22 Number of Conductors or Cables. The number of 
conductors or cables installed in surface metal raceway shall 
not be greater than lhc number for which the racc"way is 
designed. \..ablcs shall be pcrmiucd to be installed where such 
usc is not prohibited by the respective cable articles. 

The adjustmcnl factors of 310.15(C) ( 1 )  shall not apply to 
conductors installed in surface metal raceways where all of lhc 
follo"ing conditions arc met: 
(1) 

(2) 

(3) 

The cros.'Hiectional area of the raccwav cxcccd"l 2500 mm2 
(4 in.2) . 

' 

The currcm-carrying conductors do not exceed 30 in 
number. 
The sum of the cros.o;-scctional arca"l of all contained 
conductors docs not exceed 20 pcrccm of lhc interior 
cros.'Hiectional area of the surface metal raceway. 

386.30 Securing and Supporling. Surface metal raceways and 
a"l."lociatcd fittings shall be supported in accordance "ilh lhc 
manufacturer's installation instructions. 
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ARTICLE 388- St:RFACE :"101'\:METALUC RACEWAYS 388.100 

386.56 Sp6ces and Taps. Splices and taps shall be permitted in 
surface metal raceways having a removable cover that is acccs.�i
blc after installation. The conductors, including splices and 
taps, shall not fill the raceway to more than 75 percent of its 
area at that point. Splices and taps in surface metal raceways 
without removable covers shall be made only in boxes. All spli
ces and taps shall be made by approved methods. 

Taps of Type FC cable installed in surface metal raceway 
shall be made in accordance with 322.56(8). 
386.60 Grounding. Surface metal raceway enclosures provid
ing a transition from odtcr \\iring mcdtod� shall have a means 
for connecting an cquipmcm grounding conductor. 

386.70 Combination Raceways. \\'hen combination surface 
metal raceways arc used for both signaling and for lighting and 
power circuit�, the diffcrcm systems shall be run in separate 
comparuncnt� identified by stamping, impriming, or color 
coding of the imcrior finish. 

Part m. Construction Specifications 

386.100 Construction. Surface metal raceways shall be of such 
construction a� "ill distinguish them from other raceways. 
Surface metal raceways and their elbows, couplings, and similar 
fittings shall be designed so that dtc sections can be electrically 
and mechanically coupled together and installed l\ithout 
subjecting the wires to abra�ion. 

\\-'here covers and acccs.�ories of nonmetallic materials arc 
used on surface metal raceways, they shall be identified for 
such usc. 
386.120 Marking. Each length of surface metal raceway shall 
be clearly and durably identified a� required in the . first 
scmcncc of 1 10.21 (A) . 

ARTICLE 388 
Surface Nonmetallic Raceways 

Part I. General 

388.1 Scope. This article covers the usc, installation, and 
construction specifications for surface nonmetallic raceways 
and a�sociatcd fillings. 

388.6 Listing Requirements. Surface nonmetallic raceway and 
a�sociatcd fittings shall be listed. 

Part D. Installation 

388.10 Uses Permitted. Surface nonmetallic raceways shall be 
permitted a� follows: 
(1) The usc of surface nonmetallic raceways shall be permit

ted in dry locations. 
(2) Extension through walls and floors shall be permitted. 

Surface nonmetallic raceway shall be permitted to pa'i.� 
transversely duough dry walls, dry partitions, and dry 
floors if dtc length pa ... �ing through is unbroken. Acccs.� 
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to the conductors shall be maintained on bod1 sides of 
the wall, partition, or floor. 

388.12 Uses Not Permitted. Surface nonmetallic raceways 
shall not be used in the follm\ing: 
(1) \\-'here concealed, except a� permitted in 388.10(2) 
(2) \\-'here sutMcct to severe physical damage 
(3) \\-'here dtc voltage is 300 volt� or more between conduc

tors, unlcs.� listed for higher voltage 
(4) In hoistways 
(5) In any haiardous (cla�sificd) location, except a� permit

ted by other articles in this \..ode 
(6) \\-'here sutMcct to ambicm temperatures exceeding those 

for which dtc nonmetallic raceway is listed 
(7) For conductors whose insulation· temperature limitations 

would exceed those for which the nonmetallic raceway is 
listed 

388.21 Size of Conductors. No conductor larger than that for 
which the raceway is designed shall be installed in surface 
nonmetallic raceway. .· 

388.22 Number of Conductors or Cables. The number of 
conductors or cable.<� installed in surface nonmetallic raceway 
shall not be greater dtan dtc number for which the raceway is 
designed. \..ables shall be permitted to be installed where such 
usc is not prohibited by the respective cable articles. 

388.30 Securing and Supporting. Surface nonmetallic racc
wa}'s and a'i.�ociatcd fittings shall be supported in accordance 
"idl dtc manufacturer's installation instructions. 

388.56 Splices and Taps. Splices and taps shall be permitted in 
surface nonmetallic raceways haling a cover capable of being 
opened in place that is accessible after installation. The 
conductors, including splices and taps, shall not fill the raceway 
to more than 75 percent of it<� area at that poim. Splices and 
taps in surface nonmetallic raceways l\ithout covers capable of 
being opened in place shall be made only in boxes. All splices 
and taps shall be made by approved mcthocl�. 

388.60 Grounding. \\'here cquipmcm grounding is required, 
a separate grounding conductor shall be installed in the race
way. 

388.70 Combination Raceways. \\''hen combination surface 
nonmetallic raceways arc used both for signaling and for light
ing and power circuit�. the diffcrcm systems shall be run in 
separate compartment� identified by stamping, imprinting, or 
color coding of the imcrior finish. 

Part m. Construction Specifications 

388.100 Construction. Surface nonmetallic raceways shall be 
of such construction a� \\ill distinguish them from �thcr race
ways. Surface nonmetallic raceways and dtcir elbows, couplings, 
and similar fittings shall be designed so that the sections can be 
mechanically coupled together and installed without subjecting 
the "ires to abra�ion. 

Surface nonmetallic raceways and fittings arc made of suita
ble nonmetallic material that is resistant to moisture and chem
ical atmospheres. It shall also be llamc retardant, rcsistalll to 
impact and crushing, resistant to distortion from heat under 
conditions likely to be cncoumcrcd in scnicc, and rcsistam to 
low-tcmpcratur� effect�. 
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388.120 ARTICLE 390 - t:l'\DERFLOOR RACEWAYS 

388.120 Marking. Surface nonmetallic raceways dtal have limi
ted smok�producing characteristics shall be pcnniucd to be so 
idcmificd. Each lcngm of surface nonmetallic raceway shall be 
dearly and durably identified a-; required in me first scmcncc 
of 1 10.21 (A). 

Part I. General 

ARTICLE 390 
Underftoor Raceways 

390.1 Scope. This article covers the usc and installation 
requirements for undcrfloor raceways. 

Part D. Installation 

390.10 Uses Permitted. The installation of undcrfloor rae� 
ways shall be pcrmiucd bencad1 me surface of concrete or 
other flooring material or in office occupancies where laid 
flush wim the concrete floor and covered with linoleum or 
equivalent floor covering. 
390.12 Uses Not Permiued. t:ndcrfloor raceways shall not be 
installed ( 1 )  where subject to corrosive vapors or (2) in any 
hazardous (da-;sificd) locations, except a-; pcnniucd by 504.20 
and in Cia-.-; I, Division 2 locations a-; pcrmiucd in 501.10(8) 
(3). Unless made of a material approved for me condition or 
unless corrosion protection approved for the condition is 
provided, metal undcrfloor raceways, junction boxes, and 
fittings shall not be installed in concrete or in area-; su�cct to 
severe corrosive influences. 
390.15 Covering. Raceway coverings shall comply wim 
390.15(A) duough (D) . 
(A) Raceways Not over 100 nun (4 in.) Wide. Half-round and 
flat-top raceways not over 100 mm (4 in.) in width shall have 
not less man 20 mm (:Y, in.) of concrete or wood above me 
raceway. 
Exception: As J�ermitlP.d in 390.15(C) and (D) Jorjlat-toJI racewa_vs. 

(B) Raceways over 100 mm (4 in.) Wide But Not over 200 nun 
(8 in.) Wide. Flat-top raceways over 100 mm (4 in.) but not 
over 200 mm (8 in.) "ide l\ith a minimum of 25 mm (I in.) 
spacing between raceways shall be covered with concrete to a 
dcpdt of not less man 25 mm (I in.). Raceways spaced less man 
25 mm (1 in.) apart shall be covered "id1 concrete to a dcpm 
of38 mm ( 1 �  in.). 
(C) Trench-Type Raceways Flush with Concrete. Trench-type 
flush raceways with removable covers shall be pcnniucd to be 
laid flush l\ith dtc floor surface. Such approved raceways shall 
be designed so dtal me cover plates provide adequate mechani
cal protection and rigidity equivalent to junction box covers. 
(D) Other Raceways Flush with Concrete. In ollicc occupan
cies, approved metal flat-lop raceways, if not over I 00 mm 
(4 in.) in widd1, shall be pcrmiucd to be laid flush with me 
concrete floor surface, prolidcd mcy arc covered l\ith substan
tial linoleum mat is not less man 1.6 mm (\tifi in.) mick or wim 
equivalent floor covering. \\'here more man one and not more 
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than three single raceways arc each installed flush "id1 me 
concrete, mcy shall be contiguous wim each other and joined 
to form a rigid a-;.-;cmbly. 
390.20 Size of Conductors. No conductor larger man that for 
which the raceway is designed shall be installed in undcrfloor 
raceways. 
390.22 Maximum Number of Conductors in Raceway. The 
combined cros.o;-scctional area of all conductors or cables shall 
not exceed 40 percent of the interior cros.o;-scctional area of me 
raceway. 
390.23 Ampacity of Conductors. The ampacity acljusuncm 
factors in 310.15(C) shall apply to conductors installed in 
undcrfloor raceways. 
390.56 Sp6ces and Taps. Splices and taps shall be made only 
in junction boxes. 

For me purposes of mis section, so-called loop "iring 
(continuous, unbroken conductor connecting dtc individual 
oudcts) shall not be considered to be a splice or tap. 
Exception: SJJlices and tap.f shall be permitlP.d in tnmch-t_}jJe flush race
way lmving a ,.,-movab/L cover that is accessihk aftn· imtalmtion. The 
conductors, inrltuling splices and laJJs, shall not jill mmf' than 
7 5 Jmr:ent of the 711CIIWa_v mf'a at tlmt point. 

390.57 Discontinued Outlets. When an outlet is abandoned, 
discontinued, or removed, the sections of circuit conductors 
supplyu1g me outlet shall be removed from me raceway. No 
splices or rcinsulatcd conductors, such a-; would be me ca-;c 
"im abandoned outlet-; on loop wiring, shall be allowed in 
raceways. 
390.70 Laid in Straight Lines. Undcrfloor raceways shall be 
laid so that a straight line from dtc center of one junction box 
to the center of me next junction box coincides "ith me 
centerline of the raceway system. Raceways shall be firmly held 
in place to prcvcm disturbing mis alignmcm during construc
tion. 
390.71 Markers at Ends. A suitable marker shall be installed at 
or ncar each end of each straight run of raceways to locate me 
Ja-;t insert. 
390.73 Dead Ends. Dead end-; of raceways shall be dosed. 
390.74 Junction Boxes. junction boxes shall be leveled to me 
floor grade and scaled to prevent me free entrance of water or 
concrete. junction boxes used "id1 metal raceways shall be 
metal and shall be electrically cominuous "ith dtc raceways. 
390.75 Inserts. Insert-; shall be leveled and scaled to prevcm 
the entrance of concrete. Insert-; used l\ith metal raceways shall 
be metal and shall be electrically continuous wim the raceway. 
Insert-; set in or on fiber raceways before me floor is laid shall 
be mechanically secured to me raceway. Insert-; set in fiber 
raceways after me floor is laid shall be screwed into the race
way. When cutting duough the raceway wall and setting insert-;, 
chips and other din shall not be allowed to remain in me race
way, and tools shall be used that arc designed so a-; to prevcm 
the tool from entering the raceway and damaging conductors 
that may be in place. 

390.76 Connections to Cabinets and Wall Outlets. Connec
tions from undcrfloor raceways to disuibution centers and wall 
oudct-; shall be made by approved fittings or by any of me 
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ARTICLE 392 -CABLE TRAYS 392.12 

wiring mcthod"l in Chapter 3, where installed in accordance 
with dtc respective articles. 

Part I. General 

ARTICLE 392 
Cable Trays 

392.1 Scope. This article covers cable tray systems, including 
ladder, ventilated trough, ventilated channel, solid bottom, and 
other similar structures. 

Informational :'\ote: See ,\J'I:SI/:'\E:\fA-VE 1-20J i, Metal Cab/£ 
Tra)' Sptellt•, and NEC . .A/:'\E:\fA 105-2015, Standard for lmtalling 
'"letal (.able Tray SJ•Iem.•, for further infonnation on cable trays. 

Part II. Installation 

392.10 Uses Permitted. C..ablc tray shall be permitted to be 
used as a support system for wiring methods containing scnicc 
conductors, feeders, branch circuit"l, communications circuit"l, 
control circuit"l, and signaling circuit"l. Single insulated cables 
and single insulated conductors shall be pcnnittcd in cable tray 
only when installed in accordance with 392.10(8) (1) .  C..ablc 
tray installations shall not be limited to industrial establish
mcnt"l. \\'here exposed to direct rays of the sun, insulated 
conductors and jacketed cables shall be identified a"l being 
sunlight resistant. C..ablc trays and their a"l."llciatcd fittings shall 
be identified for the intended usc. 

(A) Wuing Methods. The wiring mcthod"l in Table 392.10(A) 
shall be permitted to be installed in cable tray systems under 
the conditions described in their respective articles and 
sections. 

(B) In Industrial Establishments. The \\iring mcthod"l in Table 
392.10(A) shall be permitted to be used in any industrial estab
lishment under the conditions described in their respective 
articles. In industrial establishments only, where conditions of 
maintenance and supcnision ensure that only qualified 
persons scnicc dtc installed cable tray system, any of dtc cables 
in 392.10(8) ( 1 )  and (8)(2) shaU be pcnnittcd to be installed 
in ladder, ventilated trough, solid bottom, or ventilated chan
nel cable trays. 

(I) Single-Conductor Cables and Single Insulated Conductors. 
Single-conductor cables and single insulated conductors shall 
be permitted to be installed in accordance with 392.10(8) (1)  
(a) through (B) ( 1 ) (c). 

(a) Single-conductor cables and single insulated conduc
tors shall be 1 I 0 AWG or larger and shall be of a type listed and 
marked on the surface for usc in cable trays. Where 1/0 AWG 
through 4/0 AWG single-conductor cables and single insulated 
conductors arc installed in ladder cable trav, the maximum 
allowable rung spacing for the ladder cable tray shall be 
225 mm (9 in.). 

(b) Welding cables shall comply with Article 630, Part IV. 
(c) Single conductors used a"l equipment grounding 

conductors shall be insulated, covered, or bare, and thcv shall 
be 4 AWG or larger. 

· 
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Table 392.10(A) Wuing Methods 

Wuing Method 

Annored cahle: Type AC 
CATV cables 
eta. .... 2 and eta. .... 3 cables 
Communications cables 
Communications racewap• 
Electrical metallic tubing: EMT 
Elecuical nonmetallic tubing: E:'\T 
Fire alarm cables 

. 

Flexible metal conduit: F�IC 
Flexible metallic tubing: FMT 
lnstmmentation tray cable: Type lTC 
Intermediate metal conduit: IMC 
Liquidtight flexible metal conduit: LF�IC 
Liquidtight flexible nonmetallic conduit: LFNC 
Metal-clad cable: Type MC 
Mineral-insulated, metal-sheathed cable: Type �II 
Network-powered broadband communications 

cables 
Nonmetallic-sheathed cable: T}pes NM, NMC, 

and NMS 
Non-power-limited lire alarm cable 
Optical fiber cables 
Other f.tctorv-a.•sembled, multiconductor 

control, signal, or power cables that are 
specifically approved for installation in cable 

tmp• 
Power and conu·oJ tmy cable: T}pe TC 
Power-limited lire alarm cable 
·Power-limited tray cable 
Rigid metal conduit: RMC 
Rigid pol}"\-inyl chloride conduit: PVC 
Reinforced thermosetting resin conduit: RTRC 
Senice-enll<mce cable: T}pes SE and L'SE 
Underground feeder and branch-circuit cable: 

T}pe L'F 

Article 

320 
800 and 820 
722 and 725 
800 and 805 

800 
358 
362 

722 and 760 
348 
360 
341 
342 
350 
356 
330 
332 

800 and 830 

334 

722 and 760 
722 and 770 

336 
722 and 760 

725 
344 
352 
355 
338 
340 

(2) Single- and Multiconductor Medium Voltage Cables. 
Singl� and multiconductor medium voltage cables shall be 
Type �IV cable. Single conductors shall be installed in accord
ance l\ith 392.10(8) (1) .  

(C) Hazardous (Classified) Locations. Cable travs in hazard
ous (cla"l."lificd) locations shall contain only the cable types and 
raceways permitted by other articles in this \..ode. 

(D) Nonmetallic Cable Tray. In addition to the uses permitted 
elsewhere in 392.10, nonmetallic cable tray shall be permitted 
in corrosive arca"l and in arca"l requiring voltage isolation. 

(E) Airfield Lighting Cable Tray. In airport"l where mainte
nance and supcnision conditions ensure that only qualified 
persons can access, install, or scnicc the cable, airfield lighting 
cable used in series circuit"l that arc rated up to 5000 volt"l and 
arc powered by constant current regulators shall be permitted 
to be installed in cable trays. 

Informational :'\ote: Federal A\iation Admini•tration (FAA) 
Ad\isory Circulars (AC.•) prm·ide additional practices and meth
od• for airpon lighting. 

392.12 Uses Not Permitted. C..ablc trav svstcms shall not be 
used in hoistways or where sutMcct to scv�rc' physical damage. 
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392.18 ARTICLE 392 - CABLE TRAYS 

392.18 Cable Tray Installation. 

(A) Complete System. \..able trays shall be installed as a 
complete system. Field bends or modifications shall be so made 
that dtc electrical continuity of dtc cable tray system and 
support for the cables is maintained. \..able tray systems shall be 
permitted to have mechanically discontinuous segments 
between cable tray runs or between cable tray runs and equip
ment. 

(B) Completed Before Installation. Each run of cable tray 
shall be completed before me installation of cables. 

(C) Covers. In portions of runs where additional protection is 
required, covers or enclosures prmiding the required protec
tion shall be of a material that is compatible with the cable tray. 

(D) Through Partitions and Walls. \..able trays shall be permit
ted to extend transversely through partitions and walls or verti
cally through platforms and floors in wet or dry locations 
where me installations, complete with installed cables, arc 
made in accordance "ith 300.21 .  

(E) Exposed and Accessible. \..able trays shall be exposed and 
accessible, except as permitted by 392.18(D). 

(F) Adequate Access. Sufficient space shall be provided and 
maintained about cable trays to permit adequate access for 
installing and maintaining the cables. 

(G) Raceways, Cables, Boxes, and Conduit Bodies Supported 
from Cable Tray Systems. In industrial facilities where concli
tions of maintenance and supervision ensure mat only quali
fied persons scnicc me installation and where the cable tray 
systems arc designed and installed to support me load, such 
systems shall be permitted to support raceways and cables, and 
boxes and conduit bodies covered in 314.1. For raceways termi
nating at the tray, a listed cable tray clamp or adapter. shall be 
used to securely fasten the raceway to the cable tray system. 
Additional supporting and securing of me raceway shall be in 
accordance with me appropriate raceway article. For raceways 
or cables running parallel to and attached to dte bottom or 
side of a cable tray system, fastening and supporting shall be in 
accordance wid1 the appropriate raceway or cable article. 

For boxes and conduit bodies attached to dle bottom or side 
of a cable tray system, fa-.tening and supporting shall be in 
accordance "id1 314.23. 

(H) Marking. \..able trays containing conductors operating 
over f>OO volts shall have a permanent, legible warning notice 
cartying the wording MDAJ'\GER - HIGH VOLTAGE - KEEP 
AWAY" placed in a readily visible position on all cable trays, 
widl the spacing of warning notices not to exceed 3 m  (10 ft).  
The danger marking(s) or labels shall comply with 1 10.21 (B). 

Exception: Mum• not acres.�ible (as aJ1pli1'4 to equipment), in industrial 
establishments where the ronditions of maintenance mul .ruperuision 
en.ru11' that on{}· qualified persons sn-uire the installation, rable tray 
system warning notices shall be /orated where neres.�ary for the instalhl
tifm to en.m1-e saft maintenanre and oJII'mtion. 

392.20 Cable and Conductor Installation. 

(A) Multiconductor Cables Operating at 1000 Volts or Less. 
Multiconductor cables operating at 1000 volts or less shall be 
permitted to be installed in me same tray. 

(B) Cables Operating at Over 1000 Volts. Cables operating at 
over 1000 volt-. and dlose operating at 1000 volt-. or lcs.o; 
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installed in the same cable tray shall comply with cidlcr of me 
follo"ing: 
(1) The cables operating at over 1000 volt-. arc Type MC. 
(2) The cables operating at over 1000 volt-. arc separated 

from the cables operating at 1000 volt-. or lcs.o; by a solid 
fixed barrier of a material compatible widl the cable tray. 

(C) Connected in Parallel. Where single conductor cables 
comprising each pha-.c, neutral, or grounded conductor of an 
alternating-current circuit arc connected in parallel a-. permit
ted in 310.10(G), the conductors shall be installed in groups 
consisting of not more than one conductor per pha-.c, neutral, 
or grounded conductor to prevent current imbalance in me 
paralleled conductors due to inductive reactance. 

Single conductors shall be securely bound in circuit groups 
to prevent exccs.-.ivc movement due to fault-current magnetic 
forces unlcs.-. single conductors arc cabled together, such a-. 
triplexed ao;semblics. 

(D) Single Conductors. \\"lu:rc any of the single conductors 
installed in ladder or vcntiiatcd trough cable trays arc 1/0 
through 4/0 AWG, all single· conductors shall be installed in a 
single layer. Conductors that arc bound together to comprise 
each circuit group shall be permitted to be installed in other 
than a single layer. 

392.22 Number of Conductors or Cables. 

(A) Number of Multiconductor Cables, Rated 2000 Volts or 
Less, in. Cable Trays. The number of multiconductor cables, 
rated 2000 volt-. or lcs.-., pcnnittcd in a single cable tray shall 
not exceed the requirement-. of this section. The conductor 
sizes shall apply to born aluminum and copper conductors. 
'\\-llcrc dividers arc used, fill calculations shall apply to each 
divided section of the cable tray. 

( 1) Ladder or Ventilated Trough Cable Trays Containing Any 
Mixture of Cables. \\llcrc ladder or ventilated trough cable 
trays contain multiconductor power or lighting cables, or any 
mixture of multiconductor power, lighting, control, and signal 
cables, the maximum number of cables shall confonn to 
392.22(A) (l  ) (a) dlrough (A) (l  ) (c). 

(a) \\llcrc all of me cables arc 4/0 AWG or larger, me 
sum of the diameters of all cables shall not exceed the cable 
tray width, and the cables shall be installed in a single layer. 
\\"llcrc the cable ampacity is determined according to 
392.80(A) ( l ) (c), the cable tray "idth shall not be Jcs.-. than me 
sum of me diameters of the cables and the sum of the required 
spacing widdts between the cables. 

(b) \\"llcrc all of the cables arc smaller than 4/0 AWG, 
the sum of me cros.o;-sectional area-. of all cables shall not 
exceed me maximum allowable cable fill area in Column 1 of 
Table 392.22(A) (1)  for me appropriate cable tray widdt. 

(c) '\\-llcrc 4/0 AWG or larger cables arc installed in me 
same cable tray "ith cables smaller than 4/0 AWG, the sum of 
the cross-sectional area-. of all cables smaller than 4/0 AWG 
shall not exceed the maximum allowable fill area resulting 
from me calculation in \..olumn 2 of Table 392.22 (A) (1)  for 
the appropriate cable tray width. The 4/0 AWG and larger 
cables shall be installed in a single layer, and no other cables 
shall be placed on dlcm. 

(2) Ladder or Ventilated Trough Cable Trays Containing Multi
conductor Control and/ or Signal Cables Only. \\llcrc a ladder 
or ventilated trough cable tray having a usable inside depth of 
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ARTICLE 392 -\ABLE TRAYS 392.22 

Table 392.22(A)(l) Allowable Cable Fill Area for Multiconductor Cables in Ladder, Ventilated Trough, or Solid Bottom Cable Trays 
for Cables Rated 2000 Volts or Less 

Maximum Allowable Fill Area for Mulliconductor Cables 

Ladder or Ventilated Trough or Wire Mesh Cable Trays, 392.22(A)( I) Solid Bottom Cable Trays, 392.22(A)(3) 

Column I Column 3 Applicable Column 4" 
luside Width Applicable for 392.22(A)(I)(b) Column !" for 392.22(A)(3)(b) Applicable for 392.22(A)(3)(c) 
of Cable Tray Only Applicable for 392.22(A)(I)(c) Only Only Only 

mm in. mmz in.! 
50 2.0 1 ,500 2.5 

100 4.0 3,000 4.5 
150 6.0 4,500 7.0 
200 8.0 6,000 9.5 
225 9.0 6,800 10.5 
300 12.0 9,000 14.0 
400 16.0 12,000 18.5 
450 18.0 13,500 21.0 

mmz 
1 ,500 - (30 Sd)b 
3,000 - (30 Sd)b 
4,500 - (30 Sd)b 
6,000 - (30 Sd)b 
6,800 - (30 Set) 
9,000 - (30 Set) 
12,000 - (30 Sd) 
13,500 - (30 Sd) 

• z m. 

2.5 - ( 1.2 Sd)b 
4.5 - ( 1.2 Set) 
7 - (1 .2 Set) 

9.5 - ( 1.2 Sd) 
10.5 - (1.2 Sd) 
1 4 - ( 1.2 Sd) 

18.5 - (1.2 Sd) 
21 - ( 1.2 Sd) 

mmz • z m. mmz • ! m. 

1 ,200 2.0 1 ,200 - (25 Sd)b 2.0 - Sdb 
2,300 3.5 2,300 - (25 Set) 3.5 - Sd  
3,500 5.5 3�'>00 - (25 Sd)b 5.!">-Sd 
4,500 7.0 4,500 - (25 Set) 7.0 - Sd  
5,100 8.0 5,100 - (25 Sd) 8.0 - Sd  
7,100 1 1 .0 7,100 - (25 Sd) 1 1.0 - Set  
9,400 14.5 9,400 - (25 Set) 14.5 - Sd  

10,600 16.5 10,600 - (25 Sd) 16.5 - Sd  
500 20.0 15,000 23.5 15,000 - (30 Sd) 23.5 - (1.2 Sd) 1 1 ,800 18.5 1 1 ,800 - (25 Sd) 18.5 - Sd  
600 24.0 18,000 28.0 18,000 - (30 Sd) 28 - ( 1.2 Sd) 14,200 22.0 14,200 - (25 Sd) 22.0 - Sd  
750 30.0 22,500 35.0 22,500 - (30 Set) 35 - ( 1.2 Sd) 17,700 27.5 17,700 - (25 Sd) 27.5 - Sd  
900 36.0 27,000 42.0 27,000 - (30 Sd) 42 - ( 1.2 Sd) 21,300 33.0 21,300 - (25 Sd) 33.0 - Sd  

"'The ma.x1mnm allowable fill area.• m Columns 2 and 4 shall be calculated. For example, the maXJmt•m·allowable fill m mm2 for a 150-mm \\ide cable 
tray in Column 2 shall be 4500 minus (30 multiplied by Sd) [the maximum allowable fill, in square inches, for a fi.in. "ide cable trdy in C..olnmn 2 
shall be 7 minus ( 1.2 multiplied by Set)). 
hyhe term Sd in Column• 2 and 4 is  equal to the snm of the diameters, in mm, of all cable�< 107.2 mm (in inches, of all 4/0 AWG) and larger 
multicondnctor cables in the same cable tray \\ith smaller cables. 

150 mm (6 in.) or lcs.� contains multiconductor control and/or 
signal cables only, the sum of the cros."Hicctional areas of all 
cables at any cros.o; section shall not exceed 50 percent of the 
interior cros.�-scctional area of the cable tray. A depth of 
150 mm (6 in.) shall be used to calculate dtc allowable interior 
cros.�ctional area of any cable tray that hao; a usable inside 
dcpd1 of more than 150 mm (6 in.). 

(3) Solid Bottom Cable Trays Containing Any Mixture of 
Cables. \\'here solid bottom cable trays contain multiconduc
tor power or lighting cables, or any mixture ofmulticonductor 
power, lighting, control, and signal cables, the maximum 
number of cables shall conform to 392.22(A) (3) (a) through 
(A) (3)(c). 

· 

(a) \\'here all of the cable!! are 4/0 AWG or larger, the 
sum of the diameters of all cables shall not exceed 90 percent 
of the cable tray l\idth, and the cables shall be installed in a 
single layer. 

(b) \\'here all of the cables arc smaller than 4/0 AWG, 
the sum of the cros."Hicctional arcao; of all cables shall not 
exceed the maximum allowable cable fill area in Column 3 of 
Table 392.22(A) (1) for the appropriate cable tray widd1. 

(c) Where 4/0 AWG or larger cables arc installed in the 
same cable tray "ith cables smaller than 4/0 AWG, the sum of 
the cros."Hicctional arcao; of all cables smaller dtan 4/0 AWG 
shall not exceed the maximum allowable fill area resulting 
from the computation in Column 4 of Table 392.22(A) (1)  for 
the appropriate cable tray width. The 4/0 AWG and larger 
cables shall be installed in a single layer, and no odtcr cables 
shall be placed on them. 

(4) Solid Bottom Cable Tray Containing Multiconductor 
Control and/ or Signal Cables Only. \\'here a solid bottom 
cable tray having a usable inside depth of 150 mm (6 in.) or 
lcs.� contains multiconductor control and/or signal cables only, 
the sum of the eros.� sectional arcao; of all cables at any eros.� 
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.Table 392.22(A) (5) Allowable Cable Fill Area for 
-Multiconductor Cables in Ventilated Channel Cable Trays for 
Cables Rated 2000 Volts or Less 

Inside Width of 
Cable 'Ihly 

mm in. 

75 3 
100 4 
150 6 

Maximum Allowable Fill Area for 
Multiconductor Cables 

Column 2 
Column I More Than 
One Cable One Cable 

mm2 • 2 m. mm2 • 2 m. 

1500 2.3 850 1 .3 
2900 1.5 1600 2.5 
4500 7.0 2450 3.8 

section shall not exceed 40 percent of the interior cros.o;
sectional area of the cable tray. A depth of 150 mm (6 in.) shall 
be used to calculate the allowable interior cros.�ctional area 
of any cable tray dtat has a u...ablc inside depth of more than 
150 mm (6 in.). 

(5) Ventilated Channel Cable Trays Containing Multiconductor 
Cables of Any Type. Where ventilated channel cable trays 
contain multiconcluctor cables of any type, 392.22(A) (5) (a) 
and (A) (5) (b) shall apply. 

(a) \\'here onlv one multiconductor cable is installed, the 
cros.�ctional area ·shall not exceed the value specified in 
Column 1 of Table 392.22(A) (5) . 

(b) \\'bcrc more dtan one multiconductor cable is 
installed, the sum of the cros.o;-scctional area of all cables shall 
not exceed the value spccificcl in Column 2 of Table 392.22(A) 
(5). 

(6) Solid Channel Cable Trays Containing Multiconductor 
Cables of Any Type. \\'bcrc solid channel cable trays contain 
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392.22 ARTICLE 392 -CABLE TRAYS 

multiconductor cables of any type, 392.22(A) (6) (a) and (A) (6) 
(b) shall apply. 

(a) \\'here onlv one multiconductor cable is installed, the 
cross-sectional area ·of the cable shall not exceed the value 
specified in Column 1 ofTablc 392.22(A) (6). 

(b) \\'here more than one multiconductor cable is 
installed, the sum of the cros.'Hiectional area of all cable shall 
not exceed the value specified in Column 2 of Table 392.22(A) 
(6). 

(B) Number of Single-Conductor Cables, Rated 2000 Volts or 
Less, in Cable Trays. The number of single conductor cables, 
rated 2000 volts or lcs.�, permitted in a single cable tray section 
shall not exceed the requirements of dtis section. The single 
conductors, or conductor assemblies, shall be cvcnlv distrib
uted acros.� dtc cable tray. The conductor sizes shall· apply to 
both aluminum and copper conductors. 

(1) Ladder or Ventilated Trough Cable Trays. \\'here ladder or 
ventilated trough cable trays contain single-conductor cables, 
the maximum number of single conductors shall conform to 
392.22(B) (1) (a) through (B) (1)  (d). 

(a) \\'here all of the cables arc 1000 kcmil or larger, the 
sum of the diameters of all single-conductor cables shall not 
exceed the cable trav width, and the cables shall be installed in 
a single layer. Cond�ctors that arc bound together to comprise 
each circuit group shall be permitted to be installed in other 
than a single layer. 

(b) Where all of dtc cables arc from 250 kcmil through 
900 kcmil, the sum of dtc cross-sectional area� of all single
conductor cables shall not exceed the maximum allowable 
cable fill area in Column I of Table 392.22(B) (1) for the 
appropriate cable tray "idth. 

(c) Where 1000 kcmil or larger single-conductor cables 
arc installed in the same cable tray wid1 single-conductor cables 
smaller than 1000 kcmil, the sum of the cross sectional areas of 
all cables smaller dtan 1000 kcmil shall not exceed the maxi
mum allowable fill area resulting from the computation in 
Column 2 of Table 392.22(B) (I)  for dtc appropriat� cablc tray 
width. 

(d) Where any of the single conductor cables arc 1/0 
through 4/0 AWG, the sum of dtc diameters of all single 
conductor cables shall not exceed the cable tray widd1. 

(2) Ventilated Channel Cable Trays. Where 50 mm (2 in.), 
75 mm (3 in.), 100 mm (4 in.), or 150 mm (6 in.) wide ventila
ted channel cable trays contain single-conductor cables, the 
sum of the diameters of all single conductors shall not exceed 
the inside widd1 of the channel. 

(C) Number of 'JYpe MV and 'JYpe MC Cables (2001 Volts or 
Over) in Cable Trays. The number of cables rated 2001 volts 

Table 392.22(A) (6) Allowable Cable Fill Area for 
Multiconductor Cables in Solid Channel Cable Trays for Cables 
Rated 2000 Volts or Less 

Inside Width of Column 1 Column 2 More 
Cable Tray One Cable Than One Cable 

mm in. mm2 in.2 mm2 • 2 m. 

50 2 850 1.3 500 0.8 
75 3 1300 2.0 700 1.1  

100 4 2100 3.7 1400 2.1 
150 6 3600 5.5 2100 3.2 
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or over permitted in a single cable tray shall not exceed the 
requirement� of dtis section. 

The sum of the diameters of single-conductor and multicon
ductor cables shall not exceed the cable tray "idth, and the 
cables shall be installed in a single layer. \\'here single conduc
tor cables arc triplcxcd, quadruplcxcd, or bound together in 
circuit groups, the sum of the diameters of the single conduc
tors shall not exceed the cable tray width, and dtcsc groups 
shall be installed in single layer arrangement. 

392.30 Securing and Supporting. 

(A) Cable Trays. C..ablc trays shall be supported at intervals in 
accordance wid1 the installation instructions. 

(B) Cables and Conductors. C..ablcs and conductors shall be 
secured to and supported by the cable tray system in accord
ance l\ith the follm\ing, a� applicable: 
(1) In other than horizontal runs, dtc cables shall be fa�tcncd 

securely to transverse members of the cable tray. 
(2) Support� shall be prmided to prevent strcs.� on cables 

where they enter raceways from cable tray systems. 
(3) The system shall· pr<J\idc for the support of cables and 

raceway \\iring_ methods in accordance with their corre
sponding articles. \\'bcrc cable trays support individual 
conductors or multiconductor cables and where the 
conductors or multiconductor cables pa"l.� from one cable 
tray to another, or from a cable tray to raccway(s) or from 
a eable tray to equipment where the conductors arc 
terminated, the distance between the cable travs or 
between the cable tray and the raccway(s) or the �quip
mcnt shall not exceed 1.8 m (6 ft).  The conductors shall 
be secured to dtc cable tray(s) at the transition, and dtcy 
shall be protected, by guarding or by location, from physi
cal damage. 

(4) Cable tics shall be listed and identified for the application 
and for securement and support. 

392.44 Expansion Splice Plates. Expansion splice plates for 
cable trays shall be provided where ncccs.�ry to compensate 
for dtcrmal expansion and contraction. 

392.46 Bushed Conduit and Tubing. A box shall not be 
required where cables or conductors arc installed in bushed 
conduit and tubing used for support or for protection against 
physical damage or where conductors or cables transition to a 
raceway \\iring method from the cable tray. Conductors shall 
be permitted to enter equipment in accordance v.ith 392.46(A) 
or (B). 

(A) Through Bushed Conduit or Tubing. Indilidual conduc
tors or multiconductor cables "ith cntirelv nonmetallic sheaths 
shall be permitted to enter enclosures where they arc termina
ted through nonflcxiblc bushed conduit or tubing installed for 
their protection provided dtcy arc secured at the point of tran
sition from the cable tray and the conduit or tubing is scaled at 
the outer end using an approved means so a� to prevent debris 
from entering dtc equipment through the conduit or tubing. 

(B) Flanged Connections. Indhidual conductors or multicon
ductor cables "ith entirely nonmetallic sheaths shall be permit
ted to enter enclosures through openings a"l.�ociatcd with 
flanges from cable trays where the cable tray is attached to the 
flange and the flange is mounted directly to the equipment. 
The openings shall be made such that the conductors arc 
protected from abra�ion and the opening shall be scaled or 
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ARTICLE 392 -CABLE TRAYS 392.80 

Table 392.22(8) (I) Allowable Cable Fill Area for Single-Conductor Cables in Ladder, Ventilated 
Trough, or Ware Mesh Cable Trays for Cables Rated 2000 Volts or Less 

Maximum Allowable Fill Area for Single-Conductor 
Cables in Ladder, Ventilated Trough, or WJre Mesb Cable Trays 

Column I Column 2" 
Applicable for 39U2(B)(l)(b) Applicable for 392.22(B)(l)(c) 

Inside Width of Cable Tray Only Only 

mm in. mmf • 2 m. mmf in.2 

50 2 1,100 2.0 1,100 - (28 Scl)b 2.0 - (1.1  Scl)b 
100 1 2,800 4.5 2,800 - (28 Sd) 4.5 - (1 .1  Sci) 
150 6 4,200 6.5 4,200 - (28 Sd)b 6.5 - (1.1  Scl)b 
200 8 5,600 8.5 5,600 - (28 Sd) 8.5 - (1 .1  Sci) 
225 9 6,100 9.5 6,100 - (28 Sci) 9.5 - (1 .1  Sci) 
300 12 8,100 13.0 8,100 - (28 Sci) 13.0 - ( 1.1  Sci) 
100 16 1 1 ,200 17.5 1 1,200 - (28 Sd) 17.5 - (1.1  Sci) 
150 18 12,600 19.5 12,600 - (28 Sd) 19.5 - (1.1  Sci) 
500 20 14,000 21.5 11,000 - (28 Sd) 21.5 - ( 1.1  Sci) 
600 21 16,800 26.0 16,800 - (28 Sd) 26.0 - (1.1  Sci) 
750 30 21 ,000 32.5 21,000 - (28 Sd) 32.5 - (1.1  Sci) 
900 36 25,200 39.0 25,200 - (28 Sd) 39.0 - ( 1.1  Sci) 

"'The ma.ximum allowable fill area.• in Column 2 shall be calculated. For example, the maximum allowable fill, 
in mm2, for a 150-mm wide cable tray in \ .. olumn 2 shall be 4200 minlL• (28 multiplied by Sd) {the maximum 
allowable fill, in square inches, for a 6-in. wide cable tray in \ .. olumn 2 shall be 6.5 minus ( .1 .1 multiplied by 
Sd)). 
"The term Sd in \ .. olumn 2 is equal to the sum of the diameters, in mm, of all cables 507 mm2 (in inches, of all 
1000 kcmil) and larger single-conductor cables in the same cable tray "ith small cables. 

covered to prevent debris from cmcring the enclosure through 
the opening. 

Informational Note: One method of preventing debri• from 
entering the enclosure i• to seal the outer end of the rdceway or 
the opening \\ith duct seal. 

392.56 Cable Splices and Type MV Cable Joints. Cable splices 
and Type �IV cable joint"l made and insulated by approved 
mcthod"l shall be permitted to be located within a cable tray, 
prm-idcd they arc accessible. Splices and Type MV cable joint"l 
shall be permitted to project above the side rails where not 
sutMcct to physical damage. 

392.60 Grounding and Bonding. 

(A) Metal Cable Trays. :Metal cable trays shall be permitted to 
be used as equipment groWlding conductors where continuous 
maintenance and supervision ensure that qualified persons 
scnicc the installed cable tray system and the cable tray 
complies l\idt this section. Metal cable trays that support elec
trical conductors shall be grounded a"l required for conductor 
enclosures in accordance with 250.96 and Part IV of Article 
250. :Metal cable trays containing only non-power conductors 
shall be electrically continuous through approved connections 
or the usc of a bondingjumpcr. 

Informational l'ote: Examples of non-power conductors include 
nonconductive optical fiber cables and Cla.'i.• 2 and Cla.'i.• 3 
remote-control, signaling, and power-limited circuit•. 

(B) Steel or Aluminum Cable Tray Systems. Steel or aluminum 
cable tray systems shall be permitted to be used a"l cquipmclll 
grounding conductors, provided all the following rcquircmcnt"l 
arc met: 
(1) The cable tray sections and fittings arc identified a"l an 

cquipmcm grounding conductor. 
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(2) The minimum cros.'Hiectional area of cable trays conform 
to the rcquircmcnt"l in Table 392.60(8). 

(3) All cable tray sections and fittings arc legibly and durably 
marked to show the cros.'Hiectional area of metal in chan
nel cable trays, or cable trays of one-piece construction, 
and the total cross-sectional area of bodt side rails for 
ladder or trough cable trays. 

(4) Cable tray sections, fittings, and connected raceways arc 
bonded in accordance with 250.96, using bolted mechani
cal connectors or bonding jumpers sized and installed in 
accordance "idt 250.102. 

(C) Transitions. \\'here metal cable tray systems arc mechani
cally discontinuous, a"l permitted in 392.18(A) , a bonding 
jumper sized in accordance with 250.102 shall connect the two 
sections of the cable tray, or the cable tray and the raceway or 
cquipmcm. Bonding shall be in accordance with 250.96. 

392.80 Ampacity of Conductors. 

(A) Ampacity of Cables, Rated 2000 Volts or Less, in Cable 
Trays. 

Informational l'ote: See 1 10.14(C) for conductor temperature 
limitations due to termination pro\i•ions. 

(I) Multiconductor Cables. The ampacity of multiconductor 
cables, nominally rated 2000 volt"l or lcs."l, installed according to 
the rcquircmcnt"l of 392.22(A) shall be a"l given in Table 310.16 
and Table 310.18, subject to 392.80(A) ( 1 ) (a), (A) ( l ) (b), 
(A) (1 ) (c), and 310.14(A) (2). 

(a) The acljustmcnt factors of 310.15(C) (1) shall apply 
only to multiconductor cables "ith more than three currcnt
cartying conductors. Acljustmcnt factors shall be limited to the 
number of currcnt-car!Jing conductors in the cable and not to 
the number of conductors in the cable tray. 
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392.80 ARTICLE 392 - CABLE TRAYS 

Table 392.60(8) Metal Area Requirements for Cable Trays 
Used as Equipment Grounding Conductor 

Maximum Fuse Ampere Raling, 
Circuit Breaker Ampere 'llip 
Setting, or Circuit Breaker 

Protective Relay Ampere 'llip 
Setting for Ground-Fault 

Protection of Any Cable Circuit 
in the Cable 'Ihly System 

60 
100 
200 
400 
600 

1000 
1200 
1600 
2000 

Minimum Cross-Sectional Area of 
Metal' 

Steel Cable Aluminum Cable 
Trays Trays 

mmz • ! m. mmr • f m. 

129 0.20 129 0.20 
258 0.40 129 0.20 
451.5 O.iO 129 0.20 
645 1 .00 258 0.40 
96i.5 1 .50' 258 0.40 

38i 0.60 
645 1.00 
967.5 1 .50 

1290 2.001 

'Total cros.'rsectional area of both side rails for ladder or trough cable 
trays; or the minimum cros.'rsectional area of metal in channel cable 
trays or cable trays of one-piece construction. 
1Steel cable u-ays shall not be lL'Ied a.• equipment grounding conductors 
for circuiL• \\ith ground-fault protection above 600 amperes. Aluminum 
cable trdys shall not be used a.• equipment grounding conductors for 
circuiL• \\ith ground-fault protection above 2000 amperes. 

(b) \\'here cable trays arc continuously covered for more 
than 1.8 m (6 ft) with solid unventilated covers, not over 
95 percent of the ampacitics of Table 310.16 and Table 310.18 
shall be permitted for multiconductor cables. 

(c) Where multiconductor cables arc installed in a single 
layer in uncovered trays, "ith a maintained spacing of not lcs.� 
than one cable diameter between cables, the ampacity shall not 
exceed the ambient temperature-corrected ampacitics of multi
conductor cables, "idt not more dtan three insulated conduc
tors rated 0 mrough 2000 volts in free air, in accordance wim 
310.14(8). 

Informational :'\ote: See Informative Annex 8, Table 8.2(3). 

(2) Single-Conductor Cables. The ampacity of single
conductor cables shall be as permitted by 310.14(A) (2). The 
adjustment factors of 310.15(C) (1 )  shall not apply to me 
ampacity of cables in cable trays. The ampacity of single
conductor cables, or single conductors cabled together 
(triplcxcd, quadruplcxcd, and so form), nominally rated 
2000 volts or lcs.�, shall comply wid1 392.80(A) (2) (a) mrough 
(A) (2)(d). 

(a) \\'here installed according to dtc requirements of 
392.22(8), the ampacitics for 600 kcmil and larger single
conductor cables in uncovered cable trays shall not exceed 
75 percent of the ampacitics in Table 310.17 and Table 310.19. 
\\'here cable trays arc continuously covered for more than 
1 .8 m (6 ft) "idt solid unventilated covers, dtc ampacitics for 
600 kcmil and larger cables shall not exceed 70 percent of me 
ampacitics in Table 310.17 and Table 310.19. 

(b) \\'here installed according to the requirements of 
392.22(8), the ampacitics for l/0 AWG duough 500 kcmil 
single-conductor cables in uncovered cable trays shall not 
exceed 65 percent of the ampacitics in Table 310.17 and Table 
310.19. \\'bcrc cable trays arc continuously covered for more 
than 1.8 m (6 ft) with solid unventilated covers, the ampacitics 
for 1/0 AWG through 500 kcmil cables shall not exceed 
60 percent of the ampacitics in Table 310.17 and Table 310.19. 
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(c) \\-bcrc single conductors arc installed in a single 
layer in uncovered cable trays, l\ith a maintained space of not 
lcs.� than one cable diameter between indi\idual conductors, 
the ampacity of l/0 AWG and larger cables shall not exceed 
the ampacitics in Table 310.17 and Table 310.19. 

Exception to (c): Fm· solid bottom rable l11lJ'S, the ampacit_v of single 
conductm· rabies shall be determined by 31 0.14( B). 

(d) Where single conductors arc installed in a triangular 
or square configuration in uncovered cable trays, l\ith a main
tained free airspace of not lcs.� than 2.15 times one conductor 
diameter (2.15 x O.D.) of the largest conductor contained 
wimin dtc configuration and adjacent conductor configura
tions or cables, me ampacity of 1/0 AWG and larger cables 
shall not exceed me ampacitics of two or mrcc single insulated 
conductors rated 0 mrough 2000 volts supported on a messen
ger in accordance "ith 310.15. 

Informational :'\ote: See Table 310.20. 

(3) Combinations of Multiconductor and Single-Conductor 
Cables. \\'here a cable trav contains a combination of multi
conductor and singlc-condi.ctor cables, me ampacitics shall be 
as given in 392.80(A) (1)  for multiconductor cables and 
392.80(A) (2) for single-conductor cables, provided mat me 
follo"ing conditions apply: 
(1) The suni of me multiconductor cable fill area a� a 

percentage of the allowable fill area for the tray calcula
ted in accordance wim 392.22(A), and the single
conductor cable fill area a� a percentage of the allowable 
fill area for the tray calculated in accordance wim 
392.22(8), totals not more man 100 percent. 

(2) Multiconductor cables arc installed according to 
392.22(A) , and single-conductor cables arc installed 
according to 392.22(8) and 392.22(C). 

(B) Ampacity of Type MV and Type MC Cables (2001 Volts or 
Over) in Cable Trays. The ampacity of cables, rated 2001 volts, 
nominal, or over, installed according to 392.22(C) shall not 
exceed me requirement� of dtis section. 

Informational l'ote: See 1 10.40 for conductor temperature limi
tations due to termination pm,isions. 

(1) Multiconductor Cables (2001 Volts or Over). The ampacity 
of multiconductor cables shall be a� given in Table 315.60(C) 
(9) and Table 315.60(C) (10), subject to me following: 
(1) \\'bcrc cable trays arc continuously covered for more 

than 1 .8 m (6 ft) with solid unventilated covers, not more 
than 95 percent of me ampacitics of Table 315.60(C) (9) 
and Table 315.60(C) (10) shall be permitted for multicon
ductor cables. 

(2) \\'bcrc multiconductor cables arc installed in a single 
layer in uncovered cable trays, with maintained spacing of 
not lcs.� than one cable diameter between cables, me 
ampacity shall not exceed the allowable ampacitics of 
Table 315.60(C) (5) and Table 315.60(C) (6). 

(2) Single-Conductor Cables (2001 Volts or Over). The ampac
ity of single-conductor cables, or single conductors cabled 
together (triplcxcd, quadruplcxcd, and so form), shall comply 
wim dtc follo"ing: 
(1) The ampacitics for 1/0 AWG and larger single-conductor 

cables in uncovered cable trays shall not exceed 
75 percent of me ampacitics in Table 315.60(C) (3) and 
Table 315.60(C) (4). \\'bcrc dtc cable trays arc covered for 
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ARTICLE 393 - LOW-VOLTAGE St:SPEJ'\DED CEILI:"'G PO\\''ER DISTRIBUTI0:"-1 SYSTE�lS 393.14 

more than 1.8 m (6 ft) l\idt solid unventilated covers, me 
ampacitics for 1/0 AWG and larger single-conductor 
cables shall not exceed 70 percent of me ampacitics in 
Table 315.60(C) (3) and Table 315.60(C) (4). 

(2) Where single-conductor cables arc installed in a single 
layer in uncovered cable trays, "id1 a maintained space of 
not less than one cable diameter between individual 
conductors, dtc ampacity of 1/0 AWG and larger cables 
shall not exceed the ampacitics in Table 315.60(C) (3) 
and Table 315.60(C) (4). 

(3) Where single conductors arc installed in a triangular or 
square configuration in uncovered cable trays, widl a 
maintained free air space of not less dtan 2.15 times me 
diameter (2.15 x O.D.) of the largest conductor 
contained l\ithin me configuration and adjacent conduc
tor configurations or cables, the ampacity of 1/0 AWG 
and larger cables shall not exceed dtc ampacitics in Table 
315.60(C) (1 )  and Table 315.60(C) (2) . 

Part m. Construction Specifications 

392.100 Construction. 

(A) Strength and Rigidity. C-able trays shall have suitable 
strength and rigidity to prmidc adequate support for all 
contained \\iring. 
(B) Smooth Edges. C-able trays shall not have sharp edges, 
burrs, or projections that could damage dtc insulation or jack
ets of me wiring. 
(C) Corrosion Protection. C-able tray systems shall be corro
sion resistant. If made of ferrous material, me system shall be 
protected from corrosion as required by 300.6. · 

(D) Side Rails. C-able trays shall have side rails or equivalent 
structural members. 
(E) Fittings. Cable trays shall include fittings or other suitable 
means for changes in direction and elcl"ation of runs. 
(F) Nonmetallic Cable Tray. :"'onmctallic cable trays shall be 
made of flame-retardant material. 

ARTICLE 393 
Low-Voltage Suspended Ceiling Power 

Distribution Systems 

Part I. General 

393.1 Scope. This article covers the installation of low-voltage 
suspended ceiling power distribution systems. 
393.6 Listing Requirements. Suspended ceiling power distri
bution systems and associated fittings shall be listed as in 
393.6(A) or (B). 
(A) Listed System. Low-voltage suspended ceiling distribution 
systems operating at 30 volts ac or less or 60 volts de or lcs.� 
shall be listed a"l a complete system, "id1 the utilization equip
ment, power supply, and fittings a� part of the same identified 
system. 
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(B) Assembly of Listed Parts. A low-voltage suspended ceiling 
power distribution system a"lscmblcd from the follm\ing part"l, 
listed according to the appropriate function, shall be permit
ted: 
(1) Listed low-voltage utilization equipment 
(2) Listed Cla�s 2 power supply 
(3) Listed or identified fittings, including connectors and 

grid rails widl bare conductors 
(4) Listed low-voltage cables in accordance with 722.179, 

conductors in racc\\"ays, or other fixed "iring mcthod"l for 
the secondary circuit 

Part II. Installation 

393.10 Uses Permitted. Low-voltage suspended ceiling power 
distribution systems shall be permancndy connected and shall 
be permitted a� follows: 
(1)  For listed utilization equipment capable of operation at a 

maximum of 30 v(')lts ac (42.4 volt� peak) or 60 volt"l de 
(24.8 volt"l peak for de interrupted at a rate of 10 Hz to 
200 Hz) and limited to Cla"l.� 2 power levels in Chapter 9, 
Table 1 1  (A) and Table 1 1  (B) for lighting, control, and 
signaling circuit�. 

(2) In indoor dry locations. 
(3) For residential, commercial, and industrial installations. 
(4) 1!1 oilier spaces used for environmental air in accordance 

"idl 300.22(C), electrical equipment having a metal 
enclosure, or "ith a nonmetallic enclosure and fittings, 
shall be listed for usc l\ithin an air-handling space and 
shall have adequate fire-resistant and low-smoke
producing characteristics and a"lsociatcd \\iring material 
suitable for dtc ambient temperature. 

Informational l'ote: See A:'\SI/t:L 2043-2018, Hre 1est for Hwt 
and Visibl£ S111okl' &il'a.v for Di<rrl'll' Product.< and Their .4rrl!.<.<nrii<t 
lnstalkd in Air-Handling Spat:�'>, for one method of defining 
adequate fire-resistant and low-..moke-producing characteri"ltics 
for electrical equipment "ith a nonmetallic enclosure. 

393.12 Uses Not Permitted. Suspended ceiling power distribu
tion systems shall not be installed in me following: 
(1) In damp or wet locations 
(2) \\-'here subject to corrosive fumes or \'apors, such a"l stor-

age battery room"l 
(3) \\-'here sutMcct to physical damage 
(4) In concealed locations 
(5) In hazardous (cla"l.�ificd) locations 
(6) A"l part of a fire-rated floor-ceiling or roof-ceiling a"l."lCm-

bly, unless specifically listed a"l part of me a"l."lCmbly 
(7) For lighting in general or critical patient care area� 
393.14 Installation. 

(A) General Requirements. Support "iring shall be installed 
in a neat and workmanlike manner. C-ables and conductors 
installed exposed on me surface of ceilings and sidc""alls shall 
be supported by the building structure in such a manner that 
the cable is not damaged by normal building usc. Such cables 
shall be supported by straps, staples, hangers, cable tics listed 
and identified for securement and support, or similar fittings 
designed and installed so a"l not to damage me cable. 

Informational Note: Suspended ceiling low-mhage power grid 
distribution systems should he installed by qualified persons in 
accordance "ith the manufacturer's installation instructions. 
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393.14 ARTICLE 393 - LOW-VOLTAGE St:SPEJ'\DED CEILI:"'G PO\\''ER DISTRIBUTI0:"-1 SYSTE�lS 

(B) Insulated Conductors. Exposed insulated secondary 
circuit conductors shall be listed, of the type, and installed ao; 
described ao; follows: 

( 1) Cla'l.o; 2 cable supplied by a listed Clao;s 2 power source and 
installed in accordance with Part I of Article 722 and 
Parts I and II of Article 725 

(2) Wiring medtodo; described in Chapter 3 

393.21 Disconnecting Means. 

(A) Location. A disconnecting means for the Clao;s 2 supply to 
the power grid system shall be located so ao; to be accessible and 
within sight of dte Clao;s 2 power source for servicing or mainte
nance of dte grid system. 

(B) Multiwire Branch Circuits. \\'here connected to a multi
"ire branch circuit, the disconnecting means shall simultane
ously disconnect all dte supply conductors, including the 
grounded conductors. 

393.30 Securing and Supporting. 

(A) Attached to Building Structure. A suspended ceiling low
voltage power distribution system shall be secured to the 
mounting surface of the building structure by hanging "ires, 
screws, or bolts in accordance with the installation and opera
tion instructions. �(ounting hardware, such ao; screws or bolts, 
shall be either packaged l\ith the suspended ceiling low-voltage 
lighting power distribution system, or the installation instruc
tions shall specifY dte types of mouming fao;teners to be used. 

(B) Attachment of Power Grid Rails. The individual power 
grid rails shall be mechanically secured to the overall ceiling 
grid a'l.o;cmbly. 

393.40 Connectors and Enclosures. 

(A) Connectors. Connections to busbar grid rails, cables, and 
conductors shall be made with listed insulating devices, and 
these connections shall be accessible after installation. A 
soldered connection shall be made mechanically secure before 
being soldered. Odter means of securing leado;, such ao; push-on 
tenninals and spade-type connectors, shall provide a secure 
mechanical connection. The following connectors shall be 
permitted to be used ao; connection or intcn:onnection devices: 

(1) Load connectors shall be used fm' power from the busbar 
to listed utilization equipment. 

(2) A pendant connector shall be permitted to suspend low
voltage luminaires or utilization equipment below the 
grid rail and to supply power from the busbar to the 
utilization equipmem. 

(3) A power feed connector shall be permitted to connect 
the power supply direcdy to a power distribution cable 
and to the busbar. 

(4) Rail-to-rail connectors shall be permitted to interconnect 
busbars from one ceiling grid rail to another grid rail. 

Informational :'\ote: See t.:L 310, Standard for Ekrtriral Quirk
Connect Terminal•, for quick-connect te1minal". See 
t.:L 486:\-4868, Standard for Wire l.o1mntors, for mechanical splic
ing de,ices. 

(B) Enclosures. \\'bere made in a wall, connections shall be 
installed in an enclosure in accordance with Parto; I, II, and III 
of Article 314. 
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393.45 Overcurrent and Reverse Polarity (Backfeed) Protec
tion. 

(A) Oven:urrent Protection. The listed Cla'l.o; 2 power supply 
or transfonner primary shall be protected at not greater than 
20 amperes. 

(B) Inten:onnection of Power Sources. Listed Cla'l.o; 2 sources 
shall not have the output connections paralleled or odterwise 
interconnected unless listed for such interconnection. 

(C) Reverse Polarity (Backfeed) Protection of Direct-Current 
Systems. A suspended ceiling low-voltage power distribution 
system shall be permitted to have reverse polarity (backfeed) 
protection of de circuito; by one of the following means: 

(1) If the power supply is provided ao; part of the system, the 
power supply is provided with reverse polarity (backfeed) 
protection; or 

(2) If the power supply is not provided ao; part of the system, 
reverse polarity or backfecd protection can be provided 
ao; part of the grid rail· busbar or ao; a part of the power 
feed connector. 

393.56 Sp6ces. A busbar splice shall be provided with insula
tion and mechanical protection equivalent to dtat of the grid 
rail busbars involved. 

393.57 ConnectionS. Connections in busbar grid rails, cables, 
and conductor.� shall be made with listed insulating devices and 
be accessible after installation. Where made in a wall, connec
tions shall be installed in an enclosure in accordance with Parto; 
I, Il, and III of Article 314, ao; applicable. 

393.60 Equipment Grounding Conductor. The supply side of 
the Cla'l.o; 2 power source shall be connected to an equipmem 
grounding conductor in accordance "ith the applicable 
requirement" in Part IV of Article 250. 

393.61 Grounding of Load Side of Class 2 Power Source. 
Cla'l.o; 2 load side circuito; for suspended ceiling low-voltage 
power grid distribution systems shall be permitted to be groun
ded. 

Part Ill. Construction Specifications 

393.100 Sizes and Types of Conductors. 

(A) Load Side Utilization Conductor Size. Current-carrying 
conductors for load side utilization equipment shall be copper 
and shall be 18 AWG minimum. 

Exception: Cmulttctm-s of a size smaUer than 18 A WG, but not smaUer 
than 24 A WG, shall be permilltd to be used Jm· Cia.�• 2 cin:uits. ll11m• 
used, these conductm-s shall be instaUed u.•ing a Chapter 3 wiring 
method, shall be totaU.l' enrlosed, slmU not be subject to mavement m· 
strain, mul slmU comply with tile ampacit_l' ll'.J[Uirement• in Table 
522.22. 

(B) Power Feed Bus Rall Conductor Size. The power feed bus 
rail shall be 16 AWG minimum or equivalent. For a busbar with 
a circular cros.o; section, dte diameter shall be 1 .29 mm 
(O.O:H in.) minimum, and, for odter than circular busbars, the 
area shall be 1 .32 mm2 (0.002 in.2) minimum. 
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ARTICLE 395 - Ot:TDOOR OVERHEAD COJ'\DUCTORS OVER 1000 VOLTS 395.10 

ARTICLE 394 
Concealed Knob-and-Tube Wning 

Part I. General 

394.1 Scope. This article covers the usc, installation, and 
construction specifications of concealed knob-and-tube "iring. 

Part D. Installation 

394.10 Uses Permitted. C..onccalcd knob-and-tube "iring shall 
be pcrmiucd to be installed in the hollow spaces of walls and 
ceilings, or in unfinished attics and roof spaces as prm-idcd by 
394.23, only a'i follows: 
(1) For extensions of existing installations 
(2) Elsewhere by special permission 

394.12 Uses Not Permitted. Concealed knob-and-tube "iring 
shall not be used in the following: 
(1) C..ommcrcial garages 
(2) Theaters and similar locations 
(3) Motion picture studios 
(4) Hazardous (cla'i.'iificd) locations 
(5) Hollow spaces of walls, ceilings, and attics where such 

spaces arc insulated by loose, rolled, or foamed-in-place 
insulating material that envelops the conductors 

394.17 Through or Parallel to Framing Members. Conductors 
shall comply l\ith 398.17 where pa'i.'iing through holes in struc
tural members. \\'here pa'ising through wood cros.'i members in 
pla'itcrcd partitions, conductors shall be protected by noncom
bustible, nonabsorbent, insulating tubes extending not les.'i 
than 75 mm (3 in.) beyond the wood member. 

394.19 Clearances. 

(A) General. A clearance of not lcs.'i than 75 nim (3 in.) shall 
be maintained between conductors and a clearance of not lcs.'i 
than 25 mm (1 in.) between the conductor and the surface 
over which it pa<i.'iCS. 
(B) Limited Conductor Space. \\'here space is too limited to 
prm-idc these minimum clearances, such a'i at meters, panel
board.,, oudct'i, and s"itch point'i, the individual conductors 
shall be enclosed in flexible nonmetallic tubing, which shall be 
continuous in length between dtc la'it support and the enclo
sure or terminal point. 

(C) Clearance from Piping, Exposed Conductors, and So 
Forth. C..onductors shall comply with 398.19 for clearances 
from other exposed conductors, piping, and so ford1. 

394.23 In Accessible Attics. Conductors in unfinished attics 
and roof spaces shall comply with 394.23(A) or (B). 

Informational l'ote: See 310.14(A)(3) for temperdture limita
tion of conductors. 

(A) Accessible by Stairway or Permanent Ladder. Conductors 
shall be installed along the side of or through bored holes in 
floor joist'i, stucl'i, or rafters. \\'here run duough bored holes, 
conductors in the joist'i and in stud'i or rafters to a height of 
not lcs.'i than 2.1 m (7 ft) above dtc floor or floor joist'i shall be 
protected by substantial running boards extending not lcs.'i 
than 25 mm (I in.) on each side of the conductors. Running 
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boarcl'i shall be securely fa'itcncd in place. Running board'i and 
guard strips shall not be required where conductors arc 
installed along the sides of joist'i, stud'i, or rafters. 

(B) Not Accessible by Stairway or Permanent Ladder. C..onduc
tors shall be installed along the sides of or through bored holes 
in floor joist'i, studs, or rafters. 

Exception: In buildings computed before the wiring is instaUed, attic 
and roof spaces that m1' not accessible h)• stainua_y or pem�anent ladder 
and luwe lvmlmom at all points kss than 900 711711 (3 jij, the wiring 
shall be permittl'.d to be instaUed on the edgr's of rafters or joists facing 
the attic m· mofspace. 

394.30 Securing and Supporting. 

(A) Supporting. C..onductors shall be rigidly supported on 
noncombustible, nonabsorbent insulating materials and shall 
not contact any other objcct'i. Support'i shall be installed a'i 
follows: 
(1)  Within 150 mm (6 in.) of each side of each tap or splice, 

and 
(2) At imcrvals not �cecding 1 .4 m ( 4� ft) .  

\\'here it  is impracticable to provide support'i, conductors 
shall be pcrq1ittcd to be fished through hollow spaces in dry 
locations, prmidcd each conductor is individually enclosed in 
flexible nonmetallic tubing dtat is in continuous lengths 
between !!upport'i, between boxes, or between a support and a 
box. 

(B) Securing. \\-'here solid knobs arc used, conductors shall be 
securely tied dtcrcto by tic "ires having insulation equivalent to 
that of the conductor. 

394.42 Devices. Switches shall comply with 404.4 and 
404.10(8). 

394.56 Sp6ces and Taps. Splices shall be soldered unlcs.'i 
approved splicing dcliccs arc used. In-line or strain splices shall 
not be u.'iCd. 

Part ID. Construction Specifications 

394.104 Conductors. C..onductors shall be of a type identified 
in Table 310.4(1 ) .  

ARTICLE 395 
Outdoor Overhead Conductors over 

lOOO Volts 

395.1 Scope. This article covers the usc and installation for 
outdoor overhead conductors over 1000 volt'i, nominal. 

395.10 Uses Permitted. Outdoor overhead conductors over 
1000 volt'i, nominal, shall be pcnniucd only for systems rated 
over 1000 volts, nominal, a'i follows: 
(1)  Outdoors in free air 
(2) For service conductors, feeders, or branch circuit'i 

Informational Note: See IEEE C2, Natio11al E/utrical Saji'IJ Code, 
and ANSI/IEEE 3001.2, Recomme11ded Practire for J-.valualing the 
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395.30 ARTICLE 396 - �lESSE:"'GER-SUPPORTED \\-1RlNG 

1-lwtrical Sn-uire Requirl!llll!lll.< of lndu.<lrial and l.omJnnrial Porlll!r 
Sysii'IR.<, for additional infmmation on outdoor m·erhead 
conductors o\'er 1000 \'Oil•. 

395.30 Support. 

(A) Conductors. Documentation of the engineered design by 
a licensed profcs.�ional engineer engaged primarily in the 
design of such systems for the spacing between conductors 
shall be available upon request of the audtority having jurisdic
tion and shall include consideration of the follm\ing: 
( 1) Applied voltage 
(2) Conductor size 
(3) Distance between support structures 
(4) Type of structure 
(5) Wind/icc loading 
(6) Surge protection 

(B) Structures. Structures of wood, metal, or concrete, or 
combinations of those materials, shall be provided for support 
of overhead conductors over 1000 volts, nominal. Documenta
tion of dtc engineered design by a licensed profcs.�ional engi
neer engaged primarily in dtc design of such systems and the 
installation of each support structure shall be available upon 
request of the authority having jurisdiction and shall include 
consideration of dtc following: 

( 1) Soil conditions 
(2) Foundations and structure settings 
(3) Weight of all supported conductors and equipment 
(4) Wcadtcr loading and other conditions such as, but not 

limited to, icc, l\ind, temperature, and lightning 
(5) Angle where change of direction occurs 
(6) Spans between adjacent structures 
(7) Effect of dead-end structures 
(8) Strength of guy "ires and guy anchors 
(9) Structure size and matcrial(s) 

(10) Hardware 

(C) Insulators. Insulators tl�d to support conductors !lball be 
rated for all of the following: 
( 1)  Applied phase-to-ph a.� voltage 
(2) �(cchanical strength required for each individual installa

tion 
(3) Impulse \\ithstand BIL in accordance l\ith Table 

490.24(a) 
Informational Note: See 395.30(A), (B), and (C), which are not 
all-indush·e list•. 

ARTICLE 396 
Messenger-Supported Wning 

Part I. General 

396.1 Scope. This article covers the usc, installation, and 
construction specifications for mcs.�ngcr-supportcd \\iring. 
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Part II. Iostallation 

396.10 Uses Permitted. 

(A) Cable Types. The cable types in Table 396.10(A) shall be 
permitted to be installed in messenger-supported wiring under 
the conditions described in the article or section referenced 
for each. 

(B) In Industrial Establishments. In industrial establishments 
only, where conditions of maintenance and supcnision ensure 
that only qualified persons scnicc the installed mcs.�ngcr
supportcd wiring, the following shall be permitted: 
(1) Any of the conductor types shown in Table 310.4(1) or 

Table 310.4(2) 
(2) MV cable 

\\-'here exposed to weather, conductors shall be listed for tl�c 
in wet locations. \\'here exposed to direct rays of the sun, 
conductors or cables shall be sunlight resistant. 

(C) Hazardous (Classified) Locations. �(esscngcr-supportcd 
wiring shall be permitted to be used in hazardotl� (cla."l.�ificd) 
locations where the contained cables and messenger-supported 
wiring arc specifically permitted by other articles in this ('..ode. 

396.12 Uses Not Permitted. Mcs.�cngcr-supportcd wiring shall 
not be tl�cd in .hoistways or where sutMcct to physical damage. 

396.30 Messenger. 

(A) Support. The mcs.�cngcr shall be supported at dead cncl� 
and at intermediate locations so a.� to eliminate tension on the 
conductors. The conductors shall not be pcnnittcd to come 
into contact l\ith the messenger support� or any structural 
members, walls, or pipes. 

(B) Neutral Conductor. \\-'here dtc messenger is used a.� a 
neutral conductor, it shall comply l\ith dtc requirement� of 
225.4, 250.184(A) , 250.184(B) (7), and 250.187(B). 

(C) Equipment Grounding Conductor. Where the mcs.�ngcr 
is tl�d a.� an equipment grounding conductor, it shall comply 
with the requirement� of 250.32(B), 250.1 18, 250.184(B) (8), 
and 250.187(D). 

Table 396.10(A) Cable Types 

Cable Type 

:\-ledimn-voltage cable 
:\-letal-dad cable 
:\-liner.il-insulated, metal-

she-.tthed cable 
:\-lulticonductor service

enu.mce cable 
:\-lulticonductor underground 

feeder and br.tnch-circuit 
cable 

Other factory-a.'l.•embled, 
multiconductor control, 
signal, or power cables that 
are identified for the use 

Power and control tmy cable 
Power-limited tmy cable 

Section 

Table 722.135(8), 
722.135(C), and 

722.179(A) (6) 

Article 

315 
330 
332 

338 

340 

336 
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ARTICLE 398- OPEN \\1Ril'\G ON 11'\SULATORS 398.30 

396.56 Conductor Splices and Taps. Conductor splices and 
taps made and insulated by approved mcthocl-; shall be permit
led in messenger-supported wiring. 

396.60 Grounding. The mcs.-;cngcr shall be grounded a-; 
required by 250.80 and 250.86 for enclosure grounding. 

ARTICLE 398 
Open Wuing on Insulators 

Part I. General 

398.1 Scope. This article covers the usc, installation, and 
construction specifications of open wiring on insulators. 

Part D. Installation 

398.10 Uses Permitted. Open wmng on insulators shall be 
pcrmiucd only for industrial or agricultural establishment-; on 
systems of 1000 volt-;, nominal, or lcs.-;, a-; follows: 
(1)  Indoors or outdoors 
(2) In wcl or dry locations 
(3) \\'here sutMccl lo corrosive vapors 
(4) For services 

398.12 Uses Not Permitted. Open "iring on insulators shall 
not be installed where concealed by the building structure. 

398.15 Exposed Work. 

(A) Dry Locations. In dry locations, where not exposed to 
physical damage, conductors shall be pcrmiucd to be sepa
rately enclosed in flexible nonmetallic tubing. The tubing shall 
be in cominuous lengths not exceeding 4.5 m (15 fl) and 
secured to the surface by straps al imcrvals not exceeding 
1 .4 m (4Y:t fl) . 

(B) Entering Spaces Subject to Dampn� Wetness, or Corro
sive Vapors. Conductors cmcring or le&�ving locations sutMccl 
to dampncs.-;, wclncs.-;, or corrosive vapors shall have drip loops 
formed on them and shall then pao;.-; upward and inward from 
the out-;idc of dtc buildings, or from the damp, wet, or corro
sive location, through noncombustible, nonabsorbem insulat
ing tubes. 

lnfonnational Note: See 230.52 for indi\'idual conductors enter
ing buildings or odter structures. 

(C) Exposed to Physical Damage. Conductors within 2.1 m 
(7 fl) from the floor shall be considered exposed lo physical 
damage. \\'here open conductors eros.-; ceiling joist-; and wall 
stud-; and arc exposed to physical damage, they shall be protec
ted by one of the following mcthocl-;: 
(1)  Guard strips shall not be lcs.-; than 25 mm (I  in.) nominal 

in thickncs.-; and al lca-;l a-; high a-; the insulating 
support-;, placed on each side of and dose to the "iring. 

(2) A substantial running board at lca-;l 13 mm (Y:t in.) dtick 
in back of the conductors "ith side protections. Running 
board-; shall extend al lca-;l 25 mm (1  in.) out-;idc the 
conductors, but not more than 50 mm (2 in.), and the 
protecting sides shall be at lca-;l 50 mm (2 in.) high and 
at lca-;t 25 mm (1 in.), nominal, in thickncs.-;. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

(3) Boxing made in accordance "id1 398.15(C) (1)  or (C) (2) 
and furnished "ith a cover kept al lca-;l 25 mm (1 in.) 
away from the conductors within. \\'here protecting verti
cal conductors on side walls, the boxing shall be dosed al 
the lop and the holes through which the conductors pao;.-; 
shall be bushed. 

(4) Rigid metal conduit (R.\<lC), imcrmcdialc metal conduit 
(l:MC), rigid polyvinyl chloride conduit (PVC), reinforced 
thermosetting resin conduit (RTRC), or electrical metal
lic tubing (E:MT). \\'ben installed in metal piping, the 
conductors shall be cnca-;cd in continuous lengths of 
approved flexible tubing. 

398.17 Through or Parallel to Framing Members. Open 
conductors shall be separated from contact "ith walls, floors, 
wood cross members, or partitions through which they pao;.-; by 
tubes or bushings of noncombustible, nonabsorbem insulating 
material. \\'bcrc the bushing is shorter than the hole, a water
proof sleeve of noninductivc material shall be inserted in the 
hole and an insulating bushing slipped imo the sleeve al each 
end in such a manner aS to keep the conductors absolutely out 
of contact "ilh the sl{x:Yc. Each conductor shall be carried 
through a separate tube or sleeve. 

lnfonnational Note: See 310.14(A)(3) for temperdture limila
tion of conductors. 

398.19 Clearances. Open conductors shall be separated al 
Jca-;l 50 mm (2 in.) from metal raceways, piping, or other 
conducting material, and from any exposed lighting, power, or 
5i.gnaling conductor, or shall be separated therefrom by a 
continuous and firmlv fixed nonconductor in addition to the 
insulation of the conciuctor. \\-bcrc any insulating tube is used, 
it shall be secured al the end-;. \\'bcrc practicable, conductors 
shall pao;.-; over rather than under any piping sutMccl to leakage 
or accumulations of moisture. 

398.23 In Accessible Attics. Conductors in unfinished attics 
and roof spaces shall comply l\ith 398.23(A) or (B). 

(A) Accessible by Stairway or Permanent Ladder. Conductors 
shall be installed along the side of or through bored holes in 
floor joist-;, stucl-;, or rafters. Wltcrc run through bored holes, 
conductors in the joist-; and in stud-; or rafters to a height of 
nol lcs.-; than 2.1 m (7 fl) above the floor or floor joist-; shall be 
protected by substantial running boards extending not lcs.-; 
than 25 mm (I in.) on each side of the conductors. Running 
board-; shall be securely fa-;tcncd in place. Running board-; and 
guard strips shall not be required for conductors installed 
along the sides of joist-;, stucl-;, or rafters. 

(B) Not Accessible by Stairway or Permanent Ladder. Conduc
tors shall be installed along the sides of or through bored holes 
in floor joist-;, studs, or rafters. 

Exception: In buildings completed before the wi1ing is instaUed, in attic 
and roof spaces that are not accessible b)• stainua_y or pem�anent Ladder 
and Juwe Jvmlroom at all points less than 900 111111 (3 jij, the wiring 
shall be permittl'.d to be instaUed on the edgps of rafters or joists facing 
the attic m· mof space. 

398.30 Securing and Supporting. 

(A) Conductor Sizes Smaller Than 8 AWG. Conductors 
smaller than 8 AWG shall be rigidly supported on noncombusti
ble, nonabsorbcm insulating materials and shall not contact 
any other object-;. Support-; shall be installed a-; follows: 
(1 )  Within 150 mm (6 in.) from a lap or splice 
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398.30 ARTICLE 398- OPEN \\1Ril'\G ON 11'\SULATORS 

(2) Within 300 mm (12 in.) of a dead-end connection to a 
lampholdcr or receptacle 

(3) At intervals not exceeding 1 .4 m (4!4 ft) and at closer 
intervals sufficient to prmidc adequate support where 
likely to be disturbed 

(B) Conductor Sizes 8 AWG and Larger. Support-; for conduc
tors 8 AWG or larger installed across open spaces shall be 
permitted up to 4.5 m (15 ft) apart if noncombustible, nonab
sorbent insulating spacers arc used at least every 1.4 m (4!4 ft) 
to maintain at lcao;t 65 mm (2!4 in.) bcn,·ccn conductors. 

\\'bcrc not likely to be disturbed in buildings of mill 
construction, 8 AWG and larger conductors shall be permitted 
to be run across open spaces if supported from each wood 
cross member on approved insulators maintaining 150 mm 
(6 in.) between conductors. 

(C) Industrial Establishments. In industrial establishment-; 
only, where conditions of maintenance and supervision ensure 
that only qualified persons service the system, conductors of 
sizes 250 kcmil and larger shall be permitted to be run acros.o; 
open spaces where supported at intervals up to 9.0 m (30 ft) 
apart. 
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(D) Mounting of Conductor Supports. Where nails arc used to 
mount knobs, they shall not be smaller than tenpenny. \\'bcrc 
screws arc used to mount knobs, or where nails or screws arc 
used to mount cleat-;, they shall be of a length sufficient to 
penetrate the wood to a depth equal to at lcao;t one-half the 
height of the knob and the full thickncs.o; of the cleat. Cushion 
washers shall be used "idt nails. 

(E) Tie Wares. Conductors 8 AWG or larger and supported on 
solid knobs shall be securely tied dtcrcto by tic "ires ha\ing an 
insulation equivalent to that of the conductor. 

398.42 Devices. Surface-type snap S\'itches shall be mounted 
in accordance with 404.10(A) , and boxes shall not be required. 
Odtcr type s"itches shall be installed in accordance with 404.4. 

Part ID. Construction Specifications 

398.104 Conductors. \..onductors shall be of a type identified 
in Table 310.4(1) .  
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ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \ABLES 400.6 

Chapter 4 Equipment for General Use 

ARTICLE 400 
Flexible Cords and Flexible Cables 

Part I. General 

400.1 Scope. This article covers general rcquircmcnt"l, appli
cations, and construction specifications for flexible corcl"l and 
flexible cables. 

400.2 Other Articles. Flexible cords and flexible cables shall 
comply "id1 dtis article and widt dtc applicable prmisions of 
other articles of this Code. 

400.3 Suitability. Flexible corcl"l and flexible cables and their 
associated fittings shall be suitable for dtc conditions of usc 
and location. 

400.4 Types. Flexible cord"l and flexible cables shall conform 
to the description in Table 400.4. The usc of flexible cord"l and 
flexible cables other man dtosc in Table 400.4 shall require 
pcrmis."lion by the audtority havingjurisdiction. 

400.5 Ampacities for Flexible Cords and Flexible Cables. 

(A) Ampacity Tables. Table 400.5(A) (1) provides dtc ampaci
tics for flexible cord"l and flexible cables, and Table 400.5(A) 
(2) provides dtc ampacities for flexible cord"l and flexible 
cables widt not more than three currcnt-carJ]ing conductors. 
These tables shall be used in cm�unction l\ith applicable end
usc product standards to ensure selection of dtc proper siz� 
and type. \\'ncrc cord"l and cables arc used in ambient tempera
tures odtcr dtan 30°C (86°F) , dtc temperature correction 
factors from Table 310.15(8) (1) (1)  mat correspond to dtc 
temperature rating of dtc cord or cable shall be applied to dtc 
ampacity in Table 400.5(A) (1)  and Table 400.5(A) (2). Cord"l 
and cables rated l05°C shall usc correction factors in the 900C 
column of Table 310.15(8) (1) (1)  for temperature correction. 
\\onere the number of currcnt-car.l)ing conductors cxcccd"l 
three, dtc ampacity of each conductor shall be reduced from 
the three-conductor rating as shown in Table 400.5(A) (3). 

Informational :'\ote: See Informative Annex 8, Table 8.2(1 1 ) ,  
for a�jlL•Unent factors for more than three current-cafl)ing 
conductors in a raceway or cahle "ith load diversity. 

A neutral conductor mat carries only dtc unbalanced 
current from odtcr conductors of dtc same circuit shall not be 
required to meet dtc rcquircmcnt"l of a current-carrying 
conductor. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GJ"RJC.-\1. COI>t: 

In a 3-l\irc circuit consisting of two phase conductors and 
the neutral conductor of a 4-"irc, 3-phasc, wyc-conncctcd 
system, a common conductor carries approximately the same 
current as dtc line-to-neutral currents of the other conductors 
and shall be considered to be a currcnt-carJ]ing conductor. 

On a 4-"irc, 3-phasc, wyc circuit where more than 
50 percent of the load consist'! of nonlinear loacl"l, mere arc 
harmonic currcnt"l present in dtc neutral conductor and dtc 
neutral conductor shall be considered to be a current-carrying 
conductor. 

An equipment grounding conductor shall not be considered 
a currcnt-car.l)ing conductor. 

\\onere a single conductor is used for born equipment 
grounding and to carry unbalanced current from other 
conductors, a"l prO\idcd for in 250.140 for electric ranges and 
electric clothes drvc.rS, it shall not be considered a"l a currcnt
cartying conductot. 

(B) Ultimate Io8ulation Temperature. In no ca"lc shall conduc
tors be a"lsotiatcd togcdtcr in such a way "idt respect to dtc 
kind of circuit, the wiring mcdtod used, or the number of 
conductors such mat the limiting temperature of the conduc
tors i"l exceeded. 

(C) Engineering Supervision. l:ndcr engineering supcnision, 
conductor ampacities shall be permitted to be calculated in 
accordance "idt 310.14(8). 

400.6 Markings. 

(A) Standard Markings. Flexible corcl"l and flexible cables shall 
be marked by means of a printed tag attached to the coil reel 
or carton. The tag shall contain the information required in 
310.8(A). Types S, SC, SCE, SCT, SE, SEO, SEOO, SJ, SJE, 
SJEO, SJEOO, SJO, SJT, SJTO, SJTOO, SO, SOO, ST, STO, 
STOO, SEW, SEOW, SEOOW, SJEW, SJEOW, SJEOOW, SJOW, 
SJTIV, SJTOW, SJTOOW, SOW, SOOW, STW, STOW, and 
STOOW flexible cord"l and G, G-GC, PPE, and W flexible 
cables shall be durablv marked on dtc surface at intcnals not 
exceeding 610 mm (24 in.) "ith dtc type designation, size, and 
number of conductors. Required markings on tags, cord"l, and 
cables shall also include dtc maximum operating temperature 
of dtc flexible cord or flexible cable. 

(B) Optional Markings. Flexible cord"l and cable types listed in 
Table 400.4 shall be permitted to be surface marked to indicate 
special characteristics of dtc cable materials. These markings 
include, but arc not limited to, markings for limited smoke, 
sunlight resistance, and so forth. 
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400.6 ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \ABLES 

Table 400.4 Flexible Cords and Flexible Cables 

Nominal 
lnsulalioa 
� 

Bnid 
AWG Ntm>b« AWG oaEacb 

Trade Type or of or Coaduc- Outer 
Name l.etler Voila&" lmWI CoaduCIOn lasulalioa kcmil - mils lOr Co\-eriag Vse 

l..amp cmd c :1110 111-Ul 2 ur murc ·rhcnnuset ur Ill-Hi O.ifi :Ill Cut tun :\'nne Pendant ur Ury hK--a- :\'ut hard 
·�10 1!>-10 lhennc,pta.uic 1!>-10 I.H ·I!) Jlnrtable tiutl� usa�c 

Ek"\atur c.thlc t: l.:t. .... J 300 ur 20-2 2 ur murc ·rhcnnc.set 20-lfi 0.!>1 20 Cut tun TIU't.'C ccJUcm; Ek."latur l."nclas.�ifit."<l lcKaticms 
·�10 1!>-12 O.ifi :Ill uutcr unc� lighting 

12-10 I.H ·I!) flame- and 
11-2 1.!>2 ·�� retardant cuntrul 

and 
mc»."'u"'� 
1'\.�i"'lal" 

20-lfi 0.!>1 20 tlcxibh� 
1!>-12 O.ifi :Ill n�lun 
12-10 I.H ·I!) jacket 
11-2 1.!>2 ·�� 

t:k"\atur t:O I.:t.l 300 ur 20-2 2 ur murc ·rhcnnc.set 20-lfi 0.!>1 20 Cut tun TIU't.'C ccJUcm; Ek."latur l."nclas.�ifit."<l lcKaticms 
C.tbfc ·�10 1!>-12 O.ifi :Ill uutcrunc lighting 

12-10 I.H ·I!) flame- and 
11-2 1.!>2 ·�� ''�tardam cumrul 

and 
mc»."'u"'� 
''�i"'tant 

Onc cuuun Hov.ardmL" (clas."ific�d) 
and a luc:atimu 
UCitJlfCUC 
jacket 

Ek."\alnr c:ahtc t:n·�· 300 ur Ra�mt Thcnnc� Hat.arduus (clauifk""ff) lut:atiuns 
·�10 Jllaoific 

t:Tr "·' 34:tOur :\'nne Onc cuuun ur 
·�10 t.-qui\oalt.·nl 

and a 
thennc� 
Jllaoific 

jacket 

t:k.-cuic \-chide .. , . ...... lfHIU 111-!�10 2 ur mur"C plu� ·rhcnnuset ''ilh III-I!> O.ifi :Ill Opiunal Oil-reM;Uattl Ek.-cuic \\Ct lut:alimu E"tra-
t:ahlc cq•tipment cJpticmal nylc,n (0.!>1) (20) thennc�l \-chide hard 

grc,.mcling 
H-10 I.H .. :, 

chargin� usage 
cunductur(")• 
phL� u)ltiunal (O.ifi) (:Ill) 
ln·brid data, 11-2 1.!>2 ·�� 
"iRnal 

(I .  H) (·I!>) 
ccJUliUitnic.t-
tiun�. and 1-liO 2.0:1 80 
uptk:al libcr ( 1.!>2) (f�l) 
cable..� 

2!>0-!�NI 2.11 g:, 
(1 .!10) (7!>) 

-
�\] "• :1110 111-12 111-12 O.ifi :Ill Hard 

(0.!>1) (20) usage 

t.Yt: '.<· lfHIU 111-!�10 2 ur murc� plu� •J'(tCfiUCJ)lfa.iliC III-I!> O.ifi :Ill Oil-reM;UatU Exira-
cq•tipment dastc,mer (0.!>1) (20) thennc� hard 
grc,.mcling with Uflliunal 

H-10 I.H .. :, 
Jllaoific usage 

cunductur(")• nytun claoitcJtncr 
phL� u)ltiunal (O.ifi) (:Ill) 
hybrid data, 

11-2 1.!>2 ·�� 
"ignal (I .  H) (-1!>) 
ccmun•mica-
tiun�. and 1-liO 2.0:1 80 
uptk:al libcr ( 1.!>2) (f�l) 
cable..� 

2!�1- !>IHI 2.11 g:, 
(1 .!10) (7!>) 

-
t.\]t: '·'· :1110 111-12 111-12 O.ifi :Ill Hard 

(0.!>1) (20) usage 

(ronlimus) 
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Table 400.4 

Trade 
Name 

l'urtable 
JlUWCf 
cahtc 

Heater 
curd 

l'anlllcl 
heater 
c�urd 

"lltennc��• 
jadcoed 
heater 
curds 

:Scm-inlt."gr.tl 
panlllcl 
c:urds 

'1\\i�lt.-d 
purtable 
curd 

ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \..ABLES 400.6 

Continued 

Type 
l.etler 

t:\]T''' 

Voila&" 

IIJOU 

:1110 

AWG 
or 

lmWI 

111-12 

Ntm>ber 
of 

ConduCIOn 

2 ur murc plu� 
cq•tipmcm 
grc,•nuling 
CcutChlCIC)f(�). 
plu� u)ltiunal 
hybrid clata, 
�ignal 
C«Jilllllltnica
tiun�. and 
uptk:al libcr 
cable..� 

losulalioa 

'J'ItcrmctJllaitic 
with Ufllinnal 
nytun 

12-!,CK.t 2-fi phLi 'J"hcnnc.set 
cq•tipmcnt 
grc,•nuling 
CcutChlCIC)f(�) 

2UINJ 12-;',C)() 3-fi ph'-i 'J"hcnnusel 

HI'IJ 

H.�fO\\� 
H!!fOO 

:-<lSI'-I 

cq•tipmcnt 
grc,•nuling 
cunductnnJ 
and I gruund 
cited� 
cunductur 

:1110 IS-12 2. 3. ur ·l 

:1110 IS-12 2 ur 3 

:1110 111-12 2. 3. ur -I 

:1110 111-12 

:1110 111-12 

:1110 111-12 

:1110 IS-12 

:IINJ IS-12 

:IINJ 211-111 2 ur :l r----;----+-----� f"ISI'-2 

f"ISI't:-1' 

f"ISI't:-2' 

1'1) 

:IINJ 

:IINJ 

:IINJ 

:IINJ 

:IINJ 

:IINJ 
·�"' 

111-Ul 

IS-Ul 

111-Ul 

18-Ui 2 ur murc 
1 1-10 

·rhcnnc.set 

()il-rc..�i.itam 
dtennc�l 

"J"hcnnc.sel 

"J"hcnnc.sel 

()il-rc..�i.itam 
dtennc�l 

"J"hcnnc.set 

"lltc�nnctJllailic 
da.ihJillCf 

"lltennc,llla.�tic 

·rhcnnusel ur 
lhennc,pla.ilic 

AWG 
or 

kcmil 
IS-I!> 

1·1--10 

2!�1- 5UO 

IS-12 

12-2 
1-1/U 

2!>0-!�NI 

12-2 
1-1/0 

2!>0-!�NI 

IS-IIi 
1!>-12 

IS-IIi 
15 
J.l 
12 

IS-IIi 
1!>-12 

20-1!1 

-
O.ifi 
(II.!> I)  

I .H 
(O.ili) 

1.!>2 
(I .  H) 

2.0:1 
( 1.!>2) 

Bnid 
on Each 
Conduc-

mils lOr 
30 Opiunal Oil-rcM�tanl 
(20) thennc� 

Jlla'itit� 

·�� 
(·I!>) 

80 
(1�1) 

2.11 9!> 
( l .!lU) (7!>) 

O.ifi 
(II.!> I)  

:Ill 
(20) 

Ek.-cuic 
''�hide 
chargin� 

Vse 
\\Ct 

J.uc:atiuns 

-
Hard 

usa�c 

1.!>2 
2.0:1 
2.11 

()il-rcM�tanl Pcuuble and extra-hard I�Sa�c 
thennc�l 

1.!>2 
2.0:1 
2.11 

0.:18 
O.ifi 

I.H 
1.!>2 
2.11 

O.ifi 
I.H 

0.:18 

J!, :\'nne 
:Ill 

·I!, :\'nne 
·�� 
9!) 

30 :\'nne 
·I!) 

J!, :\'nne 

Oil-rcM�tam 
thennc�l 

Conun ur 
rayun 

Oil-rcM�tanl 
thennc�l 

Cuuun and 
thennc��• 

Cuuun and 
thennc��• 

Cuuun and uil
''�i�lallt 
thennc�l 

Thcnnc.set 

Purtable 
heaters 

Purtable 

Purtable ur 
Jlnrtable 
heater 

Ury Inca- :\'ut hard 
tiun� usa�c 

Uamp :\'ut hard 
lut:otlimu usa�c 

Uamp luc:a- Hard 
tiun� usa�c 

Uamp luc:a
tiun� 

llampand 

lut:otlimu 

llamp 
lut:otlimu 

llampand 
wei 

r-----+----+---i Pendant ur Uamp luc:a- :\'ut hard 
Jlnrtable tiun� usa�c 

IS-IIi 

20-1!1 

IS-IIi 

20-1!1 

IS-IIi 

O.ifi 

0.:18 

O.ifi 

0.:18 

O.ifi 

O.ifi 
I.H 

:Ill 

:Ill 

:1o 

Thc�nnc.
Jlla'itic: 
Cla'itC'ltlCf 

Thc�nnc.
Jlla'itic 

30 Cnttun Conun ur 
·I!, rayun 

Pcndanl ur Ury luca-
Jlurtable liun� 

:\'nl hard 
usa�c 

(rontimus) 
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400.6 

Table 400.4 

Trade 
Name 

J•urtable 
puwcr 
C.tblc 

Har<l 
S(�oicc� 
c:urd 

tlcxil�c 
stage and 
lighting puwcr 
c:ahlc 

Hard scnic:c curd 

Juniur hard 
st�f\ict� t:urd 

70-280 

Cuntinued 

Type 
l.etler 

t•t•t:: 

s• 

sc·: .• ., 

SCE'·111 

sc·�r··· .. 

SE' 

SEW'·" 

SEO' 

SEO\\r..Y 

SEoo' 

SEoow'·• 

!!I 

!!IE 

!!fEW" 

!if EO 

!if EO\\"" 

!ifEOO 

!ifEOOW" 

!ifO 

Voila&" 

21NIO 

·�10 

·�10 

·�10 

·�10 

·�10 

·�10 

·�10 

·�10 

·�10 

·�10 

:1110 

:1110 

:1110 

:1110 

:1110 

:1110 

:1110 

:1110 

ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \ABLES 

Nominal 
lnsulalioa 
Thi-

Bnid 
AWG Ntm>b« AWG oaEacb 

or of or Coaduc- Outer 
lmWI CoaduCIOn lasulalioa kcmil - mils lOr Co\-eriag Vse 

12-:�10 I-Ii plo<' •t'ltcrm«•Jllaitic 12-2 1.:>2 .�, Oil-rcM�tanl P«uUble? extra-hard usage 
uptiunal clasu•m,�r 1-liO 2.0:1 80 thennc� 
cq•t.ipmcm 2:>0-51NI 2.1 1 9!• Jllastk 
grc••mcling clastcmtcr 
cunductur(s) 

1�2 2 ur murc ·rhcnn«.set IS-I:> O.ifi :1o :\'nne Thcnn«.SCI Pendant ur lJ-.unp luc:a- t:xlra-
1·1-10 I.H ·I!• Jlnrtable tiuns hard 
S-2 1.:>2 .�, usage 

s...:z:-�1 1 ur murc 'J"hcnn«.sel S-2 1.:>2 .�, Thcnn«.SCI P«uUble? extra-hard usage 
1-liO 2.0:1 80 

2:.o 2.1 1 9!• 

'J'Itcrm«•Jllaitic Thc�nn«� 
CfasiCJIUCf Jllaoific 

clastcmtcr 

'J'Itcrm«•Jllaitic Thcnn«� 
Jllaoific 

1�2 2 ur mur'� 'J'Itcrm«•Jllaitic IS-I:> O.ifi :1o :\'nne Thc�nn«� Pc�nctuu ur J)·.unp luc:a- t:xlra-
efasu,mer 1 1-9 I.H ·I!, Jllaoific Jlnrtable liuns hard 

S-2 1.:>2 .�, claoitcmtcr usage 

U·.unp an<l 
WCI 
lut:alimu 

Oil- 1)-.unp 
rt�i"'tam lut:alimu 
thennc� 
Jllaoific 
claoitcmtcr 

1)-.unp an<l 
WCI 
lut:alimu 

( )il-rc..�i.ilam 1)-.unp 
lhennc,pla.ilic lut:alimu 
efasiC,mt�r 

1)-.unp an<l 
WCI 
lut:alimu 

1�10 2-li ·rhcnn«.sel IS-I I O.ifi :1o :\'nne Thcnn«.SCI Pcndanl ur lJ-.unp luc:a- Har<l 
10 I.H ·I!» Jlnrtable I inns usage 

•t·ltcrm«tJlla.ilic Thcnn«� 
efasu,mer Jllaoific 

claoitcmtcr 

1)-.unp an<l 
WCI 
lut:alimu 

Oil- 1)-.unp 
rt�i"'tam lut:alimu 
thennc� 
Jllaoific 
claoitcmtcr 

1)-.unp an<l 
WCI 
lut:alimu 

Oil- 1)-.unp 
reM�tanl lut:alimu 
lhennc,pla.ilic 
efasu,mer 

1)-.unp an<l 
wei 
lut:alimu 

·rhcnn«.sel Oil- 1)-.unp 
t"t.-si"'tam lut:alimu 
thennc�• 

(ronlimus) 

l'\.-\TJO:'\AL EJ..EGJ"RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \ABLES 400.6 

Table 400.4 Cuntinued 

Nominal 
lnsulalioa 
� 

Bnid 
AWG Ntm>b« AWG oaEacb 

Trade Type or of or Coaduc- Outer 
Name Letoer Voila&" lmWI CoaduCIOn lasulalioa kcmil - mils lOr Co\-eriag Vse 

!!10\\'" :1110 Uampand 
wet 
lut:atimu 

!!100 :1110 ()il-rc..�i.itam Uamp 
thennc�l lut:atimu 

!!100\\'" :1110 Uampand 
wet 
lut:otlimu 

!!IT :1110 .J.Itcrm«•Jllaitic Tht�nn«� Uamp 
Jlfa.ttic lut:otlimu 

!!IT\\'" :1110 Uampand 
WCI 
lut:otlimu 

!!ITO :1110 1�12 O.ifi :Ill Oil-rcM�tanl Uamp 
10 I.H ·I!) thennc� lut:otlimu 

Jllastic 

!!ITO\\'" :1110 Uampand 
WCI 
lut:atimu 

!!I TOO :1110 ()il-rc..�i.itam Uamp 
thennc,pla.ilic lut:atimu 

!!IT()()\\'' :1110 Uampand 
wet 
lut:atimu 

Hard scnic�c curd so' ·�10 1�2 2 ur murc ·rhcnn«.set IS-I!> O.ifi :Ill :\'cmc Oil-rcM�tanl Pendant ur Uamp luc:a- E"tra-
thennc��• Jlnrtable tiuns hard 

usa�c 

sow'·" ·�10 Uampand 
wet 
lut:otlimu 

soo' ·�10 ()il-rc..�i.itam 1 1-9 I.H ·I!) Uamp 
1hennc�1 S-2 1.!>2 ·�I lut:otlimu 

soow'·" ·�10 Uampand 
WCI 
lut:otlimu 

;\ll thcnn«.scl Sl'-1 :1110 211-111 2 ur 3  ·rhcnn«.sel 211-111 O.ifi :Ill :\'cmc :\'nne Pc�nctuu ur Uamp luc:a- :\'ut hard 
Jlarallcl curd Jlnrtable tiuns usa�c 

Sl'-2 :1110 l�lfl IS-Ill I.H ·I!) 

Sl'-3 :1110 1�10 IS-Ill 1.!>2 ·�I Rclfigcr.t-
1!>-1 1 2.0:1 80 lurs, 

12 2.11 9!) r•"•m air 
Ill 2.110 1 10 cuncli-

timwrs. 
and as 
pcnnilted 
in 
122.11l(8) 

;\II clastmncr Sl't:-1' :1110 20-18 2 ur 3  'J'Itcrmctpla-nic 211-1!1 O.ifi :Ill :\'cmc :\'nne Pcndanl ur Uamp luc:a- :\'ut hard 
(lhc�nn•� cfastc,mc�r Jlnrtable tiuns usa�c 
pla.itic) 
parallel curd 

Sl't:-2' :1110 l�lfl IS-Ill I.H ·I!) 

Sl't:-:1• :1110 1�10 IS-Ill 1.!>2 ·�I Rclfigcr.t-
1!>-1 1 2.0:1 80 turs, 

12 2.11 9!) r•"•m air 
Ill 2.110 1 10 cuncli-

timwrs. 
and as 
pcrmilted 
in 
122.11l(8) 

(ronlimus) 
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400.6 ARTICLE 400 -FLEXIBLE CORDS AND FLEXIBLE \..ABLES 

Table 400.4 Continued 

Nominal 
lnsulalioa 
Thi-

Bnid 
AWG Ntm>b« AWG oaEacb 

Trade Type or of or Coaduc- Outer 
Name Letter Voila&" lmWI CoaduCIOn lasulalioa kcmil - mils lOr eo,-eriag Vse 

All lhennupla.ilic s1•1c1 :1110 20-111 2 ur :l  ·J'Itcrm«tplanic 20-111 O.ifi :Ill :\'nne :\'nne Pcndanl ur Uamp luc:a- :\'nl hard 
paralld c:c,rd Jlnrtable liuns usa�c 

SI•ICIW" :1110 2 Uampand 
WCI 
luc:alimu 

s1•1c2 :1110 111-Ul 2 ur :l  IS-Hi I.H ·I!) Uamp 
luc:alimu 

s1•1c:ru"' :1110 2 Uampand 
WCI 
lut:otlimu 

s1•1c:1 :1110 IS-10 2 ur :l  IS-Hi 1.!>2 f�l Ret rig- Uamp luc:a- :\'nl hard 
1:>-1 1 2.0:1 80 crahu"S. tiuns usa�c 

12 2.1 1 9!) fCHJIIl 
10 2.1111 l lfl air cuncli-

tiunc�t"S. 
and a'i 
pcnni11ed 
in 
122.11i(8) 

Ran�c. dryer SKU :1110 lfl-1 3 ur ·l 'J"hcnnc.sel If I-I I.H ·I!) :\'nne ·n,c�nn•""�' Purtable Uamp luc:a- Ran�c�. 
cable tiuns dryers 

SRIJt: :1110 lfl-1 3 ur ·l 'J'Itcrm••planic :\'nne Thc�nnc.-
Cfa'iiC)JilC�f pla'itk 

Cla'itC'ltlCf 
SRIYI" :1110 lfl-1 3 ur ·l 'J'Itcrm••planic :\'nne Thc�nnc.-

pla'itic 

Hard scr\"ic:c curd sr' f�IO 111-2 2 ur mut'� 'J'Itcrm••planic IS-I:> O.ifi :Ill :\'nne Thc�nnc.- Pc�nctuu ur Uamp luc:a- t:xtra-
1 1--9 I.H ·I!) Jlla'itk Jlnrtable liuns hard 
S-2 1.:>2 f�l usa�e 

SIW'·" f�IO Oamp and 
WCI 
lut:alimu 

SIU' f�IO Oil-reM�tatU Oamp 
thennc� lut:alimu 
Jlla'itk 

srow'·" f�IO Uampand 
WCI 
lut:alimu 

sroo' f�IO ( )il-rc..�i.itam Uamp 
lhennc,pla.ilic lut:atimu 

sroow' f�IO Uampand 
wet 
lut:atimu 

\at:mnn deaner S\" :1110 111-lfl 2 ur j  ·rhcnn«.sel IS-Ill 0.:18 J:, :\'nne Thcnn«.SCI Pendant ur Uamp luc:a- :\'ut hard 
t:nrd Jlnrtable I inns usa�e 

S\"t: :1110 .J.Itcrm«tJlla.itic Thcnn«� 
Cfa'ilellllt�f Jlla'itk 

Cfa'itC'ltlCf 
S\"t:O :1110 Oil-reM�tattl 

thennc� 
Jlla'itk 
Cfa'itC'ltlCf 

S\"t:OO :1110 ()il-rc..�i.itam 
lhennc,pla.ilic 
Cfa'iiCllllCf 

S\"0 :1110 ·rhcnn«.sel Oil-reM�tattl 
thennc�l 

S\"IXJ :1110 ()il-rc..�i.itam Oil-reM�tatU 
1hennc�• thennc�l 

S\T :1110 .J.Itcrm«tJlla.itic ·rht�nn«tJlla.ilic 

(rontimus) 
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Table 400.4 Cuntinued 

Trade Type 
Name l.etler Voila&" 

S\TO :1110 

S\TOO :1110 

ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \ABLES 

AWG Ntm>b« 
or of 

lmWI ConduCIOn losulalioa 

•t·ltcrlll«tfllaitic 

()il-rc..�i.itam 
dtennc,pla.ilic 

AWG 
or 

kcmil -

Bnid 
on Each 
Conduc

IOr 

Oil-rcM�tanl 
thennc� 
Jllastk 

400.6 

Vse 

l'anlllcl linsel ... ,,. .. 11 :1110 27 2 •t·ltcrlll«tfllaitic 27 O.ifi :Ill :\'cmc Thcnn«� :\ttadtt.""<l lu lJ-.unp luc:a- :\'ut hard 
curd 

Jad<'led linsd TST11 :1110 27 2 •t·ltcrlll«Jfllaitic 27 
t�nrd 

l'urtable JlCM'Cf \\< 2000 12-:�10 I-Ii ·rhcnn«.sel 12-2 
c:ahlc :�11-ICNMI I 1-tiO 

2:•0-'�"' 
:�11-ICNIO 

1'\otes: 

0.38 J:, :\'cmc 

1.:•2 ·�· 
2.0:1 80 
2.11 9!) 
2.110 I ICI 

Jllastk 

Thc�nn«� 
Jllastk 

Oil-rcM�uuu 
thennc�l 

an 
3JlJlliance 

tiuns 

:\ttadtc":d lu J)·.unp luc:a- :\'ut hard 
an tiuns usa�c 
3JlJlliance 

P«u-utble. extra-hard usage 

All types listed in Table 400.4 shall ha,·e indi�idual conductors ll•i�ted together, except for Types HPX, SP-1, SP-2, SP-3, SPE-1, SPE-2, SPE-3, SPT-1, 
SPT-2, SPT-3, SPT-IW, SPT-2W, TPT, NISP-1, NISP-2, NISPT-1, :'\ISPT-2, 1'\ISPE-1, 1'\ISPE-2, and three-conductor parallel ,·ersions ofSRD, SRDE, and 
SRDT. 
The indhidual conductors of all cord.�. except those of heat-resi�tant cord�, shall have a thermoset or thermopla.�tic insulation, except that the 
equipment grounding conductor, where lL�d. shall be in accordance \\ith 400.23(8). 
1 Rubber-filled or vami�hed cambric tapes shall be penniued a.� a substitute for the inner braid�. 
2EJe,-ator tra\·eling cables for ope1-ating control and signal circuiL� shall contain nonmetallic fillers a.� neces.�ry to maintain concentricity. \.ables shall 
ha\-e steel supponing members a.� required for stL�pension by 620.41. In location5 su�ject to exces.�h·e moisture or corrosh·e \'llpors or gases, 
supponing members of other material� shall be permitted. \\-ltere steel supporting members are lL�d. they shall rw1 straight through the center of 
the cable a.'l.�embly and shall not be cabled \\ith the copper strand� of any conductor. 
In addition to conductors ���ed for control and signaling circuit.�. Types E, EO, ETP, and ETT eJe,-ator cables shall be penniued to incorporate in the 
construction one or more of the follm•ing: optical fibers; 24 AWG .or larger telephone conductor pairs, coaxial cables, or communications cables. The 
24 AWG or larger conductor pairs shall be permitted to be cm-ered "ith suitable shielding for telephone, audio, data transfer, or higher frequency 
communications circuiL�; the coa.xial cables shall consi�t of a center conductor, insulation, and a shield for lL� in 'ideo or other 1-adio frequency 
communications circuiL�. The optical fiber shall be suitably cm-ered \\ith flame-retardant thermopla.�tic. The insulation of the conductors shall be 
rubber or thermopla.�tic of a thicknes.� not les.� than specified for the other conductors of the panicular type of cable. :\fetallic shield� shall ha,·e their 
mm protecth·e coYering. \\-llere lL�d. these components shall be pennitted to be incorporated in any layer of the cable a.'l.�mbly but shall not run 
strdight through the center. 
3Insulations and outer cm-erings that meet the requiremenL� a.� flame retardant, limited smoke, and are so listed, shall be permitted to be marked for 
limited smoke after the ('..od,. type designation. 

. 

�EJe,-ator cables in sizes 20 AWG through 14 AWG are rated 300 miL�, and sizes 10 AWG through 2 AWG are rated 600 miL�. 12 AWG is rated 300 miL� 
\\lth a O.i6 mm (30 mil) insulation thick!tes.� and 600 miL� "ith a 1 . 14 mm (45 mil) insulation thicknes.�. 
5\..onductor size for Types EV, E\-J, E\'E, E\-JE, EVT, and E\-JT cables apply to nonpower-limited circuiL� only. O:mductors of pm\-er-limited (data, 
signal, or communications) circuits may extend beyond the stated AWG size range. All conductors shall be insulated for the same cable \ultage rating. 
"Insulation thicknes.� for Types £V, E\-J, EVE;JE, EVT, and E\-JT cables of nylon construction i� indicated in parentheses. 
7Types G, G-C..C, S, SC, SCE, SCf, SE, SEO, SEOO, SEW, SEOW, SEOOW, SO, SOO, SOW, SOOW, ST, STO, STOO, STW, STOW, STOOW, PPE, and 
W shall be permitted for lL� on theater stages, in gardges, and elsewhere where flexible cords are permitted by thi� ('..ode. 
"The third conductor in Type HPJ'\ shall be lL�d a.� an equipment grounding conductor only. The insulation of the equipment grounding conductor 
for Types SPE-1, SPE-2, SPE-3, SPT-1, SPT-2, SPT-3, :'\ISPT-1, 1'\ISPT-2, NISPE-1, and 1'\ISPE-2 shall be permitted to be thennoset pol� mer. 
9\..ords that comply \\lth the requirement.� for outdoor cord.� and are so listed shall be permitted to be designated a.� weather and ""ter resistant \\ith 
the suffix "W" after the Code type designation. Cord� \\ith the "W" suffix are suitable for lL� in "-et locations and are sunlight resi�tant. 
"'The required outer cm·ering on some single-conductor cables may be integral \\ith the insulation. 
1 1Types TPT and TST shall be permitted in lengths not exceeding 2.5 m (8 ft) where attached directly, or by means of a special type of plug, to a 
ponable appliance 1-ated at 50 \\<ttL� or les.� and of such nature that extreme flexibility of the cord is es.�ntial. 
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400.10 ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \ABLES 

Table 400.5(A)(1) Ampacity for Flex.ble Cords and Flexible Cables 
[Based on Ambient Temperature of 30°C (86°F). See 400.13 and Table 400.4.] 

Thermoset 'I)pes C, E, EO, PD, S, SJ, SJO, SJOW, 
SJOO, SJOOW, SO, SOW, SOO, SOOW, SP-1, SP-%, 

SP-3, SRD, SV, SVO, SVOO, NISP-1, NISP-% 

Thermoplastic Types ETP, EIT, NISPE-1, NISPE-%, 
NISPT-1, NISPT-%, SE, SEW, SEO, SEOO, SEOW, 

SEOOW, SJE, SJEW, SJEO, SJEOO, SJEOW, SJEOOW, 
Copper SJT, SJ1W, SJTO, SJTOW, SJTOO, SJTOOW, SPE-1, Types HPD, 

Conductor Thennoplastic SPE-%, SPE-3, SPT-1, SPT-IW, SPT-%, SPT-2W, SPT-3, HPN, HSJ, HSJO, 
Size Types TPT, sr, S1W, SRDE, sRDT, sro, srow, sroo, sroow, HSJOW, HSJOO, 

(AWG) TST SVE, SVEO, SVEOO, SVT, SVTO, SVTOO HSJOOW 

ColumnA' Column B2 
273 0.5 - - -
20 - -� ; -:> 
18 - 7 10 10 
17 - 9 12 13 
16 - 10 13 15 
15 - 12 16 17 
14 - 15 18 20 
13 - 17 21 -
12 - 20 25 30 
I I  - 23 27 -
10 - 25 30 35 
9 - 29 34 -
8 - 35 40 -
7 - 40 47 -
6 - 45 55 -
5 - 52 62 -
4 - 60 70 -
3 - 70 82 -
2 - 80 95 -

'The current• under C..olumn A apply to three-conductor cord• and other muh1conductor cord• connected to 
utilization equipment so that only three conductors are current-carl}ing. 
2-fhe current• under C..olumn B apply to two-conductor cord• and other muhiconductor cord• connected to 
utilization equipment so that only uvo conductors are current-r.Ml)ing. 
"Tinsel cord. 
�Eie\<ttor cables only. 
"7 amperes for ele\'ator cables only; 2 amperes for other types. 

400.10 Uses Permitted. 

(A) Uses. Flexible cord"l and tlcxiblc cables shall be used only 
for dtc following: 

( 1) Pendants. 
(2) Wiring of luminaires. 
(3) \..onncction of portable luminaires, portable and mobile 

signs, or appliances. 
(4) Elc\-ator cables. 
(5) Wiring of cranes and hoist"l. 
(6) Connection of utilization equipment to facilitate 

frcqucm interchange. 
(7) Prevention of dtc transmis."lion of noise or libration. 
(8) Appliances where me fa"ltcning means and mechanical 

connections arc specifically designed to permit ready 
removal for maintenance and repair, and the appliance 
is intended or iclcntificcl for flexible cord connection. 

(9) \..onncction of moving part"l. 
( 10) Where specifically pcrmiucd elsewhere in mis Code. 

70-284 

( 1 1 )  Between an cx1sung receptacle outlet and an inlet, 
where the inlet provides power to an additional single 
receptacle outlet. The \\iring interconnecting the inlet 
to me single receptacle oudct shall be a Chapter 3 
"iring mcdtod. The inlet, receptacle oudct, and Chap
ter 3 wiring mcmocl, inducting me flexible cord and 
fittings, shall be a li"ltcd a'l."lCmbly specific for mis applica
tion. 

(B) Attachment Plugs. \\"bcrc used a"l permiuccl in 400.10(A) 
(3), (A) (6), and (A) (8), each flexible cord shall be equipped 
"im an attachment plug and shall be cncrgizccl from a recepta
cle oudct or cord connector body. 

Exception: As /JelmitlP.d in 368.56. 
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ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE CABLES 

Table 400.5(A) (2) Ampacity of Cable Types SC, SCE, SCT, PPE, G, C.GC, and W 
[Based on Ambient Temperature of 30"C (86"F). See Table 400.4.] 

Copper Conductor 
Size 

(AWG or Ju:mil) 

12 
10 
I! 
6 
4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

2:.0 
300 
3:.0 
400 
500 
600 
700 
7:.0 
800 
!100 

D' 

60 
80 

105 
120 
140 
165 

195 
225 
2f.O 
300 

340 
375 
420 
455 
515 
5i5 
630 
655 
680 
730 

oo·c (t4o•F) 

Et � 
31 26 
44 37 
55 48 
72 63 
96 84 

1 1 3  99 
128 1 1 2  
J:.o 131 

173 151 
199 1 74 
230 201 
2f>5 232 

296 259 
330 289 
363 318 
392 343 
448 392 

Temperature Rating of Cable 

?s·c (167"F) 

D' Et � 
37 31 
52 43 

70 65 5i 
95 AA 77 

125 1 1 f> 101  
145 135 1 1 8 
170 152 1 33 
195 178 156 

230 207 181 
265 238 208 
310 275 241 
3f.O 3 1 7  27i 

405 354 310 
445 395 346 
[.05 435 381 
:>45 469 410 
620 537 470 
690 
i55 
785 
815 
870 

D' 

80 
105 
1 40 
165 
190 
220 

2f.O 
300 
350 
405 

455 
505 
570 
615 
700 
780 
855 
885 
920 
985 

1000 780 935 I 055 

400.12 

90"C (194"F) 

� � 
42 35 
59 49 
74 65 
99 87 

130 1 1 4 
152 1 33 
174 152 
202 1 7i 

234 205 
271 237 
313 274 
361 316 

402 352 
449 393 
495 433 
535 4fll! 
613 536 

1The ampacities under subheading D shall be permitted for single-conductor Types SC, SCE, SCf, PPE, and W cable only where the indhidual 
conductors are not installed in raceways and are not in physical contact "ith each other except in lengths not to exceed 600 mm (24 in.) where 
passing through the wall of an enclosure. 
2The ampacities under subheading E apply to two-conductor cables and other multiconductor cables connected to utilization equipment so that only 
two conductors are current-carrying. 
"The ampacities under subheading F apply to three-conductor cablr!l and other multiconductor cables connected to utilization equipment so that 
only three conductors are current-canJing. 

Table 400.5(A) (3) Adjustment Factors for More Than Three Current-Carrying Conductors in a 
Flexible Cord or Flexible Cable 

Number of Conductors 

Percent of Value in 
Table 400.5(A)(l) and 

Table 400.5(A)(2) 

4-6 
7-!l 

1 0-20 
21-30 
31-40 

4 1  and above 

400.12 Uses Not Permitted. L"nless specifically permitted in 
400.10, flexible cord�. flexible cables, cord sets, and power 
supply cords shall not be u.�d for the following: 

( 1) A� a substitute for the fixed l\iring of a structure 
(2) W'here run through holes in walls, structural ceilings, 

suspended ceilings, dropped ceilings, or floors 
(3) \\'here run through doom-ays, windows, or similar open-

ings 
(4) \\berc attached to building surfaces 

Exception to ( 4 ): Flexiblll cmrl and flexiblll cable shall be pmnitted to be 
attached to building .swfaus in accmrlanu with 368.56(B) and 
59(J.4. 

2023 Edition �-\:110:-1.\1. EI.EGI'RJCAL CODE 

80 
70 
50 
45 
40 
35 

(5) Where concealed by walls, floors, or ceilings or located 
above suspended or dropped ceilings 

Exaf1tion to ( 5 ): Flexiblll cmrls, flllxibk rabies, and power .suj1ply cmrls 
shall be J�ermitted if contaitv.d within a11 �nclosw'l! for use in other 
.spaces used Jm· enviromnmtal ai1· as jlermitttd II)· 300. 22(C)( 3 ). 

(6) Where installed in race,�-ays, except a� otherwise permit
ted in this Code 

(7) Where su�ect to physical damage 

Informational �ote: See CL 8 1  i, C.ord SeL< and Pmve-..'iufrP�T ('.ord.<, 
and CL 62, f7exible Corri.< and (Ahles, for proper application. 
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400.13 ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \ABLES 

400.13 Sp6ces. Flexible cord shall be used only in continuous 
lengths l\ithout splice or tap where initially installed in applica
tions permitted by 400.10(A). The repair of hard-scnicc cord 
and junior hard-service cord (sec Trade 1'\amc column in Table 
400.4) 14 AWG and larger shall be permitted if conductors arc 
spliced in accordance "idt 1 1 0.14(B) and the completed splice 
retains me insulation, outer shcadt properties, and usage char
acteristics of the cord being spliced. 

400.14 Pull at Joints and Terminals. Flexible cord-; and flexi
ble cables shall be connected to dc\iccs and to fittings so that 
tension is not transmitted to joints or terminals. 

Exception: Listtd JIOt·table single-pole devices that all! intmdP.d to 
arco-m11Uidatt .melt tmsion at thei1· tel7ninalf shall be jJel'mitll'.d to be 
used with single-amductm"jltxible cable. 

Informational :'\ote: Some methods of preventing pull on a cord 
from being transmitted to joint• or te1minals include knotting 
the cord, "inding \\ith tape, and u.•ing support or strain-relief 
fittings. 

400.15 In Show Windows and Showcases. Flexible cord-; used 
in show "indows and showcases shall be Types S, SE, SEO, 
SEOO, SJ, SJE, SJEO, SJEOO, SJO, �00, SJT, SJTO, SJTOO, 
SO, SOO, ST, STO, STOO, SEW, SEOW, SEOO\\', SJEW, 
�EOW, �EOOW, �OW, �OOW, �1\-V, SJTOW, SJTOOW, 
SOW, SOOW, STI\', STOW, or STOOW. 

Exception No. 1: For the zuiling of chain-:mJlpm·ttd lu-minait-e.f. 

Exception No. 2: As suptJ�l' cords fm· pm·table lutninaitl'S and other 
merchandise being displaytd m·txhibitl'.d. 

400.16 Overcurrent Protection. Flexible cord-; not smaller 
than 18 AWG, and tinsel cord-; or cord-; having equivalent char
acteristics of smaller size approved for usc l\ith specific applian
ces, shall be considered as protected against ovcrcurrcnt in 
accordance "idt 240.5. 

400.17 Protection from Damage. Flexible cord-; and flexible 
cables shall be protected by bushings or fittings where pa.<;.o;ing 
through holes in covers, oudct boxes, or similar cnd05urcs. 

In industrial establishments where me conditions of mainte
nance and supcnision ensure that only qualified persons serv
ice the installation, flexible cords and .Hcxiblc cables shall be 
permitted to be installed in aboveground raceways that arc no 
longer than 15 m (50 ft) to protect me flexible cord or flexible 
cable from physical damage. \\bcrc more man mrcc currcnt
cartying conductors arc installed wimin dtc raceway, me 
ampacity shall be adjusted in accordance "ith Table 400.5(A) 
(3). 

Part D. Construction Specifications 

400.20 Labels. Flexible corclo; shall be examined and tested at 
the factory and labeled before shipment. 

400.21 Construction. 

(A) Conductors. The individual conductors of a flexible cord 
or flexible cable shall have copper flexible stranding and shall 
not be smaller than the sizes specified in Table 400.4. 

(B) Nominal Insulation Thickness. The nominal mickncss of 
insulation for conductors of flexible corclo; and flexible cables 
shall not be lcs.o; man specified in Table 400.4. 
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400.22 Grounded-Conductor Identification. One conductor of 
flexible cord-; that is intended to be LLo;cd a.o; a grounded circuit 
conductor shall have a continuous marker mat rcadilv distin
guishes it from me omcr conductor or conductors. Th� identi
fication shall consist of one of the mcmodo; indicated in 
400.22(A) mrough (F) . 

(A) Colored Braid. A braid finished to show a white or gray 
color and me braid on me omcr conductor or conductors 
finished to show a readily distinguishable solid color or colors. 

(B) Tracer in Braid. A tracer in a braid of any color contra.o;t
ing "im mat of me braid and no tracer in me braid of me 
other conductor or conductors. :-.lo tracer shall be LL-;cd in me 
braid of anv conductor of a flexible cord that contains a 
conductor h;ving a braid finished to show white or gray. 

Exception: Tn the case of T)•pe.f C and PD and cmrls having the bmidf 
on the individtwl condurtm:f finislv.d to show white or gray. Tn such 
cords, tht identifYing matfler slwll be pe,..mitted to consist of tht solid 
white m· gray finish on ont contl;ucim; provided thm� is a coltnl'.d trarer 
in the braid of tach other ronduc(m: 

(C) Colored Insulation. A "ivhitc or gray insulation on one 
conductor and insuL·uion ·of a readily distinguishable color or 
colors on dtc odwr conductor or conductors for cord-; having 
no braid-; on me indilidual conductors. 

For jacketed cord-; furnished wim appliances, one conductor 
having its in!lulation colored light blue, wim the other conduc
tors having mcir insulation of a readily distinguishable color 
other than white or gray. 

Exception: \.mrls that have in.rulation on the individual condtutm-s 
inttgml zuith tht jacket. 

The insulation shall be permitted to be covered wim an 
outer finish to provide dtc desired color. 

(D) Colored Separator. A white or gray separator on one 
conductor and a separator of a readily distinguishable solid 
color on me odtcr conductor or conductors of cord-; having 
insulation on the indi,idual conductors integral wim me 
jacket. 

(E) Tinned Conductors. One conductor having the individual 
strand-; tinned and me omcr conductor or conductors having 
the individual stranclo; untinncd for cord-; having insulation on 
the individual conductors integral l\ith the jacket. 

(F) Surface Marking. One or more ridges, grooves, or white 
stripes located on the exterior of the cord so a.o; to identify one 
conductor for cord-; ha\ing insulation on the individual 
conductors integral "ith me jacket. 

400.23 Equipment Grounding Conductor Identification. A 
conductor intended to be used a.o; an equipment grounding 
conductor shall have a continuous identifying marker readily 
distinguishing it from me omcr conductor or conductors. 
\..onductors ha\ing a continuous green color or a continuoLLo; 
green color l\ith one or more yellow stripes shall not be used 
for other than equipment grounding conductors. Cord-; or 
cables consisting of integral insulation and a jacket without a 
nonintcgral equipment grounding conductor shall be permit
ted to be green. The identifying marker shall consist of one of 
the mcdtodo; in 400.23(A) or (B). 
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ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \..ABLES 400.47 

(A) Colored Braid. A braid finished to show a continuous 
green color or a continuous green color "ilh one or more 
yellow stripes. 

(B) Colored Insulation or Covering. For cords having no 
braid'i on the individual conductors, an insulation of a continu
ous green color or a continuous green color with one or more 
yellow stripes. 

400.24 Attachment Plugs. Where a flexible cord is provided 
"ith an cquipmcm grounding conductor and equipped with 
an auachmcm plug, the auachmcm plug shall comply with 
250.138(A) and (B). 

Part m. Portable Cables Over 600 Volts, up to 2000 Volts, 
Nominal 

400.30 General. Part III applies to single and multiconductor 
portable cables used to connect mobile cquipmcm and machi
nery. 

400.31 Construction. 

(A) Conductors. The conductors shall be 12 AWG copper or 
larger and shall employ flexible stranding. 

(B) Equipment Grounding Conductor(s). An cquipmcm 
grounding conductor(s) shall be provided in cables "id1 three 
or more conductors. The total area shall not be less than that 
of the size of the cquipmcm grounding conductor required in 
250.122. 

400.32 Shielding. All shiclcl'i shall be connected to an cquip
mcm grounding conductor. 

400.33 Equipment Grounding Conductors. Equipment 
grounding conductors shall be connected in accordance. with 
Parts VI and \1I of Article 250. 

400.34 Minimum Bending Radii. The minimum bending radii 
for portable cables during installation and handling in service 
shall be adequate to prevent damage to dtc cable. 

400.35 Fittings. Connectors used to conn«l lengths of cable 
in a run shall be of a type that locks or latches firmly together. 
Prmisions shall be made to prevent opening or dosing these 
connectors while energized. Suitable means shall be used to 
eliminate tension at connectors. and terminations. 

400.36 Sp6ces and Terminations. Portable cables shall not 
contain splices unless the splices arc of the pcrmanclll molded, 
vulcanized types in accordance with li0.14(B). Tcnninations 
on portable cables rated over 600 volts, nominal, shall be acces
sible only to aumorizcd and qualified personnel. 

Part IV. Portable Power Feeder Cables Over 2000 Volts, Nomi
nal 

400.40 General. Part IV applies to single and multiconductor 
portable power feeder cables over 2000 volts nominal used to 
connect portable cquipmcm and machinery. 

400.41 Portable Power Feeder Cables. Portable power feeder 
cables rated greater than 2000 volts shall comply with 400.14, 
400.17, and 400.23 and "id1 the following sections. 

Informational l'ote: See A.'\SI/NEI\L\ WC 58/ ICEA S-7!">-381, 
Porltlblt-aud PorUPT F"Ji" Cab/" for Use in Mi1li!S ami Similar Applira-

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

lion.<, for information on construction, testing, and marking of 
po11able power feeder cables. 

400.42 Uses Permitted. Portable power feeder cables over 
2000 volts shall be used for the following: 

(1)  \..onncction of portable cquipmcm and machinery or for 
"iring of cranes and hoist'i 

(2) Temporary services and installations 

400.43 Uses Not Permitted. Portable power feeder cables over 
2000 volt'i shall not be used for the following: 

( 1 )  A'i a substitute for the fixed wiring of a structure 
(2) Where run through holes in walls, ceilings, or floors 
(3) Where run through doom-ays, windows, or similar open-

ings 
(4) Where attached to building surfaces 
(5) Where concealed by \\-ails, floors, or ceilings 
(6) Where installed in racc"<t)'"S, except a'i otherwise permit-

ted in this \..ode 
(7) Where subject to physical damage 

400.44 Construction • . · 
·· 

(A) Conductors. The;: conductors shall be 6 AWG copper or 
larger and shall employ flexible stranding. 

(B) Nominal Insulation Thickness. The nominal thickness of 
insulation· for portable power feeder cables shall not be lcs.'i 
than specified in Table 400.44(B) (1) through Table 400.44(B) 
(4); 

(C) Equipment Grounding Conductor(s). An cquipmcm 
grounding conductor(s) shall be provided in cables with three 
or more conductors. The total area shall not be lcs.'i than that 
of the size of the cquipmcm grounding conductor required in 
250.122. 

400.45 Shielding. All shields shall be grounded al lca'il al one 
end. 

400.46 Equipment Grounding Conductors. Equipmcm 
grounding conductors shall be connected in accordance with 
Part'i VI and \1I of Article 250. 

400.47 Minimum Bending Radii. The minimum bending radii 
for portable power feeder cables from 2000 volt'> to 5000 volt'i 
shall not exceed six times the overall cable outer diameter. The 
minimum bending radii for portable cables from 5001 volt'i to 
25,000 volt'i shall not exceed eight times the overall cable outer 
diameter. 

Table 400.44(B) (I) Thickness of Insulation for Three
Conductor Type G Portable Power Feeder Cables Rated 
2000 Volts to 5000 Volts and Equipment Grounding Conductor 
Size 

Equipment 

Copper Nominal lusulation Thickness of Grounding 

Conductor Size Power Conductors Conductor 

(AWG) orkcmil mils mm SizeAWG 

6 1 10 2.79 10 
4-2 1 10 2.79 8 

1 1 10 2.79 7 
1/0 1 10 2.79 6 
2/0 1 10 2.79 5 
3/0 1 10 2.79 4 
4/0 1 10 2.79 3 
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400.48 ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \..ABLES 

Table 400.44(B)(2) Thickness of Insulation for Single 
Conductor Type SH Portable Power Feeder Cables Rated 
2000 Volts to 25,000 Volts for 100 Percent Insulation Level 

Nominal losulation Thickness of Power 

Copper Conductor Conductors 

Size (AWG) or kcmil mils nun 
2001 to 5000 volts 

6-4/0 1 10 2.79 
250-500 120 3.05 

5001 to 8000 volts 
4-500 150 3.81 

8001 to 15,000 volts 
2-500 210 5.33 

15,001 to 25,000 volts 
1-500 295 7.'19 

Table 400.44(B)(3) Thickness of Insulation for Three
Conductor Type SHD and SHD-GC Portable Power Feeder 
Cables Rated 2000 Volts to 25,000 Volts for 100 Percent 
Insulation Level and Grounding Conductor Size 

Copper Nominal losulation Thickness Grounding 

Conductor Size of Power Conductors Conductor 

(AWG) or kcmil mils nun SizeAWG 

2000 to 5000 volts 
fH/0 1 10 2.79 8 

250-500 120 3.05 8 

5001 to 8000 volts 
4-500 150 3.81 8 

8001 to 15,000 volts 
2-4/0 210 5.33 8 

15,001 to 25,000 volts 
1-4/0 295 7.49 8 

Table 400.44(B)(4) Thickness of Inswation for Three
Conductor Type SHD-CGC Portable Power Feeder Cables 
Rated 2000 Volts to 5000 Volts for 100 Percent Insulation Level 
and Grounding Conductor Size 

Equipment 

Copper Nominal losulation Thickness of Grounding 

Conductor Size Power Conductors Conductor 

(AWG) or kcmil mils nun Size AWG 

6 1 10 2.79 10 
4-2 1 10 2.79 8 

I 1 10 2.79 7 
1/0 1 10 2.79 6 
2/0 1 10 2.79 5 
3/0 1 10 2.79 4 
4/0 1 10 2.79 3 
250 120 3.05 2 

300-350 120 3.05 1 
500 120 3.05 2/0 
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400.48 Fittings. The usc of connectors and couplers to 
connect lengths of cable together in a run shall not be permit
ted. 

400.49 Sp6ces and Terminations. Portable power feeder 
cables shall not contain splices. Connectors, couplers, lugs, 
elbows, and terminations for portable power feeder cables 
rated over 2000 volts, nominal, shall be accessible onlv to 
authorized and qualified personnel. Suitable means shali be 
used to eliminate tension at connectors, couplers, lugs, elbows, 
and terminations. 

400.50 Types. Portable power feeder cables rated greater than 
2000 volts shall conform to the description in Table 400.50. 
Types G, SHD-PCG, and SHD-CGC shall be used only from 
2000 volts to 5000 volts. Types SH, SHD, and SHD-GC shall be 
used from 2000 volts to 25,000 volts. \\'here a Type designation 
for portable power feeder cables over 2000 volts conflict'> "ith a 
designation description in Table 400.4, the description in Table 
400.50 shall apply. The usc of portable power feeder cables 
other than those in Table 400.50 shall require pcrmis.'lion by 
the authority havingjurisdktlon. 

400.51 Ampacities for Portable Power Feeder Cables Rated 
Greater Than 2000 Volts. · 

(A) AmpacityTables. Table 400.51 (A) (1 )  provides the ampaci
tics for single and three-conductor portable power feeder 
cables rated greater than 2000 volt'>. \\"bcrc portable power 
feeder cables arc used in ambient temperatures other than 
3o•c (86°F), the temperature correction factors from Table 
400.5l (A) (2) that correspond to the differing ambient temper
ature shall be applied to the ampacity in Table 400.51 (A) (l  ) . 
Where the cable "ill not be completely unwound from the 
cord reel, the ampacity correction factor based on the number 
of layers remaining wound on a reel shall be applied as shown 
in Table 400.51 (A) (3). 

(B) Engineering Supervision. Under engineering supcnision, 
conductor ampacities shall be permitted to be calculated in 
accordance "idt 310.14(8). 

400.52 Markings 

(A) Required Markings. Portable power feeder cables shall be 
marked by means of a printed tag attached to the coil reel or 
carton. The tag shall contain dtc information required in 
310.8(A). Types G, SHD-PCG, SH, SHD, SHD-GC, and SHD
CGC portable power feeder cables shall be durably marked on 
the surface at intcn-als not exceeding 610 mm (24 in.) "idt the 
follo"ing: 
(1) The maximum rated voltage 
(2) The proper type letter or letters for the t}'pc of portable 

power feeder cable as specified elsewhere in this Code 
(3) The manufacturer's name, trademark, or other distinctive 

marking by which the organization responsible for the 
product can be readily identified 

(4) The AWG size or circular mil area 
(5) :Maximum operating temperature 

(B) Optional Markings. Portable power feeder cables listed in 
Table 400.50 shall be permitted to be surface marked to incli
catc special characteristics of the cable materials. These mark
ings shall be permitted to include, but arc not limited to, 
markings for limited smoke, sunlight resistance, and so forth. 
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ARTICLE 400 - FLEXIBLE CORDS AND FLEXIBLE \.ABLES 400.52 

Table 400.50 Portable Power Feeder Cables 

Outer Ground Check Grounding Multic:onduc:tor 
Trade Name Type Letter Voltage AWG orkc:mil Insulation Covering Conductor Conductor Shielded Configuration 

Portable G 2001- 5000 !1-4/0 Titemtoset I Ieavy dmy or :-.lo Yes Yes Two parallel 
Power extra he-.t'"Y power 
Feeder dulv conductors 
Cables Tit�nnosel willt a single 

grtlaancling 
conductor 

SJJD-PCG 2001 -!.000 3-4/0 Titemtosel Jleaw dul\' or :-.lo Yes lndi,idually Round three 
exira h�.t'"Y shielded power 
dmv power conductors 
Tit�nnosel conductors that are 

S<'Jlarately 
covered "ith 
itL•ulation, a 
tape, and a 
metallic 
shield, 
grtlaancling 
conductor� 
and one or 
more control 
conductors 
under a unit 

jackeL 

SJJ 2001-25,000 6-!.00 Titemtosel Jleaw dul\' or :-.lo No Yes :-.1/A 
exira h�.t'"Y 
duly 
Titennosel 

SliD 2001-25,000 6-!.00 Titemtosel Jleaw dul\' or :-.lo Yes lndi,idually Round three 
exira h�.t'"Y shielded power 
dulv power conductors 
Tit�nnosel conductors that are 

and S<'Jlarately 
grounding CO\'ered "itb 
conductors itL•ulation, a 

tape, and a 
shield, and 
three 
grtlaancling 
conductors, 
one in e-.tdt 
interstice. 

SJJD-\..C 2001-25,000 6-!.00 Titemtosel Jleaw dul\' or Yes Yes lndi,idually Round three 
exira h�.t'"Y shielded power 
dulv power and conductors 
Tit�nnosel grounding that are 

conductors S<'Jlarately 
CO\'ered "itb 
itL•ulation, a 
tape, and a 
shield, and 
two 
grtlttnding 
conductors 
and one 
ground-check 
conductor 

(ronlimus) 
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400.52 ARTICLE 400 -FLEXIBLE CORDS AND FLEXIBLE \ABLES 

Table 400.50 Continued 

Outer Ground Check Grounding 
Trade Name Type Letter Voltage AWG or kc:mil Insulation Co..ering Conductor Conductor 

SIID-CGC 2001-5000 1!-!.00 I Ieavy dmy or Yes 
extra he-.t'"Y 
d111v 
Th�nnoset 

Yes 

Table 400.51(A)(I) Ampacity for Portable Power Feeder Cables Over 2000 Volts [Based on 
Ambient Temperature of 3o•c (86°F)] 

Copper Siugle Conductor* Three Conductor Copper 
Conductor 2001- 8001- 15,001- 2001- 8001- 8001- Conductor 
Size (AWG) 8000Volts 15,000 Volts 25,000 Volts 8000 Volts 15,000 Volts 15,000 Volts Size (AWG) 

or kcmil Shielded Shielded Shielded Shielded Shielded Shielded or kcmil 

6 123 102 6 
4 163 134 4 
3 188 154 3 
2 214 214 175 180 196 2 
I 247 247 244 202 205 210 I 

1/0 286 285 280 232 236 240 l /0 
2/0 329 328 322 267 270 274 2/0 
3/0 379 377 371 307 31 1 315 3/0 
4/0 440 437 428 353 357 360 4/0 
250 488 484 473 390 395 396 250 
300 545 540 528 438 300 

350 604 597 582 478 350 
400 656 649 629 470 400 
450 704 696 676 503 450 
500 757 746 725 536 500 

l'ote: Ampacities are ba.'led on a conducior temperature of90"C ( 194.F) and an ambient air temperdture of 
30"C (86.F). 
* Ampacities are ba.'led on single isolated cable in air operated with open-circuited shield. 

Table 400.51 (A) (2) Adjusbnent Factors for Different Ambient Temperatures 

Ambient Temperature, Degrees 
·c OF Multip1yiug Correction Factor 

10 
20 
30 
40 
50 

50 
68 
86 

101 
122 

1.26 
1.18 
1.10 
1 .00 
0.90 

Shielded 

lndi,idually 
shielded 
IX>wer 
conductors, 
grounding 
conductcu·s, 
and one 
ground
check 
conductor 
in cerucr 

Multic:ouduc:tor 
Configuration 

Round three 
power 
conductors 
that are 
SC:Ilaralely 
cm·ered "ith 
itl. .. nlation� a 
tape, and 
metal shield, 
three 
grtlaancling 
conductors, 
and one 
center 
ground-check 
conductor: 

70-290 l'\ATJO:'\AL EJ..EGJ'RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 404- SWITCHES 404.2 

Table 400.51 (A) (3) Adjusbnent Factors for Number of Layers of Cable Wound on a Reel 

Number of Layers Multiplyiog Correction Factor 

1 
2 
3 

4* 

0.85 
0.65 
0.15 
0.35 

*If more than four layers of cable are wound on the reel, ampacity derating should be calculated tL•ing 
enginee1ing supeni•ion. 

ARTICLE 402 
F:axture W:ares 

402.1 Scope. This article covers general requirements and 
construction specifications for fixture \\ires. 

402.2 Other Articles. Fixture \\ires shall comply with this arti
cle and also with the applicable prm-isions of other articles of 
this (..ode. 

Informational l'ote: See Part \-1 of Article 4 10 for application in 
luminaires. 

402.3 Types. Fixture wires shall be of a type listed in Table 
402.3, and they shall comply with all requirement• of that table. 
The fixture wires listed in Table 402.3 arc all suitable for service 
at 600 volt•, nominal, unless othcnvisc specified. 

Informational Note: Thermopla•tic insulation may stiffen at 
temperatures lower than -IO"C (+14"F). Thermopla•tic insula
tion may also be deformed at normal temperdtures where 
suJ"!iected to pressure, such a• at points of suppon. 

402.5 Ampacities for Fixture Wares. The ampacity of fixture 
wire shall be as specified in Table 402.5. 

1'\o conductor shall be used under such conditions that it• 
operating temperature exceed• the temperature specified in 
Table 402.3 for the type of insulation involved. 

Informational l'ote: See 310.14(A) (3) for temperdture limita
tion of conductors. 

402.6 Minimum Size. Fixture \vires shall not be smaller than 
18 AWG. 

402.7 Number of Conductors in Conduit or Tubing. The 
number of fixture "ires permitted in a single conduit or tubing 
shall not exceed the percentage fill specified in Table 1 ,  Chap
tcr 9. 

402.8 Grounded Conductor Identification. Fixture \\ires that 
arc intended to be used as grounded conductors shall be iden
tified by one or more continuous white stripes on other than 
green insulation or by dtc means described in 400.22(A) 
through (E). 

402.9 Marking. 

(A) Method of Marking. Thermoplastic insulated fixture "ire 
shall be durably marked on the surface at intcn"als not exceed
ing 610 mm (24 in.). All other fixture wire shall be marked by 
means of a printed tag attached to the coil, reel, or carton. 

(B) Optional Marking. Fixture wire types listed in Table 402.3 
shall be permitted to be surface marked to indicate special 
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characteristics of the cable materials. These markings include, 
but arc not limited to, markings for limited smoke, sunlight 
resistance, and so ford1. 

402.10 Uses Permitted. Fixture wires shall be permitted 
(1 )  for installation in luminaires and in similar equipment 
where enclosed or protected and not subject to bending or 
tll\<isting in usc, or (2) for connecting luminaires to the branch
circuit conductors suppl}'ing the luminaires. 

402.12 Uses Not Peraiiued. Fixture 11\<ircs shall not be used as 
branch-circuit conductors except a• permitted elsewhere in this 
Code. 

402.14 Oven:orrent Protection. Ovcrcurrcnt protection for 
fixture "ires !!hall be a• specified in 240.5. 

Part I. General 

ARTICLE 404 
Switches 

404.1 Scope. This article covers all switches, Sl\itching devices, 
and circuit breakers used ao; slvitchcs operating at 1000 volt• 
and below, unlcs.• specifically referenced elsewhere in this ('.ode 
for higher voltages. 

This aniclc docs not cover l\irelcss control equipment to 
which circuit conductors arc not connected. 

Informational l'ote: See 2 10.70 for additional information rela
ted to branch circuit• that include s"itches or li•ted wall
mounted control de�ices. 

404.2 Switch Connections. 

(A) Three-Way and Four-Way Switches. Three-way and four
way switches shall be 11\<ircd so that all s\vitching is done only in 
the ungrounded circuit conductor. Where in metal racc"'a}"S or 
metal-armored cables, "iring between s"itchcs and oudcto; shall 
be in accordance lvith 300.20(A). 

Exception: Switch loops shall not require a gmunded conductm: 

(B) Grounded Conductors. Switches or circuit breakers shall 
not disconnect the grounded conductor of a circuit. 

Exception: A .'ilvitch or cit"cuit ln"t'aker shall be pe,.mitted to disconnect a 
gmundP.d cin:uit conductm· whe11' all circuit conductors a/1' disconn«
ted .�imultanemt.�{l� or where the devire i� m·rangr'd so that the gmunded 
conductor cannot be disconnected until all the ungmundP.d cmulttctm-s 
of the cin:uit have been disconn«led. 
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404.2 ARTICLE 404- S\\TICHES 

Table 402.3 FIXture Wires 

Thickness of 
Insulation 

Maximum 
Type Outer Operating Application 

Name Leuer Insulation AWG mm mils Covering Temperature Provisions 

Jlem-resistam rubber- FFII-2 Ileal-resistant 11!-16 0.76 30 :--;on metallic 75·c Fixmre "iling 
cm·ered fixture wire - rubber or cross- co\·ering (167.f) 
nexible stmnding mm-2 linked synthetic oo·c 

pol�1ner (194.f) 

ECTFE -solid or 7- llf Ethylene 11!-14 0.38 15 :--;one J5o·c Fixmre "iling 
strand chloro- (302.f) 

llilluoroethylene 

ECTFE - llexible IIFF Ethylene 11!-14 0.38 15 :--;one 15o•c Fixmre "iling 
stranding chlorot1illuo- (302.f) 

methylene 

Tape insulated lixmre KF-1 Aromatic 11!-10 0.14 5.5 :--;one 200·c Fixmre "iling 
\\ire - solid or 7.,.tmnd pol�imide (392.f) - limited to 

tape 300 \'OIL• 
KF-2 Aromatic 11!-10 0.21 1!.4 :--;one 200·c Fixmre "iling 

pol�imide tape (392.f) 

Tape insulated lixmre KFF-1 Aromatic 11!-10 0.14 5.5 :--;one 200·c Fixmre "iling 
wire - llexible pol�imide (392.f) - limited to 
sU'3nding tape 300 \'OIL• 

KFF-2 Aromatic 11!-10 0.21 1!.4 :--;one 200·c Fixmre "iling 
pol�imide (392.f) 
tape 

Perlluoro-alkoxv - solid PAF Perlluoro- 11!-14 0.51 20 :--;one 25o•c Fixmre "iling 
or 7""tr.llld (1;ickel or alkoxy (41!2.f) (nickel or 
nickekoated copper) nickel<oated 

copper) 

Perlluoro-alkoxy - PAFF Perlluoro- 11!-14 0.51 20 :--;one 15o•c Fixmre "iling 
nexible stranding alkoxy (302.f) 

Fluorinated ethylene PF Fluolinated 11!-14 0.51 20 :--;one 200·c Fixmre "iling 
propylene fixmre wire ethvlene (392.f) 
- solid or 7.,.trand pro"pylene 

Fluorinated ethylene PFF Flu01inated 11!-14 0.51 20 :--;one 15o•c Fixmre "iling 
propylene fixmre wire ethvlene (302.f) 
- llexible stmnding pro"pylene 

Fluorinated ethylene PGF Fluolinated 11!-14 0.36 14 Gla'l.• braid 200·c Fixmre "iling 
propylene fixmre wire ethvlene (392.f) 
- solid or 7.,.trand pro"pylene 

Fluorinated ethvlene PGFF Fluolinated 11!-14 0.36 14 Gla'l.• braid 15o•c Fixmre "iling 
propylene fix.mre wire ethylene (302.f) 
- llexible stmnding propylene 

Extruded PTF Extruded 11!-14 0.51 20 :--;one 25o•c Fixmre "iling 
polytetmllttoroethylene polytetralluo- (41!2.f) (nickel or 
- solid or 7.,.trand methylene nickel<oated 
(nickel or nickel- copper) 
coated copper) 

Extruded PTFF Extruded 11!-14 0.51 20 :--;one 15o•c Fixmre "iling 
polytetmllttoroethylene polytetralluo- (302.f) (silver or 
- flexible smuuling methylene nickel<oated 
2f>-36 (AWG siJ,·er or copper) 
nickekoated copper) 

Jleat-resistam rubber- RFIJ-1 Ileal-resistant II! 0.38 15 :--;on metallic 75•c Fixmre "iling 
cm·ered fixture wire - rubber co\·ering (167.f) - limited to 
solid or 7.,.muul 300 \'OIL• 

RFII-2 Ileal-resistant 11!-16 0.76 30 :--;one or non- 75•c Fixmre "iling 
rubber metallic (167.f) 
Cro'I.'I-Jinked CO\'ering 
synthetic 
pol>1ner 

(coni inues) 
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ARTICLE 404- SWITCHES 404.2 

Table 402.3 Continued 

Tbic:kness of 
Insulation 

Maximum 
Type Outer Operating Applic:ation 

Name Letter Insulation AWG mm mUs Covering Temperature Provisions 

Jlem-resismm cros.'l-linkeel Rfllll-2* Cros.,..Jinked 18-16 0.76 30 :--;one or non- oo·c Fixture wiring 
symhetic polyme1� Rfllll-3* symhetic 18-16 1.14 45 memllic (194.f) 
insulateel lixmre wire polymer co\·ering 
- solid or 7-strand 

Silicone insulated lixmre SF-I Silicone II! 0.31! 15 :--;onmelallic 200·c fixmre wiring 
\\ire - solid or 7-smmd mbber co\·ering (392.f) - limited to 

300 mhs 

Sf-2 Silicone 18-12 0.76 30 :--;onmelallic 200·c Fixture wiring 
mbber 10 1.14 45 co\·ering (392.f) 

Silicone insulated lixmre Sff-1 Silicone II! 0.31! 15 :--;onmelallic 15o•c Fixture wiring 
wire - flexible mbber co\·ering (302.f) - limited to 
stranding 300 mlt• 

Sff-2 Silicone 18-12 0.76 30 :--;onmelallic 15o•c Fixture wiring 
mbber 10 1.14 45 co\·ering (302.f) 

Them10pla•tic cm·ereel Tf* Them10pla•tic 18-16 0.76 30 :--;one r10·c Fixture wiring 
lixmre \\ire - solid or (l40°f) 
7-strand 

Them10pla•tic cm·ereel Tff* Them10pla•tic 18-16 0.76 30 :--;one r10·c Fixture wiring 
lixmre \\ire - flexible (l40°f) 
stranding 

lleat-resistam �* Them10pla•tic 18-16 0.31! 15 :--;vlon- oo·c Fixture wiring 
thennopla•tic cm·ereel 'jacket- (194.f) 
lixmre \\ire -solid or eel or 
7-strand equi\'alem 

Jleat-resismm �* Them10pla•tic 18-16 0.31! 15 :--;vlon- oo·c Fixture wiring 
thennopla•tic cm·ereel 'jacket- (194.f) 
lixmre \\ire - flexible eel or 
strandeel equi\'alem 

Cros.'l-linked polyolelin Xf* Cros.,..Jinked 18-14 0.76 30 :--;one 15o•c Fixture wiring 
insulateel lixmre wire polyolelin 12-10 1.14 45 (302.f) - limiteel to 
- solid or 7-strand 300 mlt• 

Cros.'l-linked polyolelin Xff* Cros.,..Jinked 18-14 0.76 30 :--;one 15o•c Fixture wiring 
insulateel lixmre wire polyolelin 12-10 1.14 45 (302.f) - limited to 
- flexible stmnderl 300 mlt• 

�·loclilieel ETFE - solid ZF :\fodilied 18-14 0.31! 15 :--;one 15o•c Fixture wiring 
or 7-stmnd ethylene (302.f) 

tetrafluoro-
ethylene 

�·loclilieel ETFE - ZFf :\fodilied 18-14 0.31! 15 :--;one 15o•c Fixture wiring 
flexible stmnding edl\'lene (302.f) 

tet1;.fluoro-
edl\'lene 

lligh temp. modilieel Zllf :\fodilied 18-14 0.31! 15 :--;one 200·c Fixture wiring 
ETFE-solid or 7- edl\'lene 

(392.f) strand tell;.fluoro-
ethylene 

*lnsnlauons and outer covenngs that meet the reqmrement• of flame relarrlant, hmned smoke, and are so IL•ted, shall he penmtted to he marked for 
limited smoke after the ('.od,. type designation. 
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404.2 ARTICLE 404- S\\TICHES 

Table 402.5 Ampacity for FIXture WJreS 

Size (AWG) 

18 
16 
11 
12 
10 

(C) Switches Controlling Lighting Loads. The grounded 
circuit conductor for dtc controlled lighting circuit shall be 
installed at me location where S\'itches control lighting load'i 
mat arc supplied by a grounded general-purpose branch circuit 
scning baduooms, hallways, stain,<�ys, and habitable rooms or 
occupiable spaces as defined in dtc applicable building code. 
\\'here multiple switch locations control me same lighting load 
such dtat dtc entire floor area of the room or space is visible 
from dtc single or combined switch locations, me grounded 
circuit conductor shall only be required at one location. A 
grounded conductor shall not be required to be installed at 
lighting Sl\itch locations under any of me follo"ing conditions: 
(1) Where conductors enter the box enclosing dtc Sl\itch 

ilirough a raceway, prO\idcd dtat me raceway is large 
enough for all contained conductors, including a groun
ded conductor 

(2) \\'here snap s"itches "ith integral enclosures comply wiili 
300.15(E) 

(3) \\'here lighting in me area is controlled by automatic 
means 

(4) Where a switch controls a receptacle load 

The grounded conductor shall be extended to any Sl\itch 
location as necessary and shall be connected to S\'itching dcli
ccs dtat require lin�to-ncutral voltage to operate me clcctron
ic.'i of me S\'itch in dtc standby mode and shall meet me 
requirement., of 404.22. 

Exception: Tile connection TP,quhe·ment slmU 1wt aptJ�l' to replacement ar 
1-etmjit switches in.�talled in locatians tn·ior to /nral adoption of 
404.2(C) and wlm-e tile gmundP.d cunductor rannol be extended with
aut 11'moving finish 11Ullelials. Tile number of electronic cantml !iluitrlles 
an a brandt circuit slmU not exct't'd Jive, and. the number cannecll'.d to 
any feeder on tile load .�ide of a system m· main banding jumper slmU 
not excl'l'.d 25. For tile J1wpose of thi� nception, a neutral bu.�bar, in 
rompliana with 200.2(8) and to whick a main ar system banding 
jumper is cannecll'.d shaU not be limited as to tile number of eiPctnmic 
lighting cantml switches cmmected. 

lnfonnational :'\ote: The prmi�ion for a grounded conductor is 
to complete a circuit pad1 for electronic lighting control devices. 

404.3 Enclosure. 

(A) General. Sl\itchcs and circuit breakers shall be of me 
externally operable type mounted in an enclosure listed for me 
intended usc. The minimum wir�bcnding space at terminals 
and minimum gutter space prO\idcd in switch enclosures shall 
be as required in 312.6. 

Exception No. 1: Petulant- and swface-t_l'pe snap switrlles and knife 
switches muunted an an upen-Jace .witrltbuanl ar panelboard shaU be 
permitted witlwut enrlo.rures. 

Exception No. 2: Switches and cimtit bl-,akers instaliP.d in arcordana 
with 1 J0.27(A)(l ), (A)(2), (A)(3), or (A)(4) shaU be pemtitll'.d with
aut enclos-w-,s. 
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Ampacity 

6 
8 

1 7  
23 
28 

(B) Used as a Raceway. Enclosures shall not be used a'i junc
tion boxes, auxiliary gutters, or racc""a}'S for conductors feed
ing duough or tapping off to oilier S\'itches or ovcrcurrcnt 
dc\iccs, unlcs.'i me enclosure complies wiili 312.8. 

404.4 Damp or Wet Locations. 

(A) Surface-Mounted Switch or Circuit Breaker. A surface
mounted Sl\itch or circuit breaker shall be enclosed in a wcaili
crproof enclosure or cabinet mat complies wiili 312.2. 

(B) Dush-Mounted Switch or Circuit Breaker. A flush
mounted S\'itch or circuil breaker shall be equipped l\iili a 
wcailicrproof cover. 

(C) Switches in Tub or Shower Spaces. Sl\itchcs shall not be 
installed wiiliin rub or shower spaces unlcs.'i installed a'i part of 
a listed tub or shower a'i.'icmbly. 

404.5 Time Switches, Dashers, and Similar Devices. Time 
Sl\itchcs, fla'ihcrs, and similar devices shall be of me enclosed 
type or shall be mounted in cabinct'i or boxes or equipment 
enclosures. Energized part'i shall be barricrcd to prevent opera
tor exposure when making manual adjustment., or Sl\itching. 

Exception: Devices mo-unll'.d so they m-e accessible on�)' to lfiUlhjied 
fJe1-sa11s slmU be pemtitted witlwut baniers, Jnvvided tile)• a11' located 
within an enrlosut-e .mel! that an_l' energized parL� within 152 mm 
(6.0 in.) of tile manual adj1utment ar switch are covert'.d by suitable 
banin-s. 

404.6 Position and Connection of Switches. 

(A) Single-Throw Knife Switches. Singlc-ilirow knife s"itches 
shall be placed so dtat gra\ity \\ill not tend to close them. 
Singl�throw knife Sl\itchcs, approved for usc in me inverted 
position, shall be prmidcd wiili an integral mechanical means 
mat ensures that the blades remain in the open position when 
so set. 

(B) Double-Throw Knife Switches. Double-throw knife 
Sl\itchcs shall be permitted to be mounted SO that IDC throw is 
ciilicr vertical or horizontal. Where me duow is vertical, inte
gral mechanical means shall be provided to hold me blades in 
the open position when so set. 

(C) Connection of Switches. Single-throw knife switches and 
Sl\itchcs l\ith butt contact'i shall be connected such mat ilicir 
blades arc d�ncrgizcd when dtc Sl\itch is in the open posi
tion. Bolted prcs.'iurc contact switches shall have barriers iliat 
prevent inadvertent contact wiili energized blades. Singlc
ilirow knirc switches, bolted prcs.'iurc contact switches, molded 
ca'ic S\\itchcs, S\'itchcs wiili butt contact'i, and circuit breakers 
used a'i switches shall be connected so mat the terminals 
suppl}"ing me load arc de-energized when me S\'itch is in me 
open position. 

Exception: Tile blades and le11ninal� .rufrP�l·ing tile load of a .nvitcll 
shaU be pennilled to be energized when the .nuitrll is in tile open position 
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ARTICLE 404- SWITCHES 404.10 

wlun tile .nuitcll is conn«ted to cin:uits m· equipment inherent�)' capable 
of Jmroiding a backfPm .�ourre of /JOU!t!l: Fm· .mel! imtallations, a 
pennanmt .�ign shall be installed on the .nuitch enclo.runt or immediate�)' 
adjacmt to open switches zuith tile following words m· equivalent: 
l'VARl'iiNG - LOAD SIDE TERMINAL<; lWA Y BE E!'IERGIZED BY 
BACKFEED. The wm-ning sign or label shall comply with 1 10.21(8). 

404.7 Indicating. \..cncral-usc and motor-circuit Sl\itchcs, 
circuit breakers, and molded cao;c Sl'itchcs, where mounted in 
an enclosure a"l described in 404.3, shall indicate, in a location 
that is l-isiblc when accessing the external operating means, 
whether they arc in the open (ofi) or closed (on) position. 

\\'here these switch or circuit breaker handles arc operated 
vertically rather than rotationally or horizontally, the up posi
tion of the handle shall be the closed (on) position. 

Exception No. 1: Vertica�}· opemted double-tllmw .nuitclles shall be 
permitted to be in the rlosed (on) Jmsition with tile handle in eitlter tile 
up m· dOUin Jmsition. 

Exception No. 2: On bu.way installations, ta/J .nuitclles employing a 
center-pivoting luuulle slmU be fJel'mitted to be open m· closed with eitlter 
end of the lmndle in the U/J m· down Jmsition. Tile .nvitch po.�tion slmU 
be c!Pm{l· indirating mul shall be visible from tile Jlom· m·ftvm the usual 
point of opemtion. 

404.8 Accessibility and Grouping. 

(A) Location. All Sl\itchcs and circuit breakers used a"l s"itchcs 
shall be located so that they can be operated from a readily 
accessible place. They shall be installed such that the center of 
the grip of the operating handle of dtc s"itch or circuit 
breaker, when in it"l highest position, is not more dtan 2.0 m 
(6 ft 7 in.) above the floor or working platform, except as 
follows: 

(1) On busway installations, fused switches and circuit break
ers shall be permitted to be located at dlc same IC\'CI a"l 
the busway. Suitable means shall be prmidcd to operate 
the handle of the device from the floor. 

(2) Sl\itchcs and circuit breakers installed adjaeent to motors, 
appliances, or oilier equipment that dley supply shall be 
permitted to be located higher man 2.0. m (6 ft 7 in.) and 
to be accessible by portable means. 

(3) Hookstick operable isolating, S\\itchcs shall be permitted 
at greater hcight"l. 

(B) Voltage Between Adjacent �ces. A snap Sl'itch shall not 
be grouped or ganged in enclosures "id1 other snap Sl\itchcs, 
receptacles, or similar del-ices, unless dtcy arc arranged so that 
the voltage between adjacent devices docs not exceed 300 volt"l, 
or unless they arc installed in enclosures equipped widl identi
fied, securely installed barriers between acljaccnt devices. 

(C) Multipole Snap Switches. A multipolc, general-usc snap 
Sl\itch shall not be fed from more than a single circuit unless it 
is listed and marked a"l a two-circuit or dlrcc-circuit switch. 

Informational l'ote: See 2 10. i for disconnect requiremenL• 
where more than one circuit supplies a S\\itch. 

404.9 General-Use Snap Switches, Dimmers, and Control 
Switches. 

(A) Faceplates. Faceplates prmidcd for snap Sl\itchcs, 
dimmers, and control switches mounted in boxes and other 
enclosures shall be installed so a"l to completely cover the open
ing and, where the Sl\itch is flush mounted, scat against dlc 
finished surface. 
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(B) Grounding. Snap switches, dimmers, and control s"itchcs 
shall be connected to an equipment grounding conductor and 
shall provide a means to connect metal faceplates to dlc equip
ment grounding conductor, whcdlcr or not a metal faceplate is 
installed. :\l(ctal faceplates shall be bonded to the equipment 
grounding conductor. Snap switches, dimmers, control 
Sl\itchcs, and metal faceplates shall be connected to an equip
ment grounding conductor using either of dlc follm\ing mcth
ocl"l: 

(1)  The switch is mounted widl metal screws to a metal box 
or metal cover dlat is connected to an equipment 
grounding conductor or to a nonmetallic box widl inte
gral means for connecting to an equipment grounding 
conductor. 

(2) An equipment grounding conductor or equipment bond
ing jumper is connected to an equipment grounding 
tcnnination of dtc snap switch. 

Exception No. 1: �Wun 1w means exists within the mdo.rure fm· bond
ing to the equipment grounding conducto1; m· whm• the wi1ing metlwd 
does not include m· provide an equiJnnent gmunding ronductm; a .maJI 
.witch without a connit:lion to an equipment gmmuling conductm· 
shall be pmnitted for nplawnent purpost>s on�}·. A .map .nuitcll wired 
under tile pmvisiuns of this exception and /orated within 2.5 m (8ft) 
vntically, or 1:5 m (5 ft) lw1izonta�l', of gmutul or expost>d gmunded 
metal objec.ts shall be Jmroided with a faceplate of twncondtu:ting 
ncmcmnlnistible material with nonmetallic attachment sn"t!Uis, un/e.••s 
the :witch. mounting .�trap m· J'Oke is nonmetallic m· the cit-cuit is protec
ted I!J a gmundfattlt circuit intemlpiet: 

Exception No. 2: Listed kits m· listed as!iemblies slmU 1wt be t-equiml to 
be bonded to an equipment gmunding ronductm· if all of tile following 
conditions at'f! met: 

( 1) Tile device is pmvided zuith a nonmetallic facefJlate, and tile 
device is designed .�ucll that 1w metallic facefJlate 17!frlaces tile one 
provided. 

(2) Tile device does not have mounting meam to accefJt othn· config
urations of facefJlates. 

( 3) Tile device is equiJJjled with a 1wnmetallic J'oke. 
( 4) AU pa1·ts of tile device that Q:/1! arcessible after installation of tile 

facefJlate at'f! mamifactUI'f!d of nonmetallic maletial�. 

Exception No. 3: A .map .nuitch with integral nonmetallic enrlo.ru11! 
complying zuith 300.15(E) slmU be fJel'mitted without a bonding 
connection to an equiJnnent gmunding conductm: 

(C) Construction. Metal faceplates shall be of fcrrotL"l metal 
not less than 0.76 mm (0.030 in.) in dlickness or of nonfcrrotL"l 
metal not less than 1 .02 mm (0.040 in.) in dlickness. Faceplates 
of insulating material shall be noncombtL"ltiblc and not lcs."l 
than 2.54 mm (0.100 in.) in dlickness, but dlcy shall be permit
ted to be lcs."l man 2.54 mm (0.100 in.) in dlickness if formed 
or reinforced to prmidc adequate mechanical strcngdl. 

404.10 Mounting of General-Use Snap Switches, Dimmers, and 
Control Switches. 

(A) Surface Type. General-usc snap s"itchcs, dimmers, and 
control s"itchcs used "idl open \\iring on insulators shall be 
mounted on insulating material dlat separates dlc conductors 
at lca"lt 13 mm (� in.) from dlc surface \\ired over. 

(B) Box Mounted. Flush-type gcncral-tL"lC snap Sl\itchcs, 
dimmers, and control switches mounted in boxes dtat arc set 
back of dlc finished surface a"l permitted in 314.20 shall be 
installed so that the extension pla"ltcr cars arc seated against 
the surface. Flush-type dc\'iccs mounted in boxes dlat arc flush 
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"ith the finished surface or project from it shall be installed so 
that the mouming yoke or strap of dtc device is seated against 
the box. Screws used for the purpose of attaching a device to a 
box shall be of the type provided with a listed dc\-icc, or shall 
be machine screws ha\-ing 32 threads per inch or part of listed 
assemblies or systems, in accordance "ith dtc manufacturer's 
instructions. 

404.11 Circuit Breakers as Switches. A hand-operable circuit 
breaker equipped "id1 a lever or handle, or a power-operated 
circuit breaker capable of being opened by hand in dtc cvcm 
of a power failure, shall be permitted to serve as a switch if it 
has the required number of poles. 

lnformational l'ote: See 240.81 and 240.83 for requiremenL• for 
circuit breakers relative to indication of state and required 
markings. 

404.12 Grounding of Enclosures. :Metal enclosures for 
Sl\itchcs or circuit breakers shall be connected to an cquip
mcm grounding conductor a• specified in Part IV of Arti
cle 250. Metal enclosures for Sl\itchcs or circuit breakers used 
a• service cquipmcm shall comply with the prmisions of Part V 
of Article 250. Where nonmetallic enclosures arc used with 
metal raceways or mctal-armorccl cables, they shall comply with 
314.3, Exception No. I or No. 2. 

Except a"l covered in 404.9(B), Exception No. I, nonmetallic 
boxes for switches shall be installed with a "iring mcdtod that 
prmiclcs or includes an equipment grounding conductor. 

404.13 Knife Switches. 

(A) Isolating Switches. Knife switches rated at over 
1200 amperes at 250 volts or less, and at over 1000 amperes at 
251 to 1000 volts, shall be used only a"l isolating S\'itches and 
shall not be opened under load. 

(B) To Interrupt Currents. To imcrrupt currents over 
1200 amperes at 250 volts, nominal, or lcs.o;, or over 
600 amperes at 251 to 1000 volts, nominal, a circuit breaker or 
a switch listed for such purpose shall be u.o;cd. 

(C) General-Use Switches. Knife Sl'itches of ratings lcs."l than 
specified in 404.13(A) and (B) shall be collllidercd gcncral-u.•c 
switches. · 

Informational Note: See Article 100 for the definition of gmeral
me .noitrh. 

(D) Motor-Circuit Switches. Motor-Circuit switches shall be 
permitted to be of the knife-switch type. 

Informational l'ote: See Article 100for tbe definition of motor
cirruit .noitch. 

404.14 Rating and Use of Switches. S"itchcs shall be listed 
and marked with their ratings. Switches of the types covered in 
404.14(A) through (F) shall be limited to dtc control of load• 
a• specified accordingly. Switches used to control cord-and
plug-connected load"l shall be limited a• covered in 404.1 4(G). 

Informational :'\ote l'o. I :  See 600.6 for S\\itches for signs and 
outline lighting. 

Informational :'\ote l'o. 2: See 430.83, 430.109, and 430.1 10 for 
""itches controlling motors. 
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(A) Alternating-Current General-Use Snap Switch. This form 
of switch shall only be u.o;cd on ac circuit• and used for control
ling the follo"ing: 
(1)  Resistive and inductive load• not cxccccling the ampere 

rating of the switch at the voltage applied 
(2) Tungsten-filament lamp loacl• not cxccccling the ampere 

rating of the switch at 120 volt• 
(3) Electric discharge lamp loacl• not exceeding the marked 

ampere and voltage rating of the switch 
(4) :Motor load"l not exceeding 80 perccm of the ampere 

rating of the switch at it"l rated voltage 
(5) Electronic balla•t•, self-balla•tccl lamps, compact fluores

cent lamps, and LED lamp loads with their a"l.o;ociatcd 
drivers, not exceeding 20 amperes and not exceeding the 
ampere rating of the Sl'itch at the voltage applied 

(B) Alternating-Current or Direct-Current General-Use Snap 
Switch. This form of Sl\itch shall be pennittccl on cidtcr ac or 
etc circuit• and u.o;ccl only for controlling the following: 
(1)  Resistive loads not cxcce<Ung the ampere rating of the 

switch at the voltage ;tpplicd. 
(2) Inductive loacl• not exceeding 50 percent of the ampere 

rating of the swioch at the applied voltage. Sl\itchcs rated 
in horsepower arc suitable for controlling motor loacl• 
within their rating at dtc voltage applied. 

(3) Tungstcn-filalncnt lamp loacl• not cxccccling the ampere 
rating of the switch at the applied voltage ifT-ratcd. 

(4) Elcctrclllic balla•t•, self-balla•tccl lamps, compact fluores
cent ·lamps, and LED lamp loads with their a"l.o;ociatcd 
drivers, not exceeding the ampere rating of the S\'itch at 
the voltage applied. 

(C) CO/ ALR Snap Switches. Snap switches directly connected 
to aluminum conductors and rated 20 amperes or lcs."l shall be 
marked CO I ALR. 

(D) Snap Switch Terminations. Snap Sl\itch terminations shall 
be in accordance with the following: 
( 1 )  Terminals of 1!>-ampcrc and 20-amperc snap switches not 

marked CO/ALR shall be used with copper and copper
dad aluminum conductors only. 

(2) Terminals marked CO I ALR shall be permitted to be used 
"ith copper, aluminum, and copper-clad aluminum 
conductors. 

(3) Snap switches connected using scrcwlcss tcnninals of the 
conductor push-in type construction (also known a• 
conductor pu."lh-in tcnninals) shall be installed on not 
greater than 1!>-ampcrc branch circuit• and shall be 
connected with 14 AWG solid copper "ire only unlcs.• 
listed and marked for other types of conductors. 

(E) Alternating-Current General-Use Snap Switches Rated for 
347 Volts. This form of s"itch shall not be rated less than 15 
amperes at a voltage of 347 volt"l ac, and they shall not be read
ily interchangeable in box mounting "ith switches covered in 
404.1 4(A) and (8). These switches shall be used only for 
comrolling any of the following: 
(1)  Noninductivc loads other than tungsten-filament lamps 

not exceeding the ampere and voltage ratings of the 
Sl\itch. 

(2) Inductive load"l not cxccccling dtc ampere and voltage 
ratings of the Sl'itch. \\'here particular load characteristics 
or limitations arc specified a• a condition of the listing, 
those restrictions shall be observed rcgardlcs.• of the 
ampere rating of the load. 

l'\.-\TJO:'\AL EI..EGJ'RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 406 - RECEPTACLES, CORD CONJ'\ECTORS, Al'\D AITACH�lEl'\T PLUGS (CAPS) 406.3 

(3) Electronic ballasts, sclf-ballao;tcd lamps, compact fluorcs
cclll lamps, and LED lamp loads wilh their a<;.o;ociatcd 
drivers, not exceeding 20 amperes and not exceeding lhc 
ampere rating of lhc -"''itch at the voltage applied. 

(F) Dimmer and Electronic Control Switches. \..cncral-usc 
dimmer switches and electronic control Sl\itchcs, such ao; 
timing switches and occupancy sensors, shall be used only to 
comrol pcrmancnliy connected load-;, such ao; incandcsccm 
luminaires, unless listed for lite control of olitcr load-; and 
installed accordingly. They shall be marked by their manufac
turer with litcir current and voltage ratings and used for load-; 
that do not exceed their ampere rating at lhc voltage applied. 

(G) Cord- and-Plug-Connected Loads. \\'here a snap switch or 
comrol device is used to comrol cord-and-plug-connected 
cquipmcm on a general-purpose branch circuit, each snap 
switch or control device comrolling receptacle oulicto; or cord 
connectors that arc supplied by pcrmancmly connected cord 
pendant-; shall be rated at not less litan lhc rating of lite maxi
mum permitted ampere rating or setting of lhc ovcrcurrcm 
dc\icc protecting lhc receptacles or cord connectors, ao; prmi
dcd in 210.21 (B). 

Informational :'\ote: See 210.50(:\) and 400.10(A) ( 1) for equh-a
lency to a receptacle oudet of a cord connector that is supplied 
hy a permanently connected cord pendant. 

Exception: Mum• a .map .<;witch m· contml devire is used to rontml not 
mo11' than mil! m:eptacle on a bmnch ciwuit, till! switdt or contml 
deviu shall be permitted to be mted at 1111t le.'iS than till! mting of the 
11'CeJJtarle. 

404.16 Reconditioned Equipment. 

(A) Lighting, Dimmer, and Electronic Control Switches. 
Reconditioned lighting, dimmer, and electronic control 
Sl\itchcs shall not be permitted. 

(B) Snap Switches. Reconditioned snap switches of any type 
shall not be permitted. 

(C) Knife Switches, Switches with Butt Contacts, and Bolted 
Pressure Contact Switches. Reconditioned knife Sl\itchcs, 
Sl\itchcs "ilit butt contact-;, and bolted ·pressure contact 
Sl\itchcs shall be permitted. If equipment hao; been damaged by 
fire, product-; of combustion, corrOsive influences, or water, it 
shall be specifically evaluated by its manufacturer or a qualified 
testing laboratory prior to being returned to scnicc. 

(D) Molded-Case Switches. Reconditioned 
Sl\itchcs shall not be permitted. 

Part D. Construction Specifications 

404.20 Marking. 

moldcd-cao;c 

(A) Ratings. Switches shall be marked with lhc currclll, volt
age, and, if horsepower rated, lite maximum rating for which 
they arc designed. 

(B) Off Indication. \\'here in the off position, a Sl\itching 
device l\ith a marked OFF position shall completely disconnect 
all ungrounded conductors to the load it controls. 

404.22 Electronic Control Switches. Electronic control 
Sl\itchcs shall be listed. Electronic control -"''itches shall not 
introduce current on lhc cquipmcm grounding conductor 
during normal operation. 
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Exception: E!Pctnmic rontml .<;witches that intmduce cun-ent on the 
equipment gmunding rondurtm· shall be permitted Jrtr applications 
rovered by 404.2(C), ExceJJtion. E!Pctnmic contml .witches that intro
dure runrnt on till! equipment gmunding rondurtm· shall be lisll'.d and 
mm-ked Jm· use in 1-eplamTII!nt or 1-etmjit apt1lications rtnly. 

404.26 Knife Switches Rated 600 to 1000 Volts. Auxiliary 
contact-; of a renewable or quick-break type or the cquivalcm 
shall be provided on all knife switches rated f>OO to 1000 volt-; 
and designed for usc in breaking currem over 200 amperes. 

404.27 Fused Switches. A fused switch shall not have fuses in 
parallel except ao; permitted in 240.8. 

404.28 W�re-Bending Space. The wire-bending space required 
by 404.3 shall meet Table 312.6(B) (2) spacings to the enclo
sure wall opposite lite line and load tcnninals. 

404.30 Switch Enclosures with Doors. S"itch mechanism-; 
moumcd within enclosures with doors lhat, when opened, 
expose uninsulatcd livc parts shall be constructed so lhat when 
the switch is in lhc closed position acccs.o; to the switch imcrior 
is restricted. Acccs.o; to d1e imcrior "idt the switch in lhc closed 
position shall require the usc of a tool or an approved design 
that provides cqui\-alem protection from acccs.o; by unqualified 
persons. 

ARTICLE 406 
Receptacles, Cord Connectors, and 

Attachment Plugs (Caps) 

406.1 Scope. This article covers lhc rating, type, and installa
tion of receptacles, cord connectors, and attachmcm plugs 
(cord caps) . 

406.2 Reconditioned Equipment. Reconditioned receptacles, 
attachment plugs, cord connectors, and flanged surface dc\iccs 
shall not be permitted. 

406.3 Receptacle Rating and Type. 

(A) Receptacles. Receptacles shall be listed and marked wilh 
the manufacturer's name or identification and voltage and 
ampere ratings. 

(B) Rating. Receptacles and cord connectors shall be rated 
not less lhan 15 amperes, 125 volt-;, or 15 amperes, 250 volts, 
and shall be of a type not suitable for usc ao; lampholdcrs. 

Informational l'ote: See 210.21 (8) for receptacle ratings where 
installed on brdnch circuiL�. 

(C) CO/ALR Receptacles. Receptacles rated 20 amperes or 
lcs.o; and designed for lhc direct connection of aluminum 
conductors shall be marked CO I ALR. 

(D) Receptacle Terminations. Receptacle terminations shall 
be in accordance l\ilh lhc follm\ing: 

(1)  Terminal-; of 1::�-ampcrc and 20-amperc receptacles not 
marked CO/ ALR shall be used wilh copper and copper
clad aluminum conductors only. 
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(2) Terminals marked CO I ALR shall he permitted to be used 
with aluminum, copper, and copper-clad aluminum 
conductors. 

(3) Receptacles installed using scrcwlcs."l tcnninals of the 
conductor push-in type construction (also knmm as push
in-terminal�) shall he installed on not greater than 15-
ampcrc branch circuit"l and shall he connected with 
14 AWG solid copper "ire only unlcs."l listcd and marked 
for other t}'pcs of conductors. 

lnformational l'ote: See UL 498, Attachment Plugs and &ceptacll'.<, 
for infonnation regarding screwless tenninals of various type 
constntctions employed on receptacles. Screwles.• terminals of 
the separable-tenninal a.'i."lemhly, spring�ction clamp, and 
insulation-displacement type constntctions are not cla.'i.•ified in 
t:L 498 a.• screwles.• tenninals of the conductor pu.•h-in type 
constntction (also known a.• pu.•h-in tenninals) . 

(E) Isolated Ground Receptacles. Receptacles incorporating 
an isolated equipment grounding conductor connection inten
ded for dtc reduction of electromagnetic interference as 
permitted in 250.146(0) shall be identified by an orange trian
gle located on the face of dtc receptacle. 

(1) Isolated Equipment Grounding Conductor Required. 
Receptacles so identified shall be used only "id1 cquipmcm 
grounding conductors dtat arc isolated in accordance with 
250.146(0). 

(2) Installation in Nonmetallic Boxes. l"lolatcd ground recep
tacles installed in nonmetallic boxes shall be covered with a 
nonmetallic faceplate. 

Exception: �Wum� an i�olattd gmund J"t!U/Jtarle is in�tal!P.d in a nonme
tallic box, a metal factplate shall be Jmmitted if the box contains a 
ftaturt m· acres.Wtl)' tlmt Jll'nnit� tht conntrtion of tht fartplatt to tht 
equipmtnt grounding condurtm: 

(F) ControUed Receptacle Marking. All nonlocking-typc, 125-
volt, 1!>- and 20-ampcrc receptacles that arc controlled by an 
automatic control device, or that incorporate control features 
that remove power from dtc receptacle for the purpose of 
energy management or building automation, shall be pcrma
ncndy marked with dtc symbol shmm in Figure 406.3(F) and 
the word "controlled." 

For receptacles comrollcd by an automatic control dc\icc, 
the marking shall be located on the receptacle face and visible 
after installation. 

In bod1 cases where a multiple receptacle dc\icc is used, the 
required marking of the word "controlled" and symbol shall 
denote which contact dc\icc(s) arc controlled. 

Exception: Tht mm-king slmll not be l"t'quil"td for J"I'U/Jtarles rontmlkd 
by a wall switch that pmvide tht l"l'q-UiJ"t'd mom lighting outlet� as 
pennilltd by 210. 70. 

(G) Receptacle with USB Charger. A 12!>-volt 1:>- or 20-ampcrc 
receptacle that additionally prmides Cla"l."l 2 power shall be 
listed and constructed such that dtc Cla"l."l 2 circuitry is integral 
with dtc receptacle. 

Controlled 

FIGURE 406.3(F) ControUed Receptacle Marking Symbol. 

406.4 General Installation Requirements. Receptacle outlct"l 
shall he located in branch circuit"l in accordance l\ith Part III of 
Article 210. \..cncral installation rcquircmcnt"l shall he in 
accordance "id1 406.4(A) through (G). 

(A) Grounding Type. Except a"l prmidcd in 406.4(0) , recepta
cles installed on 1:>- and 20-ampcrc branch circuit"l shall he of 
the grounding t}'pc. Grounding-t}pc receptacles shall he 
installed only on circuit"l of the voltage cla"l."l and current for 
which they arc rated, except a"l prmidcd in 210.21 (B) (1 )  for 
single receptacles or Table 210.21 (B) (2) and Table 210.21 (B) 
(3) for two or more receptacles. 

(B) Connection to Equipment Grounding Conductor. Recepta
cles and cord connectors that have cquipmcm grounding 
conductor contact'! shall have those contact'! connected to an 
cquipmcm grounding conductor. 

Exception No. 1: Rtrtptacles mmmted on portable mul Vl'lticle-mounted 
generatm· sets and [?llemtors in arccmJanu with 250.34. 

Exception No. 2: ReJ1lacement l"f(eplacles as Jmmitted b)• 406.4(D). 

(C) Methods of ConnectiOn to Equipment Grounding Conduc
tor. The equipment grounding conductor contact'! of recepta
cles shall he connected to an equipment grounding conductor 
of the circuit supplying the receptacle in accordance with 
250.146. 

Cord connectors shall he connected to the cquipmcm 
grounding conductor of dtc circuit suppl}'ing the cord connec
tor. 

Informational :'\ote l'o. I :  See 250.1 18 for acceptable grounding 
means. 

lnformational l'ote :'\o. 2: See 250.130 for extensions of existing 
branch circuiL•. 

(D) Replacements. Replacement of receptacles shall comply 
with 406.4(0) (1)  through (0) (8), a"l applicable. Arc-fault 
circuit-interrupter type and ground-fault circuit-interrupter 
l}'pc receptacles shall he installed in a readily acccs."liblc loca
tion. 

(1) Grounding-Type Receptacles. Where a grounding means 
cxist"l in dtc receptacle enclosure or an equipment grounding 
conductor is installed in accordance l\ith 250.130(C), 
grounding-t}'PC receptacles shall be used and shall he connec
ted to the equipment grounding conductor in accordance with 
406.4(C) or 250.130(C). 

(2) Non-Grounding-Type Receptacles. \\'here attachment to 
an equipment grounding conductor docs not exist in the 
receptacle enclosure, the installation shall comply with 
406.4(0) (2) (a), (0) (2) (b), or (0) (2) (c) . 

(a) A non-grounding-t}'pc rcccptaclc(s) shall be permit
ted to be replaced "ith anodtcr non-grounding-type rcccpta
clc(s). 

(b) A non-grounding-type rcccptaclc(s) shall be permit
ted to he replaced with a ground-fault circuit intcrruptcr-t}'pc 
of rcccptaclc(s) . These receptacles or their cover plates shall be 
marked "No Equipment Ground." An equipment grounding 
conductor shall not be connected from the ground-fault 
circuit-intcrruptcr-l}'pc receptacle to any outlet supplied from 
the ground-fault circuit-interrupter receptacle. 

(c) A non-grounding-l}'pc rcccptaclc(s) shall he permit
ted to be replaced with a grounding-type rcccptaclc(s) where 
supplied through a ground-fault circuit interrupter. \\"bcrc 
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grounding-type receptacles arc supplied through the ground
fault circuit interrupter, grounding-type receptacles or their 
cover plates shall be marked MGFCI Protected" and MNo Equip
ment Ground," \-isiblc after installation. An equipment ground
ing conductor shall not be connected between the grounding
type receptacles. 

lnformational l'ote l'o. 1 :  Some equipment or appliance manu
facturers require that the branch circuit to the equipment or 
appliance includes an equipment grounding conductor. 

Informational Note :'\o. 2: See 250.1 14 for a list of a cord-and
plug<onnected equipment or appliances that require an equip
ment grounding conductor. 

(3) Ground-Fault Circuit-Interrupter Protection. Ground-fault 
circuit-interrupter protection for receptacles shall be provided 
where replacements arc made at receptacle oudcto; that arc 
required to be so protected elsewhere in dtis ('..ode. Ground
fault circuit interrupters shall be listed. 

Exception: JWum.> tile outlet box size wiU 1wt Jmmit the itutallation of 
the GFCI Il'cefJtacle, tile receptacle slmU be permitted to be t-eplared with 
a new receptacle of the existing t)'pe, whnl' GFC/ protection if provided 
and tile 1eceptacle is mm"ked "GFC/ Pmtl'cted" and "No Equipment 
Ground, " in arcm-dance with 406.4(D)(2)(a), (D)(2)(b), m· (D)(2)(c), 
as aptJlicable. 

(4) Arc-Fault Circuit-Interrupter Protection. If a receptacle 
located in any areas specified in 210.12(A), (B), or (C) is 
replaced, a replacement receptacle at this oudct shall be one of 
the follo"ing: 

(1)  A listed oudct branch-circuit type AFCI receptacle 
(2) A receptacle protected by a listed oudct branch-circuit 

type AFCI type receptacle 
(3) A receptacle protected by a listed combination type AFCI 

circuit breaker 

Exception: Section 210.12(£), ExceJJtion, shall not apply to 1-eplamnent 
ofm:eptacles. 

(5) Tamper-Resistant Receptacles. Listed ramper-rcsistant 
receptacles shall be provided where rcplaccmcnt"l arc made at 
receptacle outlet-; dtat arc required to be tamper-resistant else
where in dtis ('..ode, except in one of dte follo"ing cases: 

(1)  Where a nongrounding receptaCle is replaced with 
another nongrounding receptacle 

(2) Where aluminum branch-circuit conductors arc dirccdy 
tcnninatcd on a CO/ ALR receptacle, installed as replace
ment 

(6) Weather-Resistant Receptacles. Wcadtcr-resistant recepta
cles shall be provided where rcplaccmcnt"l arc made at recepta
cle oudcto; that arc required to be so protected elsewhere in 
this Code. 

(7) Controlled Receptacles. Automatically controlled recepta
cles shall be replaced with cquhalcndy controlled receptacles. 
If automatic control is no longer required, the receptacle and 
any a<;.o;ociatcd receptacles marked in accordance with 406.3(F) 
shall be replaced with a receptacle and faceplate not marked in 
accordance wid1 406.3(F). 

(8) Ground-Fault Protection of Equipment (GFPE). Recepta
cles shall be provided "id1 GFPE where replacement-; arc made 
at receptacle oudcto; that arc required to be so protected else
where in dtis ('..ode. 
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(E) Cord- and Plug-Connected Equipment. The installation of 
grounding-type receptacles shall not be used ao; a requirement 
that all cord-and plug-connected equipment be of the groun
ded type. 

Informational l'ote: See 250.1 14 for types of cm·d-and plug
connected equipment to be grounded. 

(F) Noninterchangeab1e Types. Receptacles connected to 
circuit-; that have different voltages, frequencies, or types of 
current (ac or etc) on the same premises shall be of such design 
that the attachment plugs used on these circuit-; arc not inter
changeable. 

(G) Protection of Floor Receptacles. Protection for floor 
receptacles shall be in accordance "ith dtc follo"ing: 

( 1 )  Physical protection of floor receptacles shall allow floor
cleaning equipment to be operated l\ithout damage to 
receptacles. 

(2) All 12!>-volt, single-phase, 1!>- and 20-ampcrc floor recep
tacles installed in food court"l and \\aiting spaces of 
pa<;.o;cngcr transportation facilities where food or drink.-; 
arc allowed shall be GFCI protected. 

406.5 Receptacle Mo1mting. Receptacles shall be mounted in 
identified boxes or a'i."lCmblics. The boxes or a'i."lCmblics shall be 
securely fao;ICTlS!<l in place unlcs.o; othcn,isc permitted elsewhere 
in this Code. Screws used for the purpose of attaching recepta
cles to a box shall be of the type provided with a listed recepta
cle,·. or shall be machine screws having 32 ducaclo; per inch or 
part of listed a'i."lCmblies or systems, in accordance "ith the 
manufacturer's instructions. 

(A) Boxes That Are Set Back. Receptacles mounted in boxes 
that arc set back from the finished surface ao; permitted in 
314.20 shall be installed such that the mounting yoke or strap 
of the receptacle is held rigidly at the finished surface. 

(B) Boxes That Are Flush. Receptacles mounted in boxes that 
arc flush with the finished surface or project dtcrcfrom shall be 
installed such that the mounting yoke or strap of the receptacle 
is held rigidly against the box or box cover. 

(C) Receptacles Mounted on Covers. Receptacles mounted to 
and supported by a cover shall be held rigidly against the cover 
by more than one screw or shall be a device a'i."lCmbly or box 
cover listed and identified for securing by a single screw. 

(D) Position of Receptacle Faces. After installation, receptacle 
faces shall be flush with or project from faceplates of insulating 
material and shall project a minimum of 0.4 mm (0.015 in.) 
from metal faceplates. 

Exception: Lifted kits m· assemblies rocompa.'l.fing Jl'ceptacles and 
nmunetallic faceplates tlmt cover the receptacle face, where the Jllate 
camwt be installed on any othen-eceptacle, slmU be permitted. 

(E) Receptacles in Countertops. Receptacle ao;semblics for 
installation in countcrtop surfaces shall be listed for counter
top applications. Where receptacle a'i."lcmblics for countcrtop 
applications arc required to prmidc ground-fault circuit
interrupter protection for personnel in accordance wid1 210.8, 
such a'i.o;cmblics shall be permitted to be listed a"l GFCI recepta
cle ao;semblics for countcrtop applications. 

(F) Receptacles in Work Surfaces. Receptacle a'i."lCmblics and 
GFCI receptacle a'i.o;cmblies listed for work surface or counter
top applications shall be permitted to be installed in work 
surfaces. 

70-299 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



406.5 ARTICLE 406 - RECEPTACLES, CORD CONJ'\ECTORS, Al'\D AITACH�lEl'\T PLUGS (CAPS) 

(G) Receptacle Orientation. 

(1) Countertop and Work Surfaces. Receptacles shall not be 
installed in a face-up position in or on counlcrlop surfaces or 
work surfaces unless listed for coumcrtop or work surface 
applications. 

(2) Under Sinks. Receptacles shall not be installed in a face-up 
position in the area below a sink. 

(H) Receptacles in Seating Areas and Other Simllar Surfaces. 
In seating area-; or similar surfaces, receptacles shall not be 
installed in a face-up position unless the receptacle is any of the 
following: 

(1) Part of an a-;scmbly listed a-; a furniture power distribu
tion unit 

(2) Part of an ao;.-;cmbly listed cidtcr a-; household furnishings 
or a-; commercial furnishings 

(3) Listed cidtcr a-; a receptacle ao;.-;cmbly for coumcnop 
applications or a-; a GFCI receptacle ao;.-;cmbly for counter
top applications 

(4) Installed in a listed floor box 

(I) Exposed Terminals. Receptacles shall be enclosed so that 
live "iring tcnninals arc not exposed to contact. 

0> Voltage Between Adjacent Devices. A receptacle shall not 
be grouped or ganged in enclosures l\ith other receptacles, 
snap Sl\itchcs, or similar devices, unless they arc arranged so 
that the voltage between acljaccm devices docs not exceed 
300 volts, or unless they arc installed in enclosures equipped 
with identified, securely installed barriers between adjaccm 
devices. 

406.6 Receptacle Faceplates (Cover Plates). Receptacle face
plates shall be installed so a-; to completely cover the opening 
and scat against the mounting surface. 

Receptacle faceplates moumcd inside a box hal-ing a rcccs.-;
moumcd receptacle shall effectively dose the opening and scat 
against the mounting surface. 

(A) Thickness of Metal Faceplates. Metal faceplates shall be of 
ferrous metal not lcs.-; dtan 0.76 mm (0.030 in.) in thickncs.-; or 
of nonferrous metal not lcs.-; than 1 .02 mm (0.040 in.) in thick
ncs.-;. 

(B) Grounding. Metal faceplates shall be grounded. 

(C) Faceplates of Insulating Material: Faceplates of insulating 
material shall be noncombustible and not lcs.-; than 2.54 mm 
(0.10 in.) in dtickncs.-; but shall be permiucd to be Jcs.-; than 
2.54 mm (0.10 in.) in thickncs.-; if formed or reinforced to 
prm-iclc adequate mechanical strength. 

(D) Receptacle Faceplate (Cover Plates) with Integral Night 
Light and/or USB Charger. A flush dc\icc cover plate that 
additionally provides a night light and/or Cla-;s 2 output 
conncctor(s) shall be listed and constructed such that the 
night light and/or Ciao;.-; 2 circuitry is imcgral l\ith the flush 
dc\icc cover plate. 

Listed receptacle faceplates with imcgral night light, USB 
charger, or both, that rely solely on spring-tensioned contacts 
shall be connected to only bra-;s or copper alloy receptacle 
tcnninal screws and shall be rated 1 watt or Jcs.-;. 

Exception: Effie live January 1, 2026, sfning-ten.�ioned contact conner
lions to steel rl'cejJlacle terminal SCI1'WS slmU be permitted if the l"t'cejJlacle 
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JareJJlale is spcijicau_l' li�ted and identijil'.d for connection to steel l"t'rejl
tarle terrni1mlsn1'Ws. 

406.7 Attachment Plugs, Cord Connectors, and Flanged 
Surface Devices. All attachmcm plugs, cord connectors, and 
flanged surface devices (inlets and oudct-;) shall be listed and 
marked "ith the manufacturer's name or identification and 
voltage and ampere ratings. 

(A) Construction of Attachment Plugs and Cord Connectors. 
Attachmcm plugs and cord connectors shall be constructed so 
that there arc no exposed current-carrying part-; except the 
prongs, blades, or pins. The cover for wire terminations shall 
be a pan that is cs.-;cntial for the operation of an attachmcm 
plug or connector (dead-front construction). 

(B) Connection of Attachment Plugs. Attachmcm plugs shall 
be installed so that their prongs, blades, or pins arc not ener
gized unlcs.-; inserted imo an energized receptacle or cord 
connectors. :-.lo receptacle shall be installed so a-; to require the 
insertion of an energized ;tttaduncnt plug a-; it-; source of 
supply. 

(C) Attachment Plug FJectOr Mechanisms. Attachmcm plug 
ejector mechanisms sball not adversely affect cngagcmcm of 
the blades of the auachmcm plug l\ith the contact-; of the 
receptacle. 

(D) Flanged Surface Inlet. A flanged surface inlet shall be 
installed such that the prongs, blades, or pins arc not energized 
unlcs.-; an energized cord connector is inscrtccl into it. 

406.8 NoninterchangeabiHty. Receptacles, cord connectors, 
and attachmcm plugs shall be constructed such that receptacle 
or cord connectors do not accept an attachment plug with a 
cliffcrcm voltage or current rating from that for which the 
dc\icc is imcndccl. However, a 20-ampcrc T-slot receptacle or 
cord connector shall be pcrmiucd to accept a J!)-amperc 
attachment plug of the same voltage rating. :-.lon-grouncling
typc receptacles and connectors shall not accept grounding
type attachment plugs. 

406.9 Receptacles in Damp or Wet Locations. 

(A) Damp Locations. A receptacle installed outdoors in a loca
tion protected from the weather or in other damp locations 
shall have an enclosure for the receptacle that is weatherproof 
when the receptacle is covered (attachmcm plug cap not inser
ted and receptacle covers dosed). 

An installation suitable for wet locations shall also be consid
ered suitable for clamp locations. 

A receptacle shall be considered to be in a location protec
ted from the weather where located under roofed open 
porches, canopies, marquees, and the like, and \\ill not be 
subjected to a beating rain or water runoff. All 12!>- and 250-
volt nonlocking receptacles shall be a listed wcathcr-rcsistalll 
type. Hinged covers of outlet box hoods shall be able to open 
at lca-;t 90 clcgrccs, or fully open if dtc cover is not clcsignccl to 
open 90 degrees from the dosed to open position, after instal
lation. 

Informational Note: See ANSI/:'\E:\IA WD 6-2016, Wiring Devi
c" - Dimensional Sperifirations, for the types of receptacles 
cm·ered by this requirement. 
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ARTICLE 406 - RECEPTACLES, CORD CONJ'\ECTORS, Al'\D AITACH�lEl'\T PLUGS (CAPS) 406.10 

(B) Wet Locations. 

(I) Receptacles of 15 Amperes and 20 Amperes in a Wet Loca
tion. Receptacles of 15 amperes and 20 amperes, 125 volts and 
250 volts installed in a wet location shall have an enclosure that 
is weatherproof whether or not dtc attachmcm plug cap is 
inserted. An outlet hox hood installed for dtis purpose shall be 
listed and shall be identified as extra-duty. Other listed prod
ucts, enclosures, or as.o;cmblics prmiding weatherproof protec
tion tllat do not utilize an oudct hox hood need not be 
idcmificd extra duty. Hinged covers of oudct hox hoods shall 
be able to open at lcao;t 90 degrees, or fully open if the cover is 
not designed to open 90 degrees from the dosed to open posi
tion, after installation. 

Informational :'\ote l'o. 1: See ,\J'I:SI/t.:L 5140-2016, (.over Plall!s 
for flu.<II·MD'UIIted Wiring DeviCP>, for extra-duty outlet box hood•. 
E.xtra duty identification and requirement• are not applicable to 
listed receptacles, faceplates, outlet boxes, enclosures, or a.'i.<;effi
blies that are identified a.• either being suitable for wet locations 
or rdted a.• one of the outdoor enclosure-type numbers of Table 
1 10.28 that does not utilize an outlet box hood. 

Exception: 15- and 2().am/Jt'11', 125- through 25().volt 1ueptacles 
instalkd in a wet location mul .mbjut to mutine high-pre.'l.mre sJnuy 
washing shall be permitted to luwe an enclo.�U11' tlmt i.� weatheJtnvof 
when the attachment plug i.� 1"t'"TIWVed. 

All 1!>- and 20-ampcre, 12!>- and 250-volt nonlocking-t}"pc 
receptacles shall be listed and so idcmificd ao; the wcatllcr
rcsistam type. 

Informational Note No. 2: See Al'SI/NEMA WD 6-2016, Wiring 
Devia.< - Dimm.<imml Specifuatinn.<, for receptacle configurdtions. 
The configuration of weather-resistant receptacles coYered by 
this requirement are identified a.• 5-15, 5-20, 6-15, and 6-20. 

(2) Other Receptacles. All odtcr receptacles installed in a �t 
location shall be listed wcatllcr-rcsistam t}pc, and instaUinion 
shall comply "id1 406.9(B) (2) (a) or (8) (2) (b). 

(a) A receptacle installed in a wet location where tile 
product imcndcd to be plugged imo it is not attended while in 
usc shall have an enclosure that is weatherproof l\ith tile 
attachmcm plug cap inserted or removed. 

(b) A receptacle installed in a wet location where tile 
product imcndcd to be plugged into it \\ill be attended while 
in usc (e.g., portable tools) shall have an enclosure that is 
weatherproof when the auachmcnt plug is removed. 

(C) Bathtub and Shower Space. Receptacles shall not be 
installed inside of the tub or shower or "ithin a zone mcao;urcd 
900 mm (3 ft) horizontally from any ouLo;idc edge of dtc bath
tub or shower stall, including dtc space ouLo;idc the bathtub or 
shower stall space below the zone. 

The zone also includes the space mcao;urcd vertically from 
the floor to 2.5 m (8 ft) ahovc tile top of the bathtub rim or 
shower stall dueshold. The idcmificd zone is all-cncompa'i.o;ing 
and shall include dtc space dirccdy over the bathtub or shower 
stall and the space below tllis zone, but not dtc space separated 
by a floor, wall, ceiling, room door, window, or fixed barrier. 

Exception No. 1: RPceptacles i1utalled in a rem-dance with 680. 7 3 slmll 
be Jlt!rmitll'.d. 

Exception No. 2: In bathmoms with le.'l.f than the requit-ed wne, the 
1"1!CefJlade(s) J"f'quiJP.d by 210.52(D) shall be permitted to be instalkd 
oJ1po.fite the bathtub 1im o-r sho-wer .�tall threshold o-n the Jm·thest UJall 
wit/tin the room. 
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Exception No. 3: Weight suppo-rting ceiling 1"1!Ceptacles (WSCR) shall be 
permitted to be installed fo-r listed lttmi1min�s tlmt employ a weight 
.�uppmting attachment fitting (llSAF,I in damp locations co-mplying 
with 410.10(D). 

Exception No. 4: In a dwelling -unit, a single 1"1!Ceptacle shall be Jmmit
ted Jm· an electmnic toilet o-r pt!l"so-nal hygie-ne device such as an elec
lnmic bidet seat. The receptacle shall be 1"t'adi�v acce.'l.'i"ible and not 
located in the space between the toilet mul the bathtub m· slwwt!l: 

Informational :'\ote No. 1: See 210.8(:\) ( 1 )  for GFCI require
ment• in a bathroom. 

Informational l'ote l'o. 2: See 210. 1 1  (C) for bathroom branch 
circuit•. 

Informational Note No. 3: See 210.21 (8) ( 1 )  for single recepta
cle on an indh·idual branch. 

(D) Flush Mounting with Faceplate. The enclosure for a recep
tacle installed in an oudct box flush-moumcd in a finished 
surface shall be made wcatllerproof by means of a weather
proof faceplate ao;scmbly lhat prmidcs a watertight connection 
between tile plate and tile finished surface. 

406.10 Grounding-Type Receptacles, Adapters, Cord Connec
tors, and Attacluneot Plugs. 

(A) Grounding Poles (Connections). Grounding-type recepta
cles, cord ·conncctors, and attachmcm plugs shall be provided 
"itll one fixed grounding pole in addition to the circuit poles. 
The grounding contacting pole of grounding-type plug-in 
ground-fault circuit imcrruptcrs shall be permitted to be of tile 
movable, self-restoring type on circuiLo; operating at not over 
150 voiLo; between any two conductors or any conductor and 
ground. 

(B) Grounding-Pole (Connection) Identification. Grounding
type receptacles, adapters, cord connections, and auachmcm 
plugs shall have a means for connection of an cquipmcm 
grounding conductor to dtc grounding pole. 

A terminal for connection to the grounding pole shall be 
designated by one of the follo"ing: 
(1)  A green-colored hexagonal-headed or -shaped terminal 

screw or nut, not rcadilv removable. 
(2) A green-colored prcs.o;�rc "ire connector hody (a wire 

barrel) . 
(3) A similar green-colored connection dc\icc, in tile cao;c of 

adapters. The grounding terminal of a grounding 
adapter shall be a green-colored rigid car, lug, or similar 
dc\icc. The cquipmcm grounding connection shall be so 
designed tllat it cannot make contact witll currcnt
carf}"ing parLo; of the receptacle, adapter, or auachmcm 
plug. The adapter shall be polarized. 

( 4) If the terminal for dtc cquipmcm grounding conductor is 
not \isiblc, tile conductor cmrancc hole shall be marked 
"itll dtc word J!ll!en or J!IVU1ul, dtc letters G or GR, a 
grounding symbol, or othcnvisc identified by a distinctive 
green color. If the terminal for tile cquipmcm grounding 
conductor is readily removable, the area acljaccnt to tile 
terminal shall be similarly marked. 

Informational :'\ote: See lnfmmational Note Figure 406.10(8). 

(C) Grounding Terminal Use. A grounding terminal shall not 
be tto;cd for purposes other tllan connection to tile cquipmcm 
grounding conductor. 
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406.10 ARTICLE 406 - RECEPTACLES, CORD CONJ'\ECTORS, Al'\D AITACH�lEl'\T PLUGS (CAPS) 

Informational Note F.gure 406.10(8) One Example of a 
Symbol Used to Identify the Termination Point for an 
Equipment Grounding Conductor. 

(D) Grounding-Pole (Connection) Requirements. Grounding
type attachment plugs and mating cord connectors and recep
tacles shall be designed such that the equipment grounding 
connection is made before the current-carrying connections. 
Grounding-type devices shall be so designed that grounding 
poles of attachment plugs cannot be brought into contact with 
current-carrying part-; of receptacles or cord connectors. 

(E) Use. Grounding-type attachment plugs shall be used only 
"ith a cord ha\-ing an equipment grounding conductor. 

Informational :'\ote: See 250.126 for identification of equipment 
grounding conductor terminals. 

406.11 Connecting Receptacle Grounding Terminal to Box. 
The connection of the receptacle grounding terminal shall 
comply with 250.146. 

406.12 Tamper-Resistant Receptacles. All 1!>- and 20-ampcrc, 
12!>- and 250-volt nonlocking-typc receptacles in the follo"ing 
locations shall be listed tamper-resistant receptacles: 

(1)  All dwelling unit-;, boathouses, mobile homes and manu
factured homes, including their attached and detached 
garages, accessory buildings, and common area-; 

(2) Guest rooms and guest suites of hotels, motels, and their 
common arcao; 

(3) Child care facilities 
(4) Preschools and education facilities 
(5) Within clinics, medical and dental offices, and outpa

tient facilities, the following spaces: 

a. Business offices accessible to the general public 
b. Lobbies, and waiting spaces 
c. Spaces of nursing homes and limited care facilities 

covered in 517.10(B)(2) 
(6) Places of awaiting transportation, gynmao;iumo;, skating 

rink.-;, fitness centers, and auditoriums 
(7) Dormitory unito; 
(8) Residential carc/a"l.o;istcd living facilities, social and 

substance abuse rchabilitatioh facilities, and group 
homes 

(9) Foster care facilities, nursing homes, and psychiatric 
hospitals 

( 10) Arcao; of agricultural buildings accessible to the general 
public and any common arcao; 

lnformational l'ote :'\o. 1: See ANSI/l'EMA \'\'D 6-2016, Wiring 
Devia.< - Dimeminnal S/J'rificalitn�<. This requirement would 
include receptacles identified as !">-15, !">-20, 6-15, and 6-20. 

Informational :'\ote No. 2: See NFPA 5000-2021, Building 
Comtructiml and Safet)' ('.ode, and the lntematinnal Building Code 
(IBC)-2021 for more information on occupancy cla'l.•ifications 
for the types of facilities co\"ered by this requirement. 

Informational :'\ote No. 3: Area• of agricultural building are 
frequendy con\"ened to hospitality area•. These area• can 
include petting zoos, stables, and buildings used for recreation 
or educational purposes where receptacles are installed. 
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Exception to (1) tlnvugh ( 10 ): RecefJtarks in the following locations 
shall not be t-equit-ed to be tamper resi.<tant: 

( 1) RPcejltacks located m01-e than 1. 7 m (5 '/zjt) above the Jlom· 
(2) Rl'ceptacks that m-e Jlmt of a luminai1-e or appliance 
(3) When• the t-eceptack outlet is in.<talkd within the space occupied 

by 01· designated ]01· each appliance that, in normal u.<e, is not 
easi�v mmml fivm one plare to another and is cOirl-and-JJlug
ronnected in acc01rlance with 400.10(A)(6), (A)(7), 01· (A)(R) 
the following are permittP.d: 

a. A single ll'cejJtacle that is 1wt 1-eadi�l' acce.<.<ibk mul .<uptJlie.< 
one aJ1pliance 

b. A duplex t"t!CefJtack that is 1wt 11'adily acce.<.<ible and suptJlie.< 
two aptJliance.< 

( 4) Nongrounding ll'cejJtacles u.<ed ]01· t-eplacemenL< as permitted in 
406.4(D)(2)(a) 

406.13 Single-Pole Separable-Connector 
separable connectors shall be listed and 
comply l\ith 406.13(A) through (D). 

Type. Single-pole 
labeled and shall 

(A) Locking or Latching Type. Single-pole separable connec
tors shall be of either the locking or latching type and marked 
"ith the manufacturer';'! name or identification and voltage and 
ampere ratings. 

(B) Identification. Connectors designated for connection to 
the grounded "circuit conductor shall be identified by a white
colored housing; connectors designated for connection to the 
grounding circuit conductor shall be identified by a green
colored housing. 

(C) Interchangeability. Single-pole separable connectors shall 
be -permitted to be interchangeable for ac or de usc or for 
different current ratings or voltages on the same premises, 
provided they arc listed for ac/ de usc and marked in a suitable 
manner to identify the system to which they arc intended to be 
connected. 

(D) Connecting and Disconnecting. The usc of single-pole 
separable connectors shall be performed by a qualified person 
and shall comply with at lcao;t one of the following conditions: 

(1)  C.onncction and disconnection of connectors arc only 
possible where the supply connectors arc interlocked to 
the source, and it is not possible to connect or disconnect 
connectors when the supply is energized. 

(2) Line connectors arc of the listed sequential-interlocking 
type so that load connectors arc connected in the follow
ing sequence and that disconnection is in the reverse 
sequence: 

a. Equipment grounding conductor connection 
b. Grounded circuit conductor connection, if provided 
c. l: ngroundcd conductor connection 

(3) A caution notice that complies with 1 10.21 (B) is provided 
on the equipment cmplo}'ing single-pole separable 
connectors, acljaccnt to the line connectors, indicating 
that connections arc to be performed in the follo"ing 
sequence and that disconnection is in the reverse 
sequence: 

a. Equipment grounding conductor connectors 
b. Grounded circuit-conductor connectors, if prmidcd 
c. l: ngroundcd conductor connectors 

Informational :'\ote: See Al'Sl-t:L 1691-2014, Shlgl£ Pole /.ocking-
1)'/Je Separabl£ Con11ector.<, for more information on single-pole 
locking-type separable connectors. 
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ARTICLE 408 - SWITCHBOARDS, S\\'1T\ . .HGEAR, Al'\D PAJ'\ELBOARDS 408.3 

ARTICLE 408 
Switchboards, Switchgear, and 

Panelboards 

Part I. General 

408.1 Scope. This article covers switchboards, switchgear, and 
panelboards. ll docs not apply to equipment operating al over 
I 000 volts, except ao; specifically referenced elsewhere in the 
\..ode. 

408.2 Reconditioned Equipment. The usc of reconditioned 
equipment l\ithin dtc scope of dtis article shall he limited ao; 
described in 408.2(A) and (B). If equipment hao; hecn 
damaged by fire, product-; of combustion, corrosive influences, 
or water, it shall be specifically C\'aluatcd by ito; manufacturer or 
a qualified testing laboratory prior to heing returned to service. 

(A) Panelboards. Reconditioned panelboardo; shall not be 
pcrmiucd. 

(B) Switchboards and Switchgear. Reconditioned switchboards 
and Sl\ilchgcar, or sections of switchboard-; or switchgear, shall 
he pcrmiucd. 

408.3 Support and Arrangement of Busbars and Conductors. 

(A) Conductors and Busbars on a Switchboard, Switchgear, or 
Panelboard. Conductors and busbars on a switchboard, switch
gear, or panelboard shall comply l\ith 408.3(A) (1)  and (A) (2) 
ao; applicable. 

(1) Location. Conductors and busbars shall he located so ao; lO 
he free from physical damage and shall he held firmly in place. 

(2) Same Vertical Section. Other than the required iQlcrcon
ncctions and control wiring, only those conductors that arc 
intended for termination in a vertical section of a switchboard 
or Sl\ilchgcar shall be located in that section. 

Exception: \..tmductors shall be permitted to lJ7lllt'l hmizontall_l' through 
vntical sections of .mlitcJWoanls and .witchgPar· where .melt condtutm-s 
m-e isolated fivm busbm-s b)• a banie1: 

. 

(B) Overheating and Inductive Effects. The arrangement of 
bus bars and conductors shall be· such ao; to avoid overheating 
due to inductive effect<;. 

(C) Used as Service Equipment. Each s"ilchboard, switchgear, 
or panelboard, if used ao; service equipment, shall he provided 
"ith a main bonding jumper sized in accordance with 
250.28(D) or dtc cqui\'alcnt placed l\idlin me panelboard or 
one of the sections of the switchboard or Sl\ilchgcar for 
connecting dtc grounded scnicc conductor on ito; supply side 
to the Sl'itchboard, Sl'itchgcar, or panelboard frame. All 
sections of a s"itchboard or Sl'itchgcar shall be bonded 
togcmcr using an equipment-bonding jumper or a supply-side 
bonding jumper sized in accordance with 250.1 22 or 
250.102(C) (1)  a<; applicable. 

Exception: Switchboards, .mlitchgem; and pane/board� used as se111ice 
equipment em high-impedance gmunded neutral systems in accordance 
with 250.36 shall not be J"t'quil"ed to be provided with a main bonding 
jumper. 
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(D) Terminals. In Sl'itchboardo; and Sl'itchgcar, load terminals 
for field wiring shall comply l\ith 408.18(C). 

(E) Bus Arrangement. 

(1) AC Phase Arrangement. Alternating-current pha<;c 
arrangement on 3-phao;c buses shall be A, B, C from front to 
back, top to bouom, or left to right, a<; \icwcd from the front of 
the Sl\ilchboard, switchgear, or panelboard. The B phao;c shall 
be that pha<;c ha\ing the higher voltage to ground on 3-phao;c, 
4-wirc, delta-connected systems. Oilier busbar arrangement-; 
shall be pcnniucd for additions to existing installations and 
shall he marked. 

Exception: EquiJ1711ent within the same singk Sl'ction m· multisection 
switchboard, !ituitchgem; or pane/board as the meter on 3-Jihase, 4-wil-e, 
dt>/ta-connPcted !i)'.�lcmt� shall be Jmmitted to have the same phase config
uration as the metning equiJ1711ent. 

lnfonnational l'ote: See 1 10.15 for requiremenL• on marking 
the btL•bar or pha.o;e conductor ha,ing the higher voltage to 
ground where supplied from a 4-"ire, delta-connected system. 

(2) DC Bus Arrangement. Direct-current ungrounded buses 
shall be pcrmiucd� to be in any order. Arrangement of de buses 
shall be field marked a<; to polarity, grounding system, and 
nominal voltage. 

(F) Switchboard, Switchgear, or Panelboard Identification. A 
caution llign(s) or a lahel(s) provided in accordance with 
40R3(F) (l) through (F) (5) shall complp\ith 1 10.21 (B). 

(1) High-Leg Identification. A switchboard, switchgear, or 
panelboard containing a 4-wirc, delta-connected system where 
the midpoint of one phao;c l\incling is grounded shall he legibly 
and permanently field marked a<; follows: 

CAl:TION PHA'iE HA'i VOLTS TO GROU:"'D 

(2) Ungrounded AC Systems. A s"ilchboard, Sl\ilchgcar, or 
panelboard containing an ungrounded ac electrical system a<; 
pcrmiucd in 250.21 shall he legibly and pcrmancndy field 
marked a<; follows: 

CAl:TION U\GROUNDED SYSTEM OPERATING 
VOLTS BETWEE:"-1 COJ'\DUCTORS 

(3) High-Impedance Grounded Neutral AC System. A S\'itch
board, Sl'itchgcar, or panelboard containing a high-impedance 
grounded neutral ac system in accordance l\ith 250.36 shall he 
legibly and pcnnancndy field marked ao; follows: 

CAl:TION: HIGH-IMPEDA.'ICE GROUNDED NEUTRAL 
AC SYSTEM OPERATIJ'\G - VOLTS BETI\"'EEN 
COJ'\DUCTORS AND :MAY OPERATE - VOLTS TO 
GROUJ'\D FOR 1:"--DEFIJ'\ITE PERIODS UNDER FAULT 
CONDITIO :"'S 

(4) Ungrounded DC Systems. A switchboard, switchgear, or 
panelboard containing an ungrounded de electrical system in 
accordance "ilh 250.169 shall he legibly and permanently field 
marked a<; follows: 

CAl:TION: U:"'GROl:l'\DED DC SYSTEM OPERATING -
VOLTS BETI\"'EEN CO:"'DUCTORS 
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(5) Resistively Grounded DC Systems. A !iwitchboard, !>Witch
gear, or panelboard containing a rc!ii!itivc connection between 
currcnt-cartying conductor!> and the grounding !>}'stem to stabi
lize voltage to ground shall be legibly and permanently field 
marked a-; follow!>: 

CAl:TION: DC SYSTEM OPERATIJ'\G - VOLTS 
BEHVEEN CONDl:CTORS AND :MAY OPERATE -
VOLTS TO GROU:"'D FOR I:"'DEFINITE PERIODS l:l'\DER 
FAULT CO:"'DITIONS 

(G) Minimum WJre-Bending Space. The minimum wire
bending space at tcnninals and minimum gutter !>pace prmi
dcd in Sl\itchboard�, switchgear, and panelboard!i shall be a-; 
required in 312.6. 

408.4 Descriptions Required. 

(A) Circuit Directory or Circuit Description. Every circuit and 
circuit modification !>hall be prmidcd l\ith a legible and perma
nent dc!icription tl1at complies "itl1 all of the following concli
tions a-; applicable: 
(1)  Located at each switch or circuit breaker in a switchboard 

or Sl\itchgcar 
(2) Included in a circuit directory that i!i located on tl1c face 

of, in!iidc of, or in an approved location adjacent to tile 
panel door in the ca-;c of a panelboard 

(3) Clear, evident, and specific to the purpose or usc of each 
circuit including spare positions l\ith an unused ovcrcur
rcnt dcvicc 

(4) Dc!icribcd witll a degree of detail and clarity tllat is 
unlikely to result in confusion between circuit-; 

(5) Not dependent on transient conditions of occupancy 
(6) Clear in explaining abbrc\iations and !iymbols when U!icd 

(B) Source of Supply. All switchboard!>, !il\itchgcar, and panel
board-; !iupplicd by a feeder(!>) in other than one- or two-family 
dwelling!> shall be permanently marked in accordance l\ith the 
follo"ing: 
(1)  With tl1c identification and physical location of where tile 

power originates 
(2) With a label tl1at is permanently allixcd and of sullicicnt 

durability to l\ithstand tile cmironmcnt i�volvcd 
(3) l:!iing a method that is not handwritten 

408.5 Clearance for Conductor Entering Bus Enclosures. 
\\-'here conduit� or otllcr raceway!> enter a s"itchboard, switch
gear, floor-standing panelboard, or similar cnclo!iurc at tile 
bottom, approved !>pace shall be provided to permit installation 
of conductor!> in tile enclosure. The wiring space shall not be 
lcs.� than !ihown in Table 408.5 where the conduit or raceways 
enter or leave tl1c enclosure below the busbaf!i, tlleir support�, 
or other obstructions. The conduit or raceways, including their 
end fittings, shall not rise more man 75 mm (3 in.) above tile 
bottom of tile enclosure. 

408.6 Short-Circuit Current Rating. Switchboard-;, switchgear, 
and panelboard� shall have a !ihort-circuit current rating not 
lcs.� than tile available fault current. In otllcr man one- and 
two-fumily dwelling units, tile al-ailablc fault current and tile 
date tile calculation was performed shall be field marked on 
the cnclo!iurc at tile point of !iupply. The marking shall comply 
witll l l0.21 (B) (3). 

408.7 Unused Openings. Unused openings for circuit break
er!> and !>\\itches shall be closed U!iing identified clo!iurc!i, or 
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Table 408.5 Clearance for Conductors Entering Bus 
Enclosures 

Conductor 

Insulated bu!ibaf!>, their 
!iupport�, or oilier 
obstruction!> 

1'\oninsulated busbar!i 

Minimum Spacing Between Bottom of 
Enclosure and Busbars, Their 

Supports, or Other Obstructions 

mm in. 

200 8 

250 10 

other approved means that prmidc protection !>Ub!itantially 
equivalent to tile wall of the enclosure. 

408.9 Replacement Panelboards. Replacement panelboarcl-; 
!>hall be permitted to be in!itallcd in cxi!iting enclosures in 
accordance "itl1 408.9(A) or (B). 

(A) Panelboards Listed for the Specific Enclosure. If tile 
replacement panelboard is ·listed for the !ipccific enclosure 
identified by either catalog number or dimensional informa
tion, tile panelboard shall be pcnnittcd to maintain it-; short
circuit current rating. 

(B) Panelboards Not Listed for the Specific Enclosure. If tile 
available fault current is greater man 10,000 amperes, tile 
completed work shall be field labeled. If tl1c al-ailablc fault 
current is 10,000 amperes or lcs.�, the replacement panelboard 
shall be identified for the application. Any prc\iously applied 
li�ting marks on the cabinet that pertain to the panelboard 
shall be removed. 

Part ll. Switchboards and Switchgear 

408.16 Switchboards and Switchgear in Damp or Wet Loca
tions. Sl\itchboard-; and s"itchgcar in damp or wet locations 
shall be in!itallcd in accordance "itl1 312.2. 

408.17 Location Relative to Easily lgnitible Material. S"itch
boards and s"itchgcar shall be placed so a-; to reduce to a mini
mum tile probability of communicating fire to adjacent 
combustible material!>. \\''here installed over a combustible 
floor, suitable protection thereto shall be prmidcd. 

408.18 Clearances. 

(A) From Ceiling. For otl1cr than a totally enclosed Sl'itch
board or switchgear, a space not lcs.-; man 900 mm (3 ft) shall 
be prmidcd between the top of the S\�tchboard or Sl\itchgcar 
and any combustible ceiling, unlcs.-; a noncombustible shield is 
provided between tile Sl\itchboard or S\�tchgcar and the ceil
ing. 

(B) Around Switchboards and Switchgear. Clearance!> around 
Sl\itchboard� and switchgear shall comply witll the prmisions of 
1 10.26. 

(C) Connections. Each !icction of equipment tl1at requires 
rear or !>ide acccs.-; to make field connections shall be so 
marked by the manufacturer on the front. Section openings 
requiring rear or !>ide acccs.-; shall comply witll 1 10.26. Load 
tcnninals for field wiring shall comply with 408.18(C) ( l  ),  
(C) (2),  or (C) (3) a� applicable. 
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(1) Equipment Grounding Conductors. Load terminals for 
field "iring shall be so located that it is not necessary to reach 
across uninsulated ungrounded bus in order to make connec
tions. 

(2) Grounded Circuit Conductors. Where multiple branch or 
feeder grounded circuit conductor load terminals for field 
wiring arc grouped together in one location, dtey shall be so 
located that it is not neces.o;ary to reach acros."l uninsulated 
ungrounded bus, whether or not energized, in order to make 
connections. 

Where onlv one branch or feeder set of load terminals for 
field wiring ;rc grouped with it"l as."lociated ungrounded load 
tenninals, they shall be so located that it is not neccs.o;ary to 
reach across energized uninsulated bus including other branch 
or feeder bus in order to make connections. Bus on the line 
side of service, branch, or feeder disconnect'! is considered 
energized "ith respect to it"l as."lociated load side circuit"l. 

(3) Ungrounded Conductors. Load terminals for ungrounded 
conductors shall be so located that it is not neces.o;ary to reach 
acros."l energized uninsulated bus in order to make connec
tions. Bus on the line side of service, branch, or feeder discon
nect'! is considered energized with respect to it"l as."lociated load 
side circuit"l. 

408.19 Conductor Insulation. An insulated conductor used 
within a s"itchboard or switchgear shall be listed, shall be 
flame retardant, and shall be rated not lcs."l than the voltage 
applied to it and not les."l than the voltage applied to other 
conductors or busbars l\ith which it may come into contact. 

408.20 Location of Switchboards and Switchgear. S"itch
boarcl"l and s"itchgear that have any exposed live part"l shall be 
located in permanently dry locations and then only where 
under competent supenision and acces."lible only to qualified 
persons. S"itchboards and Sl'itchgear shall be located such that 
the probability of damage from equipment or processes is 
reduced to a minimum. 

408.22 Grounding of Instruments, Relays, Meten, and Instru
ment Transformers on Switchboards aod Switchgear. lnstm
ment"l, relavs, meters, and instrument tran."lfonners located on 
Sl\itchboard"l and Sl'itchgear shall be groui1eled a"l specified in 
250.170 through 250.178. 

408.23 Power Monitoring and Energy Management Equip
meaL The requirement'! of 312.8(B) shall apply. 

Part m. Panelboards 

408.30 General. All panelboard"l shall have a rating not les."l 
than the minimum feeder capacity required for the load calcu
lated in accordance "ith Part III, IY, or V of Article 220, a"l 
applicable. 

408.36 Overcurrent Protection. In addition to dte rcquire
mem of 408.30, a panel board shall be protected by an overcur
rent protective device having a rating not greater than dtat of 
the panelboard. This overcurrcnt protective device shall be 
located within or at any point on dte supply side of the panel
board. 

Exception No. 1: Individual pmttction shall not be 11'-f[ltill'.d for a 
pane/hoanl pmttciP.d by two main circuit bJ"t'akt'l-s m· two sets of fu.'it's in 
other than service equipment, having a combinl'.d mting not greater 
than that of the /Jane/hoard. A pane/hoanl cmutructed or wi11'd under 
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this exceJJtion shall not contain mmP than 42 overcuJnmt devius. For 
the purpo.'lt's of determining the maximum of 42 overcummt devires, a 
21Jole or a 31Jole circuit lmakn· shall be con.�ide11'd as two or th11'e OVI!I._ 
c1mmt devices, JPsptctive�v. 

Exception No. 2: For exi.�ting pane/hoanls, individual pmtection shall 
not be 11'qui11'd for a pane/hoard U.�l'.d as servire 1'-f[UiJnnrot fm· an i1uli
uidual JPsidrotial occuJJancy. 

(A) Snap Switches Rated at 30 Amperes or Less. Panelboarcl"l 
equipped with snap switches rated at 30 amperes or les."l shall 
have overcurrent protection of200 amperes or les."l. 

(B) Supp6ed Through a Transformer. \\'bere a panelboard is 
supplied through a transformer, the overcurrcnt protection 
required by 408.36 shall be located on the secondary side of 
the transformer. 

Exception: A pane/hoard sufrPlied b)• tile Sl'cotulaiJ side of a transformer 
shall be considered as pmtl'cled by the ovm:unmt pmttction pmvidl'.d on 
the fnimmJ side of tile tmn.iformer whelP that Jnvtection is in accord
ance with 240.21(C)(l ). 

(C) Delta Breakers. A · 3-pha"lc disconnect or ovcrcurrcm 
device shall not be connected to the bus of any panel board that 
ha"l lcs."l than 3-pha"lc buses. Delta breakers shall not be 
installed in panclhoard"l. 

(D) Back-Fed Devices. Plug-in-type ovcrcurrcnt protection 
devices or plug-in type main lug a"l."lCmblies that arc backfcd 
and used to terminate field-installed ungrounded supply 
conductors shall be secured in place by an additional fa"ltcncr 
that requires other dtan a pull to relca"lc the device from the 
mounting means on the panelboarcl. 

408.37 Panelboards in Damp or Wet Locations. Panelboarcl"l 
in damp or wet locations shall be installed to comply with 
312.2. 

408.38 Enclosure. Panelboard"l shall be mounted in cabinct"l, 
cutout boxes, or identified enclosures and shall be dead-front. 
\\-bcrc the available fault current is greater than 10,000 
amperes, the panelboard and enclosure combination shall be 
e''aluatcd for the application. 

Exception: Pane/hoanls ot/11!1· than of the dead-Jirmt, extemally operable 
type shall be pn·mitted whe11' accessible on�v to lfiUllifod pn-sons. 

408.39 Relative Arrangement of Switches and Fuses. In panel
board'!, fuses of any 1ypc shall be installed on the load side of 
any S\'itches. 

Exception: Fu.'il's installed as Jlart of service equipment in acconlance 
with the fnvvision.� of 230. 94 shall be pen11itted on the line .�ide of the 
serviu switch. 

408.40 Grounding of Panelboards. Panelboard cabinet-; and 
panelboard frames, if of metal, shall be in physical contact with 
each other and shall be connected to an equipment grounding 
conductor. \\'here dtc panelboard is used with nonmetallic 
raceway or cable or where separate equipment grounding 
conductors arc provided, a terminal bar for the equipment 
grounding conductors shall be secured inside the cabinet. The 
tcnninal bar shall be bonded to the cabinet and panelboard 
frame, if of metal; othcmise it shall be connected to the equip
mcm grounding conductor that is run with the conductors 
feeding the panelboarcl. 

Exception: Whe11' an i.mlaiP.d equiJnllrot gmmuling cmultu:tm· for a 
bmnch circuit m· a ft't'der i.� Jnvvided as permitted by 250.146(D), the 
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in.�ulattd equipment gromuling conductm· that is nm with the cin:uit 
conductm:� shall be permitttd to pass tlnvugh the pane/hoanl zuithout 
being connecttd to the pane/hoanl:� equiJnnmt gmmuling tmninal bm: 

Equipmem grounding conductors shall not be connected to 
a terminal bar prmided for grounded conductors or neutral 
conductors unless dte bar is identified for me purpose and is 
located where imerconnection between equipmem grounding 
conductors and grounded circuit conductors is permitted or 
required by Part II and Part VII of Article 250. 

408.41 Grounded Conductor Terminations. Each grounded 
conductor shall terminate wimin me panclboard in an individ
ual terminal mat is not also used for anodter conductor. 

Exception: Gmunded cmultutm-s of circuiL� zuith pamllel cmultutm-s 
shall bt permittl'.d to terminate in a .�ingle tenni1wl if the terminal is 
idrotijitd fm· comvction of mort than ont conductm: 

408.43 Panelboard Orientation. Panclboardo; shall not be 
installed in me fac�up or facMown position. 

Part IV. Construction Specifications 

408.50 Panels. The panels of S\'itchboards and Sl\itchgear 
shall be made ofmoistur�resistam, noncombustible material. 

408.51 Busbars. Insulated or bare busbars shall be rigidly 
mounted. 

408.52 Protection of Instrument Circuits. Instruments, pilot 
lights, voltage (potential) transformers, and odter S\'itchboard 
or S\'itchgear devices wim potential coils shall be supplied by a 
circuit dtat is protected by standard overcurrem devices rated 
15 amperes or less. 

Exception No. 1: Ovm:ummt droices rattd 1/Wif! than 15 arnJm1's s/Ulll 
be permitttd w!II'TI! the inten'Uption of the chcuit could fTI'.ate a ha:zanL 
Slwrt-cin:uit pmtection shall be pnroided. 

Exception No. 2: Fm· ratings of 2 arnJitlf!S ctr Less, sJ�«:Wl t)"fll's of 
roclostd fusts shall be Jmmitted. 

408.54 Maximum Number of Overcurrent Devices. A panel
board shall be prmided wim physical means . to prevelll me 
installation of more overcurrem device..s dtan that number for 
which the panel board was designed, rated, and listed. 

For the purposes of mis section, a 2-pole circuit breaker or 
fusible S\'itch shall be considered two overcurrent del'ices; a 3-
pole circuit breaker or fusible switch shall be considered three 
overcurrent devices. 

408.55 Wu-e-Bending Space Within an Enclosure Containing a 
Panelboard. 

(A) Top and Bottom Wu-e-Bending Space. The enclosure for a 
panclboard shall have me top and bottom "i�bending space 
sized in accordance "id1 Table 312.6(8) (2) for the largest 
conductor emering or leal-ing dte enclosure. 

Exception No. 1: Eithe1· tht top ctr bottom wil1'-b,..,uling sJmre shall be 
permitttd to be .�iud in accmrlanct with Table 312.6(A) fm· a panel
board rattd 225 arnJiti1'S ctr Less and dtsigned to cmllain not over 
4 2 ctVtrCUI"TPnt devices. Fctr the Jlulposes of thi� I'XCt!Jitictn, a 2·pole ctr a 
31Jole circuit hfpafur shall be comidtl1'd as two ctr tfn1'1' ctVei"CUI1f!nt 
droius, 11'spectivtly. 

Exception No. 2: Either tht top m· bottctrn zui11'-hroding space fctr any 
pane/hoanl shall be permitttd to be .�iud in arcmrlance with Table 
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312.6(A) whelP at !P.ast ont side wire-bending space is siud in accmrl
ance with Table 312.6(8)(2) for tht lmgpst conductm· to be terminated 
in an_l' side whe-bending space. 

Exception No. 3: The top mul bottom zuil"t-broding spau shall be 
permitttd to be .�iu.d in accmrlance with Table 312.6(A) sJmcings if the 
panelhoa1rl is designtd mul mnstnu:ttd fctr wiring using on�)' a single 
90-dtg�1'1' brod fctr tach conductm; incltuling the grounded cin:uit 
conductm; and the wiring diagram shows and specifies the method of 
wi1·ing tlwt shall be used. 

Exception No. 4: Either tht tctJI ctr the bottctrn wire-bending spau, but 
not both, slwll be permitted to be siu.d in accmrlance with Table 
3 I 2. 6( A) w!II'TI! thtl1' atf! 1w mnducto1-s te1mi1wted in that spau. 

(B) Side Wu-e-Bending Space. Side wir�bending space shall 
be in accordance wim Table 312.6(A) for me largest conductor 
to be terminated in that space. 

(C) Back Wu-e-Bending Space. Where a raceway or cable emry 
is in me wall of the enclosure opposite a removable cover, me 
distance from that wall to me cover shall be permitted to 
comply "id1 dte distance �cquired for one \\ire per terminal in 
Table 312.6(A). The di&tancc between me center of the rear 
entry and me nearest termination for the cmcring conductors 
shall not be Jcs.o; man the distance given in Table 312.6(8) (2). 

408.56 Minim� Spacings. The distance between uninsulated 
metal parto;, bilsbars, and odter uninsulatcd live parto; shall not 
be Jcs.o; mali llpccificd in Table 408.56. 

\\-'here dose proximity docs not cause excessive heating, 
parts of the same polarity at switches, enclosed fuses, and so 
forth shall be permitted to be placed as dose togcmer as 
convenience in handling \\ill allow. 

Exception: The distanu shall be Jm·mitted to be k�s than that .VJt'cified 
in Table 408.56 at circuit b1Palm-s mul .witchts and in li�ted cctrnJJO
nrots in.�talkd in .witchboanls, .witchgpm; and Jlantlboards. 

408.58 Panelboard Marking. Panclboards shall be durably 
marked by dte manufacturer "ith dtc voltage and the currcm 
rating and me number of ac phases or de buses for which dtey 
arc designed and "im the manufacturer's name or trademark 
in such a manner so as to be lisiblc after installation, l\ithout 
disturbing the interior parto; or \\iring. 

Table 408.56 Minimum Spacings Between Bare Metal Parts 

Opposite Opposite 
Polarity Where Polarity Where 

Mounted on the Held Free in Live Parts to 

AC or DC Same Surface Air Ground* 

Voltage mm in. mm in. mm in. 

NoL over 19.1 Y.. 12.7 Y:r 12.7 Y:r 
125 \"OIL�, 
nominal 

NoL over 31.8 I Y.. 19.1 Y.. 12.7 Y:r 
250 \"OIL�, 
nominal 

:-.loL over 50.8 2 25.4 1 25.4 1 
1000 \"OIL�, 
nominal 

*For spacmg beuveen Jt,·e parL• and doors of cabmeL•, the dJmensJons 
in 312. 10 l (A) shall apply. 
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ARTICLE 409 - I:'IIDUSTRIAL CO:'IITROL PA. 'IELS 409.102 

ARTICLE 409 
Industrial Control Panels 

Part I. General 

409.1 Scope. This article covers industrial control panels 
intended for general usc and operating at 1000 volts or lcs.�. 

Informational :'\ote: See ANSI/t.:L 508,\, Standard for lndiL<Irial 
Control Panels, a safety standard for indusuial conu·oJ panels. 

409.3 Other Articles. In addition to the requirement� of this 
article, industrial control panels that contain branch circuit� 
for specific load� or component�. or arc for control of specific 
types of equipment addressed in other articles of this ('..ode, 
shall be constructed and installed in accordance "id1 dlc appli
cable requirement� from those articles. 

Part II. Installation 

409.20 Conductor - Minimum Size and Ampacity. The size of 
the industrial control panel supply conductor shall have an 
ampacity not lcs.� dtan 125 percent of the full-load current 
rating of all heating loads plus 125 percent of dtc full-load 
current rating of the highest rated motor plus dtc sum of dlc 
full-load current ratings of all other connected motors and 
apparatus based on their duty cycle that may be in operation at 
the same time. 

409.21 Overcurrent Protection. 

(A) General. Industrial control panels shall be prmidcd with 
ovcrcurrent protection in accordance "id1 Part� land II of Arti
cle 240. 

(B) Location. This protection shall be provided for each 
incoming supply circuit by cidtcr of dtc following: 
(1) An ovcrcurrent protective dc'l'icc located ahead of dlc 

industrial control panel. 
(2) A single main ovcrcurrcm protective device located 

widlin the industrial control panel. . Where ovcrcurrcm 
protection is provided as pi\f't of the industrial control 
panel, the supply conductors shall be considered a� cidtcr 
feeders or taps ao; covered by 240.21 .  

(C) Rating. The rating or setting of the ovcrcurrent protective 
dc\icc for dlc circuit supplying the industrial control panel 
shall not be greater dtan the sum of dtc largest rating or setting 
of dlc branch-circuit short-circuit and ground-fault protective 
dc\icc provided widl dlc industrial control panel, plus 
125 percent of dtc full-load current rating of all resistance heat
ing load-;, plus the sum of the full-load current-; of all other 
motors and apparatus dlat could be in operation at dtc same 
time. 

Exception: Whm� one m· mml! instantaneous trip circuit !nP.akn-s m· 
motor slwrt-cin:uit JnviPctm:� all! used fm· motor branch-cin:uit slwlt
circuit mul gmutulfault jllvtection as Jmmitted b)• 430.52(C), the 
pmcl'nWl! .�pecified above fm· dete1mining the maximum rating of the 
jllvtective device for the circuit .mpplying the indu.�trial contml /Janel 
shall aptJ�l' with the following pmvision: For the purpo.'il' of the calcula
tifm, each instantaneou.� t1·ip circuit !nP.akn· m· motor slwrt-cin:uit 
jllvtector slmll be a.'l.mmed to have a rating 1wt exaeding the maximum 
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peruntagt> of motor full-load cunmt Jmmitted b)• Table 430.52(C)( 1) 
fm· the type of contml panel.mpply circuit jllvtective device emJIWJed. 

Where no branch-circuit short-circuit and ground-fault 
protective device is provided "id1 the industrial control panel 
for motor or combination of motor and non-motor loads, dlc 
rating or setting of the ovcrcurrent protective dc\icc shall be 
ba�d on 430.52 and 430.53, ao; applicable. 

409.22 Short-Circuit Current Rating. 

(A) Installation. An industrial control panel shall not be 
installed where the available fault current exceed-; it� short
circuit current rating ao; marked in accordance "idl 409.1 10(4). 

(B) Documentation. If an industrial control panel is required 
to be marked l\ith a short-circuit current rating in accordance 
widl 409.1 10(4) , dlc available fault current at the industrial 
control panel and dlc date dlc available fault current calcula
tion was performed shall be documented and made available to 
those audlorizcd to inspect, install, or maintain the installation. 

409.30 Disconnecting .· ·1feans. Disconnecting means that 
supply motor loaclo; shall comply widl Part IX of Article 430. 

409.60 Bonding. Industrial control panels shall be grounded 
and bonded in accordance wid1 409.60(A) and (B) . 

(A) Grounding. An equipment grounding conductor sized in 
accordance l\ith 250.122 shall be connected to an equipment 
grounding bus or to an equipment grounding termination 
poiilt prmidcd in a single-section industrial control panel. 

(B) Bonding. Multiscction industrial control panels shall be 
bonded together using an equipment bonding jumper sized in 
accordance "id1 250.102(0). 

409.70 Surge Protection. Safety circuit� for personnel protec
tion dlat arc subject to damage from surge event-; shall have 
surge protection installed within or immediately adjacent to 
the control panel. 

Part III. Construction Specifications 

409.100 Enclosures. Table 1 10.28 shall be used ao; the ba�is for 
selecting industrial control panel enclosures for usc in specific 
locations other man hazardous (clao;sificd) locations. The 
enclosures arc not intended to protect against conditions such 
a� condensation, icing, corrosion, or contamination dlat may 
occur "idlin the enclosure or enter \ia dlc conduit or unsealed 
openings. 

409.102 Busbars. Industrial control panels utilizing busbars 
shall comply "id1 409.102(A) and (8). 

(A) Support and Arrangement. Busbars shall be protected 
from physical damage and be held firmly in place. 

(B) Phase Arrangement. The pha�c arrangement on 3-phao;c 
horizontal common power and vertical buses shall be A, 8, C 
from from to back, top to bottom, or left to right, ao; \icwcd 
from dtc from of the industrial control panel. The 8 phao;c 
shall be that pha� hal-ing dtc higher voltage to ground on 
3-phao;c, 4-l\irc, delta-connected systems. Orner busbar arrange
ment-; shall be permitted for additions to existing installations, 
and dlc pha�s shall be pcrmancndy marked. 
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409.104 Wuing Space. 

(A) General. Industrial control panel enclosures shall not be 
used ao; junction boxes, auxiliary guucrs, or raceways for 
conductors feeding duough or lapping off to other switches or 
ovcrcurrent dc\-iccs or other equipment, unlcs.o; the conductors 
fill lcs.o; than 40 percent of the cros.o;-scctional area of the "iring 
space. In addition, the conductors, splices, and taps shall not 
fill the \\iring space at any eros.-; section to more than 
75 percent of the cros.o;-scctional area of that space. 

(B) Ware Bending Space. Wire bending space within industrial 
control panels for field wiring terminals shall be in accordance 
"ith dtc requirements in 430.10(B). 

409.106 Spacings. Spacings in feeder circuits between uninsu
latcd live parts of acljaccnt componcnl"l, between uninsulatcd 
live part"l of componcnl"l and grounded or acccs."liblc non
currcnt-cartying metal part-;, between uninsulatcd live part"l of 
componcnl"l and dtc enclosure, and at field wiring terminals 
shall be ao; shown in Table 430.97(0) . 

Exception: Spacings shall be Jmmitted to be kss titan those specified in 
Table 430.97(D) at circuit ln1'akn-s and switches and in listtd co-mJJO
nmts installed in i1ulustrial contml panel�. 

409.108 Service Equipment. Where used a"l scnicc equip
ment, each industrial control panel shall be of dtc type that is 
suitable for usc ao; service equipment. 

Where a grounded conductor is prmidccl, the industrial 
control panel shall be provided with a main bonding jumper, 
sized in accordance with 250.28(0), for connecting the groun
ded conductor, on il"l supply side, to the industrial control 
panel equipment ground bus or equipment ground terminal. 

409.110 Marking. An industrial control panel shall have 
permanent markings dtat arc visible after installation. The 
markings in 409.1 10(2) and (3) shall be attached to the out.o;idc 
of the enclosure. The markings in 409.1 10(1) ,  (4), (5), (6), 
and (7) shall be attached to either dtc inside or outo;idc of the 
enclosure. The follo"ing markings shall be incluck!d: 
(1) Manufacturer's name, trademark, or other descriptive 

marking by which the organization . re!ipmisiblc for the 
product can be identified. 

· 

(2) Supply voltage, number of phao;es, frequency, and full
load current for each incoming supply circuit. 

(3) Where the industrial control pi,tnel is supplied by more 
than one electrical source and where more than one 
disconnecting means is required to disconnect all circuit-; 
50-volto; or more "ithin the control panel, marked to incli
catc that more than one disconnecting means is required 
to de-energize the equipment. The location of the means 
ncccs.o;arv to disconnect all circuit"l 50-volto; or more shall 
be docm"ncntcd and available. 

(4) Short-circuit current rating of the industrial control panel 
bao;ccJ on one of the follo"ing: 
a. Short-circuit current rating of a listed and labeled 

ao;scmblv 
b. Short-ci�cuit current rating established utilizing an 

approved method 
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Informational l'ote: See AJ'\:SI/t:L 508A, Staudard for 
lndu.<lrial Control Pa11els, Supplement SB, for an example 
of an approved method. 

Exception to ( 4 ): Shm·t-cin:uit current mting mm'kings ant not 
Tequhed Jm· indust1ial crmtml panels amtaining on�v contml 
circuit comJwnmts. 

(5) If the industrial control panel is intended a"l scnicc 
equipment, marked to identity it a"l being suitable for usc 
ao; service equipment. 

(6) Electrical wiring diagram, the identification number of a 
separate electrical wiring diagram, or a designation rcfcr
cncccl in a separate wiring diagram. 

(7) An enclosure type number. 

ARTICLE 410 
Luminaires, Lampholders, and Lamps 

Part I. General 

410.1 Scope. This article covers luminaires, portable lumin
aires, lampholclcrs, pendant-;, incandescent filament lamps, arc 
lamps, electric-discharge lamps, decorative lighting product"l, 
lighting accessories for temporary sca"lonal and holiday usc, 
portable flexible lighting proclucto;, and the "iring and equip
ment forming part of such product'! and lighting installations. 

410.2 Reconditioned Equipment. Rcconditionccl luminaires, 
lampholdcrs, ballao;to;, LED drivers, lamps, and retrofit kit"l shall 
not be pcrmiucd. If a retrofit kit is installed in a Juminairc in 
accordance l\ith the installation instructions, the rctrofiucd 
luminairc shall not be considered rcconditionccl. 

410.5 Live Parts. Luminaires, portable luminaires, lampholcl
crs, and lamps shall have no live part-; normally exposed to 
contact. Exposed acccs."liblc terminals in lampholdcrs and 
Sl\itchcs shall not be installed in mctal luminairc canopies or in 
open bao;cs of portable table or floor luminaires. 

Exception: Ckat-t_l111' lamplwlde1-s located at ka.�t 2.5 -m (8 jt) above the 
jloo1· slmU be pennilltd to have expost-d te1mi1mlf. 

410.6 Listing Required. All luminaires, lampholdcrs, and 
retrofit kilo; shall be listed. 

410.8 Inspection. Luminaires shall be installed such that the 
connections between the luminairc conductors and the circuit 
conductors can be inspected without requiring the disconnec
tion of any part of the wiring unless the luminaires arc connec
ted by auachmcnt plugs and receptacles. 

Part II. Luminaire Locations 

410.10 Luminaires in Specific Locations. 

(A) Wet and Damp Locations. Luminaires installed in wet or 
damp locations shall be installed such that water cannot enter 
or accumulate in "iring compartmcnl"l, lampholdcrs, or other 
electrical part-;. All luminaires installed in wet locations shall be 
marked a"l suitable for wet locations. All luminaires installed in 
clamp locations shall be marked ao; suitable for wet locations or 
suitable for damp locations. 

(B) Corrosive Locations. Luminaires installed in corrosive 
locations shall be of a type suitable for such locations. 
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(C) In Ducts or Hoods. Luminaires shall be permitted to be 
installed in commercial cooking hoocl-; where all of the follow
ing conditions arc met: 
(1)  The luminairc shall be identified for usc l\ithin commer

cial cooking hood-; and installed such that the tempera
lure limits of the materials used arc not exceeded. 

(2) The luminairc shall be constructed so that all exhaust 
vapors, grca-;c, oil, or cooking vapors arc excluded from 
the lamp and wiring compartment. Diffusers shall be 
resistant to thermal shock. 

(3) Parts of the luminairc exposed l\ithin the hood shall be 
corrosion resistant or protected against corrosion, and 
the surface shall be smooth so a-; not to collect deposits 
and to facilitate cleaning. 

(4) Wiring method-; and materials suppl}ing the luminairc(s) 
shall not be exposed "idtin dtc cooking hood. 

Informational Note: See 1 10.1 1  for conductors and equipment 
exposed to deteriorating agent•. 

(D) Bathtub and Shower Areas. A luminairc installed in a 
badllub or shower area shall meet all of the following require
ment.•: 
(1)  1'\o part.• of cord-connected luminaires, chain-, cable-, or 

cord-suspended luminaires, lighting track, pendant.-;, or 
ceiling-suspended (paddle) fans "ilh luminairc (light kit) 
shall be located l\ithin a zone mca•urcd 900 mm (3 fl) 
horizontally and 2.5 m (8 ft) vertically from the top of the 
badllub rim or shower stall threshold. This zone is all
cncompa'l.•ing and includes dtc space dirccdy over the 
tub or shower stall. 

(2) Luminaires located within the actual out.•idc dimension 
of the bathtub or shower to a height of 2.5 m (8 ft) verti
cally from the top of the bathtub rim or shower threshold 
shall be marked suitable for damp locations or marked 
suitable for wet locations. Luminaires located where 
subject to shower spray shall be marked suitable for wet 
locations. 

(E) Luminaires in Indoor Sports, Mixed-Use, and All-Purpose 
Facilities. Luminaires subject to physical damage, using a 
mercury vapor or metal halide lamp, in.•tallcd in pla}'ing and 
spectator seating area-; of indoor sport.-;; mixed-usc, or all
purpose facilities shall be of dtc type that protect.• dtc lamp 
with a gla•s or pla-;tic lens. Such luminaires shall be permitted 
to have an additional guard. 

(F) Luminaires Inslalled in or Under Roof Decking. Lumin
aires installed in exposed or concealed locations under roof 
decking where su�ccl lo physical damage shall be installed and 
supported so there is not less than 38 mm ( 1 Y:t  in.) mca-;urcd 
from the lowest surface of the roof decking to dtc lop of the 
luminairc. 

Exception: The 38 mm (1 � in.) spacing is not required where metal
C017'1lgrJted sheet roof decking if covered with a minimum thirkne.fs 
50 mm (2 in.) concrete .flab, Jlll!a.mred from tile top of the wrmgated 
mofing. 

410.11 Luminaires Near Combustible Material. Luminaires 
shall be constructed, installed, or equipped l\ith shades or 
guards so dtal combtt-;tiblc material is not su�cctcd to temper
atures in excess of900C (194oF) . 

410.12 Luminaires over Combustible Material. Lampholdcrs 
installed over highly combtt-;tiblc material shall be of the 
unswitchcd l}'pc. Unless an indilidual switch is provided for 
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each luminairc, lampholdcrs shall be located at lca-;t 2.5 m 
(8 fl) above the floor or shall be located or guarded so that the 
lamps cannot be readily removed or damaged. 

410.14 Luminaires in Show Windows. Chain-supported lumin
aires used in a show window shall be permitted to be externally 
wired. :-.lo other externally \\ired luminaires shall be used. 

410.16 Luminaires in Cothes Cosets. 

(A) Cothes Coset Storage Space. The clothes closet storage 
space shall be dtc volume bounded by the sides and back closet 
walls and planes extending from the closet floor vertically to a 
height of 1 .8 m (6 fl) or to the highest clothes-hanging rod and 
parallel to the walls at a horizontal distance of 600 mm (24 in.) 
from the sides and back of the closet walls, respectively. The 
volume extend-; vertically to the closet ceiling parallel to the 
walls at a horizontal distance of 300 mm (12 in.) or the l\idth 
of the shelf, whichever is greater. For a closet that permit.• 
access to both sides of a hanging rod, the clothes closet storage 
space includes the volume below the highest rod extending 
300 mm (12 in.) on cidtc:'T side of the rod on a plane horizontal 
to the floor extending r:hc entire length of the rod. Sec Figure 
410.16(A) . 

(B) L� Types Permitted. Only luminaires of the follow
ing types shall be pcnnittcd in a clothes closet: 
(1)  Surfucc-mountcd or rcccs.•cd incandescent or LED 

luminaires with completely enclosed light sources 
(2) ·_ Surface-mounted or rcccs.•cd fluorescent luminaires 
(3) Surface-mounted fluorescent or LED luminaires identi

fied a-; suitable for installation l\ithin the clothes closet 
storage space 

(C) Luminaire Types Not Permitted. Incandescent luminaires 
with open or partially enclosed lamps and pendant luminaires 
or Jampholdcrs shall not be permitted. 

1 .8 m (6 ft) 
or 
�T� 

FIGURE 410.16(A) Cothes Coset Storage Space. 
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(D) Localion. The mm1mum clearance hetwccn luminaires 
installed in clothes closets and the nearest point of a clothes 
closet storage space shall he ao; follows: 

(1)  300 mm (12 in.) for surface-mounted incandescent or 
LED luminaires l\ith a completely enclosed light source 
installed on the wall above dtc door or on the ceiling. 

(2) 150 mm (6 in.) for surface-mounted fluorescent lumin
aires installed on dtc wall above the door or on the ceil
ing. 

(3) 150 mm (6 in.) for rcccs.o;cd incandescent or LED lumin
aires with a completely enclosed light source installed in 
the wall or the ceiling. 

(4) 150 mm (6 in.) for rcccs.o;cd fluorescent luminaires 
installed in the wall or the ceiling. 

Exception: Smface-mmmted jlum"t'scrot or LED luminahes slwU be 
jHmltilltd to be instalkd within tht clothes closet storage sJJace where 
idrotijitd fm· thif U.ft'. 

410.18 Space for Cove Lighling. Coves shall have adequate 
space and shall he located so that lamps and equipment can be 
properly installed and maintained. 

Part m. Luminaire Oudet Boxes, Canopies, and Pans 

410.20 Space for Conductors. \..anopics and oudct boxes 
taken together shall provide sufficient space so dtat luminairc 
conductors and their connecting devices arc capable of heing 
installed in accordance with 314.16. 

410.21 Temperature Limit of Conductors in Oudet Boxes. 
Luminaires shall he of such construction or installed so that 
the conductors in oudct boxes shall not be su�cctcd to 
temperatures greater than that for which the conductors arc 
rated. 

Branch-circuit "iring, odtcr than 2-l\irc or multiwirc branch 
circuits suppl}ing power to luminaires connected together, 
shall not be pao;scd through an oudct box dtat is an integral 
part of a luminairc unlcs.o; dtc luminairc is identified for 
through-wiring. 

Informational l'ote: See 410.64(C) for wiring 11uppl)ing power 
to luminaires connected together. 

410.22 Oudet Boxes to Be Covered. In a completed installa
tion, each outlet box shall be prO\idcd "id1 a cover unlcs.o; 
covered by means of a luminairc canopy, lampholdcr, recepta
cle that covers dtc box or is pro'Yidcd l\ith a faceplate, or simi
lar device. 

410.23 Covering of Combustible Material at Oudet Boxes. 
Any combustible wall or ceiling finish exposed hetwccn the 
edge of a luminairc canopy or pan and an oudct box having a 
surface area of 1 160 mm2 (180 in.2) or more shall he covered 
"ith noncombustible material. 

410.24 Conneclion of Electric-Discharge and LED I A•minaires. 
(A) Independent of the Oudet Box. Electric-discharge and 
LED luminaires supported indcpcndcndy of the oudct box 
shall be connected to the branch circuit through metal race
way, nonmetallic raceway, Type MC cable, Type AC cable, 
Type MI cable, nonmetallic sheathed cable, or by flexible cord 
ao; permitted in 410.62(8) or 410.62(C) . 

(B) Access to Boxes. Electric-discharge and LED luminaires 
surface mounted over concealed oudct, pull, or junction boxes 
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and designed not to he supported solely by the oudct box shall 
be prmidcd l\ith suitable openings in dtc back of the luminairc 
to prmidc acccs.o; to the \\iring in the box. 

Part IV. Luminaire Supports 

410.30 Supports. 

(A) General. Luminaires and lampholdcrs shall he securely 
supported. A luminairc dtat weighs more than 3 kg (6 lb) or 
exceeds 400 mm (16 in.) in any dimension shall not be suppor
ted by the screw shell of a lampholdcr. 

(B) Metal or Nonmetallic Poles Supporling Luminaires. �Ictal 
or nonmetallic poles shall he permitted to be used to support 
luminaires and ao; a raceway to enclose supply conductors, 
prmidcd dtc follo"ing conditions arc met: 

( 1)  A pole shall have a hand hole not lcs.o; than 50 mm x 

100 mm (2 in. x 4 in.) "im a cover suitable for usc in wet 
locations to provide access to the supply tcnninations 
within the pole or pole hao;c. 

Exception No. 1: No handhok shall be 11'qui11'd in a Jwk 2.5 m (8ft) m· 
less in height abovtg�-adt whe11' the .fupply wiring method continues 
witlwut .fplice or puU pmnt, and where the intt1ior of tht pole and any 
splices aTe accessiblt by Jl!moving the lumi1wi11'. 

Exception No. 2: No lwndlwle shall be TequiJl!d in a pole 6.0 m (20ft) 
m· kss in.height abovegmde tlwt if pmuided with a hingp.d base. 

(2) Where raceway risers or cable is not installed lvithin the 
pole, a threaded fitting or nipple shall he brazed, welded, 
or attached to the pole opposite dtc handholc for the 
supply connection. 

(3) A metal pole shall he provided l\ith an equipment 
grounding terminal ao; follows: 

a. A pole lvith a handholc shall have the equipment 
grounding terminal acccs.o;iblc from the handholc. 

b. A pole \\ith a hinged bao;c shall have the equipment 
grounding terminal acccs.o;iblc within the bao;c. 

Exception to ( 3 ): No gmunding tmninal shall be 11'-f[Uirt'.d in a pole 
2.5 m (8ft) or le.fs in height abovtgmde whell! the suptJ�V wiring 
method continues withmtt sJJlice m· Jlul� and whnf' the interim· of 
the pole and any .fpliet!!i aJl! acw1sible by Jl!moving the luminai11'. 

(4) A metal pole lvidt a hinged bao;c shall have the hinged 
bao;c and pole bonded together. 

(5) Metal raceways or other equipment grounding conduc
tors shall be bonded to the metal pole l\ith an equipment 
grounding conductor recognized by 250.1 18 and sized in 
accordance "id1 250.122. 

(6) Conductors in vertical poles used ao; raceway shall he 
supported ao; provided in 300.19. 

410.36 Means of Support. 

(A) Luminaires Supported By Oudet Boxes. Luminaires shall 
be permitted to he supported by outlet boxes or fittings 
installed ao; required by 314.23. The installation shall comply 
lvith dtc follmving requirement-;: 

(1) The oudct boxes or fittings shall comply with 314.27(A) 
(1) and 314.27(A) (2). 

(2) Luminaires shall he permitted to be supported in accord
ance l\ith 314.27(E). 
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(3) Outlet boxes complying with 314.27([) shall be consid
ered lighting outlet-; ao; required by 210.70(A), (8), and 
(C). 

(B) Suspended Ceilings. Framing members of suspended ceil
ing system-; used to support luminaires shall be securely 
fao;tcncd to each other and shall be securely auachcd to the 
building structure at appropriate imcrvals. Luminaires shall be 
securely fao;tcncd to the ceiling framing member by mechanical 
means such ao; bolts, screws, or rivet-;. Listed clips identified for 
usc with the type of ceiling framing mcmbcr(s) and lumin
airc(s) shall also be pcnniucd. 

(C) Luminaire Studs. Luminairc stud-; tl1at arc not a pan of 
outlet boxes, hickcys, tripod-;, and cro\\fcct shall be made of 
steel, malleable iron, or other material suitable for the applica
tion. 

(D) Insulating joints. Insulating joint-; that arc not designed to 
be mounted with screws or bolt-; shall have an exterior metal 
cao;ing, insulated from both screw connections. 

(E) Raceway Fittings. Raceway fillings used to support a lumin
airc(s) shall be capable of supporting tl1c weight of the 
complete fixture ao;scmbly and lamp(s). 

(F) Busways. Luminaires shall be pcnniucd to be connected 
to busways in accordance "itl1 368.17 (C). 

(G) Trees. Outdoor luminaires and ao;sociatcd cquipmcm 
shall be pcrmiucd to be supported by trees. 

Informational :'\ote l'o. I :  See 225.26 for restrictions for snppon 
of overhead conductors. 

Informational l'ote l'o. 2: See 300.5(0) for protection of 
conductors. 

Part V. Grounding 

410.40 Equipment Grounding Conductor. Luminaires and 
lighting equipment shall be connected 1.0 an cquipmcm 
grounding conductor ao; required by Pan V of this article. 

410.42 Luminaire(s) with Exposed Conductive Surfaces. 
Exposed conductive surfaces shall be .  coni1cctcd to an equip
ment grounding conductor. 

Exception: Exposl'.d conductive swfaces that comply with an_l' of the 
following slmU not be 11'qui11'd to be rimneclt'd to an equipment ground
ing ccmducto1� 

( 1) Swfaces sepamted ftvm all Live pmt� by a lisll'.d system of daubLe 
in.�uLatian 

(2) Swfaces on small i.mLated Jlarts, s1u:h as mmmting scmvs, clips, 
and decorative bands on glass spaced at kast 38 mm (llfz in.) 
ftvm Lamp termi1ml� 

{3) Swfaces on po1·tabk Luminaires with a poLariZP.d attachment 
plug 

410.44 Connection to the Equipment Grounding Conductor. 
Luminaires and cquipmcm that require connection to an 
cquipmcm grounding conductor in accordance with 410.42 
shall be mechanically connected to an equipment grounding 
conductor. 

Exception No. 1: RLfJLacemmt luminaii"I'S slmU be Jlermitll'.d to ronmct 
an equipment gromuling canductm· in the same mamm· as J"eplarement 
lf!CeJJtades in compliance with 250./JO(C). The luminai11' slmU then 
comply with 410.4 2. 
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Exception No. 2: Whel"t' no equipment gromuling ronductm· exists at 
the outkt, 11'jllacemmt Luminaires that ant GFCI pmlt'cll'n m· do not 
have exposed conductive pmt� shall not be required to be connected to 
an equipment wvunding canductm: 

Part VI. Wiring of Luminaires 

410.50 Luminaire Wiring - General. Wiring on or "ithin 
luminaires shall be neatly arranged and shall not be exposed to 
physical damage. Excess wiring shall be avoided. Conductors 
shall be arranged so tl1at they arc not su�cctcd to tempera
tures above those for which they arc rated. 

410.51 Polarization of Luminaires. Luminaires shall be wired 
so that tl1c screw shells of lampholdcrs arc connected to the 
same luminairc or circuit conductor or terminal. The groun
ded conductor, where connected to a screw shell lampholdcr, 
shall be connected to the screw shell. 

410.52 Conductor Ins�tion. Luminaires shall be wired with 
conductors having insulation suitable for the environmental 
conditions, current, voltage, and temperature to which the 
conductors will be·�;ubjcctccl. 

lnformatimtal :-.:ote: See 402.3, 402.5, and 402.6 for ampacity of 
fixture "in:, maximum operdting temperature, n>ltage limita
tions, and miitimmn \\ire size. 

410.54 Pendant Conductors for Incandescent Fdament Lamps. 

(A) · Support. Pcndant lampholdcrs l\ith permanently attached 
lead-;, where used for other than festoon wiring, shall be hung 
from separate stranded rubber-covered conductors that arc 
soldered directly to the circuit conductors but supported inde
pendently thereof. 

(B) Size. Unlcs.o; pan of listed decorative lighting ao;scmblics, 
pendant conductors shall not be smaller than 14 AWG for 
mogul-bao;c or mcdium-bao;c screw shell lampholdcrs or smaller 
than 18 AWG for imcnncdiatc or candelabra-bao;c lampholdcrs. 

(C) Twisted or Cabled. Pendant conductors longer than 
900 mm (3 ft) shall be tl\istcd together where not cabled in a 
listed ao;.o;cmbly. 

410.56 Protection of Conductors and Insulation. 

(A) Properly Secured. Conductors shall be secured in a 
manner that docs not tend to cut or abrade the insulation. 

(B) Protection Through Metal. Conductor insulation shall be 
protected from abrao;ion where it pao;scs through metal. 

(C) Luminaire Stems. Splices and taps shall not be located 
"ithin luminairc arms or stems. 

(D) Sp6ces and Taps. :"'o unncccs.o;ary splices or taps shall be 
made "itl1in or on a luminairc. 

Informational Note: See 1 10.14 for approved mean� of making 
connections. 

(E) Stranding. Stranded conductors shall be used for "iring 
on luminairc chains and on other movable or flexible part-;. 

(F) Tension. Conductors shall be arranged so tl1at the weight 
of the luminairc or movable part-; docs not put tension on the 
conductors. 

410.59 Cord-Connected Showcases. Individual showcao;cs, 
oilier than fixed, shall be permitted to be connected by flexible 
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cord to pennancndy installed receptacles, and groups of not 
more than six such showcases shall be pcrmiucd to be coupled 
together by flexible cord and separable locking-l}pc connec
tors l\ith one of dtc group connected by flexible cord to a 
permanently installed receptacle. 

The installation shall comply l\ith 410.59(A) through (E). 

(A) Cord Requirements. Flexible cord shall be of the hard
scnicc l}pc, having conductors not smaller dtan me branch
circuit conductors, having ampacity at least equal to me 
branch-circuit ovcrcurrcnt dclicc, and having an equipment 
grounding conductor. 

Informational l'ote: See Table 250.122 for size of equipment 
grounding conductor. 

(B) Receptacles, Connectors, and Attachment Plugs. Recepta
cles, connectors, and attachment plugs shall be of a listed 
grounding type rated 15 or 20 amperes. 

(C) Support. Flexible cords shall be secured to dtc undersides 
of showca-;cs such that all of dtc follo"ing conditions arc 
ensured: 

(1)  The \\iring is  not exposed to physical damage. 
(2) The separation between cao;cs is not in execs.-; of 50 mm 

(2 in.), or more than 300 mm (12 in.) between me first 
ca-;c and the supply receptacle. 

(3) The free lead at me end of a group of showca-;cs ha-; a 
female fitting not extending beyond the ca-;c. 

(D) No Other Equipment. Equipment omcr than showcao;cs 
shall not be electrically connected to showca-;cs. 

(E) Secondary Circuit(s). \\'here showca-;es arc cord
connected, me secondary circuit(s) of each electric-discharge 
lighting ballao;t shall be limited to one showca-;c. 

410.62 Cord-Connected Lampholders and Luminaires. 

(A) Lampholders. Where a metal lampholdcr is attached to a 
flexible cord, the inlet shall be equipped wim an insulating 
bushing mat, if mrcadcd, is not smaller dtan metric designator 
12 (trade size ¥,) . The cord hole shall be of a $lZC appropriate 
for dtc cord, and all burrs and fins shall be removed in order to 
provide a smood1 bearing surface for dtc con;J. · 

Bushing hal-ing holes 7 mm (;¥12 in.) in diameter shall be 
pcnniucd for usc wim plain pendant cord and holes 1 1  mm 
(1%2 in.) in diameter "idl reinforced cord. 

(B) Adjustable Luminaires. Luminaires that require adjusting 
or aiming after installation shall not be required to be 
equipped wim an attachment plug or cord connector, provided 
me exposed cord is suitable for hard-usage or extra-hard-usage 
and is not longer dtan mat required for maximum adjustment. 
The cord shall not be subject to strain or physical damage. 

Informational :'\ote: See Table 400.4, "l"se" column for applica
tion prmi•ions. 

(C) Electric-Discharge and LED Luminaires. Elcclric-dischargc 
and LED luminaires shall comply wim 410.62(C) (I ) ,  (C) (2), 
and (C) (3), a-; applicable. 

(I) Cord-Connected Installation. A luminairc or a listed 
a-;sembly in compliance with any of dtc conditions in 41 0.62(C) 
(1) (a) mrough (C) (1) (c) shall be pcnniucd to be cord 
connected prmidcd dtc luminairc is located dirccdy below me 
oudct or busway, me cord is not subject to strain or physical 
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damage, and the cord is l-isiblc over it-; entire length except at 
tcnninations. 

Informational :'\Ole: See 400.10, l"ses Penniued, and 400.12, 
l"ses l'ot Penniued. 

(a) A luminairc shall be pcnniucd to be connected wim 
a cord terminating in a grounding-type attachment plug or 
busway plug. If grounding is not required in accordance wim 
410.42, a polarized-type plug shall be pcrmiucd. 

(b) A luminairc ao;sembly equipped l\ith a strain relief 
and canopy shall be pcrmiucd to u.-;c a cord connection 
between the luminairc ao;scmbly and me canopy. The canopy 
shall be pcrmiucd to include a section of raceway not over 
150 mm (6 in.) in length and intended to facilitate me connec
tion to an oudct box mounted above a suspended ceiling. 

(c) Listed luminaires connected using listed ao;.-;cmblies 
that incorporate manufactured "iring system connectors in 
accordance wim 604.IOO(C) shall be pcrmiucd to be cord 
connected. 

(2) Provided with Mogul-Base, Screw SheD Lampholders. 
Electric-discharge luminairC!i provided l\idt mogul-ba-;c, screw 
shell lampholdcrs shall be· permiucd to be connected to 
branch circuit-; of 50 amperes or less by cord-; complying wim 
240.5. Receptacles and attachment plugs shall be pcrmiucd to 
be of a lower ampere rating man the branch circuit but not lcs.o; 
than 125 perc�nt of the luminairc full-load current. 

(3) Equipped with Flanged Surface Inlet. Electric-discharge 
luminaires equipped wim a flanged surface inlet shall be 
permitted to be supplied by cord pendant-; equipped l\ith cord 
connectors. Inlet-; and connectors shall be pcrmiucd to be of a 
lower ampere rating than me branch circuit but not Jcs.-; than 
125 percent of me luminairc load current. 

410.64 Luminaires as Raceways. Luminaires shall not be used 
a-; a raceway for circuit conductors unlcs.-; dtcy comply wim 
410.f>4(A) , (B), or (C). 

(A) Listed. Luminaires listed and marked for u.-;c a-; a raceway 
shall be permiucd to be used ao; a raceway. 

(B) Through-Waring. Luminaires identified for through
wiring, a-; pcnniucd by 410.21, shall be permiucd to be used a-; 
a raceway. 

(C) Luminaires Connected Together. Luminaires designed for 
end-to-end connection to form a continuous ao;sembly, or 
luminaires connected together by recognized wiring mcmod-;, 
shall be pcrmiucd to contain the conductors of a 2-l\irc branch 
circuit, or one multiwirc branch circuit, suppl}'ing dtc connec
ted luminaires and shall not be required to be listed a-; a race
way. One additional 2-l\irc branch circuit separately supplying 
one or more of the connected luminaires shall also be permit
ted. 

Informational Note: See Anicle I 00 for the definition of '"lulti
lt!irt' Branrll Circuit. 

410.68 Feeder and Branch-Circuit Conductors and BaUasts. 
Feeder and branch-circuit conductors wimin 75 mm (3 in.) of a 
balla-;t, LED driver, power supply, or transformer shall have an 
insulation temperature rating not lower man 90"C (194°F), 
unlcs.-; supplying a luminairc marked ao; suitable for a different 
insulation temperature. 

410.69 Identification of Control Conductor Insulation. \\'bcre 
control conductors arc spliced, terminated, or connected in 
the same luminairc or enclosure a-; me branch-circuit conduc-
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tors, the field-connected control conductor shall not be of a 
color reserved for the grounded branch-circuit conductor or 
the equipment grounding conductor. 

Informational Note: See 200.6 for identification of gmunded 
conductor and 250.1 19 for identification of equipment ground
ing conductor. 

Exception: A jiPld-connecttd gmy-colttred crmtml conductor shall be 
pennilltd if tile insulation if Jlermanent{l· 11'-idmtified by marking tape, 
painting, m· other iffoctivt meam at its termi1mtion mul at tach loca
tifm wlml' tile conductm· is vifihle and arctssible. Tdmtijication slwll 
mcin:le tile insulation and shall be a coh11· other than whitt, gray, m· 

grt!t!n. 
410.70 Combustible Shades and Enclosures. Air space shall be 
provided between lamps and shades or other enclosures of 
combustible material. 

410.71 Disconnecting Means for Fluorescent or LED Lumin
aires that Utilize Double-Ended Lamps. 

(1) General. In indoor locations other than dwellings and 
a'isociatcd acccs.'iory structures, fluorescent or LED luminaires 
that utilize double-ended lamps and contain balla'it(s) or LED 
drivcr(s) that can be scniccd in place shall have a disconnect
ing means either internal or external to each luminairc. For 
existing installed luminaires without disconnecting means, at 
the time a balla'it or LED driver is added or replaced a discon
necting means shall be installed. The line side terminals of the 
disconnecting means shall be guarded. 

Exception No. 1: A di.fconnecting mP.ans slwll not be required fm· 
luminaitl!S i1utalled in llawrdous (cla.�fijied) location(s). 

Exception No. 2: A di.fconnecting mP.ans slwll not be required for 
luminaitl!.f tlwt Jmroide emergr>nC)' illuminatifm 11'qui11'd in 700. 16 .. 

Exception No. 3: Fm· cmrl-and-JJLug-conntcted luminaill'S, an ar.as.rihle 
. wpamble connectm· m· an acel!S.fihle plug mul n!U/Jtacle shall bt fmmit
ttd to serve as tile difcmmecting means. 

Exception No. 4: Di.fconntcting 11ttam shall 1wt be fff[ttill'.d fm· every 
luminahe in a building mf!a if all of tile following rtnulitions aptJ{W 

( 1) Mml' than one luminailf! if i1utalled in tile building mP.a 
(2) Tile luminailf!S mf! 1wt conntcled /Q a tnultiwitf! bmncll cin:uit 
( 3) Tile design of tlv installation incl:udes di.fconntcting mP.ans 
( 4) Tlv building mf!a zuill not be f1't in total dmfme.�f should only 

fme discrmnect be opened 

(2) Multiwire Branch Circuits. When connected to multi"irc 
branch circuit'i, the disconnecting means shall simultaneously 
break all the supply conductors to the balla'it, including the 
grounded conductor. 

(3) Location. The disconnecting means shall be located so a'i 
to be accessible to qualified persons before scnicing or main
taining the balla'it. \\'here the disconnecting means is external 
to the luminairc, it shall be a single device, and it shall be 
attached to the luminairc or the luminairc shall be located 
within sight of the disconnecting means. 

Part VD. Construction of Luminaires 

410.80 Luminaire Rating. 

(A) Marking. All luminaires shall be marked with the maxi
mum lamp wattage or electrical rating, manufacturer's name, 
trademark, or other suitable means of identification. A lumin-
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aire requiring supply wire rated higher than 60"C (l40°F) shall 
be marked with the minimum supply wire temperature rating 
on the luminairc and shipping carton or equivalent. 

(B) Electrical Rating. The electrical rating shall include the 
voltage and frequency and shall indicate the current rating of 
the unit, including the balla'it, transformer, LED driver, power 
supply, or autotransformer. 

410.82 Portable Luminaires. Portable luminaires shall be 
wired with flexible cord recognized by 400.4 and an attachment 
plug of the polarized or grounding type. If used l\ith Edison
ba'ic lampholclcrs, the grounded conductor shall be identified 
and attached to the screw shell and the identified blade of the 
attachment plug. 

410.84 Cord Bushings. A bushing or the equivalent shall be 
provided where flexible cord enters the ba'ic or stem of a porta
ble luminairc. The bushing shall be of insulating material 
unless a jacketed type of cord is used. 

Part VDI. Installation of Lampholders 

410.90 Screw Shell Type. Lampholclcrs of the screw shell type 
shall be inslalled for usc a'i lampholclcrs only. Where supplied 
by a circuit having a grounded conductor, the grounded 
conductor shall be connected to the screw shell. 

410.95. Double-Pole Switched Lampholders. \\'here supplied 
by the ·ungrounded conductors of a circuit, the Sl\itching 
de'\icc of lampholdcrs of the switched type shall simultaneously 
disconnect both conductors of the circuit. 

410.96 Lampholders in Wet or Damp Locations. Lampholdcrs 
installed in wet locations shall be listed for usc in wet locations. 
Lampholdcrs installccl in damp locations shall be listed for 
clamp locations or shall be listed for wet locations . 

410.97 Lampholders Near Combustible Material. Lampholcl
crs shall be constructed, installed, or equipped with shades or 
guards so that combustible material is not su�cctcd to temper
atures in cxccs.'i of90°C (194.F) . 

Part IX. Lamps and Auxiliary Equipment 

410.100 Bases, Incandescent Lamps. An incandescent lamp 
for general usc on lighting branch circuit'i shall not be equip
ped "ith a medium ba'iC if rated over 300 watt'i, or "ith a 
mogul ba'iC if rated over 1500 watt'i. Special ba'iCs or other dc\-i
ccs shall be used for over 1500 watt'i. 

410.104 Electric-Discharge Lamp Auxiliary Equipment. 

(A) Enclosures. Auxiliary equipment for electric-discharge 
lamps shall be enclosed in noncombustible ca'ics and treated a'i 
sources of heat. 

(B) Switching. Where supplied by the ungrounded conductors 
of a circuit, the Sl\itching clc\'icc of auxiliary equipment shall 
simultaneously disconnect all conductors. 

Part X. Special Provisions for Flush and Recessed Luminaires 

410.110 General. Luminaires installed in reccs.'iCd cavities in 
walls or ceilings, including suspended ceilings, shall comply 
"ith 410.1 15 through 410.126. 
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410.115 Temperature. 

(A) Combustible Material. Luminaires shall be installed so 
that adjacent combustible material will not be su�cctcd to 
temperatures in excess of9o•c (194.F) . 

(B) Recessed Incandescent IA•minaires. Incandescent lumin
aires shall have thermal protection and shall be identified as 
thermally protected. 

Exception No. 1: Thermal pmttction slmU 1wt bt required in a recessed 
luminahe identijil'.d for use and installed in pouml amaett. 

Exception No. 2: Thermal pmttction slmU 1wt bt required in a recessed 
Luminahe whose design, construction, and thermal Jit!lformanct dm1._ 
aclel·i�tics are equivalent to a tllermaU.l' pmtectl'.d lttmitmin� and alf! 
idrotijitd as inilelf!nt�l· pmttrted. 

410.116 Clearance and lostallation. 

(A) Clearance from Combustible Material. 

(I) Non-Type IC. A rcccs.�cd luminairc that is not identified 
for contact l\ith insulation shall have all rcccs.�d parL� spaced 
not lcs.� than 13 mm (� in.) from combustible materials. The 
poinL� of support and dtc trim finishing off the openings in the 
ceiling, wall, or odtcr finished surface shall be permitted to be 
in contact with combustible materials. 

(2) Type IC. A rcccs.�cd luminairc dtat is identified for contact 
with insulation, Type IC, shall be permitted to be in contact 
with combustible materials at reccs.�d parL�, poinL� of support, 
and portions passing duough or finishing off the opening in 
the building structure. 

(B) Clearance from Thermal Insulation. Thermal insulation 
shall not be installed above a recessed luminairc or "ithin 
75 mm (3 in.) of dtc rcccs.�cd luminairc's enclosure, "iring 
comparuncnt, ballast, transformer, LED driver, or power supply 
unlcs.� the luminairc is identified as Type IC for insulation 
contact. 

(C) Installation in Fue-Resistant Construction. Luminaires 
marked KFOR USE 1:'11 :'liON-FIRE-RATED I:'IISTALLATIOJ'\S" 
shall not be used in fire-rated installations. Where a luminaire 
is rcccs.�cd in fire-resistant material in · a  building of fire
resistant construction, the rcccs.�cd luminaire shall satisfY one 
of the following: 

(1) The rcccs.�cd luminairc shall be listed for usc in a fire 
resistance-rated construction. 

(2) The rcccs.�cd luminairc shaU be installed in or used "id1 a 
luminairc enclosure that is listed for usc in a fire resist
ance-rated construction. 

(3) The rcccs.�cd luminairc shall be listed and shall be 
installed in accordance "ith a tested fire resistance-rated 
assembly. \\ben a tested fire resistance-rated a.-..�mbly 
allows dtc installation of a reccs.�cd Cluorcsccnt luminairc, 
a rcccs.�d LED luminairc of comparable construction 
shall be permitted. 

410.117 Waring. 

(A) General. Conductors dtat have insulation suitable for the 
temperature encountered shall be used. 

(B) Circuit Conductors. Branch-circuit conductors dtat have 
an insulation suitable for dtc temperature encountered shall be 
permitted to terminate in the luminairc. 
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(C) Tap Conductors. Tap conductors of a type suitable for the 
temperature encountered shall be permitted to run from the 
luminairc terminal connection to an oudct box placed at lca.�t 
300 mm (1  ft) from dtc luminairc. Such tap conductors shall 
be in suitable raceway or Type AC or MC cable of at lca.�t 
450 mm (18 in.) but not more than 1 .8 m (6 ft) in length. 

410.118 Access to Other Boxes. Luminaires rcccs.�cd in ceil
ings, Cloors, or walls shall not be used to acccs.� oudct, pull, or 
junction boxes or conduit bodies, unlcs.� dtc box or conduit 
body is an integral part of the listed luminairc. 

Part XI. Construction of Flush and Recessed Luminaires 

410.120 Temperature. Luminaires shall be constructed such 
that acljaccnt combustible material is not su�cct to tempera
tures in execs.� of90"C (194.F) . 

410.122 Lamp Wattage Marking. Incandescent lamp lumin
aires shall be marked to indicate the maximum allowable 
wattage of lamps. The markirigs shall be pcrmancndy installed, 
in letters at lca.�t 6 mm (� in.) high, and shall be located where 
l-isiblc during rclamping. 

410.124 Solder Prolu"bited. 1'\o solder shall be used in the 
construction of a luminairc rcccs.�d housing. 

410.126 Lampbolders. Lampholdcrs of the screw shell type 
shall be of porcelain or other suitable insulating materials. 

Part XII. Special Provisions for Electric-Discharge Lighting 
Systems of 1000 Volts or Less 

410.130 General. 

(A) Open-Circuit Voltage of 1000 Volts or Less. Equipment for 
u.� with clcctric-clischargc lighting systems and designed for an 
open-circuit voltage of 1000 voiL� or lcs.� shall be of a type iden
tified for such senicc. 

(B) Considered as Energized. The terminals of an electric
discharge lamp shall be considered a.� energized where any 
lamp terminal is connected to a circuit of over 300 volL�. 

(C) Transformers of the Oil-Filled Type. Transformers of the 
oil-filled type shall not be used. 

(D) Additional Requirements. In addition to compl}"ing with 
the general requircmcnL� for luminaires, such equipment shall 
comply with Part XII of thi� article. 

(E) Thermal Protection - Fluorescent Luminaires. 

(I) Integral Thermal Protection. The balla.�t of a fluorescent 
luminairc installed indoors shall have integral thermal protec
tion. Replacement balla.�L� shall al�o have thermal protection 
integral with the balla.�t. 

(2) Simple Reactance Ballasts. A simple reactance balla.�t in a 
fluorescent luminairc with straight tubular lamps shall not be 
required to be thermally protected. 

(3) Exit IA•minaires. A balla.�t in a Cluorcsccnt exit luminairc 
shall not have dtcrmal protection. 

(4) Egress Luminaires. A balla.�t in a fluorescent luminaire 
that is used for cgrcs.� lighting and energized only during a fail
ure of the normal supply shall not have thermal protection. 
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(F) High-Intensity Discharge Luminaires. 

(1) Recessed. Rcccs.'iCd high-intensity luminaires designed to 
be installccl in wall or ceiling ca\-itics shall have dtcrmal protec
tion and be identified as mcrmally protected. 

(2) Inherently Protected. Thermal protection shall not be 
required in a rcccs.o;cd high-intensity luminairc whose design, 
construction, and thcnnal performance characteristics arc 
equivalent to a thermally protected luminairc and arc identi
fied as inherently protected. 

(3) Installed in Poured Concrete. Thermal protection shall 
not be required in a rcccs.'iCd high-intensity discharge lumin
airc identified for usc and installed in poured concrete. 

(4) Recessed Remote Ballasts. A rcccs.o;cd remote ballast for a 
high-imcnsity discharge luminairc shall have thermal protec
tion tltat is imcgral l\ith dtc ballast and shall be identified as 
thermally protected. 

(5) Metal Halide Lamp Containment. Luminaires that usc a 
metal halide lamp other than a thick-glass parabolic reflector 
lamp (PAR) shall be provided "id1 a containmcm barrier that 
encloses dtc lamp, or shall be prm-idcd with a physical means 
that only allows the usc of a lamp that is Type 0. 

Informational Note: See ,\.'\SI C78.389, A111mcan National Stand
ard for Elertrir l.a111ps -High lntemily Di<charge,Method.< of Mnz.<ur
ing Characteri<tics. 

410.134 Direct-Current EquipmenL Luminaires installed on 
etc circuit-; shall be equipped wim auxiliary equipment and 
resistors designed for de operation. The luminaires shall be 
marked for de operation. 

410.135 Open-Circuit Voltage Exceeding 300 Volts. Equip
mcm having an open-circuit voltage exceeding 300 volt-; shall 
not be installed in dwelling occupancies unlcs.o; such equipment 
is designed so that there \\ill be no exposed live parts when 
lamps arc being inserted, arc in place, or arc being removed. 

410.136 Luminaire Mounting. 

(A) Exposed Components. Luminaires mat have exposed 
ballast-;, transformers, LED drivers, or power supplies shall be 
installed such mat ballast-;, transformer!!, LED drivers, or power 
supplies shall not be in contact wim combustible material 
unlcs.o; listed for such condition. 

(B) Combustible Low-Density ceUulose Fiberboard. Where a 
surfac�mountcd luminairc containing a ballast, transformer, 
LED driver, or power supply is to be installed on combustible 
low-density cellulose fiberboard, it shall be marked for this 
condition or shall be spaced not lcs.o; man 38 mm (1� in.) from 
the surface of me fiberboard. \\'bcrc such luminaires arc parti
ally or wholly rcccs.o;cd, 410.110 mrough 410.126 shall apply. 

Informational :'\ote: See AST:\·1 E84-20, Standard 71-.<1 Method for 
Surfaa Burnh��r Cllamrtm.<lir.< of Building Material<, or ANSI/ 
L'L 723-2018, Standard for 71-.<1 for Surface Bumi•��r Olllmc/l'ri<lic.< of 
Building Material<. CombtL<;tible low-density cellulose fiberboard 
includes sheeL<;, panel<;, and tiles that ha\·e a density of 
320 kg/m3 (20 lb/ft") or les.<; and that are formed of bonded 
plant fiber material but does not include solid or laminated 
wood or fiberboard that has a density in exces.<; of 320 kg/m3 
(20 lb/fe) or is a material that ha.<; been integrally treated with 
fire-retarding chemical<; to the degree that the flame spread 
index in any plane of the material "ill not exceed 25, deter
mined in accordance with tesL<; for surface burning characteris
tics of building materials. 
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410.137 Equipment Not Integral with Luminaire. 

(A) Metal Cabinets. Auxiliary equipment, including reactors, 
capacitors, resistors, and similar cquipmcm, where not 
installed as part of a Juminairc as.'iCmbly, shall be enclosed in 
acccs.o;iblc, permanently installed metal cabinet-;. 

(B) Separate Mounting. Separately mounted ballao;to;, trans
formers, LED drivers, or power supplies that arc listed for 
direct connection to a wiring system shall not be required to be 
additionally enclosed. 

(C) Wired Luminaire Sections. Wired luminairc sections arc 
paired, "ith a ballao;t(s) or LED clrivcr(s) supplying a light 
source or light sources in hom. For interconnection between 
paired unit-;, it shall be pcnnis.o;iblc to usc metric designator 12 
(trade size Y,.) flexible metal conduit in lcngdls not exceeding 
7.5 m (25 ft) , installed in accordance with Part II of Article 348. 
Luminairc "ire operating at line voltage, suppl}ing only me 
ballao;t(s) or LED drivcr(s) of ,one of me paired luminaires, 
shall be permitted in �he same raceway ao; the light source 
supply wires of dtc paired luminaires where me voltage rating 
of me light source supply wires is greater than the line voltage. 

410.138 Autotranliformers. An autotransformer that is uo;ccl to 
raise me voltage to more man 300 volts, ao; part of a ballao;t for 
supplying lighting units, shall be supplied only by a grounded 
system. 

410.139 Switches. Snap Sl\itchcs shall comply l\ith 404.14. 

Part XllL Special Provisions for Electric-Discharge Lighting 
Systems of More Than 1000 Volts 

410.140 General. 
(A) Listing. Elcctric-dio;chargc lighting systems "id1 an open
circuit voltage exceeding 1000 volt-; shall be listed and installed 
in conformance l\im mat lh;ting. 

(B) Dwelling Occupancies. Equipmcm mat hao; an open
circuit voltage exceeding 1000 volt-; shall not be installed in or 
on dwelling occupancies. 

(C) Live Parts. The terminal of an electric-discharge lamp 
shall be considered ao; a live part. 

(D) Additional Requirements. In addition to compl}"ing wim 
me general requirements for luminaires, such equipment shall 
comply l\im Part XIII of mis article. 

410.141 Control. 

(A) Disconnection. Luminaires or lamp installation shall be 
controlled cimcr singly or in groups by an externally operable 
switch or circuit breaker mat opens all ungrounded primary 
conductors. 

(B) Within Sight or Locked Type. The switch or circuit 
breaker shall be located wimin sight from me luminaires or 
lamps, or it shall be permitted to be located elsewhere if it is 
lockable open in accordance with 1 10.25. 

410.142 Lamp Terminals and Lampholders. Part-; mat must be 
removed for lamp replacement shall be hinged or held captive. 
Lamps or lampholdcrs shall be designed so dtat dtcrc arc no 
exposed live part-; when lamps arc being inserted or removed. 
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410.143 ARTICLE 410 - Lt:MINAIRES, LAMPHOLDERS, Al'\D LA.\1PS 

410.143 Transformers. 

(A) Type. Transrormcrs shall be enclosed, identified ror the 
usc, and listed. 

(B) Voltage. The secondary circuit voltage shall not exceed 
15,000 volts, nominal, under any load condition. The voltage to 
ground or any output terminals or the secondary circuit shall 
not exceed 7500 volts under any load conditions. 

(C) Rating. Transrormcrs shall have a secondary short-circuit 
current rating or not more dtan 150 rnA ir the open-circuit volt
age is over 7500 volts, and not more than 300 rnA ir dtc open
circuit voltage rating is 7500 volts or less. 

(D) Secondary Connections. Secondary circuit output'i shall 
not be connected in parallel or in series. 

410.144 Transformer Locations. 

(A) Accessible. Transrormcrs shall be accessible artcr installa
tion. 

(B) Secondary Conductors. Transrormcrs shall be installed a'i 
ncar to the lamps a'i practicable to keep the secondary conduc
tors a'i short a'i possible. 

(C) Adjacent to Combustible Materials. Transronncrs shall be 
located so that acljaccnt combustible materials arc not su�cc
tcd to temperatures in excess or900C (194.F) . 

410.145 Exposure to Damage. Lamps shall not be located 
where normally exposed to physical damage. 

410.146 Marking. Each luminairc or each secondary circuit or 
tubing haling an open-circuit voltage or over 1000 volt'i shall 
have a dearly legible marking in letters not lcs.'i than 6 mm 
(!-'. in.) high reading K\..aution __ volt'i." The voltage indica
ted shall be the rated open-circuit voltage. The caution sign(s) 
or label(s) shall comply "ith 1 10.21 (B). 

Part XIV. Lighting Track 

410.150 Installation. 

(A) Lighting Track. Lighting track shall be pcnnancndy 
installed and pcrmancndy connected te a branch circuit. Only 
lighting track fittings shall be installed on lighting track. Light
ing track fittings shall not be equipped l\ith general-purpose 
receptacles. 

(B) Connected Load. The connected load on lighting track 
shall not exceed the rating or the track. Lighting track shall be 
supplied by a branch circuit haling a rating not more than that 
or the track. The load calculation in 220.46(8) shall not be 
required to limit the length or track on a single branch circuit, 
and it shall not be required to limit the number or luminaires 
on a single track. 

(C) Locations Not Permitted. Lighting track shall not be 
installed in the rollowing locations: 

(1) Where likely to be su�cctcd to physical damage 
(2) In wet or damp locations 
(3) Where su�cct to corrosive vapors 
(4) In storage battery rooms 
(5) In hazardous (da'i.'iificd) locations 
(6) Where concealed 
(7) Where extended through walls or partitions 
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(8) Lcs.'i than 1 .5 m (5 rt) above the finished floor except 
where protected rrom physical damage or track operating 
at lcs.'i than 30 volt'i rms open-circuit voltage 

(9) \\'here prohibited by 410.10(0) 

(D) Support. Fittings identified ror usc on lighting track shall 
be designed specifically ror the track on which they arc to be 
installed. They shall be securely ra'itcncd to the track, shall 
maintain polarization and connections to the cquipmcm 
grounding conductor, and shall be designed to be suspended 
directly rrom the track. 

410.153 Heavy-Duty Lighting Track. Heavy-duty lighting track 
is lighting track identified ror usc exceeding 20 amperes. Each 
fitting attached to a heavy-duty lighting track shall have indhid
ual ovcrcurrcnt protection. 

410.154 Fastening. Lighting track shall be securely mounted 
so that each ra'itcning is suitable ror supporting the maximum 
weight or luminaircs that can be installed. Unlcs.'i identified ror 
support'i at greater intervals, a single section 1.2 m ( 4 rt) or 
shorter in lcngd1 shall have t\vo support'i, and, where installed 
in a continuous row, each indi,idual section or not more than 
1 .2 m ( 4 rt) in length shall have one additional support. 

410.155 Constru<;tion Requirements. 

(A) Constru�on. The housing ror the lighting track system 
shall be or substantial construction to maintain rigidity. The 
conductm'11 �hall be installed "idtin the track housing, permit
ting inscrtioil or a luminairc, and designed to prevent tamper
ing aud accidental contact "ith live part'i. Componcnt'i or 
lighting track systems or different voltages shall not be inter
changeable. The track conductors shall be a minimum 12 AWG 
or equal and shall be copper. The track system cnd'i shall be 
insulated and capped. 

(B) Equipment Grounding Conductor. Lighting track shall be 
connected to the equipment grounding conductor in accord
ance with Part V or this article, and the track sections shall be 
securely coupled to maintain continuity or the circuitry, polari
zation, and grounding throughout. 

Part XV. Decorative Lighting and Similar Accessories 

410.160 Listing of Decorative Lighting. Decorative lighting 
and similar acccs.'iOrics used ror holiday lighting and similar 
purposes, in accordance with 590.3(8), shall be listed. 

Part XVI. Special Provisions for Horticultural Lighting Equip
ment 

410.170 General. Luminaires compl}ing "ith Part'i, I. II, III, 
IV, V, \1, VII, IX, X, XI, and XII or this article shall be permit
ted to be used ror horticultural lighting. Part XVI shall addi
tionally apply to lighting equipment specifically identified ror 
horticultural usc. 

lnfonnational Note: Lighting equipment identified for horticul
tnral U.'ie is designed to prmide a spectral charactelistic needed 
for the growth of planL• and can al.o prmide supplemental 
general illumination \\ithin the gnming emironmem. 

410.172 Listing. Lighting equipment identified ror horticul
tural usc shall be listed. 
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ARTICLE 41 1 - LOW-VOLTAGE LIGHTIJ'\G 411.3 

410.174 Installation and Use. Lighting equipment identified 
for horticultural usc shall be installed and used in accordance 
"ith dtc manufacturer's installation instructions and installa
tion markings on the equipment as required by that listing. 

410.176 Locations Not Permitted. 

(A) General Lighting. Lighting equipment identified for horti
cultural usc shall not be installed ao; lighting for general illumi
nation unlcs.o; such usc is indicated in the manufacturer's 
instructions. 

(B) Installed Location. Lighting equipment identified for 
horticultural usc shall not be installed where it is likelv to be 
sutMcct to physical damage or where concealed. 

· 

410.178 Flexible Cord. Flexible cord shall only be permitted 
when prmidcd ao; pan of listed lighting equipment identified 
for horticultural usc for any of the following uses: 

(1) \..onnccting a horticultural lighting luminairc directly to a 
branch circuit outlet 

(2) Interconnecting horticultural lighting luminaires 
(3) \..onnccting a horticultural lighting luminairc to a remote 

power source 

Informational :'\ote: Remote power sources include LED dJi,·ers, 
fluorescent ballast•, or HID balla•L•. 

410.180 Fittings and Connectors. Fittings and connectors 
attached to flexible cord-; shall be prmidcd ao; part of a listed 
horticultural lighting equipment device or system and installed 
in accordance with dtc instructions provided ao; part of that list
ing. 

410.182 Equipment Grounding Conductor. Lighting equip
ment identified for horticultural usc shall be connected to the 
equipment grounding conductor in accordance "ith Part V of 
this article. 

410.184 Ground-Fault Circuit-Interrupter (GFCI) Protection 
and Special Purpose Ground-Fault Circuit-Jaterrupter 
(SPGFCI) Protection. Lighting equipment identified for horti
cultural usc and employing flexible cord(s) \11-ltlt one or more 
separable conncctor(s) or attachment plug(s) shall be supplied 
by lighting outlet-; protected by a listed GFCI. 

Exception: Circuits p_xceeding 150 volts w gmund shall be jnvlP.cted by a 
li�ted SPC'.FCI. 

Informational Note: See l'L 943C, Outlilll' of bw..sligalion for 
Special Purpo.te Ground-Fault Circuit-Interrupters, for information 
on special purpose ground-fault circuit intem1pters. 

410.186 Support. Fittings identified for support of horticul
tural lighting equipment shall be used in accordance with the 
installation instructions provided and shall be securely 
fao;tcncd. 

Part XVII. Special Provisions for Germicidal Irradiation 
Luminaires 

410.190 General. 

410.191 Listing. Luminaires intended to emit germicidal irra
diation shall be listed and identified ao; germicidal equipment. 

410.193 Installation. Luminaires shall be installed in accord
ance l\idt the manufacturer's instructions and equipment 
markings. 
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410.195 Locations Not Permitted. 

(A) General Lighting. Luminaires shall not be installed ao; 
lighting for general illumination unlcs.o; such usc is indicated in 
the manufacturer's instructions. 

(B) Installed Location. Luminaires shall not be installed 
where likely to be sutMcct to physical damage. 

(C) Dwellings. Luminaires shall not be installed in a dwelling 
unless listed and identified for usc in dwellings. 

(D) Mounting Height. Luminaires installed in a building space 
that will be occupied during luminairc operation shall not be 
mounted below the minimum height specified by ito; listing and 
installation instructions. 

410.197 Germicidal Irradiation Systems. 

(A) Listing. A germicidal irradiation system intended to 
prmidc a safeguard against UV exposure by ensuring that a 
building space \\ill not be occupied during luminairc operation 
shall be listed and identified ao; a germicidal system. 

(B) System Components. All system component-; shall be 
prmidcd by the SyStem manufacturer or clearly specified in the 
installation instructions ao; a component that the installer is 
required to sOurce separately. 

(C) Instadation. A germicidal irradiation system shall be instal
led in accordance "ith tltc manufacturer's installation instruc
tions and installation markings. 

(D) Dwellings. A germicidal irradiation S)'Stcm shall not be 
installed in a dwelling unless listed and identified for usc in 
dwellings. 

ARTICLE 411 
Low-Voltage Lighting 

411.1 Scope. This article covers low voltage lighting systems 
and their a"l.o;ociatcd component-;. 

41 1.2 Reconditioned Equipment. Listed low-voltage lighting 
systems or a lighting S)'Stcm a'i.o;cmblcd from listed part-; shall 
not be reconditioned. 

(A) Listed System. The luminaires, power supply, and lumin
airc fittings (including the exposed bare conductors) of a low
voltage lighting system shall be listed for uo;c ao; part of the same 
identified lighting system. 

(B) Assembly of Listed Parts. A lighting system a'i.o;cmblcd 
from the follm\ing listed part-; shall be permitted: 

(1)  Low-voltage luminaires identified for the uo;c 
(2) Power supply identified for dtc uo;c 
(3) Low-voltage luminairc fittings identified for the uo;c 
(4) Suitably rated cord or cable, or any Chapter 3 "iring 

method for the secondary circuit 

411.3 Voltage Limitations. The operating voltage of low
voltage lighting S)'Stcms and their a<;.o;ociatcd component-; shall 
not exceed 30 volt-; ac or f>O volt-; de. If wet contact is likely to 
occur, dtc operating voltage of low-voltage lighting systems and 
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411.4 ARTICLE 422 -APPLIAl'\CES 

their a'i.�ociatcd component� shall not exceed 15 volt� ac or 
30 volt� dc. 

Informational :'\ote: See 680.1 for s\\imming pools, fountains, 
and similar installations. 

41 1.4 Low-Voltage Lighting Systems. Low voltage lighting 
systems shall consist of an isolating power supply, low-voltage 
luminaires, and a'i.�ociatcd equipment that arc all identified for 
the usc. The output circuit� of the power supply shall be rated 
for 25 amperes maximum under all load conditions. 

411.6 Specific Location Requirements. 

(A) Walls, Floors, and Ceilings. Conductors concealed or 
extended through a wall, floor, or ceiling shall be in accord
ance l�ith one of the follm\ing: 

(1)  Installed using any of the "iring method� specified in 
Chapter 3 

(2) Installed using wiring supplied by a listed Cla'i.� 2 power 
source and installed in accordance l\ith 725.130 

(B) Pools, Spas, Fountains, and Similar Locations. Lighting 
systems shall be installed not less dtan 3 m (10 ft) horizontally 
from the nearest edge of the water, unless permitted elsewhere 
in this \..ode. 

411.7 Secondary Circuits. 

(A) Grounding. Secondary circuit� shall not be grounded. 

Exception: S«ondary circuit� !IUPfJlil'd by a ('.Ja.•is 2 powe1· soutr:e li.�tl'd 
and idmtijitd as .'IUitable for secondat)' grounding sllaU bt pennilltd to 
bt gmundtd. 

(B) Isolation. The secondary circuit shall be insulated from 
the branch circuit by an isolating transformer. 

(C) Bare Conductors. Exposed bare conductors and current" 
carf}ing part� shall be permitted for indoor installations only. 
Bare conductors shall not be installed lcs.� than 2.1 m (7 ft) 
above the finished floor, unless specifically listed for a lower 
installation height. 

411.8 Branch Circuit. Lighting systems covered by this article 
shall be supplied from a maximum 20-ampcrc �ranch circuit. 

Part I. General 

ARTICLE 422 
Appliances 

422.1 Scope. This article covers electrical appliances used in 
any occupancy. 

422.5 GFCI Protection. 

(A) General. Appliances identified in 422.5(A) (l )  through 
(A) (7) 150 volt� or less to ground and f>O amperes or lcs.�, 
single- or 3-pha�c, shall be provided with Cla'i.� A protection for 
personnel. :\llultiplc Cla'i.� A protective devices shall be permit
ted but shall not be required. 

(1)  Automotive vacuum machines 
(2) Drinking water coolers and botdc fill stations 
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(3) Cord-and-plug-connected high-prcs.�urc spray washing 
machines 

(4) Tire inflation machines 
(5) Vending machines 
(f>) Sump pumps 
(7) Dishwashers 

Informational l'ote: Section 210.8 specifies requiremenL• for 
GFCI protection for the branch<ircuit oudet where the covered 
location wan-anL• such protection. 

(B) Type and Location. The GFCI shall be readily acccs.�iblc, 
listed, and located in one or more of the following locations: 

(1) Within the branch-circuit ovcrcurrcnt del icc 
(2) A dclicc or oudct "ithin the supply circuit 
(3) An integral part of the attachment plug 
(4) Within the supply cord not more than 300 mm (12 in.) 

from the attachment plug 
(5) Factory installed "ithin dtc appliance 

422.6 Listing Required. All appliances supplied by 50 volt� or 
higher shall be listed. 

· 

Part II. Installation 

422.10 Branch Circuits. Branch circuit� supplying appliances 
shall comply widt 422.10(A) or (B). 

(A) ln(ijvidual Branch Circuits. Individual branch circuit� 
supplying appliances shall comply with the follm\ing a� applica
ble: 

(1) 

(2) 

(3) 

(4) 

The ampacitics of branch-circuit conductors shall not be 
lcs.� than dtc marked rating of the appliance or the 
marked rating of an appliance hal-ing combined load�. 
The ampacities of branch-circuit conductors for motor
operated appliances not having a marked rating shall be 
in accordance with Part II of Article 430. 
The branch-circuit rating for an appliance that is a 
continuous load, other than a motor-operated appliance, 
shall not be lcs.� than 125 percent of the marked rating, 
or not lcs.� than 100 percent of the marked rating if the 
branch-circuit device and it� a'i.�cmbly arc listed for 
continuous loading at I 00 percent of it� rating. 
Branch circuit� and branch-circuit conductors for house
hold ranges and cooking appliances shall be permitted to 
be in accordance "ith Table 220.55 and shall be sized in 
accordance "id1 210.19(C). 

(B) Branch Circuits Supplying Two or More Loads. For 
branch circuit� suppl}'ing appliances and other load�, the 
rating shall be determined in accordance l\ith 210.23. 

422.11 Overcurrent Protection. Appliances shall be protected 
against ovcrcurrcnt in accordance "ith 422.1 1  (A) duough (G) 
and 422.10. 

(A) Branch-Circuit Overcurrent Protection. Branch circuit� 
shall be protected in accordance with 240.4. 

If a protective dc'l'icc rating is marked on an appliance, the 
branch-circuit ovcrcurrcnt dclicc rating shall not exceed the 
protective device rating marked on the appliance. 
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ARTICLE 422 -APPLIAl'\CES 422.16 

(B) Household-Type App6ances with Surface Heating 
Elements. Household-type appliances "id1 surface heating 
clements having a maximum demand of more man 60 amperes 
calculated in accordance l\ith Table 220.55 shall have their 
power supply subdivided into two or more circuil"l, each of 
which shall be prmidcd "ith ovcrcurrcnt protection rated at 
not over 50 amperes. 

(C) Infrared Lamp Commercial and Industrial Heating Appli
ances. Infrared lamp commercial and industrial heating appli
ances shall have ovcrcurrcnt protection not exceeding 
50 amperes. 

(D) Open-Con or Exposed Sheathed-Con Types of Surface 
Heating Elements in Commercial-Type Heating Appliances. 
Open-coil or exposed sheathed-coil types of surface heating 
clcmcnl"l in commcrcial-l}pc heating appliances shall be 
protected by ovcrcurrcnt protective dc'l'iccs rated at not over 
50 amperes. 

(E) Single Non-Motor-Operated Appliance. If the branch 
circuit supplies a single non-motor-operated appliance, me 
rating of ovcrcurrcnt protection shall comply "id1 me follow
ing: 

(1)  1'\ot exceed me ovcrcurrcnt protection rating marked on 
the appliance. 

(2) Not exceed 20 amperes if the ovcrcurrcnt protection 
rating is not marked and dtc appliance is rated 
13.3 amperes or lcs."l. 

(3) 1'\ot exceed 150 percent of the appliance rated current if 
the ovcrcurrcnt protection rating is not marked and me 
appliance is rated over 13.3 amperes. \\'here 150 perccm 
of dtc appliance rating docs not correspond to a standard 
ovcrcurrcnt device ampere rating, the next higher stand
ard rating shall be permitted. 

(F) Electric Heating App6ances Employing ResistaiM:e-Type 
Heating Elements Rated More Than 48 Amperes. 

(I) Electric Heating Appliances. Electric heating appliances 
cmplo}'ing rcsistancc-t}pc heating clements rated more than 
48 amperes, odtcr than household appliances wim surface 
heating clcmcnl"l covered by 422.1 1  (B), and commcrcial-t}'pc 
heating appliances covered by 422.11(0), ·shall have the heat
ing clcmcnl"l subdivided. Each liUbdi\.idcd load shall not 
exceed 48 amperes, and each subdhidcd load shall be protec
ted at not more dtan 60 amperes. 

These supplementary m>ercurrcnt protective devices shall be 
(1) factory-installed wimin or on dtc heater enclosure or provi
ded as a separate a."l."lCmbly by the heater manufacturer; 
(2) acccs."liblc; and (3) suitable for branch-circuit protection. 

The main conductors supplying dtcsc ovcrcurrcnt protective 
devices shall be considered branch-circuit conductors. 

(2) Commercial Kitchen and Cooking Appliances. Commer
cial kitchen and cooking appliances using shcathcd-l}'pc heat
ing clcmcnl"l not covered in 422.1 1  (D) shall be permitted to be 
subdivided into circuit"l not exceeding 120 amperes and protec
ted at not more dtan 150 amperes where one of me following is 
met: 

(1) Elcmcnl"l arc integral with and enclosed within a cooking 
surface. 

(2) Elcmcnl"l arc completely contained within an enclosure 
idcmificd a."l suitable for dtis usc. 
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(3) Elcmcnl"l arc contained "imin an AS:ME-ratcd and 
stamped vcs."lcl. 

(3) Water Heaters and Steam Boners. Rcsistancc·t}'pc immer
sion electric heating clcmcnl"l shall be permitted to be subdhi
dcd imo circuit"l not exceeding 120 amperes and protected at 
not more man 150 amperes a."l follows: 

(1 )  \\'here contained in A.'iME-ratcd and stamped vcs."lCis 
(2) \\'here included in listed instantaneous water heaters 
(3) \\'here installed in low-pressure water heater tanks or 

open-outlet water heater vcs."lcls 

Informational :'\ote: See IEC 6033!">-2-21,  Hou.vlwld and .<imilar 
l'kctrical appliauce.< - SafoiJ - Parlirular Tl'tfUiTI'mmts for .<torar;e 
ruaii'T IINJ/ers, for information on low-pres.•ure and open-outlet 
heaters are atmosphelic pres.•ure water heaters 

(G) Motor-Operated Appliances. Motors of motor-operated 
appliances shall be prolidcd wim overload protection in 
accordance with Part III of Article 430. Hermetic rcfrigcram 
motor-comprcs."llrs in air-conditioning or refrigerating equip
ment shall be prmidcd \\'im overload protection in accordance 
wim Part \1 of Article 440. \\'bcrc appliance ovcrcurrcm 
protective dc,iccs fuat arc separate from fuc appliance arc 
required, data for selection of these devices shall be marked on 
the appliance. The minimum marking shall be fuat specified in 
430.7 and 440.4. 

422.12 Central Heating Equipment. C-entral heating equip
ment otltcr than fixed electric space-heating equipment shall 
be rupplicd by an individual branch circuit. 

Exception No. 1: Auxiliat)' equifmumt, s1u:h as a pump, valve, ltttmidi
jiel; m· e!Pctmstatic air ckaner di17'ct{l· a.<sociated with the heating equip
ment, shall be permitted to be ronntcted to the same brmu:lt circuit. 

Exception No. 2: Permanmtly connectl'.d air-cmulitioning tquifrment 
shall be permitted to be ronntcted to tht same brmu:lt circuit. 

422.13 Storage-Type Water Heaters. The branch-circuit over
current dc'l'icc and conductors for fixed storagc-l}pc water 
heaters fuat have a capacity of 450 L (120 gal) or lcs."l shall have 
an ampere rating of not lcs."l man 125 perccm of fuc ampere 
rating of the water heater. 

Informational :'\ote: See 422.10 for branch-circuit rating. 

422.16 Flexible Cords. 

(A) General. Flexible cord shall be pcnnittcd a."l follows: 

(1 )  

(2) 

(3) 

To connect appliances to facilitate fucir frequent inter
change or to prevent fuc transmis."lion of noise or l-ibra
lion. 
To facilitate the removal or disconnection of appliances 
that arc fa."ltcncd in place, where me fa."ltcning means and 
mechanical connections arc specifically designed to 
permit ready removal for maintenance or repair and me 
appliance is intended or identified for flexible cord 
connection. 
All cord-and-plug-connected electrically heated applian
ces that produce temperatures in cxccs."l of 121 oc (250°F) 
on surfaces "id1 which the cord is likclv to be in contact 
shall be prmidcd "id1 one of the type's of heater corcl"l 
listed in Table 400.4. 

(B) Specific App6ances. 

(1) Electrically Operated In-Sink Waste Disposers. Electrically 
operated in-sink waste disposers shall be permitted to be cord-
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422.16 ARTICLE 422 -APPLIAl'\CES 

and-plug-connected with a flexible cord identified as suitable in 
the installation instructions of dtc appliance manufacturer 
where all of the follm�ing conditions arc met: 

(1) The length of the cord is not lcs.� than 450 mm (18 in.) 
and not exceeding 900 mm (36 in.). 

(2) Receptacles arc located to protect against physical 
damage to dtc flexible cord. 

(3) The receptacle is acccs.�iblc. 
(4) The flexible cord ha� an equipment grounding conduc

tor and is terminated with a grounding-type attachment 
plug. 

Exception: A Listtd aJlplianct distinct�\' mm-ked to identify it as pmttt:
ttd by a !i)'-�lem of doubk inrulation shall not bt required to bt tel'mina
ttd with a gmunding-t_\jll' attachment Jllug. 

(2) Bullt-in Dishwashers and Trash Compactors. Built-in dish
washers and tra�h compactors shall be pcnnittcd to be cord
and-plug-connected with a flexible cord identified a� suitable 
for the purpose in the installation instructions of the appliance 
manufacturer where all of the following conditions arc met: 

(1) For a tra'ih compactor, the length of the cord is not lcs.� 
than 0.9 m (3 ft) and not exceeding 1.2 m (4 ft) mca�
urcd from the face of the attachment plug to dtc plane of 
the rear of the appliance. 

(2) For a built-in dishwasher, the lcngd1 of dtc cord is not lcs.� 
than 0.9 m (3 ft) and not exceeding 2.0 m (6.5 ft) mca�
urcd from the face of the attachment plug to dtc plane of 
the rear of the appliance. 

(3) Receptacles arc located to protect against physical 
damage to dtc flexible cord. 

(4) The receptacle for a tra�h compactor is located in the 
space occupied by the appliance or adjacent thereto. If a 
flexible cord pa"l.�cs through an opening, it shall be 
protected against damage by a bushing, grommet; 
smoothed edge, or other approved means. 

(5) The receptacle for a built-in dishwasher is located in the 
space acljaccnt to the space occupied by the dishwasher. If 
a flexible cord pa"l.�cs duough an opening, it shall be 
protected against damage by a bushing, grommet, 
smoothed edge, or other approved means. 

(6) The receptacle is acccs.�iblc. 
(7) The flexible cord ha� an cquipmgnt grounding conduc

tor that is tcnninatcd "id1 a grounding-type attachment 
plug. 

Exception: A Listtd aJlplianct distincll_y mmfled to identify it as pmttt:
ttd by a !i)'-�lem of doubk inrulation shall not bt required to bt tel'mina
ttd with a gmunding-t_\jll' attachment Jllug. 

(3) Wall-Mounted Ovens and Counter-Mounted Cooking Units. 
\\'all-mounted ovens and counter-mounted cooking units 
complete with provisions for mounting and for making electri
cal connections shall be permitted to be pcnnancndy connec
ted or cord·mld-plug-conncctcd with a flexible cord identified 
a� suitable for the purpose in dtc installation instructions of the 
appliance manufacturer. 

A separable connector or a plug and receptacle combination 
in dtc supply line to an oven or cooking unit shall be identified 
for dtc temperature of the space in which it is located. 

(4) Range Hoods and Microwave Oven/Range Hood Combi
nations. Range hoods and over-the-range microwave ovens 
with integral range hood� shall be permitted to be cord-and
plug-connected "id1 a flexible cord identified a'i suitable for 
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usc on range hood'i in the installation instructions of the appli
ance manufacturer, where all of the following conditions arc 
met: 

(1) The length of the cord is not lcs.� than 450 mm (18 in.) 
and not exceeding 1.2 m (4 ft) .  

(2) Receptacles arc located to protect against physical 
damage to dtc flexible cord. 

(3) The receptacle is supplied by an individual branch 
circuit. 

(4) The receptacle is acccs.�iblc. 
(5) The flexible cord ha� an equipment grounding conduc

tor and is terminated with a grounding-type attachment 
plug. 

Exception: A Listtd aJlplianct distinct�y mm-ked to identify it as pmttt:
ttd by a !i)'-�lem of doubk inrulation shall not bt requin�d to bt tel'mina
ttd with a gmunding-t_\jll' attachment Jllug. 

422.17 Protection of Combustible Material. Each electrically 
heated appliance that is intended by size, weight, and scnicc to 
be located in a fixed positioi1 sball be placed so a� to provide 
protection between the appliance and acljaccnt combustible 
material. 

422.18 Ceiling-Suspended (Paddle) Fans. 

(A) Support. \..eiling-suspcndcd (paddle) fans shall be suppor
ted indcpcndendy of an oudct box or by one of the following: 

(1) A listed oudct box or listed oudct box system identified 
for fan support installed in accordance with 314.27(C) 

(2) A listed oudct box system, a listed weight-supporting ceil
ing receptacle, and a compatible factory-installed weight
supporting attachment fitting that is installed in 
accordance wid1 314.27(E) 

(B) Location. 1'\o metal part� of ceiling-suspended (paddle) 
fans in bathrooms and shower spaces shall be located widtin a 
zone mca�urcd 900 mm (3 ft) horizontally and 2.5 m (8 ft) 
vertically from the top of the bathtub rim or shower stall 
threshold. This zone is all-cncompa�sing and shall include the 
space dirccdy over the tub or shower stall. 

422.19 Space for Conductors. The combined volume of the 
canopy of ceiling-suspended (paddle) fans and oudct box shall 
prmidc sufficient space so that conductors and their connect
ing dc'"iccs arc capable of being installed in accordance with 
314.16. 

422.20 Oudet Boxes to Be Covered. In a completed installa
tion, each outlet box shall be provided "id1 a cover unlcs.� 
covered by means of a ceiling-suspended (paddle) fan canopy. 

422.21 Covering of Combustible Material at Oudet Boxes. 
Any combustible ceiling finish that is exposed between the 
edge of a ceiling-suspended (paddle) fan canopy or pan and an 
oudct box and that ha� a surface area of 1 1f>O mm2 (180 in.2) 
or more shall be covered "ith noncombustible material. 

422.22 Utilizing Separable Attachment Fittings. Appliances 
shall be permitted to usc listed weight-supporting ceiling recep
tacles in combination with compatible weight-supporting 
attachment fittings used l\ithin their ratings and used in 
accordance "id1 314.27(E). 
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ARTICLE 422 -APPLIAl'\CES 422.42 

Part m. Disconnecting Means 

422.30 General. A means shall be provided to simultaneously 
disconnect each appliance from all ungrounded conductors in 
accordance l\ith the follm\ing sections of Part III. If an appli
ance is supplied by more than one branch circuit or feeder, 
these disconnecting means shall be grouped and identified as 
being the multiple disconnecting means for the appliance. 
Each disconnecting means shall simultaneously disconnect all 
ungrounded conductors that it controls. 

422.31 Disconnection of Permanently Connected Appliances. 
For appliances that do not have a disconnecting means in 
accordance "id1 422.33 or 422.34, a disconnecting means shall 
be prmidcd in accordance l\ith 422.31 (A) , (B), or (C). 

(A) Rated at Not over 300 Volt-Amperes or Ya Horsepower. For 
pcrmancndy connected appliances rated at not over 300 volt
amperes or !!,; hp, dtc branch-circuit ovcrcurrcnt dc\icc shall be 
permitted to serve ao; the disconnecting means where dtc Sl\itch 
or circuit breaker is l\ithin sight from the appliance or be capa
ble of being locked in the open position in compliance with 
1 10.25. 

(B) Appliances Rated over 300 Volt-Amperes. For pcnnancndy 
connected appliances rated over 300 volt-amperes, the branch
circuit Sl\itch or circuit breaker shall be permitted to serve as 
the disconnecting means where the Sl\itch or circuit breaker is 
"ithin sight from the appliance or be capable of being locked 
in the open position in compliance l\ith 1 10.25. 

Informational Note: See 422.34 for appliances emplo}ing unit 
s"itches. 

(C) Motor-Operated Appliances Rated over Ya Horsepower. 
The disconnecting means shall comply with 430.109 and 
430.1 10. For pcnnancndy connected motor-operated applian
ces with motors rated over Y,. hp, the disconnecting means shall 
be l\ithin sight from the appliance or be capable of being 
locked in the open position in compliance wid1 1 10.25. 

Exception: If an aJlpliance is JnvvidP.d with a unit su!ltrh that co-mJJLies 
with 422.34(A), (B), or (C), the switch ur rin:uit breaker serving as the 
other discmmecting means shall be J�ermitiP.d to be out of sight fivm the 
apt1Liance. 

422.33 Disconnection of Cord-and-Plug-Connected or Attach
ment Fitting-Connected Appliances. 

(A) Separable Connector or an Attachment Plug (or Attach
ment Fitting) and Receptacle. For cord-and-plug- (or attach
ment fitting-) connected appliances, an accessible separable 
connector or an accessible plug (or attachment fitting) and 
receptacle combination shall be permitted to serve a.o; the 
disconnecting means. The attachment fitting shall be a factory 
installed part of dtc appliance and suitable for disconnection 
of the appliance. Where the separable connector or plug (or 
attachment fitting) and receptacle combination arc not acccs.o;i
blc, cord""'nd-plug-conncctcd or attachment fitting-and-plug
connected appliances shall be prmidcd "ith disconnecting 
means in accordance with 422.31. 

(B) Connection at the Rear Base of a Range. For cord-and
plug-connected household electric ranges, an attachment plug 
and receptacle connection at the rear bao;c of a range, acccs.o;i
blc from the front by removal of a drawer, shall be permitted. 
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(C) Rating. The rating of a receptacle or of a separable 
connector shall not be less than the rating of any appliance 
connected thereto. 

Exception: Demmul factors atttlwriud elft'Wilere in this Code shall be 
Jltmltilled to be aJlplied to the mting of a 71'cefllacle ur of a sepamble 
ronnt'f'tm: 

422.34 Unit Switch(es) as Disconnecting Means. A unit 
Sl\itch(cs) "ith a marked-off position that is a part of an appli
ance and disconnect-; all ungrounded conductors shall be 
permitted ao; the disconnecting means required by this article 
where odtcr means for disconnection arc provided in occupan
cies specified in 422.34(A) through (D). 

(A) Multifamily Dwellings. In multifamily dwellings, the other 
disconnecting means shall be "ithin the dwelling unit, or on 
the same floor ao; the dwelling unit in which the appliance is 
installed, and shall be permitted to control lamps and other 
appliances. 

(B) Two-Family Dwellings. In two-family dwellings, the other 
disconnecting mcan!j ··shall be permitted either inside or 
outo;idc of the dwclling unit in which the appliance is installed. 
In this cao;c, an indhidual Sl\itch or circuit breaker for the 
dwelling unit. shaJI be pcnnittcd and shall also be pcnnittcd to 
control lamps and other appliances. 

(C) Om�Family Dwellings. In one-family dwellings, the service 
disconnecting means shall be permitted to be the odtcr discon
necting means. 

(D) Other Occupancies. In other occupancies, the branch
circuit S\'itch or circuit breaker, where readily acccs.o;iblc for 
servicing of the appliance, shall be permitted ao; the other 
disconnecting means. 

422.35 Switch and Circuit Breaker to Be Indicating. S"itches 
and circuit breakers used ao; disconnecting means shall be of 
the indicating type. 

Part IV. Construction 

422.40 Polarity in Cord-and-Plug-Connected Appliances. If the 
appliance is prmidcd "id1 a manually operated, line
connected, single-pole Sl\itch for appliance on-off operation, 
an Edison-ba.o;c lampholdcr, or a 1!>- or 20-ampcrc receptacle, 
the attachment plug shall be of the polarized or grounding 
type. 

A 2-"irc, nonpolarizcd attachment plug shall be permitted 
to be used on a listed double-insulated shaver. 

Informational :'\ote: See 410.82 for polarity of Edison-base lamp
holders. 

422.41 Cord-and-Plug-Connected Appliances Subject to 
Immersion. Cord-and-plug-connected portable, freestanding 
hydromao;sagc units and hand-held hair dryers shall be 
constructed to provide protection for personnel against elec
trocution when immersed. 

422.42 Signals for Heated Appliances. In other than dwelling
type occupancies, each electrically heated appliance or group 
of appliances intended to be applied to combustible material 
shall be provided with a signal or an integral temperature
limiting dc\'icc. 

70-321 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



422.44 ARTICLE 424 - FIXED ELECTRIC SPACE-HEATING EQUP�lEl'\T 

422.44 Cord-and-Plug-Connected Immersion Heaters. Electric 
heaters of the cord-and-plug-connected immersion type shall 
be constructed and installed so that current-carrying part-; arc 
clfcctivclv insulated from electrical contact "ith dtc substance 
in which 

·
they arc immersed. 

422.45 Stands for Cord-and-Plug-Connected Appliances. Each 
smoothing iron and other cord-and-plug-connected electrically 
heated appliance intended to be applied to combustible mate
rial shall be equipped widl an approved stand, which shall be 
permitted to be a separate piece of equipment or a part of dlc 
appliance. 

422.47 Water Heater Controls. All storage or instantaneous
type water heaters shall be equipped widl a temperature
limiting means in addition to ito; control thermostat to 
disconnect all ungrounded conductors. Such means shall 
comply with bodl of thc following: 

(1) Installed to sense maximum water temperature. 
(2) Be either a trip-free, manually reset type or a type ha\-ing 

a rcplaccmcm clement. 

Exception No. 1: Storagr' watn· heate1-s that 0:17! identijiP.d as being suit
able fm· use with a .mJIP{l· watl'l· temJmmwl' of s2•c ( 180°F) m· above 
and a capacity of 60 k W m· above. 

Exception No. 2: lnstantanfflus-t_l111' water heate1-s that atf! identified as 
being suitable for .�urh use, with a capacity of 4 L ( 1 gal) m· less. 

422.48 Infrared Lamp Industrial Heating Appliances. 

(A) 300 Watts or Less. Infrared heating lamps rated at 
300 watt-; or lcs.o; shall be pcnnittcd with lampholdcrs of dlc 
medium-base, unswitchcd porcelain type or other types identi
fied as suitable for usc "ith infrared heating lamps rated 
300 walt<; or less. 

(B) Over 300 Watts. Screw shell lampholdcrs shall not be used 
"idl infrared lamps rated over 300 watt-;, unlcs.o; the lamphold
crs arc identified ao; being suitable for usc with infrared heating 
lamps rated over 300 watt-;. 

Part V. Marking 

422.60 Nameplate. 

(A) Nameplate Marking. Each electrical appliance shall be 
prm-idcd with a nameplate giving dlc identifying name and dlc 
rating in volt-; and amperes, or in volt-; and watt-.. If the appli
ance is to be used on a specific frequency or frequencies, it 
shall be so marked. 

\\'here motor overload protection external to dtc appliance 
is required, the appliance shall be so marked. 

Informational :'\ote: See 422.1 1  for overcurrent protection 
requirement•. 

(B) To Be VISible. Marking shall be located so ao; to be visible 
or cao;ily accessible after installation. 

422.61 Marking of Heating Elements. All heating clement-; 
that arc rated over one ampere, replaceable in dtc field, and a 
part of an appliance shall be legibly marked with dlc ratings in 
volt-; and amperes, or in volt-; and watt-., or with dlc manufac
turer's part number. 

422.62 Appliances Consisting of Motors and Other Loads. 

(A) Nameplate Horsepower Markings. Where a motor
operated appliance nameplate includes a horsepower rating, 
that rating shall not be lcs.o; man dlc horsepower rating on dlc 
motor nameplate. \\'bcrc an appliance consist-. of multiple 
motors, or one or more motors and odlcr load-;, the nameplate 
value shall not be Jcs.o; than dtc equivalent horsepower of dlc 
combined loads, calculated in accordance "idl 430.1 10(C) (1  ).  

(B) Additional Nameplate Markings. Appliances, other than 
those factory-equipped "idl corclo; and attachmcm plugs and 
widl nameplates in compliance widl 422.60, shall be marked in 
accordance "id1 422.62(8) (1)  or (B) (2). 

(I) Marking. In addition to dlc marking required in 422.60, 
the marking on an appliance consisting of a motor with other 
load(s) or motors with or widlout odlcr load(s) shall specifY 
the minimum supply circuit conductor ampacity and the maxi
mum rating of dlc circuit ovcrcurrcnt protective device. This 
requirement shall not apply to an appliance with a nameplate 
in compliance "ith 422.60 \\'here both the minimum supply 
circuit conductor ampacity and maximum rating of the circuit 
ovcrcurrcnt protective de\icc arc not more than 15 amperes. 

(2) Alternate �king Method. An alternate marking method 
shall be permitted to specify the rating of the largest motor in 
volt-; and amperes� and dlc additional load(s) in volt-. and 
amperes, or volt-; and watt-; in addition to dlc marking required 
in 422.60. The ampere rating of a motor V,. horsepower or lcs.o; 
or a nonmotor load 1 ampere or lcs.o; shall be pcnnittcd to be 
omitted unlcs.o; such loads constitute the principal load. 

ARTICLE 424 
FIXed Electric Space-Heating Equipment 

Part I. General 

424.1 Scope. This article covers fixed electric cquipmcm used 
for space heating. For the purpose of dlis article, heating 
cquipmcm includes heating cables, unit heaters, boilers, 
central heating systems, or other fixed electric space-heating 
cquipmcm. This article docs not apply to proccs.o; heating and 
room air conditioning. 

424.3 Other Articles. Fixed electric space-heating cquipmcm 
incorporating a hermetic refrigerant motor-compressor shall 
additionally comply "ith Table 424.3 unlcs.o; amended by this 
article. 

424.4 Branch Circuits. 

(A) Branch-Circuit Requirements. An indi'"idual branch 
circuit shall be permitted to supply any volt-ampere or wattage 
rating of fixed electric space-heating cquipmcm for which dlc 
branch circuit is rated. 

Table 424.3 Other Articles 

Equipment Article 

Air-conditioning and 110 (Part.-; I, II, Ill, IV, V, VI) 
refrigerating equipment 
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ARTICLE 424 - FIXED ELECTRIC SPACE-HEATING EQUP�lEl'\T 424.19 

Branch circuit"l suppl}'ing two or more outlct"l for fixed elec
tric spac�hcating equipment shall he rated not over 
30 amperes. In other than a dwelling unit, fixed infrared heat
ing equipment shall he permitted to be supplied from branch 
circuit"l rated not over 50 amperes. 

(B) Branch-Circuit Conductor Sizing. The branch-circuit 
conductor(s) ampacity shall not he lcs."l than 125 percent of the 
load of the fixed electric spac�hcating equipment and any 
a"lsociatcd motor(s) . 

424.6 Listed Equipment. Electric ba"lcboard heaters, heating 
cables, duct heaters, and radiant heating systems shall be listed 
and lahelcd. 

Part D. Installation 

424.10 General. Factory-installed receptacle outlct"l that arc 
part of a permanently installed electric ba"lcboard heater, or 
outlct"l provided a"l a separate listed a'i."lcmbly of an electric 
ba"lcboard heater, shall be permitted in lieu of a receptacle 
outlct(s) that is required by 210.52. Such receptacle outlct"l 
shall not be connected to the ba"lCboard heater circuit"l. 

Informational l'ote: Listed ba.wboard heaters include insuuc
tions that may not pennit their installation below receptacle 
outleL"l. 

424.11 Supply Conductors. Fixed electric spac�hcating equip
ment requiring supply conductors with an insulation rating 
greater than oo·c shall he clearly and permanently marked. 
This marking shall be plainly visible after installation and shall 
he permitted to he adjacent to the field connection box. 

424.12 Locations. 

(A) Exposed to Physical Damage. Where su�cct to physical 
damage, fixed electric spac�hcating equipment shall he 
protected in an approved manner. 

(B) Damp or Wet Locations. Heaters and related equipment 
installed in damp or wet locations shall he listed for such loca
tions. 

lnformational l'ote l'o. 1: See 1 10. 1 1  for equipment exposed to 
deteriorating agenL"l. 

Informational :'\ote l'o. 2: See 680.27(C) for pool deck area."l. 

424.13 Spacing from Combustible Materials. Fixed electric 
spac�hcating equipment shall he installed to provide the 
required spacing between the equipment and adjacent 
combustible material, unlcs."l it is listed to he installed in direct 
contact "idt combustible material. 

Part m. Control and Protection of FIXed Electric Space-
Heating Equipment 

424.19 Disconnecting Means. �leans shall he provided to 
simultaneously disconnect the heater, motor controllcr(s), and 
supplementary ovcrcurrcnt protective dcvicc(s) of all fixed 
electric space-heating equipment from all ungrounded conduc
tors. Where heating equipment is supplied by more than one 
source, feeder, or branch circuit, the disconnecting means shall 
be grouped and identified a"l having multiple disconnecting 
means. Each disconnecting means shall simultancott"lly discon
nect all ungrounded conductors that it controls. The discon
necting means specified in 424. 19(A) and (B) shall have an 
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ampere rating not lcs."l than 125 percent of the total load of the 
motors and the heaters and shall be capable of being locked in 
the open position in compliance with 1 1 0.25. 

(A) Heating Equipment with Supplementary Overcurrent 
Protection. The disconnecting means for fixed electric space
heating equipment with supplementary ovcrcurrcnt protection 
shall he within sight from the supplementary ovcrcurrcnt 
protective dcvicc(s) , on the supply side of these dc\iccs, if 
fuses, and, in addition, shall comply l\ith either 424.19(A) (1) 
or (A) (2). 

(1) Heater Containing No Motor Rated over Ya Horsepower. 
The disconnecting means provided shall he "ithin sight from 
the motor controllcr(s) and the heater, or shall he lockable a"l 
specified in 424.19, or shall be a unit S\'itch compl}'ing with 
424.19(C). 

(2) Heater Containing a Motor(s) Rated over Ya Horsepower. 
The disconnecting means required by 424.19 shall he permit
ted to serve a"l dtc required disconnecting means for both the 
motor controllcr(s) and heater under eidtcr of the follo"ing 
conditions: 

(1)  \\'here the disconnecting means is in sight from the 
motor controllcr(s) and the heater and complies with 
Part IX of Article 430. 

(2) Whe-re a motor(s) of more than \1,; hp and the heater arc 
pro"idcd with a single unit switch that complies with 
422.34(A) , (B), (C), or (D), the disconnecting means 
shall be permitted to be out of sight from the motor 
controller. 

(B) Heating Equipment Without Supplementary Overcurrent 
Protection. 

(1) Without Motor or with Motor Not over Ya Horsepower. For 
fixed electric spac�hcating equipment without a motor rated 
over Y,. hp, the branch-circuit Sl\itch or circuit breaker shall he 
permitted to serve a"l the di"lconnccting means where the Sl\itch 
or circuit breaker is l\ithin sight from the heater or i"l capable 
of being locked in dtc open position in compliance with 
1 10.25. 

(2) Over Ya Horsepower. For motor-driven electric space
heating equipment l\im a motor rated over Y,. hp, a disconnect
ing means shall be located l\imin sight from the motor 
controller or shall he pcnnittcd to comply "idt me rcquirc
mcnt"l in 424.19(A) (2). 

(C) Unit Switch(es) as Disconnecting Means. A unit S\'itch (cs) 
"ith a marked "otr' position mat is part of a fixed heater and 
disconnect'! all ungrounded conductors shall be permitted a"l 
the disconnecting means required by dtis article where omcr 
means for disconnection arc provided in me types of occupan
cies in 424.19(C) ( 1 )  through (C)(4). 

(1) Multifamily Dwellings. In multifamily dwellings, the omcr 
disconnecting means shall he "imin the dwelling unit, or on 
me same floor a"l dtc dwelling unit in which the fixed heater is 
installed, and shall also he permitted to control general
purpose circuit"l and appliance circuit"l. 

(2) Two-Family Dwellings. In two-family dwellings, dtc omcr 
disconnecting means shall be permitted either inside or 
out"lidc of the dwelling unit in which the fixed heater is 
installed. In mis ca"lc, an individual Sl\itch or circuit breaker for 
me dwelling unit shall he permitted and shall also he permitted 
to control general-purpose circuit"l and appliance circuits. 
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424.19 ARTICLE 424 - FIXED ELECTRIC SPACE-HEATING EQUP�lEl'\T 

(3) One-Family Dwellings. In one-family dwellings, the scnicc 
disconnecting means shall be permitted to be the other discon
necting means. 

(4) Other Occupancies. In other occupancies, the branch
circuit S\'itch or circuit breaker, where rcadilv acccs.�iblc for 
sen-icing of the fixed heater, shall be pcrmitt�d as dtc other 
disconnecting means. 

424.20 Thermostatically ControUed Switching Devices. 

(A) Serving as Both ControUers and Disconnecting Means. 
Thcnnostatically comrollcd switching devices and combination 
thermostat-; and manually controlled Sl\itchcs shall be permit
ted to serve as bod1 comrollcrs and disconnecting means, 
prm-idcd dtcy meet all of the following conditions: 

(1) Prm-idcd with a marked Moff' position 
(2) Dirccdy open all ungrounded conductors when manually 

placed in the "off' position 
(3) Designed so that the circuit cannot be energized automat

ically after the device has been manually placed in the 
Moff' position 

(4) Located as specified in 424.19 
(5) Located in an acccs.�iblc location 

(B) Thermostats 1bat Do Not Directly Interrupt AU Ungroun
ded Conductors. Thermostat-; that do not dirccdy interrupt all 
ungrounded conductors and dtcrmostat� that operate rcmotc
comrol circuit� shall not be required to meet the requirement� 
of 424.20(A) . These devices shall not be permitted as the 
disconnecting means. 

424.21 Switch and Circuit Breaker to Be Indicating. Switches 
and circuit breakers used as disconnecting means shall be of 
the indicating type. 

424.22 Overcurrent Protection. 

(A) Branch-Circuit Devices. Electric space-heating equipment, 
other than motor-operated equipment required to have addi
tional ovcrcurrcnt protection by Part-; III and IV of Article 430 
or Part-; III and \1 of Article 440, shall be pcnnittcd to be 
protected against ovcrcurrcm where supplied by one of the 
branch circuit� in Part II of Article 210. · 

(B) Resistance Elements. Resistance-type heating clement-; in 
electric space-heating equipment shall be protected at not 
more than 60 amperes. Equipment rated more than 
48 amperes and cmplo}'ing such elcn'lcnto; shall have the heat
ing clement-; subdhidcd, and each subdivided load shall not 
exceed 48 amperes. \\'here a subdivided load is lcs.� than 
48 amperes, the rating of dtc supplementary ovcrcurrcm 
protective device shall comply l\ith 424.4(8). A boiler employ
ing resistance-type immersion heating clement-; contained in 
an AS�lE-ratcd and stamped vcs.o;cl shall be permitted to 
comply with 424.72(A) . 

(C) Overcurrent Protective Devices. The supplementary over
current protective dc'l'ices for the subdhidcd loads specified in 
424.22(8) shall meet all of the following conditions: 

(1)  

(2) 
(3) 

Be factorv-installcd within or on dtc heater enclosure or 
supplied for u.o;c wid1 dtc heater as a separate as.o;cmbly by 
the heater manufacturer 
Be acccs.�iblc 
Be suitable for branch-circuit protection 

\\-'here cartridge fuses arc u.o;cd to provide ovcrcurrcm 
protection for the subdilidcd load�, a single disconnecting 
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means shall be pcnnittcd to be u.o;cd as the disconnecting 
means for all of dtc subdivided load�. 

Informational :'\ote l'o. I: See 240.10. 

Informational l'ote :'\o. 2: See 240. 10 for supplementary over
current protection. 

Informational Note No. 3: See 240.40 for disconnecting means 
for carllidge fuses in circuil<; of any ,·oltage. 

(D) Branch-Circuit Conductors. The conductors suppl}ing the 
supplementary ovcrcurrent protective devices shall be consid
ered branch-circuit conductors. 

\\-'here the heaters arc rated 50 kW or more, the conductors 
supplying the supplementary ovcrcurrcnt protective devices 
specified in 424.22(C) shall be permitted to be sized at not lcs.� 
than 100 percent of the nameplate rating of the heater, provi
ded all of the following conditions arc met: 

(1) The heater is marked l\ith a minimum conductor size. 
(2) The conductors arc n�;>t smaller than the marked mini-

mum size. .· 

(3) A temperature-actuated device controls the cyclic opera-
tion of dtc equipment. 

(E) Conductors for Subdivided Loads. Field-wired conductors 
between the heater and the supplementary ovcrcurrcnt protec
tive devices shall be sized at not lcs.o; than 125 percent of the 
load served. The supplementary ovcrcurrcnt protective devices 
specified in 424.22(C) shall protect these conductors in accord
ance l\ith 240.4. 

Where the heaters arc rated 50 kW or more, the ampacity of 
ficld-l\ircd conductors between dtc heater and the supplemen
tary ovcrcurrcnt protective dc\iccs shall be permitted to be not 
lcs.� than 100 percent of the load of their respective subdivided 
circuit-;, provided all of dtc following conditions arc met: 

(1) The heater is marked l\ith a minimum conductor size. 
(2) The conductors arc not smaller than the marked mini

mum size. 
(3) A temperature-activated device controls the cyclic opera

tion of dtc equipment. 

Part IV. Marking of Heating Equipment 

424.28 Nameplate. 

(A) Marking Required. Each unit of fixed electric space
heating equipment shall be provided l\ith a nameplate ghing 
the identifying name and the normal rating in volt� and watt� 
or in volt-; and amperes. 

Electric space-heating cquipmcm imcndcd for usc on alter
nating current only, direct current only, or both shall be 
marked to so indicate. The marking of equipment consisting of 
motors over V,. hp and other load� shall specify the rating of the 
motor in volt-;, amperes, and frequency, and the heating load in 
volt� and watt-; or in volt-; and amperes. 

(B) Location. This nameplate shall be located so as to be visi
ble or acccs.�iblc after installation. 

424.29 Marking of Heating Elements. All heating clement� 
that arc replaceable in dtc field and arc part of an electric 
heater shall be legibly marked with the ratings in volt-; and 
watts or in volt-; and amperes. 
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Part V. Electric Space-Heating Cables 

424.34 Heating Cable Construction. Factory-a'l.'iCmblcd 
nonhcating lcad'i of heating cables, if any, shall be at lca'it 
2.1 m (7 ft) in length. 

424.35 Marking of Heating Cables. Each unit shall be marked 
with the identifying name or identification symbol, catalog 
number, and ratings in volts and watts or in volts and amperes. 

424.36 Clearances of Wiring in Ceilings. Wiring located above 
heated ceilings shall be spaced not lcs.'i than 50 mm (2 in.) 
above the heated ceiling. The ampacity of conductors shall be 
calculated on the ba'iis of an a'l.'iumcd ambicm temperature of 
not less than :;o•c (122.F) , appl}ing the correction factors in 
accordance with 310.15 (B) ( I  ). If this "iring is located above 
thermal insulation having a minimum dtickncs.'i of 50 mm 
(2 in.), it shall be su�cct to dtc ambicm correction in accord
ance l\ith 310.15 (8) (1) .  

424.38 Area Restrictions. 

(A) Extending Beyond the Room or Area. Heating cables shall 
be permitted to extend beyond dtc room or area in which dtcy 
originate unlcs.'i prohibited by 424.38(8). 

(B) Uses Not Permitted. Heating cables shall not be installed 
a'i follows: 

(1)  In closets, other than a'i noted in 424.38(C) 
(2) Over the top of walls where the wall intcrscct'i the ceiling 
(3) Over partitions dtat extend to dtc ceiling, unlcs.'i they arc 

isolated single runs of embedded cable 
(4) l:ndcr or through walls 
(5) Over cabinct'i whose clearance from dtc ceiling is lcs.'i 

than the minimum horizontal dimension of the cabinet 
to dtc nearest cabinet edge that is open to the room or 
area 

(6) In tub and shower walls 
(7) Under cabinct'i or similar built-ins hal-ing no clearance to 

the floor 

(C) In Closet Ceilings as Low-Temperature Heat Sources to 
Control Relative Humidity. The prmisions of 424.38(B) shall 
not prcvcm the usc of cable in . closet ceilings a'i low
temperature heat sources to control relative humidity, provided 
they arc used only in those portion11 of dtc ceiling that arc 
unobstructed to the floor. 

424.39 Clearance from Other Objects and Openings. Heating 
elcmcnt'i of cables installed in ceilings shall be separated at 
lca'it 200 mm (8 in.) from dtc edge of oudct boxes and junc
tion boxes that arc to be used for mounting surface luminaires. 
A clearance of not less dtan 50 mm (2 in.) shall be provided 
from recessed luminaires and their trims, ventilating openings, 
and other such openings in room surfuces. 1'\o heating cable 
shall be covered by any ceiling surfuc�mountcd equipment. 

424.40 Splices. The length of heating cable shall only be 
altered using splices identified in the manufacturer's instruc
tions. 

424.41 Ceiling Installation of Heating Cables on Dry Board, in 
Plaster, and on Concrete. 

(A) In Walls. Heating cables identified only for usc in ceiling 
installations shall not be installed in walls unlcs.'i it is ncccs.'iary 
for an isolated single run of cable to be installed dmm a verti
cal surface to reach a dropped ceiling. 
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(B) Adjacent Runs. Adjaccm runs of heating cable shall be 
installed in accordance with the manufacturer's instructions. 

(C) Surfaces to Be Applied. Heating cables shall be applied 
only to gypsum board, pla'itcr lath, or other fire-resistant mate
rial. With metal lath or other electrically conductive surfaces, a 
coat of pla'itcr or other means employed in accordance with 
the heating cable manufacturer's instructions shall be applied 
to completely separate the metal lad1 or conductive surface 
from the cable. 

Informational :'\ote: See 424.41 (F). 

(D) Splices. All heating cables, the splice between the heating 
cable and nonhcating lcad'i, and 75-mm (3-in.) minimum of 
the nonhcating lead at dtc splice shall be embedded in pla'itcr 
or dry board in the same manner a'i dtc heating cable. 

(E) Ceiling Surface. The cmirc ceiling surface shall have a 
finish of thermally non insulating sand pla'itcr that ha'i a nomi
nal thickncs.'i of 13 mm (� in.), or other noninsulating material 
idcmificd a'i suitable for this U.'iC and applied according to 
specificd thickncs.'i an�!· directions. 

(F) Secured. C..ables shall be secured by means of approved 
stapling, tape, pla'itcr, nonmetallic spreaders, or other 
approved means either at intcrval'i not exceeding 400 mm 
(16 in.) or at imcrvals not exceeding 1 .8 m (6 ft) for cables 
idcmificd for such U.'iC. Staples or metal fa'itcncrs that straddle 
the. cable shall not be used l\ith metal lath or other electrically 
conductive surfaces. 

(G) Dry Board Installations. In dry board installations, the 
entire ceiling below dtc heating cable shall be covered with 
gypsum board not exceeding 13 mm (� in.) thickncs.'i. The 
void between the upper layer of gypsum board, pla'itcr lath, or 
other fir�rcsistam material and the surface layer of gypsum 
board shall be completely filled "ith dtcrmally conductive, 
nonshrinking pla'itcr or other approved material or cquivalcm 
thermal conductivity. 

(H) Free from Contact with Conductive Surfaces. Cables shall 
be kept free from contact "id1 metal or odtcr electrically 
conductive surfaces. 

(I) Joists. In dry board applications, cable shall be installed 
parallel to the joist, leaving a dear space centered under the 
joist of 65 mm (2� in.) (l\idth) between centers of adjaccm 
runs of cable. A surfucc layer of gypsum board shall be moun
ted so that the nails or odtcr fustcncrs do not pierce the heat
ing cable. 

(J) Crossing Joists. Cables shall cros.'i joist'i only at the ends of 
the room unless the cable is required to cros.'i joist'i elsewhere 
in order to satisl:)' the manufacturer's instructions regarding 
clearance from ceiling penetrations and luminaires. 

424.42 Fmished Ceilings. Finished ceilings shall not be 
covered with decorative panels or beams constructed of materi
als that have thermal insulating properties, such a'i wood, fiber, 
or pla'itic. Finished ceilings shall be permitted to be covered 
with paint, wallpaper, or other approved surface finishes. 

424.43 Installation of Nonheating Leads of Cables. 

(A) Free Nonheating Leads. Free nonhcating lcad'i of cables 
shall be installed in accordance l\ith Chapter 3 \\iring mcthod'i, 
or odtcr listed means, from the junction box to a location 
within the ceiling. 
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(B) Leads in Junction Box. Not Jcs.o; than 150 mm (6 in.) of 
free nonhcating lead shall be within the junction box. The 
marking of the lcado; shall be l'isiblc in the junction box. 

(C) Excess Leads. Exccs.o; lcado; of heating cables shall not be 
cut but shall be secured to the underside of the ceiling and 
embedded in plaster or other approved material, leaving only a 
length sufficient to reach the junction box with not lcs.o; than 
150 mm (6 in.) of free lead l�ithin the box. 

424.44 Installation of Cables in Concrete or Poured Masonry 
Floors. 

(A) Adjacent Runs. Acljaccnt runs of heating cable shall be 
installed in accordance with the manufacturer's instructions. 

(B) Secured in Place. Cables shall be secured in place by 
nonmetallic frames or spreaders or other approved means 
while the concrete or other finish is applied. 

(C) Leads Protected. Lcado; shall be protected where they 
leave the floor by rigid metal conduit, intermediate metal 
conduit, rigid polyvinyl chloride conduit, electrical metallic 
tubing, or by other approved means. 

(D) Bushings or Approved Fittings. Bushings or approved 
fittings shall be used where the lcado; emerge l�ithin the floor 
slab. 

(E) Ground-Fault Circuit-Interrupter Protection. In addition 
to dtc requirements in 210.8, ground-fault circuit-interrupter 
protection for personnel shall be prol-idcd for cables installed 
in electrically heated floors of bathrooms, kitchens, and in 
hydromao;sagc bathtub locations. 

424.45 Installation of Cables Under Floor Coverings. 

(A) Identification. Heating cables for installation under floor 
covering shall be iclcmificd ao; suitable for installation under 
floor covering. 

(B) Expansion Joints. Heating cables shall not be insmllcd 
where they bridge expansion joints unlcs.o; provided �'ith expan
sion and contraction fittings applicable to the manufacture of 
the cable. 

(C) Connection to Conductors. Heating cables shall be 
connected to branch-circuit and supply wiring by wiring mcth
oclo; described in dtc installation instructions. 

(D) Anchoring. Heating cables shall be positioned and 
secured in place under the floor covering, in accordance with 
the manufacturer's instructions. 

(E) Ground-Fault Circuit-Interrupter Protection. In addition 
to dtc requirements in 210.8, ground-fault circuit-interrupter 
protection for personnel shall be provided. 

(F) Grounding Braid or Sheath. Grounding means, such ao; 
copper braid, metal shcad1, or other approved means, shall be 
provided ao; part of the heated lcngdt. 

424.46 Inspection. \.able installations shall be made "id1 clue 
care to prevcm damage to the cable ao;scmbly and shall be 
inspected and approved before cables arc covered or 
concealed. 

424.47 Label Provided by Manufacturer. The manufacturers 
of electric space-heating cables shall prol-idc marking labels 
that indicate that the space-heating installation incorporates 
electric spac�hcating cables and instructions that the labels 

70-326 

shall be afiixcd to the panelboarclo; to identify which branch 
circuiLo; supply the circuito; to those spac�hcating installations. 
If the electric spac�hcating cable installations arc visible and 
distinguishable after installation, the labels shall not be 
required to be prmidccl and affixed to the panelboarclo;. 

424.48 Installation of Cables in Walls. Unlcs.o; prohibited by 
424.38(8), heating cables and cable scto; shall be permitted to 
be installed in, on, or behind walls provided all of dtc follo"ing 
arc met: 

(1) Heating cables and cable scto; shall be iclcntificcl ao; suita
ble for installation in, on, or behind walls. 

(2) Heating cables and cable scto; shall be GFCI protected. 
(3) Grounding means, such ao; copper braid, metal sheath, or 

other approved means, shall be provided. 
(4) Heating cables and cable seLo; shall be AFCI protected. 
(5) Heating cables and cable seto; shall be permitted to be 

installed no more than 1.2 m (4 ft) above the floor. 

This requirement shall become effective January I ,  2026. 

Part VI. Duct Heaters . 

424.57 General. Part VI shall apply to any heater mounted in 
the airstream of a forced-air system where the air-mming unit is 
not prmidccl as an integral part of dtc equipment. 

424.58 Identification. Heaters installed in an air duct shall be 
idcmificd ao; suitable for the installation. 

424.59 Airflow. �leans shall be provided to ensure uniform 
airflmv over the face of the heater in accordance l\ith the 
manufacturer's instructions. 

Informational :'\ote: Heaters installed \\ithin 1.2 m ( 4 ft) of the 
outlet of an ail�mol'ing del'ice, heat pump, air conditioner, 
elbows, baflle plates, or other obsuuctions in ductwork may 
require tu1ning \<tnes, pres.•ure plates, or other de,ices on the 
inlet side of the duct heater to ensure an even disu·ibution of air 
over the fdce of the heater. 

424.60 Elevated Inlet Temperature. Duct heaters intended for 
usc "ith elc\'atcd inlet air temperature shall be identified ao; 
suitable for usc at the elcv"atcd temperatures. 

424.61 Installation of Duct Heaters with Heat Pumps and Air 
Conditioners. Heat pumps and air conditioners having duct 
heaters closer than 1 .2 m ( 4 ft) to the heat pump or air concli
tioncr shall have both the duct heater and heat pump or air 
conditioner iclcntificcl ao; suitable for such installation and so 
marked. 

424.62 Condensation. Duct heaters used "ith air conditioners 
or other air-cooling cquipmcm dtat could result in condensa
tion of moisture shall be identified ao; suitable for usc \\ith air 
conditioners. 

424.63 Fan Circuit Interlock. �leans shall be provided to 
ensure that dtc fun circuit is energized when any heater circuit 
is energized. However, time- or tcmpcraturc-controllccl delay in 
energizing the fan motor shall be permitted. 

424.64 Limit Controls. Each duct heater shall be provided 
with an approved, integral, automatic-reset temperature
limiting control or comrollcrs to clc-cncrgizc the circuit or 
circuit•. 

In addition, an integral independent supplementary control 
or controllers shall be prmidccl in each duct heater that 
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disconncct"l a sufficient number of conductors to imcrrupt 
current flow. This device shall be manually rescuable or 
replaceable. 

424.65 Location of Disconnecting Means. Duct heater control
ler equipment shall be accessible with dtc disconnecting means 
installed within sight from me controller or a"l permitted by 
424.19(A). 

424.66 Installation. Duct heaters shall be installed in accord
ance with the manufacturer's instructions in such a manner 
that dtc operation of the duct heater docs not create a hazard 
to persons or property. Furmcrmorc, duct heaters shall be loca
ted with respect to building construction and odtcr cquipmcm 
so a"l to pcnnit acccs."l to the heater and the heater control. 
Working space shall be maintained in accordance wim 
l 10.26(A) (4) and shall permit rcplaccmcm of controls and 
heating clcmcnt"l and for adjusting and cleaning of controls 
and other part"l requiring such attention. 

Informational l'ote: See l'FPA !lOA, Standard for tlv Installation of 
Air-Conditioning and Vmtilating Sy•tem.•, and NFPA !JOB, Stmuiarrl 
for the !llStallatiml of Warm Air Hmti•zr; mui Air-<'.mulitioni•zr; Sy•tl!llu, 
for additional installation information. 

Part VD. Resistance-Type Boilers 

424.70 Scope. The prm-isions in Pan VII of this article shall 
apply to boilers employing rcsistanc�typc heating clcmcnt"l. 
Sec Pan \111 of this article for electrode-type boilers. 

424.71 Identification. RcsistancNypc boilers shall be identi
fied a"l suitable for the installation. 

424.72 Overcurrent Protection. 

(A) Boiler Employing Resistance-Type Immersion Heating 
Elements in an ASME-Rated and Stamped Vessel. A boiler 
cmplo}ing resistance-type immersion heating elcmcnt"l 
contained in an A.'iME-ratcd and stamped vcs."lcl shall have me 
heating clcmcnt"l protected at not more dlau 150 amperes. 
Such a boiler rated more dtan 120 amperes shall have the heat
ing clcmcnt"l subdivided into load"l not exceeding 120 amperes. 

\\'here a subdivided load is less dtan 120 amperes, me rating 
of the ovcrcurrcnt protective daicc shall comply wim 
424.4(8). 

(B) Boiler Employing Resistance-Type Heating Elements Rated 
More Than 48 Amperes and Not Contained in an ASME-Rated 
and Stamped Vessel. A boiler cmplo}ing rcsistancc-l}pc heat
ing clcmcnt"l not contained in an ASME-ratcd and stamped 
vessel shall have the heating clcmcnt"l protected at not more 
than 60 amperes. Such a boiler rated more than 48 amperes 
shall have the heating clcmcnt"l subdhidcd into loads not 
exceeding 48 amperes. 

\\'here a subdivided load is lcs."l man 48 amperes, me rating 
of the ovcrcurrcnt protective device shall comply wim 
424.4(8). 

(C) Supplementary Overcurrent Protective Devices. The 
supplementary ovcrcurrcnt protective dc\iccs for the subdi\i
dcd loads a"l required by 424.72(A) and (B) shall be a"l follows: 
(1)  Factorv-installcd within or on the boiler enclosure or 

prm-id�d a"l a separate a"l."lcmbly by the boiler manufac
turer 
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(2) Acccs."liblc, but need not be rcadilv acccs."liblc 
(3) Suitable for branch-circuit protection 

\\'here cartridge fuses arc used to provide this ovcrcurrcm 
protection, a single disconnecting means shall be permitted for 
the several subdi\idcd circuit"l. Sec 240.40. 

(D) Conductors Supplying Supplementary Overcurrent Protec
tive Devices. The conductors supplying mcsc supplementary 
ovcrcurrcnt protective dc\iccs shall be considered branch
circuit conductors. 

\\-'here me heaters arc rated 50 kW or more, the conductors 
supplying dtc ovcrcurrcnt protective dc\icc specified in 
424.72(C) shall be permitted to be sized at not lcs."l than 
100 perccm of dtc nameplate rating of the heater, provided all 
of me following conditions arc met: 
( 1 )  The heater is marked with a minimum conductor size 

and conductor insulation temperature rating. 
(2) The conductors arc not smaller man me marked mini

mum size. 
(3) A tcmpcratur� or prcs."lur�actuatcd device comrols me 

cyclic operation of·mc equipment. 

(E) Conductors foe Subdivided Loads. Ficld-"ircd conductors 
between me heater and the supplementary ovcrcurrcnt protec
tive dc\iCCS shall be sized at not ICS."l than )25 pcrcclll of me 
load served. The supplementary ovcrcurrcnt protective devices 
specified in 424.72(C) shall protect mcsc conductors in accord
ance with 240.4. 

Where me heaters arc rated 50 kW or more, the ampacity of 
ficld-l\ircd conductors between dtc heater and me supplemen
tary ovcrcurrcnt protective devices shall be permitted to be not 
lcs."l man 100 perccm of the load of their respective subdivided 
circuit"l, provided all of dtc following conditions arc met: 
(1)  The heater is marked with a minimum conductor size. 
(2) The conductors arc not smaller man me marked mini

mum size. 
(3) A tcmpcratur�activatcd dc\icc controls the cyclic opera-

tion of dtc equipment. 

424.73 Overtemperature Limit Control. Each boiler designed 
so that in normal operation mere is no change in stale of me 
heat transfer medium shall be equipped wid1 a temperature
sensitive limiting means. It shall be installed to limit maximum 
liquid temperature and shall dirccdy or indirccdy disconnect 
all ungrounded conductors to me heating clcmcnt"l. Such 
means shall be in addition to a temperature-regulating system 
and other devices protecting dtc tank against cxccs."livc pres
sure. 

424.74 Overpressure Limit Control. Each boiler designed so 
that in normal operation dtcrc is a change in state of the heat 
transfer medium from liquid to vapor shall be equipped with a 
prcssur�cnsitivc limiting means. It shall be installed to limit 
maximum prcs."lurc and shall directly or indirccdy disconnect 
all ungrounded conductors to me heating clcmcnt"l. Such 
means shall be in addition to a prcs."lur�rcgulating system and 
other devices protecting me tank against CXCCS."liVC prcs."lurc. 

Part VIII. Electrode-Type Boilers 

424.80 Scope. The provisions in Part \111 of dtis article shall 
apply to boilers for operation at 600 volt"l, nominal, or lcs."l, in 
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which heal is generated by the pa'i.�agc of current between elec
trodes through the liquid being healed. 

Informational :'\ote: See Part V of Article 495 for over 1000 mil�. 

424.81 Identification. Electrode-type boilers shall be identified 
a� suitable for the installation. 

424.82 Branch-Circuit Requirements. The size of branch
circuit conductors and ovcrcurrcm protective devices shall be 
calculated on the ba�is of 125 pcrcclll of the total load (motors 
nol included). A conlaclor, relay, or other dc,icc, approved for 
continuous operation al 100 percent of it� rating, shall be 
pcrmiucd to supply it� full-rated load. Sec 210.19(A), Excep
tion lo ( 1 ) .  The provisions of this section shall nol apply lo 
conductors that form an imcgral part of an approved boiler. 

\\'here an electrode boiler is rated 50 kW or more, the 
conductors supplying the boiler elcctrodc(s) shall be pcrmiucd 
to be sized al not less than 100 pcrccm of the nameplate rating 
of dtc electrode boiler, prmidccl all the follm\ing conditions 
arc mel: 
(1)  The elcclroclc boiler is marked \\ilh a minimum conduc

tor size. 
(2) The conductors arc nol smaller dtan dtc marked mini

mum size. 
(3) A lcmpcralur� or prcssurc-aelualcd dc\icc controls the 

cyclic operation of the cquipmcm. 

424.83 Overtemperature Limit Control. Each boiler, designed 
so that in normal operation there is no change in stale of the 
heal transfer medium, shall be equipped with a lcmpcralurc
sensitivc limiting means. ll shall be installed to limit maximum 
liquid temperature and shall dirccdy or indircclly interrupt all 
current flow through dtc electrodes. Such means shall be in 
addition to dtc lcmpcralurc-rcgulaling system and other dc,i
ccs protecting dtc tank against cxccs.�ivc prcs.�urc. 

424.84 Overpressure Limit Control. Each boiler, designed so 
that in normal operation dtcrc is a change in stale of the heal 
transfer medium from liquid to vapor, shall be equipped with a 
pressure-sensitive limiting means. ll shall be installed to limit 
maximum prcs.�urc and shall dircclly or indirecdy interrupt all 
current flow through dtc electrodes. Such means shall be in 
addition to a prcs.�urc-rcgulating S)''S�cm · and other clc\iccs 
protecting the tank against excessive prc55urc. 

424.85 Grounding. Boilers designed . such that fault current� 
clo nol pa'i.� through the prcs.�urc vessd, and dtc pressure vcs.�l 
is electrically isolated from dtc electrodes, all exposed non
currcnt-cartying metal part�, inducting the prcs.�urc vcs.�l, 
supply, and return connecting piping, shall be connected to an 
cquipmcm grounding conductor. 

For all other designs, the pressure vessel containing dtc elec
trodes shall be isolated and electrically insulated from ground. 

424.86 Markings. All elcctrodNypc boilers shall be marked to 
show the follo\\ing: 
(1)  The manufacturer's name. 
(2) The rating in volt�, amperes, and kilowatt�. 
(3) The electrical supply required specifying frequency, 

number of pha�s, and number of "ires. 
(4) The marking MEicclrodc-Typc Boiler." 
(5) A warning marking, KAJJ Power Supplies Shall Be Discon

nected Before Scnicing, Including Scnicing the Prcs.�urc 
Vcs.�cl." 
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A field-applied warning marking or label shall comply with 
1 10.21 (B). The nameplate shall be localccl so a� lo be visible 
after installation. 

Part IX. Electric Radiant Heating Panels and Heating Panel 
Sets 

424.90 Scope. The pro,isions of Parl IX of this article shall 
apply to radiant healing panels and heating panel set�. 

424.92 Markings. 

(A) Location. Markings shall be permanent and in a location 
that is \isiblc prior to application of panel trim cover. 

(B) Identified as Suitable. Each unit shall be identified a� suit
able for the installation. 

(C) Required Markings. Each unit shall be marked "ith the 
idcmif)ing name or iclcmification S}mbol, catalog number, and 
rating in volt� and walt� or in volts and amperes. 

424.93 Installation. 

(A) General. 

(I) Manufacturer's Instructions. Healing panels and heating 
panel set� shall be installed in accordance \\ilh the manufactur
er's instructions. 

(2) Locatioas Not Permiued. The healing portion shall nol be 
installed a.or follows: 
(1)  In or behind surfaces where su�ccl lo physical damage 
(2) . Run duough or above walls, partitions, cupboard�, or 

similar portions of structures thal extend lo the ceiling 
(3) Run in or duough thermal insulation, but shall be 

pcrmiucd to be in contact with the surface of thermal 
insulation 

(4) In walls, except a� pcrmiuccl by 424.93(C) 

(3) Separation from Oudets for IA•minaires. Edges of panels 
and panel set� shall be separated by nol less dtan 200 mm 
(8 in.) from the edges of any oudcl boxes and junction boxes 
that arc to be used for mounting surface luminaires. A clear
ance of nol lcs.� than 50 mm (2 in.) shall be provided from 
rcccs.�cd luminaires and their trims, ventilating openings, and 
other such openings in room surfaces, unlcs.� the heating 
panels and panel set� arc listed and marked for lcs.�cr clearan
ces, in which ca� they shall be pcrmiuccl to be installed al the 
marked clearances. Sullicicnt area shall be provided to ensure 
that no heating panel or healing panel sel is to be covered by 
any surfacc-moumccl equipment. 

(4) Surfaces Covering Heating Panels. After the heating 
panels or heating panel set� arc installed and inspected, il shall 
be pcnniuccl to install a surface that ha� been idcmificd by the 
manufacturer's instructions a� being suitable for the installa
tion. The surface shall be secured so that the nails or other 
fa�lcnings do nol pierce the heating panels or heating panel 
set�. 

(5) Surface Coverings. Surfaces pcnniucd by 424.93(A) (4) 
shall be pcrmiucd to be covered "ilh paint, wallpaper, or other 
approved surfaces identified in the manufacturer's instructions 
a� being suitable. 
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(B) Heating Panel Sets. 

(1) Mounting Location. Heating panel seto; shall be permitted 
to be secured to the lower face of joisto; or mounted in between 

joisto;, headers, or nailing strips. 

(2) Parallel to Joists or Nailing Strips. Heating panel seto; shall 
be installed parallel to joisto; or nailing strips. 

(3) Installation of Nails, Staples, or Other Fasteners. :"!ailing 
or stapling of heating panel scto; shall be done only through the 
unheated portions provided for this purpose. Heating panel 
scto; shall not be cut through or nailed duough any point closer 
than 6 mm (V.. in.) to the clement. Nails, staples, or other 
fao;tcncrs shall not be used where they penetrate currcnt
cartying parto;. 

(4) Installed as Complete Unit. Heating panel seto; shall be 
installed ao; complete unito; unless identified ao; suitable for field 
cutting in an approved manner. 

(C) Installation of Heating Panels in Walls. t:nlcs.o; prohibited 
by 424.93(A) (2), heating panels shall be permitted to be instal
led in, on, or behind walls prmidcd all of the follo"ing arc 
met: 
( 1)  Heating panels shall be identified ao; suitable for installa

tion in, on, or behind walls. 
(2) Heating panels shall be installed per dtc manufacturer's 

instructions and in accordance "id1 the product listing. 
(3) Heating panels shall be GFCI protected. 
(4) Grounding means, such ao; copper braid, metal sheath, or 

other approved means, shall be prmidcd. 
(5) Heating panels shall be AFCI protected. 
(6) Heating panels shall be permitted to be installed no more 

than 1.2 m (4 ft) above the floor. 

Exception: Low-voltage heating panel� sllall 1wt be required to beC.Fr.J 
protected. 

This requirement shall become effective January 1,  2026. 

424.94 Clearances of Wuing in Ceilings. Wiring located above 
heated ceilings shall be spaced not lcs.o; than 50 mm (2 in.) 
above the heated ceiling. The ;unpacity shall be calculated on 
the bao;is of an ao;sumcd ambient temperature of not less than 
:;o•c (122.F), applying the correction factors in accordance 
with 310.15(8) (1) .  If this "iring is located above thermal insu
lation having a minimum thickncs.o; of 50 mm (2 in.), it shall be 
subject to the ambient correction in accordance with 310.15(8) 
(1) .  

424.95 Location of Branch-Circuit and Feeder Wuing in Walls. 

(A) Exterior Walls. Wiring mcdtodo; shall comply with 
310.14(A) (3) . 

(B) Interior Walls. The ampacity of any \�iring behind heating 
panels or heating panel scto; located in interior walls or parti
tions shall be calculated on the bao;is of an ao;sumcd ambient 
temperature of 4o•c (104.F), appl)'ing the correction factors in 
accordance "id1 310.15(8) (1) .  

424.96 Connection to Branch-Circuit Conductors. 

(A) General. Heating panels or heating panel scto; ao;.o;cmblcd 
together in the field to form a heating installation in one room 
or area shall be connected in accordance with the manufactur
er's instructions. 
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(B) Heating Panels. Heating panels shall be connected to 
branch-circuit wiring by an approved \�iring method. 

(C) Heating Panel Sets. 

(1) Connection to Branch-Circuit Wuing. Heating panel scto; 
shall be connected to branch-circuit wiring by a method identi
fied ao; being suitable for the purpose. 

(2) Panel Sets with Terminal Junction Assembly. A heating 
panel set prmidcd with tcnninal junction ao;sembly shall be 
permitted to have the nonhcating lcado; attached at the time of 
installation in accordance with the manufacturer's instructions. 

424.97 Nonheating Leads. Excess non heating lcado; of heating 
panels or heating panel seto; shall be permitted to be cut to the 
required lcngd1 ao; indicated in dtc manufacturer's installation 
instructions. Nonhcating lcaclo; that arc an integral part of a 
heating panel or heating panel set, either attached or provided 
by the manufacturer ao; part of a terminal junction ao;sembly, 
shall not be subjected to the ampacity requirement" of 
424.4(8) for branch cirq.lits. 

424.98 Installation in Concrete or Poured Masonry. 

(A) Secured in Place and Identified as Suitable. Heating 
panels or heating panel seto; shall be secured in place by means 
specified in the manufacturer's instructions and identified ao; 
suitable for the installation. 

(B) . EXpansion Joints. Heating panels or heating panel scto; 
shall not be installed where they bridge expansion join to; unlcs.o; 
provision is made for expansion and contraction. 

(C) Spacings. Spacings shall be maintained between heating 
panels or heating panel scto; and metal embedded in the floor. 
Grounded metal-clad heating panels shall be permitted to be 
in contact with metal embedded in the floor. 

(D) Protection of Leads. Lcado; shall be protected where dtcy 
leave the floor by rigid metal conduit, intermediate metal 
conduit, rigid polp-inyl chloride conduit, or electrical metallic 
tubing, or by other approved means. 

(E) Bushings or Fittings Required. Bushings or approved 
fittings shall be used where dtc lcado; emerge l�ithin the floor 
slabs. 

424.99 Installation Under Floor Covering. 

(A) Identification. Heating panels or heating panel seto; for 
installation under floor covering shall be identified ao; suitable 
for installation under floor covering. 

(B) Installation. Listed heating panels or panel seto;, if installed 
under floor covering, shall be installed on surfaces that arc 
smooth and flat in accordance "id1 dtc manufacturer's instruc
tions and shall also comply l\ith 424.99(8) ( I )  through (B) (6). 

(1) Expansion Joints. Heating panels or heating panel scto; 
shall not be installed where they bridge expansion join to; unlcs.o; 
protected from expansion and contraction. 

(2) Connection to Conductors. Heating panels and heating 
panel scto; shall be connected to branch-circuit and supply 
"iring by wiring mcthodo; recognized in Chapter 3. 
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(3) Anchoring. Heating panels and heating panel set-; shall be 
firmly anchored to the floor using an adhesive or anchoring 
system identified for this usc. 

(4) Coverings. After heating panels or heating panel set-; arc 
installed and inspected, dtcy shall be pcrmiucd to be covered 
by a floor covering that has been idcmificd by the heater 
manufacturer as being suitable for the installation. 

(5) GFCI Protection. In addition to the requirement-; in 210.8, 
branch circuits suppl}'ing the heating panel or heating panel 
set-; shall have ground-fault circuit-interrupter protection for 
personnel. 

(6) Grounding Braid or Sheath. Excluding nonhcating lead-;, 
grounding means, such as copper braid, metal sheath, or other 
approved means, shall be prmidcd "id1 or as an integral part 
of the heating panel or heating panel set. 

Part X. Low-Voltage F-.xed Electric Space-Heating Equipment 

424.100 Scope. Low-voltage fixed electric space-heating cquip
mcm shall consist of an isolating power supply, low-voltage 
heaters, and a'i.IDciatcd equipment that arc all identified for 
usc in dry locations. 

424.101 Energy Source. 

(A) Power Unit. The power unit shall be an isolating type with 
a rated output not exceeding 25 amperes, 30 volts ( 42.4 volt-; 
peak) ac, or 60 volt-; de under all load conditions. 

(B) Alternate Energy Sources. Listed low-voltage fixed electric 
space-heating equipment shall be pcrmiucd to be supplied 
directly from an alternate energy source such ao; solar photovol
taic (PV) or wind power. When supplied from such a source, 
the source and any power conversion equipment between the 
source and the heating equipment and ito; supply shall be li$ted 
and comply "id1 dtc applicable section of the /1/EC for me 
source used. The output of the source shall meet the limit-; of 
424.101 (A) . 

424.102 Listed Equipment. Low-voltage fixed electric space
heating equipment shall be listed ao; a complete .system. 

424.103 Installation. 

(A) General. Equipment shall be installed per dtc manufactur
er's installation instructions. 

(B) Ground. Secondary circuit-; shall not be grounded. 

(C) Ground-Fault Protection. Ground-fault protection shall 
not be required. 

424.104 Branch Circuit. 

(A) Equipment shall be pcrmiucd to be supplied from branch 
circuits rated not over 30 amperes. 

(B) The equipment shall be considered a continuous duty 
load. 
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ARTICLE 425 
FIXed Resistance and Electrode Industrial 

Process Heating Equipment 

Part I. General 

425.1 Scope. This article covers fixed industrial process heat
ing cmplo}'ing electric resistance or electrode heating technol
ogy. For dtc purpose of this article, heating equipment includes 
boilers, electrode boilers, duct heaters, strip heaters, immer
sion heaters, process air heaters, or other fixed electric cquip
mcm used for industrial proccs.o; heating. 

425.3 Other Articles. Fixed industrial proccs.o; heating cquip
mcm incorporating a hcnnctic refrigerant motor-comprcs.o;or 
shall additionally comply l\ith Table 425.3. 

425.4 Branch Circuits. 

(A) Branch-Circuit Reqarirements. An indhidual branch 
circuit shall be pcrmiued to supply any volt-ampere or wattage 
rating of fixed industrial proccs.o; heating equipment for which 
the branch circuit is rated. 

(B) Branch-�t Sizing. Fixed industrial proccs.o; heating 
cquipmelll ;uid motors shall be considered continuous load-;. 

425.6 Listed Equipment. Fixed industrial proccs.o; heating 
equipment shall be listed. 

Part II. Installation 

425.10 General. 

(A) Location. Fixed industrial proccs.o; heating cquipmem 
shall be accessible. 

(B) Working Space. Working space about electrical enclosures 
for fixed industrial proccs.o; heating equipment that require 
examination, adjustmcm, sen-icing, or maintenance while 
energized shall be acccs.o;iblc, and the work space for personnel 
shall comply with 1 10.26 and 1 10.34, bao;cd upon the utilization 
voltage to ground. 

Exception: With sJit'cial JJermi.•ision, in i1ulustrial establishments on{}� 
where conditions of maintetuma and .�upervision en.mre tlmt only 
qualijil'.d person.� will serviu the i1utallation, wrtrking sJmce less than 
that requitl'.d in 110.26 m· 110.34 slmll be permitttd. 

(C) Above Grade Level, Floor, or Work Platform. Where the 
enclosure is located above grade, dtc floor, or a work platform, 
all of the follo"ing shall apply: 

(1)  The enclosure shall be acccs.o;iblc. 
(2) The l\idth of the working space shall be the "idth of the 

enclosure or a minimum of 762 mm (30 in.), whichever is 
greater. 

Table 425.3 Other Articles 

Equipment 

MoLors, moLor circuit-;, and 
conu·ollers 

Air-conditioning and 
refrigerating equipmenL 

Article 

430 

110 (Part-; I through IV) 
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(3) The depth of the workspace shall comply with l i0.26(A) 
or 110.34 based upon dtc voltage to ground. 

(4) All doors or hinged panels shall open to at least 
90 dcgrces. 

425.11 Supply Conductors. Fixed industrial proccs.� heating 
equipment requiring supply conductors l\ith over 60"C insula
tion shall be clearly and pcrmancndy marked. This marking 
shall be plainly l'isiblc after installation and shall be permitted 
to be adjacent to dtc field connection box. 

425.12 Locations. 

(A) Exposed to Physical Damage. Where su�cct to physical 
damage, fixed industrial process heating equipment shall be 
protected in an approved manner. 

(B) Damp or Wet Locations. Fixed industrial proccs.� heating 
equipment installed in damp or wet locations shall be listed for 
such locations and shall be constructed and installed so that 
water or other liquids cannot enter or accumulate in or on 
wired sections, electrical component�, or ductwork. 

Informational :'\ote: See 1 10.1 1  for equipment exposed to dete
Jiordting agenL•. 

425.13 Spacing from Combustible Materials. Fixed industrial 
process heating equipment shall be installed to prolidc me 
required spacing between me equipment and adjacent 
combustible material, unlcs.� it is listed to be installed in direct 
contact "id1 combustible material. 

425.14 Infrared Lamp Industrial Heating Equipment. In 
industrial occupancies, infrared industrial proccs.� heating 
equipment lampholdcrs shall be permitted to be operated in 
series on circuit� of over 150 volt� to ground, prmidcd me vol� 
age rating of the lampholdcrs is not less than the circuit volt
age. 

Each section, panel, or strip carl)ing a number of infrared 
lampholdcrs, including me terminal \\iring of such section, 
panel, or strip, shall be considered as infrared industrial heat
ing equipment. The terminal connection block of each a�sem
bly shall be considered an individual oudcL 

Part m. Control and Protection of Fixed Industrial Process 
Heating Equipment 

425.19 Disconnecting Means. Means shall be provided to 
simultaneously disconnect dtc heater, motor controllcr(s), and 
supplementary ovcrcurrcnt protective dcl'icc(s) of all fixed 
industrial proccs.� heating equipment from all ungrounded 
conductors. \\'here heating equipment is supplied by more 
than one source, feeder, or branch circuit, the disconnecting 
means shall be grouped and identified a� hal'ing multiple 
disconnecting means. Each disconnecting means shall simulta
neously disconnect all ungrounded conductors that it controls. 
The disconnecting means specified in 425.19(A) and (B) shall 
have an ampere rating not less dtan 125 percent of dtc total 
load of the motors and the heaters and shall be capable of 
being locked in me open position in compliance "idl 1 10.25. 

(A) Heating Equipment with Supplementary Overcurrent 
Protection. The disconnecting means for fixed industrial proc
cs.� heating equipment "ith supplementary ovcrcurrcnt protec
tion shall be "ithin sight from me supplementary ovcrcurrcnt 
protective dcl'icc(s) , on me supply side of these dc\iccs, if 
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fuses, and, in addition, shall comply l\ith cidlcr 425.19(A) (1) 
or (A) (2). 

(1) Heater Containing No Motor Rated over Ya Horsepower. 
The disconnecting means specified in 425.19 or unit s"itches 
complying "id1 425.19(C) shall be permitted to serve a� me 
required disconnecting means for hom me motor controllcr(s) 
and heater under cidtcr of me follm\ing conditions: 
( 1 )  The disconnecting means prmidcd is also l\idlin sight 

from me motor controllcr(s) and dtc heater. 
(2) The disconnecting means is capable of being locked in 

me open position in compliance widl l l 0.25. 

(2) Heater Containing a Motor(s) Rated over Ya Horsepower. 
The disconnecting means required by 425.19(A) (1 )  shall be 
permitted to serve a� the required disconnecting means for 
both me motor controllcr(s) and heater under either of me 
follo"ing conditions: 
(1)  The disconnecting mean11 is in sight from the motor 

controllcr(s) and me heater and complies l\ith Part IX of 
Article 430. 

(2) �Iotor(s) of moie than Y,. hp and the heater arc provided 
"idl disconnecting means. The disconnecting means 
shall be permitted to be out of sight from me motor 
controUer and shall be capable of being locked in me 
open polrition in compliance \\ith 1 10.25. 

(B) Heating Equipment Without Supplementary Overcurrent 
Protection. 

(1) Without Motor or with Motor Not over Ya Horsepower. For 
fixed industrial process heating equipment "idlout a motor 
rated over V.. hp, me branch-circuit Sl\itch or circuit breaker 
shall be permitted to serve a� me disconnecting means where 
me S\\ltch or circuit breaker is l\imin sight from dtc heater, 
shall be permitted to be out of sight from me motor controller, 
and shall be capable of being locked in the open position in 
compliance \\ith 1 10.25. 

(2) Over Ya Horsepower. For motor-driven fixed industrial 
process heating equipment widl a motor rated over V.. hp, a 
disconnecting means shall be located l\imin sight from me 
motor controller or shall be permitted to be out of sight from 
the motor controller and shall be capable of being locked in 
me open position in compliance widl l l 0.25. 

(C) Unit Switch(es) as Disconnecting Means. A unit S\\itch (es) 
"idl a marked "otr' position mat is part of a fixed heater and 
disconnect� all ungrounded conductors shall be permitted a� 
me disconnecting means required by dli� article. The branch 
circuit S\\itch or circuit breaker, where readily acccs.�iblc for 
scnicing of me fixed heater, shall be permitted a� me oilier 
disconnecting means. 

425.21 Switch and Circuit Breaker to Be Indicating. S"itches 
and circuit breakers used a� disconnecting means shall be of 
the indicating type. 

425.22 Overcurrent Protection. 

(A) Branch-Circuit Devices. Fixed industrial proccs.� heating 
equipment, odtcr than motor-operated equipment required to 
have additional ovcrcurrent protection by Part� III and IV of 
Articlc430 or Part Ill of Articlc440, shall be permitted to be 
protected against ovcrcurrcnt where supplied by one of me 
branch circuit� in Part II of Article 210. 
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(B) Resistance Elements. Rcsistanc�typc heating clement-; in 
fixed industrial process heating equipment shall be protected 
at not more than 60 amperes. Equipment rated more than 
48 amperes and employing such clcmcnt"l shall have the heat
ing clement-; subdhidcd, and each subdivided load shall not 
exceed 48 amperes. 

Rcsistanc�typc heating clcmcnt"l in fixed industrial proccs.o; 
heating equipment shall be permitted to be subdhidcd into 
circuit-; not exceeding 1 20 amperes and protected at not more 
than 150 amperes where one of the following is met: 

(1)  Element-; arc imcgral l�ith and enclosed l�ithin a proccs.o; 
heating surface. 

(2) Element-; arc completely contained within an enclosure 
idcmificd ao; suitable for dtis usc. 

(3) Element-; arc contained "idtin an ASME-ratcd and 
stamped vcs."lcl. 

Where a subdivided load is lcs."l than 48 amperes, the rating 
of dtc supplementary ovcrcurrent protective dclicc shall 
comply "ith 425.4(B). A boiler cmplo}'ing resistance-type 
immersion heating clement-; contained in an A.'iME-ratcd and 
stamped vcs."lcl shall be permitted to comply l�ith 425.72(A) . 

(C) Overcurrent Protective Devices. The supplementary ovcr
currcm protective dc'l'iccs for the subdhidcd loads specified in 
425.22(B) shall comply with the following: 

(1)  Be factory installed l�ithin or on the heater enclosure or 
supplied for usc "id1 dtc heater ao; a separate ao;sembly by 
the heater manufacturer 

(2) Be acccs."liblc but not be required to be readily acccs."liblc 
(3) Be suitable for branch-circuit protection 

Informational l'ote :'\o. I :  See 240.10. Where cartridge fuses are 
u.•ed to pro'l'ide this overcurrent protection, a single disconnect
ing means shall he permitted to be used for the several subdhi
ded load•. 

Informational l'ote :'\o. 2: See 240. 10 for supplementary over
current protection. 

Informational Note No. 3: See 240.40 for di"lConnectihg means 
for caruidge fuses in circuiL• of any ,·oltage. 

(D) Supplying Supplementary Overcurrent Protective Devices. 
The conductors supplying the supplementary ovcrcurrcnt 
protective devices shall be considered branch-circuit conduc
tors. 

\\-'here dtc heaters arc rated 50 kW or more, the conductors 
supplying the supplementary ovcrcurrcm protective devices 
specified in 425.22(C) shall be permitted to be sized at not lcs.o; 
than I 00 perc em of the nameplate rating of dtc heater, prmi
dcd all of the following conditions arc met: 

(1)  The heater is marked l�ith a minimum conductor size. 
(2) The conductors arc not smaller dtan dtc marked mini

mum size. 
(3) A tcmpcratur�actuatcd device comrols the cyclic opera-

tion of dtc cquipmcm. 

(E) Conductors for Subdivided Loads. Ficld-"ired conductors 
between the heater and the supplementary ovcrcurrcm protec
tive devices for fixed indll"ltrial proccs."l heating cquipmcm shall 
be sized at not lcs."l than 125 pcrccm of the load served. The 
supplementary ovcrcurrcm protective devices specified in 
425.22(C) shall protect these conductors in accordance with 
240.4. \\'here the heaters arc rated 50 kW or more, the ampac
ity of field-wired conductors between the heater and the 
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supplementary ovcrcurrclll protective dcliccs shall be permit
ted to be not lcs.o; dtan 100 percent of the load of their respec
tive sulxlhidcd circuit-;, prmidcd all of the following conditions 
arc met: 

(1)  The heater is marked l�ith a minimum conductor size. 
(2) The conductors arc not smaller than the marked mini

mum size. 
(3) A tcmpcratur�activatcd dclicc controls the cyclic opera

tion of dtc cquipmcm. 

Part IV. Marking of Heating Equipment 

425.28 Nameplate. 

(A) Marking Required. Fixed indll"ltrial proccs.o; heating cquip
mcm shall be provided "ith a nameplate idcmil}ing the manu
facturer and the rating in volt"l and watt-; or in volt-; and 
amperes. 

Fixed indll"ltrial proccs.o; heating cquipmclll intended for ll"lC 
on alternating currcm only, direct currcm only, or both shall 
be marked to so indicate. The marking of cquipmcm consist
ing of motors over Y,. hp and other load"l shall specify dtc rating 
of dtc motor in volt."l, amperes, and frequency and the heating 
load in volt."l and l\-att'l or in volt-; and amperes. 

(B) Location. ·This nameplate shall be located so a"l to be 
permanent and shall be visible or accessible after installation. 

425.29 Marking of Heating Elements. All heating clement-; 
that arc replaceable in dtc field and arc part of industrial proc
ess heating equipment shall be legibly marked l�ith the ratings 
in volts and watt"l or in volt-; and amperes. 

425.45 Concealed Faxed Industrial Heating Equipment -
Inspection. Concealed fixed indll"ltrial heating equipment 
installations shall be made with due care to prcvclll damage to 
the heating cquipmcm and shall be inspected and approved 
before heating equipment is covered or concealed. 

Part V. Faxed Industrial Process Duct Heaters 

425.57 General. Part V shall apply to any heater moumcd in 
the airstream of a forced-air system where the air-mming unit is 
not prmidcd a"l an imcgral part of dtc cquipmcm. 

425.58 Identification. Heaters installed in an air duct shall be 
idcmificd ao; suitable for the installation. 

425.59 Airflow. Means shall be prmidcd to ensure uniform 
airflow over the face of the heater in accordance l\ith the 
manufacturer's instructions. 

Informational :'\ote: Some heaters installed \tithin 1.2 m ( 4 ft) 
of the outlet of an air-mming de'l'ice, elbows, baffle plates, or 
other obstructions in ductwork U."le tun1ing \'lines, pres.•ure 
plates, or oilier de\ices on me inlet side of the duct heater to 
en.•ure an even distribution of air over me face of tl1e heater. 

425.60 Elevated Inlet Temperature. Duct heaters imcndcd for 
ll"lC "ith clc\'atcd inlet air temperature shall be identified a"l 
suitable for usc at the clc'l''atcd temperatures. 

425.63 Fan Circuit Interlock. Means shall be provided to 
ensure that dtc fan circuit, where present, is energized when 
any heater circuit is energized. However, time- or tcmpcraturc
comrollcd delay in energizing the fan motor shall be permit
ted. 
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425.64 Limit Controls. Each duct heater shall he provided 
"ith an integral, automatic-reset temperature-limiting control 
or controllers to de-energize the circuit or circuits. In addition, 
an integral independent supplementary control or controllers 
shall be prmidcd in each duct heater that disconnect" a sulli
cicnt numher of conductors to interrupt heating clement 
current flow. This device shall he manuallv rcscttablc or 
replaceable. 

· 

425.65 Location of Disconnecting Means. Duct heater control
ler equipment shall be either accessible "idt dtc disconnecting 
means installed at or within sight from the controller or ao; 
permitted by 425.19(A). 

Part VI. FIXed lnduscrial Process Resistance-Type Boilers 

425.70 Scope. The provisions in Part VI of this article shall 
apply to boilers employing rcsistanc�typc heating clcmcnto;. 
Electrode-type boilers shall not he considered ao; cmplo}'ing 
rcsistanc�typc heating clcmcnto;. Sec Part VII of dtis article. 

425.71 Identification. RcsistancNypc boilers shall be identi
fied ao; suitable for the installation. 

425.72 Overcurrent Protection. 

(A) Boiler Employing Resistance-Type Immersion Heating 
Elements in an ASME-Rated and Stamped Vessel. A boiler 
cmplo}'ing rcsistanc�typc immersion heating clcmcnto; 
contained in an A.'iME-ratcd and stamped vcs.o;cl shall have the 
heating clcmcnto; protected at not more than 150 amperes. 
Such a boiler rated more dtan 120 amperes shall have the heat
ing clcmcnto; subdivided into loads not exceeding 120 amperes. 
\\'here a subdivided load is lcs.o; than 120 amperes, the rating of 
the ovcrcurrcnt protective dc'l'icc shall comply with 425.4(8). 

(B) Boiler Employing Resistance-Type Heating Elements Rated 
More Than 48 Amperes and Not Contained in an ASME-Rated 
and Stamped Vessel. A boiler cmplo}'ing resistanc�type heat
ing clcmcnto; not contained in an ASME-ratcd and stamped 
vessel shall have the heating clcmcnto; protected at not more 
than 60 amperes. Such a boiler rated more than 48 amperes 
shall have the heating clcmcnto; subdhidcd into loads not 
exceeding 48 amperes. \\'here a subdivided load is lcs.o; than 
48 amperes, the rating of the m'ercurrcnt protective device 
shall comply "id1 425.4(8). 

(C) Supplementary Overeurrent Protective Devices. The 
supplementary ovcrcurrcnt protective devices for the subdivi
ded loads ao; required by 425.72(A) and (B) shall be ao; follows: 
(1)  Factorv-installcd within or on the boiler enclosure or 

prmid�d ao; a separate a'l.o;cmbly by the boiler manufac
turer. 

(2) Acccs.o;iblc, but need not he readily acccs.o;iblc. 

(D) Suitable for Branch-Circuit Protection. \\'bcre cartridge 
fuses arc used to provide dtis ovcrcurrcnt protection, a single 
disconnecting means shall he pcnnittcd for the several subdivi
ded circuito;. Sec 240.40. 

(E) Conductors Supplying Supplementary Overcurrent Protec
tive Devices. The conductors suppl}ing dtcsc supplementary 
ovcrcurrcnt protective devices shall he considered branch
circuit conductors. \\'bcrc dtc heaters arc rated 50 kW or more, 
the conductors suppl}ing dtc ovcrcurrcnt protective device 
specified in 424.72(C) shall he permitted to he sized at not lcs.o; 
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than 100 percent of the nameplate rating of the heater, prmi
dcd all of the following conditions arc met: 
(1)  The heater is marked l\ith a minimum conductor size. 
(2) The conductors arc not smaller than the marked mini

mum size. 
(3) A tcmpcratur� or prcs.o;ure-actuatcd dc\icc controls the 

cyclic operation of the equipment. 

(F) Conductors for Subdivided Loads. Field-wired conductors 
between the heater and the supplementary ovcrcurrcnt protec
tive dc,iccs shall be sized at not lcs.o; than 125 percent of the 
load served. The supplementary ovcrcurrcnt protective dc\ices 
specified in 425.72(C) shall protect these conductors in accord
ance l\ith 240.4. Where the heaters arc rated 50 kW or more, 
the ampacity of field-wired conductors hetwccn dtc heater and 
the supplementary ovcrcurrcnt protective dc\iccs shall be 
permitted to he not less than 100 percent of the load of their 
respective subdhidcd circuito;, prmidcd all of the follm\ing 
conditions arc met: 
(1)  The heater is mark:�;:d with a minimum conductor size. 
(2) The conductors are not smaller than the marked mini

mum size. 
(3) A temperature-activated dc,icc controls the cyclic opera-

tion of the' equipment. 

425.73 Oyertemperature Limit Control. Each boiler designed 
so that iri normal operation there is no change in state of the 
heat transfer medium shall be equipped \\idt a temperature
sensitive limiting means. It shall he installed to limit maximum 
liquid temperature and shall dirccdy or indirccdy disconnect 
all ungrounded conductors to the heating clcmcnto;. Such 
means shall be in addition to a temperature-regulating system 
and other dc\ices protecting dtc tank against cxccs.o;ivc pres
sure. 

425.74 Overpressure Limit Control. Each boiler designed so 
that in normal operation dtcrc is a change in state of the heat 
transfer medium from liquid to vapor shall he equipped with a 
pressure-sensitive limiting means. It shall he installed to limit 
maximum pres.o;urc and shall directly or indirccdy disconnect 
all ungrounded conductors to the heating clcmcnto;. Such 
means shall be in addition to a prcs.o;ur�regulating system and 
other dc\iccs protecting the tank against cxccs.o;ivc prcs.o;urc. 

Part VII. FIXed Industrial Process Electrode-Type Boilers 

425.80 Scope. The prmisions in Part VII of this article shall 
apply to boilers for operation at 600 volto;, nominal, or lcs.o;, in 
which heat is generated by the pa'l.o;agc of current between elec
trodes through dtc liquid heing heated. 

425.81 Identification. Electrode-type boilers shall he identified 
ao; suitable for dtc installation. 

425.82 Branch-Circuit Requirements. The size of branch
circuit conductors and ovcrcurrcnt protective dc\ices shall he 
calculated on dtc bao;is of 125 percent of the total load (motors 
not included). A contactor, relay, or other device, listed for 
continuous operation at 100 percent of ito; rating, shall he 
permitted to supply ito; full-rated load. Sec 210.19(A) (I) ,  
Exception :"'o. 1 .  This section shall not apply to conductors 
that form an integral part of an approved boiler. 

\\'bcrc an electrode boiler is rated 50 kW or more, the 
conductors suppl}ing dtc boiler clcctrodc(s) shall be permitted 
to be sized at not lcs.o; than I 00 percent of dtc nameplate rating 
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of d1c electrode boiler, prmidccl all the follm\ing conditions 
arc met: 
(1) The electrode boiler is marked with a minimum conduc

tor size. 
(2) The conductors arc not smaller d1an d1c marked mini

mum size. 
(3) A temperature- or pres.'iur�actuatcd Sl\itch controls me 

cyclic operation of me equipment. 

425.83 Overtemperature Limit Control. Each boiler, designed 
so that in normal operation mere is no change in state of me 
heat transfer medium, shall be equipped l\ith a temperature
sensitive limiting means. It shall be installed to limit maximum 
liquid temperature and shall directly or indirectly interrupt all 
current flow through d1c electrodes. Such means shall be in 
addition to the temperature regulating system and oilier dcli
ccs protecting tl1c tank against cxccs.'iivc prcs.'iurc. 

425.84 Overpressure Limit Control. Each boiler, designed so 
that in normal operation tl1crc is a change in state of the heat 
transfer medium from liquid to vapor, shall be equipped "ith a 
pressure-sensitive limiting means. It shall be installed to limit 
maximum prcs.'iure and shall directly or indirectly interrupt all 
current flow through d1c electrodes. Such means shall be in 
addition to a prcs.'iure-rcgulating system and oilier devices 
protecting dlc tank against CXCCS.'iiVC prcs.'iurc. 

425.85 Grounding. Boilers designed such mat fault currents 
do not pa'i.'i through the prcs.'iure vcs.'iel, and tl1c pres.'iurc vcs.'iCI 
is electrically isolated from tl1c electrodes, all exposed non
currcnt-cartying metal parts, inducting the prcs.'iurc vcs.'iCI, 
supply, and return connecting piping, shall be connected to 
the equipment grounding conductor. For all other designs, me 
pressure vcs.'iCI containing the electrodes shall be isolated and 
electrically insulated from ground. 

425.86 Markings. All elcctroclNypc boilers shall be marked to 
show me following: 
(1) The manufacturer's name. 
(2) The rating in volts, amperes, and kilowatts. 
(3) The electrical supply required spccif}'ing frequency, 

number of pha'iCS, and number of "ires. 
(4) The marking MEicctrodc-Type Process Heating Boiler." 
(5) A warning marking, MAll Power Supplies Shall Be Discon

nected Before Scnicing, Inclucling Scnicing the Prcs.'iure 
Vcs.'icl." 

A field-applied warning marking or label shall comply widl 
1 10.21 (B). The markings shall be permanent and located so a'i 
to be lisiblc after installation. 

ARTICLE 426 
FIXed Outdoor Electric Deicing and Snow

Melting Equipment 

Part I. General 

426.1 Scope. This article covers fixed outdoor electric deicing 
and snow-melting equipment and the installation of these 
systems. 
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(A) Embedded. Embedded in driveways, walks, steps, and 
other arca'i. 

(B) Exposed. Exposed on drainage systems, bridge structures, 
roo('i, and other structures. 

Informational :'\ote: See ANSI/IEEE 515.1-2012, Stmulardfor the 
1;.,;lhllf, De.<ign, lnstaUation mul Maintenance of fli'Ctriral &istmue 
TrQI'e Hwlhllf for l.ollmu.rrial Applicatimzs, for further infonnation. 
See IEEE 844/CSA 293 series of standard� for fixed outdoor 
electric deicing and snmrmelting equipment. 

426.3 Other Articles. Cord-ancl-plug-conncctcd fixed outdoor 
electric deicing and snow-melting equipment shall additionally 
comply l\ith Table 426.3. 

426.4 Continuous Load. Fixed outdoor electric deicing and 
snow-melting equipment shall be considered a continuous 
load. 

Part II. Installation 

426.10 General. Equipmc1il for outdoor electric deicing and 
snow melting shall be. iclentificcl a'i suitable for the cmiron
mcnt and installed in accordance "id1 me manufacturer's 
instructions. 

426.11 Use. Electric heating equipment shall be installed in 
such a manner a'i to be afforded protection from physical 
damage, 
426.12 ThermaJ Protection. External surfaces of outdoor elec
tric deicing and snow-melting equipment that operate at 
temperatures exceeding 60°C ( l 40°F) shall be physically guar
ded, isolated, or dlcrmally insulated to protect against contact 
by personnel in me area. 

426.13 Identification. The presence of outdoor electric deic
ing and snow-melting equipment shall be clidcnt by tl1c post
ing of appropriate caution signs or markings where clearly 
visible. 

Part Ill. Resistance Heating Elements 

426.20 Embedded Deicing and Snow-Melting Equipment. 

(A) Watt Density. Panels or unit'i shall not exceed 
1300 watt'i/m2 (120 watt'i/ft2) of heated area. 

(B) Spacing. The spacing between adjacent cable runs is 
dependent upon me rating of tl1c cable and shall be not lcs.'i 
than 25 mm (1 in.) on centers. 

(C) Cover. t:nit'i, panels, or cables shall be installed a'i follows: 
(1)  On a substantial concrete, ma'iOnry, or a'iphalt ba'iC at 

lca'it 50 mm (2 in.) thick and have at lca'it 38 mm 
(1 Y:t in.) of concrete, ma'ionry, or a'iphalt applied over me 
unit'i, panels, or cables; or 

(2) They shall be permitted to be installed over other identi
fied ba'ics and cmbecldccl "idlin 90 mm (3Y:t in.) of 

Table 426.3 Other Articles 

Equipment Article 

Appliances 422 (ParL'i I, II, Ill, IV, V) 
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concrete, ma�onry, or a�phalt but not less than 38 mm 
( lY:t  in.) from dtc top surface; or 

(3) Equipmcm mat ha� been listed for odtcr forms of instal
lation shall be installed only in the manner for which it 
ha� been identified. 

(D) Secured. C..ables, unit�, and panels shall be secured in 
place by frames or spreaders or odtcr approved means while 
the concrete, ma�onry, or a�phalt finish is applied. 

(E) Expansion and Contraction. Cables, unit�, and panels shall 
not be installed where dtcy bridge expansion joint� unlcs.� 
prm-ision is made for expansion and contraction. 

426.21 Exposed Deicing and Snow-Melting Equipment. 

(A) Secured. Heating clcmcm a�scmblies shall be secured to 
the surface being heated by identified means. 

(B) Overtemperature. \\'here me heating clement is not in 
direct contact "ith the surface being heated, the design of me 
heater a�scmbly shall be such dtat it� temperature limitations 
shall not be exceeded. 

(C) Expansion and Contraction. Heating clements and a�sem
blics shall not be installed where dlcy bridge expansion joints 
unlcs.� provision is made for expansion and contraction. 

(D) Flexural Capability. \\'here installed on flexible structures, 
the heating clement� and a'l.�cmblies shall have a flexural capa
bilil)' that is compatible with me structure. 

426.22 Installation of Nonheating Leads for Embedded Equip
menL 

(A) Grounding Sheath or Braid. Except a� permitted under 
426.22(8), nonhcating lead� installed in concrete, ma�onry, or 
a�phalt shall be pro'"idcd l\idt a grounding sheath or braid in 
accordance "id1 426.27 or shall be enclosed in rigid metal 
conduit, electrical metallic tubing, intermediate metal conduit, 
or other metal raceways. 

(B) Splice Connections. The splice connection between me 
nonhcating lead and heating clcmcm, \\ldtin concrete, 
ma�onry, or a�phalt, shall be located no ICS.'I man 25 mm ( I  in.) 
and no more dtan 150 mm (6 in.) from the metal raccwav. The 
length of dtc nonhcating lead from dte metal raceway to me 
splice a�sembly shall be permitted U> be pro'"idcd "idtout a 
grounding shcadl or braid. Grounding continuity shall be 
maintained. 

(C) Bushings. Insulating bushings shall be used in me 
concrete, ma�onry, or a�phalt where me lead� enter a metal 
raceway. 

(D) Expansion and Contraction. Lead� shall be protected in 
expansion joint� in accordance widl 300.4(H) or installed in 
accordance "id1 me manufacturer's instructions. 

(E) Emerging from Grade. Exposed nonhcating lcado; shall be 
protected by raceways or oilier identified means. 

(F) Leads in Junction Boxes. Not lcs.� man 150 mm (6 in.) of 
free nonhcating lead shall be wimin the junction box. 

426.23 Installation of Nonheating Leads for Exposed Equip
menL 

(A) Nonheating Leads. Power supply nonhcating leads (cold 
lead�) for resistance clcmcnto; shall be identified for me 
temperature cncoumcrcd. :"'ot lcs.� man 150 mm (6 in.) of 
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nonhcating lcaclo; shall be prmidcd "ithin me junction box. 
Prca�semblcd factory-supplied and ficld-a'l.o;cmblcd nonhcating 
lead� on approved heaters shall be pcnnittcd to be shortened if 
the markings specified in 426.25 arc retained. 

(B) Protection. 1'\onhcating power supply lcaclo; shall be 
enclosed in a rigid conduit, intermediate metal conduit, electri
cal metallic tubing, or oilier approved means. 

426.24 Electrical Connection. 

(A) Heating Element Connections. Electrical connections, 
other than factory connections of heating clcmcnto; to nonhcat
ing clement� embedded in concrete, mao;onry, or ao;phalt or on 
exposed surfaces, shall be made widl insulated connectors 
identified for dtc usc. 

(B) Circuit Connections. Splices and tcnninations at the end 
of the non heating leads, odtcr than me heating clement end, 
shall be installed in a box or fitting in accordance "idl 1 10.14 
and 300.15. 

426.25 Marking. Each factory-a�semblcd heating unit shall be 
legibly marked within 75 mm (3 in.) of each end of me 
nonhcating lcaclo; \\idl the permanent identification S}mbol, 
catalog number, and ratings in volts and watto; or in volts and 
amperes. 

426.26 Corrosion Protection. Ferrous and nonferrous metal 
raceways, cable annor, cable shcadts, boxes, fittings, supporto;, 
and support hardware shall be permitted to be installed in 
concrete or in direct contact l\ith the earth, or in area� su�cct 
to severe corrosive influences, where made of material suitable 
for me condition, or where prm-idcd with corrosion protection 
identified ao; suitable for me condition. 

426.27 Grounding Braid or Sheath. Grounding means, such ao; 
copper braid, metal shcadl, or other approved means, shall be 
prm-idcd ao; part of the heated section of me cable, panel, or 
unit. 

426.28 Ground-Fault Protection. Ground-fault protection shall 
be provided for fixed outdoor electric deicing and snow
melting equipment. The trip level of ground-fault protection 
shall be a� specified by dtc manufacturer. 

Part IV. Impedance Heating 

426.30 Personnel Protection. Exposed clcmcnto; of impedance 
heating systems shall be physically guarded, isolated, or ther
mally insulated with a weatherproof jacket to protect against 
contact by personnel in the area. 

426.31 Isolation Transformer. An isolation transformer "id1 a 
grounded shield between the primary and secondary windings 
shall be used to isolate me distribution system from the heating 
system. 

426.32 Voltage Limitations. The secondary winding of me 
isolation transformer connected to me impedance heating 
clements shall not have an output voltage greater than 30 volts 
ac. 

426.33 Induced Currents. All currcm-carf}ing components 
shall be installed in accordance "id1 300.20. 
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Part V. Skin-Effect Heating 

426.40 Conductor Ampacity. The current through the electri
cally insulated conductor inside the ferromagnetic envelope 
shall be permitted to exceed dtc ampacity values shown in 
Table 310.16, provided it is identified as suitable for dtis usc. 

426.41 Pull Boxes. \\'bcrc pull boxes arc used, they shall be 
accessible without cxca\-ation by location in suitable \-'aults or 
above grade. Outdoor pull boxes shall be of "atcrtight 
construction. 

426.42 Single Conductor in Enclosure. The provisions of 
300.20 shall not apply to the installation of a single conductor 
in a ferromagnetic envelope (metal enclosure). 

426.43 Corrosion Protection. Ferromagnetic envelopes, 
ferrous or nonferrous metal racc\\ays, boxes, fittings, support�, 
and support hard\\arc shall be permitted to be installed in 
concrete or in direct contact with dtc card1, or in areas subjec
ted to severe corrosive influences, where made of material suit
able for dtc condition, or where prmidcd wid1 corrosion 
protection identified a� suitable for the condition. Corrosion 
protection shall maintain the original \\'all dtickncs.� of the 
ferromagnetic envelope. 

426.44 Equipment Grounding Conductor. The ferromagnetic 
envelope shall be connected to an equipment grounding 
conductor at bod1 end�; and, in addition, it shall be permitted 
to be connected to an equipment grounding conductor at 
intermediate point� a� required by it� design. 

Section 250.30 shall not apply to dtc installation of skin
effect heating systems. 

Part VI. Control and Protection 

426.50 Disconnecting Means. 

(A) Disconnection. All fixed outdoor deicing and snow
melting equipment shall be provided l\ith a means for simulta
neous disconnection from all ungrounded conductors. \\'bcrc 
readily accessible to the user of the equipment, dtc branch
circuit Sl\itch or circuit breaker shall be penn�ttcd to serve a� 
the disconnecting means. The disconnecting. means shall be of 
the indicating type and be capable of bdng locked in the open 
(off) position. 

(B) Cord-and-Plug-Connected EqUipment. The factory
installed attachment plug of cord-and-plug-connected equip
ment rated 20 amperes or lcs.� and 150 volt� or lcs.� to ground 
shall be permitted to be the disconnecting means. 

426.51 Controllers. 

(A) Temperature Controller with "Off" Position. 
Temperature-controlled switching devices dtat indicate an Moff' 
position and that interrupt line current shall open all ungroun
ded conductors when the control device is in the Moff' position. 
These devices shall not be permitted to serve as the disconnect
ing means unlcs.� dtcy arc capable of being locked in the open 
position in compliance with 1 10.25. 

(B) Temperature Controller Without "Off" Position. Temper
ature controlled switching dc\iccs dtat do not have an Moff' 
position shall not be required to open all ungrounded conduc
tors and shall not be pcnnittcd to serve a� the disconnecting 
means. 
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(C) Remote Temperature Controller. Remote controlled 
temperature-actuated de\ ices shall not be required to meet the 
requirements of 426.51 (A) . These devices shall not be permit
ted to serve a� the disconnecting means. 

(D) Combined Switching Devices. Switching dc\iccs consisting 
of combined tcmpcratur�actuatcd dc\ices and manually 
controlled switches dtat serve both a� dtc controller and the 
disconnecting means shall comply with all of the following 
conditions: 
(1) Open all ungrounded conductors when manually placed 

in the Moff' position 
(2) Be so designed that dtc circuit cannot be energized auto

matically if the device ha� been manually placed in the 
"off' position 

(3) Be capable of being locked in the open position in 
compliance with 1 10.25 

426.54 Cord-and-Plug-Connected Deicing and Snow-Melting 
Equipment. Cord-and-plug-connected deicing and snow
melting equipment shall be li�ed. 

ARTICLE 427 
FIXed Electric Heating Equipment for 

Pipelines and Vessels 

Part I. General 

427.1 Scope. This article covers electrically energized heating 
systems and dtc installation of these systems used with pipelines 
and vcs.�els. 

Informational Note: See IEEE 515-2017, Standard fnr 1/v 1;.,;tinJr, 
DesiJrll, lmtallatinn and Maintenance nf Ekctrical Re.<istauce Trace 
Hmtin�rfnr lndu.<trial.4ppliratinns, for further information. 

Also see applicable sections of the IEEE 844/C-'iA 293 series 
of standards for altemate technologies for fixed electJic heating 
equipment for pipelines and ves.•el•. 

427.3 Other Articles. Cord-connected pipe heating assemblies 
shall additionally comply l\ith Table 427.3. 

427.4 Continuous Load. Fixed electric heating equipment for 
pipelines and vcs.�els shall be considered continuous load. 

Part II. Installation 

427.10 General. Equipment for pipeline and vcs.�l electric 
heating shall be identified as being suitable for ( I )  the chemi
cal, thermal, and physical em-ironment and (2) installation in 
accordance wid1 the manufucturcr's drawings and instructions. 

427.11 Use. Electric heating equipment shall be installed in 
such a manner a� to be afforded protection from physical 
damage. 

Table 427.3 Other Articles 

Equipment Article 
Appliances 422 (Part• I, II, Ill, IV, V) 
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427.12 Thermal Protection. External surfaces of pipeline and 
vessel heating equipment that operate at temperatures exceed
ing oo•c (140"F) shall he physically guarded, isolated, or ther
mally insulated to protect against contact by personnel in the 
area. 

427.13 Identification. The presence of electrically heated 
pipelines, vessels, or both, shall he evident by the posting of 
appropriate caution signs or markings at intervals not exceed
ing 6 m (20 ft) along the pipeline or vessel and on or adjacent 
to equipment in the piping system that requires periodic servic
ing. 

Part m. Resistance Heating Elements 

427.14 Secured. Heating clement ao;semblics shall he secured 
to the surface being heated by means other than dtc thermal 
insulation. 

427.15 Not in Direct Contact. \\'here the heating clement is 
not in direct contact with the pipeline or vessel heing heated, 
means shall he provided to prevent ovcrtcmperaturc of the 
heating clement unless the design of the heating a"l.o;cmbly is 
such dtat ito; temperature limitations will not be exceeded. 

427.16 Expansion and Contraction. Heating clement-; and 
ao;semblics shall not be installed where they bridge expansion 

joint-; unless prO\isions arc made for expansion and contrac
tion. 

427.17 Flexural Capability. Where installed on flexible pipe
lines, the heating clement-; and a"l.o;cmblies shall have a flexural 
capability that is compatible with the pipeline. 

427.18 Power Supply Leads. 

(A) Nonheating Leads. Power supply nonhcating leads (cold 
lead-;) for resistance clement-; shall be suitable for the tempera
ture encountered. Not less dtan 150 mm (6 in.) of nonhcating 
lead-; shall be provided within dtc junction box. Prea"l.o;cmblcd 
factory-supplied and ficld-a"l.o;cmblcd nonhcating lead-; on 
approved heaters shall be permitted to he shortened if the 
markings specified in 427.20 arc retained. 

(B) Power Supply Leads Protection. Non heating power supply 
lead-; shall he protected where they . emerge from electrically 
heated pipeline or vcs.o;cl heating wtito; by rigid metal conduit, 
intermediate metal conduit, electrical metallic tubing, or other 
raceways identified ao; suitable for dtc application. 

(C) Interconnecting Leads. Interconnecting nonhcating lead-; 
connecting portions of the heating system shall be pcnnittcd to 
be covered by thermal insulation in dtc same manner ao; the 
heaters. 

427.19 Electrical Connections. 

(A) Nonheating Interconnections. :"'onhcating interconnec
tions, where required under thermal insulation, shall be made 
with insulated connectors identified ao; suitable for this usc. 

(B) Circuit Connections. Splices and terminations outo;idc the 
thermal insulation shall be installed in a box or fitting in 
accordance "id1 1 10.14 and 300.15. 

427.20 Marking. Each factory-ao;semblcd heating unit shall be 
legibly marked l\ithin 75 mm (3 in.) of the termination end of 
all non heating leads l\idl the permanent identification S}mbol, 
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catalog number, and ratings in volts and watt-; or in volts and 
amperes. 

427.22 Ground-Fault Protection of Equipment. Ground-fault 
protection of equipment shall he prmidcd for electric heat 
tracing and heating panels. This requirement shall not apply in 
industrial establishments where there is alarm indication of 
ground fault-; and the following conditions apply: 

( 1 )  Conditions of maintenance and supervision ensure that 
only qualified persons service the installed systems. 

(2) Continued circuit operation is ncccs.o;ary for safe opera-
tion of equipment or processes. 

427.23 Grounded Conductive Covering. Electric heating 
equipment shall be listed and have a grounded conductive 
covering in accordance "id1 427.23(A) or (B). The conductive 
covering shall provide an effective ground-fault current path 
for operation of ground-fault protection equipment. 

(A) Heating Wu-es or Cables. ·Heating wires or cables shall 
have a grounded condm:tivc covering that surrounclo; the heat
ing clement and bus . wires, if any, and dtcir electrical insula-
tion. · 

(B) Heating Panels. Heating panels shall have a grounded 
conductive covering over the heating clement and ito; electrical 
insulation on the side opposite the side attached to the surface 
to be heated. 

Part IV. Impedance Heating 

427.25 Personnel Protection. All acccs.o;iblc external surfaces 
of the pipeline, vcs.o;cl, or bod1, heing heated shall he physically 
guarded, isolated, or thermally insulated ("id1 a weatherproof 

jacket for outo;idc installations) to protect against contact by 
personnel in the area. 

427.26 Isolation Transformer. A dual-"inding transformer 
"ith a grounded shield between the primary and secondary 
windings shall he used to isolate the distribution system from 
the heating system. 

427.27 Voltage Limitations. The secondary winding of the 
isolation transformer connected to dtc pipeline or vcs.o;cl heing 
heated shall not have an output voltage greater than 30 volt-; 
ac. 

Exception No. 1: In indust1ial establi�hments, the i.mhltion tmnifonner 
ronni'Cted to the Jlipeline or ve.�sel being heated shall be permitted to 
have an output voltage grealel· than 30 but 1wt mmf' than 80 volts ac 
to gmund where all of the following crmditions apply: 

( 1) C..onditions of guarding, maintenance, and supn-vision en�ure 
that only qiUllijied pn:wms have acress to the in�taliP.d systems. 

(2) Gmundfault Jllvtecti(m of equijnnent i.� Jllvvided. 

Exception No. 2: In indust1ial establi�h1nents, the i.mhltion tmnifonner 
ronni'Cted to the Jlipeline m· ve.�sel being heated shall be permittP.d to 
have an outJJUt voltage not JPP.alel· than 132 volts ac to gmund where 
all of the follmuing condition� aJJ/I{l·: 

( 1) Conditions of guarding, maintenance, and supn-vision enrure 
that only qiUllijied pn:wms sn-vice the installed .�_vstems. 

(2) Gmundfault Jllvtecti(m of equijnnent i.� Jllvvided. 
( 3) The Jlipeline m· vessel being heatl'.d i.� cornJJlete{v enclosed in a 

gmutulP.d meta/enclosure. 
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427.28 ARTICLE 430 -MOTORS, MOTOR CIRCUITS, A.'ID CONTROLLERS 

( 4) Tile transfori'IU'r suondmJ connections to tile pipeline or vesst-1 
being heated are co-mplete{}· enclosed in a gmunded metal mesh ctr 
metal enclosw-e. 

427.28 Induced Currents. All currcm-carl)ing components 
shall he installed in accordance "idt 300.20. 

427.29 Grounding. The pipeline, vcs.-;el, or bodt, that is heing 
heated and operating at a voltage greater than 30 but not more 
than 80 shall he grounded at designated poinL-;. 

427.30 Secondary Conductor Sizing. The ampacity of dtc 
conductors connected to the secondary of dtc transformer 
shall he at lcao;t I 00 percent of dtc total load of the heater. 

Part V. Induction Heating 

427.36 Personnel Protection. Induction coils mat operate or 
may operate at a voltage greater man 30 voiLo; ac shall he 
enclosed in a nonmetallic or split metallic enclosure, isolated, 
or made inacccs.o;iblc by location to protect personnel in dtc 
area. 

427.37 Induced CurrenL Induction coils shall he prevented 
from inducing circulating currcnLo; in surrounding metallic 
cquipmclll, supporLo;, or structures by shielding, isolation, or 
insulation of dtc current paths. Stray currcm padts shall he 
bonded to prcvcm arcing. 

Part VI. Skin-Effect Heating 

427.45 Conductor Ampacity. The ampacity of dtc electrically 
insulated conductor inside dtc ferromagnetic envelope shall be 
permitted to exceed dtc values given in Table 310.16, provided 
it is idcmificd ao; suitable for dtis usc. 

427.46 Pull Boxes. Pull boxes for pulling dtc electrically in.<�u
latcd conductor in the ferromagnetic envelope shall be permit
ted to be buried under the dtcrmal insulation, prmided their 
locations arc indicated by pcrmancm markings on dtc insula
tion jacket surface and on dra"ings. For outdoor installations, 
pull boxes shall be of watertight construction. 

427.47 Single Conductor in Enclosure. The provisions of 
300.20 shall not apply to the installation of a single conductor 
in a ferromagnetic envelope (metal enclosure). 

427.48 Grounding. The ferromagnetic envelope shall be 
grounded at bodt end-;, and, in addition, it shall be permitted 
to be grounded at intermediate poinL-; ao; required by iL-; design. 
The ferromagnetic envelope shall he bonded at all joinLo; to 
ensure electrical continuity. 

The provisions of 250.30 shall not apply to dtc installation of 
skin-effect heating systems. 

Part VII. Control and Protection 

427.55 Disconnecting Means. 

(A) Switch or Circuit Breaker. Means shall be prmidcd to 
simultaneously disconnect all fixed electric pipeline or vcs.o;cl 
heating equipment from all ungrounded conductors. The 
branch-circuit s"itch or circuit breaker, where readily acccs.o;i
blc to dtc user of dtc equipment, shall he permitted to serve ao; 
dtc disconnecting means. The disconnecting means shall be of 
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the indicating type and shall be capable of being locked in dtc 
open (oil) position. The disconnecting means shall he installed 
in accordance widt I I  0.25. 

(B) Cord-and-Plug-Connected EquipmenL The factory
installed attachment plug of cord-and-plug-connected cquip
mcm rated 20 amperes or lcs.o; and 150 voiLo; or lcs.-; to ground 
shall he permitted to he dtc disconnecting means. 

427.56 Controls. 

(A) Temperature Control with "Off" Position. Tcmpcraturc
comrollcd switching dc\iccs that indicate an "ofr position and 
that interrupt line currcm shall open all ungrounded conduc
tors when the control device is in this "off' position. These 
dc\iccs shall not he pcnnittcd to serve ao; dtc disconnecting 
means unlcs.-; capable of being locked in dtc open position. 

(B) Temperature Control Without "Off" Position. Tempera
ture controlled Sl\itching dc\iccs that do not have an "off' posi
tion shall not be required to open all ungrounded conductors 
and shall not be pcnnittcd to. serve ao; dtc disconnecting means. 

(C) Remote Temperatute · ControUer. Remote controlled 
temperature-actuated devices shall not he required to meet dte 
rcquircmcnLo; of 427.56(A) and (B). These devices shall not he 
permitted to serve ao; the disconnecting means. 

(D) Combined Switching Devices. S"itching dc\iccs consisting 
of combined tcmperatur�actuatcd devices and manually 
comrolled S\\itches mat serve born ao; dte controllers and dte 
disconnecting means shall comply "idt all dte following concli
tions: 

(1) ·  Open all ungrounded conductors when manually placed 
in dte "off' position 

(2) Be designed so that dte circuit cannot he energized auto
matically if the dc,ice hao; been manually placed in dte 
"off' position 

(3) Be capable of being locked in dtc open position 

427.57 Overcurrent Protection. Heating equipment shall he 
considered protected against overcurrcm where supplied by a 
branch circuit ao; specified in 210.20 and 210.24. 

ARTICLE 430 
Motors, Motor Circuits, and Controllers 

Part I. General 

430.1 Scope. This article covers motors, motor branch-circuit 
and feeder conductors and dtcir protection, motor overload 
protection, motor control circuiL-;, motor controllers, and 
motor control centers. 

Informational :'\ote l'o. I :  See Informational :'\ote Figure 430. 1 
for the arrangement of this article. 

Informational l'ote l'o. 2: See 1 10.26(E) for iJt.<;tallation 
requirement.<; for motor control centers. 

Informational l'ote :'\o. 3: See 440.1 for air-conditioning and 
refrigerdting equipment. 

Informational l'ote l'o. 4: See Pan X for additional require
ment.<; for motors utilizing a�justahle-speed dri\'e systent.<;. 

l'\.-\TJO:'\AL ELEGJ"RJC-\1. CODE 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 430 - MOTORS, MOTOR CIRCUITS, A.'ID CONTROLLERS 430.6 

Informational Note :'\o. 5: See Pan XI for additional require
menl� for motors that operate over 1000 \U)l�, nominal. 

430.2 Reconditioned Motors. Reconditioned motors shall be 
permitted if the reconditioning has been conducted in accord
ance with dtc manufacturer's instructions or, if no instructions 
arc prmidcd, nationally recognized standard'i. 

Reconditioned motors identified for usc in hazardoll'i ( dao;
sificd) locations shall be listed a'i reconditioned if installed in 
hazardous (da'i.'iificd) locations. 

Informational Note: See A:'\SI/EASA ARI00-2020, RHmnmtmdnt 
PrartiCP for tile RJ.pair of Rotating Electrical Apparatu.•, for informa
tion on the re\\inding and repair of motors. 

430.4 Part-Wmding Motors. \\'here separate overload devices 
arc ll'iCd l\ith a standard part-l\inding start induction motor, 
each half of dlc motor "inding shall be indhidually protected 
in accordance "id1 430.32 and 430.37 with a trip current one
half that specified. 

General, 430.1 through 430.18 
Motor Circuit Conductors, 430.21 through 430.29 
Motor and Branch-Circuit Overload Protection, 430.31 

through 430.44 
Motor Branch-Circuit Short-Circuit and Ground-Fault 

Protection, 430.51 through 430.58 
Motor Feeder Short-Circuit and Ground-Fault Protection, 

430.61 through 430.63 
Motor Control Circuits, 430.71 through 430.75 
Motor Controllers, 430.81 through 430.90 
Motor Control Centers, 430.92 through 430.99 
Disconnecting Means, 430.101 through 430.113 
Adjustable-Speed Drive Systems, 430.120 through 430.1 31 
Over 1000 Volts, Nominal, 430.201 through 430.208 
Protection of Uve Parts - All Voltages, 430.231 

through 430.233 
Grounding - All Voltages, 430.241 through 430.245 
Tables, Tables 430.247 through 430.251 (B) 

To Supply 

Motor feeder 
Part V overcurrent protection 

Motor Ieeder conductors Part II 

Motor controller Part IX disconnecting means 

Motor branch-circuit short-circuit Part IV 
and ground-fault protection 

Motor control circuits Part VI 

Motor controller Part VII 

Motor overload protection Part Ill 

Motor branch-circuit conductors Part II 

local motor 
Part IX disconnecting means 

Motor Part I 

Motor thermal protection Part Ill 

Groundng Part XIII 

Secondary controller 
Secondary conductors 

Part II 

Secondary resistor 
Part II 
Article 470 

Part I 
Part II 
Part Ill 

Part IV 

Part V 

Part VI 
Part VII 
Part VIII 
Part IX 
Part X 
Part XI 
Part XII 
Part XIII 
Part XIV 

Informational Note F.gure 430.1 Article 430 Contents. 
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Each motor-winding connection shall have branch-circuit 
short-circuit and ground-fault protection rated at not more 
than one-half dlat specified by 430.52. 

Exception: A slunt-cirruit and gmundfault fnvlective device shall be 
permitted for both windings if the device will allmv the 11Wtm· to stm·t. 
When• time-dela_l' (dual-element) fuses m-e used, tile)' shall be permitted 
to have a rating not t'XCI!eding 150 Jmnmt of tile motor full-Load 
cunmt. 

430.5 Other Articles. Motors and controllers shall also comply 
widl dlc applicable prmisions of Table 430.5. 

430.6 Conductor Ampacity and Motor Rating Determination. 
The size of conductors suppl}ing equipment covered by this 
article shall be selected from the ampacity tables in 310.15 or 
shall be calculated in accordance l\ith 310.14(8). \\'here flexi
ble cord is used, dlc size of the conductor shall be selected in 
accordance l\ith 400.5. The required conductor ampacity and 
motor ratings shall be determined in accordance widl 
430.6(A), (B), (C), and (D). 

(A) General Motor 4pplications. For general motor applica
tions, current ratings shall be determined ba'icd on 430.6(A) 
( 1 )  and (A) (2). 

Table 430.5 Other Articles 

Equipment/Occupancy 

Air-conditioning and 
refrigentting equipment 

Capacitors 
Commercial g-.u-.�ges; aircntft 

hang.1rs; motor fuel 
dis�nsing fdcilities; bulk 
storage plan L•; spr<�y 
application, dipping, and 
coating processes; and 
inhalation anesthetizing 
locations 

Cranes and hoisl• 
Electrically driven or 

controlled inig.1tion 
machines 

. 

Ele\-ators, dumbwaiters, 
escalators, moving walk.•, 
wheelchair lifl•, and stain\-ay 
chair lifl� 

Fire pumps 
Hazardou.• ( da•silied) 

locations 
lndtL•uial machinery 
�lotion picture pn�ectors 

Article 

440 

511 ,  513, 514, 
515, 516, and 

517 Pan IV 

610 
675 

620 

695 
500-503, 505, 

and 506 
670 

�lotion picture and televi.�ion 530 
studios and similar locations 

Resistors and reactors 
Theaters, audience area• of 

motion picture and 
tele\ision studios, and 
similar locations 

Tmnsfonners and tmnsfonner 
\<lUll� 

470 

450 

Section 

460.8, 460.9 

540. 1 1  and 
540.20 

520.48 
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430.6 ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 

(1) Table Values. Other than for motors built for low spccd'i 
(lcs.'i than 1200 RP:M) or high torques, and for multispeed 
motors, the values given in Table 430.247, Table 430.248, Table 
430.249, and Table 430.250 shall be used instead of the actual 
current rating marked on the motor nameplate to determine 
the follo"ing: 

( 1) Ampacity of conductors 
(2) Current ratings of -"''itches 
(3) Current ratings of branch-circuit short-circuit and 

ground-fault protection 

\\'here a motor is marked in amperes, but not horsepower, 
the horsepower rating shall be assumed to be that correspond
ing to the value given in Table 430.247, Table 430.248, Table 
430.249, and Table 430.250, interpolated if ncccs.'iary. 

Exception No. 1: Multispeed motm:� shall be in ammlanu with 
430.22(B) mul 430.52. 

Exception No. 2: Fm· equipment tlwt emplo)•s a shaded·pole or 
pennanent-split raJmcitm�t_l'pe Jan or blowe�· motm· that i� marked with 
the motor t)jJeand the ma1-king on the I'-Jf1tiJ17nent 1UlrneJJUlte i� not le.••s 
than the cunmt marked on the Jan or blowe1· motm· 1UlrneJJUlte, the full
load cunmt marked on the nameplate of the aJ1pliance slwll be used to 
determine the ampacity of bmnch-cin:uit cmultutm-sin addition to the 
cunmt mtings of the following: 

( 1) Di�ronnecting mean� 
(2) Motm· contmlle1-s 
( 3) Slwrt-cin:uit and gmundfault pmtective devius 
( 4) Sepamte ovnioad pmtective devius 

Exception No. 3: Fm· a li�tl'.d moto1�perated aJ1pliance that i� mm-ked 
with both motm· hm-sepower and full-load cunmt, the 1110tor full-load 
cunmt ma1-kP.d on the namepmte of the aJ1pliance slwU be u.'il'd instead 
of the hm-sepmvn· mting fm the apt1liance nameplate to determine the 
ampacity of bmnch-cin:uit conductm-sin additifm to the cunmt mtings 
of the following: 

( 1) Di�ronnecting mean� 
(2) Motm· contmlle1-s 
( 3) Slwrt-cin:uit and gmundfault pmtective devius 
( 4) Sepamte ovnioad pmtective devius 

(2) Nameplate Values. The motor nameplate ·current ratings 
shall be used to determine the values for the follm\ing: 

( 1) Separate motor overload protection 
(2) For motors built for low speeds (lcs.'i than 1200 RP:M), 

high torques, canned pump�, or multispeed motors, the 
follo"ing: 

a. Ampacity of conductors 
b. Current ratings of S\vitchcs 
c. Current ratings of branch-circuit short-circuit and 

ground-fault protection 
(3) Large motors cxccccling the values in Part XIV shall usc 

the nameplate current rating for conductor sizing. 

(B) Torque Motors. For torque motors, the rated current shall 
be locked-rotor current, and this nameplate current shall be 
used to determine the ampacity of the branch-circuit conduc
tors covered in 430.22 and 430.24, the current rating of the 
motor overload protection, and the current rating of motor 
branch-circuit short-circuit and ground-fault protection in 
accordance "idt 430.52(8). 

lnformational l'ote: See 430.83(0) and 430.1 10 for infmmation 
on motor controllers and di•connecting mean.•. 

70-340 

(C) Alternating-Current Adjustable Voltage Motors. For 
motors used in alternating-current, adjustable voltage, variable 
torque drive systems, the ampacity of conductors, or current 
ratings of switches, branch-circuit short-circuit and ground
fault protection, and so forth, shall be ba'iCd on dtc maximum 
operating current marked on the motor nameplate or the 
control nameplate, or both. If the maximum operating current 
docs not appear on the nameplate, the current rating determi
nation shall be ba'icd on 150 percent of dtc values given in 
Table 430.249 and Table 430.250. 

(D) Valve Actuator Motor Assemb6es. For valve actuator 
motor a'iscmblics (VAMs) , the rated current shall be dtc name
plate full-load current, and this current shall be used to deter
mine the maximum rating or setting of the motor branch
circuit short-circuit and ground-fault protective device and the 
ampacity of the conductors. 

430.7 Marking on Motors and Multimotor Equipment. 

(A) Usual Motor App6catioJl5. A motor shall be marked with 
the follo"ing information: 

(1) �lanufacturcr's nanie. · 
(2) Rated volt'i and full-load current. For a multispeed 

motor, full-load current for each speed, except shadccl
polc and 

.· permanent-split capacitor motors where 
amperes arc required only for maximum speed. 

(3) Rated frequency and number of pha'iCs if an ac motor. 
( 4) Rated full-load speed. 
(5) Rated temperature rise or the insulation system da'i.'i and 

rated ambient temperature. 
(6) Time rating. The time rating shall be 5, 15, 30, or 

60 minutes, or continuous. 
(7) Rated horsepower if Ys hp or more. For a multispeed 

motor rated Y,; hp or more, rated horsepower for each 
speed, except shaded-pole and permanent-split capaci
tor motors rated Ys hp or more where rated horsepower 
is required only for maximum speed. :Motors of arc wclcl
crs arc not required to be marked l\ith the horsepower 
rating. 

(8) \.oclc letter or locked-rotor amperes if an alternating
current motor rated � hp or more. On polypha'iC 
wound-rotor motors, the code letter shall be omitted. 

Informational :'\ote l'o. 1: See 430.i(B). 

(9) Design letter for design A, 8, C, or D motors. 

lnformational l'ote l'o. 2: See ANSI/l'E:\t•\ MG 1-2016, Motors 
and C.emrrators, Part I ,  Definitions, for infonnation on motor 
design letter definition. 

(10) 

( 11 )  

(12) 

(13) 

(14) 

Sccondarv volt'i and full-load current if a wound-rotor 
induction' motor. 
Field current and voltage for de excited synchronous 
motors. 
Winding - straight shunt, stabilized shunt, compound, 
or series, if a etc motor. Fractional horsepower etc motors 
175 mm (7 in.) or less in diameter shall not be required 
to be marked. 
A motor prmidccl l\ith a thermal protector compl}'ing 
"ith 430.32(A) (2) or (8) (2) shall be marked "thermally 
protected." Thermally protected motors rated I 00 watt'i 
or lcs.'i and complying l\ith 430.32 (8) (2) shall be permit
ted to usc the abbrcliatccl marking "T.P." 
A motor compl}ing l\ith 430.32(8) (4) shall be marked 
"impedance protected." Impcclancc-protcctccl motors 
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.8 

rated 100 watt-; or less and compl}'ing "id1 430.32(8) (4) 
shall he permiucd to usc me abbreviated marking "Z.P." 

( 15) :\l(otors equipped "id1 electrically powered condensation 
prevention heaters shall he marked with me rated heater 
voltage, number of phases, and dtc rated power in watt�. 

(16) Motors that arc electronically protected from overload� 
in accordance "id1 430.32(A) (2) and (B) (2) shall he 
marked "electronically protected" or "E.P." 

(B) Locked-Rotor Indicating Code Letters. \..ode lcucrs 
marked on motor nameplates to show motor input l�ith locked 
rotor shall he in accordance "id1 Table 430.7(8). 

The code lcucr indicating motor input with locked rotor 
shall be in an individual block on the nameplate, properly 
designated. 

(1) Multispeed Motors. Multispeed motors shall he marked 
widl the code letter designating the locked-rotor kilovolt
ampere (kVA) per horsepower (hp) for the highest speed at 
which the motor can he started. 

Exception: \..onstant hm:fepower multispw.d 11Uitm:f shall be mmkP.d with 
the code lette1· giving the higlvst /ncked-mtor ki/nvolt-ampere (kVA) per 
hm:fepower ( hp ). 

(2) Single-Speed Motors. Single-speed motors starting on wyc 
connection and running on delta connections shall be marked 
"idl a code letter corresponding to the locked-rotor kilovolt
ampere (kVA) per horsepower (hp) for dtc wyc connection. 

(3) Dual-Voltage Motors. Dual-voltage motors dtal have a 
diiTcrcm locked-rotor kilovolt-ampere (kVA) per horsepower 
(hp) on the two voltages shall be marked "id1 dtc code lcucr 
for me voltage giving the highest locked-rotor kilovolt-ampere 
(kVA) per horsepower (hp) . 

(4) 50/60 Hz Motors. :\llotors l�ith 50- and 60-Hz ratings shall 
he marked "id1 a code letter designating the locked-rotor 
kilovolt-ampere (kVA) per horsepower (hp) on 60 Hz. 

Table 430.7(8) Locked-Rotor Indicating Code Letters 

Code Letter 

A 
B 
c 
D 

E 

F 

G 

H 

J 
K 
L 
M 

:'\ 
p 
R 
s 

T 
l: 
v 

Kilovolt-Amperes per Horsepower 
with Locked Rotor 

0-3.14 
3.15-3.54 
3.55-3.99 
4.0-4.49 

4.5--4.99 
5.0-5.59 
5.6-6.29 
6.3-7.09 

7.1-7.99 
8.0-8.99 
9.0-9.99 

10.0-1 1.19 

1 1.2-12.19 
12.5-13.99 
14.0-15.99 
16.0-17.99 

18.0-19.99 
20.0-22.39 

22.4 and up 
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(5) Part-W"mding Motors. Parl-l\inding start motors shall he 
marked "idl a code lcucr designating the locked-rotor kilovolt
ampere (kVA) per horsepower (hp) that is bao;cd on me 
locked-rotor currcm for the full \\inding of the motor. 

(C) Torque Motors. Torque motors arc rated for operation at 
stando;till and shall he marked in accordance l\ith 430.7(A), 
except mat locked-rotor torque shall replace horsepower. 

(D) Multimotor and Combination-Load Equipment. 

(1) Factory-W"ared. :\llultimotor and combination-load equip
ment shall be provided l\ith a visible nameplate marked widl 
the manufacturer's name, the rating in volt�, frequency, 
numher of phao;cs, minimum supply circuit conductor ampac
ity, and the maximum ampere rating of the circuit short-circuit 
and ground-fault protective dclicc. The conductor ampacity 
shall he calculated in accordance "id1 430.24 and couming all 
of the motors and odtcr load� mat \\ill be operated at me same 
time. The short-circuit and ground-fault protective dclicc 
rating shall not exceed lhc \oaluc calculated in accordance widl 
430.53. :\llultimotor equipment for usc on two or more circuit-; 
shall be marked wilh .the preceding infonnation for each 
circuit. 

(2) Not Factory-W"ared. \\'here the cquipmcm is not factory
wired and the individual nameplates of motors and other loacl� 
arc lisible after ao;scmbly of the cquipmclll, me individual 
nameplates shall be penniucd to serve a� me required mark
ing. 

430.8 Marking on Motor Controllers. A motor comrollcr shall 
be marked "id1 the manufacturer's name or identification, me 
voltage, me current or horsepower rating, me short-circuit 
currcm rating, and oilier necessary data to properly indicate 
the applications for which it is suitable. 

Exception No. 1: Tlv short-cin:uit cunmt rating is not 1equhed Jm· 
motor contmUers apt1lied in accordance with 4 30.81 (A) or (B). 

Exception No. 2: The shm·t-cirruit cunmt mting is 1wt 11'.J[Ui11'4 to be 
mmiled on the motor contmller when the slw1t-cirruit cunmt rating of 
the motor contmlleJ· is mmiiP.d elfewhere on the assembly. 

Exception No. 3: The shm·t-circuit cunmt mting is 1wt 11'.J[Ui11'4 to be 
mmiled on the motor contmller when the assembly into which it is 
installed has a mmfled shm·t-cin:uit runmt mting. 

Exception No. 4: Shm·t-circuit cunmt mtings m-e not 1equiled Jm· motm· 
contmllers mled less than 2 hp at 300 V or le.•1s and lisll'.d exclusively 
Jm· general·pwfwse branch circuits. 

A motor comrollcr that includes motor overload protection 
suitable for group motor application shall be marked "ith me 
motor overload protection and me maximum branch-circuit 
short-circuit and ground-fault protection for such applications. 

\..ombination motor controllers that employ adjustable 
instantaneous trip circuit breakers shall be clearly marked to 
indicate me ampere settings of the acljustablc trip elcmcm. 

\\-'here a motor controller is built in a� an imcgral part of a 
motor or of a motor-generator set, indh·idual marking of me 
motor comrollcr shall not be required if the necessary data arc 
on me nameplate. For motor comrollcrs mat arc an imcgral 
part of cquipmcm approved ao; a unit, the above marking shall 
be pcrmiucd on the cquipmcm nameplate. 

lnformational l'ote: See 1 10.10 for infonnation on circuit impe
dance and odter chardcteJistics. 
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430.9 ARTICLE 430 - MOTORS, MOTOR CIRCUITS, A.'ID CONTROLLERS 

430.9 Terminals. 

(A) Markings. Tcnninals of motors and comrollcrs shall be 
suitably marked or colored where necessary to indicate the 
proper connections. 

(B) Conductors. Motor comrollcrs and terminals of comrol 
circuit devices shall be connected wid1 copper conductors 
unless identified for usc wid1 a diffcrcm conductor. 

(C) Torque Requirements. Control circuit devices "id1 screw
type pressure terminals used with 1 4  AWG or smaller copper 
conductors shall be torqued to a minimum of 0.8 N·m 
(7 lb-in.) unlcs.o; identified for a different torque value. 

430.10 Wuing Space in Enclosures. 

(A) General. Enclosures for motor controllers and disconnect
ing means shall not be used as junction boxes, auxiliary guucrs, 
or raceways for conductors feeding through or lapping off to 
the other apparatus unlcs.o; designs arc employed that provide 
adequate space for this purpose. 

lnformational l'ote: See 312.8 for S\\itch and overcunent-de�ice 
enclosures. 

(B) Ware-Bending Space in Enclosures. Minimum wire
bending space widtin the enclosures for motor comrollcrs shall 
be in accordance with Table 430.10(8) where measured in a 
straight line from the end of the lug or \\ire connector (in the 
direction the wire leaves dtc tcnninal) to dtc wall or barrier. 
\\-'here alternate wire tcnnination means arc substituted for 
that supplied by the manufacturer of the motor controller, dtcy 
shall be of a l}pc identified by the manufacturer for usc with 
the motor comrollcr and shall not reduce dtc minimum wire
bending space. 

Table 430.10(8) Minimum Ware-Bending Space at the 
Terminals of Enclosed Motor Controllers 

Wu-es per Terminal• 
Size ofWJre 

2 (AWG or 
kcmil) mm in. mm io. 

10 and smaller :-.lot specified 
8-6 38 1 !/2  
1-3 50 2 

2 65 2!/2 
1 75 3 

1/0 125 5 125 5 
2/0 150 6 150 6 

3/0-4/0 1 75 7 1 75 7 
250 200 8 200 8 
300 250 10 250 10 

350-500 300 12 300 12 
600-700 350 H 400 16 
750-900 450 18 475 19 

·where provision for three or more \\ires per terminal exi�l�. the mini
mum \\ire-bending space shall be in accordance \\ith the requiremenl� 
of312.6(B). 
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430.11 Protection Against Liquids. Suitable guard-; or enclo
sures shall be prmidcd to protect exposed current-carrying 
parts of motors and the insulation of motor lcacl-; where 
installed dirccdy under cquipmcm, or in other locations where 
dripping or spraying oil, water, or other liquid is capable of 
occurring, unless the motor is designed for dtc existing concli
tions. 

430.12 Motor Terminal Housings. 

(A) Material. \\'here motors arc provided \\ith terminal hous
ings, the holl-;ings shall be of metal and of substantial construc
tion. 

Exception: Tn other than hawrrlous (cla.'isijitd) /.orations, substantial, 
mmmetallir, 1umrombu.'itibk housings shall be tmmitll'.d, Jmroidtd an 
intenml gmmuling 1111'.ans between tht motor framt' and tht tquifrment 
g�vutuling ronmctifm i.'i inrorJmraled within tht housing. 

(B) Dimensions and Space - Ware-to-WJre Connections. 
\\''here these terminal holl-;ing!l enclose wire-to-wire connec
tions, they shall have minimum dimensions and usable volumes 
in accordance with Table 430.12(8). 

Table 430.12(B) Ten.uoa. Housings Wire-to-WII'e 
Connections 

Motors 275 mm (II in.) in Diameter or Less 

Horsepower 

I and smaller 
1 �. 2, and 3b 

5 and 7\t, 
10 and 15 

Cover Opening Minimum 
Dimension 

mm in. 

41 1-Y.. 
45 IX 
50 2 
65 2!/2 

Usable Volume 
Minimum 

emS . ' m. 

170 10.5 
275 16.8 
365 22.4 
595 36.4 

Motors Over 275 mm (II in.) in Diameter-Alternating-Current 
Motors 

Terminal Box 

Maximum FuU Cover Typical 

Load Current for Opening Maximum 

3-Phase Motors Minimum Usable Volume Horsepower 

with Maximum of Dimension Minimum 3-Pbase 

12 Leads 230 460 
(Amperes) mm in. em' in.' Volt Volt 

45 65 2.5 595 36.4 15 30 
70 84 3.3 1 ,265 77 25 50 

1 10 100 4.0 2,295 140 40 75 
160 125 5.0 4,135 252 60 125 
250 150 6.0 7,380 450 100 200 
400 175 7.0 13,775 840 150 300 
600 200 8.0 25,255 1540 250 500 
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.18 

Direct-Current Motors 

Maximum Full-Load Terminal Box Usable Volume 
Current for Motors Minimum Dimensious Minimum 
with Maximum of 
6 Leads (Amperes) mm in. em' in.' 

68 65 2.5 42.'> 26 
105 84 3.3 900 55 
165 100 4.0 1 ,640 100 
240 125 5.0 2,950 180 
375 150 6.0 5,410 330 
600 175 7.0 9,840 600 
900 200 8.0 18,040 1 ,100 

l'ote: Auxiliary leads for such items a� brakes, thennostal�. space heat
ers, and exciting field� shall he penniued to he neglected if their 
current<arrying area does not exceed 25 percent of the current
carrying area of the machine power lead�. 
•for motors rdted I hp and smaller, and "ith the te1minal housing 
partially or wholly integral "ith the frame or end shield, the mlume of 
the tenninal hm1.�ing shall not he less than 18.0 em" ( 1 .1  in. 3) per \\ire
t<H•ire connection. The minimum cm·er opening dimension is not 
specified. 
•For motors rated 1 \t,, 2, and 3 hp, and \\ith the te1minal hou.�ing parti
ally or wholly integrdl with the frame or end shield, the volume of the 
te1minal housing shall not be les.� than 23.0 em" ( 1.4 in.3) per \\ire-to
"ire connection. The minimum cover opening dimension i� not speci
fied. 

(C) Dimensions and Space - FIXed Terminal Connections. 
Where dtcsc terminal housings enclose rigidly mounted motor 
tcnninals, dtc terminal housing shall be of sufficicm size to 
prmidc minimum terminal spacings and usable volumes in 
accordance "id1 Table 430.12(C) (1)  and Table 430.12(C) (2). 

(D) Large Ware or Factory Connections. For motors . with 
larger ratings, greater number of lead�. or larger \\ire size��, or 
where motors arc installed as a part of factory-l\ircd cquip
mcm, wimout additional connection being required at me 
motor terminal housing during equipment itutallation, me 
tcnninal housing shall be of ample size to make connections, 
but the foregoing provisions for the volumes of terminal hous
ings shall not be considered applicable. 

(E) Equipment Grounding Connectioos. A means for attach
mcm of an equipment grounding conductor termination in 
accordance l\ith 250.8 shall be prO\idcd at motor terminal 
housings for l\irc-tCH\irc connections or fixed terminal connec
tions. The means for such connections shall be permitted to be 
located either inside or out�idc dtc motor terminal housing. 

Exception: �Wum� a motor if i1utalkd as a pm·t of factory-wired t!t[Uip
ment that is 11'-f[Uill'.d to be IPVItndP.d mul without additional connNtion 
being 11'-f[Uil"ed at the motor terminal housing during equipment imtal
lation, a separate means fm· 11Wtm· grounding at the motm· terminal 
housing slmU not be 11'quired. 

430.13 Bushing. Where wires pas."l duough an opening in an 
enclosure, conduit box, or barrier, a bushing shall be tt."lCd to 
protect me conductors from the edges of openings having 
sharp edges. The bu."lhing shall have smooth, well-rounded 
surfaces where it may be in contact "ith the conductors. If used 
where oils, greases, or other contaminant'! may be present, me 
bu."lhing shall be made of material not deleteriously affected. 

lnfonnational :'\ote: See 310.10(F) for conductors exposed to 
deteriorating agents. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. com: 

Table 430.12(C)(1) Terminal Spacings - Fixed Terminals 

Nominal 
Volts 

250 or les.'l 
0\'er 250 - I 000 

Minimum Spacing 

Between Line 
Terminals 

mm 

6 
10 

in. 

Between Line Terminals 
and Other Uoinsulated 

Metal Parts 

mm 

6 
10 

in. 

Table 430.12(C)(2) Usable Volumes - FIXed Terminals 

Power-Supply 
Conductor Size 

(AWG) 

11 
12 and 10 
8 and 6 

Minimum Usable Volume per Power-Supply 
Conductor 

em' in.' 

16 
20 l Y.  
37 2Y. 

430.14 Location ofMotors. 

(A) Ventilation and Maintenance. :Motors shall be located so 
that adequate ventilation is prmidcd and so mat maintenance, 
such a5 lubrication of bearings and replacing of bru."lhcs, can 
be readily accomplished. 

Exception: Ventilation shall not be required for .mbmmibk t_ljlt's of 
motors. 

(B) Open Motors. Open motors mat have commutators or 
collector rings shall be located or protected so that spark."l 
cannot reach acljaccnt combustible material_ 

Exception: hutallation of these motm-s on wooden floors or .mJJjJorLf 
shaU be Jmmitted. 

430.16 Exposure to Dust Accumulations. In locations where 
dust or fl}ing material collect'! on or in motors in such quanti
tics as to scriou."lly imcrfcrc "ith the ventilation or cooling of 
motors and mcrcby cause dangcrou."l temperatures, suitable 
types of enclosed motors mat do not overheat under me 
prc\oailing conditions shall be used. 

lnfonnational :'\ote: E.�pecially se\·ere conditions may require 
the 11.� of enclosed pipe-ventilated motors, or enclosure in sepa
rate dusttight room.�. properly ventilated from a source of clean 
air. 

430.17 Highest Rated or Smallest Rated Motor. In determin
ing compliance "ith 430.24, 430.53(8), and 430.53(C), me 
highest rated or smallest rated motor shall be based on me 
rated full-load current a"l selected from Table 430.247, Table 
430.248, Table 430.249, and Table 430.250. 

430.18 Nominal Voltage of Rectifier Systems. The nominal 
voaluc of the ac voltage being rectified shall be used to deter
mine the voltage of a rectifier derived system. 

Exception: Tile 1wminal de voltage of the lf!Ctijin· slmU be used if it 
I!XCI!t!ds the JH'.ak value of the ac voltage being !l'ctijied. 
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430.21 ARTICLE 430- MOTORS, MOTOR CIRCUITS, A.'ID CONTROLLERS 

Part D. Motor Circuit Conductors 

430.21 General. Part II specifics ampacitics of conductors that 
arc capable of carJ]ing the motor current without overheating 
under the conditions specified. 

Part II shall not apply to motor circuits rated over 1000 volts, 
nominal. 

Informational Note :'\o. 1: See Part XI for motor circuiL• rated 
m·er 1000 \-niL•, nominal. 

Informational l'ote :'\o. 2: See 1 10.14(C) and 430.9(8) for 
equipment de, ice tenninal requiremenL•. 

430.22 Single Motor. Conductors that supply a single motor 
used in a continuous duty application shall have an ampacity of 
not lcs.� than 125 percent of the motor full-load current rating, 
a� determined by 430.6(A) (1) ,  or not lcs.� than specified in 
430.22(A) duough (G). 

(A) Direct-Current Motor-Rectifier Supplied. For de motors 
operating from a rectified power supply, the conductor ampac
ity on the input of dtc rectifier shall not be lcs.� than 
125 percent of the rated input current to the rectifier. For 
de motors operating from a rectified singlc-pha� power supply, 
the conductors between dtc field wiring output terminals of 
the rectifier and the motor shall have an ampacity of not lcs.� 
than the following percentages of the motor full-load current 
rating: 

(1) Where a rectifier bridge of the singlc-pha�c, half-wave 
type is used, 190 percent. 

(2) \\'here a rectifier bridge of dtc singlc-pha�, full-wave type 
is tL�cd, 150 percent. 

(B) Multispeed Motor. For a multispeed motor, the selection 
of branch-circuit conductors on the line side of the controller 
shall be ba�d on the highest of dtc full-load current ratings 
shmm on the motor nameplate. The ampacity of the branch
circuit conductors between the controller and the motor shall 
not be lcs.� than 125 percent of the current rating of the wind
ing(s) that dtc conductors energize. 

(C) Wye-Start, Delta-Run Motor. For a wyt'-6tart, delta-run 
connected motor, dtc ampacity of the branc�ircuit conduc
tors on the line side of the controller shall not be lcs.� than 
125 percent of the motor full-load current a� determined by 
430.6(A) (1) .  The ampacity of the conductors between the 
controller and the motor shall not be lcs.� than 72 percent of 
the motor full-load current rating a� determined by 430.6(A) 
(1) .  

Informational :'\nte: The indi�idual mntnr circuit conductors of 
a wye-start, delta-nm connected motor carry 58 percent of the 
rated load cunent. The multiplier of 72 percent is obtained by 
multipl�ing 58 percent by 1 .2.'>. 

(D) Part-Wmding Motor. For a part-winding connected motor, 
the ampacity of dtc branch-circuit conductors on the line side 
of the controller shall not be lcs.� than 125 percent of the 
motor full-load current a� determined bv 430.6(A) (I ) .  The 
ampacity of the conductors between the

· 
controller and the 

motor shall not be lcs.� than 62.5 percent of dtc motor full-load 
current rating a� determined by 430.6(A) (I ) .  

Informational Note: The multiplier of 62.5 percent is obtained 
by multipl�ing 50 percent by 1.2.'>. 

(E) Other Than Continuous Duty. \..onductors for a motor 
tL�d in a short-time, intermittent, periodic, or \-'<ll)ing duty 

70-344 

application shall have an ampacity of not lcs.� than the percent
age of the motor nameplate current rating shmm in Table 
430.22(E), unlcs.� the authority ha\-ing jurisdiction grants 
special pcrmis.�ion for conductors of lower ampacity. 

Table 430.22(£) Duty-Cycle Service 

Classification of Service 

Short-time duty 
operating valves, 
r.tising or lowering 
rolls, etc. 

Intermittent duty 
freight and 
pa.o;.•enger elevators, 
tool head•, pumps, 
dmwbridges, 
mmtables, etc. (for 
arc welders, see 
630. 1 1) 

Periodic duty miL•, ore
and coal-handling 
machines, etc. 

Val}ing duty 

Nameplate Current Rating Percentages 

30- & 60- Contin-
5-Minute 15-Minute 

Rated Rated 
Motor Motor 

1 10 120 

R.'> 85 

R.'> 90 

1 10 120 

Minute 
Rated 
Motor 

150 

90 

95 

150 

uous 
Rated 
Motor 

140 

140 

200 
l'ote: Any motor application shall be con•idered a• continuous duty 
t�la• the nature of the apparattL• it drives i• such that the motor \\ill 
not operate continuou.•ly \\ith load under any condition of use. 

(F) Separate Terminal Enclosure. The conductors between a 
stational)' motor rated 1 hp or less and the separate terminal 
enclosure permitted in 430.245(8) shall be permitted to be 
smaller than 14 AWG but not smaller than 18 AWG, prmidcd 
they have an ampacity a� specified in 430.22. 

(G) Conductors for Small Motors. Conductors for small 
motors shall not be smaller than 14 AWG unlcs.� odtcrwisc 
permitted in 430.22(G) (1) or (G) (2). 

(I) 18 AWG Copper. 18 AWG individual copper conductors 
installed in a cabinet or enclosure, copper conductors that arc 
part of a jacketed multiconductor cable a<�.�mbly, or copper 
conductors in a flexible cord shall be permitted, under either 
of the following sets of conditions: 

(1) The circuit supplies a motor lvith a full-load current 
rating, a� determined by 430.6(A) ( I ) ,  of greater than 
3.5 amperes, and lcs.� than or equal to 5 amperes, and all 
the follo"ing conditions arc met: 

a. The circuit is protected in accordance with 430.52. 
b. The circuit is provided with maximum Cia<�.� 10 or 

Cla<�.� I OA overload protection in accordance with 
430.32. 

c. Ovcrcurrcnt protection is provided in accordance 
with 240.4(D) (1) (2) . 

(2) The circuit supplies a motor l\id1 a full-load current 
rating, a� determined by 430.6(A) (1) ,  of 3.5 amperes or 
lcs.�, and all the follmving conditions arc met: 

a. The circuit is protected in accordance with 430.52. 
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'IO CONTROLLERS 430.28 

b. The circuit is prmidcd "idt maximum Clas.o; 20 over
load protection in accordance wim 430.32. 

c. Ovcrcurrcm protection is prO\idcd in accordance 
wim 240.4(0) (1) (2) . 

(2) 16 AWG Copper. 16 AWG indhidual copper conductors 
installed in a cabinet or enclosure, copper conductors mat arc 
part of a jacketed multiconductor cable ao;scmbly, or copper 
conductors in a flexible cord shall be pcrmiucd under cimcr of 
the following scto; of conditions: 

(1)  The circuit supplies a motor l\idt a full-load currcm 
rating, ao; dctcnnincd by 430.6(A) ( I ) ,  of greater than 
5.5 amperes, and lcs.o; than or equal to 8 amperes, and all 
the following conditions arc met: 

a. The circuit is protected in accordance with 430.52. 
b. The circuit is provided with maximum Clao;.o; 10 or 

Clao;.o; lOA overload protection in accordance wim 
430.32. 

c. Ovcrcurrcm protection is prO\idcd in accordance 
wim 240.4(0) (2) (2) . 

(2) The circuit supplies a motor l\idt a full-load currcm 
rating, ao; determined by 430.6(A) (1),  of 5.5 amperes or 
lcs.o;, and all the follm,ing conditions arc met: 

a. The circuit is protected in accordance with 430.52. 
b. The circuit is provided "idt maximum Clao;.o; 20 over

load protection in accordance wim 430.32. 
c. Ovcrcurrcm protection is prO\idcd in accordance 

"im 240.4(0) (2) (2) . 

430.23 Wound-Rotor Secondary. 

(A) Continuous Duty. For continuous duty, the conductors 
connecting the secondary of a wound-rotor ac motor to its 
comrollcr shall have an ampacity not lcs.o; man 125 percent of 
the full-load secondary currcm of the motor. 

(B) Other Than Continuous Duty. For other than continuous 
duty, dtcsc conductors shall have an ampacity, in percent of 
full-load secondary current, not lcs.o; dtan mat specified in 
Table 430.22(E). 

(C) Resistor Separate from Controller. Where the secondary 
resistor is separate from dtc controller, the ampacity of me 
conductors between controller and resistor shall not be lcs.o; 
than dtat shown in Table 430.23(C). 

430.24 Several Motors or a Motor(s) and Other Load(s). 
\..onductors suppl)'ing several motors, or a motor(s) and other 
load(s), shall have an ampacity not lcs.o; dtan dtc sum of each of 
the following: 

(1) 125 percent of dtc full-load currcm rating of the highest 
rated motor, ao; determined by 430.6(A) 

Table 430.23(C) Secondary Conductor 

Ampacity of Conductor in Percent 
Resistor Duty Classification of Full-Load Secondary Current 

Light starting duty 35 
Heavy stat·ting duty 45 
Extm-heavy statting duty 55 
Light intetmittent duty 65 
Medium intennittent duty 75 
Heavy intetmittent duty 
Continuou.� duty 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GrRICAL COI>t: 

85 
1 10 

(2) Sum of dtc full-load current ratings of all dtc other 
motors in the group, ao; determined by 430.6(A) 

(3) I 00 percent of me noncontinuous non-motor load 
(4) 125 percent of me continuous non-motor load. 

Informational :'\ote: See lnfmmati,·e Annex D, Example No. D8. 

Exception No. 1: Whn" one m· 711017- of the matm:� of tile group m" used 
fm· sllmHime, intermittent, Jmiodic, or Vat)•ing dttt_l', the ampi!IY- rating 
of such motmx to be used in the summation slmU be determined in 
acconlance with 430.22(E). Fm· the lligl�e.�t mtl'.d 7110tm; the grP.ater of 
either the arnJJel" ratingftvm 430.22(Ej m· the largP-�t continuous duty 
711otorfull-load cunrmt 711Ultiplil'.d bJ• 1.25 shall be usl'.d in the summa
ticm. 

Exception No. 2: Tile ampacity of conductm:� suJJfllying motor-operated 
fixed electric spare-heating equipment shall comply zuitll 4 24. 4( B). 

Exception No. 3: �\111!17- the circuit1y is inter/ncked so as to JIIY-Vent 
.�i711ultantoUs ofJemtion of selectl'.d JlUitmx m· ot/11!1· loads, tlv ccmductor 
ampacity shall he permitted UJ be basl'.d on the summation of the 
cunmts of tlv 7110tm:� and. other load� to be operated simultaneously 
that results in the highest wtal cttnmt. 

430.25 Multimotor aDd Combination-Load Equipment. The 
ampacity of the conductors supplying multimotor and 
combination"load equipment shall not be Jcs.o; than the mini
mum circuit ampacity marked on me equipment in accordance 
wim 430.7(0). Where the equipment is not factory-wired and 
the individual nameplates arc visible in accordance wim 
430,7(0) (2) , the conductor ampacity shall be determined in 
accordance "idt 430.24. 

430.26 Feeder Demand Factor. \\'here reduced heating of me 
conductors result-; from motors operating on duty-cycle, intcr
miucndy, or from all motors not operating at one time, me 
authority having jurisdiction may gram pcrmis.o;ion for feeder 
conductors to have an ampacity lcs.o; than specified in 430.24, 
prm-idcd me conductors have sufficient ampacity for the maxi
mum load determined in accordance with the sizes and 
number of motors supplied and me character of mcir loaclo; 
and duties. 

Informational :'\ote: Demand factors detennined in the design 
of new facilities can often be \'alidated against actual historical 
experience from similar in.•tallation.•. 

430.27 Capacitors with Motors. \\-bcrc capacitors arc installed 
in motor circuit-;, conductors shall comply "im 460.8 and 
460.9. 

430.28 Feeder Taps. Feeder tap conductors shall have an 
ampacity not Jcs.o; than that required by Part II, shall terminate 
in a branch-circuit protective dc\-icc, and, in addition, shall 
meet one of the follo"ing requirement-;: 

(1)  Be enclosed either by an enclosed controller or by a race
way, be not more than 3.0 m (10 ft) in lcngdt, and, for 
field installation, be protected by an ovcrcurrcnt device 
on me line side of me lap conductor, me rating or setting 
of which shall not exceed 1000 perc em of the lap conduc
tor ampacity 

(2) Have an ampacity of at lcao;t one-third that of me feeder 
conductors, be suitably protected from physical damage 
or enclosed in a raceway, and be not more man 7.5 m 
(25 ft) in length 

(3) Have an ampacity not less than the feeder conductors 

Exception: Feeder laJJs over 7.5 m (25ft) long. Tn lligll-baJ' 711anufac
twing buildings [ovn· 11 711 (35ft) high at wall�], whelP- conditions of 
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430.29 ARTICLE 430- MOTORS, MOTOR CIRCUITS, A.'ID CONTROLLERS 

maintmance and .mJmvision emou1-e that em�}· qualified pn:wms se1vice 
the :rystrotr, conductm-s laJJjJed to a f«der slmU be permitll'.d to be not 
over 7.5 m (25 jt) long luniwntalry and not over 30.0 m (100 jt) in 
total length whe1-e all of the following conditions m-e met: 

( 1) Tile amJmcit_l' of the tap conducto1-s ir 1wt /e.••s than cme-third that 
of the f«der ccnulttctm:r. 

( 2) Tile la/J condttctm-s lt!rminate with a .ringle ciwuit b1-eake1· m· a 
.ringle set of fuses comp�}·ing zuitil ( 1) Pm·t Jv, wlm-e the load-side 
ronductm:r m-e a bmttch ciwuit, or (2) Pm·t V, wlm-e the load-side 
ronductm:r m-e a feedel: 

{3) Tlv la/J conducto1-s m-e suitably pmlt!cll'.d ftvm Jlby.riral damage 
and m-e installed in mci!Wa}'S. 

( 4) Tlv la/J conductm:r m-e rmitimwus fivm nul-to-end and contain 
no sJJlices. 

( 5) Tlv la/J conductm-s shall be 6 A WG copJ1e1· m· 4 A WG aluminum 
m· lal'gt!l: 

( 6) Tlv taJI conduclol-s shall notJ11'71elmlt! wallr, Jlom:r, or ceilings. 
(7) Tlv taJI shall not be made less than 9.0 m (30 jt)ftmn tlvflom: 

430.29 Constant Voltage Direct-Current Motors - Power 
Resistors. Conductors connecting the motor comrollcr to 
separately moumcd power accelerating and dynamic braking 
resistors in the armature circuit shall have an ampacity not lcs.� 
than the value calculated from Table 430.29 using motor full
load currcm. If an armature shum resistor is used, the power 
accelerating resistor conductor ampacity shall be calculated 
using the total of motor full-load current and armature shum 
resistor currcm. 

Armature shum resistor conductors shall have an ampacity 
of not lcs.� than dtat calculated from Table 430.29 using rated 
shum resistor current as full-load currcm. 

Part m. Motor and Branch-Circuit Overload Protection 

430.31 General. Part III specifics overload devices imcndcd to 
protect motors, motor-comrol apparatus, and motor branch
circuit conductors against cxccs.o;ivc heating due to motor over
load� and failure to start. 

Informational :'\ote No. 1: See Informative Annex D, Example 
08. 

Informational Note No. 2: See Article 100 fur the definition of 
OvPTioad. 

(A) Where Hazard Exists. These pJ'C?visions shall not require 
overload protection where a power loss would cause a hazard, 
such a� in the ca� of fire pumps. 

Informational Note: See 695.7 for protection of fire pump 
supply conductors. 

Table 430.29 Conductor Rating Factors for Power Resistors 
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Time in Seconds 

On Off 

5 75 
10 70 
15 75 
15 45 
15 30 
15 15 

Continuous Duty 

Ampacity of Conductor 
in Percent of Full-Load 

Current 

35 
45 
55 
65 
75 
85 

1 10 

(B) Not Over 1000 Volts. Part III shall not apply to motor 
circuiL� rated over 1000 voiLo;, nominal. 

Informational :'\ote: See Part XI for over 1000 volt•, nominal. 

430.32 Continuous-Duty Motors. 

(A) More Than 1 Horsepower. Each motor used in a continu
otto; duty application and rated more than 1 hp shall be protec
ted against overload by one of the means in 430.32(A) (1) 
through (A) (4). 

(1) Separate Overload Device. A separate overload device that 
is responsive to motor current. This device shall be selected to 
trip or shall be rated at no more than the follm\ing percent of 
the motor nameplate full-load current rating: 

Motors \\ith a marked senice factor 
1 .15 or greater 

�lotors \\ith a marked temperature 
ri<�e 4o•c or les.<� 

All other motors 

125% 

125% 

1 15% 

Modification of this value shall be permitted ao; prmidcd in 
430.32(C). For a multispeed motor, each winding connection 
shall be considered separately. 

\\'here a separate motor overload device is connected so that 
it docs not carry the total currcm designated on the motor 
nameplate, such a� for wyc-delta starting, the proper pcrccm
agc of nameplate current applying to the selection or setting of 
the QVcrload device shall be clearly designated on the equip
ment, or the manufacturer's selection table shall take this into 
account. 

Informational Note: See 460.9 for power factor correction 
capacitors that are in•talled on the load side of the motor over
load de,ice. 

(2) Thermal Protector or Electronically Protected. A thermal 
protector integral \\id1 the motor shall be approved for tLo;c 
\\ith dtc motor it protccL� on the bao;is that it \\ill prevent 
dangerous overheating of the motor due to overload and fail
ure to start. An electronically protected motor shall be 
approved for tLo;c on the bao;is dtat it will prevent dangcrotto; 
overheating due to the failure of the electronic control, over
load, or failure to start the motor. The ultimate trip current of 
a thermally or electronically protected motor shall not exceed 
the following percentage of motor full-load current given in 
Table 430.248, Table 430.249, and Table 430.250: 

Motor full-load current 9 amperes or les.'l 
Motor full-load current from 9.1 to, and 

including, 20 amperes 
�lotor full-load current greater than 20 amperes 

1 70% 
156% 

140% 

If the motor current-interrupting device is separate from the 
motor and iL� control circuit is operated by a protective device 
integral \\ith the motor, it shall be arranged so that the open
ing of the control circuit will result in interruption of current 
to the motor. 
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.35 

(3) Integral with Motor. A protective device integral with a 
motor lhat "ill protect the motor against damage due to failure 
to start shall be permitted if lhc motor is part of an approved 
assembly that docs not normally su�cct the motor to over
load�. 

(4) Larger Than 1500 Horsepower. For motors larger than 
1500 hp, a protective device having embedded temperature 
detectors that cause current to lhc motor to be interrupted 
when the motor attains a temperature rise greater than marked 
on lhc nameplate in an ambient temperature of 400C. 

(B) One Horsepower or Less, Automatically Started. Any 
motor of I hp or lcs.� dtat is started automatically shall be 
protected against overload by one of the follm�ing means. 

(1) Separate Overload Device. By a separate overload device 
following lhc requirements of 430.32(A) (1) .  

For a multispeed motor, each l\inding connection shall be 
considered separately. :Modification of dtis value shall be 
permitted as provided in 430.32(C). 

(2) Thermal Protector or Electronically Protected. A thermal 
protector imcgral with dtc motor shall be approved for usc 
wilh lhc motor that it protect� on lhc basis that it \�ill prevclll 
dangerous overheating of the motor due to overload and fail
ure to start. An electronically protected motor shall be 
approved for usc on the basis that it will prcvclll dangerous 
overheating due to lhc failure of the electronic comrol, over
load, or failure to start the motor. Where the motor current
interrupting dc'l'icc is separate from the motor and it� control 
circuit is operated by a protective dc'l'icc integral with lhc 
motor, it shall be arranged so that the opening of the control 
circuit result� in imcrruption of currcm to the motor. 

(3) Integral with Motor. A protective device integral l\ith a 
motor dtat protect� the motor against damage due to failure to 
start shall be permitted (1) if the motor is part of an approved 
a�sembly that docs not su�cct thc motor to ovcrload'i, or (2) if 
the a�scmbly is also equipped l�ith other safety controls (such 
a� lhc safety combustion controls on a domestic oil burner) 
that protect the motor against damage due to failure to start. 
Where the a'i.�mbly ha� safety control:> mat protect the motor, 
it shall be so indicated on the nameplate of the a'i.�mbly where 
it \\ill be visible after installation. · 

(4) Impedance-Protected. If tbc impedance of the motor 
windings is suflicicnt to prevent overheating due to failure to 
start, the motor shall be permitted to be protected a� specified 
in 430.32(D) (2)a. for manuallv started motors if the motor is 
part of an approved a'i.�cmbly i� which the motor \�ill limit it�clf 
so that it \�ill not be dangerously overheated. 

Informational :'\ote: Many ac motors of les.• than !!,., hp, such a.• 
clock motors, series motors, and so forth, and also some larger 
motors such a.• torque motors, come "ithin this cla.•sification. It 
does not include split-pha� motors ha�ing automatic Sl\itches 
that disconnect the starting "indings. 

(C) Selection of Overload Device. \\'bcre lhc sensing clcmcm 
or setting or sizing of the overload dc'l'icc selected in accord
ance \\ilh 430.32(A) (1) and 430.32(8) (1)  is not sufficicm to 
start lhc motor or to carry lhc load, higher size sensing 
clement� or incremental settings or sizing shall be permitted to 
be used, prmidcd lhc trip currclll of lhc overload dclicc docs 
not exceed dtc follo"ing percentage of motor nameplate full
load current rating: 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJCAL COI>t: 

Motors \\ith marked senice fuctor 1.15 or greater 
Motors \\ith a marked temperature tise 10oC or 

less 
All oilier motors 

140% 
140% 

130% 

If not shumcd during the starting period of dtc motor a� 
prmidcd in 430.35, lhc overload dclicc shall have suflicicm 
time delay to pcrmit lhc motor to start and accelerate it� load. 

Informational :'\ote: A Cla.'i.• 20 overload relay \\ill prmide a 
longer motor acceleration time than a Cla.'i.• 10 or Cla•s lOA 
m·erload relay. A Cla•s 30 overload relay \\ill prmide a longer 
motor acceleration time than a Cla.'i.• 20 o\·erload relay. t:se of a 
higher cla.'i.• overload relay may preclude the need for selection 
of a higher trip current. 

(D) One Horsepower or Less, Nonautomatically Started. 

(1) Permanently Installed. Overload protection shall be in 
accordance "id1 430.32(8). 

(2) Not Permanently InStalled. 

a. Wit/tin Sight ftvm ·· Cmltm/ln: Overload protection shall be 
permitted to be furnished by the branch-circuit short-circuit 
and ground.:fuult protective dc'l'icc; such device, however, 
shall not be larger than that specified in Part IV of Article 
430. 

Exception: Any .�uclt 11Uitor slmU he permitll'd on a nominal 1 2().volt 
lmmch ciJruitJnvll'cted at not OVI'l' 20 amJII'I"I'S. 

b. Not Within Sigltt from Contmlle1: Overload protection shall be 
in accordance wilh 430.32(8). 

(E) Wound-Rotor Secondaries. The secondarv circuit� of 
wound-rotor ac motors, including conducto..;;, controllers, 
resistors, and so forth, shall be permitted to be protected 
against overload by lhc motor-overload device. 

430.33 Intermittent and Similar Duty. A motor used for a 
condition of scnicc that is inhcrcndy short-time, intermittent, 
periodic, or varying duty, a� illustrated by Table 430.22(E), shall 
be permitted to be protected against overload by the branch
circuit short-circuit and ground-fault protective dc'l'icc, prmi
dcd dtc protective dclicc rating or setting docs not exceed that 
specified in Table 430.52(C) (1) .  

Any motor application shall be considered to be for cominu
ous duty unlcs.� the nature of lhc apparatus it drives is such that 
the motor cannot operate continuously wilh load under any 
condition of usc. 

430.35 Shunting During Starting Period. 

(A) Nonautomatically Started. For a nonautomatically started 
motor, lhc overload protection shall be permitted to be shun
ted or cut out of the circuit during lhc starting period of lhc 
motor if the dclicc by which lhc overload protection is shunted 
or cut out cannot be left in the starting position and if fuses or 
inverse time circuit breakers rated or set at not over 
400 pcrccm of lhc full-load current of the motor arc located in 
the circuit so a� to be operative during the starting period of 
the motor. 

(B) Automatically Started. The motor overload protection 
shall not be shunted or cut out during lhc starting period if lhc 
motor is automatically started. 
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Exception: Tile motm· ovnwad JnvlPction slmU be pennitttd to be slum
ltd m· cut mtt dwing tile stmting ptriod on an autmnatical(l· starttd 
motm·w/vre tht foUmoing aptJ�)': 

(1) Tile 11wtm· starting pn·iod tXCI'I'ds tile time dtlaJ' of available 
motm· overload jllvttctive dtvices, and 

(2) Li�ttd mean� are Jnvvidtd to /Jtlform tht foUmoing: 

a. Sense motm· mtation mul automatically Jm!Vent tht shunting 
m· cutout in tht event that tile motmiail� to start, mul 

b. Limit tht time of overload jllvtection shunting m· cutout to 
Less than tile lockl'.d mtm· time rating of tile jllvteclP.d motm; 
and 

c. Plvvidt fm· shutdown and mamml resta1·t if motor running 
condition is 1wt reachtd. 

430.36 Fuses - In Which Conductor. \\'here fuses arc used for 
motor overload protection, a fuse shall be inserted in each 
ungrounded conductor and also in the grounded conductor if 
the supply system is 3-"irc, 3-phao;c ac "ith one conductor 
grounded. 

430.37 Devices Other Than Fuses - In Which Conductor. 
\\-'here devices other than fuses arc used for motor overload 
protection, Table 430.37 shall govern the minimum allowable 
number and location of overload unit-; such ao; trip coils or 
relays. 

430.38 Number of Conductors Opened by Overload Device. 
Motor overload devices, other than fuses or thcnnal protectors, 

Table 430.37 Overload Units 

Number and Location 
of Overload Units, Such 

Kind of Motor Supply System as Trip Coils or Relays 

1-pha'le ac or de 2-wire, 1-pha'le ac or I in either conductor 
de ungrounded 

1-pha'le ac or de 2-wire, 1-pha'le ac or I in ungrounded 
de, one conductor conductor 
grounded 

1-pha'le ac or de 3-wire, 1-pha'le ac or I in either 
de, grounded ungrounded 
neut.-al conductor conductor 

1-pha'le ac Any 3-pha'le I in ungrounded 
conductor 

2-pha'le ac 3-wire, 2-pha'le ac, 2, one in each pha.<;e 
ungrounded 

2-pha'le ac 3-wire, 2-pha.'le ac, 2 in ungrounded 
one conductor conductors 
grounded 

2-pha'le ac 1-wire, 2-pha.'le ac, 2, one for each pha'le 
grounded or in ungrounded 
ungrounded conductors 

2-pha'le ac Grounded neull<ll or 2, one for each pha'le 
5-wire, 2-pha.'le ac, in any ungrounded 
ungrounded pha.'le wire 

3-pha'le ac Any 3-pha.'le 3, one in each pha.<;e* 

*Exception: .4n overload unit in rocll plw.'<l! sllall lwl IN required lt!l!ere overload 
protection i< pruvidnl by oilier approved mean.<. 
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shall simultaneously open a sufficient number of ungrounded 
conductors to interrupt current flow to the motor. 

430.39 Motor Controller as Overload Protection. A motor 
controller shall also be pcnnittcd to serve ao; an overload device 
if dtc number of overload unit-. complies widl Table 430.37 and 
if these unit-; arc operative in both dlc starting and running 
position in dlc cao;c of a de motor, and in the running position 
in dlc cao;c of an ac motor. 

430.40 Overload Relays. Overload relays and other devices for 
motor overload protection that arc not capable of opening 
short circuit-; or ground fault-. shall be protected by fuses or 
circuit breakers widl ratings or settings in accordance widl 
430.52 or by a motor short-circuit protector in accordance widl 
430.52. 

Exception: �WVI'I! aptnvved fm· gmup installation mul ma1fred to i1uli
catt tht maximum .me of fuse or inve1:�e timt circuit brP.oJm· bJ• wllicll 
thry must be Jnvttcttd, tht overload devius shall be jllvtPcttd in accmrl
ance with tlli� ma1-king. 

430.42 Motors on GeneraJ-Pmpose Branch Circuits. Overload 
protection for motors IJSCd on general-purpose branch circuit-; 
shall be provided a-. specified in 430.42(A), (B), (C), or (D). 

(A) Not Over 1 Horsepower. One or more motors l\ithout 
individual ovc�load protection shall be permitted to be connec
ted to a general-purpose branch circuit only where the installa
tion complies l\ith the limiting conditions specified in 
430.32(B), 430.32(D), and 430.53(A) (1)  and (A) (2). 

(B) Over 1 Horsepower. :Motors of ratings larger than speci
fied in 430.53(A) shall be permitted to be connected to 
general-purpose branch circuit-; only where each motor is 
protected by overload protection selected to protect the motor 
a-. specified in 430.32. Bodl the motor controller and dlc 
motor overload device shall be approved for group installation 
widl me short-circuit and ground-fault protective device selec
ted in accordance with 430.53. 

(C) Cord-and-Plug-Connected. Where a motor is connected to 
a b.-anch circuit by means of an attachment plug and a recepta
cle or cord connector, and individual overload protection is 
omitted in accordance with 430.42(A), dtc rating of dtc attach
ment plug and receptacle or cord connector shall not exceed 
15 amperes at 125 volt-. or 250 volt-;. \\''here individual overload 
protection is required in accordance widl 430.42(B) for a 
motor or motor-operated appliance that is attached to dlc 
branch circuit dlrough an attachment plug and a receptacle or 
cord connector, the overload device shall be an intcg.-al part of 
the motor or appliance. The rating of dtc attachment plug and 
receptacle or cord connector shall determine dtc rating of dlc 
circuit to which dlc motor can be connected, in accordance 
widl 210.21 (B). 

(D) Time Delay. The b.-anch-circuit short-circuit and ground
fault protective dc'l'icc protecting a circuit to which a motor or 
motor-operated appliance is connected shall have sufficient 
time delay to permit dlc motor to start and accelerate it-. load. 

430.43 Automatic Restarting. A motor overload device that 
can restart a motor automatically after overload tripping shall 
not be installed unless approved for usc widl the motor it 
protect-;. A motor overload de\ icc that can restart a motor auto
matically after overload tripping shall not be installed if auto
matic restarting of the motor can result in il�ury to persons. 
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430.44 Orderly Shutdown. If immediate automatic shutclown 
of a motor by a motor overload protective dcvicc(s) would 
introduce additional or incrcao;cd hazard(s) to a person(s) and 
continued motor operation is necessary for safe shutclown of 
cquipmcm or proccs.�, a motor overload sensing dcvicc(s) 
compl}'ing l\ith Part III of this article shall be permitted to be 
connected to a supervised alarm instead of causing immediate 
imcrruption of dtc motor circuit, so that corrective action or 
an orderly shutdown can be initiated. 

Part IV. Motor Branch-Circuit Short-Circuit and Ground-Fault 
Protection 

430.51 General. Part IV specifics dc\iccs imcndccl to protect 
the motor branch-circuit conductors, dtc motor control appa
ratus, and the motors against ovcrcurrcnt clue to short circuits 
or ground faults. The clc'l'ices specified in Part IV clo not 
include the types of devices required by 210.8, 230.95, and 
590.6. 

Informational :'\ote No. 1: See lnfmmative Annex 0, Example 
08, for an example of motor brdnch<ircuit short<ircuit and 
ground-fault protection selection. 

Part IV shall not apply to motor circuits rated over 
I 000 volts, nominal. 

lnformational l'ote :'\o. 2: See Part XI for over 1000 volt•, nomi
nal. 

430.52 Rating or Setting for Individual Motor CircuiL 

(A) General. The motor branch-circuit short-circuit and 
ground-fault protective clc\icc shall comply l\ith 430.52(8) and 
either 430.52(C) or (D), a� applicable. 

(B) All Motors. The motor branch-circuit short-circuit and 
ground-fault protective clc\icc shall be capable of carl)ing the 
starting current of the motor. 

(C) Rating or Setting. 

(1) In Accordance with Table 430.52(C)(I). A protective 
dc\icc dtal ha� a rating or setting not exceeding the value 
calculatccl according to the values given in Table 430.52(C) (1)  
shall be used unless othcmisc pcnJlilkcl in 430.52(C) (1 ) (a) or 
(C) (1) (b). 

(a) \\'here the values a� clctermincd by Table 430.52(C) 
( 1) do not correspond to the standard ampere ratings and 
settings provided in 240.6, the next higher standard rating or 
setting shall be pcnniuccl. 

(b) \\'here dtc rating specified in Table 430.52(C) ( l  ) ,  or 
the rating modified by 430.52(C) ( I  ) (a), is not sufficient for the 
starting current of the motor, any of the following shall apply: 
(1)  The rating of a nontimc-dclay fuse not exceeding 

600 amperes or a time-delay Cla�s CC ftt'iC shall be 
permitted to be increa�ccl but shall in no ca�c exceed 
400 percent of the full-load current. 

(2) The rating of a time-delay (dual-clement) fuse shall be 
permitted to be increa�ccl but shall in no ca�c exceed 
225 percent of the full-load current. 

(3) The rating of an inverse time circuit breaker shall be 
permitted to be increa�ccl but shall in no ca�c exceed 
400 perccm for full-load current� of 100 amperes or lcs.� 
or 300 percent for full-load current� greater than 100 
amperes. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RIC.-\1. COI>t: 

(4) The rating of a fuse of 601-f>OOO ampere cla�sification 
shall be permitted to be incrca�cd but shall in no cao;c 
exceed 300 percent of the full-load current. 

Informational Note: See lnfonnath>e Annex D, Example 08, for 
an example of motor branch<ircuit short<ircuit and ground
fdult rating and setting and lnfonnational Note Figure 430.1 for 
an example location. 

(2) Overload Relay Table. Where maximum branch-circuit 
short-circuit and ground-fault protective device ratings arc 
shmm in the manufacturer's overload relay table for usc with a 
motor controller or arc othcmisc marked on dtc equipment, 
they shall not be cxcccclcd even if higher l-<ducs arc allowed a� 
shm\n above. 

(3) Instantaneous-Trip Circuit Breaker. An instantaneous-trip 
circuit breaker shall be pcnnittcd if the conditions of 
430.52(C) (3) (a) and (C) (3) (b) arc met. 

(a) Apt1liration. Instantancott'i-lrip circuit breakers shall 
be adjustable and part of a listed combination motor controller 
ha\ing coordinated m9tor overload and short-circuit and 
ground-fault protcctiqn in each conductor. 

Informational Note :\lo. 1 :  Instantaneous-trip circuit break
ers arc also knmm as inotor-circuit protectors (:\IICPs). 

Informaljonal :-.!otc 1'\o. 2: For the purpose of this article, 
instantaneous-trip circuit breakers could include a damping 
means to. accommodate a transient motor inrtt�h current l\ith
out nuisance tripping of the circuit breaker. 

. (b) Setting. The instantancott'i-lrip circuit breaker shall 
be 3djustccl to a setting in accordance l\ilh one of the follow
ing: 
(1)  
(2) 

No greater than the value specified in Table 430.52(C) ( 1 )  
Where the value specified i n  Table 430.52(C) (1 )  is not 
sufficient for the starting current of the motor, one of the 
following settings shall be permitted: 
a. :\llotors other than design B energy-efficient and 

Design 8 premium efficiency motors shall be permit
ted to be incrca�cd but shall in no cao;c exceed 
1300 percent of the motor full-load current. 

b. Design 8 energy-efficient and Design 8 premium effi
ciency motors shall be permitted to be incrca�cd but 
shall in no cao;c exceed 1700 percent of the motor full
load current. 

c. \\-'here an engineering analysis determines the value is 
not sufficient for the starting current of the motor, it 
shall not be ncccs.�ry to first apply the value specified 
in Table 430.52(C) (1).  

Informational :'\ote l'o. 3: See :'\E:\fA MG 1-2016, Motor.< mui 
Gmerators, Part 12.59 for additional infmmation on the 
requirement• for a motor to be classified "energy efficient." 

(3) \\''here the motor full-load current is 8 amperes or lcs.�, 
the setting of the instantaneous-trip circuit breaker "ith a 
continuous currcm rating of 15 amperes or lcs.� in a listed 
combination motor controller that provides coordinated 
motor branch-circuit overload and short-circuit and 
ground-fault protection shall be permitted to be 
incrca�cd to the value marked on the motor controller. 

(4) Multispeed Motor. For a multispcccl motor, a single short
circuit and ground-fault protective clc\icc shall be permitted 
for two or more "indings of the motor if the rating of the 
protective del-icc docs not exceed the above applicable 
percentage of the nameplate rating of the smallest winding 
protected. 
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Table 430.52(C) (I) Maximum Rating or Setting of Motor Branch-Circuit Short-Circuit and 
Ground-Fault Protective Devices 

Percentage of FuU-Load Current 

'!ype of Motor 

Single-pha�e motor.; 

AC polyphase motor.; other 
than wound-rotor 

Squin·el cage - other than 
Design B energy-efficient 
and Design B premium 
efficiem:y 

Design B energy-efficient and 
Design B premium efficien<.-y 

Wound-rotor 

DC (constant mltage) 

Non time Dual Element 
Delay (Tune-Delay) 
Fuse1 Fuse1 

300 175 

300 175 

300 175 

300 175 

300 175 

150 150 

150 150 

l'ote: See 430.54 for certain exceptions to the values specified. 

Inverse 
lnslanlaneous-Trip Tune 

Breaker Breaker 

800 250 

800 250 

800 250 

1 100 250 

800 250 

800 150 

250 150 

1The '"lues in the :'\ontime Delay flL�e column appl>· to time-delay Cia"� CC fuses. 
2The '"lues given in the la�t column alm cover the ratings of nona�justahle inverse time types of circuit 
breaker.; that can he modified a� in 430.52(C) ( l ) (a) and (C) ( l ) (h). 
"SynchmnolL� motor.; of the low-torque, low-..peed type (lL�uall>· 450 rpm or lower), such a� those lL�d to drive 
reciprocating compres.mr.;, pumps, and so forth, that stan unloaded, do not require a fti.'le rating or circuit
breaker setting in exces.� of 200 percent of full-load current. 

Exception: For a multispw.d motm; a singk slwrt-rin:uit and ground

fault JnviPctive devire slmU be Jnmnitted to be used and sized according 
to the full-load cunml of the highest cunml zui1uling, where all of the 
foUowing condilifms m"t' mel: 

( 1) Earll winding if equiJlped with i1ulividual overload protection 
.fized according to its full-load cun"t'nt. 

(2) The branch-circuit rondurtm-s .fufr!Jlying each zuinding atP. sized 
according to the fuU-load cun"t'nt of the ltighi'St full-load cunP.nl 
wi1uling. 

{3) The motor rontmller for Pm:h winding has ·a hm:wtwwer rating 
not less than tlmt 1P.qui1P.d for the winding having the highest 
horsepower rating. 

(5) Power Electronic Devices. Semiconductor fuses intended 
for the protection of electronic devices shall he permitted in 
lieu of devices listed in Table 430.52(C) (1)  for power elec
tronic devices, as.o;ociated electromechanical devices (such as 
b}pas.o; contactors and isolation contactors) , and conductors in 
a solid-state motor controller system if dte marking for replace
ment fuses is provided acljacent to the fuses. 

(6) Self-Protected Combination Motor ControUer. A listed self
protected combination motor controller shall he permitted in 
lieu of the devices specified in Table 430.52(C) ( I ) .  Adjustable 
instantaneous-trip settings shall not exceed 1300 percent of me 
full-load motor current for odter than Design 8 energy
ellicient and Design 8 premium elliciency motors and not 
more than 1700 percent of the full-load motor current for 
Design 8 energy-cllicient and Design 8 premium elliciency 
motors. 

Informational :'\nte: Proper application of self-protected combi
nation motor conu-oller.; on 3-pha.� systems, other than solidly 
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grounded wye, particularly on comer grounded delta systems, 
consider.; the self-protected combination mntnr conU"<>IIers' 
indhidual pole-intenupting capability. 

(7) Motor Short-Circuit Protector. A motor short-circuit 
protector shall be permitted in lieu of de\-ices listed in Table 
430.52(C) ( 1 )  if me motor short-circuit protector is part of a 
listed combination motor controller ha\-ing coordinated motor 
overload protection and short-circuit and ground-fault protec
tion in each conductor and it "ill open me circuit at currents 
exceeding 1300 percent of me motor full-load current for 
other dtan Design 8 energy-cllicient and Design 8 premium 
elliciency motors and 1 700 percent of the motor full-load 
current for Design 8 energy-efficient and Design 8 premium 
elliciency motors. 

Informational Nnte: A motor short-circuit pn>tector, a� used in 
thi� section, i� a flL�ed de�ice and is not an in�tantaneolL'r-uip 
circuit breaker. 

(D) Torque Motors. Torque motor branch circuit-; shall he 
protected at the motor nameplate current rating in accordance 
"im 240.4(8). 

430.53 Several Motors or Loads on One Branch Circuit. Two 
or more motors or one or more motors and other load-; shall 
he permitted to be connected to the same branch circuit under 
conditions specified in 430.53(D) and in 430.53(A) , (8), or 
(C). The branch-circuit protective device shall he fuses or 
inverse time circuit breakers. 

(A) Not Over I Horsepower. Several motors, each not exceed
ing 1 hp in rating, shall he permitted on a nominal 120-volt 
branch circuit protected at not over 20 amperes or a branch 
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.53 

circuit of 1000 volts, nominal, or lcs.�, protected at not over 15 
amperes, if all of the follo"ing conditions arc met: 

(1) 

(2) 

(3) 

The full-load rating of each motor docs not exceed 
6 ampcrcs. 
The rating of the branch-circuit short-circuit and ground
fault protective dc\icc marked on any of the motor 
controllers is not exceeded. 
Individual overload protection conforms to 430.32. 

(B) If Smallest Rated Motor Protected. Two or more motors 
or one or more motors and other load� shall be pcnnittcd to 
be connected to a branch circuit where all of the follo"ing 
conditions arc met: 

(1)  The branch-circuit short-circuit and ground-fault protec
tive dc\icc is selected not to exceed that allowed by 
430.52 for the smallest rated motor supplied by the 
branch circuit. 

(2) Each motor is prmidcd l\ith separate overload protec
tion. 

(3) It can be determined that dtc branch-circuit short-circuit 
and ground-fault protective device "ill not open under 
the most severe normal conditions of sen-icc that might 
be encountered. 

(C) Other Group Installations. Two or more motors of any size 
or one or more motors and other load�. with each motor 
ha\ing indh·idual overload protection, shall be permitted to be 
connected to a branch circuit where the motor controllcr(s) 
and overload dcvicc(s) comply with 430.53(C) (1 )  through (C) 
(5). 

(1) 'JYpes of Assemblies. The ao;.�cmbly type shall meet one of 
the following conditions: 

(1)  A listed factory ao;.o;cmbly, "ith the motor branch-circuit 
short-circuit and ground-fault protective dc'l'icc eidlcr 
prmidcd a� part of the ao;.�cmbly or specified by a marking 
on the ao;.o;cmblv 

(2) Field installati�n of the motor branch-circuit !lbort-circuit 
and ground-fault protective dc\icc, motor controllcr(s), 
and overload dc'l'icc(s) ao; separate a�semblics listed for 
such usc and provided l\ith manufacturers' instructions 
for usc "id1 each other 

(2) Motor Overload Devices. Each motor overload dc\icc shall 
meet one of the following conditions: · 

(1) Listed for group instaiL,tion "id1 a specified maximum 
rating of fuse, inverse time circuit breaker, or both 

(2) Selected such dtat the ampere rating of the motor-branch 
short-circuit and ground-fault protective dc'l'icc docs not 
exceed that permitted by 430.52 for that individual motor 
overload device and corresponding motor load 

(3) Motor ControUers. Each motor controller shall meet one 
of the following conditions: 

(1)  Listed for group installation "id1 a specified maximum 
rating of fuse, circuit breaker, or both 

(2) Selected such dtat the ampere rating of the motor-branch 
short-circuit and ground-fault protective dc'l'icc docs not 
exceed that permitted by 430.52 for that individual motor 
controller and corresponding motor load 

(4) Short-Circuit & Ground-Fault Protection. The branch 
circuit shall be protected by fuses or listed inverse time circuit 
breakers ha'l'ing a rating not exceeding the sum of all of the 
following: 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RICAL COI>t: 

(1 )  The value specified in 430.52 for the highest rated motor 
connected to the branch circuit 

(2) The sum of the full-load current ratings of all other 
motors 

(3) The sum of the current ratings of other load-. connected 
to the circuit 

Where this calculation results in a rating lcs.� than the 
ampacity of the branch-circuit conductors, it shall be permitted 
to incrca�c the maximum rating of the fuses or circuit breaker 
to a value not exceeding that permitted by 240.4(8). Addition
ally, this rating shall not be larger than allowed by 430.40 for 
the overload relay protecting the smallest rated motor of the 
group. 

(5) Overcurrent Protection. Load� other than motor loacl� 
shall be protected in accordance l\ith Part I through Part VII of 
Article 240. 

lnformational l'ote: See 1 10.10 for circuit impedance and other 
charactelistics. · 

(D) Single Motor Taps. For group installations described in 
430.53(A) , (B), or (C), the conductors of any tap supplying a 
single motor sltail not be required to have an individual 
branch-circuit short-circuit and ground-fault protective dc'l'icc 
if they comply with 430.53(D) (l)  or (D) (2) . 

(1) CondUctors to the Motor. Conductors to the motor shall 
have an ampacity that is not lcs.� than the ampacity of the 
branch-circuit conductors unless all of the follo"ing conditions 
arc met: 

( 1 )  The conductors from the point of the tap to the motor 
overload device shall not be longer than 7.5 m (25 ft).  

(2) The conductor ampacity is not Jcs.-. than one-third the 
ampacity of the branch-circuit conductors. The minimum 
ampacity shall not be less than required in 430.22. 

(3) The conductors from the point of the tap to the motor 
controllcr(s) shall be protected from physical damage by 
being enclosed in an approved raceway or other 
approved means. 

(2) Tap Conductors Between the Branch Circuit and Listed 
Manual Motor ControUers. Conductors from the point of the 
tap from the branch circuit to a listed manual motor controller 
additionally marked MSuitablc for Tap Conductor Protection in 
Group Installations," or to a branch-circuit protective dc\icc, 
shall meet one of the following conditions: 

(1)  The length of the motor tap conductors docs not exceed 
3 m  (10 ft) and the tap conductors comply l\ith all of the 
following: 

a. The ampacity of the tap conductors is not Jcs.-. than 
one-tenth of the rating or setting of the branch-circuit 
short-circuit ground-fault protective dc\icc. 

b. The conductors from the motor controller to the 
motor shall have an ampacity in accordance with 
430.22. 

c. The conductors from the point of the tap to the 
motor controllcr(s) shall be suitably protected from 
physical damage and enclosed either by an enclosed 
motor controller or by a raceway. 

Exception to ( 1 ): Ph_l'sical jnvttction of the conducto1-s ftvm tht 
point of tht tap to tht motor contmlle1:� slmU not be required if tht 
conductm:� have an ampacity not less tlmn that of tht bmnch
cirruit conductm-s. 
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(2) The length of the motor tap conductors docs not exceed 
7.5 m (25 ft) and the tap conductors comply with all of 
the following: 

a. The ampacity of the tap conductors is not less than 
one-third of the branch-circuit conductor ampacity. 

b. The conductors from dtc motor controller to the 
motor shall have an ampacity in accordance with 
430.22. 

c. The conductors from the point of the tap to the 
motor controllcr(s) shall be suitably protected from 
physical damage and enclosed either by an enclosed 
motor controller or by a raceway. 

Exception to (2): Ph_vsical jnvttctifm of tht cmuluctm-s ftvm tht /JOint of 
tht tap to tht motor contmlle1-s slmU not be 11'-f[Ui11'4 if the cmultutm-s 
have an ampacity not less than that of tht branch-cin:uit conducto1-s. 

430.54 Multimotor and Combination-Load Equipment. The 
rating of the branch-circuit short-circuit and ground-fault 
protective device for multimotor and combination-load equip
ment shall not exceed the rating marked on dtc equipment in 
accordance "id1 430.7(D). 

430.55 Combined Overcurrent Protection. :Motor branch
circuit short-circuit and ground-fault protection and motor 
overload protection shall be permitted to be combined in a 
single protective device where the rating or setting of the 
device prm-idcs the overload protection specified in 430.32. 

430.56 Branch-Circuit Protective Devices - In Which Conduc
tor. Branch-circuit protective dc\-iccs shall comply with 240.15. 

430.57 Size of Fuseholder. \\'here fuses arc used for motor 
branch-circuit short-circuit and ground-fault protection, the 
fuscholdcrs shall not be of a smaller size than required to 
accommodate dtc fuses specified by Table 430.52(C) (1) .  

Exception: Mum• fuses having time delay aPJIIvJIIiate for tht starting 
dmmcteli�tics of tht motor all! ustd, it slmU be permitiP.d to USI' .fuse
holdt'I"S sized to fit the fuses tlmt all! used. 

430.58 Rating of Circuit Breaker. A circuit breaker for motor 
branch-circuit short-circuit and ground-fault protection shall 
have a current rating in accordance with 430.52 arid 430.1 10. 

Part V. Motor Feeder Short-Circuit and Ground-Fault Protec
tion 

430.61 General. Part V specifics protective devices intended to 
protect feeder conductors supplying motors against ovcrcur
rcnt"l due to short circuit"l or ground-fault"l. 

Informational Note: See lnformath>e Annex 0, Example 08, for 
an example of motor feeder circuit 5hort-circuit and ground
fault protection rating and 5eUing. 

430.62 Rating or Setting - Motor Load. 

(A) Specific Load. A feeder supplying a specific fixed motor 
load(s) and consisting of conductor sizes in accordance with 
430.24 shall be prm-idcd wid1 a protective dc\-icc having a 
rating or setting not greater than the largest rating or setting of 
the branch-circuit short-circuit and ground-fault protective 
device for any motor supplied by the feeder Lbascd on the 
maximum permitted value for the specific type of protective 
device in accordance with 430.52, or 440.22(A) for hermetic 
refrigerant motor-comprcssorsj , plus dtc sum of dtc full-load 
currcnt"l of the odtcr motors of the group. 
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Where the same rating or setting of the branch-circuit short
circuit and ground-fault protective device is used on two or 
more of the branch circuit"l supplied by the feeder, one of the 
protective devices shall be considered the largest for the above 
calculations. 

Exception No. 1: Whtl1' fme or mmf! instantaneous-trip circuit b1Palm-s 
m· 11Uitm· short-cin:uit pmttctm:� «11' usl'.d for motor lmmch-cirruit slwrt
circuit mul gmundfault jnvltction as pennilltd in 430.52(C), tht 
maximum mting of each in�tantantous-t1ip cirruit b11'akt'l· m· motm· 
shmt-cirruit pmttctor shaU be a.mtmP.d to have a rating not exceeding 
tht maximum Jmr:entagP- of 11Uitm-JuU-load cummt pemtitiP.d by Table 
4 30.52(C)( 1) fortht t_l111' of ft!P.derJIIvtective device emploJ•ed. 

Exception No. 2: Whtl1' tht ft't'dl'l· oven:ummt jnvttctive device alm 
jnvvides overcunmt pmltction fm· a 11Uitm· contml cente1; tht Jllvvi�ion� 
of 4 30. 94 shall aptJ�V-

Informational Note: See lnfonnati\'e Annex 0, Example 08, for 
an example of motor feeder circuit 5hort-circuit and ground
fdult protection rating and 5eUiug. 

(B) Other Installations. \\1icrc feeder conductors have an 
ampacity greater than rcqitircd by 430.24, dtc rating or setting 
of the feeder ovcrcurrcut protective dc\-icc shall be permitted 
to be ba"lcd on the ampacity of the feeder conductors. 

430.63 Rating ot Setting - Motor Load and Other Load(s). 
\\'here a feeder supplies a motor load and other load(s), the 
feeder protective device shall have a rating not less than that 
required for dtc sum of the other load(s) plus dtc following: 

( 1) For a single motor, the rating permitted by 430.52 
(2) For a single hermetic refrigerant motor-compressor, the 

rating permitted by 440.22 
(�) For two or more motors, the rating pcnnittcd by 430.62 

Exception: n1il!lf! tht ft!P.der ovtrcunmt device pmvides the ovm:unmt 
jnvttction fm· a 11Uitm· rontml em tel; the pmvi�io11s of 4 30. 94 slmU 
aptJ�l'· 

Part VI. Motor Control Circuits 

430.71 General. Part VI contains modifications of the general 
rcquircmcnt"l and applies to the particular conditions of motor 
control circuit"l. 

430.72 Overcurrent Protection. 

(A) General. A motor control circuit tapped from dtc load 
side of a motor branch-circuit short-circuit and ground-fault 
protective dcvicc(s) and functioning to control the motor(s) 
connected to that branch circuit shall be protected against 
ovcrcurrcnt in accordance "ith 430.72. Such a tapped control 
circuit shall not be considered to be a branch circuit and shall 
be pcnnittcd to be protected by either a supplementary or 
branch-circuit ovcrcurrcnt protective dcvicc(s). A motor 
control circuit other than such a tapped control circuit shall be 
protected against ovcrcurrcnt in accordance with 724.43 or the 
notes to Table 1 1  (A) and Table 1 1  (B) in Chapter 9, a"l applica
ble. 

(B) Conductor Protection. The ovcrcurrcnt protection for 
conductors shall be provided a"l specified in 430.72(B) (1 )  or 
(B) (2) . 

Exception No. 1: ll1ie11! tht oJwning of tht contml circuit would Clf!ate a 
hawrrl a.�. for examJJle, tht contml circuit of a jill! pumfJ motm; and tht 
like, conductm:� of contml circuit� shall JPquiJf! only short-cirmit and 
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.75 

IJIVU1ulfault fnviNtion and shall be permilltd to be fnvttcltd b)• tht 
motor bmnch-cin:uit shm·t-circuit mul g�vmulfaultJnviPctive devict(s ). 

Exception No. 2: Cfmductm-s suJlplied b)· tht smmdat)' sidt of a single
phase tmnsfonner having only a two-wire (single-voltage) serondary 
shall be pennitttd to be pmttcltd b)• overcunmt Jnvttctifm fnvvided on 
tht tn·imm)' (suJIP{l") side of tht tmnifm"lnel; provided thi� JnviNtion 
does not txcetd tile value dettnni1v.d by multiJI{l'ing tht aJlpmpriatt 
maximum mting of tile overcunent devire fm· tht secmula!J crmductm· 
fivm Table 430. 72(8)(2) by tile secmula!J·to-JnintaiJ voltage ratio. 
Tmnsforrne�· secondat)' conducto1-s (othtr than two-wire) slmU not be 
con.�idn"t'd to be Jnvttcttd b)· tht tn·imm)' oven:ummt fnvttctifm. 

(1) Separate Overcurrent Protection. \\'here the motor 
branch-circuit short-circuit and ground-fault protective device 
docs not provide protection in accordance with 430.72(8) (2), 
separate ovcrcurrcm protection shall be prmidcd. The over
current protection shall not exceed the values specified in 
Column A of Table 430.72(8) (2). 

(2) Branch-Circuit Overcurrent Protective Device. Conductors 
shall be permitted to be protected by the motor branch-circuit 
short-circuit and ground-fault protective dc"�cicc and shall 
require only short-circuit and ground-fault protection. \\"bcre 
the conductors do not extend beyond the motor control cquip
mcm enclosure, the rating of the protective dc"�cicc(s) shall not 
exceed the value specified in Column 8 of Table 430.72(8) (2). 
\\"bcrc the conductors extend beyond the motor control cquip
mcm enclosure, the rating of the protective dc"�cicc(s) shall not 
exceed dtc value specified in \..olumn C of Table 430.72(8) (2). 

(C) Control Circuit Transformer. \\"bcrc a motor control 
circuit transformer is prolidcd, the transformer shall be protec
ted in accordance l\ith 430.72(C) (l ) ,  (C) (2), (C) (3), (C) (4), 
or (C) (5). 

Exception: Ovemmmt fnvltction shall be omitttd whel"t! tile opening of 
tht control cin:uit would Cl"t!att a hazard as, fm· txamJJie, the rontml 
circuit of a ji11' pumJI motor and tile likt. 

(1) Class 1 Power-Limited, Class 2, or Class 3 Circuits. \\"bcrc 
the transformer supplies a Clao;.o; I power-limited circuit, the 
circuit shall comply with 724.30 through 724.52. Where the 
transfonncr supplies a Clao;.o; 2 or Clao;s 3 remote-control circuit, 

the circuit shall comply "id1 the requirement" of Part II of Arti
dc 725. 

(2) Transformers. Protection shall be permitted to be prmi
dcd in accordance l\ith 450.3. 

(3) Less Than 50 Volt-Amperes. Control circuit transformers 
rated less than 50 volt-amperes (VA) and that arc an integral 
part of the motor controller and located l\ithin the motor 
comrollcr enclosure shall be permitted to be protected by 
primary ovcrcurrcnt dc\iccs, impedance limiting means, or 
other in herem protective means. 

(4) Primary Less Than 2 Amperes. \\"bcrc the control circuit 
transfonncr rated primary currcm is less than 2 amperes, an 
ovcrcurrent dc"�cicc rated or set at not more than 500 percent of 
the rated primary currcm shall be permitted in the primary 
circuit. 

(5) Other Means. Protection shall be pcnnittcd to be provided 
by other approved means. 

430.73 Protection of .· Conductors from Physical Damage. 
\\"bcrc damage to a motor control circuit would constitute a 
hazard, all conduttors of such a remote motor comrol circuit 
that arc outo;idc the comrol dc"�cicc ito;clf shall be installed in a 
raceway or be othcmisc protected from physical damage. 

430.74 Electrical Arrangement of Control Circuits. \\"bcre one 
conductor of the motor comrol circuit is grounded, the motor 
control circuit shall be arranged so that a ground fault in the 
control circuit remote from the motor controller will (1) not 
start the motor and (2) not bypao;.o; manually operated shut
down dc"lciccs or automatic safety shutdown dc"�ciccs. 

430.75 Disconnection. 

(A) General. Motor control circuit" shall be arranged so that 
they will be disconnected from all sources of supply when the 
disconnecting means is in the open position. The disconnect
ing means shall be permitted to consist of two or more separate 
dc\iccs, one of which disconnect" the motor and the motor 
comrollcr from the sourcc(s) of power supply for the motor, 
and the othcr(s) , the motor control circuit(s) from ito; power 
supply. \\'here separate dc\iccs arc used, dtcy shall be located 
immediately adjacent to each other. 

Table 430. 72(8) (2) Maximum Ratiiag of Overcurrent Protective Device in Amperes 

Control Circuit 
Conductor Size 

(AWG) 

18 
16 
14 
12 
10 

Larger than 10 

ll:otes: 

ColumnA 
Separate Protection 

Provided 

Copper 

7 
10 

(:'\ote I )  
(:'\ote I )  
(:'\ote I )  
(:'\ote I )  

Aluminum or 
Copper-Clad 
Aluminum 

(:'\ote I)  
(:'\ote I)  
(:'\ote I)  

l .  Value specified in  310.15 a." applicable. 

Protection Provided by Motor Branch-Circuit Protective Device(s) 

Column 8 Column C 
Conductors Within 

Enclosure 

Copper 

25 
40 

100 
120 
160 

(Note 2) 

Aluminum or 
Copper-Clad 
Aluminum 

100 
110 

(:'\ote 2) 

Conductors Exteud Beyond 
Enclosure 

Copper 

7 
10 
45 
60 
90 

(Note 3) 

Aluminum or 
Copper-Clad 
Aluminum 

45 
75 

(:'\ote 3) 

2. 400 percent of,-alue specified in Table 310.17 for 60•c conductors. 
3. 300 percent of,-alue specified in Table 310.16 for 60•c conductors. 
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Exception No. 1: lWum� mmf' titan 12 motor contml circuit cmulttctm-s 
0:17! 11'-f[Uirt'.d to be difctmtvcttd, tht difconnPcting means shall be Jmmit
ttd to be locatl'.d other titan imiiiP.diate{l· adjacent to Pm:h other w/tnf! all 
of tht following conditions are mtt: 

( 1) Access to energized paTis if limittd to qualified pemms in accmrl
ance with Pmt XII of tltif m·tide. 

(2) A warning .fign if pennantmtly /.orated on tht outfide of Pm:lt 
equipment enclo.rutf! dom· or cover pennilling access to the live 
pa1·ts in the motor contml circuit(s), warning that motm· contml 
circuit disconnecting means 0:11' remott{l' located and s/Jf'cifying 
tht location and identification of tacit disconnect. H1lPI7! nm._ 
giu.d paTis mf' not in an tquiJIIIItmt enrlo.mlf! as Jmmitted by 
430.232 and 430.233, an additional warning sign(s) slmll be 
located whtlf' visible to ptJ-sons who may ht wm"king in the mf'a of 
tht ene1"gized partf. 

Exception No. 2: The motm· ctmtml circuit difccmnecting mtans shall ht 
pennilltd to be mnott ftTtlll the motm· contmller power .mpply di.fconnect
ing IIIP.ans whelP tht opening of ont m· mmf' motm· contml cin:uit 
difconnPcting mtans is capable ofresulting in potentially unsaft cmuli
titms fm·Jm:mnntl m·JIIvJm·ty and the conditions of items ( 1) mul (2) 
of Exaption No. 1 0:17! met. 
(B) Control Transformer in Motor ControUer Enclosure. 
""'here a transformer or other dc"l"icc is used to obtain a 
reduced voltage for the motor control circuit and is located in 
the motor controller enclosure, such transformer or other 
device shall be connected to the load side of the disconnecting 
means for the motor control circuit. 

Part VD. Motor ControUers 

430.81 General. Part \11 is intended to require suitable motor 
controllers for all motors. 

(A) Stationary Motor of Ya Horsepower or Less. For a station
ary motor rated at Y,. hp or less that is normally left running 
and is constructed so that it cannot be damaged by overload or 
failure to start, such as clock motors and the like, the branch
circuit disconnecting means shall be permitted to !;crvc ao; the 
motor controller. 

(B) Portable Motor of Ys Horsepower or Less." For a portable 
motor rated at Ys hp or less, the motor controller shall be 
permitted to be an attachment plug and receptacle or cord 
connector. 

430.82 Motor ControUer Design. 

(A) Starting and Stopping. Each motor controller shall be 
capable of starting and stopping the motor it controls and shall 
be capable of interrupting dtc locked-rotor current of the 
motor. 

(B) Autotransformer. An autotransformer starter shall provide 
an Moll" position, a running position, and at lcao;t one starting 
position. It shall be designed so that it cannot rest in the start
ing position or in any position that "ill render the overload 
device in the circuit inoperative. 

(C) Rheostats. Rhcostato; shall be in compliance with the 
following: 
( 1)  Motor-starting rhcostato; shall be designed so that the 

contact arm cannot be left on intermediate scgmcnto;. 
The point or plate on which dtc arm rcsto; when in the 

70-354 

starting position shall have no electrical connection with 
the resistor. 

(2) Motor-starting rhcostato; for de motors operated from a 
constant voltage supply shall be equipped with automatic 
devices that will interrupt the supply before the speed of 
the motor hao; fallen to less than one-third ito; normal rate. 

430.83 Ratings. The motor controller shall have a rating in 
accordance with 430.83(A) , unlcs.o; othcmisc permitted in 
430.83(8) or (C), or in accordance with (D), under the concH
lions specified. 

(A) General. 

(I) Horsepower Ratings. Motor controllers, other than inverse 
time circuit breakers and molded cao;c switches, shall have 
horsepower ratings at the application voltage not lower than 
the horsepower rating of dtc motor. 

(2) Circuit Breaker. A branch-circuit inverse time circuit 
breaker rated in amperes shall be permitted ao; a motor control
ler for all motors. ""'here diis circuit breaker is also u.o;cd for 
overload protection, it sh'!ll confonn to the appropriate prmi
sions of this article governing overload protection. 

(3) Molded Case Switch. A molded cao;c switch rated in 
amperes shall be permitted ao; a motor controller for all 
motors. 

(B) SmaU Motors. Devices in accordance l\ith 430.81 (A) and 
(B) shall be permitted ao; a motor controller. 

(C) Stationary Motors of 2 Horsepower or Less. For stationary 
motors rated at 2 hp or lcs.o; and 300 volto; or lcs.o;, the motor 
controller shall be permitted to be cidtcr of dtc following: 
(1)  A general-usc switch having an ampere rating not lcs.o; 

than tl\icc the full-load current rating of the motor 
(2) On ac circuito;, a general-usc snap switch suitable only for 

u.o;c on ac (not gcncral-u.o;c ac-clc snap Sl\itchcs) where 
the motor full-load current rating is not more than 
80 percent of the ampere rating of the switch 

(D) Torque Motors. For torque motors, the motor controller 
shall have a continuou.'Hiuty, full-load current rating not lcs.o; 
than the nameplate current rating of the motor. For a motor 
controller rated in horsepower but not marked with the forego
ing current rating, the equivalent current rating shall be deter
mined from the horsepower rating by using Table 430.247, 
Table 430.248, Table 430.249, or Table 430.250. 

(E) Voltage Rating. A motor controller with a straight voltage 
rating, for example, 240 volto; or 480 volto;, shall be permitted to 
be applied in a circuit in which the nominal voltage between 
any two conductors docs not exceed the motor controller's 
voltage rating. A motor controller with a slao;h rating, for exam
ple, 1 20/240 volto; or 480Y/277 volto;, shall only be applied in a 
solidly grounded circuit in which the nominal voltage to 
ground from any conductor docs not exceed the lower of the 
two values of the motor controller's voltage rating and the 
nominal voltage between any two conductors docs not exceed 
the higher value of the motor controller's voltage rating. 

(F) Short-Circuit Current Rating. A motor controller shall not 
be installed where dtc available fault current cxcccclo; the 
motor controller's short-circuit current rating. 

Informational :'\ote: The short-circuit current rating might he 
marked on the de�ice or might be a rating for a tested combina-
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.97 

lion specified in the motor controller's technical manual or 
instruction sheet. 

430.84 Need Not Open All Conductors. The motor controller 
shall not be required to open all conductors to the motor. 

Exception: H1um� the motor crmtmlkr serves alm as a disronntcting 
means, it shall ofJtm all ungmundtd ronductm-s to the 11Uitor in acaml
ance with 430.11 I. 

430.85 In Grounded Conductors. One pole of the motor 
comrollcr shall be pcrmiucd to be placed in a pcnnancntly 
grounded conductor if the motor controller is designed so that 
the pole in tltc grounded conductor cannot be opened without 
simultaneously opening all conductors or the circuit. 

430.87 Nun1ber of Motors Served by Each Motor ControUer. 
Each motor shall be provided "itl1 an individual motor control
ler. 

Exception No. 1: For motm-s mttd 1 ()()() volts or less, a single motor 
contmlkr mll'.d at not less than the tquivalent hm-sepowe1; as dtter
mintd in accordance with 4 30.1 JO(C)( I), of all the 11Uitm-s in the 
JPVU/J shall be permilltd to serve the JPVU/J undtr any of the following 
conditions: 

( 1) Whm• a number of 11Uitm:� drive severalJJarts of a single machine 
m·Jiitce of aJJjlamtus, .�uch as metal mul woodworking machines, 
nu1U!S, lwists, and .�imilar aJJjlamtus 

(2) Men• a JPVUP of 11Uitm:� is under the pmttction of ont ovm:ur
nmt device in accordance with 4 30.5 3(A) 

( 3) llllhere a group of motm-s is /.orated in a .�ingle tvom within sight 
fivm the motor contmlkrlocation 

Exception No. 2: A /nunch-cirruit di�conmcting me.ans serving as the 
motor contmller in acconlanre with 430.81(A) shall be pennilltd tq 
serve 11UIIf! than ont moto1: 

430.88 Adjustable-Speed Motors. Adjustable-speed motors 
that arc comrollcd by means of field regulation shall be 
equipped and connected so that they cannot be started under a 
weakened field. 

Exception: Starting under a weakened fold shall be Jmmitttd wlvlf! the 
motor is designtd for such starting. 

430.89 Speed Limitation. �Iachines of the 'rollo"ing types shall 
be prmidcd with speed-limiting deVices or otltcr speed-limiting 
means: 

(1)  Separately excited de motors 
(2) Series motors 
(3) �Iotor-gcncrators and converters that can be driven at 

excessive speed from the de end, as by a reversal of 
current or decrease in load 

Exception: Sepamtt speed-limiting devices or mtans shall not be 
requitf!d undtr either of the following conditions: 

( 1) H'hm• the inhe1mt chamcttli�tics of tlv machints, the system, m· 
the load and tlv mechanical conntction thm•to all! .�uch as to 
saft�l' limit the speed 

(2) H'hm• the machi1v is alwa_ys undtr the manual control of a 
qualijil'.d opemtor 

430.90 Combination Fuseholder and Switch as Motor Control
ler. The rating of a combination fuscholdcr and Sl\ilch used as 
a motor comrollcr shall be such that tltc fuse holder \\ill accom
modate the size of the fuse specified in Part III of this article 
for motor overload protection. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RICAL COI>t: 

Exception: Mum• fitses having time dtlay aPJIIvJIIiate for tht stm·ting 
cltamcteli�tics of tht motor fllf! usl'.d, juseholdt1-s of .mmlkr .WL than 
sJII'Cijitd in Part Tll of this article shall be Jmmitted. 

Part Vlll. Motor Control Centers 

430.92 General. Part VIII covers motor comrol centers 
installed for the control of motors, lighting, and power circuit�. 

430.94 Overcurrent Protection. :Motor control ccmcrs shall be 
prmidcd with ovcrcurrcm protection in accordance with 
Part� I, II, and \111 of Article 240. The ampere rating or setting 
of the ovcrcurrcm protective device shall not exceed the rating 
of the common power bus. This protection shall be prmidcd by 
(1 )  an ovcrcurrcnl protective device located ahead of the 
motor control center or (2) a main ovcrcurrcm protective 
dc\icc located within the motor comrol center. 

430.95 Service Equipment. \-\'here tt.�d a� service equipment, 
each motor control ccn�cr !!hall be provided with a single main 
disconnecting means tO disconnect all ungrounded service 
conductors. 

· 

Exception No. 1: A .i/!rond service disconntct shall be permitttd to 
.mptJly additio�talequipment. 

\-\'here � grounded conductor is pro,idcd, the motor control 
center shall be prmidcd "ith a main bonding jumper, sized in 
accordance "itl1 250.28(0), within one of the sections for 
cminc<:ting the grounded conductor, on it� supply side, to the 
motor control center cquipmcm ground bus. 

Exception No. 2: I ligh-impedance gmundtd 11e1ttml systems shall be 
pennilltd to be conntcll'.d as pmvidtd in 250.36. 

430.96 Grounding. :Muhiscction motor control centers shall 
be connected together with an equipment grounding conduc
tor or an equivalent equipment grounding bus sized in accord
ance with Table 250.1 22. Equipment grounding conductors 
shall be connected to this equipment grounding bus or to a 
grounding termination point provided in a single-section 
motor control center. 

430.97 Busbars and Conductors. 

(A) Support and Arrangement. Busbars shall be protected 
from physical damage and be held firmly in place. Other than 
for required interconnections and control \\iring, only those 
conductors that arc intended for termination in a vertical 
section shall be located in that section. 

Exception: \..onducto1-s shall be permitttd to tmvtl horizonta�y thmugh 
ve1tical Sl'ctions whelf! such condttctm-s m'l' isolall'.d fmm tlv busbm:� by 
a barrie1: 

(B) Phase Arrangement. The pha�c arrangement on 3-pha� 
horizontal common power and vertical buses shall be A, B, C 
from from to back, top to bouom, or left to right, a� viewed 
from tltc front of tltc motor control center. The B pha� shall 
be that pha�c ha\ing the higher voltage to ground on 3-pha�, 
4-wirc, delta-connected systems. Other busbar arrangement� 
shall be pcnniucd for additions to existing installations and 
shall be marked. 

Exception: ReaN11ounttd units ronntcll'd to a vertical bus that is 
common to ftvnt-mmmted units shall be permilltd to have a C, B, A 
p!tase armn/P"mtnt whe11! JllvJmiy idtntified. 
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430.97 ARTICLE 430-MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 

(C) Minimum W�re-Bending Space. The mnumum wire
bending space at the motor control center tenninals and mini
mum gutter space shall be in accordance "ith 312.6. 

(D) Spacings. Spacings between motor control center bus 
tenninals and other bare metal parl"l shall not be les."l than 
specified in Table 430.97(D). 

(E) Barriers. Barriers shall be placed in all sen-ice-entrance 
motor control centers to isolate senice busbars and terminals 
from the remainder of the motor control center. 

430.98 Marking. 

(A) Motor Control Centers. Motor control centers shall be 
marked according to 1 10.21, and the marking shall be plainly 
visible after installation. Marking shall also include common 
power bus current rating and motor control center short
circuit current rating. 

(B) Motor Control Units. Motor control unit"l in a motor 
control center shall comply with 430.8. 

430.99 Available Fault CurrenL The available fault current at 
the motor control center and the date the available fault 
current calculation was performed shall be documented and 
made available to those authorized to inspect, install, or main
tain the installation. 

Part IX. Disconnecting Means 

430.101 General. Part IX is intended to require disconnecting 
means capable of disconnecting motors and motor controllers 
from the circuit. 

430.102 Location. 

(A) Motor Controller. An individual disconnecting means 
shall be prmided for each motor controller and shall discon
nect the motor controller. The disconnecting means shall be 
located in sight from dte motor controller location. 

Exception No. 1: Fm· matm· chcuits (fl}er 1 ()()0 voltf, nomina� a motor 
rontmlkr disconn«ting means /nckabk in accmrlana with 110.25 
shall be Jmmitted to be out of .fight of the mator conlmlkr if the motor 
contmlkr is mmfred with a label giving the �catiftn· of the disconn«ting 
means. 

Exception No. 2: A single difcmmecting �anf shall be permitted for a 
gmuJI of coordinated motor controllers that drive several Jmt·ts of a 
.fingle mac/tine m·Jiiece of aptJaratus. The difconnecting me.ans shall be 
located in sight ftvm the matm· contmlkrs, and both llv disconnecting 
meanf and the motor crmlmlln:f shall be /ncated in .fight ftvm the 
machitv o-r aptJm"alus. 

Table 430.97(D) Minimum Spacing Between Bare Metal Parts 

Exception No. 3: The disconnecting meanf shall not be required to be in 
.fight ftvm valve acluatm· matm· (YAM) a.fsemblies containing the moto-r 
contmUer wht'11' .melt a /ncation introduces additional m· inclf'a.fed 
hazmrls to J�ersonf m· pmpertJ and the follnwing conditions lllf! mel: 
( 1) Tlv valve actuato-r matm· a.fsemb�l' if mmfled with a label giving 

the /.oration of the difcontv.cting meanf. 
(2) Tlv disconnecting means if /nckabk in acco-rdance with 110.25. 

(B) Motor. A disconnecting means shall be provided for a 
motor in accordance "id1 430.102(8) (1)  or (8) (2) . 

(1) Separate Motor DisconnecL A disconnecting means for 
the motor shall be located in sight from the motor location and 
the driven machinery location. 

(2) Motor Controller DisconnecL The motor controller 
disconnecting means required in accordance l\ith 430.102(A) 
shall be permitted to serve a"l the disconnecting means for the 
motor if it is in sight from dte motor location and the driven 
machinery location. 

Exception to ( 1) and (2): The difCM!necling meanf fm· llv matm· shall 
not be tf'quitf'd under either of. the follmuing conditions tJ llv moto-r 
contmUer discmtn«ting �n.f 11'qui11'd in 430.102(A) if /nckabk in 
accmrlance zuith 110.25: 

( 1) Whe11' such a IDeation of llv disconn«ting tneanf fm· llv mala-r is 
impmcticable ar intmdures additional m· ittclf!a.fed ha.zards Ill 
persons o-r pmpn·ty 

lnforinational Note :'\o. 1 :  Some examples of increa.•ed or addi
tional hazards include, but are not limited to, motors rated in 
exce<.• of 100 hp, muhimotor equipment, submersible motors, 
motors a.'l.•ociated "ith a�ju.•table-speed drh·es, and motors loca
ted in hazardou.• (cla.'l.•ified) locations. 

(2) In industt·ial installatio-nf, with w1itten safel_l' pmcedutf'S, whetf! 
ronditio-nf of maintenance and .mJm-uifion enmtf! that only 
qualijil'.d pet"!io-nf se1-vice the equipment 

Informational :'\ote ll:o. 2: See :'\FPA 701-.:2021,  Standard for fur
triral Saft!ly in tile Wnrltplnce, for information on lockout/ tagout 
procedures. 

430.103 Operation. The disconnecting means shall open all 
ungrounded supply conductors and shall be designed so that 
no pole can be operated independendy. The disconnecting 
means shall be permitted in the same enclosure with dte motor 
controller. The disconnecting means shall be designed so that 
it cannot be closed automatically. 

Informational ll:ote: See 430.1 13 for equipment recehing 
energy from more than one source. 

430.104 To Be Indicating. The disconnecting means shall 
plainly indicate whether it is in the open (oil) or closed (on) 
position. 

Opposite Polarity Where 
Mounted on the Same 

Surface 
Opposite Polarity Where 

Held Free in Air 
Live Parts to 

Ground 

Nominal Voltage DUD in. DUD in. DUD in. 
Not over 125 �uhs, nominal 19.1 � 12.7 Y, 12.7 Y, 
;.;ot over 250 �uh.�. nominal 31.8 IY. 19.1 � 12.7 Y, 
;.;ot over 600 �uhs, nominal 50.8 2 25.4 I 25.4 I 
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ARTICLE 430- MOTORS, MOTOR CIRCUITS, A.'ID CONTROLLERS 430.110 

430.105 Grounded Conductors. One pole of the disconnect
ing means shall be permitted to disconnect a pcnnancnlly 
grounded conductor, provided the disconnecting means is 
designed so that lite pole in the grounded conductor cannot 
be opened "illtout simultaneously disconnecting all conduc
tors of lite circuit. 

430.107 Readily Accessible. At least one of the disconnecting 
means shall be readily accessible. 

430.108 Every Disconnecting Means. Every disconnecting 
means in the motor circuit between the poim of attachmcm to 
the feeder or branch circuit and the poim of connection to the 
motor shall comply l\ith the requirement" of 430.109 and 
430.1 10. 

430.109 Type. The disconnecting means shall be a type in 
accordance l\ith 430.109(A), unless othcmisc pcnniucd in 
430.109(8) lluough (G) , under the conditions specified. 

(A) General. 

(1) Motor-Circuit Switch. A listed motor-circuit Sl\itch rated in 
horsepower. 

(2) Molded Case Circuit Breaker. A listed molded case circuit 
breaker. 

(3) Molded Case Switch. A listed molded case Sl'itch. 

(4) Instantaneous-Trip Circuit Breaker. An instantaneous-trip 
circuit breaker that is part of a listed combination motor 
comrollcr. 

(5) Self-Protected Combination Motor ControUer. Listed self
protected combination motor controller. 

(6) Manual Motor ControUer. Listed manual motor comrollers 
additionally marked MSuitablc as :\IIotor Disconnect" shall be 
permitted as a disconnecting means where installed between 
the final motor branch-circuit short-circuit protective dclicc 
and the motor. Listed manual motor controllers additionally 
marked KSuitablc as Motor Disconnect" shaD be pcnniucd as 
disconnecting means on lite line side of the fuses in accord
ance l\ith 430.52(C) (5). In this cao;c, the fuses pcnniucd in 
430.52(C)(5) shall be considered supplementary fuses, and 
suitable branch-circuit short-circuit and ground-fault protective 
devices shall be installed on the line side of the manual motor 
controller additionally marked KSuitablc ao; Motor Disconnect." 

(7) System Isolation EquipmenL System isolation equipment 
shall be listed for disconnection purposes. System isolation 
equipment shall be installed on the load side of the ovcrcur
rcnt protection and ito; disconnecting means. The disconnect
ing means shall be one of the types permitted by 430.109(A) (I )  
through (A) (3). 

(B) Stationary Motors of Ya Horsepower or Less. For station
ary motors of Y,; hp or less, the branch-circuit ovcrcurrcnt 
dc\icc shall be permiucd to serve ao; the disconnecting means. 

(C) Stationary Motors of 2 Horsepower or Less. For stationary 
motors rated at 2 hp or lcs.o; and 300 vo)to; or less, the discon
necting means shall be permitted to be one of the follo"ing 
de\ ices: 

( 1) A general-usc switch having an ampere rating not lcs.o; 
than ll\icc the full-load current rating of the motor 

(2) On ac circuito;, a general-usc snap Sl\itch suitable only for 
u.o;c on ac (not gcncral-u.o;c ac-dc snap Sl\itchcs) where 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

the motor full-load currcm rating is not more than 
80 perccm of the ampere rating of the Sl\itch 

(3) A listed manual motor controller haling a horsepower 
rating not Jcs.o; than the rating of the motor and marked 
MSuitablc ao; Motor Disconnect" 

(D) Autotransformer-'I)'pe ControUed Motors. For motors of 
over 2 hp up to and including 100 hp, the separate disconnect
ing means required for a motor l\ith an autotransformer-type 
motor comrollcr shall be permitted to be a general-usc Sl\itch 
where all of the follm\ing provisions arc met: 

(1 )  The motor drives a generator that is prmidcd "illt over
load protection. 

(2) The motor controller is capable of interrupting the 
locked-rotor current of the motors, is prmidcd l\ith a no 
voltage rclcao;c, and is prmidcd l\ith running overload 
protection not exceeding 125 pcrccm of the motor full
load current rating. 

(3) Separate fuses or an im'Crsc time circuit breaker rated or 
set at not more than 150 percent of the motor full-load 
currcm is prmidcd in the motor branch circuit. 

(E) Isolating Switdles. For stationary motors rated at more 
than 40 hp de or 100 hp ac, the disconnecting means shall be 
permitted to ,be a general-usc or isolating Sl'itch where plainly 
marked MDo not operate under load." 

(F) Cord-and-Plug-Connected Motors. For a cord-and-plug
connected motor, a horsepower-rated attachment plug and 
receptacle, flanged surface inlet and cord connector, or attach
ment plug and cord connector haling ratings not Jcs.o; than the 
motor ratings shall be permitted to serve ao; the disconnecting 
means. Horsepower-rated attachment plugs, flanged surface 
inlcto;, receptacles, or cord connectors shall not be required for 
cord-and-plug-connected appliances in accordance l\ith 422.33, 
room air conditioners in accordance with 440.63, or portable 
motors rated � hp or Jcs.o;. 

(G) Torque Motors. For torque motors, the dio;connccting 
means shall be permitted to be a general-usc Sl\itch. 

430.110 Current Rating and Interrupting Capacity. 

(A) General. The disconnecting means for motor circuit" 
rated 1000 volto;, nominal, or lcs.o; shall have a current rating not 
lcs.o; than 1 15 pcrccm of the full-load current rating of the 
motor. 

Exception: A Li�ted unfused motor-circuit !!Witch having a hm-sepOliJer 
rating 1wt k!IS than the motor lwrsepOliJer shall be Jmmitted to have a 
cunmt rating le.'iS than I 15 Jmr:ent of the full-load CUITent rating of 
the moto1: 

(B) For Torque Motors. Disconnecting means for a torque 
motor shall have a current rating of at lcao;t 1 15 percent of the 
motor nameplate current. 

(C) For Combination Loads. \\'here two or more motors arc 
used together or where one or more motors arc used in combi
nation l\ith other loado;, such ao; resistance heaters, and where 
the combined load can be simultancou.o; on a single disconnect
ing means, the current and horsepower ratings of the 
combined load shall be determined in accordance with 
430.1IO(C) (1) lluough (C) (3). 

(1) Horsepower Rating. The rating of the dio;connccting 
means shall be determined from the sum of all currcnto;, 
including resistance loado;, at the full-load condition and also at 

70-357 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



430.110 ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 

the locked-rotor condition. The combined full-load current 
and the combined locked-rotor current so obtained shall be 
considered as a single motor for the purpose of this require
ment. 

The full-load current equivalent to the horsepower rating of 
each motor shall be selected from Table 430.247, Table 
430.248, Table 430.249, or Table 430.250. These full-load 
currents shall be added to the rating in amperes of other load'i 
to obtain an equivalent full-load current for the combined 
load. 

The locked-rotor current equivalent to the horsepower 
rating of each motor shall be selected from Table 430.251 (A) 
or Table 430.251 (B). The locked-rotor currcnl'i shall be added 
to the rating in amperes of other load'i to obtain an equivalent 
locked-rotor current for the combined load. \\'here two or 
more motors or other load'i cannot be started simultancouslv, 
the largest sum of locked-rotor currcnl'i of a motor or group �f 
motors that can be started simultaneously and the full-load 
currcnl'i of other concurrent load'i shall be permitted to be 
used to determine dtc equivalent locked-rotor current for the 
simultaneous combined load'i. In cases where different current 
ratings arc obtained when appl}'ing these tables, dtc largest 
value obtained shall be used. 

Exception No. 1: The locked-mtm· cummt equivalent to the hm-sepower 
rating of each po�l·p!tase motm· with design letter A shall be fme of 
following: 

( 1) 1J available, the motor's marked value of locked-mtm· ampelf!S 
(2) 1n tile absence of a mm-kl'.d value of locked-mtor amJm1's for the 

moto1; tile value calculated from Equation 430.1 JO(C)(l )a: 

{430.110(C)(l)a] 

1 ked- (AI:�),. (lootlxmntors marl<ed '-alue ofraoed horsepnwet·). 
nc . rntoramperes ; hi J. (motor·s marked ,-aJne of rated \-ctlb)x( J3) 

where: 
k VA/hp = maximum mnge value of kilovolt-amJie11'!1JN.r lwrse

pmver with locked mtor in Table 430. 7(/J) as.�ociated 
with the motor's mat-ked loclu.d-mtor uulicating code 
letter 

Informational :'\ote: Equation 430.1 10(C) (1)a i.; obtained by 
sol\ing for locked-rotor amperes in the funnula for "kilm·olt
amperes per horsepower \\itb locked ·rotor,'' a� follows: 

[430.110(C)(I)b) 

kVt\ ( .J3)x(molor'• marked \'3lue of rnled mlt•)x(loded-rOior ampere.) 

lip (JOOOxm01or'• marked \mue ofraled honepower) 

The numerator of Equation 430.1 1  O(C) ( 1) b for kilovolt
amperes per horsepower is the apparent power input to a three
pha� motor \tith locked rotor in unit� of ,·oil-amperes. The 
fdctor of 1000 VA/kVA in the denominator com·en� tbi� value to 
w1it� of kilovolt-amperes and "(marked ,-aJue of rated horse
power)" in d1e denominator convert� d1is to kilm·olt-amperes 
per horsepower. Note d1at "motor's marked ,-aJue of rated \'OIL�" 
i� a line-to-line \"dlue and "locked-rotor amperes" i� a line ,-aJue 
a� opposed to a pha�e \-alue. 

Exception No. 2: »'he11' Jlart of the concurrent wad is 11'.mtance !Dad, 
and wlm1' the di.�ronnecting means i� a switch mted in hm-sepower and 
cw'lmt, the switch U.'it'd slmU be permitted to lmve a hm-sepower mting 
not less tlmn the combitlP.d !Dad of tile motm'(s) if the cunmt rating of 
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the .witch i� not less than tile locked-mtor cunY-nt of the motor(s j Jllu.� 
the J1'si.�tance !Dad. 

(2) Current Rating. The current rating of the disconnecting 
means shall not be less than 1 15 percent of the sum of all 
currcnl'i at the full-load condition determined in accordance 
with 430.1 10(C) (1) .  

Exception: A li�ted twnfusl'.d motor-cil'cuit .nvitcll having a hm-sepower 
rating equal to m· grt'nteJ· than the 1'-f[Uivalent hm-sepower of the 
rombined wads, detel'lnined in accmrlance with 430.JJO(C)(l ), slmU 
be pennitted to lmve a cunmt rating less than 115 percent of the sum 
of all cummls at the full-/Dad crmdition. 

(3) Small Motors. For small motors not covered by Table 
430.247, Table 430.248, Table 430.249, or Table 430.250, the 
locked-rotor current shall be assumed to be six times the full
load current. 

430.111 Switch or Circuit Breaker as Both Motor ControUer 
and Disconnecting Means. A Sl\itch or circuit breaker shall be 
permitted to be used as both the motor controller and discon
necting means if it compli� with 430. 1 1 1  (A) and is one of the 
types specified in 430.11 I (B): 

(A) General. The switch or circuit breaker complies with the 
requirement., for motor controllers specified in 430.83, opens 
all ungroundc� conductors to the motor, and is protected by 
an ovcrcurrcrit device in each ungrounded conductor (which 
shall be .Pctmittcd to be the branch-circuit fuses). The ovcrcur
rcnt dc"icc protecting the motor controller shall be permitted 
to be part of the motor controller assembly or shall be permit
ted to be separate. An autotransformer-type motor controller 
shall be provided "ith a separate disconnecting means. 

(B) Type. The dc\icc shall be one of the types specified in 
430. 1 1 1  (B) (l  ), (B) (2), or (B) (3). 

(I) Air-Break Switch. An air-break switch, operable dirccdy by 
appl}ing the hand to a lever or handle. 

(2) Inverse Time Circuit Breaker. An inverse time circuit 
breaker operable dirccdy by appl}'ing dtc hand to a lever or 
handle. The circuit breaker shall be permitted to be both 
power-operable and manually operable. 

(3) Oil Switch. An oil switch tL'iCd on a circuit whose rating 
docs not exceed 1000 voll'i or 100 amperes, or by special 
pcrmL'i.'iion on a circuit exceeding this capacity where under 
expert supc�Vision. The oil Sl\itch shall be permitted to be both 
power-operable and manually operable. 

430.112 Motors Served by Single Disconnecting Means. Each 
motor shall be provided "ith an individual disconnecting 
means. 

Exception: A singk di�connecting means shall be permitted to serve a 
IJIVU/J of motm:� undel· any one of the conditions of ( 1 ), (2 ), and ( 3 ). 
Tile singk di�cmml'cting means shall be mted in acrmrlance with 
430.1 JO(C). 

( 1) »'he11' a number of motm-s drive sevemlJJarL� of a singk maclline 
m· Jli«e of aptJaratus, .mel! as metal- mul woodwm-king 
mac/tines, cranes, and hoists. 

(2) Whe11' a g�vup of motm-s i� under the Jllvtection of one set of 
bmnch-cirmit protective devices as /Jelmittl'.d by 430.53(A). 

( 3) Whe11' a g�vuJI of motm-s i� in a single mom within sight ftvm the 
location of tile di�cmmecting means. 
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ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.126 

430.113 Energy from More Than One Source. :Motor and 
motor-operated equipment receiving electric energy from 
more than one source shall be provided with disconnecting 
means from each source of electric energy immediately adja
cent to the equipment served. Each source shall be pcrmiucd 
to have a separate disconnecting means. \\'here multiple 
disconnecting means arc provided, a permanent warning sign 
shall be prmidcd on or adjacent to each disconnecting means 
indicating that multiple sources must be shut off to remove all 
power to the equipment. The sign at each disconnect shall 
identify the other specific circuit"l. 

Exception No. 1: �Wum� a motor receives ekctric energ)' ftvm mmf! than 
cme source, tile disconnecting means fm· tile main power sufr!J�l' to the 
motor shall not be required to be immediate�)' adjacent to the motor if the 
motor contmller disccmnecting means is lockable in acconlance with 
JJ0.25. 

Exception No. 2: A sepamte disconnecting meam shall not be 11!qui11!d 
fm· a C..la.'i.� 2 nmwte-contml cirruit comp{l·ing with Pat"ls I mul II of 
A1·tirk 725, mted not 711017! than 30 volts, mul isolated and ungroun
ded. 

Part X. Adjustable-Speed Drive Systems 

430.120 General. The installation rcquircmcnt"l for Part I 
through Part IX arc applicable unlcs."l modified or supplemen
ted by Part X. 

Power conversion equipment used in acljustablc-specd drive 
systems shall comply "ith Part X for an input or output rated 
1000 volt"l or lower and widt Part XI for an input or output 
rated over I 000 volt"l. 

430.122 Conductors - Minimum Size and Ampacity. 

(A) Branch/Feeder Circuit Conductors. Circuit conductors 
suppl)'ing power conversion equipment inducted a"l part of an 
adjustable-speed drive system shall have an ampadty not lcs."l 
than 125 percent of the rated input current- to the power 
conversion cquipmcm. 

Informational :'\ote: Power cmwersion equipment can ha\·e 
multiple power ratinw- and corresponding input current�. 

(B) Output Conductors. The condm:tors between dtc power 
conversion equipment and the motor shall have an ampacity 
equal to or larger than 125 percent of dtc motor full-load 
current a"l determined by 430.6(A) or (8). 

Exception: If the poUlt!!· convn-sion equipment is lislP.d and mm'ked as 
"Suitable fm· Output Motor C..onductor Protection, " the conductor 
between the power convenion equipment and tile motm· slmU lmve an 
ampacity equal to or grP.ater tlmn tile lmgf!l' of tile follmuing: 

( 1) 125 percent of tile motor full-Load cunmt as detenninl'.d by 
430.6(A) m· (B) 

(2) Tile amfJacit_l' of tile minimum conductor .�ize mat'ked on the 
power conVP!-sion equipment 

Informational l'ote l'o. 1 :  See 430.130 and 430.131 for branch 
circuit protection requirements. The minimum ampacity 
required of output conductors is often different than that of the 
conductors supplying the power conversion equipment. 

Informational Note No. 2: Circuit conductors on the output of 
an a�ju.�table-speed drh·e system are s•��ceptible to breakdmm 
w1der certain conditions due to the characteri�tics of the output 
wa,·efonn of the drive. factors affecting the conductors include, 
but are not limited to, the output voltage, frequency, and 
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current; the length of the conductors; the spacing between the 
conductors; and the dielectric strength of the conductor insula
tion. :\fethod� to mitig-dte breakdmm include consideration of 
one or more of these factors. 

(C) Bypass Device. The ampacity of circuit conductors supply
ing power conversion equipment inducted ao; part of an 
adjustable-speed drive system that utilizes a bypao;s device shall 
be the larger of either of the following: 

(1)  125 percent of the rated input current to the power 
conversion cquipmcm 

(2) 125 percclll of dtc motor full-load current rating clctcr
minccl in accordance "idt 430.6 

(D) Several Motors or a Motor and Other Loads. Conductors 
supplying several motors or a motor and other load"l, including 
power conversion equipment, shall have ampacity in accord
ance with 430.24, using the rated input current of the power 
conversion cquipmcm for purposes of calculating ampacity. 

430.124 Overload Protection. Overload protection of the 
motor shall be prmiclcd 

(A) Included in Power Conversion Equipment. Where the 
power conversion equipment is marked to indicate that motor 
overload protection is incluclcd, additional overload protection 
shall not be required. 

(B) BypaSs Circuits. For acljustablc-spcccl drive systems that 
utilize a bypa<;.o; dc'"icc to allow motor operation at rated full
load spcccl, motor overload protection a"l described in Article 
430. Part Ill, shall be provided in dtc bypa<;.o; circuit. 

(C) Multiple Motor App6catioos. For multiple motor applica
tion, indhidual motor overload protection shall be provided in 
accordance "idt Article 430, Part Ill. 

430.126 Motor Overtemperature Protection. 

(A) General. Acljustablc-specd drive systems shall protect 
against motor ovcrtcmpcraturc conditions where the motor is 
not rated to operate at the nameplate rated currcm over the 
speed range required by the application. This protection shall 
be prmiclcd in addition to the conductor protection required 
in 430.32. Protection shall be provided by one of the follo"ing 
means: 

(1)  Motor thermal protector in accordance l\ith 430.32 
(2) Adjtt"ltablc-spccd drive system with load and spcccl

sensitivc overload protection and thermal memory reten
tion upon shutdown or power los.o; 

Exception to (2): Thermal memory !f!lention upon shutdown m· power 
lo.'i.� is not !'t'quired fm· continuous duty load�. 

(3) Ovcrtcmpcraturc protection relay utilizing thermal 
sensors cmbecldccl in the motor and meeting the require
ment-; of 430.126(A) (2) 

(4) Thcnnal sensor cmbcddccl in the motor whose communi
cations arc received and acted upon by an acljustablc
specd drive system 

Informational :'\ote: The relationship between motor current 
and motor temperdture changes when the motor is operdted by 
an a�ju.�table-<ipeed drive. In cenain applications, overheating of 
motors can occur when operdted at reduced speed, even at 
current levels les.� than a motor's rdted full-load current. The 
m·erheating can be the result of reduced motor cooling when iL� 
shaft-mounted fan is operating les.� than rdted nameplate RP:\f. 
A� part of the analysi� to determine whether overheating \\ill 
occur, it is neces.�ry to cm1.�ider the continuou.� torque capabil-
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430.126 ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 

ity curves for the motor given the application requiremenL•. 
Thi• ,,;11 a..sist in determining whether the motor overload 
protection "ill be able, on its own, to provide protection against 
m·erheating. These overheating protection requiremenL• are 
only intended to apply to applications where an a�ju.•table
speed drive, a.• defined in Article 100, is u.•ed. 

For motors that utilize external forced air or liquid cooling 
system.•, overtemperdture can occur if the cooling system is not 
operating. Although thi• L'i.•ue is not unique to a�ju.•table speed 
applications, externally cooled motors are most often encoun
tered \\ith such applications. In these instances, ovenempera
ture protection using direct temperature sensing i• 
recommended [i.e., 430. 126(A) (I) ,  (A) (3), or (A) (4)], or addi
tional mean.• should be provided to en•ure that the cooling 
system i• operating (flow or pres.•ure sensing, interlocking of 
a�ju.•table-speed dri,·e system and cooling system, etc.). 

(B) Multiple Motor Applications. For multiple motor applica
tions, individual motor ovcrtcmpcraturc protection shall he 
prmidcd as required in 430.126(A). 

(C) Automatic Restarting and Orderly Shutdown. 430.43 and 
430.44 shall apply to the motor ovcrtcmpcraturc protection 
means. 

430.128 Disconnecting Means. The disconnecting means shall 
be permitted to be in the incoming line to dtc conversion 
cquipmcm and shall have a rating not less than 1 15 percent of 
the rated input current of the conversion unit. 

430.130 Branch-Circuit Short-Circuit and Ground-Fault Protec
tion for Single Motor Circuits Containing Power Conversion 
Equipment. 

(A) Circuits Containing Power Conversion Equipment. 
Circuit"l containing power conversion equipment shall he 
protected by a branch-circuit short-circuit and ground-fault 
protective dc\-icc in accordance with all of the following: 

(1) The rating and type of protection shall he determined by 
430.52(C) (1 ) ,  (C) (3), (C) (5) , or (C) (6), tL"ling the filii
load current rating of the motor load a"l determined by 
430.6(A) or (B). 

Exception to (I): The rating and l_}jJe of protection shall be permitted to 
be detennined by Table 4 30.5 2(C)(l) using the pouwr cmwe1-sion equi
pment s mled input cunmt where the pown· cmr'vtrrsidn equiJ1711ent is 
li.�ted and mm-kP.d "Suitable for Output Motm· cOnductor Protection. " 

Informational :'\ote l'o. I: Motor conductor branch-circuit 
short-circuit and ground-fault protection from the power 
cmwersion equipment to the mooor i• provided by power 
cmwersion equipment that is listed and marked "Suitable for 
Output Motor Conductor Protection. • 

Informational :'\ote l'o. 2: A motor brdnch circuit u.•ing power 
cmwersion equipmem, including equipment listed and marked 
"Suitable for Output :\fotor Conductor Protection," includes the 
input circuit to the power conversion equipment. 

(2) Where maximum branch-circuit short-circuit and ground
fault protective ratings arc stipulated for specific dc\-icc 
types in the manufacturer's instructions for dtc power 
conversion equipment or arc othcn,isc marked on the 
cquipmcm, they shall not he exceeded even if higher 
\-<tlucs arc permitted by 430.130(A) (1) .  

(3) A self-protected combination motor controller shall only 
he permitted where specifically identified in the manufac
turer's instructions for the power conversion cquipmcm 
or if otherwise marked on dtc equipment. 
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Informational :'\ote l'o. 3: The type of protecti,·e device, iL• 
rating, and iL• setting are often marked on or provided \\ith the 
power com·ersion equipmem. 

(4) "''here an instantancotL'i-trip circuit breaker or semicon
ductor ftL"lcs arc permitted in accordance with the drive 
manufacturer's instructions for usc a"l the branch-circuit 
short-circuit and ground-fault protective dc\icc for listed 
power conversion equipment, they shall be pro,idcd a"l 
an integral part of a single listed a"lscmbly incorporating 
both the protective dc'l'icc and power conversion equip
ment. 

(B) Bypass Circuit/Device. Branch-circuit short-circuit and 
ground-fault protection shall also he prmidcd for a bypa'i."l 
circuit/dcvicc(s) . \\''here a single branch-circuit short-circuit 
and ground-fault protective device is prmidcd for circuit"l 
containing both power conversion equipment and a bypa'i."l 
circuit, the branch-circuit protective dc'l'icc type and it"l rating 
or setting shall he in accordance with those determined for the 
power conversion equipment and for the bypa'i."l circuit/ 
dc'l'icc(s) equipment. 

430.131 Several Motors or· Loads on One Branch Circuit 
Including Power Coia�rsion Equipment. For installations 
meeting all dtc rcquircmcnl"l of 430.53 that include one or 
more power converters, dtc branch-circuit short-circuit and 
ground-fault protective ftL"lCS or inverse time circuit breakers 
shall be of.a type and rating or setting permitted for usc with 
the power conversion equipment using the full-load currem 
rating of the connected motor load in accordance "ith 430.53. 
For d1c purposes of 430.53 and 430.131, power conversion 
cquipmcm shall be considered to he a motor controller. 

Part XI. Over 1000 Volts, Nominal 

430.201 General. Part XI recognizes the additional hazard 
due to the usc of higher voltages. It add"l to or amends the 
other prmisions of this article. 

430.202 Marking on Motor ControUers. In addition to the 
marking required by 430.8, a motor controller shall be marked 
with dtc colllrol voltage. 

430.203 Raceway Connection to Motors. Flexible metal 
conduit or liquidtight flexible metal conduit not exceeding 
1 .8 m (6 ft) in length shall be permitted to he employed for 
racc"<tY connection to a motor terminal enclosure. 

430.204 Ware-Bending Space in Enclosures. :Motor comrollcrs 
rated over 1000 volt"l shall prmidc \\ire-bending space "ithin 
the enclosure for conductors installed in accordance with 
305.5. 

430.205 Size of Conductors. The ampaCJUcs of conductors 
supplying cquipmclll rated over 1000 volt"l, nominal, shall be 
determined in accordance with 315.60or 430.205(A) and (B). 

(A) General Motor Systems. Conductors supplying motors 
shall be sized not less than the current trip setting of dtc motor 
overload protective dc'l'icc(s) . 

(B) Adjustable-Speed Drive Systems. For an adjustable-speed 
drive system, the conductors supplying the power conversion 
cquipmcm shall have an ampacity not less than 125 percent of 
the rated input current to the power conversion equipment. 

l'\ATIO:'\AI. EI..EGrRJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 430- MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.242 

430.206 Motor-Circuit Overcurrent Protection. 

(A) General. Each motor circuit shall include coordinated 
protection to automatically imcrrupt overload and fault 
currents in the motor, the motor-circuit conductors, and the 
motor control apparatus. Adjustable-speed drive systems with 
input or output voltages over 1000 volt.�, nominal, shall comply 
"ith 430.124 and 430.126. All other motors shall comply with 
430.206(8) through (C). 

Exception: H11en� a 11Wtm· is Clitical to an operation and the motm· 
should operate to fail-mf' if nt'f'essary to prevent a glf'ater hazard to 
pers(ms, tile smsing devire(s) shall be Jmmitted to be connected to a 
.mpervised annunciator or ahlnn insiPml of inten·upting tile motm· 
cirruit. 

(B) Overload Protection. 

(1) 'JYpe of Overload Device. Each motor shall be protected 
against dangerous heating due to motor overload� and failure 
to start by a thermal protector imcgral widt the motor or exter
nal currcm-scnsing devices, or both. Protective dc'l-icc settings 
for each motor circuit shall be determined under engineering 
supcnision. 

(2) Wound-Rotor Alternating-Current Motors. The secondary 
circuit.� of wound-rotor ac motors, including conductors, motor 
comrollcrs, and resistors rated for the application, shall be 
considered as protected against ovcrcurrcm by the motor over
load protection means. 

(3) Operation. Operation of the overload imcrrupting device 
shall simultaneously disconnect all ungrounded conductors. 

(4) Automatic Reset. Overload sensing devices shall not auto
matically reset after trip unlcs.� resetting of the overload sensing 
device docs not cause automatic restarting of the motor or 
there is no hazard to persons created by automatic restarting of 
the motor and it� connected machinery. 

(C) Fault-Current Protection. 

(1) 'JYpe of Protection. Fault-currcm protection shall be provi
ded in each motor circuit as specified by either 430.206(C) (1)  
(a) or (C) (1  ) (b). 

(a) A circuit breaker of suitable type ·and rating arranged 
so that it can be serviced without hazard. The circuit breaker 
shall simultaneously disconnect all ungrounded conductors. 
The circuit breaker shall be pcrmiucd to sense the fault 
currcm by means of imcgral or txtcrnal sensing clement�. 

(b) Fuses of a suitable type and rating placed in each 
ungrounded conductor. Fuses shall be used with suitable 
disconnecting means, or they shall be of a type that can also 
serve a� the disconnecting means. They shall be arranged so 
that they cannot be serviced while they arc energized. 

(2) Reclosing. Fault-currcm imcrrupting devices shall not 
automatically rcclose dtc circuit. 

Exception: Automatic Tf'Clo.�ing of a cin:uit shall be Jmmitted where tile 
cirruit i.� Pxposl'.d to tramit'llt faults and where .melt automatic reclosing 
does not C11'ate a hazard to pers(ms. 

(3) Combination Protection. Overload protection and fault
currcm protection shall be pcrmiucd to be provided by the 
same dc'l-icc. 

430.207 Rating of Motor Control Apparatus. The ultimate trip 
currcm of ovcrcurrcm (overload) relays or other motor
protective devices used shall not exceed 1 15 perccm of the 
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motor controller's continuous current rating. \\'here dtc motor 
branch-circuit disconnecting means is separate from the motor 
controller, the disconnecting means currcm rating shall not be 
lcs.� than the ultimate trip setting of the ovcrcurrcnt relays in 
the circuit. 

430.208 Disconnecting Means. The motor controller discon
necting means shall be a switch or circuit breaker ha'l-ing a volt
age rating not lcs.� than that of the circuit involved, and shall be 
lockable in accordance with 1 10.25. The disconnecting means 
shall have a current rating of not less than 100 perccm of the 
full-load current rating of the motor. For adjustable-speed drive 
systems, the disconnecting means shall have a currcm rating 
not less dtan 100 pcrccm of the rated input currcm of the 
power conversion cquipmcm. 

Part XU. Protection of Live Parts -All Voltages 

430.231 General. Pan XII specifics that live part� shall be 
protected in an approved manner for the hazard involved. 

430.232 Where Requiied; Exposed live part� of motors and 
motor controllers operating at 50 volt.� or more between termi
nals shall be guarded against accidental contact by enclosure or 
by location a'l follows: 

(1)  By installation in a room or enclosure that is acccs.�iblc 
only to qualified persons 

(2) . By installation on a suitable balcony, gallery, or platform, 
elc'l-atcd and arranged so a� to exclude unqualified 
persons 

(3) By clc'l-ation 2.5 m (8 ft) or more above the floor 

Exception: Live Jlarts of motm-s operating at mmf' than 50 volts between 
te1minal� shall not tY,quire additional guarding fm· .�tati(maty 11Wtm-s 
that have cmmnutatm-s, collectm-s, and brush rigging located inside of 
motor-end brackets and not crmductive�v crmneciP.d to .mpply cirruits 
oJmnting at mmf' than 150 volts to g�vund. 

430.233 Guards for Attendants. Where live part� of motors or 
motor controllers operating at over 50 volt.� to ground arc guar
ded against accidental contact only by location a"l specified in 
430.232, and where adjustmcm or other aucndancc could be 
ncccs.�ary during the operation of the apparatus, suitable insu
lating mat� or platforms shall be provided so that the aucndam 
cannot readily touch live part� unlcs."l standing on the mat"l or 
platfonns. 

lnfonnational Note: See 1 10.26 and 1 10.34 for infonnation on 
working space. 

Part Xlll. Grounding- All Voltages 

430.241 General. Pan XIII specifics the grounding of exposed 
non-currcm-carrying metal part�, likely to become energized, 
of motor and motor controller frames to limit voltage to 
ground in the event of accidental contact between energized 
part� and frames. Insulation, isolation, or guarding arc suitable 
alternatives to grounding of motors under certain conditions. 

430.242 Stationary Motors. The frames of stationary motors 
shall be grounded under any of the following conditions: 

(1)  Where supplied by metal-enclosed "iring 
(2) Where in a wet location and not isolated or guarded 
(3) If in a hazardous (cla�sificd) location 
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(4) If the motor operates "ith any terminal at over 150 volts 
to ground 

\\'here the frame of the motor is not grounded, it shall he 
permanently and effectively insulated from the ground. 

430.243 Portable Motors. The frames of portable motors that 
operate over 150 volts to ground shall he guarded or groun
ded. 

Informational Note No. 1: See 250.1 14(4) for gmunding of 
po11able appliances in other than residential occupancies. 

Informational Note No. 2: See 250.1 19(0) for color of equip
ment grounding conductor in flexible cord.•. 

Exception No. 1: Li�ted Jrwtor-opemted tool�, Li�ttd motor-operated 
aptJ/iances, and li�IP.d motm--oJmniP.d l'.f[UiJmumt slmU not be Jl'.f[Ui!l'.d to 
be grounded where pmtPcted by a systro1 of double insulation or its 
tquivalent. Double-insulated l'.f[UiJmumt shaU be di�tinctivtly J!Ul!"kl'.d. 

Exception No. 2: Li�ted Jrwtor-opemted tool�, Li�ttd motor-opemted 
aptJ/iances, and li�IP.d motm--oJmniP.d l'.f[UiJ1711tnt connPcttd by a cord 
and attadmumt plug other than those rtquirtd to be groundtd in 
arconlance zuith 250. 1 14. 

430.244 Motor ControUers. :Motor controller enclosures shall 
be connected to the equipment grounding conductor rcgard
lcs.� of voltage. :Motor comrollcr enclosures shall have means 
for attachment of an equipment grounding conductor termina
tion in accordance "itl1 250.8. 

Exception: Enclosu!"t'S attached to ungroundtd Jlm·table l'.f[Uipment slmU 
not be Jl'.f[UiJP.d to bt groundP.d. 

430.245 Method of Grounding. Connection to the cquipmclll 
grounding conductor shall he done in accordance with Part VI 
of Article 250. 

Table 430.247 FuU-Load Current in Amperes, Direct-Current Motors 

(A) Grounding Through Tenninal Housings. \\"bcrc tltc wiring 
to motors is metal-enclosed cable or in metal raceways, junction 
boxes to house motor terminals shall be provided, and the 
armor of the cable or the metal raceways shall he connected to 
them in accordance with 250.96(A) and 250.97. 

(B) Separation of Junction Box from Motor. The junction box 
required by 430.245(A) shall be permitted to be separated 
from the motor by not more titan 1.8 m (6 ft) if the lcacl� to the 
motor arc stranded conductors "ithin Type AC cable, inter
locked metal tape Type :MC cable where listed and identified in 
accordance l\ith 250.1 18(A) (10)b., or armored cord or arc 
stranded lcacl� enclosed in liquidtight flexible metal conduit, 
flexible metal conduit, intermediate metal conduit, rigid metal 
conduit, or electrical metallic tubing not smaller than metric 
designator 12 (trade size ¥,) , l\ith the armor or raceway heing 
connected both to the motor and to the box. 

Liquidtight flexible nonmetallic conduit and rigid nonmetal
lic conduit shall be permitted to enclose the lead� to tltc motor 
if the lcad"l arc stranded and . dtc required equipment ground
ing conductor is connected to both the motor and to the box. 

\\"bcrc stranded lcacls arc used, protected as specified above, 
each strand l\ithin the conductor shall he not larger than 
10 AWG and shalt comply "ith other requirements of this ('AJdt 
for conductors. to he used in raceways. 

(C) Grounding of Motor ControUer-Mounted Devices. Instru
ment transformer secondaries and exposed non-currcnt
cartying metal or other conductive parts or ca� of instrument 
tran."lfonncrs, meters, instruments, and relays shall be groun
ded in accordance l\ith 250.170 duough 250.178. 

Part XIV. Tables 

The follm\ing values of full-load currents* arc for motors running at ba"lC speed. 

Horsepower 

10 
15 
20 
25 
30 
40 

50 
00 
i5 

100 
125 
150 
200 

90 Volts 

4.0 
5.2 
().8 
9.6 

12.2 

120 Volts 

3.1 
4.1 
5.4 
i.6 
9.5 

13.2 
1i  
25 
40 
58 

i6 

Armature Voltage Rating* 

180 Volts 240 Volts 

2.0 J.() 
2.() 2.0 
3.4 2.7 
4.8 3.8 
6.1 4.7 
8.3 ().() 

10.8 8.5 
16 12.2 
2i 20 

29 

38 
55 
72 
89 

JO() 
140 

1 73 
20() 
255 
341 
425 
50() 
675 

500 Volts 550 Volts 

13.() 12.2 

18 ]() 
27 24 
34 31 
43 38 
51 4() 
()7 ()I 

83 75 
99 90 

123 1 1 1  
164 148 
205 185 
24() 222 
330 294 

*These are a\-erdge de quantities. 
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ARTICLE 430 - MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 430.245 

Table 430.248 Full-Load Currents in Amperes, Single-Phase 
Alternating-Current Motors 
The following values of full-load currents arc for motors 
running at usual speed-; and motors with nonnal torque 
characteristics. The voltages listed arc rated motor voltages. 
The current-; listed shall be pcrmiucd for system voltage ranges 
of 1 10 to 120 and 220 to 240 volt-;. 

115 200 208 230 
Horsepower Volts Volts Volts Volts 

!t,, 4.1 2.5 2.4 2.2 
� 5.8 3.3 3.2 2.9 
Y:. 7.2 1.1 4.0 3.6 
� 9.8 5.6 5.4 4.9 
� 13.8 7.9 7.6 6.9 
I 16 9.2 8.8 8.0 

1 �  20 1 1 .5 1 1 .0 10 
2 24 13.8 13.2 12 
3 34 19.6 18.7 17 
5 56 32.2 30.8 28 

7� 80 16.0 44.0 10 
10 100 57.5 55.0 50 
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Table 430.249 Full-Load Current, Two-Phase Alternating
Current Motors (4-WJre) 
The following values of full-load currclll arc for motors 
running at speed-; usual for belted motors and motors with 
normal torque characteristics. Currcm in the common 
conductor of a 2-phao;c, 3-l\irc system "ill be 1.41 times the 
l-aluc given. The voltages listed arc rated motor voltages. The 
current-; listed shall be pcnniucd for system voltage ranges of 
1 10 to 120, 220 to 240, 440 to 480, 550 to f>OO, and 2300 to 
2400 volto;. 

Ioduction-'l)'pe Squirrel Cage and 
Wound Rotor (Amperes) 

115 230 460 575 2300 
Horsepower Volts Volts Volts Volts Volts 

� 4.0 2.0 1.0 0.8 
� 4.8 2.1 1.2 1.0 
1 6.4 3.2 1.6 1.3 

· � 9.0 4.5 2.3 1.8 
2 1 1.8 5.9 3.0 2.4 
3 8.3 4.2 3.3 
5 13.2 6.6 5.3 

7!12 19 9.0 8.0 

10 24 12 10 
15 36 18 11 
20 47 23 19 
2-:> 59 29 21 
30 69 35 28 
40 90 45 36 
50 113 56 45 
60 133 67 53 11 
75 166 83 66 18 

100 218 109 87 23 
125 270 135 108 28 
150 312 156 125 32 
200 116 208 167 13 
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430.245 ARTICLE 430 - MOTORS, :MOTOR CIRCUITS, A.'ID CONTROLLERS 

Table 430.250 Full-Load Current, Three-Phase Alternating-Current Motors 
The follm\ing values of full-load current-; arc typical for motors running at spccclo; usual for belted motors and motors "idt normal 
torque characteristics. The voltages listed arc rated motor voltages. The currents listed shall be permitted for system voltage ranges of 
1 10 to 120, 220 to 240, 440 to 480, 550 to 600, and 2300 to 2400 volt-;. 

Iuduction-'I)'pe Squirrel Cage and Wound Rotor (Amperes) 

Horsepower 1 15 Volts 200 Volts 208 Volts 230 Volts 460 Volts 575 Volts 2300 Volts 

Y:r 
Y.. 
I 

I Y,r  
2 
3 
5 

7Y:r 

10 
15 
20 
25 
30 
40 

50 
60 
75 

100 
125 
150 
200 

250 
300 
350 
400 
450 
500 

4.4 
6.4 
8.4 

12.0 
13.6 

2.5 
3.7 
4.8 
6.9 
7.8 

1 1.0 
17.5 
25.3 

32.2 
48.3 
62.1 
78.2 
92 

120 

150 
177 
221 
285 
359 
114 
552 

2.4 2.2 
3.5 3.2 
4.6 4.2 
6.6 6.0 
7.5 6.8 

10.6 9.6 
16.7 15.2 
24.2 22 

30.8 28 
46.2 42 
59.4 54 
74.8 68 
88 80 

1 14 104 

143 130 
169 154 
211  192 
273 248 
343 312 
396 360 
528 480 

1.1 0.9 
1.6 1.3 
2.1 1.7 
3.0 2.4 
3.4 2.7 
4.8 3.9 
7.6 6.1 

1 1  9 

14 1 1  
2 1  1 7  
27 22 
34 27 
40 32 
52 41 

65 52 
77 62 16 
96 77 20 

124 99 26 
156 125 31 
180 141 37 
240 192 19 

302 242 60 
3f)l 289 72 
414 336 83 
477 382 95 
515 412 103 
590 472 1 18 

*For 90 and 80 percent power factor, the figures shall be multiplied by 1 .1  and 1.25, respecth·ely. 

Table 430.251 (A) Conversion Table of Single-Phase Locked-Rotor Currents for Selection of 
Disconnecting Means and ControUers as Determined from Horsepower and Voltage Rating 
For usc only l\ith 430. 1 10, 440.12, 440.41, and 455.8(C). 

Maximum Locked-Rotor Current in 

Rated Amperes, Single-Phase 

Horsepower 1 15 Volts 208 Volts 230 Volts 

Y:r 58.8 32.5 29.4 
Y.. 82.8 45.8 41.4 
I 96 53 48 

1 Y:r  120 66 60 
2 144 80 72 
3 204 1 13 102 
5 336 186 168 

7Y:r 180 265 240 
10 1000 332 300 
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Synchronous-Type Unity Power 
Factor* (Amperes) 

230 Volts 460 Volts 575 Volts 2300 Volts 

53 26 21 
63 32 26 
83 11 33 

101 52 12 
123 61 19 12 
155 78 62 15 
202 101 81 20 
253 126 101 25 
302 151 121 30 
400 201 161 40 
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ARTICLE 440 -AIR-CONDITIOJ'\11'\G A.'ID REFRIGERATIJ'\G EQUP�lEl'\T 440.4 

Table 430.251 (B) Conversion Table of Polyphase Design B, C, and D Maximum Locked-Rotor Currents for Selection of 
Disconnecting Means and Controllers as Determined from Horsepower and Voltage Rating and Design Letter 
For usc only l\ith 430. 1 10, 440.12, 440.41, and 455.8(C). 

Maximum Motor Locked-Rotor Current in Amperes, TWo- and Three-Phase, Design 8, C, and D* 

Rated 115 Volts 200Volts 208 Volts 230 Volts 460 Volts 575 Volts 

Horsepower B, C, D B, C, D B, C, D B, C, D B, C, D B, C, D 

Y. 40 23 22. 1 20 10 8 

Y. 50 28.8 27.6 25 12.5 10 
I 60 34.5 33 30 15 12 

IY. 80 46 44 40 20 16 
2 100 57.5 55 50 25 20 
3 73.6 71 64 32 25.6 
5 105.8 102 92 46 36.8 

7Y. 146 140 127 63.5 50.8 

10 186.3 179 162 81 64.8 
15 267 257 232 1 16 93 
20 334 321 290 145 1 16 
25 420 404 365 183 146 
30 500 481 435 218 174 
40 667 641 580 290 232 

50 834 802 725 363 290 
60 100 I 962 870 435 348 
75 1248 1200 1085 543 434 

100 1668 1603 1450 725 580 
125 2087 2007 1815 908 726 
150 2496 2400 2170 1085 868 
200 3335 3207 2900 1450 1 160 

250 1825 1460 
300 2200 1760 
350 2550 2040 
400 2900 2320 
450 3250 2600 
500 3625 2900 

*Design A motors are not limited to a maximum starting current or locked rotor current. 

ARTICLE 440 
Air-Conditioning and Refrigerating 

Equipment 

Part I. General 

440.1 Scope. This article applies to electric motor-driven air
conditioning and refrigerating equipmem and to the branch 
circuits and controllers for such equipment. It provides for the 
special considerations necessary for circuit-; suppl}ing hermetic 
refrigeram motor-comprcs.o;ors and for any air-conditioning or 
refrigerating equipment dtat is supplied from a branch circuit 
that supplies a hennetic refrigerant motor-compres.o;or. 

440.4 Marking on Hermetic Refrigerant Motor-Compressors 
and Equipment. 

(A) Hermetic Refrigerant Motor-Compressor Nameplate. A 
hermetic refrigerant motor-compres.o;or shall be prmided with 
a nameplate that shall indicate the manufacturer's name, trade
mark, or S}'mbol; identif}ing designation; phase; voltage; and 
frequency. The rated-load currem in amperes of the motor
comprcs.o;or shall be marked by the equipment manufacturer 
on either or both the motor-comprcs.o;or nameplate and the 
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nameplate of the equipment in which the motor-compressor is 
used. The locked-rotor currem of each single-phao;e motor
comprcs.o;or haling a rated-load current of more than 
9 amperes at 1 15 volts, or more than 4.5 amperes at 230 volt-;, 
and each polyphao;e motor-compres.o;or shall be marked on the 
motor-compres.o;or nameplate. \\'bere a thennal protector 
complying "id1 440.52(A) (2) and (B) (2) is used, the motor
comprcs.o;or nameplate or the equipment nameplate shall be 
marked "id1 the words Kthermally protected." \\-bere a protec
tive system complying l\ith 440.52(A) (4) and (B) (4) is used 
and is furnished "id1 the equipment, the equipment name
plate shall be marked l\ith the word-;, Mthermally protected 
system." \\'bere a protective system complying l\ith 440.52(A) 
(4) and (B) (4) io; specified, the equipment nameplate shall be 
appropriately marked. 

(B) Multimotor and Combination-Load Equipment. Multimo
tor and combination-load equipment shall be prolided l\ith a 
visible nameplate marked "id1 the maker's name, the rating in 
volt-;, frequency and number of phao;cs, minimum supply 
circuit conductor ampacity, the maximum rating of the branch
circuit short-circuit and ground-fault protective delice, and the 
short-circuit current rating of the motor controllers or indus
trial control panel. The ampacity shall be calculated by using 
Part IV and counting all the motors and other load-; that \\ill be 
operated at the same time. The branch-circuit short-circuit and 
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ground-fault protective dc\-icc rating shall not exceed the value 
calculated by using Part III. Multimotor or combination-load 
equipment for usc on two or more circuit-; shall be marked 
"ith dtc above infonnation for each circuit. 

Exception No. 1: Multimotor and combination-load equipment tlmt is 
.mitable under the pmvi�ions of thi� m·tirle for connection to a .�ingle 
15- m· 20-amJII!I'I!, 120-volt, m· a 15-amjll!l'l!, 208- m· 240-volt, single
phase branch circuit shall be Jnmnitted to be marked as a single Load. 

Exception No. 2: The minimum suptJ�l' circuit conductm· ampacit_l' and 
the maximum mting of the branch-circuit slwrt-cin:uit mul gmund
fault JJrotective device shall not be l't!tJUit'ed to be marked on a room ail' 
conditioner complying with 440.62(A). 

Exception No. 3: Multimotor and combination-load equipment w>ed in 
cme- and two-fami{l· dwellings m· cmrl-and-attachment-JJLug-ronnected 
equipment shall not be 1'1!qui1'1!d to be ma1-kl'.d with a slwrt-cin:uit 
cunmt mting. 

(C) Branch-Circuit Selection Current. A hermetic refrigerant 
motor-comprcs.o;or, or equipment containing such a compres
sor, having a protection system that is approved for usc l\ith the 
motor-compres.o;or that it protect-; and that permit-; continuous 
current in excess of dtc specified percentage of nameplate 
rated-load current given in 440.52(B) (2) or (B) ( 4) shall also be 
marked wid1 a branch-circuit selection current that complies 
"ith 440.52(B) (2) or (B) (4). This marking shall be prmidcd by 
the equipment manufacturer and shall be on the namcplatc(s) 
where the rated-load currcnt(s) appears. 

440.5 Marking on ControUers. A controller shall be marked 
"ith the manufacturer's name, trademark, or symbol; identify
ing designation; voltage; phase; full-load and locked-rotor 
current (or horsepower) rating; and other data as may be 
needed to properly indicate dtc motor-comprcs.o;or for which it 
is suitable. 

440.6 Ampacity and Rating. The size of conductors for equip
ment covered by this article shall be selected from Table 310.16 
through Table 310.19 or calculated in accordance with 310.14 
as applicable. The required ampacity of conductors and rating 
of equipment shall be dctcnnincd according to 440.6(A) and 
440.6(B). 

(A) Hermetic Refrigerant Motor-Compn!SSor. For a hermetic 
refrigerant motor-comprcs.o;or, the rard-load current marked 
on the nameplate of the equipment in which dtc motor
comprcs.o;or is employed shall be used in dctcnnining the 
rating or ampacity of the disconnecting means, the branch
circuit conductors, the controller, the branch-circuit short
circuit and ground-fault protection, and the separate motor 
overload protection. \\'here no rated-load current is shown on 
the equipment nameplate, dtc rated-load current shown on the 
comprcs.o;or nameplate shall be used. 

Exception No. 1: Mum• so marked, the bmnch-chcuit se!Pcticm cun'l!nt 
shall be usl'.d instead of the mted-Load cul'l'l!nt to determine the rating or 
ampacity of the disconnecting me.ans, the bmnch-circuit conductm-s, the 
contmlle1; and the bmnch-cirruit short-cin:uit and gmundfault pmtec
ticm. 

Exception No. 2: For rmrl-and-JJLug-connPcted equipment, the tmme
plate mat-king slmll be used in acconlanre with 440.22(8), ExceJJtion 
No. 2. 

(B) Multimotor Equipment. For multimotor equipment 
cmplo}ing a shaded-pole or permanent split-capacitor-type fan 
or blower motor, dtc full-load current for such motor marked 
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on the nameplate of the equipment in which the fan or blower 
motor is employed shall be used instead of the horsepower 
rating to determine the ampacity or rating of the disconnecting 
means, dtc branch-circuit conductors, the controller, the 
branch-circuit short-circuit and ground-fault protection, and 
the separate overload protection. This marking on the equip
ment nameplate shall not be lcs.o; than the current marked on 
the fan or blower motor nameplate. 

440.7 Highest Rated (Largest) Motor. In determining compli
ance "id1 this article and with 430.24, 430.53(B) and 
430.53(C), and 430.62(A) , the highest rated (largest) motor 
shall be considered to be the motor that has the highest rated
load current. Where two or more motors have the same highest 
rated-load current, onlv one of them shall be considered as the 
highest rated (largest) 

'
motor. For other than hermetic refriger

ant motor-comprcs.o;ors, and fan or blower motors as covered in 
440.6(B), the full-load current used to determine the highest 
rated motor shall be the equivalent value corresponding to the 
motor horsepower rating selected from Table 430.248, Table 
430.249, or Table 430.250. 

.· 

Exception: Whel'l! so marked, ihe bmnch-chcuit selection cunmt shall be 
used instead of the mted-load cun'l!nt in determining the highest mted 
(lmgpst) motor-comJJI'I!s.tm: 

440.8 Single Machine and Location. An air-conditioning or 
refrigerating !!)-stem shall be considered to be a single machine 
under the provisions of 430.87, Exception :"'o. I ,  and 430.1 12, 
Exception. The motors shall be permitted to be located 
remotely from each other. Air-conditioning and refrigeration 
equipment shall not be installed l\ithin a zone measured 
900 mm (3 ft) horizontally and 2.5 m (8 ft) vertically from the 
top of a bathtub rim or shower stall threshold. The zone shall 
be all-cncompa."l.o;ing and include the space dirccdy over the tub 
or shower stall. 

440.9 Grounding and Bonding. Where equipment is installed 
outdoors on a roof, an equipment grounding conductor of the 
wire type shall be installed in outdoor portions of metallic race
way S)'-stcms that usc comprcs.o;ion-t}pc fittings. 

440.10 Short-Circuit Current Rating. 

(A) lostaUation. Motor controllers or industrial control panels 
of multimotor and combination-load equipment shall not be 
installed where the available fault current exceed-; ito; short
circuit current rating a.o; marked in accordance "ith 440.4(B). 

(B) Documentation. \\'hen motor controllers or industrial 
control panels of multimotor and combination-load equipment 
arc required to be marked with a short circuit current rating, 
the a\ailablc fault current and dtc date the a\-ailablc fault 
current calculation was performed shall be documented and 
made a\-ailablc to those authorized to inspect, install, or main
tain the installation. 

Part II. Disconnecting Means 

440.11 General. Disconnecting means shall be capable of 
disconnecting air-conditioning and refrigerating equipment, 
including motor-comprcs.o;ors and controllers, from the circuit 
conductors. If the disconnecting means is readily acccs.o;iblc to 
unqualified persons, any enclosure door or hinged cover of a 
disconnecting means enclosure that exposes energized part-; 
when open shall require a tool to open or be capable of being 
locked. 
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440.12 Rating and Interrupting Capacity. 

(A) Hermetic Refrigerant Motor-Compressor. A disconnecting 
means serving a hermetic refrigerant motor-comprcs.o;or shall 
he selected on the hasis of the nameplate rated-load current or 
hranch-circuit selection current, whichever is greater, and 
locked-rotor current, respectively, of the motor-comprcs.o;or ao; 
follows. 

(I) Ampere Rating. The ampere rating shall he at lcao;t 
1 15 percent of the nameplate rated-load current or branch
circuit selection current, whichever is greater. 

Exception: A listed unfu.'it'd motm· circuit .witch, zuithout fu.'it'lwlders, 
having a hm-st>power mting not /e.••s than the equivalent hm-st>power 
determined in accmdance with 440.12(A)(2) slmll be permitted to have 
an ampn., rating le.'ls than 115 percent of tile sJ1t'Cifi1'4 cunmt. 

(2) Equivalent Horsepower. To determine the cquivalcm 
horsepower in complying with the requirement-; of 430.109, 
the horsepower rating shall he selected from Tahlc 430.248, 
Tahlc 430.249, or Tahlc 430.250 corresponding to the rated
load current or hranch-circuit selection current, whichever is 
greater, and also the horsepower rating from Tahlc 430.251 (A) 
or Tahlc 430.251 (8) corresponding to the locked-rotor 
current. ln cao;c dtc nameplate rated-load current or branch
circuit selection current and locked-rotor current do not corre
spond to the current-; shmm in Tahlc 430.248, Tahlc 430.249, 
Tahlc 430.250, Tahlc 430.251 (A), or Tahlc 430.251 (8), the 
horsepower rating corresponding to the next higher value shall 
he selcctccl. In cao;c different horsepower ratings arc ohtaincd 
when appl}'ing these tahles, a horsepower rating at lcao;t equal 
to the larger of the values ohtaincd shall he selected. 

(B) Combination Loads. \\'here the comhincd load of two or 
more hermetic refrigerant motor-comprcs.-.ors or one or more 
hermetic rcfrigcram motor-comprcs.-.or "id1 odtcr motors or 
load-; may he simultaneous on a single disconnecting means, 
the rating for the disconnecting means shall he determined in 
accordance "id1 440.12(8) (1)  and (8) (2). 

(I) Horsepower Rating. The horsepower rating of dtc discon
necting means shall he dctcnnincd from dtc sum of all 
current-., including resistance load-., at the rated-load condition 
and also at the locked-rotor condition. The comhincd rated
load current and the comhincd )pckcd-rotor current so 
ohtaincd shall he considered ao; a !\Ingle motor for dtc purpose 
of this requirement a-. rcqwr�d hy 440.12(8) (1) (a) and 
(8) ( 1  ) (h) . 

(a) The full-load current equivalent to the horsepower 
rating of each motor, other than a hermetic rcfrigcram motor
comprcs.-.or, and fan or hlowcr motors ao; covered in 440.6(8) 
shall he selected from Tahlc 430.248, Tahlc 430.249, or Tahlc 
430.250. These full-load current-. shall he added to dtc motor
comprcs.-.or rated-load currcnt(s) or hranch-circuit selection 
currcnt(s) , whichever is greater, and to dtc rating in amperes 
of odtcr load-. to ohtain an equivalent full-load current for the 
comhincd load. 

(h) The locked-rotor current equivalent to the horse
power rating of each motor, other than a hermetic rcfrigcram 
motor-comprcs.-.or, shall he selected from Tahlc 430.251 (A) or 
Tahlc 430.251 (8), and, for fan and hlowcr motors of the 
shaded-pole or pcrmancm split-capacitor type marked with the 
locked-rotor current, the marked value shall he used. The 
locked-rotor current-; shall he added to the motor-comprcs.o;or 
locked-rotor currcnt(s) and to dtc rating in amperes of other 
load-; to ohtain an equivalent locked-rotor current for the 
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comhincd load. \\'here two or more motors or odtcr loacl-. such 
a-. resistance heaters, or hoth, cannot he stancd simultancouslv, 
appropriate combinations of locked-rotor and rated-load 
current or hranch-circuit selection current, whichever is 
greater, shall he an acccptahlc means of determining the equiv
alent locked-rotor current for the simultaneous comhincd load. 

Exception: Whm� pm·t of the concummt load i'l a re.'li'ltance /nad and 
the discmmerting meam i'l a .nuitch rated in hm-sqxnvn· and amperes, 
the .witch used shall be Jmmitted to have a hm:'lqxnvn· rating not le.'l.'l 
than the combined /nad to the motor-comJIIessm(s) and otlte�· motm(s) at 
the locked-mtm· condition, if the ampere rating of the .witch is not le.'l.'l 
than this locked-mtm· /nad Jllus the lf'.'li'ltance /nad. 

(2) Full-Load Current Equivalent. The ampere rating of the 
disconnecting means shall he at lcao;t 115  percent of the sum of 
all current-; at the rated-load condition dctcnnincd in accord
ance l\ith 440.12(8) (1) .  

Exception: A listed unfu.'it'd moUn· circuit .witch, zuitlwut fu.'it'lwldel-s, 
having a hm-st>power mting not le.'l.'l than the equivalent hm-st>power 
dete1mined by 440.12(8)(1) .fhall be permitted to have an ampmt 
rating le.'l.'l tlmn 115 percent of tile sum of all cummts. 

(C) Small MotorCompressors. For small motor-comprcs.o;ors 
not having t4c locked-rotor currcm marked on the nameplate, 
or for small motors not covered hv Tahlc 430.247, Tahlc 
430.248, .Table 430.249, or Tahlc 430.250, dtc locked-rotor 
current shall he ao;sumcd to he six times the rated-load current. 

(D)·· DisConnecting Means. Every disconnecting means in the 
refrigerant motor-comprcs.o;or circuit hetwccn dtc point of 
attachment to the feeder and the point of connection to the 
refrigerant motor-comprcs.o;or shall comply l\idt dtc require
ment-; of 440.12. 

(E) Disconnecting Means Rated in Excess of 100 Horsepower. 
\\-'here dtc rated-load or locked-rotor current a-. determined 
ahovc would indicate a disconnecting means rated in execs.-. of 
100 hp, 430.109(E) shall apply. 

440.13 Cord-Connected EquipmenL For cord-connected 
cquipmcm such a-. room air conditioners, household refrigera
tors and freezers, drinking water coolers, and hcvcragc dispens
ers, a separahlc connector or an attachment plug and 
receptacle shall he permitted to serve a-. the disconnecting 
means. 

Informational :'\ote: See 440.63 for mom air conditioners. 

440.14 Location. Disconnecting means shall he located within 
sight from, and readily accessihlc from, the air-conditioning or 
refrigerating equipment. The disconnecting means shall he 
permitted to he installed on or "ithin the air-conditioning or 
refrigerating equipment. Disconnecting means shall meet the 
working space requirement-; of 1 10.26(A) . 

The disconnecting means shall not he located on panels that 
arc designed to allow acccs.o; to the air-conditioning or refriger
ation equipment or where it ohscurcs the equipment namc
platc(s). 

Exception No. 1: Whm� tile disconnecting means pmvidP.d in accord
ance with 430.102(A) is lockable in accordance with 110.25 mul the 
IPfrigr!rating or aiHonditioning equiJnnmt is e.'l.'lential to an industl"ial 
pmass in a facilitJ with written safetJ Jllvcedures, mul where the cmuli
tions of maintenance and supn-ui'lion enswf' that on{}" q1mlijied 
pe1-sons se1-uice tile equipment, a disconnecting means within sight fmm 
the equipment slmll not be 11'qui11'd. 
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Exception No. 2: Men• an attadmumt plug and receptacle sn-ve as the 
difronmcling means in acconlance with 440. 13, theit· /ncation shall be 
accessible but shall not be !1'-f[Uil1'4 to be readi{l· accessible. 

lnformational l'ote: See ParL• \11 and IX of Article 430 for addi
tional requiremenL•. 

Part m. Branch-Circuit Short-Circuit and Ground-Fault 
Protection 

440.21 General. Part III specifics dc\-iccs intended to protect 
the branch-circuit conductors, control apparatll'i, and motors 
in circuit'i suppl}'ing hcnnctic refrigerant motor-compressors 
against ovcrcurrcnt due to short circuit'i and ground fault'i. 
They arc in addition to or amendatory of dtc ovcrcurrcnt 
protection requirement" found elsewhere in dtis ('..ode. 

440.22 App6cation and Selection. 

(A) Rating or Setting for Individual Motor-Compressor. The 
motor-comprcs.'iOr branch-circuit short-circuit and ground-fault 
protective dc'l'icc shall be capable of carf}'ing the starting 
current of dtc motor. A protective dc\icc ha'l'ing a rating or 
setting not exceeding 175 percent of the motor-comprcs.'ior 
rated-load current or branch-circuit selection current, which
ever is greater, shall be permitted. 

Exception No. 1: If the values for lmmch-cirruit slwrl-cin:uil and 
JPVUndfault protection in acconlance with 440.22(A) do not corre
spond to the standanl sizes m· ratings of fuses, nonadjustable cin:uil 
bl1'.akn-s, thermal pmt«tive devices, or available settings of adjustable 
circuit breaket-s, a higher size, rating, m· available setting that does not 
t'XCI!t'd the next higher .flandatrl amJm-e mling shall be permitted. 

Exception No. 2: If the values for hl1lnch-cirruit slwrl-cin:uil and 
JPVUndfault protection in accordance with 440.22(A) m· the mling 
modified by Exception No. 1 if not sufficient f01· the starling cuTtPnl of 
the mot01; the 11lling or setting shall be Jmmitted to be increased but 
shall twl exceed 225 percent of the motor trued-load cun-enl 01· bmnch
circuil selection cunPnl, whiduvn· if JPMtet: 

Exception No. 3: The mling of the blmu:h-cin:uit slwit-circuil and 
JPVUndfault Jllvtective device s!taU not be t-equitf!d to be less than 15 
amperes. 

(B) Rating or Setting for Equipment. The equipment branch
circuit short-circuit and ground-fault protective dc'l'icc shall be 
capable of carf}'ing the starting current of dlc equipment. 
\\'here dlc hermetic rcfrigcraut motor-comprcs.'iOr is the only 
load on the circuit, the protection shall comply "ith 440.22(A). 
\\-'here dlc equipment incorporates more than one hermetic 
refrigerant motor-comprcs.'ior or a hermetic refrigerant motor
comprcs.'ior and other motors or odtcr load'i, the equipment 
short-circuit and ground-fault protection shall comply widl 
430.53 and 440.22(8) (1 )  and (B) (2). 

(I) Motor-Compressor Largest Load. \\'here a hermetic refrig
erant motor-compressor is the largest load connected to dlc 
circuit, the rating or setting of dtc branch-circuit short-circuit 
and ground-fault protective device shall not exceed dlc value 
specified in 440.22(A) for the largest motor-comprcs.'ior plll'i 
the sum of the rated-load current or branch-circuit selection 
current, whichever is greater, of the odtcr motor-comprcs.'ior(s) 
and dlc ratings of the other load'i supplied. 
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(2) Motor-Compressor Not Largest Load. Where a hermetic 
refrigerant motor-comprcs.'iOr is not the largest load connected 
to the circuit, the rating or setting of dtc branch-circuit short
circuit and ground-fault protective dc'l'icc shall not exceed a 
\-<Jiuc equal to dtc sum of dlc rated-load current or branch
circuit selection current, whichever is greater, rating(s) for dlc 
motor-comprcs.'iOr(s) plll'i dlc \-<Jiuc specified in 430.53(C) (4) 
where odtcr motor load'i arc supplied, or the value specified in 
240.4 where only nonmotor load'i arc supplied in addition to 
the motor-comprcs.'ior(s). 

Exception No. 1: Equipment that sta1·ts and opetmes on a 15- or 20-
ampere 120-volt, 01· 1 5-ampetP 208- 01· 240-volt single--phase bmtu:h 
circuit, sltaU be permitted to be Jllvtected by the 15- or 20-ampet-e ovn'
cunml device protecting the bmnch circuit, but if the maximum 
hl1lnch-cirruit slwtt-circuil and gmundfault protective device mling 
mat-ked on the equipment is le.fs titan these values, the cin:uil JIIvtective 
device shall nol l'xceed the value mm-/u.d on the l'-f[UiJ1711rot nameplate. 

Exception No. 2: The nameplate 71UJ;riUng of c01rl-and·J1lug-connected 
equipment mted not JP1'ateJ· tlum 250 volts, sing/e-JJbase, .nu:h as 
household 1-ejiigemtm:f and fmrurs, dtinking watn· coolet:f, and bevn'
age difJJrosn-s, shall be used ·;n "detetmining the hl1lnclt-circuit requit-e
mrots, and Pm:h unit shall be considet-ed as a single mot01· unless the 
nameplate is mm'ked ot!lerwi'it'. 
(C) Protective Device Rating Not to Exceed the Manufactur
er's Values. Where maximum protective dc'l'icc ratings shown 
on a manufacturer's overload relay table for usc l\ith a motor 
controller arc lcs.'i man dlc rating or setting selected in accord
ance with 440.22(A) and (B), dlc protective dc'l'icc rating shall 
not exceed the manufacturer's values marked on dlc equip
ment. 

Part IV. Circuit Conductors 

440.31 General. Part IV and acljll'iUncnt'i made in accordance 
widl Part III of Article 310 specify ampacities of conductors 
required to carry the motor current without overheating under 
the conditions specified, except a'i modified in 440.6(A), 
Exception :"'o. 1.  

These articles shall not apply to integral conductors of 
motors, to motor controllers and the like, or to conductors that 
form an integral part of approved equipment. 

440.32 Single Motor-Compressor. Branch-circuit conductors 
supplying a single motor-comprcs.'ior shall have an ampacity 
not lcs.'i than dlc greater of the following: 

( 1) 125 percent of dlc motor-compressor rated-load current 
(2) 125 percent of dlc branch-circuit selection current 

For a \\'Yc-start, delta-run connected motor-comprcs.'ior, dlc 
selection of branch-circuit conductors between the motor 
controller and dlc motor-compressor shall be permitted to be 
based on 72 percent of either the motor-comprcs.'iOr rated-load 
current or dlc branch-circuit selection current, whichever is 
greater. 

Informational Note: The multiplier of 72 percent is obtained by 
multipl�ing 58 percent by 1 .25 hecatL'ie the indhidual motor 
circuit conductors of wye-stan, delta-nm connected motm'
compres..ot-s carry 58 percent of the rated-load current. 
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440.33 Motor-Compressor(s) With or Without Additional 
Motor Loads. Conductors suppl}ing one or more motor
comprcssor(s) "id1 or without an additional motor load(s) 
shall have an ampacity not less man me sum of each of me 
following: 

(1) The sum of dtc rated-load or branch-circuit selection 
current, whichever is greater, of all motor-comprcssor(s) 

(2) The sum of me full-load currcm rating of all other 
motors 

(3) 25 percent of me highest motor-compressor or motor full 
load current in dtc group 

Exception No. 1: 1-Wim' tile circuit!)' is inltliocktd so as to prevent tilt 
starling and mnning of a stcond 11Wlm--comfr11'Ssm· or gmup of 11Wlor
romjmssm-s, tilt conductor .me shall bt detmnintd fmm tilt largtsl 
motoJ�comJIIf!!i.fln· or gmup of motoJ--comJ111'!i.fln-s that if to bt oJmniP.d at 
a given timt. 

Exception No. 2: Tht bmnch-circuit conductm-s fm· mom air condilifm
ti"S shall bt in accmrlanu with Pm·t l'Tl of Al"ticle 440. 

440.34 Combination Load. Conductors suppl}ing a motor
compressor load(s) in addition to odtcr load(s) shall have an 
ampacity sufficient for dtc other loacl(s) plus dtc required 
ampacity for dtc motor-compressor load(s) .Thc motor 
compressor load(s) shall be determined in accordance wim 
440.32 or 440.33. The other load(s) shall be calculated from 
branch-circuit, feeder, and service load calculations. 

Exception: H11P11' tile circuill)' is inter/ncked to Jmmenl .fimultanrous 
oJmntion of tht 11UilmvomjJ11'.fsm(s) and all other /nads connectl'.d, tilt 
conductor siu slmll bt determined fivm tile large.fl .fize Tequilf!d for tilt 
motoJ�comJ111'S.wn"(s) and other loads to bt ofH'mlP.d at a given timt. 

440.35 Multimotor and Combination-Load Equipment. The 
ampacity of the conductors suppl}ing multimotor and 
combination-load equipment shall not be less than the mini
mum circuit ampacity marked on me equipment in accordance 
wim 440.4(8). 

Part V. ControUers for Motor-Compressors 

440.41 Rating. 

(A) Motor-Compressor ControDer. A motor-comprcs.�or 
comrollcr shall have bod1 a continuous-duty full-load currcm 
rating and a locked-rotor current rating not lcs.� dtan me nam� 
plate rated-load current or branch-circuit selection current, 
whichever is greater, and locked-rotor current, respectively, of 
the comprcs.mr. In case the motor controller is rated in horse
power but is without one or both of dtc foregoing currclll 
ratings, cquivalcm currents shall be determined from me 
ratings a� follows. Table 430.248, Table 430.249, and Table 
430.250 shall be used to determine the equivalent full-load 
current rating. Table 430.251 (A) and Table 430.251 (B) shall be 
used to dctcnninc the equivalent locked-rotor current ratings. 

(B) ControUer Serving More Than One Load. A controller 
sening more than one motor-comprcs.mr or a motor
comprcs.o;or and other loaclo; shall have a continuous-duty full
load currcm rating and a locked-rotor current rating not lcs.� 
than the combined load a� clctcrminccl in accordance wim 
440.12(8). 

Part VI. Motor-Compressor and Branch-Circuit Overload 
Protection 

440.51 General. Part \1 specifics dc\iccs intended to protect 
the motor-comprcs.o;or, me motor-control apparatus, and me 
branch-circuit conductors against cxccs.o;ivc heating due to 
motor overload and failure to start. 

lnfonnational Note: See 240.4(G) for application of Pan• Ill 
and \1 of Article 440. 

440.52 App6cation and Selection. 

(A) Protection of Motor-Compressor. Each motor-comprcs.�or 
shall be protected against overload and failure to start by one 
of me following means: 

( 1 )  A separate overload relay mat is responsive to motor
comprcs.o;or current. This device shall be selected to trip 
at not more than 140 percent of the motor-comprcs.�or 
rated-load currcm. 

(2) A thermal protector integral with me motor-compressor, 
approved for usc widl the motor-compressor mat it 
protect� on the b�is mat it "ill prevent dangerous over
heating of the motor-comprcs.�or due to overload and fail
ure to starL If the current-interrupting dc,icc is separate 
from me motor-compressor and ito; control circuit is oper
ated by a protective device integral "im the motor
comprcs.o;or, it shall be arranged so that me opening of 
the control circuit \\ill result in imcrruption of current to 
the motor-comprcs.�or. 

(3) A fuse or inverse time circuit breaker responsive to motor 
current, which shall also be permitted to serve ao; me 
branch-circuit short-circuit and ground-fault protective 
dc\icc. This dc,icc shall be rated at not more than 
125 percent of me motor-comprcs.�or rated-load current. 
It shall have sullicicnt time delay to permit me motor
comprcs.o;or to start and accelerate it� load. The equip
ment or the motor-comprcs.�or shall be marked l\ith this 
maximum branch-circuit fuse or inverse time circuit 
breaker rating. 

(4) A protective system, furnished or specified and approved 
for usc \\ith me motor-compressor mat it protect� on me 
bao;is mat it will prevent dangerous overheating of me 
motor-compressor clue to overload and failure to start. If 
the current-interrupting dc,icc is separate from me 
motor-compressor and ito; control circuit is operated by a 
protective device that is not integral \\ith the current
interrupting clc\icc, it shall be arranged so that me open
ing of dtc control circuit \\ill result in interruption of 
current to me motor-compressor. 

(B) Protection of Motor-Compressor Control Apparatus and 
Branch-Circuit Conductors. The motor-comprcs.mr control
lcr(s) , me disconnecting means, and dtc branch-circuit 
conductors shall be protected against ovcrcurrcnt clue to motor 
overload and failure to start by one of the following means, 
which shall be permitted to be the same device or system 
protecting me motor-comprcs.�or in accordance wim 
440.52(A) : 

Exception: Over/nad fr!vtertion of 11Uilm--comjJ11'.fsm-s mul equiJ1711mt on 
15- and 20-amJitlf!, single-phase, bmncll chcuits shall bt Jmmitted to 
be in arcmrlanct with 440.54 and 440.55. 

(1 )  An overload relay selcctccl in  accordance "im 440.52(A) 
(1)  
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(2) A thermal protector applied in accordance with 
440.52(A) (2), that will not permit a continuous current 
in excess of 156 percent of the marked rated-load current 
or branch-circuit selection current 

(3) A fuse or inverse time circuit breaker selected in accord
ance l\ith 440.52(A) (3) 

(4) A protective system, in accordance l\ith 440.52(A) (4), 
that will not pcnnit a continuous current in excess of 
156 percent of the marked rated-load current or branch
circuit selection current 

440.53 Overload Relays. Overload relays and other devices for 
motor overload protection that arc not capable of opening 
short circuits shall be protected by fuses or inverse time circuit 
breakers with ratings or settings in accordance with Part III 
unless identified for group installation or for part-"inding 
motors and marked to indicate dtc maximum size of fuse or 
inverse time circuit breaker by which they shall be protected. 

Exception: The fuse or inverSt> time rin:uit breaker .�ize marking shall be 
permitted fm tile narMfJiate of the equipment in wflidt the overload relay 
or other over/Dad device is usP.d. 
440.54 Motor-Compressors and Equipment on 15- or 20-
Ampere Branch Circuits - Not Cord- and Attachment-Plug
Connected. Overload protection for motor-comprcs.�ors and 
equipment used on 15- or 20-ampcrc 120-volt, or 15-amperc 
208- or 240-volt, single-phase branch circuit� shall be permitted 
in accordance with 440.54(A) and (B). 

(A) Overload Protection. The motor-comprcs.�or shall be 
prm-idcd with overload protection selected a� specified in 
440.52(A) . Both the controller and motor overload protective 
device shall be identified for installation "id1 the short-circuit 
and ground-fault protective del-icc for dtc branch circuit to 
which the equipment is connected. 

(B) Time Delay. The short-circuit and ground-fault protective 
device protecting the branch circuit shall have sufficient time 
delay to permit the motor-compressor and other moton to start 
and accelerate their loads. 

440.55 Cord- and Attachment-Plug-Connected Motor
Compressors and Equipment on 15- or %0-Aoipere Branch 
Circuits. Overload protection for motoN:oinprcs.�ors and 
equipment dtat arc cord- and attachmeut.-plug-conncctcd and 
used on 15- or 20-ampcrc 120-volt, or ]!)�ampere 208- or 240-
volt, singlc-pha-;c branch circuit� shalJ be permitted in accord
ance l\ith 440.55 (A) , (B), and (C). 

(A) Overload Protection. The motor-comprcs.�or shall be 
prm-idcd with overload protection a� specified in 440.52(A). 
Both the controller and the motor overload protective dclicc 
shall be identified for installation "id1 the short-circuit and 
ground-fault protective del-icc for the branch circuit to which 
the equipment is connected. 

(B) Attachment Plug and Receptacle or Cord Connector 
Rating. The rating of the attachment plug and receptacle or 
cord connector shall not exceed 20 amperes at 125 volt-; or 
15 amperes at 250 volt�. 

(C) Tune Delay. The short-circuit and ground-fault protective 
dc\icc protecting the branch circuit shall have sufficient time 
delay to permit the motor-compressor and other motors to start 
and accelerate their loads. 
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Part VD. Room Air Conditioners 

440.60 General. Part VII shall apply to electrically energized 
room air conditioners that control temperature and humidity. 
For the purpose of Part \11, a room air conditioner ("id1 or 
without provisions for heating) shall be considered a� an ac 
appliance of the air-cooled window, console, or in-wall type that 
is installed in the conditioned room and that incorporates a 
hcnnctic refrigerant motor-comprcs.-;or(s). Part \11 covers 
equipment rated not over 250 volt-;, single pha-;c, and the 
equipment shall be permitted to be cord- and attachment-plug
connected. 

A room air conditioner that is rated 3-pha-;c or rated over 
250 volt� shall be dirccdy connected to a "iring method recog
nized in Chapter 3, and Part VII shall not apply. 

440.61 Grounding. The enclosures of room air conditioners 
shall be connected to the equipment grounding conductor in 
accordance "id1 250.1 10, 250.112, and 250.1 14. 

440.6� Branch-Circuit Requitements. 

(A) Room Air Conditioner aa a Single Motor Unit. A room air 
conditioner shall be conllidcrcd a-; a single motor unit in deter
mining it� branch-circuit requirement-; where all the follo"ing 
conditions arc met: 
(1)  It is cord- and attachment-plug-connected. 
(2) It� rating is not more than 40 amperes and 250 volt-;, 

single pha�c. 
(3) Total rated-load current is shown on the room air

conditioner nameplate rather than individual motor 
current-;. 

(4) · The rating of the branch-circuit short-circuit and ground
fault protective del-icc docs not exceed the ampacity of 
the branch-circuit conductors or the rating of the recep
tacle, whichever is lcs.-;. 

(B) Where No Other Loads Are Supplied. The total marked 
current rating of a cord- and attachment-plug-connected room 
air conditioner shall not exceed 80 percent of the current 
rating of a branch circuit where no other load-; arc supplied. 

(C) Where Lighting Units or Other Appliances Are Also 
Supplied. The total marked current rating of a cord- and 
attachment-plug-connected room air conditioner shall not 
exceed 50 percent of dtc current rating of a branch circuit 
where lighting oudct�, other appliances, or general-usc recep
tacles arc also supplied. Where the circuitry is interlocked to 
prevent simultaneous operation of the room air conditioner 
and cncrgization of other oudct� on the same branch circuit, a 
cord- and attachment-plug-connected room air conditioner 
shall not exceed 80 percent of dtc branch-circuit current 
rating. 

440.63 Disconnecting Means. An attachment plug and recep
tacle or cord connector shall be pennittcd to serve a� the 
disconnecting means for a singlc-pha-;c room air conditioner 
rated 250 volt� or lcs.� if ( I )  dtc manual controls on the room 
air conditioner arc readilv acccs.�iblc and located within 1.8 m 
(6 ft) of the floor, or (2) an approved manually operable 
disconnecting means is installed in a readily acccs.-;iblc location 
within sight from the room air conditioner. 

440.64 Supply Cords. \\'bcrc a flexible cord is used to supply a 
room air conditioner, the length of such cord shall not exceed 
3.0 m (10 ft) for a nominal, 120-volt rating or 1.8 m (6 ft) for a 
nominal, 208- or 240-volt rating. 
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440.65 Protection Devices. Singlc-phao;c cord- and plug
connected room air conditioners shall be provided l\idt one of 
the follo"ing factory-installed devices: 

(1)  Leakage-current detector-interrupter (LCD I)  
(2) Arc-fault circuit interrupter (AFCI) 
(3) Heat detecting circuit interrupter (HDCI) 

The protection dclicc shall be an integral part of dtc attach
ment plug or be located in the power supply cord "ithin 
300 mm (12 in.) of dtc attachment plug. 

ARTICLE 445 
Generators 

445.1 Scope. This article contains installation and other 
rcquircmcnt"l for generators. 

445.6 Listing. Stationary generators shall be listed. 

Exception: One of a kind or custom manufactured gtmeratm-s slmU be 
pennilltd to be jitld labtled. 

Informational Note: See UL 2200, Standard for Stationary Engine 
Cll'neratnr Auemblies, for additional information. 

445.10 Location. \..cncrators shall be of a type suitable for dtc 
locations in which dtcv arc installed. Thcv shall also meet dtc 
rcquircmcnt"l for moto'rs in 430.14. 

' 

Informational Note: See :'\FPA 3i-2021,  Standard for the TllStalla
tion ami l!.<e of Stationary C.ombustiou Engini'S and C.a.< Turbines, for 
infmmation on the location of generdtors. 

445.11 Marking. Each generator shall be provided widt an 
accessible nameplate giving dtc manufacturer's name, dtc 
rated frequency, the number of pha"lcs if ac, the rating in kilo
watt"l or kilovolt-amperes, dtc power factor, the normal volt"l 
and amperes corresponding to the rating, and dtc rated ambi
ent temperature. 

1'\amcplatcs or manufacturer's instructi�ns shall prmidc dtc 
follo"ing information for all statiot1ary generators and portable 
generators rated more dtan 15 kW: 

(1) Alternator subtransicot, transient, sptchronous, and zero 
sequence reactances 

(2) \..cncrator set power rating category (including but not 
limited to prime, standby, or continuous) 

(3) Alternator temperature rise at rated load and insulation 
system cla"ls 

(4) Indication if the generator is protected against overload 
by inherent design, an ovcrcurrcnt protective relay, a 
circuit breaker, or a fuse 

(5) Available fault current for invcrtcr-bao;cd generators, in 
lieu of the synchronous, subtransicnt, and transient reac
tances 

�larking shall be prolidcd by the manufacturer to indicate 
whether or not the generator neutral is bonded to it"l frame. 
Where the bonding is modified in dtc field, additional marking 
shall be required to indicate whether the neutral is bonded to 
the frame. 
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445.12 Overcurrent Protection. 

(A) Constant-Voltage Generators. Constant-voltage generators, 
except ac generator exciters, shall be protected from overload 
by inherent design, circuit breakers, fu.o;cs, protective relays, or 
other identified ovcrcurrcnt protective means suitable for dtc 
conditions of u.o;c. 

(B) Two-WJre Generators. Two-"irc, de generators shall be 
permitted to have ovcrcurrcnt protection in one conductor 
onlv if the ovcrcurrcnt device is actuated bv the entire current 
gct;cratcd other than the current in the sh

'
unt field. The over

current device shall not open dtc shunt field. 

(C) 65 Volts or Less. Generators operating at 65 volts or lcs."l 
and driven bv indhidual motors shall be considered a"l protec
ted by the �vcrcurrcnt device protecting the motor if these 
dc\iccs "ill operate when dtc generators arc delivering not 
more dtan 150 percent of dtcir full-load rated current. 

(D) Balancer Sets. Two-l\ire, de generators u.o;cd in conjunc
tion l\ith balancer set-: to obtain neutral point"l for 3-wirc 
systems shall be equipped v.oith ovcrcurrcnt devices that discon
nect the 3-wirc system · in ca"lc of cxccs."livc unbalancing of 
voltages or currcnt"l. 

(E) Tbree-W�re. Direct-Current Generators. Three-wire, de 
generators, whcdtcr compound or shunt wound, shall be 
equipped \\ith ovcrcurrcnt devices, one in each armature lead, 
and connected so a"l to be actuated bv dtc entire current from 
the ·armature. Such ovcrcurrcnt dc'l"ic� shall consist either of a 
double-pole, double-coil circuit breaker or of a 4-polc circuit 
breaker connected in dtc main and equalizer lcacl"l and tripped 
bv two ovcrcurrcnt devices, one in each armature lead. Such 
p�otcctivc dc\iccs shall be interlocked so that no one pole can 
be opened l\ithout simultaneously disconnecting both lcad"l of 
the armature from dtc system. 

Exception to (A) thmugh (E): When• dumed by the authority having 
jurisdiction that a gmtmtor is vital to the operation of an tlectrical 
systro1 and tht generator slwuld operate to failw"t! to Jllroent a glf!ater 
hawrd to /11'1-sons, tht overload sensing device(s) shall be permitted to be 
ronntcted to an annunciator or ahlrm .mJJel-vi<ed by autlw1ized /Jei"SOll
ntl in.<tead of interrupting the generator cin:uit. 

445.13 Ampacity of Conductors. 

(A) General. The ampacity of the conductors from the genera
tor output terminals to the first distribution dcvicc(s) contain
ing ovcrcurrcnt protection shall not be lcs."l than 1 15 percent of 
the nameplate current rating of the generator. It shall be 
permitted to size the neutral conductors in accordance widt 
220.61 . Conductors that must carry ground-fault currcnt"l shall 
not be smaller than required by 250.30(A) . Neutral conductors 
of de generators that must carry ground-fault currcnt"l shall not 
be smaller dtan the minimum required size of the largest 
conductor. 

Exception: When• tht design and operation of the generator Jllroent 
overloading, tht ampacity of the conductm-s shall not be less than 
100 pnrent of tht namephlte cunmt rating of tht gmemto1: 

(B) Overcurrent Protection Provided. \\'here dtc generator 
set is equipped widt a listed ovcrcurrcnt protective dclicc or a 
combination of a current transformer and ovcrcurrcnt rclav, 
conductors shall be pennittcd to be tapped from dtc load side 
of dtc protected terminals in accordance l\ith 240.21 (B). 
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445.14 ARTICLE 445 - GE:"'ERATORS 

Tapped conductors shall not be pcnnittcd for portable 
generators rated 15 kW or lcs.o; where field wiring connection 
tcnninals arc not acccs.o;iblc. 

445.14 Protection of Live Parts. Live part-; of generators oper
ated at more than 50 volt-; ac or f>O volt-; de to ground shall not 
be exposed to accidental contact where acccs.o;iblc to unquali
fied persons. 

445.15 Guards for Attendants. Where ncccs.o;ary for the safety 
of attendant-;, the requirement-; of 430.233 shall apply. 

445.16 Bushings. \\'here field-installed "iring pas.o;cs through 
an opening in an enclosure, a conduit box, or a barrier, a bush
ing shall be used to protect the conductors from the edges of 
an opening having sharp edges. The bushing shall have 
smooth, well-rounded surfaces where it may be in contact with 
the conductors. If used where oils, grcao;c, or other contami
nant-; may be present, the bushing shall be made of a material 
not deleteriously affcctccl. 

445.17 Generator Terminal Housings. \..cncrator terminal 
housings shall comply with 430.12. \\'here a horsepower rating 
is required to determine the required minimum size of the 
generator terminal housing, dtc full-load current of the genera
tor shall be compared with comparable motors in Table 
430.247 duough Table 430.250. The higher horsepower rating 
of Table 430.247 and Table 430.250 shall be used whenever the 
generator selection is between two ratings. 

Exception: Thi� section shall 1wt apply to grmemtm:� rated over 
600 volts. 

445.18 Disconnecting Means. 

(A) Disconnecting Means. \..cncrators other dtan cord-and
plug-connected portable generators shall have one or more 
disconnecting means. Each disconnecting means shall simulta" 
ncously open all ao;sociatcd ungrounded conductors. Each 
disconnecting means shall be lockable open in accordance with 
1 10.25. 

The disconnecting means shall be permitted to be located 
within the generator behind a hinged cover, door, or enclosure 
panel. \\'here the generator disconnecting "'cans is located 
"ithin the generator, a field applied label meeting the require
ment-; of 1 10.21 (B) shall be provided iridicating the location of 
the generator disconnecting means. 

(B) Generators Installed in Parallei. Where a generator is 
installed in parallel "id1 other generators, the prmisions of 
445.18(A) shall be capable of isolating the generator output 
tcnninals from dtc paralleling system bus. The disconnecting 
means shall not be required to be located at the generator. 

445.19 Emergency Shutdown of Prime Mover. 

(A) General. Generators shall have provisions to shut down 
the prime mover. The means of shutdmm shall comply with all 
of the following: 

(1)  Be equipped l\ith provisions to disable all prime mover 
start control circuit-; to render the prime mover incapable 
of starting 

(2) Initiate a shutdmm mechanism dtat requires a mechani
cal reset 
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The prmisions to shut down the prime mover shall be 
permitted to satisfy the requirement-; of 445.18(A) where it is 
capable of being locked in the open position in accordance 
"ith 1 10.25. 

(B) Remote Emergency Shutdown. For other than one- and 
two-fumily dwelling unit-;, generators "id1 greater than 15 kW 
rating shall be prmidcd with a remote emergency stop Sl\itch 
to shut down dtc prime mover. The remote emergency stop 
switch shall be located outo;idc the equipment room or genera
tor enclosure at a readily accessible location and shall also meet 
the requirement-; of 445.19(A) ( I )  and (A) (2). 

The remote emergency stop switch shall be permitted to be 
mounted on the exterior of the generator enclosure. The 
remote emergency stop Sl\itch shall be labeled \..cncrator 
Emergency Shutdmm, and the label shall meet the require
ment-; of 1 10.21 (B). 

(C) Emergency Shutdown in One- . and Two-Famlly Dwelling 
Units. For other than cord-and-plug-connected portable gener
ators, an emergency shutdO\\'n dclicc shall be located outo;idc 
the dwelling unit at a readily acccs.o;iblc location and shall also 
meet the requirement-; of 445.19(A) (1) and (A) (2). 

An emergency shutdmm device mounted on the exterior of 
the generator enclosure shall be permitted to satisfy the 
requirement-; . of rhis section. The shutdown dclicc shall be 
marked ao; lhe Generator Emergency Shutdown, and the label 
shall meet the requirement-; of 1 10.21 (B)).  

445.20 Ground-Fault Circuit-Interrupter Protection for Recep
tacles on 15-kW or Smaller Portable Generators. Receptacle 
oudcto; that arc a part of a 1::�-kW or smaller portable generator 
$hall have listed ground-fault circuit-interrupter protection 
(GFCI) for personnel integral to the generator or receptacle ao; 
indicated in cidtcr 445.20(A) or (B): 

(A) Unbonded (Floating Neutral) Generators. Unbondcd 
generators with both 12:>-volt and 125 /250-volt receptacle 
oudcto; shall have listed GFCI protection for personnel integral 
to dte generator or receptacle on all 12:>-volt, 1:>- and 20-
ampcrc receptacle outlet<;. 

Exception: GF\.J fnvtection shall not be required whn"t' the 1 25-volt 
lf!U/Jtacle outlets(s) is interlocked such tlmt it is not available fm· use 
when any 125 /250-volt lf!U/Jtacle(�) is in use. 

(B) Bonded Neutral Generators. Bonded generators shall be 
prmidcd "id1 GFCI protection on all 125-volt, 15- and 20-
ampcrc receptacle outlet<;. 

Informational Note: See 590.6(:\) (3) for GFCI requirement• for 
15-k W or smaller portable generators used for temporary elec
uic power and lighting. 

Exception to (A) and (B): 1J the genemtm· was manufactured m· 
remanufactwP.d Jmm· to jantUllJ 1, 2015, li�IP.d cord seL� m· devires 
incmpomting li�tl'.d GFCI jnvtection for pnxonnel identijiP.d fm·JIOitable 
u.� shall be Jmmitted. 
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ARTICLE 450 - TRAJ'\SFORMERS AND TRANSFOR.\<IER VAl:LTS (11'\CLl:Dil'\G SECONDARY TIES) 450.3 

ARTICLE 450 
Transformers and 1hmsformer Vaults 

(Including Secondary Ties) 

Part I. General 

450.1 Scope. This article covers dte installation of all trans
formers other man the follo"ing: 

(1) Current transformers 
(2) Dry-type transformers that constitute a component part of 

other apparatus and comply widl the requirement" for 
such apparatus 

(3) Transformers dlat arc an integral part of an X-ray, high-
frequency, or electrostatic-coating apparatus 

(4) Transformers used "id1 Clao;.o; 2 and Clao;.o; 3 circuit" 
(5) Transformers for sign and oudine lighting 
(6) Transformers for clectric-diseharge lighting 
(7) Transformers used for power-limited fire alarm circuit" 
(8) Transformers used for research, development, or testing, 

where effective arrangement" arc provided to safeguard 
persons from contacting energized parto; 

450.2 Interconnection of Transformers. Transfonners shall 
individually comply "id1 dte requirement" of dlis article unles.o; 
specific provisions allow for interconnection and operation ao; a 
single unit. 

450.3 Overcurrent Protection. Overcurrent protection of 
transfonners shall comply "idl 450.3(A), (B), or (C). Ao; used 
in dtis section, dte word tmn.ifonnershall mean a transformer or 
polyphao;e bank of two or more single-phao;e transformers oper
ating ao; a unit. 

lnformational l'ote l'o. 1: See 240.4, 240.21 ,  245.26, and 245.2i 
for overcurrent protection of conductors. 

Informational :'\ote l'o. 2: l'onlinear loads can increao;e heat in 
a trdnsfmmer \\ithout operating its overcurrent protecti\'e 
de�ice. See IEEE 3002.8, Recmnmmded Practice for r.�mducting 
Harmonic Studies ami AIIO�J.•i.• of Industrial ami r.mnmen:ial Poriii!T 
Systl'ln.•, for additional information. 

(A) Transformers Over 1000 Volts, Nominal. Overcurrem 
protection shall be provided in accordance l\idt Table 
450.3(A). 

(B) Transformers 1000 Volts, Nominal, or Less. Overcurrem 
protection shall be provided in <'!Ccordance l\ith Table 450.3(8) 
unles.o; dle transfonner is instailed ao; a motor control circuit 
transfonner in accordance wid1 430.72(C) ( 1 )  dlrough (C) (5). 

(C) Voltage (Potential) Transformers. Voltage (potential) 
transfonners installed indoors or enclosed shall be protected 
"idl primary fu."'e!l. 

Informational l'ote: See 408.52 for protection of instmment 
circuil<induding voltage transfonners. 

Table 450.3(A) Maximum Rating or Setting of Overcurrent Protection for Transformers Over 1000 Volts (as a Percentage of 
Transformer-Rated Current) 

Secondary Protection2 
Primary Protection over 

1000 Volts Over 1000 Volts 1000 Volts or Less 

Location 
Limitations 

Transformer Rated Circuit Circuit Breaker or 

Any location 

Supenised 
locations only� 

Impedance 

:'\01 more than 6% 

M01·e than li% 
and not more than 10% 

Any 

:'\ot more than 6% 

M01·e than 6% 
and not more than 10% 

Breaker4 Fuse Rating 

600%1 300%1 

400%1 300%1 

3!KI%1 250%1 

600% 300% 

400% 300% 

Circuit Breaker4 Fuse Rating Fuse Rating 

300%1 250%1 125%1 

250% 1 225%1 125%1 

:'\ot requin�d :-.lot •·equired :'\ot •·equi•·ed 

300%5 250%" 250%" 

250%5 225%" 250%" 

1\\ltere the required fuse rating or circuit breaker setting does not con-espond to a standard rdting or setting, a higher rating or setting that does not 
exceed the follm\ing shall be permitted: 
( 1 )  The next higher standard rating or setting for fu.o;es and circuit breakers 1000 voiL• and helow, or 
(2) The next higher commercially a\"ailable rating or setting for fu.o;es and circuit breakers aboYe I 000 miL•. 
�\ltere secondary m>ercun-ent protection i• required, the secondary overcurrent de� ice shall he permitted to consist of not more than six circuit 
breakers or six sel• of fu.o;es grouped in one location. Where multiple O\>ercurrent de, ices are utilized, the total of all the de� ice ratings shall not 
exceed the allowed \'alue of a single overcurrent de� ice. If hoth circuit breakers and f•�•es are u.o;ed a• the m>ercun-ent de, ice, the total of the de� ice 
ratings shall not exceed that allowed for fu.�. 
"A supenised location is a location where conditions of maintenance and supenision ensure that only qualified person.• monitor and sen·ice the 
u-ansformer installation. 
'Eiecu·onically actuated fuses that may be set to open at a specific cmTent shall he set in accordance \\ith settings for circuit breakers. 
''A transfonner equipped \\ith a coordinated thermal m>erload protection hy the manufacwrer shall be permitted to ha\'e separdte secondary 
protection omitted. 
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450.4 ARTICLE 450 - TRAJ'\SFORMERS AND TRANSFOR.\<lER VAl:LTS (11'\CLl:Dil'\G SECONDARY TIES) 

Table 450.3(8) Maximum Rating or Setting of Overcurrent Protection for Transformers I 000 Volts and Less (as a Percentage of 
Transformer-Rated Current) 

Protection Method 

P1imary only 
protection 

P1imary and 
secondary 
protection 

Currents of 
9 Amperes or More 

125%1 

250%3 

Primary Protection 

Currents Less Than 
9 Amperes 

167% 

250%3 

Secondary Protection2 

Currents Less Than Currents of 9 Amperes Currents Less 
2 Amperes or More Than 9 Amperes 

300% Not required :-.lot required 

250%:1 125%1 167% 

1\\ltere 125 percelll of this current does not correspond to a standard rdting of a fu.'le or nona�jlL•table circuit breaker, a higher rating that does not 
exceed the next higher standard rdting shall be pe1miued. 
�\ltere secondary overcun-ent protection i• required, the secondary overcurrem device shall be permitted to consist of not more than six circuit 
breakers or six set• of fu.'les grouped in one location. Where multiple overcurrent de, ices are utilized, the total of all the de� ice ratings shall not 
exceed the allowed \"dlue of a single overcuJTelll device. 
3A transfonner equipped \\ith coordinated thennal overload protection by the manufacturer and arrdnged to intenupt the primary current shall be 
permitted to ha\-e primary m-ercun-ent protection rated or set at a cun-ent value that is not more than six times··the mted cmTelll of the transformer 
for trdnsformers ha\ing not more than 6 percent impedance and not more than four times the rdted current ef the trdnsfonner for trdnsfonners 
ha\·ing more than 6 percent but not more than 10 percelll impedance. 

· 

450.4 Autotransformers 1000 Volts, Nominal, or Less. 

(A) Overcurrent Protection. Each autotransformer 1000 volts, 
nominal, or lcs.• shall be protected by an indhidual ovcrcurrcnt 
dc\icc installed in series "id1 each ungrounded input conduc
tor. Such ovcrcurrcnt dc,icc shall be rated or set at not more 
man 125 percent of dtc rated full-load input current of me 
autotransformer. \\'here dtis calculation docs not correspond 
to a standard rating of a ftLo;c or nonacljustablc circuit breaker 
and the rated input current is 9 amperes or more, me next 
higher standard rating described in 240.6 shall be permitted. 
An ovcrcurrcnt dc,icc shall not be installed in series l\im me 
shunt "inding (dlc "inding common to bodl me input and me 
output circuits) of dtc autotransformer between Points A and B 
a• shown in Figure 450.4(A). 

Exception: �Wum� tile mted input cummt of tile autotran.iformer is /e.••s 
than 9 amperes, an OVe/'rltl'lf!Til devire mlPn 01" sf't al .  not mm-e t/ian 
167 perrent of the input cun"t'nt slmU be permitted. 

(B) Transformer Field-Connected as an Autotransformer. A 
transformer field-connected a• an autotransformer shall be 
identified for tL<;C at elc\-atcd voltage. 

lnfonnational :'\ote: See 210.9 and 215. 1 1  for infonnation on 
penniued uses of autotmn•fonners. 

450.5 Grounding Autotransformers. Grounding autotrans
formers covered in dtis section arc zigzag or T-conncctcd trans
formers connected to 3-phao;c, 3-wirc ungrounded systems for 

Shunt winding(s) 

B 

FIGURE 450.4(A) Autotransformer. 

me purpose of creating a 3-phao;c, 4-l\irc disuibution system or 
providing a neutral point for grounding purposes. Such trans
formers shall have a continuous pcr-phao;c current rating and a 
continuous neutral current rating. Zigzag-connected transform
ers shaU not ·be installed on the load side of any system ground
ing connection, including mose made in accordance wim 
250.24(C), 250.30(A) (l  ) , or 250.32(8), Exception :"'o. I .  

lnfonnational Note: The pha.'ie currem in a grounding auto
transfonner is one-third the neutral current. 

(A) Three-Phase, 4-Wire System. A grounding autotrans
former used to create a 3-phao;c, 4-l\irc distribution system from 
a 3-phao;c, 3-"irc ungrounded system shall conform to 450.5(A) 
(1)  duough (A) (4). 

(I) Connections. The transformer shall be dirccdy connected 
to dtc ungrounded phao;c conductors and shall not be s"itchcd 
or pro,idcd "id1 ovcrcurrcnt protection mat is independent of 
the main Sl\itch and common-trip ovcrcurrcnt protection for 
me 3-phao;c, 4-"irc system. 

(2) Overcurrent Protection. An ovcrcurrcnt sensing dc,icc 
shall be prmidcd mat "ill cause the main Sl\itch or common
trip ovcrcurrcnt protection referred to in 450.5(A) (1)  to open 
if me load on me autotransformer reaches or exceed• 
125 percent of its continuous current pcr-phao;c or neutral 
rating. Delayed tripping for temporary ovcrcurrcnt• sensed at 
me autotransformer ovcrcurrcnt device shall be permitted for 
the purpose of allo"ing proper operation of branch or feeder 
protective dcl'iccs on dtc 4-wirc system. 

(3) Transformer Fault Sensing. A fault-sensing system mat 
catLo;cs me opening of a main switch or common-nip ovcrcur
rcnt device for dtc 3-phao;c, 4-wirc system shall be prmidcd to 
guard against singlc-pha•ing or internal faults. 

lnfonnational l'ote: This can be accomplished by the tt.'le of two 
subtracth-e-connected donut-type cuJTelll tmnsfonners installed 
to sense and signal when an unbalance occurs in the line 
current to the autotrdnsfonner of 50 percent or more of mted 
current. 
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ARTICLE 450 - TRAJ'\SFORMERS AND TRANSFOR.\<lER VAl:LTS (11'\CLl:Dil'\G SECONDARY TIES) 450.6 

(4) Rating. The autotransformer shall have a continuous 
neutral-current rating that is not lcs.� than the maximum pos.�i
blc neutral unbalanced load current of the 4-wirc system. 

(B) Ground Reference for Fault Protection Devices. A 
grounding autotransformer used to make available a specified 
magnitude of ground-fault current for operation of a ground
responsive protective device on a 3-pha�, 3-"irc ungrounded 
system shall conform to 450.5(8) ( 1 )  and (B) (2). 

(1) Rating. The autotransformer shall have a continuous 
neutral-current rating not lcs.� than the specified ground-fault 
current. 

(2) Overcurrent Protection. Ovcrcurrcnt protection shall 
comply with 450.5(B) (2) (a) and (B) (2) (b). 

(a) opemtifm and Tnlelntpting Rating. An ovcrcurrcnt 
protective device having an interrupting rating in compliance 
with 1 10.9 and that will open simultaneously all ungrounded 
conductors when it operates shall be applied in the grounding 
autotransformer branch circuit. 

(b) Ampne Rating. The ovcrcurrcnt protection shall be 
rated or set at a current not exceeding 125 percent of the auto
transfonncr continuous pcr-pha� current rating or 42 percent 
of the continuous-current rating of any series-connected dc\'i
ccs in the autotransfonncr neutral connection. Delayed trip
ping for temporary ovcrcurrcnts to permit the proper 
operation of ground-responsive tripping dc\'iccs on the main 
system shall be permitted but shall not exceed values that 
would be more than the short-time current rating of the 
grounding autotransformer or any series connected devices in 
the neutral connection thereto. 

Exception: Fm· high-impedance gmunded systnns cove11'd in 250.36, 
wltere the maximum gmmul-fault cuJnmt is designed to be not moll� 
than 10 ampnes, mul wltere tlte gmunding autotmnifm'lner mul tlte 
gmu1uling impedance aJ1' mll'.d for crmtinuous dut_l', an overrun'l!nt 
device mll'.d 1wt mo11' titan 20 amperes tltat will simultanenusi:J' open 
all ungrounded conductors sltall be permittl'.d to be in�ta/f,d on tlte line 
.�ide of the gmmuling autotran.iformel: 

(C) Ground Reference for Damping Transitory Overvoltages. 
A grounding autotransformer u.�d to limit transitory ovcrvol
tagcs shall be of suitable rating and connected in accordance 
"ith 450.5(A) ( 1 ) .  

450.6 Secondary Ties. A� used i n  this article, a secondary tic is 
a circuit operating at 1000 v<>IJ.�, nominal, or lcs.� between 
pha�es that connect� two power sources or power supply point�, 
such a� the secondaries of two transformers. The tic shall be 
permitted to consist of one or more conductors per pha�c or 
neutral. C..onductors connecting the secondaries of transform
ers in accordance with 450.7 shall not be considered secondary 
tics. 

A� used in this section, the word tmn.iformer means a trans
former or a bank of transformers operating a� a unit. 

(A) Tie Circuits. Tic circuit� shall be provided with ovcrcur
rcnt protection at each end a� required in Part� I, II, and VIII 
of Article 240. 

l:ndcr the conditions described in 450.6(A) (1) and 
450.6(A) (2), the ovcrcurrcnt protection shall be permitted to 
be in accordance with 450.6(A) (3). 

(1) Loads at Transformer Supply Points Only. \\'here all load� 
arc connected at the transformer supply point� at each end of 
the tic and ovcrcurrcnt protection is not provided in accord-
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ancc l\ith Part� I, II, and VIII of Article 240, the ampacity of the 
tic shall not be lcs.� than 67 percent of the rated secondary 
current of the highest rated transformer supplying the secon
dary tic system. 

(2) Loads Connected Between Transformer Supply Points. 
\\'here load is connected to the tic at any point between trans
former supply point� and ovcrcurrcnt protection is not provi
ded in accordance "idt Part� I, II, and VIII of Article 240, the 
ampacity of the tic shall not be less than 100 percent of the 
rated secondary current of the highest rated transformer 
supplying the secondary tic system. 

Exception: Tie chcuits comfni�ed of multipk cmulttctm-s per pha.'il' sltall 
be /JI!l'mitll'.d to be .�iud mul protected in accordance with 450.6(A)(4). 

(3) Tie Circuit Protection. l:ndcr dtc conditions described in 
450.6(A) (1)  and (A) (2), both supply end� of each ungrounded 
tic conductor shall be equipped "idt a protective device that 
opens at a predetermined lempcraturc of the tic conductor 
under short-circuit conclitiom. This protection shall consist of 
one of the following: (1) a fusible link cable connector, termi
nal, or lug, commonly known a� a limiter, each being of a size 
corresponding l\iQI dtat of dtc conductor and of construction 
and characteristics according to the operating voltage and the 
type of insulation on the tic conductors or (2) automatic 
circuit breakers actuated by dc\'iccs having comparable time
current characteristics. 

(4) . Interconnection of Phase Conductors Between Trans
former Supply Points. Where the tic consist� of more than one 
conductor per pha�e or neutral, the conductors of each pha� 
or neutral shall comply with 450.6(A) (4) (a) or (A) (4)(b). 

(a) Tntm:onnecll'.d. The conductors shall be interconnec
ted in order to establish a load supply point, and the protective 
device specified in 450.6(A) (3) shall be prolidcd in each 
ungrounded tic conductor at this point on both sides of the 
interconnection. The means of interconnection shall have an 
ampacity not lcs.� than the load to be served. 

(b) Not lntm:omll'cted. The load� shall be connected to 
one or more indi,idual conductors of a paralleled conductor 
tic without interconnecting the conductors of each pha�c or 
neutral and "ithout the protection specified in 450.6(A) (3) at 
load connection point�. \\'here this is done, the tic conductors 
of each pha�e or neutral shall have a combined capacity ampac
ity of not lcs.� than 133 percent of the rated secondary current 
of the highest rated transformer supplying the secondary tic 
system, dtc total load of such taps shall not exceed the rated 
secondary current of the highest rated transformer, and the 
load� shall be equally divided on each pha�c and on the incH
vidual conductors of each pha� a� far a� practicable. 

(5) Tie Circuit Control. Where the operating voltage exccccl� 
150 volt� to ground, secondary tics provided "idt limiters shall 
have a switch at each end that, when open, de-energizes the 
a"isociatcd tic conductors and limiters. The current rating of 
the lil'itch shall not be lcs.� than the rated current ampacity of 
the conductors connected to the lil'itch. It shall be capable of 
interrupting it� rated current, and it shall be constructed so 
that it "ill not open under dtc magnetic forces resulting from 
short-circuit current. 

(B) Overcurrent Protection for Secondary Connections. 
\\-'here secondary tics arc used, an ovcrcurrcnt dc\ice rated or 
set at not more than 250 percent of the rated secondary 
current of the transformers shall be provided in the secondary 
connections of each transformer suppl)'ing the tic system. In 
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addition, an automatic circuit breaker actuated by a rcvcrsc
currcm relay set to open the circuit at not more than the rated 
secondary currcm of the transfonncr shall be prmidcd in the 
secondary connection of each transfonncr. 

(C) Grounding. Where the secondary tic system is grounded, 
each transformer secondary suppl}'ing dtc tic system shall be 
grounded in accordance with 250.30 for separately derived 
systems. 

450.7 Parallel Operation. Transformers shall be permiucd to 
be operated in parallel and switched as a unit, provided the 
ovcrcurrcnt protection for each transformer meet-; the require
ment-; of 450.3(A) for primary and secondary protective dc'"i
ccs over 1000 volt-;, or 450.3(8) for primary and secondary 
protective devices I 000 volt-; or less. 

450.8 Guarding. Transformers shall be guarded as specified in 
450.8(A) through (D). 

(A) Mechanical Protection. Appropriate pro'"isions shall be 
made to minimize dtc possibility of damage to transformers 
from external causes where the transformers arc exposed to 
physical damage. 

(B) Case or Enclosure. Dry-type transformers shall be prmi
dcd with a noncombustible moisture-resistant ca-;c or enclosure 
that prmidcs protection against the accidental insertion of 
foreign o�cct-;. 

(C) Exposed Energized Parts. Switches or other cquipmcm 
operating at 1000 volt-;, nominal, or lcs.-; and scning only cquip
mcm within a transformer enclosure shall be penniucd to be 
installed in the transformer enclosure if accessible to qualified 
persons only. All energized part-; shall be guarded in accord
ance l\ith 1 10.27 and 1 10.34. 

(D) Voltage Warning. The operating voltage of exposed live 
part-; of transformer installations shall be indicated by signs or 
'"isiblc markings on the cquipmcm or structures. 

450.9 Ventilation. The ventilation shall dispose of me trans
former full-load heat losses without creating a temperature rise 
that is in excess of the transformer rating. 

Informational Note No. 1 :  See IEEE C.?7;12.00-2015, C.eul'ral 
&quinmumt.< for Uquid-bnmersed Di•trihutio11., Pmtier, ami Regulating 
Tramfnrmer.<, and IEEE C.'>7.12.01-2020, Cwml'ral RequimnenL• for 
Dry-1)"/JI' Distribution and Pmuer Trausfurmers, for additional infor
mation. 

Informational :'\ote l'o. 2: See IEEE C.'>7.1 10-2018, Rermmmmded 
Prlll'tiu for Establi•hing l.iquid-Filil'd aud Dry-1)-pe Pmuer aud Di<tri
butinn Trau.ifnrmer C.apability �Hum Supplyi•zr; Nnn.<inu.midal Load 
Currmts, for more information where transfonners are u.'led with 
nonlinear loads that ha\-e nonsinu.•oidal currenL• that can result 
in additional los.'e5 and transfonner heating. 

Transformers l\ith ventilating openings shall be installed so 
that dtc ventilating openings arc not blocked by walls or other 
obstructions. The required clearances shall be dearly marked 
on the transformer. Transformer top surfaces dtat arc horizon
tal and readily acccs.-;iblc shall be marked to prohibit storage. 

450.10 Grounding and Bonding. 

(A) Dry-Type Transformer Enclosures. \\'here separate cquip
mcm grounding conductors and supply-side bonding jumpers 
arc installed, a terminal bar for all grounding and bonding 
conductor connections shall be secured inside the transformer 
enclosure. The terminal bar shall be bonded to the enclosure 
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in accordance "ith 250.12 and shall not be installed on or over 
any vcmcd portion of the enclosure. 

Exception: When• a dl)'-t_ljJe transfo1711er is equiPfH'.d with wire-type 
ronn«tions (lead<), the grounding and bonding crmn«tions shall be 
permitted to be comvcted together using any of the method• in 250.8 
and shall be bmulP.d to the enc/nsw't' if of metal. 

(B) Other Metal Parts. Exposed non-currcnt-carf}ing metal 
part• of transformer installations, including fences, guard-;, and 
so forth, shall be grounded and bonded under the conditions 
and in the manner specified for electrical cquipmcm and other 
exposed metal part• in Part-; V, VI, and VII of Article 250. 

450.11 Marking. 

(A) General. Each transformer shall be provided with a name
plate giving the follm\ing infonnation: 

(1) Name of manufacturer 
(2) Rated kilovolt-amperes 
(3) Frequency 
(4) Primary and secondary \ioltagc 
(5) Impedance of transformers 25 kVA and larger 
(6) Required clearances for transformers with ventilating 

openings 
· 

(7) Amoum and kind of insulating liquid where used 
(8) For dry-type transformers, temperature da"l.o; for the insu-

lation S)'!llcm 

(B) Source Marking. A transformer shall be pcrmiucd to be 
supplied at the marked secondary voltage, provided that the 
instaUation is in accordance with the manufacturer's instruc
tions. 

450.12 Terminal Wuing Space. The mmnnum \\ire-bending 
space at fixed, 1000-volt and below terminals of transformer 
line and load connections shall be a-; required in 312.6. Wiring 
space for pigtail connections shall conform to Table 314.16(8) 
(1) .  

450.13 Accessibility. All transformers and transformer '"'mit• 
shall be readily accessible to qualified personnel for inspection 
and maimcnancc or shall meet the requirement• of 450.13(A) 
or 450.13(8). 

(A) Open Installations. Dry-type transformers I 000 volt-;, 
nominal, or less, located in the open on walls, columns, or 
structures, shall not be required to be readily accessible. 

(B) Hollow Space Installations. Dry-type transformers 
1000 volt-;, nominal, or lcs.o; and not exceeding 50 kVA shall be 
pcrmiucd in hollow spaces of buildings not pcrmancndy dosed 
in by structure, prmidcd they meet the ventilation require
ment• of 450.9 and separation from combtL-;tiblc materials 
requirement• of 450.21 (A). Transfonncrs so installed shall not 
be required to be readily accessible. 

450.14 Disconnecting Means. Transformers, other than Cla"l.o; 2 
or Cla"l.o; 3 transformers, shall have a disconnecting means loca
ted either in sight of the transformer or in a remote location. 
\\'here located in a remote location, the disconnecting means 
shall be lockable open in accordance with 1 10.25, and it• loca
tion shall be field marked on the transformer. 
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ARTICLE 450-TRAJ'\SFORMERS AND TRANSFOR.\<lER VAl:LTS (11'\CLl:Dil'\G SECONDARY TIES) 450.26 

Part II. Installation 

450.21 Dry-Type Transformers Installed Indoors. 

(A) Not Over 112!/z kVA. Dry-type transformers installed 
indoors and rated 1 12!/z kVA or lcs.o; shall have a separation or at 
least 300 mm (12 in.) from combustible material unlcs.o; separa
ted from the combustible material by a fire-resistant, heat
insulated barrier. 

Exception: This mle shall not aptJ�l' to transformm; rated for 
1000 volts, nominal, m· less tlmt ant complete�}· enclosed, exct>pt for 
ventilating openings. 

(B) Over 112!/z kVA. Individual dry-type transformers or more 
than 1 12!/z kVA rating shall be installed in a transformer room 
or fire-resistant construction having a minimum fire rating or 
I hour. 

Exception No. 1: Transformers with Cla.�s 155 or higher insulation 
.�ystent� and st>parated ftvm combustible material by a ji1f'-11tsi.�tant, 
heat-in.�ulating barrier or by not /e.� tlmn 1.83 m (6 jt) hmizontally 
and 3. 7 111 (12ft) vertica�}· shall not be 11'-Jfltill'.d to be instal!P.d in a 
traniformer room. 

Exception No. 2: Traniformers with Cla.�s 155 or higher insulation 
systent� mul comJJiete�v enclosed exct>pt for ventilating oflt'nings s/m/1 
not be 11'-Jfltitl'.d to be installed in a tran.iformer mom. 

Informational :'\ote: See AST:\f E l l 9-18a, Standard Test Ml'thod.< 
for Fiw Test.< of Buildinr; C.nn.<truction and Material<, for additional 
information on fire-resi<;tance ratingli. 

(C) Over 35,000 Volts. Dry-type transformers rated over 
35,000 volts shall be installed in a vault complying "id1 Part III 
or mis article. 

450.22 Dry-Type Transformers Installed Outdoors. Dl)�t}'pc 
transfonncrs installed outdoors shall have a wcadtcrproor 
enclosure. 

Transformers exceeding 1 12!/z kVA shall not be located 
"imin 300 mm (12 in.) or combustible materials or buildings 
unlcs.o; dtc transformer has Cla."l.o; 155 insulation system-; or 
higher and is completely enclosed except for ventilating open
ings. 

450.23 Less-Flammable Liquid-IIISillated Transformers. Trans
formers insulated with listed Jcs.o;-Hammablc liquid-; that have a 
fire point or not lcs.o; than 3oo·c shall be permitted to be 
installed in accordance wim 450.23(A) or 450.23(8). 

(A) Indoor Installations. Indoor installations shall be permit
ted in accordance with one or the following: 

(1) In Type I or T}'pc II buildings, in area.-; where all of me 
following requirements arc met: 

a. The transformer is rated 35,000 volts or lcs.<;. 
b. 1'\o combustible materials arc stored. 
c. A liquid confinement area is provided. 
d. The installation complies "ith all the restrictions 

provided for in the listing or the liquid. 

Informational :'\ote: Such restrictions can include, hut are 
not limited to, maximum pres.<;ure of the tank, use of a pres
sure relief \'al\'e, appropriate ft�<;e types, and proper sizing of 
m·ercurrent protection. 
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(2) Ir an automatic fire extinguishing system and a liquid 
confinement area is present, prm·idcd dtc transformer is 
rated 35,000 volt-; or )cs.<; 

(3) Ir the installation complies t\ith 450.26 

(B) Outdoor Installations. Lcs.o;-flammablc liquid-filled trans
formers shall be permitted to be installed outdoors, attached 
to, adjacent to, or on me roor or buildings, ir installed in 
accordance "idl either or the following: 

(1)  For Type I and Type II  buildings, the installation shall 
comply t\ith all me restrictions prmidcd for in the listing 
or me liquid. 

Informational :'\ote l'o. I: See :'\FPA 220-2021, Standard on 1)·pes 
of Building C.nnstrurtion, for definitions of Type I and Type II 
building constntction. 

Informational :'\ote l'o. 2: Such reslliction.<; can include, but are 
not limited to, maximum pres.<;ure of the tank, use of a pres.<;ure 
reliehawe, appropriate fuse t}pes, and proper sizing of m·ercur
rent protection. 

(2) In accordance "im 450.27. 

Informational :'\ote No. 3: See 450.27 for examples of additional 
safeguard<; that can be required for installations a<!jacent to 
combt�•tibl� material, fire escapes, or door and \\indow open
ingli. 

450.24 Nonflammable Fluid-Insulated Transformers. Trans
formers insulated with a dielectric fluid identified a.<; nonflam
mable shall be pcnnittcd to be installed indoors or outdoors. 
Such transfonncrs installed indoors and rated over 35,000 volt-; 
shall be installed in a vault. Such transformers installed indoors 
shall be furnished with a liquid confinement area and a 
pressure-relief vent. The transformers shall be furnished with a 
means for absorbing any ga.<;cs generated by arcing inside me 
tank, or me prcs.<;urc-relicf vent shall be connected to a chim
ney or flue dtat will carry such ga.<;cs to an environmentally safe 
area. 

Informational l'ote: Safety may be increa<;ed if fire hazard anal)� 
ses are perfonned for such trdnsfonner installations. 

For me purposes or this section, a nonflammable dielectric 
fluid is one mat docs not have a fla.<;h point or fire point and is 
not flammable in air. 

450.25 Askarel-Insulated Transformers Installed Indoors. 
A<;karcl-insulatcd transformers installed indoors and rated over 
25 kVA shall be furnished "ith a prcs.o;urc-relicf vent. \\'here 
installed in a poorly ventilated place, they shall be furnished 
"im a means for absorbing any ga.o;cs generated by arcing 
inside me ca.<;e, or me prcs.o;urc-relicf vent shall be connected to 
a chimney or flue that carries such ga.<;cs outo;idc the building. 
A<;karel-insulatcd transformers rated over 35,000 vo)t<; shall be 
installed in a vault. 

450.26 Oil-Insulated Transformers Installed Indoors. Oil
insulated transformers installed indoors shall be installed in a 
t-<mlt constructed a.<; specified in Part Ill or this article. 

Exception No. 1: �Wumt the total capacity does not exct't'd 112'/z kVA, 
the vault specified in Pal't Ill of this mticle s/m/1 be pennitted to be 
ron�tructed ofntinfmr:ed concrete that is not /e.••s than 100 mm (4 in.) 
thick. 

Exception No. 2: H1umt the 1wminal voltage does not exCI'm 1000, a 
vault s/m/1 not be required if suitable anungements ant made to Jmment 
a tmn.ifomll!r oil jil'e ftvm igniting other mate1ial� mul the total 
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raJJacit_l' in one /ncation does not I'Xceed 10 k VA in a sNtion of the 
building cla.�sified as combustible or 75 kVA when• tile .runvunding 
stnu:tUI1' is cla.<t.njied as jiiN1'sistant construction. 

Exception No. 3: Elect1ic furnace tmnifonners that luwe a total rating 
not exceeding 75 k VA slmU be Jmmitted to be instaUed withfmt a vault 
in a building or mom of jiiN1'sistant ronstruction, pruvided suitable 
an-ange1nents are made to Jllroent a tran.ifonner oil ji1-e ftvm sJII-eading 
to other combustible Jooterial. 

Exception No. 4: A tmn.ifonner that has a total mting not exreeding 
7 5 k VA mul a .rupply voltage of 1000 volts or k.'i.� that i� an integml 
pa1·t of cllm-ged-JJarticle-accelemting equipment shaU be permitted to be 
instaUed without a vault in a building m· JT101n of noncombustible m· 
jire-1-esistant crmstruction, pmvidP.d .ruitabk an-angements m-e made to 
prevent a tran.ifonnel· oil ji1-e ftvm sJmading to other combustible mate
rial. 

Exception No. 5: Tmn.ifori'TU!I:� shaU be permittl'.d to be instaUed in a 
detached building that does not comply zuith Part Ill of thi� article if 
nrithn· the building nm· its content� fr1-esent a ji11' luu.ard to any other 
building m· j11vpe1ty, and if the building i� used only in .rupp�ving elec
ll"ic service mul the inte1ior is acce.<t.�ibk fm�}· to qualified Jm-sons. 

Exception No. 6: Oil-in.rulated tmn.ifomlel-s shaU be permitted to be 
used without a vault in pm·tabk mul mobile .�w face mining equip1nent 
(.�ucll as electric excavato1-s) if each of tile follmving conditions is Jnet: 

( 1) Plvvi�ion i� made fm· dmining leaking fluid to tile gmund. 
(2) ."'afe tg�1'.'i.� i� pmvided for pemmnel. 
(3) A minimum 6-mm W,-in.) steel banier is frJvvided fm·Jm:mnnel 

protNtion. 

450.27 Oil-Insulated Transformers Installed Outdoors. 
Combustible material, combustible buildings, and parl"l of 
buildings, fire escapes, and door and "indow openings shall be 
safeguarded from fires originating in oil-insulated transformers 
installed on roo("l, auachcd to or adjacent to a building or 
combustible material. 

In cases where the transformer installation prcscntll a fire 
hazard, one or more of the following safeguardS shall be 
applied according to the degree of hazard involved:· 

(1) Space separations 
(2) Fire-resistant barriers 
(3) Automatic fire supprcs."lion systcm!l 
(4) Enclosures that confine the oil of a ruptured transformer 

tank 

Oil enclosures shall be permitted to consist of firc-rcsistalll 
dikes, curbed areas or ba"lins, or trenches filled "idt coarse, 
crushed stone. Oil enclosures shall be prmidcd l\ith trapped 
drains where dtc exposure and dtc quantity of oil involved arc 
such dtat rcmmal of oil is important. 

Informational Note: See ANSI/IEEE <:2-2017, National Electrical 
Safety C..nde, for additional information on trdnsformers installed 
on poles or stntctures or underground. 

450.28 Modification of Transformers. \\'ben modifications arc 
made to a transformer in an existing installation that change 
the type of the transformer "ith respect to Part II of this article, 
such transformer shall be marked to show the type of insulating 
liquid installed, and the modified transformer installation shall 
comply with the applicable rcquircmcnl"l for that type of trans
former. 
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Part Ill. Transformer Vaults 

450.41 Location. Vault"l shall be located where dtcy can be 
ventilated to the out"lidc air "ithout using flues or duct"l wher
ever such an arrangcmcm is practicable. 

450.42 Walls, Roofs, and Floors. The walls and roo("l of l-ault"l 
shall be constructed of materials that have approved structural 
strength for the conditions "idt a minimum fire resistance of 
3 hours. The floors of \ault"l in contact "id1 the earth shall be 
of concrete that is not lcs."l than 100 mm (4 in.) thick, but, 
where the vault is constructed "ith a vacant space or other 
stories below it, the floor shall have approved structural 
strength for the load imposed thereon and a minimum fire 
resistance of 3 hours. For the purposes of this section, stucl"l 
and wallboard construction shall not be permitted. 

Exception: ll1ie1-e tmn.ifm'mt'l-s m-e fr1vtected with automatic sJninkln; 
water sfrmJ� cmvon dioxide, m· /mum, crmstruction of 1-hour rating 
shaU be Jmmitted. 

Informational Note No. 1 :  See ASTM E l l9-20, Staudard 1e.<t 
'"1111/wds for Fire 1ests of Building C.onstrurtion ami Materials, for 
additional information. .· 

Informational Note !'i:o. 2: A typical 3-hour constntction is 
150 mm (6 in.) thick reinforced concrete. 

450.43 Doorways. Vault doorways shall be protected in accord
ance l\ith 450A .. 'l(A), (8), and (C). 

(A) Type of Door. Each doomay leading into a vault from the 
building hitcrior shall be provided with a tight-fitting door that 
ha"l a minimum fire rating of 3 hours. The authority having 

jurisdiction shall be permitted to require such a door for an 
exterior "all opening where conditions "arrant. 

Exception: H1ie1-e tmn.ifm'mt'l-s m-e pmtected with automatic sJninkln; 
water spm)� cmvon dioxide, m· /mum, crmstruction of 1-hour rating 
shaU be Jmmitted. 

Informational l'ote: See NFPA 80-2019, Standard for Fire Doors 
ami 01/vr OfH'nhzr; ProtHtivl'.<, for additional infmmation. 

(B) SiUs. A door sill or curb that is of an approved height that 
"ill confine dtc oil from the largest transformer l\ithin the 
vault shall be provided, and in no ca"lc shall the height be lcs."l 
than 100 mm (4 in.). 

(C) Accessibility. Doors shall be equipped l\ith locks, and 
doors shall be kept locked, l\ith acccs."l being allowed only to 
qualified persons. Personnel doors shall be capable of opening 
not lcs."l than 90 degrees in the direction of cgrcs."l and be 
equipped l\ith listed fire exit hard\\arc. 

450.45 Ventilation Openings. \\'bcrc required by 450.9, open
ings for ventilation shall be provided in accordance with 
450.45(A) through (F) . 

(A) Location. Ventilation openings shall be located a"l far a"l 
possible from doors, windows, fire escapes, and combustible 
material. 

(B) Arrangement. A l-ault ventilated by natural circulation of 
air shall be permitted to have roughly half of the total area of 
openings required for ventilation in one or more openings 
ncar the floor and the remainder in one or more openings in 
the roof or in the sidewalls ncar the roof, or all of the area 
required for ventilation shall be permitted in one or more 
openings in or ncar the roof. 
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(C) Size. For a vault ventilated by natural circulation of air to 
an outdoor area, the combined net area of all ventilating open
ings, after deducting the area occupied by screens, gratings, or 
louvers, shall not be lcs.� dtan 1900 mm2 (3 in.2) per kVA of 
transfonncr capacity in service, and in no case shall the net 
area be lcs.� than 0.1 m2 ( 1  ft2) for any capacity under 50 kVA. 

(D) Covering. Ventilation openings shall be covered widl 
durable gratings, screens, or louvers, according to the treat
ment required in order to avoid unsafe conditions. 

(E) Dampers. All ventilation openings to dtc indoors shall be 
prm-idcd with automatic dosing fire dampers that operate in 
response to a vault fire. Such dampers shall pos.�cs.� a standard 
fire rating of not lcs.� dtan 1 � hours. 

Informational :'\ote: See ANSI/t.:L 555-2020, Standard for Firt! 
DalllfJPrs, for additional information on fire dampers. 

(F) Ducts. Ventilating duct� shall be constructed of fire
resistant material. 

450.46 Drainage. \\'bcrc practicable, vault� contammg more 
man 100 kVA transfonncr capacity shall be prmidcd l\idl a 
drain or odtcr means mat \\ill carry off any accumulation of oil 
or water in me vault unlcs.� local conditions make this impracti
cable. The floor shall be pitched to me drain where prmidcd. 

450.47 Water Pipes and Accessories. Any pipe or duct system 
foreign to me electrical installation shall not enter or pao;.� 
through a transfonncr '"'mit. Piping or oilier facilities provided 
for '"'mit fire protection, or for transformer cooling, shall not 
be considered foreign to the electrical installation. 

450.48 Storage in Vaults. Materials shall not be stored in trans
former vault�. 

Part I. General 

ARTICLE 455 
Phase Converters 

455.1 Scope. This article covers me installation and usc of 
pha�c converters. 

455.3 Other Articles. Pha�e converters shall comply "id1 this 
article and l\idl me applicable prmisions of other articles of 
dlis Code. 

455.4 Marking. Each pha� converter shall be pro'"idcd l\ith a 
pcnnancnt nameplate indicating me follm\ing: 

(1)  Manufacturer's name 
(2) Rated input and output voltages 
(3) Frequency 
(4) Rated singlc-pha� input full-load amperes 
(5) Rated minimum and maximum single load in kilovolt

amperes (kVA) or horsepower 
(6) Maximum total load in kilovolt-amperes (kVA) or horse

power 
(7) For a rotary-pha� converter, 3-pha� amperes at full load 
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455.5 Equipment Grounding Connection. A means for attach
ment of an equipment grounding conductor termination in 
accordance "id1 250.8 shall be prmidcd. 

455.6 Conductors. 

(A) Ampacity. The ampacity of dtc singlc-pha� supply 
conductors shall be determined by 455.6(A) (1)  or (A) (2). 

Informational l'ote: Single-phase conductors sized to prevent a 
,·oltage drop not exceeding 3 percent from the source of supply 
to the pha� com-erter may help ensure proper starting and 
operation of motor load�. 

(1) Variable Loads. Where the loacl� to be supplied arc varia
ble, dtc conductor ampacity shall not be lcs.� than 125 percent 
of the pha� converter nameplate singl�pha� input full-load 
amperes. 

(2) Faxed Loads. \\'here me pha� converter supplies specific 
fixed load�. and the conductor ampacity is less than 
125 percent of the pha�c corivcrtcr nameplate singl�pha�c 
input full-load amperes, . me conductors shall have an ampacity 
not less man 250 perccf!t of me sum of the full-load, 3-pha� 
current rating of me motors and other loacl� served where me 
input and output voltages of me pha�c converter arc identical. 
\\'bcrc the input and output voltages of the pha� converter 
arc diffcrcm, tflc current a� determined by dlis section shall be 
multiplied by dtc ratio of output to input voltage. 

(B) . Mumfactured Phase Marking. The manufactured pha�c 
conductors shall be identified in all acccs.�iblc locations "ith a 
distinctive marking. The marking shall be consistent through
out the system and premises. 

455.7 Overcurrent Protection. The singl�pha�c supply 
conductors and pha� converter shall be protected from over
current by 455.7(A) or (B). Where the required fuse or 
nonacljustablc circuit breaker rating or settings of adjustable 
circuit breakers do not correspond to a standard rating or 
setting, a higher rating or setting that docs not exceed me next 
higher standard rating shall be permitted. 

(A) Variable Loads. \\-'here dtc load� to be supplied arc varia
ble, ovcrcurrcnt protection shall be set at not more than 
125 percent of the pha�c converter nameplate singl�pha�c 
input full-load amperes. 

(B) Faxed Loads. \\'bcrc the pha� converter supplies specific 
fixed load� and the conductors arc sized in accordance widl 
455.6(A) (2), the conductors shall be protected in accordance 
"idl their ampacity. The ovcrcurrcnt protection dctcnnincd 
from dtis section shall not exceed 125 percent of dtc pha� 
converter nameplate singl�pha�c input amperes. 

455.8 Disconnecting Means. Means shall be provided to 
disconnect simultaneously all ungrounded singlc-pha� supply 
conductors to the pha� converter. 

(A) Location. The disconnecting means shall be readily acces
sible and located in sight from the pha� converter. 

(B) Type. The disconnecting means shall be a S\\itch rated in 
horsepower, a circuit breaker, or a moldcd-ca�c switch. \\'bcrc 
only nonmotor load� arc served, an ampere-rated switch shall 
be permitted. 
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(C) Rating. The ampere rating of the disconnecting means 
shall not be lcs.� dtan 1 15 perccm of the rated maximum single
phase input full-load amperes or, for specific fixed loacl�, shall 
be pcrmiucd to be selected from 455.8(C) (1)  or (C) (2). 

(1) Current Rated Disconnect. The disconnecting means shall 
be a circuit breaker or molded-case switch wim an ampere 
rating not lcs.� man 250 percent of the sum of me following: 
( 1) Full-load, 3-phasc current ratings of dtc motors 
(2) Odtcr load� served 

(2) Horsepower Rated Disconnect. The disconnecting means 
shall be a switch wim a horsepower rating. The cquivalcm 
locked rotor current of me horsepower rating of the switch 
shall not be lcs.� man 200 percent of me sum of me following: 
(1)  1'\onmotor loads 
(2) The 3-pha�. locked-rotor current of dtc largest motor a� 

determined from Table 430.251 (B) 
(3) The full-load currclll of all other 3-pha� motors operat-

ing at the same time 

(D) Voltage Ratios. The calculations in 455.8(C) shall apply 
directly where me input and output voltages of dtc pha� 
converter arc idcmical. \\'here me input and output voltages of 
the pha� converter arc different, the currcm shall be multi
plied by the ratio of the output to input voltage. 

455.9 Connection of Single-Phase Loads. \\'bcrc singlc-pha� 
load� arc connected on dtc load side of a pha�c converter, dtcy 
shall not be connected to me manufactured pha�. 

455.10 Tenninal Housings. A terminal housing in accordance 
wim me provisions of 430.12 shall be provided on a pha� 
converter. 

Part D. Specific Provisions Applicable to Different Types of 
Phase Converters 

455.20 Disconnecting Means. The singlc-pha� disconnecting 
means for the input of a static pha�c converter sbaU be permit
ted to serve a� me disconnecting means for me phase converter 
and a single load if the load is "idtin sight of the disconnecting 
means. 

455.21 Start-Up. Power to me utilization equipment shall not 
be supplied until me rotary-pha�c converter ha� been started. 

455.22 Power Interruption. Utilization equipment supplied by 
a rotary-pha� converter shall be controlled in such a manner 
that power to me cquipmcm \\ill be disconnected in me cvcm 
of a power imcrruption. 

Informational :'\ote: Magnetic motor starters, magnetic contac
tors, and similar devices, "ith manual or time delay restarting 
for the load, pm,ide restarting after power intermption. 

455.23 Capacitors. Capacitors that arc not an imcgral part of 
the rotary-pha�c conversion system but arc installed for a motor 
load shall be connected to the line side of mat motor overload 
protective dclicc. 
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Part I. General 

ARTICLE 460 
Capacitors 

460.1 Scope. This article covers me installation of capacitors 
on electrical circuits. 

Surge capacitors or capacitors included a� a componcm part 
of omcr apparatus and conforming l\ith the requirement� of 
such apparatus arc excluded from mcsc requirement�. 

460.3 Enclosing and Guarding. 

(A) Containing More Than 11 L (3 gal) of Flammable Liquid. 
Capacitors containing more than 1 1  L (3 gal) of flammable 
liquid shall be enclosed in vault� or outdoor fenced enclosures 
compl}'ing wim Article 1 10, Part III. This limit shall apply to 
any single unit in an installation of capacitors. 

(B) Accidental Contact. Where capacitors arc acccs.�iblc to 
unauthorized and unqualified persons, they shall be enclosed, 
located, or guarded so that persons cannot come imo acciden
tal contact or bring conducting materials imo accidental 
contact l\ith exposed energized part�, terminals, or buses a�so
ciatcd "im them. However, no additional guarding is required 
for enclosure$ acccs.�iblc only to authorized and qualified 
persons; 

Part II. 1000 Volts, Nominal, or Less 

460.6 Discharge of Stored Energy. C-apacitors shall be provi
ded l\ith a means of discharging stored energy. 

(A) Time of Discharge. The residual voltage of a capacitor 
shall be reduced to 50 volt�, nominal, or lcs.� l\ithin 1 minute 
after the capacitor is disconnected from dtc source of supply. 

(B) Means of Discharge. The discharge circuit shall be either 
pcrmancndy connected to the terminals of the capacitor or 
capacitor bank or provided wim automatic means of connect
ing it to me terminals of me capacitor bank on removal of volt
age from dtc line. :\llanual means of switching or connecting 
the discharge circuit shall not be used. 

460.8 Conductors. 

(A) Ampacity. The ampacity of capacitor circuit conductors 
shall not be lcs.� than 135 percent of the rated current of me 
capacitor. The ampacity of conductors that connect a capacitor 
to dtc terminals of a motor or to motor circuit conductors shall 
not be lcs.� dtan one-third me ampacity of me motor circuit 
conductors and in no ca� lcs.� than 135 percent of me rated 
current of me capacitor. 

(B) Overcurrent Protection. An ovcrcurrcm device shall be 
prm-idcd in each ungrounded conductor for each capacitor 
bank. The rating or setting of the ovcrcurrcnt device shall be a� 
low a� practicable. 

Exception: A sepamte overcummt droice shall not be 11'qui1"ed Jm· a 
rapacitor comvcted on the load side of a motm· overload Jllvtective 
droice. 
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ARTICLE 460-CAPA\JTORS 460.28 

(C) Disconnecting Means. A disconnecting means shall he 
prmided in each ungrounded conductor for each capacitor 
bank and shall meet the following requirements: 
(1)  The disconnecting means shall open all ungrounded 

conductors simultaneouslv. 
(2) The disconnecting mean� shall be penniued to discon

nect dte capacitor from the line as a regular operating 
procedure. 

(3) The rating of the disconnecting means shall not he les.� 
than 135 percem of the rated currem of the capacitor. 

Exception: A sepamte difccmnPcting means shall not be 11'quhed where 
a capacitol" is crmnectl'.d on tile load side of a motor rontmlle1: 

460.9 Rating or Setting of Motor Overload Device. Where a 
motor installation includes a capacitor connected on the load 
side of dte motor overload de\-ice, the rating or selling of me 
motor overload device shall he based on the improved power 
factor of the motor circuit. 

The effect of the capacitor shall he disregarded in determin
ing me motor circuit conductor rating in accordance wim 
430.22. 

460.10 Grounding. \..apacitor ca� shall be connected to me 
equipmem grounding conductor. 

Exception: C'..aJmcitm· ca.ft's shall not be connected to the equipment 
JPVutuling crmductm· whel"e the capacitm· uniLf all' .mJlported on a 
stnu:tu11' designed to operate at otheJ· than JPVUnd Jmtential. 

460.12 Marking. Each capacitor shall he prmided wim a 
nameplate giving the name of me manufacturer, rated voltage, 
frequency, kilmar or amperes, number of pha�es, and, if filled 
wim a combustible liquid, the volume of liquid. \\'here filled 
wim a nonflammable liquid, the nameplate shall so state. The 
nameplate shall also indicate whemer a capacitor has a 
discharge de\ice inside me ca�e. 

Part m. Over 1000 Volts, Nominal 

460.24 Switching. 

(A) Load Current. Sl\itches shall he rated for Sl'itching of 
capacitive load�. Capacitor switcb operation shall open all 
ungrounded conductors and dte switch shall be capable of me 
follo"ing: 
(1) \..arl)ing continuou.�ly not lcs.� man 135 percent of me 

rated current of the capacitor installation 
(2) Imerrupting the maximum continuous load current of 

each capacitor, capacitor bank, or capacitor installation 
that \�II be S\'itched a� a unit 

(3) Withstanding the maximum inru.�h current, including 
comributions from adjacem capacitor installations 

(4) \..arl)ing current� due to fault� on capacitor side ofs"itch 

(B) Isolation. 

(1) General. A means shall be installed to isolate from all sour
ces of voltage each capacitor, capacitor bank, or capacitor 
installation that \\ill he removed from scnice a� a unit. The 
isolating means shall prmide a visible gap in me electrical 
circuit adequate for the operating voltage. 
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(2) Isolating or Disconnecting Switches with No Interrupting 
Rating. bolating or disconnecting switches (wim no interrupt
ing rating) shall he interlocked \\lth me load-interrupting 
de\ice or be prmided \�th prominendy displayed caution signs 
in accordance wim 495.22 to prevent Sl'itching load currem. 

(C) Additional Requirements for Series Capacitors. The 
proper Sl'itching sequence shall he ensured by usc of one of 
the follo"ing: 
(1 )  �(echanically sequenced isolating and bypa"i.� Sl'itches 
(2) Interlocks 
(3) Sl\itching procedure prominendy displayed at the Sl'itch-

ing location 

460.25 Overcurrent Protection. 

(A) Provided to Detect and Interrupt Fault Current. A means 
shall be prmided to detect and interrupt fault currem likely to 
cau.� dangerou.� pres.�ure \�thin an individual capacitor. 

(B) Single Pole or Multipole Devices. Single-pole or multipole 
clcvices shall he permiued for mis purpose. 

(C) Protected Individu&Uy or in Groups. \..apacitors shall be 
permiued to be protected indhidually or in groups. 

(D) ProtectiVe Devices Rated or Adjusted. Protective devices 
for capaci�ors or capacitor equipment shall be rated or adjus
ted to operate "ithin the limit� of me safe zone for indhidual 
capacitors. 

460.26 Identification. Each capacitor shall be prmided \\im a 
permanent nameplate giling me manufacturer's name, rated 
voltage, frequency, kilovar or amperes, numher of pha�es, and 
the volume of liquid identified a� flammable, if such is me ca�e. 

460.27 Grounding. \..apacitor ca� shall be connected to me 
equipmem grounding conductor. If the capacitor neutral poim 
is connected to a grounding electrode conductor, me connec
tion shall he made in accordance wim Part III of Article 250. 

Exception: C'..aJmcitm· ca.ft's shall not be connected to the equipment 
JPVU1uling conductm· whel"e the capacitm· uniLf all' .mJ1po1·ted on a 
stnu:tu11' designed to operate at othel" than JPVUnd Jmtential. 

460.28 Means for Discharge. 

(A) Means to Reduce the Residual Voltage. A means shall be 
provided to reduce the residual voltage of a capacitor to 
50 volt� or les.� "idtin 5 minutes after the capacitor i� discon
nected from me source of supply. 

(B) Connection to Terminals. A discharge circuit shall be 
cimer permanendy connected to me terminals of me capacitor 
or prmided "ith automatic means of connecting it to me 
terminals of me capacitor bank after disconnection of me 
capacitor from me source of supply. The \\indings of motors, 
transformers, or other equipment directly connected to capaci
tors \\imout a Sl\itch or overcurrem device interposed shall 
meet the requirement� of 460.28(A) . 
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470.1 ARTICLE 480 - STATIOJ'\ARY STA. 'IDBY BATTERIES 

Part I. General 

ARTICLE 470 
Resistors and Reactors 

470.1 Scope. This article covers the installation of separate 
resistors and reactors on electrical circuit-;. 

Exception: Thif artick does not cover re.fiftors and 11'actm-s that all! 
rompontmt pmtf of other apparatus. 

470.2 Reconditioned EquipmenL 

(A) Resistors. Reconditioned resistors shall not be permitted. 

(B) Reactors. Reconditioned reactors shall be permitted. 

Part II. 1000 Volts, Nominal, or Less 

470.10 Location. Resistors and reactors shall not be placed 
where exposed to physical damage. 

470.1 1  Space Separation. A thermal barrier shall be required 
if the space between the resistors or reactors and any combusti
ble material is less than 305 mm (12 in.). 

470.12 Conductor Insulation. Insulated conductors used for 
connections between resistance clement-; and controllers shall 
be suitable for an operating temperature of not less than 900C 
(194°F). 

Exception: Other cmultu:tm· insulations shall be pennitttd Jm· tht motm· 
starting servire. 

Part m. Over 1000 Volts, Nominal 

470.20 General. 

(A) Protected Against Physical Damage. Resistors and reactors 
shall be protected against physical damage. 

(B) Isolated by Enclosure or Elevation. ResistQrs and reactors 
shall be isolated by enclosure or clc\"ation to protect personnel 
from accidental contact "ith energized part-;. 

(C) Combustible Materials. Resistors and reactors shall not be 
installed in dose enough proximity to combustible materials to 
constitute a fire hazard and shall have a clearance of not lcs.o; 
than 305 mm (12 in.) from combustible materials. 

(D) Clearances. Clearances from resistors and reactors to 
grounded surfaces shall be adequate for the voltage involved. 

(E) Temperature Rise from Induced Circulating Currents. 
Metallic enclosures of reactors and adjacent metal part-; shall 
be installed so dtat the temperature rise from induced circulat
ing current-; is not hazardous to personnel or docs not consti
tute a fire hazard. 

470.21 Grounding. Resistor and reactor cases or enclosures 
shall be connected to the equipment grounding conductor. 

Exception: &sistor or 11'actm· cases m· enrlo.'IUI't!S suJJjJo1·ted on a struc
tUif! dtsigntd to oJm-ate at othn· than gmund pottmtial shall not be 
conn« ted to tile equipment gmunding ctmductm: 
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470.22 Oil-Filled Reactors. Installation of oil-filled reactors, in 
addition to the above requirement-;, shall comply "ith applica
ble requirement-; of Part II and Part Ill of Article 450. 

ARTICLE 480 
Stationary Standby Batteries 

480.1 Scope. This article applies to all installations of station
ary standby batteries having a capacity greater than 3.6 MJ 
(1 kWh) . 

Informational Note :'\o. I: See Article i06 for installations that 
do not meet the definition of stationary standby batteries. 

Informational :'\ote l'o. 2: The following standards are 
frequendy referenced for the. in�tallation of stationary batteries: 

( I )  IEEE 484, Recmmnerulild Practire for Installation D"ign and 
Installation of Venl6d Lmd-Acid Batteries for Stationary Appli
cations 

(2) IEEE 485, RLcommmdni Practire for Sizing Vmted IJJZd-.4cid 
Storagt! BatllltiiiS for Stationary Applications 

(3) IEEE 1 145, Rrrmnlllllluini Prartice for lllStallation and Main
tenance of Nickel-l.admium Batteries for Photovoltaic 
(PV) Sy.<ti'IIIS 

(4) . IEEE 1 18i, IEEE Rrrmnmnuled Practire for lmtallation 
Design, mul IIIStallation of Valvl'-&gulatl'fi l.l'ad-Arid Batlni� 
for Stationary ApplicatioiiS 

(5) IEEE 13i5, IEEE Guide for the Protection of Stationary Battery 
Systl'lns 

(6) IEEE 15i8, Rrrmm11111uini Prartice for Stationary Battery fur
tm�)·te Spill Containment and '"lanagt!lllllllt 

(7) IEEE 1635/ASHRAE 21, Guide for the Ventilation and Ther
mal Managl'lnmt of Battm� for Statio11ary AppliratioiiS 

(8) t.:L 1973, Standard for Batteril'.< for Use in Statio11ary, Vl'l!irle 
Auxiliary Poruer, and Light flertric Rnil (/.ER) .4pplication.< 

(9) t.:L Su�ject 2436, Outline of lnvl'.<tigation for Spill C'.ontain
mmt for Stationary IJJZd Acid Battery .�)·stem.< 

( 10) t.:L 1989, Standard for Stamlby Batteries 
( I I )  t.:L Su�ject 19i4, Standard for t:valuation of Repurpo.<m 

Batteril'.{ 
( 12) :'\FPA 855-2020, Standard for tlv Installation of Stationary 

Enl'ly;y Storage Systl'lns 

480.3 Equipment. Storage batteries and battery management 
equipment shall be listed. This requirement shall not apply to 
lead-acid batteries. 

480.4 Battery and Cell Terminations. 

(A) Corrosion Prevention. \\'here mating dis.o;imilar metals, 
antioxidant material suitable for the battery connection shall 
be used where recommended by the battery manufacturer's 
installation and instruction manual. 

(B) Intercell and lntertier Conductors and Connections. The 
ampacity of ficld-ao;.o;cmblcd intcrccll and intcrticr connectors 
and conductors shall be of such cros.o;-scctional area that the 
temperature rise under maximum load conditions and at maxi
mum ambient temperature shall not exceed the safe operating 
temperature of the conductor insulation or of the material of 
the conductor support-;. 

Informational Note: Conductors sized to prevent a ,·oltage drop 
exceeding 3 percent of maximum anticipated load, and where 
the maximum total voltage drop to the funhest point of connec-
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ARTICLE 480 - STATIOJ'\ARY STA. 'IDBY BATTERIES 480.10 

tion does not exceed 5 percent, may not be appropriate for all 
battery applications. IEEE 13i5-2003, Guide for the Protection of 
Statio11ary Ballery SJslem.<, pm,ides guidance for overcurrent 
protection and alilKJCiated cable sizing. 

(C) Bauery Terminals. Electrical connections to dtc battery, 
and the cablc(s) between cells on separate levels or racks, shall 
not put mechanical strain on the battery tcnninals. Tcnninal 
plates shall be used where practicable. 

Informational :'\ote: C .. onductors are commonly pre-fmmed to 
eliminate stres.• on batterv terminations. Fine stranded cables 
may al•o eliminate the stJ:es., on battery te1minations. See the 
manufacturer's instn1ctions for guidance. 

(D) Accessibility. The terminals of all cells or multiccll units 
shall be readily acccs.�iblc for readings, inspections, and clean
ing where required by dlc equipment design. One side of trans
parent battery containers shall be readily acccs.�iblc for 
inspection of the internal component�. 

480.5 Wuing and Equipment Supplied from Batteries. Wiring 
and equipment supplied from storage batteries shall be su�cct 
to dlc applicable provisions of this ('..ode applying to \\iring and 
equipment operating at dtc same voltage, unlcs.� odtcrwisc 
permitted by 480.6. 

480.6 Overcurrent Protection for Prime Movers. Ovcrcurrcnt 
protection shall not be required for conductors from a battery 
"idl a voltage of 60 volt� de or less if the battery prO\ides power 
for starting, ignition, or control of prime movers. Section 300.3 
shall not apply to these conductors. 

480.7 DC Disconnect Methods. 

(A) Disconnecting Means. A disconnecting means shall be 
prmidcd for all ungrounded conductors derived from a 
stationary standby battery with a voltage over 60 volt� de. A 
disconnecting means shall be readily acccs.�iblc and located 
"idlin sight of the stationary standby battery. 

Informational Note: See 240.2l (H) for information on the loca
tion of the overcurrent de\'ice for battery conductot5. 

(B) Emergency Disconnect. For one-family and two-family 
dwellings, a disconnecting means or its remote control for a 
stationarv standbv battcrv shall be located a:t a rcadilv acccs.�iblc 
location 

'
outside 

·
the bullding for emergency usc. The discon

nect shall be labeled as follows: 

EMERGE:"'CY DISCO:"'NECT ·· 

(C) Disconnection of Series Battery Circuits. Battery circuit� 
exceeding 240 volt� de nominal between conductors or to 
ground and su�cct to field servicing shall have prmisions to 
disconnect the series-connected strings into segment� not 
exceeding 240 volt� de nominal for maintenance by qualified 
persons. Non-load-break bolted or plug-in disconnect� shall be 
permitted. 

(D) Remote Actuation. \\'here a disconnecting means, located 
in accordance widl 480.7(A) , is provided "id1 remote controls 
to activate the disconnecting means and the controls for dlc 
disconnecting means arc not located within sight of dtc station
ary standby battery, dlc disconnecting means shall be capable 
of being locked in the open position, in accordance widl 
1 10.25, and dlc location of dtc controls shall be field marked 
on dlc disconnecting means. 
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(E) Busway. Where a de busway system is installed, dlc discon
necting means shall be pcnnittcd to be incorporated into dlc 
bus way. 

(F) Notification. The disconnecting means shall be legibly 
marked in dlc field. A label widl the marking shall be placed in 
a conspicuous location ncar the battery if a disconnecting 
means is not prmidcd. The marking shall be of sufficient dura
hili!:)' to "ithstand dtc cmironmcnt involved and shall include 
the follo"ing: 

( 1 )  1'\ominal battery voltage 
(2) Available fault current derived from the stationary 

standby battery 

Informational l'l:ote :'\o. I :  Battery equipment suppliers can 
prmide information about a\-ailable fault current on specific 
battery models. 

(3) An arc fla�h label in accordance "ith acceptable industry 
practice 

Informational :'\ote l'l:o;. 2: Stt :'\FPA 701-.:2021,  Staudard for fur
triral SafeiJ i11 tile WIJ'*fllou, for a.•sistance in detennining the 
severity of potential exposure, planning safe work prdctices, arc 
Ha.•h labeling, and selecting personal protective equipment. 

(4) Date dle calculation was performed 

Exception: Lift itrotf (2), (3), mul (4) shall not aptJ(l· to one- and two
fami(y dwellings. 

(Gf Identification of Power Sources. Stationary standby batter
it:!! shall be indicated by 480.7(G) ( I )  and (G) (2). 

(I) Facilities with Utility Services and Stationary Standby 
Baueries. Plaques or directories shall be installed in accord
ance l\ith 705.10. 

Exception: Thif requirement dOt's 1wt aptJ(Y where a disronmct in 
480. 7(A) if not required. 

(2) Facilities with Stand-Alone Systems. A permanent plaque 
or directory shall be installed in accordance with 710.10. 

480.8 Insulation of Baueries. Batteries constructed of an elec
trically conductive container shall have insulating support if a 
voltage is present between dlc container and ground. 

480.9 Battery Support Systems. For battery chemistries widl 
corrosive electrolyte, the structure dlat support� the battery 
shall be resistant to deteriorating action by the electrolyte. 
:\llctallic structures shall be provided with nonconducting 
support members for dlc cells, or shall be constructed "idl a 
continuous insulating material. Paint alone shall not be consid
ered a� an insulating material. 

480.10 Battery Locations. Battery locations shall conform to 
480.10(A) dlrough (G). 

(A) Ventilation. Provisions appropriate to dtc battery technol
ogy shall be made for sufficient diffusion and ventilation of 
ga�es from dlc battery, if present, to prevent dlc accumulation 
of an explosive mixture. 

Informational l'l:ote l'l:o. 1: See :'\FPA 1-2021,  p;,. Code, Chap
ter 52, for ,·entilation considerations for specific battery chemi,.. 
uies. 

Informational Note No. 2: Some battery technologies do not 
require ,·entilation. 
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480.10 ARTICLE 495 - EQUIP:ME:"'T OVER I 000 VOLTS AC, 1500 VOLTS DC, :"'O�UNAL 

Informational Note No. 3: See IEEE Std 1635-2012/ASHRAE 
Guideline 21-2012, Guid, for the Ventilation and Tlvrmal Mauag,.. 
men/ of Bat/erie.• for Stationary AppliratiollS, for additional informa
tion on the ,·entilation of stationary battery systems. 

(B) Live Parts. Guarding of live parts shall comply with 
1 10.27. 

(C) Spaces About Stationary Standby Batteries. Spaces about 
stationary standby baucries shall comply with 1 10.26 and 
1 10.34. Working space shall be mca'iurcd from the edge of the 
baucry cabinet, racks, or trays. 

For baucry racks, there shall be a minimum clearance of 
25 mm (1 in.) between a cell container and any wall or struc
ture on the side not requiring acccs.'i for maimcnancc. Baucry 
stand'i shall be pcrmiuccl to contact adjacent walls or struc
tures, prmidccl that the baucry shelf ha'i a free air space for not 
lcs.'i dtan 90 percent of it'i length. 

Informational Note: Additional space is often needed to accom
modate battery hoi�ting equipment, tray remmal, or spill 
containment. 

(D) Top Terminal Batteries. Where top terminal baucrics arc 
installed on tiercel racks or on shelves of baucrv cabinct'i, work
ing space in accorclancc l\ith the baucry · manufacturer's 
instructions shall be prmidccl between the highest poim on a 
cell and the row, shelf, or ceiling above that point. 

Informational Note: See IEEE J lSi-2013, IEEE &rmnmended 
Prartia for TllStaUatiou D�ign and lmtallation of Va/v,..Regulated 
l.ead-Acid Balleries for Stationary Applicaliom, for guidance for top 
clearance of valve-regulated lead-acid batteries, which are 
commonly u.�d in battery cabineL�. 

(E) Egress. Personnel doors imcndccl for cmrancc to, and 
egress from, rooms designated a'i baucry room'i shall open at 
lca'it 90 degrees in the direction of cgrcs.'i and shall be cquij>
pcd with listed panic or listed fire exit hardware. 

(F) Piping in Battery Rooms. Ga'i piping shall not be permit
ted in dedicated baucry rooms. 

(G) Wumination. Illumination shall be prmidccl for working 
spaces containing stationary standby baucries. The lighting 
outlct'i shall not be controlled by automatic means only. Addi
tional lighting outlct'i shall not be required where dtc work 
space is illuminated by an adjacent light source. The location 
of luminaires shall not result in the following: 

(1) Expose personnel to energized baucry componcnt'i while 
performing maintenance on the luminaires in the baucry 
space 

(2) Create a hazard to the baucry upon failure of the lumin
airc 

480.11 Vents. 

(A) Vented Cells. Each vcmcd cell shall be equipped with a 
flame arrester. 

Informational l'ote: A flame aJTester prevent� desuuction of the 
cell due to ignition of g-..t.� within the cell by an extemal spark 
or flame. 

(B) Sealed CeUs. Where the baucry is constructed such that 
an cxccs.'iivc accumulation of prcs.'iurc could occur l\ithin the 
cell during operation, a prcs.'iurc-rclca'iC vent shall be prmidccl. 

480.12 Battery Interconnections. Flexible cables, a'i identified 
in Table 400.4, in sizes 2/0 AWG and larger shall be pcrmiucd 
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"ithin the baucry enclosure from baucry terminals to a nearby 
junction box where they shall be connected to an approved 
"iring method. Flexible baucry cables shall also be pcrmiucd 
between baucrics and cells within the baucrv enclosure. Such 
cables shall be listed and identified for tl;c environmental 
conditions. Flexible, fine-stranded cables shall only be used 
with terminals, lugs, devices, or connectors in accordance with 
110.14. 

480.13 Ground-Fault Detection. Baucry circuit'i exceeding 
I 00 volt'i between the conductors or to ground shall be permit
ted to operate "ith ungrounded conductors, provided a 
ground-fault detector and indicator is installed to monitor for 
ground fault'i. 

ARTICLE 495 
Equipment Over 1000 Volts ac, 1500 Volts 

de, Nominal 

Part I. General 

495.1 Scope. This article covers lite general requirement" for 
equipment operating at more than 1000 volt'i ac, 1500 volt'i de, 
nominal. 

lnfonnational :'\ote l'o. I: See NFPA 70f.:2021, Standard for fur
trical Safety in tlv Workplare, for electrical safety requirement� for 
employee workplaces. 

Informational :'\ote l'o. 2: See ,\J'\:SI Z.'l35.4-20l l , Product Signs 
and SafotJ l.abrl.<, for further infmmation on hazard signs and 
label�. 

Informational l'ote l'o. 3: See IEEE 300 l .!">-20 13, &rmnmended 
Prartia for tlv Application of Por"" Distribution .4ppamtu.• iu ludus
trial ami l.ommm·ial Poltler Sy<lnll.<, for infmmation reg-drding 
power distribution apparatu.�. 

495.2 Reconditioned Equipment. Except a'i modified "ithin 
this article, reconditioned equipment shall not be pcrmiucd. 

495.3 Other Articles. 

(A) Oil-Filled Equipment. Installation of electrical equipment 
containing more than 38 L (10 gal) of flammable oil per unit 
shall meet the requirement" of Part'i II and Ill of Article 450. 

(B) Enclosures in Damp or Wet Locations. Enclosures in damp 
or wet locations shall meet the requirement" of312.2. 

Part ll. Equipment - Specific Provisions 

495.22 Isolating Means. �leans shall be prmidccl to 
completely isolate an item of equipment from all ungrounded 
conductors. The usc of isolating switches shall not be required 
where there arc odtcr ways of de-energizing the equipment for 
inspection and repairs, such a'i draw-out-type Sl\itchgcar unit'i 
and removable truck panels. 

l'iOiating S\'itches not interlocked "ith an approved circuit
interrupting device shall be prmidcd witll a sign warning 
against opening them under load. The warning sign(s) or 
label(s) shall comply "ith 1 10.21 (B). 
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ARTICLE 495 - EQUIP:ME:"'T OVER I 000 VOLTS AC, 1500 VOLTS DC, :"'O�UNAL 495.34 

An identified fuscholdcr and fuse shall be permitted as an 
isolating Sl\itch. 

495.23 Voltage Regulators. Proper Sl\itching sequence for 
regulators shall be ensured by usc of one of the follo"ing: 

(1 )  �(cchanically sequenced regulator bypass s"itch(es) 
(2) �(cchanical interlocks 
(3) Sl\itching procedure prominently displayed at the switch-

ing location 

495.24 Minimum Space Separation. In field-fabricated installa
tions, the minimum air separation between bare live conduc
tors and between such conductors and adjacent grounded 
surfaces shall not be lcs.'i than tltc values given in Table 495.24. 
These values shall not apply to interior portions or exterior 
tcnninals of equipment designed, manufactured, and tested in 
accordance witlt accepted national standarcl'i. 

495.25 Backfeed. Installations where the pos.'iibility of back
feed cxist'i Shall comply with 495.25(A) and (B). 

(A) Sign. A pcnnancnt sign in accordance with 1 10.21 (B) 
shall be installed on the disconnecting means enclosure or 
immediately adjacent to open disconnecting means with the 
follo"ing worcl'i or equivalent: 

DAJ'\GER - CO:"'TACfS 01'\ EITHER SIDE OF THIS 
DE\1CE MAY BE E:"'ERGIZED BY BACKFEED. 

(B) Diagram. A permanent and legible single-line diagram of 
the local switching arrangement, dearly idcntif}ing each point 
of connection to the high-voltage section, shall be provided 
within sight of each point of connection. 

Table 495.24 Minimum Clearance of Live Parts 

Part ID. Equipment - Switchgear and Industrial Control 
Assemblies 

495.30 General. Part III covers assemblies of s"itchgcar and 
industrial control equipment, including, but not limited to, 
Sl\itchcs and interrupting devices and tltcir control, metering, 
protection, and regulating equipment where they arc an inte
gral part of the assembly, "ith associated interconnections and 
supporting structures. 

495.31 Arrangement of Devices in Assemblies. Arrangement 
of dc,iccs in assemblies shall be such that indhidual compo
ncnt'i can safely perform tltcir intended function l\ithout 
adversely affecting the safe operation of other componcnt'i in 
the assembly. 

495.32 Guarding of High-Voltage Energized Parts Within a 
Compartment. Where acccs.'i for other than visual inspection is 
required to a compartment that contains energized high
voltage part'i, barriers shall be prO\idcd to prevent accidental 
contact by persons, tools, or other equipment "itl1 energized 
part'i. Exposed live panS shall only be pcnniucd in compart
ment., acccs.'iiblc to qualified persons. Fuses and fuscholdcrs 
designed to enable future replacement "ithout de-energizing 
the fuscholdcr shall only be permitted for usc by qualified 
persons. 

495.33 Guarding of Energized Parts Operating at 1000 Volts, 
No�al, or Less Within Compartments. Energized bare part'i 
mowtted on doors shall be guarded where the door must be 
opcnecl for maintenance of equipment or removal of draw-out 
equipment. 

495.34 Clearance for Cable Conductors Entering Enclosure. 
The unobstructed space opposite terminals or opposite race
ways or cables entering a Sl\itchgcar or control a'l.'iCmbly shall 

Minimum Clearance of Live Parts 

Impulse Withstand, Basic Phase-to-Phase Phase-to-Ground 
Nominal 
Voltage Impulse Level (BIL) (kV) Indoors Outdoors Indoors Outdoors 

Rating (kV) Indoors Outdoors mm in. mm in. mm ia. mm ia. 
2.4-4.16 60 95 1 15 4.5 180 7 80 3.0 155 6 

7.2 75 95 140 5.5 180 7 105 4.0 155 6 
13.8 95 1 10 195 7.5 305 12 130 5.0 180 7 
14.4 1 10 I IO 230 9.0 305 12 170 6.5 180 7 
23 125 150 270 10.5 385 15 HIO 7.5 255 10 
34.5 150 150 320 12.5 385 15 245 9.5 255 10 

200 200 460 18.0 460 18 335 13.0 335 13 
46 200 460 18 335 13 

250 535 21 435 17 
69 250 535 21 435 17 

350 790 31 635 2.') 
1 15 550 1350 53 1070 42 
138 550 1350 53 1070 42 

650 1605 63 1270 50 
161 650 1605 63 1270 50 

750 1830 72 1475 58 
230 750 1830 72 1475 58 

�){)0 2265 89 1805 71 
1050 2670 105 2 1 10 83 

l'ote: The \'alues gi,·en are the minimum clearance for rigid part.� and hare conductors under fa\urable service conditions. They shall be increawd for 
conductor movement or under unfavorable senice conditions or wherever space limi1ation� permit. The selection of the ao;.�ciated impulse \\ithstand 
\Ullage for a particular system vol1age is detennined by the characteristics of the overvoltage(surge) protective equipment. 
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495.35 ARTICLE 495 - EQUIPME:"'T OVER I 000 VOLTS AC, 1500 VOLTS DC, :"'OMINAL 

be approved for d1c type of conductor and method of termina
tion. 

495.35 Accessibility of Energized Parts. 

(A) High-Voltage EquipmenL Doors that would provide 
unqualified persons acccs.'i to high-voltage energized parts shall 
be locked. Permanent signs in accordance "id1 1 10.21 (B) shall 
be installed on panels or doors dlat provide acccs.'i to live part'> 
over 1000 volt'> and shall read DANGER - HIGH VOLTAGE 
KEEP OUT. 

(B) Control EquipmenL Where operating at 1000 volts, nomi
nal, or lcs.'i, control equipment, relays, motors, and the like 
shall not be installed in compartment'> "id1 high-voltage part'> 
or high-voltage \\iring, unlcs.'i bod1 of dlc following apply: 

(1) The acccs.'i means is interlocked widl d1c high-voltage 
Sl\itch or disconnecting means to prevent d1c acccs.'i 
means from being opened or removed when d1c high
voltage s"itch is in the dosed position or a wid1drawablc 
disconnecting means is in the connected position. 

(2) All high-voltage part'> or high-voltage wiring in dlc 
comparuncnt d1at remains energized when a fixed moun
ted high-voltage Sl\itch is in the open position or a l\ith
drawablc disconnecting means is in d1c isolating (fully 
widldralm) position arc protected by insulating or groun
ded metal barriers to prevent accidental contact widl 
energized high-voltage part'> or wiring. 

(C) High-Voltage Instruments or Control Transformers and 
Space Heaters. High-voltage instrument or control transform
ers and space heaters shall be permitted to be installed in dlc 
high-voltage compartment wid1out acccs.'i restrictions bevond 
those d1at apply to d1c high-voltage comparuncnt generally. 

495.37 Equipment Grounding Connections. The metal cases 
or frames, or bodl, such a'i those of instrument'>, relays, meters; 
and instrument and control transformers, located in or on 
Sl\itchgcar or control a'isemblics, and dlc frames of Sl\itchgcar 
and control a'i.'icmblics shall be connected to an equipment 
grounding conductor or, where permitted, dlc grounded 
conductor, in accordance "ith 250.190. 

495.38 Door Stops and Cover Plates. Extcmal hinged doors 
or covers shall be provided widl stops to hold dlcm in the open 
position. \..over plates intended to be removed for inspection of 
energized part'> or "iring shall be equipped widl lifting handles 
and shall not exceed 1.1 m2 (12 f�) in area or 27 kg (60 lb) in 
weight, unlcs.'i d1cy arc hinged and bolted or locked. 

495.39 Gas Discharge from Interrupting Devices. Ga'i 
discharged during operating of interrupting devices shall be 
directed so a'i not to endanger personnel. 

495.40 Vasual Inspection Wmdows. Windows intended for 
\-isual inspection of disconnecting switches or od1cr devices 
shall be of suitable transparent material. 

495.41 Location of Industrial Control Equipment. Routinely 
operated indusuial control equipment shall meet dlc require
ment'> of 495.41 (A) unlcs.'i infrcqucndy operated, a'i covered in 
495.41 (B). 

(A) Control and Instrument Transfer Switch Handles or Push 
Buttons. Control and instrument transfer switch handles or 
push buttons shall be in a readily acccs.'iiblc location at an 
elc\-ation of not over 2.0 m (6 ft 7 in.). 
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Exception: Operating handles requiring more than 23 kg (50 /h) of 
Jmu shall be located no higher titan 1. 7 m ( 66 in.) in either the open ctr 
rlosed Jmsitictn. 

(B) Infrequently Operated Devices. \\'here operating handles 
for such devices a'i draw-out fuses, fused potential or control 
transfonncrs and dlcir primary disconnect'>, and bus transfer 
and isolating switches arc only operated infrequently, dlc 
handles shall be pcnnittcd to be located where tl1cy arc safely 
operable and serviceable from a portable platform. 

495.42 Interlocks Interrupter Switches. Interrupter 
Sl\itchcs equipped wid1 stored energy mechanisms shall have 
mechanical interlock.'> to prevent acccs.'i to the switch compart
ment unlcs.'i the stored energy mechanism is in tl1c discharged 
or blocked position. 

495.43 Stored Energy for Opening. The stored energy opera
tor shall be permitted to be left in dlc uncharged position after 
the switch ha'i been dosed if a single movement of the operat
ing handle charges dlc opcl<!tor and opens the switch. 

495.44 Fused Interrupter �witdles. 

(A) Supply Terminals� The supply terminals of fused inter
rupter s"itches shall.be installed at the top of the Sl\itch enclo
sure or, if the tcrininals arc located elsewhere, dlc equipment 
shall have baqiers installed to prevent persons from acciden
tally contactirig energized part'> or dropping tools or fuses into 
energized parts. 

(B) Backfeed. Where fuses can be energized by backfccd, a 
sign !!hall be placed on dlc enclosure door idcntif}ing this 
hazard. 

(C) Switching Mechanism. The Sl\itching mechanism shall be 
arranged to be operated from a location out'iidc dlc enclosure 
where the operator is not exposed to energized part'> and shall 
be arranged to open all ungrounded conductors of dlc circuit 
simultaneously l\ith one operation. S"itches shall be lockable 
open in accordance wid1 1 1  0.25. 

495.45 Circuit Breakers - Interlocks. 

(A) Circuit Breakers. Circuit breakers equipped wid1 stored 
energy mechanisms shall be designed to prevent tl1c relca'ic of 
the stored energy unlcs.'i dlc mechanism ha'i been fully 
charged. 

(B) Mechanical Interlocks. Mechanical interlock.'> shall be 
prm-idcd in tl1c housing to prevent tl1c complete "id1drawal of 
the circuit breaker from the housing when the stored energy 
mechanism is in the fully charged position, unlcs.'i a suitable 
dc\icc is pro,idcd to block dlc dosing function of dlc circuit 
breaker before complete withdra"al. 

495.46 Circuit Breaker Locking. Circuit breakers shall be 
capable of being locked in the open position or, if dlcy arc 
installed in a draw-out mcchani'>m, dlat mechanism shall be 
capable of being locked in such a position dlat the mechanism 
cannot be moved into the connected position. In cidlcr ca'iC, 
dlc prmision for locking shall be lockable open in accordance 
widl 1 10.25. 

495.47 Switchgear Used as Service EquipmenL Sl\itchgcar 
installed a'i high-voltage scr\-icc equipment shall include a 
ground bus for the connection of senicc cable shielcl'i and to 
facilitate the attachment of safety grounds for personnel 
protection. This bus shall be extended into dlc comparuncnt 
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ARTICLE 495 - EQUIPME:"'T OVER 1000 VOLTS AC, 1500 VOLTS DC, :"'OMINAL 495.66 

where the sen-icc conductors arc terminated. \\'here the 
comparuncm door or panel prmidcs acccs.o; to part-; that can 
only he de-energized and visibly isolated by the serving utility, 
the warning sign required by 495.35(A) shall include a notice 
that access is limited to the serving utility or is permitted only 
following an authorization of the sen-ing utility. 

495.48 Substation Design, Documentation, and Required 
Diagram. 

(A) Design and Documentation. Substations shall he designed 
by a qualified licensed profcs.o;ional engineer. \\'bcre compo
nent-; or the entirety of the substation is listed by a qualified 
electrical testing laboratory, documentation of internal design 
features su�cct to the listing investigation shall not be 
required. The design shall addres.o; but not he limited to the 
following topics, and the documentation of this design shall he 
made available to the authority having jurisdiction: 

( 1 )  Clearances and exit-; 
(2) Electrical enclosures 
(3) Securing and support of electrical equipment 
(4) Fire protection 
(5) Safety ground connection prmisions 
(6) Guarding live part-; 
(7) Transformers and voltage regulation cquipmcm 
(8) \.onductor insulation, electrical and mechanical protec

tion, isolation, and tcnninations 
(9) Application, arrangement, and disconnection of circuit 

breakers, switches, and fuses 
( 10) Prmisions for oil-filled cquipmclll 
( 1 1) Sl\itchgcar 
( 12) Ovcrvoltagc (surge) protection equipment 

(B) Diagram. A permanent, single-line diagram of the switch
gear shall he prolidcd in a readily visible location "ithin the 
same room or enclosed area with the switchgear and shall 
dearly identify the following: 
( 1 )  Imcrlocks 
(2) Isolation means 
(3) All pos.o;iblc sources of voltage to the installation under 

normal or emergency conditions 

The marking on the switchgear shall · cross-reference the 
diagram. 

Exception: �Wum� the equipment ron.�ifls sok�l' of a single cubicle o-r 
metal-mclosed substation rontaini?lg on�l' one ltiglt-voltage .<;witching 
device, diagrant� shaU not be requirr!d. 

495.49 Reconditioned Switchgear. Reconditioned switchgear, 
or sections of s"itchgcar, shall he permitted. If equipment hao; 
hecn damaged by fire, product-; of combustion, or water, it 
shall he specifically evaluated by ito; manufacturer or a qualified 
testing laboratory prior to being returned to service. 

Part IV. Mobile and Portable Equipment 

495.61 General. 

(A) Covered. The prmisions of this part shall apply to installa
tions and usc of high-voltage power distribution and utilization 
cquipmcm that is portable, mobile, or both, and include but 
not be limited to the follm\ing: 

(1 )  Substations and Sl\itch houses mounted on skid-; 
(2) Trailers or cars 
(3) Mobile shovels 
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(4) Draglines 
(5) Cranes 
(6) Hoist-; 
(7) Drills 
(8) Dredges 
(9) Comprcs.o;ors 

( 10) Pumps 
( 1 1) Conveyors 
( 12) l:ndcrground excavators 

(B) Grounding and Bonding. Grounding and bonding shall be 
in accordance with Part X of Article 250. 

(C) Protection. Approved enclosures or guarding, or both, 
shall be prmidcd to protect portable and mobile cquipmcm 
from physical damage. 

(D) Disconnecting Means. Disconnecting means shall he 
installed for mobile and portable high-voltage cquipmcm 
according to the requirement-; of Part \111 of Article 230 and 
shall disconnect all ungrounded conductors. 

495.62 Overcurrent �rotection. Motors driving single or multi
ple de generators �ppl}ing a system operating on a cyclic load 
ba-.is shall not require overload protection if the thermal rating 
of the ac driv� motor cannot he exceeded under any operating 
condition. The branch-circuit protective dcvicc(s) shall prmidc 
short-circ.uit and locked-rotor protection and shall he permit
ted to hc external to the equipment. 

49S;63 Enclosures. All energized switching and control part-; 
shall be enclosed in grounded metal cabinet-. or enclosures. 
These cabinet-; or enclosures shall be marked DANGER -
HIGH VOLTAGE - KEEP OUT and shall he locked so that 
only authorized and qualified persons can enter. The danger 
marking(s) or lahel(s) shall comply with 1 10.21 (B). Circuit 
breakers and protective cquipmcm shall have the operating 
means projecting through the metal cabinet or enclosure so 
these unit-. can he reset without opening locked doors. With 
doors dosed, safe acccs.o; for nonnal operation of these unit-; 
shall he provided. 

495.64 Collector Rings. The collector ring ao;scmblies on 
revolving-type machines (shovels, draglines, etc.) shall be guar
ded to prevent accidental contact \\idt energized part-. by 
personnel on or olfthc machine. 

495.65 Power Cable Connections to Mobile Machines. A 
metallic enclosure shall be prmidcd on the mobile machine 
for enclosing dtc terminals of dtc power cable. The enclosure 
shall include terminal connections to the machine frame for 
the equipment grounding conductor. l:ngroundcd conductors 
shall he attached to insulators or be terminated in approved 
high-voltage cable couplers (which include cquipmclll ground
ing conductor connectors) of proper voltage and ampere 
rating. The method of cable termination used shall prcvcm any 
strain or pull on the cable from stres.-.ing the electrical connec
tions. The enclosure shall have provision for locking so that 
only authorized and qualified persons can open it and shall be 
marked ao; follows: 

DAJ'\GER- HIGH VOLTAGE - KEEP OUT. 

The danger marking(s) or lahel(s) shall comply with 
1 10.21 (B). 

495.66 High-Voltage Portable Cable for Main Power Supply. 
Flexible high-voltage cable suppl}ing power to portable or 
mobile equipment shall comply with the grounding and bond-
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495.70 ARTICLE 495 - EQUIP:ME:"'T OVER I 000 VOLTS AC, 1500 VOLTS DC, :"'O�UNAL 

ing requirement'! in Part"l V, \1, and X of Article 250 and the 
flexible cable requirement-; in Part Ill of Article 400. 

Part V. Boners 

495.70 General. The provisions of Part V shall apply to boilers 
operating over 1000 volt"l, nominal, in which heat is generated 
by the pas.o;age of current between electrodes through the 
liquid being heated. 

495.71 Electrical Supply System. Boilers shall be supplied only 
from a 3-pha"lC, 4-"ire solidly grounded wye system, or from 
isolating transformers arranged to provide such a system. 
\.ontrol circuit voltages shall not exceed 150 volts, shall be 
supplied from a grounded system, and shall have the controls 
in the ungrounded conductor. 

495.72 Branch-Circuit Requirements. 

(A) Rating. Each boiler shall be supplied from an individual 
branch circuit rated not less than 100 percent of the total load. 

(B) Common-Trip Fault-Interrupting Device. The circuit shall 
be protected by a 3-phao;e, common-trip fault-interrupting 
device, which shall be penniued to automatically redosc the 
circuit upon removal of an overload condition but shall not 
redose after a fault condition. 

(C) Phase-Fault Protection. Phao;e-fault protection shall be 
prm-ided in each pha"lC, consisting of a separate phao;c
overcurrent relay connected to a separate current transformer 
in the phao;e. 

(D) Ground Current Detection. Means shall be prolided for 
detection of the sum of the neutral conductor and equipment 
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grounding conductor currents and shall trip the circuit
interrupting de\ice if the sum of those current-; exceed"l the 
greater of 5 amperes or 7 Y:t percent of the boiler full-load 
current for 10 seconds or exceeclo; an instantaneous value of 
25 percent of the boiler full-load current. 

(E) Grounded Neutral Conductor. The grounded neutral 
conductor shall be ao; follows: 

(I) \.onnected to the prcs."lure vcs."lcl containing the heating 
clement-; 

(2) Insulated for not les.o; than 1000 volt"l 
(3) Have not less than the ampacity of the largest ungroun

ded branch-circuit conductor 
(4) Installed "idt the ungrounded conductors in the same 

raceway, cable, or cable tray, or, where installed ao; open 
conductors, in dose proximity to the ungrounded 
conductors 

(5) Not used for any odter circuit 

495.73 Pressure and Temperature l.imit ControL Each boiler 
shall be equipped l\ith a means to limit the maximum tempera
ture, pres.o;ure, or both, by clirccdy or indirectly interrupting all 
current flow through the heating clement-;. Such means shall 
be in addition to the temperature, pres.o;ure, or both, regulating 
systems and pressure relief or safety valves. 

495.74 Bonding. All exposed non-current-carrying metal part-; 
of the boiler and a<;.o;ociated exposed metal structures or equip
ment shall be bonded to the prcs."lure vcs."lcl or to dte neutral 
conductor -to which the ves.o;cl i-; connected in accordance with 
250.102, except the ampacity of the bonding jumper shall not 
be Jes.o; than the ampacity of the neutral conductor. 
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ARTICLE 500- HAZARDOUS (CLASSIFIED) LOCATIOJ'\S, CLASSES I, II, & Ill, DIVISIOJ'\S I & 2 500.4 

Chapter 5 Special Occupancies 

ARTICLE 500 
Hazardous (Classified) Locations, 

Classes I, II, and m, Divisions 1 and 2 

500.1 Scope. 

(A) Covered. This article covers area das.o;ification and general 
requirement-; for electrical and electronic equipment and 
"iring rated at all voltages where fire or explosion hazard-; 
might exist due to flammable gases, flammable liquid
produced vapors, combustible liquid-produced vapors, 
combustible dust-;, combustible fibers/fl}ings, or ignitiblc 
fibers/flyings in the following: 

(1)  

(2) 

(3) 

Class I, Dhision I or Clao;s I, Dilision 2 hazardous ( da"l.o;i
ficd) locations 
Cla"l.o; II, Dhision I or Cla"l.o; II, Dilision 2 hazardous ( dao;
sificd) locations 
Cla"l.o; Ill, Dhision I or Cla"l.o; Ill, Dhision 2 hazardous 
(da"l.o;ificd) locations 

Informational 1'\ote :'\o. 1: See NFPA 497, Recmnmelllini Practice 
for tile llas.•ifualion of flammable I.iquid.•, Ga.•e.•, or Vaptm ami of 
HflUlrdnu.• (Cia.uijied) I.ncatiollS for Elertriral lnslallatiollS in !Jvmi
cal Procl'u A111t1s, and NFPA 499, Recmnmmdnl Practice for the llas.•i
jiration of l.ombustible DIL>Is and of HflUlrdou.• (lla.uijied) l.ncations 
for Ef,_ctrical lllStallation.• in Chemical f'mcl'u Amu, for extracted 
infmmation referenced in bracket�. Only editorial changes were 
made to the extracted text to make it consi�tent \\lth this I .ode. 
Informational Note No. 2: See Article 100 for the definition of 
mtrirtnl i11dustrial establishmmt fa.• applied to hfJUlrdOIL> (cla�ijied) 
localiom/. 

(B) Not Covered. This article docs not cover electrical and 
electronic equipment and v.iring rated at aU voltages for the 
follo"ing: 

(1)  Zone 0, Zone I ,  or Zone 2 hazardotto; (dao;sificd) loca
tions 

(2) Zone 20, Zone 2I, or Zone 22 hazardous (dao;sificd) loca
tions 

(3) Locations subject to the .· unique risk and explosion 
hazard-; a"l.o;ociatcd l\ith explosives, p}Totcchnics, and 
bla-.ting agent-; 

(4) Locations where p}Tophoric materials arc the only mate
rials tto;cd or handled 

(5) Features of equipment that involve nonelectrical poten
tial sources of ignition (e.g., couplings, pumps, gear
boxes, brakes, hydraulic and pneumatic motors, fans, 
engines, comprcs.o;ors) 

Informational Note :'\o. 1: (' .. ommon nonelectrical potential 
sources of ignition include hot surfaces and mechanically gener
ated sparks. 

Informational Note :'\o. 2: See :\.'\SI/L"L 80079-36, Explosive 
Atllwspll""' - Part 36: Non-furtriral l:quipmmt for Explosive Almos
plvres - Basir Ml'lhod and !Vquimnmts, and ANSI/L"L 80079-37, 
Explosive Alllw.•pll""' - Part 37: No11·fktriral Equipment for Explr>
sive Atmosphl'res - Noii·I:"IPctriral 1)-pe of Pmtectiou l.o11Strurtio11al 
Safety •c� l.o11/ml of Ignition Sourre "b", Liquid lmmenio11 "k�, for 
additional information. 
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500.4 Documentation. Area-. designated ao; hazardotto; ( da"l.o;i
ficd) locations or determined to be unda"l.o;ificd shall be docu
mented on an area da"l.o;ification dra"ing and other a"l.o;ociatcd 
documentation. This documentation shall be available to the 
authority having jurisdiction (AHJ) and those authorized to 
design, install, inspect, maintain, or operate electrical equip
ment at the location. 

Informational :'\ote 1'\o. I: See the follm\ing standards for addi
tional information on the cla..sification of locations: 

(I) :'\FPA 30, Flammable and l.ombu.dible I.iquids !.odl' 
(2) :'\FPA 32, Standard for Drycf,aning Facilities 
(3) :'\FPA 33, Staudard for Spra_l" .4pplicalion Usi11g Flammable or 

Combustible Materials 
(4) :'\FPA 34, Standard for Dipping, l..nating, aud Printi11g 

Proceui'S Using Flallunnbk or r .. mnbustibk l.iquids 
( 5) :'\ FPA 35, Stmuiai-d for the '"lan ufarl uw of Organic I .outings 
(6) :'\FPA 36, Stm�ardfor Solvent Extrarlion Plants 
(7) :'\FPA 45, . Stmuliird on Fire Protection for La.boralorii'S Using 

!Jvmirals 
(8) :'\FPA 5.5. Compi"I'S . .ed ClllSI'S and Cr)"ngrmic f7uid.• Code 
(9) :'\FPA 58, J .. iqu;ji,d Petmkum Ga.s ('.od, 

( 10) :'\FP:\ !>9, UtilitJ JJ>.('Ifl., Plant I ..ode 
( 1 1  ) t\ FPA 497, Recmnmmded Prarti£'1' for the Cla.uijication of 

f7ammabk Liquids, Gases, or Vapor.; mui of Hawrdous ((1as.•i
jied) l.ncations for Ekctrical TIIStaHatioiiS in Chemical Proci'U 
A111t1s 

(12) :'\FPA 499, Recmnmmded Prarti£'1' for the Cla.uijication of 
Combustible Dust.• mui of Haznrdo-u.• (Cias.•ijini) l..ncatio-IIS for 
Ekrtrical lmtallation.• in Om11iral Pmres.• Amu 

( 13) :'\FPA 820, Sta1uiard for Fire Pmti'C/ion in miStnuati'T Treat
mml and l.olkction Facilitil's 

( 14) ANSI/ API RP 500, Reco1111RI!Iuil'd Practice for lla.uijicalion of 
l..ncatioiiS for Ef,_ctrical TIIStaUatioiiS a/ Petmku111 Facilitii'S 
Cla.uijied as Cla.u l, Division I mui Division 2 

(15) ISA-12.10, .4wa Clas.<ifualion in Haznrrlnus (Cia.uijied) Du.d 
l..ncatioiiS 

Informational Note :'\o. 2: See NFPA 77, Recmnme11ded Prarti£'1' on 
Static I:"IPctricil)� :'\FPA 780, Standard for the lmtaUation of I..iglltning 
Pm/1'£/ion Sptl'lns; and API RP 2003, Pmti'C/ion .4gain.d Ignitions 
Arising Out of Static, I..iglltning, mui Stray CurrenL<, for information 
on protection ag-dinst static electricity and lightning hazard� in 
hazardou.� (cla.'l.�ified) locations. 

lnformational l'\ote 1'\o. 3: See :'\FPA 30, Ha111mable and Co111busti
bk Uquids Code; and A:'\SI/API RP 500, Reco1mnendl'd Prar/ire for 
Cla.uijication of !.oration.• for furtriral IIIStallation.• a/ Petmku111 
Facilitks Clas.•ifini as C/au I, Division I mui Divi.Wn 2, for infonna
tion on \>entilation. 

Informational :'\ote 1'\o. 4: See ANSI/API RP 14F, Rermn111mded 
Prartict' for Design, Ins/aHa/ion, mui Maintmanrt' of Electrical Systems 
for Fixed and Floating Off.Jwre Pl'lmkwn Farililii'S for Uncla.uijied aud 
lla.u I, Division I, and Divi•ion 2 /.orations, for information on 
electrical S\"Stems for hazardou.� (cla. .. �ified) location� on 
off.�hore oil� and ga. ... producing platfonns, drilling rigs, and 
workoYer 1igs. 

Informational Note No. 5: See :\.'\SI/UL 121203, Portabk/ 
Pl'rsonal Ekctmnir Pmdurts Suita.bk for U•e in Cla.u I, Division 2, 
lla.u I, Zone 2, Cla.u II, Division 2, Cla.u Ill, Diviiio-n I, Cla.u Ill, 
Division 2, Zo111' 21 and Zone 22 Haznrrlnus (Cias.•ijini) l.ncalimu, for 
infmmation on portable or transportable equipment ha\ing self
contained power supplies, such a.� battery-operated equipment, 
which could potentially become an ignition source in hazardou.� 
(cla.'l.�ified) location�. 
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Informational Note :'\o. 6: See IEC/IEEE 600i9-30-2, Explosive 
at111osphnes -Part 30.2: Electrical "'istancl' trace heating -Applira
tion guidl' for di!Sigll. installation and mainteuance, for infmmation 
on electrical resistance trace heating for hazardou.� (cla. .. �ified) 
location.�. 

Informational :'\ote l'o. 7: See IEEE 844.2/C'iA C293.2, 
/EI-1-:/CSA Standard for Skin E.!Jwt Trtll'e Heating of Pipelines, VI!S.<el<, 
Equipment, and Structures - .4pplication Guide for Design, lnstalla
titnl. T"'ting, r.mnmis.<ioning, and '"laintmance, for infmmation on 
electric skin effect trdce heating for hazardou.� (cla. .. �ified) loca
tions. 

Informational :'\ote l'o. 8: See IEEE 844.4/C'iA C293.4, 
11-1-l-:/CSA Standard for l111pl'dancl' Heathzr; of Pipelines ami l:quip
meut - Application Guide for D"'iK'l. lnstallatiml. TI!Sting, !.mnm� 
.<ioning, and Maintmancl', for information on elecuic impedance 
heating for hazardous (cla.'l.�ified) locations. 

500.5 Classifications of Locations. 

(A) General. 

(1) Hazardous (Classified) Locations. Locations shall be da."l.�i
ficd depending on the properties of the flammable ga..,, flam
mable liquid-produced vapor, combustible liquid-produced 
"apors, combustible dust'i, or fibers/flyings that could be 
present, and the likelihood that a flammable or combustible 
concentration or quantity is present. Each room, section, or 
area shall be considered indhidually in determining it'i da.'isifi
cation. 

Informational Note: Through the exercise of ingenuity in the 
larout of electrical installations for hazardous (cla. .. �ified) loca
tions, it is frequently pos.�ihle to locate much of the equipment 
in a reduced level of cla. .. �ification or in an uncla. .. �ified location 
to reduce dte amowu of special equipment required. 

(2) Refrigerant Machinery Rooms Using Ammonia. Refriger
ant machinery rooms that contain ammonia refrigeration 
systems and arc equipped "ith adequate mechanical ventila
tion dtat operates continuously or is initiated by a detection 
system at a concentration not exceeding I50 ppm shall be 
permitted to be da."l.'iificd a.'i "unda."l.'iificd" location!l. 

Informational Note: See A:'\SI/IL\R 2, Standard for Dfflgn of Safe Qo.w.d-Circuit Am111onia Refrigeration Sy.<te11u, for information on 
cla. .. �ification and ventilation of area.� involving· closed-circuit 
ammonia refrigerdtion systems. 

· 

(B) Class I Locations. Cla."l.'i I loc<;ltions arc those in which 
flammable ga.'iCS, flammable liquid-produced "apors, or 
combustible liquid-produced vapors arc or may be present in 
the air in quantities sufficient to produce explosive or ignitiblc 
mixtures. Cla."l.'i I locations shall include those specified in 
500.5(B) ( I )  and (8) (2) . 

(1) Class I, Division 1. A Cla."l.'i I, Di\-ision I location is a loca
tion: 

(1)  In which ignitiblc concentrations of flammable ga.'iCs, 
flammable liquid-produced vapors, or combustible 
liquid-produced vapors can exist under normal operat
ing conditions, or 

(2) In which ignitiblc concentrations of such flammable 
ga.'iCS, flammable liquid-produced \apors, or combustible 
liquids above dtcir fla.'ih point'i might exist frcqucndy 
becau.'iC of repair or maintenance operations or becau.'ic 
oflcakagc, or 

(3) In which brcakdmm or faulty operation of equipment or 
proccs.'iCs might relca.'ic ignitiblc concentrations of flam
mable ga.'iCS, flammable liquid-produced vapors, or 
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combu.'itiblc liquid-produced "apors and might also 
cau.'iC simultaneous failure of electrical equipment in 
such a way a.'i to directly cau.'iC the electrical equipment to 
become a source of ignition 

Informational :'\ote: This cla. .. �ification u.�uallr includes the 
follm\ing locations: 

(I)  \'\'bere mlatile Hammable liquid� or liquefied Hammahle 
gases are u-ansferred from one container to anomer 

(2) Interiors of sp•-ar booms and area.� in me \icinity of 
sp•-a>ing and painting operation.� where mlatile Hamma
ble soh·enL� are used 

(3) Locations containing open tank.� or vaL� of volatile Ham
mallie liquid� 

(4) Drying rooms or comparunenL� for the e\-aporation of 
Hammable solvenL� 

(5) Locations containing fat- and oil-extraction equipment 
���ing volatile Hammahle soh·ents 

(6) Portions of cleaning and dyeing planL� where Hammahle 
liquid� are u.�d 

(7) Ga.� generdtor rooms and oilier portions of ga.� manufdc
turing planL� where H:urunable ga.� might escape 

(8) Inadequately \·entilated pump rooms for Hammahle ga.� 
or for mlatile Haminahle liquid� 

(9) Interiors of refrigerdtors and freezers in which mlatile 
Hammable matetials are stored in open, lighdy stop
pered, or ea5ily mptured containers 

(10) Inside of . inadequately \·ented enclosures containing 
instnimenL� normally venting Hammahle g-.t.� or \'llpors 
ID the interior of the enclosure 

( I I )  ·. ln�de of vented tank.� containing mlatile Hammahle 
liquid� 

(12) Area between inner and outer roof sections of Hoating 
roof tank.. containing volatile Hammahle Huid� 

· ( 13) Inadequately ventilated area.� \\iiliin spt<t}ing or coating 
opet-ations using mlatile flammable fluid� 

(14) Interior of exhaust dueL� used to vent ignitihle concen
u-ations of ga.�s or \-apors 

(15) All oilier locations where ignitihle concenu-ations of 
flammable \-apors or ga.�s are likely to occur dming 
normal opemtions 

E.xperience ha.� demonsu-ated the pmdence of a\uiding the 
installation of instrumentation or other elecuical equipment in 
the area.� cm·ered in list items ( I I )  dtrough ( 15). \'\'bere it 
cannot he a\·oided hecau.� it i� es.�ential to me proces.� and 
other locations are not fea.�ihle,electrical equipment or in.�tru
mentation approYed for the specific application or consisting of 
inuinsically safe system� might he considered. 

(2) Class I, Division 2. A Cla."l.'i I, Division 2 location is a loca
tion: 

(1)  In which volatile flammable ga.'ics, flammable liquid
produced vapors, or combustible liquid-produced vapors 
arc handled, proccs.'iCd, or U.'icd, but in which the liquid'i, 
vapors, or ga.'ics will normally be confined within dosed 
containers or dosed systems from which tltcy can escape 
only in ca.'ic of accidental rupture or breakdown of such 
containers or systems or in ca.'ic of abnormal operation of 
equipment, or 

(2) In which ignitiblc concentrations of flammable ga.'iCs, 
flammable liquid-produced vapors, or combu.'itiblc 
liquid-produced vapors arc nonnally prevented by posi
tive mechanical ventilation and which might become 
hazardous through failure or abnormal operation of the 
ventilating equipment, or 

(3) That is adjacent to a Cla."l.'i I, Dhision 1 location, and to 
which ignitiblc concentrations of flammable ga.'ics, flam
mable liquid-produced "apors, or combustible liquid
produced "apors above their fla.'ih point'i might occa.'iion-
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ally be communicated unlcs.o; such communication is 
prevented by adequate positivc-prcs.o;urc ventilation from 
a source of clean air and effective safeguard-; against 
ventilation failure arc prmidcd. 

Informational Note :'\o. 1: This cla.'l.•ification u.•nally includes 
location.• where ,-olatile Hammahle liquid• or Hammahle g"d.<;eS or 
\-apors are tt.<;ed but that, in the judgment of the amhority 
ha\ingjmisdiction, would become hazardous only in ca.•e of an 
accident or of some umt.•nal operating condition. The quantity 
of Hammable matelial that might escape in ca.<;e of accident, the 
adequacy of \>entilating equipment, the total area invoh·ed, and 
the record of the indtt.•ll)' or busines.• "ith respect to explosions 
or fires are all factors that melit con•iderdtion in determining 
the cla.'l.•ification and extent of each location. 

lnformational l'\ote 1'\o. 2: See :'\FPA 30, Hammable a11d Cmubusti· 
bit- l.iquid.• ('.ode, and :'\FPA 58, l.iqUI'jil'd Petroleum Gas C.odl'. Piping 
"ithout �-alves, check.•, meters, and similar de\ices would not 
ordinarily introduce a hazardou.• condition even if tt.<;ed for 
Hammable liquid• or ga.<;es. Depending on factors such a.• the 
quantity and size of the containers and \>entilation, locations 
u.•ed for the storage of Hammable liquid• or liquefied or 
compres.<;ed ga.<;es in sealed containers might be considered 
either hazardmt.• (cla.'l.•ified) or uncla.'l.•ified locations. 

(C) Class II Locations. Clao;.o; II locations arc dtose that arc 
hazardous becau.o;c of me presence of combu.o;tiblc dust. Clao;.o; II 
locations shall include dlosc specified in 500.5(C) ( I )  and 
(C) (2). 

(1) Class II, Division 1. A Clao;.o; II, Di\ision I location is a loca
tion: 

(I) In which combu.o;tiblc dust is in the air under normal 
operating conditions in quantities sufficient to produce 
explosive or ignitiblc mixtures, or 

(2) Where mechanical failure or abnormal operation of 
machinery or equipment might cau.o;c such cxplosh'C or 
ignitiblc mixtures to be produced, and might also pi"'\idc 
a source of ignition dlrough simultaneous failure of elec
trical equipment, dlrough operation of protection dc\-i
ccs, or from oilier causes, or 

(3) In which Group E combu.o;tiblc dust-; may be present in 
quantities sufficient to be hazardous in normal or abnor
mal operating conditions. 

Informational 1'\ote: Dust• containing magnesium or aluminum 
are panicularly hazardmt.•, and the U.<;e of extreme precaution i• 
necessary to an>id ignition and explosion. 

(2) Class II, Division 2. A Cia<;.<; II, Di\ision 2 location is a loca
tion: 

(1) In which combustible dtt.o;t due to abnormal operations 
may be present in the air in quantities sufficient to 
produce explosive or ignitiblc mixtures; or 

(2) \\'here combustible du.o;t accumulations arc present but 
arc nonnallv insufficient to interfere "id1 the normal 
operation of electrical equipment or other apparatu.o;, but 
could ao; a result of infrequent malfunctioning of 
handling or proccs.o;ing equipment become suspended in 
the air; or 

(3) In which combustible dust accumulations on, in, or in me 
\-icinity of the electrical equipment could be sufficient to 
interfere widl the safe dis.o;ipation of heat from electrical 
equipment, or could be ignitiblc by abnormal operation 
or failure of electrical equipment. 

Informational :'\ote No. 1: The quantity of combtt.•tible du.•t that 
may be present and the adequacy of du.•t remm-al system• are 
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factors that merit con.•idet-ation in determining the cla.'l.•ification 
and may result in an uncla.'l.•ified area. 

Informational :'\ote 1'\o. 2: \\1tere product• such as seed are 
handled in a manner that produces low quantities of dust, the 
amount of dtt.•t deposited may not "-an-ant clas.•ification. 

(D) Class III Locations. Clao;.o; III locations shall be locations 
meeting the requirement-; of 500.5(D) (I)  and (D) (2). 

(1) Class III, Division 1. Clao;.o; III, Dhision I locations shall 
include those locations specified in 500.5(D) (1) (a) and (D) (1) 
(b). 

(a) C'..ombu.•tibk Fibers/Flyings. Locations where nonmetal 
combu.o;tiblc fibers/fl}ings arc in the air under normal operat
ing conditions in quantities sullicicnt to produce cxplosiblc 
mixtures or where mechanical failure or abnormal operation 
of machinery or equipment might cau.o;c combu.o;tiblc fibers/ 
fl}ings to be produced and might also prmidc a source of igni
tion through simultancou.o; failure of electrical equipment, 
through operation of protcctioil de\-ices, or from oilier causes 
shall be clao;.o;ificd ao; Cla'IS Ul, Dh-ision 1 .  Locations where metal 
combu.o;tiblc fibers/fl}ings arc present shall be clao;.o;ificd ao; 
Clao;.o; II, Di\ision 1, Group E. 

Informational Sotc :-.lo. 1 :  Such locations usually include 
some part-; of rayon, cotton, and other textile mills; ao;.o;ociatcd 
manufacturing and proccs.o;ing plant-;; cotton gins and cotton
seed milL•; flax-proccs.o;ing plant-;; doming manufacturing 
plants; "-oodworking plant-;; and establishment-; and industries 
invohing similar hazardou.o; proccs.•es or conditions. 

Informational Note 1'\o. 2: Combustible fibers/flyings 
include flat platelet-shaped particulates, such ao; metal flakes, 
and fibrous board, such ao; particle board. 

(b) lgnitibk Fiben;/Flyings. Locations where ignitiblc 
fibers/fl}ings arc handled, manufactured, or u.o;cd shall be clao;
sificd ao; Clao;.o; III, Di\ision 1 .  

Informational Note No. 1 :  Such locations usualh• include some 
part• of 1-ayon, cotton, and other textile mills; a.•;;ociated manu
facturing and proces.•ing plant•; cotton gins and cotton.,.eed 
mills; Ha.x-processing plant•; clothing manufuctming plant•; 
woodworking plant•; and establishments and indusllies imuh� 
ing similar hazardmt.• proces.<;es or conditions. 

Informational :'\ote No. 2: lgnitible fibers/H}ings can include 
rayon, cotton (including cotton linters and cotton wa.•te) ,  sisal 
or henequen, istle, jute, hemp, tow, cocoa fiber, oakum, baled 
wa.•te kapok, Spani•h moss, excelsior, and other materials of 
similar nature. 

(2) Class III, Division 2. Clao;.o; III, Dhision 2 locations shall 
include those locations specified in 500.5(D) (2) (a) and (D) (2) 
(b). 

(a) C'..ombu.•tibk Fiben;/Flyings. Locations where nonmetal 
combu.o;tiblc fibcrs/fl}ings might be present in me air in quan
tities sufficient to produce cxplosiblc mixtures due to abnor
mal operations or where accumulations of nonmetal 
combu.o;tiblc fibers/fl}ings accumulations arc present but arc 
insufficient to interfere "id1 dtc normal operation of electrical 
equipment or other apparatu.o; but could, ao; a result of infre
quent malfunctioning of handling or proccs.•ing equipment, 
become su.o;pcndcd in the air shall be clao;.o;ificd ao; Ciao;.• III, Dhi
sion 2. 

(b) lgnitibk Fiben;/Flyings. Locations where ignitiblc 
fibers/fl}ings arc stored or handled, oilier man in me proccs.o; 
of manufacture, shall be clao;.o;ificd ao; Ciao;.• III, Di\ision 2. 
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500.6 Materials. 

(A) Class I Group Classifications. Class I groups shall be in 
accordance "idt 500.6(A) (I) duough (A) (4). 

Informational l'ote l'o. 1:  The explosion characteri�tic.� of air 
mixtures of ga.�s or '"pors '"fY with the specific material 
inmlved. For Cla.'i.� I locations, Groups A, 8, C, and D, the cla.'i.�i
fication imulves determinations of maximum explosion pres
sure and maximum safe clearance between pan� of a clamped 
joint in an enclosure. It i� neces.�ry. therefore, that equipment 
he identified not only for clas.� but al� for the specific gmup of 
the g-.ts or \".tpor that \\ill be present. 

Informational Note :'\o. 2: \..enain chemical atmospheres may 
ha\·e char.tcteJistics that require safeguard� beyond those 
required for any of the Cla.'i.� I gmups. Carbon disulfide is one of 
these chemical� becau.� of it� low autoignition tempeJ'ature 
(90"C) and the small joint clearance permitted to arrest it� 
flame. 

(1) Group A. Acetylene. L497:3.3.5.l.lj 

(2) Group B. Flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed l\ith air 
that may burn or explode, having either a maximum experi
mental safe gap (MESG) l-<duc less dtan or equal to 0.45 mm or 
a minimum igniting current ratio (MIC ratio) less than or 
equal to 0.40. L 497:3.3.5.1 .2J 

Informational l'ote: A typical Cla.'i.� I, Gmup B material is hydro
gen. 

(3) Group C. Flammable ga.'i, flammable liquid-produced 
l-apor, or combustible liquid-produced vapor mixed l\ith air 
that may burn or explode, having either a maximum experi
mental safe gap (MESG) value greater than 0.45 mm and lcs.'i 
than or equal to 0.75 mm, or a minimum igniting current 
(MIC) ratio greater than 0.40 and lcs.'i dtan or equal to 0.80, 
L497:3.3.5.1 .3J 

Informational :'\ote: A typical Cla.'i.� I, Group C material i� ethyl
ene. 

(4) Group D. Flammable ga.'i, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed l\ith air 
that may burn or explode, having cithcr a maximum experi
mental safe gap (MESG) l-aluc greater than 0.75 mm or a mini
mum igniting current (MIC) ratio greater dtan 0.80. 
L497:3.3.5.1 .4J 

Informational Note :'\o. 1: A typical ('Ja. ... � I, Group D material i� 
propane. [497:3.3.5.1.4) 

Informational :'\ote l'o. 2: See AJ'I:SI/ASHRAE 15, Safrty Stand
ani for RPfrigpration Systl'lns, for infonnation on the cla.'i.�ification 
of area.� imul\ing ammonia atmospheres. 

(B) Class ll Combustible Dust Group Classifications. Combu'i
tiblc du'it shall be grouped in accordance widt 500.6(B) (I)  
dtrough (B) (3). 

(1) Group E. Atmospheres contammg combustible metal 
dust'i, including aluminum, magnesium, and dtcir commercial 
alloys, or odtcr combustible dust'i whose particle size, abrasivc
ncs.'i, and conducti\ity present similar hazards in the usc of 
electrical equipment. L499:3.3.8.l.Ij  

Informational Note: \..enain metal du.�L� may ha,·e characteris
tics that require safeguard� beyond those required for atmos
pheres containing the du.�L� of aluminum, magnesium, and their 
commercial allo)'S. For example, zirconium, thorium, and 
m"anium dust� have extremely low ignition temper.ttures [a.� low 
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as 20"C (68"F)) and minimum ignition energies lower than any 
material cla.'i.�ified in any of the Cla.'i.� I or Cla.'i.� II groups. 

(2) Group F. Aunosphcres containing combustible carbona
ceous dust'i that have more than 8 percent total entrapped vola
tiles (sec ASTM D3I7::�-2017, Standard Te.�t Method for Volatile 
Matter in tile Analysis Sample of \..oal and \..oke, for coal and coke 
dust'i) or that have been sensitized by odtcr materials so that 
they present an explosion hazard. L499:3.3.8.1.2J Coal, carbon 
black, charcoal, and coke dust'i arc examples of carbonaccou'i 
dust'i. L 499:A.3.3.8.1 .2J 

Informational l'ote: Testing of specific dust samples, foii<J\\ing 
establi�hed ASTM testing procedures, is a method u.�d to iden
tify the combu.�tibility of a specific du.�t and the need to cla.'i.�il}· 
those locations containing that material a.� Group F. 

(3) Group G. Aunosphcrcs containing combu'itiblc dust'i not 
included in Group E or Group F, including flour, grnin, wood, 
pla'itic, and chemicals. L499:3.3.8.1 .3j 

Informational l'ote :'\o. 1: See NFPA 499, Rn:mnme1uini Practice 
for the C.las.•ifuatinn of C.mnbu.stibk Du.•ts mui of Hawniou.• ((1as.•i
jied) Locations for I:U.rtriral lnstollatioiiS in Clvmiral Pmri'SS .4n>a.•, for 
infmmation on group dasmfication ofCia.'i.� II matelial�. 

Informational l'ote. No. 2: The explosion chaJ'aCteri�tic.� of air 
mixtures of dUll varv \\ith the materials ilwol\·ed. For Cla.'i.� II 
location.�. Groups. E; F, and G, the cla..silication imulves the 
tightnes.� of dte joint� of a.�sembly and shaft openings to prevent 
the entr.lDce of dust in the dust-ignitionproof enclosure, the 
blanketing. effect of layers of du.�t on the equipment that may 
can.� QYerheating, and the ignition temperature of the du.�t. It i� 
nece�ry. therefore, that equipment be identified not only for 
the cla.'i.� but al� for the specific group of dust that \\ill be 
present. 

Informational Note No. 3: See ANSI/IEEE C2, National Electrical 
Saft!ly \.ode, Section 127A, \ .. oal Handling Area.�. Cenain du.�L� 
might require additional precautions due to chemical phenom
ena that can result in the geneJ'ation of ignitible g-.t.�. 

(C) Class ill Combustible Fibers/Flyings. Combu'itiblc fibers/ 
fl}'ings shall not be further grouped. 

(D) Class ill lgnitible Fibers/Flyings. lgnitiblc fibers/flyings 
shall not be furdtcr grouped. 

500.7 Protection Techniques. Electrical and electronic equip
ment in hazardou'i (cla'i.'iificd) locations shall be protected by 
one or more of dtc techniques in 500.7(A) dtrough (P). Suita
bility of dtc protection techniques for specific hazardou'i loca
tions is shmm in Chapter 9, Table 13. 

(A) Explosionproof Equipment. This protection technique 
shall be permitted for equipment in Cla'i.'i I, Dil-ision I or 2 
locations. 

(B) Dust lgnitionproof. This protection technique shall be 
permitted for equipment in Cla'i.'i II, Division 1 or 2 locations. 

(C) Dusttight. This protection technique shall be permitted 
for equipment in Cla'i.'i II, Dili'iion 2 or Cla'i.'i III, Dil-ision I or 2 
locations. 

(D) Purged and Pressurized. This protection technique shall 
be permitted for equipment in any hazardou'i (cla'i.'iificd) loca
tion for which it is identified. 

(E) Intrinsic Safety. This protection technique shall be permit
ted for equipment in Cla'i.'i I, Division I or Division 2; Cla'i.'i II, 
Dhision I or Dil-ision 2; or Cla'i.'i Ill, Dilision 1 or Dhision 2 
locations. 
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ARTICLE 500- HAZARDOUS (CLASSIFIED) LOCATIOJ'\S, CLASSES I, II, & Ill, DIVISIOJ'\S I & 2 500.7 

(F) Nonincendive Circuit. This protection technique shall be 
pcrmiucd for equipment in Clao;."l I, Division 2; Clao;."l II, Divi
sion 2; or Cla"l."l Ill, Division I or 2 locations. 

(G) Nonincendive Equipment. This protection technique shall 
be pcnniucd for cquipmcm in Cla"l."l I, Division 2; Cla"l."l II, Divi
sion 2; or Cla"l."l Ill, Division I or 2 locations. 

(H) Nonincendive Component. This protection technique 
shall be pcnniucd for cquipmcm in Cla"ls I, Di\ision 2; Clao;."l II, 
Dhision 2; or Cla"ls Ill, Division I or 2 locations. 

(I) Oil Immersion. This protection technique shall be permit
ted for currcm-imcrrupting contacts in Clao;."l I, Division 2 loca
tions a"l described in 501.1 15(B) (I) (2). 

0> Hermetically Sealed. This protection technique shall be 
pcrmiucd for cquipmcm in Clao;."l I, Division 2; Clao;."l II, Divi
sion 2; or Cla"l."l Ill, Division I or 2 locations. 

(K) Detection System for Flammable Gases. A detection 
system for flammable ga"lcs shall be pcrmiucd a"l a means of 
protection in restricted industrial establishments. 

(1) General. Any ga"l detection system used a"l a protection 
technique shall meet all of the requirements in 500.7(K) (I) (a) 
through (K) (I) (c). 

(a) The ga"� detection cquipmcm used shall be listed for 
Clao;."l I, Division I and listed for the detection of dtc specific ga"l 
or vapor to be cncoumcrcd. 

(b) The ga"l detection system shall not usc portable or 
transportable cquipmcm or temporary wiring methods. 

(c) The ga"� detection system shall only usc poim-typc 
sensors. The system shall be pcrmiucd to be augmcmcd wim 
opcn-pad1 (linc-of-sight)-typc sensors, but opcn-padt-typc 
sensors shall not be the ba"lis for this protection technique. 

(d) The type of detection cquipmcntand it"l listing, instal
lation location(s), alarm and shutdown criteria, and calibration 
frequency shall be documcmcd where ga"� detectors are used a"l 
a protection technique. 

(c) The applications for the usc of ga"l detection systems 
a"l a protection technique shall be limited to 500.7(K) (2), (K) 
(3) , or (K) (4). 

lnformational l'ote l'o. I :  See ANSI/l:L 121·303, Guide fnr lJsl' of 
Deter.tcm for Flmmnabl£ Gases, or ANSI/FM 121303, Guidi' fnr Use of 
Deter.tcm fnr Fla1111111lbl£ C.ases, for additional information. 

Informational :'\ote No. 2: See Al'SI/UL 60079-29-1 ,  Explosive 
Alllwspl!tm'S - Part 29-1: Ga.< Ikter.inrs - Perfonnanre Requimlll'nL• 
of Deti'Cinrs for f1am111abil' Ga.ws, or Al'SI/F:\·1 60079-29-1,  Explosive 
Alllwspl!tm'S - Part 29-1: Ga.• lHII'Ctnrs - Perfonnanre Requimlll'nL• 
of Deti'Cinrs for f1am111abil' Clll.<I'S, for additional information. 

Informational Note :'\o. 3: See A:'\SI/API RP 500, Rermn1111!1lded 
PrartiCI' for Cla.uifu:ation of l..ncatiom for Elwtrical lmtallation.• at 
Pl'trolnun Facilitks C/a.uijil'd a.• Cla.u l, Division I and Division 2, for 
additional information. 

Informational :'\ote No. 4: See Al'SI/UL 60079-29-2, Explosive 
Alllwsplum.• - Part 29-2: Ga.< Deti'Cinrs - Seli'Ction, lmtallation, Use 
ami Maintemmce nf Deti'Cinrs for Flallunabl£ Ga.""' and OX)wm, or 
ANSI/F:\f-60079-29-2, Explosive at111osplvns -Part 29-2: (IllS Dt!ll'r
tnrs - Seil'rtion, Installation, lJ.v and Maintmance of lHII'Ctnrs for 
Flam111abil' C111.<1'S ami OX)1f"ll., for additional infmmation. 

(2) Inadequate Ventilation. A location, enclosed space, or 
building mat is clao;."lificd a"l a Clao;."l I, Di\ision I location due to 
inadequate vcntilationand is prmidcd l\im a detection system 
for flammable ga"lcs shall be pcnniucd to usc electrical cquip
mcm, installation mcdtod"l, and "iring practices suitable for 
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Clao;."l I, Division 2 installations. Sensing a ga"� conccmration of 
not more man 40 pcrccm of me lower flammable limit or a ga"� 
detector system malfunction shall activate an alann (audible or 
visual, or bod1, a"l most appropriate for the area). 

(3) Interior of a Building or Enclosed Space. Any building or 
enclosed space that docs not contain a source of flammable 
ga"lCS or vapors mat is located in, or ha"l an opening into, a 
Clao;."l I, Division 2 hazardous (cla"l."lificd) location and is provi
ded wim a detection system for flammable ga"lCs shall be 
pcrmiucd to usc electrical cquipmcm, installation mcmod"l, 
and \\iring practices suitable for uncla"l."lificd installations under 
all of the follo"ing conditions: 
(I)  An alarm (audible or visual, or both) shall be sounded at 

not more man 20 pcrccm of me lower flammable limit. 
(2) Sensing a ga"� concentration of not more man 40 pcrccm 

of the lower flammable limit or a ga"� detector system 
malfunction shall activate an alarm (audible or visual, or 
both, a"l most appropriate .for me area) and initiate auto
matic disconnection of power from all electrical devices 
in me area that are not suitable for Clao;."l I, Division 2. 

(3) The power discb1mccting dcvicc(s) shall be suitable for 
Clao;."l I, Di\ision 1 if located inside the building or 
enclosed space. If me disconnecting dcvicc(s) is located 
out"lide me building or enclosed space, it shall be suitable 
for �c location in which it is installed. 

Rcdundam or duplicate cquipmcm (such a"l sensors) shall 
be pcnniucd to be installed to avoid disconnecting electrical 
pm\·er when cquipmcm malfunctions arc indicated. 

\\-'hen automatic shutdmm could imroducc additional or 
incrca"lcd hazard, this technique shall not be pcnniuccl. 

(4) Interior of a Control Panel. Inside dtc imcrior of a comrol 
panel containing instrumentation or other cquipmcm using or 
mca"luring flammable liquids, ga"lcs, or vapors which is prmi
dcd wim a detection system for flammable ga"lcs shall be 
pcrmiucd to usc electrical cquipmcm, installation mcmod"l, 
and \\iring practices suitable for Cla"l."l I, Division 2 installations. 

An alarm (audible or visual, or bom) shall be sounded at not 
more man 40 perc em of the lower flammable limit. 

(L) Inherently Safe Optical Radiation "op is." This protection 
technique shall be pcrmiucd for cquipmcm in Clao;."l I or II, 
Dhision 1 or 2 locations for which me cquipmcm is idcmificd. 

Informational Note: The identified cla"l."l and dhision depend'� 
on the intended explosh·e atmosphere and dte number of faull"l 
applied a"l part of the protection technique e\-aluation. 

(M) Protected Optical Radiation "op pr." This protection 
technique shall be pcrmiucd for cquipmcm in Clao;."l I or II, 
Dhision 2 locations for which me cquipmcm is identified. 

Informational Note: The identified cla"l."l and dhision depend'� 
on dte intended explosive atmosphere a"l part of the protection 
technique e�-aluation. 

(N) Optical System With Interlock "op sh." This protection 
technique shall be pcrmiucd for cquipmcm in Cla"ls I or II, 
Dhision 1 or 2 locations for which me cquipmcm is identified. 

Informational Note: The identified cla"l."l and dhision depend'� 
on the intended explosh·e atmosphere and dte number of faull"l 
applied a"l part of the protection technique e\'aluation. 

(0) Protection by Skin Effect Trace Heating "IEEE 844.1". 
This protection technique shall be pcrmiucd for skin effect 
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500.7 ARTI\ll 500 - HAZARDOUS (CLASSIFIED) LOCATIOJ'\S, CLASSES I, II, & Ill, DIVISIOJ'\S I & 2 

t.racc heating equipment in Clao;s I, Division 2; Cla<�.o; II, Dh-ision 
2; or Clao;s Ill, Dilision 2 locations for which it is listed. 

(P) Protection by Electrical Resistance Trace Heating 
"60079-30-1". This protection technique shall be pcrmiucd for 
electrical resistance t.racc heating equipment in Cla<�.o; I, Di,i
sion I ;  Cla<�.o; I, Dhision 2; Cla<�.o; II, Dilision I ;  Clao;s II, Di,ision 
2; Cla<�.o; Ill, Division I; or Cla<�.o; Ill, Division 2 locations for 
which it is listed. 

(Q) Protection by Impedance Heating "IEEE 844.3". This 
protection technique shall be pcrmiucd for impedance heating 
cquipmcm in Clao;s I, Di,ision 2; Cla<�.o; II, Dhision 2; or 
Cla<�.o; Ill, Division 2 locations for which it is listed. 

(R) Enclosed-Break. This protection technique shall be 
pcrmiucd for equipment in Cla<�.o; I, Dilision 2 locations. 

(S) Nonsparking. This protection technique shall be permit
ted for equipment in Cla<�.o; I, Dilision 2 locations. 

(T) Sealed. This protection technique shall be pcnniucd for 
cquipmcm in Cla<�.o; I, Dilision 2; Cla<�.o; II, Dilision 2; Cla<�.o; Ill, 
Dhision I; or Clao;s Ill, Dilision 2 locations. 

(U) Special Protection Techniques. Protection techniques not 
specified in 500.7(A) through (T) shall be pcnniucd for usc in 
cquipmcm listcd for usc in hazardous (da<�.o;ificd) locations. 

Informational :'\ote: See ,\1'\:SI/t:L 60079-33, Explo.<ive Al111os
plvre.< - Par/ JJ: l:quipmml Proll'rlion h)' Spn:ial Pmti'Cium ".< ", for 
additional information. 

500.8 Equipment. Explosion proof or dust-ignitionproof cquip
mcm shall not be pcrmiucd for usc at temperatures lower than 
-25°C (-I3°F) unless they arc identified for low-temperature 
sen icc. 

Informational l'ote: At low ambient temperatures, flammable 
concentrations of \-apors might not exist in a location cla. .. •ified 
a.• Cia.'-' I, Dhision I at nonnal ambient tempemture. 

(A) Suitability. Suitability of identified cquipmcm shall be 
determined by one of the follm\ing: 

(1) Equipmcm listing or labeling 
(2) E'idcncc of cquipmcm C\'aluation from ;t qualified test

ing laboratory or inspection agency concerned "id1 prod-
uct C\'aluation 

· 

(3) E'idcncc acceptable to the authority haling jurisdiction 
such ao; a manufacturer's self-evaluation or an m'11cr's 
cnginccringjudgmcm 

Informational :'\ote: Additional documentation for equipment 
might include certificates demonsu-ating compliance \>ith appli
cable equipment standard•, indicating special conditions of use, 
and prm-iding other peninent information. 

(B) Approval for Class and Properties. 

(1) Equipment Identification. Equipmcm shall be identified 
not only for the da<�.o; of location but also for the explosive, 
combustible, or ignitiblc properties of the specific ga•, vapor, 
dust, or fibers/flyings that \\ill be present. In addition, Cla<�.o; I 
cquipmcm shall not have any exposed surface that operates at 
a temperature in excess of the autoignition temperature of the 
specific ga• or \'apor. Cla<�.o; II cquipmcm shall not have an 
external temperature higher than that specified in 500.8(D) 
(2). Cla<�.o; Ill cquipmcm shall not exceed the maximum surface 
temperatures specified in 503.5. 
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Exception No. 1: GmuJI D I'.JfltiJnnmt shall be Jmmittl'.d to be used fo-r 
at1rwsphn"t's containing butadiene if all ronduit nms into 1'-X/Jlosifm
proof equijnnent are pr""ided with PxJilosionJ11vafseals installed within 
4 50 mm (I 8 in.) of the enrlo.mre. 

Exception No. 2: GmuJI C equijnnent slmU be permitttd to be used fo-r 
at1rwsphms containing al�l·l glycidJl etlle1; n-butJl g/_)•cidyl ethe1; ethyl
rot oxide, pmjl)•lene oxide, mul acrolein if all ronduit runs into 1'-X/Jlo
.<ionJnvof equipment aTe Jmroided with exfJlosionfr100f seals installed 
within 4 50 111111 ( 18 in.) of tile enclosw"t'. 

Informational l'ote: See 500.8(C) (6) (a) regarding general
purpose equipment. Luminaires and other heat-producing 
appa1-atu.•, S\•itches, circuit breakers, and plugs and receptacles 
are potential sources of ignition and are investigated for suitabil
ity in cla.'l.•ified locations. Such types of equipment, a.• well a.• 
cable terminations for entry into explosionproof enclosures, are 
a\-ailable a.• listed for Cla..s I, Di,i•ion 2 locations. Fixed \\iring, 
however, might use \\iring method• that are not e\-aluated \>ith 
respect to cla.'l.•ified location.•. Therefore, \\iring produCL• such 
a.• cable, race\>-ays, boxes, and fit.tingil are not marked a.• being 
suitable for Cia.'-' I, Dhision 2 locations. 

(2) Equipment Application� .Equipmcm identified for a Dhi
sion I location shall be permiucd in a Dilision 2 location of the 
same cia<�.•, group, and temperature da<�.o; and shall comply with 
the requirements of500.8(B) (2) (a) or (B) (2) (b) a• applicable. 

(a) Intrinsically safe apparatus ha,ing a comrol drawing 
requiring the ·installation of a<�.o;ociatcd apparatus for a Dhi
sion I installation shall be pcrmiucd to be installed in a Dhi
sion 2 location if the same ao;sociatcd apparatus is used for the 
Dhision 2 Installation. 

(b) Equipment required to be cxplosionproof shall 
incorporate seals in accordance l\ith 501.15(A) or (D) when 
dlc wiring mcthocl• of501.10(B) arc employed. 

(3) General-Purpose Equipment. Where specifically pcrmiucd 
in Part Ill of Articles 501, 502, and 503, general-purpose cquip
mcm or cquipmcm in general-purpose enclosures shall be 
pcrmiucd to be installed in Dilision 2 locations if the cquip
mcm docs not constitute a source of ignition under normal 
operating conditions. 

(4) Process Seals. Equipmcm that dcpcncl• on a single 
compression seal, diaphragm, or tube to prcvcm flammable or 
combustible fluids from cmcring the equipment shall be iden
tified for a Cla<�.o; I, Dilision 2 location even if installed in an 
undao;sificd location. Equipment installed in a Cla<�.o; I, Dhision 
I location shall be identified for the Cla<�.o; I, Dilision I location. 

Informational Note: Equipment used for flow mea.•urement is 
an example of equipment ha�ing a single compres.•ion seal, 
diaph1-agm, or tube. 

(5) Motors. Unlcs.o; othcmisc specified, normal operating 
conditions for motors shall be a<�.•umcd to be rated full-load 
steady conditions. 

(6) Simultaneous Classifications. \\'here flammable ga�s, 
flammable liquid-produced vapors, or combustible liquid
produced \'apors and combustible dust• arc or might be 
present at the same time, the simultaneous presence of the 
specific materials shall be considered when determining the 
safe operating temperature of the electrical cquipmclll. 

(C) Marking. Equipment shall be marked to show the cnviron
mcm for which it hao; been C\'aluatcd. Unless othcmisc speci
fied or allowed in 500.8(C) (6), the marking shall include the 
infonnation specified in 500.8(C) (I)  through (C) (5) . 
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ARTI\ll 500 - HAZARDOUS (CLASSIFIED) LOCATIOJ'\S, CLASSES I, II, & Ill, DIVISIOJ'\S I & 2 500.8 

(1) Class. The marking shall specify the clao;s(cs) for which the 
equipment is suitable. 

(2) Division. The marking shall specify the division if the 
equipment is suitable for Division 2 only. Equipment suitable 
for Dhision I shall be pcnniucd to omit the dhision marking. 

lnformational l'ote: See 500.8(8)(2). Equipment not marked to 
indicate a dhision, or marked "Di�ision 1"  or "Div. 1 ," is suitable 
for both Dhision I and Dhio;ion 2 locations. Equipment marked 
"Dhision 2" or "Dh·. 2" i• suitable for Dhi•ion 2 location• only. 

(3) Material Classification Group. The marking shall specify 
the applicable material cla"l.o;ification group(s) or specific gao;, 
\'apor, dust, or fiber/flying in accordance "id1 500.6. 

Exception: Fixed luminaires mmfled for use onZl' in Cla.•1s l, Division 2 
m· Cla.�s II, Divi�ion 2 locations shall not be required to indicate the 

giVUJI. 
Informational Note: A specific gas, vapor, du.•t, or fiber/fl�ing i• 
typically identified by the gene1ic name, chemical fmmula, 
C'.t\S nwnber, or combination thereof. 

(4) Equipment Temperature. The marking shall specify the 
temperature cla"l.o; or operating temperature at a 40"C ambient 
temperature, or at dtc higher ambient temperature if the 
equipment is rated and marked for an ambient temperature of 
greater than 40"C. For equipment installed in a Class II, Di\'i
sion I location, the temperature cla"l.o; or operating temperature 
shall be bao;cd on operation of the equipment when blanketed 
with the maximum amount of dust that can accumulate on the 
equipment. The temperature cla"l.o;, if prmidcd, shall be indica
ted using dtc temperature class (T codes) shmm in Table 
500.8(C) (4). Equipment for Cla"l.o; I and Cla"l.o; II shall be 
marked with dtc maximum safe operating temperature, as 
determined by simultaneous exposure to the combinations of 
Cla"l.o; I and Cla"l.o; II conditions. 

Exception: Equipment of tile 1Um-heat-JIITKittcing t)'fre, such at junction 
boxes, conduit, and fittings, and equipment of the lv.at·pnxlucing tJjle 
having a maximum tempemture not JnOif' tlum 1 oo�c shall 1Uit be 
lf>qUiJf'd to have a marked operating temperature or temperature cla�s. 

Informational l'ote: More than one marked temperature cla'l.• 
or operating temperdture, for g-<�.•es .and :.-apors, dusts, and 
different ambient tempe1<1tures, may appear. 

Table 500.8(C)(4) Classification of Maximum Surface 
Temperature 

Maximum Temperature 

·c 

450 
300 
280 
260 
230 
215 
200 
180 
165 
160 
135 
120 
100 
85 

"F 

812 
572 
536 
500 
116 
119 
392 
356 
329 
320 
275 
218 
212 
185 
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Temperature Class 
(T Code) 

T1 
T2 

T2A 
T2B 
T2C 
T2D 
T3 

T3A 
T3B 
T3C 
T4 

T1A 
T5 
T6 

(5) Ambient Temperature Range. Electrical equipment 
designed for usc in the ambient temperature range between 
-25"C to +40"C shall require no ambient temperature marking. 
For equipment rated for a temperature range other than -25"C 
to +40"C, the marking shall specify the special range of ambi
ent temperatures in degrees Celsius. The marking shall include 
either the S}lnbol �Ta" or �Tamb." 

Informational l'ote: A• an example, such a marking might be 
"-30"C s Ta s +40"C." 

(6) Special Allowances. 
(a) C'.eneral-PwtJOse EquiJ1711tmt. Fixed general-purpose 

equipment in Cla"l.o; I locations, other than fixed luminaires, 
that is acceptable for usc in Cla"l.o; I, Di\'ision 2 locations shall 
not be required to be marked "ith the cla."l.o;, division, group, 
temperature cla.o;s, or ambient temperature range. 

(b) Du�ttight Equipment. Fixed dusttight equipment, other 
than fixed luminaires, that is acceptable for usc in Cla.o;s II, Dhi
sion 2 and Cla"l.o; Ill location& shall not be required to be 
marked l\ith the cla"l.o;, .division, group, temperature clao;s, or 
ambient temperature range. 

(c) As.�ociated Apparatus. A"l.mciatcd intrinsically safe appa
ratus and a."l.o;ociated noninccndivc field \\iring apparatus that 
arc not protected by an alternative type of protection shall not 
be marked with the cla."l.o;, di\'ision, group, or temperature cla."l.o;. 
A"l.mciatc� intrinsically safe apparatus and a."l.mciatcd noninccn
divc field \�iring apparatus shall be marked l\ith the cla"l.o;, dhi
sion, and group of the apparatus to which it is to be connected. 

· (d) Simpk Appamtus. �simple apparatus" a.o; defined in 
Article 100 Part Ill, shall not be required to be marked with 
cla."l.o;, dhision, group, temperature cla"l.o;, or ambient tempera
ture range. 

(D) Temperature. 

(1) Class I Temperature. The temperature marking specified 
in 500.8(C) shall not exceed the autoignition temperature of 
the specific gao; or vapor to be encountered. 

Informational :'\ote: See NFPA 497, RHmnmended Practire for the 
aa.uijication of flammable I.iquid<, C.a.<l'!i, or Vapon and of Hazard
ous (Cia.uiji,_ti) l.ncatiom for Elwtriral lmtallations in Chemical Pror
.,... Areas, for infonnation on autoignition temperdtures of ga�s 
and \<Jpors. 

(2) Class D Temperature. The temperature marking specified 
in 500.8(C) shall be less than the ignition temperature of the 
specific dust or metal fiber/fl}ing to be encountered. For 
organic dust-; that might dehydrate or carbonize, the tempera
ture marking shall not exceed the lower of either the ignition 
temperature or I65"C (329"F).  

Informational :'\ote: See NFPA 499, RHmnmended Practire for the 
aa.uijication ofC.mnbustibb- Du.<l.< and of Hawniou.< (('Jas.<ijini) l.nca
tious for Eb-rtriral lmtallations in aum1ical J>rot:l'!is Areas, for mini
mum ignition temperatures of specific dust•. 

(3) Class DI Temperature. The temperature marking specified 
in 500.8(C) shall be lcs.o; than the ignition temperature of the 
specific fiber/fl)-ing to be encountered, except ao; specified in 
500.8(D) (3) (a) or (D) (3) (b). 

(a) For nonmetal combustible fibers/fl}ings that might 
dehydrate or carbonize, dtc temperature marking shall not 
exceed the lower of cidtcr the ignition temperature or I65"C 
(329"F). 

(b) \\-ben ignitiblc fibers/fl}ings arc present, the maxi
mum surface temperatures under operating conditions shall 
not exceed I65"C (329"F) for equipment that is not subject to 
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500.8 ARTICLE 501 - CLASS I LOCATIOJ'\S 

overloading, and 1200C (248.F) for cquipmcnl (such ao; motors 
or power transformers) lhat might be overloaded. 

(E) Threading. The supply connection cmry thread form shall 
be NPT or metric. Conduit and fillings shall be made "Tcnch
tight to prcvcm sparking when fault currcm flows through lhc 
conduit system, and to ensure the cxplosionproof imcgrity of 
the conduit system where applicable. Equipmcnl prmidcd wilh 
threaded cmrics for field \\iring connections shall be installed 
in accordance wilh 500.8(E) (1)  or (E) (2) and "ith (E) (3). 

(1) Equipment Provided with Threaded Entries for NPT
Threaded Conduit or Fittings. For cquipmcnl provided wilh 
threaded entries for NPT-thrcadcd conduit or linings, listed 
conduit, listed conduit fittings, or listed cable fittings shall be 
used. All :"'PT-thrcadcd conduit and fittings shall be threaded 
"ilh a National (American) Standard Pipe Taper (NPT) 
thread. 

1'\PT-thrcadcd cmrics imo cxplosionproof cquipmcnl shall 
be made up l\ith at lcao;t five thrcado; fully engaged. 

Exception: Fm· Li�ted exJJLosionjnvof equipment, jO"ints with Jactmy
threaded NPT entries shall be made -uJI with at Least Jour mul one-half 
thread� fully engaged. 

Informational l'ote :'\o. 1: See ASME 81.20.1 ,  Pipe Thread.•, 
C.meral PurJxue (lnrh), for thread specifications for male l'PT 
thread•. 

Informational l'ote :'\o. 2: See ASME 81.20.1 ,  Pipe Thread.•, 
C.meral Purpn.•e (iluh), and ,\J'I:SI/t.:L 1203, Explo.•ion-Proof and 
Dud-Ignition-Proof Electrical Eqllip111ml for CJ.., in Hazardous ((1as.•i
jied) Locations, for infonnation on female NPT-threaded entries 
•�•ing modified l'ational Standard Pipe Taper (:'\PT) thread•. 

(2) Equipment Provided with Threaded Entries for Metric
Threaded Fittings. For cquipmcm l\ith metric-threaded 
entries, listed conduit fittings or listed cable fillings shall be 
used. Such cnlries shall be idcmificd ao; being metric, or 1i5tcd 
adapters to pcnnit connection to conduit or 1'\PT-tbreadcd 
fittings shall be provided l\ith the cquipmcnl and shil.ll be used 
for connection to conduit or NPT-thrcadcd fittin�. 

�lctric-lhrcadcd linings installed imo cxplosionproof cquip
mcm shall have a clao;.o; of fit of at lcao;t 6gi6H and shall be 
made up \\ilh at lcao;t five thrcado; fully engaged. 

Informational l'ote: See ISO 965-1, ISO jqmeral pmpn.v metric 
. •rmu tllw.ads - Tolermue.• - Par/ I: Prinripm and basic data, and 
ISO 965-3, ISO Jrt!IIPral purpo.•e 11vlrir. mnu threads - Tolnmue.• -
Par/ 3: Droiation.• for ro11Strurti011lll .•rmu thfl'Ods, for threading 
specifications for meuic-threaded entries. 

(3) Unused Openings. All unused openings shall be closed 
with blanking elcmcnLo; or close-up plugs lhat arc listed for lhc 
location. The ducad cngagcmcnl shall comply l\ith lhc 
rcquircmcnLo; of 500.8(E) (1)  or (E) (2). 

(F) Optical Fiber Cables. An optical fiber cable, "ith or l\ith
out currcnl-carrying conductors (hybrid optical fiber cable), 
shall be installed to addrcs.o; lhc ao;sociatcd fire hazard and 
scaled to addrcs.o; lhc ao;sociatcd explosion hazard in accord
ance l\ith Part II of Articles 501 ,  502, or 503, ao; applicable. 

(G) Equipment Involving Optical Radiation. The risk of igni
tion from optical radiation shall be cl-aluatcd for Jao;cr cquip
mcm,optical fiber cquipmcnl, and any odtcr convcrgcm light 
sources or beams where light is focused in one single poim 
"ithin a hazardo�o; area wim a "-avelcngth range of 380 nm to 
10 11m. This rcquircmcnl shall include optical cquipmcnl that 
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is located ouLo;idc me explosive atmosphere, but whose cmiucd 
optical radiation cnlcrs such atmospheres. 

Informational :'\ote: See ,\J'I:SI/t.:L 60079-28, t;xplo.•ive At111o ... 
p!U"re.• - Part 28: Pmtl't:/ion of Eqllipmml and Trammis.oon SJslt!ms 
Using Dptiral Radiation, for information on types of protection 
that can be applied to minimize the tisk of ignition in explosh·e 
aunospheres from optical radiation. 

Part I. General 

ARTICLE 501 
Class I Locations 

501.1 Scope. This article covers lhc rcquircmcnLo; for electri
cal and electronic equipment and · \\iring for all voltages in 
Cla'l.o; I, Dilision I and Division 2 locations where flammable 
gao;es, flammable liquid-produced vapors, or comb�o;tiblc 
liquid-produced \-apors arc or might be present in lhc air in 
quamities sufficicm to produce explosive or ignitiblc mixtures. 

501.5 Zone EquipmenL Equipmcm listed and marked in 
accordance "im !J05.9(C) (2) for usc in Zone 0, I ,  or 2 loca
tions shall be pcrmiucd in Clao;s I, Division 2 locations for lhc 
same gao; and l\ith a suitable temperature clao;s. Equipmcm 
listed arid marked in accordance with 505.9(C) (2) for usc in 
Zone 0 locations shall be pcnniucd in Clao;s I, Dilision I or 
Dhision 2 locations for the same gao; and \\ith a suitable 
tentpcraturc clao;s. 

Part II. W"uing 

501.10 W"uing Methods. Wiring methods shall comply wilh 
501.10(A) or (8). 

(A) Class I, Division 1. 

(1) General. In Clao;.o; I, Dhision I locations, the follo"ing 
wiring mcthodo; shall be pcrmiucd: 

Informational Note No. 1 :  See Article 100 for the definition of 
Tt!Strirtnl industrial establish111mt fa• applied to l!fJUlrrlous (c/a.uijied) 
localiom/ . 

(1) Threaded rigid metal conduit (R.\1C) or mrcadcd inter
mediate metal conduit (I�lC), including R�IC or I�lC 
conduit systems l\ith supplemental corrosion protection 
coatings. 

(2) PVC conduit, RTRC conduit, or HOPE conduit, where 
cncao;cd in a concrete envelope a minimum of 50 mm 
(2 in.) thick and prmidcd l\ith not lcs.o; lhan 600 mm 
(24 in.) of cover mcao;urcd from dtc top of the conduit to 
grade. The concrete cncao;cmcnl shall be pcrmiucd to be 
omiucd where it is in accordance l\ith514.8(C) or 
5 15.8(A). RMC or IMC conduit shall be used for lhc Jao;t 
600 mm (24 in.) of me underground run to emergence 
or to me poinl of connection to the aboveground race
way. An cquipmcnl grounding conductor shall be inclu
ded to prmidc for electrical continuity of lhc racc"-ay 
system and for grounding of non-currcnl-carrying metal 
pano;. 
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ARTICLE 501 - CLASS I LOCATIOJ'\S 501.10 

(3) Type MI cable terminated "id1 fittings listed for the loca
tion. Type MI cable shall be installed and supported to 
avoid tcnsi)c StrCS.'i at me termination fittings. 

(4) In restricted industrial establishments, Type M\..-HL cable 
listed for usc in Class I, Zone 1 or Division I locations, 
"im a gas/vaportight continuous corrugated metallic 
sheath, an overall jacket of suitable polymeric material, 
and a separate equipment grounding conductor(s) in 
accordance wim 250.122, and terminated with fittings 
listed for the application. If installed in a ladder, ventila
ted trough, or ventilated channel cable tray, the cable 
shall be installed in accordance "id1 392.22. Type M\..-HL 
cable shall be installed in accordance with Part II of Arti
cle 330. 

(5) In restricted industrial establishment'>, Type ITG-HL cable 
listed for usc in Class I, Di\ision 1 or Zone I locations, 
wim a gas/vaportight continuous corrugated metallic 
sheath and an overall jacket of suitable pol}'mcric mate
rial, terminated with fittings listed for the application, 
and installed in accordance wid1 335.4. 

(6) Optical fiber cable Type OFNP, Type OFCP, Type Ofl'\R, 
Type OFCR, Type OFJ'\G, Type OFCG, Type OFN, or Type 
OFC installed in raceways in accordance with 501.10(A). 
These optical fiber cables shall be scaled in accordance 
"im 501.15. 

(7) In restricted industrial establishments for applications 
limited to 600 volt• nominal or lcs.'i, and where me cable 
is not subject to physical damage and is terminated wim 
fittings listed for dtc location, Type T\..-ER-HL cable. If 
installed in a ladder, ventilated trough, or ventilated 
channel cable tray, the cable shall be installed in accord
ance "ith 392.22. Type TC-ER-HL cable shall be listed for 
usc in Cla.'i.'i I, Division I or Zone I locations and shall be 
installed in accordance with 336.10. 

Informational :'\ote No. 2: See A:'\SI/UL 2225, l.abks and Cabii
FiUhzgs for lJSP in Hawrdou.< (C/as.<ijil'd) /.orations, for information 
on constmction, testing, and marking of cables and cable 
fittings. 

(8) In restricted industrial establishments, lilltcd Type P cable 
"im metal braid armor and an ovcralljatkct, terminated 
"im fittings listed for the locatio�, and installed in 
accordance wim Part II of Article 337. If installed in a 
ladder, ventilated trough, or \;entilatcd channel cable tray, 
the cable shall be installed in accordance wid1 392.22. 

Informational Note :'\o. 3: See U( 1309A, 0uJli111' of IIIVI'Siigation 
for l.abl£ for lf.<tr in '"lobile ln.<lallations, for information on 
constmction, testing, and marking of Type P cable. 

Informational :'\ote No. 4: See A:'\SI/UL 2225, l.abks and Cabli'
FiUhzgs for lJSP in Hawrdou.< (C/as.<ijil'd) /.orations, for information 
on con.•truction, testing, and marking of cable. 

(2) Flexible Connections. If flexibility is ncccs.•ary to minimize 
the transmission of vibration from equipment during operation 
or to allow for movcmcm after installation during mainte
nance, one of the following shall be permitted: 

(1)  Flexible fittings listed for dtc location. 
(2) Flexible cord in accordance with 501.140, terminated 

wim cord connectors listed for the location. 
(3) In restricted industrial establishment'>, for applications 

limited to 600 volts nominal or less where dtc cable is not 
subject to physical damage and is terminated l\ith fittings 
listed for the location, Type T\..-ER-HL cable. The cable 
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shall be listed for usc in Cla.•s I, Division 1 or Zone I loca
tions and shall be installed in accordance l\ith 336.10. 

Informational :'\ote No. I: See A:'\SI/UL 2225, l.abks and Cabli'
Fitthzgs for lJ.v in Hawrdou.< (Cias.<ijil'd) /.orations, for infmmation 
on constmction, testing, and marking of cables and cable 
fittings. 

(4) In restricted industrial establishment•, listed Type P cable 
"im metal braid armorand an overall jacket where me 
cable is terminated with fittings listed for the location and 
installed in accordance with Part II of Article 337. 

Informational Note :'\o. 2: See l"L 1309A, OuJlhll' of illVI'Siigation 
for l.abl£ for lf.<e in Mobile ln.<lallations, for information on 
constmction, testing, and marking of Type P cable fittings. 

Informational :'\ote No. 3: See A:'\SI/UL 2225, l.abks and Cabli'
Fitthzgs for lJ.v in Hawrdou.< (Cias.<ijil'd) /.orations, for information 
on con.•truction, testing, and marking of cable fittings. 

(3) Boxes and Fittings. All boxes and fittings shall be identi
fied for Cla.•s I, Dilision J .  

Informational :'\ote N<). 1: See A:'\SI/UL 2225, l.abks and Cab/,. 
Fitthzgs for lJ.v in Hazardou.< (Cias.<ijil'd) /.orations, for information 
on construction, tt'$ling, and marking of cables, explosionproof 
cable fittings, and explosion proof cord connectors for entry into 
enclosures required to be explosionproof. 

Informational l'ote l'o. 2: See A. '\SI/UL 1203, Explo.<ion-Proof 
aml. Dust-Ignition-Proof Elertrical Equip111ml for lf.<e ill Hawrdou.s 
(Qa.uijim) l.ocation.<, for infmmation on constmction, testing, 
and marking of explosionproof conduit fittings for entry into 
enclosures required to be explosionproof. 

(B) Class I, Division 2. 

(I) General. In Cla.'i.'i I, Dhision 2 locations, all "iring mcmocl• 
in accordance wim 50l . I O (A) and me follm\ing \\iring mcth
ocl• shall be permitted: 

Informational Note No. 1 :  See Article 100 for the definition of 
�trirted i11dustrial establish111mt {a.< applil'fl to haUJrdous (c/a.uijil'fi) 
local ion.</. 

( 1 )  Rigid metal conduit (R\<IC) or intermediate metal 
conduit (IMC) wim listcd mrcadcd or mrcadlcs.• fittings, 
including RMC or IMC conduit systems "im supplemen
tal corrosion protection coatings. 

(2) Enclosed ga.•kctcd busways and enclosed ga.•kctcd wire
ways. 

(3) Type PLTC cable or Type PLTC-ER cable used for Cla.'i.'i 2 
and Cla.'i.'i 3 circuit'>, including installation in cable tray 
systems. The cable shall be terminated l\idl listed fittings. 
Type PLT\..-ER cable shall include an equipment ground
ing conductor in addition to a drain wire that might be 
present. 

(4) Type lTC cable or Type ITG-ER cable a.• permitted in 
335.4 and terminated l\ith listed fittings. Type ITC-ER 
cable shall include an equipment grounding conductor 
in addition to a drain "ire. 

(5) Type MC, Type MV, Type TC, or Type TG-ER cable, 
including installation in cable tray systems. Type TC-ER 
cable shall include an equipment grounding conductor 
in addition to a drain "ire mat might be present. All 
cable types shall be terminated wim listcd fittings. 

70-397 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



501.10 ARTICLE 501 - CLASS I LOCATIOJ'\S 

(6) Where metal conduit will not provide the corrosion resist
ance needed for the installation cmironmcm, any of the 
following shall be pcrmiucd: 

a. Listed reinforced thcrmoscuing resin conduit 
(RTRC), factory elbows, and as.o;ociatcd fittings, all 
marked with the suffix -XW 

b. PV\..-coatcd R\llC, factory elbows, and a."l.o;ociatcd 
fittings 

c. PV\..-coatcd IMC, factory elbows, and a."l.o;ociatcd 
fittings 

d. In restricted industrial establishment-;, Schedule 80 
PVC conduit, factory elbows, and a."l.o;ociatcd fillings 

(7) Optical fiber cable Type OFNP, Type OFCP, Type Ofl'\R, 
Type OFCR, Type OFJ'\G, Type OFCG, T}'pc OFN, or Type 
OFC installed in cable trays or any other raceway in 
accordance with 501.10(8). Optical fiber cables shall be 
scaled in accordance "idt 501.15. 

(8) Cablcbus. 
(9) In restricted industrial establishments, listed Type P cable 

"ith or without metal braid armor, "idt an overall jacket, 
and terminated l\ith fittings listed for the location when 
cmcring cxplosionproof, flameproof, or pressurized 
cquipmcm. The cable shall be installed in accordance 
"ith Part II of Article 337. 

lnformational l'ote l'o. 2: See ANSI/t.:L 1309A, Outlhll' of 
bw..stigation for Cab!£ for L!.w> in Mobile lmtallation.<, for infor
mation on construction, testing, and marking of Type P 
cable. 

Informational :'\ote l'o. 3: See ANSI/t.:L 2225, C.abll's and 
Cab/1'-Fittiugs for lf.<e in Haumlou.< (Cla.uijied) Lorotion.<, for 
infmmation on construction, testing, and marking of 
cable fittings. 

(2) Flexible Connections. If flexibility is ncccs.o;ary to minimize 
the transmission of vibration from cquipmcm during operation 
or to allow for movcmcm after installation during mainte
nance, one or more of the following shall be permiucd: 

(1)  Listed flexible metal fittings 
(2) Flexible metal conduit l\ith listed fittings and bonded in 

accordance "idt 501.30(8) 
(3) Imcrlockcd annor Type MC cable "ith lis�d fittings 
(4) Liquidtight flexible metal conduit with .listcd fittings and 

bonded in accordance l\ith 501.30(8) 
(5) Liquidtight flexible nonmetallic conduit with listed 

fittings 
(6) Flexible cord listed for extra-hard usage and terminated 

"ith listed fittings, with a conductor for usc a.o; an cquip
mcm grounding conductor 

(7) For elevator usc, an identified elcl<Jtor cable of Type EO, 
T}pc ETP, or Type ETT, shown under the Muse" column in 
Table 400.4 for Mhazardous (cla.o;sificd) locations" and 
tcnninatcd with listed fillings 

(8) In restricted industrial establishment�, listed Type P cable 
"ith or without metal braid armor, "idt an overall jacket, 
tcnninatcd "idt listed fittings and installed in accordance 
with Part II of Article 337 

(3) Nonincendive Field Wuing. :"'oninccndivc field "iring 
shall be pcnniucd using any of the wiring mcdtod� pcrmiucd 
for uncla."l.o;ificd locations. 1'\oninccndivc field \\iring system� 
shall be installed in accordance with dtc control dra"ing(s). 
Simple apparatus, not shown on the comrol dra"ing, shall be 
pcrmiucd in a noninccndivc field wiring circuitif dtc simple 
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apparatus docs not imcrconncct the noninccndivc field "iring 
circuit to any other circuit. 

Informational Note: See Article 100 for the definition of .<imp!£ 
apparatu.<. 

Separate noninccndivc field "iring circuits shall be installed 
in accordance with one of the following: 

(1)  
(2) 

(3) 

In separate cables 
In multiconductor cables where the conductors of each 
circuit arc "idtin a grounded metal shield 
In multiconductor cables or in raceways, where the 
conductors of each circuit have insulatioit with a mini-
mum thickncs.o; of0.25 mm (0.01 in.) 

(4) Boxes and Fittings. Boxes and fittings shall be explosion
proof if required by 501.105 (8) (2), 501 .1 15(8) (1 ) ,  or 
501.150(8) (1 ) .  

Informational :'\ote No. I :  See A:'\SI/UL 2225, C.abks aud Cab/1'
Fittings for U.v in Hawrdou.< (C/as.rijinl) !..tXalioiiS, for information 
on construction, testing, and marking of cable for entry into 
enclosures required to be �xpJo.,ionproof. 

Informational l'ote No. 2: See A.'\SI/UL 1203, Explo.<ion-Proof 
aud Du.<t-lgnition-Pmof Ekrtrical Equip111enl for Uv i11 Hawrdous 
(('la.uijied) Locatinni, fur infmmation on constmction, testing, 
and marking of explosionproof conduit fittings for entry into 
enclosures r!:quired to be explosionproof. 

501.15 Sealiug and Drainage. Seals in conduit and cable 
systems · shall comply with 501.15(A) through (F). Scaling 
compound shall be used in T}'pc MI cable termination fittings 
to exclude moisture and other fluids from the cable insulation. 

lnformational l'ote :'\o. I: Seals are provided in conduit and 
cable system.• to minimize the pas..age of ga.'e5 and vapors and 
prevent the pa'i.•age of names from one portion of the electrical 
installation to another through the conduit. Such communica
tion through Type Ml cable is inherently prevented by consuuc
tion of the cable. Unles.• specifically designed and tested for the 
purpose, conduit and cable seal• are not intended to prevent 
the pa'i..age of liquids, ga.�s. or vapors at a continuotL• pres.•ure 
differential acros.• the seal. Even at differences in pres.•ure acros.• 
the seal equil"alent to a few inches of \\<Iter, there may be a slow 
pa•sage of ga.• or l-apor through a seal and through conductors 
pa•sing through the seal. Tempe1ature extremes and highly 
corrosh·e liquid• and \apors can affect the ability of seals to 
pe•·form their intended function. 

Informational l'ote l'o. 2: Ga• or l-apor leakage and propaga
tion of names may occur through the interstices between the 
stmnds of standard strdnded conductors larger than 2 AWG. 
Special conductor constructions, such a• compacted strdnds or 
sealing of the indhidual strdnds, are means of reducing leakage 
and preventing the propag-dtion of names. 

(A) Conduit Seals, Class I, Division 1. In Cla."l.o; I, Dhision 1 
locations, conduit seals shall be located in accordance with 
501.15(A) ( I )  through (A) (4). 

(1) Entering Enclosures. Each conduit cmry imo an cxplo
sionproof enclosure shall have a conduit seal where either of 
the follo"ing conditions appl)� 

(1)  The enclosure contains apparatus, such a.o; Sl\itchcs, 
circuit breakers, fuses, relays, or resistors that may 
produce arcs, sparks, or temperatures that exceed 
80 percent of the autoignition temperature, in degrees 
Celsius, of the ga.� or v<Jpor involved in normal operation. 
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ARTICLE 501 - CLASS I LOCATIOJ'\S 501.15 

Exception: ,'1/>.alf shall not be required for conduit entering an enclo.mre 
unde1· any ont of tile follmuing conditions: 

( 1) Tile switch, circuit !nP.akn; fuse, nday, m· Jl!.fistor if enclosed 
within a chambn· hermetically sea!P.d against tile rotranre of 
ga.fts m· vapors. 

(2) Tile .<;witch, cin:uit ln-eake1; fuse, IP-la)� m· Jl!.fistor is immen;ed in 
oU in accordance with 501.115(B)( 1)(2). 

( 3) Tile switch, circuit !nP.akn; fuse, nday, m· Jl!.fistor if enclosed 
within an roclo.fUI1', idrotijied fm· tht location, and mmfled 
"LP.ads Factory Staled, " or "Factory Staled, " "Seal not Required, " 
m· 1'-f[Uiva/ent. 

( 4) Tile .<;witch, cin:uit ln1'alm; fuse, 11'/.a)', or 11'.fistor is pm·t of a 
nonincnulivt circuit. 

(2) The entry is metric designator 53 (trade size 2) or larger, 
and the enclosure contains terminals, splices, or taps. 

An enclosure, identified for the location, and marked KLcads 
Factory Scaled", or KFactory Scaled," or KScal not Required," or 
equivalent shall not be considered to serve as a seal for another 
adjacent enclosure that is required to have a conduit seal. 

\..onduit seals shall be installed "ithin 450 mm (18 in.) from 
the enclosure or ao; required by the enclosure marking. Only 
threaded couplings, or cxplosionproof fittings such a"l unions, 
reducers, elbows, and capped elbows that arc not larger than 
the trade size of the conduit, shall be permitted between the 
scaling fitting and dtc cxplosionproof enclosure. 

(2) Pressurized Enclosures. Conduit seals shall be installed 
within 450 mm (18 in.) of the enclosure in each conduit entry 
into a prcs.o;urizcd enclosure where dtc conduit is not prcs.o;ur
izcd ao; part of dtc protection system. 

Informational Note :'\o. I :  Installing the seal as close a."l pos."lihle 
to the enclosure will reduce problems wid1 purging d1e dead 
airspace in the pres."lurized conduit. 

Informational :'\ote No. 2: See NFPA 496, Standard for Purgrd and 
Prr.ssuriud Enrlo.w"' for Eln:trical Equip111mt, for information 
regarding pres."lmized enclosures. 

(3) Two or More Explosionproof Enclosures. \\'here two or 
more cxplosionproof enclosures that require conduit seals arc 
connected by nipples or runs of conduit not more than 
900 mm (36 in.) long, a single conduit seal in each such nipple 
connection or run of conduit shall be considered sufficient if 
the seal is located not more than 450 mm (18 in.) from either 
enclosure. 

(4) Class I, Division I Boundary. A conduit seal shall be 
required in each conduit run leaving a Division 1 location. The 
scaling fitting shall be permitted to be installed on either side 
of the boundary "idtin 3.05 m (10 ft) of the boundary, and it 
shall be designed and installed to minimize the amount of gao; 
or vapor within dtc portion of the conduit installed in dtc Dhi
sion I location dtat can be communicated beyond the seal. The 
conduit run between the conduit seal and the point at which 
the conduit leaves the Dhision 1 location shall contain no 
union, coupling, box, or other fitting except for a listed cxplo
sionproof reducer installed at dtc conduit seal. 

\\'here the seal is located on the Division 2 side of the boun
dary, the Dhision I wiring method shall extend into the Dhi
sion 2 area to dtc seal. 

Exception No. 1: Metal conduit that contains no unions, couplings, 
boxes, m"Jittings, that pa.fSI':!i complett>ly tlnvugh a Divifion 1 location 
with no fittings installed within 300 mm ( 12 in.) of either side of the 
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boundary, shall 1wt 11'quire a cmuluit seal if tht termination points of 
tht unlnvken conduit are locattd in unclassified locations. 

Exception No. 2: Fm· undergmmul conduit installed in acconlance 
with 300.5 where tile boutula!J if belmv grade, the sealing fitting slmU 
be pmnitted to be installed after tht conduit emergl':!i ftvm below grade, 
b·ut there shall be no union, coupling, box, or fitting, other than lifted 
txplosionpmof Jr-duw"!i at the sealing fitting, in tile conduit between the 
sealing fitting and the point at which the cmuluit emerges from btlow 
gradt. 

(B) Conduit Seals, Class I, Division 2. In Clao;s I, Division 2 
locations, conduit seals shall be located in accordance with 
501.15(8) (1)  and (8) (2). 

(I) Entering Enclosures. For connections to enclosures that 
arc required to be cxplosionproof, a conduit seal shall be prmi
dcd in accordance "id1 501.15(A) (I  ) (1 )  and (A) (3) . All 
portions of the conduit run or nipple between dtc seal and 
enclosure shall comply "ith :>OL10(A) . 

(2) Class I, Division 2 Boundary. A conduit seal shall be 
required in each com:luit run lca,ing a Clao;s I, Division 2 loca
tion. The scaling fitting· shall be permitted to be installed on 
either side of the boundary "ithin 3.05 m (10 ft) of the boun
dary and it shall be designed and installed to minimize the 
amount of ga'l or vapor "idtin the portion of the conduit 
installed in the Division 2 location that can be communicated 
beyond the seal. Wiring mcthod"l permitted in 501.10(8) ( 1 ) (1)  
or (8) (1) (6) shall be used between the scaling fitting and the 
point at which dtc conduit leaves the Division 2 location, and a 
threaded connection shall be used at the scaling fitting. The 
conduit run between the conduit seal and the point at which 
the conduit leaves the Di\ision 2 location shall contain no 
union, coupling, box, or other fitting except for a listed cxplo
sionproof reducer installed at the conduit seal. Such seals shall 
not be required to be cxplosionproof but shall be identified for 
the purpose of minimizing the pa'i."lagc of gao;cs permitted 
under normal operating conditions and shall be acccs.o;iblc. 

Informational :'\ote No. 1: See Al'SI/UL 5148, Conduit, Tubinr;, 
and l.abb-Fittinf{', for additional infonnation. 

Exception No. 1: Metal conduit that contains no unions, couplings, 
boxes, or fittings mul tlmt pa.fsts completely thmugh a Divifion 2 loca
tion with no fittings i1utalled wit/tin 300 mm ( 12 in.) of either side of 
tht boutula!J slmU not 1-equire a seal if tht tmnination points of the 
unbrukro conduit are locattd in uncla.'isijitd locations. 

Exception No. 2: \..onduit tei'Tni1mting in an uncla.mfod location 
when! the metal conduit transitions to cable tray, cablebus, vrotilated 
busway, or 1)•pe Ml cable, m· to cable not installed in any cable tm_l' or 
mceway systnn, shall not 11'quire a stal wlm1' pa.fsingftvm the Divifion 
2 Location into the uncla.'isijied location under the following cmulitions: 

( 1) The uncla.'isijitd location is outdool"!i, or the uncla.'isijitd location 
is indom"!i and the conduit .'i_vstem is tmti11'ly in ont mom. 

(2) The conduitf do 1wt tei'Tni1mte at an enclo.fUJl! containing an 
ignition source in normal operation. 

Exception No. 3: \..tnuluit pa.fsing fivm an enclo.'iWl! or a room permit
ted to use geneml-pwpose equip-ment a.f a rl':!iu[t of jnl!!isuriwtion into a 
Division 2 Location slmU 1Wt J-equiJ1! a stal at the boUJula!J. 

Informational :'\ote No. 2: See NFPA 496, Standard for Purgr.d and 
Pmsuriud Enclosurt'S for furtriral Equip111mt, for funher informa
tion. 
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Exception No. 4: Abovegmmul cmuluit shall not require a seal where 
passing fivm a Divi�ion 2 location into an u1u:lassijied location if aU 
of the following conditions an� mel: 

(1) 

(2) 
{3) 

(4) 

(5) 

No pmt of the conduit passt!S thmugh a Diuision 1 location 
wl�e�Y- the conduit contains unions, couplings, boxes, or fittings 
that 0:17- located wit/tin 300 1mn ( 12 in. ) of the Division 1 loca
litm. 
The cmuluit i� located enli1Y-/}- tmldom-s. 
The cmuluil is not dhecl{l· c�mvcted to canned pumps, Jllocess m· 
service connections fm· flmv, fn"P-SSUJY-, m· ana{}·.�is me.aswnnenl, 
and so fm·th, that depend on a single comJ111'ssion st'al, 
diaphmgm, m· tube to fnroent flammable m· combustible fluids 
fivm rote1ing the conduit system. 
The conduit contains on[}- th1Y-aded metal conduit, unions, 
couplings, conduit bodies, �nd fittings in tile uncla.�nfit'd loca-
tion. 
Tile conduit i� sea!P.d at iL� entiJ to each roclo.�UJY- m·fitting loca
ted in the Diuision 2 location tlmt contains terminals, splices, m· 
taps. 

(C) Class I, Divisions 1 and 2. Seals installed in Cla<�.o; I, Di\i
sion I and Division 2 locations shall comply "id1 501.15(C) (I)  
through (C) (6). 

Exception: Seal� that at"P- nol 11'qui1Y-d to be exfJlosionfnvofby 501.15(B) 
(2) m· 504. 70 shall not be ll'qUilm to comply with 501.15(C). 

(1) Fittings. Enclosures mat contain connections or equip
ment shall be prmidcd l\ith an integral scaling means, or scal
ing fittings listed for the location shall be used. Scaling fittings 
shall be listed for usc l\ith one or more specific compoundo; 
and shall be accessible. 

(2) Compound. The compound shall prmidc a seal to mini
mize me pao;sagc of gao; and/or vapors through dtc scaling 
fitting and shall not be affected by dtc surrounding atmo.'i
phcrc or liquido;. The melting point of the compound shall not 
be lcs.o; man 93•c (200.F). 

(3) Thickness of Compounds. The thickncs.o; of me scaling 
compound installed in completed seals, odtcr than ·listed cable 
scaling fittings, shall not be lcs.o; dtan dtc metric designator 
(trade size) of dtc scaling fitting cxprcs.o;cd in dtc unito; of mcao;
urcmcnt employed; however, in no cao;c shall the thickncs.o; of 
the compound be lcs.o; man 16 mm (o/, in.). 

(4) Sp6ces and Taps. Splices and taps shall not be made in 
fittings intended only for scaling \\ith compound; nor shall 
odtcr fittings in which splices or taps arc made be filled wim 
compound. 

(5) Assemb6es. An entire a<�.o;cmbly shall be identified for me 
location where dtc equipment dtat may produce arcs, sparks, 
or high temperatures is located in a comparuncnt dtat is sepa
rate from dtc compartment containing splices or taps, and an 
integral seal is prmidcd where conductors pa<�.o; from one 
comparuncnt to me odtcr. In Di\ision I locations, seals shall be 
provided in conduit connecting to the comparuncnt contain
ing splices or taps where required by 501.15(A) ( I )  (2) . 

(6) Conductor or Optical Fiber Fill. The cros.o;-scctional area 
of the conductors or optical fiber tubes (metallic or nonmetal
lic) permitted in a seal shall not exceed 25 percent of dtc cros.o;
scctional area of a rigid metal conduit of dtc same trade size 
unlcs.o; the seal is specifically identified for a higher percentage 
of fill. 
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(D) Cable Seals, Class I, Division 1. In Division I locations, 
cable seals shall be located according to 501.15(0) (2) mrough 
(D) (3) . 

(1) At Terminations. \..ablcs shall be scaled at all tcnninations 
wim scaling fittings. The seals at all terminations shall be in 
accordance "im 501.15 (C) and shall be installed "ithin 
450 mm (I8 in.) of the enclosure or ao; required by dtc enclo
sure marking. Only mrcadcd couplings or cxplosionproof 
fittings such ao; unions, reducers, elbows, and capped elbows 
not larger man the trade size of the conduit shall be permitted 
between me scaling fitting and me enclosure. 

Type MG-HL cable l\ith a gao;/vaportight continuous corru
gated metallic sheath and an overall jacket of suitable poly
meric material, Type TG-ER-HL cable, and Type P cable shall 
be scaled l\ith a listed fitting after me jacket and any other 
covering have been removed so that the scaling compound can 
surround each indi\idual insulated conductor to minimize me 
pa<�.o;agc of gao;cs and vapors. 

Shielded cables and twisted pair cables mat have their 
conductors scaled in accordance wim the instructions provided 
wim their listed fitting to minimize me entrance of gao;cs or 
vapors and prevent propagation of flame into the cable core 
shall not be required to have me shielding material removed or 
the twisted pairs separated .. 

(2) Cables . Capable of Transmitting Gases or Vapors. \..ables 
wim a gao;/v.aportight continuous sheath capable of transmit
ting ga'lc!l or vapors through me cable core, installed in 
conduit, shall be scaled in me Cla<�.o; I, Di\ision I location after 
the jacket and any other coverings have been removed so that 
dtc scaling compound can surround each indi\idual insulated 
conductor or optical fiber tube and the outer jacket .. 

Exception: Multicondtu:tm· cables with a gas/vapmtigltt continuous 
sheath capable of transmitting gases or vapm:� thmugh tile cable COIY
shall be permittl'.d to be con.�ide11'd a singk condtu:tm· if the cable is 
sealed in tile conduit within 4 50 mm (18 in.) of tlv etu:losw1' and the 
cable nul i� sealed within the etu:losure by an aJJfnvved me.ans to mini
mize tlv tmtm1u:e of ga.�t!S m· vaJ�m:� mul Jllroenl tlv JIITJ/Illgulion of 

flame into the cable COJY-, m· by othn· apfnTIVI'.d metlwds. If both 1-equiiY-
mroL� 0:11' 1net, the shielding material shall not be ll'qUilm to be mnovt'd 
and the lwi�led pail-s of shielded cables and lwi�ll'.d Jlair cables shall not 
be 11'qui11'd to be sepamted. 

(3) Cables Incapable of Transmitting Gases or Vapors. Each 
multiconductor cable installed in conduit shall be considered 
ao; a single conductor if dtc cable is incapable of transmitting 
gao;es or vapors dtrough the cable core .. These cables shall be 
scaled in accordance widt 501.15(A) .. 

(E) Cable Seals, Class I, Division 2. In Division 2 locations, 
cable seals shall be located in accordance wim 501 .15(E) (I)  
through (E) (4) .. 

Exception: \..ables with an unbmken gus/vapo1·tight continuous sheath 
shall be Jlermitted to pa.�� thmugh a Diuision 2 location without sP.als. 

(1) Terminations. Cables entering enclosures that arc 
required to be cxplosionproof shall be scaled at me point of 
entrance into the enclosure .. The scaling fitting shall comply 
wim 501..15(8) (1)  or be cxplosionproof.. :Multiconductor or 
optical multifiber cables with a gao;f\'aportight continuous 
sheath capable of transmitting gao;es or vapors mrough me 
cable core that arc installed in a Di\ision 2 location shall be 
scaled l\ith a listed fitting after the jacket and any other cover-
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ings have been rcmovcdo;uch that the scaling compound 
surrounds each individual insulated conductor or optical fiber 
tube to minimize the pa'l...agc of gao;es and vapors. Multiconduc
tor or optical multifiber cables installed in conduit shall be 
scaled in accordance "idt 501 .15(D). 

Exception No. 1: Cabks kaving an enclo!iUI"t! or mom that is permitted 
to use general-purpose l'-f[UiJ17nent as a l"t'.mlt of Type Z fn"t'ssw·ization 
and entering a Divi�ion 2 location slmU not requi1-e a seal at the lxnm
dmy. 

Exception No. 2: &moval of shielding mate1ial fivm shielded cables 
and sepamlion of twisted Jlair cabks shaU 1wl be 11't[Ui11'd if the conduc
tors m-e seared in accordance with instructions Jnvvided with the li�ted 
fitting to minimize tile entmnce of gases or vapors and fn-evenl fnvpaga
lifm of flame into the rabk em-e. 

(2) Cables That Do Not Transmit Gases or Vapors. C-ables dtat 
have a gao;/vaportight continuous sheath and do not transmit 
gao;es or vapors through the cable core in excess of the quantity 
permitted for seal fittings shall not be required to be scaled 
except ao; required in 501.15([) (1) .  The minimum lcngdt of 
such a cable run shall not be less dtan the length needed to 
limit gao; or \--apor flow through the cable core, excluding the 
interstices of the conductor strando;, to dtc rate permitted for 
seal fittings L200 cm�/hr (0.007 ft3/hr) of air at a prcs.o;urc of 
1500 pao;cals (6 in. of\\-atcr) j .  

(3) Cables Capable of Transmitting Gases or Vapors. C-ables 
with a gao;/vaportight continuous sheath capable of transmit
ting gao;cs or v-apors through the cable core shall not be 
required to be scaled except ao; required in 501.15(E) ( I  ),  
unlcs.o; the cable is attached to proccs.o; equipment or devices 
that may cause a pressure in cxccs.o; of 1500 pao;cals (6 in. of 
water) to be exerted at a cable end, in which cao;c a seal, a 
barrier, or other means shall be pro'"idcd to prevent migration 
of flammables into an uncla'l.o;ificd location. 

· 

(4) Cables Without Gas/Vaportight Sheath. Cables that do not 
have a gao;/vaportight continuous sheath shall be 5ealcd at the 
boundarv of the Dhision 2 and uncla'l.o;ificd location in such a 
manner ;.s to minimize dtc pa'l...agc of gao;es or \--apors into an 
unclao;sificd location. 

(F) Drainage. 
(1) Control EquipmenL \\'here there is a probability that 
liquid or other condensed \--apor may be trapped within enclo
sures for control equipment or at any point in dtc racc"-ay 
system, approved means shall be provided to prevent accumula
tion or to permit periodic draining of such liquid or condensed 
v-apor. 

(2) Motors and Generators. \\"bcrc liquid or condensed \--apor 
may accumulate within motors or generators, jointo; and 
conduit systcmo; shall be arranged to minimize the entrance of 
liquid. If means to prevent accumulation or to permit periodic 
draining arc ncccs...ary, such means shall be prmidcd at the 
time of manufacture and shall be considered an integral part 
of the machine. 

501.17 Process Sealing. Process-connected equipment, includ
ing, but not limited to, canned pumps, submersible pumps, 
and flow, prcs.o;urc, temperature, or analysis mcao;urcmcnt 
instrumcnto;, shall be scaled with proccs.o; seals. A process seal 
shall be a dc\icc that prcvcnto; dtc migration of proccs.o; fluido; 
from the designed containment into the external electrical 
system. Proccs.'i-Conncctcd electrical equipment that incorpo-
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rates a single proccs.o; seal, such ao; a single compression seal, 
diaphragm, or tube to prevent flammable or combustible fluiclo; 
from entering a conduit or cable system capable of transmit
ting fluido;, shall be provided "ith an additional means to miti
gate a single proccs.o; seal failure. The additional means might 
include, but arc not limited to, the follo"ing: 

(1) A suitable barrier meeting the process temperature and 
pressure conditions that the barrier \\ill be subjected to 
upon failure of the single proccs.o; seal. There shall be a 
vent or drain between the single proccs.o; seal and the suit
able barrier. Indication of the single proccs.o; seal failure 
shall be prmidcd by \-isiblc leakage, an audible whisdc, or 
other means of monitoring. 

(2) A listed Type �II cable ao;scmbly, rated at not lcs.o; than 
125 percent of the process prcs.o;urc and not lcs.o; than 
125 percent of the maximum proccs.o; temperature (in 
degrees Celsius),  installed between the cable or conduit 
and the single proccs.o; seal. 

(3) A drain or vent located between the single proccs.o; seal 
and a conduit or pable seal. The drain or vent shall be 
sufiicicndy sized to prevent overpressuring the conduit or 
cable seal above 6 in. "-atcr column (1493 Pa). Indication 
of the single proccs.o; seal failure shall be prmidcd by visi
ble lea�, an audible whisdc, or other means of moni
toring. 

(4) An .add-On secondary seal marked Ksccondary seal" and 
rated for the prcs.o;urc and temperature conditions to 
which it \\ill be subjected upon failure of the single proc
es.o; seal. 

Proccs.'i-Cmmcctcd electrical equipment dtat docs not rely 
on a single proccs.o; seal or is listed and marked Msingle seal", 
Mdual seal", or Kdual seal without annunciation" shall not be 
required to be prmidcd "idt an additional means of scaling. 

Proccs.'i-Cmmcctcd electrical equipment marked Ksinglc seal 
- install conduit or cable seal" shall be scaled in accordance 
with 501.15. 

Informational :'\ote: See A.'\SI/UL 122701,  !Vquiwmmts for Prtx-
1'.'-< Sealing &trut�tm Elwtrical Sy<II!IIIS ami Flmmnabl£ or C.mnbu.<libl£ 
Proce.u Fluid.<, for construction and testing requiremenL• for 
proces.• sealing of li•ted and marked single seal, dual seal, or 
secondary seal equipmenL 

501.20 Conductor Insulation, Class I, Divisions 1 and 2. 
\\"bcrc condensed vapors or liquiclo; may collect on, or come in 
contact with, the insulation on conductors, such insulation 
shall be of a type identified for usc under such conditions; or 
the insulation shall be protected by a sheath of lead or by other 
approved means. 

501.25 Uninsulated Exposed Parts, Class I, Divisions 1 and 2. 
There shall be no uninsulatcd exposed parto;, such ao; electrical 
conductors, buses, terminals, or componcnto;, that operate at 
more than 30 volts (15 volts in wet locations).  These part'> shall 
additionally be protected by a protection technique according 
to 500.7(E), (F), or (G) that is suitable for the location. 

501.30 Grounding and Bonding. Rcgardlcs.'l of the voltage of 
the electrical system, wiring systems and equipment shall 
complp\ith 501 .30(A) and (8). 

(A) Grounding. Wiring systems and equipment shall be groun
ded in accordance "ith Part I and Part \1 of Article 250, ao; 
applicable. 
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(B) Bonding. Bonding shall comply l\ith Part I and Part V of 
Article 250, as applicable, and 501.30(B) ( 1 )  and (B) (2) . 

(1) Specific Bonding Means. Bonding shall comply with 
501.30(B) (1) (a) and (B) ( l  ) (b). 

(a) The locknut-bushing and double-locknut types of 
contact'i shall not be depended on for bonding purposes, but 
bonding jumpers l\ith identified fittings or other approved 
means of bonding shall be used. These bonding means shall 
apply to all metal raceways, fittings, boxes, cable trays, and 
enclosures, and other part'i of raceway systems between Cla.'i.'i I 
locations and the point of grounding for scnicc equipment or 
point of grounding for a separately derived system. Metal 
strut'i, angles, or channels provided for support and mechani
cal or physical protection a.'i pcnnittcd in 335.4(5), 336.10(7) 
(c), or 722.135(C) shall be bonded in accordance with 250.102. 

(b) \\'here the branch-circuit ovcrcurrcnt protection is 
located on dtc load side of the disconnecting means, the 
specific bonding means shall be permitted to end at the ncar
est point where the grounded circuit conductor and the 
grounding electrode conductor arc connected togcdtcr on the 
line side of dtc building or structure disconnecting means a.'i 
specified in 250.32(B). 

(2) Flexible Metal Conduit and Liquidtigbt Flexible Metal 
Conduit. Flexible metal conduit and liquidtight flexible metal 
conduit shall comply with 501.30(B) (2) (a) and (B) (2) (b). 

(a) Flexible metal conduit and liquidtight flexible metal 
conduit shall include an equipment bonding jumper of the 
wire type in accordance with 250.102. 

(b) In Cla.'i.'i I, Dil'ision 2 locations, the bonding jumper 
shall not be required where all of the follmving conditions arc 
met: 

(1)  Listed liquidtight flexible metal conduit 1 .8  m (6 ft) or 
lcs.'i in length, "id1 fittings listed for grounding, is used. 

(2) Ovcrcurrcnt protection in dtc circuit is limited to 10 
amperes or lcs.'i. 

(3) The load is part of a meter, instrument, or relay circuit. 

501.35 Surge Protection. 

(A) Class I, Division 1. Surge arresters, su�rotcctivc dcli
ccs, and capacitors shall be installed in cncl�urcs identified 
for Cla.'i.'i I, Division 1 locations. Surge-protective capacitors 
shall be of a type designed for specific duty. 

(B) Class I, Division 2. Surge arrt"$tcrs and surge-protective 
dc,iccs shall be nonarcing, such a.<� metal-oxide varistor (MOV) 
scaled type, and surge-protective capacitors shall be of a t}'pc 
designed for specific duty. Enclosures shall be permitted to be 
of the general-purpose l}pc. Surge protection of l}pes other 
than described in this paragraph shall be installed in enclo
sures identified for Cla.'i.'i I, Division 1 locations. 

Part m. Equipment 

501.100 Transformers and Capacitors. 

(A) Class I, Division 1. In Cla.'is I, Division 1 locations, trans
formers and capacitors shall comply lvith 501.100(A) ( 1 )  and 
(A) (2). 

(1) Containing Liquid That Wdl Burn. Transformers and 
capacitors containing a liquid dtat will burn shall be installed 
only in vault'i that comply with 450.41 through 450.48 and with 
(1) duough (4) a.'i follows: 
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(1) There shall be no door or other communicating opening 
between the vault and dtc Dhision I location. 

(2) Ample ventilation shall be provided for the continuous 
removal of flammable ga.'iCs or vapors. 

(3) Vent openings or duct'i shall lead to a safe location 
out'iidc of buildings. 

(4) Vent duct'i and openings shall be of sufiicicnt area to 
relieve explosion prcs.'iures lvithin the vault, and all 
portions of vent duct'i lvithin the buildings shall be of 
reinforced concrete construction. 

(2) Not Containing Liquid That Will Burn. Transformers and 
capacitors that do not contain a liquid that "ill burn shall be 
installed in vault'i compl}ing "id1 50l .IOO(A) (1)  or be identi
fied for Cla.'is I locations. 

(B) Class I, Division 2. In Cla.'i.'i I, Division 2 locations, trans
formers shall comply with 450.21 through 450.27, and capaci
tors shall comply l\ith 460.3 through 460.28. 

501.105 Meters, Instruments, and Relays. 

(A) Class I, Division 1. In. CJa.'i.'i I, Dil'ision 1 locations, meters, 
instrumcnt'i, and relays, including kilowatt-hour meters, instru
ment transformers, rcsilltors, rectifiers, and thermionic tubes, 
shall be providcq with enclosures identified for Cla.'is I, Dhi
sion I locations. Enclosures for Cla.'i.'i I, Division 1 locations 
include explosion proof enclosures and purged and prcs.'iurizcd 
enclosures. 

lnformat.ional :'\ote: See NFPA 496, Standard for Purgwl ami Pws
suriud Ellrln.w"' for EIPCI riral Equifmuml. 

(B) Class I, Division 2. In Cla.'i.'i I, Dil'ision 2 locations, meters, 
instrumcnt'i, and relays shall comply with 501.105(8) (2) 
through (B) (6). 

(1) General-Purpose Assemb6es. \\'here an a.'i.'icmbly is made 
up of componcnt'i for which general-purpose enclosures arc 
acceptable a.'i provided in 501.105(8) (1) ,  (B) (2), and (B) (3) , a 
single general-purpose enclosure shall be acceptable for the 
a.'iscmbly. Where such an a.'i.'iCmbly includes any of the equip
ment described in 501.105(B) (1 ) ,  501.105(B) (2), and 
501.105 (8) (3) , the maximum obtainable surface temperature 
of any component of the a.'i.'icmbly that cxcccd'i 1000C shall be 
dearly and pcrmancndy indicated on the outside of the enclo
sure. Alternatively, equipment shall be permitted to be marked 
to indicate the temperature da.'i.'i for which it is suitable, using 
the temperature da.'i.'i (T Code) of Table 500.8(C) (4). 

(2) Contacts. Switches, circuit breakers, and make-and-break 
contact'i of pushbuttons, relays, alarm bells, and horns shall 
have enclosures identified for Cla.'is I, Division 1 locations in 
accordance "id1 501.105 (A). 

Exception: C.nmeml·purpose enrlo!iUil!!i shall be Jmmitted if CUITtmt
interrupting contacts comp{l' with one of the following: 

( 1) An• immtl'!il'.d in oU 
(2) All' enclosed within a chamber that is hm11etically sea!P.d again.�/ 

the entrance of gast!!i m· vapm'!i 
(3) All' in nonincnulive circuiL� 
( 4) All' li.�ted fm· Divi�ion 2 locations 

(3) Resistors and Simllar Equipment. Resistors, resistance 
dc\iccs, dtcrmionic tubes, rectifiers, and similar equipment 
that arc used in or in connection l\ith meters, instrumcnt'i, and 
relays shall comply with 501.105 (A) . 
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Exception: Gmeml1JurJmse-type enclosures slmU be pennitted if such 
equipment if withmtt make-and-break m· sliding contacts [othn· tlmn as 
provided in 501.105(Bj(2)] and if the marked maximum operating 
tnnperature of any exfmsed .fUI face will not Pxceed HO percent of the 
autoignition temJm-atw1' in degr«s \Afius of the gas m· vapor involved 
m· has been te.fted and found incapabk of igniting the gas or vapm: 
This excefJti(m slmU 1wt aptJ�l' to thermionic tubes. 

(4) Without Make-or-Break Contacts. Transfonncr windings, 
impedance coils, solcnoido;, and other windings that do not 
incorporate sliding or make-or-break contacto; shall be provided 
with enclosures. Gcncral-purpos�typc enclosures shall be 
permitted. 

(5) Fuses. \\'here general-purpose enclosures arc permitted in 
501.105(8) (2) through (8) (4), fuses for ovcrcurrcnt protec
tion of instrument circuit" not su�cct to overloading in normal 
usc shall be pcnnittcd to be mounted in general-purpose 
enclosures if each such fuse is preceded by a switch compl}'ing 
with 501.105(8) (2). 

(6) Connections. To facilitate rcplaccmcnto;, process control 
instrument" shall be permitted to be connected through flexi
ble cord and attachment plug and receptacle if all of the 
following conditions apply: 
(1) The attachment plug and receptacle arc listed for usc in 

Class I, Dhision 2 locations and listed for usc l\id1 flexible 
cords. 

Exception No. 1 to ( 1 ): A Cla.'i.f I, Divi.fion 2 listing slmU not be 
11'qUiJ1'd if the circuit involve.f on�}· nonincendive field wiring. 

Exception No. 2 to ( 1 ): In restricted indu.ftrial establishments, the 
\.k'i.f I, Division 2 lifting shall not be 11'qUiJ1'd if tlv 11'qui11'711mls of 
501.105(Bj(6)(2), (Bj(6)(3), and (8)(6)(4) aTe satisfied and the 
17!CefJtack canies a label warning again.ft Jllugging m· unplugging 
wlvn enngiu.d. 

· 

(2) The flexible cord docs not exceed 900 mm (3 ft) ,  is of a 
type listed for extra-hard usage, or is listed for hard usage 
and protected by location. 

(3) Only necessary receptacles arc prolidcd. 
(4) Unless the attachment plug and J"e(;cptaclc arc inter

locked mechanically or electrically, or othcmisc designed 
so that they cannot be separated when the contacto; arc 
energized and the contacto; t:annot be energized when the 
plug and socket oudct arc separated, a Sl'itch compl}'ing 
with 501.105(8) (2)is prol-idcd so that dtc attachment 
plug or receptacle is not ncccs."ary to interrupt current. 

Exception to ( 4 ): The switch shall not be 11'-f[Ui17'4 if the circuit if nonin
cendive field wiring. 

501.115 Switches, Circuit Breakers, Motor ControUers, and 
Fuses. 

(A) Class I, Division 1. In Class I, Dilision I locations, 
Sl\itchcs, circuit breakers, motor controllers, and fuses, includ
ing pushbuttons, relays, and similar dc\iccs, shall be prmidcd 
with enclosures, and the enclosure in each cao;c, together with 
the enclosed apparatus, shall be identified ao; a complete a"l.�m
bly for usc in Cla"l." I locations. 

(B) Class I, Division 2. Switches, circuit breakers, motor 
controllers, and fuses in Cla"l.o; I, Dilision 2 locations shall 
complp\ith 501 .1 15(B) (l)  through (8) (4). 

(1) 'JYpe Required. Circuit breakers, motor controllers, and 
Sl\itchcs intended to interrupt current in dtc normal perform-
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ancc of the function for which they arc installed shall be prmi
dcd l\ith enclosures identified for Cla"l.o; I, Dilision 1 locations 
in accordance \\ith 501.105(A), unlcs." general-purpose enclo
sures arc prmidcd and any of the follo\\ing apply: 
(1 )  The interruption of current occurs "idtin a chamber 

hcnnctically scaled against the entrance of gao;cs and 
lapors. 

(2) The current mak�and-brcak contacto; arc oil-immersed 
and of the general-purpose type haling a 50-mm (2-in.) 
minimum immersion for power contact" and a 25-mm 
(l-in.) minimum immersion for control contact". 

(3) The interruption of current occurs "idtin an enclosure, 
identified for the location, and marked MLcad" Factory 
Scaled", or KFactory Scaled", or KScal not Required", or 
equivalent. 

(4) The dc\icc is a solid state, Sl\itching control l\ithout 
contact", where the surface temperature docs not exceed 
80 percent of the autoignition temperature in degrees 
\..clsius of the ga" or l-apor involved. 

(2) Isolating Switches • .  Fused or unfuscd disconnect and isolat
ing Sl'itchcs for transfonncrs or capacitor banks that arc not 
intended to interrupt current in the normal performance of 
the function for which they arc installed shall be permitted to 
be installed in general-purpose enclosures. 

(3) Fuse& For the protection of motors, appliances, and 
lamps, other than a" prmidcd in 501.1 15(8) (4), standard plug 
or cartridge fuses shall be pcnnittcd, prmidcd they arc placed 
within enclosures identified for dtc location; or fuses shall be 
permitted if they arc "idtin general-purpose enclosures, and if 
they arc of a type in which dtc operating clement is immersed 
in oil or other approved liquid, or the operating clement is 
enclosed within a chamber hermetically scaled against the 
entrance of gao;cs and lapors, or the fuse is a nonindicating, 
filled, current-limiting type. 

(4) Fuses Internal to Luminaires. Listed cartridge fuses shall 
be permitted a" supplementary protection \\ithin luminaires. 

501.120 Control Transformers and Resistors. Transformers, 
impedance coils, and resistors used a", or in cm�unction "id1, 
control equipment for motors, generators, and appliances shall 
comply l\ith 501 .120(A) and (B). 

(A) Class I, Division 1. In Clao;s I, Division 1 locations, trans
formers, impedance coils, and resistors, together l\ith any 
Sl\itching mechanism ao;sociatcd "id1 dtcm, shall be prmidcd 
"ith enclosures identified for Cla"l." I, Dilision I locations in 
accordance "id1 501.105(A). 

(B) Class I, Division 2. In Clao;s I, Dilision 2 locations, control 
transfonncrs and resistors shall comply l\ith 501 .120(8) (1)  
through (B) (3). 

(1) Switching Mechanisms. S\\itching mechanisms used in 
cm�unction l\ith transfonncrs, impedance coils, and resistors 
shall comply "idt 501.1 15(8). 

(2) Coils and Wmdings. Enclosures for l\indings of transform
ers, solenoid", or impedance coils shall be pennittcd to be of 
the general-purpose type. 

(3) Resistors. Resistors shall be prmidcd l\ith enclosures; and 
the a"l."cmbly shall be identified for Cla"l.o; I locations, unlcs." 
resistance is nomariablc and maximum operating temperature, 
in degrees Celsius, will not exceed 80 percent of the autoigni
tion temperature of the ga" or lapor involved or the resistor 
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ha'i been tested and found incapable of igniting the ga., or 
vapor. 

501.125 Motors and Generators. 

(A) Class I, Division 1. In Cla'i.'i I, Division I locations, motors, 
generators, and odtcr rotating electrical machinery shall be 
one of the follo"ing: 
(1) 
(2) 

(3) 

(4) 

Identified for Cla'i.'i I, Division I locations 
or the totally enclosed type supplied with positive
pressure ventilation from a source of clean air widt 
discharge to a safe area, so arranged to prcvcm energiz
ing of dtc machine until ventilation ha'i been established 
and the enclosure ha'i been purged with at lca'it IO 
volumes of air, and so arranged to automatically clc-
cncrgizc the cquipmcm when dtc air supply fails 
Of the totally enclosed inert ga'V-fiiJcd t}'pC supplied widt 
a suitable reliable source of inert ga., for pressurizing dtc 
enclosure, widt devices provided to ensure a positive pres
sure in dtc enclosure and arranged to automatically clc
cncrgizc the cquipmcm when dtc ga., supply fails 
For machines dtat arc for usc onlv in restricted industrial 
establishments, the machine is p�rmiucd to be of a type 
clesignccl to be submerged in a liquid dtat is flammable 
only when vaporized and mixed widt air, or in a ga., or 
vapor at a pressure greater than atmospheric and that is 
flammable onlv when mixed with air; and dtc machine is 
so arranged t;, prevent energizing it until it ha'i been 
purged widt dtc liquid or ga., to exclude air, and so 
arranged to automatically de-energize dtc cquipmcm 
when the supply of liquid or ga'i or vapor fails or the pres
sure is reduced to atmospheric 

Totally enclosed motors of dtc t}'pcs specified in 50l .I25(A) 
(2) or (A) (3) shall have no external surface widt an operating 
temperature in degrees \..clsius in excess of 80 perccm of dtc 
autoignition temperature of the ga., or vapor involved. Appro
priate devices shall be pro"idcd to detect and automatically clc
cncrgizc dtc motor or provide an adequate alarm if th('J"e is any 
incrca'ic in temperature of the motor beyond designed limit'i. 
Auxiliary equipment shall be of a type identified for the loca
tion in which it is installed. 

(B) Class I, Division 2. In Cla'i.'i I, Division 2 locations, motors, 
generators, and other rotating electrical machinery shall 
comply •�ith (I) ,  (2), or (3). They shall also comply widt 
(4) and (5), if applicable. 
(1) Be identified for Cla'i.'i I,  Division 2 locations, or 
(2) Be identified for Cla'is I, Division I locations where slid

ing contact'i, centrifugal or other l}'pcs of switching mech
anism (inducting motor ovcrcurrcm, overloading, and 
ovcrtcmpcraturc devices) , or integral resistance devices, 
either while starting or while running, arc employed, or 

(3) Be open or noncxplosionproof enclosed motors, such a'i 
squirrel-cage induction motors t\ithout brushes, st�itching 
mechanisms, or similar arc-producing devices dtat arc not 
idcmificd for usc in a Cla'i.'i I, Division 2 location. 

(4) The exposed surface of space heaters used to prcvclll 
condensation of moisture during shutdown pcriod'i shall 
not exceed 80 percent of dtc autoignition temperature in 
degrees Celsius of the ga'i or vapor involved when oper
ated at rated voltage, and dtc maximum space heater 
surface temperature Lba'icd on a 4o•c or higher marked 
ambicntJ shall be permanently marked on a visible name-

70-404 

plate moumccl on dtc motor. Othcn�sc, space heaters 
shall be identified for Cla'i.'i I, Division 2 locations. 

(5) A sliding contact shaft bonding device used for dtc 
purpose of maintaining the rotor at ground potential, 
shall be permitted where dtc potential discharge energy is 
determined to be noninccndivc for dtc application. The 
shaft bonding device shall be permitted to be installed on 
the inside or dtc out'iidc of dtc motor. 

Informational :'\ote No. I: It is important to consider the 
temperature of intemal and external surfaces that might be 
exposed to the flammable aunosphere. 

Informational Note No. 2: It is important to consider the 1isk of 
ignition due to currenL• arcing across discontinuities and o\'er
heating of parL• in multisection enclosures of large motors and 
generdtors. Such motors and generdtors might need equipoten
tial bonding jumpers acros.• joinL• in the enclosure and from 
enclosure to gmund. \'\'bere the presence of ignitible g"d.'e5 or 
\'apors is suspected, clean-..ir purging might be needed immedi
ately prior to and during start-up petiod•. 

Informational Note No. 3: See IEEE 1349, IEEE Guide for tlte 
Application of t."kctric Marl&in&f in Zone 2 and C/a.u I, Division 2 
Hazardou.f (Cias.<ijini) Location.<, for information on the applica
tion of rotating elecuic machines including shaft bonding deYi
ces and potential <W<charge energy calculation.•. 

Informational :'\ote No. 4: See Al'SI/UL 122001, C.eneral Require
mm/s for Eledricallgnilion Sy<lem.< for lnll'mal C.mnbu.<lion E11gines in 
Oa.u I, Divifion 2 or Zo11e 2, Hazardou.< (C/as.<ijini) Location.<, for 
reciprocating engine--dti\-en generdtors, compres.•m-s, and other 
equipment in.•talled in Clas.• I, Dhision 2 location.•. Reciprocat
ing engine--dri\·en generators, compres.-.>rs, and other equip
ment installed in Cia."' I, Dhision 2 locations might present a 
tisk of ignition of flammable matetials a.•sociated "ith fuel, start
ing, and compres.•ion due to inad\·ertent relea.'C' or equipment 
malftmction by the engine ignition ")''!Item and control•. 

Informational :'\ote l'o. 5: See t:L 1836, Outli11e of l11vestigation 
for Electric '"lotors ami C.e11em/or< for u..,. in C/as.< I, Divi.<ion 2, 
aa.u l, Zolll' 2, aa.u IT, Divi<iOII 2 and lolll' 22 Hazardou.< ((1as.<i
jied) l.ocatioll.<, for detail• of the e\'aluation proces.• to detennine 
incendhity. Refer to Annex A and Figure AI. 

501.130 Luminaires. Luminaires shall comply widt 501.130(A) 
or (8). 

(A) Class I, Division 1. In Cla'i.'i I, Di\'ision 1 locations, lumin
aires shall comply "idt 501.130(A) ( 1 )  dtrough (A) (4). 

(1) I.nminaires. Each luminairc shall be iclcmificd a'i a 
complete a'i.'iCmbly for dtc Cla'i.'i I, Division I location and shall 
be clearly marked to indicate dtc maximum wattage of lamps 
for which it is identified. Luminaires intended for portable LL'iC 
shall be specifically listed a'i a complete a'i.'iCmbly for that usc. 

(2) Physical Damage. Each luminairc shall be protected 
against physical damage by a suitable guard or by location. 

(3) Pendant Luminaires. Pendant luminaires shall be suspen
ded by and supplied through dtrcadccl rigid metal conduit 
stems or dtrcadcd steel intermediate conduit stems, and threa
ded joint'i shall be prmidcd "idt set-screws or other effective 
means to prevent loosening. For stems longer dtan 300 mm 
(12 in.), pcnnancnt and effective bracing against lateral 
displacement shall be provided at a level not more than 
300 mm (12 in.) above the lower end of the stem, or flcxibilitv 
in dtc form of a fitting or flexible connector iclcntificcl for dt� 
Cla'i.'i I, Division 1 location shall be provided not more than 
300 mm (12 in.) from dtc point of attachment to the support
ing box or fitting. 
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(4) Supports. Boxes, box a"i.�cmblics, or fittings used for the 
support of luminaires shall be identified for Cla"i.� I locations. 

(B) Class I, Division 2. In Cla"i.� I, Division 2 locations, lumin
aires shall comply "id1 50l.I30(8) ( I )  through (B)(6). 

(1) IA•minaires. \\'here lamps arc of a size or t}'pc that may, 
under normal operating conditions, reach surface tempera
tures exceeding 80 percent of the autoignition temperature in 
degrees Celsius of the ga� or vapor involved, luminaires shall 
comply "id1 501 . 1 30(A) ( I )  or shall be of a type dtat ha� been 
tested in order to determine dtc marked operating tempera
ture or temperature cla�s (T code) . 

(2) Physical Damage. Luminaires shall be protected from 
physical damage by suitable guarcl� or by location. \\'here there 
is danger that falling sparks or hot metal from lamps or lumin
aires might ignite localized concentrations of flammable \apors 
or ga�, suitable enclosures or other effective protective means 
shall be prmidcd. 

(3) Pendant Luminaires. Pendant luminaires shall be suspen
ded by threaded rigid metal conduit stems, threaded steel 
intermediate metal conduit stems, or other approved means. 
For rigid stems longer dtan 300 mm (12 in.), pcnnancnt and 
effective bracing against lateral displacement shall be provided 
at a level not more than 300 mm (I2 in.) above the lower end 
of the stem, or flexibility in the form of an identified fitting or 
flexible connector shall be provided not more than 300 mm 
(I2 in.) from the point of attachment to dtc supporting box or 
fitting. 

(4) Portable Lighting Equipment. Portable lighting equipment 
shall comply "id1 501.130(8) (4) (a) or (8) (4) (b). 

(a) Portable lighting equipment shall comply with 
501.130(8) ( 1  ) .  

(b) Portable lighting equipment mounted on mo\'llhlc 
stand� and connected by flexible cords in accordance with 
501.140 shall be pcnnittcd to comply \�ith 50l.I30(8) ( 1  ),  
where mounted in any position, if it is protected from physical 
damage in accordance "ith 50l.I30(8) (2). 

(5) Switches. S\�itchcs that arc a part of a luminairc or of an 
individual lampholdcr shall comply "id1 501.115 ( 8) (I  ) . 

(6) Starting Equipment. Starting and control equipment for 
electric-discharge lamps shall comply with 50l.I20(8). 

Exception: A thermalJnvtector Jlotttrd into a thermaU.l' pmttcted fluores
cent lamp ballast if the luminain is identijitd fm· tht location. 

501.135 Utilization Equipment. 

(A) Class I, Division 1. In Cla"i.� I, Division I locations, all 
utilization equipment shall be identified for Cla�s I, Division I 
locations. 

(B) Class I, Division 2. In Cla"i.� I, Division 2 locations, all 
utilization equipment shall complp�ith 501 . 1 35(B) ( I )  through 
(8)(4). 

(I) Heaters. Electrically heated utilization equipment shall 
meet one of the follo"ing requirements: 
(1) The heater shall not exceed 80 percent of dtc autoigni

tion temperature in degrees C..clsius of dtc ga� or \apor 
involved on any surface that is exposed to the ga� or 
vapor when continuously energized at dtc maximum 
rated ambient temperature. If a temperature controller is 
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not provided, these conditions shall apply when the 
heater is operated at I20 percent of rated voltage. 

Exception No. 1 to ( 1 ): Fm· motm�mounttd anticmubmsation spact 
heatn�, ste 501.125. 

Exception No. 2 to ( 1 ): \l11en� a current-limiting devict is applitd to the 
circuit se111ing tht htatn· to limit tht CW'Ilmt in the lvnter to a valut /e.••s 
than that Tequh�d to rai.'il' tht htatl'l· smfact temperatwl! to 80 perrent 
of tht autoignition tl'mJmutm1'. 

(2) The heater shall be identified for Cla"i.� I, Division I loca
tions. 

Exception to (2): E!Pct1ical resi.�tanct and skin t!Ject htat tracing iden
tified for Cla.•is I, Divi.�ion 2 locations shall be Jmmitted. 

Informational :'\ote No. 1 :  See Al'SI/UL 60079-30-1, Explosive 
Alllwspll""" - Part ]()./: E/PCtrical Resi.<tanre Trace HMting -
tll'neral and Testing Requinmumt.<, for information on electric 
resi�tance heat tracing. 

Informational Note l'\o. 2: See IEEE 844.1/CSA 
C22.2 l'o. 293. 1 ,  IEEE/('.sA. Standanl for Skin Effect Trau Heathzr; of 
Piprlinn, Vnisd<, J-:qliip•llmt, and Structures - C.eneral, 1;.,;thzr;, 
Marking, and Docllfllllltation Requirr:mmt.<, for information on 
electric skin effi:ct heat tracing. 

lnformati�al Note :'\o. 3: See IEEE 844.3/CSA 
C22.2 l'o. 293.3, IEEE/CSA Standanl for lm/J'danre Heathzr; of 
PiprliMS ami Equipment - C.enl'ral, TI'Sting, Marlcing, and Dorwnl'll· 
tatinn Requirr:mmt.<, for infonnation on electric impedance heat
Ing. 

(Z) Motors. Motors of motor-driven utilization equipment 
shall comply "id1 501.125(8). 

(3) Switches, Circuit Breakers, and Fuses. Switches, circuit 
breakers, and fuses shall comply with 50l.I l5(8). 

(4) IA•minaires. Luminaires shall comply with 501.130(B). 

501.140 Flexible Cords, Class I, Divisions 1 and 2. 

(A) Permitted Uses. Flexible cord shall be pcnnittcd a� 
follows: 
( I )  For connection between portable lighting equipment or 

other portable utilization equipment and dtc fixed 
portion of their supply circuit. The flexible cord shall be 
attached to the utilization equipment \�ith a cord connec
tor listed for the protection technique of the equipment 
wiring compartment. An attachment plug in accordance 
"ith 501.140(8) (4) shall be employed. 

(2) For that portion of the circuit where the fixed "iring 
mcthocl� of 50l.IO(A) cannot provide the necessary 
degree of movement for fixed and mobile electrical 
utilization equipment, and the flexible cord is protected 
by location or by a suitable guard from damage and only 
in a restricted industrial establishment. 

(3) For electric submersible pumps "ith means for rcmmal 
"ithout entering the wet-pit. The extension of the flexible 
cord \\idtin a suitable racc\\ay between the wet-pit and 
the power source shall be permitted. 

(4) For electric mixers intended for travel into and out of 
open-type mixing tank.� or \oats. 

(5) For temporary portable a"i.�mblies consisting of recepta
cles, switches, and other dcYiccs that arc not considered 
portable utilization equipment but arc individually listed 
for the location. 
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(B) Installation. \\'here flexible corcl'i arc used, the cord'i shall 
comply with all of the following: 

(1) Be of a type listed for extra-hard usage 
(2) \..ontain, in addition to the conductors of the circuit, an 

equipment grounding conductor compl}'ing with 400.23 
(3) Be supported by damps or by other suitable means in 

such a manner dtat dtcrc is no tension on me tcnninal 
connections 

(4) In Division I locations or in Division 2 locations where 
the boxes, fittings, or enclosures arc required to be cxplo
sionproof, the cord shall be terminated "id1 a cord 
connector or attachment plug listed for me location or a 
listed cord connector installed with a seal listed for me 
location. In Dhision 2 locations where cxplosionproof 
equipment is not required, dtc cord shall be terminated 
wim a listed cord connector or listed attachment plug. 

(5) Be of continuous lcngd1. \\'bcrc 501.140(A) (5) is applied, 
cords shall be of continuous length from the power 
source to the temporary portable a'i.'iCmbly and from me 
temporary portable a'i.'icmbly to me utilization equip
ment. 

Informational Note: See 501.20 for Hexible cord• exposed to 
liquid• ha\ing a deletelim�• effect on dte conductor insulation. 

501.141 Flexible Cables, Class I, Division 2. Flexible cables 
installed in Cla'is I, Division 2 locations shall comply widl 
501.141 (A) and (B). 

(A) Permitted Uses. Flexible cables shall be permitted to be 
installed in accordance with 501 . 1 41 (A) ( l )  and (A) (2). 

(1) Other Than Nonincendive Field Waring Applications. Flex
ible cables in other man noninccndivc field \\iring applications 
shall be permitted in accordance with dtc follo"ing: 

(1)  Flexible cables shall be permitted to connect two pieces 
of electrical equipment by means of a cable a'i.'iCmbly 
installed in accordance l\ith 501.141 (B) (2) (a) or (8)(2) 
(b). 

(2) Flexible cables shall be permitted to connect a piece of 
electrical equipment to the premises \\iring by means of a 
cable a'i.'iCmbly installed in accordance wid1 501.141 (B) 
(2) (c). 

(2) Nonincendive Field Wiring Applications. Flexible cables in 
noninccndivc field wiring applications shall be permitted to be 
u.'iCd in accordance widl 501.10(B) (3), 

(B) Installation. If flexible cables arc used a'i permitted in 
501.141 (A) , the a'i.'iociatcd cable a'i.'icmblies shall comply widl 
501.141 (8) (1)  through (B) (3). 

(1) Cable Types. Listed Type P cables shall comply widl 
501.141 (A) ( 1 )  and shall be installed a'i required in Part II of 
Article 337. The a'i.'iociatcd cable a'i.'icmblies shall comply widl 
the requirement., of 501.141 (8) (2). 

(2) Termination Means. Tcnninations shall comply widl 
501.141 (8) (2) (a), (B)(2) (b), or (B) (2) (c). 

(a) \..onmcting Two Devires m· Pieces of Elect1ical Utilization 
Equipment Togetlln: The cable connectors on each end of me 
cable shall be listed for U.'iC in Cla'i.'i I, Division 2 locations and 
listed for the type of cable being u.'iCd. 

(b) Cmmecting Two Devices or Pieces of Elutrical Utilization 
Equipment Togetlle1: A cable connector listed for Cla'i.'i I, Dh·ision 
2 and listed for me type of cable being u.'iCd shall be U.'icd on 
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one end and a fitting listed for the type of protection and me 
type of cable being used shall be U.'icd on the other encl. 

(c) \..onnecting an Elut1·ical Device or Utilization Equipment to 
Premises Wiling. The cable connectors U.'icd on both cnd'i shall 
be listed for Cla'i.'i I, Division 2 locations and for the type of 
cable being used. On one end of the cable, the cable connector 
shall also be listed for me type of protection. 

(3) Disconnection. Flexible cable shall be installed in accord
ance l\ith 501.141 (B)(3) (a) through (B) (3) (c) to protect 
against the disconnection of the cable connectors when ener
gized. 

(a) Switch. A Sl'itch complying l\ith me requirement" of 
501.105(8) (2) shall be prm-idcd to disconnect power so that 
cable connectors arc not depended on a'i a disconnecting 
means. 

(b) Cabk C .. onnectm-s MechanicaUv m· Electlical[}- Interlocked. 
Sl\itchcs shall not be required where

· 
the cable co�mcctors arc 

interlocked mechanically or electrically, or arc otherwise 
designed to ensure me cable connectors cannot be separated 
when energized and cannot be energized when separated. 

(c) Warning Label. The fixed equipment and the cable 
a'isembly shall born carry a label warning against plugging or 
unplugging when energized, with both labels a'i dose to me 
cable connector tenriination a'i possible. 

501.145 Receptacles and Attachment Plugs, Class I, Division 1 
and Division 2. Receptacles and attachment plugs shall be 
listed for the location, except a'i permitted by 501.105(8) (6). 

(A) Receptacles. Receptacles shall be part of the premises 
wiring, except a'i permitted by 501.140(A). 

(B) Attachment Plugs. Attachment plugs shall be of the type 
that prmidcs connection to me equipment grounding conduc
tor of a permitted flexible cord. 

501.150 Signaling, Alarm, Remote-Control, and Communica
tions Systems. 

(A) Class I, Division 1. In Cla'i.'i I, Di\ision 1 1ocations, all appa
ratus and equipment of signaling, alann, remote-control, and 
communications systems, regardless of voltage, shall be identi
fied for Cla'i.'i I, Di\ision 1 locations, and all wiring shall comply 
wim 50l.IO(A), 501.15(A) , and 501.15(C). 

(B) Class I, Division 2. In Cla'i.'i I, Division 2 locations, signal
ing, alarm, remote-control, and communications systems shall 
complp\idl 501.150(B) ( 1 )  dlrough (8) (4). 

(1) Contacts. Switches, circuit breakers, and make-and-break 
contact'i of pu.'ihbuttons, relays, alarm bell'i, and horns shall 
have enclosures identified for Cla'i.'i I, Division 1 locations in 
accordance "id1 501.105(A). 

Exception: C.elmul·frmtmse enrlo.rures shall be Jmmitted if CUITtmt
interrnpting contacts are one of tile follmving: 

( 1) lmlnei'SI'.d in oil 
(2) Enrlosed within a chamber lm'lneticaU.l' sealed against the 

entrance of gases m· vapm-s 
{3) In nonincendive cin:uits 
( 4) Pmt of a listed nrminceiUlive component 

(2) Resistors and Similar Equipment. Resistors, resistance 
devices, dtcrmionic tubes, rectifiers, and similar equipment 
shall comply "id1 501.105(8) (3). 
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ARTICLE 502 - CLASS II LO\.ATIOJ'\S 502.10 

(3) Protectors. Enclosures shall be prO\idcd for lighming 
protective dc\-iccs and for fuses. Such enclosures shall be 
pcrmiucd to be of the general-purpose type. 

(4) Wuing and Sealing. All \\iring shall comply "idt 501.10(8), 
501.15(8), and 501.15(C). 

Part I. General 

ARTICLE 502 
Class n Locations 

502.1 Scope. This article covers dtc requirements for electri
cal and electronic cquipmcm and wiring for all voltages in 
Class II, Division I and 2 locations where fire or explosion 
hazard-; may exist due to combustible dust. 

502.5 Explosionproof EquipmenL Explosionproof cquipmcm 
and wiring shall not be required and shall not be acceptable in 
Class II locations unlcs.o; also identified for such locations. 

502.6 Zone EquipmenL Equipmcm listed and marked in 
accordance l\ith 506.9(C) (2) for Zone 20 locations shall be 
pcrmiucd in Class II, Division 1 locations for the same dust 
atmosphere; and widt a suitable temperature clao;s. 

Equipmcm listcd and marked in accordance with 506.9(C) 
(2) for Zone 20, 21, or 22 locations shall be pcnniucd in 
Cla'l.o; II, Division 2 locations for the same dust atmosphere and 
widt a suitable temperature cla'l.o;. 

Part II. Wuing 

502.10 Wuing Methods. Wiring methods shall comply widt 
502.10(A) or (8). 

Informational :'\ote: See Anicle 100 for the definition of Tt!Stricted 
industrial e.<tabli<hment fa.• applil'd to hawrdous (clauijied) /orations/. 

(A) Class II, Division I. 

(I) General. In Cla'l.o; II, Division 1 locations, dtc following 
wiring method-; shall be permitted: 

(1)  Threaded rigid metal conduit (R\.fC) or dtrcadcd inter
mediate metal conduit (IMC), including conduit systems 
widt supplemental corrosion protection coatings. 

(2) Type :MI cable with termination fittings listed for the loca
tion. Type �([ cable shall be installed and supported in a 
manner to avoid tensile strcs.o; at dtc termination fillings. 

(3) In restricted industrial establishment-;, Type �lC-HL 
cable, listed for usc in Clao;s II, Division 1 locations, wid1 a 
gao;/vaportight continuous corrugated metallic sheath, an 
overall jacket of suitable polpncric material, a separate 
cquipmcm grounding conductor(s) in accordance widt 
250.122, and prO\idcd widt termination fittings listed for 
the location, shall be pcrmiucd. 

(4) Optical fiber cable Type OFNP, Type OFCP, Type Ofl'\R, 
Type OFCR, Type OFJ'\G, Type OFCG, T}pc OFN, or Type 
OFC shall be pcrmiucd to be installed in raceways in 
accordance with 502.10(A). Optical fiber cables shall be 
scaled in accordance widt 502.15. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

(5) In restricted industrial establishment-;, listed Type ITC-HL 
cable l\ith a gao;/vaportight continuous corrugated metal
lic shcadt and an overall jacket of suitable poi}1Dcric 
material, and terminated widt fittings listed for the appli
cation, and installed in accordance widt 335.4. 

(6) In restricted industrial establishment-;, for applications 
limited to 600 volts nominal or Jcs.o;, where the cable is not 
sutMcct to physical damage and is terminated l\ith fittings 
listed for the location, listed T}pc TG·ER-HL cable. When 
installed in ladder, ventilated trough, or ventilated chan
nel cable trays, cables shall be installed in a single layer, 
widt a space not lcs.o; than dtc larger cable diameter 
between dtc two adjacclll cables unless odtcmisc protec
ted against dust buildup resulting in incrcao;cd heat, T}pc 
TG-ER-HL cable shall be installed in accordance widt 
336.10. 

Informational :'\ote No. I: See A:'\SI/UL 2225, l.abks and Cab/1'
Fittings for U.v in Hawrdou.• (C/as.<ijil'd) Locations, for con•lluction, 
testing, and marking of cables and cable fittings. 

(7) In restricted industrial establishment-;, listed Type P cable 
widt metal braid annor, l\idt an overall jacket, that is 
tcnninatcd l\itb fittings listed for the location and instal
led in accordance l\ith 337.10. \\"ben installed in ladder, 
ventilated trough, or ventilated channel cable trays, 
cables shall be installed in a single layer, l\ith a space not 
less than the larger cable diameter between the two adja
cent cables, unless othcm<isc protected against dust 
buildup resulting in incrcao;cd heat. 

Informational :'\ote l'o. 2: See ,\J'I:SI/t.:L 1309, Marini' Sllipboard 
Cabll', for information on construction, testing, and marking of 
Type P cable. 

Informational :'\ote No. 3: See A:'\SI/UL 2225, l.abks and Cab/1'
Fittings for U.v in Hawrdou.• (C/as.<ijil'd) /..orations, for information 
on con.•truction, testing, and marking of cable fittings. 

(2) Flexible Connections. Where flexible connections arc 
ncccs.o;ary, one or more of the follm\ing shall also be pcnniucd: 

(1)  Dusttight flexible connectors. 
(2) Liquidtight flexible metal conduit (LF:MC) \\<idt listed 

fittings and bonded in accordance l\ith 502.30(8). 
(3) Liquidtight flexible nonmetallic conduit (LFl'\C) widt 

listed fittings. 
(4) Imcrlockcd annor Type :MC cable haling an overall jacket 

of suitable polymeric material and prmidcd l\ith termina
tion fittings listed for Cla'l.o; U, Division I locations. 

(5) Flexible cord listed for extra-hard usage and terminated 
widt listed dusttight cord connectors. \\"bcrc u.o;cd, flexi
ble cord-; shall comply wid1 502.140. 

(6) For elevator usc, an identified elc\-ator cable of Type EO, 
Type ETP, or Type ETT, shown under dtc Muse" column in 
Table 400.4 for Mhazardous (cla'l.o;ificd) locations" and 
tcnninatcd \\<idt listed dusttight fittings. 

(7) In restricted indu.o;trial establishment-;, for applications 
limited to 600 volt-; nominal or lcs.o;, and where dtc cable 
is not subject to physical damage and is terminated \\<idt 
fittings listed for the location, listed Type TG·ER-HL 
cable. Type TC-ER-HL cable shall be installed in accord
ance l\ith 336.10. 

Informational :'\ote No. I: See A:'\SI/UL 2225, l.abks and Cab/1'
Fittings for U.v in Hawrdou.• (C/as.<ijil'd) Locations, for con•lluction, 
testing, and marking of cables and cable fittings. 
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502.10 ARTICLE 502 - CLASS II LO\.ATIOJ'\S 

(8) In restricted industrial establishments, listed Type P cable 
with metal braid armor, with an overall jacket, terminated 
with fittings listed for the location, and installed in 
accordance "idt 337.10. 

Informational Note :'\o. 2: See L"L 1309A, 0uJli111' of luVt'Siigation 
for l.abl£ for lf.nr in '"lobi!£ lmtallations, for information on 
constmction, testing, and marking of Type P cable. 

Informational :'\ote No. 3: See A:'\SI/UL 2225, l.abks aud Cab/1'
Fittings for lJSI' in Hazardou.< (C/as.<ijil'd) !.tXatioiiS, for information 
on cml.�truction, testing, and marking of cable fittings. 

(3) Boxes and Fittings. Boxes and fittings shall be provided 
with ducadcd bos.�s for connection to conduit or cable termi
nations and shall be dusttight. Boxes and fittings in which taps, 

joints, or terminal connections arc made, or that arc used in 
Group E locations, shall be identified for Class II locations. 

Informational Note: See ANSI/t.:L 2225, l.abll's and Cab/1'-Fittings 
for lJSI' i11 Hazardous (1./as.<ijini) l.ocatioiiS, for information on 
constmction, testing, and marking of cables, dtt.�t-ignitionproof 
cable fittings, and dust-ignitionproof cord connectors for entry 
into enclosures required to be dtt.�t-ignitionproof. 

(B) Class II, Division 2. Wiring mcdtod"l installed in Clas."l II, 
Division 2 locations shall be in accordance with 502.10(B) 
(l)through (B) (4). 

(1) General. In Clao;."l II, Division 2 locations, dtc follo"ing 
wiring mcthod"l shall be permitted: 

(1)  All wiring mcdtod"l permitted in 502.10(A) . 
(2) Rigid metal conduit (RMC)or intermediate metal 

conduit (IMC) with listed threaded or threadless fittings, 
including conduit systems with supplemental corrosion 
protection coatings. 

(3) Dusttight wircways or electrical metallic tubing (E:MT) 
"ith listed comprcs."lion-type connectors or listed 
comprcs."lion-typc couplings. 

(4) Type :MC, Type :MY, Type TC, or Type TG-ER cable, 
including installation in cable tray systcJll."l. Type TC-ER 
cable shall include an equipment grounding conductor 
in addition to a drain "ire that might be present. The 
cable shall be terminated with listed fittings, 

(5) Type PLTC cable or Type PLTG-ER cable a�d in Clao;."l 2 
or Clao;."l 3 circuits, including if!stallation in cable tray 
systems. The cable shall be terminated t\ith listed 
fittings. Type PLTC-ER cable shall include an equipment 
grounding conductor in addition to a drain wire that 
might be present. 

(6) Type lTC cable or Type ITG-ER cable a"l permitted in 
335.4 and terminated with listed fittings. Type ITC-ER 
cable shall include an equipment grounding conductor 
in addition to a drain "ire. 

(7) In restricted inda"ltrial establishments where "iring 
mcthod"l in 502.10(8) (1) (1) (2) will not provide the 
corrosion resistance required for dtc installation em-i
ronment, either of the following: 
a. Listed reinforced thermosetting resin conduit 

(RTRC), factory elbows, and ao;."lociatcd fittings, all 
marked with suffix -XW 

b. Schedule 80 PVC conduit, factorv elbows, and ao;."llci-
atcd fittings 

· 

(8) Optical fiber cable Type OFNP, Type OFCP, T}'pc OFJ'\R, 
Type OFCR, Type OF:"'G, Type OFCG, Type OF:"!, or 
T}pc OFC, installed in cable trays or any odtcr raceway 
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in accordance with 502.10(B). Optical fiber cables shall 
be scaled in accordance with 502.15. 

(9) \..ablcba"l. 
( 10) In restricted industrial establishmcnt"l, listed Type P 

cable with or "ithout metal braid armor, "ith an overall 
jacket, that is terminated with listed fittings and installed 
in accordance with 337.10. 

Informational Note: See t.:L 1309:\, Outlilll' of lnVI'sliga
tiou for l.abl£ for U.v in Mobil£ ln.<lallation.<, for information 
on cml.�truction, testing, and marking of Type P cable. 

(2) Flexible Connections. If flexibility is ncccs."lary, 502.10(A) 
(2) shall apply. 

(3) Nonincendive Field Wuing. :"'oninccndivc field "iring 
shall be permitted ll."ling any of the wiring mcthod"l permitted 
for unclao;."lificd locations. 1'\oninccndivc field wiring systcJll."l 
shall be installed in accordance with dtc control dra"ing(s). 
Simple apparatus, not shown on the control dra"ing, shall be 
permitted in a noninccndivc field wiring circuit if the simple 
apparatus docs not interconnect the noninccndivc field "iring 
circuit to any other circuit. ·· 

Informational Note: S(;c: Article 100 for the definition of .<imp!£ 
apparatus. 

Separate noninc:endivc field "iring circuit"l shall be installed 
in accordance with one of the following: 
(1)  In separate cables 
(2) In ··multiconductor cables where the conductors of each 

circuit arc "idtin a grounded metal shield 
(3) In multiconductor cables or in raceways where the 

conductors of each circuit have insulation with a mini
mum thickncs."l of0.25 mm (0.01 in.) 

(4) Boxes and Fittings. All boxes and fittings shall be da"lt
tight. 

502.15 Sealing, Class II, Divisions 1 and 2. If a raceway 
prm-idcs communication between an enclosure dtat is required 
to be dll."lt-ignitionproof and one that is not, suitable means 
shall be provided to prevent the entrance of dust into the da"lt
ignitionproof enclosure through the raceway. One of the 
following means shall be permitted: 
( 1)  A permanent and effective seal 
(2) A horizontal raceway not lcs."l dtan 3.05 m (10 ft) long 
(3) A vertical raceway not lcs."l than 1.5 m (5 ft) long and 

extending downward from the dll."lt-ignitionproof enclo
sure 

(4) A raceway installed in a manner equivalent to 502.15(2) 
or (3) that cxtcnd"l onlv horizontally and downward from 
the dust-ignition proof �nclosurcs 

· 

(5) Electrical scaling putty 

If a raceway provides communication between an enclosure 
that is required to be dust-ignitionproof and an enclosure in an 
uncla"lsificd location, seals shall not be required. 

Scaling fittings shall be acccs."liblc and shall not be required 
to be cxplosionproof. 

502.25 Uninsulated Exposed Parts, Class II, Divisions 1 and 2. 
There shall be no uninsulatcd exposed part"l, such a"l electrical 
conductors, buses, terminals, or componcnt"l, that operate at 
more than 30 volts (15 volts in wet locations).  These part"l shall 
additionally be protected by a protection technique according 
to 500.7(E), (F) , or (G) that is suitable for the location. 
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ARTICLE 502 - CLASS II LO\ATIOJ'\S 502.120 

502.30 Grounding and Bonding. Rcgardlcs.� of the voltage of 
the electrical system, wiring systems and equipment shall 
comply with 502.30(A) and (B). 

(A) Grounding. Wiring systems and equipment shall be groun
ded in accordance "id1 Part I and Part \1 of Article 250, as 
applicable. 

(B) Bonding. Bonding shall comply l\ith Part I and Part V of 
Article 250, as applicable, and 502.30(B) ( 1 )  and (B) (2) . 

(1) Specific Bonding Means. Bonding shall comply widl 
502.30(B) (1) (a) and (B) (l ) (b). 

(a) The locknut-bushing and double-locknut types of 
contact� shall not be depended on for bonding purposes, but 
bonding jumpers l\ith identified fittings or oilier approved 
means of bonding shall be used. These bonding means shall 
apply to all metal raceways, fittings, boxes, cable trays, and 
enclosures, and other part� of raceway systems between hazard
ous (classified) locations and dtc point of grounding for serv
ice equipment or point of grounding for a separately derived 
system. :Metal strut�, angles, or channels provided for support 
and mechanical or physical protection as permitted in 
335.4(5), 336.10(7) (c), or 722.135(C) shall be bonded in 
accordance "id1 250.102. 

(b) \\'here the branch-circuit ovcrcurrcnt protection is 
located on dtc load side of the disconnecting means, me 
specific bonding means shall be permitted to end at the ncar
est point where the grounded circuit conductor and me 
grounding electrode conductor arc connected togcdtcr on me 
line side of the building or structure disconnecting means as 
specified in 250.32(B). 

(2) Liquidtight Flexible Metal Conduit. Liquidtight flexible 
metal conduit shall comply widl 502.30(B) (2) (a) and (B) (2) 
(b). 

(a) Liquidtight flexible metal conduit shall include an 
equipment bonding jumper of me wire type in accordance l\ith 
250.102. 

(b) In Ciao;.� II, Dil'ision 2 locations, me bpndingjumper 
shall not be required where all of the following conditions arc 
met: 

(1)  Listed liquidtight flexible metal con�luit 1 .8 m (6 ft) or 
lcs.� in lcngdl, "id1 fittings listed for grounding, is used. 

(2) Ovcrcurrcnt protection in the circuit is limited to 10 
amperes or less. 

. 

(3) The load is part of a meter, instrument, or relay circuit. 

502.35 Surge Protection - Class II, Divisions 1 and 2. Surge 
arresters and surge-protective devices installed in a Ciao;.� II, 
Dhision 1 location shall be in suitable enclosures. Surge
protective capacitors shall be of a type designed for specific 
duty. 

Part m. Equipment 

502.100 Transformers and Capacitors. 

(A) Class II, Division 1. In Cla�s II, Dhision 1 locations, trans
formers and capacitors shall comply l\ith 502.100(A) (1)  
through (A) (3). 

(1) Containing Liquid That Wdl Burn. Transformers and 
capacitors containing a liquid dtat will burn shall be installed 
only in vault� complying "id1 450.41 through 450.48, and, in 
addition, (1 ) ,  (2) , and (3) shall apply. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

(1)  Doors or other openings communicating with the Dhi
sion I location shall have self-closing fire doors on hom 
sides of the wall, and the doors shall be carefully fitted 
and provided "id1 suitable seals (such a� wcathc"r strip
ping) to minimize the entrance of dust into the vault. 

(2) Vent openings and duct� shall communicate only l\ith me 
out�idc air. 

(3) Suitable pressure-relief openings communicating l\ith me 
out�idc air shall be provided. 

(2) Not Containing Liquid That Will Burn. Transformers and 
capacitors mat do not contain a liquid that "ill burn shall be 
installed in vaults compl}'ing l\ith 450.41 through 450.48 or be 
identified a� a complete ao;.�cmbly, including terminal connec
tions. 

(3) Group E. :-.lo transformer or capacitor shall be installed in 
a Ciao;.� II, Division I ,  Group E location. 

(B) Class II, Division 2. In Clas.� II, Dil'ision 2 locations, trans
formers and capacito.;s shall comply with 502.100(B) (1)  
through (B) (3). 

(1) Containing Liquid · That Wdl Burn. Transformers and 
capacitors containing a liquid mat will burn shall be installed 
in vaults that wmply "id1 450.41 through 450.48. 

(2) Containing Askarel. Transformers containing a�karel and 
rated in excess of 25 kVA shall be a� follows: 

(1)  · Provided widl prcs.�ure-rclicfvcnt� 
(2) · Prmidcd widl a means for absorbing any ga�cs generated 

by arcing inside the ca�c, or me pressure-relief vent� shall 
be connected to a chimney or flue that "ill carry such 
ga�cs out�idc me building 

(3) Have an airspace of not less than 150 mm (6 in.) between 
the transformer ca�cs and any adjacent combustible mate
rial 

(3) Dry-Type Transformers. Dry-type transformers shall be 
installed in vaults or shall have dlcir "indings and terminal 
connections enclosed in tight metal housings "ithout ventilat
ing or oilier openings and shall operate at not over f>OO volts, 
nominal. 

502.115 Switches, Circuit Breakers, Motor ControUers, and 
Fuses. 

(A) Class II, Division I. In Ciao;.� II, Division 1 locations, 
Sl\itchcs, circuit breakers, motor controllers, fuses, push
buttons, relays, and similar dcliccs shall be prO\idcd widl 
enclosures identified for the location. 

(B) Class II, Division 2. In Ciao;.� II, Dhision 2 locations, enclo
sures for fuses, Sl\itchcs, circuit breakers, and motor control
lers, including push buttons, relays, and similar dc\iccs, shall 
be dusttight or othcmise identified for the location. 

502.120 Control Transformers and Resistors. 

(A) Class II, Division I. In Ciao;.� II, Division 1 locations, 
control transformers, solenoid�, impedance coils, resistors, and 
any ovcrcurrcnt devices or s"itching mcchani�m� ao;.�ociatcd 
widl dlcm shall be provided l\idl enclosures identified for me 
location. 

(B) Class II, Division 2. In Ciao;.� II, Dil'ision 2 locations, trans
formers and resistors shall comply widl 502.120(B) (1)  dlrough 
(B) (3). 
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(1) Switching Mechanisms. S"itching mechanisms (including 
ovcrcurrcnt devices) a."l.�ociatcd with comrol transformers, sole
noid�, impedance coils, and resistors shall be prmidcd with 
enclosures dtat arc dusttight or odtcn,isc identified for the 
location. 

(2) Coils and Wmdings. \\'here not located in the same enclo
sure wid1 switching mechanism�, control transformers, sole
noid�, and impedance coils shall be provided with enclosures 
that arc dusuight or odtcrwisc idcmificd for the location. 

(3) Resistors. Resistors and resistance dc'l'iccs shall have dust
ignitionproof enclosures that arc dusuight or otherwise identi
fied for the location. 

502.125 Motors and Generators. 

(A) Class U, Division 1. In Cia..._� II, Di'l'ision 1 locations, 
motors, generators, and other rotating electrical machinery 
shall be in conformance "ith cidtcr of dtc follo"ing: 

( 1) Identified for the location 
(2) Totally enclosed pipe-ventilated 

(B) Class U, Division 2. In Cia..._� II, Di'l'ision 2 locations, 
motors, generators, and other rotating electrical cquipmcm 
shall be totally enclosed nonvcmilatcd, totally enclosed pipe
ventilated, totally enclosed water-air-cooled, totally enclosed 
fan-cooled, or dust-ignitionproof, for which maximum full-load 
external temperature shall be in accordance with 500.8(0) (2) 
for nonnal operation when operating in free air (not dust blan
keted) and shall have no external openings. 

Exception: lJ the authm-it_l' having jurisdiction beliroes accumulations 
of nonconductive, nonabrasive dust will be modemte and if mac/tines 
can be ea.�i�l' 1-eached fm· routine cleaning mul maintenance, the follow
ing shall be pemtitiP.d to be instaliP.d: 

( 1) Standanl ctfltm-t_l'jJe machines zuithout sliding contacts, crotlifu� 
gal m· otheJ· tJjJeS of .�witching 1111'chani�m (including motm· ovt:r
cunmt, ovntoading, and overtempn11tw-e devices), m· inttgml 
resi�tanre devices 

(2) Standanl ctpro-tJjJe machints with such coni/Jds, .�witching 
mechanisms, m· 1-e.�i�tance droices enclosed within dttsttight hous
ings witlwut ventilating m· othe1· oJnmings 

( 3) Self-cleaning textile motm-s of the squirrelrl:age t)'pe 
( 4) Machines with sealed hem-ings, hearing iwlatm:�, mul Sl'.al� 

502.128 Ventilating Piping. Ventilating pipes for motors, 
generators, or other rotating electrical machinery, or for enclo
sures for electrical cquipmcm, shall be of metal not lcs.� than 
0.53 mm (0.021 in.) in thickncs.� or of equally substantial 
noncombustible material and shall comply "ith all of the 
following: 

( 1) Lead directly to a source of clean air outside of buildings 
(2) Be screened at the outer end� to prcvcm the entrance of 

small animals or bird� 
(3) Be protected against physical damage and against rusting 

or other corrosive influences 

Vcmilating pipes shall also comply with 502.128(A) and (B). 

(A) Class U, Division 1. In Cla.�s II, Di\ision 1 locations, venti
lating pipes, including their connections to motors or to the 
dust-ignitionproof enclosures for other cquipmclll, shall be 
dusttight throughout their lcngd1. For metal pipes, scams and 
joints shall comply with one of the following: 

(1) Be riveted and soldered 
(2) Be bolted and soldered 
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(3) Be welded 
(4) Be rendered dusttight by some otltcr equally effective 

means 

(B) Class U, Division 2. In Cia..._� II, Di'l'ision 2 locations, venti
lating pipes and tltcir connections shall be sufficiently tight to 
prevent the entrance of appreciable quantities of dust into the 
ventilated equipment or enclosure and to prevent the escape of 
sparks, flame, or burning material that might ignite dust accu
mulations or combustible material in the 'l'icinitv. For metal 
pipes, lock scams and riveted or welded joint� shaiJ be permit
ted; and tight-filling slip joint� shall be permitted where some 
flexibility is ncccs.�ry. a.� at connections to motors. 

502.130 Luminaires. 

(A) Class U, Division 1. In Cia..._� II, Di'l'ision 1 locations, lumin
aires for fixed and portable lighting shall comply with 
502.130(A)(1) through (A)(4). 

(1) Marking. Each luminairc shall be identified for the loca
tion and shall be clearly mar!c.cd to indicate the type and maxi
mum wattage of the lamp (or which it is designed. 

(2) Physical Damage. Each luminairc shall be protected 
against physical damage by a suitable guard or by location. 

(3) Pendant L�. Pendant luminaires shall be suspen
ded by threaded rigid metal conduit stems, by threaded steel 
intermediate metal conduit stems, by chains "ith approved 
fittings, ·or by other approved means. For rigid stems longer 
than 300 nim (12 in.), pcrmancm and effective bracing against 
lateral displacement shall be provided at a level not more than 
300 mm (12 in.) above the lower end of the stem, or flexibility 
in the form of a fitting or a flexible connector listed for the 
location shall be prmidcd not more than 300 mm (12 in.) from 
the point of attachment to the supporting box or fitting. Threa
ded joint� shall be prmidcd with set screws or other effective 
means to prevent loosening. \\"bcrc \�ring between an outlet 
box or fining and a pendant luminairc is not enclosed in 
conduit, flexible cord listed for hard usage shall be permitted 
to be used in accordance \\ith 502.10(A)(2)(5). Flexible cord 
shall not serve a.� the supporting means for a luminairc. 

(4) Supports. Boxes, box a."l.�cmblics, or fittings used for the 
support of luminaircs shall be identified for Cla.�s II locations. 

(B) Class U, Division 2. In Cia..._� II, Division 2 locations, lumin
aires shall comply "ith 502.130(B)(l) through (B)(5). 

(1) Portable Lighting Equipment. Portable lighting equipment 
shall be identified for tl1c location. They shall be clearly 
marked to indicate the maximum wauagc of lamps for which 
they arc designed. 

(2) Faxed Lighting. Luminaires for fixed lighting shall be 
prmidcd \\ith enclosures that arc dusttight or othcmisc identi
fied for the location. Each luminairc shall be clearly marked to 
indicate the maximum wattage of the lamp tltat shall be 
permitted "ithout exceeding an exposed surface temperature 
in accordance \\ith 500.8(0) (2) under normal conditions of 
usc. 

(3) Physical Damage. Luminaires for fixed lighting shall be 
protected from physical damage by suitable guards or by loca
tion. 

(4) Pendant Luminaires. Pendant luminaires shall be suspen
ded by threaded rigid metal conduit stems, by threaded steel 
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intermediate metal conduit stems, by chains "id1 approved 
fittings, or by other approved means. For rigid stems longer 
than 300 mm (12 in.), permanent and effective bracing against 
lateral displacement shall be provided at a level not more than 
300 mm (12 in.) above the lower end of the stem, or flexibility 
in the form of an identified fitting or a flexible connector shall 
be provided not more man 300 mm (12 in.) from the point of 
attachment to the supporting box or fitting. \\'here "iring 
between an oudct box or fitting and a pcndant luminairc is not 
enclosed in conduit, flexible cord listed for hard usage shall be 
permitted if terminated with a listed cord connector mat main
tains dtc protection technique. Flexible cord shall not serve as 
the supporting means for a luminairc. 

(5) Electric-Discharge Lamps. Starting and control equipment 
for electric-discharge lamps shall comply wim the requirements 
of 502.120(B). 

502.135 Utilization Equipment. 

(A) Class D, Division 1. In Cla.'i."l II, Division 1 locations, all 
utilization equipment shall be identified for dtc location. 

(B) Class D, Division 2. In Cla."ls II, Division 2 locations, all 
utilization equipment shall complp\ith 502.135(B) ( 1 )  mrough 
(B) (4). 

(1) Heaters. Electrically heated utilization equipment shall be 
identified for dtc location. 

Exception: Metal-mclosed radiant heating panel equiJ1711ent shall be 
permitted to be dusttight mul marked in accordanre with 500.8(C). 

(2) Motors. Motors of motor-driven utilization equipment 
shall comply "id1 502.125(B). 

(3) Switches, Circuit Breakers, and Fuses. Enclosures for 
Sl\itchcs, circuit breakers, and fuses shall comply . wim 
502.1 15(B). 

(4) Transformers, Solenoids, Impedance Coils, and Resistors. 
Transformers, solcnoid"l, impedance coils, and resistors shall 
comply with 502.120(B). 

502.140 Flexible Cords - Class D, Divisions 1 and 2. 

(A) Permitted Uses. Flexible corcl"l \L"led in Cla.'i."l II locations 
shall be permitted a."l follows: 

· 

(1) For connection between portable lighting equipment or 
other portable utilization equipment and dtc fixed 
portion of its supply circuit. The flexible cord shall be 
attached to me utilization equipment l\ith a cord connec
tor listed for the protection technique of the equipment 
wiring compartment. An attachment plug in accordance 
wim 502.145 shall be employed. 

(2) \\'here flexible cord is permitted by 502.10(A) (2) for 
fixed and mobile electrical utilization equipment; where 
the flexible cord is protected by location or by a suitable 
guard from damage; and only in a restricted industrial 
establishment. 

(3) For electric submersible pumps with means for removal 
wimout entering dtc wet-pit. The extension of the flexible 
cord "idtin a suitable raceway between the wet-pit and 
the power source shall be permitted. 

(4) For electric mixers intended for travel into and out of 
open-type mixing tank."l or vats. 

(5) For temporary portable a.'i."lCmblies consisting of recepta
cles, switches, and other dc,iccs that arc not considered 
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portable utilization equipment but arc indhidually listed 
for me location. 

(B) Installation. \\'bcrc flexible corcl"l arc used, the cords shall 
comply with all of the following: 

( 1 )  Be of a type listed for extra-hard usage. 

Exception to ( 1 ): Flexible cmrl listed Jm· hmrl usage as permitted by 
502.130(A)(3) and (8)(4). 

(2) \..ontain, in addition to the conductors of the circuit, an 
equipment grounding conductor compl}'ing with 400.23. 

(3) Be supported by damps or by other suitable means in 
such a manner that there "ill be no tension on me termi
nal connections. 

(4) In Division I locations, the cord shall be tcnninatcd wim 
a cord connector listed for me location or a listed cord 
connector installed wim a seal listed for the location. In 
Dhision 2 locations, me cord shall be terminated l\ith a 
listed dusttight cord connector. 

(5) Be of continuon"l length. \\'bcrc 502.140(A) (5) is applied, 
cord"l shall be of continuous length from the power 
source to the. temporary portable a.'i."lCmbly and from me 
temporary ponablc a.'i."lcmbly to me utilization equip
ment. 

502.145 Receptacles and Attachment Plugs. Receptacles and 
attachment plugs shall be identified for the location. 

(A) . Class D, Division 1. 

(I) Receptacles. In Cla.'i."l II, Division 1 locations, receptacles 
shall be part of me premises wiring. 

(2) Attachment Plugs. Attachment plugs shall be of the type 
that prmidcs for connection to the equipment grounding 
conductor of me flexible cord. 

(B) Class II, Division 2. 

(1) Receptacles. In Cla.'i."l II, Division 2 locations, receptacles 
shall be part of me premises wiring. 

(2) Attachment Plugs. Attachment plugs shall be of the type 
that prmidcs for connection to the equipment grounding 
conductor of me flexible cord. 

502.150 Signaling, Alarm, Remote-Control, and Communica
tions Systems; and Meters, Instruments, and Relays. 

(A) Class II, Division 1. In Cla."ls II, Dhision 1 locations, signal
ing, alarm, remote-control, and communications systems; and 
meters, instrumcnt"l, and relays shall comply with 502.150(A) 
( 1 )  mrough (A) (3). 

(1) Contacts. Enclosures containing contact'! shall comply l\ith 
the rcquircmcnt"l of 502.150(A) ( 1 ) (a) or (A) ( 1 ) (b). 

(a) Switches, circuit breakers, relays, contactors, fn"lCs, 
and current-breaking contact'! for bells, h

.
orns, howlers, sirens, 

and odtcr dc\iccs in which spark."! or arcs might be produced 
shall be prmidcd "im enclosures identified for the location. 

(b) \\'bcrc current-breaking contact'! arc immersed in oil 
or where the interruption of current occurs within a chamber 
scaled against the entrance of dn"lt, enclosures shall be permit
ted to be of dtc general-purpose type. 

(2) Resistors and Similar Equipment. Enclosures containing 
resistors shall comply wim the rcquircmcnt"l of 502.150(A) (2) 
(a) or (A) (2) (b). 
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502.150 ARTICLE 503 - CLASS III LOCATIONS 

(a) Resistors, transformers, choke coils, rectifiers, ther
mionic tubes, and other heat-generating cquipmcm shall be 
prm-idcd with enclosures identified for the location. 

(b) \\'here resistors or similar equipment arc immersed 
in oil or enclosed in a chamber scaled against the entrance of 
dust, enclosures shall be permitted to be of the general
purpose type. 

(3) Rotating Machinery. �Iotors, generators, and other rotat
ing electrical machinery shall comply with 502.125(A). 

(B) Class II, Division 2. In Cla."l.o; II, Di\ision 2 locations, signal
ing, alarm, remote-control, and communications systems; and 
meters, instrument-;, and relays shall comply with 502.150(8) 
(1)  duough (8) (4). 

(1) Contacts. Enclosures for contact-; shall comply "id1 the 
requirement-; of 502.150(B) (1) (a) or (8) ( 1 ) (b). 

(a) Contact-; shall comply "id1 the requirement-; of 
502.150(A) ( 1 )  or be installed in enclosures that arc clusuight 
or othcmisc idcmificd for the location. 

(b) Enclosures in noninccndivc circuit-; shall be permit
ted to be of the general-purpose type. 

(2) Transformers and Similar Equipment. The "indings and 
tcnninal connections of transformers, choke coils, and similar 
cquipmclll shall comply with 502.120(8) (2). 

(3) Resistors and Similar Equipment. Resistors, resistance 
devices, thermionic tubes, rectifiers, and similar cquipmcm 
shall comply "id1 502.120(8) (3). 

(4) Rotating Machinery. �Iotors, generators, and other rotat
ing electrical machinery shall comply with 502.125(8). 

(5) Connections. To facilitate replacement-;, process control 
instrument-; shall be permitted to be connected through flexi
ble cord, attachment plug, and receptacle if all of the follo"ing 
conditions apply: 

(1)  Auachmcm plug and receptacle arc listed for me in 
Cla.o;s II, Ohision 2 locations, and listed for USC· wid1 flexi
ble cord�. 

Exception No. 1 to ( 1 ): A Class II, Divi.�ion 2 listing shall not be 
J"equhed if the cin:uit involves on{}· nonincendive fold· wiring. 

Exception No. 2 to ( 1 ): In 71'St7icttd indust1itll �tablislunents, the 
Cuus II, Divi�ion 2 listing shall not be "qufrtd when tht requirements 
of502.150(B)(5)(2), (8)(5)(3), mul (Bj(5)(4) ltlf! sati.ified mul tht 
lf!CeJJtade canies a Iahti wmning against plugging m· unJJlugging 
when enngiu.d. 

(2) The flexible cord docs not exceed 900 mm (3 ft),  is of a 
type listed for extra-hard usage, or, if listed for hard 
usage, is protected by location. 

(3) Only necessary receptacles arc prO\idcd. 
(4) l:nlcss the attachmcm plug and receptacle arc inter

locked mechanically or electrically, or othcmisc designed 
so that they cannot be separated when the contact-; arc 
energized, and the contact-; cannot be energized when 
the plug and socket outlet arc separated, a Sl\itch comply
ing "id1 502.1 15(8) is prO\idcd so that the auachmcm 
plug or receptacle is not depended on to imcrrupt 
current. 

Exception to ( 4 ): Tht .witch shall not be 11'-JfUiTI'.d if tht circuit is nonin
cendive fold wiring. 
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Part I. General 

ARTICLE 503 
Class m Locations 

503.1 Scope. This article covers the requirement� for electri
cal and electronic cquipmcm and \\iring for all voltages in 
Cla.o;s III, Di\ision 1 and Di\ision 2 locations where fire or 
explosion hazarcl� might exist clue to nonmetal combustible 
fibers/fl}'ings or ignitiblc fibers/fl}'ings. 

503.5 General. Equipment installed in Cla."l.o; III locations shall 
be able to function at full rating without developing surface 
temperatures high enough to cause excessive dehydration or 
gradual carbonization of accumulated fibers/ flyings. 

Informational :'\ote No. 1 :  See NFPA 505, Fire SafeiJ Standard for 
PorVI'mi lndu.<lrial Trucks Including "f.'ffie Designation.<, Area.< of U<t>, 
(.oJlvenions, '"laintmanre, and·Dperotion.<, for infonnation on elec-
uic truck... 

· 

Informational :'\ote No. 2: Organic material that is carbonized 
or exces.•h-ely dry i• highl}'stL•ceptible to spomaneous ignition. 

503.6 Zone Equipment. Equipment listed and marked in 
accordance wi� 506.9(C) (2) for Zone 20 locations and "ith a 
temperature marking in accordance l\ith 500.8(0) (3) shall be 
permitted in Cla."l.� III, Oi\ision 1 locations. 

Equipment listed and marked in accordance l\ith 506.9(C) 
(2) for Zone 20, Zone 21, or Zone 22 locations and l\ith a 
temperature marking in accordance l\ith 500.8(0) (3) shall be 
permitted in Cla."l.� III, Oi\ision 2 locations. 

Part II. Waring 
503.10 Waring Methods. Wiring methods shall comply with 
503.10(A) or (B). 

Informational :'\ote: See Anicle I 00 for the definition of m.tricted 
industrial establi<hment {a.< applil'd to hawrdous (rla.<Sijied) /orations/. 

(A) Class III, Division 1. 

(1) General. In Cla."l.� III, Di\ision 1 locations, tl1c follo"ing 
wiring method-; shall be permitted: 

(1) Rigid metal conduit (RMC), PVC conduit, RTRC conduit, 
intermediate metal conduit (l�lC), electrical metallic 
tubing (EMT) , dusttight wircways, or Type MC or Type 
�([ cable with listed tcnnination fittings. 

(2) Type PLTC cable or Type PLTG·ER cable used in Cla"l.� 2 
and Cla."l.o; 3 circuit-;, including installation in cable tray 
systems. The cable shall be tcnninatcd l\ith listed fittings. 
Type PLTG·ER cable shall include an equipment ground
ing conductor in addition to a drain wire that might be 
present. 

(3) Type lTC cable or Type ITG·ER cable ao; permitted in 
335.4 and terminated l\ith listed fittings. Type ITC-ER 
cable shall include an equipment grounding conductor 
in addition to a drain "ire. 

(4) Type MY, Type TC, or Type TG·ER cable, including instal
lation in cable tray system�. Type TG-ER cable shall 
include an equipment grounding conductor in addition 
to a drain wire that might be present. The cable shall be 
tcnninatcd with listed fittings. 
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ARTICLE 503 - CLASS III LOCATIONS 503.30 

(5) Cablcbus. 
(6) In restricted industrial establishments, listed Type P cable 

with metal braid annor, l\idt an overall jacket, that is 
tcnninatcd with fittings listed for the location, and instal
led in accordance with Part II of Article 337. If installed 
in ladder, ventilated trough, or ventilated channel cable 
trays, cables shall be installed in a single layer, "ith a 
space not lcs.� than the larger cable diameter between the 
two adjacent cables unlcs.� otherwise protected against 
dust buildup resulting in increased heat. 

Informational Note :'\o. 1 :  See L'L 1309A, 0uJli111' of lmH'sligation 
for l.abl£ for lf.nr in '"labile lmtallations, for information on 
constmction, testing, and marking of Type P cable. 

Informational :'\ote No. 2: See A:'\SI/UL 2225, l.abks aud Cabli'
Fittings for lJSI' in Hazardou.< (C/ns.<ijil'd) !.tXatioiiS, for information 
on cmt.�truction, testing, and marking of cable fittings. 

(2) Boxes and Fittings. All boxes and fittings shall be dust
tight. 

(3) Flexible Connections. Where flexible connections arc 
ncccs.�ary, one or more of the follm\ing shall be permitted: 
(1)  Dusttight flexible connectors 
(2) Liquidtight flexible metal conduit (LF:MC) with listed 

fittings 
(3) Liquidtight flexible nonmetallic conduit (LFI'\C) with 

listed fittings and bonded in accordance "ith 503.30(B) 
(4) Interlocked annor Type :MC cable having an overall jacket 

of suitable pol}'mcric material and installed "ith listed 
dusttight tcrmination fittings 

(5) Flexible cord in accordance l\ith 503.140 
(6) For elevator usc, an identified elclator cable of Type EO, 

Type ETP, or Type ETT, shown under the Mll.�c" column in 
Table 400.4 for Mhazardous (classified) locations" and 
tcnninatcd with listed dusttight fittings 

(7) In restricted industrial establishments, listed Type P cable 
"ith metal braid annor, l\idt an overall jacket, that is 
tcnninatcd "idt fittings listed for the location and instal
led in accordance with Part II of Article 337 

Informational :'\ote: See L'L 1309A, Outli111' '!flnvi'SiiJralion for 
l.abll' for Use in Mobi/1' l11StaUatio11s, for information on consuuc
tion, testing, and marking of Type P cable. · 

(4) Nonincendive Field Wiring. Noninccndivc field "iring 
shall be pcnnittcd 11.�ing any of the wiring mcdtod� permitted 
for unclas.�ificd locations. 1'\oninccndivc field \\iring system� 
shall be installed in accordance l\ith the control drawing(s). 
Simple apparatus, not shown on the control drawing, shall be 
permitted in a noninccndivc field wiring circuit if dtc simple 
apparatus docs not interconnect the noninccndivc field "iring 
circuit to any other circuit. 

Informational Note: See Article 100 for the definition of .<imp!£ 
apparatus. 

Separate noninccndivc field wiring circuit� shall be installed 
in accordance with one of dtc following: 
(1)  In separate cables 
(2) In multiconductor cables where the conductors of each 

circuit arc "idtin a grounded metal shield 
(3) In multiconductor cables where the conductors of each 

circuit have insulation l\ith a minimum thickncs.� of 
0.25 mm (0.01 in.) 

(B) Class m, Division 2. Wiring method� in Ciao;.� III, Dilision 
2 locations shall be in accordance "id1 the following: 
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(1)  The \\iring shall comply "idt 503.10(A). 
(2) In sections, compartment.,, or area� that do not contain 

machinery and arc ll.'ICd solely for storage, open \\iring on 
insulators shall be permitted where installed in accord
ance l\ith Part II of Article 398, including the condition 
required by 398.15(C) that protection be provided where 
conductors arc not run in roof spaces and arc well out of 
reach of sources of physical damage. 

503.25 Uninsulated Exposed Parts, Class m, Divisions I and 2. 
There shall be no uninsulatcd exposed part�, such a� electrical 
conductors, buses, terminals, or component�, that operate at 
more than 30 volts (15 volt'l in wet locations).  These part'l shall 
additionally be protected by a protection technique according 
to 500.7(E), (F) , or (G) that is suitable for the location. 

Exception: As Jnvvided in 503. 155. 

503.30 Grounding and Bonding. Rcgardlcs.� of the voltage of 
the electrical system, wiring systems and equipment shall 
comply l\ith 503.30(A) and (B). 

(A) Grounding. Wiril1g systems and equipment shall be groun
ded in accordance with. Part I and Part \1 of Article 250, a� 
applicable. 

(B) Bonding; Bonding shall comply l\ith Part I and Pan V of 
Article 250, a'l applicable, and 503.30(B) (1 )  and (8) (2). 

(1) Specific Bonding Means. Bonding shall comply with 
503.30(8) (1) (a) and (8) (2)(b). 

(a) The locknut-bushing and double-locknut types of 
contact� shall not be depended on for bonding purposes, but 
bonding jumpers l\ith identified fittings or other approved 
means of bonding shall be ll.�cd. These bonding means shall 
apply to all metal raceways, fittings, boxes, cable trays, and 
enclosures, and other part'l of racc"ay systems between hazard
Oil.� (clao;.'lificd) locations and the point of grounding for serv
ice equipment or point of grounding for a separately derived 
system. :Metal strut�, angles, or channels provided for support 
and mechanical or physical protection a'l permitted in 
335.4(5), 336.10(7) (c), or 722.135(C) shall be bonded in 
accordance widt 250.102. 

(b) \\'bcrc the branch-circuit ovcrcurrcnt protection is 
located on the load side of the disconnecting means, the 
specific bonding means shall be permitted to end at the ncar
est point where the grounded circuit conductor and the 
grounding electrode conductor arc connected together on the 
line side of the building or structure disconnecting means a� 
specified in 250.32(B). 

(2) Liquidtight Flexible Metal Conduit. Liquidtight flexible 
metal conduit shall comply with 503.30(8) (2) (a) and (B) (2) 
(b). 

(a) Liquidtight flexible metal conduit shall include an 
equipment bondingjumpcr of the wire type in accordance l\ith 
250.102. 

(b) In Ciao;.� III locations, the bonding jumper shall not 
be required where all of the following conditions arc met: 
(1)  Listed liquidtight flexible metal conduit 1 .8 m (6 ft) or 

lcs.� in length, widt fittings listed for grounding, is ll.'ICd. 
(2) Ovcrcurrcnt protection in the circuit is limited to 10 

amperes or lcs.�. 
(3) The load is part of a meter, instrument, or relay circuit. 
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503.100 ARTICLE 503 - CLASS III LOCATIONS 

Part m. Equipment 

503.100 Transformers and Capacitors - Class m, Divisions 1 
and 2. Transformers and capacitors shall comply with 
502.100(B) . 

503.115 Switches, Circuit Breakers, Motor ControUers, and 
Fuses - Class m, Divisions 1 and 2. Switches, circuit breakers, 
motor comrollcrs, and fuses, including pushbuuons, relays, 
and similar devices, shall be provided with dusuight enclosures. 

503.120 Control Transformers and Resistors - Class m, Divi
sions 1 and 2. Transformers, impedance coils, and resistors 
used ao;, or in conjunction with, control equipment for motors, 
generators, and appliances shall be provided "id1 dusuight 
enclosures compl}'ing with dtc temperature limitations in 
503.5. 

503.125 Motors and Generators - Class m, Division 1 and 
Division 2. In Cla'l.o; III, Division 1 and Division 2 locations, 
motors, generators, and odtcr rotating machinery shall be 
totally enclosed nonvcntilatcd, totally enclosed pipe vcmilatcd, 
or totally enclosed fan cooled. 

Exception: Tn locations where, in the judgment of the authm·it)' having 
jurisdiction, only mademte arcumuwtions of ignitible jibm;/j�l·ings mf! 
like(l· to collect on, in, or in the vicinil_l' of a mtating elect1·ical machine 
and whe11! s1u:h machine is lf!adi(l· acces.�ible fm· 1vutine cleaning and 
maintenance, one of the following shall be Jmmitted: 

( 1) .vlf-cleaning textile motors of the squinf!l-cagr' t_vpe 
(2) Standanl ofJtm·l_\111! machines without sliding contactsm· centlifit

gal or other t)tll!s of.Mtching medtanisms, including motor ovn._ 
load devices 

(3) Standanl open-t_vpe machines ltaving .melt contacts, .<;witching 
medtanisms, m· resi.�tance devices enclosed within tight hmtsings 
witlwut vmtimting m· othn· openings 

503.128 Ventilating Piping - Class m, Divisions 1 and %. 
Ventilating pipes for motors, generators, or other rotating elec
trical machinery, or for enclosures for electric equipment. shall 
be of metal not less than 0.53 mm (0.021 in.) in dlicllnao;, or of 
equally substantial noncombustible material, and shall comply 
with dtc follo"ing: 

( 1)  Lead dirccdy to a source of clean air outside of buildings 
(2) Be screened at the outer cndo; to prevent the entrance of 

small animals or birdo; 
(3) Be protected against physical damage and against rusting 

or other corrosive influences 
.· 

Ventilating pipes shall be sufficicndy tight, including their 
connections, to prcvcm the entrance of appreciable quamities 
of fibers/flyings imo the vcmilatcd cquipmcm or enclosure 
and to prcvcm dtc escape of sparks, flame, or burning material 
that might ignite accumulations of fibers/flyings or combusti
ble material in dtc vicinity. For metal pipes, lock scams and 
riveted or welded joints shall be pcrmiucd; and tight-fitting slip 
joims shall be pcrmiucd where some flexibility is necessary, ao; 
at connections to motors. 

503.130 Luminaires - Class m, Divisions 1 and 2. 

(A) Faxed Lighting. Luminaires for fixed lighting shall provide 
enclosures for lamps and lampholdcrs that arc designed to 
minimize entrance of fibers/fl}ings and to prcvcm the escape 
of sparks, burning material, or hot metal. Each luminairc shall 
be clearly marked to show the maximum wattage of the lamps 
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that shall be pcrmiucd without exceeding an exposed surface 
temperature of 165•c (329.F) under normal conditions of usc. 

(B) Physical Damage. A luminairc dtat may be exposed to 
physical damage shall be protected by a suitable guard. 

(C) Pendant IA•minaires. Pcndam luminaires shall be suspen
ded by stcmo; of threaded rigid metal conduit, threaded imcr
mcdiatc metal conduit, threaded metal tubing of cquivalcm 
thickncs.o;, or by chains l\ith approved fittings. For stcmo; longer 
than 300 mm (12 in .), pcrmancm and effective bracing against 
lateral displaccmcm shall be provided at a level not more than 
300 mm (12 in.) above the lower end of the stem, or flexibility 
in the Conn of an identified fitting or a flexible connector shall 
be prmidcd not more than 300 mm ( 1 2  in.) from the poim of 
attachment to the supporting box or fitting. 

(D) Portable Lighting Equipment. Portable lighting cquip
mcm shall be equipped with handles and protected with 
substantial guardo;. Lampholdcrs shall be of the uns"itchcd 
type l\ith no prmision for rcceilring attachment plugs. There 
shall be no exposed current-carrying metal parLo;, and all 
exposed non-currcm-carrying metal parto; shall be grounded. 
In all other rcspccto;, portable lighting cquipmcm shall comply 
with 503.1 30(A) . 

503.135 Utilization Equipment - Class m, Divisions 1 and 2. 

(A) Heaters. Electrically heated utilization cquipmcm shall be 
idcmificd for Clao;s III locations. 

(B) Moton. :\IIotors of motor-driven utilization cquipmcm 
shall comply "id1 503.125. 

(C)' Switches, Circuit Breakers, Motor ControUers, and Fuses. 
Sl\itchcs, circuit breakers, motor controllers, and fuses shall 
comply l\ith 503.1 15.  

503.140 Flexible Cords - Class m, Divisions 1 and 2. Flexible 
cords shall comply l\ith the follm\ing: 

(1) Be of a type listed for extra-hard usage 
(2) ('.ontain, in addition to the conductors of the circuit, an 

cquipmcm grounding conductor complying with 400.23 
(3) Be supported by clamps or other suitable means in such a 

manner that there will be no tension on the tcnninal 
connections 

(4) Be terminated with a listed dusttight cord connector 

503.145 Receptacles and Attachment Plugs - Class m, Divi
sion 1 and Division 2. Receptacles and attachmcm plugs shall 
be of the grounding type, shall be designed to minimize the 
accumulation or the cmry of fibers/fl}'ings, and shall prevcm 
the escape of spark.o; or molten particles. 

Exception: Tn locations where, in the judgment of the authm·it)' having 
jurisdiction, only mademte arcumuwtions of ignitible jiben;/j�l·ings mf! 
like(l· to collect in the vicinil_l' of a lf!CeJJtacle, and wlmf! .�uch receptacle 
is 11'adily acce.'i.�ble for 1vutine cleaning and mauntl'.d to minimize the 
entry of jibers/jl_vings, gr'nnnl1JU!fJOse g�vunding-type 11'CefJlacles sltall 
be f11!17nitll'4. 

503.150 Signaling, Alarm, Remote-Control, and Local Loud
speaker Intercommunications Systems - Class Dl, Division 1 
and Division 2. Signaling, alarm, rcmotc-comrol, and local 
loudo;peakcr imcrcommunications systems shall comply with 
the rcquircmcnLo; of this article regarding \\iring mcthodo;, 
switches, transformers, resistors, motors, luminaires, and rela
ted componcnto;. 
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ARTICLE 504 - 11'\TRIJ'\SI\ALLY SAFE SYSTEMS 504.30 

503.155 Electric Cranes, Hoists, and Similar Equipment -
Class DI, Divisions 1 and 2. Where installed for operation over 
combustible fibers or accumulations of fl}ings, traveling cranes 
and hoist"l for material handling, traveling cleaners for textile 
machinery, and similar equipment shall comply with 
503.155(A) through (D). 

(A) Power Supply. The power supply to contact conductors 
shall be electrically isolated from all other systems, ungroun
ded, and shall be equipped with an acceptable ground detector 
that gives an alarm and automatically de-energizes the contact 
conductors in case of a fault to ground or gives a visual and 
audible alarm as long as power is supplied to the contact 
conductors and the ground fault remains. 

(B) Contact Conductors. Contact conductors shall be located 
or guarded so a"l to be inacccs."liblc to other than authorized 
persons and shall be protected against accidental contact with 
foreign objcct"l. 

(C) Current Collectors. Current collectors shall be arranged 
or guarded so a"l to confine normal sparking and prevent 
escape of sparks or hot particles. To reduce sparking, two or 
more separate surfaces of contact shall be provided for each 
contact conductor. Reliable means shall be provided to keep 
contact conductors and current collectors free of accumula
tions of lint or flyings. 

(D) Control Equipment. Control equipment shall comply with 
503.1 15 and 503.120. 

503.160 Storage Battery Charging Equipment - Class DI, 
Divisions 1 and 2. Storage battery charging equipment shall be 
located in separate rooms built or lined "id1 substantial 
noncombustible materials. The rooms shall be constructed to 
prevent the entrance of ignitiblc amount"l of fl}ings or lint and 
shall be well ventilated. 

A simple apparatus, whether or not shmm on the control 
dra"ing(s), shall be pcnnittcd to be installed provided the 
simple apparatus docs not interconnect intrinsically safe 
circuit"l. 

Informational :'\ote l'o. I: The control drd\\ing identification is 
marked on the apparatu."l. 

Informational :'\ote l'o. 2: A.'i."lociated appardttt."l \\ith a marked 
t.:m of les."l than 250 V may require additional overmhage 
protection at the inpuL"l to limit any pos."lible fault voltages to les."l 
than the t: m marked on the product. 

(B) Location. Intrinsically safe apparatus shall be permitted to 
be installed in any hazardous (cla"lsificd) location for which it 
ha"l been identified. 

A'i."llciatcd apparatus shall be permitted to be installed in 
any hazardous (cla'i."lificd) location for which it hao; been identi
fied. 

Simple apparatus shall be permitted to be installed in any 
hazardous (cla'l.o;ificd) lopation in accordance with 504.10(D). 

(C) Enclosures. General-purpose enclosures shall be permit
ted for intrinsicaDy safe apparatus and ao;sociatcd apparattL"l 
unless othcn,ise specified in the manufacturer's documenta
tion. 

(D) Simple Apparatus. Simple apparatus shall be permitted to 
be installed in any hazardous (cla'i.o;ificd) location in which the 
maximum surface temperature of the simple apparatus docs 
not exceed the ignition temperature of the flammable gao;cs or 
toapors, flammable liquid-;, combustible dtL"lt"l, or ignitiblc 
libers/fl}'ings present. The maximum surface temperature can 
be determined from the values of the output power from the 
a"lsociatcd apparatus or apparatus to which it is connected to 
obtain the temperature cla'i."l. The temperature cla'i."l can be 
determined by: 
(1)  Reference to Table 504.10(D) 
(2) \..alculation using the following equation: 

ARTICLE 504 [504.10(D)J 

Intrinsically Safe Systems T = P.Ra. + T. ... 

504.1 Scope. This article covc111 dte installation of intrinsically 
safe (I.S.) apparattL"l, wiring, and systems for hazardous (cla'l.o;i
ficd) locations. 

Informational :'\ote: See A:'\SI/ISA RP 12.06.01 ,  RHmnmmdnt 
PrartiCP for Wiring '"letlwd• for HflUlrdnll.< (Classified) I.orotions 
Instrumentation - Part I: llllrin.<ic Safrty, for additional informa
tion. 

504.3 Application of Other Articles. Except ao; modified by 
this article, all applicable articles of this \..ode shall apply. 

504.4 Equipment. All intrinsically safe apparattL"l and a'i."llci
atcd apparatus shall be listed. 

Exception: Simpk appamtus, as desnibed on the contml drawing, sltaU 
not be ll'.JfltiJl'.d to he listed. 

504.10 Equipment Installation. 

(A) Control Drawing. Intrinsically safe apparattL"l, a'l.o;ociatcd 
apparatus, and other equipment shall be installed in accord
ance t\ith the control drat\ing(s). 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RICAL COI>t: 

where: 
T = surface temperature 

P. = output power marked on the a'i."llciatcd apparatus or 
intrinsically safe apparattL"l 

R,� = thcnnal resistance of the simple apparatus 
7;,..J, = ambient temperature (normally 40•c) and reference 

Table 500.8(C) ( 4) 

In addition, component'! with a surface area smaller than 
10 cm2 (excluding lead \\ires) may be clao;sificd ao; T5 if their 
surface temperature docs not exceed 150"C. 

504.20 Wuing Methods. Any of the wiring method-; suitable 
for uncla'i.o;ificd locations, including those covered by Chapter 7 
and Chapter 8, shall be permitted for installing intrinsically 
safe apparatus. Scaling shall be ao; prmidcd in 504.70, and sepa
ration shall be ao; provided in 504.30. 

504.30 Separation of Intrinsically Safe Conductors. 

(A) From Nonintrinsically Safe Circuit Conductors. 

(I) In Raceways, Cable Trays, and Cables. Conductors of 
intrinsically safe circuit-; shall not be placed in any raceway, 
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504.30 ARTICLE 504 - 11'\TRIJ'\SI\.ALLY SAFE SYSTEMS 

Table 504.10(D) Assessment for T4 Classification According to 
Component Size and Temperature 

Total Surface Area 
Excluding Lead Wires 

<20 mm2 
<:20 1111112 siO cm2 

<:20 mm2 

Requirement for T4 
Classification 

Surface temperature s275•c 
Surface temperature s2oo•c 
Power not exceeding 1.3 W* 

*Ba.•ed on 40•c ambient temperdture. Reduce to 1.2 W with an 
ambient of oo·c or 1.0 w \\ith so·c ambient temperdture. 

cable tray, or cable "idt conductors of any nonintrinsically safe 
circuit, u"nlcs."l dtcy meet dtc requirement� of one of dtc f;,llow
ing mcdtod"l: 
(1)  

(2) 

(3) 

(4) 

Separated from conductors of nonintrinsically safe 
circuit"l in accordance "ith one of the follo"ing: 
a. By a distance of at least 50 mm (2 in.) and secured 
b. By a grounded metal partition dtat is 0.91 mm (0.0359 

in) or dtickcr 
c. An approved insulating partition 
All of dtc intrinsically safe circuit conductors or nonin
trinsically safe circuit conductors arc in Type MC cable, 
Type Ml cable, or odtcr approved grounded metal
sheathed or metal-dad cables where the shcadting or 
cladding is capable of carrying fault current to ground 
In a Division 2 or Zone 2 location, installed in a raceway, 
cable tray, or cable along "ith noninccndivc field "iring 
circuit"l when installed in accordance with 504.30(B) 
Where pas."ling duough a Division 2 or Zone 2 location to 
supply apparatus that is located in a Division 1,  Zone 0 or 
Zone 1 location, installed in a raceway, cable tray, or cable 
along with noninccndivc field "iring circuit"l when instal
led in accordance "idt 504.30(B) 

(2) Within Enclosures. Conductors of intrinsically safe ciratit"l 
shall be secured so that any conductor dtat might come loose 
from a terminal is unlikely to come into contact with another 
tcnninal. The conductors· shall be separated from conductors 
of nonintrinsically safe circuit"l by one of the following mcth
ocl"l: 
(1)  Separation by at lca"lt 50 mm (2 in.) from conductors of 

any non intrinsically safe circuit"l, and secured 
(2) Separation from conductors of nonintrinsically safe 

circuit"l by usc of a grounded inctal partition 0.91 mm 
(0.0359 in.) or dtickcr or approved restricted acccs."l 
"iring duct"l separated from odtcr wiring duct"l by a mini
mum of 19 mm (:Y, in.) 

(3) Separation from conductors of nonintrinsically safe 
circuit"l by usc of rigid insulating partition 0.91 mm 
(0.0359 in,) or thicker that extends to l\idtin 1.5 mm 
(0.0625 in.) of dtc enclosure walls 

(4) l:se of separate wiring comparuncnt"l for intrinsically safe 
and nonintrinsically safe terminals 

(5) Either all intrinsically safe circuit conductors or all nonin
trinsically safe circuit conductors arc installed in groun
ded metal-sheathed or metal-dad cables, where dtc 
sheathing or cladding is capable of carrying fault current 
to ground 

(3) Other (Not in Raceway or Cable Tray Systems). \..onduc
tors and cables of intrinsically safe circuits run in odtcr than 
raceway or cable tray systems shall be separated by at lca"lt 
50 mm (2 in.) and secured from conductors and cables of any 
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nonintrinsically safe circuit"l 
applies: 

unless one of dtc follo"ing 

(1)  All of dtc intrinsically safe circuit conductors arc in Type 
Ml or MC cables. 

(2) All of dtc nonintrinsically safe circuit conductors arc in 
raceways or Type Ml or Type MC cables where the sheath
ing or cladding is capable of carrying fuult current to 
ground. 

(B) From Different Intrinsically Safe Circuit Conductors. The 
clearance between two terminals for connection of field "iring 
of different intrinsically safe circuit"l shall be at lca"lt 6 mm 
(0.25 in.), unlcs."l dtis dcarancc is permitted to be reduced by 
the control dra"ing. Different intrinsically safe circuit"l shall be 
separated from each other by one of dtc follo"ing means: 
(1) The conductors of each circuit arc within a grounded 

metal shield. 
(2) The conductors of each circuit have insulation with a 

minimum dtickncs."l of0.2::r mm (0.01 in.). 

Exception: lJnk'is otherwi.'il' idmtifod. 

(C) From Grounded Metal. The clearance between the unin
sulatcd part"l of field wiring conductors connected to terminals 
and grounded metal QT odtcr conducting part"l shall be at lca"lt 
3 mm (0.125 in.). 

504.50 Grounding. 

(A) Intriusically Safe Apparatus, Enclosures, and Raceways. 
lntrin."lically safe apparatus, enclosures, and raceways, if of 
metal, shall be connected to dtc equipment grounding conduc
tor .. 

Informational :'\ote: See A.'\S]/ISA RP 12.06.01 ,  RHmnmmded 
Prlll'tia for Wiring '"letlwd.< for HflUlrdou.< (Classified) l.ocations 
ills/rumen/a/ion - Par/ I: Intrimic Safety. In addition to an equip
ment grounding conductor connection, a connection to a 
grounding electrode might he needed for some a'l."llciated appa
ratu.•, such a• zener diode harriers, if specified in the conu·ol 
dnl\\ing. 

(B) Associated Apparatus and Cable Shields. A"l."lociatcd appa
ratus and cable shielcl"l shall be grounded in accordance widt 
the required control dral\ing. Sec 504.10(A). 

Informational :'\ote: See A.'\S]/ISA RP 12.06.01 ,  RHmnmmded 
Prlll'tia for Wiring Method.< for HflUlrdou.< (Classified) l.ocations 
lnstrumen/a/ion - Par/ I: Intrimic Safety. In addition to an equip
ment grounding conductor connection, a connection to a 
grounding electrode might he needed for some a'l."llciated appa
ratu.•, such a• zener diode harriers, if specified in the conu·ol 
dnl\\ing. 

(C) Connection to Grounding Electrodes. \\'bcrc connection 
to a grounding electrode is required, the grounding electrode 
shall be a"l specified in 250.52(A) (1) ,  (A) (2), (A) (3), and 
(A) (4) and shall comply "id1 250.30(A) (4). Sections 250.52(A) 
(5), (A) (7), and (A) (8) shall not be used if any of dtc electro
des specified in 250.52(A) (1) ,  (A) (2), (A) (3), or (A) (4) arc 
present. 

504.60 Bonding. 

(A) Intrinsically Safe Apparatus. Intrinsically safe apparatus, if 
of metal, shall be bonded in the hazardous (da"l."lificd) location 
in accordance "ith 501.30(B), 502.30(8), 503.30(8), 
505.30(8), or 506.30(8), a"l applicable. 
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ARTICLE 505 - ZO:"'E 0, 1, A.'ID 2 LOCATIOJ'\S 505.4 

(B) Metal Raceways. \\'here metal raceways arc used for 
intrinsically safe system wiring, hooding at all end-; of the race
way, regardless of the location, shall be in accordance with 
501.30(8), 502.30(8), 503.30(8), 505.30(B), or 506.30(8), ao; 
applicable. 

504.70 Sealing. Conduit-; and cables that arc required to be 
scaled by 501.15, 502.15, 505.16, and 506.16 shall be scaled to 
minimize the pao;sagc of gao;cs, vapors, or dust-;. Such seals shall 
not be required to be cxplosionproof or flameproof but shall 
be identified for the purpose of minimizing pa"i.o;agc of gao;cs, 
vapors, or dust-; under nonnal operating conditions and shall 
be accessible. 

Exception: Seal� slmU 1wt be required for enclo.�U11'S that contain only 
intrinsicaUJ safe aptJaratus, except as 11'qui11'd bJ 501.1 7. 

504.80 Identification. Labels required by this section shall be 
suitable for the em-ironment where they arc installed, with 
consideration given to exposure to chemicals and sunlight. 

(A) Terminals. Intrinsically safe circuit-; shall be identified at 
tcnninal and junction locations in a manner dtal is intended to 
prevent unintentional interference l\ith the circuit-; during test
ing and servicing. 

(B) Waring. Raceways, cable trays, and odtcr wiring method-; 
for intrinsically safe system \\iring shall be identified with 
pcrmancndy affixed labels with the wording Klntrinsic Safety 
Wiring" or equivalent. The labels shall be located so ao; to be 
visible after installation and placed so that they may be readily 
traced through the entire length of the installation. Intrinsic 
safety circuit labels shall appear in every section of dtc "iring 
system that is separated by enclosures, walls, partitions, or 
floors. Spacing between labels shall not be more than 7.5 m 
(25 ft).  

Exception: Circuits nm underground shall be permitted to be identified 
wl�ere theJ /JPcome accessible after emergmce from the gmund. 

Informational :'\ote l'o. I: Wiring method� permitted in wlcla'l
sified locations may be u.� for inllinsically safe s>-stems in 
hazardou.� (cla'l.�ified) locations. Without label5 to identifY the 
application of the \\i1ing, enforcement authorit.ies cannot deter
mine that an installation is in compliance \\id1 this ('.odl'. 

Informational Note No. 2: In uncla.wfied locations, identifica
tion is neces.o;ary to ensure that noninn·insically safe \\ire \\ill not 
be inadvertently added to existing rdceways at a later date. 

(C) Color Coding. Color coding shall be permitted to identity 
intrinsically safe conductors where they arc colored light blue 
and where no other conductors colored light blue arc used. 
Likewise, color coding shall be pcnniucd to identify raceways, 
cable trays, and junction hoxes where they arc colored light 
blue and contain only intrinsically safe wiring. 

ARTICLE 505 
Zone 0, 1, and 2 Locations 

505.1 Scope. 

(A) Covered. This article covers the requirement-; for the zone 
cla"i.o;ification system ao; an alternative to dtc division cla"i.o;ifica-

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAL COI>t: 

tion system covered in 500.1 for electrical and electronic cquip
mclll and wiring for all voltages where fire or explosion 
hazard-; might exist due to flammable gao;cs, l"apors, or liquiclo; 
for the following: 

(1 )  Zone 0 hazardous (clao;sificd) locations 
(2) Zone 1 hazardous (clao;sificd) locations 
(3) Zone 2 hazardous (clao;sificd) locations 

Informational l'ote :'\o. I: The term "Cia'l.� I" wa.� originally 
included a� a prefix to Zone 0, Zone I ,  and Zone 2 locations and 
references a� an identifier for nammable ga�es, \"dpors, or 
liquid� to differentiate from Cla�s II and Cla'l.� Ill locations. 
Zone 0, Zone I ,  and Zone 2 only apply to nammable ga�es, 
vapors, or liquids, so the "Cia.'l.� I" prefix is redundant and ha.� 
been deleted. However, the marking of "Cia.'l.� I" is left a� an 
optional marking \\ithin this Article. 

Informational Note :'\o. 2: See :'\FPA 497-2021, RHmnmmded 
Prarticl' for the Oassifiratiou of f7ammabll' I.iquid.•, ldlSI'S, or Vapors 
ami of Hawrdou.• (C/as.•ifil'd) I.ocatious for furtriral lmtallatiollS in 
IJvmiral Procl'll All"-lls, for extnJcted text that is followed by a 
reference in brackeL�. Only editorial changes were made to ihe 
extracted text to make-it consistent "ith this I .ode. 
Informational Note No. 3: See Article 100 for the definition of 
TI'Strirtl'd iudustrinl i'Siablishmmt fa• appliwl to hfJUlrdous (c/a.uijiwl) 
location.>/. 

(B) Not Covered. This aniclc docs not cover electrical and 
electroniC equipment and \\iring in the following: 

(1 )  ·. Cla"i.o; I, Cla"i.o; II, or Clao;s III, Division I or Di\ision 2 
hazardous (cla"i.o;ificd) locations 

(2) Zone 20, Zone 21, or Zone 22 hazardous (clao;sificd) loca
tions 

(3) Locations subject to the unique risk and explosion 
hazard-; a"i.o;ociatcd with explosives, pyrotechnics, and 
blao;ting agent-; 

(4) Locations where p}Tophoric materials arc the only mate
rials tLo;cd or handled 

(5) Features of equipment that involve nonelectrical poten
tial sources of ignition (e.g., couplings, pumps, gear
boxes, brakes, hydraulic and pneumatic motors, fans, 
engines, compressors) 

Informational Note :'\o. 1 :  ( .. ommon nonelecllical potential 
sources of ignition include hot surfaces and mechanically gener
ated sparks. 

Informational Note :'\o. 2: See A:'\SI/t:L 800i9-36, Explosive 
Atllw.•pllere.• - Par/ 36: Non-furtriral l:quipmmt for Explosive Atmo .... 
plvre.< - &.•ir Ml'thod ami Requinmuml.•, and ANSI/t:L 800i9-37, 
Explosive Alllw.•pllem - Par/ 37: Nou·fktriral Equipment for Explo
sive Atmosphni'S - Nou·fktriral 1)-pe of Protection l.o11Strurtio11al 
Safrly "c" (.outml of Ignition Sourre "b", Liquid Immersion "k", for 
additional information. 

505.4 Documentation. Area-; designated ao; hazardotLo; ( cla"i.o;i
ficd) locations or ao; uncla"i.o;ificd shall be documented on an 
area cla"i.o;ification dra"ing and other a"i.o;ociatcd documenta
tion. This documentation shall be made al"ailablc to the AHJ 
and those authorized to design, install, inspect, maintain, or 
operate electrical equipment at the location. 

Informational Note :'\o. 1: See A:'\SI/API RP 505, RHmnmmded 
Prarticl' for Cla.uification of l.ocatiollS for Elwtrical lmtallations a/ 
Pl'trolnun Fariliti"' Cla.uifiwl a• Oa.u l, Zo11e 0, Zo11e I, and Zo11e 2; 
ANSI/ISA 60079-10-1 (12.24.01) ,  Explosive .4/mo.•phnrs -
Par/ JO.[: Oa.uification of arms - Explosive gas a/Jno.•phem; and El 
15, Model I .ode of Sa[, Practicl', Part 15: .41l"Q Oa.uification for lmtal
latiollS Hamililzr; Flammabl£ f1uids, for examples of area cla .. �ifica
tion dra"ings. 
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505.5 ARTI\ll 505 - ZO:"'E 0, 1, A.'ID 2 LOCATIOJ'\S 

Informational :'\ote No. 2: See 505.8(1)(2), (1) (3) , or (1) (4) for 
infmmation on where g-.ts detection equipment is used as a 
means of protection. The documentation typically includes the 
type of detection equipment, il� listing, the installation loca
tion(s) , the ala1m and shutdown criteria, and the calibr.ttion 
frequency. 

Informational 1\"ote :'\o. 3: See NFPA 497, Recmnme111il'd Practice 
for tile Gas.•ifualion of Hammable I.iquid.•. Ga.•e.•. or Vapon ami of 
Haznrdou.• (C/a.uijim) I.ncatiollS for f.U.rtriral lnslallatiollS in !Jvmi
ml ProCP.u Area..; ANSI/ API RP 505, Recmnmemled Practice for Clas
·•iJiration of Location.• for Elertriral lmtallation.• a/ Petroleum Facilitii'S 
lla.uifit!d a.• C/a.u I, Zone 0, Zone /, ami Zone 2; A. '\SI/ISA 
60079-10-1 (12.24.01 ) ,  Explosive .4/mo.•pllms - Part /0-1: Cla.uifi
mlion of art'Q.• - Explo.•ive gas a/111o.•pfvres; and El 15, Model !.odl' of 
Safe Prartice, Part 15: Am� Cla.uiJiration for lmtallatiollS Handling 
flallmwb/1' Huids, for information on the cla..sification of loca
tions. 

Informational Note :'\o. 4: See NFPA 77, Recmnmmdl'd PrartiCP on 
Static E/l't;tricil)� :'\FPA 780, Standard for tlv lmtallation of I.igllt11ing 
Pro/1'£/ion Systl'lns, and API RP 2003, Protn:lion .4gaiml Ignitions 
Arising Out of Static, I.iglltning, and Stray CurrenL<, for infmmation 
on protection ag-.tinst static electricity and lighming hazard.� in 
hazardou.� (cla.'l.�ified) locations. 

lnformational l\"ote 1\"o. 5: See :'\FPA 30, Hammable and Combusti
b/1' Uquids Code, and A:'\SI/API RP 505, Recmmnendl'd Prarlire for 
llas.•ifimtion of Location.• for f.U.rtriral lllStallation.• a/ Pt!lroleum 
Facilitks Clas.•iJil'd a.• C/a.u I, Zo111' 0, Zone /, and Zone 2, for infor
mation on ventilation. 

Informational Note No. 6: See ANSI/API RP 14FZ, Rermmmmded 
PrartirR for Design, Installation, and Maintmancl' of Electriml Syste1ns 
for Fixl'd and Floating Off.Jwre Pl'lmil'wn Faciliti"' for Unclas.•ifim and 
C/a.u I, Zone 0, Zo111' /, and Zone 2 l.ncatiom, for information on 
electrical -'''stems for hazardou.� (cla.'l.�ified) locations on 
off.�hore oii and ga.� producing platforms, drilling rigs, and 
workover 1igs. 

lnformational l\"ote 1\"o. 7: See UL 120101, Dl'jinilion.• and bifor
malinn Pertaining to Electriml .4ppamtus in Haumlous I.oca/io11s, 
and Al\"SI/UL 60079-0, Explosive Atmo.•pill'rt's - Part 0: Equitmwll 
- l.eneml Requiremeut.•, for further infmmation on the general 
application of elecuical equipment in hazardou.� (cJa'I!Oified) 
location.�. 

· 

Informational Note No. 8: See A.'\SI/UL 121203, Portable/ 
Pnsonal Ekctronir Produrts Suita.b/1' for Uv iii Cia.•.< I, Division 2, 
C/a.u I, Zone 2, Cla.u II, Division 2, Class 01. DiViiion I, Clrus Ill, 
Division 2, Zo111' 21 and Zone 22 Haznrdmu (IJnS.•ifil'd) l.ncatiom, for 
infmmation on whether po11able or tmnsponable equipment 
ha\ing self-contained power supplie!', ·such a.� battery-opemted 
equipment, could potentially �come an ignition source in 
hazardou.� (cla.'l.�ified) locations. 

Informational Note :'\o. 9: See :\.'\SI/l"L 60079-28, Explosive 
Atllw.•PII""' - Par/ 28: Pro/Prtion of Equipmmt and Tmmmis.•ion 
Systl'lns lf.•h��r Dptiml Rndiatinn, for infmmation conceming the 
installation of equipment utilizing optical emis.�ions technology 
(such a.� la.�er equipment) that could potentially become an igni
tion source in hazardous (cla.'l.�ified) location.�. 

Informational 1\"ote 1\"o. 10: See IEC/IEEE 60079-30-2, Explosive 
Atllw.•PII""' -Part 30-2: Electriml Re.•islmue Trace Hroting-Appli
mlion Guide for Design, Installation and Ma.intenmul', for informa
tion on elecuical resistance u-ace heating for hazardous 
( cla.'l.�ified) location.�. 

Informational 1\"ote 1\"o. 1 1: See IEEE 844.2/CSA 
C293.2,TEEE/CSA Standard for Skin E/Jert Tracl' Hmting of Pipeline.•, 
V"-<>el<, Equipmmt, and Strurtu"" - Application Guide for Design, 
Installation, 1e.dhllf, r.mmniuioning, and Maintenancl', for informa
tion on electric skin effect tmce heating for hazardous ( cla. .. �i
fied) locations. 
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Informational Note No. 12: See IEEE 844.4/C'iA C293.4, 
IEI-:1-:/CSA Standard for lmpl'dancl' Hwlhllf of Pipeline.• and Equip
IR/!111 - Applimlion Guide for Design, lllStallation, 'ff.•ling, r.mnmis
·•iouing, and Main/Pnancl', for information on elecuic impedance 
heating for hazardous (cla.'l.�ified) locations. 

505.5 Classifications of Locations. 

(A) General. 
(1) Hazardous (Classified) Locations. Locations shall be da."l.�i
ficd depending on the properties of the flammable ga.'ics, flam
mable liquid-produced vapors, combustible liquid-produced 
'1--apors, combustible dust'i, or fibers/flyings that could be 
prescm and the likelihood that a flammable or combtt'itiblc 
concentration or quamity is prcscm. Each room, section, or 
area shall be considered indi\idually in determining it'i da."l.'iifi
cation. 

Informational :'\ote No. 1 :  See 505.7 for restrictions on area cia..,. 
sification. 

Informational Note :'\o. 2: Through the exerci� of ingenuity in 
the layout of elecuical inslallations for ha1.ardous (cla. .. �ified) 
location.�. it i� frequently pos.�ible to locate much of the equip
ment in a reduced (ey._,J .of cla. .. �ification or in an wlcla. .. �ified 
location to reduce the amount of special equipment required. 

(2) Refrigerant .Madlinery Rooms Using Ammonia. Rcfrigcr
am machinery rooms that contain ammonia refrigeration 
systems an<l are equipped "ith adequate mechanical ventila
tion that operates continuott'ily or is initiated by a detection 
system at a concentration not exceeding 150 ppm shall be 
permitted to be cla."l.'iificd a.'i "uncla.'l.'iificd" locations. 

lnformational Note: See :\. '\SI/IIAR 2, Standard for Safe De.•ign of 
Qo.v-ti-Circuit Am111o11ia Refrigeration Syste11t<, for information on 
the cla.�sification and ventilation of area.� involving closed-circuit 
ammonia refriger.ttion systems. 

(B) Zone 0, 1, and 2 Locations. Zone 0, 1, and 2 locations arc 
those in which flammable ga.�s or v-apors arc or may be 
prescm in the air in quantities sufficient to produce explosive 
or ignitiblc mixtures. Zone 0, I ,  and 2 locations shall include 
those specified in 505.5(8) (1) ,  (B) (2), and (B) (3). 

(1) Zone 0. A Zone 0 location is a location in which one of the 
following conditions cxist'i: 

(1)  Ignitiblc concentrations of flammable ga.'ies or '1--apors arc 
prescm continuously 

(2) Ignitiblc concentrations of flammable ga.'ies or '1--apors arc 
prescm for long pcriod'i of time 

Informational Note :'\o. 1 :  See :\.'\SI/API RP 505, Rermn111tmded 
Prarticl' for Cla.uifimtion of l.ncatioiiS for Elertrical lmtallations a/ 
Pl'tmlnun Faciliti"' Cla.uijil'n a.• 1./a.u l, Zone 0, Zone /, and Zone 2, 
and :\.'\SI/ISA 60079-10-1 (12.24.01 ) ,  Explosive A/111o.•plll're.• -
Par/ I 0-1: Clrusijiratio11 of .4 rws - explosive gas atllw.•pll1!111.,, for 
infmmation for when flammable ga.�s or \"apors are present 
continuou.�ly or for long periods of time. 

Informational :'\ote No. 2: Thi� cla.'l.�ification includes the follow
ing locations: 

( 1 )  Inside vented tanks or ves.�el� that contain \ulatile flam
mable liquids 

(2) Inside inadequately vented spmying or coating enclosures 
where volatile flammable solvenL� are u.�ed 

(3) Between the inner and outer roof sections of a floating 
roof tank containing volatile flammable liquid� 

(4) Inside open ves.�ls, tank.�. and piL� containing mlatile 
flammable liquid� 
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(5) Interior of an exhau.�t duct used to vent ignitible concen
trations of ga.�s or \<tpors 

(6) Inside inadequately ,·entilated enclosures that contain 
normally ,·enting instrumenL� ���ing or analyzing llamma
ble lluid� and \-enting to the inside of the enclosures 

(2) Zone 1. A Zone I location is a location 

(1)  In which ignitiblc conccmrations of flammable gases or 
\-apors arc likely to exist under normal operating concli
tions; or 

(2) In which ignitiblc conccmrations of flammable gases or 
vapors may exist frequently because of repair or maimc
nancc operations or because of leakage; or 

(3) In which cquipmcm is operated or processes arc carried 
on, of such a nature lhat cquipmcm breakdown or faulty 
operations could result in lhc relcao;c of ignitiblc concen
trations of flammable gao;cs or \-apors and also cauo;c 
simultaneous failure of electrical cquipmcm in a mode to 
cauo;c the elcclrical cquipmcm to become a source of 
ignition; or 

(4) That is adjaccm to a Zone 0 location from which ignitiblc 
conccmrations of \-apors could be communicated, unlcs.o; 
communication is prcvcmcd by adequate positive pres
sure ventilation from a source of dean air and effective 
safeguard-. against ventilation failure arc provided. 

Informational Note :'\o. 1 :  :'\onnal operation is considered the 
situation when plant equipment i� operdting \\ithin iL� design 
parameters. Minor relea.�es of flammable material may be pan 
of normal operations. Minor relea.�s include the relea.�s from 
mechanical packings on pumps. failures that inn>h-e repair or 
shutdmm (such a.� the breakdmm of pump seals and rlange 
gdskel�, and spillage cau.�d by accidents) are not considered 
normal opemtion. 

Informational Note :'\o. 2: This cla.'l.�ilication u.�ually includes 
the follm•ing location.�: 

( 1 )  Where volatile rlammable liquid� or liquefied flammable 
gdses are transferred from one container to another 

(2) Area.� in the \icinity of sprd�ing and painting operations 
where rlammable soh·enl� are used 

(3) Adequately ,·entilated d�ing rooms or comparunenL� for 
e\<tpordtion of flammable solvenl� 

( 4) Adequately ,·entilated locations comairting fat and oil 
extraction equipment u.�ing volatile flainmable soh-enL� 

(5) Portions of cleaning and dyeing planL� where mlatile 
flammable liquid� are used 

(6) Adequately \-entilated gdll generator rooms and other 
portions of ga.� manufactming planl� where flammable 
gds might escape 

( 7) Inadequately ,·entilated pump rooms for flammable ga.� or 
for volatile flammable liquid� 

(8) Interiors of refrigerdtors and freezers in which mlatile 
flammable matelials are stored in the open, lighdy stop
pered, or in ea.�ily ruptured comainers 

(9) Other location.� where ignitible concentrations of llamma
ble \<tpors or ga.�s are likely to occur in the course of 
normal opemtion but are not cla.'l.�ified Zone 0 

(3) Zone 2. A Zone 2 location is a location 

(1) In which ignitiblc conccmrations of flammable ga-.cs or 
vapors arc not likely to occur in normal operation and, if 
they do occur, "ill exist only for a short period; or 

(2) In which volatile flammable liquid-., flammable gao;cs, or 
flammable vapors arc handled, proccs.-.cd, or used but in 
which lhc liquid-., gao;cs, or vapors normally arc confined 
"ilhin dosed containers of dosed system-. from which 
they can escape, only ao; a result of accidental rupture or 
breakdown of the containers or system, or ao; a result of 
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the abnormal operation of lhc cquipmcm "idt which lhc 
liquids or gao;cs arc handled, proccs.-.cd, or used; or 

(3) In which ignitiblc conccmrations of flammable ga-.cs or 
vapors nonnally arc prcvcmcd by positive mechanical 
ventilation but which may become hazardous a-. a result 
of failure or abnonnal operation of the ventilation equip
ment; or 

(4) That is adjacclll to a Zone 1 location, from which igniti
blc concentrations of flammable gao;cs or vapors could be 
communicated, unlcs.o; such communication is prevented 
by adequate positivc-prcs.-.urc ventilation from a source of 
dean air and effective safeguard-. against ventilation fail
ure arc provided. 

Informational !'ore: The Zone 2 cla.'l.�ification u.�ually includes 
location.� where ,·olatile flammable liquids or rlammable g.t.� or 
\<tpors are used but which would become hazardous only in ca.� 
of an accident or of some unusual operdting condition. 

505.6 Material Groups. For purposes of testing, apprmal, and 
area da'i.o;ification, vario1Js air mixtures (not oxygen enriched) 
shall be grouped a-. required in 505.6(A), (B), and (C). 

Informational :'\ote No. ·t: See 90.2(0). This Code does not apply 
to installations underground in mines. Group I i� intended for 
���e in describing atmospheres that contain firedamp: a mixture 
of ga.�s, composed mosdy of methane, found underground, 
���ually in mines. 

Informational Note :'\o. 2: See :\.'\SI/l"L 60079-1 1 ,  Explosive 
Atmospl!emo - Part 1 1: l:quip111ml Pro/I'C/inn by lntriluir Safet)' "i". 
The g.t.� and \"dpor subdhision is ba.� on the maximum experi
memal safe Jrdp (MESG), minimum igniting cun-ent (�UC), or 
both. 

Informational :'\ote l'o. 3: See ISO/lEG 80079-2�1,  Explosive 
at111osplvres - Part 20.1: Material rllamrlni<lirs for ga.< and vapour 
clns.<ifualion - 1est metl!od.< ami data, for information on the test 
equipment for determining MIG in the cla.'l.�ification of ga.�s or 
\'apors according to their maximum experimental safe gaps and 
minimum igniting cun-enL�. 

Informational :'\ote l'o. 4: Group II is cun-endy subdh·ided into 
Group IIA, Group JIB, and Group JIG. Prior marking require
menL� petmiued some types of protection to be marked ''ithout 
a subdi•ision, shm•ing only Group II. 

Informational :'\ote l'o. 5: It is necessary that the meanings of 
the different equipment markings and Group II cla.'l.�ifications 
be carefully observed to avoid confu.�ion "ith Gla.'i.� I, Di•i�ion I 
and Di•isi<;n 2, Groups A, B, G, and D. 

Zone 0, I, and 2, groups shall be ao; follows: 

(A) Group DC. Atmospheres containing acetylene, hydrogen, 
or flammable ga-., flammable liquid-produced vapor, or 
combu-.tiblc liquid-produced vapor mixed "ilh air that may 
burn or explode, having either a maximum experimental safe 
gap (MESG) value Jcs.-. lhan or equal to 0.50 mm or minimum 
igniting currcm (MIC) ratio lcs.o; lhan or equal to 0.45. 
L497:3.3.5.2.3J 

Informational :'\ote: See 500.6(A) ( I )  and (A) (2) for Gla.'i.� I, 
Group A and Gla.'i.� I, Group B cla.'l.�ifications. Group JIG i� equh� 
alent to a combination of Gla.'i.� I, Group A and Gla.'i.� I, Group B. 

(B) Group Im. Atmospheres containing acetaldehyde, clhyl
cnc, or flammable ga-., flammable liquid-produced vapor, or 
combu-.tiblc liquid-produced vapor mixed "ilh air that may 
burn or explode, ha\-ing cidtcr maximum experimental safe 
gap (:MESG) \-alucs greater than 0.50 mm and less than or 
equal to 0.90 mm or minimum igniting currcm ratio (:MIC 
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ratio) greater than 0.45 and lcs."l than or equal to 0.80. 
L497:3.3.5.2.2J 

Informational l'ote l'o. I: See 500.6(,\) (3). Cla.'i.• I, Group C i• 
equh"alent to Group JIB. 

Informational :'\ote No. 2: Cla.•s I, Group 8 i• equh"alent to 
Group JIB + H,. 

(C) Group llA. Aunosphcrcs containing acetone, ammonia, 
ethyl alcohol, gasoline, methane, propane, or flammable gas, 
flammable liquid-produced l'apor, or combustible liquid
produced l'apor mixed with air that may burn or explode, 
having either a maximum experimental safe gap (:MESG) l'aluc 
greater dtan 0.90 mm or minimum igniting current (:MIC) 
ratio greater than 0.80. L497:3.3.5.2.1j 

lnformational l'ote: See 500.6(:\) (4). Cla.•s I, Group D is equh-a
lent to Group IIA. 

505.7 Special Precaution. This article requires equipment 
construction and installation that ensures safe performance 
under conditions of proper usc and maintenance. 

Informational :'\ote l'o. I: It is imponant that inspection author
ities and users exerci•e more than ordinary care regarding the 
installation and maintenance of electrical equipment in hazard
OlL"l (cla.'l.•ified) locations. 

Informational l'ote :'\o. 2: Electrical equipment that i• depend
ent on the protection technique permitted by 505.8(,\) might 
not he suitable for lL"le at temperatures lower than -20"C (-4"F) 
unles.• they are identified for tL"le at lower temperatures. Low 
ambient conditions require special consideration. At low ambi
ent temperatures, flammable concentrdtions of vapors might 
not exi•t in a location cla.'l.•ified at normal ambient temperature. 

(A) Implementation of Zone Classification System. Classifica
tion of areas, engineering and design, selection of equipment 
and \\iring mcthod"l, installation, and inspection shall be 
performed by qualified persons. 

(B) Dual Classification. In instances of areas within dte same 
facility clas."lificd separately, Zone 2 locations shall be permitted 
to abut, but not overlap, Clas."l I, Division 2 locations. Zone 0 or 
Zone I locations shall not abut Clas."l I, Dil'ision 1 . or Dil'ision 2 
locations. 

(C) Reclassification Permitted. A Class I. Dil'ision 1 or Dil'i
sion 2 location shall be permitted to be reclas."lificd a"l a Zone 0, 
Zone 1 ,  or Zone 2 location, prmidcd all of the space dtat is 
cla"lsificd because of a single flammable ga"l or vapor source is 
rcclao;."lificd under the rcquircmcnt"l of this article. 

(D) Solid Obstacles. Flameproof equipment "id1 flanged 
joints shall not be installed such that the flange openings arc 
closer than the distances shown in Table 505.7(0) to any solid 
obstacle that is not a part of the equipment (such a"l steelworks, 
walls, weather guard"l, mounting brackct"l, pipes, or other elec
trical equipment) unlcs."l the equipment is listed for a smaller 
distance of separation. 

(E) Simultaneous Presence of Flammable Gases and Combus
tible Dusts or Fibers/Flyings. \\'here flammable ga"lCS, combus
tible dust"l, or fibers/flyings arc or may be present at the same 
time, the simultaneous presence shall be considered during the 
selection and installation of the electrical equipment and the 
wiring mcthod"l, including dtc dctcnnination of the safe oper
ating temperature of the electrical equipment. 

70-420 

Table 505.7(D) Minimum Distance of Obstructions from 
Flameproof "d" Flange Openings 

Gas Group 

JIC 
JIB 
JIA 

mm 

10 
30 
10 

Minimum Distance 

in. 

PV.� 
I'Y.. xy ... 

(F) Available Fault Current for Type of Protection "e". Unlcs."l 
listed and marked for connection to circuits with higher availa
ble fault current, the available fault current for electrical equip
ment using type of protection "c" for the field "iring 
connections in Zone 1 locations shall be limited to 10,000 rms 
symmetrical amperes to reduce the likelihood of ignition of a 
flammable aunosphcrc by an arc during a short-circuit event. 

Informational l'ote: Limitation of the a�<tilahle f.mlt current to 
thi• level may require the application of current-limiting fuses or 
current-limiting circuit breakers. 

505.8 Protection Tecltniques. Acceptable protection techni
ques for electrical and electronic equipment in hazardous 
(clao;."lificd) locations shall be a"l described in 505.8(A) through 
(Q) . 

Informational Note :'\o. 1: See A:'\SI/L"L 120101,  Diftnilion.< and 
biformalim� Pertaining to Ekctrical l:quip111ml in HawrdOil.< Lora
lion.<, ·and A:'\SI/L"L 600i9-0, Explo.<ive Al111o.<plvre.< - Par/ 0: 
EqHipmenl - c.,neral Requirement.<, for additional information. 

Informational l'ote l'o. 2: See Chapter 9, Table 13 for descrip
tions of suhdhi•ions of protection techniques. 

(A) Flameproof Enclosure "d". This protection technique 
shall be permitted for equipment in Zone 1 or Zone 2 loca
tions. 

(B) Pressurized Enclosure "p". This protection technique 
shall be permitted for equipment in those Zone 1 or Zone 2 
locations for which it is identified. 

(C) Intrinsic Safety "i". This protection technique shall be 
permitted for apparatus and ao;."llciatcd apparatus for Zone 0, 
Zone 1, or Zone 2 locations for which it is listed. 

(D) Type of Protection "n". Thi"l protection technique shall 
be permitted for equipment in Zone 2 locations. Type of 
protection "n" is further subdivided into nA, nC, and nR. 

(E) Uquid Immersion "o". This protection technique shall be 
permitted for equipment in Zone 1 or Zone 2 locations. 

(F) Increased Safety "e". This protection technique shall be 
permitted for equipment in Zone 1 or Zone 2 locations. 

(G) Encapsulation "m". This protection technique shall be 
permitted for equipment in Zone 0, Zone 1, or Zone 2 loca
tions for which it is identified. 

(H) Powder Filling "q". This protection technique shall be 
permitted for equipment in Zone 1 or Zone 2 locations. 

(I) Detection Systems for Flammable Gases. A detection 
system for flammable ga"lcs shall be permitted a"l a means of 
protection in restricted industrial establishments. 
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(1) General. Any gas detection system used as a protection 
technique shall meet all of the requirements in 505.8(I) ( I )  (a) 
through (1) ( 1 ) (c) . 

(a) The gas detection equipment used shall he listed for 
Zone 1 and listed for the detection of dtc specific gas or \-apor 
to be encountered. 

(b) The gas detection system shall not usc portable or 
transportable equipment, or temporary wiring mcdtods. 

(c) The gas detection system shall only usc point-type 
sensors. The system shall he permiucd to be augmented widl 
opcn-pad1 (linc-of-sight)-typc sensors, but opcn-padt-t}'pc 
sensors shall not he the basis for this protection technique. 

(d) The type of detection equipment, its listing, dlc 
installation location(s), dtc alarm and shutdown criteria, and 
the calibration frequency shall be documented where gas 
detectors arc used as a protection technique. 

(c) The applications for the usc of gas detection systems 
as a protection technique shall he limited to 505.8(I) (2), (I) 
(3), or (I) (4). 

lnformational l'ote l'o. 1 :  See ANSI/L"L 121303, Guidefnr lJ., of 
Detecton for Flammabl£ GaS�<S, or ANSI/F:\f 121303, Guid, fnr Use of 
Detecton fnr Flammabl£ C.ase.<, for additional information. 

Informational :'\ote No. 2: See AJ'I:SI/UL 60079-29-1 ,  Explosive 
Alllw.<pll""' - Par/ 29-1: (.a.< lHtn:/nn - Performanre RequirmvnL< 
of lJ,tn:lnn for F/ammabl£ Ga<e.<, or ,\J'I:SI/FM 60079-29-1,  Explosive 
Alllw.<pll""' - Par/ 29-1: (.a.< lHtn:/nn - Performanre RequirmvnL< 
of lJ,tn:lnrs for f7ammabl£ C.a.<l'!i, for additional information. 

Informational Note :'\o. 3: See A:'\SI/API RP 505, Rermnmmded 
Prartia for C/a.uification of l..ncatiollS for E/wtrical ln.<lallations a/ 
p,, rolnun Facililil'!i Cla.uified a< C/a.u I, Zone 0, Zone I, and Zone 2, 
for additional infmmation. 

Informational :'\ote No. 4: See ,\J'I:SI/UL 60079-29-2, Explosive 
Alllw.<pll""' - Par/ 29-2: Gas lJ,tn:tnrs - Seln:tion, !llStal/ation, Uw 
and Maintenance nf lJ,tn:lnrs for Flammabl£ Gav.< and OX)-,;en, or 
ANSI/F:\f 60079-29-2, Explo.<ive .4/mo.<pilem - Par/ 29-2: (.as 
Detecton - Seln:tion, !llStallation, lJ., and Main/mana of DeJn:/nn 
fnr Flammabl£ Ga<e.< and Oxy�n, for additional infmmation. 

(2) Inadequate Ventilation. A location, enclosed space, or 
building dlat is classified as a Zone I location due to inade
quate vcntilationand that is prmidcd �id1 a detection system 
for flammable gases shall be permitted to usc electrical equip
ment, installation mcdtod�, and �iring practices suitable for 
Zone 2 installations. Sensing a gas concentration of not more 
than 40 percent of dtc lower flammable limit or a gas detector 
system malfunction shall activate an alarm (audible or \-isual, or 
born, as most appropriate for the area). 

(3) Interior of a Building or Enclosed Space. Any building or 
enclosed space dtat docs not contain a source of flammable gas 
or \apors that is located in, or with an opening into, a Zone 2 
hazardous (clao;.�ificd) location dtat is prmidcd "id1 a detection 
system for flammable ga�s shall be pcrmiucd to u.� electrical 
equipment, installation method�, and \\iring practices suitable 
for unclao;.�ificd installations under all of dtc following concli
tions: 

(1)  An alarm (audible or visual, or born) shall he sounded at 
not more dtan 20 percent of dlc lower flammable limit. 

(2) Sensing a ga� concentration of not more dtan 40 percent 
of dlc lower flammable limit or a ga� detector system 
malfunction shall acti\-atc an alarm (audible or \isual, or 
bodl, a� most appropriate for dlc area) and initiate auto
matic disconnection of power from all electrical devices 
in dlc area that arc not suitable for Zone 2. 
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(3) The power disconnecting dcvicc(s) shall he suitable for 
Zone 1 if locatcd inside dlc building or enclosed space. If 
the disconnecting dc\icc(s) is located out�idc the build
ing or enclosed space, it shall be suitable for the location 
in which it is installed. 

Redundant or duplicate equipment (such a� sensors) shall 
be pcrmiucd to he installed to avoid disconnecting electrical 
power when equipment malfunctions arc indicated. 

\\-'hen automatic shutdmm could introduce additional or 
incrca�cd hazard, this technique shall not he pcrmiucd. 

(4) Interior of a Control Panel. Inside dtc interior of a control 
panel containing instrumentation or other equipment using or 
mca�uring flammable liquid�, ga�s, or vapors and dtat is prmi
dcd with a detection system for flammable ga�s equipment 
shall he allowed to u.�c electrical equipment, installation mcth
ocl�, and wiring practices suitable for Zone 2 installations. 

An alarm (audible or visual, dr bodl) shall he sounded at not 
more man 40 percent of dlc lower flammable limit. 

(J) Protection by Electrical Resistance Trace Heating 
"60079-30-1". ThiS protection technique shall be pcrmiucd for 
electrical resistance trace heating equipment in Zone I or 
Zone 2 for which it is listed. 

(K) Inherently Safe Optical Radiation "op is". This protection 
technique shall be pcrmiucd for equipment in Zone 0, Zone 1,  
or Zonc·2 locations for which the equipment is identified. 

(l.) Protected Optical Radiation "op pr". This protection tech
nique shall be permiucd for equipment in Zone I or Zone 2 
locations for which dlc equipment is identified. 

(M) Optical System With Interlock "op sh". This protection 
technique shall be pcrmiucd for equipment in Zone 0, Zone 1,  
or Zone 2 locations for which the equipment is identified. 

(N) Protection by Skin Effect Trace Heating "IEEE 844.1". 
This protection technique shall he permitted for skin effect 
trace heating equipment in Zone 1 or Zone 2 locations for 
which it is listed. 

(0) Protection by Impedance Heating "IEEE 844.3". This 
protection technique shall he permitted for impedance heating 
of pipelines, and equipment in Zone 2 locations for which it is 
listed. 

(P) Pressurized Room "p". This protection technique shall be 
permitted for equipment in Zone 1 or Zone 2 locations for 
which it is identified. 

(Q) Special Protection "s". This protection technique shall he 
permitted for equipment in Zone 0, Zone 1, or Zone 2 loca
tions for which it is listed. 

505.9 Equipment. 

(A) Suitability. Suitability of identified equipment shall be 
determined by one of dlc follm\ing: 

( 1 )  Equipment listing or laheling 
(2) Evidence of equipment C\'aluation from a qualified test

ing laboratory or inspection agency concerned "idl prod
uct C\-aluation 

(3) Evidence acceptable to the audlority haling jurisdiction 
such a� a manufacturer's self-evaluation or an o"11cr's 
engineering judgment 
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Informational :'\ote: Additional documentation for equipment 
may include certificates demonstrating compliance "ith applica
ble equipment standards, indicating special conditions of use, 
and other pertinent infonnation. 

(B) Listing. 

(1) Equipmelll that is listed for a Zone 0 location shall he 
permitted in a Zone 1 or Zone 2 location of the same gas 
or \-apor, prm-iclecl that it is installed in accordance with 
the requirement'! for dte marked type of protection. 
Equipmelll that is listed for a Zone 1 location shall he 
permitted in a Zone 2 location of the same gas or vapor, 
prm-icled dtat it is installed in accordance with the 
requirement'! for dte marked type of protection. 

(2) Equipmem shall he penniued to he listed for a specific 
gas or vapor, specific mixtures of gases or vapors, or any 
specific combination of gases or vapors. 

Informational l'ote: One common example i• equipment 
marked for "JIB. + H2." 

(C) Marking. Equipmem shall be marked in accordance with 
505.9(C) (l)  or (C) (2). 

(I) Division Equipment. Equipmem identified for Cla"i."l I, Divi
sion 1 or Cla"ls I, Division 2 shall, in addition to being marked 
in accordance with 500.8(C), he permiuecl to be marked with 
all of the follo"ing: 

(1) Cla"ls I, Zone I or Zone I ;  Cla"i."l I, Zone 2 or Zone 2 (a"l 
applicable) 

(2) Applicable ga"� cla"lsification group(s) in accordance with 
Table 505.9(C) (1)  

(3) Temperature cla"lsification in accordance with 505.9(0) 

(2) Zone Equipment. Equipmem meeting one or more of the 
protection techniques described in 505.8 shall he marked with 
all of the follo"ing in the order shown: 

(1)  Cla"ls I shall be an optional marking. If it  is inducted in 
the equipmem marking, the Cla"ls I marking shall 
precede the zone marking. 

(2) Zone in accordance "id1 Chapter 9, Table 13. 
(3) S}1nbol "AEx". 
(4) Protection technique(s) in accordance with Chapter 9, 

Table 13. 
· 

(5) Applicable material group in accordance "idt Table 
505.9(C) ( I )  or a specific ga"� or vapor. 

(6) Temperature cla"lsification in ac<;ordance with 505.9(0). 
(7) Equipmem protection level (EPL). 

Exception No. 1: A.'i.mciattd aJJjJamtus NOT .mitable fm· imtallation 
in a !UlUlnlous ( c/a.'i.�ifiP.d) location slmU bt ntquhed to be marktd only 
with 505. 9(C)(2)(3), (C)(2)(4), and (C)(2)(5), but BOT/l the s}·mbol 
AEx (3) and the .�ymbol fm· tht l_\jll' of Jllvll'ction ( 4) shaU be en�losed 
within tile saliU' squart bmckets, fm·txample, [ AEx ia Ga] //C. 

Exception No. 2: Simple appamtus a.� dPjintd in A1·ticle 100 shaU not 
be requitl'.d to lmvt a mm-ktd operating ttmperatUI'I' or ttmperature 
cla.'i.�. 

Table 505.9(C)(l) Material Groups 
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Material Group 

JIC 
JIB 
I lA 

Comment 

See 505.6(A) 
See 505.6(8) 
See 505.6(C) 

Exception No. 3: Fittings for tile termination of cables shaU not be 
requit't'd to have a mm'ked operating temperature or ttmperature cla.�s. 

Informational :'\ote No. 1 :  See lnfonnational Note Figure 
505.9(C) (2), for an explanation of the marking that i• required. 
An example of the required marking for intrinsically safe appa
J<ttu.• for installation in Zone 0 is "Cia.'l.• I, Zone 0, AEx ia JIC T6 
C..a" or "Zone 0, AEx, ia, IIC T6 Gh." 

Informational Note :'\o. 2: An example of the required marking 
for intrinsically safe a.'l.•ociated appa1-atus mounted in a flame
proof enclosure for installation in Zone 1 i• "Cia.'l.• I, Zone I AEx 
dh[ia) JIC T4 Gh" or "Zone I, AE.x, db[ia Ga) JIC T4 Gh." 

Informational Note :'\o. 3: An example of the required marking 
for inllinsically safe a.'l.•ociated apparatu.• :'\OT for installation in 
a hazardou.• (cla..sified) location i• "[AEx ia Ga) JIC." 

Informational l'ote :'\o. 4: EPL"l are designated a.• G for ga.•, or 
D for du.•t, and are then followed by a letter (a, b, or c) to gh·e 
the user a better understanding a.• to whether the equipment 
prmides (a) a "very high," (b) a "high," or (c) an "enhanced" 
level of protection against ignition of an explosh·e atmosphere. 
For example, a Zone I, AEx dh IIC T4 Gb motor (which i• suita
ble by protection concept for application in Zone I )  i• marked 
\\ith an EPL of "Gb" w indicate that it was prmided \\ith a high 
level of protection. 

Informational NoU: :'\o. 5: See A:'\SI/l'L 600i9-26, Explosive 
Alllwspll""' - Pflf"/ 26: l:quipmml Juilh Eqllifmuml Protertion Level 
(EPI.) Ga, for additional infonnation. Equipment installed 
ouL•ide a Zone 0 location and electrically connected to equip
ment·1ocated in.•ide a Zone 0 location might he marked Zone 
0/1.  the "/" indicates that equipment contains a separdtion 
ele�ent and can be installed at the boundary between a Zone 0 
and a Zone I location. 

(D) Temperature Classification Marking. The temperature 
marking shall not exceed the autoignition temperature of the 
specific ga"� or \-apor to he encoumered. 

Informational :'\ote :'\o. 1: See A:'\SI/l'L 600i9-26, Explosive 
Alllwspll""' - Par/ 26: l:quipmml Juilh Eqllip111tml Protertion Level 
(EPI.) Ga, for more information. Equipment installed ouL•ide a 
Zone 0 location and electrically connected to equipment loca
ted inside a Zone 0 location might he marked Zone 0/ I .  The 
• /" indicates that equipment contains a separation element and 
can he in.•talled at the boundary between a Zone 0 and a Zone I 
location. 

Equipmem shall he marked to show the operating tempera
ture or temperature cla'ls referenced to a 400C ambient, or at 
the higher ambient temperature if the equipmem is rated and 
marked for an ambiem temperature of greater than 4o•c. The 
temperature cla"i."l, if provided, shall be inclicatecl using the 
temperature cla"ls (T code) shmm in Table 505.9(0). 

Area classification 

Example: Class�l t_jone 0 AEx ia 

=.::r equipment built to American 

Type(s) of protection designation 

IIC 

Material group ----------------' 

T6 Ga 

Temperature classification ---------------' 

Equipment protection level (EPL) -------------...J 
lnformalional Note F.gure 505.9(C)(2) Zone Equipment 
Marking. 
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Electrical equipment clesignccl for usc in the ambient 
temperature range between -2o•c and +4o•c shall require no 
ambient temperature marking. 

Electrical equipment dtat is designed for usc in a range of 
ambient temperatures other than -20"C to +40"C is considered 
to be special; and dtc ambient temperature range shall then be 
marked on the equipment, inducting either the symbol 1'a" or 
1'amb" together "ith the special range of ambient tempera
tures, in degrees Celsius. 

Informational Note No. 2: For example, such a marking might 
be ·-3o·c to +4o·c: 

Exception No. 1: Equipment of tile non-lv.at-pmducing l_}jw, .�ucll as 
conduit fittings, mul equiJnnent of the lleat-jnvducing t)jJe having a 
maximum lemfmnture of not 1/WI"t! than 100•c (21 2•F) sllall twt be 
requit"t!d to have a mat-ked ojJe11lling tempemtul"t! or tempe11llW"t! class. 
Exception No. 2: Equipment identified fm· Cla:1s I, Division 1 or Divi
.�ion 2 locations as permitted b)• 505.20(A), (B), and (Cj shall be 
permitted to be mat-ked in accmrlance with 505.8(C) and Table 
500.8(C)(4). 

(E) Threading. The supply connection entry thread form shall 
be NPT or metric. Conduit and fittings shall be made "Tcnch
tight to prevent sparking when fault current flows through the 
conduit system, and to ensure dtc cxplosionproof or flame
proof integrity of the conduit system where applicable. Equip
ment prmidccl "ith threaded entries for field "iring 
connections shall be installed in accordance with 505.9(E) (1)  
or (E) (2) and l\ith (E) (3). 

(I) Equipment Provided with Threaded Entries for NPT 
Threaded Conduit or Fittings. For equipment provided with 
threaded entries for 1'\PT ducaclcd conduit or fittings, listed 
conduit, listed conduit fittings, or listed cable fittings shall be 
used. 

All l'\PT ducaclcd conduit and fittings shall be threaded with 
a National (American) Standard Pipe Taper (NPT) thread. 

1'\PT threaded entries into cxplosionproof or flameproof 
equipment shall be made up with at least five ducacl'i fully 
engaged. 

Exception: For li.�ted 1'-X/Jlo.�i(mpmof m: ftainepmof equipment, factmy
threaded NPT entries slmU be made up with at least 411:! threads fully 
rogagr>d. 

Informational 1'\ote :'\o. 1: See ,\.'i:\·IE 81.20.1 ,  Pipe Thread.•, 
t>l'neral Purpo.•e (/11rh), for thread specifications for male :'\PT 
thread�. 

Informational :'\ote No. 2: See A:'\SI/L"L 600i9-l, Explosive 
AIIIUJspllere.• - Par/ I: Equipment Protertion by Flameproof E11clo.ums 

Table 505.9(D) Temperature Cassification Marking of 
Maximum Surface Temperature for Group D Electrical 
Equipment 

Temperature Class 
(T Code) 

T1 
T2 
T3 
T1 
T5 
T6 

Maximum Surface Temperature 
(OC) 

s450 
s300 
s200 
sl35 
sJOO 
s85 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL COI>t: 

"d", and :\.'i:\fE 81.20. 1 ,  Pipl' Thrl'llds, tll!lll'ral Purpo."' (l11ch), for 
infmmation on female 1'\PT threaded entries u.�ing modified 
1'\ational Standard Pipe Taper (:'\PT) thread. 

(2) Equipment Provided with Threaded Entries for Metric 
Threaded Conduit or Fittings. For equipment "id1 metric 
threaded entries, listed conduit fittings or listed cable fittings 
shall be used. Such entries shall be identified a'i being metric, 
or listed adapters to permit connection to conduit or NPT 
threaded fittings shall be provided "ith the equipment and 
shall be used for connection to conduit or :"'PT ducaclcd 
fittings. 

Metric threaded fittings installed into cxplosionproof or 
flameproof equipment entries shall have a cla'is of fit of at lca'it 
6g/6H and be made up "ith at lca'it five thrcacl'i fully engaged. 

Informational 1'\ote: See ISO 965-1, ISO grmeral p111pn.v metric 
srreru tllrr-11ds - Tolerance.• - Part I: Principm and basic data, and 
ISO 965-3, ISO J!!!lll'ral purpo.•e 1111'/ric .•rreru threads - Toil'rances -
Part 3: Droiatinn.• for roiiStrurtitmal .•rmu thTI'tlds, for threading 
specifications for meuic. threaded entries. 

(3) Unused Openings; All unused openings shall be closed 
"ith blanking elements or close-up plugs that arc listed for the 
location and will maintain the type of protection. Thread 
engagement shall comply "id1 505.9(E) (1) or (E) (2). 

(F) Optical Fiber Cables. An optical fiber cable, "ith or with
out current-carrying conductors (hybrid optical fiber cable),  
shall be installed to adclrcs.'i the a'i.'iociatccl fire hazard and 
scaled to acldrcs.'i the a'i.'iOciatcd explosion hazard in accorcl
allC� l\ith 505.15 and 505.16. 

(G) Equipment Involving Optical Radiation. For equipment 
involving sources of optical radiation (such a'i la'iCr or LED 
sources) in the wavelcngd1 range from 380 nm to 10 11m, the 
risk of ignition from optical radiation shall be considered for 
all electrical part'i and circuit'i that may be exposed to the radi
ation, both inside and out'iidc dtc optical equipment. This 
includes optical equipment, which it'iCif is located outside the 
explosive atmosphere, but it'i emitted optical radiation enters 
such atmospheres. 

Informational :'\ote: See ,\J'I:SI/L"L 600i9-28, Explo.•ive At111o .... 
plvres - Par/ 28: Protl't:/ion of Equipmml and Trammiuin11 SJslem.• 
Using Optical Radiatin11, for infonnation on types of protection to 
minimize the risk of ignition in explosh·e atmospheres from 
optical radiation. 

Exception: All luminail"es (fixed, pmtable, m· tmnspm·table) and hand 
lights, intended to be .mpt1lied by mains (with or without galvanic 
i.�olationj orJJmun't'd by batteries, with any contimwus divergent light 
soun:e, including LEDs, shall be excluded from this l'l'quil"ement. 

505.15 Wuing Methods. Wiring mcthod'i shall maintain the 
integrity of protection techniques and shall comply with 
505.15(A) through (C). 

(A) Zone 0. In Zone 0 locations, equipment protected by 
intrinsic safety �ia" and equipment protected by encapsulation 
�ma" shall be connected using intrinsically safe �ia" circuit'i 
"ith wiring methods in accordance "ith 504.20. 

(B) Zone I. 

(I) General. In Zone 1 locations, the follm\ing wiring mcth
ocl'i shall be permitted: 
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Informational Note No. I :  See Article 100 for the definition of 
mtrirtnl industrial estab/ish111mt {a< appliwi lo haumi01L< (c/a.uijiwi) 
local ion.</. 

(1)  All wiring mcthod"l permitted by 505.15(A). 
(2) In restricted industrial establishments where the cable is 

not sutMccl lo physical damage, Type M\..-HL cable listed 
for usc in Zone I or Class I, Dhision 1 locations, "ith a 
gas/vaportight continuous corrugated metallic shcadt, 
an overall jacket of suitable pol)'mcric material, and a 
separate cquipmcm grounding conductor(s) in accord
ance "idt 250.122. Type M\..-HL cable shall be termina
ted widt fittings listed for the application and installed in 
accordance "idt Part II of Article 330. 

(3) In restricted industrial establishments where the cable is 
not subject to physical damage, Type IT\..-HL cable listed 
for usc in Zone I or Cla'i."l I, Dhision 1 locations, "ith a 
ga"l/vaportight cominuous corrugated metallic shcadt 
and an overall jacket of suitable polpncric material. 
Type IT\..-HL cable shall be terminated widt fittings 
listed for the application and installed in accordance 
"idt 335.4 

(4) Type MI cable terminated widt fittings listed for Zone 1 
or Cla"l."l I, Dhision 1 locations. Type MI cable shall be 
installed and supported in a manner to avoid tensile 
strcs."l at the termination fittings. 

(5) Threaded rigid metal conduit (RMC) or threaded imcr
mcdiatc metal conduit (IMC) , including RMC or IMC 
conduit systems "id1 supplemental corrosion protection 
coatings. 

(6) \\'here cnca"lCd in a concrete envelope a minimum of 
50 mm (2 in.) thick and prolidcd with not lcs."l than 
600 mm (24 in.) of cover mca"lurcd from the top of dtc 
conduit to grade, PVC or RTRC conduit. RMC or IMC 
conduit shall be used for dtc la"ll f>OO mm (24 in.) of dtc 
underground run to emergence or to dtc poim of 
connection to dtc aboveground raceway. An cquipmetlt 
grounding conductor shall be included to prmidc for 
electrical continuity of the raceway system and for 
grounding of non-currcm-carl)ing metal pans. 

(7) Imrinsic safety type of protection �ib" using the "iring 
mcdtod"l in accordance l\ith 504.20. 

(8) Optical fiber cable Type OFNP, Type OFCP, T}'pc OFJ'\R, 
T}pc OFCR, Type OF:"'G, Type. OFCG, Type OF:"!, or 
Type OFC installed in raceways In accordance widt 
505.15(8). Optical fiber cable shall be scaled in accord
ance l\ith 505.16. 

(9) In restricted industrial establishmcnt"l for applications 
limited to f>OO volt"l nominal or lcs."l where the cable is 
not subject to physical damage, Type T\..-ER-HL shall be 
tcnninatcd l\idt fittings listed for the location and instal
led in accordance "idt 336.10. 

Informational :'\ote No. 2: See A:'\SI/UL 2225, l.abks and Cab/1'
Fittings for lJSP in Hawrdou.< (C/as.<ijil'd) /..orations, for information 
on constmction, testing, and marking of cables and cable 
fittings. 

( 10) In restricted industrial cstablishmcnt"l, listed Type P 
cable l\ith metal braid armor and an overall jacket. Type 
P cable shall be terminated "idt fittings listed for dtc 
location and installed in accordance with Part II of Arti
cle 337. 

Informational Note :'\o. 3: See L"L 1309A, 0uJli111' of lnVI'Siigalion 
for Cab/1' for U.<l' in Mobile lnslaUalimz.<, for infmmation on 
constmction, testing, and marking of Type P cable. 
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Informational :'\ote No. 4: See A:'\SI/UL 2225, l.abks and Cab/1'
Fittings for lJ.v in Hawrdou.< (Cias.<ijil'd) /..orations, for infmmation 
on cml."ltruction, testing, and marking of cable fittings. 

(2) Flexible Connections. If flexibility is ncccs."lat-y to minimize 
the transmission of vibration from cquipmcm during operation 
or to allow for movement after installation during maimc
nancc, one of the follo"ing shall be permitted: 
(1) Flexible fittings listed for dtc location. 
(2) Flexible cord in accordance with 505.17(A), terminated 

"idt cord connectors listed for the location. 
(3) In restricted industrial cstablishmcnt"l for applications 

limited to 600 volt"l nominal or lcs."l, where the cable is not 
sutMccl to physical damage and is terminated l\ith fittings 
listed for the location, Type T\..-ER-HL cable. Type T\..
ER-HL cable shall be listed for usc in Cla"ls I, Division 1 or 
Zone 1 locations and shall be installed in accordance widt 
336.10. 

Informational :'\ote No. I: See :\.'\"Sl/UL 2225, l.abks and Cab/1'
Fittings for lJ.v in Hawrdou.< (Cias.Ujil'd) /..orations, for information 
on constmction, testing, an<\ marking of cables and cable 
fittings. 

(4) In restricted indti.o;trial cstablishmcnt"l listed Type P cable 
widt metal braid armorand an overall jacket. T}pc P cable 
shall be terminated with fittings listed for dtc location 
and installed in accordance "idt Part II of Article 337. 

Informational Note :'\o. 2: See L"L 1309A, OuJlhll' of IIIVI'Siigalion 
for Cable for U.<e in '"labile lmlallaliom, for information on 
con�truction, testing, and marking of Type P cable. 

Informational :'\ote No. 3: See A:'\SI/UL 2225, l.abks and Cab/1'
Fittings for lJ.v in Hawrdou.< (Cias.<ijil'd) /..orations, for infmmation 
on cml."ltruction, testing, and marking of cable fittings. 

(C) Zone 2. 

(1) General. In Zone 2 locations, the follm\ing wiring mcth
oclo; shall be permitted: 

Informational Note No. 1: See Article 100 for the definition of 
Tt!Strirted industrial establish111mt {a< appliwi lo hfJUlrdom (c/a.uijiwi) 
local ion.</. 

(1)  All wiring mcthod"l permitted by 505.15(8). 
(2) T}pc MC, Type MY, T}pc TC, or Type TG·ER cable, 

including installation in cable tray system-;. Type T\..-ER 
shall include a separate cquipmcm grounding conduc
tor in addition to a drain wire that might be present. 
The cable shall be terminated l\ith listed fittings. Single 
conductor T)'pc MY cables shall be shielded or metallic
armored. 

(3) T}pc lTC cable or T)'pc IT\..-ER cable ao; permitted in 
335.4 and terminated widt listed fittings. Type IT\..-ER 
shall include a separate insulated equipment grounding 
conductor in addition to a drain "ire. 

(4) T}pc PLTC cable or T)'pc PLT\..-ER cable used for Cla"l."l 2 
or Cla'i."l 3 circuit-;, including installation in cable tray 
systems. The cable shall be terminated l\ith listed 
fittings. Type PLT\..-ER shall include a separate insulated 
cquipmcm grounding conductor in addition to a drain 
wire mal might be present. 

(5) Enclosed gao;kctcd busways or enclosed ga"lkctcd wire
ways. 

(6) In · restricted industrial establishment-; and where metal 
conduit docs not provide the corrosion resistance 
needed for dtc cmironmcm where it is installed, listed 
reinforced thermosetting resin conduit (RTRC), factory 

l'>ATJO:'\AL ELEGJ'RJC-\1. CODE 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 505 - ZO:"'E 0, 1, A.'ID 2 LOCATIOJ'\S 505.16 

elbows, and a."l.�ociatcd fillings, all marked "idt dtc sullix 
-XW, and Schedule 80 PVC conduit, factory elbows, and 
a.�sociatcd fittings. Where seals arc required for boun
dary conditions a.� defined in 505.16(C) ( 1 ) (b), the Zone 
1 "iring mcdtod shall extend imo the Zone 2 area to dtc 
seal, which shall be located on the Zone 2 side of dtc 
Zone 1 /Zonc 2 boundary. 

(7) Imrinsic safety type of protection "ic" using any of dtc 
wiring mcdtod� pcrmillcd for uncla.�sificd locations. 
Imrinsic safety type of protection "ic" systems shall be 
installed in accordance widt dtc control dra"ing(s). 
Simple apparatus, not shown on the comrol drawing, 
shall be pcrmillcd in an imrinsic safety type of protec
tion "ic" circuit if the simple apparatus docs not imcr
conncct the intrinsic safety type of protection "ic" 
systems to any other circuit. Separate intrinsic safety t}'pc 
of protection "ic" systems shall be installed in accord
ance l\ith one of the following: 
a. In separate cables 
b. In multiconductor cables where the conductors of 

each circuit arc within a grounded metal shield 
c. In multiconductor cables where the conductors of 

each circuit have insulation with a minimum dtick
ncs.� of0.25 mm (0.01 in.) 

Informational Note :'\o. 2: See Article 100 for !he defini
tion of .<impb- apparatus. 

(8) Optical fiber cable of Type OF:"'P, Type OFCP, T}'pc 
OF:"'R, Type OFCR, T}'pc OF:"'G, Type OFCG, T}'pc 
OF:"!, or T}'pc OFC installed in cable trays or any other 
raceway in accordance widt 505.15(C). Optical fiber 
cable shall be scaled in accordance widt 505.16. 

(9) Cablcbus. 
( 10) In restricted industrial establishment�. listed Type P 

cable l\ith or without metal braid armorand an overall 
jacket. Type P cable shall be terminated wim fittings 
listed for the location and installed in accordance widt 
Part II of Article 337. 

Informational :'\ote l'o. 3: See t.:L 1309A, Outli111' oflnv,;
tigation for C-able for Use in '"labile lnstallatiom, for infonna
tion on constmction, testing, and marking of Type P 
cable. 

Informational :'\ote l'o. 4: � Ai"SIIt.:L 2225, Cables ami 
IAbii'-Fillings for Use in Haznrrlous (llas.<ijini) /.oro/ion.<, for 
infmmation on construction, testing, and marking of 
cable fittings. 

(2) Flexible Connections. Where flexibility is necessary to 
minimize dtc transmis.�ion of vibration from cquipmcm during 
operation or to allow for movcmcm after installation during 
maimcnancc, one or more of the following "iring mcdtod� 
shall be permillcd: 

(1)  Listed flexible metal fittings 
(2) Flexible metal conduit "ith listed fittings 
(3) Imcrlockcd annor Type :MC cable widt listed fittings 
(4) T}pc P cable 
(5) T}pc TC'..-ER or Type TC'..-ER-HL cable 
(6) T}pc ITC'..-ER or Type ITC'..-HL cable 
(7) T}pc PLTC'..-ER cable 
(8) Liquidtight flexible metal conduit "ith listed fittings 
(9) Liquidtight flexible nonmetallic conduit l\ith listed 

fittings 
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( 10) Flexible cord in accordance l\ith 505.1 7, terminated 
"idt a listed cord connector that maintains dtc t}'pc of 
protection of the terminal compartmcm 

( 1 1) For elevator usc, an identified elc\'ator cable of Type EO, 
Type ETP, or T}'pc ETT, shown under dtc "usc" column 
in Table 400.4 for "hazardous (cla."l.�ificd) locations" and 
tcnninatcd widt listed fillings 

If flexible conduit is used, it shall be grounded in accord
ance widt 505.30(A) and bonded in accordance widt 
505.30(8). 

505.16 Sealing and Drainage. Seals in conduit and cable 
systems shall comply l\ith 505.16(A) through (E). Scaling 
compound shall be used in T}'pc MI cable termination fittings 
to exclude moisture and oilier fluids from dtc cable insulation. 

Informational :'\ote l'o. 1: See 505.16(C)(2)(c). Seals are provi
ded in conduit and cable system• to minimize the pa. .. .age of 
g"dSes and \-apors and prevent !he pa.'l.•age of names from one 
portion of !he electrical instaliation to another through the 
conduit. Such communication through Type Ml cable is inher
ently prevented by con$h"Uction of the cable. l" nles.• specifically 
designed and tested for the purpose, conduit and cable seals are 
not intended to pt·�nt !he pa. .. .age of liquid•, g-.t.�s. or \'llpors 
at a continuous pres.•ure differential acros.• the seal. E,·en at 
differences ·in pres.•ure anos.• !he seal equi�-alent to a few inches 
of \\-ater, there might be a slow pa."-.age of lr"-' or �-apor through a 
seal and through conductors pa. .. •ing through the seal. 

Informational :'\ote l'o. 2: See 505.16(0) (2). Tempe1-ature 
extremes and highly corrosh>e liquid• and \-apors can affect the 
ability of seal• to perfonn their intended function. 

Informational l'ote l'o. 3: Ga.• or �-apor leakage and propaga
tion of names might occur through !he interstices beu•>een the 
str.tnds of standard str.tnded conductors larger !han 2 AWG. 
Special conductor constructions, for example, compacted 
str.tnds or sealing of !he indi�idual strand•, are means of reduc
ing leakage and preventing the propagation of names. 

(A) Zone 0. In Zone 0 locations, seals shall be located accord
ing to 505.16(A) (1 ) ,  (A) (2), and (A) (3). 

(1) Conduit Seals. Seals shall be provided widtin 3.05 m 
(10 ft) of where a conduit leaves a Zone 0 location. There shall 
be no unions, couplings, boxes, or fittings, except listed reduc
ers at the seal, in the conduit run between the seal and dtc 
poim at which the conduit leaves the location. 

Exception: A rigid unlnvkro conduit tlmt passes comJJiele�l' through the 
ZmU! 0 /.oration with no fittings /e.•is than 300 mm ( 12 in.) beyond P.ach 
boundary shall not be ll'quil"ed to be sealed if the termi1mtion points of 
the unbroken conduit are in unrlassijil'.d /ncations. 

(2) Cable Seals. Seals shall be prmidcd on cables at the first 
poim of termination after entry imo dtc Zone 0 location. 

(3) Not Required to Be Explosionproof or Flameproof. Seals 
shall not be required to be cxplosionproof or flameproof. 

(B) Zone I. In Zone 1 locations, seals shall be located in 
accordance "idt 505.16(8) (1)  duough (8)(8). 

(1) 1yPe of Protection "d", "db", "e", or "eb" Enclosures. 
Conduit seals shall be prmidcd within 50 mm (2 in.) for each 
conduit entering enclosures hal-ing type of protection "d", 
�db", �c", or �cb". 

Exception No. 1: �WU!1P the enrlo.'iU1P lmving l_}jll' of pmtection "d" m· 
"db" is mm-ked to indicate that a seal is not requitPd. 
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Exception No. 2: For type of frmltction "e" or "eb", ronduit and fittings 
employing on�)' NPT to NPT raceway joints or fittings li.�ted fm· type of 
pmltction "e" or "eb" shall be pennitll'.d between the enclosure and the 
seal, and tile seal shall 1wt be required to be within 50 mm ( 2 in.) of the 
rotry. 

Informational Note: Examples of fittinw- employing other than 
l'PT thread• include conduit couplingli, capped elhows, unions, 
and breather drains. 

Exception No. 3: For conduit in.�lalled betwt't'n type of Jllvll'ction "e" or 
"eb" enclosw"I!S emplo)•ing on�)' NPT to NPT mcewa_l' joints m· conduit 

fittings li�ted for type of pmttction "e" m· "eb", a seal shall not be 
ll!qtlhed. 

(2) Explosionproof Equipment. Conduit seals shall be prmi
dcd for each conduit cmcring cxplosionproof cquipmcm 
according to 505.16(8) (2) (a), (B) (2) (b), and (B) (2) (c). 

(a) In each conduit cmry imo an cxplosionproof enclo
sure where either of the follo"ing conditions apply: 
(1) The enclosure contains apparatus, such a• Sl\itchcs, 

circuit breakers, fuses, relays, or resistors that may 
produce arcs, sparks, or high temperatures dtat arc 
considered to be an ignition source in normal operation. 
For the purposes of this section, high temperatures shall 
be considered to be any temperatures exceeding 
80 pcrccm of dtc autoignition temperature in degrees 
Celsius of the ga• or l-'3por involved. 

Exception: Seal� s/mll 1wt be required for ronduit rote1ing an roclo.mre 
w/11!11! .mel! .nuitches, circuit bt1!akers, fuses, 11!/.ays, or J"I!Si.�tm-s comJI�l' 
with one of the following: 

(1) All' enclosed willlin a chamber hmMlica�l' sealed against the 
entrance of gases m· vapm-s. 

( 2) All' i71mlei"SI'.d in oiL 
( 3) All' enrlosed within an roclo.�Uil', identified for tile location, and 

mm-ked "Leads Factor)' Sealed, "  "Factm1· ,'lf'.aled, " "Seal nol 
Requill'.d, " m· equivale�t. 

· 

(2) The cmry is metric designator 53 (trade size 2) or larger 
and the enclosure contains terminals, splices, or laps. 

An enclosure, identified for dtc location, and marked 
"Lead• Factory Scaled," or "Factory Scaled," Seal not 
Required," or cqui\-alcm shall not be considered to serve 
a• a seal for another adjaccm cxplosionproof enclosure 
that is required to have a conduit seal. 

(b) Conduit seals shall be installed l\ithin 450 mm 
(18 in.) from the enclosure. Only threaded couplings, or cxplo
sionproof fittings such a• unions, reducers, elbows, and capped 
elbows that arc not larger than the trade size of dtc conduit, 
shall be pcnniucd between dtc scaling fitting and the cxplo
sionproof enclosure. 

(c) \\-'here two or more cxplosionproof enclosures for 
which conduit seals arc required under 505.16(8) (2) arc 
connected by nipples or by runs of conduit not more than 
900 mm (36 in.) long, a single conduit seal in each such nipple 
connection or run of conduit shall be considered sufficicm if 
located not more dtan 450 mm (18 in.) from either enclosure. 

(3) Pressurized Enclosures and Pressurized Rooms. Conduit 
seals shall be provided in each conduit entry into a prcs.o;urizcd 
enclosure or prcs.o;urizcd room where the conduit is not pres
surized a• part of the protection system. Conduit seals shall be 
installed within 450 mm (18 in.) from the prcs.o;urizcd enclo
sure or prcs.o;urizcd room. 
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Informational Note :'\o. I :  lns1alling the seal as close a• pos.•ible 
to the enclosure reduces problems with purging the dead 
airspace in the pres.•urized conduit. 

Informational :'\ote No. 2: See NFPA 496, Standard for Purgr-11 and 
Prr.ssuriud Enrlosurt'S for furtriral Equip111mt, for information on 
pres.•urized equipment. 

Informational :'\ote No. 3: See l"L 600i9-13, Explo.<iVI' .4tmn.<phem 
- Part I 3: l:quipmml Protection bJ Pres.mri.u-11 Room "p" ami .4rtifi
ciall.r Ventilatwl Roo111 •v�, for additional information. 

(4) Zone 1 Boundary. Conduit seals shall be prmidcd in each 
conduit run leaving a Zone 1 location. The scaling fitting shall 
be permitted on either side of the boundary of such location 
within 3.05 m (10 ft) of the boundary and shall be designed 
and installed so a• to minimize the amoum of ga• or l-'3por 
within the Zone 1 portion of the conduit from being communi
cated to the conduit beyond the seal. Except for listed cxplo
sionproof reducers at the conduit seal, there shall be no union, 
coupling, box, or fitting between the conduit seal and the 
poim at which the conduit leave� dlc Zone 1 location. 

Exception: Metal cmulttil containing 1w unions, couplings, boxes, or 
fittings and pa!ising completely

. 
thmugh a Zone 1 location with 1w 

fittings less than 300 min (12 in.) beymul P.ach boundary shall not 
11!qtli11! a ronduit spa[ if the lel'minalion /JOints of the unl11vken conduit 
aJ1! in uncla.••sified locations. 

(5) Cables CApable of Transmitting Gases or Vapors. Conduits 
containi.ng cables with a ga•/l-aportight continuous sheath 
capable oftransmitting ga•cs or \-apors duough the cable core 
shall be scaled in the Zone 1 location after removing the jacket 
and any odtcr coverings so that the scaling compound 
surrounds each individual insulated conductor or optical fiber 
tUbe and the outer jacket. 

Exception: Mttlticonductm· cables with a gas/vapmtigltt continuous 
sheath capable of transmitting gases or vapm:� through the cable COil! 
shall be pel'mitll'.d to be ron!iidell'd as a single conductor bJ• sealing the 
cable in the conduit willlin 4 50 mm (18 in.) of the t"'U:W!ittll' mul the 
rable e1ul willlin the nu:lo.mll' bJ· an approved mP.ans to minimize the 
rotmnce of ga.'il's m· vaJJOI"S and p11!Vrol the pmpagation of JlaJM into 
the cable cm1!, or bJ• other appmved methods. Fm· shielded cables and 
twi�ted pai1· cables, it shall not be requill'.d to 11!7/IOVe the shielding mate
rial or sepamte the twi�ted pail: 

(6) Cables Incapable of Transmitting Gases or Vapors. Each 
multiconductor or optical multifiber cable in conduit shall be 
considered a• a single conductor or single optical fiber tube if 
the cable is incapable of transmitting ga-.cs or \-apors through 
the cable core. These cables shall be scaled in accordance with 
505.16(0). 

(7) Cables Entering Enclosures. Cable seals shall be provided 
for each cable entering flameproof or cxplosionproof enclo
sures. The seal shall comply l\ith 505.16(0). 

(8) Zone 1 Boundary. Cables shall be scaled at the poim at 
which they leave dtc Zone 1 location. 

Exception: Whell' cable is sP.aled at the termination /JOint. 

(C) Zone 2. In Zone 2 locations, seals shall be installed in 
accordance widt 505.16(C) (1)  and (C) (2). 

(1) Conduit Seals. Conduit seals shall be provided in accord
ance l\ith 505.16(C) (1) (a) through (C) (I  ) (f) . 

(a) Flamepmof and Explo!iionpmof Enclo:mi"I!S. Conduit seals 
shall be required for connections to enclosures that arc 
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required to be flameproof or cxplosionproof, in accordance 
"ith 505.16(8) ( I )  and (B) (2). All portions of the conduit run 
or nipple between the seal and enclosure shall comply with 
505.16(8). 

(b) CfmduiL� &tween Zone 2 and lJncla.�sified Locations. 
Conduit seals shall be required in each conduit run pa."l.o;ing 
from a Zone 2 location imo an uncla."l.o;ilicd location. The 
conduit seals and conduit run shall comply with all the follow
ing: 

( 1)  The scaling fitting shall be pcrmillcd on either side of the 
boundarv of the location "idtin 3.05 m (10 fl) of the 
boundan:. 

(2) The scaling filling shall be designed and installed to mini
mize the amount of ga.o; or vapor "idtin the Zone 2 
portion of dtc conduit from being communicated to the 
conduit beyond the seal. 

(3) Threaded rigid metal conduit (R\.fC) or dtrcadcd inter
mediate metal conduit (IMC) shall be used between the 
scaling fitting and the point at which the conduit leaves 
the Zone 2 location, and a threaded connection shall be 
used at the scaling filling. 

(4) There shall be no union, coupling, box, or fitting 
between the conduit seal and the point at which the 
conduit leaves the Zone 2 location except for listed cxplo
sionproof reducers at the conduit seal. 

(5) \..onduito; shall be scaled to minimize the amount of ga.o; 
or \-apor within the Zone 2 portion of the conduit from 
being communicated to dtc conduit beyond the seal. 

(6) Such seals shall not be required to be flameproof or 
cxplosionproof but shall be identified for the purpose of 
minimizing pa."l.o;agc of ga.o;cs under normal operating 
conditions and shall be acccs.o;iblc. 

(c) \..onduits Passing Thmugh a Zone 2 Locatifm. �lclal 
conduit containing no unions, couplings, boxes, or fittings and 
pa."l.o;ing completely through a Zone 2 location with no fittings 
lcs.o; than 300 mm (12 in.) beyond each boundary shall not be 
required to be scaled if dtc termination point-; of dtc unbroken 
conduit arc in uncla."l.o;ilicd locations. 

(d) \..onduit S_vstt'ms Ending in an lJncla.'fSijied Location. 
\..onduil systems tcnninating in an unclassified location where 
a "iring method transition is made to cable tray, cablcbus, 
ventilated busway, Type Ml cable, or cable· that is not installed 
in a raceway or cable tray system �all not be required to be 
scaled where pa.o;sing from the Zone 2 location into dtc uncla.o;
sificd location. The uncla."l.o;ilicd location shall be outdoors or, if 
the conduit system is all in one room, it shall be pcrmillcd to 
be indoors. The conduit-; shall not terminate at an enclosure 
containing an ignition source in normal operation. 

(c) Pres.m1iud Enclosw-es or P,-e.mniud Romns. Conduit 
systems pa. ... -.ing from enclosures or rooms dtal permit general
purpose equipment a.-. a result of pressurization imo a Zone 2 
location shall not require a seal al the boundary. 

lnfonnational :'\ote: See NFPA 496, Standard for Purgwl ami Pws
suriud Eudosum for /oli'Ctrical Equipment, for infonnation on 
purged and pressurized equipment. 

(f) Outdoo1· \..onduit SJ'.�tt'm Segment�. Segment-; of above
ground conduit systems shall not be required to be scaled 
where pa. ... -.ing from a Zone 2 location into an uncla."l.o;ificd loca
tion if all the follm\ing conditions arc met: 

( 1)  The conduit system scgmcm shall not pa."l.o; through a 
Zone 0 or Zone 1 location where the conduit contains 
unions, couplings, boxes, or fittings l\ithin 300 mm 
(12 in.) of the Zone 0 or Zone I location. 
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(2) The conduit system segment shall be located entirely in 
an outdoor location. 

(3) The conduit system segment shall not be directly connec
ted to canned pumps, proccs.o; or scnicc connections for 
flow, pressure, or analysis mca.o;urcmcnl, and so fortlt, 
that depend on a single comprcs.-.ion seal, diaphragm, or 
tube to prevent flammable or combustible fluid-. from 
entering the conduit system. 

(4) The conduit system segment shall only have tltrcadcd 
rigid metal conduit (R\.fC) and threaded intermediate 
metal conduit (IMC) with threaded unions, couplings, 
conduit bodies, and fittings in the uncla.o;sificd location. 

(5) The conduit system scgmcm shall be scaled at its entry to 
each enclosure or filling housing terminals, splices, or 
taps in Zone 2 locations. 

(2) Cable Seals. \..able seals shall be installed in accordance 
with 505.1 6(C) (2) (a) through (C) (2) (c). 

(a) ExplosionJJToof and Flamepmof Enrlo.m1-es. Cables enter
ing enclosures required to be · flameproof or cxplosionproof 
shall be scaled al the pc:iim of entrance. The seal shall comply 
with 505.16(0). Multironductor or optical multifiber cables 
with a ga.-./vaportight cominuous sheath capable of transmit
ting ga.-.cs or vapors through tltc cable core shall be scaled in 
the Zone 2 location after rcmming the jacket and any other 
coverings so that the scaling compound surrouncl-. each incli
'"idual inmlalcd conductor or optical fiber tube to minimize 
the pa.<�5agc of ga.-.es and vapors. Multiconductor or optical 
multifiber cables in conduit shall be scaled a.-. described in 
505.16(8) (4). 

Exception No. 1: \Ahles Jla.�sing fivm an nu:losUJ"t' m· mom that is 
unr/a.•;sijied a.� a result of Type Z pl"t'!isurization into a Zone 2 location 
shall not 11'qui11' a seal at the boundary. 

Exception No. 2: Shielded cabks and twi�tt'd pait· cabks shall not 
requit-e nmwval of the shielding mate1ial or sepamtifm of tile twi�tt'd 
pahs if tile tt'I'Tnination is by an aptnvved menns to minimiu the 
entrmu:e of ga.'il's m· vaJJOI-s and prevent JnvJmgatifm of flame into the 
rabk cm-e. 

(b) Restricll'.d B11'athing Etu:losures "nR". \..ables entering 
restricted breathing enclosures required to be restricted 
breathing shall be scaled at the point of entrance imo the 
enclosure. These seals shall be installed in accordance with 
505.16(0). Multiconductor cables or multifiber optical fiber 
cables with a ga.o;/vaportight cominuous sheath capable of 
transmitting ga.o;cs or vapors through the cable core shall be 
scaled in the Zone 2 location. The jacket and any otltcr cover
ings shall be removed to allow the scaling compound to 
surround each indhidual insulated conductor or optical fiber 
tube to minimize the pa."l...agc of ga.-.es and vapors. Multiconduc
tor cables or optical fiber cables in conduit shall be scaled a.o; 
described in 505.16(C) (l) (b). 

Exception No. 1: \Ahles Jla.�sing fivm an nu:losu11' or mom that i� 
unr/a.•;sijied a.� a result of Type Z pl"t'!isurization into a Zone 2 location 
shall not 11'qui11' a seal at the boundary. 

Exception No. 2: Shielded cabks and twi�tt'd pair rabies tmninatt'd 
with fittings listed fm· the /oration shall 1wt l"t'qtlit-e removal of the 
shielding material m· sepamtion of tile twi�tt'd pai1-s. 

(c) \..ables That Will Not Transmit Ga.'i#'s or Vapm-s. \..ables 
with a ga.o;/vaportight continuous sheath that will not transmit 
ga.-.es or \-apors through the cable core in excess of the quantity 
pcrmillcd for seal fittings shall not be required to be scaled 
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except as required in 505.16(C) (2) (b). The minimum length 
of such cable run shall not be lcs.o; than the length that limits 
gas or vapor flow through dtc cable core to the rate pcrmiucd 
for seal fittings L200 cm3/hr (0.007 ft3/hr) of air at a prcs.o;urc 
of 1500 pascals (6 in. of watcr) j .  

Informational :'\ote No. I :  See A:'\SI/UL 2225, l.abks aud Cabli'
FiUhzgs for l!sf' in Hawrrlous (Qa.uified) Location.<, for further infor
mation on consuuction, testing, and marking of cables, cable 
fittings, and cord connectors. 

Informational l'ote No. 2: The cable core does not include the 
interstices of the conductor strdnds. 

(d) Cables Capabk of Tran.mtilting Gases m· Vapors. \..abies 
with a gas/vaportight cominuous sheath capable of transmit
ting gases or vapors through the cable core shall not be 
required to be scaled except ao; required in 505.1 6(C) (2) (b), 
unlcs.o; the cable is attached to proccs.o; cquipmclll or devices 
that might cause a prcs.o;urc in execs.-; of 1500 pao;cals (6 in. of 
water) to be exerted at a cable end, in which cao;c a seal, 
barrier, or other means shall be provided to prcvclll migration 
of flammables imo an undao;sificd area. 

Exception: \..able.< with an unbmken gas/vapm·tight continuous sheath 
shall be Jmmitted to pass tlnvugh a Zone 2 location wit/tout seal<. 

(c) Cabks Without a Gas/Vaportight \..tmtinumts Sheath. 
\..abies that do not have a gao;/vaportight continuous sheath 
shall be scaled at the boundary of the Zone 2 and unda"l.o;ificd 
location to minimize the pa"l.o;agc of ga-.es or vapors imo an 
undao;sificd location. 

Informational Note: The cable sheath can be cidtcr metal 
or a nonmetallic material. 

(D) Zones 0, 1, and 2. Where required, seals in Zones 0, I ,  and 
2 locations shall comply "id1 505.16(0) ( 1 )  through (0) (5). 

(1) Fittings. Enclosures for connections or cquipmclll shall be 
prmidcd l\ith an integral means for scaling, or scaling fittings 
listed for the location shall be used. Scaling fittings shall be 
listed for usc "id1 one or more specific compounds and shall 
be acccs.-.iblc. 

(2) Compound. The compound shall provide a seal against 
pa"l.o;agc of gao; or vapors through the seal fitting, shall not be 
affected by the surrounding aunosphcrc or liquid-., and shall 
not have a melting point lcs.-. than 93•c (200"F). 

(3) Thickness of Compounds. In a eomplctcd seal, the mini
mum thickncs.o; of the scaling compound shall not be lcs.o; than 
the trade size of the scaling fitting and, in no cao;c, less than 
16 mm (o/,; in.). 

Exception: Li<ted cabk sealing fittings shall not be required to have a 
minimum thickness I'.Jfllal to the trade .<ize of the fitting. 

(4) Sp6ces and Taps. Splices and taps shall not be made in 
fittings intended only for scaling l\ith compound, nor shall 
other fittings in which splices or taps arc made be filled with 
compound. 

(5) Conductor or Optical Fiber Fill. The cros.'Hiectional area 
of the conductors or optical fiber tubes (metallic or nonmetal
lic) pcrmiucd in a seal shall not exceed 25 pcrcclll of dtc cros.o;
scctional area of a rigid metal conduit of the same trade size 
unlcs.o; it is specifically listed for a higher percentage of fill. 
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(E) Drainage. 

(1) Control EquipmenL \\'here there is a probability that 
liquid or other condensed vapor may be trapped l\ithin enclo
sures for control equipment or at any poim in dtc raceway 
system, approved means shall be provided to prevent accumula
tion or to permit periodic draining of such liquid or condensed 
vapor. 

(2) Motors and Generators. \\'bcrc liquid or condensed vapor 
may accumulate l\ithin motors or generators, joint-; and 
conduit systems shall be arranged to minimize entrance of 
liquid. If means to prevent accumulation or to permit periodic 
draining arc ncccs.o;ary, such means shall be prmidcd at the 
time of manufacture and shall be considered an integral part 
of the machine. 

505.17 Flexible Cables, Cords and Connections. 

(A) Flexible Cords, Zone 1 and Zone 2. A flexible cord shall 
be pcrmiucd for connection between portable lighting cquip
mclll or other portable utiljzation equipment and the fixed 
portion of their supply s=ircuit. Flexible cord shall also be 
pcrmiucd in restricted industrial establishment-; for any 
segment of the circuit where installation of one of dtc fixed 
"iring mcthocl-. of 505.15 ( 8) and (C) "ill not prmidc the flcxi
bilitv needed to minimize the transmis.-.ion of libration from 
cquipmclll during· operation or to allow for movement after 
installation during maintenance operations. The flexible cord 
shall bc.protcctcd against physical damage and be continuous 
for dtc entire length of the cord from equipment connection 
to equipment connection. \\-bcrc flexible corcl-. arc used, the 
cord-. shall comply l\ith the follm\ing: 
(1) Be of a type listed for extra-hard usage 
(2) Contain, in addition to the conductors of the circuit, an 

cquipmclll grounding conductor complying with 400.23 
(3) Be connected to terminals or to supply conductors in an 

approved manner 
(4) Be supported by damps or by other suitable means in 

such a manner that there "ill be no tension on the termi
nal connections 

(5) \\'bcrc the flexible cord cmcrs boxes, fittings, or enclo
sures that arc required to be cxplosionproof or flame
proof, be terminated "id1 a listed cord connector that 
maintains the type of protection 

(6) \\'bcrc entering an incrcao;cd safety Kc" enclosure, be 
tcnninatcd l\ith a listed incrcao;cd safety Me" cord connec
tor 

Informational :'\ote No. 1: See 400.10 for pennitted uses of flexi
ble cord<;. 

Informational Note No. 2: See Article 100 for the definition of 
Tt!Sirirtf'd industrial ..stablish11lf'111 {a.< applied to hfJUlrrlous (classified) 
local ion.</. 

Electric submersible pumps "ith means for removal l\ithout 
entering the wet-pit shall be considered portable utilization 
cquipmclll. The extension of the flexible cord within a suitable 
raceway between dtc wet-pit and the power source shall be 
pcrmiucd. 

Electric mixers intended for travel into and out of open-type 
mixing tanks or vato; shall be considered portable utilization 
cquipmclll. 

lnfonnational l'ote l'o. 3: See 505.18 for flexible cords exposed 
to liquids ha�ing a deleteriou.<; effect on the conductor insula
tion. 
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ARTICLE 505 - ZO:"'E 0, 1, A.'ID 2 LOCATIOJ'\S 505.20 

(B) Instrumentation Connections for Zone 2. To facilitate 
replacements, process control instruments shall be pcrmiucd 
to be cmmcctcd through flexible cords, attachment plugs, and 
receptacles, prmidcd that all of the follm\ing conditions apply: 

(1)  A switch listed for Zone 2 is provided so that the attach-
mcm plug is not depended on to imcrrupt current, 
unless the circuit is type �ia," �ib," or �ic" protection, in 
which cao;c the switch is not required. 

(2) The currcm docs not exceed 3 amperes at 120 volts, 
nominal. 

(3) The power-supply cord docs not exceed 900 mm (3 ft) , is 
of a type listed for extra-hard usage or for hard usage if 
protected by location, and is supplied through an attach
mcm plug and receptacle of the locking and grounding 
type. 

(4) Only ncccs.<;ary receptacles arc provided. 
(5) The receptacle carries a label warning against unplugging 

under load. 

505.18 Conductors and Conductor Insulation. 

(A) Conductors. For type of protection �c," field \\1rmg 
conductors shall be copper. Every conductor (including spares) 
that enters Type �c" equipment shall be terminated at a 
Type �c" terminal. 

(B) Conductor Insulation. \\'bcrc condensed vapors or liquid'i 
mav collect on, or come in contact with, the insulation on 
cmiductors, such insulation shall be of a type idcmificd for usc 
under such conditions, or the insulation shall be protected by a 
sheath of lead or by other approved means. 

505.19 Uninsulated Exposed Parts. There shall be no uninsu
latcd exposed part'i, such a'i electrical conductors, buses, termi
nals, or componcnt'i, that operate at more than 30 volts 
(15 volts in wet locations). These part'i shall additionally be 
protected by type of protection �ia", �ib", or �ic" that is 1;uitablc 
for dtc location. 

505.20 Equipment Requirements. 

(A) Zone 0. In Zone 0 locations, only cquipmcm specifically 
listed and marked a'i suitable for the location shall be permit
ted. 

Exception: lntrinsically safe appamtu.� liftedfo,- use in eta. ... � l, Divi
.�ion 1 locations joT tile same gas, or a.� permitted by 505. 9(8)(2), and 
with a .mitable tl'mJmnlU11' cla.'i.� .mol{ be Jmmitted. 

(B) Zone 1. In Zone 1 locations, only cquipmcm specifically 
listed and marked a'i suitable for the location shall be permit
ted. 

Exception No. 1: Equipment identified for use in eta. ... � l, Division 1 o,
li.�ted for U!ie in Zone 0 locations Jm· tile same gus, or as permitted by 
505. 9(8)(2), and with a suitable temperature cla.'i.� shall be pennittl'.d. 

Exception No. 2: Equipment identified for Zone 1 m· Zone 2 type of 
pmt«tion "JI" slwll be permitted. 

(C) Zone 2. In Zone 2 locations, only cquipmcm specifically 
listed and marked a'i suitable for the location shall be permit
ted. 

Exception No. 1: Equipment listl'.d Jm· use in Zone 0 m· Zone 1 locations 
Jm· the same gus, or a.� permitted by 505. 9(8)(2), and with a suitable 
temperature cla.'i.� shall be pe1mittl'.d. 
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Exception No. 2: Equipment identified for Zone 1 m· Zone 2 type of 
pmt«tion "JI" slwll be permitted. 

Exception No. 3: Equipment identified for use in eta. ... � l, Division 1 m· 
Division 2 /.orations for tile same gas, m· a.� permitted by 505. 9(8)(2), 
and with a suitable trotpelnture cla.�s shall be /Jelmittl'.d. 

Exception No. 4: Tn Zone 2 locations, the installation of open m· nonex
plosi(mpmof or nonjlamepmof enclosed motors Sitch a.� squirrel-cage 
induction motm:� witlwut brushes, switching l�t«llani.mt�, m· simihlr 
an:-JIITKiucing devices tlwt 0:17! 1wt identifiP.d Jm· use in a Zone 2 loca
ti(m slwll be permitted. 

Exception No. 5: The exposed swface of space lv.alel:� U.'il'd to 11'duce 
rondrosation of moi�tUI1' dwing slmtdoum Jmiods shall not exreed 
80 Jmnmt of the autoignition tempemtwf! in degrees eel�ius of the gas 
m· vapor involved when oJmnted at mtl'.d voltagr', and the maximum 
sfJace heater swfare tl'mJmutu11' [ba.'i#'d on a 4o•e m· highn· mmfled 
ambient] shall be pennanrotly ma1fll'.d on a vi�ible namepmte mounted 
on the motm: Otherwise, S/JaCe heatn� shall be identified for eta. ... � T, 
Division 2 m· Zone 2 locations. 

Exception No. 6: A sliding nmtact shaft b(mding device used Jm· the 
purpo.'il' of maintaining lht mtm· at gmund potential shall be permitted 
w!tnf! the Jwtentinl di.�harge energy i.� dete1minl'.d to be nonincendive 
Jm· the aptJlica,tion. The shaft bonding device shall be /Jelmittl'.d to be 
installed on the ifz..�ide or the outside of the motm: 

Informational :'\ole No. I :  It i• important to consider the 
tempe1-ature of intemal and external surfaces that might be 
exposed to the flammable aunosphere. 

Informational Note No. 2: It is impo11ant to consider the 1isk of 
ignition due to currenL• arcing acros.• discontinuities and over
heating of parL• in multisection enclosures of large motors and 
generdtors. Such motors and generdtors might need equipoten
tial bonding jumpers acros.• joinL• in the enclosure and from 
enclosure to gmund. \'\"bere the presence of ignitible g"d.� or 
\'apors is suspected, clean air purging might be needed immedi
ately prior to and during stan-up pe1iod•. 

Informational :'\ote No. 3: See IEEE STD 1349, TEEE Guide fnr the 
Application of Ekctric Marlline.< in Znne 2 and C/a.u /, Division 2 
HfJUlrdnu.< (('Jas.<ijini) /..orations, for information on the applica
tion of r01ating elecuic machines including shaft bonding devi
ces and potential di�harge energy calculation.•. 

(D) Materials. Equipmcm marked Group IIC shall be permit
ted for applications requiring Group IIA or Group liB cquip
mcm. Similarly, cquipmcm marked Group JIB shall be 
pcrmiucd for applications requiring Group IIA equipment. 

Equipmcm marked for a specific ga., or \-apor shall be 
pcrmiucd for applications where the specific ga., or vapor may 
be cncoumcrcd. 

Informational ll:ote: One common example combines these 
markings \\ith equipment marked JIB +H2. This equipment i• 
suitable for applications requi1ing Group IL\ equipment, 
Group JIB equipment, or equipment for hydmgen atmospheres. 

(E) Manufacturer's Instructions. Electrical cquipmcm 
installed in hazardotz..'i (cla'i.'iificd) locations shall be installed in 
accordance with the instructions (if any) provided by the 
manufacturer. 
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505.22 Increased Safety "e" Motors and Generators. In Zone 
I locations, increased safety "c" motors and generators of all 
voltage ratings shall be listed for Zone I locations, and shall 
comply with all of the following: 
(1) Motors shall be marked "idt the current ratio, fi/ f.,, and 

time, tt, 
(2) Motors shall have controllers marked "idt the model or 

identification number, output rating (horsepower or kilo
watt),  full-load amperes, starting current ratio U/ f.v), 
and time ( tf) of dtc motors that they arc intended to 
protect; dtc controller marking shall also include dtc 
specific overload protection type (and setting, if applica
ble) dtat is listed "idt dtc motor or generator. 

(3) \.onncctions shall be made l\ith the specific terminals 
listed l\ith the motor or generator. 

(4) Terminal housings shall be permitted to be of substantial, 
nonmetallic, nonburning material, prmidcd an internal 
grounding means between the motor frame and dtc 
equipment grounding connection is incorporated within 
the housing. 

(5) The prmisions of Part Ill of Article 430 shall apply 
regardless of the voltage rating of dtc motor. 

(6) The motors shall be protected against overload by a sepa
rate overload device that is responsive to motor current. 
This dclicc shall be selected to trip or shall be rated in 
accordance l\ith dtc listing of the motor and its overload 
protection. 

(7) Sections 430.32(C) and 430.44 shall not apply to such 
motors. 

(8) The motor overload protection shall not be shunted or 
cut out during the starting period. 

Informational Note: See A.'\SI/UL 122001,  (,neral RequimnmL< 
fnr Ef,_cfrical Ignition Spi1'111S fnr lnii'TIIIll (.mnbu.<linn Engines in 
C/a.u /, Divi<inn 2 or Zone 2, Hawrrlnu.< (C/as.<ijini) l.ocatinn.<, for 
infmmation on ignition systems for reciprocating engines instal
led in Zone 2 ha1.ardous ( cla'l.•ilied) locations. Reciprocating 
engine--drh>en generators, compres.mrs, and other equipment 
installed in Zone 2 locations might present a lisk of igJ.lition of 
flammable materials a'l.mciated "ith fuel, staning, and. compres
sion due to inad,·enent releaw or equipment malfunction by 
the engine ignition system and controls. 

505.26 Process Sealing. Proccs.<H:onncc�d equipment induct
ing, but not limited to, canned pumps, $ubmcrsiblc pumps, 
and flow, prcs.o;urc, temperature, or analysis measurement 
instrument• shall be scaled l\idt a process seal to prevent dtc 
migration of proccs.• fluid• from the designed containment 
into the external electrical svstcm. Proccs.<H:onncctcd electrical 
equipment dtat incorporat� a single proccs.• seal, such as a 
single comprcs.o;ion seal, diaphragm, or tube to prevent flam
mable or combustible fluid• from entering a conduit or cable 
system capable of transmitting fluids, shall be prmidccl widt an 
additional means to mitigate a single proccs.• seal failure. The 
additional means might include, but is not limited to, dtc 
following: 
(1) A suitable barrier meeting the proccs.• temperature and 

prcs.•urc conditions to which dtc barrier is sutMcctcd 
upon failure of dtc single process seal. There shall be a 
vent or drain between dtc single process seal and dtc suit
able barrier. Indication of the single proccs.• seal failure 
shall be prmidcd by l-isiblc leakage, an audible whisdc, or 
other means of monitoring. 

(2) A listed Type �() cable ao;scmbly, rated at not lcs.• than 
125 percent of the proccs.• prcs.o;urc and not lcs.• than 
125 percent of the maximum proccs.• temperature (in 

70-430 

degrees Celsius), installed between dtc cable or conduit 
and dtc single process seal. 

(3) A drain or vent located between dtc single process seal 
and a conduit or cable seal. The drain or vent shall be 
sufiicicndy sized to prevent overpressuring the conduit or 
cable seal above 6 in. water column (1493 Pa). Indication 
of the single process seal failure shall be prmidccl by visi
ble leakage, an audible whisdc, or other means of moni-

(4) 
toring. 
An add-on scconclarv seal marked "sccondarv seal" and 
rated for dtc prcs.•�rc and temperature coitclitions to 
which it will be subjected upon failure of the single proc
cs.• seal. 

Proccs.<H:mmcctccl electrical equipment dtat docs not rely 
on a single proccs.• seal or is listed and marked "single seal", 
"dual seal", or "dual seal widtout annunciation" shall not be 
required to be prmidccl "idt an additional means of scaling. 

Proccs.<H:mmcctccl electrical equipment marked "single seal 
- install conduit or cable seal" shall be scaled in accordance 
widt 505.1 6. 

Informational :'\ote: See ,\1'\SI/UL 122701,  RPquiwmmts for Pror
I'.<S Sealing IJI'trut�tm EJw.trical SysteiiiS ami Rmmnabl£ or C.nmbu.<tibl£ 
Proce.u fluids, for construction and testing requirement.• for 
process sealing of li•ted and marked single seal, dual seal, or 
secondary seal eqtiipment. 

505.30 Groooding and Bonding. Rcgardlcs.• of the voltage of 
the electrical system, wiring systems and equipment shall 
comply with 505.30(A) and (8). 

(A) Groooding. Wiring systems and equipment shall be groun
ded in accordance "idt Part I and Part \1 of Article 250, a• 
applicable. 

(B) Bonding. Wiring systems and equipment shall be bonded 
in accordance "idt Part I and Part V of Article 250, a• applica
ble, and 505.30(8) (1)  and (B) (2). 

(1) Specific Bonding Means. Bonding shall comply widt 
505.30(8) (1) (a) and (8) (1  ) (b). 

(a) The locknut-bushing and double-locknut types of 
contact• shall not be depended on for bonding purposes, but 
bonding jumpers l\ith identified fittings or odtcr approved 
means of bonding shall be tt.•cd. These bonding means shall 
apply to all metal raceways, fittings, boxes, cable trays, and 
enclosures, and other part• of raceway systems between hazard
ott.• (clao;sificcl) locations and dtc point of grounding for serv
ice equipment or point of grounding for a separately derived 
system. :Metal strut•, angles, or channels provided for support 
and mechanical or physical protection a• permitted in 
335.4(5), 336.10(7) (c), or 722.135(C) shall be bonded in 
accordance "idt 250.102. 

(b) \\'bcrc the branch-circuit ovcrcurrcnt protection is 
located on the load side of the disconnecting means, dtc 
specific bonding means shall be permitted to end at the ncar
est point where the grounded circuit conductor and dtc 
grounding electrode conductor arc connected togcdtcr on dtc 
line side of dtc building or structure disconnecting means a• 
specified in 250.32(B). 

(2) Flexible Metal Conduit and Liquidtigbt Flexible Metal 
Conduit. Flexible metal conduit and liquidtight flexible metal 
conduit shall comply with 505.30(B) (2) (a) and (B) (2) (b). 
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(a) Flexible metal conduit and liquidtight flexible metal 
conduit shall include an cquipmcm bonding jumper of the 
wire type in accordance with 250.102. 

(b) ln Zone 2 locations, the bondingjumper shall not be 
required where all of the follm\ing conditions arc met: 
(1) Listed liquidtight flexible metal conduit 1 .8 m (6 ft) or 

lcs.� in length, widt fittings listed for grounding, is used. 
(2) Ovcrcurrcm protection in dtc circuit is limited to 10 

amperes or lcs.�. 
(3) The load is part of a meter, instrumcm, or relay circuit. 

ARTICLE 506 
Zone 20, 21, and 22 Locations for 

Combustible Dusts or Ignitible Fibers/ 

Flyings 

506.1 Scope. 

(A) Covered. This article covers the requirements for the zone 
classification system for electrical and electronic cquipmcm 
and "iring for all voltages where fire and explosion hazard� 
might exist due to combustible dust�, combustible fibers/ 
flyings, or ignitiblc fibcrs/fl)'ings for the following: 
(1) Zone 20 hazardous (classified) locations 
(2) Zone 21 hazardous (classified) locations 
(3) Zone 22 hazardous (classified) locations 

Informational Note :'\o. 1: See 505.20 or 505.22 for Zone 0, 
Zone 1, or Zone 2 ha7.ardous (cla.'l.•ified) locations where fire or 
explosion hazards might exist due to flammable ga.�s. flamma
ble vapors, or flammable liquid•. 

Informational :'\ote l'o. 2: Zone 20, Zone 21, and Zone 22 area 
cla.'l.•ification.• are ha.�d on dte modified IEC area cla.'l.•ification 
system a.• defined in ,\J'\:SI/ISA 600i9-10-2 ( 12.10.05), Explosive 
Atllwspll""' - Part I 0.2: (./a.<Sijiratiou of A""" - Gnnbustib!P Du.•l 
Atllwspll""'. 

Informational l'ote :'\o. 3: See NFPA 499, &cmnme1uini Practice 
for 1/v ('Jas.•ifua/ion of C.mnbu.•tibl£ Dum mui of Hawrrlou.• ((1as.•i
jied) I.oca/ions for E!Prtriral lmtallalious iu Chemical Pmr� .4»'a.•, for 
infmmation reg-drding cla.'l.•ification of hazardou.• (cla.'l.•ified) 
location.• using Zone methodology. 

(B) Not Covered. This article docs not cover electrical and 
electronic cquipmcm and "iring of all voltages in the follow
ing: 
(1)  Class I ,  Class II, or Ciao;.� III, Division I or Dhision 2 

hazardous (clao;.�ificd) locations. 
(2) Zone 0, Zone I, or Zone 2 hazardous (clao;.�ificd) loca

tions. 
(3) Locations subject to the unique risk and explosion 

hazard� a�sociatcd with explosives, p}TOlcchnics, or bla�t
ing agcnt�. 

(4) Locations where p}Tophoric materials arc the only mate
rials used or handled. 

(5) Features of cquipmcm that involve nonelectrical poten
tial sources of ignition (e.g., couplings, pumps, gear
boxes, brakes, hydraulic and pneumatic motors, fan, 
engine, comprcs.�or) . 
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Informational Note :'\o. 1 :  (.ommon nonelectrical potential 
sources of ignition include hot surfaces and mechanically gener
ated sparks. 

Informational Note :'\o. 2: See A:'\SI/l"L 800i9-36, Explosive 
At11wspll""' - Part 36: Non-E!Prtrirall:quipmmt for Explosive Atmo ... 
plvres - &.•ir Ml'tllod mui Requiremm/I, and ANSI/t.:L 800i9-37, 
Explosive Alllw.•P"""' - Part 37: Nou-E/I't:triral Equ.ipmml for Explr>
·•ive Atmospl!l'rt'S - Nou-EIH/riral 1)-pe of PmtH/ion Gmstrurtioual 
Safety •c� Gmtml of lguilion Sourre "b", Liquid bnmo.•ion "k�. for 
additional information. 

506.4 Documentation. Area� designated a� hazardous ( clao;.�i
ficd) or unclao;.�ificd locations shall be documented on an area 
clao;.�ification dral\ing and other ao;.�ciatcd documentation. 
This documentation shall be made available to dtc AHJ and to 
those authorized to design, install, inspect, maintain, or oper
ate electrical cquipmcm. 

Informational Note :'\o. 1: See A:'\SI/l"L 600i9-28, Explosive 
At11wspllere.• - Par/ 211: Proll'ctiou of equipmml and /rammiuion 
s_r.•leiiiS u.ung optical radiation, for information concerning the 
installation of equipment using optical emi'l.•ions technology 
(such a.• la.•er equipl'!ellt) that could potentially become an igni
tion source in h�n:lous (cla.'l.•ified) location.•. 

Informational Note No. 2: See IEC/IEEE 600i9-30-2, Explosive 
a/mospl!l'res -Part 30.2: EIP.ctrical &.•islmue Tracl' Hmting -Appli
cation Guide for Design, lllslallation mui Maintenmul', for informa
tion on elecuical resistance 11-ace heating for hazardous 
( cJa,.sified) location.•. 

(nforinational :'\ote l'o. 3: See IEEE 844.2/C'iA C293.2, 
JEFJ.:/CSA Standard for Skin Effwt Trare Hmting of Pipelines, V£.uel•, 
Equipment, and Struc/urt'S - .4pplicalion Guide for Design, TIISialla
lion, Tatiug, Gnnmis.•iouing, and '"la.iu/manre, for infmmation on 
electric skin effect lrdce heating for hazardou.• (cla.'l.•ified) loca
tions. 

Informational :'\ote l'o. 4: See IEEE 844.4/C'iA C293.4, 
/EI-1-:/CSA Standard for l111pnlancl' Hwting of Pipelines mui Equip
llll!lll - Application Gu.ide for Daign, l11Stallation, Tl'.•ti11g, C.omm� 
sioning, and Maintmancl', for information on elecuic impedance 
heating for hazardous (das.•ified) locations. 

506.5 Classification of Locations. 

(A) Classifications of Locations. Locations shall be clao;.�ificd 
on dtc ba�is of the properties of the combustible dust,combus
tiblc fibers/flyings, or ignitiblc fibcrs/fl)'ings that might be 
present, and the likelihood that a combustible or ignitiblc 
conccmration or quantity is present. Each room, section, or 
area shall be considered indhidually in determining it� dao;.�ifi
cation. 

(B) Zone 20, Zone 21, and Zone 22 Locations. Zone 20, 
Zone 21, and Zone 22 locations arc those in which combustible 
dust, combustible fibers/flyings, or igniliblc fibers/flyings arc 
or might be present in the air or in layers, in quantities sufli
cicnt to produce cxplosiblc or ignitiblc mixtures. Zone 20, 
Zone 21, and Zone 22 locations shall include those specified in 
506.5(8) (1 ) ,  (8) (2), and (8) (3). 

Informational Note: Through the exercise of ingenuity in !he 
larout of electrical installations for hazardous (cla.'l.•ified) loca
tions, it is frequendy pos.•ible to locate much of !he equipment 
in a reduced level of cla.'l.•ification to reduce !he amount of 
special equipment required. 
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(I) Zone 20. A Zone 20 location is a location where one of the 
following apply: 
(1)  

(2) 

Ignitihlc concentrations of combustible dust, combustible 
fibers/fl}'ings, or ignitiblc fibers/fl}ings arc present 
continuously or for long period• of time. 
Group me combustible dust• arc present in hazardous 
quantities continuously or for long periods of time. 

(2) Zone 21. A Zone 21 location is a location where one of the 
following apply: 
(1)  

(2) 

(3) 

(4) 

Ignitiblc concentrations of combustible dust, combustible 
fibers/fl}'ings, or ignitiblc fibers/fl}'ings arc likely to exist 
occao;ionally under normal operating conditions. 
Ignitiblc concentrations of combustible dust, combustible 
fibers/fl}'ings, or ignitiblc fibcrs/fl}'ings might exist 
frequently because of repair or maintenance operations 
or because of leakage. 
Equipment is operated or proccs.o;es arc carried on of 
such a nature that equipment breakdown or faulty opera
tions could result in the release of ignitiblc concentra
tions of combustible dust, combustible fibers/fl}ings, or 
ignitiblc fibers/flyings and also cause simultaneous fail
ure of electrical equipment in a mode to cause the electri
cal equipment to become a source of ignition. 
The location is acljaccnt to a Zone 20 location from which 
ignitiblc concentrations of combustible dust, combustible 
fibers/fl}'ings, or ignitiblc fibcrs/fl}'ings could be commu
nicated. 

Exception: \l11en co-m-municatifm fivm an adjaunt Zone 20 Location is 
minimized by adequate pa�itive fn"t'SSU!Y- vmtilatifm fivm a source of 
ckan ai1; and effective saftguards against vmtilation failwY- mY-provi
ded. 

(5) Group me combustible dust• arc present in hazardous 
quantities occao;ionally, under normal or abnormal oper
ating conditions, or frequently because of repair or main
tenance operations or because of leakage. 

Informational Note :'\o. 1 :  See Al'SI/ISA 60079-10-2 (12.10.05), 
Explosive .4/mo..phem - Par/ 10-2: Cla.«ifualion of.4T1'as - Co111hus
tibb- Du.<l Atlluupll""-', reg-drding the cla'l.•ification of Zone 21 
location.•. 

Informational Note :'\o. 2: This cla'l.•ification · u.•nally includes 
the follm•ing: 

( I )  

(2) 

(3) 

(4) 

Locations out.•ide du.•t containment and in the immediate 
,·icinity of acces.• doors ml!ject .· to frequent remm-al or 
opening for operdtion purposes when internal combusti
ble mixtures are present 
Locations out.•ide du.•t containment in the proximity of 
filling and empl)ing point.•, feed belt.•, sampling point.•, 
t.ruck dump stations, belt dump over point.•, and so on, 
where no mea•ures are employed to prevent the forma
tion of combustible mixtures 
Locations out.•ide du.•t containment where du.•t accumu
lates and where, due to proces.• ope1-ation•, the dust layer 
is likely to be di•turbed and fonn combu.•tible mixtures 
Locations inside dust containment where explosible du.•t 
cloud• are likely to occur (but neither continuously, nor 
for long period•, nor frequendy), for example, silos (if 
filled and/or emptied only occa•ionally) and the dirty 
side of filters if large self-cleaning intervals are occurring 

(3) Zone 22. A Zone 22 location is a location where one of the 
following apply: 
(1)  Ignitiblc concentrations of combustible dust, combtt.o;tiblc 

fibers/fl}'ings, or ignitiblc fibers/flyings arc not likely to 
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occur in normal operation and, if they do occur, will only 
persist for a short period. 

(2) \..ombustiblc dtt.o;t, combtt.•tiblc fibers/flyings, or ignitiblc 
fibers/fl}'ings arc handled, proccs.o;cd, or tt.•cd, but the 
dust or fibers/flyings arc normally confined l\ithin closed 
containers of closed systems from which they can escape 
only ao; a result of tltc abnonnal operation of the equip
ment l\itlt which the dust or fibers/flyings arc handled, 
proccs.o;cd, or used. 

(3) The location is adjacent to a Zone 21 location, from 
which ignitiblc concentrations of combtt.o;tiblc dust, 
combtt.•tiblc fibers/flyings, or ignitiblc fibers/flyings 
could be communicated. 

Exception No. 1: Mum com-munication from an adjacent Zone 21 loca
tifm i� minimized b)• adequate positive fn1'!i!iUJY- ventilation fivm a 
sou1r:e of ckan ail; and effective safeguards against ventilation failwY
mY-Jmroided. 

Exception No. 2: For GmuJI 1//C combustibk dusts or ml'lal combustible 
Jibn-s/jlyings, the1Y-sltaU on�v be Zotlll 20 or 21 locations. 

Informational Note :'\o. 1 :  See i\l'SI/ISA 60079-10-2 (12.10.05), 
Explosive .4/mo..phem - Pan 10-2: Cla.«ifualion of.4T1'ru - Co111hus
tibb- Du.<l Alllwsplumts, regdrding the cla'l.•ification of Zone 22 
location.•. 

Informational Jl>ote l'o. 2: Zone 22 locations u.•ually include the 
follm•ing: 

( I )  . Otidet• from bag filter ,·ent.• (in the event of a malfunc
·tion, there can be emission of combu.•tible mixtures) 

(2) Locations near equipment that ha• to be opened at infre
quent intervals or equipment that from experience can 
easily fonn leak.. where, due to pres.•ure above atmo,.. 
pheric, du.•t ,,;u blow out 

(3) Pneumatic equipment or flexible connections that can 
become damaged 

(4) Storage locations for bags containing dusty product (fail
ure of bags can occur during handling, cau.•ing dust leak
age) 

(5) Locations where controllable du.•t layers are formed that 
are likely to be 1-aised into explosible dust-air mixtures 

Only if the layer i• removed by cleaning before hazardou.• 
du.o;t-air mixtures can be formed is the area designated uncla'l.•i
fied. 

Informational l'ote l'o. 3: Protecth·e mea•ures to reduce the 
formation of explosible du.•t-air mixtures can often result in a 
Zone 2l location being cla'l.•ified a• a Zone 22 location, or pos.•i
bly uncla'l.•ified. Such mea•ures include local exhau.•t ventila
tion. 

506.6 Material Groups. For the purposes of testing, apprmal, 
and area cla'i.o;ification, l-arious air mixtures (not oxygen 
enriched) shall be grouped ao; follows: 
(1)  Group IIIC: \..ombustiblc metal dust, including combtt.•ti

blc metal fibers/flyings. L499:3.3.8.2.1J 
(2) Group mB: Combustible dtt.•t other than combtt.•tiblc 

metal dtt.•t. L499:3.3.8.2.2J 
(3) Group IliA: Combustible fibcrs/fl}ings or ignitiblc 

fibers/fl}'ings other than metal. L499:3.3.8.2.3J 

Informational Note :'\o. 1: Group IliA materials are larger 
particle-size Group 1118 material• and do not include me1al du.•t 
or metal fibers/fl)-ings. [499:A.3.3.8.2.3) 

Informational Note No. 2: Examples of ignitible fibers/flyings 
include 1-ayon, cotton (including cotton linters and cotton 
wa.o;te), sisal, jute, hemp, cocoa fiber, oakum, and baled wa.•te 
kapok. 

l'\.-\TJO:'\AL EJ..EGJ'RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 506 - ZONE 20, 21,  & 22 LO\..ATIONS FOR CO�lBl:STIBLE Dl:STS OR IGNITIBLE FlBERS/FLYll'\GS 506.9 

Informational Note No. 3: C .. ombtt.�tible fibers/fl�ings include 
flat platelet-shaped paniculates, sucb a� metal flakes, and 
fibrou.� board, sucb a� panicle board. 

506.7 Special Precaution. This article shall require cquipmcm 
construction and installation that ensures safe performance 
under conditions of proper usc and maintenance. 

(A) Implementation of Zone Classification System. Classifica
tion of areas, engineering and design, selection of cquipmcm 
and \\iring mcthod'i, installation, and inspection shall he 
performed by qualified persons. 

(B) Dual Classification. In instances of areas within dtc same 
facility clas.'iificd separately, Zone 22 locations shall be permit
ted to abut, but not overlap, Class II or Class III, Dilision 2 
locations. Zone 20 or Zone 21 locations shall not abut Class II 
or Class III, Division 1 or Division 2 locations. 

(C) Reclassification Permitted. A Cla.'i.'i II or Cla.'i.'i III, Dili
sion I or Division 2 location shall be pcnnittcd to he rccla.'i.'ii
ficd a.'i a Zone 20, Zone 21,  or Zone 22 locationif all of the 
space that is cla.'isificd because of a single combustible dust, 
combustible fiher/flying, or ignitiblc fiber/flying source is 
rccla.'i.'iificd under the requirement., of this article. 

(D) Simultaneous Presence of Flammable Gases and Combus
tible Dusts or Fibers/Flyings. \\'here flammable ga.'iCS, combus
tible dust'i, combustible fibers/flyings, or ignitiblc fihers/ 
flyings arc or might he prcscm at the same time, the simultanc
ott.'i presence shall be considered during dtc selection and 
installation of the electrical cquipmcm and the wiring mcth
ocl'i, including dtc determination of the safe operating temper
ature of the electrical equipment. 

506.8 Protection Techniques. Acceptable protection techni
ques for electrical and electronic cquipmcm in hazardoWI 
(cla.'i.'iificd) locations shall be a.'i described in 506.8(A) through 
(P). 

Informational Note :'\o. 1 :  See A:'\SI/l'L 120101, Dditlilious and 
bifonna/ion Pertaining to Ekctrical l:IJ1tifn11nlt in Hnumfous l..ora
liOiu; and ANSI/l'L 60079-0, Explosive .411110lf11rem - Part 0: 
Equipment - Gmeral &quinmuml.<, for additional infmmation. 

Informational l'ote l'o. 2: See Chapter 9, Thble 13 for descrip
tions of subdhi�ions of protection tt;chniques. 

(A) Dust Ignitionproof. This protection technique shall he 
permitted for equipment in Zone 20, Zone 21,  and Zone 22 
locations for which it is identified. 

(B) Pressurized. This protection technique shall be permitted 
for equipment in Zone 21 and Zone 22 locations for which it is 
idcmificd. 

(C) Intrinsic Safety. This protection technique shall be 
permitted for equipment in Zone 20, Zone 21,  and Zone 22 
locations for which it is identified. 

(D) DusttigbL This protection technique shall be permitted 
for equipment in Zone 22 locations for which it is identified. 

(E) Protection by Encapsulation "m". This protection techni
que shall he permitted for equipment in Zone 20, Zone 21,  and 
Zone 22 locations for which it is identified. 

(F) Nonincendive Equipment. This protection technique shall 
he permitted for equipment in Zone 22 locations for which it is 
idcmificd. 
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(G) Protection by Enclosure "t". This protection technique 
shall he permitted for cquipmcm in Zone 20, Zone 21,  and 
Zone 22 locations for which it is identified. 

(H) Protection by Pressurized Enclosure "p". This protection 
technique shall he permitted for equipment in Zone 21 and 
Zone 22 locations for which it is identified. 

(I) Protection by Intrinsic Safety "i". This protection techni
que shall he permitted for equipment in Zone 20, Zone 21,  and 
Zone 22 locations for which it is listed. 

(J) Protection by Electrical Resistance Trace Heating 
"60079-30-1". This protection technique shall be permitted for 
electrical resistance trace heating equipment in Zone 21 or 
Zone 22 for which it is listed. 

(K) Inherently Safe Optical Radiation "op is". This protection 
technique shall be permitted for equipment in Zone 20, 21,  or 
22 locations for which the equipment is identified. 

(L) Protected Optical Radiation "op pr". This protection tech
nique shall he permitted for equipment in Zone 21 or 22 loca
tions for which the cqwpmcm is identified. 

(M) Optical System With Interlock "op sh". This protection 
technique shall be permitted for equipment in Zone 20, 21,  or 
22 locations for which the equipment is identified. 

(N) Protection by Skin Effect Trace Heating "IEEE 844.1". 
This protection technique shall he permitted for skin effect 
trace heating cquipmcm in Zone 2 1  or Zone 22 for which it is 
listed. 
(0) Pressurized Room "p". This protection technique shall 
be pcnniucd in Zone 21 and Zone 22 locations for which it is 
idcmificd. 

(P) Special Protection "s". This protection technique shall be 
permitted for cquipmcm in Zone 20, Zone 21,  or Zone 22 1oca
tions for which they arc listed. 

506.9 Equipment Requirements. 

(A) Suitability. Suitability of identified equipment shall be 
determined by one of the following: 

(1)  Equipment listing or laheling 
(2) Evidence of cquipmcm evaluation from a qualified test

ing laboratory or inspection agency concerned "ith prod
uct cl-aluation 

(3) Evidence acceptable to the authority haling jurisdiction 
such a.'i a manufacturer's self-evaluation or an m'11cr's 
cnginccringjudgmcm 

Informational :'\ote: Additional documentation for equipment 
might include certificates demonstrating compliance with appli
cable equipment standard�, indicating special conditions of u.�, 
and other peninent infonnation. 

(B) Listing. Equipmcm dtat is listed for Zone 20 shall be 
permitted in a Zone 21 or Zone 22 location of the same 
combtt.'itiblc dust, combustible fiber/flying, or ignitiblc fiber/ 
flying. Equipmcm that i'i listed for Zone 21 shall he permitted 
in a Zone 22 location of the same combustible dust, combtt.'iti
blc fibcr/fl}ings, or ignitiblc fiher/flying. 

(C) Marking. 

(1) Division Equipment. Equipment identified for Cla.'is II, 
Dhision 1, Cla.'i.'i II, Division 2, Cla.'i.'i III, Divi'iion I, or Cla.'i.'i III, 
Dhision 2 shall, in addition to being marked in accordance 
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"ith 500.8(C), be permitted to be marked with all of dtc follow
ing: 
(1) Zone 20, 21, or 22 (a'i applicable) 
(2) Material group in accordance with 506.6 
(3) Maximum surface temperature in accordance with 

506.9(0), marked a'i a temperature value in degrees C, 
preceded by MT" and followed by the symbol M•c• 

(2) Zone Equipment. Equipment meeting one or more of the 
protection techniques described in 506.8 shall be marked with 
the follo"ing in the order shmm: 
(1)  Zone in accordance "id1 Chapter 9,  Table 13 
(2) S}1nbol M AEx" 
(3) Protection tcchniquc(s) in accordance with Chapter 9, 

Table 13 
(4) Material group in accordance with 506.6 
(5) Maximum surface temperature in accordance with 

506.9(0), marked a'i a temperature \oaluc in degrees 
Celsius, preceded by MT" and followed by the S}mbol M•c• 

(6) Ambicm temperature marking in accordance with 
506.9(0) 

(7) Equipment protection level (EPL) 

Informational l'ote: EPb are designated a'i G for ga'i, or D for 
dtt.'it, and are then followed by a letter (a, b, or c) to give the 
t�'ier a better understanding a'i to whether the equipment 
prmides (a) a "very high," (b) a "high," or (c) an "enhanced" 
level of protection against ignition of an explosh·e atmosphere. 
For example, a Zone 21 AEx pb 1118 T l65•c Db motor L'i 
marked \\ith an EPL of"Db". 

Exception: Associated appamtus NOT suitable for imtallation in a 
hawrrlous (cla.f.fijied) location shall be required to be mat-ked on�)' with 
506. 9(C)(2)(2) mul (C)(2)(3), and where applirable (C)(2)(4), but 
BOT/I the .f_)'Tabol AEx in 506. 9(C)(2)(2) mul the symbol for the type of 
pmtertion in 506.9(C)(2)(3) shall be enrlosed within the same squm-e 
bmckets;fm·pxample, [AEx ia] 11/C. 

(D) Temperature Classifications. Equipmcm shall be marked 
to show the maximum surface temperature referenced to a 
40•c ambient, or at the higher marked ambient temperature if 
the equipment is rated and marked for an ambient tempera
ture of greater than 4o•c. For equipment in.<�taUcd in a Zone 20 
or Zone 21 location, dtc operating tcmpernrurc shall be ba'iCd 
on operation of dtc cquipmcm when blanketed "id1 the maxi
mum amount of dust (or with dust-simulating fibcrs/fl)ings) 
that can accumulate on dtc equipment. Electrical cquipmcm 
designed for usc in the ambient temperature range between 
-2o•c and +40•c shall require no additional ambient tempera
ture marking. Electrical equipment that is designed for usc in a 
range of ambient temperatures other than -2o•c and +400C is 
considered to be special, and dtc ambient temperature range 
shall dtcn be marked on dtc equipment, including cidtcr the 
S}mbol MTa" or MTamb" togcdtcr with dtc special range of ambi
ent temperatures. 

lnformational l'ote: As an example, such a marking might be ·-
30"C s Ta s +40"C." 

Exception No. 1: Equipment of tile non-lv.at-pmducing l_ljll', .fuel! as 
ronduit fittings, shall not be required to luwe a mat-ked operating 
temperatu1-e. 

Exception No. 2: EquiJ17nent identified fm· Cla.fs II, Division 1 m· 
Cla.'i.f II, Divifion 2 /orations as /JI!Imittl'.d by 506.20(8) and (C) slmU 
be /Jt11'111itted to be mat-ked in accordance with 500.8(C) and Table 
500. 8( c)( 4 ). 
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(E) Threading. The supply connection entry thread form shall 
be NPT or metric. Conduit and fittings shall be made "Tcnch
tight to prcvcm sparking when the fault current flows through 
the conduit system and to ensure the integrity of dtc conduit 
system. Equipment provided "ith threaded entries for field 
wiring connections shall be installed in accordance with 
506.9(E) (1)  or (E) (2) and l\ith (E) (3). 

(1) Equipment Provided with Threaded Entries for NPT
Tbreaded Conduit or Fittings. For equipment provided with 
threaded entries for NPT-thrcadcd conduit or fittings, listed 
conduit fittings or listed cable fittings shall be used. All NPT
thrcadcd conduit and fittings shall be threaded "id1 a National 
(American) Standard Pipe Taper (:"'PT) thread. 

Informational Note: See ASME B 1 .20. 1, Pipe Thread•, C.enl'ral 
Pmpose (/11rh), for thread specifications for l'PT thread'i. 

(2) Equipment Provided with Threaded Entries for Metric
Threaded Fittings. For equipment l\ith mctric-ducadcd 
entries, listed conduit fittings or listed cable fittings shall be 
�'iCd. Such entries shall be identified a'i being metric, or listed 
adapters to pcnnit conneCtion to conduit or 1'\PT-ducadcd 
fittings shall be provided with dtc equipment and shall be used 
for connection to conduit or :"'PT-thrcadcd fittings. Metric
threaded fittings inilta:Jicd into equipment entries shall be 
made up with at lca'lt five thread-; fully engaged. 

(3) Unused Openings. All unused openings shall be closed 
with blanking clements or close-up plugs that arc listed for the 
location· and will maintain the type of protection. Thread 
engagement shall comply with the rcquircmcnt'i of 506.9(E) (1)  
or (E) (2). 

(F) Optical Fiber Cables. An optical fiber cable, "ith or with
out currcnt-caiT)ing conductors (hybrid optical fiber cable),  
shall be installed to addrcs.o; the ao;sociatcd fire hazard and 
scaled to addrcs.o; the a'isociatcd explosion hazard in accord
ance l\ith 506.15 and 506.16. 

(G) Equipment Involving Optical Radiation. For cquipmcm 
invohing sources of optical radiation (such a'i la'icr or LED 
sources) in the wavclcngd1 range from 380 nm to 10 11m, the 
risk of ignition from optical radiation shall be considered for 
all electrical part-; and circuit'i that might be exposed to the 
radiation, both inside and out'iidc the optical equipment. This 
includes optical equipment, which it'iCif is located out'iidc the 
explosive atmosphere but it'i emitted optical radiation enters 
such atmospheres. 

Informational :'\ote: See ,\J'I:SI/t.:L 60079-28, Explmive At111o ... 
phl'res - Par/ 28: Pmtl't:/ion of Equipment and Trammiuion SJslem.• 
Using Dptiral Radiation, for information on types of protection 
that can be applied to minimize the 1isk of ignition in explosh·e 
atmospheres from optical radiation. 

Exception: All luminaires (fixed, pmtable, m· transpo1·table) and hand 
lights intended to be supplied by mains (with m· witlwut galvanic isohl
tifm) m· JIOwered b)• batteries, with any rontimwus divergmt light 
soun:e, including LEDs, shall be excluded from this 11'quil-ement. 

506.15 Wuing Methods. Wiring mcthod'i shall maintain the 
integrity of the protection techniques and shall comply with 
506.15(A), (B), or (C). 

Informational :'\ote: See Anicle 100 for the definition of m.tricted 
industrial e.•tabli•hmen/ fa.• applil'd to hazardous (rla.uijied) /orations/. 
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(A) Zone 20. In Zone 20 locations, the follo"ing wiring mcth
ocl'i shall be permitted: 

(1) Threaded rigid metal conduit (R\.fC) or ducadcd inter
mediate metal conduit (IMC) . 

(2) Type MI cable terminated "id1 fittings listed for the loca
tion. Type MI cable shall be installed and supported in a 
manner to avoid tensile strcs.'i at me termination fittings. 

Exception No. 1: 1)'pe MT rable and fittings lislP.d for \.J.ass Tl, Divi
.�ion 1 locations shall be permitlP.d to be used. 

Exception No. 2: Equipment identified as intrinsical{}' safe "ia" shall be 
permitted to be conneclP.d using the wi1·ing method� identified in 
504.20. 

(3) In restricted industrial establishments, Type MG·HL cable 
listed for usc in Zone 20 locations, with a continuous 
corrugated metallic shcam, an overall jacket of suitable 
polymeric material, and a separate equipment grounding 
conductor(s) in accordance with 250.122, and terminated 
"im fittings listed for me application. Type MC-HL cable 
shall be installed in accordance "id1 Part II of Article 330. 

Exception: Type MC-TTL cable mul fittings li�ted fm· Cla.�s TT, Divi
.�ion 1 locations shall be permitlP.d to be used. 

(4) In restricted industrial cstablishmcnt'i, and where me 
cable is not su�cct to physical damage, Type ITC-HL 
cable listed for usc in Zone I or Cla'i.'i I, Division 1 loca
tions, "im a ga'if\.aportight continuous corrugated metal
lic shcam and an overall jacket of suitable polymeric 
material, and terminated wim fittings listed for dtc appli
cation. Type ITG·HL cable shall be installed in accord
ance l\ith 335.4. 

(5) Fittings and boxes shall be identified for usc in Zone 20 
locations. 

Exception: Boxes and fittings listed for Cla.�s Tl, Divi�ion 1 locations 
shall be Jmmitted to be U.'it'd. 

(6) If flexible connections arc ncccs.'iary, liquidtight flexible 
metal conduit (LFMC) "id1 listed fittings, liquidtight flex
ible nonmetallic conduit (LFl'\C) wim listed fittings, or 
flexible cord listed for extra-hard usage and provided 
"im listed fittings. Where flexible cord" arc used, dtcy 
shall also comply wim 506.17 and be tcnninatcd with a 
listed cord connector that maintains the type of protec
tion of dtc terminal compru:uncnt. If flexible connections 
arc subject to oil or other corrosive conditions, dtc insula
tion of the conductor!� shall be of a type listed for me 
condition or be protected by means of a suitable shcad1. 

Exception No. 1: Liquidtight jlPxible cmuluit ( LFMC or IFNC), flexi
ble conduit fittings, and cmujittings listed for Cla.'i.� TT, Divi�ion 1 loca
tifms slmU be permitted. 

Exception No. 2: Fm· elevator use, an identified elevatm· rable of 
T_ljll' EO, T_ljJe ETP, m· T_ljll' ETT, shown under the "u.'it'" column in 
Table 400.4 fm· "hawnlous ( rla.'i.�ified) locations, " and terminated with 
li�led connertors that maintain the t_ljll' of JllvlPction of the terminal 
compm·tmrot shall be Jll'nnitled. 

Informational l'ote :'\o. I :  See 506.30 for grounding require
menL� where flexible conduit is u.'led. 

Informational :'\ote No. 2: See A:'\SI/UL 2225, l.abks and Cabii'
FiUhzgs for lJSP in Hawrdou.< (C/as.<ifll'd) /..orations, for information 
on con�truction, testing, and marking of cables, cable linings, 
and cord connectors. 
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(7) Optical fiber cable Type OFNP, Type OFCP, T}'pc OFJ'\R, 
Type OFCR, Type Of:'.IG, T}'pc OFCG, Type Of:'!, orT}'pc 
OFC installed in racc\\ays in accordance with 506.15(A). 
Optical fiber cables shall be scaled in accordance wim 
506.16. 

(B) Zone 21. In Zone 21 locations, me follo"ing wiring mcth
ocl'i shall be permitted: 

(1)  All wiring mcdtod'i permitted in 506.15(A) 
(2) Fittings and boxes that arc dusttight, mat arc provided 

wim ducadcd bos.'ics for connection to conduit, and in 
which taps, joint'i, or tcnninal connections arc not made 
and arc not used in locations where metal dust is present 

Informational Note: See ANSI/t:L 2225, l.abll's and Cab!I'-FiUhzgs 
for Uv in Hawrdous (1./as.<ijini) Locations, for information on 
constmction, testing, and marking of cables, cable fittings, and 
cord connectors. 

Exception: Equipment identijiP.d as intrimirally safe "ib" slmU be 
permitted to be conneclP,d using the wi1·ing methods identified in 
504.20. 

(C) Zone 22. In Zone 22 locations, the follm\ing wiring mcth
ocl'i shall be permitted: 

(1)  All \\iring mcdtod'i permitted in 506.15(8) .  
(2) Rigid metal conduit (R\<lC) or intermediate metal 

conduit (IMC) with listed ducadcd or ducacllcss fittings. 
(3) Electrical metallic tubing (EMT) or dusttight "ircways. 
(4) l}pc MC or T}pc Ml cable "ith listed termination 

fittings. 
(5) T}pc PLTC cable or T}pc PLTG·ER cable tL'iCd in Cla'i.'i 2 

or Cla'i.'i 3 circuit'i, including installation in cable tray 
systems. The cable shall be terminated l\ith listed 
fittings. T}pc PLTC-ER cable shall include an equipment 
grounding conductor in addition to a drain wire that 
might be present. 

(6) T}pc lTC cable or T}pc ITC-ER cable a'i permitted in 
335.4 and terminated wim listed fittings. Type ITC-ER 
cable shall include an equipment grounding conductor 
in addition to a drain "ire. 

(7) T}pc MV, T}pc TC, or Type TG·ER cable, including 
installation in cable tray systems. T}pc TG·ER cable shall 
include an equipment grounding conductor in addition 
to a drain wire dtat might be present. The cable shall be 
tcnninatcd wim listcd fittings. 

(8) Intrinsic safety type of protection "ic" ll'iing any of me 
"iring mcmod'i permitted for uncla'isificd locations. 
Intrinsic safety type of protection "ic" systems shall be 
installed in accordance wim me control dra"ing(s). 
Simple apparattL'i, not shown on the control drawing, 
shall be pcnnittcd in a circuit of intrinsic safety t}pc of 
protection "ic", prmidcd that the simple apparatus docs 
not interconnect the intrinsic safety type of protection 
"ic" circuit to any other circuit. Separation of circuit'i of 
intrinsic safct}' t}'pe of protection "ic" shall be in accord
ance l\ith one of the following: 

a. Be in separate cables 
b. Be in multiconductor cables where the conductor!� of 

each circuit arc l\ithin a grounded metal shield 
c. Be in multiconductor cables where the conductor!� 

have insulation "id1 a minimum thickncs.'i of 
0.25 mm (0.01 in.) 
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Informational :'\ote: See Anicle 100 for the definition of 
.•imple appara/u.•. 

(9) Boxes and fittings shall be dusuight. 
( 10) Optical fiber cable Type OFNP, Type OFCP, T}'pc OFJ'\R, 

T}pc OFCR, T}'pc OF:"'G, Type OFCG, Type OF:"!, or 
Type OFC installed in cable trays or any raceway in 
accordance with 506.15(C). Optical fiber cables shall be 
sealed in accordance "idt 506.16. 

( I I )  \..ablcbus. 

506.16 Sealing. \\'here necessary to protect against me ingrcs.� 
of combustible dust, combustible fibers/fl}'ings, or ignitiblc 
fibers/flyings, or to maintain dtc type of protection, seals shall 
be provided. The seal shall be identified as capable of prevent
ing me ingrcs.� of combustible dust, combustible fiber/flying, 
or ignitiblc fiber/fl}'ing and maintaining me l}'pc of protection 
but need not be cxplosionproof or flameproof. 

506.17 Flexible Cords. Flexible cords used in Zone 20, 
Zone 21, and Zone 22 locations shall comply with all of me 
follo"ing: 
(1) Be of a type listed for extra-hard usage 
(2) \..ontain, in addition to the conductors of the circuit, an 

equipment grounding conductor compl}'ing with 400.23 
(3) Be connected to terminals or to supply conductors in an 

approved manner 
(4) Be supported by clamps or by other suitable means in 

such a manner to minimize tension on the tcnninal 
connections 

(5) Be terminated l\ith a listed cord connector mat maintains 
the protection technique of dtc tcnninal compartment 

Informational Note: See ANSI/t.:L 2225, C.abvs and Cab!P-Fillings 
for Uv in HllUlrdom (('.la.<>ijini) l.ncalimzs, for information on 
constmction, testing, and marking of cables, cable fittings, and 
cord connectors. 

506.20 Equipment Installation. 

(A) Zone 20. In Zone 20 locations, only equipment. listed and 
marked as suitable for me location shall be permitted. 

Exception No. 1: Equipment li.•ted for U.'l' in Cla.'i.• II, Division I loca
tions with a suitable temperatw't! c/a.'i.• shall be permitted. 

Exception No. 2: Fm· Locations involving Group ///A material•, equip
ment lisiP.d fm· u.w• in Cla.'i.• //1, Divi.{jon l locations with a suitable 
temperatw't! in accordance with 500.H(D)(.l) slmU be permitted. 

(B) Zone 21. In Zone 21 locations, only equipment listed and 
marked as suitable for me location shall be permitted. 

Exception No. 1: Apt1aratus Listtd fm· use in C/a.'i.• //, Divi•ion 1 loca
tions with a suitable temperatw't! cla.'i.• shall be pemtitttd. 

Exception No. 2: Pres.mriud equipment identijitd fm· C/a.'i.• //, Divi

·•ion I slmU be pemtitttd. 

Exception No. 3: For Locations involving Group ///A material•, equip
ment li.•tl'.d fm· u.•e in Cla.'i.• //1, Divi.{jon I Locations with a suitable 
ttmperatw't! in acrordance with 500.H(D)(3) slmU be pennitttd. 

(C) Zone 22. In Zone 22 locations, only equipment listed and 
marked as suitable for me location shall be permitted. 

Exception No. 1: AJJjJamtu.• li.•ttd for u.•e in Cla.'i.• /I, Divi.•ion I m· 
Cla.'i.• //, Divi•ion 2 locations with a .mitable tl"mperature cla.'i.• slmU be 
pemtitttd. 
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Exception No. 2: Pres.mriud equipment identijitd fm· C/a.'i.• //, Divi
·•ion I or Divi.•ion 2 shall be Jmmitted. 

Exception No. 3: Fm· Group ///A material•, equipmmt Li•ttd for u.'l' in 
Cla.'i.• Ill, Divi•ion I m· C/a.'i.• ///, Divi.•ion 2 locations with a suitable 
trotperatw't! in accordance with 500.H(D)(3) slmU be pennitttd. 

(D) Material Group. Equipment marked Group IIIC shall be 
permitted for applications requiring Group lilA or Group IIIB 
equipment. Similarly, equipment marked Group IIIB shall be 
permitted for applications requiring Group IliA equipment. 

(E) Manufacturer's Instructions. Electrical equipment instal
led in hazardous (cla�sificd) locations shall be installed in 
accordance "idt the manufacturer's instructions, if provided. 

(F) Temperature. The temperature marking specified in 
506.9(C) (2) (5) shall complp\ith 506.20(F) (I)  or (F) (2): 
(1) \..ombustiblc dust� or combustible fibers/flyings shall be 

lcs.� man me lower of either me layer or cloud ignition 
temperature of me spe�ific combustible dust or combusti
ble fiber/flying. For nOJ1metal dust� or nonmetal combus
tible fibers/flyings mat n1ight dehydrate or carbonize, me 
temperature mar!dng shall not exceed me lower of either 
the ignition temperature or 1 65•c (329.F) . 

(2) For ignitible fibers/flyings, lcs.� than 165•c (329.F) for 
equipment mat is not sutMcct to overloading, or 12o•c 
(248.F) for equipment (such a� motors or power trans
forme!'$) mat may be overloaded. 

lnfonnarional :'\ote: See NFPA 499, RHmnmemled Practire for the 
aa.uificatinn ofC.mnbustibv Du.•t.• and of Hawrdous (('.la.<>ijini) l..nca
tiolls for Evrtriral ln.•lallatinns in 01emical Pmau Areas, for mini
mum ignition temperatures of specific dust•. 

506.30 Grounding and Bonding. Rcgardlcs.� of the voltage of 
the electrical system, wiring systems and equipment shall 
complp\ith 506.30(A) and (B). 

(A) Grounding. Wiring systems and equipment shall be groun
ded in accordance "im Part I and Part \1 of Article 250, a� 
applicable. 

(B) Bonding. Bonding shall comply l\ith Part I and Part V of 
Article 250, a� applicable, and 506.30(B) ( I )  and (B) (2). 

(1) Specific Bonding Means. Bonding shall comply wim 
506.30(B) (l) (a) and (B) (I  ) (b). 

(a) The locknut-bushing and double-locknut l}'pcs of 
contact� shall not be depended on for bonding purposes, but 
bonding jumpers l\ith identified fittings or omcr approved 
means of bonding shall be used. These bonding means shall 
apply to all metal raceways, fittings, boxes, cable trays, and 
enclosures, and other part� of raceway systems between hazard
ous (cla�sificd) locations and me point of grounding for serv
ice equipment or point of grounding for a separately derived 
system. Metal strut�, angles, or channels provided for support 
and mechanical or physical protection a� permitted in 
335.4(5), 336.10(7) (c), or 722.135(C) shall be bonded in 
accordance "idt 250.102. 

(b) \\'bcrc the branch-circuit ovcrcurrcnt protection is 
located on me load side of the disconnecting means, me 
specific bonding means shall be permitted to end at the ncar
est point where the grounded circuit conductor and me 
grounding electrode conductor arc connected togcmcr on me 
line side of dtc building or structure disconnecting means a� 
specified in 250.32(B). 
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ARTICLE 511 - CO�l�lERClAL GARAGES, REPAIR A. 'ID STORAGE 511.3 

(2) Liquidtight Flexible Metal Conduit. Liquidtight flexible 
metal conduit shall comply with 506.30(8) (2) (a) and (B) (2) 
(b). 

(a) Liquidtight flexible metal conduit shall include an 
equipment bonding jumper of the wire type in accordance l\ith 
250.102. 

(b) In Zone 22 locations, the bonding jumper shall not 
be required where all of the following conditions arc met: 

(1) Listed liquidtight flexible metal conduit 1.8 m (6 ft) or 
lcs.� in length, widt fittings listed for grounding, is used. 

(2) Ovcrcurrcnt protection in dtc circuit is limited to 10 
amperes or lcs.�. 

(3) The load is part of a meter, instrument, or relay circuit. 

ARTICLE 511 
Commercial Garages, Repair and Storage 

511.1 Scope. These occupancies shall include locations used 
for sen-icc and repair operations in connection with self
propelled vehicles (including, but not limited to, pa."l.�ngcr 
automobiles, buses, trucks, and tractors) in which volatile flam
mable liquid"l or flammable ga.�s arc used for fuel or power. 

Informational Note: See :'\FPA 30:\-2021, Code fnr Motor Fuel 
DiiJHmsinr; Farilitus and RJ.pair Garaws, for extracted text that is 
followed hy a reference in hrackel"l. Only editorial changes were 
made to the extracted text to make it consistent \\lth this I .ode. 

511.2 Other Articles. In addition to the requirement� of this 
article, these occupancies shall comply widt Table 511 .2, as 
applicable, except a.� modified by this article. 

511.3 Area Classification, General. Where Cla."l.� I liquid"l or 
ga.�cous fuels arc stored, handled, or transferred, electrical 
wiring and electrical utilization equipment shall 'be designed in 
accordance with the requirement� for Cla.�s I, Dilision 1 or 2 
hazardous (cla.�sificd) locations a.� cla.'l.�ified in accordance with 
500.5 and 500.6, and this article. A Cla.�s . I location shall not 
extend beyond an unpicrccd wall, roof, or other solid partition 
that ha.� no openings. L30A:8.3.1, s:�t3J 

\\'here the term MCia.'l.� I" is tl�d l\ith respect to Zone cla."l.�ifi
cations within this article of the t..ode, it shall apply to Zone 0, 
Zone 1 ,  and Zone 2 designations. 

Table 511.2 Other Articles 

Requirement 

Area cla.'l.�ification 
Equipment 

Wiring 

Division Classified 
Locations 

500.5, 500.6 
Part Ill of 501, 

500.7, 500.8, 501.5 
Pan II of501 
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Zone Classified 
Locations 

505.5, 505.6, 505.7 
505.8, 505.9, 
505.20, 505.22 

505.15, 505.16, 
505.17, 505.18, 
505.19, 505.26, 

505.30 

Informational Note: The term "Cia.'l."l I" was originally included 
as a prefix to Zone 0, Zone I ,  and Zone 2 locations and referen
ces a."l an identifier for flammable g"d."les, \<tpors, or liquids to 
differentiate from Cla.'l."l II and Cla.'l."l Ill locations. Zone 0, 
Zone I ,  and Zone 2 only apply to flammable ga."les, \'llpors, or 
liquid'� so dte "Cia.'l."l I" prefix i"l redundant and has been deleted, 
except for text that is extrdcted from odter documenl"l or to 
remain consistent throughout mis article. 

(A) Parking Garages. Parking garages used for parking or stor
age shall be permitted to be uncla."l."lificd. 

Informational :'\ote: See :'\FPA 88A, Standard fnr Parlcinr; Struc
ture.<, and 1\:FPA 30A, !.ode fnr '"lntnr Fuel Di.<ptmsinr; Facilili�'> and 
Repair r.arar;�'>, for additional infmmation. 

(B) Repair Garages, with Dispensing. Major and minor repair 
garages that dispense motor fuels into the fuel tanks of vehi
cles, including flammable liquicl� having a fla.�h point below 
38•c (100.F) such a.� ga.�linc, or ga.�otl� fuels such a.� natural 
ga.�. hydrogen, or LPG, shall have the dispensing functions and 
component'! cla.�sificd in accordance with Table 514.3(B) ( 1 )  in 
addition to any cla."l.�ifi�tion required by this section. \\'bcrc 
Cla.'l.� I liquid�. other thl\11. fuels, arc dispensed, the area within 
900 mm (3 ft) of any fill or dispensing point, extending in all 
directions, shall be a Cla.'l.� I, Division 2 location. 

(C) Repair Garages, Major and Minor. Where vehicles using 
Cla.'l.� I liquid11 or heavier-than-air ga.�cotL� fuels (such a.� LPG) 
arc repaired, hazardotL� area cla.'l.�ification shall be in accord
ance \\ith Table 511.3(C). 

Informational Note: See NFPA 30A, I .ode fnr Mntnr Fuel Di<pm.<inr; 
Facilitks and Repair Garar;l'.<, Table 8.3.2, for additional informa
tion. 

(D) Repair Garages, Major. \\'bcrc vehicles using lighter-than
air ga.�ous fuels (such a.� hydrogen and natural ga.�) arc 
repaired or stored, hazardous area cla.'l.�ification shall be in 
accordance "idt Table 511.3(D) . 

Informational Note: See NFPA 30A, I .ode fnr Mntnr Fuel Di<pm.<inr; 
Facilitks and Repair Garar;l'.<, Table 8.3.2, for additional informa
tion. 

(E) Modifications to Classification. 

( 1) Specific Areas Adjacent to Classified Locations. Area.� adja
cent to cla.'l.�ificd locations in which flammable vapors arc not 
likely to be rclca.�cd, such a.� stock rooms, Sl\itchboard rooms, 
and odtcr similar locations, shall be uncla."l."lificd where 
mechanically ventilated at a rate of four or more air changes 
per hour, designed widt positive air prcs.�urc, or separated by 
an unpicrccd wall, roof, or other solid partition. 

(2) Alcohol-Based Wmdshield Washer Fluid. The area used for 
storage, handling, or dispensing into motor vehicles of alcohol
ba.�d wind"lhield washer fluid in repair garages shall be uncla.o;
sificd unlcs."l othcnvisc cla."l."lificd by a prmision of 511 .3. L30A: 
8.3.1, Exception] 
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511.3 ARTICLE 511 - CO�l�lERClAL GARAGES, REPAIR A. 'ID STORAGE 

Table 511.3(C) Extent of Classified Locations for M�Yor and Minor Repair Garages with Heavier-Than-Air Fuel 

Class I 

Localion 

Repair garage, m'!jor 
(where Cla'i.• I liquid• or ga�ou.• fuel• are 
transfen-ed or di•pensed*) 

Specific area• a�jacent to cla'l.•ified locations 

Repair garage, minor 
(where Cia ... • I liquid• or ga�ou.• fuel• are 
not tran.•ferred or dispensed*) 

Sped fie area• a�jacent to cla'l.•ified locations 

Division 
(Group D) 

2 

2 

2 

2 

2 

*Includes draining ofCia.s l liquid• from ,·ehicles. 

Zone 
(Group IIA) 

2 

2 

Uncla'l.•ified 

2 

2 

2 

Extent of Oassified Localion 

Entire space \\ithin any pit, belowgrade work area, or subfloor work 
area that i• not \'entilated 

Entire space \\ithin any pit, belowgrade work area, or subfloor work 
area that i• prmided \\ith ventilation ofat lea•t 0.3 m3/min/m2 
(I ft"/min/fi2) of floor area, \\ith suction taken from a point 
\\ithin 300 mm ( 12 in.) of floor le\·el 

Up to 450 mm (18 in.) abm·e floor level of the room, except a• noted 
below, for entire floor area 

Up to 450 mm (18 in.) abm·e floor level of the room where room is 
prmided \\ith ventilation of at lea•t 0.3 m3 I min/ m2 ( I  ft3 I min/ft2) 
of floor area, \\ith suction taken from a point \\ithin 300 mm 
( 12 in.) of floor level 

Within 0.9 m (3 ft) of any fill or di•pensing point, extending in all 
directions 

Area• a�jacent to cla'l.•ified locations where flammable \'llpors are not 
likely to be relea�d, such a• stock rooms, s\\itchboard rooms, and 
other similar locations, where mechanically ventilated at a rdte of 
four or more air changes per hour or desiWted \\ith posith·e air 
pres.•ure or where effectively separated by walls or panition• 

Entire space \\ithin any pit, belowgrade work area, or subfloor work 
area that i• not \'entilated 

Up to 450 mm (18 in.) abm·e floor level, extending 0.9 m (3 ft) 
horizontally in all directions from opening to any pit, belowgrade 
work area, or subfloor work area that is not ventilated 

U ncla'l.•ified Entire space \\ithin any pit, belowgrade work area, or subfloor work 
area that i• pro\ided \\ith ventilation ofat lea•t 0.3 m3 /min/m2 
(I ft"/min/fi2) of floor area, \\ith suction taken from a point 
\\ithin 300 mm ( 12 in.) of floor le\·el 

Uncla'l.•ified Area• a�jacent to cla'l.•ified locations where flammable \'llpors are not 
likely to be relea�d, such a• stock rooms, S\\itchboard rooms, and 
other similar locations, where mechanicalh• ventilated at a rdte of 
four or more air changes per hour or desiWted \\ith positive air 
pres.•ure or where effectively separated by walls or panition• 

Table 511.3(D) Extent of Classified Locatio..S for M�Yor Repair Garages with Lighter-than-Air Fuel 

Localion 

Repair g-.u-age, major 
(where lighter-than-air g'd.•emL• fueled1 
vehicles are repaired or stored) 

Spedfic area• a<ljacent to cla'l.•ified locations 

Class I 

Division2 

2 
t: ncla.'l.•ified 

1lncludes fuels such a• hydrogen and natural g-.1.•, but not LPG. 
2For hydrogen (lighter than air) Group 8, or naturdl ga• Group D. 

2 
t: ncla'l.•ified 

:•For hydrogen (lighter than air) Group IIC or IIB+H2, or natural g-.1.• Group IIA. 
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Extent of Classified Localion 

Within 450 mm ( 18 in.) of ceiling, except a• noted below 
Within 450 mm (18 in.) of ceiling where \'entilation of at 

lea•t 0.3 m3/min/m2 ( I  ft'/min/ft2) of floor area is 
prmided, \\ith suction taken from a point \\ithin 
450 mm ( 18 in.) of the highest point in the ceiling 

Area• a<ljacent to cla.'l.•ified locations where flammable 
vapors are not likely to be relea.•ed, such a.• stock 
r<x>ms, �'\\itchboard rooms, and other similar locations, 
where mechanically ventilated at a rate of four or more 
air changes per hour, designed \\ith positi\'e air 
pres.•ure, or effectively separated by w·.tlls or partition• 
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511.4 Wuing and Equipment in Class I Locations. 

(A) Wuing Located in Class I Locations. Wiring located "ithin 
Class I locations ao; cla'i.o;ificd in 511.3 shall conrorm with the 
requirement-; or Part II or Article 501 or 504.20, ao; applicable. 

(B) Equipment Located in Class I Locations. Widtin Cla"l.o; I 
locations ao; defined in 511.3, cquipmcm shall conrorm with 
the requirement-; or Part III or Article 501 or 504.10, ao; applica
ble. 

(I) Fuel-Dispensing Units. \\'here ruel-dispcnsing unit-; (other 
than liquid petroleum ga<;, which is prohibited) arc located 
"ithin buildings, 514.1 shall apply. 

Where mechanical ventilation is provided in the dispensing 
area, the control shall be interlocked so that the dispenser 
cannot operate without ventilation, in accordance with 
500.5(B) (2). 

(2) Portable Lighting Equipment. Portable lighting equipment 
shall be equipped "idt a handle, lampholdcr, hook, and 
substantial guard attached to the lampholdcr or handle. All 
exterior surraccs that might come in contact with battery termi
nals, "iring terminals, or other object-; shall be or nonconduct
ing material or shall be effectively protected with insulation. 
Lampholdcrs shall be or an unS\,itchcd type and shall not 
prm-idc means ror plug-in or attachment plugs. The outer shell 
shall be or molded composition or other suitable material. 
Unless the lamp and it<; cord arc supported or arranged in such 
a manner dtat dtcv cannot be used in the locations cla"l.o;ificd in 
511 .3, dtcy shall be or a t}'pc idcmificd ror Cla'i.<; I, Division 1 
locations. 

511.7 Wuing and Equipment Installed Above Hazardous (Clas
sified) Locations. 

(A) Wuing in Spaces Above Hazardous (Classified) Locations. 

(I) Faxed Wuing Above Hazardous (Classified) Locations. 
Fixed ''iring above hazardous (cla'i.<;ificd) locations shall be 
permitted to be one or more or the rollowing: 

(1) Rigid metal conduit (R\<lC) or intermediate metal 
conduit (IMC) "idt listed threaded or thrcadlcs.<; fittings, 
or electrical metallic conduit (L\fl') with listed fittings. 

(2) Rigid polyvinyl chloride conduit (PVC) , rcinrorccd ther-
mosetting resin conduit (RTRC), or electrical nonmetal
lic tubing (ENT). 

(3) Flexible metal conduit (FMC), liquidtight flexible metal 
conduit (LnlC), or liquidtight flexible nonmetallic 
conduit (LFNC) , with listed fillings. 

(4) Type �lC cable, Type AC cable, Type TC cable, or T}'pc 
TC'..-ER cable, including installation in cable trays. Type 
TC'..-ER cable shall include an equipment grounding 
conductor (EGC) in addition to any drain wire. All cable 
types shall have listed fillings. 

(5) Type Ml cable terminated with listed fittings and suppor
ted in a manner to avoid tensile stress. 

(6) Manuracturcd wiring systems. 
(7) Type PLTC cable or T}'pc PLTC'..-ER cable in Cla'i.o; I, 

Cla'i.o; 2, or Cla"l.o; 3 circuit-;. Type PLTC'..-ER cable shall 
include an equipment grounding conductor (EGC) in 
addition to any drain wire. 

(8) Type lTC cable or Type ITC'..-ER cable in accordance with 
335.4 and 335.5, terminated "ith listed fittings. Type ITC'..
ER cable shall include an equipment grounding conduc
tor (EGC) in addition to any drain "ire. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

(9) Cellular metal floor raceways or cellular concrete floor 
raceways only ror supplying ceiling oudcto; or extensions 
to the area below the floor. Such raceways shall have no 
connections leading imo or through any Cla'i.o; I location 
above the floor. 

(2) Pendant. For pendant<;, flexible cord suitable ror the type 
or service and listed ror hard usage shall be used. 

(B) Electrical Equipment Installed Above Hazardous (Classi
fied) Locations. 

(1) Faxed Electrical Equipment. Electrical cquipmcm in a 
fixed position shall be located above the level or any defined 
hazardous (cla'i.o;ificd) location or shall be identified ror the 
location. 

(a) A1ring Equipment. Equipment that is Jcs.o; than 3.7 m 
(12 rt) above the floor level and that might produce arcs, 
sparks, or particles or hot metal, such a<; cutout<;, s"itchcs, 
charging panels, generators, motors, or other cquipmcm 
(excluding receptacles, lamps, and lampholdcrs) having make
and-break or sliding contact<;, shall be or the totally enclosed 
type or constructed to . prevent the escape or sparks or hot 
metal particles. 

(b) Fixed Lighting. Lamps and lamp holders ror fixed 
lighting that i.'l located over lanes through which vehicles arc 
commonly driven or that might othcmise be exposed to physi
cal damage shall be located not lcs.o; than 3.7 m (12 rt) above 
floor level, unles.o; or the totally enclosed type or constructed to 
prevent escape or spark.-; or hot metal particles. 

511.8 Underground Wuing Below Hazardous (Classified) 
Locations. Underground "iring shall be installed in accord
ance "ith one or the rollowing wiring method-;: 

(1)  Threaded rigid metal conduit (R\<IC) or threaded inter
mediate metal conduit (IMC) "ith listed dtreadcd 
fittings. 

(2) Rigid polyvinyl chloride conduit (PVC) , reinrorced ther
mosetting resin conduit (RTRC), or high-density poly
ethylene conduit (HDPE) where buried under not les.o; 
than 600 mm (2 rt) or cover. Where PVC conduit, RTRC 
conduit, or HDPE conduit is used, threaded rigid metal 
conduit or threaded intenncdiate metal conduit shall be 
u.o;cd ror the lao;t f>OO mm (2 rt) or dtc underground run 
to emergence or to the point or connection to the above
ground raceway, and an equipment grounding conductor 
shall be included to prm-ide electrical continuity or the 
raceway system and ror grounding or non-current
carT}'ing metal part<;. 

511.9 Sealing. Seals complying with the requirement-; or 
501.15 and 501.15(8)(2) shall be provided and shall apply to 
horizontal ao; well ao; vertical boundaries or the defined Cla'i.o; I 
locations. 

511.10 Special Equipment. 

(A) Bauery Charging Equipment. Battery chargers and their 
control equipment, and batteries being charged, shall not be 
located within locations cla'i.<;ified in 511.3. 

(B) Electric Vehicle Charging Equipment. 

(1) General. All electrical equipment and wmng shall be 
installed in accordance with Part III or Article 625, except ao; 
required by 511 .10(8) (2) and (B) (3). Flexible cord-; shall be or 
a t}'pe identified ror extra-hard usage. 
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(2) Connector Location. No connector shall be located "ithin 
a Clao;s I location ao; defined in 51 1 .3. 

(3) Plug Connections to Vehicles. \\'here the cord is suspen
ded from overhead, it shall be arranged so that the lowest poim 
of sag is at leao;t i50 mm (6 in.) above the floor. Where an auto
matic arrangement is prmided to pull both cord and plug 
beyond the range of physical damage, no additional connector 
shall be required in the cable or at the oudet. 

511.12 Ground-Fault Circuit-Interrupter Protection for 
Personnel. Ground-fault circuit-interrupter protection for 
personnel shall be prmided ao; required in 2I0.8(B). 

511.16 Grounding and Bonding Requirements. 

(A) General Grounding Requirements. All metal raceways, the 
metal armor or metallic sheadt on cables, and all non-current
cartying metal part-; of fixed or portable electrical equipment, 
regardless of voltage, shall be grounded. 

(B) Supplying Circuits with Grounded and Grounding Conduc
tors in Class I Locations. Grounding in Clao;.o; I locations shall 
comply with 501 .30. 

(1) Circuits Supplying Portable Equipment or Pendants. 
\\'here a circuit supplies portables or pendants and includes a 
grounded conductor in accordance wilh 200.3, receptacles, 
atlachmem plugs, connectors, and similar devices shall be of 
the grounding type and the grounded conductor of dte flexi
ble cord shall be connected to the screw shell of any lamp
holder or to dte grounded tenninal of any utilization 
equipmem supplied. 

(2) Approved Means. Approved means shall be prmided for 
maintaining continuity of the equipment grounding conductor 
between the fixed \\iring system and the non-current-carrying 
metal portions of pendant luminaires, portable luminaires, and 
portable utilization equipment. 

ARTICLE 512 
Cannabis Oil Equipment and Cannabis Oil 

Systems Using Flammable Materials 

Part I. General 

512.1 Scope. This article covers cannabis oil preparatory 
equipmem, extraction equipment, booths, post-proces.o;ing 
equipmem, and systems using flammable materials (flammable 
gao;, flammable liquid-produced vapor, combustible liquid
produced l-apor) in commercial and industrial facilities. 

Informational Note No. I: See ,\J'I:SI/t.:L 1389, Plant Oil Exlrar
tion Equipmmt for lmtallatiou ami lf.w iu Ordinary (Uncla.uijiwl) 
I.ocatiollS and Hawrdou.• (Cia.uified) I.ocatious, for information on 
cannabis oil equipment and systems for ha1.ardous (cla.'l.•ified) 
location.•. 

Informational 1'\ote 1'\o. 2: See 1'\FPA I ,  Hw Code; :'\FPA 55, 
Co11lfJrt'.'I.Wd Ga•es ami CrytWnic f7uids C'..otk; 1'\FPA 58, l.iqui'fiwl 
Pl'tro/nun C'.as C'..otk; and ICC IFC, lnll!rnatioual Fire (.ode, together 
"ith the manufacturer's installation instruction.•, for informa
tion on the installation of cannabis oil equipment and system•. 

70-440 

512.2 Other Articles. In addition to the requirement-; of this 
article, cannabis oil equipment and cannabis oil systems using 
flammable materials shall comply l\ith Table 512.2, ao; applica
ble, except ao; modified by this article. 

Table 512.2 Other Articles 

Requirement 

Area dao;.o;ification 
Equipment 

Wiring 

Division Classified 
Locations 

500.5, 500.6 
Part Ill of 501, 

500.7, 500.8, 501.5 
Part II of501 

Zone Classified 
Locations 

505.5, 505.6, 505.7 
505.8, 505.9, 505.20, 

505.22 
505.15, 505.16, 

505.17, 505.18, 
505.19, 505.26, 

505.30 

512.3 Classified Locations. Cannabis oil equipment and 
systems that can releao;c flammable materials during operation 
shall be clao;.o;ified in accordance "idt 51 2.3(A) and (B). 

Informational 1'\ote 1'\o. l: Some cannabis oil applications can 
result in the relea.'le of hea\ier-than-air llammable ga.<;es or 
vapors into the sun-lmnding atmosphere as a nmmal part of the 
ovemll extraction. proces.• (e.g., dming disconnecting or open
ing of \'es.wls containing flammable sowenL•, or during off
g-.t.•sing o.f spent matelial or extrdcted plant oil). (..annabis oil 
equipment imd system• can also include the connection of 
extenial · containers, or other exte1nal sources, of flammable 
:oolvent. 
lnformational l'\ote 1'\o. 2: See :'\FPA 30, flammable and Combusti
bil' Liquids C'.odr, NFPA 33, Standard for Spra_r .4pplication L!.•iug 
Flammabil' or C'.nJnbu.<tibil' Matmal'l', and :'\FPA 497, RHmnmmdwl 
Prartia for the tlassijiratiou of Flammabil' l.iquid.<, C'.ases, or Vapors 
ami of Hazardou.• (C/as.•ifil'd) l.ncations for Eil'rtriral lmtallatiollS in 
Clvmiral Process .4wa<, for infonnation on area cla.'l.•ification. 

Informational :'\ote No. 3: See :'\FPA 36, Standard for Snlvmt 
Extraction Plant.<, for infmmation on area cla.'l.•ification in 
commercial-scale extraction proces.<;es. 

(A) Cannabis Oll Equipment and Systems Other Than Booths. 

(1) Where Flammable Gases or Vapors Are Released. For sour
ces of gao;cs or vapors from a flammable material, the location 
shall be clao;sified in accordance "ith the follo"ing and ao; 
shmm in Figure 5 12.3(A) (I) :  

(1)  The space within 915 mm (3 ft) in all directions from any 
such equipment or container and extending to the floor 
or grade level shall be clao;.o;ified ao; Clao;s I, Di\io;ion I or 
Zone I, whichever is applicable. 

(2) The space extending 6IO mm (2 ft) beyond the Clao;.o; I, 
Dhision 1 or Zone I location shall be clao;sified ao; Clao;.o; I, 
Dhision 2 or Zone 2, whichever io; applicable. 

(3) The space extending 1525 mm (5 ft) horizontally beyond 
the space described in 512.3(A) ( l ) (2) up to a height of 
460 mm (18 in.) above dte floor or grade level shall be 
clao;.o;ified ao; Clao;.o; I, Dhision 2 or Zone 2, whichever is 
applicable. 

(4) The space inside of a tank or container and the inside of 
equipmem that contains a flammable material shall be 
clao;.o;ified ao; Clao;.o; I, Division I or Zone 0, whichever is 
applicable. 

(5) Sumps, pils, or belowgrade channels "ithin 3.05 m (10 ft) 
horizontally of a l-apor source shall be clao;sified ao; Clao;.o; I, 
Dhision I or Zone 1. If the sump, pit, or channel extend-; 
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beyond 3.05 m (10 ft) horizontally from the \-ctpor source, 
it shall be provided with a vapor stop or cla.'isified a.'i 
Cla.'i.'i I, Division 1 or Zone 1 for its emire length. 

(2) Where Flammable Gases or Vapors Are Not Released, 
Except During Disconnection or Opening. \\'here listed equip
melll is marked to indicate that the level of relea.'iC during 
disconnection or opening is maintained below 25 percem LFL 
without ventilation, flammable solvent'i shall not be relea.'iCd 
during the extraction proccs.'i except during disconnecting or 
opening of vcs.'iCis containing flammable solvent'i, or during 
olf-gas.'iing of spcm material or extracted plant oil. 

For sources of ga.'i or vapor from a flammable material, the 
location shall be cla.'i.'iilied in accordance with the following and 
as shown in Figure 512.3(A) (2): 

(1)  The space within 915 mm (3 ft) in all directions from any 
such equipment or container and extending to d1c floor 
or grade level shall be cla.'i.'iified a.'i Cla.'i.'i I, Division 2 or 
Zone 2, whichever is applicable. 

(2) The space extending beyond the Division 2 or Zone 2 
area shall be uncla.'i.'iilied. 

(3) The space inside of a tank or container and the inside of 
equipmelll that contains a flammable material shall be 
classified a.'i Clas.'i I, Division 1 or Zone 0, whichever is 
applicable. 

(4) The space extending 2134 mm (7 ft) horizontally beyond 
the space described in 512.3(A) (2) (1 )  up to a height of 
460 mm (18 in.) above d1c floor or grade level shall be 
clas.'iified a.'i Clas.'i I, Dhision 2 or Zone 2, whichever is 
applicable. 

(5) Sumps, pit'i, or belowgrade channels "id1in 3.05 m (10 ft) 
horizontally of a \-ctpor source shall be cla.'i.'iified a.'i Clas.'i I, 
Division 1 or Zone 1 .  If d1e sump, pit, or channel extend'i 
beyond 3.05 m (10 ft) horizontally from the \-ctpor so.urcc, 
it shall be provided "ith a vapor stop or it shall be cla.'i.'ii
fied a.'i Cla.'i.'i I, Division 1 or Zone 1 for it'i entire length. 

(B) Cannabis Oil Booths. Air exhausted from the booths shall 
not be recirculated or exhausted from the bOoths imo the 
room in which d1e booths arc installed. Ventilation other than 

�----------3�050 mm�--------�·�l 
(10 ft) 

r-:-1 Class I, Division 1 or Zone 0 
� (e.g., within equipment or vapor space within container) 

D Class I, Division 1 or Zone 1 

II Class I, Division 2 or Zone 2 

exhaust ventilation can be provided to the booth, but cannot 
be recirculated or exhausted from the booth into the room in 
which the booth is installed. 

(I) Where Flammable Gases or Vapors Are Released. For sour
ces of ga.'i or vapor from a flammable material, the location 
shall be cla.'i.'iified in accordance "id1 the follo"ing and a.'i 
shown in Figure 512.3(8) (1 ) :  

( 1 )  The space "ithin d1e booth shall be cla.'i.'iified as Cla.'i.'i I, 
Division 1 or Zone 1 ,  whichever is applicable. 

(2) The space within 915 mm (3 ft) of any opening shall be 
clas.'iified a.'i Clas.'i I, Division 2 or Zone 2, whichever is 
applicable. 

(3) The interior of fresh air supply duct'i and fresh air supply 
plenums shall be uncla.'i.'iified. 

(2) Where Flammable Gases or Vapors Are Not Released, 
Except During Disconnection or Opening. \\'here listed equip
melll is marked to indicate that the level of relea.'iC during 
disconnection or opening is maintained below 25 percem LFL 
"ithout ventilation, flanunable solvent'i shall not be relea.'iCd 
during the extraction j>�occs.'i except during disconnecting or 
opening of vcs.'iCis containing flammable solvent'i, or during 
olf-ga.'i.'iing of spent material or extracted plant oil. 

For sources of ga.'i or vapor from a flammable material, the 
location �ball be cla.'i.'iilied in accordance with the following and 
a.'i shmyn in Figure 512.3(B) (2): 

( 1) ·. The space "ithin d1c booth shall be cla.'i.'iified as Cla.'i.'i I, 
Division 2 or Zone 2, whichever is applicable. 

(2) The space out'iide any opening shall be uncla.'i.'iified. 
(3) The interior of fresh air supply duct'i and fresh air supply 

plenums shall be uncla.'i.'iified. 

Part II. W'uing 

512.10 W'uing Installation and Operation. All wiring installed 
or operated within any of d1c hazardous (cla.'i.'iified) locations 
defined in 512.3 shall comply "id1 the requirement<; of Part II 

FIGURE 512.3(A)(1) Area Classification for Equipment and Systems Other than Booths, Where 
Flammable Gases or Vapors Are Released. 
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1--:-1 Class I, Division 1 or Zone 0 
L: .... :...J (e .. g .. , within equipment or vapor space within container) 

ll Class I, Division 1 or Zone 1 

rLZ1 Class I, Division 2 or Zone 2 

trench 
Pit or I 

FIGURE 512.3(A)(2) Area Classification for Equipment and Systems Other than Booths, Where: .. 
Flammable Gases or Vapors Are Not Released Except During Disconnection or Opening. 

of Article 501 or 505 .. 15, a'i applicable, for d1e division or zone 
location in which it is installed .. 

512.13 Wuing Installed Above Hazardous (Classified) Loca
tions. Other man above cannabis oil booms, all fixed wiring 
installed at an elevation above hazardous (cla'isified) locations 
[fl!t! Figure 512 .. 3(A)(l) and Figure 512..3(A)(2)} shall be in metal 
raceways, PVC conduit, RTRC conduit, or ENT conduit .. \\'here 
used, c�bles shall be Type ���. Type TC, or Type �I C .. 

Part ID. Equipment 

512.20 Equipment and Systems. Installation of cannabis oil 
equipmem and systems shall be in a distinct room or area loca
ted at commercial or industrial facilities .. Where all electrical 
equipmem wimin cannabis oil bood1s is listed for Gla..'l'l I, Dhi
sion 1 or Zone 1 locations, ga'i detection shall not be required 
to be provided within the boom.. \\'bere ga<�� detection in 
accordance with 500 .. 7(K) is prmided within booths listed for 
Cla'i..'i I, Dhision 2 or Zone 2 location ... , electrical equipmem 
shall be permitted .. 

(A) Cannabis Oil Preparatory Equipment. Equipment mat is 
used to prepare the plant material for subsequem extraction of 
the plant oil (e .. g .. , trimming, dcseeding, dJ]ing/curing) shall 
be listed for the location .. 

(B) Cannabis Oil Extraction Equipment. Equipmem that uses 
flammable materials (solvent'i) in dte proces..'i of extracting me 
plant oil from me plant material shall be listed for the location .. 

Informational :'\ote: Extrdction equipment can use flammable 
materials a'i soh·enL'i to extract the plant oil from the plant mate
rial by saturating the plant material in a \'ented container, sealed 
container, or pres..'iure ,-es..'iel .. Typical flammable materials lL'ied 
in the extr dction proces'i include butane, ethanol, hexane, 
pentane, propane, and LPG .. 

(C) Cannabis Oil Booths. Enclosed area'i used to house canna
bis oil equipmem and systems shall be listed for the location .. 

Informational :'\ote: C..annabis oil b()()ths can be designed to 
house a single piece or multiple pieces of cannabis oil equip
mem .. Booths rdnge in size and can be large enough to permit 
entrdnce of personnel to perform the proces..'iing ta'ik..'i .. 
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915 mm 
(3 ft) radius 

915 mm 
(3 ft) radius 

915 mm 
(3 It) radius 

TOP VIEW AT CEILING LEVEL 

915 mm 
(3 It) radius 

915 mm 
(3 ft) radius 

915 mm 
(3 It) radius 

I � 
� �========��===================Fffi 
� 

� � � 
� .� 
� 

ELEVATION 

D Class I, Division 1 or Zone 1 

rzzJ Class I, Division 2 or Zone 2 

FIGURE 512.3(B)(1) Area Classification for Booths Where 
Flammable Gases or Vapors Are Released. 
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TOP VIEW AT CEILING LEVEL 

ELEVATION 

F?ZI Class I, Division 2 or Zone 2 

FIGURE 512.3(B)(2) Area Classification for Booths Where 
Flammable Gases or Vapors Are Not Released Except During 
Disconnection or Opening. 

(D) Cannabis Oil Post-Processing Equipment. Equipment that 
is used in the final proccs.'iing stages of the extracted plam oil 
(e.g., vacuum ovens, rotary C\-'aporators, solvent recovery 
pumps) shall be listed for the location. 

(E) Cannabis Oil Systems. Any combination of C"annabis oil 
equipment needed for the overall extraction. proccs.'i (e.g., 
cannabis oil preparatory equipment, cannabi'i oil extraction 
equipment, cannabis oil booths, cannabis oil post-proccs.'iing 
equipment) shall be listed for the loca�on. 

Informational Note: See :'\FPA 708," Recmm111mded Prarlice for Eur
lriral Equip111enl :'vlaiulmaure, for infonnation related to generdl 
electrical equipment maimenance and developing an effecti\·e 
electrical preventi\-e maintenance ,(EPM) program. 

512.22 Equipment Installed in Hazardous (Classified) Loca
tions. All equipment installed or operated within any of the 
cla.'i.'iificd locations defined in 512.3 shall comply l\ith the 
requirement" of Part Ill of Article 501 or 505.9, a.'i applicable, 
for d1c division or zone area in which they arc used. 

512.30 Equipment Installed Above Hazardous (Classified) 
Locations. Equipment that could produce arcs, spark.'!, or hot 
metal particles, such a.'i lamps and lampholdcrs for fixed light
ing, cutout'i, switches, receptacles, motors, or other equipment 
haling make-and-break or sliding contact'i, where installed 
above a cla.'i.'iificd location other than cannabis oil booths, shall 
be of the totally enclosed type or be constructed to prevent the 
escape of spark... or hot metal particles. 

512.32 Marking. \..annabis oil preparatory equipment, extrac
tion cquipmclll, booths, and post-processing equipment shall 
be listed and marked to show the hazardous (cla.'i.'iificd) loca
tion for which it is permitted to be installed. 
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(A) Division Equipment. Equipment for Cla'is I, Division 1 or 
Cla.'i.'i I, Dilision 2 shall be marked in accordance with 
500.8(C). 

(B) Zone Equipment. Equipment for Zone 1 or Zone 2 shall 
be marked in accordance l\ith 500.8(C) (2). 

ARTICLE 513 
Aircraft Hangars 

513.1 Scope. This article shall apply to buildings or structures 
in any part of which aircraft containing Cla.'is I (flammable) 
liquids or Cla.'i.'i II (combustible) liquid'i whose temperatures 
arc above d1cir fla.'ih points arc housed or stored and in which 
aircraft might undergo scnicc," repairs, or alterations. It shall 
not apply to locations u5ed exclusively for aircraft that have 
never contained fuel or ¥.Jlfuclcd aircraft. 

Informational :'\.:,te No. 1 :  See 1\:FPA 409, Staudard 011 Aircraft 
Hangars, fo� definitions of aimaji haugarand uufuelni aircraft. 

Informational Jl>ote 1\:o. 2: See :'\FPA 30, Ha111111able aud Co111busli
bu l.iquitl• ('Ade, for infmmation on fuel clao;.•ification. 

513.2 Other Articles. In addition to the requirement" of this 
article, aircraft hangars shall comply "ith Table 51 3.2, a.'i appli
C"abl(', except a.'i modified by this article. 

513.3 Classification of Locations. \\'here the term �cla.'is I" is 
used with respect to Zone cla.'i.'iifications l\ithin this article of 
the Code, it shall apply to Zone 0, Zone I ,  and Zone 2 designa
tions. 

Informational Note: The term "Cia"'' I" was originally included 
a• a prefix to Zone 0, Zone I ,  and Zone 2 locations and referen
ces a• an identifier for flammable ga'ies, \-apors, or liquids to 
differentiate from Ciao;.• II and Cia"'' Ill locations. Zone 0, 
Zone I ,  and Zone 2 only apply to flammable ga'ies, \-apors, or 
liquid• so the "Cia"'' I" prefix i• redundant and ha• been deleted, 
except for text that is extrdcted from other document• or to 
remain consistem throughom this article. 

(A) Below Floor Level. Any pit or dcprcs.'iion below the level 
of the hangar floor shall be cla.'i.'iificd a.'i a Cla.'is I, Dhision 1 or 
Zone 1 location that shall extend up to said floor level. 

(B) Areas Not Separated or Ventilated. The entire area of the 
hangar, including any acljaccnt and communicating area.'i not 
suitably separated from the hangar, shall be cla.'isificd a.'i a 
Cla.'i.'i I, Dilision 2 or Zone 2 location up to a level 450 mm 
(18 in.) above the floor. 

Table 513.2 Other Articles 

Requirement 

Area clao;.�ification 
Equipment 

Wiring 

Division Classified 
Locations 

500.5, 500.6 
Part Ill of 501, 

500.7, 500.8, 501.5 
Part II of501 

Zone Classified 
Locations 

505.5, 505.6, 505.7 
505.8, 505.9, 
505.20, 505.22 

505.15, 505.16, 
505. 17, 505.18, 
505.19, 505.26, 

505.30 

70-443 

Copyright �� NFPA. For exclusive use on NFPA Free Access platrorm. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fynfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 
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(C) Vicinity of AircrafL 

(I) Aircraft Maintenance and Storage Hangars. The area 
"ithin 1 .5 m (5 ft) horizontally from aircraft power plants or 
aircraft fuel tanks shall he classified ao; a Cla'l.o; I, Division 2 or 
Zone 2 location that shall extend upward from the floor to a 
level 1 .5 m (5 ft) above the upper surface of l\ings and engine 
enclosures. 

(2) Aircraft Painting Hangars. The area "idtin 3 m (10 ft) 
horizontally from aircraft surfaces from the floor to 3 m  (10 ft) 
above the �ircraft shall he cla'l.o;ificd ao; Cla'l.o; I, Division I or 
Zone 1 .  The area horizontally from aircraft surfaces hetwccn 
3.0 m (10 ft) and 9.0 m (30 ft) from the floor to 9.0 m (30 ft) 
above the aircraft surface shall he cla'l.o;ificd ao; Cla'l.o; I, Dh·ision 
2 or Zone 2. 

Informational Note: See :'\FPA 33, Standard for Spra_l' .4ppliration 
Using Fla11mwhb- or (.omhustihle '"laterial<, for infmmation on \"enti
lation and grounding for static protection in sprdy painting 
areas. 

(D) Areas Suitably Separated and Ventllated. Adjaccm area-; in 
which flammable liquid-; or vapors arc not likely to be relcao;cd, 
such ao; stock rooms, elccuical control rooms, and other similar 
locations, shall he uncla'l.o;ificd where mechanically ventilated at 
a rate of four or more air changes per hour, designed with posi
tive air prcs.o;urc, or effectively separated from the hangar itself 
by walls or partitions. 

513.4 Waring and Equipment in Class I Locations. 

(A) General. All wiring and cquipmcm that is installed or 
operated "ithin any of the hazardous (cla'l.o;ificd) locations 
defined in 513.3 shall comply with dtc applicable requirements 
of the hazardous (clao;sificd) locations. 

Attachmcm plugs and receptacles shall be identified for the 
location or shall he designed so dtcy cannot he energized while 
the connections arc heing made or broken. 

(B) Stanchions, Rostrums, and Docks. Electrical \\iring, 
oudcts, and cquipmcm (including lamps) on or attached to 
stanchions, rostrums, or docks dtat arc located in a hazardous 
(clao;sificd) location ao; defined in 513.3(C) shall comply with 
the applicable requirements of Parts II and ill of Article 501 or 
505.17 through 505.30, ao; applicable. 

513.7 Waring and Equipment Not .lnstalled in Class I Loca
tions. 

(A) Faxed Waring. All fixed wiring in a hangar but not installed 
in a Cla'l.o; I location ao; clao;sificd in 513.3 shall he installed in 
metal raceways or shall he Type MI, TC, or MC cable. 

Exception: Wiring in unclassijiP.d locations, as described in 513.3(D), 
shall be Jmmitted to be an_l' suitable t_l1Je wi1ing metlwd rPcogniud in 
Chapter 3. 

(B) Pendants. For pendant-;, flexible cord suitable for the type 
of service and identified for hard usage or extra-hard usage 
shall be used. Each such cord shall include a separate cquip
mclll grounding conductor. 

(C) Arcing Equipment. In locations above those described in 
513.3, equipment that is lcs.o; dtan 3.0 m (10 ft) above "ings and 
engine enclosures of aircraft and that may produce arcs, 
sparks, or particles of hot metal, such ao; lamps and lamphold
crs for fixed lighting, cutout-;, S\'itchcs, receptacles, charging 
panels, generators, motors, or odtcr equipment having make-
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and-break or sliding contact-;, shall be of the totally enclosed 
type or constructed so ao; to prevent the escape of sparks or hot 
metal particles. 

Exception: EquiJnnent in m-eas desrriJH'.d in 51 3.3(D) shall be permitted 
to be of the general-purpose type. 

(D) Lampholders. Lampholclcrs of metal-shell, fiber-lined 
types shall not he used for fixed incanclcsccm lighting. 

(E) Stanchions, Rostrums, or Docks. \\'here stanchions, 
rostrums, or clocks arc not located or likelv to be located in a 
Clao;.o; I location, ao; defined in 513.3(C), l\i;ing and cquipmcm 
shall comply "idt 513.7, except that such \\iring and cquip
mcm not more than 457 mm (18 in.) above the floor in any 
position shall comply l\ith 513.4(B). Receptacles and attach
mclll plugs shall he of a locking type that "ill not readily 
disconnect. 

(F) Mobile Stanchions. �lobilc stanchions l\ith electrical 
cquipmcm complying l\ith 513.7(E) shall carry at lcao;t one 
pcrmancndy allixccl warning sign "idt the following word-; or 
equivalent: 

WARNING 
KEEP 5 Ff CLEAR OF AIRCRAFf ENGINES AND FUEL 

TANK AREAS 

or 

. WARNING 
KEEP 1.5 Ff CLEAR OF AIRCRAFf ENGINES AND FUEL 

TANK AREAS 

513.8 Underground Waring. 

(A) Waring and Equipment Embedded, Under Slab, or Under
ground. All wiring installed in or under the hangar floor shall 
comply "ith the requirement-; for Clao;.o; I, Division 1 locations. 
\\-'here such "iring is located in vault-;, pit-;, or ducts, adequate 
drainage shall be provided. 

(B) Uninterrupted Raceways, Embedded, Under Slab, or 
Underground. Unimcrruptcd raceways that arc cmbcddccl in a 
hangar floor or buried hencath dtc hangar floor shall be 
considered to be within dtc Clao;.o; I location above dtc floor, 
rcgardlcs.o; of the poim at which the raceway clesccnclo; below or 
rises above the floor. 

513.9 Sealing. Seals shall he provided in accordance with 
501.15 or 505.16, ao; applicable. Scaling requirement-; specified 
shall apply to horizontal ao; well ao; to vertical boundaries of the 
clcfinccl Clao;.o; I locations. 

513.10 Special Equipment. 

(A) Aircraft Electrical Systems. 

(I) De-energizing Aircraft Electrical Systems. Aircraft electri
cal systems shall he de-energized when dtc aircraft is stored in a 
hangar and, whenever pos.o;iblc, while the aircraft is undergoing 
maintenance. 

(2) Aircraft Batteries. Aircraft batteries shall not be charged 
where installed in an aircraft located inside or partially inside a 
hangar. 

(B) Aircraft Battery Charging and Equipment. Battery charg
ers and their control equipment shall not he located or oper
ated l\ithin anv of the Cla'l.o; I locations defined in 513.3 and 
shall be located in a separate building or in an area clcfinccl in 
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ARTICLE 5 1 3 -AIRCRAIT HANGAR'i 513.16 

513.3(D). �lobilc chargers shall carry at least one pcnnancntly 
affixed warning sign "ith lite follo"ing words or equivalent: 

WARNING 
KEEP 5 Ff CLEAR OF AIRCRAFf ENGINFS AND FUEL 

TANK AREAS 

or 

WARNING 
KEEP 1.5 METERS CLEAR OF AIRCRAFf ENGINFS AND 

FUEL TANK AREAS 

WARNING 
KEEP 1.5 METERS CLEAR OF AIRCRAFf ENGINFS AND 

FUEL TANK AREAS 

Tables, racks, trays, and \\iring shall not be located "ithin a 
Class I location and shall comply "itlt the requirement-; of 
480.9 and 480.10. 

(C) External Power Sources for Energizing Aircraft. 

(1) Not Less Than 450 mm (18 in.) Above Floor. Aircraft ener
gizers shall be designed and moumcd such tltat all electrical 
cquipmcm and fixed wiring "ill be at least 450 mm (18 in.) 
above floor level and shall not be operated in a Clao;.o; I location 
ao; defined in 513.3(C). 

(2) Marking for Mobile Units. �lobilc energizers shall carry at 
lcao;t one permanently allixcd warning sign l\itlt the following 
word-; or equivalent: 

WARNING 
KEEP 5 Ff CLEAR OF AIRCRAFf ENGINFS AND FUEL 

TANK AREAS 

or 

WARNING 
KEEP 1.5 METERS CLEAR OF AIRCRAFf ENGINFS AND 

FUEL TANK AREAS 

(3) Cords. Flexible cord-; for aircraft energizers and ground 
support cquipmcm shall be identified for the type of service 
and extra-hard usage and shall include an equipmcm ground
ing conductor. 

(D) Mobile Servicing Equipment With Electrical Components. 

(1) General. Mobile scnicing cquipmcm (such ao; vacuum 
cleaners, air compressors, air movers) having electrical "iring 
and equipment not suitable for Clao;s I, Division 2 or Zone 2 
locations shall be so designed and moumcd that all such fixed 
"iring and cquipmcm "ill be at lcao;t 450 mm (18 in.) above 
the floor. Such mobile cquipmcm shall not be operated "ithin 
the Clao;.o; I location defined in 513.3(C) and shall carry at lcao;t 
one permanently affixed warning sign "ith tile following word-; 
or equivalent: 

WARNING 
KEEP 5 Ff CLEAR OF AIRCRAFf ENGINFS AND FUEL 

TANK AREAS 

or 

WARNING 
KEEP 1.5 METERS CLEAR OF AIRCRAFf ENGINFS AND 

FUEL TANK AREAS 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

(2) Cords and Connectors. Flexible cord-; for mobile equip
ment shall be suitable for tile type of service and idcmificd for 
extra-hard usage and shall include an cquipmcm grounding 
conductor. Attachment plugs and receptacles shall be identi
fied for tile location in which tltcv arc installed and shall 
prmidc for connection of tile equipment grounding conduc
tor. 

(3) Restricted Use. Equipmcm that is not idcmificd ao; suita
ble for Clao;.o; I, Division 2 locations shall not be operated in 
locations where maimcnancc operations likely to relcao;c flam
mable liquids or vapors arc in progress. 

(E) Portable Equipment. 

(1) Portable Lighting Equipment. Portable lighting equipment 
that is used witllin a hangar shall be identified for the location 
in which tllcy arc used. For portable luminaires, flexible cord 
suitable for the type of scnicc and identified for extra-hard 
usage shall be used. Each such cord shall include a separate 
cquipmcm grounding cc:mductor. 

(2) Portable Utilizatiqn Equipment. Portable utilization equip
ment that is or may be used "itltin a hangar shall be of a type 
suitable for usc in Clao;.o; I, Di'l'ision 2 or Zone 2 locations. For 
portable utilization cquipmcm, flexible cord suitable for tile 
type of sen ice and approved for extra-hard usage shall be used. 
Each such cord shall include a separate equipment grounding 
conductor. 

513;12 Ground-Fault Circuit-Interrupter Protection for 
Penonnel. Ground-fault circuit-interrupter protection for 
personnel shall be prmidcd ao; required in 210.8(B). 

513.16 Grounding and Bonding Requirements. 

(A) General Grounding Requirements. All metal raceways, tile 
metal armor or metallic shcatlt on cables, and all non-currcnt
cartying metal part-; of fixed or portable electrical equipment, 
regardless of voltage, shall be grounded. Grounding in Clao;s I 
locations shall comply witll 501 .30 for Clao;s I, Division 1 and 2 
locations and 505.30 for Zone 0, 1, and 2 locations. 

(B) Supplying Circuits with Grounded and Equipment Ground
ing Conductors in Class I Locations. 

(1) Circuits Supplying Portable Equipment or Pendants. 
\\'here a circuit supplies portables or pendant-; and includes a 
grounded conductor, receptacles, attachment plugs, connec
tors, and similar dc'l'ices shall be of the grounding type, and tile 
grounded conductor of tile flexible cord shall be connected to 
the screw shell of any lampholdcr or to lite grounded terminal 
of any utilization cquipmcm supplied. 

(2) Approved Means. Approved means shall be prmidcd for 
maintaining continuity of tile equipment grounding conductor 
between tile fixed \\iring system and the non-current-carrying 
metal portions of pendant luminaires, portable luminaires, and 
portable utilization equipment. 
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514.1 ARTICLE 514- MOTOR FUEL DISPENSI:"'G FACIUTIES 

ARTICLE 514 
Motor Fuel Dispensing Facilities 

514.1 Scope. This article shall apply to motor fuel dispensing 
facilities, marine/motor fuel dispensing facilities, motor fuel 
dispensing facilities located inside buildings, and fleet vehicle 
motor fuel dispensing facilities. 

Informational Note: See :'\FPA 30:\-2021 ,  Code for Motor Fuel 
Di.<peruinr; Fariliti,; and Refmir Gamges, for infonnation regdrding 
safeguard� for motor fuel dispensing facilities and for extracted 
text that is followed by a reference in bracket�. Only editorial 
changes were made to the extracted text to make it consistent 
\\iUl this l.nde. 

514.2 Other Articles. In addition to the requirement'! of this 
article, motor fuel dispensing facilities shall comply with Table 
514.2, a'l applicable, except a'l modified by d1is article. 

514.3 Classification of Locations. \\'here the term �cla'ls I" is 
tL'ICd with respect to Zone cla'l.'lifications within this article of 
the ('..ode, it shall apply to Zone 0, Zone 1 ,  and Zone 2 designa
tions. 

Informational Note: The term "Cia.'l.� I" was originally included 
a.� a prefix to Zone 0, Zone 1 ,  and Zone 2 1ocations and referen
ces a.� an identifier for flammable g.t.�. \oapors, or liquids to 
differentiate from Cla.'i.� II and Cla.'i.� Ill locations. Zone 0, Zone 
I ,  and Zone 2 only apply to flammable g.t.�, \oapors, or liquids 
so the "Cia.'i.� I" prefix is redundant and ha.� been deleted, except 
for text that is extrdcted from other document� or to remain 
consi�tent throughout this article. 

LScc Figure 514.3.j 

(A) Unclassified Locations. Where the authority having juris: 
diction can satisfactorily determine that flammable liquids 
having a fla'lh poim below 3WC (l00°F), such a'l ga'loline, will 
not be handled, such location shall not be required to be cla'l.'li
ficd. 

(B) Classified Locations. ( Sec Figure 5 14.3(B).j 

(I) Class I Locations. Table 514.3(8) ( 1) shall be applied 
where Cla'ls I liquid'l arc stored, handled, or dispensed and 
shall be tL'Icd to delineate and cla'l.'lify motor fuel dispensing 
facilities and commercial garages as defined in Article 100. 
Table 515.3 shall be used for the purpose of delineating and 
cla'l.'lif)"ing aboveground tanks. A Cla'i.'l I location shall not 
extend beyond an unpierccd wall, roof, or other solid partition. 
L30A:8. 1,  8.2, 8.3J 

(2) Compressed Natural Gas, Liquefied Natural Gas, and 
Liquefied Petroleum Gas Areas. Table 5 14.3(8)(2) shall be 
tL'ICd to delineate and cla'lsify arca'l where CNG, LNG, 
comprcs.'ICd or liquefied hydrogen, LP-Ga'l, or combinations of 

Table 514.2 Other Articles 

Requirement 
Area cla .. �ification 
Equipment 

Wiring 
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Division Classified 
Locations 

500.5, 500.6 
Part Ill of !">0 I .  500.7. 

500.8, 501 .5 
Part II of 50 I 

Zone Classified Locations 

!">05.5, 505.6, 505.7 
505.8. !">05.9. 505.20, 

505.22 
505. 15. !">05. 16, 505. 1 7, 

505. 18. !">05. 1 9, 505.26, 
505.30 

1m Class 1, DIY. 2 or Class I, Zone 2 

10 Class I, Div. 1 or Class I, Zone 1 

0.5 m 

Note: Not to scale. 

F1GURE 514.3 Classified Areas Adjacent to Dispensers. 
[30A:Fagure 8.3.3(a)] 

these, arc dispensed a'l motor vehicle fuels along with Cla'i.'l I or 
Cla'i.'l II liquids that arc also dispensed a'l motor vehicle fuels. 
L30A:12.1J  

\\-'here CNG or LNG dispensers arc installed beneath a 
canopy or enclosure, either d1c canopy or enclosure shall be 
designed to prevcm accumulation or cntrapmcm of ignitiblc 
\-apors or all electrical cquipmem installed beneath the canopy 
or enclosure shall be suitable for Cla'i.'l I, Division 2 hazardotL'I 
(cla'l.'lificd) locations. L30A:12.4J 

Dispensing devices for LP-Ga'l shall be located a'l follows: 

( 1 )  At lca'lt 3 m (10 ft) from any dispensing device for Cla'ls I 
liquids 

(2) At lea'lt 1.5 m (5 ft) from any dispensing dc,icc for Cla'i.'l l 
liquids where the following conditions exist: 

a. The LP-Ga'l deliver nozzle and filler valve relca'lc no 
more than 4 cm3 (0.1 oz) of liquid upon disconnec
tion. 

b. The fixed maximum liquid level gauge remains closed 
during the entire refueling proccs.'l. 

L30A:12.5.2J 

Informational Note No. 1: See l'I:FPA 58, l.iquefini Pl'tmvwn I.a.< 
I .ode, for requirement� on dispensing de,ices for LP-Ga�. 

Informational Note No. 2: See l'I:FPA 58, l.iqutjini Pl'trob-run I.a.< 
I .ode. and l'I:FPA 59, Utility I.P-1111.< Plant l.nde, for information on 
cla ... �ified area.� pertaining to LP-Ga� systems other than residen
tial or commercial. 

Informational :'\ote ll:o. 3: See 514.3(C) for motor fuel dispen,.. 
ing station.� in marina.� and boatydrd�. 
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ARTICLE 514- MOTOR FUEL DISPENSI:"'G FACIUTIES 514.3 

Note: Not to scale. 

Class I Division 2 or 
Class I, Zone 2 

Dispenser 
Class I Division 2 or 

Class I, Zone 2 

FIGURE 514.3(8) Classified Areas Adjacent to Dispenser Mounted on Aboveground Storage Tank. [30A:F.gure 8.3.3(b)] 

(3) Fuel Storage. . 
(a) Aboveground tank.'l storing . C:"'G or L:"'G shall be 

separated from any adjacent property iinc dtal is or can be 
built upon, any public way, and me nearest importam building 
on me same property. ( 30A:1 2.3.� J  

Informational l'ole: See NFPA 52, Vl'hicular Natural C.as Fuel 
Systl'ln.< Code, Section 11.4. for the relevdnt distances for CNG and 
L:'\G. 

(b) Aboveground tank.'l storing hydrogen shall be separa
ted from any aqjaccnt property line mat is or can be built 
upon, any public way, and me nearest important building on 
me same property. (.30A: 12.3.2J 

Informational No1e: See NFPA 2, Hydrogm 1edmolnj{ii'S C.ode, for 
the rele\c'alll distances for hydrogen. 

(c) Aboveground tank.'! storing LP-Ga'l shall be separated 
from any adjaccm property line mat is or can be built upon, 
any public way, and the nearest importam building on me same 
property. (30A: 1 2.3.3 J 

Informational l'ote: See :'\FPA 511, Liquefied Petroleum Gas Code, 
Section 6.3, for the rele\c'alll di'ltances for LP-Ga.'l. 

21123 J,;clitinn :'\.o\:riO:-IAI. U£GrtUCAL CODJ,; 

(d) Aboveground tank.'l storing CNG, L:"'G, or LP-Ga'l 
shall be separated from each omcr by at lca'll 6 m (20 ft) and 
from dispensing dc\-iccs mat dispense liquid or ga'icous motor 
vehicle fuels by at lca!it 6 m (20 ft).  (.30A:1 2.3.3J 

Exception No. 1: Tile 1P.qui11'.d .<epamtion .<lmU not afJP�\· to tank.< or 
dispensers storing or handling fuels of tile .<ame chemical cmnpa<ition. 

Exception No. 2: The required .<epamtimJ .<hall not aptJ�V whtm both the 
ga.<I'OU.< fuel .<tomgt> and di<fJtnsing equiJnnent 0:17! at IP.a.<t 15 m (50ft) 
ftvm an)' otlll!1· aboveground motm· fuel stomgt> o1· di<f11'1Uing equip
ment. 

Informational No1e: See NFPA 52, Vl'hicular Natural C.a.< Fuel 
Systl'ln.< C.odl', or l'FPA 511, Uqrtl'jii'Ji Pl'troil'wn Gas Code, for addi
tional information. 

(c) Di.fjJeluer Installation.< Bmtatil CanofJie.<. \\'bcrc C:"'G or 
LNG dispensers arc installed bencam a canopy or enclosure, 
cimcr me canopy or enclosure shall be designed to prcvcm 
accumulation or cntrapmcm of ignitiblc vapors or all electrical 
cquipmcm installed bencad1 d1c canopy or enclosure shall be 
suitable for Cla'i.'l I, Dhision 2 hazardous (cla'lsificd) locations. 
L 30A:1 2.4J 
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514.3 ARTICLE 514- MOTOR FUEL DISPENSI:"'G FACIUTIES 

Table 514.3(8) (1) Class I Locations - Motor Fuel Dispensing Facilities 

Location 

Dispeusing Device (except Overhead 
l)'pe) t.'  

l"nder dispenser containment 
Dispenser 

Outdoor 

Indoor 
- \\id1 mechanical ,·entilation 

- \\id1 grd\ity \>entilation 

Dispeusing Device - Overhead Type� 

Remote Pump 
Outdoor 

Indoor 

Sales, Storage, Rest Rooms including 
StniCtnres (such a� me attendant's 
kiosk) on or a�jacent to dispensers 

Tank, Aboveground 
Inside tank 
Shell, end�. roof, dike area 

Vent 

Tank, Underground 
Inside tank 
Fill Opening 

Vent 

70-448 

Division 
(Group D) 

I 
2 

2 

2 

2 

2 

2 

2 

2 

I 
2 
2 

uncla'l.�ilied 
I 

2 

2 

2 
I 
2 

2 

I 
2 

Zone (Group 
UA) 

1 
2 

2 

2 

2 

2 

2 

2 

2 

1 
2 
2 

uncla'l.�ified 
1 

2 

0 
1 

2 

2 
1 
2 

0 
1 

2 

1 
2 

Extent of Classified Location' 

Entire space \\imin and under di�penser pit or containment 
Within 4:>0 mm ( 18 in.) of di�pen.�er enclosure or that portion of 

di�penser enclosure containing liquid-handling componenL�. 
extending horizontally in all directions and down to grade le\>el 

l"p to 450 mm ( 18 in.) above grdde level, extending 6 m (20 ft) 
horizontally in all directions from dispenser enclosure 

l"p to 450 mm (18 in.) above noor level, extending 6 m (20 ft) 
horizontally in all directions from dispenser enclosure 

l"p to 450 mm ( 18 in.) above noor level, extending i.:> m (2:> ft) 
horizontally in all directions from dispenser enclosure 

Space \\ithin dispen.wr enclosure and all electrical equipment integral 
"im dispensing hose or no7.7Je 

Within 4:>0 mm (18 in.) ofdispen.�er enclosure, extending horizontally 
in all directions and down to grdde level 

l"p to 450 mm ( 18 in.) above grdde level, extending 6 m (20 ft) 
horizontally in all directions from a point vertically below edge of 
di�penser enclosure 

Entire space "imin any pit or box below grade level, any part of which is 
"imin 3 m  ( 10 ft) horizontally from any edge of pump 

Within 900 mm (3 ft) of any edge of pmnp, extending horizontally in 
all directions 

l"p to 450 mm (18 in.) above grdde level, extending 3 m  (10 ft) 
horizontally in all directions from any edge of pump 

Entire space "imin any pit 
Within 1.:> m (:> ft) of any edge of pump, extending in all directions 
l"p to 900 mm (3 ft) abo\'e noor le\>el, extending 7.:> m (2:> ft) 

horizontally in all directions from any edge of pump 

Except a� noted below 
Entire volume, if mere is any opening to room \\ithin the extent of a 

Dhision 1 or Zone I location 
Entire volume, if mere is any opening to room \\ithin the extent of a 

Dhision 2 or Zone 2 location 

Entire inside \ulume 
Entire space \\imin dike, where dike height exceed� distance from tank 

shell to inside of dike wall for more than :>O percent of tank 
circumference 

Entire space \\imin dike, where dike height does not exceed di�tance 
from tank shell to inside of dike wall for more than :>O percent of 
tank circumference 

Within 3 m ( 1 0 ft) of shell, end�. or roof of tank 
Within 1.:> m (:> ft) of open end of ,·ent, extending in all direction.� 
Between 1.:> m and 3 m  (:> ft and 10 ft) from open end of vent, 

extending in all directions 

Entire inside \ulume 
Entire space "imin any pit or box below grade level, any part of which is 

"imin a Di�ision I or Dhi.�ion 2 cla'l.�ified location or \\ithin a Zone I 
or Zone 2 cla'l.�ified location 

t:p to 450 mm ( 18 in.) above grdde level, extending 1.:> m (:> ft) 
horizontally in all directions from any tight-fill connection and 
extending 3 m (10 ft) horizontally in all directions from any loose-fill 
connection 

Within 1.:> m (:> ft) of open end of\·ent, extending in all direction.� 
Between 1.:> m and 3 m  (:> ft and 10 ft) from open end of\·ent, 

extending in all directions 

(ronlimus) 
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Table 514.3(8)(1) Continued 

Location 

Vapor Processing System 
Pit• 

Equipment in protective enclosures 
Equipment not \\idtin protective 

enclosure 

- Equipment enclosure 

- Vacuum a.'l.•ist blower 

Vault 

ARTICLE 514- MOTOR FUEL DISPENSI:"'G FACIUTIES 514.3 

Division 
(Group D) 

2 
2 

2 

2 

2 

2 

Zone (Group 
UA) Extent of Classified Location' 

Entire space within any pit or box below grade level, any part of which: 
( I )  is within a Di�ision I or Dhi•ion 2 cla. .. •ified location; (2) i• \\ithin 
a Zone I or Zone 2 cla. .. •ified location; (3) hou.� any equipment 
u.�d to transfer or proces.• \<tpors 

2 Entire space \\ithin enclosure 
2 Within 450 mm ( 18 in.) of equipment containing flammable \"dpors or 

liquid, extending horizontally in all directions and dmm to grade 
level 

2 t.:p to 450 mm ( 18 in.) above grade level \\ithin 3 m  (10 ft) horizontally 
of the \<tpor proces.•ing equipment 

Entire space \\ithin enclosure, if flammable �<tpor or liquid is present 
under normal operdting conditions 

2 Entire space \\ithin enclosure, if flammable �<tpor or liquid is not 
present under normal ope1<tting condition.• 

2 Within 450 mm (18 in.) of blower, extending horizontallr in all 
directions and dmm to grade level 

2 t.:p to 450 mm (18 in.) above grade level, extending 3 m  (10 ft) 
horizontallr in all directions 

Entire interior space, if Cia.'-• I liquids are stored \\ithin 

1 For maline application, r;radl' lrvrl means the surface of a pier, extending dm\n to \\<tter Jevef 
2Refer to Figure 514.3 and Figure 514.3(8) for an illu.•tration of da. .. •ified lotation around dispensing de,ices. 
3Area cla.'l.•ifitation inside the dispenser enclosure i• cm·ered in UL 87, Standard for Pou�atwl Dispnz.<ing Devices for Petroleu111 Product<. 
�\..eiling-mounted hose reel. [30A:Table 8.3.1 )  

· 

Table 514.3(8)(2) Electrical Equipment Classified Areas for Dispensing Devices 

Extent of Classified Area 

Dispensing Device Class I, Division 1 Class I, Division 2 

Compres.�d natural g-.1.• (C:-\G) 
Liquefied naturdl g-.1.• (LNG) 

Entire space \\ithin the di•penser enclosure 
Entire space \\ithin the di•penser enclosure 

1.5 m (5 ft) in all directions from di•penser enclosure 
3 m ( 10 ft) in all directions from the di•penser 

enclosure 
Liquefied peu·oleum g-.1.• (LP-Ga.•) Entire space \\ithin the di•penser enclosure; t.:p to 450 mm (18 in.) abm•e ground and "ithin 6 m 

(20 ft) horizon tall)' from any edge of the dispenser 
enclosure, including piL• or trenches \\ithin mi• 
area when pro\ided "id1 adequate mechanical 
ventilation 

450 mm (18 in.) from dte exterior surface of 
the di•penser enclosure to an ele\<ttion of 
1 .22 m ( 4 ft) above the ba.� of the di•penser; 
the entire pit or open space beneadl me 
dispenser and "idtin 6 m (20 ft) horizontallr 
from any edge of the dispenser \,>hen the pit or 
trench is not mechanicall\' \'entilated 

[30A:Table 12.6.2) 

(l) Specific RP,quinmumt.� Jm· LP-Gas DisfJrosing Devires. 
L30A:12.5J Dispensing devices for LP-Gas shall be located as 
follows: 

( 1 )  At least 3 m (10 ft) from any dispensing device for Cia"" I 
liquids 

(2) Atlea'it 1 .5 m (5 ft) from any dispensing device for Cia"" I 
liquids where the following conditions exist: 

a. The LP-Ga'i deliver nozzle and filler valve relea'ie no 
more than 4 cm3 (0.1 oz) of liquid upon disconnec
tion. 

b. The fixed maximum liquid level gauge remains closed 
during the entire refueling proces.'i. L30A:12.5.2J 

Table 514.3(8) (2) shall be used to delineate and cla .. .,ity 
area'i for the purpose of installation of electrical wiring and 
electrical utilization equipment. 

20'.!3 t:clition :'\.o\:110:-1.-\1. t:l.t:GI"RJ(;AL GOI>t: 

(C) Motor Fuel Dispensing Stations in Boatyards and Marinas. 
Informational Note: See NFPA 303, Fire Pmti'Ciiml Standard for 
Marinas and BoaiJard.<, and NFPA 30A, \.ode for Motor Fuel Dispem
i•ll!; Facilities and Repair C.ara� for additional information. 

(I) General. Electrical wiring and equipment located at or 
scning motor fuel dispensing locations shall be installed on 
the side of the wharf, pier, or dock opposite from the liquid 
piping system. 

(2) Classification of Class I, Division I and 2 Areas. The crite
ria provided in 514.3(C) (2) (a) and (C) (2) (b) shall be used for 
the purposes of appl}'ing Table 514.3(8) ( 1 )  and Table 514.3(8) 
(2) to motor fuel dispensing equipment on floating or fixed 
piers, whar('i, or docks. 

(a) ('Josed ('..on.�tnu:tifm. \\'here the construction of float
ing dock.'i, piers, or whar('i is dosed so that there is no space 
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514.4 ARTICLE 514- MOTOR FUEL DISPENSI:"'G FACIUTIES 

between the bottom of the dock, pier, or wharf and the water, 
a'i in the ca'iC of concrctc-cndosccl expanded foam or similar 
construction, and dtc construction includes integral service 
boxes with supply cha'ics, the following shall apply: 

(1) The space above the surface of dtc floating clock, pier, or 
wharf shall be a Cla'is I, Division 2 location l\ith distances 
in accordance with Table 514.3(8) (1)  for dispenser and 
outdoor locations. 

(2) Spaces below the surface of the floating dock, pier, or 
wharf dtat have arca'i or enclosures, such a'i tubs, void'i, 
pit'i, l-ault'i, boxes, dcprcs.'iions, fuel piping cha'ies, or simi
lar spaces, where flammable liquid or vapor can accumu
late shall be a Cla'i.'i I, Division I location. 

Exception No. 1: Dock, J1ie1; or wluufsections that do not suJJjlm·t fuel 
di�pense1:� and abut, but are Locattd 6.0 m (20 jt) m· JTWif! from, dock 
sutions that .mppmt a f!U'L dispense1(s) shall be Jmmitttd to bt Class 1, 
Diuision 2 Locations whe11! documenttd air space is Jmroidtd bttwun 
dock stctions to allow flammable liquids m· uapm-s to di�sipatt withmtt 
traveling to such dock stctions. Tile documentation shall comp{l" with 
tht requimnents of 500. 4. 

Exception No. 2: Dock, J1ie1; or wluufsections that do not :mJJjlm·t fuel 
di�pense1:� and do not diTI'ct{l' abut stctions that supJ�m·t futl di�JII'IISel-s 
shall be Jmmitttd to bt undassijil'.d whelP documenttd ai1· sJmce i� 
prouided mul whe11! flammable liquids or uaJ�m:� cannot tmvtl to .mcll 
dock stctions. Tile documentation shall comp{l" with tht IPquilf!lntmts of 
500.4. 

(b) OJII'n (' .. onstruction. \\'here the construction of piers, 
whar('i, or docks is open, a'i in the ca'ic of decks built on string
ers supported by pilings, float'i, pontoons, or similar construc
tion, the follo"ing shall apply: 

(1) The area 450 mm (18 in.) above dtc surface of dtc clock, 
pier, or wharf and extending 6.0 m (20 ft) horizontally in 
all directions from the out'iidc edge of the dispenser and 
down to dtc water level shall be a Cla'i.'i I , Division 2 loca
tion. 

(2) Enclosures such a'i tubs, void'i, pit'i, vault'i, boxes, depres
sions, piping cha'ies, or similar spaces wher� flammable 
liquids or lapors can accumulate "ithin 6.0 m (20 ft) of 
the dispenser shall be a Cla'i.'i I, Division I location. 

514.4 Wuing and Equipment Installed in Hazardous (Classi
fied) Locations. All electrical equipment and "iring installed 
in the hazardous (da'i.'iificd) locations specified in 514.3 shall 
comply with Part'i II and III of Article 501. Conductor insula
tion in dtcsc locations shall comply with 501 .20. 

514.7 Wuing and Equipment Above Hazardous (Classified) 
Locations. Fixed \\iring and equipment above hazardous ( da'i
sificcl) locations shall be installed in accordance l\ith 514.3 and 
shall be one or more of the follo"ing: 

(1) Rigid metal conduit (R\<IC) or intermediate metal 
conduit (IMC) "id1 listed threaded or thrcadlcs.'i fittings, 
or electrical metallic tubing (EMT) l\ith listed fittings. 

(2) Rigid polyvinyl chloride conduit (PVC) , reinforced ther
mosetting resin conduit (RTRC), or electrical nonmetal
lic tubing (ENT). 

(3) Flexible metal conduit (FMC), liquidtight flexible metal 
conduit (LFMC), or liquidtight flexible nonmetallic 
conduit (LFNC) , l\ith listed fittings. 

(4) Type MC cable, Type AC cable, Type TC cable, or Type 
TC'..-ER cable, inducting installation in cable trays, with 
listed fittings. Type TC'..-ER cable shall include an equip-
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mcnt grounding conductor (EGC) in addition to any 
drain wire. 

(5) Type MI cable terminated with listed fittings and suppor
ted to avoid tensile strcs.'i. 

(6) Manufactured wiring systems. 
(7) Type PLTC cable or Type PLTC'..-ER cable used in Cla'i.'i 2 

or Cla'i.'i 3 circuit'i. Type PLTC'..-ER cable shall induclc an 
equipment grounding conductor (EGC) in addition to 
any drain \\ire. 

(8) Type lTC cable or ITC'..-ER cable in accordance l\ith 335.4 
and 335.5 and tcnninatcd l\ith listed fittings. Type ITC'..
ER cable shall induclc an equipment grounding conduc
tor (EGC) in addition to any drain \\ire. 

(9) C'..cllular metal floor raceways or cellular concrete floor 
racc"'a}'"S only for supplying ceiling oudct'i or extensions 
to the area below the floor. Such raceways shall have no 
connections leading into or through any Cla'i.'i I location 
above the floor. 

514.8 Underground Wuing. All underground "iring shall 
comply l\ith 514.8(A) , (B), or (C). 
(A) Metal Conduit. Threaded rigid metal conduit (RMC) or 
threaded intermediate metal conduit (IMC) "ith listed threa
ded fittings shall be permiuccl. Any portion of electrical "iring 
that is below the surface of a Cla'i.'i I, Division 1 or Division 2 
location La'i da'isificd in Table 514.3(8) (1)  and Table 514.3(8) 
(2) J shall be scaled l\ithin 3.05 m (10 ft) of the point of emer
gence above grade. The conduit shall not contain any unions, 
couplings, .boxes, or fittings between the conduit seal and the 
point of emergence above grade. 

(B) Type Ml Cable. Type Ml cable shall be permitted where it 
is installed in accordance with Part II of Article 332. 

(C) Nonmetallic Conduit. Rigid polyvinyl chloride conduit 
(PVC), reinforced thermosetting resin conduit (RTRC) , or 
high-density polycdtylcnc conduit (HDPE) shall be permitted 
where buried under not lcs.'i than f>OO mm (2 ft) of cover. 
\\'here PVC conduit, RTRC conduit, or HDPE conduit is u.'iCd, 
threaded rigid metal conduit (RMC) or threaded intermediate 
metal conduit (IMC) shall be used for dtc la'it 600 mm (2 ft) of 
the underground run to emergence or to the point of connec
tion to the aboveground raceway. An equipment grounding 
conductor (EGC) shall be included to provide electrical 
continuity of the racc"ay system and for grounding of non
current-carrying metal part'i. 

514.9 Sealing. 

(A) At Dispenser. A listed seal shall be provided in each 
conduit run entering or leaving a dispenser or any cal-ities or 
enclosures in direct communication therewith. The scaling 
fitting or listed cxplosionproof reducer at the seal shall be the 
first fitting after the conduit emerges from the earth or 
concrete. 

(B) At Boundary. Additional seals shall be provided in accord
ance "ith 501.15. Sections 501 .15(A) (4) and (8) (2) shall apply 
to horizontal a'i well a'i to vertical boundaries of the defined 
Cla'i.'i I locations. 

514.11 Circuit Disconnects. 

(A) Emergency Electrical Disconnects. Fuel dispensing S)'"Stcms 
shall be provided l\ith one or more dearly identified emer
gency shutoff devices or electrical disconncct'i. Such devices or 
disconncct'i shall be installed in approved locations but not lcs.'i 
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ARTICLE 515 - BULK STORAGE PL.Al'\TS 515.7 

than 6 m (20 ft) or more than 30 m (100 ft) from the fuel 
dispensing devices that they serve. Emergency shutoff devices 
or electrical disconnects shall disconnect power to all dispens
ing dc\-iccs; to all remote pumps sening the dispensing devices; 
to all ao;sociatcd power, control, and signal circuit•; and to all 
other electrical equipment in the hazardous (cla"l.•ificd) loca
tions surrounding the fuel dispensing devices. When more 
than one emergency shutoff device or electrical disconnect is 
prm-idcd, all dc\iccs shall be interconnected. Resetting from an 
emergency shutoff condition shall require manual intervention 
and the manner of resetting shall be approved by dtc audtority 
having jurisdiction. L30A:6.7j The emergency shutoff dc\-icc 
shall disconnect simultaneously from the source of supply, all 
conductors of the circuits, including the grounded conductor, 
if any. Equipment grounding conductors shall remain connec
ted. 

Exception: lntrin.�iraU.l' safe systnns shall not be requirP.d to meet thi� 
requirement. 

(B) Attended Self-Service Motor Fuel Dispensing Facilities. At 
attended motor fuel dispensing facilities, the dc\-iccs or discon
nect• shall be readily accessible to the attendant. L30A:6.7.1 j  

(C) Unattended Self-Service Motor Fuel Dispensing Facilities. 
At unattended motor fuel dispensing facilities, the devices or 
disconnect• shall be readily acccs.•iblc to patrons and at lca•t 
one additional dc\-icc or disconnect shall be readily acccs.•iblc 
to each group of dispensing devices on an indhidual island. 
L30A:6.7.2J 

514.13 Provisions for Maintenance and Service of Dispensing 
Equipment. Each dispensing device shall be prmidcd with a 
means to remove all external voltage sources, including power, 
communications, data, and video circuit• and including feed• 
back, during period• of maintenance and scnicc of the 
dispensing equipment. The location of this means shall be 
permitted to be other than inside or adjacent to the dispensing 
device. The means shall be capable of being locked in the open 
position in accordance "id1 1 10.25. 

514.16 Grounding and Bonding. All metal raceways, dtc metal 
armor or metallic sheath on cables, and all non-currcnt
cartying metal part• of fixed and portable electrical equipment, 
rcgardlcs.• of voltage, shall be groqnded and bonded. Ground
ing and bonding in Cla'i.'i I locations shall comply "ith 501.30. 

ARTICLE 515 
Bulk Storage Plants 

515.1 Scope. This article covers a property or ponion of a 
property where flammable liquids arc received by tank vcs.o;cl, 
pipelines, tank car, or tank vehicle and arc stored or blended in 
bulk for dtc purpose of distributing such liquid• by tank vcs.o;cl, 
pipeline, tank car, tank vehicle, ponablc tank, or container. 

lnformational l'ote: See NFPA 30-2021 ,  Flmmnab!P and Co111busti
b!P l.iquid< I .ode, for extracted text that is followed by a reference 
in brdckel•. Only editorial changes were made to the extracted 
text to make it consistent with this (.odl'. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. COI>t: 

515.2 Other Articles. In addition to the requirement• of this 
article, bulk storage plant• shall comply with Table 515.2, a• 
applicable, except a• modified by this article. 

515.3 Classified Locations. Where the term MCia'l.'i I" is used 
"ith respect to Zone cla'l.•ifications l\ithin this aniclc of the 
Code, it shall apply to Zone 0, Zone I ,  and Zone 2 designations. 

Informational l'ote :'\o. I :  The term "Cia'i.• I" wa.• originally 
included a• a prefix to Zone 0, Zone I ,  and Zone 2 locations and 
references a• an identifier for flammable ga.•es, \"apors, or 
liquid• to differentiate from Cla.s II and Cla'i.• Ill locations. 
Zone 0, Zone I ,  and Zone 2 only apply to flammable ga.•es, 
\"apors, or liquid• so the "Cia.s I" prefix i• redundant and ha.• 
been deleted, except for text that is extracted from other docu
menl• or to remain consistent throughout this anicle. 

Table 515.3 shall be applied where Cla'l.'i I flammable liquicl• 
arc stored, handled, or dispensed and shall be used to delin
eate and clao;sify bulk storage plant•. The cla"l.o;ificd location 
shall not extend beyond a floor, wall, roof, or other solid parti
tion that ha• no communicating openings. 

\\'here the installation docs not meet the requirement• 
found in Table 515.3, the authority having jurisdiction shall 
have the authority to da"l.o;ify the extent of the cla"l.o;ificd space. 

lnformatim}al Note l'o. 2: See :'\FPA 30, Ha111111able a11d Cmllbusti-
b!P l.iquid.f Cod,., Chapter 5, for the area cla'l.•ification.• listed in 
Table 515.3 that are ba.<ied on the premise that the in.•tallation 
meel' all the applicable requiremenl•. 

ltlmrmational :'\ote No. 3: See 514.3(C) through (E) for ga.'IO
Iine dispensing stations in marina• and boal)"ard•. 

lnformational l'ote l'o. 4: See :'\FPA 30, Ha111111able a11d Cmllbusti
b!P l.iquid< ('.ode, Section 7.3, for additional infmmation. 

515.4 Waring and Equipment Located in Hazardous (Classi
fied) Locations. All electrical "iring and equipment "idtin the 
hazardous (cla'l.o;ificd) locations specified in 515.3 shall comply 
"ith the applicable requirements of Table 515.2. 

515.7 Waring and Equipment Above Hazardous (Classified) 
Locations. 

(A) Faxed Waring. All fixed wiring above hazardous (cla"l.•ificd) 
locations shall comply "id1 501 .10(8) or 505.15(C), a• applica
ble. 

(B) Faxed Equipment. Fixed equipment that might produce 
arcs, sparks, or particles of hot metal, such a• lamps and lamp
holders for fixed lighting, cutout•, switches, receptacles, 
motors, or other equipment ha\-ing make-and-break or sliding 
contact•, shall be of the totally enclosed type or be constructed 
to prevent the escape of spark.. or hot metal particles. 

Table 515.2 Other Articles 

Requirement 

Area cla'l.o;ification 
Equipment 

Wiring 

Division Classified 
Locations 

500.5, 500.6 
ParL III of501, 500.7, 

500.8, 501.5 
Pan II of 501 

Zone Classified 
Locations 

505.5, 505.6, 505.7 
505.8, 505.9, 505.20, 

505.22 
505.15, 505.16, 

505.17, 505.18, 
505.19, 505.26, 

505.30 
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515.7 ARTICLE 515 - BULK STORAGE PL.Al'\TS 

Table 515.3 Electrical Area Classifications 

Location 

Indoor equipment installed where flammable 
\<tpor-air mixtures can exi�t under normal 
ope1-a1ion (see lnfmmational Note) 

Outdoor equipment installed where rlammable 
\'apor-air mixtures can exi�t under normal 
operation 

Tank stordge installations inside buildings 

Tank - aboveground, fixed roof 

Tank - aboveground, rloaling roof 
With fixed outer roof 
With no fixed outer roof 

Tank \<tult - interior 

L"nderground tank fill opening 

Vent - discharging UJ"\<trd 

Dmm and container filling - outdoors or indoors 

Pumps, bleeders, "ithdrd""' linings 
Indoor 

Outdoor 

Pit� and sumps 
Without mechanical ventilation 

With adequate mechanical ventilation 

70-452 

Division Zone Extent of Classified Area 

0 The entire area a.'i.�ciated \\ilh such equipment where flammable ga.�s or 
\'apors are present continuously or for long period� of time 

Area "ithin 1 .5 m (5 ft) of any edge of such equipment, extending in all 
directions 

2 2 Area beuveen 1.5 m and 2.5 m (5 ft and 8 ft) of any edge of such equipment, 
extending in all direction.�; also, space up to 900 mm (3 ft) above rloor or 
grade level \\ithin 1.5 m to 7.5 m (5 ft to 25 ft) horizontally from any edge 
of such equipment1 

0 The entire area a.'i.�ciated \\ilh such equipment where flammable ga.�s or 
\'apors are present continuously or for long period� of time 

Area "ithin 900 mm (3 ft) of any edge of such equipment, extending in all 
directions 

2 2 Area beuveen 900 mm (3 ft) and 2.5 m (8 ft) of any edge of such equipment, 
extending in all direction.�; also, space up to 900 mm (3 ft) above rloor or 
grade level \\ithin 900 mm to 3.0 m (3 ft to 10 ft) horizontally from any 
edge of such equipment 

I I All equipment located below grade level 
2 2 Any equipment located at or above grade level 

0 Inside fixed roof tank 
I Area inside dike where dike height i� greater than the distance from the tank 

to the dike for more than 50 percent of the tank circumference 
2 2 Within 3.0 m (I 0 ft) from shell, end�, or roof of tank; al�o, area in�ide dike to 

level of top of dike \\<til 
I 0 Area inside of ,·ent piping or opening 
1 1 Within 1.5 m (5 ft) of open end of vent, extending in all direction.� 
2 2 Area beuveen 1.5 m and 3.0 m (5 ft and 10 ft) from open end of\·ent, 

2 

1 
1 
2 

1 
1 
2 

2 

2 

2 

0 
1 

2 

0 
1 
2 

0 
1 
2 

2 

2 

2 

extending in all direction.� 

Area between the floating and fixed roof sections and \\ithin the shell 
Area above the floating roof and "ithin the shell 

Entire interior volume, ifCia.'i.� I liquids are stored \\ithin 

Any pit, box, or space below grade level, if any pan i� \\ithin a Di\'ision 1 or 2, 
or Zone I or 2 cla.'i.�ified location 

L"p to 450 mm (18 in.) above grade level \\ilhin a horizontal radius of 3.0 m 
(10 ft) from a loose fill connection, and \\ithin a horizontal radiu.� of 1.5 m 
(5 ft) from a tight fill connection 

Area inside of ,·ent piping or opening 
Within 900 mm (3 ft) of open end of vent, extending in all directions 
Area beuveen 900 mm and 1.5 m (3 ft and 5 ft) of open end of vent, 

extending in all direction� 

Area inside the dmm or container 
Within 900 mm (3 ft) of ,·ent and fill openings, extending in all directions 
Area between 900 mm and 1.5 m (3 ft and 5 ft) from \'ent or fill opening, 

extending in all direction�; also, up to 450 mm ( 18 in.) above rloor or 
grade level \\ithin a horizontal radiu.� of 3.0 m (I 0 ft) from vent or fill 
opening 

Within 1.5 m (5 ft) of any edge of such de\ices, extending in all directions; 
alm, up to 900 mm (3 ft) above rloor or grade level \\ithin 7.5 m (25 ft) 
horizontally from any edge of such de\ ices 

Within 900 mm (3 ft) of any edge of such de\ices, extending in all directions. 
Also, up to 450 mm ( 18 in.) above grade level \\ithin 3.0 m (10 ft) 
horizontally from any edge of such de\ ices 

Entire area \\ithin a pit or sump if any pan is \\ithin a Dhision I or 2 or Zone 
1 or 2 cla.'i.�ified location 

Entire area \\ithin a pit or sump if any pan is "ithin a Dhision I or 2 or Zone 
1 or 2 cla.'i.�ified location 

(ronlimus) 
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Table 515.3 Cuntinued 

Location 

Comaining ,'a),·es, fiuingli, or piping, and not 
\\ithin a Dhision 1 or 2 or Zone 1 or 2 cla. .. •ified 
location 

Drdinage ditches, separdtors, impounding ha.•ins 
Outdoor 

Indoor 

Tank ,·ehicle and tank car 

Loading through open dome 

Loading through bottom connections "ith 
atmosphelic venting 

Loading through closed dome \\ith atmospheric 
\'enting 

Loading through closed dome \\ith \'apor control 

Bottom loading \\ith \<tpor control or any bottom 
unloading 

Storage and repair garage for tank \'ehicles 

Garages for other than tank ,·ehicles 

Outdoor drum storage 

Inside rooms or storage lockers used for the 
stordge ofCia.'i.• l liquid• 

Indoor warehm�•ing where there is no flammable 
liquid transfer 

Office and rest room• 

Piers and whar\'es 

ARTICLE 515 - BULK STORAGE PL.Al'\TS 515.7 

Division Zone Extent of Classified Area 

2 2 Emire pit or sump 

2 

1 
1 
2 

2 

1 
2 

2 

2 

1 
2 

2 

0 
1 
2 

0 
1 

2 

1 
2 

2 

2 

1 
2 

t.:ncla. .. •ified 

t.: ncla. .. •ified 

2 2 

Area up to 450 mm (18 in.) above ditch, separator, or ha.•in; also, area up to 
450 mm ( 18 in.) above grade \\ithin 4.5 m ( 15 ft) horizontally from any 
edge 

Same a.• piL• and sumps 

Area inside of the tank 
Within 900 mm (3 ft) of edge of dome, extending in all directions 
Area between 900 mm and 4.5 m (3 ft and 15 ft) from edge of dome, 

extending in all direction.• 

Area inside of the tank 
Within 900 mm (3 ft) of point of ,·enting to atmosphere, extending in all 

directions 
Area between 900 mm and 4.5 m (3 ft and 15 ft) from point of venting to 

atmosphere, extending in all directions; also, up to 450 mm (18 in.) above 
grade "ithin a horizontal radius of 3.0 m ( I  0 ft) from point of loading 
connection 

Within 900 mm (3 ft) of open end of \'enl, extending in all directions 
Area between 900 mm and 4.5 m (3 ft and 15 ft) from open end oh·ent, 

extending in all direction•; also, "ithin 900 mm (3 ft) of edge of dome, 
extending in all direction.• 

Within 900 mm (3 ft) of point of connection of both fill and �-apor lines 
extending in all direction.• 

Within 900 mm (3 ft) of point of connections, extending in all directions; 
also up to 450 mm ( 18 in.) above grade within a horizontal radius of 3.0 m 
(10 ft) from point of connection.• 

All piL• or spaces below floor level 
Area up to 450 mm ( 18 in.) above floor or grdde le\'el for entire stm-age or 

repair garage 

If there is any opening to these rooms \\ithin the extent of an outdoor 
cla. .. •ified location, the entire room shall he cla. .. •ified the same a.• the area 
cla. .. •ification at the point of the opening. 

Emire room or locker 

If there is any opening to these rooms \\ithin the extent of an indoor 
cla. .. •ified location, the cla..sified location shall extend through the opening 
to the same extent a.• if the \\-all, curb, or partition did not exi•t. 

If there is any opening to these rooms \\ithin the extent of an indoor 
cla. .. •ified location, the room shall he cla. .. •ified the same a.• if the wall, curb, 
or panition did not exist. 

See Figure 515.3. 
1The relea.•e of Cia.'-• I liquid• can generdte \'apors to the extent that the entire building, and possibly an area surrounding it, should he con.•idered a 
Cla.'i.• I, Di\'i•ion 2 or Zone 2 location. 
�\-lten cla. .. •il)ing extent of area, con•ideration shall he gi\'en to the fact that tank cars or tank \'ehicles can he spotted at \'arying poinL•. Therefore, 
the extremities of the loading or unloading positions shall he used. [30:Tahle i.3.3] 
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515.7 ARTICLE 5 1 6 - SPRAY APPLICATIOJ'\, DIPPING, COATI:"'G, Al'\D PRI:"'TI:"'G PROCESSES 

Open sump 1n deck for 
draining lines and hose 

Water level 

Key: 
II Division 1 � Division 2 D Nondassified 

Notes: (1) For Sf units, 1 in. • 25 mm; 1 It • 0.3 m. 
(2) The ·source of vapor" is the operating envelope and stored 
position of the outboard nange connection of the loading arm 
(or hose). (3) The berth area adjacent to tanker and barge cargo tanks is to 
be Division 2 to the following extent 

(a) 25 It (7.6 m) horizontally in all directions on the pier side 
trom the portion of the huU containing cargo tanks. 
(b) From the water levei to 25 It (7 .6 m) above lhe cargo tanks 
at their highest position. , 

(4) Additional locations can be dassified as required by the 
presence of other souroes ol llamrnable liquids on lhe bef1h, or by 
Coast Guard or other regulations. 

FIGURE 515.3 Area Classification for a Marine Terminal Handling Flammable Liquids. [30:F"agure 29.3.22] 

(C) Portable Luminaires or Other Utilization Equipment. 
Portable luminaires or other utilization equipment and their 
flexible corcl'i shall comply with Part Ill of Article 501 or 505.17 
for the cla'is of location above which thcv arc connected or 
U.'iCd. 

. 

515.8 Underground Waring. 

(A) Waring Method. Underground "iring shall be installed in 
threaded rigid metal conduit or threaded steel intermediate 
metal conduit or, where buried under not lcs.'i than 600 mm 
(2 ft) of cover, shall be permitted in PVC conduit, RTRC 
conduit, or a listed cable. Where PVC conduit or RTRC conduit 
is used, threaded rigid metal conduit or threaded steel inter
mediate metal conduit shall be u.'iCd for riot lcs.'i than d1c la'it 
600 mm (2 ft) of the conduit run to the coi1eluit point of emer
gence from the underground location · or to the point of 
connection to an aboveground raceway. \\'here cable is used, it 
shall be enclosed in threaded rigid nictal conduit or ducadcd 
steel intcnncdiatc metal conduit from the point of lowest 
buried cable level to the point of connection to d1c above
ground raceway. 

(B) Insulation. Conductor insulation shall comply with 501 .20. 

(C) Nonmetallic Waring. Where PVC conduit, RTRC conduit, 
or cable "id1 a nonmetallic sheath is used, an equipment 
grounding conductor shall be included to provide for electrical 
continuity of the raceway system and for grounding of non
currcnt-carf}ing metal part'i. 

515.9 Sealing. Scaling requirement" shall apply to horizontal 
a'i well a'i to vertical boundaries of the defined Cla'i.'i I locations. 
Buried raceways and cables under defined Cla'i.'i I locations 
shall be considered to be "ithin a Cla'i.'i I, Division 1 or Zone 1 
location. 

515.10 Special Equipment - Motor Fuel Dispensers. In addi
tion to the requirement" of d1is article, dispensers for ga'iolinc 
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or other' volatile flammable liquid'i or liquificd flammable ga'iCs 
shall comply with d1c requirement" for motor fuel dispensing 
facilities, a'i applicable, except a'i modified by d1is article. 

515.16 Grounding and Bonding. All metal raceways, d1c metal 
armor or metallic sheath on cables, and all non-currcnt
carf}ing metal part'i of fixed or portable electrical equipment, 
rcgardlcs.'i of voltage, shall be grounded and bonded. 

Grounding and bonding in Cla'is I locations shall comply 
"ith 501.30 for Cla'i.'i I, Division 1 and 2 locations and 505.30 
for Zone 0, 1 ,  and 2 locations. 

Informational Note: See l\FPA 30, Ham11UI!Jie and C.mnbiL<Iible 
I.iquid< C.nde, 6.5.4, for infonnation on grounding for static 
protection. 

ARTICLE 516 
Spray Application, Dipping, Coating, and 
Printing Processes Using Flammable or 

Combustible Materials 

Part I. General 

516.1 Scope. This article covers the regular or frequent appli
cation of flammable liquicl'i, combustible liquid'i, and combusti
ble powders by spray operations and the application of 
flammable liquid'i or combu.'itiblc liquid'i at temperatures 
above their fla'ihpoint by spra}'ing, dipping, coating, printing, 
or other means. 

Informational l\ote No. I: See :'\FPA 33-2021 ,  Standard .for Spray 
Application U.<insr f1mn11UI!Jie or C.mnlm<tible iHaterial<, or 
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l'I:FPA 34-2021 .  Standard for Dippiur;, l.nating, and Prinliur; Procr>II'S 
U•ing f1am111allil' or l.omlluiliille Uquids, for extracted text that i• 
followed by a reference in bracket•. Onl)· editorial changes were 
made to the extracted text to make it consi•tent \\iUl this I .ode. 
Informational ll:ote ll:o. 2: See NFPA 91,  Standard for Exllau.•l 
Systl'ln.• for Air l.ouveyiur; of Vapors, l.ases, Mi•L•. and Particulate 
Solid•, for information regarding ventilation. 

516.2 Other Articles. In addition to the requirement'! of this 
article, spray application, dipping, coating, and printing 
proccs.'lcs using flammable or combustible materials shall 
comply with Table 516.2, a.'l applicable, except a.'l modified by 
this article. 

516.3 Class I Locations. \\'bcrc the term Cla.u I is used wilh 
respect to Zone cla.o;.'lifications within dtis article of lhc ('.ode, it 
shall apply to Zone 0, Zone 1, and Zone 2 designations. 

Informational :'\ote: The tenn C/au l was originally included a.• a 
prefix to Zone 0, Zone I ,  and Zone 2 locations and references a.• 
an identifier for nammable ga.'les, \'dpors, or liquids to differenti
ate from Cla.'i.• II and Cla.'i.• Ill locations. Zone 0, Zone I ,  and 
Zone 2 only apply to nammable g"d.'les, \'dpors. or liquid• so the 
Clan I prefix i• redundant and ha.• been deleted, except for text 
that is extracted from outer document• or to remain consistent 
throughout tJtis article. 

Part D. Open Containers 

516.4 Area Classification. Area cla.o;.'lification for open contain
ers, supply containers, wa.'llc containers, spray gun cleaners, 
and solvent distillation unit'l dtal contain Cla.o;.• I liquids and arc 
located in ventilated area.• shall be in accordance l\ilh lhc 
following: 
( 1 )  The area "idtin 9 1 5  mm (3 ft) i n  all directions from a11y 

such container or equipment and extending to d1c floor 
or grade level shall be da.o;.•ificd a.• Cla.•s I, Division 1 or 
Zone 1, whichever is applicable. L33:6.5.5. 1 (1 )j 

(2) The area extending 610 mm (2 ft) beyond me Division 1 
or Zone 1 location shall be da.o;.•ificd a.• Cl:i.� I, Dhision 2 
or Zone 2, whichever is applicable. L33:6.5.5.1 (2) j 

(3) The area extending 1525 mm (5 ft) horizontally beyond 
ilic area described in 516.4(2) up to a height of 460 mm 
(18 in.) above lhc floor or gmdc level shall be da.o;.'lificd a.'l 
Cla.'i.'l I, Division 2 or Zone 2,. whichever is applicable. 
L33:6.5.5.1 (3) J 

Table 516.2 Other Articles 

Requirement 

Area cla'l.'lification 

Equipment 

Witing 

Division Classified 
Locations 

500.5, 500.6 

500.7, 500.8, 501 .5, 
502.5, 502.6, 

Pan Ill of501, 
Pan Ill of 502 

Part ll of501, 
Pan II of 502 

2023 t:clitinn :'\ATJO:-IAJ. t:J.t:GJ"RJCAL. COJ>t: 

Zone Classified 
Locations 

505.5, 505.6, 505.7, 
506.5, 50f).6, 506.7 

505.8, 505.9, 505.20, 
505.22, 506.8, 

50f).9 

505.15, 505. 16, 
505.17, 505.18, 
505.19, 505.26, 
505.30, 506.15, 
506.1 7, 506.20, 

506.30 

(4) The area inside any tank or container shall be da.o;.'lificd a.'l 
Qa.o;.., I, Division 1 or Zone 0, whichever is applicable. 
L 33:6.5.5. 1 < 4) J 

(5) Sumps, pit•, or belowgradc channels within 3.05 m (10 fl) 
horizontally of a vapor source shall be cla.'lsificd a.'l Cla.'i.'l I, 
Dhision 1 or Zone 1. If the sump, pit, or channel cxtcncl'l 
beyond 3.05 m (10 ft) from d1c vapor source, it shall be 
prm-idcd l\ith a vapor stop or be da.o;.•ificd a.• Qa.o;.., I, Divi
sion 1 or Zone 1 for it• entire lcngd1. 

For the purposes of electrical area da.o;.•ification, the Division 
system and the Zone system shall not be imcrmixcd for any 
given source of relca.'lc. L33:6.2.3j 

Electrical wiring and utilization cquipmcm installed in these 
arca.'l shall be suitable for d1c location, a.• shown in Figure 
516.4. L33:6.5.5.2J 

Part In. Spray Application Processes 

516.5 Area Classificati�. For spray application proccs.•cs, lhc 
area cla.'lsification is ba.'led on quamitics of flammable vapors, 
combustible mist�; residues, dust•, or dcposit'l that arc prcsclll 
or might be pn;scnt in quamities sufficicm to produce ignita
ble or explosive mixtures wilh air. 

(A) Zone ClasSification of Locations. 

(1) Clils&ification of Locations. The Zone system of electrical 
area cla.�•ification shall be applied a.• follows: . 
(1) The inside of dosed containers or vcs.'ICis shall be consid

ered a Cla.'ls I, Zone 0 location. 
(2) A Cla.'ls I, Division 1 location shall be pcrmiucd to be 

alternatively da.o;.•ificd a.• a Cla.'ls I, Zone I location. 
(3) A Cla.'ls I, Division 2 location shall be pcrmiucd to be 

alternatively da.o;.•ificd a.• a Cla.'ls I, Zone 2 location. 
(4) A Cla.'i.'l II, Dhision 1 location shall be pcrmiucd to be 

alternatively da.o;.•ificd a.• a Zone 21 location. 
(5) A Cla.'i.'l II, Dhision 2 location shall be pcrmiucd to be 

alternatively da.o;.•ificd a.• a Zone 22 location. L33:6.2.2j 

i-soso mm -l 
(10 ft) 

r;:-::J Class I, Division 1 or Zone 0 
U:.....:J (e.g., vapor space in container) 

I I Class I, Division 1 or Zone 1 

� Class I, Division 2 or Zone 2 

FIGURE 516.4 Electrical Area Classification for Class I 
Uquid Operations Around Open Containers, Supply 
Containers, Waste Containers, Spray Gun Cleaners, and 
Solvent Distillation Units. [33:F.gure 6.5.5.2) 
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(2) Classification Systems. For the purposes of electrical area 
dao;.o;ification, the Division S\'Stcm and the Zone s�'Stcm shall not 
be intermixed for any given' source of relcao;c. L3l:6.2.3j 

In instances of arcao; within the same facility dao;sificd sepa
rately, Clao;.o; I, Zone 2 locations shall be permitted to abut, but 
not overlap, Clao;s I, Division 2 locations. Clao;.o; I, Zone 0 or 
Zone I locations shall not abut Clao;.o; I, Dhision 1 or Division 2 
locations. L33:6.2.4J 

(3) Equipment. Open flames, spark-producing equipment or 
proccs.o;cs, and equipment whose exposed surfaces exceed the 
autoignition temperature of the material being sprayed shall 
not be located in a spray area or in any surrounding area that is 
dao;.o;ificd ao; Division 2, Zone 2, or Zone 22. L33:6.2.5j 

Exception: Thi.� requirnnrot .flmU not app�l' to dlJing, curing, m· 
fusing aptJamtu.�. 

Any utilization equipment or apparatus that is capable of 
producing spark.-; or particles of hot metal and that is located 
above or adjacent to either the spray area or the surrounding 
Dhision 2, Zone 2, or Zone 22 arcao; shall be of d1c totally 
enclosed type or shall be constructed to prevent the escape of 
spark... or particles of hot metal. L33:6.2.6j 

(B) Class I, Division I or Class I, Zone 0 Locations. The inte
rior of any open or dosed container or vcs.o;cl of a flammable 
liquid shall be considered Clao;.o; I, Division 1 ,  or Clao;.o; I, Zone 0, 
ao; applicable. 

Informational Note: See :'\FPA 33, Standard for Spra.l' .4pptiration 
Using f1am111abb- or (.omlmstible :'<laterial<, Chapter 6, for additional 
infmmation. 

(C) Class I, Division I; Class I, Zone I; Class ll, Division I; or 
Zone 21 Locations. The follm\ing spaces shall be considered 
Clao;.o; I, Division I ;  Clao;s I, Zone I ;  Clao;s II, Division I ;  or 
Zone 21 locations, ao; applicable: 
( I )  The interior of spray booths and rooms except ao; specifi-

cally provided in 516.5(D). 
(2) The interior of exhaust duct'i. 
(3) Any area in the direct path of spray operations. 
(4) Sumps, pit-;, or below grade channels llrithin 7620 mm 

(25 ft) horizontally of a \-<tpor source. If the sump, pit, or 
channel extend-; beyond 7620 mm (25 ft) from the \-<tpor 
source, it shall be provided "ith a \rapor stop or it shall be 
dao;.o;ificd ao; Clao;s I, Division I for ito; entire length. 
L34:6.4.1 J  · 

(5) All space in all directions outo;idc of but "idtin 900 mm 
(3 ft) of open containers, supply containers, spray gun 
cleaners, and solvent distillation unit-; containing flamma
ble liquido;. 

(6) For limited finishing work.o;tations, the area inside the 
curtains or partitions. [See Fi!JUtl! 516.5(D)(5).} 

(D) Class I, Division 2; Class I, Zone 2; Class II, Division 2; or 
Zone 22 Locations. The spaces listed in 51 6.5(D) ( I )  through 
(D) (5) shall be considered Clao;.o; I, Division 2; Clao;.o; I, Zone 2; 
Clao;.o; II, Dhision 2; or Zone 22 ao; applicable. 

(I) Unenclosed Spray Processes. Electrical wiring and utiliza
tion equipment located outo;idc but within 6100 mm (20 ft) 
horizontally and 3050 mm (10 ft) vertically of an enclosed 
spray area �nd not separated from the spray 'area by partitions 
extending to the boundaries of the area designated ao; Division 
2, Zone 2 or Zone 22 in Figure 516.5(D) ( I )  shall be suitable 
for Clao;.o; I, Division 2; Clao;s I, Zone 2; Clao;s II, Division 2; or 
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TOP (PLAN) 

3050 mm 

� 
FRONT (ELEV�TI�N) 

r-1 Class I, Division 1; Class I, Zone 1 ;  
(!__J Class II, Division 1 ;  or Zone 21 

� Class 1 • . Division 2; Class I, Zone 2; � Class II, Division 2; or Zone 22 

FIGURE 516.5(D)(I) Electrical Area Classification for 
Unenclosed Spray Areas. [33:Figure 6.5.1) 

Zone 22 locations, whichever is applicable. L33:6.5.1 j  {See Fi!JUtl! 
5J6.5(D)(l).] 

(2) Closed-Top, Open-Face, and Open-Front Spray Booths and 
Spray Rooms. If spray application operations arc conducted 
within a dosed-top, open-face, or open-front booth or room, ao; 
shmm in Figure 516.5(D) (2), any electrical wiring or utiliza
tion equipment located outo;idc of d1c booth or room but 
within 915 mm (3 ft) of any opening shall be suitable for 
Clao;.o; I, Division 2; Clao;s I, Zone 2; Clao;s II, Division 2; or 
Zone 22 locations, whichever is applicable. The Clao;.o; I, Divi
sion 2; Clao;.o; I, Zone 2; Clao;s II, Division 2; or Zone 22 locations 
shmm in Figure 516.5(D) (2) shall extend from the edges of 
the open face or open front of the bood1 or room. 

(3) Open-Top Spray Booths. For spraying operations conduc
ted "ithin an open top spray bood1, d1c space 915 mm (3 ft) 
vertically above the booth and within 915 mm (3 ft) of other 
booth openings shall be considered Clao;.o; I, Division 2; Clao;.o; I, 
Zone 2; Clao;.o; II, Dhision 2; or Zone 22 whichever is applicable. 
L33:6.5.3J 

(4) Enclosed Spray Booths and Spray Rooms. For spray appli
cation operations confined to an enclosed spray booth or 
room, electrical area dao;sification shall be ao; follows: 
(I) The area within 915 mm (3 ft) of any opening shall be 

dao;.o;ificd ao; Clao;.o; I, Division 2; Clao;s I, Zone 2; Clao;.o; II, 
Dhision 2; or Zone 22 locations, whichever is applicable, 
ao; shown in Figure 516.5(D) (4). 

(2) Where automated spray application equipment is u.o;cd, 
the area outo;idc the acccs.o; doors shall be undao;.o;ificd 
provided the door interlock prcvcnto; the spray applica
tion operations when the door is open. 
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915 mm 
(3 ft) radius 

915 mm 
(3 ft) radius 

915 mm (3 ft) radius 

915 mm (3 ft) radius 

Open 
face 

FIGURE 516.5(D)(2) Class I, Division 2; Class I, Zone 2; 
Class D, Division 2; or Zone 22 Locations Adjacent to a Closed 
Top, Open Face, or Open Front Spray Booth or Room. 
[33:Fagure 6.5.2(a)] 

(3) \\'here cxhau.•t air is pcrmiucd to be recirculated, bod1 of 
me follo"ing shall apply: 
a. The interior of any recirculation pad1 from the secon

dary particulate filters up to and including the air 
supply plenum shall be cla•sificd a• Cla!i.'i I, Division 2; 
Cla!i.'i I, Zone 2; Cla'i.'i II, Ohision 2; or Zone 22 loca
tions, whichever is applicable. 

b. The interior of fresh air supply duct.• shall be uncla'l.'ii
ficd. 

(4) Where exhaust air is not recirculated, d1c interior of fre!lh 
air supply duct.• and fresh air supply plenums shaiJ be 
uncla•sificd. 

L33:6.5.4J 

(5) Limited Fmisbing Workstations. 
(a) For limited finishing work.'itations, me area inside me 

915 mm (3 ft) space horizontally and \•ertically beyond me 
volume enclosed by d1c out.•idc surface of the curtains or parti
tions shall be cla'l.'iificd a• Cla'i.'i ),'Division 2; Cla'i.'i I, Zone 2; 
Cla'i.'i II, Di\ision 2; or Zone 22, a• shown in Figure 516.5(0) 
(5). 

(b) A limited finishing work.•tation shall be designed and 
constructed to have all of the following: 
( 1 )  A dedicated make-up air supply 
(2) Curtains or partitions that arc noncombu.•tiblc or limited 

combustible 
(3) A dedicated mechanical exhaust and filtration system 
(4) An approved automatic extinguishing system 

L33: 14.3.1 J 

lnfonnational :'\ote: See :'\FPA iOI ,  Standard Method.< of l-ire 1;.st.< 
for flame Pmpal{tltum '!{Textilr.i and Film.<, for information on limi
ted combustible curtains or partition.•. 

(c) The amount of material sprayed in a limited finishing 
worbtation shall not exceed 3.8 L ( 1  gal) in any 8-hour period. 
L33:14.3.2J 

(d) Curtains or partitions shall be fully closed during any 
spray operations. L33:14.3.4j 

(c) The equipment within me limited finishing work.'ita
tion shall be interlocked such that the spray application equip-
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mcm cannot be operated unless the cxhau.•t ventilation system 
is operating and functioning properly and spray application is 
automatically stopped if d1c exhaust ventilation system fails. 

(f) Any limited finishing work.•tation used for spray appli
cation operations shall not be u.'iCd for any operation dtat is 
capable of producing spark.• or particles of hot metal or for 
operations mat involve open flames or electrical utilization 
cquipmcm capable of producing spark.• or particles of hot 
metal. L33:14.3.6j 

(g) Where industrial air heaters arc used to elc\-atc me 
air temperature for drying, curing, or fusing operations, a high 
limit switch shall be provided to automatically shut off me 
dl)ing apparatus if the air temperature in the limited finishing 
worbtation exceeds the maximum discharg�air temperature 
allowed by d1c standard that the heater is listed to or 93"C 
(200"F), whichever is lcs.•. L33:1 4.3.7. 1j  

(h) A means shall be prmidcd to show mat me limited 
finishing work.'itation is in me drying or curing mode of opera
tion and that the limited finishing worbtation is to be unoccu-
pied. L33:14.3.7.2j . 

(i) Any containcr!i ru flammable or combustible liquid• 
shall be removed from me limited finishing work.•tation before 
the dl)ing apparatu.• i� energized. L33: 14.3.7.3j 

(j) Portabie spot-dl)ing, curing, or fu.•ion apparatus shall 
be permiucd to be used in a limited finishing work.'itation, 
prmidcd �hat it is not located within the hazardous (cla'l.•ificd) 
location defined in 14.3.5 of 1'\FPA 33 when spray application 
operations arc being conducted. L33:14.3.8j 

·· (k.) · Recirculation of exhaust air shall be pcrmiucd when 
the provisions of 51 6.5(0) (4) (3) arc bod1 met. L33:14.3.9j 

. 516.6 Waring and Equipment in Class I Locations. 

(A) Waring and Equipment - Vapors. All electrical wiring and 
cquipmcm wimin d1c hazardous (cla•sificd) locations (contain
ing vapor only - not residues) defined in 516.5 shall comply 
wim the requirement.• of Part II and Part Ill of Article 501 or 
"im 505.1 7  through 505.30, a• applicable. 

(B) Waring and Equipment - Vapors and Residues. Unlcs.• 
specifically listed for locations containing deposit.• of dangcr
ou.• quamitics of flammable or combu.•tiblc vapors, mist•, resi
dues, dust.•, or deposit.• (a• applicable) , dtcrc shall be no 
electrical equipment in any spray area a• herein defined 
whereon deposit.• of combustible residue could readily accumu
late, except "iring in rigid metal conduit, intermediate metal 
conduit, Type :\Ill cable, or in metal boxes or fittings containing 
no taps, splices, or terminal connections. L33:6.4.2j 

(C) Wumination. Luminaires shall be permitted to be installed 
a• follows: 
( 1 )  Luminaires, like that shown i n  Figure 516.6(C) (1 ) ,  that 

arc attached to the walls or ceiling of a spray area but that 
arc out•idc any classified area and arc separated from me 
spray area by gla•s panels shall be suitable for usc in 
uncla•sificd locations. Such fixtures shall be serviced 
from out.•idc the spray area. L33:6.6. 1j  

(2) Luminaires, like that shown in Figure 516.6(C) (1 ) ,  that 
arc attached to d1c walls or ceiling of a spray area; that 
arc separated from the spray area by gla•s panels and that 
arc located "ithin a Cla•s I, Dhision 2; a Cla•s I, Zone 2; a 
Cla!i.'i II, Division 2; or a Zone 22 location shall be suitable 
for such location. Such fixtures shall be scniccd from 
out.•idc the spray area. L33:6.6.2J 

(3) Luminaires, like that shown in Figure 516.6(C) (2), that 
arc an integral part of me walls or ceiling of a spray area 
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shall be pcrmiucd to be separated from the spray area by 
gla'i.� panels that arc an imcgral part of the fixture. Such 
fixtures shall be listed for usc in Cla'i.� I, Dhision 2; 
Cla�s I, Zone 2; Cla�s II, Dilision 2; or Zone 22 locations, 
whichever is applicable, and also shall be listed for accu
mulations of deposit� of combustible residues. Such 
fixtures shall be pcrmiucd to be seniccd from inside the 
spray area. L33:6.6.3J 

(4) Gla'i.� panels used to separate luminaires from the spray 
area or that arc an imcgral part of the luminaire shall 
meet the follo"ing requirement�: 
a. Panels for luminaires or for obscnation shall be of 

heat-treated gla'i.�, laminated gla'i.�, \\ired gla'i.�, or 
hammcrcd-l\ircd gla'i.� and shall be scaled to confine 
\apors, mist�, residues, dust�. and deposit� to the spray 
area. L33:5.5.1 J  

Exception to a.: Li.fll'n spmy booth a.f.w�mblies tlmt lmve vi.fion 
panels cmutmcted of othn· materialf .fhall be permitted. 

b. Panels for luminaires shall be separated from the 
luminairc to prcvcm the surface temperature of the 
panel from exceeding 93"C (200"F) . L33:5.5.2J 

c. The panel frame and method of attachmcm shall be 
designed to not fail under fire exposure before the 
vision panel fails. L33:5.5.3J 

(D) Portable Equipment. Portable electric luminaires or other 
utilization equipment shall not be used in a spray area during 
spray operations. 

915 mm 
(3 It) radius 

915 mm 
(3 ft) radius 

l;nclesetl Sl!lray llootfi or room 
(Class 1, 11)ivision 1 ;  Class I, Zene 1 ;  

Class II, Division 1 ;  er 
Zene 21 within) 

915 mm 
(3 It) radius 

TOP VIEW AT CEILING LEVEL 915 mm (3 ft) radius 

915 mm 
(3 ft) radius 

� ', /� �·�915�mm�(3 ft)�raaius==r�t'��,=,,;
' 

�, � 

� -���L- � 
ELEVATION For automated 

spray operations 
See 6.5.4(2) 

FIGURE 516.5(D)(4) Class I, Division 2; Cass I, Zone 2; 
Class ll, Division 2; or Zone 22 Locations Adjacent to an 
Enclosed Spray Booth or Spray Room. [33:Fagure 6.5.4] 
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Exception No. 1: ll1!el� txn·ta/Jie elect1·ic luminaitl!S are ·1�quit�d for 
operations in .ffJace.f not IY.adily illumi1mted /J.)' fixed lighting within the 
spraying m�a. they .fhall be of the tyjlt' identified for aa.u I, Division 1 
m· aa.u 1, Zone 1 loratimu w/11!7� l�adi{)' igllitible le.fidttt.f could be 
fJ!l!.fent. [33:6. 9 Exception] 

Exception No. 2: ll1ie1� portable electric dtying aptJaratus i.f usl'.d in 
spray booths and the following requiremrot.f m� met: 

( 1) Tile afJjlaratus and its elutrical ronnecticm.f m� 1wt located 
witiJin tlv sfJ/ay roclo.fUIP dwing sfJ/ny operatiom. 

(2) Elect1ical equipment within 450 mm ( 18 in.) of the floor if idm
tijied for Cla.u I, Divi.fion 2 or aa.u I, Zone 2 locatimu. 

(3) AU 17ltlallic fJm1.f of the dt)'ing afJjlaratus a1� e!P.ctrically bonded 
and grounded. 

(4) lntnfocks atP provided to fJ/went tlv operation of .fpmy equip
ment while diJing appamtu.f i.f witiJin tlv spmy mcloswe, to 
allow for a 3-minute purge of the roclo.fUI� befm� t'lltlgizing the 
dtying appamtu.f and to .fhut off d1ying appamtu.f em failul� of 
ventilation sy.ftt'lll. 

(E) Electrostatic EquipmenL · El�ctrostatic spraying or dctcar
ing cquipmcm shall be ins(a,llcd and used only a� prmidcd in 
516. 10. 

Informational Note� See :'\FPA 33, Standard fnr Spra_)' .4ppliratinn 
U•ing f1am11rall/l>. 'm- ComlnL<tible :'vlaterial•, for additional informa
tion. 

(F) Static .FJecbic Discharges. All persons and all electrically 
conduclj.vc o�cct�. including any metal part� of the proccs.� 
equipment or apparatus, containers of material, exhaust duct�, 
and piping systems that convey flammable or combustible 
liquids, shall be electrically grounded. L34:6.8. 1 J  

516.7 Waring and Equipment Not Within Hazardous (Cassi
fied) Locations. 

(A) Waring. All fixed "iring above hazardous (cla'i.�ificd) loca
tions shall be pcnniucd to be one or more of d1c following: 
(1)  Rigid metal conduit (R\-IC) or imcrmcdiatc metal 

conduit (I�IC) with listed threaded or thrcadlcs.� 
fittings,or electrical metallic tubing (E�IT) with listed 
fittings. 

(2) Rigid polyvinyl chloride conduit (PVC) , reinforced ther
mosetting resin conduit (RTRC), or electrical nonmetal
lic tubing (ENT). 

(3) Type �IC cable, Type TC cable, or Type TC..-ER cable, 
including installation in cable trays, terminated with 
l isted fittings. Type TC..-ER cable shall include an cquip
mcm grounding conductor (EGC) in addition to any 
drain wire. 

(4) Type �II cable terminated l\ilh listed fittings and installed 
and supported to avoid tensile strcs.�. 

(5) Type PLTC cablcor Type PLTC..-ER cable used in Cla�s 2 
or Cla'i.� 3 circuit�. Type PLTG·ER cable shall include an 
cquipmcm grounding conductor (EGC) in addition to 
any drain wire. 

(6) Type lTC cablcor Type ITC..-ER cable in accordance with 
335.4 and 335.5 and tcnninatcd with listed fittings. Type 
ITC..-ER cable shall include an EGC in addition to any 
drain wire. 

(7) Cellular metal raceways suppl}ing ceiling oudct� or a� 
extensions to d1c area below d1c floor of a hazardous 
(cla'i.�ificd) location. If cellular metal racc"'a}'S arc used, 
they shall not have connections leading imo or pa'i.�ing 
through the hazardous (cla'i.�ificd) location unlcs.� suita
ble seals arc prOlidcd. 
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FIGURE 516.5(0)(5) Class I, Divisioo 2; Class I, Zone 2; Class D, Division 2; or Zone 
22 Locations Adjacent to a Limited-Finishing Workstation. [33:Fagure 14.3.6.1 ]  

(B) Equipment. Equipment that could produce arcs, spark.�, 
or particles of hot metal, such a.� lamps and lampholdcrs for 
fixed lighting, cutout�, switches, receptacles, motors, or other 
equipment having make-and-break or sliding contact�. where 
installed above a cla�sificd location or above a location where 
freshly finished goocl� arc handled, shall be of d1c totally 
enclosed type or be constructed to prevent the escape of spark.� 
or hot metal particles. 

516.10 Special Equipment. 

Removable panel 

luminaire 

516.10 

(A) Faxed Elect.ro5tatic Equipment. This section shall apply to 
any equipment using electrostatically charged clement� for the 
atomization, charging, and/or precipitation of hazardous 
materials for coatings on articles or for other similar purposes 
in which d1c charging or atomizing device is attached to a 
mechanical support or manipulator, including robotic devices. 
This section shall not apply to devices that arc held or manipu
lated by hand. \\'here robot or programming procedures 
involve manual manipulation of the robot ann while spra}'ing 
"ith d1c high voltage on, the requirement� of 516.10(8) shall 

FIGURE 516.6(C)(1) Example of a Luminaire Mounted 
Outside the Spray Area and Serviced from Outside the Spray 
Area. [33:Figure 6.6.1.1] 
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Cover 

Exterior of 
spray area 

, ,  
, ,  
, ,  

Interior of 
spray area 

I 

' ' ' ' ' \ 
\ 
) 

/1� Hinged glass 
/ panel 

Gasket 

F1GURE 516.6(C)(2) Example of Luminaires That Are 
Integral Parts of the Spray Area and That Are Serviced from 
Inside the Spray Area. [33:Figure 6.6.3.1] 

apply. The installation of electrostatic spraying equipment shall 
comply "ith the requirement-; of 516.10(A) ( J )  through (A) 
(10). Spray equipment shall be listed. All automatic electro
static equipment systems shall comply with the requirement-; of 
516.6(B) through (D) and 516.6(F). 

(1) Power and Control Equipment. Transformers, high-voltage 
supplies, control apparatus, and all other electrical portions of 
the equipment shall be installed out-;idc of the Ciao;.-; I location 
or be of a type identified for dtc location. 

Exception: lliglt-voltage grids, ekcttvdes, e!Pctmstatic atomizing headf, 
and their connertions shall be Jmmitled within the Class ! location. 

(2) Electrostatic Equipment. Electrodes and electrostatic 
atomizing heads shall be adequately supported in permanent 
locations and shall be effectively insulated from ground. Elec
trodes and electrostatic atomizing head-; that arc pcnnancndy 
attached to their bao;cs, support-;, reciprocators, or robot-; shall 
be deemed to comply with dtis section. 

(3) High-Voltage Leads. High-voltage lead-; shall be properly 
insulated and protected from mechanical damage or exposure 
to destructive chemicals. Any exposed clement at high voltage 
shall be effectively and permanently supported on suitable 
insulators and shall be effectively guarded against accidental 
contact or grounding. 

70-460 

(4) Support of Goods. \..oods being coated using this proccs.o; 
shall be supported on conveyors or hangers. The conveyors or 
hangers shall be arranged (1)  to ensure that the part-; being 
coated arc electrically connected to ground "id1 a resistance of 
1 megohm or less and (2) to prevent part-; from swinging. 

(5) Automatic Controls. Electrostatic apparatus shall be 
equipped "ith automatic means that \\ill rapidly de-energize 
the high-voltage clement-; under any of the following concli
tions: 

(1)  Stoppage of ventilating fans or failure of ventilating 
equipment from any cause 

(2) Stoppage of the conveyor carrying goods through the 
high-voltage field unless stoppage is required by the spray 
proccs.o; 

(3) Occurrence of cxccs.o;ivc current leakage at any point in 
the high-voltage system 

(4) De-energizing the primary voltage input to the power 
supply 

(6) Grounding. All electrically conductive object-; in the spray 
area, except those object-; required by the proccs.o; to be at high 
voltage, shall be adequately grounded. This requirement shall 
apply to paint containers, wash cans, guard-;, hose connectors, 
bracket-;, and any other electrically conductive object-; or deli
ces in the area. 

Informational Note: See :'\FPA 33, Standard for Spra.l' .4ppliration 
U.ting_ f7timmahle or l.nmbustibb- Materialt; li:FPA 34, Stmuiani for 
Dipping, !.Dating, a11d Printing Proceun; U.tinJr flammable or Combus
tibk Liquidt; and li:FPA 77, Rermnmmded Practice on Static E/PCtrir
ily, for infonnation on grounding and bonding for static 
electricity purposes. 

(7) Isolation. Safeguards such ao; adequate booths, fencing, 
railings, interlocks, or other means shall be placed about the 
equipment or incorporated therein so that they, either by their 
location, character, or both, ensure that a safe separation of the 
proccs.o; is maintained. 

(8) Signs. Signs shall be conspicuously posted to convey the 
follo"ing: 

(1) Designate the process zone ao; dangerous with regard to 
fire and accident 

(2) Identify the grounding requirement-; for all electrically 
conductive object-; in the spray area 

(3) Restrict access to qualified personnel only 

(9) Insulators. All insulators shall be kept dean and dry. 

(10) Other Than Nonincendive Equipment. Spray equipment 
that cannot be da-.o;ificd ao; noninccndivc shall comply with 
516.10(A) ( JO) (a) and (A) ( JO) (b). 

(a) \..onvcyors, hangers, and application equipment shall 
be arranged so that a minimum separation of at lcao;t t"icc the 
sparking distance is maintained between the workpiece or 
material being sprayed and electrodes, electrostatic atomizing 
head-;, or charged conductors. Warnings defining this safe 
distance shall be posted. L33:1 1 .4. J j  

(b) The equipment shall prmidc an automatic means of 
rapidly de-energizing dtc high-voltage clement-; in the event 
the distance between the good-; being painted and the electro
des or electrostatic atomizing head-; falls below that specified in 
516.10(A) ( JO) (a) . L33:J J .3.8j 

(B) Hand-Spraying Electrostatic Equipment. This section shall 
apply to any equipment using electrostatically charged 
clement-; for the atomization, charging, or precipitation of 
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flammable and combustible materials for coatings on articles, 
or for other similar purposes in which the charging or atomiz
ing device is hand-held and manipulated during dtc spraying 
operation. Electrostatic hand-spraying equipment and devices 
used in connection "id1 paint-spra}ing operations shall be of 
listed types and shall comply with 516.10(8) (1)  through 
(8) (5). 

(I) General. The high-voltage circuit-; shall be designed so as 
not to produce a spark of sufficient intensity to ignite the most 
readily ignitiblc of those vapor-air mixtures likely to be 
encountered or result in appreciable shock hazard upon 
coming in contact wid1 a grounded object under all normal 
operating conditions. The electrostatically charged exposed 
clement-; of the handgun shall be capable of being energized 
only by an actuator that also controls dtc coating material 
supply. 

(2) Power Equipment. Transfonncrs, power packs, control 
apparatus, and all other electrical portions of the equipment 
shall be located outside of the Cla.'i.o; I location or be identified 
for dtc location. 

Exception: The handgun itself and its connections to the power .mpply 
shall be permitted within the Cl.a:is llocatifm. 

(3) Handle. The handle of the spraying gun shall be electri
cally connected to ground by a conductive material and be 
constructed so dtat the operator in normal operating position 
is in electrical contact with the grounded handle with a resist
ance of not more than 1 megohm to prevent buildup of a static 
charge on dtc operator's body. Signs indicating the ncccs.o;ity 
for grounding other persons entering dtc spray area shall be 
conspicuously posted. 

(4) Electrostatic Equipment. All electrically conductive o�ccts 
in the spra)'ing area, except those o�ccto; required by the proc
cs.o; to be at high voltage shall be electrically connec� to 
ground l\ith a resistance of not more than 1 megohm. This 
requirement shall apply to paint containers, wash cans, and any 
other electrical conductive o�ccto; or devices iri the area. The 
equipment shall carry a prominent, permanently installed 
warning regarding dtc ncccs.o;ity for this groWiding feature. 

Informational Note: See :'\FPA 33, Slllndani ior Spra.l' .4ppliration 
Using Flammable or l.nmbustibb- Matlilinls, 1'\FPA 34, Stmuiani for 
Dipping, l.nating, and Printing Procew.r Ush��r Hammable or Combus
tibb- I.iquid<; and li:FPA 77, Rerommmded Practice on Static Elntrir
ity, for infonnation on grounding and bonding for static 
electricity purposes. 

(5) Support of Objects. O�ccto; being painted shall be main
tained in electrical contact with the conveyor or other groun
ded support. Hooks shall be regularly cleaned to ensure 
adequate grounding of 1 megohm or less. Area.-; of contact 
shall be sharp point-; or knife edges where pos.o;iblc. Point-; of 
support of the o�cct shall be concealed from random spray 
where fca.o;iblc, and, where the o�ccto; being sprayed arc 
supported from a conveyor, the point of attachment to the 
conveyor shall be located so a.o; to not collect spray material 
during normal operation. 

(C) Powder Coating. This section shall apply to proccs.o;cs in 
which combustible dry powders arc applied. The hazards a.o;so
ciatcd wid1 combustible dusts arc present in such a proccs.o; to a 
degree, depending on the chemical composition of the mate
rial, particle size, shape, and distribution. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. COI>t: 

(I) Electrical Equipment and Sources of Ignition. Electrical 
equipment and other sources of ignition shall comply l\ith the 
requirement-; of Part III of Article 502 or 506.20, a.o; applicable. 
Portable electric luminaires and other utilization equipment 
shall not be used "idtin a Cla.o;s II location during operation of 
the finishing proccs.o;cs. Such luminaires or utilization equip
ment used during cleaning or repairing operations shall be of a 
type identified for Cla.'i.o; II, Division 1 locations and all exposed 
metal part-; shall be connected to an equipment grounding 
conductor. 

Exception: Pmtable elutric luminaitl!S shall be of tile type lisll'.d fm· 
Cla.'l.� Tl, Divi�ion 1 locations where requit-ed for operations in spares 
not t-eadi{l· illuminated by fixed lighting within the spm_ying m-ea and 
where 1-eadi{y ignitible residues might be present. 

(2) Faxed Electrostatic Spraying Equipment. The provisions of 
516.10(A) and 516.10(C) (1)  shall apply to fixed electrostatic 
spraying equipment. 

(3) Electrostatic Hand�praying Equipment. The prolisions of 
516.10(8) and 516.10(C) (1) shall apply to electrostatic hand
spraying equipment. 

(4) Electrostatic Fluidized Beds. Electrostatic fluidized bcclo; 
and a.o;sociatcd equipment shall be of identified I)-pes. The 
high-voltage circuit-; shall be designed such that any discharge 
produced · when the charging electrodes of the bed arc 
appr<mchcd or contacted by a grounded object shall not be of 
suflicicnt intensity to ignite any powder-air mixture likely to be 
encountered or to result in an appreciable shock hazard. 

(a) Transfonncrs, power pack.-;, control apparatus, and 
all other electrical portions of the equipment shall be located 
outo;idc the powder-coating area or shall othcnvise comply with 
the requirement-; of 516.10(C) ( 1 ) .  

Exception: The charging elutmdes and their ronmctifms to the power 
.mpply shall be permittl'.d within tile powder-coating m-ea. 

(b) All electrically conductive object-; within the powder
coating area shall be adequately grounded. The powder
coating equipment shall carry a prominent, pcnnancndy 
installed warning regarding the ncccs.o;ity for grounding these 
o�ccto;. 

Informational Note: See :'\FPA 33, Standard for Spra.l' .4ppliration 
Using Flammable or l.nmbustibb- Material<; li:FPA 34, Stmuiani for 
Dipping, l.nating, and Printing ProceuP.< Ush��r Hammable or Combus
tibb- I.iquid<; and li:FPA 77, Rermnmmded Practice on Static Elntrir
ity, for infonnation on grounding and bonding for static 
electricity purposes. 

(c) O�ccto; being coated shall be maintained in electrical 
contact (lcs.o; than 1 megohm) l\ith dtc conveyor or other 
support in order to ensure proper grounding. Hangers shall be 
regularly cleaned to ensure effective electrical contact. Area.-; of 
electrical contact shall be sharp point-; or knife edges where 
possible. 

(d) The electrical equipment and comprcs.-.cd air 
supplies shall be interlocked with a ventilation system so that 
the equipment cannot be operated unlcs.o; the ventilating fans 
arc in operation. L33:Chaptcr 151 

516.16 Grounding. All metal raceways, the metal annors or 
metallic sheath on cables, and all non-current-carrying metal 
part-; of fixed or portable electrical equipment, regardless of 
voltage, shall be grounded and bonded. Grounding and bond
ing shall comply "id1 501 .30, 502.30, or 505.30, a.o; applicable. 
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Part IV. Spray Application Operations in Membrane Enclo
sures 

516.18 Area Classification for Temporary Membrane Enclo
sures. Electrical area cla.'l.�ification shall be a.� follows: 
(1) 

(2) 

The area within the membrane enclosure shall be consicl
erecl a Cla.'is I, Division I area, a.'i shmm in Figure 516. 18. 
A 1 .5 m (5 ft) zone out�ide of the membrane enclosure 
shall be considered Cla.'l.� I, Division 2, a.� shown in Figure 
516. 18. 

Informational Note No. I: See :'\FPA 33, Statldard.fnr SpraJ APJili
catinn lJsi11g Ham mabie nr l.nmb1utihle Material<, for infmmation on 
occupancy, ,·entilation, lire protection, and pe1mitting for spray 
application operations in membrane enclosures. Thi• document 
limiL• spray application operdtions "ithin both outdoor and 
indoor temporary membrdne enclosures, a.• well a• a•e and time 
constrdinL•. The risk• to people and propeny are unique when 

11 Class I, Division 1 

V//1 Class I, Division 2 

PLAN VIEW 

ELEVATION 

spray painting "ithin the confined spaces of temporary 
membrane enclosures. 

Informational Note No. 2: See :'\FPA 33, Standard .fnr SJiraJ Appli
cation U.<illlf f7ammabb- or (.nmlnutii11e Material.<, Section 1!1.6, for 
the limiL• of material used in a ,·enical plane for membrane 
enclosures. 

Informational :'\ote No. 3: See NFPA 70 I ,  Standard '"letlwdi nf Fire 
T,..t.< for Flame Prof�agation n.f 1extiks a/UI Filllt<, Test :\fethod 2, for 
construction information. 

Informational Note No. 4: See :'\FPA 33, Stmuiard.fnr SpraJ Af1f1li
cation U.<illlf f7ammahle or l.nmb1utible Matmal<, 111.3.2.1 .1 ,  for 
membrane installation beneath sprinklers. 

Informational Note :'\o. 5: See l'I:FPA 13, Stmuiard .fnr tile butalla
tion of Sprinkler S_r.<tmt<, 8.15.15, for infmmation on the protec
tion of membrane stntctures. 

FIGURE 516.18 Electrical Classifications for Outdoor Membrane Enclosures. [33:Fagure 
18.6.1.2] 
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516.23 Electrical and Other Sources of Ignition. Electrical 
wiring and utilization equipment used l\ithin dtc cla."l.o;ificd 
area.-; inside and outo;idc of membrane enclosures during spray 
painting shall be suitable for the location and shall comply widl 
all of the following: 

(1) All power to the workpiece shall be removed during spray 
painting. 

(2) Workpicccs shall be grounded. 
(3) Spray paint equipment shall be grounded. 
(4) Scaffolding shall be bonded to the workpiece and groun

ded by an approved method. 

Part V. Printing, Dipping, and Coating Processes 

516.29 Classification of Locations. Cla."l.o;ification is bao;cd on 
quantities of flammable vapors, combustible mist�, residues, 
dust-;, or deposito; dtat arc present or might be present in quan
tities sufficient to produce ignitable or explosive mixtures widl 
air. Electrical \\iring and electrical utilization equipment loca
ted adjacent to open processes shall comply with the require
ment-; a.� follows. Examples of these requirement� arc 
illustrated in Figure 516.29(1 ),  Figure 516.29(2), Figure 
516.29(3), and Figure 516.29(4). 

Informational Note: See :'\FPA 33, Standard fnr Spra.l' .4ppliratinn 
Using f1am111ahb- or (.ombu.•tihle '"laterial•, Chapter 6, and l'FPA 34, 
Standard for Dippi11r;, l.oating, a11d Priutiug Proce.uP., L!.•ing f7am111a
b[, nr Co111bu..tihb- Liquid.•, Chapter 6, for additional information. 

(1)  Electrical wiring and electrical utilization equipment loca
ted in any sump, pit, or below grade channel that is 
widlin 7620 mm (25 ft) horizontally of a vapor source, a.� 
defined by this standard, shall be suitable for Cla."l.� I, Dil-i
sion I or Cla."l.o; I, Zone 1 locations. If dtc sump, pit, or 
channel extends beyond 7620 mm (25 ft) of dlc vapor 
source, it shall be provided "id1 a vapor stop, or it shall 
be cla."l.�ificcl a.� Cla.o;s I, Dilision 1 or Cla."l.� I, Zone 1 for ito; 
entire lcngdt. L34:6.4.1 J  

(2) Electrical wiring and electrical utilization equipment loca
ted widtin 1525 mm (5 ft) of a vapor source shall be suita
ble for Cla."l.o; I, Division 1 or Cla.o;s I, Zone I locations. The 
space inside a clip tank, ink fountain,.ink reservoir, or ink 
tank shall be cla."l.�ificd a.� Class I, . Division I or Cla."l.o; I, 
Zone 0, whichever is applicable. 

(3) Electrical wiring and electrical utilization equipment loca
ted within 915 mm (3 ft) .of the Cla."l.o; I, Division 1 or 
Cla."l.� I, Zone 1 location shall be suitable for Cla.�s I, Dhi
sion 2 or Cla."l.� I, Zone 2 locations, whichever is applica
ble. 

(4) The space 915 mm (3 ft) above the floor and extending 
6100 mm (20 ft) horizontally in all directions from dlc 
Cla."l.� I, Dhision 1 or Cla."l.� I, Zone I location shall be cla.o;
sificd a.o; Cla.o;s I, Division 2 or Cla."l.� I, Zone 2, and electri
cal wiring and electrical utilization equipment located 
widlin this space shall be suitable for Cla."l.o; I, Division 2 or 
Cla."l.� I, Zone 2 locations, whichever is applicable. 

(5) This space shall be permitted to be noncla.o;sificcl for 
purposes of electrical installations if dtc surface area of 
the vapor source docs not exceed 0.5 m2 (5 ft2), dlc 
content-; of the dip tank, ink fountain, ink reservoir, or 
ink tank do not exceed 19 L (5 gal) , and dlc \<tpor 
concentration during operating and shutdown period� 
docs not exceed 25 percent of dtc lower flammable limit. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAL COI>t: 

516.35 Areas Adjacent to Enclosed Dipping and Coating 
Processes. Area.� adjacent to enclosed clipping and coating 
proccs.o;cs arc illustrated by Figure 516.35 and shall be cla."l.o;ificd 
a.� follows: 

( 1 )  The interior of any enclosed dipping o r  coating proccs.o; 
or apparatus shall be a Cla."l.� I, Division 1 or Cla.o;s I, 
Zone 1 location, and electrical wiring and electrical 
utilization equipment located within dlis space shall be 
suitable for Cla.�s I, Dil-ision I or Cla."l.o; I, Zone 1 locations, 
whichever is applicable. The area inside the dip tank shall 
be cla.�sificd a.� Cla."l.� I, Dilision 1 or Cla.�s I, Zone 0, 
whichever is applicable. 

(2) The space widlin 915 mm (3 ft) in all directions from any 
opening in the enclosure and extending to dlc floor or 
grade level shall be cla.�sificd a.� Cla.�s I, Division 2 or 
Cla."l.� I, Zone 2, and electrical \\iring and electrical utiliza
tion equipment located "idlin dlis space shall be suitable 
for Cla.�s I, Dilision 2 locations or Cla."l.o; I, Zone 2 loca
tions, whichever is applicable. 

(3) All other spaces a<ljaccnt to an enclosed clipping or coat
ing proccs.� or "pparatus shall be cla."l.�ificcl a.� nonhazar
dous for purposes of electrical installations. 

516.36 Equipment and Containers in Ventilated Areas. Open 
containers, !iupply containers, waste containers, and solvent 
clistillatim1 wlito; that contain Cla."l.� I liquid� shall be located in 
area.� vcntilatccl in accordance "idl 516.4. 

516.37 Luminaires. For printing, coating, and clipping equip
ment where the proccs.o; area is enclosed by glao;s panels that arc 
sealed to confine \<tpors and mist-; to the inside of dlc enclo
sure, luminaires that arc attached to dtc "ails or ceilings of a 
proccs.o; enclosure and that arc located outo;idc of any cla."l.o;ificd 
area shall be permitted to be of general purpose construction. 
Such luminaires shall be serviced from outo;idc the enclosure. 

Luminaires that arc attached to the walls or ceilings of a 
proccs.� enclosure, arc located widlin the Cla."l.� I, Dhision 2 or 
Cla."l.� I, Zone 2 location, and arc separated from dtc proccs.o; 
area by gla.o;s panels dlat arc scaled to confine vapors and mist-; 
shall be suitable for usc in that location. Such fixtures shall be 
serviced from outo;iclc the enclosure. 

516.38 Wuing and Equipment Not Within Hazardous (Classi
fied) Locations. 

(A) Wuing. Fixed \\iring above hazardous (cla."l.o;ificd) loca
tions shall be pcnnittcd to be one or more of dlc following: 

( 1 )  Rigid metal conduit (R\<lC) or intermediate metal 
conduit (IMC) "idl listed threaded or dlrcadlcs.� fittings, 
or electrical metallic tubing (EMT) or electrical nonme
tallic tubing (Type El'\T) widl listccl fittings. 

(2) Rigid pol}'linyl chloride conduit (PVC) or reinforced 
thermosetting resin conduit (RTRC). 

(3) Type MC cable or Type TC cable "idl listccl fittings. 
(4) Type MI cable terminated l\ith listed fittings and installed 

and supported to avoid tensile strcs.o;. 
(5) C-ellular metal floor raceways only to supply ceiling 

oudcto; or a.� extensions to the area below dlc floor of a 
hazardous (cla."l.�ificcl) location. If cellular metal raceways 
arc used, dlcy shall not have connections leading into or 
pa."l.o;ing through the hazardous (cla."l.�ificcl) location unlcs.� 
suitable seals arc prmiclcd. 

(B) Equipment. Equipment that is capable of producing arcs, 
sparks, or particles of hot metal, such a.� lamps and lampholcl-
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ers for fixed lighting, cutout'i, switches, receptacles, motors, or 
other equipment ha\-ing make-and-break or sliding contact'i, 
where installed above a da!i.'iified location or above a location 
where freshly finished goocl'i arc handled, shall be of the totally 
enclosed type or be constructed to prevent the escape of spark.'i 
or hot metal particles. 

516.40 Static Electric Discharges. All persons and all electri
cally conductive object'i, inducting any metal part'i of the proc
es.'i equipment or apparatus, containers of material, exhaust 
cluct'i, and piping system'i that convey flammable or combusti
ble liquid'i, shall be electrically grounded. 

Provision shall be made to dis.'iipate static electric charges 
from all nonconductive substrates in printing proces.'iCs. 

lnformational ll:ote: See NFPA 77, Rumnmmded Pradire on Static 
1:7ertricil)•, for information on reducing the risk of ignition from 
electrostatic discharges. 

ARTICLE 517 
Health Care Facilities 

Part I. General 

517.1 Scope. This article applies to electrical construction and 
installation criteria in health care facilities that prmide services 
to human beings. 

Conveyor rail 

915 mm 
(3 ft) 

1525 mm 
(5 ft) 

. 915 mm�-
(3 ft) 

6100 mm (20 It) 

L • • • . .J.I Class I, Division 1 or Zone 0 
II Class I, Division 1 or Zone 1 
I// hi Class I, Division 2 or Zone 2 

915 mm 

Exhaust 
plenum 

Ventilation inlet at floor level 

c::J Class I, Division 1 or Zone 0 . 

II Class I, Division 1 or Zone'" 1
. 

� Class I, Division 2 or ZIXJe 2 

Definitions 

Vapor
condensing 
coils 

Pit 

Freeboard: The distance kom the maximum solvent or coating 
material level to the toP ol the tank 
Freeboard raUo: The freeboard height divided by the smaller ol the 
interior length or interior width ol the tank 

F1GURE 516.29(2) Electrical Area Classification for 
Open Dipping and Coating Processes with Peripheral Vapor 
Containment and Ventilation - Vapors Confined to Process 
Equipment. [34:F.gure 6.4(b)] 

r-n 
1525 mm 

(5 11) 

�� �loor 
1 915 mm (3 ft) 

f52'5' mm 
(5 ft) . 6100 mm (20 It) 

F1GURE 516.29(1) Electrical Area Classification for Open Dipping and Coating Processes Without Vapor Containment or 
Ventilation. [34:F.gure 6.4(a) 1 

70-464 l'\XJ"IO:'\AL t:U:Gl'RJ(�-\1. COOt: 2023 t:clitiun 

Copyright ;;;; NFPA. For exclusive use on NFPA Free Access platrorm. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fynfpa.org. To report unauthoriLed use. contact legal:fynfpa.org. 



ARTICLE 517- HEALTH C-ARE FACILITIES 517.10 

� Class I, Division 1 or Zone 0 

D Class I, Division 1 or Zone 1 

� Class I, Division 2 or Zone 2 

FIGURE 516.29(3) Electrical Area Classification for Open 
Dipping and Coating Processes with Partial Peripheral Vapor 
Containment and Ventilation -Vapors NOT Confined to 
Process Equipment. [34:Fsgure 6.4(c)) 

1.-;-.;�1 Class I ,  Division 1 or Zone 0 
11 Class I, Division 1 or Zone 1 

!2Za Class I, Division 2 or Zone 2 

FIGURE 516.29(4) Electrical Area Classification for a 
Typical Printing Process. [34:Fsgure 6.4(d)] 

The requirement" of this article shall specify the installation 
criteria and wiring methods that minimize electrical hazard" by 
the maintenance of adequately low potential differences only 
between exposed conductive surfaces that arc likely to become 
energized and could be contacted by a patient. 

Informational l'ote :'\o. I: In a health care facilitv, it is difficult 
to prevent the occurrence or a conducth·e or c�pacith>e path 
from the patient's body to some grounded ol?jecl, becalL'Ie that 
path might be established accidentally or through instrumenta
tion directly connected to the patient. Other electrically conduc
tive surfaces that might make an additional contact "ith the 
patient, or instrument• that might be connected to the patient, 
then become possible sources or electric current• that can 
tra\>erse the patient's body. The ha1.ard is increa.•ed a.• more 
appar dtlL• is a.•wciated \\ith the patiem, therefore more inten
sh>e precaution• are needed. Control or electric shock hazard 

20'l3 t:ditinn :'\;\TJO:-IAJ. t:J.t:GJ'RJCAL CODt: 

requires the limitation or elect1ic current that might now in an 
electrical circuit involving the patient's body by rdising the resist
ance or the conducti\·e circuit that includes the patient, or by 
insulating exposed conducth·e surfaces that might become ener
gized, in addition to reducing the potential difference that can 
appear between exposed conducth·e surfaces in the patiem care 
\icinity, or by combinations or these method•. A special problem 
i• presented by the patient \\ith an extemalized direct conduc
tive path to the heart muscle. The patient could be electrocuted 
at current levels so low that additional protection in the design 
or appliances, insulation or the catheter, and comrol or medical 
practice is required. 

The requirement" in Part'i II and Ill not only apply to single
function buildings but arc also intended to be indhidually 
applied to their respective forms of occupancy within a multi
function building Lc.g., a doctor's examining room located 
"ithin a limited care facility would be required to meet 
517.10(A) j .  

Informational :'\ote l'o. 2 : . For information concerning 
performance, mainten<�nce, and testing crite1ia, refer to the 
appropriate health ca� facilities document•. 

Informational :'\ole No. '3: Text that is followed bv a reference in 
bracket• ha.• be�n extrdcted from l'FPA 99-2021,  HMIIII (.are 
Facilitks CodP, or NFPA /0/-2021,  l.ifr Safety l.odP. Only editorial 
changes were made to the extracted text to make it consistent 
"ith this l.od.. 

517.6 Patient Care-Related Electrical Equipment. The rccon
ditic;ming requirement" of this \..ode shall not apply to patient 
care--related electrical equipment. 

Informational :'\ote No. I: Patient care-related electrical equip
ment is differentiated from electrical equipment a.• described in 
1 10.21 (A) (2). 

Informational :'\ote :'\o. 2: If patient care-related electrical 
equipment i• relocated, it is expected to be recommi,..•ioned or 
recertified in accordance \\ith the U.S. FPJ!wal Food, Dru�r. and 
(o.unetic Act (fiX' A). 

Part II. Wiring and Protection 

517.10 Appficability. 

(A) Appficability. Part II shall apply to patient care space of all 
health care facilities. 

(B) Not Covered. Part II shall not apply to the follm\ing: 

( 1 )  Business olliccs, corridors, waiting rooms, and the like in 
clinics, medical and dental offices, and outpatient facili
ties 

(2) Spaces of nursing homes and limited care facilities wired 
in accordance with Chapters 1 through 4 of this \..ode 
where dtcsc spaces arc used exclusively a.'i patient sleep
ing rooms, a.'i determined by the health care facility's 
governing body 

Informational :'\ote l'o. 1 :  See 406. 12(5) for receptacles located 
in health care facility btL•ines• offices, corridors, and waiting 
rooms that are required to be tamper resi•tant. 

Informational :'\ote l'o. 2: See 210.12(0) for branch circuit• 
suppl�ing oullet• and receptacles located in patient sleeping 
rooms in nursing homes and limited care fdcilities that are 
connected to arc-fault circuit-interrupter circuit•. 

(3) Arca.'i used exclusively for any of lhc follm\ing purposes: 

a. Intramuscular injections (immunizations) 
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Oven 

915 mm�l!:::==l==:=!l 
(3 ft) 

Classification of interior 
of oven governed by NFPA 86 

915 mm 915 mm 
(3 ft) (3 ft) 

ll _ ·· .1 Class I, Division 1 or Zone 0 

I I Class I, Division 1 or Zone 1 
V ///.1 Class I, Division 2 or Zone 2 

FIGURE 516.35 Electrical Area Classification Around Enclosed Dipping and Coating Proces&eS. 
[34:Ftgure 6.5) 

b. Psychiatry and psychotherapy 
c. Alternative medicine 
d. Optometry 
c. Pharmacy services not contiguous to health care facili

ties 

Informational :'\ote 1'\o. 3: See :'\FPA /0/-2021 ,  I.ifeSa.foty 
Code. 

517.12 Wuing Methods. Except ali modified in this article, 
\\iring methods shall comply with Chapters 1 through 4 of this 
\..ode. 

517.13 Equipment Grounding Conductor for Receptacles and 
Fixed Electrical Equipment in Patient Care Spaces. Wiring 
scning patient care spaces shall comply with the requirement" 
of 517.13(A) and (8). 

Exception: Lumi1mi1-e.{ mmJ! than 2.3 m (7'/z jt) a/i(fl}e the floor and 
switcht'.{ /orated out.{ide of the jJatirot em-, vicinity 

-
.{lUlU be jJI'nnitted to 

be connt'f'ted to an equipment gmUJuling mum path romp(}·ing with 
the tP-quimnent.{ of517.13(A) or (B). 

(A) Wuing Methods. All branch circuit'i serving patient care 
spaces shall be prmidcd with an effective ground-fault current 
path by installation in a metal raceway system or a cable having 
a metallic annor or sheath a'isembly. The metal raceway system, 
metallic cable armor, or sheath a'i.'icmbly shall it'iCif qualify a'i 
an equipment grounding conductor in accordance with 
250. 1 1 8. 

(B) Insulated Equipment Grounding Conductors and Insulated 
Equipment Bonding jumpers. 

(1) General. An insulated copper equipment grounding 
conductor that is dearly identified along it'i entire length by 
green insulation and installed wid1 dtc branch circuit conduc
tors within dtc wiring method in accordance l\ith 517.13(A) 
shall be connected to the follm\ing: 

( 1 )  Grounding terminals of all receptacles other dtan isola
ted ground receptacles 
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(2) Metal o1,1dct boxes, metal device boxes, or metal enclo
sures _ 

(3) Non-current-carrying conductive surfaces of fixed electri
cal equipment likely to become energized dtat arc su�cct 
to personal contact, operating at over 100 volt'i 

Exception No. 1: Fm· other tluzn isolall'n gmmul iJ!CejJtar/e.{, an insula
ted equipmrot bmJding jumper that di!Y.ctl)' rontJI'.Ci.{ to the equip1nent 
gmUJuling ronductm· sluzU IJI' permitted to ronnP.ct the box and ,-,cepta
cle(.{) to the equijnnrot gmmuling ronductm: lmlated gmmul J-,reptac/e.{ 
.{haU be cmmectl'.d in acconlance with 51 7. 16. 

Exception No. 2: Metal Jareplates .{haU be connt'f'ted to an effective 
tpvU1ulfault runmt path ITy mmn.{ of a �netal mounting .{CIJ!W({) .{/!CUI� 
ing the faceplate to a 1netal yoke or .{trap of a IJ!CejJtarle or to a 1111'1al 
outlet box. 

(2) Sizing. Equipment grounding conductors and equipment 
bondingjumpcrs shall be sized in accordance \\ith 250.1 22. 

517.14 Panelboard Bonding. The equipment grounding 
tcnninal buses of the normal and essential branch-circuit 
panelboards serving the same indhidual patient care licinity 
shall be connected together with an insulated continuou.'i 
copper conductor not smaller than 10 AWG. Where two or 
more panelboards scning the same indhidual patient care 
licinity arc served from separate transfer switches on the cs.'iCn
tial electrical system, the equipment grounding terminal buses 
of those panelboards shall be connected together l\ith an insu
lated continuous copper conductor not smaller dtan 1 0  A\VG. 
This conductor shall be permitted to be broken in order to 
tcnninatc on the equipment grounding terminal bus in each 
panelboard. 

Exception: The i1uulated etmtinumu cofJper amductor not .{lnQUer than 
10 A WG .{luzU /Jt' pemutll'n to be tel'llli1mll'4 mJ li.{ted cmmection.f to 
aluminum m· coptm· bu.wars not .nnalle!· tluzn 6 111111 thirk x 50 111111 
wide (11. in. thirk x 2 in. wide) and of.rufficimt length to acro-mmodate 
the number of tl'f'lllination.f 1V.Ct.{.fal)' Jar the bonding of the panel
board.{. The bu.f!Ja!' .{haU be .ferlt!Y-ly fastened and i1utalled in an acct'.f
sible locatioJJ. 
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ARTICLE 517- HEALTH C-ARE FACILITIES 517.18 

517.16 Use of Isolated Ground Receptacles. An isolated 
ground receptacle, if used, shall not defeat lhe purposes of lhe 
safety features of lhe grounding systems detailed in 517.13. 
L99:6.3.2.2.5(A) J 

(A) Inside of a Patient Care Vicinity. An isolated ground 
receptacle shall not be installed within a patiem care vicinity. 
L99:6.3.2.2.5(B) J 

(B) Outside of a Patient Care Vicinity. Isolated ground recep
tacle(s) installed in patiem care spaces outside of a patiem care 
'"icinity(s) shall comply "idt 517.16(B) (1) and (B)(2). 

(I) The equipmem grounding terminals of isolated ground 
receptacles installed in branch circuit"l for patiem care spaces 
shall be connected to an insulated equipment grounding 
conductor in accordance wilh 250.146(0) installed in a "iring 
method described in 517.13(A). 

The equipmem grounding conductor connected to lhe 
equipmem grounding terminals of isolated ground receptacles 
in patiem care spaces shall be clearly identified along lhe 
equipmem grounding conductor's entire length by green insu
lation "ith one or more yellow stripes. 

(2) The insulated equipmem grounding conductor required 
in 517.13(B) (1)  shall be clearly idemified along it"l entire 
length by green insulation, "idt no yellow stripes, and shall not 
be connected to lhe grounding terminals of isolated equip
mem ground receptacles but shall be connected to dte box or 
enclosure indicated in 517.13(B) (1) (2) and to non-currem
cartying conductive surfaces of fixed electrical equipmem incli
cated in 517.13(B) ( 1 ) (3) . 

Informational Note :'\o. 1: This type of installation is typically 
u.•ed where a reduction of electrical noise (electromagnetic 
interference) i• neces..ary, and parallel grounding paths are to 
be amided. 

Informational :'\ote No. 2: C.are should be taken in specil)ing a 
system containing isolated ground receptacles, because the 
impedance of the effecth>e gmund-fuult current path i.• depend
ent upon the equipment grounding conductor(s) and does not 
benefit from any conduit or building stmcture in pardllel with 
the equipment grounding conductor. 

517.17 Ground-Fault Protection of Equipment. 

(A) Applicability. The requiremeu� of 517.17 shall apply to 
buildings or portions of buildings containing health care facili
ties with C..Cnegory 1 spaces or utilizing electrical life-support 
equipmem, and buildings lhat prmide lhe required es."lential 
utilities or services for dte operation of C..ategory 1 spaces or 
electrical life-support equipmem. 

(B) Feeders. \\'here ground-fault protection of equipment is 
prmided for operation of dte service disconnecting means or 
feeder disconnecting means a"l specified by 230.95 or 215.10, 
an additional step of ground-fault protection shall be provided 
in all next level feeder disconnecting means dmmstream 
toward the load. Such protection shall consist of overcurrelll 
devices and currem transformers or other protective equip
mem dtal shall cause lhe feeder disconnecting means to open. 

The additional levels of ground-fault protection of equip
melll shall not be installed on the load side of an es."lential elec
trical system transfer s"itch. 

(C) Selectivity. Ground-fault protection of equipmem for 
operation of the service and feeder disconnecting means shall 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RIC.-\1. com: 

be fullv selective such that lhe feeder device, but not the senice 
device: shall open on ground fault"l on the load side of lhe 
feeder device. Separation of ground-fault protection time
current characteristics shall conform to manufacturer's recom
mendations and shall consider all required tolerances and 
disconnect operating time to achieve 100 percent selectivity. 

Informational :'\ote: See 230.95, Informational Note, for tran.•fer 
of alternate source where gmund-fuult protection is applied. 

(D) Testing. \\'ben ground-fault protection of equipment is 
first installed, each level shall be performance tested to ensure 
compliance wilh 517.17(C). This testing shall be conducted by 
a qualified pcrson(s) using a test proccs."l in accordance wilh 
the instruction provided with lhe equipmem. A written record 
of lhis testing shall be made and shall be available to lhe 
authority havingjurisdiction. 

517.18 Category 2 Spaces. 

(A) Patient Bed Location. Each patient bed location shall be 
supplied by at lea"ll two branch circuit"l, one from the critical 
branch and one from . thc normal S\'Slem. All branch circuit"l 
from the normal sy&teln shall originate in the same panelboard. 
The electrical receptacles or lhe cover plate for the electrical 
receptacles supplied from the critical branch shall have a 
distinctive color or marking so a"l to be readily identifiable and 
shall also indicate the panelboard and branch-circuit number 
supplying them. 

Branch circuit"l sening patiem bed locations shall not be 
part of a multi"ire branch circuit. 

Exception No. 1: Branch circuits serving only sJm:ial·frwtwse outlets or 
ll!CeJJtades, .mch as Jmltable X-m_l' outlets, slwU not be required to be 
served from the same dist1ibution panel m· panel�. 

Exception No. 2: The 11'-f[Uil"t'ments of 517.18(A) shall 1wt aJ1ply to 
patient bed locations in clinics, medical mul dental offices, and outpa
tient facilities; psychiatric, sub.�tance almse, mul nthabilitation hospi
tal�; sluping moms of nwxing homes; mul limited rare facilities 
meeting the Jl!quiJnnents of 51 7.1  0( B )(2 ). 

Exception No. 3: A CAtegory 2 Jlalient /JP.d location served fivm two 
separate tranifer .<;witches on the e�itical munch shall not be requi1m to 
have cil"cuits fi-om the normal system. 

Exception No. 4: Circuits se/111'4 by T,\jlt! 2 e.••sential elect1ical .rystems 
shall be Jlelmittl'.d to be JP.d by the 1'-f[UiJnnent bmnch of tile essential elec
trical .rystem. 

(B) Patient Bed Location Receptacles. 

(1) Minimum Number and Supply. Each patient bed location 
shall be provided "ilh a minimum of eight receptacles. 

(2) Receptacle Requirements. The receptacles required in 
517.18(B) (1) shall be penniued to be of the single, duplex, or 
quadruplex type or any combination of the three. All recepta
cles shall be listed "hospital grade" and shall be so idemified. 
The grounding terminal of each receptacle shall be connected 
to an insulated copper equipment grounding conductor sized 
in accordance wilh Table 250.122. 

Exception No. 1: The ll!quill!lnenL� of 517.18(8)(1) and (8)(2) slwU 
not apply to psychiatric, .�ub.�tance abuse, and /'#!habilitation hosJJital� 
meeting the Jl!quimnenL� of 51 7.1  0( B )(2 ). 

Exception No. 2: Psychiatric sP.cwity moms shall not be 11!qui11!d to have 
ll!CeJJtacle outleL� installed in the mom. 
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Informational :'\ote: It is not intended dtat mere be a total, 
immediate replacement of exi�ting non-hospital grdde recepta
cles. It is intended, however, dtat non-hospital grdde receptacles 
be replaced \\ldl hospital grdde receptacles upon modification 
of u.�, reno\"-ation, or a� existing receptacles need replacement. 

(C) Designated Category 2 Pediatric Locations. Receptacles 
that arc located "idtin paticm rooms, baduooms, pla}Tooms, 
and activity rooms of pediatric units or spaces wim similar risk 
a'i dctcnnincd by the hcald1 care facility's governing body by 
conducting a risk a'i.'iCS.'imcnt, odtcr than infant nurseries, shall 
be listed and identified a'i "tamper rcsistam" or shall employ a 
listed tampcr-resistam cover. L 99:6.3.2.2.1 (D) J 

517.19 Category I Spaces. 

(A) Patient Bed Location Branch Circuits. Each patient bed 
location shall be supplied by at lca'il two branch circuil'i, one or 
more from the critical branch and one or more from me 
normal system. At lca'il one branch circuit from the critical 
branch shall supply an oudct(s) only at dtal bed location. 

The electrical receptacles or the cover plates for the electri
cal receptacles supplied from the life safety and critical 
branches shall have a distinctive color or marking so a'i to be 
readily identifiable. L99:6.7.2.2.5(B) J 

All branch circuil'i from me normal system shall be from a 
single panelboard. Critical branch receptacles shall be identi
fied and shall also indicate the panelboard and circuit number 
supplying them. 

Branch circuil'i serving paticm bed locations shall not be 
part of a multiwirc branch circuit. 

Exception No. 1: Branch circuits serving em{}· spuial-J1U1pose lf'cefJta
cks or equiJnnmt in CalegolJ 1 spaces slmU be pennitted to be st!I"VI'n by 
otherJJanelboards. 

Exception No. 2: CalegmJ 1 spaus served from two sqJarate nilical 
lmmch tmn.ifer switches shall 1wt be 11'qui11'd to have circuits .from the 
nm·mal system. 

(B) Patient Bed Location Receptacles. 

(I) Minimum Number and Supply. Each patient bed location 
shall be provided "ith a minimum of 14 receptacles, l\ith at 
lca'il one connected to cidtcr of dtc following: 

(1) The normal system branch cin;uit required in 517.19(A) 
(2) A critical branch circuit supplied by a diffcrcm transfer 

Sl\itch man the other receptacles at the same paticm bed 
location 

(2) Receptacle Requirements. The receptacles required in 
517.19(8) (1)  shall be pcnniucd to be of the single, duplex, or 
quadruplcx type or any combination of the three. All recepta
cles shall be listed "hospital grade" and shall be so idcmificd. 
The grounding terminal of each receptacle shall be connected 
to dtc reference grounding poim by means of an insulated 
copper cquipmcm grounding conductor. 

(C) Operating Room Receptacles. 

(I) Minimum Number and Supply. Each operating room shall 
be provided wid1 a minimum of 36 receptacles divided between 
at lca'il two branch circuit'i. At lca'it 12 receptacles, but no more 
than 24, shall be connected to cidtcr of dtc follo"ing: 

(1) The normal system branch circuit required in 517.19(A) 
(2) A critical branch circuit supplied by a diffcrcm transfer 

switch man the omcr receptacles at dtc same location 
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(2) Receptacle Requirements. The receptacles shall be permit
ted to be of me locking or nonlocking type and of the single, 
duplex, or quadruplcx types or any combination of lhc ducc. 

All nonlocking-typc receptacles shall be listed hospital grade 
and so identified. The grounding terminal of each receptacle 
shall be connected to the reference grounding point by means 
of an insulated copper equipment grounding conductor. 

(D) Patient Care Vicinity Grounding and Bonding (Optional). 
A patient care vicinity shall be pcnniucd to have a paticm 
cquipmcm grounding poim. The paticm equipment ground
ing point, where supplied, shall be permitted to contain one or 
more listed grounding and bondingjacks. An equipment bond
ing jumper not smaller man 10 AWG shall be used to connect 
the grounding terminal of all grounding-type receptacles to me 
patient equipment grounding point. The bonding conductor 
shall be permitted to be arranged centrically or looped a'i 
convenient. 

Informational Note: Where. mere is no patient equipment 
grounding point, it i� importilnt that me distance between the 
reference grounding point and the patient care '"icinity be a� 
short as pos.�ible to mipimr�e any potential differences. 

(E) Equipment Grounding and Bonding. Where a grounded 
electrical distribution system is used and metal feeder raceway 
or Type :\llC or. Ml cable mat qualifies a'i an equipment ground
ing conductor in accordance l\ith 250.1 18 is installed, ground
ing of . cndosurcs and equipment, such a'i panelboard'i, 
switchboard�, and switchgear, shall be ensured by one of me 
follmving bonding means at each termination or junction poim 
of me Jilctal raceway or Type :\llC or :\Ill cable: 

( 1 )  A grounding bushing and a continuous copper bonding 
jumper, sized in accordance with 250.122, wim dtc bond
ing jumper connected to the junction enclosure or me 
ground bus of the panel 

(2) C-onnection of feeder raceways or Type MC or Ml cable to 
threaded hubs or bosses on terminating enclosures 

(3) Odtcr approved devices such a'i bonding-type locknul'i or 
bushings. Standam locknul'i shall not be u.'iCd for bond
ing. 

(F) Additional Protective Techniques in Category I Spaces 
(Optional). Isolated power systems shall be permitted to be 
u.'iCd for C-ategory 1 spaces, and, if used, dtc isolated power 
system cquipmcm shall be listed a'i isolated power equipment. 
The isolated power system shall be designed and installed in 
accordance wid1 517.160. 

Exception: The mulibk and vi�tml indicators of the line i�olation mcmi
tm· slmU be permitted to be locatl'.d at the nursing station Jm· the mf!a 
being served. 

(G) Isolated Power System Equipment Grounding. Where an 
isolated ungrounded power source is u.'iCd and limil'i me first
fault current to a low magnitude, the cquipmcm grounding 
conductor a'i.'iociatcd l\ith me secondary circuit shall be penn it
ted to be run out'iidc of dtc enclosure of the power conductors 
in me same circuit. 

Informational Note: Almough it i� permitted to run the equip
ment grounding conductor oul�ide of the conduit, it is safer to 
run it \\lm the power conductors to pm,ide better protection in 
ca� of a second ground fault. 
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(H) Special-Purpose Receptacle Grounding. The cquipmcm 
grounding conductor for special-purpose receptacles, such as 
the operation of mobile X-ray cquipmcm, shall be extended to 
the reference grounding points of branch circuit"l for all loca
tions likely to be served from such receptacles. Where such a 
circuit is served from an isolated ungrounded system, the 
cquipmcm grounding conductor shall not be required to be 
run "id1 the power conductors; however, the cquipmcm 
grounding terminal of the special-purpose receptacle shall be 
connected to the reference grounding poim. 

517.20 Wet Procedure Locations. 

(A) Receptacles and FIXed Equipment. Wet procedure loca
tions shall be prmidcd "id1 special protection against electric 
shock. L 99:6.3.2.3.1 J 

This special protection shall be provided by one of the 
follo"ing: 
(1)  l"lolatcd power systems dtat remain in operation in the 

cvcm of a single lin�to-ground fault condition that inhcr
cndy limit"l the possible ground-fault currcm due to a first 
fault to a low value, l\ithout imcrrupting dtc power 
supply 

Informational :'\ote ll:o. I :  Isolated power system'� can eliminate 
the danger of electric shock to patienL"l who might be more 
SlL"lCeptihle to leakage current and unable to move in dteir beds. 

(2) Power distribution system in which the power supply is 
imcrruptcd if dtc ground-fault currcm docs, in fact, 
exceed dtc trip value of a Cla"l."l A GFCI 

Informational :'\ote ll:o. 2: See Annex E of A. '\SI/UL 943-2018, 
Grou11d-Fault Cirruit-lntl'rruptl'rs, and l l0.3(8) for dte manufactur
ers' installation instruction.'� of listed ground-fault circuit inter
rupters for infmmation on the supply connection of life-support· 
equipment to circuiL"l prmiding ground-fault circuit-interrupter 
(GFCI) protection of personnel at oudel"l. 

L99:6.3.2.3.2J 

Exception: Brandt cin:uits .mpplying only lisiP.d, fixe� thempe-utic, and 
diagnostic equiprmmt shall be Jmmitted to be .mpplUd from a gmunded 
service, .�ingle- m· 3-phase -�_vstem if the following conditions are 71U't: 

( 1) Wi1ing for gmunded and i.�olated r.in:uits does not occuJry the 
sa71U' raceway. 

(2) AU crmductive .�wfaus of the NfUi/J71U'nt art' connected to an 
in.�ulated coptm· equipment grounding conductor: 

(B) Isolated Power Systems. Where an isolated power system 
is utilized, dtc isolated power cquipmclll shall be listed a"l isola
ted power equipment, and the isolated power system shall be 
designed and installed in accordance l\ith 517.160. 

Informational Note: See Pan IV of Article 680 for requiremenl"l 
on dte installation of merapeutic pool"l and tubs. 

517.21 Ground-Fault Circuit-Interrupter Protection for 
Personnel in Category 2 and Category I Spaces. Receptacles 
shall not be required in bathrooms or toilet rooms. 
L99:6.3.2.2.2(D) J 

Receptacles located in paticm bathrooms and toilet room"l 
in C..atcgory 2 spaces shall have ground-fault circuit-interrupter 
protection in accordance with 210.8(8) (1  ) .  

Ground-fault circuit-interrupter protection for personnel 
shall not be required for receptacles installed in dtose Category 
2 and C..atcgory 1 spaces where a ba"lin, sink, or other similar 
plumbing fixture is installed in the paticm bed location. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. COI>t: 

Informational Note: See ANSI/t:L 943-2018, Grou11d-Fault 
Cirruit-lntl'rrupti'TS, Annex E, and, in accordance \\im 1 10.3(8), 
the manufacturers' installation instruction'� of listed ground
fdult circuit intemtpters for infonnation on the supply connec
tion of life-support equipment to circuiL"l providing ground-fault 
circuit-intemtpter (GFCI) protection of personnel at oudets. 

517.22 Demand Factors. Demand factors for receptacle loacl"l 
supplied by branch circuit"l not exceeding 150 volt"l to ground 
and installed in Category 1 ,  Category 2, Category 3, and C..atc
gory 4 patient care spaces shall be in accordance l\ith 220.1 10. 

Informational Note: See Article 100 for me definitions of 
patient care space categories. 

Part ID. Essential Electrical System (EES) 

517.25 Essential Electrical Systems for Health Care Facilities. 
Type 1 and Type 2 cs."lcntial electrical systems (EES) for health 
care facilities shall comprise separate branches capable of 
supplying a limited amount of lighting and power service, 
which is considered cs,"lential for life safety and orderly ccs."la
tion of procedures dUring the time normal electrical senicc is 
interrupted for an}• reason. 

Informational Note: See :'\FPA 99-2021,  Hl'altll tArt! Facilities 
('.ode, for infunnation on es."lential elecuical systems. 

517.26 App6cation of Other Articles. The life safety branch of 
the_ cs!icntial electrical system shall meet the rcquircmcnl"l of 
Article 700, except a"l amended a"l follows: 
(1) Section 700.4 shall not apply. 
(2) Section 700.10(0) shall not apply. 
(3) Section 700.1 7  shall be replaced l\ith dtc follm\ing: 

Branch circuit"l that supply emergency lighting shall be 
installed to prmidc senicc from a source in accordance 
with 700.12 when nonnal supply for lighting is interrup
ted or where single circuit"l supply luminaires containing 
secondarv batteries. 

(4) Section io0.32 shall not apply. 

lnformational ll:ote :'\o. 1 :  See l'I:FPA 1 10-2019, Standard for Emer
grmry and Stmulb_r Pmt!l!r Sptems, for additional infmmation. 

Informational Note No. 2: See 51i.29 and l'I:FPA 99-2021 ,  Hl'altll 
tArt! Facilities ('.od,., for additional information. 

517.29 Type I Essential Electrical Systems. 

Informational Note: Type I es."lential electrical system'� are 
compri"led of mree separate branches capable of suppl}ing a 
limited amount of lighting and power senice that is considered 
es."lential for life safety and effecti,·e fdcility operation during the 
time me normal elecuical sen-ice is interrupted for any rea"lln. 
These three separdte branches are the life safety, ctitical, and 
equipment brdnches. [99:A.6.i.2.3] 

(A) App6cability. The rcquircmcnl"l of 517.29 through 517.35 
shall apply to Type 1 essential electrical systems. Type I systcm"l 
shall be required for Category 1 spaces. Type I systems shall be 
permitted to serve C..atcgory 2, Category 3, and Category 4 
spaces. 

Informational ll:ote :'\o. I: See l'I:FPA 99-2021,  Health tArt' Facili
til's Code, for performance, maintenance, and testing require
menL"l of es."lential elecuical system'� in hospitals. See 
l'I:FPA 20-2019, Standard for tile lmtallation of Stationar)' Pump.< for 
Fire Protwtion, for installation of centrifugal lire pumps. 
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Informational l'ote :'\o. 2: See l'FPA 99-2021,  Health tArt' Facili
lil'.< ('.od,, 6.7.5 and 6.7.6, for additional infmmation on Type I 
and Type 2 es.<�ential electrical system.•. 

(B) Type I Essential Electrical Systems. \..atcgory I spaces 
shall he served by a T}pc I cs.�cntial elccuical system. L99:6.4.1 j  

\..atcgory I spaces shall not be served by a T}"pc 2 EES. 
L99:6.4.2J 

517.30 Sources of Power. 

(A) Two Independent Power Sources. Essential electrical 
systems (EES) shall have two or more independent sources (or 
set� of sources). One on-site source (or set� of sources) shall he 
sized to supply dtc entire EES. The oilier indcpcndcm source 
(or set� of sources) shall be sized to supply dtc entire EES and 
shall he pcnniucd to be located on-site or off-site. Additional 
sources other dtan the first two independent sources shall he 
pcrmiucd to be sized to supply dtc intended load. 

Informational :'\ote: An example of a set of sources may be 
several generators that combined serve the entire EES. 

(B) Power Sources for the EES. Power sources for dtc EES 
shall be pcrmiucd to be any of dtose specified in 51 7.30(8) (1)  
through (B)(5). 

(I) Utility Supply Power. Where utility power is used as me 
normal source, utility power shall not he used as the alternate 
source unlcs.� pcrmiucd elsewhere in this article. 

Informational Note: See 517.35 and 517.45 for es.<�ential "''stem 
load• that can be supplied from dual sources of utility s�pply 
power. 

(2) Generating Units. 

(3) Fuel CeU Systems. Fuel cell systems shall he pcrmiucd to 
serve as the alternate power source for all or pan of an EES; 
L99:6.7.1 .5.1 J  

(a) Installation of fuel cells shall comply with me require
ment� in Part� I dlrough \1I of Article 692 for 1000 volts or lcs.� 
and Part VIII for over 1000 volts. 

. 

(b) 1'\ + 1 unit� shall be provided where N unit� have 
sufficient capacity to supply me demand load of me portion of 
the system served. 

(c) Systems shall be able to .· as!iumc loads "ithin 
1 0  seconcl� of los.� of normal power source. 

(d) Systems shall have a continuing source of fuel supply, 
together "ith sullicicnt on-site fuel storage for the cs.�ntial 
system l}pc. 

(c) \\'here life safety and critical portions of the distribu
tion system arc present, a connection shall he prmidcd for a 
portable diesel generator. 

Informational Note: See :'\FPA 853-2020, Standard for tile TllStalla
tion of Stationar)' l'ill'l Cell Pmo,-Sy<tem.<, for infonnation on instal
lation of stationary fuel cells. 

(4) Energy Storage Systems. Energy storage systems shall he 
pcrmiucd to serve a� me alternate source for all or pan of an 
EES. 

Informational l'ote: See :'\FPA 1 1 1-2022, Standard on Stomi fur
triral E111'1"J!J f)lll'rgenry ami Standby Pmoer SJSII'Ins, for infmmation 
on the installation of energy storage system.•. 

(5) Health Care Microgrid. EES shall he permitted to be 
supplied by a hcaldl care microgrid that also supplies noncs
scmial load�. The hcalm care microgrid shall be pcrmiucd to 
share distributed resources "im dtc normal system. Hcalm care 
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microgrid systems shall he designed l\ith sufficicm reliability to 
prmidc effective facility operation consistclll "ith the facility 
emergency operations plan. Hcald1 care microgrid system 
component� shall not be compromised by failure of me normal 
source. 

Informational l'ote: See :'\FPA 99-2021,  Hl'altll (.are Facilitii'S 
(.ode, for informalioll 011 l!l'altll care mirmgrid.<. 

(C) Location of EES Components. EES component� shall he 
located to minimize interruptions caused by natural forces 
common to the area (e.g., storms, flood�. cardtquakcs, or 
hazard� created by acljoining structures or activities).  
L99:6.2.4.1 J  

(I) Services. Installation of electrical scnicc distribution 
cquipmcm shall be located to reduce pos.�iblc interruption of 
normal electrical services resulting from natural or manmade 
cau.�s a� well a� internal wiring and cquipmcm failures. 

(2) Feeders. Feeders shall be located to prO\idc physical sepa
ration of me feeders of me alternate source and from dtc feed
ers of me normal electrical source to prevent pos.�iblc 
simultaneous imcrruption: L99:6.2.4.3j 

Informational :'\ote: Faciiities in which the normal source of 
power i• supplied by two or more separdte central station-fed 
senices experience greater than normal electrical senice relia
bility than those '�ith only a single feed. Such a dual source of 
normal power consisL• of two or more elecuical sen-ices fed 
from .separate generator seL• or a utility di•tJibution network 
that 113$- multiple power input sources and is an-anged to 
prm-ide mechanical and elecuical separation so that a fault 
between the facility and the generdting sources is not likely to 
cau.•e an intermption of more than one of the facility senice 
feeders. 

517.31 Requirements for the Essential Electrical System. 

(A) Separate Branches. T}"pc 1 essemial electrical systems shall 
be comprised of dlrcc separate branches capable of supplying a 
limited amount of lighting and power sen icc that is considered 
cs.�ntial for life safety and effective hospital operation during 
the time the normal electrical scnicc is interrupted for any 
rca�n. The dlrcc branches arc life safety, critical, and equip
ment. 

The division hetwccn the branches shall occur at transfer 
switches where more than one transfer Sl\itch is required. 
L 99:6.7 .2.3.1 J 

(B) Transfer Switches. Transfer s"itches shall be in accord
ance l\ith one oflhc following: 
( 1)  The numher of transfer s"itches to be used shall be ba�d 

on reliability and design. Each branch of the cs.�ntial 
electrical system shall have one or more transfer switches. 

(2) One transfer switch shall be pcrmiucd to serve one or 
more branches in a facilitv "ith a continuou.� load on me 
switch of 150 kVA (120 kW) or lcs.�. L99:6.7.6.2.1 .4J 

Informational l'ote :'\o. I: See l'FPA 99-2021,  Health tArt' Facili
til'.< ('.ode, 6.7.3.1 ,  6.7.2.2.5, 6.7.2.2.5. 15, and 6.7.2.2.7, for more 
infmmation on 11-ansfer S\\itches. 

Informational :'\ote No. 2: See lnfonnational l'ote Figure 
517.31 (B) (1 ). 

Informational :'\ote No. 3: See lnfonnational l'ote Figure 
517.31 (B) (2). 
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Essential electrical system 

Informational Note F.gure 517.31(8)(1) Type 1 Essential 
Electrical System - Minimum Requirement (Greater Than 
150 kVA) for Transfer Switch Arrangement. 

Normal power 
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Nonessential 
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Automatic 
switching 
equipment 

Equipment 
branch 

Critical 
branch 

Alternate power 
source 

Ufe safety 
branch 

Essential electrical system 

Informational Note F.gure 517.31(8)(2) Type I Essential 
Electrical System - Minimum Requirement (150 kVA or Less) 
for Transfer Switch Arrangement. 

(1) Optional Loads. Loads served by the generating equip
ment not specifically named in this article shall be served by 
their own transfer Sl\itchcs such that the following conditions 
apply: 
( 1 )  These load'i shall not be transferred if dtc transfer \\ill 

overload dtc generating equipment. 
(2) These load'i shall be automatically shed upon generating 

equipment overloading. 

(2) Contiguous Facilities. Hospital power sources and alter
nate power sources shall be pcnniucd to serve the cs.'iCntial 
electrical systems of contiguous or same-site facilities. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

(C) Wiring Requirements. 

(1) Separation from Other Circuits. The life safety branch and 
critical branch Lof dtc cs.'iCntial electrical systcmj shall be kept 
independent of all othcn\iring and equipment. L 99:6.7 .5.2.1 j 

(a) Raceways, cables, or enclosures of the life safety and 
critical branch shall be readily identified as componcnt'i of the 
cs.'iCntial electrical system (EES). Boxes and enclosures (includ
ing transfer Sl\itch�s, generators, and power panels) shall be 
field- or factory-marked and identified a'i component'> of the 
EES. Raceways and cables shall be field- or factory-marked a'i 
component'> of the EES at intervals not to exceed 7.6 m (25 ft).  

(b) Conductors of dtc life safety branch or critical 
branch shall not enter the same raceways, boxes, or cabinct'i 
with each odtcr or any other "iring systc1"u. Branch conductors 
shall be permitted to occupy common equipment, raceways, 
boxes, or cabinet'> of other circuit'> not part of the life safety 
branch and critical branch where such wiring complies with 
one of the following: 
( 1 )  l'i in  transfer equipment enclosures 
(2) l'i in exit or emergency luminaires supplied from two 

sources 
(3) Is in a common junction box attached to exit or emer

gency luminaires supplied from two sources 
(4) Is for tvio or more circuit'i supplied from the same branch 

and same transfer switch 
(c) The \\iring of the equipment branch shall be permit

ted. to · occupy the same raceways, boxes, or cabinet'> of other 
circuit'> that arc not part of the cs.'icntial electrical system. 

(d) Where C-ategory 2 locations arc served from two 
&cparatc transfer switches on the cs.'icntial electrical system in 
accordance l\ith 517.18(A), Exception :"'o. 3, the C-ategory 2 
circuit'> from the two separate systems shall be kept independ
ent of each other. 

(c) \\'here Category I locations arc served from two sepa
rate transfer switches on the cs.'icntial electrical system in 
accordance with 517. 19(A), Exception No. 2, the critical care 
circuit'> from the two separate systems shall be kept independ
ent of each other. 

(2) Isolated Power Systems. \\'here isolated power systems arc 
installed in any of the arca'i in 517.34(A) (l)  and (A) (2), each 
system shall � supplied by an indhidual circuit sening no 
other load. 

(3) Mechanical Protection of the Essential Electrical System. 
The \\iring of the life safety and critical branches shall be 
mechanically protected by raceways. Where installed a'> branch 
circuit'> in patient care spaces, the installation shall comply with 
the requirement'> of 517.13(A) and (B) and 250.1 18. Only the 
following \\iring mcthocl'i shall be pcrmiucd: 
( 1 )  

(2) 

(3) 

1'\onflcxiblc metal raceways, Type MI cable, RTRC 
marked l\ith the sullix -XW, or Schedule 80 PVC 
conduit. :"'onmctallic raceways shall not be used for 
branch circuit'i that supply patient care spaces. 
Where cnca'iCd in not lcs.'i than 50 mm (2 in.) of 
concrete, Schedule 40 PVC conduit, flexible nonmetallic 
or jacketed metallic raceways, or jacketed metallic cable 
a'isemblics listed for installation in concrete. Nonmetallic 
raceways shall not be used for branch circuit'i dtat supply 
patient care spaces. 
Listed flexible metal raceways and listed metal sheathed 
cable a'i.'iCmblics, a'i follows: · 
a. \\'here used in listed prefabricated medical headwalls 
b. In listed ollicc furnishings 
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c. Where fished into existing walls or ceilings, not other
wise acccs.o;iblc and not subject to physical damage 

d. \\'here ncccs.o;ary for flexible connection to cquip
mcm 

c. For equipment that requires a flexible connection 
due to movement, vibration, or operation 

f. Luminaires installed in ceiling structures 
(4) Flexible power corclo; of appliances or other utilization 

cquipmcm connected to the essential electrical system. 
(5) \..ablcs for Ciao;.-; 2 or Clao;s 3 systems pcrmiucd in Pan VI 

of this article, with or l\ithout raceways. 
Informational Note: See 517.13 for additional gmunding 
requiremenL• in patient care area.•. 

(D) Capacity of Systems. The cs.o;cntial electrical system shall 
have the capacity and rating to meet dtc maximum actual 
demand likely to be produced by dtc connected load. 

Feeders shall be sized in accordance with 215.2 and Part III 
of Article 220. The alternate power sourcc(s) required in 
517.30 shall have dtc capacity and rating to meet the demand 
produced by the load at any given time. 

Demand calculations for sizing of the alternate power 
sourcc(s) shall be bao;cd on any of the follo"ing: 
( 1) Prudcm demand factors and historical data 
(2) Connected load 
(3) Feeder calculations 
(4) Any combination of the above 

The sizing requirements in 700.4 and 701 .4 shall not apply 
to alternate sources. 

(E) Receptacle Identification. The electrical receptacles or the 
cover plates for the electrical receptacles supplied from the life 
safety and critical branches shall have a distinctive color or 
marking so ao; to be readily identifiable. L 99:6.7 .2.2.5 (B) J 

(F) Feeders from Alternate Power Source. A single feeder 
supplied by a local or remote alternate power soun;c shall be 
pcrmiucd to supply the cs.o;cntial electrical system to the poim 
at which the life safety, critical, and equipment branches arc 
separated. Installation of the transfer equipment shall be 
pcrmiucd at other than the location of the alternate power 
source. 

(G) Coordination. Ovcrcurrcm prolcctivc dc,iccs sening the 
cs.o;cntial electrical system shall be coordinated for the period of 
time that a fault's duration extend-; beyond 0.1 second. 

Exception No. 1: \ .. oonli1wtion shall not be rt'quirt'd betw«n tmns
fm·mer JnimalJ and Sl'cmulal)' ovnrunmt pmiNtive devices wht'11' only 
cme overcunmt Jnvtective device m· set of overcummt pmiNtive devices 
exists on the tmnifonner secondary. 

Exception No. 2: \..omdination shall not be required between ove1rm._ 
1mt pmiNtive devices of tile same .�iu ( amJ1t'11' mtingj in series. 

lnformational l'ote :'\o. I :  The tenns coorrlinalion and coorrlinated 
as used in thi• section do not cm·er the full range of m·ercurrent 
conditions. 

Informational Note No. 2: See 517.17(C) for infonnation on 
requiremenL• for the coordination of gmund-fault protection. 

517.32 Branches Requiring Automatic Connection. 

(A) Life Safety and Critical Branch Used in a Type I EES. 
Those functions of patient care depending on lighting or appli
ances dtat arc connected to the cs.o;cntial electrical system shall 
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be divided into the life safety branch and the critical branch, ao; 
described in 517.33 and 517:34. 

(B) Life Safety and Critical Branch Used in a 'I)'pe 2 EES. The 
life safety and critical branches shall be installed and connec
ted to the alternate power source specified in 517.41 (A) and 
(B) so that all functions specified herein for the life safety and 
critical branches arc automatically restored to operation "ithin 
10 second-; after interruption of the normal source. 
L 99:6.7 .5.3.1 J 

517.33 Life Safety Branch. The life safety branch shall be limi
ted to circuits essential to life safety. L99:6.7.5.1.2.3J 

1'\o functions other than those listed in 517.33(A) through 
(H) shall be connected to the life safety branch. The life safety 
branch shall supply power ao; follows: 

(A) Illumination of Means of Egress. Illumination of means of 
egress such ao; lighting required for corridors, pao;.o;agcways, 
staifl\'a)'li, and landings at exit doors, and all ncccs.o;ary \\'a)'S of 
approach to exit-;. Switching arrangement-; to transfer paticm 
corridor lighting in hospit;ds fr-om general illumination circuit-; 
to night illumination circuitli shall be pcrmiucd, if only one of 
two circuit-; can be selected and both circuit-; cannot be extin
guished at the sa1�c time. 

Informational Note: See NFPA /0/-2021,  Life Safety Code, 
Sections 7.8 and 7.9. 

(B) Exit Sigos. Exit signs and exit directional signs. 
Informational Note: See NFPA /0/-2021,  Life Safrty Code, 
Section 7.10. 

(C) Alarm and Alerting Systems. Alarm and alerting system-; 
including the follo"ing: 
(1)  Fire alarm S)'litcms 
(2) Alarm and alerting S)'litcms (odtcr than fire alarm 

svstcms) shall be connected to dtc life safety branch or 
c'ritical branch. L 99:6.7 .5.1.2.5 J 

· 

(3) Alarms for system-; used for dtc piping of nonflammable 
medical gao;cs 

(4) Mechanical, comrol, and odtcr acccs.o;orics required for 
effective life safety S)'litcms operation shall be pcnniucd to 
be connected to the life safety branch. 

(D) Communications Systems. Hospital communications 
systems, where tLo;ccJ for is.-;uing instructions during emergency 
conditions. L99:6.7.5.1.2.4(3) J 

(E) Generator Set Locations. Generator set locations ao; 
follows: 
(1)  Tao;k illumination 
(2) Baucry charger for emergency baucry-powcrcd lighting 

unit(s) 
(3) Select receptacles at the generator set location and cs.o;cn-

tial electrical system transfer Sl\itch locations 
L99:6. 7.5.1.2.4( 4) J 

(F) Generator Set Accessories. Load-; dedicated to a specific 
generator, including the fuel transfer pump(s) , ventilation 
fans, electrically operated louvers, controls, cooling system, and 
other generator acccs.o;ories cs.o;cntial for generator operation, 
shall be connected to the life safety branch or to the output 
tcnninals of the generator with ovcrcurrent protective devices. 
L 99:6.7 .5.1.2.6 J 
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(G) Elevators. Elc\-"ator cab lighting, control, communications, 
and signal systems. L99:6.7.5. 1 .2.4(5)j 

(H) Automatic Doors. Electrically powered doors used for 
building egress. L99:6.7.5.1.2.4(6) j. 

517.34 Critical Branch. 

(A) Task Wumination, FIXed Equipment, and Select Recepta
cles. The critical branch shall supply power for ta'lk illumina
tion, fixed equipment, select receptacles, and select power 
circuits serving the following spaces and functions related to 
patient care: 

( 1) Category I spaces where deep sedation or general anes
thesia is aclministcrccl, task illumination, select recepta
cles, and fixed equipment 

(2) Task illumination and select receptacles in the following: 
a. Patient care spaces, including infant nurseries, selec

ted acute nursing areas, psychiatric bed area'> (omit 
receptacles) ,  and ward trcauncnt rooms 

b. :\llcdication preparation spaces 
c. Pharmacy dispensing spaces 
d. 1'\urscs' stations - unless adequately lighted by corri

dor luminaires 
(3) Additional specialized patient care ta-;k illumination and 

receptacles, where needed 
( 4) 1'\ ursc call systems 
(5) Blood, bone, and tissue banks 
(6) Telecommunications entrance facility, telecommunica

tions equipment rooms, and telecommunication room-; 
and equipment in dtesc rooms 

(7) Ta-;k illumination, select receptacles, and select power 
circuits for the follo"ing area'>: 
a. Category 1 or 2 spaces with at lca-;t one duplex recep

tacle per patient bed location, and ta-;k illumination 
a-; required by the governing body of the health care 
facility 

b. Angiographic labs 
c. nucliac catheterization labs 
ct. C.oronary care units 
c. Hemodialysis room-; or area'> 
f. Emergency room treatment ar�a'l (select) 
g. Human physiology labs 
h. Intensive care units 
i. Postoperative recovery rooms (select) 

(8) Clinical IT-network equipment 
(9) Wireless phone and paging equipment for clinical staff 

communications 
( 10) Additional ta-;k illumination, receptacles, and select 

power circuits needed for effective facility operation, 
including singlc-pha'>c fractional horsepower motors, 
which arc permitted to be connected to the critical 
branch 

L 99:6.7 .5.1.3.21 

(B) Switching. It shall be permitted to control ta-;k illumina
tion on the critical branch. 

(C) Subdivision of the Critical Branch. The critical branch 
shall be pcnnittcd to be subdh-idccl into two or more branches. 
L99:6.7.5.1.3.1J  

Informational Note: It  i'> important to analyze the con'>equences 
of supplying an area \tith only critical branch power when fail
ure occurs between the area and the transfer S\titch. Some 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL com: 

proponion of normal and critical power or critical power from 
separdte transfer S\titches might be approp1iate. 

517.35 Equipment Branch Connection to Alternate Power 
Source. The equipment branch shall be installed and connec
ted to the alternate power source such that the equipment 
described in 517.35(A) is automatically restored to operation at 
appropriate time-lag intervals follm\ing dtc energizing of the 
life safety and critical branches. L99:6.7.5.1.4.2(A)j 

The arrangement of the connection to dtc alternate power 
source shall also provide for the subsequent connection of 
equipment described in 517.35(B). L99:6.7.5.1.4.2(B) j 

Exception: Fo-r e!i!iential ekct•ical !iJ!itnn!i under 150 kVA, deletion of 
the time-hlg inttrval!i ftalUJ"I' for dehl_w�d automatic connution to the 
equipment .ry!item !ihall bt permitttd. 

(A) Equipment for Delayed Automatic Connection. The 
following equipment shall be pcnnittcd to be an..ngcd for 
delayed automatic connection to the alternate power source: 
(1)  n�ntral suction sysiem.'l sening medical and surgical func-

tions, including .· c;;ontrols, l\ith such suction system-; 
permitted to be placed on the critical branch 

(2) Sump pumps aitd other equipment required to operate 
for the safety of major apparatus, inducting a"l.'lociatcd 
control S)'litcms and alanns 

(3) C.om:presscd air systems scning medical and surgical 
fnnctions, including controls with such air system-; 
permitted to be placed on the critical branch 

(4) Smoke control and stair pressurization systems 
(5) Kitchen hood supply or exhaust systems, or both, if 

required to operate during a fire in or under the hood 
(6) Supply, return, and exhaust ventilating systems for the 

follo"ing: 
a. Airborne infectious/isolation room-; 
b. Protective cmironmcnt rooms 
c. Exhaust fans for laboratory fume hoocl-; 
d. Nuclear medicine area-; where radioactive material is 

used 
c. Ethylene oxide c\-acuation 
f. Anesthetic C\"acuation 
[99:6.7.5.1.4.3(A) j 

\\'here delayed automatic connection is not appropri
ate, the ventilation systems specified in 517.35(A) (6) shall 
be permitted to be placed on the critical branch. 
L99:6.7.5.1.4.3(B) J 

(7) Supply, return, and exhaust ventilating system-; for operat
ing and delivery rooms 

(8) Supply, return, exhaust ventilating systems and/or air
conditioning systems scning telephone equipment room-; 
and closet'> and data equipment room-; and closet'> 

Exception: ,'1/>,quential dthlJ•ed automatic connution to tht alter
nalt JIOlllt'r .�owre to Jmrotmt overlnading the gmtmlllr !ihall bt 
pennilltd wl�ere engineering !itudie!i indicate it i� nece!i!iat)'· 

(B) Equipment for Delayed Automatic or Manual Connection. 
The follo\\ing equipment shall be pcnniuccl to be an..ngcd for 
either delayed automatic or manual connection to the alter
nate power source: 
(1 )  Heating equipment to prmidc heating for operating, 

clclivcry, labor, recovery, intensive care, coronary care, 
nurseries, infection/isolation rooms, emergency treat
ment spaces, and general patient room-; and pressure 
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maintenance (jockey or make-up) pump(s) for water
based fire protection systems 

Exception: //eating of general /Jatient IV071tf and inftction/isolation 
1voms dw·ing disruption of the nonnal smm:e shall not be required 
unde1· any of the following crmditions: 

( 1) Tile out.fide de.fign le71tperature is higher titan -6. 7•c (20°F). 
(2) Tile out.fide de.fign le71tperature is ltnllt'r than -6. 7•c (200F), 

and w!te�Y- a selPcted 1vom(s) is Jnvvided fm· tile needs of aU 
corifined patients, on�)' s1u:h room(s) need be heated. 

( 3) Tile facilitJ if served by a dual .fourre of nonnal powe1: 

Informational :'\ote No. 1 :  The design temperature i• 
ba� on the 97.5 percent design \-alue a• shmm in Chap
ter 24 ofd1e ASHRAE Handbook nfFundammlal• (2013). 

Informational :'\ote No. 2: See 517.30(<:) for a description 
of a dual source of nonnal power. 

(2) An elc\-ator(s) selected to prmiclc service to patient, 
surgical, obstetrical, and ground floors during interrup
tion of normal power. In instances where interruption of 
normal power would result in other elc\-ators stopping 
between floors, throw-over facilities shall be provided to 
allow d1c temporary operation of any eiC\-"ator for me 
release of patient• or odtcr persons who may be confined 
between floors. 

(3) Hyperbaric facilities. 
(4) Hypobaric facilities. 
(5) Automatically operated doors. 
(6) �linimal electrically heated autodaving equipment shall 

be permitted to be arranged for cimcr automatic or 
manual connection to dtc alternate source. 

(7) \..ontrols for cquipmcnt listccl in 517.35. 
(8) Odtcr selected equipment shall be pcrmiuccl to be served 

by the equipment system. L99:6.7.5.1 .4.41 

517.40 Type 2 Essential Electrical Systems. 

Informational Note :'\o. 1 :  Nursing homes and other limited 
care facilities can contain \.ategory I and/ or Category 2 patient 
care spaces, depending on the design and type of c;•re adminis
tered in the fdcility. For Category I spaces, see 517.29 dtmugh 
517.35. For \.ategory 2 spaces not sel"\·ed by T}pe 1 es.o;ential 
electrical system•, see 517.40 through 517.44. 

Informational Note No. 2: Type 2 es.o;ential electrical system• are 
compri•ed of two separate branches capable of suppl}ing a limi
ted amount of lighting and power · senice dtat is considered 
es.o;ential for me protection of life and safety and effective opera
tion of me institution during the time nmmal electrical senice 
i• intemtpted for any rea<;<m. These two separate branches are 
the life safety and equipment brdnches. The number of u-ansfer 
""itches to be tLo;ed should be bao;ed upon reliability, design, and 
load considerations. Each brdnch of dte es.o;ential electrical 
system should have one or more u-ansfer S\\itches. One u-ansfer 
s"itch should be permitted to sen·e one or more brdnches in a 
fdcility "ith a maximum demand on the es.o;ential electrical 
system of 150 kVA (120 kW). [99::\.6.7.6.2.1)  

(A) Applicability. The requirement• of 517.40(C) mrough 
517.44 shall apply to \..atcgory 2 spaces. 

Exception: Tile ll'quil"ements of 51 7.40(C) tllmugll 51 7.44 shaU not 
aptJ�l' to ft't't'standing buildings usl'.d as mnsing homes and limill'.d cmY
facilities if the following aJJjJ�l·: 

(1) Admitting and discharge policies all' Jnaintained tltat fr11'clude 
the frJvvifion of can! for any patient or resident who might 111'1'4 to 
be sustained by elPctrical life-.ntJJjJort equifrment. 

(2) No .rurgical treatmrot requiring general ane.ftilesia is offered. 
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{3) An automatic battnJ-operated ·'i)'.flem(s) or equifrment sltaU be 
effective fm· at least 1 � hmn:f and if otherwise in arconlance 
with 700.12 and tltat shall be capable of .mpplying lighting for 
exit lights, exit conidm'!i, .ftainvays, nw"Sing statimtf, medical 
Jm71m'alion aJ't!as, boiler moms, and cmmnuniratimtf m't'as. Tilif 
system shall alfo .fupply pmvn· to ojlel'ale all aumn .f_vstems. 

Informational :'\ote: See :'\FPA /0/-2021,  Life SafeiJ (.ode. 

(B) Category I Spaces in Inpatient Hospital Care Facilities. 
For mose nursing homes and limited care facilities that admit 
patient• who need to be sustained by electrical life-support 
cquipmclll, me cs.o;cntial electrical system from the source to 
the portion of me facility where such patient• arc treated shall 
complp\ith me requirement• of 517.29 mrough 517.35. 

(C) Facilities Contiguous or Located on me Same Site with 
Hospitals. Nursing homes and limited care facilities that arc 
contiguous or located on me same site "im a hospital shall be 
pcrmiuccl to have their cs.o;cntial electrical systems supplied by 
the hospital. 

517.41 Required Power Sources. 

(A) Independent Power Sources. Es.•cntial electrical system• 
(EES) shall have two or more inclcpcnclcnt sources (or set• of 
sources). One on'Sitc source (or set• of sources) shall be sized 
to supply me entire EES. The other inclcpcnclcnt source (or 
set• of sources) shall be sized to supply me entire EES and shall 
be permitted to be located on-site or off-site. Additional sour
ces odter than the first two independent sources shall be 
permitted to be sized to supply me intcndccl loacl. 

Informational :'\ote: An example of a set of sources may be 
�everal genet-ators that combined serve the entire EES. 

(B) Location of EES Components. EES component• shall be 
located to minimize interruptions caused by natural forces 
common to the area (e.g., storms, flood•, cardtquakcs, or 
hazard• created by acljoining structures or activities). 
L99:6.2.4.11  

Installations of electrical services shall be located to reduce 
possible imcrruption of normal electrical scf\-ices resulting 
from similar cau.o;cs as well a• pos.o;iblc disruption of normal 
electrical senicc clue to internal wiring and cquipmclll failures. 
L99:6.2.4.21 

Feeders shall be located to provide physical separation of me 
feeders of the alternate source and from the feeders of me 
normal electrical source to prcvclll pos.'iiblc simultancou.• inter
ruption. L99:6.2.4.31 

517.42 Essential Electrical Systems for Nursing Homes and 
Limited Care Facilities. 

(A) General. The LTypc 21 essential electrical system shall be 
cliviclcd into the follo"ing two branches: 
( 1) Life safe tv branch 
(2) Equipmc;ll branch 
L99:6. 7.6.2.1.21 

The division between the branches shall occur at transfer 
switches where more than one transfer switch is required. 
L 99:6.7 .2.2.1 1 

Informational Note No. I: Type 2 es.o;ential electrical system• are 
comprio;ed of two separdte branches capable of suppl}ing a limi
ted amount of lighting and power service mat is considered 
essential for me protection of life and safety and effective opera-
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tion of the institution during the time nmmal electrical sen-ice 
i� intemtpted for any reason. These two separate branches are 
the life safety and equipment branches. [99:A.6. 7.6.2.1 ]  

Informational l'ote No. 2: The number of trdnsfer "''itches to 
be u.� should be based upon reliability, design, and load 
considerations. Each branch of the es.�ntial electrical S'l'stem 
should ha\'e one or more transfer "''itches. One tran.�fer ,;.,itch 
should be petmitted to ser\'e one or more brdnches in a facility 
-.ith a maximum demand on the es.�ntial electrical system of 
150 kVA (120 kW) .  [99:A.6.7.6.2.1 ]  

Informational l'ote :'\o. 3: See l'FPA 99-2021,  Hea/111 tArt' Facili
lil'.< Code, 6.7.2.2, for more information. 

(B) Transfer Switches. The number of transfer "''itches to be 
used shall be based upon reliability, design, and load considera
tions. L99:6.7.2.2.3J 

Transfer "''itches shall be in accordance l\ith one of the 
follm•ing: 
(1) 

(2) 

Each branch of the cs.�lllial electrical system shall have 
one or more transfer switches. L99:6.7.2.2 .. 3.1 J  
One transfer s\\itch shall be pcrmiucd to serve one or 
more branches in a facility "ith a continuous load on the 
s\\itch of 150 kVA (120 kW) or lcs.'i. L99:6.7.2.2.3.2J 

Informational l'ote :'\o. I: See l'FPA 99-2021,  Hea/111 tArt' Facili
lil'.< C.nde, 6.7.2.2.4, 6.7.2.2.5, 6.7.2.2.5.15, and 6.7.2.2.7 for more 
infmmation on transfer s-.itches. 

Informational :'\ote No. 2: See lnfonnational Note Figure 
517.42(B) ( 1 ). 

Informational :'\ote No. 3: See lnfonnational Note Figure 
517.42(B) (2). 

(C) Capacity of System. The cs.�ntial electrical system shall 
have capacity to meet the demand for the operation of all func
tions and cquipmclll to be served by each branch at one dine. 

(D) Separation from Other Circuits. The life safety branch 
and cquipmclll branch shall be kept entirely independclll of 
all other wiring and equipment. L99:6.7.6.3.1 J  

Normal power 
source 

Nonessential 
loads 

Automatic 
switching 
equipment 

Delayed 
automatic 
switching 
equipment 

Equipment 
branch 

Alternate power 
source 

Life safety 
branch 

Essential electrical system 

Informational Note F.gure 517.42(8)(1) Type 2 Essential 
Electrical Systems (Nursing Home and Limited Health Care 
Facilities) - Minimum Requirement (Greater Than 150 kVA) 
for Transfer Switch Arrangement. 
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Normal power 
source 

Nonessential 
loads 

Automatic 
switching 
equipment 

Equipment 

Alternate power 
source 

branch 
Life safety 
branch 

E$890tial electrical system 

Informational Note F� 517 .42(B)(2) Type 2 Essential 
Electrical Systems (Nursing Home and Limited Health Care 
Facilities) - �um Requirement (150 kVA or Less) for 
Transfer Switch Anangement. 

The� circuits shall not enter the same raceways, boxes, or 
cabinets with other "iring except as follows: 
( 1) In transfer switches 
(2) In exit or emergency luminaires supplied from two sour

ces 
(3) In a common junction box attached to exit or emergency 

luminaires supplied from two sources 

(E) Receptacle Identification. The electrical receptacles or the 
cover plates for the electrical receptacles supplied from the life 
safety or cquipmclll branches shall have a distinctive color or 
marking so as to be readily identifiable. L99:6.7.6.3.2J 

Informational :'\ote: If color is IL�d to identify these receptacles, 
the same color should be used throughout the facility. 
[99::\.6.7.6.3.2] 

517.43 Automatic Connection to Life Safety and Equipment 
Branch. The life safety and cquipmclll branches shall be 
installed and connected to the alternate source of power speci
fied in 517.41 so that all functions specified herein for the life 
safety and cquipmclll branches arc automatically restored to 
operation \\ithin 10 second" after interruption of the normal 
source. L99:6.7.6.4.1J  

1'\o functions other than those listed in 517.43(A) through 
(G) shall be connected to the life safety branch. 
L99:6.7.6.2.1.5(D) J 

The life safety branch shall supply power as follows: 

(A) Wumination of Means of Egress. Illumination of means of 
egress a'i is ncccs...ary for corridors, pa'i...agcways, stairways, land
ings, and exit doors and all ways of approach to cxit'i. S\\itching 
arrangcmclll to transfer patient corridor lighting from general 
illumination circuit'i shall be pcrmiucd if only one of two 
circuit'i can be selected and both circuit'i cannot be extin
guished at the same time. 

Informational Note: See NFPA /0/-2021,  Life Safrty Code, 
Sections 7.8 and 7.9. 
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(B) Exit Signs. Exit signs and exit directional signs. 
Informational Note: See NFPA /0/-2021,  Life Safety Code, 
Section 7.10. 

(C) Alarm and Alerting Systems. Alarm and alerting systems, 
including the follm,ing: 
(1) Fire alarmo; 

Informational :'\ote l'o. 1: See :'\FPA /0/-2021,  l.i[l' Stifet)' Code, 
Sections 9.6 and 18.3.4. 

(2) Alarms required for systems used for the piping of 
nonflammable medical gases 

Informational l'ote :'\o. 2: See l'FPA 99-2021,  Hw/111 tArt' Facili
lil'.< Code, 6.7.5.1 .2.5. 

(D) Communications Systems. Communications systems, 
where used for issuing instructions during emergency concli
tions. L99:6.7.5.1 .2.4(3)J 

(E) Generator Set Location. Tao;k illumination and select 
receptacles at dte generator set location and es.o;cntial electrical 
system transfer Sl\itch locations. 

(F) Elevators. Ele\'ator cab lighting, control, communications, 
and signal systems. L99:6.7.5.1 .2.4(5)J 

(G) AC Equipment for Nondelayed Automatic Connection. 
Generator acccs.o;ories, including, but not limited to, the trans
fer fuel pump, electrically operated louvers, and odter genera
tor acces...ories es.o;ential for generator operation shall be 
arranged for automatic connection to the alternate power 
source. L99:6.7.6.2.1.6(C) J 

517.44 Connection to Equipment Branch. The equipment 
branch shall be installed and connected to dle alternate power 
source such that equipment described in 517.35(A) (6) is auto-:
matically restored to operation at appropriate time-lag inten'als 
following the energizing of the life safety and critical branches. 
L99:6.7.5.1.4.2(A) J 

The equipment branch arrangement shall also prmide for 
the additional connection of equipment listed in 517.44(B). 
Exception: For essential eler:t1ical systnns under 150 kVA, deletion of 
the time-Lag inttrual< JtalUI"I' Jm· dela_w�d automatic conner:tion to the 
tquifrment branch shall bt permilltd. 

(A) Delayed Automatic ConnectioO. to Equipment Branch. 
The following equipment shall be permitted to be connected 
to dle equipment branch and shall be arranged for delayed 
automatic connection to the alternate power source: 
(1) Tao;k illumination and select receptacles in the follm\ing: 

L 99:6.7 .6.2.1.6(0 ) (I ) J 
a. Patient care spaces L99:6.7.6.2.1.6(0) (1  ) (a) J 
b. Medication preparation spaces 

L99:6.7.6.2.1.6(0) ( I )  (b) J 
c. Pharmacy dispensing space L 99:6.7 .6.2.1 .6(0 ) ( I ) (c) J 
ct. Nurses' stations - unles.o; adequately lighted by corri

dor luminaires L99:6.7.6.2.1.6(D) ( 1 )  (d)J 
(2) Supply, return, and exhaust ventilating systems for 

airborne infectious isolation roomo; L99:6.7.6.2.1.6(0) (2)J 
(3) Sump pumps and oilier equipment required to operate 

for dle safety of major apparatus and a'l...ociatecl control 
systems and alanns L99:6.7.6.2.1 .6(0) (3) J 

(4) Smoke control and stair pressurization systemo; 
L 99:6.7 .6.2.1.6(0 ) (  4) J 
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(5) Kitchen hood supply or exhaust systems, or bodl, if 
required to operate during a fire in or under dle hood 
L 99:6.7 .6.2.1.6(0 ) (  5) J 

(6) Nurse call systems L99:6.7.6.2.1.6(0) (6)J 

(B) Delayed-Automatic or Manual Connection to the Equip
ment Branch. The equipment specified in 517.44(8) (1)  
through (B) (4) shall be permitted to be connected to dle 
equipment branch and shall be arranged for either delayed
automatic or manual connection to the alternate power source. 

(I) Heating Equipment to Provide Heating for General Patient 
Rooms. Heating of general patient roomo; during disruption of 
the normal source shall not be required under any of dle 
following conditions: 
(1) The outo;ide design temperature is higher than -6.1•c 

(20.F) . 
(2) The outo;ide design temperature is lower than -6.1•c 

(20.F) and, where a selected room(s) is prmidecl for dle 
needo; of all confined patient-i, then only such room(s) 
need be heated. .· 

(3) The facility is served hy_ a dual source of normal power ao; 
described in 517.30(C), Informational :"'ote. 

Informational :'\ote: The ouL•ide design temperdture i• ba.�d on 
the 97.5 percent de.'lign \-alues, as shown in Chapter 24 of the 
ASH RAE Handbook ofFundammlal< (2013). 

(2) Elevator Service. In instances where interruptions of 
power would result in elevators stopping between floors, dlrow
over facilities shall be prmidecl to allow dle temporary opera
tion of any ele\'ator for the releao;c of pa'l.o;engers. 

(3) Optional Connections to the Equipment Branch. Addi
tional illumination, receptacles, and equipment shall be 
permitted to be connected only to dte equipment branch. 

(4) Multiple Systems. \\'here one Sl\itch serves multiple 
systems ao; permitted in 517.43, transfer for all loads shall be 
nondelayed automatic. 

L99:6.7.6.2.1.6(E) J 
Informational l'ote: See 517.43(G) for eJe,-atm· cab lighting, 
control, and signal system requiremenL•. [99:A.6.7.6.2.1.6(E) 
(2)) 

517.45 Essential Electrical Systems for Other Health Care 
Facilities. 

(A) Essential Electrical Distribution. If required by the govern
ing body, the essential electrical distribution system for \..ate
gory 3 patient care spaces shall be comprised of an alternate 
power system capable of suppl)'ing a limited amount of lighting 
and power service for dle orderly cessation of procedures 
during a time normal electrical senice is interrupted. 

Informational l'ote: See :'\FPA 99-2021,  Hl'allll (.are Facilities 
(.ode. 

(B) Electrical Life Support EquipmenL \\'here electrical life 
support equipment is required, dle essential electrical distribu
tion system shall be ao; described in 517.29 dlrough 517.30. 

(C) Category I Patient Care Spaces. Where \..ategory I patient 
care spaces arc present, dle es.o;ential electrical dio;tribution 
system shall be in accordance with 517.29 duough 517.30. 

(D) Category 2 Patient Care Spaces. Where \..ategory 2 patient 
care spaces arc present, dle es.o;ential electrical dio;tribution 
system shall be in accordance with 517.40 duough 517.45. 
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(E) Power Systems. If required, alternate power sources 
acceptable to the governing body shall comply with the rcquir� 
mcnts of 1'\FPA 99-2021 ,  1/ealth C'..a111 Facilities ('.ode. 

Part IV. Inhalation Anesthetizing Locations 

Informational Note: See :'\FPA 99-2021,  Hl'allll (.art! Facilities 
('.ode, for further information reg-drding safeguard� for anesthe
tizing locations. 

517.60 Anesthetizing Location Classification. 

Informational Note: See 51i.20 if either of dte anesthetizing 
location.� in 51i.60(A) or 51i.60(8) i� designated a wet proce
dure location. 

(A) Hazardous (Classified) Location. 

(I) Use Location. In a location where flammable anesthetics 
arc employed, the entire area shall be considered to be a 
Class I, Division 1 location that cxtcnd'i upward to a level 
1 .52 m (5 ft) above the floor. The remaining volume up to the 
structural ceiling is considered to be above a hazardous ( clas.'ii
ficd) location. 

(2) Storage Location. Any room or location in which flamma
ble anesthetics or volatile flammable disinfecting agents arc 
stored shall be considered to be a Cla.'i.'i I, Division 1 location 
from floor to ceiling. 

(B) Unclassified Location. Any inhalation anesthetizing loca
tion designated for the exclusive usc of nonflammable ancsdtc
tizing agcnl'i shall be considered to be an uncla.'i.'iificd location. 

517.61 Wuing and Equipment. 

(A) Within Hazardous (Classified) Anesthetizing Locations. 

(I) Isolation. Except a.'i permitted in 517.160, each power 
circuit "idtin, or partially within, a flammable anesdletizing 
location a.'i referred to in 517.60 shall be isolated from any 
distribution system by the usc of an isolated power system. 

(2) Design and InstaUation. Where an isolated power system is 
utilized, dtc isolated power equipment shall be listed a.'i isolated 
power equipment, and the isolated· power system shall be 
designed and installed in accordance with 517.160. 

(3) Equipment Operating at More l'IUm 10 Volts. In hazardous 
(cla.'i.'iificd) locations referred to in 517.60, all fixed \\iring and 
equipment and all portable equipment, including lamps and 
other utilization equipment, operating at more than 10 volt'i 
between conductors shall comply "ith the requirements of 
501.1 through 501.25, and 501.100 through 501.150, and 
501.30(A) and (B) for Cla.'is I, Division 1 locations. All such 
equipment shall be specifically approved for the hazardous 
atmospheres involved. 

(4) Extent of Location. \\'here a box, fitting, or enclosure is 
partially, but not entirely, "ithin a hazardous (cla.'isified) loca
tion(s) , the hazardous (cla.'i.'iificd) location(s) shall be consid
ered to be extended to include dte entire box, fitting, or 
enclosure. 

(5) Receptacles and Attachment Plugs. Receptacles and 
attachment plugs in a hazardous (cla.'i.'iificd) location(s) shall 
be listed for usc in Cla.'i.'i I, Group C hazardous (cla.'i.'iificd) loca
tions and shall have prmision for dtc connection of an equip
ment grounding conductor. 
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(6) Flexible Cord Type. Flexible cords used in hazardous 
(cla.'i.'iificd) locations for connection to portable utilization 
equipment, including lamps operating at more than 8 volt'i 
between conductors, shall be of a type approved for extra-hard 
usage in accordance l\ith Table 400.4 and shall include an addi
tional equipment grounding conductor. 

(7) Flexible Cord Storage. A storage dc,icc for the flexible 
cord shall be prmidcd and shall not subject the cord to bend
ing at a radius oflcs.'i than 75 mm (3 in.). 

(B) Above Hazardous (Classified) Anesthetizing Locations. 

(I) Wuing Methods. Wiring above a hazardous (cla.'i.'iified) 
location referred to in 517.60 shall be installed in rigid metal 
conduit, electrical metallic tubing, intermediate metal conduit, 
Type :MI cable, or T}'pc MC cable that employs a continuous, 
ga.'i/vaportight metal sheath. 

(2) Equipment Enclosure. Installed equipment that may 
produce arcs, sparks, or particles of hot metal, such a.'i lamps 
and lampholders for fi.l(cd lighting, cutouts, Sl\itchcs, genera
tors, motors, or other equipment having mak�and-brcak or 
sliding contacl'i, shall be of the totally enclosed type or be 
constructed so as to prevent escape of sparks or hot metal parti
cles. 

Exception: . WaU-mountl'.d lf'cejJtacles installed above the hazardous 
( cla.'i.rified) location in flammable anesthetizing locations shall 1wt be 
J"equhed to be totally enclnsl'.d or have oJHmings gumrled m· snP.ened to 
prromt di.�persion of particles. 

(3) IA•minaires. Surgical and other luminaires shall conform 
to 501.130(B). 

Exception No. 1: The .rutface tempemtw11 limitations set forth in 
501.130(Bj( 1) slmU not app�v. 

Exception No. 2: Integral m· pendant .witches that a111 located above 
and cannot be lmvt'l"t'd into the hawrdous (cla.'i.�ified) location(s) slmU 
not be tl'.I{Uitl'.d to be explnsionpmof 

(4) Seals. Listed seals shall be provided in conformance with 
501.15, and 501.15(A) (4) shall apply to horizontal a.'i well a.'i to 
vertical boundaries of the defined hazardous (cla.'isificd) loca
tions. 

(5) Receptacles and Attachment Plugs. Receptacles and 
attachment plugs located above hazardous (cla.'i.'iificd) anesthe
tizing locations shall be listed for hospital usc for seniccs of 
prescribed voltage, frequency, rating, and number of conduc
tors with prmision for the connection of the equipment 
grounding conductor. This requirement shall apply to attach
ment plugs and receptacles of the 2-polc, 3-l\irc grounding 
type for singlc-pha.'iC, 120-volt, nominal, ac senicc. 

(6) 250-Volt Receptacles and Attachment Plugs Rated 50 and 
60 Amperes. Receptacles and attachment plugs rated 250 volt'i, 
for connection of 50-ampere and 60-ampcrc ac medical equip
ment for usc above hazardous (da.'i.'iificd) locations, shall be 
arranged so that the 60-ampcrc receptacle \\ill accept either 
the 50-ampere or the 60-ampcrc plug. Fifty-ampere receptacles 
shall be designed so a.'i not to accept the 60-amperc attachment 
plug. The attachment plugs shall be of the 2-polc, 3-"irc design 
"ith a third contact connecting to the insulated (green or 
green with yellow stripe) equipment grounding conductor of 
the electrical system. 
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(C) Unclassified Anesthetizing Locations. 

(I) Wuing Methods. Wiring sc�Ving uncla."l.o;ificd locations, a.o; 
defined in 517.fl0, shall he installed in a metal raceway system 
or cable a."l.o;cmbly. The metal raceway system or cable armor or 
sheath a.o;scmbly shall qualify a.o; an cquipmcm grounding 
conductor in accordance with 250.1 18. Type MC and Type �() 
cable shall have an outer metal annor, sheath, or shcad1 a."l..o;cm
bly that is identified a.o; an cquipmcm grounding conductor. 

Exception: Prodant ntufJtark installations that employ li�ted Type ."i]O 
m· equivalmt hanl usage m· exlm-hanl usage, jlPxibk emus su�pended 
not kss than 1. 8 m ( 6 fl) fmm the Jlom· slmU not be 11'quhed to be 
instalkd in a metal mceway m· cabk a.�'il'mb(}·. 
(2) Receptacles and Attachment Plugs. Receptacles and 
attachmcm plugs installed and used in uncla."l..o;ificd locations 
shall be listed Mhospital grade" for sc!Viccs of prescribed volt
age, frequency, rating, and numher of conductors with prmi
sion for connection of the cquipmcm grounding conductor. 
This rcquircmcm shall apply to 2-polc, 3-"ire grounding type 
for singl�pha.o;c, 1 20-, 208-, or 240-volt, nominal, ac service. 

(3) 250-Volt Receptacles and Attachment Plugs Rated 
50 Amperes and 60 Amperes. Receptacles and attachmcm 
plugs rated 250 volts, for connection of 50-ampere and flO
ampere ac medical equipment for usc in uncla.o;sificd locations, 
shall be arranged so that the flO-ampere receptacle will accept 
either the 50-ampere or dtc 60-ampcrc plug. Fifty-ampere 
receptacles shall be designed so a.o; not to accept the flO-ampere 
attachmcm plug. The attachmcm plugs shall be of the 2-polc, 
3-wirc design "ith a third contact connecting to the insulated 
(green or green with yellow stripe) cquipmcm grounding 
conductor of the electrical system. 

517.62 Grounding. In any anesthetizing area, all metal race
ways and metal-sheathed cables and all normally non-currcnt,
ca�tying conductive portions of fixed electrical cquipmcm shall 
he connected to an cquipmcm grounding conductor. Ground
ing and bonding in Cla."l..o; I locations shall comply "ith 501.30. 

Exception: Equipment ofJe17lling at not mml! tlmn 10 volts between 
condurtm:� shall not be 11'-Jfltill'.d to be ronnected to an equipment 
gmu1uling ronductm: 

517.63 Grounded Power Systems in Anesthetizing Locations. 

(A) Bauery-Powered Lighting Units. One or more battery
powered lighting unit-; shall he provided and shall he permitted 
to he wired to dtc critical lighting circuit in the area and 
connected ahead of any local switches. 

(B) Branch-Circuit Wuing. Branch circuit-; supplying only 
listed, fixed, therapeutic and diagnostic equipment, pcrma
ncndy installed above dtc hazardous (cla."l..o;ificd) location and 
in uncla."l..o;ificd locations, shall be permitted to be supplied 
from a normal grounded service, single- or thrc�pha.o;c system, 
prmidcd dtc follo"ing apply: 
( 1)  Wiring for grounded and isolated circuit-; docs not 

occupy dtc same raceway or cable. 
(2) All conductive surfaces of the cquipmcm arc connected 

to an cquipmcm grounding conductor. 
(3) Equipmcm (except enclosed X-ray tubes and the lead-; to 

the tuhes) is located at lca.o;t 2.5 m (8 ft) above the floor 
or outo;idc dtc anesthetizing location. 

(4) Sl�itchcs for the grounded branch circuit arc located 
outo;idc the hazardous (cla."l..o;ificd) location. 
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Exception: ,'lf'ctions 51 7.63(8)(3) mul (B)(4) slmU 1wt aJJ/I(l· in 
unrlassijied locations. 

(C) FIXed Lighting Branch Circuits. Branch circuit-; suppl}'ing 
only fixed lighting shall he pennittcd to he supplied by a 
normal grounded service, provided the following apply: 
(1) Such luminaires arc located at lca.o;t 2.5 m (8 ft) above the 

floor. 
(2) All conductive surfaces of luminaires arc connected to an 

cquipmcm grounding conductor. 
(3) Wiring for circuit-; supplying power to luminaires docs 

not occupy the same raceway or cable for circuit-; supply
ing isolated power. 

(4) Sl�itchcs arc wall-moumcd and located above hazardous 
(cla."l..o;ificd) locations. 

Exception: ,'lf'ctions 51 7.63(C)(J) and (C)(4) shall 1wt aJJ/I(l· in 
unrlassijied locations. 

(D) Remote-Control Stations. Wall-mounted rcmot�omrol 
stations for remote-control switches operating at 24 volt-; or lcs.o; 
shall he permitted to he instatlcd in any anesthetizing location. 

(E) Location of Isolated Power Systems. \\"bcre an isolated 
power system is utilized, lhc isolated power cquipmclll shall be 
listed a.o; isolated· power cquipmcm. bolatcd power system 
cquipmcm and ito; supply circuit shall be permitted to be loca
ted in an anesthetizing location, provided it is installed above a 
hazardous (cla."l.o;ificd) location or in an uncla."l..o;ificd location. 

(F) Cin:Uits in Aneslhetizing Locations. Except a.o; permitted 
above, each power circuit l�ithin, or partially "idtin, a flamma
ble anesthetizing location a.o; referred to in 517.00 shall be isola
kd from any distribution system suppl}'ing other-than
anesthetizing locations. 

517.64 Low-Voltage Equipment and Instruments. 

(A) Equipment Requirements. Low-voltage cquipmcm that is 
frequently in contact "ith the bodies of persons or ha.o; exposed 
current-carrying clement-; shall comply "id1 one of the follow
ing: 
(1) Operate on an electrical potential of 10 volt-; or lcs.o; 
(2) Be approved a.o; imrinsically safe or double-insulated 

cquipmcm 
(3) Be moisture rcsistam 

(B) Power Supplies. Power shall he supplied to low-voltage 
cquipmcm from one of the following: 
(1) An individual portable isolating transformer (autotrans

formers shall not he used) connected to an isolated 
power circuit receptacle by means of an appropriate cord 
and attachmcm plug 

(2) A common low-voltage isolating transformer installed in 
an uncla."l..o;ificd location 

(3) Individual dry-cell batteries 
(4) \..ommon batteries made up of storage cells located in an 

uncla."l..o;ificd location 

(C) Isolated Circuits. Isolating-type transformers for suppl}'ing 
low-voltage circuit-; shall have both of the following: 
(1) Approved means for insulating the secondary circuit from 

the primary circuit 
(2) The core and ca.o;c connected to an cquipmcm grounding 

conductor 
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(D) Controls. Resistance or impedance dc\-iccs shall be 
permitted to control low-voltage equipment but shall not be 
used to limit the maximum a\-ailablc voltage to the equipment. 

(E) Battery-Powered Appliances. Battery-powered appliances 
shall not be capable of being charged while in operation unlcs.� 
their charging circuitry incorporates an integral isolating-t}'pc 
transfonncr. 

(F) Receptacles or Attachment Plugs. Any receptacle or 
attachment plug used on low-voltage circuits shall be of a type 
that docs not permit interchangeable connection with circuits 
of higher voltage. 

Informational Note: Any intemtption of the circuit, even 
circuiL� as low a.� 10 voiL�, either by any s\>itch or loose or defec
tive connections anywhere in the circuit, may produce a spark 
that i� sufficient to ignite flammable anesthetic agenL�. 

Part V. Diagnostic Imaging and Treatment Equipment 

517.70 App6cability. 1'\othing in this part shall be construed as 
specifying safeguard� against pos.�iblc radiation or magnetic 
field�. 

Informational Note :'\o. 1: Radiation safety and perfmmance 
requiremenL� of several cla.'l.�s of X-ray equipment are regulated 
under Public Law 90·602 and are enforced by the Deparunent of 
Health and Human Senices. 

Informational l'ote l'o. 2: Information on radiation protection 
by the l'ational Council on Radiation Protection and :\fea.�ure
menL� i� publi�hed a.� RJ.ports of tile National Counril on Radiation 
Prot,Ltion ami Mm<UJ't'llll'nL These reporL� are obtainable from 
l'CRP Publications, P.O. Box 30175, Wa.�hington, DC 20014. 

Informational :'\ote l'o. 3: Examples of diagnostic imaging 
equipment can include, but are not limited to, the follm•ing: 

(I )  General radiographic (X-rdy) equipment (mobile and 
fixed) 

(2) General fluoroscopic equipment (mobile and fi:oted) 
(3) lnten·entional equipment (mobile and fixed) 
(4) Bone minerdl density equipment 
(5) Dental equipment 
(6) C.omputerized tomography (CT) eqwpment 
(7) Positron emission tomography (PET) ·equipment 
(8) l'uclear medicine equipment 
(9) Mammography equipment 

( 10) Magnetic resonance (MR) equipment 
( 1 1 )  Diagnostic ultr<L�ound equipment 
( 12) Electrocardiogram equipment 

Informational l'ote l'o. 4: Examples of treatment equipment 
can include, but are not limited to, the follm•ing: 

( 1 )  Linear accelerators 
(2) Gamma knife 
(3) Cyber knife 
(4) Proton therapy 
(5) Tomotherapy 

517.71 Connection to Supply Circuit. 

(A) Faxed and Stationary Diagnostic Imaging and Treatment 
Equipment. Fixed and stationary diagnostic imaging and treat
ment equipment shall be connected to the power supply by 
means of a "iring method complying l\idt applicable require
ments of Chapters 1 through 4 of this ('..ode, as modified by this 
article. 
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Exception: EquiJnnml JlmPel�l' supt1lied by a ln11nch cin:uil mttd at not 
over 30 amperes shall bt permitted to bt .<upplitd lhtvugh a suitable 
attadmumt Jllug mul hard-service cabk m· cord. 

(B) Portable, Mobile, and Transportable Diagnostic Imaging 
and Treatment Equipment. Individual branch circuit� shall not 
be required for portable, mobile, and transportable medical 
diagnostic imaging and trcatmcm equipment requiring a 
capacity of not over f>O amperes. 

(C) Over 1000-Volt Supply. Circuit� and cquipmcm operated 
on a supply circuit of over 1000 volt� shall comply l\ith Part� I 
through IV of Article 490. 

517.72 Disconnecting Means. 

(A) Capacity. A disconnecting means rated for at least 
50 percent of the input required for the momentary rating or 
100 percent of the input required for the long-time rating of 
the diagnostic imaging and treatment equipment, whichever is 
greater, shall be prmidcd in the supply circuit. 

(B) Location. The disoonnccting means shall be operable 
from a location readily acccs.�iblc from dtc control location. 

(C) Portable, MobDe, and Transportable Diagnostic Imaging 
and Treatment Equipment. For equipment connected to a 120-
volt branch circuit of 30 amperes or less, a grounding-type 
attachment plug and receptacle of proper rating shall be 
pcrmiucd to serve as a disconnecting means. 

517�78 Rating of Supply Conductors and Overcurrent Protec
don. 

(A) Branch Circuits. The ampacity of supply branch-circuit 
conductors and the current rating of ovcrcurrcnt protective 
devices shall not be lcs.� than 50 percent of the momentary 
rating or 100 percent of dtc long-time rating, whichever is 
greater. 

(B) Feeders. The ampacity of supply feeders and dtc currcm 
rating of ovcrcurrcnt protective dc\-iccs supplying two or more 
branch circuit� supplying diagnostic imaging and trcauncm 
cquipmcm shall not be less dtan 50 percent of the momentary 
demand rating of the largest unit, plus 25 percent of the 
momentary demand rating of the next largest unit, plus 
1 0  perccm of the momentary demand rating of each additional 
unit. 

Informational :'\ote l'o. 1: The minimum conductor size for 
branch and feeder circuiL� is also gm·emed by mltage regulation 
requiremenL�. For a specific installation, the manufacturer 
���ually specifies minimum di�tribution transformer and conduc
tor sizes, rating of disconnecting means, and overcurrent protec
tion. 

Informational Note :'\o. 2: The ampacity of the branch-circuit 
conductors and the ratings of disconnecting means and overcur
rent protection for diagnostic imaging and treatment equip
ment are u.�ually designated by the manufacturer for the specific 
installation. 

517.74 Control Circuit Conductors. 

(A) Number of Conductors in Raceway. The number of 
control circuit conductors installed in a racc\\ay shall be deter
mined in accordance "idt 300.1 7. 
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(B) Minimum Size of Conductors. Size 18 AWG or 16 AWG 
fixture "ires in accordance "ith 724.49 and flexible cords shall 
be permitted for the control and operating circuit-; of diagnos
tic imaging and treatment equipment and auxiliary equipment 
where protected by not larger than 20-amperc ovcrcurrcnt 
de\ ices. 

517.76 Transformers and Capacitors. Transformers and capac
itors that arc part of diagnostic imaging and treatment equip
ment shall not be required to comply l\ith Part-; I and II of 
Articles 450 and 460. 

Capacitors shall be mounted l\ithin enclosures of insulating 
material or grounded metal. 

517.77 Installation of Cables with Grounded Shields. C-ables 
"ith grounded shield-; shall be permitted to be installed in 
cable trays or cable troughs along l\ith control and power 
supply conductors "idtout dtc need for barriers to separate the 
"iring. 

517.78 Guarding and Grounding. 

(A) High-Voltage Parts. All high-voltage part-; shall be moun
ted within grounded enclosures. The connection from the 
high-voltage equipment to odtcr high-voltage component-; shall 
be made with high-voltage shielded cables. 

(B) Low-Voltage Cables. Low-voltage cables connecting to oil
filled unit-; that arc not completely scaled, such as transform
ers, condensers, oil coolers, and high-voltage switches, shall 
have insulation of the oil-resistant type. 

(C) Non-Current-Carrying Metal Parts. ?\on-current-carrying 
metal part-; of diagnostic imaging and trcauncnt equipment 
(e.g., controls, tables, transformer tanks, shielded cables) shall 
be connected to an equipment grounding conductor in 
accordance "idt Part \11 of Article 250, ao; modified by 
517.13(A) and (B). 

Part VI. Communications, Signaling Systems, Data Systems, 
F"Jre Alarm Systems, and Systems Less Than 120 Volts, 
Nominal 

517.80 Patient Care Spaces. Equivalent insulation and isola
tion to that required for the elcctricai distribution systems in 
patient care area-; shall be prmidcd for communications, 
signaling systems, data system circuits, fire alarm systems, and 
systems lcs.o; than 120 volt-;, nominal. 

Cla'l.o; 2 and Cla'l.o; 3 signaling and communications systems, 
Cla'l.o; 2 circuit-; dtat transmit power and data to a powered 
dc\icc, and powcr-limitccl fire alann systems shall not be 
required to comply "idt the grounding requirement-; of 
517.13, to comply l\idt the mechanical protection require
ment-; of 517.31 (C) (3) (5), or to be enclosed in raceways, unless 
othcmisc specified by Chapters 7 or 8. 

Secondary circuit-; of transformer-powered communications 
or signaling systems shall not be required to be enclosed in 
raceways unlcs.o; odtcn,isc specified by Chapters 7 or 8. 
L 99:6.7 .2.2. 7 J 

Informational l'ote: See ANSI/:'\E:\fA <:137.3-2017, Aml'rican 
Natio11al Standard for I.ighti11g Sy.<lellt< - Minimum �me1lls for 
ln.<lallation of Elll'l"J!J Effiriml Poltler over Ethernd (PoE) I.igllti11g 
Systl'ln.<, for infonnation on installation of cables for PoE lighting 
system.•. 
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517.81 Other-Than-Patient-Care Spaces. In other-than-patient
care spaces, installations shall be in accordance "ith other part-; 
of this \..ode. 

517.82 Signal Transmission Between Appliances. 

(A) General. Pcnnancndy installed signal cabling from an 
appliance in a patient location to remote appliances shall 
employ a signal transmission system that prevent-; hazardous 
grounding interconnection of the appliances. 

Informational Note: See 517.13(A) for additional gmunding 
requiremenL• in patient care spaces. 

(B) Common Signal Grounding W"Jre. Common signal ground
ing wires (i.e., the cha'l.o;is ground for single-ended transmis
sion) shall be pcnnittcd to be tLo;ccl between appliances all 
located "idtin the patient care vicinity, provided the appliances 
arc served from the same reference grounding point. 

Part VD. Isolated Power Systems 

517.160 Isolated Power Systenis. 

(A) Installations. 

(I) Isolated Power Orcuits. Each isolated power circuit shall 
be controlled ))y a Sl\itch or circuit breaker dtat hao; a discon
necting pole in each isolated circuit conductor to simultanc
otLo;Jy diseonncct all power. Such isolation shall be 
accomplished by means of one or more isolation transformers, 
by !lleall.'l of generator set•, or by means of electrically isolated 
batteries. Conductors of isolated power circuit• shall not be 
installed in cables, raceways, or other enclosures containing 
conductors of another system. 

(2) Circuit Characteristics. Circuit• supplying primaries of 
isolating transformers shall operate at not more than 600 volt-; 
between conductors and shall be prmiclcd with proper ovcrcur
rcnt protection. The secondary voltage of such transformers 
shall not exceed f>OO volt-; between conductors of each circuit. 
All circuit-; supplied from such secondaries shall be ungroun
ded and shall have an approved ovcrcurrcnt dc\icc of proper 
ratings in each conductor. Circuit• supplied directly from 
batteries or from motor generator seto; shall be ungrounded 
and shall be protected against ovcrcurrcnt in the same manner 
ao; transformer-feel secondary circuit•. If an electrostatic shield 
is present, it shall be connected to the reference grounding 
point. 

(3) Equipment Location. The isolating transformers, motor 
generator scto;, batteries and battery chargers, and a"l.o;ociatcd 
primary or secondary ovcrcurrcnt devices shall not be installed 
in hazardous (clao;sificcl) locations. The isolated secondary 
circuit \\iring extending into a hazardotLo; anesthetizing loca
tion shall be installed in accordance l\ith 501 .10. 

(4) Isolation Transformers. An isolation transformer shall not 
serve more dtan one operating room except a• covered in 
517.160(A) (4) (a) and (A) (4) (b). 

For purposes of this section, anesthetic induction rooms arc 
considered part of the operating room or rooms served by the 
induction rooms. 

(a) Induction Roo71tf. \\"bcrc an induction room serves 
more than one operating room, the io;olatccl circuit• of the 
induction room shall be permitted to be supplied from the 
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isolation transformer of any one of the operating rooms served 
bv that induction room. 

· (b) 1/ighel· Voltages. Isolation transformers shall be permit
ted to serve single receptacles in several patient areas where the 
follo"ing apply: 

(1) The receptacles arc reserved for supplying power to 
equipment requiring 150 volts or higher, such ao; portable 
X-ray units. 

(2) The receptacles and mating plugs arc not interchangea
ble with the receptacles on the local isolated power 
system. 

(5) Conductor Identification. The isolated circuit conductors 
shall be identified ao; follows: 

( 1)  Isolated Conductor 1'\o. 1 - Orange l\ith at lcao;t one 
distinctive colored stripe other than white, green, or gray 
along the entire length of the conductor 

(2) Lo;olatcd Conductor 1'\o. 2 - Brmm with at lcao;t one 
distinctive colored stripe other than white, green, or gray 
along the entire length of the conductor 

For 3-phao;c systems, the dtird conductor shall be identified 
ao; yellow l\ith at lcao;t one distinctive colored stripe other than 
white, green, or gray along dtc entire length of the conductor. 
\\'here isolated circuit conductors supply 12!>-volt, singl�phao;c, 
15- and 20-ampcrc receptacles, the striped orange conduc
tor(s) shall be connected to the tcrminal(s) on dtc receptacles 
that arc identified in accordance with 200.10(B) for connec
tion to the grounded circuit conductor. 

(6) Wu-e-Pulling Compounds. Wire-pulling compounds that 
incrcao;c the dielectric constant shall not be used on the secon
dary conductors of the isolated power supply. 

Informational l'ote :'\o. I :  It is desirdble to limit the size of the 
isolation tran.<;former to 10 kVA or less and to u.w conductOr 
insulation with low leakage to meet impedance requirement.J. 

Informational :'\ote l'o. 2: Minimizing the length of branch
circuit conductors and using conductor insulations. v.itb a dielec
uic constant les.<; than 3.5 and insulation resistance constant 
greater than 6100 megohm-meters (20,000 megohm-feet) at 
16"C (60"F) reduces leakage from line to growtd, reducing the 
hazard current. 

(B) Line Isolation Monitor. 

(1) Characteristics. In addition to me usual control and over
current protective devices, each isolated power system shall be 
prmiclcd wim a listed continually operating line isolation moni
tor that indicates total hazard current. The monitor shall be 
clesignccl such that a green signal lamp, conspicuously visible to 
persons in each area served by the isolated power system, 
remains lighted when the system is adequately isolated from 
ground. An adjacent reel signal lamp and an audible warning 
signal (remote if clesirccl) shall be cncrgizccl when the total 
hazard current (consisting of possible resistive and capacitive 
leakage current-;) from cimcr isolated conductor to ground 
reaches a mrcshold value of 5 rnA under nominal line voltage 
conditions. The line monitor shall not alarm for a fault hazard 
of lcs.o; than 3.7 rnA or for a total hazard current of lcs.o; than 
5 mA. 

Exception: A !i)'.�lem slwU be Jmmitted to be designed to opemte at a 
Lown· threshold value of total hawrd cunml. A Line isolation 11Wnitm· 
for .melt a .ry.�tem slwU be permitted to be aptmroed, with the Jmroision 
that the fault hawrd cunml shall be pennitted to be l"t'duced hut not to 
Less tlwn 35 Jmrml of the con"t'sponding lhTeshold value of the total 
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hawrd cunml, and lite monitm· hawrd CW'I'I!nl is to be cm'/'l!spcmdingly 
1'/!duad to not mm"t' tlwn 50 percrot of tlte alann tln"t'slwld value of lite 
total hawrd cunml. 

(2) Impedance. The line isolation monitor shall be designed 
to have sufficient internal impedance such mat, when properly 
connected to the isolated system, me maximum internal 
current mat can flow through the line isolation monitor, when 
any point of the isolated system is grounded, shall be 1 rnA. 

Exception: Tlte Line isolation mmtitm· slwU be Jmmitted to be of lite low
impedanu t)'/JI! .melt tlwt the cunml thmugh the Line isolation monilm; 
whm any point of lite isolated SJSlem is gmundl'd, will twl exul'.d twice 
the a/ann tln"t'slwld value fm· a pniod not exct't'ding 5 milliseconds. 

Informational :'\ote: Reduction of the monitor hazard current, 
prmided this reduction resu(L<; in an increa.<;ed "not alarm" 
threshold \'alue for the fault hazard current, \\ill increa.<;e circuit 
capacity. 

(3) Ammeter. An ammeter calibrated in me total hazard 
current of me system (contribution of me fault hazard current 
plus monitor hazard current) shall be mounted in a plainly visi
ble place on the line isolation monitor "im the "alarm on" 
zone at approximately me center of the scale. 

Exception: The !i1i11 imlation 11Wnitm· shall be Jmmitted to be a comJJO
.�ile unit, zuith a sensing section cab!P.d to a sepamte display /Janel 
section on tuhidt the alann m· tesl functions lll'l! locatl'.d. 

Informational l'ote: It is desirable to locate the ammeter so that 
it is. conspicuou.<;Jy \i<;ible to persons in the anesthetizing loca
tion. 

ARTICLE 518 
Assembly Occupancies 

518.1 Scope. Except for the ao;sembly occupancies cxplicidy 
covered by 520.1 ,  dtis article covers all buildings or portions of 
buildings or structures designed or intended for the gathering 
together of 100 or more persons for such purposes ao; delibera
tion, worship, entertainment, eating, drinking, amusement, 
awaiting transportation, or similar purposes. 

lnformational l'ote: See NFPA /01-2021,  Ufo Safety (.odl', or the 
local building code for method• of detennining population 
capacity. 

518.2 General Classification. 

(A) Examples. A'i.o;cmbly occupancies shall include, but not be 
limited to, me following: 

(1)  Armories 
(2) A'i.o;cmbly halls 
(3) Auditoriums 
(4) Bowling lanes 
(5) \ .. asinos and gaming facilities 
(6) Club rooms 
(7) \..onfcrcncc rooms 
(8) \..ourtroomo; 
(9) Dance halls 

( 10) Dining and drinking facilities 
( 1 1) Exhibition halls 
( 12) Gpnna-;iums 
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(13) Mortuary chapels 
( 14) Multipurpose rooms 
( 15) Museums 
(16) Places of awaiting transportation 
( 1 7) Places of religious worship 
( 18) Pool rooms 
( 19) Restaurants 
(20) Skating rinks 

(B) Multiple Occupancies. Where an ao;sembly occupancy 
form-; a portion of a building containing other occupancies, 
Article 518 applies only to that portion of the building consid
ered an ao;sembly occupancy. Occupancy of any room or space 
for a'i.o;cmbly purposes by lcs.o; than I 00 persons in a building of 
other occupancy, and incidental to such other occupancy, shall 
be da'i.o;ificd ao; part of dtc other occupancy. 

(C) Theatrical Areas. \\'here any such building or structure, or 
portion of a building or structure, contains a projection booth 
or stage platfonn or area for the presentation of dtcatrical or 
musical productions, cidtcr fixed or portable, dtc wiring for 
that area, including ao;sociatcd audience seating area-;, and all 
equipment that is used in the referenced area, and portable 
equipment and wiring for usc in the production dtat will not 
be connected to permanently installed wiring, shall comply 
with Article 520. 

Informational Note: See NFPA /01-2021, U.fo Safety ('.ode, or the 
local building code for method• of detennining population 
capacity. 

518.3 Temporary Waring. In exhibition halls used for display 
booths, ao; in trade shows, dtc temporary wiring shall be permit
ted to be installed in accordance with Article 590. Flexible 
cables and cord-; approved for hard or extra-hard usage shall 
be permitted to be laid on floors where protected from contact 
by the general public. The ground-fault circuit-interrupter 
requirement-; of 590.6 shall not apply. All other ground-fault 
circuit-interrupter requirement-; of this ('..ode shall apply. 

\\'here ground-fault circmt-mtcrruptcr protection for 
personnel is cord-and-plug-connected to the brandt circuit or 
to the feeder, the ground-fault circuit-interrupter protection 
shall be listed ao; portable ground-fault circuit-interrupter 
protection or provide a level of protection equivalent to a port
able ground-fault circuit interrupter, whether ao;semblcd in the 
field or at the factory. 

Exception: H1vre crmditions of sti/Jervisiim mul maintenance en.�ure 
that on�)' qualijiP.d persons wiU service the i1utallation, flexible cords m· 
rabies identified in Table 400.4 fm· hard usage m· extm-hanl usage 
shall be Jlermitted in cable tm_l'S used on�)' for temporary zuiring. AU 
cords m· rabies slmU be instaUed in a single /a_l't'l: A pennanent sign 
shall be attadv.d to the cable tm)' at inle!-val� 1wt to exctl'.d 7. 5 m 
(25 jt) mul read as follows: 

-

CABLE TRAY FOR T£WPORARY Ill,'/ RING ONLY 

518.4 Waring Methods. 

(A) General. The wiring method shall qualify ao; an equipment 
grounding conductor in accordance "id1 250. 1 18 or shall 
contain an equipment grounding conductor sized in accord
ance l\ith Table 250.1 22, and shall be any of the following: 
(1)  
(2) 
(3) 

�Ictal raceways 
Flexible mcml raceways 
1'\onmctallic raceways cncao;cd in not Jcs.o; than 50 mm 
(2 in.) of concrete · 
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(4) Type MI, Type �IC, or Type AC cable 

(B) Communications, Signaling Systems, Data Systems, F�re 
Alarm Systems, and Systems Less Than 120 Volts, Nominal. 
Fixed wiring method-; for specific installations shall be ao; 
follows: 
(1) Audio signal proccs.o;ing, amplification, and reproduction 

equipment - 640.9 
(2) C..ommunications systems - Part IV of Article 805 and 

Part \1 of Article 840 
(3) Clao;s 2 and Cla'i.o; 3 remote control and signaling circuit-; 

- Article 725, Part III 
(4) Clao;s 2 circuit-; that transmit power, data, or both to a 

powered device 

Informational Note: See ANSI/:'\E:\fA Cl37.3-2017, American 
Natio11al Standard for Ughti11g S_ystmu - Minimum lletfui"mnlls for 
ln.<lallation of E11PriJ Effirient Poltler over Ethernd (PoE) Ugllting 
Sptem.<, for infonnation on installation of cables for PoE lighting 
system•. See Part Ill of Article 760 fur infmmation on fire alann 
circuiL•. 

(C) Nonrated Construed� )n addition to the wiring method-; 
permitted by 518.4(A), nonmetallic-sheathed cable, electrical 
nonmetallic tubing, and rigid nonmetallic conduit shall be 
permitted to be installed in those buildings or portions of those 
buildings that arc not required to be of fire-rated construction 
by the applicable building code. 

lnfor�J�arional :'\ote: Fire-rated construction is the fire-resisti\-e 
cla'l.•ification used in building codes. 

(D) Spaces with Fmish Rating. Electrical nonmetallic tubing 
and rigid nonmetallic conduit shall be permitted to be instal
lccl in dub rooms, conference and meeting rooms in hotels or 
motels, courtrooms, dining facilities, restaurant�, mortuary 
chapels, mu.o;cums, libraries, and places of religious worship 
where the follm\ing apply: 
(1) The tubing or conduit is installed concealed within walls, 

floors, and ceilings where the walls, floors, and ceilings 
prmidc a thcnnal barrier of material that hao; at lcao;t a 
15-minutc finish rating ao; identified in listings of fire
rated a'i.o;cmblics. 

(2) The tubing or conduit is installed above suspended ceil
ings where the su.o;pcndcd ceilings provide a thermal 
barrier of material that hao; at lcao;t a ]!>-minute finish 
rating ao; identified in listings of fire-rated a'i.o;cmblics. 

Electrical nonmetallic tubing and rigid nonmetallic conduit 
arc not recognized for u.o;c in other space used for cm·ironmcn
tal air in accordance with 300.22(C). 

Informational :'\ote: A finish rdting is establi•hed for a'l.�mblies 
containing combu.•tible (wood) supporL•. The finish rating i• 
defined a• dte time at which the wood stud or wood joist reaches 
an a\-erdge temperature rise of 12l"C (250"F) or an indhidual 
temperature lise of 163"C (325"F) a• mea•ured on dte plane of 
the wood nearest the fire. A fini•h rdting is not intended to 
represent a rating for a membrane ceiling. 

518.5 Supply. Portable switchboards, portable power distribu
tion equipment, and commercial appliance outlet centers shall 
be installed in accordance with 518.5(A) through (C). 

(A) Power Oudets and Commercial Appliance Oudet Centers. 

(I) Overcurrent Protection. Power outlet-; and commercial 
appliance oudct centers shall prmidc ovcrcurrcnt protection 
or shall be protected by ovcrcurrcnt de, ices. 
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(2) Accessibility. Ovcrcurrcnt dc\-iccs, power outlet�, and 
commercial appliance outlet centers shall not be acccs.�iblc to 
the general public. 

(3) Equipment Grounding Conductor Connections. Connect
ing means for an equipment grounding conductor shall be 
provided. 

(4) Markings. Power outlet� and commercial appliance outlet 
centers shall be marked a� follows: 

FOR USE BY QUALIFIED PERSONS ONLY. RISK OF ELEC 
TRIC SHOCK. 

Disconnect all power before servicing. Disconnecting means 
location: 

(5) Panelboard Orientation. A panelboard installed in a listed 
commercial appliance outlet center designed for in-floor 
mounting shall be permitted to be orientated in the face-up 
position, if such orientation is pan of the listing, and 408.43 
shall not apply. 

(B) Portable Switchboards and Portable Power Distribution 
Equipment. Portable switchboarcl� and portable power distri
bution equipment shall be supplied only from listed power 
outlet� or listed commercial appliance outlet centers, each 
haling sufficient voltage and ampere ratings. 

(C) Neutral Conductor of Feeders Supplying Solid State 
Dimmer Systems. The neutral conductor of feeders supplying 
solid-state pha�c control, 3-pha�c, 4-wirc dimmer systems shall 
be considered a current-carrying conductor for purposes of 
ampacity adjusuncnt. 

The neutral conductor of feeders supplying solid-state sine 
wave, 3-pha�, 4-"irc dimming systems shall not be considered 
a current-carrying conductor for purposes of ampacity a<ljust
mcnt. 

Exception: The nrntml rondtu:tm· of feeders .mpplying systems tlmt use 
m· m-e rapable of using both phase-contml and sine-wave dimmers slmU 
be considered as runmt-can)•ingfor purJJOses of ampacity adjustment. 

Informational Note: See Article I 00 for definitions of solid-state 
dimmer types. 

518.6 Wumination. Illumination shall · be provided for all 
working spaces about fixed scr\-icc equipment, switchboard�, 
Sl\itchgcar, panelboarcl�, or motor control centers installed 
outdoors that serve a�sembly occupancies. \..ontrol by auto
matic means only shall not be pcnnittcd. Additional lighting 
outlet� shall not be required where the work.�pacc is illumina
ted by an adjacent light source. 

ARTICLE 520 
Theaters, Audience Areas of Motion 

Picture and Television Studios, 
Performance Areas, and Similar Locations 

Part I. General 

520.1 Scope. This article covers all buildings or that part of a 
building or structure, indoor or outdoor, designed or used for 
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presentation, dramatic, musical, motion picture projection, or 
similar purposes and to specific audience seating area� "ithin 
motion picture or television studios. 

520.5 Waring Methods. 

(A) General. The fixed wiring method shall be any of the 
follo"ing: 
( 1 )  Metal raceways 
(2) Nonmetallic i-accways cnca�d in at lca�t 50 mm (2 in.) of 

concrete 
(3) Type MI cable, Type MC cable, or Type AC cable contain

ing an insulated equipment grounding conductor sized 
in accordance with Table 250.122 

(B) Communications, Signaling Systems, Data Systems, F�re 
Alarm Systems, and Systems Less Than 120 Volts, Nominal. 
Fixed "iring method� for specific installations shall be a� 
follows: 
( 1 )  Audio signal proccs.�ing, amplification, and reproduction 

equipment - 640.9 
(2) Communication� !l):'lltcms - Part� I and IV of Article 800, 

Pan IV of Article 805, and Part \1 of Article 840 
(3) Cla'i.� 2 and Cia�� 3 remote control and signaling circuit� 

- Pan III Of Article 725 
(4) Cla'i.� 2 drcuit� that transmit power, data, or both to a 

powered device 

Informational l'ote: See ANSI/:'\E:\IA <:137.3-2017, A1111'rican 
i.Valiomzl Standard for I.ighting Systmu - Minimum Requimmmls for 
ln.<tallalion of EIII'TJ{J Effiriml Pmuer over Etllernd (PoE) I.igllting 
Sysll'ln.<, for infonnation on installation of cables for PoE lighting 
systems. See Part Ill of Article 760 for infmmation on fire alann 
circuil�. 

(C) Portable EquipmenL The "iring for portable S\'itch
boarcl�, stage set lighting, stage effect�, and other \\iring not 
fixed a� to location shall be permitted with approved flexible 
cords and cables a� provided elsewhere in Article 520. Fa�tcn
ing such cables and cord� by uninsulatcd staples or nailing 
shall not be permitted. 

(D) Nonrated Construction. 1'\onmctallic-shcathcd cable, Type 
AC cable, electrical nonmetallic tubing, and rigid nonmetallic 
conduit shall be permitted to be installed in those buildings or 
portions of buildings that arc not required to be of fire-rated 
construction by the applicable building code. 

520.6 Number of Conductors in Raceway. The number of 
conductors permitted in any metal conduit, rigid nonmetallic 
conduit a� permitted in this article, or electrical metallic tubing 
for circuit� or for remote-control conductors shall not exceed 
the percentage fill shown in Table 1 of Chapter 9. \\'here 
contained "ithin an auxiliary gutter or a wircway, the sum of 
the cros.'i-sectional area� of all contained conductors at any 
cross section shall not exceed 20 percent of the interior cros.'i
scctional area of tltc auxiliary gutter or l\ircway. The 30-
conductor limitation of 366.22 and 376.22 shall not apply. 

520.9 Branch Circuits. A branch circuit of any size supplying 
one or more receptacles shall be pcnnittcd to supply stage set 
lighting. The voltage rating of the receptacles shall be not lcs.� 
than tltc circuit voltage. Receptacle ampere ratings and branch
circuit conductor ampacity shall be not lcs.� than the branch
circuit ovcrcurrent device ampere rating. Table 210.21 (8) (2) 
and 210.23 shall not apply. The requirement� in 210.8(8), 
other than 210.8(8) (6), shall apply. 
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520.10 Portable Equipment Used Outdoors. Portable stage 
and studio lighting equipment and portable power distribution 
equipment not identified for outdoor usc shall be permitted 
for temporary usc outdoors if the equipment is supervised by 
qualified personnel while energized and barricrcd from the 
general public. 

Informational :'\ote: See A. '\SI/E.�A E 1 .58-2017, furtriral Safety 
Standard for Portable Star;e and Studio l:quipmmt U!wA Outdoors, for 
infmmation on the lL'Ie of portable stage and studio lighting 
equipment outdoors. 

Part D. Faxed Stage Switchboards 

520.21 General. Fixed stage Sl\itchboardo; shall comply with 
the following: 

( 1)  Fixed stage Sl\itch boarclo; shall be listed. 
(2) Fixed stage Sl\itchboardo; shall be readily acccs.o;iblc but 

shall not be required to be located on or adjacent to the 
stage. Multiple fixed stage switchboard-; shall be permit
ted at different locations. 

(3) A fixed stage switchboard shall contain ovcrcurrcnt 
protective devices for all branch circuit-; supplied by that 
Sl\itchboard. 

(4) A fixed stage switchboard shall be pcnnittcd to supply 
both stage and nonstagc equipment. 

(5) Fixed stage Sl\itchboardo; shall comply widt the marking 
and working space requirement-; in 408.18(C) but shall 
not be required to comply "ith the load terminal location 
requirement-; in 408.18(C) ( I ) ,  (C) (2), and (C) (3). 

520.25 Dimmers. Dimmers shall comply widt 520.25(A) 
through (C). 

(A) Disconnection and Overcurrent Protection. If dimmers 
arc installed in ungrounded conductors, each dimmer shall 
have ovcrcurrcnt protection not greater than 1 25 percent of 
the dimmer rating and shall be disconnected from all ungrotm
dcd conductors where dtc mao;tcr or indi'l'idual Sl\itch or circuit 
breaker supplying such dimmer is in the open position. 

(B) Autotransformer-Type Dimmers. The circuit. supplying an 
autotransformer-type dimmer shall not exceed 150 volt-; 
between conductors. The groundccl conductor shall be 
common to the input and output circui&s. 

Informational l'ote: See 210.9 for circuit<; deri,·ed from auto
u-ansformers. 

(C) So6d-State-Type Dimmers. The circuit supplying a solid
state dimmer shall not exceed 150 volts between conductors 
unlcs.o; the dimmer is listed specifically for higher voltage opera
tion. \\'bcrc a grounded conductor supplies a dimmer, it shall 
be common to the input and output circuit-;. Dimmer chao;sis 
shall be connected to the equipment grounding conductor. 

520.26 Type of Switchboard. A stage switchboard shall be 
either one or a combination of the types specified in 
520.26(A) , (B), (C), and (D) . 

(A) Manual. Dimmers and switches arc operated by handles 
mechanically linked to the control dc'l'iccs. 

(B) Remotely Controlled. Devices arc operated electrically 
from a pilot-type control console or panel. Pilot control panels 
either shall be part of the Sl\itchboard or shall be permitted to 
be at another location. 
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(C) Intermediate. A stage switchboard "ith circuit intercon
nections is a secondary Sl\itchboard (patch panel) or panel
board remote to the primary stage Sl\itchboard. It shall contain 
ovcrcurrcnt protection. \\'here the required branch-circuit 
ovcrcurrcnt protection is prO\idcd in the dimmer panel, it 
shall be permitted to be omitted from the intermediate switch
board. 

(D) Constant Power. A stage switchboard containing only over
current protective devices and no control clement<;. 

520.27 Stage Switchboard Feeders. 

(A) Type of Feeder. Feeders supplying stage switchboarcl<; 
shall be one of the types in 520.27(A) ( 1 )  through (A) (3). 

(1) Single Feeder. A single feeder disconnected by a single 
disconnect dclicc. 

(2) Multiple Feeders to Intermediate Stage Switchboard (Patch 
Panel). Multiple feeders of unlimited quantity shall be permit
ted, prO\idcd that all multiple feeders arc part of a single 
system. \\'bcrc combined, neutral conductors in a given race
way shall be of sufficient ampacity to carry the maximum unbal
anced current supplied by multiple feeder conductors in the 
same raceway, but dtey need not be greater than the ampacity 
of dtc neutral conductor suppl}ing the primary stage switch
board. Parall�l neutral conductors shall comply with 
310.10(G). 

(3) Separate Feeders to Single Primary Stage Switchboard 
(Dimmer Bank). Installations l\ith separate feeders to a single 
primary stage switchboard shall have a disconnecting means for 
each feeder. The primary stage Sl\itchboard shall have a perma
nent and obvious label stating the number and location of 
disconnecting means. If the disconnecting means arc located 
in more than one distribution Sl\itchboard, the primary stage 
Sl\itchboard shall be provided widt barriers to correspond with 
these multiple locations. 

(B) Neutral Conductor. For the purpose of ampacity adjtt<;t
mcnt, the follm\ing shall apply: 

(1)  The neutral conductor of feeders supplying solid-state, 
pha<;c-control 3-phao;c, 4-wirc dimming systems shall be 
considered a current-carrying conductor. 

(2) The neutral conductor of feeders supplying solid-state, 
sine wave 3-pha<;c, 4-wirc dimming systems shall not be 
considered a currcnt-carf}ing conductor. 

(3) The neutral conductor of feeders supplying systems that 
tt<;c or arc capable of tt<;ing both pha<;c-control and sine 
wave dimmers shall be considered a<; currcnt-carf}ing. 

(C) Supply Capacity. For the purposes of calculating supply 
capacity to Sl\itchboard<;, considering the maximum load that 
the switchboard is intended to control in a given installation 
shall be permitted if the following apply: 

(1) All feeders suppl}ing the switchboard shall be protected 
by an ovcrcurrcnt dc\icc "ith a rating not greater than 
the ampacity of the feeder. 

(2) The opening of the ovcrcurrcnt device shall not affect the 
proper operation of the cgrcs.o; or emergency lighting 
systems. 

Informational l'ote: See 220.40 for calculation of stage s\\itch
board feeder loads. 
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Part m. FIXed Stage Equipment Other Than Switchboards 

520.40 Stage Lighting Hoists. \\'here a stage lighting hoist is 
listed as a complete ao;.o;cmbly and contains an imcgral cable
handling system and cable to connect a moving wiring device 
to a fixed junction box for connection to permancm \\iring, 
the extra-hard usage rcquircmcm of 520.44(C) ( 1 )  shall not 
apply. 

520.41 Circuit Loads. 

(A) Circuits Rated 20 Amperes or Less. Footlighto;, border 
lighto;, and proscenium sidelight" shall be arranged so that no 
branch circuit supplying such cquipmcm carries a load exceed
ing 20 amperes. 

(B) Circuits Rated Greater Than 20 Amperes. Where only 
heavy-duty lampholdcrs arc u.o;cd, such circuit" shall be permit
ted to comply l\ith Article 210 for circuit" suppl}'ing heavy-duty 
lampholdcrs. 

520.42 Conductor Insulation. Foot, border, proscenium, or 
portable strip lighto; and connector strips shall be wired with 
conductors that have insulation suitable for the temperature at 
which tltc conductors arc operated, but not lcs.o; than 1 25•c 
(257.F). The ampacity of the 125•c (257.F) conductors shall 
be that of oo•c (140.F) conductors. All drops from connector 
strips shall be 90"C (194.F) \\ire sized to the ampacity of f>O"C 
(140°F) cordo; and cables l\ith no more than 150 mm (6 in.) of 
conductor extending into the connector strip. 
Section 310.15(C) ( 1 )  shall not apply. 

Informational :'\ote: See Table 310.4 (I )  for conductor types. 

520.43 Footlights. 

(A) Metal Trough Construction. \\'here metal trough construc
tion is employed for footlighto;, the trough containing the 
circuit conductors shall be made of sheet metal not lighter 
than 0.81 mm (0.032 in.) and treated to prcvcm oxidation. 
Lampholdcr terminals shall be kept at lcao;t 13 mm (!i:t in.) 
from the metal of the trough. The circuit conductors shall be 
soldered to tltc lampholdcr tcnninals. 

(B) Other-Than-Metal Trough Construction.· \\'here tltc metal 
trough construction specified in 520A3(A) is not used, foot
light" shall consist of individual outlet� with lampholdcrs wired 
"ith rigid metal conduit, imcrmcdiatc metal conduit, or flexi
ble metal conduit, Type �lC cable, or mineral-insulated, metal
sheathed cable. The circuit conductors shall be soldered to the 
lampholdcr terminals. 

(C) Disappearing Footlights. Disappearing footlights shall be 
arranged so that tltc currcm supply is automatically disconnec
ted when tltc footlight" arc replaced in the storage recesses 
designed for them. 

520.44 Borders, Proscenium Sidelights, Drop Boxes, and 
Connector Strips. 

(A) General. Borders and proscenium sidelight" shall be ao; 
follows: 
( 1 )  Constructed ao; specified in 520.43 
(2) Suitably stayed and supported 
(3) Designed so that the flanges of tltc reflectors or other 

guards protect the lamps from mechanical damage and 
from accidental contact l\ith scenery or other combu.o;ti
blc material 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

(B) Connector Strips and Drop Boxes. Connector strips and 
drop boxes shall be ao; follows: 
(1 )  Suitably stayed and supported 
(2) Listed ao; stage and studio wiring devices 

(C) Cords and Cables for Border Lights, Drop Boxes, and 
Connector Strips. 

(1) General. \..ords and cables for supply to border lighto;, 
drop boxes, and connector strips shall be listed for extra-hard 
usage. The corclo; and cables shall be suitably supported. Such 
cordo; and cables shall be employed only where flexible conduc
tors arc ncccs...ary. Ampacity of the conductors shall be ao; prmi
dcd in 400.5. 

(2) Cords and Cables Not in Contact with Heat-Producing 
EquipmenL Listed multiconductor extra-hard usage type corclo; 
and cables not in direct contact l\ith equipment containing 
heat-producing clcmcnto; shall be pcnniucd to have their 
ampacity determined by Thblc 520.44(C) (2) (1) .  �laximum 
load current in any conductor "itl1 an ampacity determined by 
Table 520.44(C) (2) ( n  !lball not exceed the l'alucs in Table 
520.44(C) (2) (1) .  

. 

Table 520.44(C)(2)(1) Ampacity of Listed Extra-Hard Usage 
Cords and Cables with Temperature Ratings of 75"C (167"F) 
and 90"C (194"F) [Based on Ambient Temperature of 30"C 
(86"F)] 

Temperature Rating Maximum 
of Cords and Cables Rating of 

Size 75"C 90"C Overeurrent 
(AWG) (167"F) (194"F) Device 

14 24 28 15 
12 32 35 20 
10 41 47 25 
8 57 65 35 
6 77 87 45 
4 101 1 14 60 
2 133 152 80 

1\:ote: Ampacity shmm is the ampacity for multiconductor cords and 
cables where only three copper conductors are current<arrying in 
accordance "ith 400.5. If the number of current<arrying conductors in 
a cord or cable exceeds three and the load diversity i" 50 percent or 
les.", the ampacity of each conductor shall be reduced a." shmm in 
Table 520.44(<:) (2)(2): 

lnformational l\:ote: For the purposes of Table 520.44(C) (2) ( I ) ,  
load diversity i" the percentage of the total current of all simulta
neously energized circuil" fed by the cable to the sum of the 
ampacities of all pairs of circuit conductors in that cable. 

(3) Identification of Conductors in Multiconductor Extra
Hard-Usage Cords and Cables. 1'\cutral conductors shall be 
white without stripe or shall be identified by a distinctive white 
marking at their terminations. Equipment grounding conduc
tors shall be green "ith or l\ithout yellow stripe or shall be 
iclcmificd by a distinctive green marking at their terminations. 

520.45 Receptacles. Receptacles for electrical cquipmcm on 
stages shall be rated in amperes. Conductors suppl}'ing recepta
cles shall be in accordance with Articles 310 and 400. 

520.46 Connector Strips, Drop Boxes, Floor Pockets, and 
Other Outlet Enclosures. Receptacles for the connection of 
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Table 520.44(C)(2)(2) Ampacity Adjustment Factors for More 
Than Three Current-Carrying Conductors in a Cord or Cable 
Where Load Diversity Is 50 Percent or Less 

Number of Conductors 

1--f) 
7-21 
25--42 

43 and above 

Percent of Ampacity Value in 
Table 520.44(C)(2)(a) 

80 
70 
60 
50 

l'ote: Ultimate insulation temperdture. In no ca'le shall conductors be 
a'i.'IDciated together in such a way "ith respect to the kind of circuit, the 
\\iring method used, or dte number of conductors such that the 
temperature limit of the conductors i� exceeded. 
A neutr.tl conductor that canies only dte unbalanced current from 
other conductors of dte same circuit need not be considered a� a 
current<arrying conductor. 
In a 3-wire circuit consi�ting of two-pha'ie conductors and dte neutrdl 
conductor of a 4-wire, 3-pha'ie, wye<onnected system, the neutral 
conductor canies approximate!>· the same cun-ent a� the line-to-neutral 
currenL� of the other conductors and shall be cmt.�idered to be a 
current<arrying conductor. 
On a +-•ire, 3-pha'ie wye circuit where the m�jor portion of the load 
consi�L� of nonlinear load�. there are hannonic cun-enL� in the neutral 
conductor. Therefore, the neutral conductor shall be considered to be 
a current<an-ying conductor. 

portable stage-lighting equipment shall be pendant or moun
ted in pockcto; or enclosures and shall comply "id1 520.45. 
Supply cables for connector strips and drop boxes shall be as 
specified in 520.44(C). 

520.47 Backstage Lamps (Bare Bulbs). Lamps (bare bulbs) 
installed in backstage and ancillary areas where they can come 
in contact "id1 scenery shall be located and guarded so as to be 
free from physical damage and shall prmidc an air space of not 
lcs.o; man 50 mm (2 in.) between such lamps and any combusti
ble material. 

Exception: DPcm'fltive lamJJs i1utalkd in SCtmel)' shall not be considered 
to be backstage lamps for the JntrJJOse of thif sution. 

520.48 Curtain Machines. Curtain machines shall be listed. 

520.49 Smoke Ventilator Control. Where stage smoke ventila
tors arc released by an electrical dC\-icc, dtc circuit operating 
the device shall be normally ci06Cd and shall be controlled by 
at least two externally operable switches, one switch being 
placed at a readily acccs.o;iblc location on stage and me oilier 
where designated by me authority having jurisdiction. The 
device shall be designed for dtc full voltage of me circuit to 
which it is connected, no resistance being inserted. The dc\'icc 
shall be enclosed in a metal box having a door mat shall 
remain closed except during service to me equipment. 

Part IV. Portable Switchboards on Stage 

520.50 Road Show Connection Panel (A Type of Patch Panel). 
A panel designed to allow for road show connection of porta
ble stage switchboard" to fixed lighting oudcto; by means of 
pcrmancndy installed supplementary circuito;. The panel, 
supplementary circuito;, and oudcto; shall comply wim 
520.50(A) duough (D). 
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(A) Load Circuits. Circuit" shall originate from grounding
type polarized inlcto; of current and voltage rating that match 
the fixed-load receptacle. 

(B) Circuit Transfer. Circuit" that arc transferred between 
fixed and portable switchboard" shall have all circuit conduc
tors transferred simultancotLo;Jy. 

(C) Overcurrent Protection. The supply dc\'iccs of these 
supplementary circuit" shall be protected by branch-circuit 
ovcrcurrcnt protective devices. Each supplementary circuit, 
"imin dtc road show connection panel and dlcatcr, shall be 
protected by branch-circuit ovcrcurrcnt protective devices 
installed wimin me road show connection panel. 

(D) Enclosure. Panel construction shall be in accordance wim 
Article 408. 

520.51 Supply. Portable Sl\itchboardo; shall be supplied only 
from power oudcto; of sullicicnt voltage and ampere rating. 
Such power oudcto; shall include only externally operable, 
enclosed ftLo;cd switches or circuit breakers mounted on stage 
or at dtc permanent switcl:lboard in locations readily acccs.o;iblc 
from the stage floor. Pro\isions for connection of an equip
ment grounding conductor shall be prmidcd. For the purposes 
of ampacity adjusuncnt, dtc requirement" of 520.27(B) shall 
apply. 

520.52 Overc:Urrent Protection for Branch Circuits. Portable 
switchboard'! shall contain ovcrcurrcnt protection for branch 
circuito;. The requirement" of 210.23 shall not apply. 

520.53 Construction. Portable stage s"itchboardo; shall be 
listed and shall comply wim 520.53(A) through (E). The load 
tcnninal location requirement" in 408.18(C) (1) ,  (C) (2), and 
(C) (3) shall not apply to portable stage switchboardo;. 

(A) Pilot Light. A pilot light shall be prmidcd for each 
ungrounded conductor feeding the Sl\itchboard. The pilot 
light(s) shall be connected to the incoming feeder so that oper
ation of me main ovcrcurrcnt protective device or master 
Sl\itch shall not affect dlc operation of the pilot light(s) . 

(B) Neutral Terminal. In portable switchboard equipment 
designed for tLo;c "im 3-phasc, 4-wirc wim ground supply, me 
current rating of the supply neutral terminal, and me ampacity 
of ito; associated busbar or wiring, or both, shall have an ampac
ity equal to at least t"icc me ampacity of dtc largest ungroun
ded supply terminal. 

Exception: Mum• po1·tabk switcltboanl equiJ1711rot if spuijirally 
constructed and identified to be internal(}· convertl'.d in the field, in an 
afr!J'Ivved mannn; ftvm U!ie with a balanced 3-phase, 4-zuhe with 
JPVU1ul .mpply to a balanced singk-Jiha.'it', 3-wire with gJVUnd sufr!/(l� 
the .mJIP(l· neutml terminal and its a.fsociated busbat; wiring, m· both, 
shall have an ampacity equal to at lea.ft tlmt of tile la1-gest ungJvunded 
.fingle-pha.fe supply terminal. 

(C) Single-Pole Separable Connectors. Single-pole separable 
connectors shall comply wim 406.13. Sections 400.14, 406.7, 
and 406.8 shall not apply to listed single-pole separable connec
tors and single-conductor cable as.o;cmblies utilizing listed 
single-pole separable connectors. Where paralleled scto; of 
current-carrying, single-pole separable connectors arc provided 
ao; input devices, they shall be prominently labeled "im a warn
ing indicating me presence of internal parallel connections. 

(D) Supply Feed-Through. \\'here a portable stage s"itch
board contains a fccd-dlrough oudct of me same rating ao; ito; 
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supply inlet, the feed-through oudct shall not require ovcrcur
rcnt protection in the switchboard. 

(E) Interior Conductors. All conductors other dtan busbars 
wimin the Sl\itchboard enclosure shall be stranded. 

520.54 Supply Conductors. 

(A) General. The supply to a portable stage switchboard shall 
be by means of listed extra-hard usage cords or cables. The 
supply cords or cables shall terminate l\ithin dtc S\'itchboard 
enclosure in an externally operable fused master Sl\itch or 
circuit breaker or in an identified connector a.'i.o;cmblv. The 
supply cords or cable (and connector assembly) shali have 
current ratings not less than me total load connected to me 
Sl\itchboard and shall be protected by ovcrcurrent devices. 

(B) Conductor Sizing. The power supply conductors for porta
ble stage switchboards utilizing solid-state pha.o;c control 
dimmers shall be sized considering dtc neutral conductor a.o; a 
currcnt-cartying conductor for ampacity adjustment purposes. 
The power supply conductors for portable stage switchboard-; 
utilizing only solid-state sine wave dimmers shall be sized 
considering the neutral conductor a.o; a non-current carrying 
conductor for ampacity adjustment purposes. 

(C) Single-Conductor Cables. Single-conductor portable 
supply cable scto; shall be not smaller man 2 AWG conductors. 
The equipment grounding conductor shall not be smaller than 
6 AWG conductor. Single-conductor grounded neutral cables 
for a supply shall be sized in accordance wim 520.54U). \\'bcre 
single conductors arc paralleled for incrca.o;cd ampacity, me 
paralleled conductors shall be of the same lcngdt and size. 
Single-conductor supply cables shall be grouped togcdtcr but 
not bundled. The equipment grounding conductor shall be 
permitted to be of a different type if it meet-; the odtcr require
ment-; of dtis section, and it shall be pcnnittcd to be reduced in 
size in accordance l\ith 250. 122. Grounded (neutral) and 
equipment grounding conductors shall be identified in accord
ance l\ith 200.6, 250.1 19, and 310.6. Grounded conductors 
shall be permitted to be identified by marking at lca.o;t the first 
150 mm (6 in.) from both end-; of each length of conductor 
wim white or gray. Equipment grounding conductors shall be 
permitted to be identified by marking at least me first 150 mm 
(6 in.) from both end-; of each length of conductor wim green 
or green wim yellow stripes. \\'bece . more than one nominal 
voltage exist-; l\ithin me same premises, each ungrounded 
conductor shall be identified by system. 

(D) Supply Conductors Not Over 3 m (10 ft) Long. \\'bcrc 
supply conductors do not exceed 3 m  (10 ft) in length between 
supply and switchboard or supply and a subsequent ovcrcur
rcnt dclicc, me supply conductors shall be pennittcd to be 
reduced in size where all of dtc follo"ing conditions arc met: 
( 1) The ampacity of the supply conductors shall be at lca.o;t 

one-quarter of the current rating of the supply ovcrcur
rcnt protective dc'l'icc. 

(2) The supply conductors shall terminate in a single over
current protective dc\icc mat \\ill limit the load to me 
ampacity of the supply conductors. This single ovcrcur
rcnt device shall be pennittcd to supply additional over
current devices on ito; load side. 

(3) The supply conductors shall not penetrate walls, floors, or 
ceilings or be run through doors or traffic area.-;. The 
supply conductors shall be protected from physical 
damage. 
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(4) The supply conductors shall be suitably terminated in an 
approved manner. 

(5) Conductors shall be continuous without splices or 
connectors. 

(6) \..onductors shall not be bundled. 
(7) \..onductors shall be supported above me floor in an 

approved manner. 

(E) Supply Conductors Not Over 6 m (20 ft) Long. \\'bcrc 
supply conductors do not exceed 6 m (20 ft) in length between 
supply and switchboard or supply and a subsequent ovcrcur
rcnt protection device, the supply conductors shall be permit
ted to be reduced in size where all of the follm\ing conditions 
arc met: 
(1 )  

(2) 

(3) 

(4) 

(5) 

(6) 
(7) 

The ampacity of the supply conductors shall be at lca.o;t 
one-half of dtc current rating of the supply ovcrcurrcnt 
protective dclicc. 
The supply conductors shall terminate in a single over
current protective device that limito; the load to me 
ampacity of the supply conductors. This single ovcrcur
rcnt device shall be pcnnittcd to supply additional over
current devices on ·ito; load side. 
The supply conductors shall not penetrate walls, floors, or 
ceilings or be run through doors or traffic area.-;. The 
supply conductors shall be adequately protected from 
physical damage. 
The supply conductors shall be suitably terminated in an 
approved manner. 
The supply conductors shall be supported in an approved 
manner at lca.o;t 2.1 m (7 ft) above dtc floor except at 
tcnninations. 
The supply conductors shall not be bundled. 
Tap conductors shall be in unbroken lengths. 

(F) Supply Conductors Not Reduced in Size. Supply conduc
tors not reduced in size under 520.54(D) or (E) shall be 
permitted to pa.o;s through holes in walls specifically designed 
for the purpose. If penetration is through me fir�rcsistant
ratcd wall, it shall be in accordance "ith 300.21 .  

(G) Protection of Supply Conductors and Connectors. All 
supply conductors and connectors shall be protected against 
physical damage by an approved means. This protection shall 
not be required to be raceways. 

(H) Number of Supply Interconnections. \\'here connectors 
arc used in a supply conductor, mere shall be a maximum 
number of three interconnections (mated connector pairs) 
where the total length from supply to Sl\itchboard docs not 
exceed 30 m (100 ft) . In ca.o;cs where the total length from 
supply to switchboard cxcccclo; 30 m (100 ft) , one additional 
interconnection shall be permitted for each additional 30 m 
(100 ft) of supply conductor. 

(I) Single-Pole Separable Connectors. Where single-pole port
able cable connectors arc used, mcv shall be listed and of me 
locking type. Sections 406.7 and 406.8 shall not apply to listed 
single-pole separable connectors and single-conductor cable 
a."isemblics utilizing listed single-pole separable connectors. 

(J) Supply Neutral Conductor. Supply neutral conductors shall 
complp\ith 520.54ij) (1)  and ij) (2). 

(1) Marking. Grounded neutral conductors shall be permitted 
to be identified by marking at lca."it me first 150 mm (6 in.) 
from hom cndo; of each length of conductor wim white or gray. 
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(2) Conductor Sizing. Where single-conductor feeder cables 
not installed in raceways arc used on muhipha'ic circuits feed
ing portable stage switchboarcl'i containing solid-slate pha'ic
comrol dimmers, the grounded neutral conductor shall have 
an ampacity of at lca'it 130 pcrccm of the ungrounded circuit 
conductors feeding the portable stage switchboard. \\'bcre 
such feeders arc supplying only solid-slate sine wave dimmers, 
the grounded neutral conductor shall have an ampacity of at 
lca'it I 00 perc em of the ungrounded circuit conductors feed
ing dtc portable stage Sl\itchboard. 

(K) Qualified Persons. The routing of portable supply 
conductors, the making and breaking of supply connectors and 
other supply connections, and dtc cncrgization and dc
cncrgization of supply scniccs shall be performed by qualified 
persons, and portable S\'itchboards shall be so marked, indicat
ing dtis rcquircmcm in a pcrmancm and conspicuous manner. 

Exception: A portable .witchboard shall be permilltd to be connecttd to 
a Jlermanent{l· i1utalled !IUPJI{l' lf!CeJJtacle by ot/�e�· than qiUllijied 
pers(ms pmvidtd tlmt the .mJIP{l· ll'Cejltacle is pmttcted fm· its cunf!nt 
rating by an ovtrcunmt devict of not glf!ater tlmn 150 amJ11'11'S, and 
wllelf! tht J1'cejltacle, interconnection, and switdtboanl comply with all 
of tht following: 

( 1) Tiley emplo)• listed multipole comvctm:� fm· every .�U/IP{l· intercrm
ntction. 

( 2) Tiley jJiwent acce.'iS to all suJIP{l· comvctions by tht general 
public. 

( 3) Tiley emplo)• listed txtm-ltanl usagr- multicmuluctm· cords m· 
cables with an ampacity 1wt less than tile load and not less than 
tht ampere rating of tile ronnPctm:�. 

Part V. Portable Stage Equipment Other Than Switchboards 

520.61 Arc Lamps. Arc lamps, including enclosed arc lamps 
and a'isociatcd balla'it'i, shall be listed. Interconnecting cord 
sct'i and imcrconnccting cords and cables shall be extra-hard 
usage type and listed. 

520.62 Portable Power Distribution Units. Portable power 
distribution unit'i shall comply l\ith the rcquircmcnt'i of 
520.62(A) and (B). 

(A) Listing. Portable power distribution rut it� shall be listed. 

(B) Single-Conductor Feeder Systems. Portable power distri
bution cquipmcm fed by single-conductor feeder systems shall 
comply l\ith the requirements of 520.53(C) and (D) and 
520.54. 

520.63 Bracket FIXture Waring. 

(A) Bracket Waring. Brackct'i for usc on scenery shall be wired 
imcrnally, and dtc fixture stem shall be carried through to the 
back of the scenery where a bushing shall be placed on the end 
of the stem. Externally wired brackct'i or other fixtures shall be 
permitted where "ired with cord'i designed for hard usage that 
extend through scenery and without joint or splice in canopy 
of fixture back and terminate in an approvcd-l}pc stage 
connector located, where practical, "idtin 450 mm (18 in.) of 
the fixture. 

(B) Mounting. Fixtures shall be securely fa'itcncd in place. 

520.64 Portable Strips. Portable strips shall be constructed in 
accordance \�th the requirement" for border light'i and prosce
nium sidclight'i in 520.44(A). The supply cable shall be protcc-

70-488 

ted by bushings where it pa'i.'iCS through metal and shall be 
arranged so that tension on dtc cable \\ill not be transmitted to 
the connections. 

Informational :'\ote l'o. 1: See 520.42 for \\iring of portable 
strips. 

Informational Note No. 2: See 520.68(A) ( 4) for insulation types 
required on single conductors. 

520.65 Festoons. Joint'i in festoon "iring shall be staggered. 
\\'bcrc such lampholdcrs have terminals of a l}pc that punc
ture dtc insulation and make contact with the conductors, dtcy 
shall be attached only to conductors of the stranded type. 
Lamps enclosed in lanterns or similar dcliccs of combustible 
material shall be equipped l\ith guard'i. 

520.66 Special Effects. Electrical devices used for simulating 
lightning, waterfalls, and the like shall be constructed and loca
ted so that flames, sparks, or hot particles cannot come in 
contact "id1 combustible material. 

520.67 Multipole Branch-Ciicuit Cable Connectors. Multipolc 
branch-circuit cable connectors, male and female, for flexible 
conductors shall be cm'lstructcd so dtat tension on the cord or 
cable is not transmitted to the connections. The female half 
shall be attached -to dtc load end of the power supply cord or 
cable. The connector shall be rated in amperes and designed 
so that dilfcrcndy rated del-ices cannot be connected together; 
however, a 20.ampcrc T-slot receptacle shall be permitted to 
accept a·. 1:>-ampcrc attachment plug of the same voltage rating. 
Altcrnating-currcm multipolc connectors shall be polarized 
and comply "idt 406.7 and 406.10. 

Informational :'\ote: See 400.14 for pull at te1minal�. 

520.68 Conductors for Portables. 

(A) Conductor Type. 

(I) General. Flexible conductors, including cable extensions, 
u.'iCd to supply portable stage equipment shall be listed extra
hard usage cord'i or cables. 

(2) Protected App6cations. Listed, hard usage (junior hard 
sen icc) cord or cable shall be permitted where all of the 
following conditions arc met: 

( 1 )  The cord or cable is protected from physical damage by 
attachment over it'i entire length to a pipe, tower, tru.'i.'i, 
scaffold, or other substantial support structure, or instal
led in a location that inhcrcndy prcvcnt'i physical damage 
to the cord. 

(2) The cord or cable is connected to a branch circuit protec
ted by an ovcrcurrcm protective dc\icc rated at not over 
20 ampcrcs. 

(3) The cord or cable docs not exceed 30 m (100 ft) in 
length. 

(3) Stand Lamps. Listed, hard U.'iagc cord shall be permitted 
to supply stand lamps where dtc cord is not subject to physical 
damage and is protected by an ovcrcurrcm device rated at not 
over 20 amperes. 

(4) I.nminaire Supply Cords. Listed hard U.'iagc supply corcl'i 
shall be permitted to supply luminaires if all of the follo"ing 
conditions arc met: 

(1)  The supply cord is not longer than 2.0 m (6.6 ft) .  

l'\.-\TJO:'\AL EJ..EGJ"RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 520 -THEATERS, :MOTION PICTURE & TELE\1SION STL"DIOS, & SI�ULAR LOCATIO :"'S 520.81 

(2) The supply cord is attached at one end to the luminairc 
or a luminairc-specific listed connector dtat mates "id1 a 
panel-mounted inlet on the body of me luminairc. 

(3) The supply cord is protected by an ovcrcurrcnt protective 
device of not more than 20 amperes. 

(4) The luminairc is listed. 
(5) The supply cord is not su�cct to physical damage. 

(5) High-Temperature Applications. A special a"i.�cmbly of 
conductors in slccving not longer man 1 .0 m (3.3 ft) shall be 
permitted to be employed in lieu of flexible cord if me individ
ual \\ires arc stranded and rated not lcs.� than 1 25•c (257.F) 
and dtc outer sleeve is gla"i."l fiber "id1 a wall dtickncs.� of at 
lca�t 0.635 mm (0.025 in.). 

Portable stage equipment requiring flexible supply conduc
tors "ith a higher temperature rating where one end is pcrma
ncndy attached to the equipment shall be permitted to employ 
alternate conductors a� determined by a qualified testing labo
ratory and recognized test standard�. 

(6) Breakouts. Listed, hard usage Gunior hard service) cord� 
shall be permitted in breakout a"i.�mblics where all of me 
follo"ing conditions arc met: 
(1) The cord� arc utilized to connect between a single multi

pole connector containing two or more branch circuits 
and multiple 2-polc, 3-wirc connectors. 

(2) The longest cord in the breakout a�sembly docs not 
exceed 6.0 m (20 ft).  

(3) The breakout a"i.�mbly is protected from physical damage 
by attachment over it� entire length to a pipe, trus.�. tower, 
scaiTold, or odtcr substantial support structure. 

(4) All branch circuit"l feeding the breakout a"i.�mbly arc 
protected by ovcrcurrcnt devices rated at not over 
20 ampercs. 

(B) Conductor Ampacity. The ampacity of conductors �;hall be 
a� given in 400.5, except multiconductor, listed, extra-hard 
usage portable cord� that arc not in direct contact l\ith equip
ment containing heat-producing clement� shall be permitted 
to have mcir ampacity determined by Table 520.44(C) (2) (1) .  
�laximum load current in any conductor "ith an ampacity 
determined by Table 520.44(C) (2) (1) s�ll not exceed me 
l-<ducs in Table 520.44(C) (2) (1) .  Where the ampacity adjust
ment factors of Table 520.44(C) (2) (2) arc applied for more 
than three currcnt-car!Jing conductors in a portable cord, me 
load diversity shall be 50 percent or less. 

Exception: �Wum� a/temate condtu:tm-s at-e allmvt'd in 5 20. 68( A)(5 ), 

their ampacitJ shall be as given in the aptnvflriatt table in this Codt Jm· 
tht t_l·pt.� of crmductm-s emploJ•ed. 

(C) Overcurrent Protection. Ovcrcurrcnt protection of 
conductors for portables shall comply wim 240.5. 

(D) Special-Purpose Multicircuit Cable Systems. Special
purpose multicircuit cable systems shall comply l\ith me follow
ing requirement�: 
(1)  Branch circuit� shall be rated at not more man 20 

amperes and not more than 150 volt� to ground. 
(2) Trunk cable types shall be extra-hard usage (hard senicc) 

or hard usage Gunior hard scnicc). 
(3) The ampacity of trunk cables shall be determined in 

accordance "id1 Table 520.44(C) (2) ( I ) .  
(4) Trunk cables, breakout a�semblics, and multicircuit 

enclosures shall be listed. 
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(5) Section 406.4(F) shall not apply to multicircuit, multipolc 
plugs or receptacles that arc part of a special-purpose 
multicircuit cable system. 

(6) All multicircuit, multipolc connectors shall be dearly 
marked "im thc voltage of the branch circuit� scniccd by 
the connector. 

(7) Installation and operation shall be performed by quali-
fied persons. 

520.69 Adapters. Adapters, two-fers, and other single- and 
multiple-circuit outlet dc\'ices shall comply l\ith 520.69(A), (8), 
and (C). 

(A) No Reduction in Current Rating. Each receptacle and it� 
corresponding cable shall have me same current and voltage 
rating a"l me plug supplying it. It shall not be utilized in a stage 
circuit with a greater current rating. 

(B) Connectors. All connectors shall be wired in accordance 
wim 520.67. 

(C) Conductor Type. C..onductors for adapters and two-fers 
shall be listed cxtra-[)arcl usage or listed hard usage Gunior 
hard service) cor<L Hard usage Gunior hard service) cor<l shall 
be restricted in ovcraH lcngdl to 2.0 m (6.6 ft).  

Part VI. Dres5ing Rooms, Dressing Areas, and Makeup Areas. 

520. 11· Pendant Lampholders. Pendant lampholdcrs shall not 
be imtallcd in drcs.�ing or makeup rooms. 

520.72 Lamp Guards. All exposed lamps in dressing or 
makeup area� including rooms where dtcy arc lcs."l man 2.5 m 
(8 ft) from me floor shall be equipped wim open-end guarcl� 
riveted to me oudct box cover or otherwise sealed or locked in 
place. Recessed lamps shall not be required to be equipped 
wim guard"l. 

520.73 Switches Required. All luminaires, lampholdcrs, and 
any receptacles adjacent to me mirror(s) and above the drcs.o;
ing or makeup countcr(s) installed in drcs.�ing or makeup 
rooms shall be controlled by wall switches installed in the drcs.o;
ing or makeup room(s). Other oudct"l installed in the drcs.�ing 
or makeup rooms shall not be required to be switched. 

520.74 Pilot Lights Required. Each switch required in 520.73 
shall be prmidcd "ith a pilot light located out�idc of and adja
cent to me door of the room being controlled to indicate when 
the circuit is energized. Each pilot light shall be pcnnancntly 
identified indicating a description of dtc circuit controlled. 
Pilot light� shall be neon, LED, or other extended-life lamp. 
Pilot light� shall be rcccs."lcd or prmidcd with a mechanical 
guard. 

Part VD. Equipment Grounding Conductor 

520.81 Equipment Grounding Conductor. All metal raceways 
and mctal-shcamcd cables shall be connected to an equipment 
grounding conductor. The metal frames and enclosures of all 
equipment, including border light"l and portable luminaires, 
shall be connected to an equipment grounding conductor. 
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ARTICLE 522 
Control Systems for Permanent 

Amusement Attractions 

Part I. General 

522.1 Scope. This article covers the installation of control 
circuit power sources and control circuit conductors for electri
cal equipment, including ao;.'iOciatcd control "iring in or on all 
structures, that arc an integral part of a permanent amusement 
attraction. 

522.5 Voltage Limitations. Control voltage shall be a maxi
mum of 150 volts, nominal, ac to ground or 300 volts de to 
ground. 

522.7 Maintenance. The conditions of maintenance and 
supcnision shall ensure that only qualified persons scnicc the 
permanent amusement attraction. 

Part D. Control Circuits 

522.10 Power Sources for Control Circuits. 

(A) Power-Limited Control Circuits. Power-limited control 
circuits shall be supplied from a source that hao; a rated output 
of not more than 30 volts and 1000 volt-amperes. 

(1) Control Transformers. Transformers used to supply power
limited control circuit-; shall comply "id1 the applicable 
sections within Part-; I and II of Article 450. 

(2) Other Power-Limited Control Power Sources. Power
limited control power sources, other dtan transformers, shall 
be protected by ovcrcurrcnt devices rated at not more than 
167 percent of the volt-ampere rating of the source divided by 
the rated voltage. The fusible ovcrcurrcnt dc'l'ices shall not be 
interchangeable with fusible ovcrcurrent devices of higher 
ratings. The ovcrcurrcnt dc'l'icc shall be permitted to be an 
integral part of dtc power source. 

To comply l�ith the 1000 volt-ampere limitation of 
522.10(A), the maximum output of po"'Cr sources, other than 
transfonncrs, shall be limited to 2500 volt-amperes, and the 
product of the maximum current and maximum voltage shall 
not exceed 10,000 volt-amperes. These ratings shall be deter
mined l�ith any ovcrcurrcnt-protcctivc dc'l'icc bypao;.o;cd. 

(B) Non-Power-Limited Control Circuits. :"!on-power-limited 
control circuit-; shall not exceed 300 volt-;. The power output of 
the source shall not be required to be limited. 

(1) Control Transformers. Transformers used to supply non
power-limited control circuits shall comply with the applicable 
sections within Part-; I and II of Article 450. 

(2) Other Non-Power-Limited Control Power Sources. :"!on
power-limited control power sources, other dtan transformers, 
shall be protected by ovcrcurrent devices rated at not more 
than 125 percent of the volt-ampere rating of the source di\i
dcd by the rated voltage. The fusible ovcrcurrcnt dc'l'iccs shall 
not be interchangeable with fusible ovcrcurrcnt dc'l'iccs of 
higher ratings. The ovcrcurrcnt dc'l'icc shall be permitted to be 
an integral part of dtc power source. 
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Part In. Control Circuit Wuing Methods 

522.20 Conductors, Busbars, and S6p Rings. Insulated control 
circuit conductors shall be copper and shall be permitted to be 
stranded or solid. Listed multiconductor cable ao;.o;cmblics shall 
be permitted. 

Exception No. 1: Bu.wm-s and slip rings slmU be Jmmitted to he mateli
al� other than coptm: 
Exception No. 2: Crmductm-s used as sJJecific-JJulpose devices, such as 
the1mocouples and resi.�tive the1mal devices, shall he Jmmitted to be 
material� other than copper. 

522.21 Conductor Sizing. 

(A) Conductors Within a Listed Component or Assembly. 
\..onductors of size 30 AWG or larger shall be permitted within 
a listed component or ao; part of the \�iring of a listed ao;.o;cmbly. 

(B) Conductors Within an Enclosure or Operator Station. 
\..onductors of size 30 AWG or larger shall be permitted in a 
listed and jacketed multicmiductor cable "idtin an enclosure 
or operator station. Conductors in a nonjackctcd multiconduc
tor cable, such ao; ribbon cable, shall not be smaller than 
26 AWG. Single conductor's shall not be smaller than 24 AWG. 

Exception: Single ronductors 30 A WG or larger shall be jlelmittP.d Jctr 
jumpn-s mul special Wiling appliratictlls. 

(C) Conductors Outside of an Enclosure or Operator Station. 
The size. of conductors in a listed and jacketed, multiconductor 
cable !!hall not be smaller than 26 AWG. Single conductors 
shall not be smaller than 18 AWG and shall be installed only 
where part of a recognized wiring method of Chapter 3. 

522.22 Conductor Ampacity. Ampacities for conductors sized 
16 AWG and smaller shall be ao; specified in Table 522.22. 

522.23 Overcurrent Protection for Conductors. Conductors 
30 AWG through 16 AWG shall have ovcrcurrcnt protection in 
accordance "id1 the appropriate conductor ampacity in Table 
522.22. Conductors larger than 1 6  AWG shall have ovcrcurrcnt 

Table 522.22 Conductor Ampacity Based on Copper 
Conductors with 60"C and 75"C Insulation in an Ambient 
Temperature of 30"C 

ll:otes: 

Conductor Size 
(AWG) 

30 
28 
26 
24 
22 
20 
18 
16 

Ampacity 

60"C 75"C 

2 
3 
5 
7 

10 

0.5 
0.8 
1 
2 
3 
5 
7 

10 

l .  For ambient temperdtures other dtan 30"C, temperature con-ection 
fdctors provided in 310.15(8) (1)  shall be u.o;ed. 
2. Ampacity for conductors with 90"C or greater insulation shall be 
bao;ed on ampacities in the 75"C column. 
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ARTICLE 525 - CARNIVAL'i, CIRCt:SES, FAIRS, AND SIMILAR EVE:"'TS 525.11 

protection in accordance with the appropriate conductor 
ampacity in Table 310.16. 

522.24 Conductors of Different Circuits in the Same Cable, 
Cable Tray, Enclosure, or Raceway. Control circuit-; shall be 
pcrmiucd to be installed l\ith other circuit-; ao; specified in 
522.24(A) and (8). 

(A) Two or More Control Circuits. C..ontrol circuit-; shall be 
pcrmiucd to occupy the same cable, cable tray, enclosure, or 
raceway l\ithout regard to whether dtc individual circuit-; arc 
alternating current or direct currcm, provided all conductors 
arc insulated for the maximum voltage of any conductor in the 
cable, cable tray, enclosure, or raceway. 

(B) Control Circuits with Power Circuits. Control circuit-; shall 
be pcrmiucd to be installed with power conductors ao; specified 
in 522.24(8) (1)  through (8) (3). 

(1) In a Cable, Enclosure, or Raceway. Control circuit-; and 
power circuit-; shall be pcrmiuccl to occupy dtc same cable, 
enclosure, or raceway only where the equipment powered is 
functionally ao;sociatccl. 

(2) In Factory- or Field-Assembled Control Centers. Control 
circuit-; and power circuit-; shall be pcrmiucd to be installed in 
factory- or field-a'l.o;cmblcd control centers. 

(3) In a Manhole. Control circuit-; and power circuit-; shall be 
pcrmiucd to be installed ao; underground conductors in a 
manhole in accordance l\ith one of the follm\ing: 

(1)  

(2) 

(3) 

(4) 

The power or control circuit conductors arc in a metal
enclosed cable or Type UF cable 
The conductors arc permancndy separated from the 
power conductors by a continuous fixed nonconductor. 
such ao; llcxiblc tubing, in addition to dtc insulation .on 
the "ire 
The conductors arc pcrmancndy and cffccti,·ely separa
ted from the power conductors and securely fao;tcncd to 
racks, insulators, or odtcr approved supports 
In cable trays, where dtc control circuit conductors and 
power cond

.
uctors not functionally ao;sodatcd l\idt them 

arc separated by a solid fixed barrier of a material 
compatible l\ith the cable tray, or where the power or 
comrol circuit conductors an; in a metal-enclosed cable 

522.25 Ungrounded Control Circuits. Separately derived ac 
circuit-; and systems 50 volt-; or greater and 2-wirc de circuit-; 
and systems 60 volt-; or greater shall be pcrmiucd to be 
ungrounded, provided that all dtc follm,ing conditions arc 
met: 

(1) C..ontinuity of control power is required for orderly shut-
down. 

(2) Ground detectors arc installed on the control system. 

522.28 Control Circuits in Wet Locations. Where wet contact is 
likely to occur, ungrounded 2-wirc dircct-currcm control 
circuit-; shall be limited to 30 volt-; maximum for continuous de 
or 12.4 volt-; peak for direct current that is interrupted at a rate 
of 10 to 200 Hz. 
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ARTICLE 525 
Carnivals, Circuses, Fairs, and Similar 

Events 

Part I. General 

525.1 Scope. This article covers the installation of portable 
wiring and equipment for carnivals, circuses, fairs, and similar 
functions, including wiring in or on all structures. 

525.3 Other Articles. 

(A) Portable Wiring and Equipment. Wherever the require
ment-; of other articles of this \..ode and Article 525 differ, the 
requirement-; of Article 525 shall apply to the portable "iring 
and equipment. 

(B) Attractions Utilizing Pools, Fountains, and Simllar Installa
tions with Contained Volumes of Water. This equipment shall 
be installed to comply with dtc applicable requirement-; of 
Part-; I, II, III, and V of Article 680. 

525.5 Overhead Conductor Clearances. 

(A) Vertical Clearances. Conductors shall have a vertical clear
ance to ground in accorclancc "id1 225.18. These clearances 
shall apply only to \\iring installed outo;idc of ten to; and conccs
simu. 

(!I) Clearance to Portable Structures. 

(1) 600 Volts (or Less). Portable structures shall be main
tained not lcs.o; than 4.5 m (15 ft) in any direction from over
head conductors operating at f>OO volt-; or Jcs.o;, except for the 
conductors suppl}ing the portable structure. Portable struc
tures inducted in 525.3(B) shall comply l\ith Table 680.9(A). 

(2) Over 600 Volts. Portable structures shall not be located 
under or within a space that is located 4.5 m (15 ft) horizon
tally and extending vertically to grade of conductors operating 
in execs.-; of 600 volt-;. 

525.6 Protection of Electrical Equipment. Electrical equip
ment and \\iring methods in or on portable structures shall be 
provided "ith mechanical protection where such equipment or 
"iring method-; arc subject to physical damage. 

Part D. Power Sources 

525.10 Services. Services shall comply with 525.10(A) and (B). 

(A) Guarding. Service equipment shall not be installed in a 
location that io; accessible to unqualified persons, unlcs.o; the 
cquipmcm is lockable. 

(B) Mounting and Location. Service equipment shall be 
securely fao;tcncd to a solid backing and be installed so ao; to be 
protected from the weather, unlcs.o; of weatherproof construc
tion. 

525.11 Multiple Sources of Supply. \\'here multiple services or 
separately derived systems, or both, supply portable structures, 
the equipment grounding conductors of all the sources of 
supply that serve such structures separated by Jcs.o; than 3.7 m 
(12 ft) shall be bonded together at the portable structures. The 
bonding conductor shall be copper and sized in accordance 
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525.20 ARTICLE 525 - CARNIVAL'i, CIRCt:SES, FAIRS, AND SIMILAR EVE:"'TS 

"ith Table 250.122 based on the largest ovcrcurrcnt dc\-icc 
supplying the portable structures, but not smaller dtan 6 AWG. 

Part m. Waring Methods 

525.20 Waring Methods. 

(A) Type. Where flexible corcl-; or cables arc used, dtcy shall 
be listed for extra-hard usage. \\'here flexible cords or cables 
arc used and arc not subject to physical damage, they shall be 
permitted to be listed for hard usage. \\'here used outdoors, 
flexible cord-; and cables shall also be listed for wet locations 
and shall be sunlight resistant. Extra-hard usage flexible cord-; 
or cables shall be permitted for usc as pcnnancnt "iring on 
portable amusement rides and attractions where not subject to 
physical damage. 

(B) Single-Conductor. Single-conductor cable shall be permit
ted only in sizes 2 AWG or larger. 

(C) Open Conductors. Open conductors shall be prohibited 
except a-; part of a listed a'l.-;cmbly or festoon lighting installed 
in accordance with Article 225. 

(D) Sp6ces. Flexible cord-; or cables shall be continuous with
out splice or tap between boxes or fittings. 

(E) Cord Connectors. Cord connectors shall not be laid on 
the ground unless listed for wet locations. Connectors and 
cable connections shall not be placed in audience traffic paths 
or within arcao; accessible to dtc public unless guarded. 

(F) Support. Wiring for an amusement ride, attraction, tent, 
or similar structure shall not be supported by any other ride or 
structure unless specifically designed for the purpose. 

(G) Protection. Flexible cord-; or cables accessible to the 
public shall be arranged to minimize the tripping hazard and 
shall be pcnnittcd to be covered l\ith nonconductivc matting 
secured to the walkway surface or protected l\ith apothcr 
approved cable protection mcdtod, provided that the matting 
or other protection mcdtod docs not constitute a greater trip
ping hazard than the uncovered cables. Bmying cables shall be 
permitted. The requirement-; of 300.5 shall not <tpply. 

(H) Boxes and Fittings. A box or fitting shall be installed at 
each connection point, outlet, Sl\itchpoint, or junction point. 

525.21 Rides, Tents, and Concessions. 

(A) Disconnecting Means. A means to disconnect each porta
ble structure from all ungrounded conductors shall be provi
ded. The disconnecting means shall be located "idtin sight of 
and within 1 .8 m (6 ft) of the operator's station. The discon
necting means shall be readily acccs.o;iblc to the operator, 
including when the ride is in operation. If acccs.-;iblc to unqua
lified persons, dtc disconnecting means shall be lockable. A 
shunt trip device that opens the fused disconnect or circuit 
breaker if a s"itch located in the ride operator's console is 
closed shall be a pcrmis.-;iblc method of opening dtc circuit. 

(B) Portable Wiring Inside Tents and Concessions. Electrical 
"iring for lighting, where installed inside of tent-; and conces
sions, shall be securely installed and, where subject to physical 
damage, shall be prmidcd with mechanical protection. All 
lamps for general illumination shall be protected from acciden
tal breakage by a luminairc or lampholdcr with a guard. 
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525.22 Portable Distribution or Termination Boxes. Portable 
distribution or termination boxes shall comply "ith 525.22(A) 
through (D). 

(A) Construction. Boxes shall be designed so that no live part-; 
arc exposed except where ncccs.o;ary for examination, adjust
ment, servicing, or maintenance by qualified persons. If instal
led outdoors, the box shall be of weatherproof construction 
and mounted so that the bottom of the enclosure is not lcs.o; 
than 150 mm (6 in.) above the ground. 

(B) Busbars and Terminals. Busbars shall have an ampere 
rating not lcs.o; than the ovcrcurrcnt device supplying the feeder 
supplying the box. \\'here conductors terminate dirccdy on 
busbars, busbar connectors shall be provided. 

(C) Receptacles and Overcurrent Protection. Receptacles shall 
have ovcrcurrcnt protection installed "idtin the box. The over
current protection shall not exceed the ampere rating of the 
receptacle, except ao; pcnnittcd in Article 430 for motor loacl-;. 

(D) Single-Pole Connectors. Where single-pole connectors arc 
used, they shall comply with 530.10. 

525.23 Ground-Fault Circuit-Interrupter (GFCI) Protection. 

(A) Where GFCJ Protection Is Required. In addition to the 
requirement-; of 210.8(8), GFCI protection for personnel shall 
be provided for the follm\ing: 
(1) All 125-volt, singlc-phao;c, 1!>- and 20-ampcrc non-locking

type receptacles used for disa-;sembly and rca'l.o;cmbly or 
readily acccs.o;iblc to the general public 

(2) Equipment that is readily acccs.-;iblc to the general public 
and supplied from a 125-volt, singlc-phao;c, 1!>- or 20-
ampcrc branch circuit 

The GFCI shall be permitted to be an integral part of the 
attachment plug or located in the power-supply cord "ithin 
300 mm (12 in.) of the attachment plug. Listed cord set-; incor
porating GFCI for personnel shall be permitted. 

(B) Where GFCI Protection Is Not Required. Receptacles that 
arc not acccs.o;iblc from grade level and that only facilitate quick 
disconnecting and reconnecting of electrical equipment shall 
not be required to be prmidcd l\ith GFCI protection. These 
receptacles shall be of dtc locking type. 

(C) Where GFCI Protection Is Not Permitted. Egrcs.-; lighting 
shall not be protected by a GFCI. 

(D) Receptacles Supp6ed by Portable Cords. \\'here GFCI 
protection is provided through dtc usc of GFCI receptacles, 
and the branch circuit-; suppl)'ing receptacles usc flexible cord, 
the GFCI protection shall be listed, labeled, and identified for 
portable usc. 

Part IV. Equipment Grounding and Bonding 

525.30 Equipment Bonding. The following equipment 
connected to the same source shall be bonded: 
( 1)  :Metal raceways and mctal-shcadtcd cable 
(2) :Metal cnclos�rcs of electrical equipment 
(3) :Metal frames and metal part-; of portable structures, trail

ers, trucks, or other equipment that contain or support 
electrical equipment 

Where the metal frames or part-; of the equipment in 
525.30 ( 1 ) ,  (2), or (3) arc likely to become energized in the 
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ARTICLE 530 - :MOTION PICTURE AND TELEVJSJOJ'\ STUDIOS Al'\D REMOTE LOCATIONS 530.9 

evem of a fault, the equipmem grounding conductor of the 
supply circuit shall be permitted to serve as the bonding 
means. 

525.31 Equipment Grounding. The equipmem grounding 
conductor shall be connected to dte system grounded conduc
tor at the senice disconnecting means or, in the cao;e of a sepa
rately derived system such ao; a generator, at dte generator or 
first disconnecting means supplied by the generator. 

525.32 Equipment Grounding Conductor Continuity Assur
ance. The continuity of the equipmem grounding conductors 
shall be verified each time that portable electrical equipment is 
connected. 

ARTICLE 530 
Motion Picture and Television Studios and 

Remote Locations 

Part I. General 

530.1 Scope. The requirement-; of this article shall apply to 
motion picture and tele\ision studios in facilities and locations 
staffed by qualified persons, except ao; provided in 520.1.  Such 
occupancies shall include those using cidter electronic or film 
camera-; for image capture. 

Informational Note: See :'\FPA 40-2019, Standard for the Storar;e 
and Handling of ('.el/u/o.v. Nitrate Fi/111, for method<; of protecting 
ag-dinst cellulose nitrate film hazards. 

530.3 Restricted Public Access. 

(A) Studios. The electrical equipment covered in this article 
shall be used in motion picture or tele,ision studios with 
restricted public acces.o;. 

(B) Remote Locations. \\"bere the equipment is deployed on 
remote locations, restricted public acccs.o; shall be provided in 
the form of physical barriers or other acces.o; comrol meao;ures. 

530.4 Supervision by Qualified Penonnel. Portable electrical 
equipmem, including distributjon systems, generators, battery 
systems, and other power sources; shall be deployed, energized, 
and, while energized, operated and continuously supenised by 
trained, qualified, and employer-authorized personnel. 

530.5 Waring Methods. Wiring methods for permanem instal
lations shall be in accordance with 530.5(A) or (B). 

(A) General. The permanent wiring shall be permitted to be 
any of the follm\ing: 

(1) 
(2) 

(3) 

Metal raceways 
Nonmetallic 

·
raceways enca-;ed in not Jcs.-; than 50 mm 

(2 in.) of concrete 
· 

Type �II cable, Type :MC cable, or Type AC cable contain
ing an insulated equipment grounding conductor sized 
in accordance with Table 250.122 

(B) Communications, Signaling Systems, Data Systems, F�re 
Alarm Systems, and Systems Less than 120 Volts, Nominal. 
Permanem wiring methods for communications, signaling, 
data, fire alarm systems, and systems operating at less than 
120 volt-;, nominal, shall be in accordance with the following: 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. com: 

(1 )  Audio signal proces.o;ing, amplification, and reproduction 
equipmem - 640.9 

(2) C..ommunications systems - Part-; I and IV of Article 800; 
Pan IV of Article 805; and Part IV of Article 840 

(3) Ciao;.-; 2 and Clao;.o; 3 remote comrol and signaling circuit-; 
- Part III of Article 725 

(4) Ciao;.-; 2 circuit-; that transmit power, data or both to a 
powered device 

Informational l'l:ote: See ANSI/:'\E:\IA <:137.3-2017, A1111'rican 
Natitmal Standard for I.ighting Syste11t< - Minimum Requimmmts for 
lmtallation of Enn-gy Effiriml Pmuer over Ethernd (PoE) I.igllting 
Systl'ln.<, for information on installation of cables for PoE lighting 
system<;. See Part Ill of Article 760 for infmmation on fire alann 
circuil<;. 

530.7 Sizing of Feeder Conductors for Motion Picture and/ or 
Television Studio Sets. Applying dte demand factors listed in 
Table 530.7 to the portion of the maximum pos.-;ible connected 
load for studio or stage set lighting for all permanently instal
led feeders between subslations and stages and to all perma
nently installed feeders between the main stage S\'itchboard 
and stage distribution.ce11ters shall be permitted. 

530.8 Equipment Grounding Conductor. Pennanent "iring 
systems shall indude an equipment grounding conductor of a 
type in accordance "idl 250.1 18 installed "idl dte supply 
conductm:s and connected to the building or structure discon
necting means and the grounding electrode(s) . The grounding 
electrode(s) shall also be connected to the building or struc
ture disconnecting means. Equipment grounding conductors 
shall be sized in accordance with 250.122. This shall not apply 
to pendant and portable stage lighting, stage sound equip
ment, or other special stage equipment operating at not over 
150 volt-; de to ground. 

530.9 Plugs and Receptacles. Plugs and receptacles shall be in 
accordance "id1 530.9(A), (B) and (C). 

(A) Rating. Plugs and receptacles, including cord connectors 
and flanged surface devices, shall be rated in amperes. The 
voltage rating of the plugs and receptacles shall not be les.o; 
than dte nominal circuit voltage. Plug and receptacle ampere 
ratings for ac circuit-; shall not be les.o; dtan dte feeder or 
branch-circuit overcurrent device ampere rating. Table 
210.21 (B) (2) shall not apply. 

(B) Construction. Plugs and receptacles shall be constructed 
so that differendy rated devices cannot be connected together. 
Alternating-current multipole connectors shall be polarized 
and comply "id1 the requirement-; of 406.7 and 406.10. 

Exception: 125-volt, 20-ampmt, nonlocking (T-slot) Jl'.ceptacks shall be 
permitted to accept a 15-ampere attachment plug of the same voltage 
rating. 

Table 530.7 Demand Factors for Stage Set Lighting 

Portion of Stage Set Lighting Load 
to Which Demand Factor Applied 

(volt-amperes) 

First 50,000 or less at 
From 50,001 to 100,000 at 

From 100,001 to 200,000 at 
Remaining over 200,000 at 

Feeder Demand 
Factor 

(percent) 

100 
75 
60 
50 
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(C) Interchangeability. Plugs and receptacles used in portable 
professional motion picture and telc'l'ision equipment shall be 
permitted to be interchangeable for ac or de usc if they arc on 
the same premises, listed for ac and de usc, and dearly marked 
to identify the system to which they arc connected. 

530.10 Single-Pole Separable Connectors. 

(A) General. Single-pole separable connectors shall comply 
with the requirements of 406.13. Sections 400.14, 406.7, and 
406.8 shall not apply to listed single-pole separable connectors. 

(B) Paralleled Input Devices. \\'here paralleled scto; of currcnt
cartying single-pole separable connectors arc provided ao; input 
dc\iccs, they shall be prominently labeled witl1 a warning incH
eating the presence of internal parallel connections. All paral
leled input dc\iccs other than primary input devices shall be 
guarded against accidental contact. 

(C) Supply Feed-Through Outlets. Where portable equipment 
contains a fccd-tluough outlet of the same rating ao; ito; supply 
inlet, the feed-through outlet shall not require ovcrcurrcnt 
protection in the equipment. 

530.11 Branch Circuits. A branch circuit of any size supplying 
one or more receptacles shall be pennittcd to supply stage set 
lighting loads. 

The GFCI requirement" of 210.8(8), excluding 210.8(8) (6), 
shall apply. 

Branch circuit" suppl}'ing cgrcs." lighting, life-critical stunto;, 
life-critical special effect", or any other condition where a 
nonordcrly shutdown might introduce additional or incrca�d 
hazard" shall not be protected by GFCis. 

530.12 Enclosing and Guarding Live Parts. 

(A) Live Parts. Part" of electrical equipment that arc live or 
arc likely to become energized shall be enclosed, guarded, or 
located so persons cannot accidentally come in contact with 
them or bring conductive material into contact "itl1 them. 

(B) Switches. All switches shall be of the cxtcrnaily operable 
type. 

Part D. Portable Equipment In Production Areas of Studios 
and Remote Locations 

530.21 Portable Equipment. 

(A) Listing. Portable stage and studio electrical equipment 
shall be listed or approved. Field-a-.�mblcd extension cordo; 
and multiconductor cable a-.�mblies consisting of listed 
connectors and cable shall be permitted in production area". 

(B) Outdoor Use. Portable stage and studio equipment and 
portable power distribution equipment not identified for 
outdoor usc shall be permitted for temporary usc if the equip
ment is supeniscd by qualified personnel while energized and 
barricrcd from tl1c general public. 

Informational l'ote :'\o. I: See ANSI/ESTA E 1 .58, E/l't:triral Sa[l'l)' 
Standard for Portable Star;e and Studio Equipmmt U.v-tl Outdoors, for 
requiremenL• co\'ering temporary outdoor u.� of equipment not 
identified for outdoor u.�. 

Informational Note No. 2: See ANSI/ESTA El.l9-2015, Rn:mll
'ne'ui'd Practice for tJv u.v ofCia.u .4 Growui-Fault Circuit lnterrupti'TS 
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(GF('.[.<) inteJuini for �1mrl protection in the Entertailmumt !Juius
try, for guidance on the use ofGFCis in wet locations. 

530.22 Portable Wuing. 

(A) Stage Set Wuing. The "iring for stage set lighting and 
other supply \\iring not fixed in place shall usc listed hard 
usage flexible cords and cables. \\"bcrc subject to physical 
damage, such "iring shall usc listed extra-hard usage flexible 
cordo; and cables. Splices and taps in cables shall be permitted 
if the total connected load docs not exceed the maximum 
ampacity of the cable. 

(B) Stage or Special Effects and Electrical Equipment Used as 
Stage Properties. The wiring for stage effect" and electrical 
equipment used a" stage properties shall be permitted to be 
"ired "ith single- or multiconductor listed flexible cordo; or 
cables if the conductors arc protected from physical damage 
and secured to the scenery by approved cable tics or insulated 
staples. Splices or taps shall be pcnnittcd where such arc made 
with listed dc\iccs and tl1c circuit is protected at not more than 
20 ampercs. .· 

(C) Other Electrical Equijmlent. Corclo; and cables otl1cr than 
extra-hard usage, where supplied a" a pan of a listed ao;sembly, 
shall be permitted. 

(D) Portable Feeder Cable Penetration of Walls, Floors, or 
Ceilings. Porrablc feeder cables shall be permitted to tempora
rily penetrate fir�ratcd walls, floors, or ceilings where all of the 
following apply: 

( 1)  The opening is of noncombustible material. 
(2) \\"ben in usc, the penetration is scaled l\ith a temporary 

seal of a listed fircstop material. 
(3) \\"ben not in usc, the opening shall be capped l\ith a 

material of equivalent fire rating. 

(E) Cable Protection. C..ablcs shall be protected by bushings 
where tl1cy pa"s through enclosures and shall be arranged so 
that tension on the cable is not transmitted to the connections. 
\\-'here power conductors pa-." through metal, the requirement" 
of 300.20 shall apply. 

(F) Special-Purpose Multicircuit Cable Systems. Special
purpose multicircuit cable systcmo; shall comply with 
520.68(0). 

530.23 Overcurrent Protection. Ovcrcurrcnt protective dc,i
ccs in production area" shall comply "itl1 530.23(A) through 
(D). 

(A) Portable Stage Cables. Ovcrcurrcnt protection for porta
ble stage cables shall comply "ith the requirement" of 240.5. 

(B) Portable Single Conductor Feeder Cables Using Single
Pole Separable Connectors. Portable feeder cables in produc
tion area" shall be protected by means of ovcrcurrcnt devices 
set at not more than 400 percent of the ampacity of the cable 
listed in Table 400.5(A) (2) . The maximum load on a single 
conductor portable feeder cable shall not exceed the cable 
ampacity in Table 400.5(A) (2). 

(C) DC Plugging Boxes. C..ables and cordo; supplied through 
plugging boxes shall include only copper conductors. C..ables 
and cordo; smaller than 8 AWG shall be attached to a plugging 
box by means of a plug containing two cartridge fu.�s or a 2-
polc circuit breaker. Plugging boxes shall not be permitted on 
ac systems. Receptacles in de plugging boxes shall be rated at 
not Jcs.o; than 30 amperes. 
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ARTICLE 530- :MOTION PICTURE AND TELEVJSJOJ'\ STUDIOS Al'\D REMOTE LOCATIONS 530.71 

(D) Alternating-Current Power Distribution Boxes. 
Alternating-current power distribution boxes used in produc
tion arca'i shall contain receptacles of a polarized, grounding 
type. A feed-through outlet of the same rating a'i it'i supply inlet 
shall not require ovcrcurrcnt protection in tltc equipment. 
Alternating-current power distribution boxes shall be listed. 

Informational Note: See ANSI/t.:L 1640-2016, Stmularrl for Porta
bit- Pmuer-Diitribution Equip111mt, for infonnation on alternating
current power distribution boxes. 

530.24 Purpose-Bullt Luminaires, Lighting, and Effects Equip
ment. Purpose-built luminaires, lighting, and cffccl'i equip
ment shall not be required to be listed but shall be required to 
be approved. 

530.26 Portable Luminaires. 

(A) Listing. Portable luminaires shall be listed. 

Exception: Pm·table luminaires used as JllvJm·ties on a motion picture 
set or televi.�ifm stage set, on a studio stage m· lot, or on /.oration slmU 
not be considered portable luminahes for tile J1Urpose of tlli.� section. 

(B) Portable Enclosed-Arc Luminaires. Portable enclosed-arc 
lamps, and a'isociatcd balla'il'i shall be listed. Interconnecting 
cord sel'i and interconnecting cords and cables for enclosed-arc 
luminaires shall be of extra-hard usage type and listed. 

Informational Note: See A:'\SI/ESTA El . 16-2007, Entertain111mt 
Tl't:/uw/og)· - Omfiguration Standard for Metal-Halide Pmt!l!r l.ablt-.<, 
for information on enclosed,..rc lwninaire interconnecting cord 
set• and cables. 

Part m. Portable Equipment in Support Areas 

530.41 Restricted Public Access. The electrical equipment 
tL'iCd in non-production arca'i shall be restricted from ac�s�� by 
the general public. 

530.42 Overcurrent Protection for Portable Cable. Ovcrcur
rcnt protection of conductors for portable cables shall comply 
with tltc rcquircmcnl'i of 240.5(A) . 

530.43 Portable Generators. 

(A) Location. Portable and vehicle-mounted generators shall 
be located away from flammable materials, and exhaust shall 
be vented away from structures and otltcr arca'i where people 
might congregate. 

(B) Ventilation. Portable and vehicle-mounted generators 
shall not be operated in arca'i without natural or provided 
ventilation to prevent the buildup of exhaust. 

530.44 Ground-Fault Circuit-Interrupter (GFCI) Protection. 

(A) Where GFCI Protection is Required. In addition to the 
rcquircmcnl'i of 210.8(8), GFCI protection for personnel shall 
be provided for the follm\ing: 

(I) All 12!>-volt, singlc-pha'ic, 1!>- and 20-ampcrc receptacles 
that arc readily accessible to unqualified personnel and 
that arc used for other titan motion picture and television 
production equipment 

(2) Equipment, otltcr than motion picture and television 
production equipment, that is readily accessible to 
unqualified personnel and supplied from a 12:>-volt, 
singlc-pha'ic, 1:>- or 20-ampcrc branch circuit 
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Listed GFCI protection for personnel tltat is identified for 
portable usc shall be permitted to be an integral part of the 
attachment plug or be located in the power-supply cord "ithin 
300 mm (12 in.) of the attachment plug. Listed cord sel'i incor
porating GFCI for personnel shall be permitted. 

(B) Where GFCI Protection is Not Permitted. Egrcs.'i lighting 
shall not be protected by a GFCI. 

(C) Receptacles Supplied by Portable Cords. GFCI protection 
shall be listed, labeled, and identified for portable usc where it 
is provided tL'iing GFCI receptacles and tltc branch circuil'i 
supplying receptacles tL'iC flexible cord. 

530.45 Production Vehicles and TraDers. \\'here the wiring of 
production vehicles and trailers arc supplied by a grounded ac 
service or by a grounded separately derived ac source, tltcy 
shall comply "itl1 530.45(A) through (F) of this section. 

(A) Internal Panelboards (Where Used). A listed and appro
priately rated panelboard or other equipment specifically listed 
for this purpose shall be used. The grounded conductor termi
nation bar shall be in�ulated from the enclosure. 

(B) Grounding. The panelboard shall have an equipment 
grounding bus .�ith terminals for all equipment grounding 
conductors or other approved equipment grounding means. 

(C) Powei'-Supply Grounding. The equipment grounding 
conductor in tltc supply cord or feeder shall be connected to 
thc·.cquipmcnt grounding btL'i or other approved equipment 
ground means in the panelboard. 

(D) Insulated Grounded Conductor (Neutral Conductor). The 
grounded circuit conductor (neutral conductor) shall be insu
lated from the equipment grounding conductors and from 
equipment enclosures and otltcr grounded parl'i. 

(E) Required Bonding. All exposed non-currcnt-carl)ing 
metal parl'i that arc likely to become energized shall be effec
tively bonded to the grounding terminal or enclosure of the 
panelboard. A bonding conductor shall be connected between 
any panelboard and an acccs.'iiblc tcnninal on the cha'i.'iis of the 
portable trailer or vehicle. 

(F) Production Vehicles and TraDers with Onboard Genera
tors. Production vehicles and trailers "itl1 onboard generators 
shall comply "itl1 the rcquircmcnl'i of 551.30. 

530.46 Protection. Flexible cor<l'i and cables acccs.'iiblc to 
personnel shall be arranged to minimize tripping hazard 
potential, and shall be permitted to be covered with a noncon
ductivc matting secured to the walkway surface or protected 
with another approved cable protection method if the matting 
or other protection method docs not constitute a greater trip
ping hazard than the uncovered cables. 

Part IV. Dressing Rooms 

530.61 FIXed Wiring in Dressing Rooms. Fixed wiring in drcs.'i
ing rooms shall be installed in accordance l\ith the "iring 
mcthod'i covered in Chapter 3. 

Part V. Portable Substations 

530.71 General. Wiring and equipment in portable substa
tions rated 50 to 1000 voll'i, nominal, shall conform to the 
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530.72 ARTICLE 540 - :MOTION PICTURE PROJECTI0:"-1 ROOMS 

requirements of d1c sections applying to installations in pcrma
ncndy fixed substations. \\'here limited space is available, when 
approved, working spaces shall be permitted to be reduced 
where the following conditions apply: 
(1)  The equipment is arranged so that the qualified operator 

can work safelv. 
(2) The cquipmcin is guarded so mat other persons in me 

'"icinity cannot accidentally come into contact widl 
currcnt-cartying part-; or bring conducting o�ccto; into 
contact "id1 them while d1cy arc energized. 

530.72 Over 1000 Volts, Nominal. Wiring and equipment of 
portable substations rated over 1000 volt-;, nominal, shall 
comply with me requirement-; of Part IV of Article 490. 

ARTICLE 540 
Motion Picture Projection Rooms 

Part I. General 

540.1 Scope. This article applies to motion picture projection 
rooms, motion picture projectors, and associated equipment of 
the professional and nonprofessional types using incandescent, 
carbon arc, xenon, or other light source equipment that devel
ops hazardous gases, dust, or radiation. 

Informational Note: See :'\FPA 40-2019, Standard for 1/v Storar;e 
and Handling of Celluln.<l' Nilmle Film, for further infmmation. 

Part D. Equipment and Projectors of the Professional 'JYpe 

540.10 Motion Picture Projection Room Required. Every 
professional-type projector shall be located "ithin a projection 
room. Every projection room shall be of permanent construc
tion and approved for me type of building in which it is loca
ted. All projection porto;, spotlight porto;, vie"ing porto;, and 
similar openings shall be provided "ith glas.<� or oilier approved 
material to completely dose d1c opening. Such 'room-; shall not 
be considered hazardous (classified) locations as defined in 
Article 500. 

Informational ll:ote: See l'I:FPA 10/-2021 ,  l.ifr Safety l.nde, for 
fnnher information on protecting openinw- in pr�jection room.• 
handling cellulose nitrate motion picture film. 

540.11 Location of Associated Electrical Equipment. 

(A) Motor Generator Sets, Transformers, Rectifiers, Rheo
stats, and Similar Equipment. :Motor-generator set-;, transform
ers, rectifiers, rheostat-;, and similar equipment for the supply 
or control of current to projection or spotlight equipment 
shall, where nitrate film is used, be located in a separate room. 
\\'here placed in the projection room, tl1cy shall be located or 
guarded so that arcs or sparks cannot come in contact widl 
film, and me commutator end or end-; of motor-generator scto; 
shall comply "id1 one of tl1c conditions in 540. 1 1  (A) (1)  
through (A) (6). 

(1) 'JYpes. Be of me totally enclosed, enclosed fan-cooled, or 
enclosed pipe-ventilated type. 
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(2) Separate Rooms or Housings. Be enclosed in separate 
rooms or housings built of noncombustible material construc
ted so ao; to exclude flyings or lint widl approved ventilation 
from a source of dean air. 

(3) Solid Metal Covers. Have me brush or sliding-contact end 
of motor-generator enclosed by solid metal covers. 

(4) Tagbt Metal Housings. Have brushes or sliding contact-; 
enclosed in tight metal housings. 

(5) Upper and Lower Half Enclosures. Have the upper half of 
the brush or sliding-contact end of me motor-generator 
enclosed by a wire screen or perforated metal and the lower 
half enclosed by solid metal covers. 

(6) Ware Screens or Perforated Metal. Have \\ire screens or 
perforated metal placed at tl1c commutator of brush end-;. No 
dimension of any opening in me "ire screen or perforated 
metal shall exceed 1.27 mm (0.05 in.), regardless of the shape 
of me opening and of the material used. 

(B) Switches, Overcurrent Devices, or Other Equipment. 
Switches, ovcrcurrcnt de\iccs, or otl1cr equipment not 
normally required or used for projectors, sound reproduction, 
flood or other special effect lamps, or oilier equipment shall 
not be installed in projection rooms. 

Exception No. 1: In Jnvjection rooms apJmroed fo,. use on�)' with cellu
Lose acetate (.wifely) film, the instaUatifm of aptJUI'tenant elutrical 
equipmenl used in conjunction with the operation of the projection 
equipment and the contml of lights, curtains, mul audio equipment, 
and so fol'th, slmU he permitted. In such Jnvjection T0071tf, a sign read
ing "SafetJ Film On{l· Permitted in This Room" shall he JIOsted fm the 
o_utside of P.ach projection mom dool' and within the projection mom 
itst-IJ in a consJJicuous Location. 

Exception No. 2: Rrowte-contml .<;witches fo,. tile contml of auditorium 
Lights m· .witches fm· tile control of molm'S ojlel'aling cut·tains and mask
ing of the motion pictm't' snP.en shall he Jmmitted to he installed in 
projection room�. 

(C) Emergency Systems. Control of emergency systems shall 
comply l\ith Article 700. 

540.12 Work Space. Each motion picture projector, floodlight, 
spotlight, or similar equipment shall have dear working space 
not less than 750 mm (30 in.) \\ide on each side and at me rear 
of me equipment. 

Exception: One .�ucll space shall he permitted het'UJUTI adjarent Jlieci!S of 
equipment. 

540.13 Conductor Size. Conductors suppl)'ing outlet-; for arc 
and xenon projectors of the professional type shall not be 
smaller man 8 AWG and shall have an ampacity not less than 
the projector current rating. Conductors for incandescent-type 
projectors shall conform to normal wiring standard-; ao; prmi
dcd in 210.24. 

540.14 Conductors on Lamps and Hot Equipment. Insulated 
conductors having a rated operating temperature of not lcs.o; 
than 2000C (392°F) shall be used on all lamps or oilier equip
ment where the ambient temperature at the conductors ao; 
installed will exceed 50°C (122°F). 

540.15 Flexible Cords. Corel-; approved for hard usage, ao; 
provided in Table 400.4, shall be used on portable equipment. 

l'\.-\TJO:'\AL EJ..EGrRJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 
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540.20 Listing Requirements. Projectors and enclosures for 
arc, xenon, and incandescent lamps and rectifiers, transform
ers, rheostat�, and similar equipment shall be listed. 

540.21 Marking. Projectors and other equipment shall be 
marked with the manufacturer's name or trademark and with 
the voltage and current for which they arc designed in accord
ance l\ith 1 10.21. 

Part m. Nonprofessional Projectors 

540.31 Motion Picture Projection Room Not Required. 
Projectors of the nonprofessional or miniature type, where 
cmplo}'ing cellulose acetate (safety) film, shall be permitted to 
be operated without a projection room. 

540.32 Listing Requirements. Projection equipment shall be 
listed. 

ARTICLE 545 
Manufactured Buildings and Relocatable 

Structures 

Part I. General 

545.1 Scope. This article covers requirement� for manufac
tured buildings, building component�. relocatablc structures, 
and the conductors that connect relocatablc structures to a 
supply of electricity. 

545.4 Waring Methods. 

(A) Methods Permitted. All raceway and cable wiring method� 
included in this \Aide and odtcr \\iring systems specifically 
intended and listed for usc in manufactured buildings shall be 
permitted with listed fittings and with fittings listed and identi
fied for manufactured buildings. 

(B) Securing Cables. In dosed construction, cables shall be 
permitted to be secured only at ·· cabinet�, boxes, or fittings 
where 10 AWG or smaller conductorS arc used and protection 
against physical damage is provid�d. 

545.5 Supply Conductors. Provisions shall be made to route 
the service-entrance conductors, underground service conduc
tors, service-lateral, feeder, or branch-circuit supply to dtc serv
ice or building disconnecting means conductors. 

545.6 Installation of Service-Entrance Conductors. Service
entrance conductors shall be installed after erection at the 
building site. 

Exception: Tile seruirtH'7ltmna condurtm:� slmU be per111itttd to be 
installed fnior to tile erection at tile building .�itt where tile point of 
attarlunent is knmvn prim· to mamifactUI1'. 

545.7 Service Equipment. Sc�Vicc equipment shall be installed 
in accordance with 230.70. 

545.8 Protection of Conductors and Equipment. Protection 
shall be provided for exposed conductors and equipment 
during processes of manufacturing, packaging, in transit, and 
erection at the building site. 

211'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

545.9 Boxes. 

(A) Other Dimensions. Boxes of dimensions other than those 
required in Table 314.16(A) shall be permitted to be installed 
where tested, identified, and listed to applicable standard�. 

(B) Not Over 1650 cm3 (100 in.3). Any box not over 1650 cm3 
( 100 in.�) in size, intended for mounting in dosed construc
tion, shall be affixed l\ith anchors or damps so as to provide a 
rigid and secure installation. 

545.10 Receptacle or Switch with Integral Enclosure. A recep
tacle or Sl'itch l\ith integral enclosure and mounting means, 
where tested, identified, and listed to applicable standard�, 
shall be permitted to be installed. 

545.11 Bonding and Grounding. Prc"ired panels and building 
component� shall provide for the bonding, or bonding and 
grounding, of all exposed metals likely to become energized, in 
accordance "id1 Article 250, Part� V, VI, and VII. 
545.12 Grounding Elecc;rode Conductor. Provisions shall be 
made to route a grounding electrode conductor from the serv
ice, feeder, or branclM:irt:uit supply to the point of attachment 
to the grounding electrode. 

545.13 CoOlpOQent Interconnections. Fittings and connectors 
that arc intended to be concealed at the time of on-site ao;.�m
bly, where· tested, identified, and listed to applicable standard�, 
shall be permitted for on-site interconnection of modules or 
oth�.r building components. Such fittings and connectors shall 
be equal to the \\iring method employed in insulation, temper
anne rise, and fault-current l\ithstand and shall be capable of 
enduring the vibration and minor relative motions occurring 
in the component� of manufactured buildings. 

Part II. Relocatable Structures 

545.20 App6cation Provisions. Rclocatablc structures shall 
comply with Part II of this article and the applicable sections of 
Part I. 

545.22 Power Supply. 

(A) Feeder. A relocatablc structure shall be supplied by a 
feeder. The feeder shall include insulated color-coded conduc
tors, one of which shall be an equipment grounding conductor. 
The equipment grounding conductor shall be permitted to be 
uninsulatcd if part of a listed cable ao;.�cmbly. 

Informational :'\ote: See 590.4(8) for tempordry installation of 
feeder conductors. 

(B) Number of Supp6es. Where two or more relocatablc 
structures arc structurally connected to form a single unit and 
there is a factory-installed panelboard in each relocatablc struc
ture, each panelboard shall be pcnnittcd to be supplied by a 
separate feeder. 

(C) Identification. The identification requirement� in 225.37 
shall not apply to relocatablc structures structurally connected 
prm-idcd the follo"ing conditions arc met: 

( 1 )  The relocatablc structures arc located on an industrial or 
commercial establishment where the conditions of main
tenance and supervision ensure qualified individuals \\ill 
service the installation. 

(2) The individual panelboard enclosures or covers have 
been marked to indicate to location of their supply 
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disconnecting means. The marking shall he \-isiblc l\ith
out rcmming the cover and shall be of sufficient durabil
ity to withstand the environment involved. 

(D) Grounding. 

(1) Feeders. The fccdcr(s) shall he grounded in accordance 
with Parl"l I, II, and III of Article 250. 

(2) Two or More Relocatable Structures. \\'here two or more 
relocatablc structures arc structurally connected to form a 
single unit, and a common grounding electrode conductor and 
tap arrangement as specified in 250.64(0) (1)  is utilized, it shall 
he permitted to usc the chassis bonding conductor specified in 
545.26 as the tap conductor. 

545.24 Disconnecting Means and Branch-Circuit Overcurrent 
Protection. 

(A) Disconnecting Means. A single disconnecting means 
consisting of a circuit breaker, or a switch and fuses and it"l 
accessories, shall he provided in a readily accessible location for 
each relocatablc structure. 

(B) Branch-Circuit Protective Equipment and Panelboards. 
Branch-circuit distribution equipment shall be installed in each 
relocatablc structure and shall include ovcrcurrcnt protection 
for each branch circuit consisting of cidtcr circuit breakers or 
fuses. 

Panelboards shall he installed in a readily accessible location. 

545.26 Bonding of Exposed Non-Current-Carrying Metal 
Parts. All exposed non-currcnt-carJ]ing metal parl"l dtat arc 
likely to hecomc energized shall be effectively bonded to the 
grounding terminal or enclosure of the panelboard. A bonding 
conductor shall be connected hetwccn the panelboard and an 
accessible tcnninal on the chao;."lis. 

545.27 Intersystem Bonding. \\'here two or more relocarablc 
structures arc structurally connected to form a single unit, it 
shall he permissible to install one communication system bond
ing termination in accordance with 250.94 prO\icled all the 
following conditions arc met: 

(1)  There is a factol)'-installcd panelboard i"Q each relocata
blc structure. 

(2) There is a bonding conductor between dtc grounding 
tcnninal in each panelboard and chao;."lis in accordance 
"ith 545.26. 

(3) There is a minimum 6 AWG copper conductor that 
cxtcnd"l from the communication system bonding termi
nation that is connected to each cha"lsis bonding conduc
tor required by 545.26. 

The communication bonding termination shall he permitted 
to he located in the same area a"l the primary protector or 
common communications equipment suppl}ing the relocata
blc structures. 

545.28 Ground-Fault Circuit-Interrupters (GFCI). In addition 
to the rcquircmcnl"l of 210.8(B), all receptacle outlct"l installed 
in compartment'! accessible from out"lidc the rclocatablc struc
ture shall have GFCI protection for personnel. 
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Part I. General 

ARTICLE 547 
Agricultural Buildings 

547.1 Scope. This article applies to tltc follo"ing agricultural 
buildings or that part of a building or adjacent arca"l of similar 
or like naturc a"l spccificd in 547.1 (A) or (8). 

(A) Excessive Dust and Dust with Water. Agricultural buildings 
where excessive dust and dust l\ith water may accumulate, 
including all arca"l of poultry, livestock, and fish confincmcm 
systems, where litter dust or feed dust, including mineral feed 
particles, may accumulate. 

(B) Corrosive Atmosphere. Agricultural buildings where a 
corrosive atmosphere cxisl"l. Such buildings include arca"l 
where the follm\ing conditions exist: 

(1) Poultry and animal _. excrement may cause corrosive 
vapors. 

(2) Corrosive particles 111ay combine with water. 
(3) The area is damp and wet by rca"lon of periodic washing 

for cleaning and sanitizing with water and cleansing 
agcnl"l. 

(4) Similar c0nditions exist. 

547.3 Other Articles. For buildings and structures not having 
condition, a"l specified in 547.1, the electrical installations shall 
he made in accordance with the applicable articles in litis Code. 

547.4 Surface Temperatures. Electrical equipment or dc\ices 
installed in accordance with this article shall he installed in a 
manner such that they "ill function at full rating "idtout devel
oping surface temperatures in excess of the specified normal 
safe operating range of the cquipmcm or dc\-icc. 

Informational :'\ote: See Part Ill of Article 502 for use of equip
ment in Class 2 locations. 

Part II. Installations 

547.20 Wuing Methods. Wiring mcthod"l shall be limited to 
the follo"ing: 

(1)  Type UF 
(2) Type N:\fC 
(3) Type SE cable-copper 
(4) Jacketed Type :\fC cable 
(5) Raceways identified for the locations specified in 

547.1 (A) and (B) 

The "iring mcthocl"l of Article 502, Part II, shall he permit
ted for arcaHicscrihed in 547.1 .  

Informational l'ote: See 300.7, 352.44, and 355.44 for installa
tion of raceway systems exposed to \\idely different tempera
tures. 

547.21 Mounting. All cables shall be secured l\ithin 200 mm 
(8 in.) of each cabinet, box, or fitting. 1'\onmctallic boxes, 
fittings, conduit, and cables shall he permitted to be mounted 
directly to any building surface covered by this article l\ithout 
maintaining dtc 6 mm (� in.) airspace in accordance with 
300.6(0). 
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ARTICLE 547 -AGRICULTURAL BULDI:"'GS 547.41 

547.22 Equipment Enclosures, Boxes, Conduit Bodies, and 
Fittings. Equipmclll enclosures, boxes, conduit bodies, and 
fittings installed in areas of buildings where cxccs.'iivc dust 
could be prcsem shall be clesignccl to minimize the entrance of 
dust and shall have no openings through which dust could 
enter the enclosure. 

547.23 Damp or Wet Locations. In damp or wet locations, 
cquipmclll enclosures, boxes, conduit bodies, and fittings shall 
be placed or equipped so as to prevent moisture from entering 
or accumulating within the enclosure, box, conduit body, or 
fitting. In wet locations, inducting normally dry or clamp loca
tions where surfaces arc periodically washed or sprayed with 
water, boxes, conduit bodies, and fittings shall be listed for U.'iC 
in wet locations, and equipment enclosures shall be weather
proof. 

547.24 Corrosive Atmosphere. Where wet dust, cxccs.'iivc 
moisture, corrosive gases or vapors, or other corrosive concli
tions could be present, equipment enclosures, boxes, conduit 
bodies, and fittings shall have corrosion resistance properties 
suitable for the conditions. 

Informational l'ote l'o. 1: See Table 1 10.28 for appropriate 
enclosure type designations. 

Informational :'\ote l'o. 2: Aluminum and magnetic fe1Tous 
material� can corrode in ag.icultural emironmenl�. 

547.25 Flexible Connections. \\'here ncccs.'iary to employ flexi
ble connections, one or more of the follm\ing shall be permit
ted: 

(1)  Dusuight flexible connectors 
(2) Liquidtight flexible metal conduit (LF:MC) with listed 

fittings 
(3) Liquidtight flexible nonmetallic conduit (LFI'\C) with 

listed fittings 
(4) Flexible cord listed and identified for hard usage and 

tcnninatcd with listed clusttight cord connectors 

547.26 Physical Protection. All electrical \\iring and equip
ment subject to physical damage shall be protected. 

1'\onmctallic cables shall not be permit� to be concealed 
within walls and above ceilings of buildings (i.e., offices, lunch
rooms, ancillary arca'i, etc.) or portions thereof, which arc 
contiguous with or physically adjoined to livestock confincmcm 
arca'i. 

Informational l'ote: Rodenl� and other pesl� are common 
around such installations and \\ill damage nonmetallic cable by 
che"ing the cable jacket and conductor in.�ulation concealed 
"ithin walls and ceilings of lh>estock containment areas of agri
cultural buildings. 

547.27 Separate Equipment Grounding Conductor. \\'here a 
separate cquipmcm grounding conductor, not part of a listed 
cable a'i.'iCmbly, is installed underground within a location fall
ing under the scope in 547.1, it shall be insulated. 

Informational l'ote: See 250. 120(B) for further information on 
aluminum and copper-dad aluminum conductors. 

547.28 Ground-Fault Circuit-Interrupter Protection. Ground
fault circuit-interrupter (GFCI) protection shall be prmidcd a'i 
required in 210.8(B)for arca'i of agricultural buildings not 
included in the scope of this article. GFCI protection shall not 
be required for other than 12!>-volt, 1!>- and 20-ampcrc recepta
cles installed l\ithin the follo"ing arca'i: 
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( 1 )  Arca'i requiring an equipotential plane 
(2) Outdoors 
(3) Damp or wet locations 
(4) Dirt confinement arca'i for livestock 

547.29 Switches, Receptacles, Circuit Breakers, Controllers, 
and Fuses. Sl\itchcs, including pu.'ihbuuons, relays, and similar 
devices, receptacles, circuit breakers, comrollcrs, and fu.'iCs, 
shall be prmidccl "ith enclosures a'i specified in 547.22. 

547.30 Motors. Motors and other rotating electrical machi
nery shall be totally cndosecl or clesignccl so a'i to minimize the 
entrance of du.'il, moisture, or corrosive particles. 

547.31 Luminaires. Luminaires shall comply with 547.31 (A) 
through (C). 

(A) Minimize the Entrance of Dust. Luminaires shall be instal
lccl to minimize the entrance and accumulation of dust, 
foreign matter, moisture, and corrosive material. 

(B) Exposed to Physical Damage. Luminaires exposed to phys
ical damage shall be protected by a suitable guard. 

(C) Exposed to Water. Luminaires exposed to water from 
condensation, buildiitg cleansing water, or solution shall be 
listed for U.'iC .in wet locations. 

Part m. Distribution 

547�40 Electrical Supply to Building(s) or Structure(s) from a 
Distribution Point. Any agricultural building or structure for 
livestock located on the same premises shall be supplied from a 
distribution poim. :More than one distribution poim on the 
same premises shall be permitted. 

Any existing agricultural building or structure for other than 
livestock not under the scope of Article 547 shall be permitted 
to be supplied in accordance with 250.32(8) (1 ) ,  Exception 
1'\o. l .  

547.41 Overhead Service. Overhead senice installations shall 
comply l\ith 547.41 (A) (1)  through (A) (9), 547.41 (8) (1) 
through (B) (3), or 547.42. 

(A) Site-Isolating Device. Site-isolating dcliccs shall comply 
with 547.41 (A) (1) through (A) (9). 

(I) Where Required. A site-isolating dclice shall be installed at 
the distribution point where two or more buildings or struc
tures arc supplied from the distribution point. 

(2) Location. The site-isolating dc"Vicc shall be pole-mounted 
and be not les.'i dtan the height above grade required by 230.24 
for the conductors it supplies. 

(3) Operation. The site-isolating device shall simultaneously 
disconnect all ungrounded service conductors from the prem
ises wiring. 

(4) Grounding and Bonding. At the site-isolating dc\ice, the 
grounding electrode conductor shall be connected to the 
system grounded conductor and the enclosure. 

(5) Rating. The site-isolating device shall be rated for the 
calculated load a'i determined by Part V of Article 220. 
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547.41 ARTICLE 550 -�lOBILE HOMES, �lA.'IUFAC1TRED HOMES, AND �lOBILE HO�lE PARKS 

(6) Overcurrent Protection. The site-isolating dc\'icc shall not 
he required to prmidc ovcrcurrcnt protection. 

(7) Accessibility. The site-isolating device shall be capable of 
being remotely operated by an operating handle installed at a 
readily accessible location. The operating handle of the site
isolating dc\'icc, when in its highest position, shall not he more 
than 2.0 m (6 ft 7 in.) above grade or a working platform. 

(8) Series Devices. An additional site-isolating dc\'icc for the 
premises \�iring system shall not he required where a site
isolating device meeting all applicable rcquircmcnl"l of this 
section is prmidcd by dtc sening utility as part of their scnicc 
rcquiremcnl"l. 

(9) Marking. A site-isolating device shall be pcnnancndy 
marked to identify it a"l a site-isolating dc\'icc. This marking 
shall be located on dtc operating handle or immediately adja
cent thereto. 

(B) Service Disconnecting Means and Overcurrent Protection 
at the Bullding(s) or Structure(s). Where the senicc discon
necting means and ovcrcurrcm protection arc located at the 
building(s) or structurc(s), the rcquircmcnl"l of 547.41 (B) (1)  
through (B) (3) shall apply. 

(I) Conductor Sizing. The supply conductors shall he sized in 
accordance "id1 Part V of Article 220. 

(2) Conductor Installation. The supply conductors shall he 
installed in accordance with Part II of Article 225. 

(3) Grounding and Bonding. For each building or structure, 
grounding and bonding of dtc supply conductors shall be in 
accordance "id1 250.32, and the following conditions shall he 
met: 

(1) The equipment grounding conductor is not smaller than 
the largest supply conductor if of the same material or i."l 
adjusted in size in accordance l�ith the cquivalcm size 
columns of Table 250.122 if of different materials. 

(2) The equipment grounding conductor is connected to the 
grounded circuit conductor and dtc site-isolating dc\'icc 
enclosure at the distribution point. 

547.42 Service Disconnecting Means and Overcurrent Protec
tion at the Distribution Point. The llefl.it:c disconnecting 
means and ovcrcurrcnt protection for each set of feeders or 
branch circuit"l shall he located at the distribution point. The 
senicc disconnecting means shall be installed in accordance 
"ith Part \1 of Article 230. The feeders or branch circuit"l 
supplied to buildings or structures shall comply with 250.32 
and Article 225, Parl"l I and II. 

lnformational l'ote: :\fethods to reduce neutral-to-earth ,·ohages 
in livestock fdcilities include supplying buildings or structures 
\\lth 4-\\ire single-pha"le senices, sizing 3-\\ire single-pha•e sen� 
ice and feeder conductors to limit n>ltage drop to 2 percent, 
and connecting loads line-to-line, \\ill pm,ide rea•onable effi
ciency of operation. 

547.43 Identification. Where a site is supplied by more than 
one distribution poim, a pcnnancnt plaque or directory shall 
be installed at each of these distribution point"l denoting the 
location of each of the odtcr distribution poinl"l and the build
ings or structures served by each. 

547.44 Equipotential Planes and Bonding of Equipotential 
Planes. The installation and bonding of equipotential planes 
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shall comply l\ith 547.44(A) and (B). For dtc purposes of this 
section, dtc term Livestock shall not include poultry. 

(A) Where Required. Equipotential planes shall be required in 
the follo"ing arca"l: 

(I) Indoors. Equipotential planes shall he installed in confinc
mcm arca"l with concrete floors where metallic equipment is 
located that may become energized and is accessible to live
stock. 

(2) Outdoors. Equipotential planes shall be installed in 
concrete slabs where metallic equipment is located that may 
hecomc energized and is accessible to livestock. 

The equipotential plane shall cncompa'i."l the area where the 
livestock stands while acccs."ling metallic equipment that may 
become energized. 

(B) Bonding. Equipotential planes shall he bonded to the 
grounding electrode system or an equipment grounding termi
nal in any panelboard of the .electrical grounding system a'i."llci
atcd "id1 the equipotential· plane. The bonding conductor 
shall be solid copper, iu�uJatcd, covered or bare, and not 
smaller than 8 AWG. Tbe means of bonding to wire mesh or 
conductive elcmcnt.s.mall he by prcs."lure connectors or clamps 
of bra'i."l, copper, ooppcr alloy, or other approved means. Slat
ted floors that .are 11upportcd by structures that arc a part of an 
equipotential plane shall not require bonding. 

Informational l'ote l'o. 1: See ASEA/ASABE EP4i3.2-2001 
(R2015), Equipotmtial Plane.< in .-'animal C.nnlaimmmt AIJ'tl.<, for 
med1ods to establish equipotential planes. 

Informational l'ote l'o. 2: See ASEA/ASABE EP342.3-2010 
(R2015), Safety for furtrirally Heated l.ivi'Stock Watem:<, for meth
od• for safe installation of lh·estock waterers. 

Informational l'ote :'\o. 3: Low grounding electrode system 
resi•tances may reduce ,·oltage differences in Jh·estock fdcilities. 

ARTICLE 550 
Mobile Homes, Manufactured Homes, and 

Mobile Home Parks 

Part I. General 

550.1 Scope. This article covers the electrical conductors and 
cquipmcm installed "idtin or on mobile and manufactured 
homes, the conductors that connect mobile and manufactured 
homes to a supply of electricity, and the installation of electri
cal "iring, luminaires, equipment, and appurtenances related 
to electrical installations "ithin a mobile home park up to the 
mobile home scnicc-cntrancc conductors or, if none, the 
mobile home senicc equipment. 

Informational Note: See :'\FPA 501-20J i, Standard on Manufac
tured Housing, and Part 3280, Manufactured Home Om.<truction and 
Safety Standard.<, of the Federdl Departmelll of Hm�•ing and 
t:rban Development for additional information on manufac
tured ho�•ing. 
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ARTICLE 550 - �lOBILE HOMES, �lA.'IUFAC1TRED HOMES, AND �lOBILE HO�lE PARKS 550.10 

550.4 General Requirements. 

(A) In Other Than Mobile Home Parks. Mobile homes instal
led in other than mobile home parks shall comply with the 
prm-isions of this article. 

(B) Connection to W"uing System. This article shall apply to 
mobile homes intended for connection to a wiring system rated 
120/240 volts, nominal, 3-"irc ac, with a grounded neutral 
conductor. 

(C) Listed and Labeled. All electrical materials, dc\-iccs, appli
ances, fittings, and other equipment shall be listed and labeled 
by a qualified testing agency and shall be connected in an 
approved manner when installed. 

Part D. Mobile and Manufactured Homes 

550.10 Power Supply. 

(A) Feeder. The power supply to the mobile home shall be a 
feeder assembly consisting of not more than one listed 50-
ampere mobile home power-supply cord or a pcnnancntly 
installed feeder. 

Exception No. 1: A mobile home that is Jar tory equippt>.d with gas m· oil
fin•.d crotml heating equipmt'nt and cooking aJlpliances sltaU be Jmmit
ted to be provided with a listed mobile home JIOlueNIUPJI�l' ron/ rated 
40 amJJelf!S. 

Exception No. 2: A ft't'dn· a.f.wmh�l· shall 1wt be 11'-f[Uin•.d Jm· manufar
twf!d homes ronstmciP.d in arconlance zuith 550.32(B). 

(B) Power.Supply Cord. If the mobile home has a power
supply cord, it shall be permanently attached to tltc panel
board, or to a junction box permanently connected to the 
panelboard, "itl1 the free end terminating in an attaduncnt 
plug cap. 

\..ord-; with adapters and pigtail end-;, extension cords, and 
similar items shall not be attached to, or shipped with, a mobile 
home. 

A suitable damp or tltc equivalent shall be provided at the 
panelboard knockout to alford strain relief for tltc cord to 
prevent strain from being transmitted to tltc terminals when 
the power-supply cord is handled in iL-; intended manner. 

The cord shall be a listed type with four conductors, one of 
which shall be identified by a continuous green color or a 
continuous green color l�ith one or more yellow stripes for usc 
a-; tltc equipment grounding conductor. 

(C) Attachment Plug Cap. The attachment plug cap shall be a 
3-polc, 4-wirc, grounding type, rated 50 amperes, 1 25/250 volts 
with a configuration a-; shown in Figure 550.10(C) and inten
ded for usc with the 50-ampere, 1 25/250-volt receptacle config
uration shown in Figure 550.10(C) . It shall be listed, by itself or 
a-; part of a power-supply cord a-;scmbly, for tltc purpose and 
shall be molded to or installed on the flexible cord so that it is 
secured tightly to the cord at the point where the cord enters 
the attachment plug cap. If a right-angle cap is used, the 
configuration shall be oriented so that the grounding member 
is farthest from the cord. 

lnformational l'ote: See A:'\SI/l'E�M \\'D 6-2016, WirinJr Droi"" 
- Dimtm.<innal SJNrifiratinn.<, Figure 14-2>0, for complete detail� of 
the 50-ampere plug and receptacle configurdtion. 

211'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RICAL com: 

Receptade � � 
Cap 

@ y 

w 

1251250-V, 50-A, 3-pole, 4-wire, grounding type 

FIGURE 550.10(C) 50-Ampere, 125/250-Volt Receptacle 
and Attachment Plug Cap Configurations, 3-Pole, 4-W"are, 
Grounding-Types, Used for Mobile Home Supply Cords and 
Mobile Home Parks. 

(D) Overall Length of a Power.Supply Cord. The overall 
length of a power-supply cord, mca-;urcd from the end of the 
cord, including bared lcacl-;, to the face of the attachment plug 
cap shall not be lcs.-; than 6.4 m (21 ft) and shall not exceed 
1 1  m (36� ft) . The length of the cord from the face of the 
attachment plug cap to the point where the cord enters the 
mobile home shall not he less titan 6.0 m (20 ft) .  

(E) Marking. The power-supply cord shall bear the follo"ing 
marking: 

FOR VSE \\1TH MOBILE HOMES - 40 AMPERES 

or 

FOR l:SE \\1TH MOBILE HOMES - 50 AMPERES 

(F) Point of Entrance. The point of entrance of the feeder 
a-;scmblv to the mobile home shall be in the exterior wall, floor, 
or roof.' 

(G) Protected. Where the cord pa'l.-;cs through walls or floors, 
it shall be protected by means of conduits and bushings or 
equivalent. The cord shall be permitted to be installed within 
the mobile home walls, provided a continuous raceway having a 
maximum size of 32 mm ( I  Y., in.) is installed from the branch
circuit panelboard to the underside of the mobile home floor. 

(H) Protection Against Corrosion and Mechanical Damage. 
Permanent provisions shall be made for the protection of the 
attachment plug cap of tltc power-supply cord and any connec
tor cord a'l.-;cmbly or receptacle against corrosion and mechani
cal damage if such dc"iccs arc in an exterior location while the 
mobile home is in transit. 

(I) Mast Weatherhead or Raceway. Where the calculated load 
exceeds 50 amperes or where a permanent feeder is used, the 
supply shall be by means of either of the following: 
(1)  One ma-;t wcathcrhcad installation, installed in accord

ance with Part II of Article 230, containing four continu
ous, insulated, color-coded feeder conductors, one of 
which shall be an equipment grounding conductor 

(2) A rigid metal conduit, intermediate metal conduit, rigid 
pol}""inyl chloride conduit, or other raceways identified 
for the location, from the disconnecting means in the 
mobile home to the underside of the mobile home, with 
prm-isions for the attachment to a suitable junction box 
or fitting to the raceway on the underside of the mobile 
home Lwith or without conductors a-; in 550.IO(I) ( l ) j . 
The manufacturer shall prmidc \\Tittcn installation 
instructions stating the proper feeder conductor sizes for 
the raceway and the size of the junction box to be used. 
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550.11 ARTICLE 550 - �lOBILE HOMES, �lA.'IUFACITRED HOMES, AND �lOBILE HO�lE PARKS 

550.11 Disconnecting Means and Branch-Circuit Protective 
Equipment. The branch-circuit equipment shall be permitted 
to be combined with the disconnecting means ao; a single 
ao;sembly. Such a combination shall be permitted to be designa
ted ao; a panelboard. If a fused panelboard is used, the maxi
mum fuse size for the mains shall be plainly marked with 
lettering at lcao;t 6 mm (V., in.) high and \isiblc when fuses arc 
changed. 

Where plug fuses and fuscholdcrs arc used, they shall be 
tamper-resistant Type S, enclosed in dead-front fuse panel
boards. Electrical panelboardo; containing circuit breakers shall 
also be dead-front type. 

Informational l'ote: See 1 10.22 concerning identification of 
each disconnecting means and each senice, feeder, or branch 
circuit at the point where it miginated and the type marking 
needed. 

(A) Disconnecting Means. A single disconnecting means shall 
be provided in each mobile home consisting of a circuit 
breaker, or a s"itch and fuses and its acccs.o;orics installed in a 
readily acccs.-.iblc location ncar the point of entrance of the 
supply cord or conductors into the mobile home. The main 
circuit breakers or fuses shall be plainly marked "Main." This 
equipment shall contain a soldcrlcs.o; type of grounding connec
tor or bar for dtc purposes of grounding, \\ith sufficient termi
nals for all grounding conductors. The terminations of the 
grounded circuit conductors shall be insulated in accordance 
with 550.16(A). The disconnecting equipment shall have a 
rating not Jcs.-. than the calculated load. The distribution equip
ment, either circuit breaker or fused type, shall be located a 
minimum of 600 mm (24 in.) from the bottom of such equip
ment to the floor level of the mobile home. 

Informational l'ote: See 550.20(8) for information on discon
necting means for branch circuit" designed to energize heating 
or air-conditioning equipment, or bod1, located out<;ide the 
mobile home, oilier d1an room air conditioners. 

A panelboard shall be rated not lcs.o; than 50 amperes and 
employ a 2-polc circuit breaker rated 40 ampere!! for a 40-
ampcrc supply cord, or 50 amperes for a 50-ampere supply 
cord. A panelboard employing a disconnect switch and fuses 
shall be rated 60 amperes and shall employ a single 2-polc, 60-
ampcrc fLLo;choJdcr "id1 40- or 50-ampere main fuses for 40- or 
50-ampere supply corclo;, respectively. The outside of the panel
board shall be plainly marked wim dtc fuse size. 

The panelboard shall be located in an acccs.o;iblc location 
but shall not be located in a bamroom or a domes closet. A 
dear working space at lcao;t 750 mm (30 in.) wide and 750 mm 
(30 in.) in front of me panelboard shall be provided. This 
space shall extend from the floor to the top of me panelboarcl. 

(B) Branch-Circuit Protective Equipment. Branch-circuit 
distribution equipment shall be installed in each mobile home 
and shall include ovcrcurrcnt protection for each branch 
circuit consisting of cimcr circuit breakers or fuses. 

The branch-circuit ovcrcurrcnt devices shall be rated ao; 
follows: 
(I) Not more than the circuit conductors; and 
(2) Not more than 150 percent of me rating of a single appli

ance rated 13.3 amperes or more that is supplied by an 
individual branch circuit; but 
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(3) Not more man dtc ovcrcurrcnt protection size and of the 
type marked on the air conditioner or other motor
operated appliance. 

(C) Two-Pole Circuit Breakers. \\'bcrc circuit breakers arc 
prm-idcd for branch-circuit protection, 240-volt circuits shall be 
protected by a 2-polc common or companion trip, or by circuit 
breakers \\ith identified handle tics. 

(D) Electrical Nameplates. A metal nameplate on the out.o;idc 
adjacent to the feeder a'i.o;cmbly entrance shall read ao; follows: 

THIS COJ'\:-.IECTIOJ'\ FOR 120/240-VOLT, 
3-POLE, 4-WIRE, f>O-HERTZ, 

A.\<lPERE SUPPLY 

The correct ampere rating shall be marked in the blank 
space. 

Exception: Fm· manufactured homes, tile manufacturer shall fnvvide in 
its w1itten instalhltion instntctimt� ur in the data plate the minimum 
ampn-e rating of the feeder a.'isembly m; wilere fnvvided, tile service
rolmttce conductors intended for ronnection to tile manufactw1'4 home. 
Tile mting Jnvvided shall nolbe less than tile minimum load calculated 
in accordance with 5 50. 18. 

550.12 Branch CirCuits. The number of branch circuit.-; 
required shall be determined in accordance \�ith 550.1 2(A) 
through (E). 

(A) Ughting. The number of branch circuit.-; shall be bao;cd on 
33 volt·�lmpcrcs/m2 (3 VA/ft2) times out.o;ide dimensions of the 
mobile home (coupler excluded) divided by 120 volt.-. to deter
mine me number of 15- or 20-ampcrc lighting area circuit.-., for 
cx.ainple, 

3 x length x \\idm 
120 x 15 (or 20) 

No. of 15- (or 20-) ampere circuits 

[550.12(A)) 

(B) Small App6ances. In kitchens, pantries, dining rooms, and 
brcakfao;t rooms, two or more 20-amperc small-appliance 
circuit.-;, in addition to dtc number of circuit.-; required else
where in this section, shall be provided for all receptacle 
oudet.o; required by 550.13(0) in these room-;. Such circuit.-; 
shall have no oilier outlet.-;. 

Exception No. 1: RecefJtacle outlets installed solely fm· the electrical 
.mpply and suptJmt of an elect1ic clock in any tile moms sJit'Cijil'.d in 
5 50. 1 2( B) shall be permitted. 

Exception No. 2: &cefJtacle mttlets installed to Jnvvide power fm· 
supplemental equipment and lighting tm gas1il'ed ranges, ovens, m· 
counteNnountl'.d cooking units shall be permitted. 

Exception No. 3: A single l't'cejltacle fm· l't!ftigmltion equiJ1711rot shall be 
permitted to be suJJfrlied ftvm an individual bmndt circuit mted 
15 amJiel't!S Orftl't!altl: 

\..ountertop receptacle oudet.o; installed in me kitchen shall 
be supplied by not lcs.o; than two small-appliance circuit branch 
circuit.-;, cidter or hom of which shall be permitted to supply 
receptacle outlet.-; in the kitchen and other locations specified 
in 550.12(8) . 
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(C) Laundry Area. Where a laundry area is provided, a 20-
ampcrc branch circuit shall be provided to supply dtc laundry 
receptacle oudct(s). This circuit shall have no odtcr oudct�. 

(D) General Appliances. (Including furnace, water heater, 
range, and central or room air conditioner, etc.). There shall 
be one or more circuit� of adequate rating in accordance widl 
the following: 

Informational :'\ote: See Anicle 440 for central air conditioning. 

(1)  The ampere rating of fixed appliances shall be not over 
50 percent of the circuit rating if lighting oudct� (recep
tacles, odlcr than kitchen, dining area, and laundry, 
considered a� lighting oudct�) arc on dlc same circuit. 

(2) For fixed appliances on a circuit l\ithout lighting outlet�, 
the sum of rated amperes shall not exceed the branch
circuit rating. Motor load� or continuous load-; shall not 
exceed 80 percent of dtc branch-circuit rating. 

(3) The rating of a single cord-and-plug-connected appliance 
on a circuit haling no odtcr oudcto; shall not exceed 
80 percent of the circuit rating. 

( 4) The rating of a range branch circuit shall be ba�cd on dlc 
range demand ao; specified for ranges in 550.18(B) (5) . 

(E) Bathrooms. Baduoom receptacle oudct� shall be supplied 
by at lca�t one 20-ampcrc branch circuit. Such circuit� shall 
have no oudct� odlcr than a� provided for in 550.13(E) (2). 

550.13 Receptacle Oudets. 

(A) Grounding-Type Receptacle Oudets. All receptacle outlet� 
shall comply wid1 the following: 

(1)  Be of grounding type 
(2) Be installed according to 406.4 
(3) Except where suppl}ing specific appliances, be 1!>- or 20-

ampcrc, 12!>-volt, either single or multiple type, and 
accept parallel-blade attachment plugs 

(B) Ground-Fault Circuit Interrupters (GFCI). Ground-fault 
circuit-interrupter protection shall be provided as required in 
210.8(A). In addition, in the following area� withii1 a mobile or 
manufactured home, GFCI protection is limited to 12:>-volt, 15-
and 20-ampcrc receptacles or outlet-;: 

(1)  \.omparuncnto; accessible from ou�idc the unit 
(2) Bathroom-;, including receptacles in luminaires 
(3) Kitchens, where receptacles arc installed to serve counter

top surfaces 
(4) Sink.�, where receptacles arc installed l\ithin 1 .8 m (6 ft) 

from the top inside edge of dtc sink 
(5) Dishwashers 

lnformational l'ote: See 422.5(:\) for infmmation on protection 
of dishwa.•hers. 

(C) Cord-Connected F"axed Appliance. A grounding-t}'pc 
receptacle oudct shall be provided for each cord-connected 
fixed appliance installed. 

(D) Receptacle Oudets Required. Except in dtc bad1, closet, 
and hallway areas, receptacle oudct� shall be installed at wall 
spaces 600 mm (2 ft) "ide or more so that no point along dlc 
floor line is more than 1 .8 m (6 ft) mca�urcd horizontally from 
an oudct in that space. In addition, a receptacle oudct shall be 
installed in dlc following locations: 

( 1 )  Over or  adjacent to countcrtops in  dtc kitchen Lat least 
one on each side of dlc sink if countcrtops arc on each 
side and arc 300 mm (12 in.) or over in l\iddlj .  
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(2) Adjacent to dlc refrigerator and freestanding ga-;-rangc 
space. A multiplc-t}'pc receptacle shall be pcnnittcd to 
serve a� the outlet for a countcrtop and a refrigerator. 

(3) At countcrtop spaces for built-in vanities. 
(4) At countcrtop spaces under wall-mounted cabinet�. 
(5) In the wall at the nearest point to where a bar-t}'pc coun

ter attaches to the wall. 
(6) In the wall at the nearest point to where a fixed room 

divider attaches to the wall. 
(7) In laundry area� widlin 1 .8 m (6 ft) of dlc intended loca

tion of dtc laundry appliancc(s). 
(8) At lcao;t one receptacle oudct located outdoors and acces

sible at grade level and not more man 2.0 m (6� ft) 
above grade. A receptacle oudct located in a compart
ment accessible from dtc out�idc of dlc unit shall be 
considered an outdoor receptacle. 

(9) At lca�t one receptacle oudct shall be installed in bath
rooms within 900 mm (36 in.) of dlc out�idc edge of each 
ba�in. The receptacle outlet shall be located above or 
adjacent to dlc basin location. This receptacle shall be in 
addition to any rcecptaclc dlat is a part of a Juminairc or 
appliance. The receptacle shall not be enclosed widlin a 
baduoom cabinet or vanity. 

(E) Pipe Heating Cab1e(s) Oudet. For dlc connection of pipe 
heating cablc(s), a receptacle oudct shall be located on dlc 
underside· of the unit a� follows: 

( 1 )  Within 600 mm (2 ft) of the cold water inlet. 
(2) ·. ('.Onncctcd to an interior branch circuit, other than a 

small-appliance branch circuit. It shall be pennittcd to 
usc a bathroom receptacle circuit for dlis purpose. 

(3) On a circuit where all of dtc oudct� arc on the load side 
of dlc ground-fault circuit interrupter. 

(4) This oudct shall not be considered ao; the receptacle 
required by 550.13(D) (8). 

(F) Receptacle Oudets Not Permitted. Receptacle outlet� shall 
not be permitted in dlc follm\ing locations: 

( 1 )  Receptacle outlet-; shall not be installed l\ithin o r  directly 
over a badltub or shower space. 

(2) A receptacle shall not be installed in a face-up position in 
any countcrtop. 

(3) Receptacle oudcto; shall not be installed above electric 
ba�cboard heaters, unless prmidcd for in the listing or 
manufacturer's instructions. 

(G) Receptacle Oudets Not Required. Receptacle oudct� shall 
not be required in dtc following locations: 

( 1 )  I n  dlc wall space occupied by built-in kitchen or ward
robe cabinet� 

(2) In dlc wall space behind doors that can be opened fully 
against a wall surface 

(3) In room dh-idcrs of the lattice t}'pc dlat arc lcs.� than 
2.5 m (8 ft) long, not solid, and "idlin 150 mm (6 in.) of 
the floor 

(4) In the wall space afforded by bar-t}pc counters 

550.14 Luminaires and Appliances. 

(A) Fasten Appliances in Transit. Means shall be provided to 
securely fa�tcn appliances when dlc mobile home is in transit. 
(Sec 550.16 for provisions on grounding.) 

(B) Accessibility. Every appliance shall be acccs.o;iblc for 
inspection, senicc, repair, or replacement without removal of 
permanent construction. 
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550.14 ARTICLE 550 - �lOBILE HOMES, MA.'IUFACITRED HOMES, AND MOBILE HOME PARKS 

(C) Pendants. Listed pendant-type luminaires or pcndam 
cords shall he permitted. 

(D) Bathtub and Shower Luminaires. \\'here a luminairc is 
installed over a hadnub or in a shower stall, it shall be of the 
enclosed and gaskctcd type listed for wet locations. 

550.15 Wuing Methods and Materials. Except as specifically 
limited in this section, the \\iring mcthod'i and materials inclu
ded in this ('..ode shall be used in mobile homes. \\'here conduc
tors arc terminated, they shall he used "idt equipment listed 
and identified for the conductor materials. 

(A) Nonmetallic Boxes. :"'onmctallic boxes shall be permitted 
only "idt nonmetallic cable or nonmetallic raceways. 

(B) Nonmetallic Cable Protection. :"'onmctallic cable located 
380 mm (15 in.) or less above the floor, if exposed, shall he 
protected from physical damage by covering boarcl'i, guard 
strips, or raceways. Cable likely to be damaged by stowage shall 
be so protected in all ca.'iCs. 

(C) Metal-Covered and Nonmetallic Cable Protection. Metal
covered and nonmetallic cables shall be permitted to pa.'i.'i 
through the centers of the wide side of 2 by 4 stud'i. However, 
they shall he protected where they pa.'is duough 2 by 2 stud'i or 
at other stud'i or frames where the cable or armor would he lcs.'i 
than 32 mm (I� in.) from the inside or outside surface of the 
stud'i where the wall covering materials arc in contact l\ith the 
stud'i. Steel plates on each side of the cable, or a tuhe, with not 
lcs.'i dtan 1 .35 mm (0.053 in.) wall thickncs.'i shall he required 
to protect the cable. These plates or tubes shall be securely 
held in place. 

(D) Metal Faceplates. \\'here metal faceplates arc u.'iCd, the 
installation shall comply with 404.9(B) and 406.6(B). 

(E) Installation Requirements. Where a range, clothes dryer; 
or other appliance is connected by metal-covered cable or flexi
ble metal conduit, a length of not lcs.'i than 900 mm (3 ft) of 
unsupported cable or conduit shall he provided to senicc the 
appliance. The cable or flexible metal conduit shall be secured 
to dtc wall. Type 1'\M or Type SE cable shall not be used to 
connect a range or dryer. This shall not prohibit the U.'iC of 
Type 1'\M or Type SE cable between the branch'"Circuit ovcrcur
rcnt protective dc\icc and a junction box 6r range or dryer 
receptacle. 

(F) Raceways. \\'here rigid metal conduit or intermediate 
metal conduit is terminated at an enclosure with a locknut and 
bushing connection, two locknut<� shall be prmidcd, one inside 
and one outside of the enclosure. Rigid nonmetallic conduit, 
electrical nonmetallic tubing, or surface raceway shall he 
permitted. All cut cnd'i of conduit and tubing shall he reamed 
or othcmisc finished to remove rough edges. 

(G) Switches. S\\itches shall be rated a.'i follows: 
(1)  For lighting circuits, Sl\itchcs shall be rated not lcs.'i than 

10 amperes, 120 to 125 volts, and in no ca.'ic less than the 
connected load. 

(2) Sl\itchcs for motor or other loads shall comply with 
404.14. 

(H) Under-Chassis Wuing (Exposed to Weather). 

(1) Where outdoor or undcr-cha.'isis line-voltage (120 volts, 
nominal, or higher) \\iring is exposed, it shall he protected by a 
conduit or raceway identified for usc in wet locations. The 
conductors shall t>c' listed for usc in wet locations. 
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(2) Where wiring is exposed to physical damage, it shall he 
protected by a raceway, conduit, or other means. 

(I) Boxes, Fittings, and Cabinets. Boxes, fittings, and cabinets 
shall be securely fa.'itcncd in place and shall be supported from 
a structural mcmher of the home, either dirccdy or by using a 
substantial brace. 

Exception: Snap-in-type boxes. Boxes provided zuith special waU m· ceil
ing ln-ackets and wiring devices with integml enclo.�ures tlmt securely 

fasten to wall� m· ceilings and m1' identified fm· the use slmU be Jmmit
ted without supt1m·t from a structuml mnnl1e1· m· /n-au. The testing and 
aptmroal shall include tile waU and ceiling con.�truction !i)'.�ltmt� fm· 
which the boxes and devices a111 intended to be usl'.d. 

0> Appliance Terminal Connections. Appliances having 
branch-circuit terminal connections that operate at tempera
tures higher than 60•c (140"F) shall have circuit conductors a.'i 
described in the follm\ing: 
(1)  Branch-circuit conductors haling an insulation suitable 

for the temperature encountered shall be pcnnittcd to be 
run dirccdy to the appliance. 

(2) C..onductors haling ait insulation suitable for the tempera
ture encountered shall be run from dtc appliance termi
nal connection to a readily acccs.'iiblc oudct box placed at 
lca.'it 300 mm (I ft) from the appliance. These conductors 
shall he in a suitable raceway or Type AC or MC cable of 
at lca.'it 4.'M> mm (18 in.) but not more than 1 .8 m (6 ft) in 
length. 

(K) Component Interconnections. Fittings and connectors 
that are intended to be concealed at the time of a.'i.'icmbly shall 
be .listed and identified for the interconnection of building 
componcnt'i. Such fittings and connectors shall he equal to the 
"iring mcdtod employed in insulation, temperature rise, and 
fault-current l\ithstanding and shall be capable of enduring the 
vibration and shock occurring in mobile home transportation. 

Informational l'ote: See 550.19 for interconnection of multiple 
section uniL�. 

550.16 Grounding. Grounding of both electrical and nonelec
trical metal part'i in a mobile home shall be through connec
tion to a grounding bus in the mobile home panelboard and 
shall he connected through the green-colored insulated 
conductor in the supply cord or the feeder wiring to the 
grounding bu.'i in the service-entrance equipment located adja
cent to the mobile home location. Neither dtc frame of the 
mobile home nor dtc frame of any appliance shall he connec
ted to the grounded circuit conductor in dtc mobile home. 
\\'here the panel board is dtc scnicc equipment a.'i permitted by 
550.32(B), the neutral conductors and the equipment ground
ing bu.'i shall he connected. 

(A) Grounded Conductor. 

(1) Insulated. The grounded circuit conductor shall he insula
ted from the equipment grounding conductors and from 
cquipmcm enclosures and other grounded part'i. The groun
ded circuit conductor terminals in the panelboard and in 
ranges, clothes dryers, coumcr-mountcd cooking unit'i, and 
wall-mounted ovens shall he insulated from the cquipmcm 
enclosure. Bonding screws, straps, or buses in the panelboard 
or in appliances shall he removed and discarded. Where the 
panelboard is the service equipment a.'i permitted by 
550.32(B), the neutral conductors and the equipment ground
ing bu.'i shall he connected. 
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ARTICLE 550- �lOBILE HOMES, �lA.'IUFAC1TRED HOMES, AND �lOBILE HO�lE PARKS 550.18 

(2) Connections of Ranges and Clothes Dryers. Connections 
of ranges and clothes dryers with 120/240-volt, 3-wirc ratings 
shall be made with 4-conductor cord and 3-polc, 4-wirc, 
grounding-type plugs or by Type AC cable, Type �lC cable, or 
conductors enclosed in flexible metal conduit. 

(B) Equipment Grounding Means. 

(I) Supply Cord or Permanent Feeder. The green-colored 
insulated grounding wire in the supply cord or permanent 
feeder "iring shall be connected to the grounding bus in the 
panelboard or disconnecting means. 

(2) Electrical System. In the electrical system, all exposed 
metal parl"l, enclosures, frames, luminairc canopies, and so 
forth, shall be effectively bonded to dtc grounding terminal or 
enclosure of the panel board. 

(3) Cord-Connected Appliances. Cord-connected appliances, 
such as washing machines, clothes dryers, and refrigerators, 
and the electrical system of gas ranges and so forth, shall be 
grounded by means of a cord with an equipment grounding 
conductor and grounding-type attachment plug. 

(C) Bonding of Non-Current-Carrying Metal Parts. 

(I) Exposed Non-Current-Carrying Metal Parts. All exposed 
non-currcnt-cartying metal parl"l that arc likely to become 
energized shall be effectively bonded to the grounding termi
nal or enclosure of the panelboard. A bonding conductor shall 
be connected between dtc panelboard and an acccs."liblc termi
nal on the chassis. Chassis of multiple mobile home sections 
shall be bonded together with a solid copper, 8 AWG mini
mum, insulated or bare, bonding conductor with tcnninations 
in accordance with 250.8 and 250.12. 

(2) Grounding Terminals. Grounding terminals shall be of the 
soldcrlcss type and listed as pressure-terminal connectors 
recognized for dtc wire size used. The bonding conductor shall 
be solid or stranded, insulated or bare, and shall be 8 AWG 
copper minimum, or equivalent. The bonding conductor shall 
be routed so a"l not to be exposed to physical damage. 

(3) Metallic Piping and Ducts. Metallic gas, water, and waste 
pipes and metallic air-circulating ducts shall be considered 
bonded if thev arc connected to the . terminal on the cha'i."lis 
Lsee 550.16(C) (I  ) J  by clamps, soldcrless connectors, or by suit
able grounding-t}'pc straps. 

(4) Metallic Roof and �rior Coverings. Any metallic roof 
and exterior covering shall be considered bonded if the follow
ing conditions arc met: 

( 1)  The metal panels overlap one another and arc securely 
attached to the wood or metal frame part"l by metallic 
fa"ltencrs. 

(2) The lower panel of the metallic exterior covering is 
secured bv metallic fa"ltcncrs at a cros."l member of the 
cha'i."lis by

. 
two metal straps per mobile home unit or 

section at opposite cnd"l. 

The bonding strap material shall be a minimum of 100 mm 
(4 in.) in l\idth of material equivalent to dtc skin or a material 
of equal or better electrical conductil'ity. The straps shall be 
fa"ltencd with paint-penetrating fittings such a"l screws and star
washers or equivalent. 
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550.17 Testing. 

(A) Dielectric Strength Test. The wiring of each mobile home 
shall be subjected to a 1-minutc, 900-volt, dielectric strength 
test (with all S\'itches closed) between live parl"l (including 
neutral conductor) and the mobile home ground. Alterna
tively, the test shall be permitted to be performed at I 080 volt"l 
for 1 second. This test shall be performed after branch circuit"l 
arc complete and after luminaires or appliances arc installed. 

Exception: Li�ttd luminaires or applianres shall not ht required to with
stand the diekctric strength test. 

(B) Continuity and Operational Tests and Polarity Checks. 
Each mobile home shall be subjected to all of dtc following: 

( 1 )  An electrical continuity test to ensure that all exposed 
electrically conductive parl"l arc properly bonded 

(2) An electrical operational test to demonstrate that all 
equipment, except water heaters and electric furnaces, is 
connected and in working order 

(3) Electrical polarity checks of permanently wired equip
ment and receptacle oudct"l to determine that connec
tions have been properly made 

550.18 Calculations. The following method shall be employed 
in calculating the supply-cord and distribution-panelboard load 
for each feeder a'i."lCmbly for each mobile home in lieu of the 
procedure shown in Article 220 and shall be ba"lCd on a 3-wirc, 
120/240-volt supply with 120-volt loacl"l balanced between the 
two·-ungrounded conductors of dtc 3-wire system. 

(A) Lighting, Small-Appliance, and Laundry Load. 
(1) Lighting Volt-Amperes. Length times "idth of mobile 
home floor (out"lidc dimensions) times 33 volt-ampcres/m2 
(3 VA/ft2)- for example, length x "idth x 3 = lighting volt
amperes. 

(2) Small-Appliance Volt-Amperes. Number of circuit"l times 
1500 volt-amperes for each 20-ampcre appliance receptacle 
circuit - for example, number of circuit"l x 1500 = small
appliance volt-amperes. 

(3) Laundry Area Circuit Volt-Amperes. 1500 volt-amperes. 

(4) Total Volt-Amperes. Lighting volt-amperes plus small
appliance volt-amperes plus laundry area volt-amperes equals 
total volt-amperes. 

(5) Net Volt-Amperes. First 3000 total volt-amperes at 
I 00 percent plus remainder at 35 percent equals volt-amperes 
to be divided by 240 volt"l to obtain current (amperes) per leg. 

(B) Total Load for Determining Power Supply. Total load for 
determining power supply is dtc sum of the following: 

( 1 )  Lighting and small-appliance load a"l calculated in 
550.18(A) (5) . 

(2) Nameplate amperes for motors and heater load"l (exhaust 
fans, air conditioners, electric, ga"l, or oil heating). Omit 
smaller of the heating and cooling loads, except include 
blower motor if u."lCd a"l air-conditioner e\'aporator motor. 
\\'here an air conditioner is not installed and a 40-amperc 
power-supply cord is provided, allow 15 amperes per leg 
for air conditioning. 

(3) Twenty-five percent of current of largest motor in Table 
550.18(8). 
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550.18 ARTICLE 550- �lOBILE HOMES, MA.'IUFACITRED HOMES, AND MOBILE HOME PARKS 

(4) Total of nameplate amperes for wa.'itc disposer, dish
washer, water heater, clothes dryer, wall-mounted oven, 
cooking units. \\'here the number of these appliances 
exceeds three, usc 75 pcrcclll of total. 

(5) Derive amperes for freestanding range (a.'i distinguished 
from separate ovens and cooking units) by dividing the 
following values by 240 volts a.'i shmm in Table 550.18(B). 

(6) If outlets or circuits arc provided for otltcr than factory
installed appliances, include lite anticipated load. 

Informational l'ote: See lnfmmative Annex D, Example D I I , 
for an illustrdtion of the application of thi• calculation. 

(C) Optional Method of Calculation for Lighting and Appli
ance Load. The optional method for calculating lighting and 
appliance load shown in 220.82 shall be pcnniucd. 

550.19 Interconnection of Multiple-Section Mobile or Manu
factured Home Units. 

(A) Wuing Methods. Approved and listed fixed-type "iring 
mcthod'i shall be u.'iCd to join portions of a circuit that mu.'it be 
electrically joined and arc located in adjaccm sections after the 
home is installed on iL'i support foundation. The circuit's junc
tion shall be acccs.'iiblc for disa.'i.'icmbly when the home is 
prepared for relocation. 

Informational Note: See 550.15(K) for component interconnec
tions. 

(B) Disconnecting Means. Expandable or multiunit manufac
tured homes, not having pcnnancntly installed feeders, that 
arc to be moved from one location to anotltcr shall be permit
ted to have disconnecting means l\ith branch-circuit protective 
cquipmcm in each unit when so located that after a.'i.'icmbly or 
joining together of uniL'i, lite rcquircmcnL'i of 550.10 "ill be 
met. 

550.20 Outdoor Outlets, Luminaires, Air-Cooling Equipment, 
and So Forth. 

(A) Listed for Outdoor Use. Outdoor luminaires and cquip
mcm shall be listed for wet locations or outdoor usc. Outdoor 
receptacles shall comply with 406.9. Where located on the 
underside of lite home or located under roof extensions or 
similarly protected locations, outdoor luininaires and cquip
mcm shall be listed for usc in damp locations: 

(B) Outside Heating Equipment, Air-Conditioning Equipment, 
or Both. A mobile home prolided "itl1 a branch circuit 
designed to energize ouL'iidc heating cquipmcm, air
conditioning cquipmcm, or both, located ouL'iidc the mobile 
home, otltcr than room air conditioners, shall have such 
branch-circuit conductors terminate in a listed outlet box, or 

Table 550.18(8) Freestanding Range Load 

Nameplate Rating 
(watts) 

0-10,000 
Over 10,000-12,500 
Over 12,500-13,500 
Over 13,500-11,500 
Over 11,500-15,500 
Over 15,500-16,500 
Over 16,500-17,500 
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Use 
(volt-amperes) 

80 percem of rating 
8,000 
8,400 
8,800 
9,200 
9,600 

10,000 

disconnecting means, located on the ouL'iidc of the mobile 
home. A label shall be pcnnancntly affixed adjacent to the 
outlet box and shall contain the follm\ing information: 

THIS CONJ'\ECTIOJ'\ IS FOR HEATING 
Al'\D/OR AIR-CONDITIOJ'\Il'\G EQUPMEJ'\T. 

THE BRAJ'\CH CIRCUT IS RATED AT 1'\0T MORE THAN 
__ AMPERES, AT __ VOLTS, 60 HERTZ, 

CO:"'DUCTOR A.\1PACITY. 
A DISCO:"'NECTI:"'G MEANS SHALL BE LOCATED 

\\-1THIJ'\ SIGHT OF THE EQUIPME:"'T. 

The correct voltage and ampere rating shall be given. The 
tag shall be not lcs.'i than 0.51 mm (0.020 in.) tltick etched 
bra.'i.'i, stainlcs.'i steel, anodized or alclad aluminum, or cquiva
lcm. The tag shall not be less than 75 mm by 45 mm (3 in. by 
1� in.) minimum size. 

550.25 Arc-Fault Circuit-Interrupter Protection. All 120-volt, 
singlc-pha.'ic, 1!>- and 20-ampcrc branch circuiL'i suppl}'ing 
outlcL'i or dcliccs installed in mobile homes and manufactured 
homes shall comply with 210;12 

Part Ill. Services and Feeders 

550.30 Distribution System. The mobile home park secondary 
electrical distribution system to mobile home loL'i shall be 
single-phase, 120/240 v�IL'i, nominal. 

550.31 AnoW&ble Demand Factors. Park electrical "1flng 
systcm.'l shall be calculated (at 120/240 voiL'i) on the larger of 
the follo"ing: 

( 1 )  · 1 6,000 volt-amperes for each mobile home lot 
(2) The load calculated in accordance l\ith 550.18 for the 

largest typical mobile home that each lot \\ill accept 

It shall be pcrmis.'iiblc to calculate the feeder or sen icc load 
in accordance "ith Table 550.31 .  No demand factor shall be 
allowed for any other load, except a.'i prmidcd in this ('..ode. 

550.32 Service Equipment. 

(A) Mobile Home Service Equipment. The mobile home serv
ice equipment shall not be moumcd in or on the mobile home. 
The scnicc cquipmcm shall be rated not lcs.'i titan that 

Table 550.31 Demand Factors for Services and Feeders 

Number of Demand 
Mobile Homes Factor (%) 

100 
2 55 
3 44 
4 39 
5 33 
6 29 

7-9 28 
10-12 27 
13-15 26 
16-21 2-:> 
22-40 24 
41-60 23 

61 and over 22 
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ARTICLE 550- �lOBILE HOMES, MA.'IUFAC1TRED HOMES, AND MOBILE HOME PARKS 550.33 

required in accordance l\ith 550.32(C), mounted in a readily 
accessible outdoor location, and within sight from the mobile 
home it serves. The mobile home scnicc disconnect shall be 
permitted to be used as the emergency disconnect in accord
ance l\ith 230.85. 

(B) Manufactured Home Service Equipment. The manufac
tured home service equipment shall be permitted to be instal
led in or on a manufucturcd home, provided that all of the 
follo"ing conditions arc met: 

(1) The manufacturer shall include in its \\Tittcn installation 
instructions information indicating that the home shall 
be secured in place by an anchoring system or installed 
on and secured to a permanent foundation. 

(2) The installation of the service shall comply l\ith Pan I 
through Part VII of Article 230. 

(3) Means shall be prmidcd for the connection of a ground
ing electrode conductor to the service equipment and 
routing it out�idc the structure. 

(4) Bonding and grounding of the scnicc shall be in accord
ance l\ith Part I through Part V of Article 250. 

(5) The manufacturer shall include in it� \\Tittcn installation 
instructions one mcdtod of grounding dtc senicc equip
ment at the installation site. The instructions shall clearly 
state dtat odtcr method� of grounding arc found in Arti
cle 250. 

(6) The minimum size grounding electrode conductor shall 
be specified in the instructions. 

(7) A warning label shall be mounted on or adjacent to the 
service equipment. The label shall meet the requirement� 
in 110.21 (B) and shall state the following: 

WAID\ING 
DO NOT PROVIDE ELECTRICAL PO\\'ER 

U:"'TIL THE GROU:"'DING ELECTRODE(S) 
IS 11'\STALLED AND COJ'\:"'ECTED 

(SEE INSTALLATI0:"-1 INSTRUCTIOJ'\S). 

Where the scnicc equipment is not installed in or on the 
unit, dtc installation shall comply \\ith the other requirement� 
of this section. 

(C) Rating. Mobile home senicc equipment shall be rated at 
not less than 100 amperes at 120/240 volt�, and prmisions shall 
be made for connecting a mobile home feeder assembly by a 
permanent \\iring method. Power oudct� used as mobile home 
service equipment shall also be permitted to contain recepta
cles rated up to 50 amperes l\ith appropriate ovcrcurrcnt 
protection. Fifty-ampere receptacles shall conform to the 
configuration shown in Figure 550.10(C). 

lnformational l'ote: See A:'\SI/l'E�M \\'D 6-2016, Wiring Droi"" 
- Dimtm.<innal SJNrifiratinn.<, Figure 14-2>0, for complete detail� of 
the 50-ampere plug and receptacle configurdtion. 

(D) Additional Outside Electrical Equipment. Means for 
connecting a mobile home acccs.�ory building or structure or 
additional electrical equipment located out�idc a mobile home 
by a fixed \\iring mcdtod shall be provided in either dtc mobile 
home service equipment or the local external disconnecting 
means permitted in 550.32(A). 
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(E) Additional Receptacles. Receptacles located outside a 
mobile or manufactured home shall be prmidcd "idt ground
fault circuit-interrupter protection as specified by 210.8(A). 
\\'here receptacles provide power to a mobile or manufactured 
home in accordance l\ith 550.10, ground-fault circuit
interrupter protection shall not be required. 

(F) Mounting Height. Outdoor mobile home disconnecting 
means shall be installed so the bottom of the enclosure 
containing the disconnecting means is not less than 600 mm 
(2 ft) above finished grade or working platform. The discon
necting means shall be installed so that the center of the grip 
of the operating handle, when in the highest position, is not 
more than 2.0 m (6 ft 7 in.) above the finished grade or work
ing platform. 

(G) Marking. Where a 125/250-volt receptacle is used in 
mobile home senicc equipment, the service equipment shall 
be marked a� follows: 

TURN DISCO�NECTIJ'\G S\\'lT\.J-I OR 
CIRCUIT BREAKER OFF BEFORE 1:"/SERTING 

OR REMOVING PLUG. PLUG MUST BE FULLY 
�NSJ!RTED OR REMO\'ED. 

The marki!tg·shall be located on the service equipment adja
cent to the receptacle oudct. 

550.33 Feeder. 

(A)". Feeder Equipment. The feeder a'i.�cmbly, including the 
disconnecting means, shall not be mounted in or on the 
mobile home. A manufactured home feeder disconnecting 
means shall be permitted to be installed in or on the manufac
tured home in accordance "ith the requirement� of 550.32(B). 
The feeder equipment shall be rated not lcs.� than that 
required in 550.32(C), mounted in a readily acccs.�iblc outdoor 
location, and l\ithin sight from the mobile home or manufac
tured home it serves. Grounding of the disconnecting means 
shall be in accordance "ith 250.32. 

(B) Feeder Conductors. Feeder conductors shall comply with 
the following: 

(1)  Feeder conductors shall consist of either a listed cord, 
factorv installed in accordance l\ith 550.10(B), or a 
pcrm�ncndy installed feeder consisting of four insulated, 
color-coded conductors that shall be identified bv the 
factory or field marking of the conductors in compliance 
"ith 31 0.6. Equipment grounding conductors shall not be 
identified by stripping the insulation. 

(2) Feeder conductors shall be installed in compliance with 
250.32(B). 

Exception: An existing feeder i1utalkd witlwut an equipment gmund
ing conductm· shall he permittl'.d to comJI�V with 250.32(B)(l) Excep
ticm No. 1. 

(C) Feeder Capacity. Mobile home and manufucturcd home 
feeder circuit conductors shall have a capacity not less than the 
load� supplied, shall have an ampacity of not lcs.� than 
100 amperes, and shall be permitted to be sized in accordance 
with 310.12. 
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551.1 ARTICLE 551 - RECREATIONAL VEHICLES A.'ID RECREATIO:"'AL VEHICLE PARKS 

ARTICLE 551 
Recreational Vehicles and Recreational 

Vehicle Parks 

Part I. General 

551.1 Scope. This article covers the electrical conductors and 
equipment other than low-voltage and automotive vehicle 
circuits or extensions thereof, installed "idtin or on recrea
tional vehicles, the conductors that connect recreational vehi
cles to a supply of electricity, and the installation of equipment 
and devices related to electrical installations l\ithin a recrea
tional vehicle park. 

Informational :'\ote: See l'FPA 1 192-2021 ,  Standard Oil Rerrt'fl
tional Vl'l!icll'!i, and A:'\SI/R\1A LV-2020, Standard for l.o11J Vollalfl' 
Sysii'IR.< in l.nnl!l'rsion and Rn:rwtional Vehicles, for infonnation on 
low-\'ohage systems. 

551.3 Electrical Datum Plane Distances. The electrical datum 
plane distancc(s) is determined by the normal high water level 
and cncompa.'i.o;cs the area.-. subject to tidal movement and area.-. 
in which the water level is affected by the conditions such a.o; 
climate (rain or snowfall) or by human intervention (dtc open
ing and closing of dams or floodgates) .  The distance docs not 
consider extremes due to natural or manmade disa.-.tcrs. 

(A) Areas Subject to Tidal Fluctuations. In land area.-. su�cct 
to tidal fluctuation, dtc electrical datum plane shall be a hori
zontal plane that is 606 mm (2 ft) above the highest high tide 
level for the area occurring under normal circumstances. 

(B) Areas Not Subject to Tidal Fluctuations. In land area.-; not 
su�cct to tidal fluctuation, the electrical datum plane shall be 
a horizontal plane that is 606 mm (2 ft) above dtc normal high 
water level for dtc area occurring under normal circumstances. 

551.4 General Requirements. 

(A) Not Covered. A recreational vehicle not u.'ICd for the 
purposes a.-. defined in 551.2 shall not be required to meet the 
requirement-. of Part IV pertaining to the. nun�bcr or capacity 
of circuit-; required. It shall, however, meet aU other applicable 
requirement-. of this article if the recreational vehicle is prmi
dcd "ith an electrical installation intended to be energized 
from a 120-volt, 208¥/120-volt, or 120/240-volt, nominal, ac 
power-supply system. 

(B) Systems. This article covers combination electrical 
systems, generator installations, and 120-volt, 208¥ I 120-volt, or 
120/240-volt, nominal, systems. 

Informational :'\ote: See :'\FPA 1 192-2021,  Standard Oil Rerrt'fl
liona/ lkhicl"', and A:'\SI/R\1A 12V-2020, Standard for l.oiiJ Vollalfl' 
Sysii'IR.< in l.nnl!l'rsion ami Rn:rwtional Vehicles, for infonnation on 
low-\'ohage systems. 

(C) Labels. Labels required by Article 551 shall be made of 
etched, metal-stamped, or cmbos.o;ccl bra..,-;; stainlcs.o; steel; pla.o;
tic laminates not less than 0.13 mm (0.005 in.) dtick; or 
anodized or alclad aluminum not lcs.o; than 0.5 mm (0.020 in.) 
thick or dtc equivalent. 

Informational l'ote: See ,\.'\SI Z.'>35.4-201 1, Produrt .Vif1'1)' Sign.< 
and /.abel<, for guidance on other label criteria IL-;ed in the 
recreational \'ehide industry. 
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Part II. Combination Electrical Systems 

551.20 Combination Electrical Systems. 

(A) General. Vehicle wiring suitable for connection to a 
battery or de supply source shall be permitted to be connected 
to a 120-volt source, prmiclcd the entire \\iring system and 
equipment arc rated and installed in full confonnity with 
Part-; I, II, III, IY, and V requirement-. of this article covering 
120-volt electrical systems. Circuit-. feel from ac transformers 
shall not supply clc appliances. 

(B) Voltage Converters (120-Volt Alternating Current to Low
Voltage Direct Current). The 120-volt ac side of the voltage 
converter shall be "ired in full confonnity "idt the require
ment-; of Part-; I, II, and IV of this article for 120-volt electrical 
systems. 

Exception: C'..onverters .<upplied as an integral pmt of a listed appliance 
shall not be .mbject to 551.20(8). 

All converters and transformers shall be listed for usc in 
recreational vehicles and designed or equipped to prmidc 
ovcrtcmpcraturc protection. To determine the converter 
rating, the follo"ing percentages shall be applied to the total 
connected load, including average battery-charging rate, of all 
12-volt equipment: 

The first 20 amperes of load at I 00 percent plus 

The S�:cond 20 amperes of load at 50 percent plus 

All load above 40 amperes at 25 percent 

Exception: A lmv-voltage aJijJliance that is contmlled by a 11UIIntmtary 
switch (normallJ open) tltat ltas 1w means fm· ltolding in the dosed 
po.<ition m· 11'fiigemton; with a I 20-volt function sltall not be considered 
as a connectl'.d load wlten determining lite requitl'.d convn·ter mting. 
Momental·i{l' energized aJijJliances shall be limited to those used to 
fmtJal't! lite velticle for occuJJanq m· tmveL 

(C) Bonding Voltage Converter Enclosures. The non-currcnt
cartying metal enclosure of the voltage converter shall be 
conncctccl to the frame of the vehicle "idt a minimum 8 AWG 
copper conductor. The voltage converter shall be provided with 
a separate cha.'i.o;is bonding conductor that shall not be used a.o; 
a currcnt-cartying conductor. 

(D) Dual-Voltage FIXtures, Including Luminaires or Applian
ces. Fixtures, including luminaires, or appliances having both 
120-volt and low-voltage connections shall be listed for dual 
voltage. 

(E) Autotransformers. Autotransfonncrs shall not be used. 

(F) Receptacles and Plug Caps. \\'here a recreational vehicle is 
equipped with an ac system, a low-voltage system, or bodt, 
receptacles and plug caps of the low-voltage system shall differ 
in configuration from those of the ac system. \\'here a vehicle 
equipped "id1 a battery or other low-voltage system ha.o; an 
external connection for low-voltage power, the connector shall 
have a configuration that lvill not accept ac power. 

Part Ill. Other Power Sources 

551.30 Generator Installations. 

(A) Mounting. Generators shall be mounted in such a manner 
a.o; to be effectively bonded to the recreational vehicle cha.'i.o;is. 
The connection of the electrical system produced by the gcncr-
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ARTICLE 551 - RECREATIONAL VEHICLES A:"'D RECREATIO:"'AL VEHICLE PARKS 551.40 

ator shall provide an effective ground-fault return pad1 when 
operational. 

(B) Generator Protection. Equipmcm shall be installed to 
ensure dtat the currcm-carrying conductors from me engine 
generator and from an outside source arc not connected to a 
vehicle circuit at the same time. Automatic transfer Sl\itchcs in 
such applications shall be listed for usc in one of dtc following: 
( 1) Emergency systems 
(2) Optional standby systems 

Receptacles used ao; disconnecting means shall be accessible 
(ao; applied to "iring methods) and capable of imcrrupting 
their rated currcm without hazard to the operator. 

(C) Installation of Storage Batteries and Generators. Storage 
batteries and internal-combustion-driven generator units 
(sutMcct to the prmisions of dlis Code) shall be secured in place 
to avoid displacement from vibration and road shock. 

(D) Ventilation of Generator Compartments. Compartments 
accommodating imcrnal-combustion-drivcn generator units 
shall be provided l\ith ventilation in accordance wid1 instruc
tions provided by the manufacturer of the generator unit. 

Informational :'\ote: See :'\FPA 1 192-2021,  Staudard on Recrt'tl
tioual Vl'llicLP., for generdtor compartment construction require
menL<;. 

(E) Supply Conductors. The supply conductors from me 
engine generator to me first termination on me vehicle shall 
be of dtc stranded type and be installed in listed flexible 
conduit or listed liquidtight flexible conduit. The point of first 
tcnnination shall be in one of the following: 
(1) Panel board 
(2) 
(3) 
(4) 
(5) 

Junction box wid1 a blank cover 
Junction box wid1 a receptacle 
Enclosed transfer switch 
Receptacle ao;scmbly listed in conjunction widl the gcncr-
ator 

The panelboard, enclosed transfer switch, or junction box 
widl a receptacle shall be installed widlin 450 mm (18 in.) of 
the point of cmry of dtc supply conductors imo the vehicle. A 

junction box with a blank cover shaU be mounted on me 
comparuncm wall inside or outo;ide dtc compartment; to any 
part of the generator-supporting structure (but not to me 
generator); to dtc vehicle floor on me outo;idc of the vehicle; or 
widlin 450 mm (18 in.) of me point of entry of me supply 
conductors into the vehicle. A receptacle ao;scmbly listed in 
cm�unction l\ith the generator shall be mounted in accord
ance l\ith ito; listing. 

551.31 Multiple Supply Source. 

(A) Multiple Supply Sources. \\'here a multiple supply system 
consisting of an alternate power source and a power-supply 
cord is installed, dtc feeder from me alternate power source 
shall be protected by an ovcrcurrcm protective dc'l'icc. Installa
tion shall be in accordance l\idt 551.30(A) , 551.30(8), and 
551.40. 

(B) Multiple Supply Sources Capacity. The multiple supply 
sources shall not be required to be of the same capacity. 

(C) Alternate Power Sources Exceeding 30 Amperes. If an 
alternate power source exceed-; 30 amperes, 120 volt-., nominal, 
it shall be permissible to wire it ao; a 120-volt, nominal, system, a 
208Y/120-volt, nominal, system, or a 120/240-volt, nominal, 
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system, provided an ovcrcurrcnt protective device of me 
proper rating is installed in the feeder. 

(D) Feeder Assembly Not Less Than 30 Amperes. The exter
nal feeder ao;.o;cmbly shall be permitted to be lcs.o; man the calcu
lated load but not lcs.o; than 30 amperes and shall have 
ovcrcurrcnt protection not greater than me capacity of me 
external feeder ao;scmbly. 

551.32 Other Sources. Other sources of ac power, such a-. 
inverters, motor generators, or engine generators, shall be 
listed for usc in recreational vehicles and shall be installed in 
accordance "ith me terms of the listing. Orner sources of ac 
power shall be wired in full conformity with me requirement-; 
in Part-. I, II, III, IV, and V of this article covering 120-volt elec
trical systems. 

551.33 Alternate Source Restrictions. Transfer equipment, if 
not integral "idl the listed power source, shall be installed to 
ensure mat the current-carrying conductors from odlcr sources 
of ac power and from an outside source arc not connected to 
the vehicle circuit at me Same time. Automatic transfer Sl\itchcs 
in such applications s�ll be listed for usc in one of the follow
ing: 
( 1 )  Emergency s)"stcms 
(2) Optional standby systems 

Part IV. Nomina1 120-Volt or 120/240-Volt Systems 

551.40 120-Volt or 120/240-Volt, Nominal, Systems. 

(A) General Requirements. The electrical equipment and 
material of recreational vehicles indicated for connection to a 
"iring system rated 120 volts, nominal, 2-wirc "id1 cquipmcm 
grounding conductor, or a \\iring system rated 120/240 volts, 
nominal, 3-wirc "ith equipment grounding conductor, shall be 
listed and installed in accordance l\ith Part-. I, II, III, IV, and V 
of this article. Electrical equipment connected line-to-line shall 
have a nominal voltage rating of 208-230 volts. 

(B) Materials and Equipment. Electrical materials, devices, 
appliances, fittings, and other equipment installed in, intended 
for usc in, or attached to the recreational vehicle shall be listed. 
All product-; shall be used only in dtc manner in which dtcy 
have been tested and found suitable for the intcndcd LL-.c. 

(C) Ground-Fault Circuit-Interrupter Protection. The internal 
"iring of a recreational vehicle haling only one 1!>- or 20-
ampcrc branch circuit ao; pcnnittcd in 551 .42(A) and (B) shall 
have ground-fault circuit-interrupter protection for personnel. 
The ground-fault circuit interrupter shall be installed at me 
poim where the power supply ao;scmbly terminates "idtin me 
recreational vehicle. \\'here a separable cord set is not 
employed, me ground-fault circuit interrupter shall be permit
ted to be an integral part of the attachmclll plug of me feeder 
ao;scmbly. The ground-fault circuit interrupter shall provide 
protection also under the conditions of an open grounded 
circuit conductor, interchanged circuit conductors, or born. 

(D) Loss of Ground Device. Each recreational vehicle shall 
have a listed grounding monitor interrupter pcnnancndy 
installed between the feeder ao;.o;cmbly connection to dtc vehi
cle and before cidlcr a transfer s"itch if installed or me panel
board. This requirement shall become effective January 1, 
2026. 
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551.41 Receptacle Outlets Required. 

(A) Spacing. Receptacle outlcto; shall be installed at wall spaces 
600 mm (2 ft) wide or more so that no point along the floor 
line is more than 1.8 m (6 ft) , mcao;urcd horizontally, from an 
outlet in that space. 

Exception No. 1: Bath and lmUway m"t!as slmU not be 11'quil"ed to 
comply with 551.4J(A). 

Exception No. 2: WaU spaces occuJJied by kitchen cabinetf, wardmbe 
cabinetf, built-in fumitul"t!, behind doors that can open fuU.l' against a 
waU .fUI fau, or .fimilar facilities shall not be 11'-f[Uil"l'.d to comp{l" with 
551.4J(A). 

Exception No. 3: Wall spaces in the .VJt>-eial lmnsJJm·tation al"l'.a of a 
1"t!C11'ational vehicle designed to tmnsJJm·t intemal combustion Vl'lticl.es 
shall not be ntqui17!d to comply with 551.41(A). 

(B) Location. Receptacle outlcto; shall be installed ao; follows: 

(1) Adjacent to countcrtops in tltc kitchen Lat lcao;t one on 
each side of the sink if countcrtops arc on each side and 
arc 300 mm (12 in.) or over in l\idth and dcpthj . 

(2) Adjacent to the refrigerator and gao; range space, except 
where a ga-;-fircd refrigerator or cooking appliance, 
requiring no external electrical connection, is factory 
installed. 

(3) Adjacent to countcrtop spaces of 300 mm (12 in.) or 
more in width and depth that cannot be reached from a 
receptacle required in 551.41 (8) (1 )  by a cord of 1.8 m 
(6 ft) without cros.o;ing a traffic area, cooking appliance, 
or sink. 

(4) Rooftop decks that arc acccs.o;iblc from inside the recrea
tional vehicle shall have at lcao;t one receptacle installed 
within tltc perimeter of tltc rooftop deck. The receptacle 
shall not be located more than 1 .2 m ( 4 ft) above the 
balcony, deck, or porch surface. The receptacle shall 
comply l\ith the requirement" of 406.9(8) for wet loca
tions. 

(5) A special transportation area of recreational vehicles 
designed to transport imcrnal combustion engine vehi
cles shall have at lcao;t one receptacle installed. 

(C) Ground-Fault Circuit-Interrupter Protection. \\"bcrc prmi
dcd, each 125-volt, singlc-phao;c, 1!>- or 20-amperc receptacle 
outlet shall have ground-fault circuit-illl.crruptcr protection for 
personnel in the following locations:. 

(1) Adjaccnt to a batluoom la\'atory 
(2) \\onere the receptacles arc installed to serve the counter

top surfaces and arc l\ithin 1.8 m (6 ft) of any lavatory or 
sink 

Exception No. 1: RP-et'jltacles installed for aJ1plianus in dedicated 
spaus, such as fm· disposalf, 17!ftigttmtors, and J17!eu1:f shall not 1"t!qui1"t! 
JPVUndfault cin:uit-inten'Uplei·JIIvll'-etion. 

Exception No. 2: Single 17!Cf'/Jtacles fm· inm·im· connections of PX/Janda
ble mom sections slmU not 11'-f[Uil"t! gmundfattlt circuit-inte1TUpter 
pmt«tion. 

Exception No. 3: De-nwgiud lf!Ct'jltacl.es that aJ"t! within 1.8 m (6 ji) of 
any .fink or lavatm)" due to the l"t!tmction of the expandable mom 
s«tion shall not 11'-f[Uire JPVttndfault chcuit-inten'UpterJIIvtection. 

(3) In the area occupied by a toilet, shower, tub, or any 
combination tltcrcof 

( 4) On the exterior of the vehicle 
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Exception: RP-et'jltacles that al"t' located inside of an access panel that is 
installed em the 1'-Xtnim· of the Vl'lticle to .fupply /JOllier fm· an installed 
apt1liance shall not be lf!lJUil"t!d to lmve JPVU1tdfault chcuit-inten'Upter 
pmt«tion. 

(5) In the special transportation area of a recreational vehicle 
that is separated from the living area by a wall 

The receptacle outlet shall be permitted in a listed lumin
airc. A receptacle outlet shall not be installed in a tub or 
combination tub-shower compartmcm. 

(D) Face-Up Position. A receptacle shall not be installed in a 
face-up position in any countcrtop or similar horizontal 
surface. 

551.42 Branch Circuits Required. Each recreational vehicle 
containing an ac electrical system shall contain one of the 
circuit arrangement" in 551 .42(A) through (D) . 

(A) One !!)-Ampere Circuit. One 1!>-ampcrc circuit to supply 
lighto;, receptacle outlcto;, and fixed appliances. Such recrea
tional vehicles shall be equipped with one 1!>-ampcrc Sl\itch 
and fuse or one 1!>-ampcrc circuit breaker. 

(B) One 20-Ampere Circuit. One 20-ampcrc circuit to supply 
lighto;, receptacle .· otitlcto;, and fixed appliances. Such recrea
tional vehicles shaJI be equipped with one 20-ampcrc Sl\itch 
and fuse or one 20-ampcrc circuit breaker. 

(C) Two to Five 15- or 20-Ampere Circuits. Two to five 15- or 
20-ampere circuit" to supply lighto;, receptacle outlcto;, and fixed 
appliances shall be permitted. Such recreational vehicles shall 
be permitted to be equipped with panelboarclo; rated 120 volto; 
maximum or 120/240 volto; maximum and listed for 30-amperc 
application supplied by the appropriate feeder a'l.o;cmblies. :"'ot 
more than two 120-volt thermostatically controlled appliances 
shall be installed in such systems unlcs.o; appliance isolation 
Sl\itching, energy management systems, or similar methods arc 
u.o;cd. 

Exception No. 1: Additimml 15- or 20-ampe17! circuitf shall be Jmmit
ted whel"t! a listed cmngy managttmcmt system mted at 30-amJJel"t!S maxi
mum i.f emJJ!oyed within the ·'?·stem. 

Exception No. 2: Six 15- m· 20-ampe,., ci1cuits shall be pennitted with
end emplo),ing an roergy 11Ul1Ulgttment system, Jllvvided tlmt the added 
.fixth circuit serves on{l" the puwer convn·te1; and the combi1v.d load of 
all .fix cin:uits does not exceed the allowable load that was designP.d fm· 
U.ft' by the miginal Jive cin:uits. 

Informational Note: See 210.23(B) for permi .. �ible loads. See 
551.45(C) for main di�connect and overcurrent protection 
requiremenL�. 

(D) More Than Fave Circuits Without a Listed Energy Manage
ment System. A 50-ampere, 120/208-240-volt feeder a'l.o;cmbly 
and a minimum 50-ampere-rated panelboard shall be used 
where six or more circuit" arc employed. The load distribution 
shall ensure a rca..onablc currcm balance between phao;cs. 

551.43 Branch-Circuit Protection. 

(A) Rating. The branch-circuit ovcrcurrcm devices shall be 
rated ao; follows: 

(1) Not more than the circuit conductors, and 
(2) Not more than 150 pcrccm of the rating of a single appli

ance rated 13.3 amperes or more and supplied by an incli
\idual branch circuit, but 
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(3) 1'\ot more dtan the ovcrcurrcnt protection size marked 
on an air conditioner or oilier motor-operated appliances 

(B) Protection for Smaller Conductors. A 20-amperc fuse or 
circuit breaker shall be pcrmiucd for protection for fixtures, 
including luminaires, leads, corcl'i, or small appliances, and 
14 AWG tap conductors, not over 1.8 m (6 ft) long for recessed 
luminaires. 

(C) Fifteen-Ampere Receptacles Considered Protected by 
20 Amperes. If more than one receptacle or load is on a 
branch circuit, !:>-ampere receptacles shall be pcrmiucd to be 
protected by a 20-amperc fuse or circuit breaker. 

551.44 Feeder Assembly. Each recreational vehicle shall have 
only one of dtc main feeder as.'icmblies covered in 551.44(A) 
through (D). 

(A) Fifteen-Ampere Main Feeder Assembly. Recreational vehi
cles "ired in accordance with 551.42(A) shall usc a listed !:>
ampere or larger main feeder assembly. 

(B) Twenty-Ampere Main Feeder Assembly. Recreational vehi
cles "ired in accordance with 551.42(8) shall usc a listed 20-
ampcrc or larger main feeder assembly. 

(C) Thirty-Ampere Main Feeder Assembly. Recreational vehi
cles wired in accordance l\ith 551.42(C) shall usc a listed 30-
ampcrc or larger main feeder assembly. 

(D) Fifty-Ampere Feeder Assembly. Recreational vehicles 
wired in accordance "ith 551.42(D) shall usc a listed 50-
ampere, 120/208-240-volt main feeder assembly. 

551.45 Panelboard. 

(A) Listed and Appropriately Rated. A listed and appropriately 
rated panclboarcl or odtcr equipment specifically listed for tbi.� 
purpose shall be used. The grounded conductor termination 
bar shall be insulated from dtc enclosure as prm,ided in 
551.54(C). An equipment grounding terminal bar shall be 
attached inside me enclosure of the panclboard. 

(B) Location. The panclboard shall be installed in a readily 
accessible location widl me RV in me setup mode. Working 
clearance for dtc panclboard l\idt dtc RV in the setup mode 
shall be not less dtan 600 mm (24 in.) wide and 750 mm 
(30 in.) deep. 

Exception No. 1: �Wum� the panelbo�ml C(fl}er is exposed to the inside 
ai�le space, one of tile working clmrance dimensifms shall be permitted 
to be l"t'dtu:ed to a minimum of 550 mm (22 in.). A pane/board is 
ron.�idn"t'd exposl'.d where the pane/board C(fl}er i� within 50 mm (2 in.) 
of tlv ai�le�� finished .rut face or not mo1-e than 25 71t1ll (1 in.) from the 
back.�ide of dom:� that enclose the space. 

Exception No. 2: ComfJartment doors usl'.d for access to a generator 
shall be Jmmitted to be equipped with a locking .rystem. 

(C) Dead-Front Type. The panclboard shall be of me dead
front type and shall consist of one or more circuit breakers or 
Type S fuscholdcrs. A main disconnecting means shall be prmi
dcd where fuses arc used or where more than two circuit break
ers arc employed. A main ovcrcurrcnt protective dc'l'icc not 
exceeding the feeder assembly rating shall be provided where 
more man two branch circuits arc employed. 
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551.46 Means for Connecting to Power Supply. 

(A) Assembly. The feeder a'i.'icmbly or a'i.'icmblics shall be 
factory supplied or factory installed and be of one of the types 
specified herein. 

(1) Separable. \\'here a separable feeder a'i.'icmbly consisting 
of a cord widl a female connector and molded attachment plug 
cap is prmidcd, the vehicle shall be equipped with a pcrma
ncndy mounted, flanged surface inlet (male, rcccs.'icd-type 
motor-ba'iC attachment plug) \\ired dirccdy to me panclboard 
by an approved \\iring mcdlod. The attachment plug cap shall 
be of a listed type. 

(2) Permanendy Connected. Each feeder a'i.'iCmbly shall be 
connected dirccdy to the terminals of me panclboard or 
conductors "idtin a junction box and prmidcd widl means to 
prevent strain from being transmiucd to the terminals. The 
ampacity of the conductors between each junction box and me 
tcnninals of each panclboard shall be at lca'it equal to me 
ampacity of the powcr�supply cord. The supply end of me 
a'iscmbly shall be equipped '�ith an attachment plug of dtc type 
described in 551 .46(C) . '\'here the cord pa'i.'iCS through dlc 
walls or floors, it sha!1 be protected by means of conduit and 
bushings or equivalent. The corcl a'i.'iCmbly shall have perma
nent provisions for protection against corrosion and mechani
cal damage while me vehicle is in transit and while dtc cord 
a'iscmbly iS being stored or removed for usc. 

(B) · Cord. The cord exposed usable length shall be mca'iurcd 
from dtc point of entrance to the recreational vehicle or me 
face of the flanged surface inlet (motor-ba'ic attachment plug) 
to me face of the attachment plug at me supply end. 

The cord exposed usable length, mca'iurcd to the point of 
cntrv on dtc vehicle exterior, shall be a minimum of 7.5 m 
(25 ft) where me point of entrance is at the side of the vehicle 
or shall be a minimum 9.0 m (30 ft) where the point of 
entrance is at me rear of the vehicle. 

\\'here the cord entrance into dtc vehicle is more than 
900 mm (3 ft) above the ground, me minimum cord lengths 
above shall be incrca'icd by me vertical distance of the cord 
entrance height'i above 900 mm (3 ft). 

Informational l'ote: See 551.46(E) for location of point of 
entrdnce of a power.,;upply a'i.'iembly on the recreational vehicle 
exterior. 

(C) Attachment Plugs. 

(1) Units with One 15-Ampere Branch Circuit. Recreational 
vehicles having only one 1!>-ampcrc branch circuit a'i pcrmiucd 
by 551.42(A) shall have an attachment plug mat shall be 2-
polc, 3-wirc grounding type, rated 1:> amperes, 125 volt'i, 
conforming to the configuration shown in Figure 551 .46(C) 
(1 ) .  

lnformational l'ote: See A:'\SI/l'E�·L\ WD 6-2016, Wiring DroiCI'!i 
- Dimtmsinnal SJNr.ifiratinn.<, Figure 5.15, for complete detail� of 
thi� configuration. 

(2) Units with One 20-Ampere Branch Circuit. Recreational 
vehicles having only one 20-ampcrc branch circuit a'i pcrmiucd 
in 551.42(B) shall have an attachment plug mat shall be 2-polc, 
3-wirc grounding type, rated 20 amperes, 125 volts, conforming 
to me configuration shmm in Figure 551.46(C) (1) .  
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551.46 ARTICLE 551 - RECREATIONAL VEHICLES A.'ID RECREATIO:"'AL VEHICLE PARKS 

Receptacles 

@ 
20-A, 125.V, 
2-pole, 3-wire, 
grounding type 

@ 0 w 

Caps @ 125-V, 20-A, 2-pole, 3-wire, 
grounding type 

� 125-V, 1 5·A, 2-pole, 3-wire, � grounding type 

@ I 
w 

30-A, 125-V, 2-pole, 3-wire, grounding type 

@ X 
w @ y 

w 

so-A, 1251250-V, 3-pole, 4-wire, grounding type 

F1GURE 551.46(C)(1) Configurations for Grounding-Type 
Receptacles and Attachment Plug Caps Used for Recreational 
Vehicle Supply Cords and Recreational Vehicle Lots. 

lnformational l'ote: See A:'\SI/l'E�M WD 6-2016, Wiring Droic" 
- Dimtmsinnal SJN_cifiratinn.<, Figure 5.20, for complete detail� of 
thi� configuration. 

(3) Units with Two to Five 15- or 20-Ampere Branch Circuits. 
Recreational vehicles "ired in accordance with 551.42(C) shall 
have an attachment plug that shall be 2-polc, 3-"irc grounding 
type, rated 30 amperes, 125 volts, conforming to the configura
tion shown in Figure 551.46(C) ( l )  intended for usc l\ith unit.oi 
rated at 30 amperes, 125 volts. 

lnformational l'ote: See A:'\SI/l'E�·L\ \\'D 6-2016, Wiringlmlic" 
- Dimeminnal Spn:ijirotinns, Figure IT, for complete details of 
thi� configuration. 

(4) Units with 50-Ampere Power-Supply .Assembly. Recrea
tional vehicles having a power-supply a'i.�cmbly rated 
50 amperes a� permitted by 551.42(D) !!hidl have a 3-polc, 4-
wirc grounding-type attachment plug rated 50 amperes, 
125/250 volt.�. conforming to the configuration shown in 
Figure 551 .46(C) (1) .  · 

lnformational l'ote: See A:'\SI/l'E�·L\ WD 6-2016, Wiring Droic" 
-Dimeminnal Sperifiratinm, Figure 14.50, for complete detail� of 
thi� configuration. 

(D) Labeling at Electrical Entrance. Each recreational vehicle 
shall have a safety label "id1 the signal word WARJ'\ING in 
minimum 6-mm (�-in.) high letters and body text in minimum 
3-mm (Y,.-in.) high letters on a contra�ting background. The 
safety label shall be affixed to the exterior skin, at or ncar the 
point of entrance of the power-supply cord(s) , and shall read, 
using one of dtc follo"ing warnings, a� appropriate: 

WARJ'\ING 
THIS CONJ'\ECTION IS FOR 110-12!>-VOLT AC, 

60 HZ, _ A.\<lPERE SUPPLY. 
DO :"'OT EXCEED CIRCUIT RATI:"'G. 

EXCEEDIJ'\G THE CIRCUIT RATI:"'G \.Al'\ CAUSE A 
FIRE Al'\D RESl:LT 11'\ DEATH OR SERIOl:S INJURY. 
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or 

WARJ'\ING 
THIS CONJ'\ECTION IS FOR 208¥/120-VOLT or 

120/240-VOLT AC, 3-POLE, 4-WIRE, 60 HZ, __ A.\<lPERE 
SUPPLY. 

DO :"'OT EXCEED CIRCUIT RATI:"'G. 
EXCEEDIJ'\G THE CIRCUIT RATI:"'G \.Al'\ CAUSE A 
FIRE Al'\D RESl:LT 11'\ DEATH OR SERIOl:S INJURY. 

The correct ampere rating shall be marked in the blank 
space. 

(E) Location. The point of entrance of a power-supply a�scm
blv shall be located within 4.5 m (15 ft) of the rear, on the left 
(r�ad) side or at the rear, left of the longitudinal center of the 
vehicle, "ithin 450 mm (18 in.) of the out.�idc wall. 

Exception No. 1: A l"t'creatimwl Vl'lticle equiptlt'd with on�)' a li<ted Jlexi· 
ble dmin system or a side-vent dmin SJ'.<Iem slwU be permitted to have 
the e!P-ell"ical point of tmtmna . �Mated on either side, Jmroided the 
dmin(s) frtr the Jllumbing system · ir ( m"l!) locall'.d rtn the same side. 

Exception No. 2: A l"l!Clmtional vehicle shall be Jmmitted to have the 
electrical point of entmnce lOcated mOll! than 4.5 m (15 ft) from the 
J"l!m: �Wtn"l! this occurs,· lite distance beymtd tlv 4.5-m ( 15-.ft) dimension 
shall be addP.d to the coni�< minimum length as specified in 551.46(8). 

Exception No. J: Recl"l!atimwl vehicles designed for transporting live
stock shall !¥ permitted to have tlv elect1ical J10int of entrance /ncated 
(tit rit/m· side rtr the front. 

551.47 Wuing Methods. 

(A)· Wuing Systems. \-abies and raceways installed in accord
ance "ith Articles 320, 322, 330 through 340, 342 through 362, 
386, and 388 shall be permitted in accordance l\ith their appli
cable article, except a� othcmisc specified in this article. An 
equipment grounding means shall be prmidcd in accordance 
"ith 250.1 18. 

(B) Conduit and Tubing. Where rigid metal conduit or inter
mediate metal conduit is terminated at an enclosure l\ith a 
locknut and bushing connection, two locknut� shall be prmi
dcd, one inside and one out.�idc of the enclosure. All cut cncl� 
of conduit and tubing shall be reamed or odtcmisc finished to 
remove rough edges. 

(C) Nonmetallic Boxes. Nonmetallic boxes shall be acceptable 
only '�id1 nonmetallic-sheathed cable or nonmetallic raceways. 

(D) Boxes. In walls and ceilings constructed of wood or other 
combustible material, boxes and fittings shall be flush l\ith the 
finished surfucc or project therefrom. 

(E) Mounting. Wall and ceiling boxes shall be mounted in 
accordance "id1 314.23. 

Exception No. 1: S1UlJI-in·tJ•pe boxes m· boxes pmvit!P.d with sfH'-eial UHlU 
m· ceiling bracket< tlwt st!C"urely fasten boxes in wall< or ceilings slwU be 
permitted. 

Exception No. 2: A UJOOden plate pmviding a J8-mm ( Jllrin.) mini· 
mum lvidlh backing around the box and of a thickness of 1 J 111111 
(liz in. ) rtr gJ"t'atn· (actual) attached diJ"l!Ct�v to the wall pmvl shall be 
con.<idt'l"t'd as aptmroed means fm· 11wunting outlet boxes. 

(F) Raceway and Cable Continuity. Raceways and cable 
sheaths shall be continuous between boxes and other enclo
sures. 
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ARTICLE 551 - RECREATIONAL VEHICLES A:"'D RECREATIO:"'AL VEHICLE PARKS 551.47 

(G) Protected. Metal-clad, Type AC, or nonmetallic-sheathed 
cables and electrical nonmetallic tubing shall be permitted to 
pa'i.� through the centers of the \\ide side of 2 by 4 wood stud�. 
However, they shall be protected where they pa'i.� through 2 by 
2 wood studs or at other wood studs or frames where dtc cable 
or tubing would be lcs.� than 32 mm ( I  Y.. in.) from the inside or 
outside surface. Steel plates on each side of the cable or tubing 
or a steel tube, with not lcs.� than 1.35 mm (0.053 in.) wall 
thickncs.�, shall be installed to protect dtc cable or tubing. 
These plates or tubes shall be securely held in place. \\'here 
nonmetallic-sheathed cables pa'i.� through punched, cut, or 
drilled sloL� or holes in metal members, the cable shall be 
protected by bushings or grommcL� securely fa�tcncd in the 
opening prior to installation of dtc cable. 

(H) Bends. No bend shall have a radius of lcs.� than five times 
the cable diameter. 

(I) Cable Supports. \\"bcre connected \\id1 cable connectors 
or damps, cables shall be secured and supported within 
300 mm (12 in.) of outlet boxes, panelboard�. and splice boxes 
on appliances. SupporL� and securing shall be prmidcd at 
intervals not exceeding 1.4 m ( 4\f.z ft) at odtcr places. 

0> Nonmetallic Box Without Cable Clamps. 1'\onmctallic
shcathcd cables shall be secured and supported within 200 mm 
(8 in.) of a nonmetallic oudct box without cable damps. 
\\-bcrc \\iring dc\iccs with integral enclosures arc employed 
with a loop of extra cable to penn it future replacement of the 
device, the cable loop shall be considered a� an integral 
portion of the dc,icc. 

(K) Physical Damage. Where subject to physical damage, 
exposed nonmetallic cable shall be protected by covering 
boarcl�. guard strips, raceways, or other means. 

(L) Receptacle Faceplates. �Ictal faceplates shall comply with 
406.6(A). Nonmetallic faceplates shall comply with 406.6(C). 

(M) Metal Faceplates Grounded. Metal faceplates shall be 
installed in compliance \\id1 404.9(8) and 404.6(8). 

(N) Moisture or Physical Damage. Wiring shall be protected 
in accordance with the following: 
(1) \\-bcrc outdoor or undcr-chas!lis linC-voltagc (120 voiL�, 

nominal, or higher) \\iring is exposed, it shall be protec
ted bv a conduit or raceway identified for usc in wet loca
tions: The conductors si�all be listed for usc in wet 
locations. 

(2) \\-bcrc wiring is exposed to physical damage, it shall be 
protected by a raceway. 

(0) Component Interconnections. Fittings and connectors 
that arc intended to be concealed at the time of a'i.�cmbly shall 
be listed and identified for the interconnection of building 
componcnL�. Such fittings and connectors shall be equal to the 
wiring mcdtod employed in insulation, temperature rise, and 
fault-current withstanding and shall be capable of enduring the 
vibration and shock occurring in recreational vehicles. 

(P) Method of Connecting Expandable Units. The mcdtod of 
connecting expandable uniL� to the main body of the vehicle 
shall comply \\id1 551.47(P) (1)  or (P) (2). 

(1) Cord-and-Plug-Connected. Cord-and-plug connections 
shall comply \\id1 551.47(P) (1)  (a) through (P) ( 1 )  (d). 

(a) That portion of a branch circuit that is installed in an 
expandable unit shall be pcnnittcd to be connected to the 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

portion of the branch circuit in the main body of the vehicle by 
means of an attachment plug and cord listed for hard usage. 
The cord and its connections shall comply \\ith Part I and 
Part II, a� applicable, of Article 400 and shall be considered a� a 
permitted usc under 400.10. \\-bcrc the attachment plug and 
cord arc located \\ithin the vehicle's interior, usc of pla�tic ther
moset or ela�tomcr parallel cord Type SPT-3, SP-3, or SPE shall 
be permitted. 

(b) \\"bcrc the receptacle provided for connection of the 
cord to the main circuit is located on the ouL�idc of the vehicle, 
it shall be protected \\ith a ground-fault circuit interrupter for 
personnel and be listed for wet locations. A cord located on the 
ouL�idc of a vehicle shall be identified for outdoor usc. 

(c) Unlcs.� removable or stored within the vehicle inte
rior, the cord a'i.�cmbly shall have pcnnancnt prmisions for 
protection against corrosion and mechanical damage while the 
vehicle is in transit. 

(d) The attachment plug and cord shall be installed so a� 
not to permit exposed live auachmcnt plug pins. 

(2) Direct Wired. That: portion of a branch circuit dtat is 
installed in an expandable unit shall be permitted to be 
connected to the .portion of the branch circuit in the main 
body of the vchide · by means of flexible cord installed in 
accordance \\ith 551 .47(P) (2) (a) through (P) (2) (c) or other 
approved \\iring method. 

(a) . The flexible cord shall be listed for hard usage and 
for Ul!C in wet locations. 

·_(b) The flexible cord shall be permitted to be exposed 
on the underside of the vehicle. 

(c) The flexible cord shall be permitted to pa'i.� through 
the interior of a wall or floor a'i.�cmbly or both a maximum 
conccalcd lcngdl of 600 mm (24 in.) before terminating at an 
oudct or junction box. 

(d) Where concealed, the flexible cord shall be installed 
in nonflcxiblc conduit or tubing that is continuous from the 
oudct or junction box inside the recreational vehicle to a 
weatherproof oudct box, junction box, or strain relief fitting 
listed for usc in wet locations that is located on the underside 
of the recreational vehicle. The outer jacket of the flexible 
cord shall be continuous into the oudct or junction box. 

(c) \\"bcrc the flexible cord pa'i.�s duough the floor to 
an exposed area inside of the recreational vehicle, it shall be 
protected by means of conduit and bushings or equivalent. 

\\-bcrc sutMcct to physical damage, the flexible cord shall be 
protected with R�IC, I�lC, Schedule 80 PVC, reinforced ther
mosetting resin conduit (RTRC) listed for exposure to physical 
damage, or other approved means and shall extend at lca�t 
150 mm (6 in.) above the floor. A means shall be prmidcd to 
secure the flexible cord where it enters dtc recreational vehi
cle. 

(Q) Prewiring for Air-Conditioning Installation. Prc"iring 
installed for the purpose of facilitating future air-conditioning 
installation shall comply with the applicable portions of this 
article and the follm\ing: 
(1)  An ovcrcurrcnt protective dc'l'icc with a rating compatible 

with the circuit conductors shall be installed in the panel
board and wiring connections completed. 

(2) The load end of the circuit shall tcnninatc in a junction 
box with a blank cover or other listed enclosure. \\"bcrc a 
junction box with a blank cover is used, the free end� of 
the conductors shall be adequately capped or taped. 
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551.47 ARTICLE 551 - RECREATIONAL VEHICLES A.'ID RECREATIO:"'AL VEHICLE PARKS 

(3) A safety label "id1 dtc signal word WAR:"/11'\G in 
minimum f>-mm (�-in.) high letters and hody text in 
minimum 3-mm (\1,-in.) high letters on a contrasting 
background shall be affixed on or adjacent to the junc
tion box and shall read as follows: 

WARJ'\ING 
AIR-COJ'\DITIONI:"'G CIRCUIT. 

THIS COJ'\:"'ECTIOJ'\ IS FOR AIR CO:"'DITIONERS 
RATED 1 10-125-VOLT AC, 60 HZ, 

A \I PERES MAXI:MU:M. 
DO :"'OT EXCEED CIRCUIT RATI:"'G. 

EXCEEDI:"'G THE CIRCUIT RATING �JAY 
CAUSE A FIRE AND RESULT IN DEATH 

OR SERIOL"S I:"'JURY. 

An ampere rating, not to exceed 80 percent of the circuit 
rating, shall be legibly marked in dtc blank space. 

(4) The circuit shall serve no odtcr purpose. 

(R) Prewiring for Generator Installation. Prc\\iring installed 
for dtc purpose of facilitating future generator installation shall 
comply with the other applicable portions of mis article and 
the follo"ing: 

(1)  Circuit conductors shall be appropriately sized in relation 
to the anticipated load as stated on the label required in 
551.47(R) (4). 

(2) Where junction boxes arc utilized at cimcr of the circuit 
originating or tcnninus point'>, free ends of the conduc
tors shall be adequately capped or taped. 

(3) \\'here devices such a'l receptacle oudct, transfer switch, 
and so form, arc installed, dtc installation shall be 
complete, inducting circuit conductor connections. 

(4) A safety label wim me signal word WAR.'IIl'\G in mini
mum f> mm (� in.) high letters and body text in mini
mum 3 mm (Y,. in.) high letters on a contra'lting 
background shall be affixed on the cover of each junction 
box or transfer switch containing incomplete circuitry 
and shall read, using one of the follm\ing warnings, a'l 
appropriate: 

or 

WARJ'\ING 
GENERATOR 

ONLY Il'\STALL A GE:"'ERATOR USTED SPECIFI
CALLY FOR RV USE HAVIJ'\G OVERCURRE:"'T 

PROTECTION RATED 1 10-12:>-VOLT AC, 60 HZ, 
AMPERES MAXIMC�l. 

WARJ'\ING 
GENERATOR 

ONLY Il'\STALL A GE:"'ERATOR USTED SPECIFI
CALLY FOR RV USE HAVIJ'\G OVERCURRE:"'T 

PROTECTION RATED 120-240-VOLT AC, 60 HZ, 
A \I PERES MAXI:MU:M. 

The correct ampere rating shall be legibly marked in 
the blank space. 

(S) Prewiring for Other Circuits. Prc\\iring installed for me 
purpose of installing omcr appliances or dc,iccs shall comply 
wim dtc applicable portions of mis article and me follm\ing: 

(1)  An ovcrcurrcnt protection clc'l'icc wim a rating compati
ble wim the circuit conductors shall be installed in me 
panelboard "ith wiring connections completed. 
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(2) The load end of the circuit shall tcnninatc in a junction 
hox "im a blank cover or a de\ icc listed for the purpose. 
\\'here a junction box "ith blank cover is used, me free 
cndo; of the conductors shall be adequately capped or 
taped. 

(3) A safety label wim me signal word WAR.'IIl'\G in mini
mum f>-mm (�-in.) high letters and body text in mini
mum 3-mm (\1,-in.) high letters on a contra'lting 
background shall be affixed on or adjacent to the junc
tion hox or dc,icc listed for dtc purpose and shall read ao; 
follows: 

WARJ'\ING 
THIS COJ'\:"'ECTIOJ'\ IS FOR RATED VOLT 

AC, 60 HZ, __ AMPERES MAXI:MU:M. DO :"'OT 
EXCEED CIRCUIT RATIJ'\G. 

EXCEEDI:"'G THE CIRCUIT RATING �JAY 
CAL"SE A FIRE A.'ID RESULT 1:"1 DEATH OR 

SERIOUS Il'\jURY. 

An ampere rating not to exceed 80 percent of me circuit 
rating shall be legibly marked in the blank space. 

551.48 Conductors aqd Boxes. The maximum number of 
conductors permitted in hoxcs shall be in accordance wim 
314.16. 

. 

551.49 GroUJ)ded Conductors. The identification of grounded 
concluctm"li shall be in accordance wim 200.6. 

551.50 Connection of Terminals and Splices. Conductor spli
ces and connections at terminals shall be in accordance wim 
1 10.14. 

551.51 Switches. 

(A) Rating. Switches shall be rated in accordance wim 
551.51 (A) (1)  and (A) (2). 

(1) Lighting Circuits. For lighting circuit-;, switches shall be 
rated not lcs.o; than 10 amperes, 120-125 volt'> and in no cao;c 
lcs.o; dtan me connected load. 

(2) Motors or Other Loads. S"itchcs for motors or omcr loaclo; 
shall comply "id1 404.14. 

(B) Location. S"itchcs shall not be installed wimin wet loca
tions in tub or shower spaces unlcs.'l installed ao; part of a listed 
tub or shower ao;scmbly. 

551.52 Receptacles. All receptacle outlet'> shall be of me 
grounding type and installed in accordance "idt 406.4 and 
210.21. 

551.53 Luminaires and Other Equipment. 

(A) General. Any combustible wall or ceiling finio;h exposed 
between dtc edge of a canopy or pan of a luminairc or ceiling
suspended (paddle) fan and me oudct box shall be covered 
"im noncombustible material. 

(B) Shower Luminaires. If a luminairc is prmidcd over a bam
tub or in a shower stall, it shall be of me enclosed and ga'>kctcd 
type and listed for me type of installation, and it shall be 
ground-fault circuit-interrupter protected. 

(C) Outdoor Oudets, Luminaires, Air-Cooling Equipment, and 
So On. Outdoor luminaires and odtcr equipment shall be 
listed for outdoor u.o;c. 
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551.54 Grounding. (Sec also 551 .56 on bonding of non
currcnt-cartying metal part�.) 

(A) Power-Supply Grounding. The equipment grounding 
conductor in the supply cord or feeder shall be connected to 
the equipment grounding bus or other approved equipment 
grounding means in dtc panelboard. 

(B) Panelboard. The panelboard shall have an equipment 
grounding bus l\ith terminals for all equipment grounding 
conductors or other approved equipment grounding means. 

(C) Insulated Neutral Conductor. The neutral conductor shall 
be insulated from the equipment grounding conductors and 
from equipment enclosures and other grounded part�. The 
neutral conductor terminals in dtc panelboard and in ranges, 
clothes dryers, counter-mounted cooking unit�, and wall
mounted ovens shall be insulated from the equipment enclo
sure. Bonding screws, straps, or buses in dtc panelboard or in 
appliances shall be removed and discarded. Connection of 
electric ranges and electric clothes dryers utilizing a grounded 
conductor, if cord-connected, shall be made with 4-conductor 
cord and 3-polc, 4-l\irc grounding-type plug caps and recepta
cles. 

551.55 Interior Equipment Grounding. 

(A) Exposed Metal Parts. In the electrical system, all exposed 
metal part�, enclosures, frames, luminairc canopies, and so 
forth, shall be effectively bonded to the grounding terminals or 
enclosure of the panel board. 

(B) Equipment Grounding and Bonding Conductors. Bare 
wires, insulated \\ire with an outer finish that is green or green 
"ith one or more yellow stripes, shall be used for equipment 
grounding or bonding conductors only. 

(C) Grounding of Electrical Equipment. Grounding of electri
cal equipment shall be accomplished by one or more of the 
follo"ing mcdtod�: 
(1)  \.onncction of metal raceway, the sheath ofTn>c MC and 

Type MI cable where dtc sheath is identified for ground
ing, or the armor of Type AC cable to metal enclosures. 

(2) A connection between the one or more equipment 
grounding conductors and a metal enclosure by means of 
a grounding screw, which shaU be used for no other 
purpose, or a listed grounding device. 

(3) The equipment grounding conductor in nonmetallic
sheathed cable shall be permitted to be secured under a 
screw threaded into the luminairc canopy odtcr than a 
mounting screw or cover screw, or attached to a listed 
grounding means (plate) in a nonmetallic oudct box for 
luminairc mounting. L Grounding means shall also be 
permitted for luminairc attachment scrcws.j 

(D) Grounding Connection in Nonmetallic Box. A connection 
between dtc one or more equipment grounding conductors 
brought into a nonmetallic oudct box shall be so arranged that 
a connection of the equipment grounding conductor can be 
made to any fitting or dc\icc in that box that requires ground
ing. 

(E) Grounding Continuity. Where more than one equipment 
grounding or bonding conductor of a branch circuit enters a 
box, all such conductors shall be connected togcdtcr using a 
method specified in 250.8, and the arrangement shall be such 
that the disconnection or rcmmal of a receptacle, luminairc, 
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or other device fed from the box will not interfere with or 
interrupt the grounding continuity. 

(F) Cord-Connected Appliances. \.ord-conncctcd appliances, 
such as washing machines, clothes dryers, refrigerators, and the 
electrical system of ga.� ranges, and so forth, shall be grounded 
by means of an approved cord with equipment grounding 
conductor and grounding-type attachment plug. 

551.56 Bonding of Non-Current-Carrying Metal Parts. 

(A) Required Bonding. All exposed non-current-carrying 
metal part� that arc likely to become energized shall be effec
tively bonded to the grounding terminal or enclosure of the 
panel board. 

(B) Bonding Chassis. A bonding conductor shall be connec
ted between any panelboard and an accessible terminal on the 
cha.'l.�is. Bonding tcnninations shall be suitable for the em-iron
ment in which the conductors and terminations arc installed. 

Exception: A n_l' 11'f'TI'.ational vehicle tlmt e-mploys a unitiu4 metal 
clm.<;si.�-fm11U' con.�truction to which lite palll'lboanl i� serutP�}· fastt'ned 
with a bolt(s) and nut(s) Of'·by welding or riveting slmU be ronsidn1'4 to 
be bonded. 

(C) Bonding Conductor Requirements. Grounding terminals 
shall be of the soldcrlcss type and listed a.� prcs.�urc terminal 
connectors recognized for the wire size used. The bonding 
conductor shall be solid or stranded, insulated or bare, and 
shaU be 8 AWG copper minimum, or equal. 

(l)) Metallic Roof and Exterior Bonding. The metal roof and 
exterior covering shall be considered bonded where both of 
the following conditions appl)� 
( 1 )  The metal panels overlap one another and arc securely 

attached to the wood or metal frame part� by metal 
fa.�tcncrs. 

(2) The lower panel of the metal exterior covering is secured 
bv metal fa.�tcncrs at each eros.� member of the cha.'l.�is, or 
the lower panel is connected to the cha.'l.�is by a metal 
strap. 

(E) Gas, Water, and Waste Pipe Bonding. The ga.�, "atcr, and 
waste pipes shall be considered grounded if they arc bonded to 
the cha.'l.�is. 

(F) Furnace and Metal Air Duct Bonding. Furnace and metal 
circulating air duct� shall be bonded. 

551.57 Appliance Accessibility and Fastening. Every appliance 
shall be acccs.�iblc for inspection, service, repair, and replace
ment without remmal of permanent construction. Means shall 
be provided to securely fa.�tcn appliances in place when the 
recreational vehicle is in transit. 

Part V. Factory Tests 

551.60 Factory Tests (Electrical). Each recreational vehicle 
designed "id1 a 1 20-volt or a 120/240-volt electrical system 
shall l\ithstand the applied voltage l\ithout electrical break
down of a ]-minute, 900-volt ac or 1280-volt de dielectric 
strength test, or a 1-sccond, 1080-volt ac or 1530-volt de dielec
tric strength test, with all Sl\itchcs dosed, between ungrounded 
and grounded conductors and the recreational vehicle ground. 
During the test, all switches and other controls shall be in the 
Mon" position. Fixtures, including luminaires and pcnnancndy 
installed appliances, shall not be required to l\ithstand this test. 
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The test shall be performed after branch circuit"l arc complete 
prior to energizing the system and again after all outer cover
ings and cabinetry have been secured. The dielcclric test shall 
be performed in accordance wilh lhc test cquipmcm manufac
turer's \\Tillcn instructions. 

Each recreational vehicle shall be su�cctcd to all of lhc 
following: 

(1)  

(2) 

(3) 

(4) 

A continuity test to ensure that all metal part"l arc prop
crlv bondcd 
Operational tcst"l to demonstrate that all cquipmcm is 
properly connected and in working order 
Polaritv checks to determine that connections have been 
propc�ly made 
GFCI test to demonstrate that the ground fault protection 
dcvicc(s) installed on the recreational vehicle arc operat
ing properly 

Part VI. Recreational Vehicle Parks 

551.71 Type Receptacles Provided. 

(A) 20-Ampere. Every recreational vehicle site "id1 electrical 
supply shall be equipped l\ith recreational vehicle site supply 
cquipmcm "id1 at least one 20-ampcrc, 12!>-volt wcalhcr
rcsistam receptacle. This receptacle, when used in recreational 
vehicle site electrical cquipmclll, shall not be required to be 
tampcr-resistanl in accordance wilh 406.12. 

(B) 30-Ampere. A minimum of 70 pcrccm of all recreational 
vehicle sites wilh electrical supply shall each be equipped with a 
30-ampcrc, 12:>-volt wcathcr-resistam receptacle conforming to 
Figure 551 .46(C) (1) .  This supply shall be pcrmiucd to include 
additional receptacle configurations conforming to 551.81. 
The remainder of all recreational vehicle sites wilh electrical 
supply shall be equipped wilh one or more of lhc receptacle 
configurations conforming to 551.81. 

(C) 50-Ampere. A minimum of 20 pcrccnl of existing and 
40 pcrccm of all new recreational vehicle sites \\ith electrical 
supply, shall each be equipped with a 50-ampere, 125/250-volt 
wcathcr-rcsistam receptacle conforming to lhc configuration a"l 
idcmificd in Figure 551.46(C) ( l ) .  Every �crcational vehicle 
site equipped wilh a 50-ampere receptacle shall also be equip
ped with a 30-ampcrc, 125-volt receptacle confonning to Figure 
551.46(C) (1) .  These electrical supplies shall be pcrmiucd to 
include additional receptacles that have configurations in 
accordance l\ith 551.81. The wcadtcr-resistanl rcquircmcm for 
50-ampere, 125/250-volt receptacles shall become effective 
January 1 ,  2026. 

Informational :'\ote: The percentage of 50 ampere sites required 
by 551.71 could be inadequate for sea.•onal recreational vehicle 
sites sel"\ing a higher percentage of recreational ,·ehicles \\ith 
50-ampere electrical systems. In that type of recreational vehicle 
park, the percentage of 50-ampere sites could approach 
100 percent. 

(D) Tent Sites. Dedicated tcnl sites wilh a 15- or 20-amperc 
electrical supply shall be pcnniucd to be excluded when deter
mining the percentage of recreational vehicle sites wilh 30- or 
50-ampere receptacles. 

(E) Additional Receptacles. Additional receptacles shall be 
pcrmiucd for the connection of electrical cquipmcm out"lidc 
the recreational vehicle within the recreational vehicle park. 
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(F) GFCI Protection. 

( 1) Receptacles Installed in Other Than Recreational Vehicle 
Site EquipmenL Ground-fault circuit-imcrruptcr protection 
shall be provided a"l required in 210.8(B) . 

(2) Receptacles Installed in Recreational Vehicle Site Equip
meaL Ground-fault circuit-imcrmptcr protection shall only be 
required for 125-volt, singlc-pha"lC, 1!>- and 20-ampcrc recepta
cles. 

Informational :'\ote l'o. I :  Appliances u."led \\ithin the recrea
tional \-ehicle can create leakage current le>·els at the supply 
receptacle(s) that could exceed the limiL• of a Cia.'"' A GFCI 
de> ice. 

Informational l'ote l'o. 2: The definition of Fuder Auemhly clari
fies that the power supply cord to a recreational ,·ehicle i• 
considered a feeder. 

551.72 Distribution System. 

(A) Systems. Distribution system.'! shall provide lhc voltage and 
have a capacity for the receptacles provided in lhc recreational 
vehicle (RV) site supply equipment ao; calculated according to 
551.73 and shall have an ampacity not less than 30 amperes. 
System.-; pcrmiucd include singlc-phao;c 120 volt-;, singlc-phao;c 
120/240 volt-;, or singlc-pha"lC 120/208 volt"l - two ungroun
ded and one neutral conductor taken from a 208¥/120-volt 
system. 

(B) Three-Pbase Systems. Feeders from 208¥/120-volt, 3-
phao;c S}�tcms shall be pcrmiucd to include two ungrounded 
conductors and shall include one grounded conductor and 
one equipment grounding conductor. So far ao; practicable, lhc 
)�ads shall be equally distributed on the 3-pha"lC system. 

(C) Receptacles. Receptacles rated at 50 amperes shall be 
supplied from a circuit of lhc voltage clao;s and rating of lhc 
receptacle. Other recreational vehicle sites wilh 125-volt, 20-
and 30-ampcrc receptacles shall be permiucd to be derived 
from any grounded distribution system that supplies 120-volt, 
singlc-phao;c power. 

(D) Neutral Conductors. 1'\cutral conductors shall be permit
ted to be reduced in size below lhc minimum required size of 
the ungrounded conductors for 240-volt, line-to-line, pcrma
ncndv connected loads onlv. The neutral conductors shall not 
be rc�luccd in size below the size of the ungrounded conduc
tors for the site distribution. 

Informational Note: Due to the long circuit lengths typical in 
most recreational \-ehicle park.•, feeder conductor sizes fow1d in 
the ampacity tables of Anicle 310could be inadequate to main
tain the mltage regulation suggested in 215.2(A), lnfonnational 
l'ote l'o. 2. Total circuit mltage drop is a sum of the mltage 
drops of each serial circuit segment, where the load for each 
segment is calculated using the load that segment sees and the 
demand factors shown in Table 551.73(:\). 

(E) Connected Devices. The U."lC of listed surge protective 
dc\iccs shall be pcrmiucd. 

Informational l'ote: l' se of multiple autotran•fmmers on the 
load side of RV pedestals, supplied by a single feeder, can result 
in increa."led cunent on the RV park or campgmund di•uibu
tion system. 

(F) Connection to Recreational Vehicle Site Equipment. Each 
recreational vehicle shall be powered by only one 30-ampcrc or 
one 50-ampere external power supply cord. 
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Informational l'ote: The requirement in 551.i2(F) does not 
preclude the use of the 1!>- or 20-ampere receptacle com·en
ience outlet on the recreational vehicle supply equipment. 

551.73 Calculated Load. 

(A) Basis of Calculations. Electrical sc�Vices and feeders shall 
be calculated on the hasis of not lcs.� than all of the following: 

(1)  12,000 volt-amperes per site equipped "idt 50-ampere, 
208Y/120-volt or 1 20/240-volt supply facilities 

(2) 3600 volt-amperes per site equipped with hoth 20-ampere 
and 30-ampcrc supply facilities 

(3) 2400 volt-amperes per site equipped "ith only 20-ampere 
supply facilities 

(4) 600 volt-amperes per site equipped l�ith only 20-ampere 
supply facilities dtat arc dedicated to tent sites 

The demand factors set fordt in Tahlc 551.73(A) shall he the 
minimum allowahlc demand factors that shall he permitted in 
calculating load for sc�Vicc and feeders. \\'here the electrical 
supply for a recreational vehicle site ha� more than one recep
tacle. 

\\'here the electrical supply is in a location that serves two 
recreational vehicles, dtc equipment for hoth sites shall comply 
"ith 551.77, and dtc calculated load shall onlv he calculated for 
the two receptacles "ith dtc highest rating. · 

(B) Demand Factors. The demand factor for a given number 
of sites shall apply to all sites indicated. For example, 20 sites 
calculated at 45 percent of 3600 voiHunpercs results in a 
pcrmis.�ihlc demand of 1 620 volt-amperes per site or a total of 
32,400 volt-amperes for 20 sites. 

Informational l'ote: These demand fdctors may be inadequate 
in area� of extreme hot or cold temperature with loaded circuit.� 
for heating or air conditioning. 

Load� for other amenities such a�, hut not limited to, sc�Vicc 
huildings, recreational huildings, and swimming pools shall be 
calculated separately and then he added to the value calculated 
for dtc recreational vehicle sites where they arc all supplied hy 
a common scnicc. 

551.74 Overcurrent Protection. Ovcrcur�nt protection shall 
be provided in accordance with Article 240. 

Table 551.73(A) Demand Factors for Site Feeders and Service
Entrance Conductors for Park Sites 

Number of Recreational 
Vehicle Sites 

1 
2 
3 
1 
5 
6 

7-9 
10--12 
13-15 
16-18 
19-21 
22-24 
25--35 

36 plu.'l 
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Demand Factor 
(%) 

100 
90 
80 
75 
6.'} 
60 
55 
50 
18 
17 
15 
13 
12 
11 

551.76 Grounding - Recreational Vehicle Site Supply Equip
menL 

(A) Grounding Electrode. Recreational vehicle site supply 
equipment, other than those used a� service equipment, shall 
not he required to have a grounding electrode. An auxiliary 
grounding elcctrodc(s) in accordance with 250.54 shall be 
permitted to he installed. 

(B) Exposed Non-Current-Carrying Metal Parts. Exposed 
non-currcnt-carl)ing metal part� of fixed equipment, metal 
hoxes, cahinct�. and fittings that arc not electrically connected 
to grounded equipment shall be grounded hy an equipment 
grounding conductor run with the circuit conductors from the 
scnicc equipment or from the transformer of a secondary 
distrihution system. Equipment grounding conductors shall he 
sized in accordance with 250.122 and shall he permitted to be 
spliced hy listed means. 

The arrangement of equipment grounding connections 
shall he such that the disconnection or removal of a receptacle 
or other del-icc will not interfere with, or interrupt, the 
grounding continuity. 

(C) Secondary DiStribution System. Each secondary distrihu
tion system shall be grounded at the transfonncr. 

(D) Gro�ded Conductor Not to Be Used as an Equipment 
Ground. The grounded conductor shall not he used a� an 
equipment grounding conductor for recreational vehicles or 
equipment within the recreational vehicle park. 

(E) No Connection on the Load Side. :"'o connection to a 
grounding electrode shall be made to the grounded conductor 
on the load side of the sc!Vicc disconnecting means except a� 
covered in 250.30(A) for separately derived systems, and 
250.32(8), Exception 1'\o. 1 for separate huildings. 

551.77 Recreational Vehicle Site Supply EquipmenL Recrea
tional vehicle site supply equipment shall he listed for usc a� 
recreational vehicle site supply equipment and shall comply 
with 551.77(A) through (F). 

(A) Location. Where prmidcd on hack-in sites, the recrea
tional vehicle site electrical supply equipment shall be located 
on the left (road) side of the parked vehicle, on a line that is 
1 .5 m to 2.1 m (5 ft to 7 ft) from the left edge (driver's side of 
the parked RV) of the recreational vehicle stand and shall be 
located at any point on this line from the rear of the recrea
tional vehicle stand to 4.5 m (15 ft) fom-ard of dtc rear of the 
recreational vehicle stand. 

For pull-through sites, the electrical supply equipment shall 
he permitted to be located at any point along the line that is 
1 .5 m to 2.1 m (5 ft to 7 ft) from the left edge (driver's side of 
the parked RV) from 4.9 m (16 ft) fom-ard of the rear of the 
recreational vehicle stand to the center point between the two 
road� that gives acccs.� to and cgrcs.� from the pull-through 
sites. 

The left edge (driver's side of the parked RV) of the recrea
tional vehicle stand shall be marked. 

(B) Disconnecting Means. A disconnecting S\'itch or circuit 
hrcakcr shall he provided in dtc site supply equipment for 
disconnecting dtc power supply to the recreational vehicle. 
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(C) Access. All site supply cquipmcm shall be acccs.o;iblc by an 
unobstructed entrance or pao;sagcway not Jcs.o; than 600 mm 
(2 ft) "ide and 2.0 m (6 ft 6 in.) high. 

(D) Mounting Height. Site supply equipment shall be located 
not less than 600 mm (2 ft) above dtc electrical datum plane 
for that RV site and no more dtan 2.0 m (6 ft 6 in.) above the 
electrical datum plane unlcs.o; platform provisions arc made to 
reach the circuit protection devices that arc no more than 
2.0 m (6 ft 6 in.) above that platform. 

(E) Working Space. Sufficicm space shall be prmidcd and 
maimaincd about all electrical cquipmcm to permit ready and 
safe operation, in accordance with 1 10.26. 

(F) Marking. \\'here the site supply cquipmcm contains a 
125/250-volt receptacle, the cquipmcm shall be marked ao; 
follows: MTurn disconnecting s"itch or circuit breaker ofT 
before inserting or rcmming plug. Plug must be fully inserted 
or removed." The marking shall be located on the cquipmcm 
adjacent to the receptacle oullct. 

551.78 Protection of Outdoor Equipment. 

(A) Wet Locations. All switches, circuit breakers, receptacles, 
comrol equipment, and metering dc\iccs located in wet loca
tions shall be weatherproof. 

(B) Meters. If sccondarv meters arc installed, meter sockets 
without meters installed �hall be blanked ofT with an approved 
blanking plate. 

551.79 Clearance for Overhead Conductors. Open conduc
tors of not over 1000 volts, nominal, shall have a vertical clear
ance of not lcs.o; dtan 5.5 m (18 ft) and a horizontal clearance 
of not less than 900 mm (3 ft) in all area-; subject to recrea
tional vehicle movement. In all other area-;, clearances shall 
conform to 235.360 and 235.361. 

lnformational l'ote: See 235.360 and 235.361 ,  for cleardnces of 
conductors o\'er 600 \'oiL•, nominal. 

551.80 Underground Service, Feeder, Branch-Circuit, and 
Recreational Vehicle Site Feeder-Circuit ConductOJ1il. 

(A) General. All direct-burial conductors, jnciQding the cquip
mcm grounding conductor if of aluminum, shall be insulated 
and identified for the usc. All conductors shall be cominuotto; 
from cquipmcm to equipment. All splices and taps shall be 
made in approved junction boxes or by usc of listed material. 

(B) Protection Against Physical Damage. Direct-buried 
conductors and cables entering or leaving a trench shall be 
protected by rigid metal conduit, intermediate metal conduit, 
electrical metallic tubing wim supplementary corrosion protec
tion, rigid polp·inyl chloride conduit (PVC) , nonmetallic 
underground conduit l\ith conductors (1'\UCC), high density 
polyethylene conduit (HDPE) , reinforced thermosetting resin 
conduit (RTRC), liquidtight flexible nonmetallic conduit, 
liquidtight flexible metal conduit, or other approved raceways 
or enclosures. Where su�ccl to physical damage, the conduc
tors or cables shall be protected by rigid metal conduit, inter
mediate metal conduit, Schedule 80 PVC conduit, or RTRC 
listed for exposure to physical damage. All such protection 
shall extend at lcao;t 450 mm (18 in.) into the trench from 
finished grade. 

Informational l'ote: See 300.5 and Article 340 for conductors or 
Type UF cable IL� underground or in direct burial in earth. 
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551.81 Receptacles. A receptacle to supply electric power to a 
recreational vehicle shall be one of lite configurations shown in 
Figure 551 .46(C) (1)  in the follm\ing ratings: 
(1)  50-ampere - 125/250-volt, 50-ampere, 3-polc, 4-"ire 

grounding type for 1 20/240-volt systems 
(2) 30-ampcrc - 12:>-volt, 30-ampcrc, 2-polc, 3-"ire ground

ing type for 120-volt systems 
(3) 20-ampcrc - 12:>-volt, 20-ampcrc, 2-polc, 3-"ire ground-

ing type for 120-volt systems 

lnformational l'ote: See A:'\SI/l'E�·L\ WD 6-2016, Wiring Droic" 
- Dimensional Spwijiratio11s, Figures 14-50, IT, and 5-20, for 
complete detail• of these configuration•. 

Part I. General 

ARTICLE 552 
Park Trailers 

552.1 Scope. Tht; provisions of this article cover the electrical 
conductors and equipment installed l\ithin or on park trailers 
not covered fully m1dcr Articles 550 and 551 .  

552.4 General Requirements. A park trailer is intended for 
scao;onal· usc; It is not intended ao; a permanent dwelling unit or 
for commercial uses such ao; banks, clinics, offices, or similar. 
l: nits designed for such purposes arc cla'i.o;ificd ao; relocatablc 
structures and arc covered in Part II of Article 545. 

552.5 Labels. Labels required by Article 552 shall be made of 
etched, metal-stamped, or embossed bra<;.-; or stainless steel; 
plao;tic laminates not Jcs.o; than 0.13 mm (0.005 in.) lltick; or 
anodized or alclad aluminum not lcs.o; than 0.5 mm (0.020 in.) 
thick or the equivalent. 

Informational l'ote: See ,\.'\SI Z.'>35.4-201 1, Produrt Sajl'l)' Signs 
ami l..nbels, for guidance on other label criteria IL-;ed in the park 
trailer indu.•try. 

Part II. Low-Voltage Systems 

552.10 Low-Voltage Systems. 

(A) Low-Voltage Circuits. Low-voltage circuit-; furnished and 
installed by the park trailer manufacturer, olltcr lltan those 
related to braking, shall be subject to this ('..ade. Circuits supply
ing light-; subject to federal or stale regulations shall comply 
with applicable govcmmclll regulations and this Code. 

(B) Low-Voltage Waring. 

(1) Material. Copper conductors shall be used for low-voltage 
circuit.-;. 

Exception: A 111l'lal clta.<isis or frame shall be permitted as the return 
path to the source ofsuptJ�l'· 

(2) Conductor Types. Conductors shall conform to the 
requirement-; for Type GXL, HDT, SGT, SGR, or Type SXL or 
shall have insulation in accordance with Table 310.4 ( 1 )  or the 
equivalent. Conductor sizes 6 AWG through 18 AWG or SAE 
shall be listed. Singlc-"irc, low-voltage conductors shall be of 
the stranded type. 
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Informational l'ote: See SAE .) 1 128-20 15, l.oru Vollage Primary 
l.abll', for Types GXL, HOT, and SXL, and SAE .)1 127-20 15, l.oru 
Vnltagl' Battery Cabll', for Types SGT and SGR. 

(3) Marking. All insulated low-voltage conductors shall be 
surface marked at intervals not greater dtan 1 .2 m (4 ft) ao; 
follows: 

(1)  Listed conductors shall be marked ao; required by the list
ing agency. 

(2) SAE conductors shall be marked with dlc name or logo of 
the manufacturer, specification designation, and "ire 
gauge. 

(3) Odtcr conductors shall be marked widl dlc name or logo 
of the manufacturer, temperature rating, \\ire gauge, 
conductor material, and insulation dlickness. 

(C) Low-Voltage Wuing Methods. 

(1) Physical Protection. Conductors shall be protected against 
physical damage and shall be secured. \\'here insulated 
conductors arc damped to dtc structure, dlc conductor insula
tion shall be supplemented by an additional wrap or layer of 
equivalent material, except that jacketed cables shall not be 
required to be so protected. Wiring shall be routed away from 
sharp edges, mming parto;, or heat sources. 

(2) Sp6ces. Conductors shall be spliced or joined l\ith splicing 
dc\iccs that provide a secure connection or by brazing, weld
ing, or soldering with a fusible metal or alloy. Soldered splices 
shall first be spliced or joined to be mechanically and electri
cally secure l\ithout solder, and dlcn soldered. All splices, 
joints, and free cnclo; of conductors shall be covered l\ith an 
insulation equivalent to dlat on dlc conductors. 

(3) Separation. Battery and other low-voltage circuit" shall be 
physically separated by at lcao;t a 13-mm (V:rin.) gap or oilier 
approved means from circuit" of a different power source. 
Acceptable mcdlodo; shall be by damping, routing, or equiva
lent means dlat ensure permanent total separation. \\"bcrc 
circuits of different power sources cros.o;, dlc external jacket of 
dlc nonmetallic-sheathed cables shall be deemed adequate 
separation. 

(4) Ground Connections. Ground conncc;tions to dlc chao;sis 
or frame shall be made in an accessible location and shall be 
mechanically secure. Ground cmuiections shall be bv means of 
copper conductors and copper or copper-alloy terminals of dlc 
soldcrlcss type identified for dlc .size of "ire used. The surface 
on which ground terminals make contact shall be cleaned and 
be free from oxide or paint or shall be electrically connected 
through dlc usc of a cadmium, tin, or zinc-plated internal/ 
cxtcmal-toodlcd lockwashcr or locking terminals. Ground 
tcnninal attaching screws, rivets or bolto;, nuts, and lockwashcrs 
shall be cadmium, tin, or zinc-plated except rivcto; shall be 
permitted to be unanodizcd aluminum where attaching to 
aluminum structures. 

The cha,..o;is-grounding tcnninal of dlc battery shall be 
connected to dlc unit cha,..o;is widl a minimum 8 AWG copper 
conductor. In dlc event the unbondcd lead from dlc battery 
exceeds 8 AWG, dlc bonding conductor size shall be not lcs.o; 
man dtal of dtc unbondcd lead. 

(D) Battery Installations. Storage batteries su�ccl to this \..ode 
shall be sccurelv attached to dlc unit and installed in an area 
vaponight to d1� interior and ventilated dirccdy to the exterior 
of the unit. \\'here batteries arc installed in a comparuncnt, dlc 
comparuncnt shall be ventilated "id1 openings having a mini-
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mum area of 1 100 mm2 ( 1 .7 in.2) at bodl dlc top and at dlc 
bottom. \\'here comparuncnt doors arc equipped for ventila
tion, dlc openings shall be widlin 50 mm (2 in.) of the top and 
bottom. Batteries shall not be installed in a comparuncnt 
containing spark- or flam�producing equipment. 

(E) Overcurrent Protection. 

(1) Rating. Low-voltage circuit wmng shall be protected by 
ovcrcurrcnt protective devices rated not in cxccs.o; of dlc ampac
ity of copper conductors, in accordance l\ith Table 552.10(E) 
( 1 ) .  

(2) 'JYpe. Circuit breakers or fuses shall be of an approved 
type, including automotive types. Fuscholdcrs shall be dearly 
marked l\ith maximum fuse size and shall be protected against 
shorting and physical damage by a cover or equivalent means. 

Informational l'ote: See ,\J'I:SI/SAE .)554-1987, Standard for fur
trir flm.< (l.artridge Type;, SAE.J1284-1988, Stmulardfor Bladl' Type 
Ehrtric Joust'S", and UL 275-2005, Standard for .4utollwliVI' G/a.u Tube 
Fu.<es, for further infmm<1tion. 

(3) App6ances. Applicli'\CCs such ao; pumps, compressors, 
heater blowers, and similar motor-driven appliances shall be 
installed in accordance \\ith dlc manufacturer's instructions. 

Motors lfutt arc controlled by automatic Sl'itching or by 
latching-lype manual Sl'itches shall be protected in accordance 
widl 430.32(8). 

(4) ··Location. The ovcrcurrcnt protective device shall be instal
led in an acccs.o;iblc location on dtc unit \\ithin 450 mm (18 in.) 
of dlc point where the power supply connccto; to dlc unit 
circuito;. If located outo;idc the park trailer, dlc dc\icc shall be 
protected against weather and physical damage. 

Exception: Exttmal low-voltage suJIP�l· shall bt pennilltd to luwt tht 
ovm:unmt fnvlectivt devict within 4 50 mm ( 18 in.) after entering tht 
unit or ajin· Leaving a mttal mctwa_}'. 

(F) Switches. Switches shall have a dc rating not lcs.o; than dlc 
connected load. 

(G) Luminaires. All low-voltage interior luminaires rated more 
than 4 watts, employing lamps rated more man 1.2 watto;, shall 
be listed. 

Part ID. Combination Electrical Systems 

552.20 Combination Electrical Systems. 

(A) General. Unit "iring suitable for connection to a battery 
or oilier low-voltage supply source shall be permitted to be 
connected to a 120-volt source, pro'"idcd dlat the cmirc wiring 
system and cquipmclll arc rated and installed in full conform-

Table 552.10(E)(I) Low-Voltage Overcurrent Protection 

Wu-e Size (AWG) Ampacity Wu-e Type 

18 6 Stranded only 
16 8 Stranded only 
11 15 Stranded or solid 
12 20 Stranded or solid 
10 30 Stranded or solid 
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552.20 ARTI\..LE 552 - PARK TRAILERS 

ity with Part'i I, Ill, IV, and V requirements of this article cover
ing 120-volt electrical systems. Circuit'i fed from ac transformers 
shall not supply de appliances. 

(B) Voltage Converters (120-Volt Alternating Current to Low
Voltage Direct Current). The 120-volt ac side of the voltage 
converter shall be "ired in full confonnity "idt dtc require
ment" of Part'i I and IV of dtis article for 120-volt electrical 
systems. 

Exception: C'..onverters .�upplied as an inttgral pmt of a listtd appliance 
shall not be .mbject to 552.20(8). 

All converters and transformers shall be listed for usc in 
recreation unit'i and designed or equipped to prmidc over
temperature protection. To determine the converter rating, the 
follo"ing percentages shall be applied to the total connected 
load, including average battery-charging rate, of all 12-volt 
equipment: 

The first 20 amperes of load at I 00 percent plus 

The second 20 amperes of load at 50 percent plus 

All load above 40 amperes at 25 percent 

Exception: A lmv-voltage aJJjJliance that i� contmlkd b)• a 11UIIllentary 
switch (normallJ open) tlmt has 1w means fm· holding in the dosed 
po.�ition shall 1wt be comidel"t'd as a connecttd load when determining 
the required converter rating. Momentarily energized aJJjJliances shall be 
limited to those used to Jll"l'jJare the unit fm· occupancy m· travel. 
(C) Bonding Voltage Converter Enclosures. The non-currcnt
cartying metal enclosure of dtc voltage converter shall be 
connected to the frame of the unit "idt an 8 AWG copper 
conductor minimum. The equipment grounding conductor for 
the battery and the metal enclosure shall be permitted to be 
the same conductor. 

(D) Dual-Voltage Faxtures Including Luminaires or Appliances. 
Fixtures, including luminaires, or appliances ha\-ing both 120-
volt and low-voltage connections shall be listed for dual voltage. 

(E) Autotransformers. Autotransfonncrs shall not be used. 

(F) Receptacles and Plug Caps. \\'bcrc a park trailer is 
equipped "ith a 120-volt or 120/240-volt ac system, a low
voltage system, or both, receptacles and plug caps of the low
voltage system shall differ in configuration from those of the 
120-volt or 120/240-volt system. \\'he.�,:c a unit equipped "ith a 
battery or de system ha'i an external connection for low-voltage 
power, the connector shall have a configuration that "ill not 
accept 120-volt power. 

Part IV. Nominai 120-Volt or 120/240-Volt Systems 

552.40 120-Volt or 120/240-Volt, Nominal, Systems. 

(A) General Requirements. The electrical equipment and 
material of park trailers indicated for connection to a "iring 
system rated 120 volts, nominal, 2-wirc l\ith an equipment 
grounding conductor, or a \\iring system rated 120/240 volts, 
nominal, 3-wirc with an equipment grounding conductor, shall 
be listed and installed in accordance with Part'i I, Ill, IV, and V 
of this article. 

(B) Materials and Equipment. Electrical materials, devices, 
appliances, fittings, and other equipment installed, intended 
for usc in, or attached to dtc park trailer shall be listed. All 
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product'i shall be used only in the manner in which they have 
been tested and found suitable for the intended usc. 

552.41 Receptacle Outlets Required. 

(A) Spacing. Receptacle outlct'i shall be installed at wall spaces 
600 mm (2 ft) "ide or more so that no point along the floor 
line is more than 1.8 m (6 ft) , mca'iurcd horizontally, from an 
outlet in that space. 

Exception No. 1: Bath and lmllway atf!as slmll not be 11'quhed to 
comply with 552.4/(A). 

Exception No. 2: Wall spaces occuJJied bJ kitchen cabinets, wardmbe 
rabintts, built-in fumitwY; behind doors that could open fully agaimt 
a wall swface; or similmfacilities. 

(B) Location. Receptacle outlct'i shall be installed a'i follows: 

(1) Adjacent to countcrtops in tltc kitchen Lat lca'it one on 
each side of the sink if countcrtops arc on each side and 
arc 300 mm (12 in.) or over in l�idth and dcpthj 

(2) Adjacent to the refrigerator and ga" range space, except 
where a ga'i-fircd refrigerator or cooking appliance, 
requiring no external · electrical connection, is factory
installed 

(3) Adjacent to. countcrtop spaces of 300 mm (12 in.) or 
more in width and depth that cannot be reached from a 
rcccptadc �quircd in 552.41 (B) ( l )  by a cord of 1.8 m 
(6 ft) without cros.'iing a traffic area, cooking appliance, 
or sink. 

(C) Ground-Fault Circuit-Interrupter Protection. Each 125-
volt, singl�pha'iC, 1!>- or 20-amperc receptacle shall have 
ground-fault circuit-interrupter protection for personnel in the 
follo"ing locations: 

(1) Where the receptacles arc installed to serve kitchen coun-
tcrtop surfaces 

(2) Within 1 .8 m (6 ft) of any lavatory or sink 

Exception: Rect'jltacks instalkd for apt1liances in dedicated spaces, .melt 
as fm· difhwashers, disposalf, 17!ftigemtors, fi1'£Urs, and laundt)' equip
ment. 

(3) In the area occupied by a toilet, shower, tub, or any 
combination tltcrcof 

(4) On the exterior of the unit 

Exception: RPct'jltacks that fl11' located inside of an acce.<i.f panel that is 
instalkd on the exte1im· of the unit to .rupply JIOlllt'l' fm· an instalkd 
apt1liance shall not be 1f!qui1f!d to lmve gmundfault cin:uit-inten'Upter 
pmtection. 

The receptacle outlet shall be permitted in a listed lumin
airc. A receptacle outlet shall not be installed in a tub or 
combination tub-shower compartment. 

(D) Pipe Heating Cable Outlet. \\'bcrc a pipe heating cable 
outlet is installed, the outlet shall be a'i follows: 

(1) Located "ithin f>OO mm (2 ft) of tltc cold water inlet 
(2) \.onncctcd to an interior branch circuit, other than a 

small-appliance branch circuit 
(3) On a circuit where all of tltc outlct'i arc on the load side 

of the ground-fault circuit-interrupter protection for 
personnel 

(4) :Mounted on the underside of the park trailer and shall 
not be considered to be the outdoor receptacle outlet 
required in 552.41 (E) 
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ARTI\..LE 552 - PARK TRAILERS 552.44 

(E) Outdoor Receptacle Outlets. At lcao;t one receptacle outlet 
shall be installed outdoors. A receptacle outlet located in a 
comparuncm acccs.o;iblc from the outo;idc of lite park trailer 
shall be considered an outdoor receptacle. Outdoor receptacle 
outlet-; shall be protected ao; required in 552.41 (C) (4) . 

(F) Receptacle Outlets Not Permiued. 

(1) Shower or Bathtub Space. Receptacle outlet-; shall not be 
installed in or "ithin reach L750 mm (30 in.)J of a shower or 
ballllub space. 

(2) Face-Up Position. A receptacle shall not be installed in a 
face-up position in any coumcrtop or other similar horizontal 
surface. 

552.42 Branch-Circuit Protection. 

(A) Rating. The branch-circuit ovcrcurrcm dc,iccs shall be 
rated ao; follows: 
( 1 )  1'\ot more than the circuit conductors 
(2) 1'\ot more than 150 pcrccm of the rating of a single appli

ance rated 13.3 amperes or more and supplied by an incli
'"idual branch circuit 

(3) Not more titan the ovcrcurrent protection size marked 
on an air conditioner or other motor-operated applian
ces. 

(B) Protection for Smaller Conductors. A 20-amperc fuse or 
circuit breaker shall be permitted for protection for fixtures, 
including luminaires, leads, corclo;, or small appliances, and 
14 AWG tap conductors, not over 1 .8 m (6 ft) long for recessed 
luminaires. 

(C) Fifteen-Ampere Receptacle Considered Protected by 
20 Amperes. If more than one receptacle or load is on a 
branch circuit, 1:>-ampcrc receptacles shall be permitted to be 
protected by a 20""'mperc fuse or circuit breaker. 

552.43 Power Supply. 

(A) Feeder. The power supply to the park trailer shall be a 
feeder ao;scmbly consisting of not more than one listed 30-
ampcrc or 50-ampere park trailer power-supply cord, "ith an 
imcgrally molded or securely attached cap, or a pcnnancnlly 
installed feeder. 

(B) Power-Supply Cord. If lite pack trailer hao; a power-supply 
cord, it shall be permanently attached to lite panelboard, or to 
a junction box permanently comicctcd to lite panelboard, with 
the free end terminating in a molded-on attachment plug cap. 

\..ordo; witll adapters and pigtail end<;, extension cords, and 
similar items shall not be attached to, or shipped with, a park 
trailer. 

A suitable damp or lite equivalent shall be provided at the 
panelboard knockout to afford strain relief for lite cord to 
prevent strain from being transmitted to lite terminals when 
the power-supply cord is handled in its imcndcd manner. 

The cord shall be a listed type "illt 3-l\irc, 120-volt or 4-l\irc, 
120/240-volt conductors, one of which shall be identified by a 
continuous green color or a continuous green color "illt one 
or more yellow suipcs for usc a<; lite equipment grounding 
conductor. 

(C) Mast Weatherhead or Raceway. Where the calculated load 
exceed-; 50 amperes or where a permanent feeder is used, the 
supply shall be by means of one of the following: 
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(1)  One mao;t wcathcrhcad installation, installed in accord
ance with Article 230, containing four continuous, insula
ted, color-coded feeder conductors, one of which shall be 
an cquipmcm grounding conductor 

(2) A rigid metal conduit, intermediate metal conduit, rigid 
pol}'\inyl chloride conduit, or other raceways identified 
for the location from the disconnecting means in the 
park trailer to the underside of the park trailer 

552.44 Cord. 

(A) Permanently Connected. Each feeder a<;.o;cmbly shall be 
factory supplied or factory installed and connected directly to 
the terminals of lite panelboard or conductors "ithin a junc
tion box and prmidcd l\ith means to prevcm strain from being 
transmitted to the terminals. The ampacity of the conductors 
between each junction box and the terminals of each panel
board shall be at lca<;t equal to the ampacity of the feeder cord. 
The supply end of the ao;scmbly shall be equipped willt an 
attachment plug of the type described in 552.44(C). Where the 
cord pao;scs lluough lite wall-; or floors, it shall be protected by 
means of conduit and bUshings or equivalent. The cord ao;scm
bly shall have pcrmimcnt prmisions for protection against 
corrosion and mechanical damage while the unit is in transit. 

(B) Cord Length. The cord-exposed usable lcngtll shall be 
mcao;urcd from the point of entrance to the park trailer or the 
face of the flanged surface inlet (motor-ba<;e auachmcnt plug) 
to the fac� of the attachment plug at the supply end. 

Th� cord-exposed usable length, mcao;urcd to the point of 
cntrv on the unit exterior, shall be a minimum of 7.0 m (23 ft) 
whc�c the poim of entrance is at the side of the unit, or shall 
be a minimum 8.5 m (28 ft) where the point of entrance is at 
the rear of the unit. The maximum length shall not exceed 
1 1  m (36� ft) .  

\\'here the cord entrance into lite unit is more than 900 mm 
(3 ft) above the ground, the minimum cord lcngtlls above shall 
be incrca<;ed by the vertical distance of the cord cmrancc 
height<; above 900 mm (3 ft) .  

(C) Auachment Plugs. 

( 1) Units with Two to Five 15- or 20-Ampere Branch Circuits. 
Park trailers \\ired in accordance l\ith 552.46(A) shall have an 
attachment plug that shall be 2-polc, 3-l\irc grounding type, 
rated 30 amperes, 1 25 volt-;, conforming to the configuration 
shmm in Figure 552.44(C) ( 1 )  imcndcd for usc l\ith unit-; rated 
at 30 amperes, 125 volt-;. 

lnformational l'ote: See A:'\SI/l'E�·L\ WD 6-2016, Wiring Droic" 
- Dimensional Spn:ifirotions, Figure IT, for complete details of 
thi� configuration. 

(2) Units with 50-Ampere Feeder Assembly. Park trailers 
having a feeder ao;scmbly rated 50 amperes a<; pcnnittcd by 
552.43(8) shall have a 3-polc, 4-l\irc grounding-type attach
ment plug rated 50 amperes, 125/250 volts, conforming to the 
configuration shown in Figure 552.44(C) (1) .  

lnformational l'ote: See A:'\SI/l'E�·L\ WD 6-2016, Wiring Droic" 
- Dimeminnal SJN-t:ijiratinn.<, Figure 14-50, for complete detail� of 
thi� configuration. 

(D) Labeling at Electrical Entrance. Each park trailer shall 
have a safety label "ith the signal word WAR:"-11:"--G in minimum 
6 mm (� in.) high letters and body text in minimum 3 mm 
(Y,; in.) high letters on a contrasting background. The safety 
label shall be affixed to the exterior skin, at or ncar the poim 
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552.44 ARTICLE 552- PARK TRAILERS 

Receptacles caps 

@ 0 w @ I 
w 

30·A,125·V, 2·pole, 3-wire, grounding type 

@ X 
w 

50-A, 1251250-V, 3-pole, 4-wire, grounding type 

FIGURE 552.44(C)(1) Attachment Cap and Receptacle 
Configurations. 

of entrance of the feeder a-;scmbly and shall read, a-; appropri
ate: 

WAR.'IIJ'\G: 
THIS CONJ'\ECTION IS FOR 110-12!>-VOLT AC, 

60 HZ, 30-AMPERE SUPPLY 

or 

WAR.'IIJ'\G: 
THIS COJ'\:-.IECTIOJ'\ IS FOR 208¥/120-VOLT OR 120/240-

VOLT AC, 3-POLE, 4-\\-1RE, 60 HZ, __ -A.\<IPERE SUPPLY. 

followed by 

DO :-.lOT EXCEED THE CIRCUIT RATIJ'\G. EXCEEDING 
THE CIRCUIT RATI:-.IG \..Al'\ CAUSE A FIRE Al'\D RESULT 

1:-.1 DEATH OR SERIOt:S INJURY. 

The correct ampere rating shall be marked in the blank 
space and the label shall meet the requirements in 1 10.21 (B). 

(E) Location. The point of entrance of a feeder a-;scmbly shall 
be located on either side or the rear, l\ithin 450 mm (18 in.), of 
an outside wall. 

552.45 Panelboard. 

(A) Listed and Appropriately Rated. A Jis�d and appropriately 
rated panelboard shall be used. The grounded conductor 
tcnnination bar shall be insulated from the enclosure a-; prmi
dcd in 552.55(C). An cquipmclll grounding terminal bar shall 
be attached inside the metal enclosure of the panelboard. 

(B) Location. The panelboard shall be installed in a readily 
accessible location. Working clearance for the panelboard shall 
be not less dtan 600 mm (24 in.) \\ide and 750 mm (30 in.) 
deep. 

Exception: H11en� the /Jane/board cover is exposed to the inside ai�le 
space, one of the working clP.amnce dimensions shall be permitted to be 
J"eduad to a minimum of 550 mm (22 in.). A /Jane/board shall be 
considm•d exposP.d where the panelboanl covn· i� wit/tin 50 mm (2 in.) 
of the ai�le�� finished swface m· not 1/Wif! than 25 71tm ( 1 in.) from the 
back.�ide of dom:� that enclose the space. 

(C) Dead-Front Type. The panelboard shall be of the dead
front type. A main disconnecting means shall be prmidcd 
where fuses arc used or where more than two circuit breakers 
arc employed. A main ovcrcurrcnt protective device not 
exceeding the feeder a-;scmbly rating shall be provided where 
more than two branch circuits arc employed. 
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552.46 Brandt Circuits. Branch circuit-; shall be determined in 
accordance "id1 552.46(A) and (8). 

(A) Two to Five 15- or 20-Ampere Circuits. A maximum of five 
15- or 20-ampcrc circuit-; to supply light-;, receptacle outlet-;, 
and fixed appliances shall be permitted. Such park trailers shall 
be pcnniucd to be equipped with panelboards rated at 
120 volts maximum or 120/240 volts maximum and listed for a 
30-ampcrc-ratcd feeder a-;scmbly. 1'\ot more than two 120-volt 
thermostatically controlled appliances shall be installed in such 
systems unless appliance isolation switching, energy manage
ment systems, or similar method-; arc used. 

Exception No. 1: Additional 15- or 20-ampel-e circuiL� shall be Jmmit
ted wlte1-e a li.�ted energy mana�mrot .�ystem mtl'.d at 30 amJm1's maxi
mum i.� emJJ!oyed wit/tin the ·'?·stem. 

Exception No. 2: Six 15- m· 20-ampe,.,. citcuits shall be permitted wit/t
out emplo)•ing an energy mana�mrot .�ystem, Jmroided that the added 
.�ixtlt circuit serves on{}' the power cmwe1·te1; and the cmnbi1v.d load of 
all .�ix cin:uits does not exceed tl!f' allowabk load that was designP.d fm· 
use by the miginal five citcuits . . · 

Informational Note: Set" 210.23(B) for permi'i.�ible loads. See 
552.45(C) for main di.�c<mnect and overcmTent protection 
requiremenL�. 

(B) More Than Five Circuits. Where more than five circuit-; 
arc needed, they shall be determined in accordance with 
552.46(8) (1), (B) (2), and (8) (3) . 

(1) Liglidng. Ba-;cd on 33 volt-ampcrcs/m2 (3 VA/ft2) multi
plied by the out-;idc dimensions of the park trailer (coupler 
excluded) dilidcd by 120 volts to determine the number of 15-
or 20-ampcrc lighting area circuit-;, for example, 

3 x length x widm 
120 x 15 (or 20) 

[552.46(B)(1)) 

No. of 15- (or 20-) ampere circuits 

The lighting circuits shall be permitted to serve listed cord
connected kitchen waste disposers and to prmidc power for 
supplemental equipment and lighting on ga ... fircd ranges, 
ovens, or counter-mounted cooking unit-;. 

(2) Small Appliances. Small-appliance branch circuits shall be 
installed in accordance with 210.1 1 (C) (I ) .  

(3) General Appliances. (including furnace, water heater, 
space heater, range, and central or room air conditioner, etc.) 
An inclilidual branch circuit shall be permitted to supply any 
load for which it is rated. There shall be one or more circuit-; of 
adequate rating in accordance with 552.46(8) (3) (a) through 
(8) (3) (d). 

Informational Note No. I :  See 210. 1 1  (C) (2) for laundry branch 
circuit. 

Informational :'\ote No. 2: See Article 440 for centrdl air condi
tioning. 

(a) The total rating of fixed appliances shall not exceed 
50 percent of the circuit rating if lighting oudcts, gcncraJ-tL-;c 
receptacles, or both arc al-;o supplied. 

(b) For fixed appliances "ith a motor(s) larger than Y,. 
horsepower, the total calculated load shall be ba-;cd on 
125 percent of the largest motor plus the sum of the other 

l'\ATJO:'\AL EJ..EGJ"RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 552- PARK TRAILERS 552.48 

load�. \\'here a branch circuit supplies continuous load(s) or 
any combination of continuous and noncontinuous loads, the 
branch-circuit conductor size shall be in accordance with 
210.19(A). 

(c) The rating of a single cord-and-plug-connected appli
ance supplied by other than an individual branch circuit shall 
not exceed 80 perccm of the circuit rating. 

(d) The rating of a range branch circuit shall be ba�d 
on the range demand a� specified for ranges in 552.47(8) (5) . 

552.47 Calculations. The following method shall be employed 
in computing the supply-cord and distribution-panelboard load 
for each feeder a'i.�cmbly for each park trailer in lieu of the 
procedure shown in Article 220 and shall be ba�d on a 3-wirc, 
208Y/120-volt or 120/240-volt supply wid1 120-volt load� 
balanced between the two pha�cs of dtc 3-wirc system. 

(A) Lighting and Small-Appliance Load. Lighting Volt
Amperes: Length times width of park trailer noor (outside 
dimensions) times 33 volt-ampercs/m2 (3 VA/ft2). For exam
ple, 

Length x width x 3 = lighting volt-amperes 

Small-Appliance Volt-Amperes: :-.lumber of circuit� times 
1500 volt-amperes for each 20-ampcrc appliance receptacle 
circuit (sec definition of Apt1liance, Portable with fine print note) 
including 1500 volt-amperes for laundry circuit. For example, 

No. of circuit� x 1500 = small-appliance volt-amperes 

Total: Lighting volt-amperes plus small-appliance volt
amperes = total volt-amperes 

First 3000 total volt-amperes at 100 percent plus remainder 
at 35 percclll = volt-amperes to be di\idcd by 240 volt� to obtain 
currcm (amperes) per leg. 

(B) Total Load for Determining Power Supply. Total load for 
determining power supply is dtc sum of the following: 

(1) Lighting and small-appliance load a� calculated in 
552.47(A) . 

(2) 1'\amcplatc amperes for motors and heater load� (exhaust 
fans, air conditioners, electric, gas. or oil heating). Omit 
smaller of the heating and cooling loads, except include 
blower motor if u.�d a� air-conditioner C\'aporator motor. 
Where an air conditioner is not installed and a 50-ampere 
power-supply cord is provided, allow 15 amperes per 
pha�c for air conditioning. ·· 

(3) Twenty-five pcrccm of currcm of largest motor in 
552.47(8) (2). 

(4) Total of nameplate amperes for disposal, dishwasher, 
water heater, clothes dryer, wall-moumcd oven, cooking 
unit�. \\-'here the number of these appliances exceed� 
three, u.�c 75 pcrccm of total. 

(5) Derive amperes for freestanding range (a� distinguished 
from separate ovens and cooking unit�) by dividing the 
follo"ing \'alucs by 240 volt� a� shmm in Table 552.47(8). 

(6) If oudct� or circuit� arc provided for odtcr than factory
installed appliances, include dtc anticipated load. 

Informational l'ote: See lnfmmative Annex D, Example 012, 
for an illustrdtion of the application of thi• calculation. 

(C) Optional Method of Calculation for Lighting and Appli
ance Load. For park trailers, dtc optional method for calculat
ing lighting and appliance load shown in 220.82 shall be 
permitted. 
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Table 552.47(8) Minimum Loads for Freestanding Electric 
Ranges 

Nameplate Rating (watts) 

0-10,000 
o,·er 10,000-12,500 
o,·er 12,500-13,500 
o,·er 13,500-14,500 
o,·er 14,500-15,500 
o,·er 15,500-16,500 
o,·er 16,500-17,500 

552.48 Wuing Methods. 

Use (volt-amperes) 

80 percent of rating 
8,000 
8,100 
8,800 
9,200 
9,600 

10,000 

(A) Wuing Systems. C-ables and raccv.'a)'S installed in accord
ance "ith Articles 320, 322, 330 through 340, 342 through 362, 
386, and 388 shall be permitted in accordance l\ith dtcir appli
cable article, except a� othcrnisc specified in this article. An 
cquipmcm grounding means shall be provided in accordance 
with 250.1 18. 

(B) Conduit and Tubing. \\-'here rigid metal conduit or inter
mediate metal conduit is terminated at an enclosure l\ith a 
locknut and bu8hing connection, two locknut� shall be prmi
dcd, one inside and one out�idc of the enclosure. All cut cncl� 
of conduit and tubing shall be reamed or odtcmisc finished to 
remove rough edges. 

(C) · Nonmetallic Boxes. Nonmetallic boxes shall be acceptable 
only "idt nonmetallic-sheathed cable or nonmetallic racc""ays. 

(D) Boxes. In walls and ceilings constructed of wood or other 
combu.�tiblc material, boxes and fittings shall be nu.�h l\ith the 
finished surface or project therefrom. 

(E) Mounting. Wall and ceiling boxes shall be moumcd in 
accordance "idt 314.23. 

Exception No. 1: S1UlJI-in-t_l'/W boXi's m· boXi's fnvvidP.d with sfH'cial waU 
m· ceiling bmcket� tlwt securely fasten boxes in wall� or ceilings slwU be 
pennitttd. 

Exception No. 2: A woodtn plate fnvviding a 38-mm ( Jllrin.) mini
mum lvidlh backing around tltt box and of a tlticknt.<is of 13 mm 
(� in.) m· gt"l'atn· (actual) attaclttd diTut�l' to tltt wall panel shaU be 
con.sidn"t'd as apt11vvtd 11ttans fm· mounting outlet boxt's. 

(F) Cable Sheath. The sheath of nonmetallic-sheathed cable, 
and the armor of metal-clad cable and Type AC cable, shall be 
continuous between outlet boxes and other enclosures. 

(G) Protected. Metal-clad, Type AC, or nonmetallic-sheathed 
cables and electrical nonmetallic tubing shall be permitted to 
pa'i.� through the ccmcrs of the \\ide side of 2 by 4 wood stud�. 
However, they shall be protected where they pa'i.� through 2 by 
2 wood studs or at other wood studs or frames where the cable 
or tubing would be lcs.� than 32 mm (1  Y.. in.) from the inside or 
out�idc surface. Steel plates on each side of the cable or tubing, 
or a steel tube, "ith not lcs.� than 1.35 mm (0.053 in.) v.'all 
thickncs.�, shall be installed to protect dtc cable or tubing. 
These plates or tubes shall be securely held in place. \\''here 
nonmetallic-sheathed cables pa'i.� through punched, cut, or 
drilled slot� or holes in metal members, the cable shall be 
protected by bushings or grommet� securely fa�tcncd in the 
opening prior to installation of the cable. 
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552.48 ARTI\..LE 552 - PARK TRAILERS 

(H) Cable Supports. Where connected l\ith cable connectors 
or clamps, cables shall be secured and supported "ithin 
300 mm (12 in.) of outlet boxes, panelboard�. and splice boxes 
on appliances. Support� and securing shall be prmidcd at 
intervals not exceeding 1.4 m ( 4\l.z ft) at other places. 

(I) Nonmetallic Box Without Cable Clamps. 1'\onmctallic
shcathcd cables shall be secured and supported within 200 mm 
(8 in.) of a nonmetallic outlet box without cable clamps. 
Where "iring dc\iccs with integral enclosures arc employed 
with a loop of extra cable to pcnnit future replacement of the 
device, the cable loop shall be considered as an integral 
portion of the dc,icc. 

(J) Physical Damage. \\'here su�cct to physical damage, 
exposed nonmetallic cable shall be protected by covering 
boarcl�. guard strips, raceways, or other means. 

(K) Receptacle Faceplates. �Ictal faceplates shall comply with 
406.6(A). Nonmetallic faceplates shall comply with 406.6(C). 

(L) Metal Faceplates Grounded. Where metal faceplates arc 
used, tl1cy shall be grounded. 

(M) Moisture or Physical Damage. \\'here outdoor or undcr
cha."l.�is wiring is 120 volts, nominal, or over and is exposed to 
moisture or physical damage, tl1c wiring shall be protected by 
rigid metal conduit, by intcnncdiatc metal conduit, by electri
cal metallic tubing, by rigid polyvinyl chloride conduit, by 
other raceways identified for the location, or by Type �() cable 
that is closely routed against frames and equipment enclosures 
or other raceway or cable identified for the application. 

(N) Component Interconnections. Fittings and connectors 
that arc intended to be concealed at the time of a."l.�cmbly shall 
be listed and identified for the interconnection of building 
components. Such fittings and connectors shall be equal to the 
"iring mctl1od employed in insulation, temperature rise, and 
fault-current witl1standing, and shall be capable of enduring 
the l-ibration and shock occurring in park trailers. 

(0) Method of Connecting Expandable Units. The method of 
connecting expandable unit� to the main body of the park 
trailer shall comply l\ith 552.48(0) (1)  and 552.48(0) (2) a.� 
applicable. 

(I) Cord-and-Plug Connected. \..ord�and-plug connections 
shall comply "itl1 552.48(0) ( l ) (a) through (O) ( I ) (d). 

(a) The portion of a branch circuit that is installed in an 
expandable unit shall be permitted to be connected to the 
portion of the branch circuit in the main body of the vehicle by 
means of an attachment plug and cord listed for hard usage. 
The cord and its connections shall comply "ith Part� I and II of 
Article 400 and shall be considered a.� a permitted usc under 
400.10. \\'here tl1c attachment plug and cord arc located "ithin 
the park trailer's interior, usc of pla.�tic thermoset or ela.�tomcr 
parallel cord Type SPT-3, SP-3, or SPE shall be permitted. 

(b) \\'here the receptacle prmidcd for connection of the 
cord to the main circuit is located on the outside of the park 
trailer, it shall be protected l\ith a ground-fault circuit inter
rupter for personnel and be listed for wet locations. A cord 
located on tl1c out�idc of a park trailer shall be identified for 
outdoor usc. 

(c) Unlcs.� removable or stored "ithin the park trailer 
interior, tl1c cord a.�scmbly shall have permanent prmisions for 
protection against corrosion and mechanical damage while the 
park trailer is in transit. 
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(d) The attachment plug and cord shall be installed so a.� 
not to permit exposed live attachment plug pins. 

(2) Direct Wu-es Connected. That portion of a branch circuit 
that is installed in an expandable unit shall be permitted to be 
connected to the portion of the branch circuit in the main 
body of the park trailer by means of flexible cord installed in 
accordance l\ith 552.48(0) (2) (a) through (0) (2) (f) or other 
approved \\iring method. 

(a) The flexible cord shall be listed for hard usage and 
for usc in wet locations. 

(b) The flexible cord shall be permitted to be exposed 
on the underside of the vehicle. 

(c) The flexible cord shall be permitted to pa."l.� through 
the interior of a wall or floor a."l.�cmbly or both a maximum 
concealed length of 600 mm (24 in.) before terminating at an 
outlet or junction box. 

(d) Where concealed, the flexible cord shall be installed 
in nonflcxiblc conduit or tubing that is continuous from the 
outlet or junction box inside the park trailer to a weatherproof 
outlet box, junction box, or stnlin relief fitting listed for usc in 
wet locations that is locatcc;l on tl1c underside of tl1c park 
trailer. The outer jacket of flexible cord shall be continuous 
into the outlet or junction box. 

(c) Where the flexible cord pa. ... �s tluough the floor to 
an exposed area inqdc of the park trailer, it shall be protected 
by means of conduit and bushings or equivalent. 

(f) Where su�cct to physical damage, the flexible cord 
shall be. protected with RMC, I�lC, Schedule 80 PVC, rein
forced thermosetting resin conduit (RTRC) listed for exposure 
to phy!lical damage, or other approved means and shall extend 
at lca.'it 150 mm (6 in.) above tl1c floor. A means shall be prmi
dcd to secure the flexible cord where it enters the park trailer. 

(P) Prewiring for Air-Conditioning Installation. Prc"iring 
installed for the purpose of facilitating future air-conditioning 
installation shall comply with the applicable portions of this 
article and the follm\ing: 
(1) 

(2) 

(3) 

(4) 

An ovcrcurrcnt protective dc'l'icc l\ith a rating compatible 
with the circuit conductors shall be installed in the panel
board and wiring connections completed. 
The load end of the circuit shall tcnninatc in a junction 
box with a blank cover or other listed enclosure. \\'here a 

junction box with a blank cover is used, the free end� of 
the conductors shall be adequately capped or taped. 
A safctv label "itl1 the word WAR:"'I:"'G in minimum 
6 mm '(l� in.) high letters and body text in minimum 
3 mm (Y,; in.) high letters on a contra.�ting background 
shall be affixed on or adjacent to the junction box and 
shall read a.� follows: 

WARJ'\ING 
AIR-COJ'\DITIONI:"'G CIRCUIT. 

THIS COJ'\:"'ECTIOJ'\ IS FOR AIR CO:"'DITIONERS 
RATED 1 10-125-VOLT AC, 60 HZ, 

AMPERES MAXIMC�l. 
DO :"'OT EXCEED CIRCUIT RATI:"'G. 

EXCEEDI:"'G THE CIRCUIT RATING �lAY 
CAl:SE A FIRE A-'ID RESULT I:"! 

DEATH OR SERIOl:S I:"'JURY 

An ampere rating not to exceed 80 percent of tl1c circuit 
rating shall be legibly marked in the blank space. 
The circuit shall serve no oilier purpose. 
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ARTI\..LE 552 - PARK TRAILERS 552.56 

(Q) Prewiring for Other Circuits. Prc\\iring installed for the 
purpose of installing other appliances or devices shall comply 
with dtc applicable portions of this article and the follm\ing: 

(1)  An ovcrcurrcnt protection dc'l'icc with a rating compati
ble with the circuit conductors shall be installed in the 
panelboard with wiring connections completed. 

(2) The load end of the circuit shall tcnninatc in a junction 
box "id1 a blank cover or a device listed for the purpose. 
\\'here a junction box with blank cover is used, the free 
cndo; of the conductors shall be adequately capped or 
taped. 

(3) A safety label with the signal word WAR.'IIJ'\G in mini
mum 6 mm (� in.) high letters and body text in mini
mum 3 mm (Y,. in.) high letters on a contrasting 
background shall be affixed on or adjacent to the junc
tion box or de, icc listed for dtc purpose and shall read as 
follows: 

WARJ'\ING 
THIS CONl'\ECfiON IS FOR __ RATED __ VOLT AC, 

60 HZ, __ A.\1PERES MAXIMl:M. DO 1'\0T EXCEED 
CIRCUT RATING. EXCEEDIJ'\G THE CIRCUIT RATI:"'G 

MAY CAl:SE A FIRE A:"'D RESULT IN DEATH OR SERIOUS 
Il'\jl:RY. 

An ampere rating not to exceed 80 percent of the circuit 
rating shall be legibly marked in the blank space. 

552.49 Maximum Number of Conductors in Boxes. The maxi
mum number of conductors permitted in boxes shall be in 
accordance "id1 314.16. 

552.50 Grounded Conductors. The identification of grounded 
conductors shall be in accordance with 200.6. 

552.51 Connection of Terminals and Splices. Conductor spli
ces and connections at terminals shall be in accordance with 
110.14. 

552.52 Switches. Switches shall be rated as required by 
552.52(A) and (B). 

(A) Lighting Circuits. For lighting circuit-;, S\\itchcs shall be 
rated not lcs.o; than 10 amperes, 120/125 vohs, and in no case 
lcs.o; dtan the connected load. 

· 

(B) Motors or Other Loads. For motors or other loado;, 
S\\itchcs shall have ampere or horsepower ratings, or bod1, 
adequate for load-; controUcd. (An ac general-usc snap S\\itch 
shall be pennittcd to control a motor 2 hp or lcs.o; with full-load 
current not over 80 percent of the switch ampere rating.) 

(C) Location. Switches shall not be installed within wet loca
tions in tub or shower spaces unlcs.o; installed as part of a listed 
tub or shower ao;sembly. 

552.53 Receptacles. All receptacle outlet-; shall be of the 
grounding type and installed in accordance with 210.21 and 
406.4. 

552.54 Luminaires. 
(A) General. Any combustible wall or ceiling finish exposed 
between the edge of a canopy or pan of a luminairc or ceiling 
suspended (paddle) fan and the oudct box shall be covered 
with noncombustible material or a material identified for the 
purpose. 
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(B) Shower Luminaires. If a luminairc is prmidcd over a bath
tub or in a shower stall, it shall be of the enclosed and gao;kctcd 
type and listed for the type of installation, and it shall be 
ground-fault circuit-interrupter protected. 

(C) Outdoor Oudets, Luminaires, Air-Cooling Equipment, and 
So On. Outdoor luminaires and odtcr equipment shall be 
listed for outdoor usc or wet locations. 

552.55 Grounding. (Sec also 552.57 on bonding of non
current-carrying metal parto;.) 

(A) Power-Supply Grounding. The equipment grounding 
conductor in dtc supply cord or feeder shall be connected to 
the equipment grounding bus or other approved equipment 
grounding means in the panelboard. 

(B) Panelboard. The panelboard shall have an equipment 
grounding bus \\ith sullicicnt terminals for all equipment 
grounding conductors or odtcr approved grounding means. 

(C) Insulated Grounded Conductor. The grounded circuit 
conductor shall be insulated from dtc equipment grounding 
conductors and from equipment enclosures and other groun
ded part-;. The gtmmdcd circuit conductor terminals in the 
panelboard and in ranges, clothes dryers, counter-mounted 
cooking unitS, and wall-mounted ovens shall be insulated from 
the cquip!ncnt enclosure. Bonding screws, straps, or buses in 
the panclboard or in appliances shall be removed and discar
ded. C'..onncction of electric ranges and electric clothes dryers 
utilizing a grounded conductor, if cord-connected, shall be 
made with 4-conductor cord and 3-polc, 4-wirc, grounding-type 
plug caps and receptacles. 

552.56 Interior Equipment Grounding. 

(A) Exposed Metal Parts. In the electrical system, all exposed 
metal parto;, enclosures, frames, luminairc canopies, and so 
forth, shall be effectively bonded to the grounding terminals or 
enclosure of the panelboard. 

(B) Equipment Grounding Conductors. Bare conductors or 
conductors with insulation or indi'l'idual covering that is green 
or green with one or more yellow stripes shall be used for 
equipment grounding conductors only. 

(C) Grounding of Electrical EquipmenL \\'bcrc grounding of 
electrical equipment is specified, it shall be permitted as 
follows: 

(1)  \..onncction of metal raceway (conduit or electrical metal
lic tubing) , the sheath of Type MC and Type MI cable 
where the sheath is identified for grounding, or the 
armor of Type AC cable to metal enclosures. 

(2) A connection between the one or more equipment 
grounding conductors and a metal box by means of a 
grounding screw, which shall be used for no other 
purpose, or a listed grounding device. 

(3) The equipment grounding conductor in nonmetallic
sheathed cable shall be permitted to be secured under a 
screw threaded into the luminairc canopy odtcr than a 
mounting screw or cover screw or attached to a listed 
grounding means (plate) in a nonmetallic oudct box for 
luminairc mounting (grounding means shall also be 
permitted for luminairc attachment screws) . 

(D) Grounding Connection in Nonmetallic Box. A connection 
between the one or more grounding conductors brought into a 
nonmetallic oudct box shall be arranged so dtat a connection 
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552.56 ARTI\..LE 552 - PARK TRAILERS 

can be made to any fitting or device in that box that requires 
grounding. 
(E) Grounding Continuity. Where more than one cquipmcm 
grounding conductor of a branch circuit cmcrs a box, all such 
conductors shall be in good elcclrical contact "ith each other, 
and the arrangcmcm shall be such dtal dtc disconnection or 
removal of a receptacle, fixture, including a luminairc, or other 
dc\icc fed from the box "ill not interfere "id1 or imcrrupl the 
grounding continuity. 
(F) Cord-Connected Appliances. \..ord-conncctcd appliances, 
such as washing machines, clodtcs dryers, refrigerators, and the 
electrical system of gas ranges, and so on, shall be grounded by 
means of an approved cord with equipment grounding 
conductor and grounding-type attachment plug. 
552.57 Bonding of Non-Current-Carrying Metal Parts. 

(A) Required Bonding. All exposed non-current-carrying 
metal part'i dtal arc likely to become energized shall be effec
tively bonded to the grounding terminal or enclosure of the 
panelboard. 
(B) Bonding Chassis. A bonding conductor shall be connec
ted between any panelboard and an acccs.'iiblc terminal on the 
chas.'iis. Bonding tcnninations shall be suitable for the cmiron
mcm in which the conductors and terminations arc installed. 
Exception: Any park trailer tlmt empln)•s a unitiud metal cha.uif-jrame 
constnution to which the panelboanl if secul'elJ ja.ftened with a bolt(s) 
and nut(s) m· b)• welding or riveting slmU be ron.fidell'd to be bonded. 

(C) Bonding Conductor Requirements. Grounding terminals 
shall be of the soldcrlcs.'i type and listed as prcs.'iurc terminal 
connectors recognized for the wire size used. The bonding 
conductor shall be solid or stranded, insulated or bare, and 
shall be 8 AWG copper minimum or cquivalcm. 
(D) Metallic Roof and Exterior Bonding. The metal roof and 
exterior covering shall be considered bonded where both of 
the follo"ing conditions apply: 
(1) The metal panels overlap one another and arc securely 

attached to the wood or metal frame part'i by metal 
fasteners. 

(2) The lower panel of the metal exterior covering is secured 
bv metal fasteners at each cross member of dtc chas.'iis, or 
the lower panel is connected to the cha'i.'iis by a metal 
strap. 

(E) Gas, Water, and Waste Pipe Bonding. The ga'i, water, and 
waste pipes shall be considered grounded if they arc bonded to 
the cha'i.'iis. 
(F) Furnace and Metal Air Duct Bonding. Furnace and metal 
circulating air duct'i shall be bonded. 
552.58 Appliance Accessibility and Fastening. Every appliance 
shall be accessible for inspection, service, repair, and rcplacc
mcm without removal of pcrmancm construction. Means shall 
be prmidcd to securely fa'ilcn appliances in place when the 
park trailer is in transit. 

552.59 Outdoor Oudets, FIXtures, Including Luminaires, Air
Cooling Equipment, and So On. 
(A) Listed for Outdoor Use. Outdoor fixtures, including 
luminaires, and equipment shall be listed for outdoor usc. 
Outdoor receptacle oudct'i shall be in accordance with 
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406.9(A) and (B). Sl\itchcs and circuit breakers installed 
outdoors shall comply l\ith 404.4. 
(B) Outside Heating Equipment, Air-Conditioning Equipment, 
or Both. A park trailer pro,idcd with a branch circuit designed 
to energize out'iidc heating equipment or air-conditioning 
cquipmcm, or both, located out'iidc the park trailer, other than 
room air conditioners, shall have such branch-circuit conduc
tors terminate in a listed oudct box or disconnecting means 
located on the out'iidc of dtc park trailer. A safety label with the 
word WAIU\11'\G in minimum 6 mm (� in.) high letters and 
body text in minimum 3 mm (Y,. in.) high letters on a contra'il
ing background shall be affixed l\ithin 150 mm (6 in.) from 
the listed box or disconnecting means and shall read a'i follows: 

WAIU\ING 
THIS CONJ'\ECTIOJ'\ IS FOR HEATING 

Al'\D/OR AIR-CONDITIOJ'\11'\G EQUP�lEl'\T. 
THE BRAJ'\CH CIRCUT lS RATED AT 1'\0T MORE THAN 

__ A�lPERES, AT __ VOLTS, 60 HZ, __ _ 

COJ'\DUCTOR AMPACITY. 
A DISCOl'\:"'ECfll'\G MEA:"'S SHALL BE 

LOCATED \\1THlN SIGHT OF THE EQUP�lEl'\T. 
EXCEEDI:"'G THE CIRCUIT RATI:"'G MAY CAUSE A FIRE 

Al'\D RESt)LT IN DEATH OR SERIOl:S 1:-.IJURY. 
The correct voitagc and ampere rating shall be given. 

Part V. ·Factory Tests 

552.60 Factory Tests (Electrical). Each park trailer shall be 
subjected to the test'i required by 552.60(A) and (B). 
(A) Circuits of 120 Volts or 120/240 Volts. Each park trailer 
designed "id1 a 120-volt or a 120/240-volt electrical system 
shall withstand the applied voltage l\ithoul electrical break
down of a 1 minute, 900-volt dielectric strcngd1 test, or a 
I second, 1080-volt dielectric strength test, l\ith all s"itches 
closed, between ungrounded and grounded conductors and 
the park trailer ground. During the test, all switches and other 
comrols shall be in the "on" position. Fixtures, including 
luminaires, and permanently installed appliances shall not be 
required to withstand this test. 

Each park trailer shall be sutMcctcd to the follm\ing: 
(1)  

(2) 

(3) 

(4) 

A continuity test to ensure dtal all metal part'i arc prop
crlv bondcd 
Operational tcst'i to demonstrate that all equipment is 
properly connected and in working order 
Polaritv chcck.'i to determine that connections have been 
propc�ly made 
Receptacles requiring GFCI protection shall be tested for 
correct function by the usc of a GFCI testing device 

(B) Low-Voltage Circuits. An operational test of low-voltage 
circuit'i shall be conducted to demonstrate that all cquipmcm 
is connected and in electrical working order. This test shall be 
performed in dtc final stages of production after all outer 
coverings and cabinetry have been secured. 
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ARTICLE 555 -�lARil'\AS, BOA1YARDS, AND COMMERCIAL A.'ID NOJ'\COMMERCIAL DOCKIJ'\G FACILITIES 555.14 

ARTICLE 555 
Marinas, Boatyards, Floating Buildings, 
and Commercial and Noncommercial 

Docking Facilities 

Part I. General 

555.1 Scope. This article covers the installation of wiring and 
cquipmcm in the area-; comprising fixed or floating piers, 
wharves, dock.-;, floating buildings, and other area-; in marina-;, 
boatyards, boat ba-;ins, boathouses, yacht dubs, boat condomin
iums, docking facilities a-;.-;ociatcd with one-family dwellings, 
two-family dwellings, multifamily dwellings, and residential 
condominiums; any multiple clocking facility or similar occu
pancies; and facilities dtal arc used, or imcndccl for usc, for the 
purpose of repair, bcrdting, launching, storage, or fueling of 
small craft and the moorage of floating buildings. 

Informational :'\ote No. 1 :  See l'FPA 303-2016, Fm Protwtion 
Standard for Marina.< ami Boatyards, for additional infmmation. 

Informational Note :'\o. 2: Where hoaL•, Hoating buildings, 
docks, and similar suuctures are connected to an electrical 
source or a supply of electricity, hazardou.• voltages and cun-enL• 
may create serious safety concen1s. 

Informational :'\ote No. 3: Text that is followed bv a reference in 
brackeL• ha• been extrdcted from l'FPA 303-2016, H" Protwtion 
Standard for Mari11as and Boatyards, and :'\FPA 307-2016, Stmulard 
for the Om.<lruction mui Fire Protection of Marill' Tenninal<, p;,rs, and 
WhalV'-<. Onl>· editorial changes were made to the extrdcted text 
to make it consistent "ith thi• (.ode. 

555.3 Electrical Datum Plane Distances. 

(A) Floating Piers. The electrical datum plane for floating 
piers and boat landing stages that is ( 1 )  installed to permit rise 
and fall response to water level and l\ithoul lateral movement, 
and (2) that arc so equipped that piers and landing stages can 
rise to the datum plane established for 555.3(B) or (C), shall 
be a horizontal plane 762 mm (30 in.) above the water level al 
the floating pier or boat landing stage <�nd a minimum of 
305 mm (12 in.) above the level of the deck. 

(B) Areas Subject to Tidal Fluctuadons. In land area-; su�ccl 
to tidal fluctuation, the electrical datum plane shall be a hori
zontal plane that is fl06 mm (2 fi) above the highest tide level 
for dtc area occurring under normal circumstances, ba-;cd on 
the highest high tide. 

(C) Areas Not Subject to Tidal Fluctuations. In land area-; not 
subject to tidal fluctuation, the electrical datum plane shall be 
a horizontal plane that is fl06 mm (2 fl) above the highest 
water level for the area occurring under normal circumstances. 

555.4 Location of Service EquipmenL The service cquipmcm 
for a floating building, dock, or marina shall be located on 
land no closer than 1.5 m (5 fl) horizontally from and adjaccm 
to the structure served, but not on or in the structure itself or 
any other floating structure. Sen-icc cquipmcm shall be elc\-a
lcd a minimum of 300 mm (12 in.) above dtc electrical datum 
plane. 

555.5 Maximum Voltage. Pier power distribution systems shall 
not exceed 250 volt-; pha-;c to pha-;c. Pier power distribution 
systems, where qualified personnel sen-icc dtc cquipmcm 
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under engineering supervision, shall be pcrmiucd to exceed 
250 volt-; but these systems shall not exceed f)()O volt-;. 

555.6 Load Calculations for Service and Feeder Conductors. 
General lighting and other loacl-; shall be calculated in accord
ance l\ith Part III of Article 220, and, in addition, the demand 
factors set forth in 220.120 shall be permiuccl for each sen-icc 
and/ or feeder circuit supplying receptacles that prmidc shore 
power for boat-;. 

555.7 Transformers. 

(A) General. Transformers and enclosures shall be identified 
for wet locations. The bouom of transformer enclosures shall 
not be located below the electrical datum plane. 

(B) Replacements. Transformers and enclosures shall be iden
tified for wet locations where replacement-; arc made. 

555.8 Marine Hoists, Railways, Cranes, and Monorails. Motors 
and controls for marine hoists, raih\'a)'S, cranes, and monorails 
shall not be located below the electrical datum plane. \\'here it 
is necessary to prmidc electric power to a mobile crane or hoist 
in the yard and a trailing cable is utilized, it shall be a listed 
portable power cable;: rated for the conditions of usc and be 
prmiclcd with an outer jacket of distinctive color for safety. 

555.10 Signage. Pcnnancnl safety signs shall be installed to 
give notice of electrical shock hazard risks to persons using or 
Sl\imming ncar a docking facility, boat)-arcl, or marina and shall 
comply \\ith all of the follm\ing: 

(1) The signagc shall comply l\ith l 10.21 (B) ( l )  and be of 
sufiicicnl durability to l\ithstancl thc cmironmcnt. 

(2) The signs shall be dearly visible from all approaches to a 
marina, clocking facilit)', or boat)'arcl facilit)'. 

(3) The signs shall stale KWARJ'\Il'\G - POTEJ'\TIAL SHOCK 
HAZARD ELECTRICAL CL'RREJ'\TS �lAY BE 
PRESENT 11'\ THE WATER." 

555.11 Motor Fuel Dispensing Stations - Hazardous (Classi
fied) Locations. Electrical \\iring and cquipmcm located al or 
scn-ing motor fuel dispensing locations shall comply l\ith Arti
cle 514 in addition to the requirement-; oflhis article. 

555.12 Repair Facilities - Hazardous (Classified) Locations. 
Electrical wiring and cquipmcm located al facilities for the 
repair of marine craft containing flammable or combtL-;tiblc 
liquids or ga-;cs shall comply "ith Article 51 1 in addition to the 
requirement-; of dtis article. 

555.13 Bonding of Non-Current-Carrying Metal Parts. All 
metal part-; in contact with the \\'alcr, all metal piping, and all 
non-current-carrying metal part-; that arc likely to become 
energized and that arc not connected to a branch circuit or 
feeder cquipmcm grounding conductor, shall be connected to 
the grounding btL-; in the panelboarcl using solid copper 
conductors; insulated, covered, or bare; not smaller than 8 
AWG. \..onncctions to bonded part-; shall be made in accord
ance l\ith 250.8. 

555.14 Equipotential Planes and Bonding of Equipotential 
Planes. An equipotential plane shall be installed where 
required in this section to mitigate step and touch voltages al 
electrical cquipmcm. The part-; specified in this section shall 
be bonded together and to the electrical grounding system. 
The bonding conductor shall be solid copper conductors; insu
lated, covered, or bare; not smaller than 8 AWG. 
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555.14 ARTICLE 555 - �lARil'\AS, BOA1YARDS, AND CO�l�lERCIAL A.'ID NOl'\COMMERClAL DOCKIJ'\G FACILITIES 

(A) Areas Requiring Equipotential Planes. Equipotential 
planes shall be installed adjacclll to all outdoor service cquip
mclll or disconnecting means that comrol cquipmcm in or on 
water where the follo"ing conditions exist: 

(1) Where the system voltage exceeds 250 volts to ground 
(2) Where dtc cquipmcm is located within 3 m  (10 ft) of the 

body of water 

The equipotential plane shall include all metallic enclosures 
and comrols that arc likely to become energized and arc acces
sible to personnel. The cquipotcmial plane shall cncompa'i.� 
the area around the cquipmcm and shall extend from dtc area 
directly below the cquipmcm out not lcs.� dtan 900 mm (36 in.) 
in all directions from which a person would be able to stand 
and come in contact with dtc cquipmcm. 

(B) Areas Not Requiring Equipotential Planes. Equipotential 
planes shall not be required for the comrollcd utilization 
cquipmcm on dtc docking facility or floating building supplied 
by the sen-icc equipment or disconnecting means. 

555.15 Replacement of Equipment. \\'hen modifications or 
replacements of electrical enclosures, devices, or "iring mcth
ocl� arc ncccs.�ry on a docking facility, they shall be required to 
comply l\ith the requirement� of dtis Code, and the installation 
shall require an inspection of the circuit. Existing cquipmcm 
that ha� been damaged shall be identified, documented, and 
repaired by a qualified person to the minimum requirement� 
of the edition of this Code to which it was originally installed. 

Informational Note: l'FPA 303-2021, Fire Protwtinn Standard for 
Marinas ami Boatyard.<, is a resource for guiding the electrical 
inspection of a marina. 

Part D. Marinas, Boatyards, and Docking Facilities 

555.30 Electrical Equipment and Connections. 

(A) General. All electrical component� within electrical cquip
mcm (excluding \\iring method�) and connections not imcn
dcd for operation while submerged shall be located at lca�t 
305 mm (12 in.) above dtc deck of a fixed or floating structure, 
but not below the electrical datum plane. Conductor splices, 
"ithin junction boxes identified for wet locations, utilizing 
sealed "ire connector systems listed and identified for submer
sion shall be required for floating structures where located 
above the waterline but below the electrical datum plane. 

(B) Replacements. Replacement electrical connections shall 
be located at lca�t 305 mm (12  in.) above the deck of a floating 
or fixed structure. Conductor splices, within junction boxes 
idcmificd for wet locations, utilizing scaled wire connector 
systems listed and identified for submersion shall be required 
where located above dtc waterline but below the electrical 
datum plane. 

555.31 Electrical Equipment Enclosures. 

(A) Securing and Supporting. Electrical equipment enclosures 
installed on piers above deck level shall be securely and 
substantially supported by structural members, independent of 
any conduit connected to them. If enclosures arc not attached 
to mounting surfaces by means of external cars or lugs, the 
internal screw head� shall be scaled to prevent seepage of water 
through mounting holes. 

(B) Location. Electrical equipment enclosures on piers shall 
be located so a� not to imcrfcrc with mooring lines. 
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555.32 Circuit Breakers, Switches, Panelboards, and Marina 
Power Outlets. Circuit breakers and switches installed in ga�kc
tcd enclosures shall be arranged to permit required manual 
operation without exposing the interior of the enclosure. All 
such enclosures shall be arranged "ith a weep hole to 
discharge condensation. 

555.33 Receptacles. Receptacles shall be moumcd not lcs.� 
than 305 mm ( 12 in.) above the deck surface of the pier and 
not below the electrical datum plane on a fixed pier. 

(A) Shore Power Receptacles. 

(1) Enclosures. Receptacles intended to supply shore power to 
boat� shall be enclosed in listed marina power oudct�, enclo
sures listed for wet locations, or shall be installed in listed 
enclosures protected from the weather. The integrity of the 
a�sembly shall not be affected when the receptacles arc in usc 
"ith any t}pc of booted or nonbootcd attachment plug/cap 
inserted. 

(2) Strain Relief. �leans shaD be provided where ncccs.�ary to 
reduce dtc strain on dtc .· plug and receptacle caused by the 
weight and catenary angle of.thc shore power cord. 

(3) Branch Circuits. Each single receptacle that supplies shore 
power to boat� shaD be supplied from a marina power oudct or 
panelboard by. an individual branch circuit of the voltage cla'i.� 
and rating corresponding to the rating of dtc receptacle. 

Informational :'\ote: Suppl�ing receptacles at ,·oltages other 
than the·voltages marked on the receptacle may cau.� overheat
ing or malfunctioning of connected equipment, for example, 
supplying single-pha.�. 120/240-volt, 3-wire loads from a 208Y/ 
120-\'l>lt, 3-\,ire source. 

(4) Ratings. Shore power for boat� shall be provided by single 
receptacles rated not lcs.� than 30 amperes. 

Informational Note: See l'FPA 303-2016, Fire Protl'rtion Stamlard 
for Marina.< and BoatJarrl.<, for locking- and grounding-type recep
tacles for auxiliary power to boaL•. 

(a) Receptacles rated 30 amperes and 50 amperes shall 
be of the locking and grounding t}pc. 

lnformational l'ote: See A.'\SI/l'E�·L\ WD 6-2016, Wiri•��rDeuices 
- Dimen.<ional Specif�eation.<, for �•uiou.• conligurdtions and 
ratings of locking- and grounding-type receptacles and caps. 

(b) Receptacles rated 60 amperes or higher shall be of 
the pin and sleeve t}pc. 

Informational l'ote: See ANSI/t.:L 1686, UI. Standard for SafofJ 
Pin and .'>/uve Configuration.<, for valiou.• configurations and 
ratings of pin and sleeve receptacles. 

(B) Other Than Shore Power. Receptacles odtcr dtan those 
supplying shore power to boat� shall be permitted to be 
enclosed in marina power oudct� with the receptacles that 
provide shore power to boat�, prmidcd the receptacles arc 
marked to clearly indicate that the receptacles arc not to be 
used to supply power to boat�. 

(C) Replacement Receptacles. The requirement� in 555.33 
shall apply to the replacement of marina receptacles. 

l'\.-\TJO:'\AL ELEGJ'RJC-\1. CODE 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 555 -�lARil'\AS, BOA1YARDS, AND COMMERCIAL A.'ID NOJ'\COMMERCIAL DOCKIJ'\G FACILITIES 555.35 

555.34 Wuing Methods and Installation. 

(A) Wuing Methods. 

(1) General. Wiring mcthocl'i of Chapter 3 shall be permitted 
where identified for usc in wet locations and shall contain a 
wire-type insulated equipment grounding conductor. 

(2) Portable Power Cables. Extra-hard usage cord and extra
hard usage portable power cables rated not lcs.'i than 75•c 
(167.F) and 600 volts, listed for usc in the environment "ithin 
which it is installed, shall be permitted a'i follows: 

( 1 )  A'i permanent \\iring on the underside of piers (floating 
or fixed) 

(2) Where flexibility is necessary a'i on piers composed of 
floating sections 

(B) Installation. 

(1) Overhead Wuing. Overhead \\1rmg shall be installed to 
avoid pos.'iiblc contact "idt ma'it'i and other part'i of boats being 
moved in dtc yard. 

Conductors and cables shall be routed to avoid wiring closer 
than 6.0 m (20 ft) from the outer edge or any portion of the 
yard that can be used for mming vcs.'iCis or stepping or unstcp
ping ma'it'i. 

(2) Outdoor Branch Circuits and Feeders. Multiple feeders 
and branch circuit'i shall be permitted and clearances for over
head branch-circuit and feeder "iring in locations of the boat
yard other dtan those described in 555.34(8) ( 1 )  shall be 
located not less than 5.49 m ( 1 8 ft) above grade. Only Pan I of 
Article 225 shall apply to marina installations. 

(3) Portable Power Cables. 
(a) \\'here portable power cables arc permitted by 

555.34(A) (2) , dtc installation shall comply "ith dtc following: 

( 1 )  \..ablcs shall be properly supponccl. 
(2) \..ablcs shall be located on the underside of the pier. 
(3) \..ablcs shall be securely fa'itcncd by nonmetallic dips to 

structural members other dtan the deck planking. 
(4) \..ablcs shall not be installed where su�cct to physical 

damage. 
(5) \\'here cables pa'i.'i through structurafmcmbers, dtcy shall 

be protected against chafing by a permancndy installed 
oversized sleeve of nonmetallic J'natcrial. 

(b) \\'here portable power cables arc u.'iCd a'i permitted 
in 555.34(A) (2) (2), there shall be a junction box of corrosion
resistant construction "idt permanently installed tcnninal 
blocks on each pier section to which the feeders and feeder 
extensions arc to be connected. A listed marina power oudct 
cmplo}'ing terminal block.'i/bars shall be permitted in lieu of a 

junction box. Metal junction boxes and covers, and metal 
screws and part'i that arc exposed externally to the boxes, shall 
be of corrosion-resistant materials or protected by material 
resistant to corrosion. 

(4) Protection. Rigid metal conduit, intermediate metal 
conduit, reinforced thcnnosctting resin conduit (RTRC) listed 
for aboveground usc, or rigid pol}""inyl chloride (PVC) conduit 
suitable for the location shall be used to protect wiring to a 
point at lca'it 2.5 m (8 ft) above dock.'i, dcck.'i of piers, and land
ing stages. The conduit shall be connected to the enclosure by 
full standard thrcad'i or fittings listed for U.'ic in damp or wet 
locations, a'i applicable. 
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555.35 Ground-Fault Protection of Equipment (GFPE) and 
Ground-Fault Circuit Interrupter. For other than floating 
buildings, ground-fault protection for docking facilities shall be 
prmiclcd in accordance with 555.35(A) through (D). 

(A) Feeder. Listed GFPE, rated not more than 100 milliam
peres, shall be prmidcd for feeders installed on docking facili
ties. Coordination "ith downstream GFPE shall be permitted at 
the feeder ovcrcurrcnt protective clc'l'icc. 

Exception: Transformer secondat)' ronductm:� of a .wparalt�V detived 
systtm that do not exctl'.d 3 m (10 fl) mul are installP.d in a raceway 
shall be Jmmitted to be installed without gmundfault fnvt«tion. 

This exception shall alm afr!J�V to the sufr!J�V ter11tinal� of tltt equip
ment .mpplitd by the transformer suondary conducto1-s. 

(B) Branch-Circuits. 

(1) Receptacles Providing Shore Power. Listed GFPE, rated 
not more than 30 milliamperes. shall be prmidccl for recepta
cles installed in accordance lllith 555.33(A) . 

(2) Oudets for Other �an Shore Power. Oudcts supplied by 
branch circuits not exceeding 150 volts to ground and 60 
amperes, single pha<ic, and 150 volts or less to ground, 100 
amperes or lesS, ilircc pha'iC, shall be provided "ith GFCI 
protection for personnel. 

Exception to (B): Low-voltage circuits not 11'lflti1ing gmmuling, not 
I!XCI!t!ding the low-voltage contact limit and .�upplitd by listl'.d tmnsfonn
m or powtr sufr!Jlits that comply with 680.23(A)(2)shall be pennitted 
to be installed without gmutulfault pmtPctifm. 

(C) Boat Hoists. GFCI protection for personnel shall be prmi
clcd for outlct'i not exceeding 240 volts that supply a boat hoist 
installed at clocking facilities. GFCI protected receptacles for 
other than shore power shall be permitted to supply boat 
hoists. 

(D) Leakage Current Measurement Device. \\'here more than 
three receptacles supply shore power to boat'i, a listed leakage 
current mca'iurcmcnt device for usc in marina applications 
shall be available and be U.'iccl to determine leakage current 
from each boat that "ill utilize shore power. The listing 
requirement for the leakage current mca'iurcmcnt device for 
usc in marina applications shall become effective January 1 ,  
2026. 

Informational :'\ote No. 1: Leakage current mea•urement \\ill 
prmide the capability to determine when an indhidual boat ha• 
defective \\iring or other problems conuibuting to hazardotL• 
n>ltage and cunent. The lL� of a test de,ice \\ill allow the 
fdcility operator to identity a boat that i� creating problems. In 
some ca�s a single boat could cau.w an upstream GFPE de, ice 
protecting a feeder to operdte even though multiple boaL• are 
supplied from the same feeder. The u.� of a test de\·ice \\ill help 
the facility operator prevent a particular boat from contrihuting 
to ha1.ardous n>ltage and current in the marina area. 

Informational :'\ote No. 2: An annual test of each boat \\ith the 
leakage current mea•urement de\ice is a prudent step toward 
determining if a boat ha• defecti,·e \\iring that could be contri
buting ha1.ardous n>ltage and cunent. Where the leakage 
current mea�urement de,ice reveal� that a boat i� contrihuting 
hazardou.� n>ltage and current, repairs should be made to the 
boat before it is pennitted to utilize shore power. 

Exception: Whe11' tltt slwlf! pmvn· tquiJmlent includts a IP.akage indica
tm· and IP.akage alann, a sepamte leakage te.�t devire sllaU not be 
Tequitf!d. 

70-529 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



555.36 ARTICLE 555 - �lARil'\AS, BOA1YARDS, AND CO�l�lERCIAL A.'ID NOl'\COMMERClAL DOCKIJ'\G FACILITIES 

555.36 Disconnecting Means for Shore Power Connection(s). 
Disconnecting means shall be prmidcd to isolate each boat 
from iLo; supply conncction(s). 

(A) Type. The disconnecting means shall consist of a circuit 
breaker, Sl\itch, or both, and shall be properly identified ao; to 
which receptacle it controls. 

(B) Location. The disconnecting means shall be readily acces
sible, located not more than 762 mm (30 in.) from the recepta
cle it controls, and located in the supply circuit ahead of the 
receptacle. Circuit breakers or s"itchcs located in marina 
power outlcLo; compl}'ing with this section shall be permitted ao; 
the disconnecting means. 

(C) Emergency Electrical Disconnect. Each marina power 
outlet or enclosure tltat prol-idcs shore power to boaLo; shall be 
prmidcd with a listed emergency shutoff del-icc or electrical 
disconnect that is dearly marked "Emergency Shutotr' in 
accordance "itl1 l 10.22(A). The emergency shutoff device or 
electrical disconnect shall be within sight of the marina power 
outlet or otltcr enclosure that prmidcs shore power to boaLo;, 
readily acccs.o;iblc, externally operable, manually rcscttablc, and 
listed for usc in wet locations. The emergency shutoff dc'l'icc or 
electrical disconnect shall de-energize the power supply to all 
circuiLo; supplied by the marina power outlct(s) or cndosurc(s) 
that prmidc shore power to boaLo;. A circuit breaker handle 
shall not be used for this purpose. 

555.37 Equipment Grounding Conductor. 

(A) Equipment to Be Connected to Equipment Grounding 
Conductor. The follm\ing items shall be connected to an 
equipment grounding conductor run with the circuit conduc
tors in tltc same raceway, cable, or trench: 

(1)  Metal boxes, metal cabincLo;, and all otltcr metal enclo-
sures 

(2) �Ictal frames of utilization equipment 
(3) Grounding terminals of grounding-type receptacle.<� 

(B) Type of Equipment Grounding Conductor. An equipment 
grounding conductor shall be of tltc "ire-type, in.o;ulatcd, and 
sized in accordance "ith 250.122 but not smaller than 12 AWG. 

(C) Feeder Equipment Grounding Conduc.tor. ·\\'here a feeder 
supplies a remote panelboard or other dio;tribution equipment, 
an insulated equipment grounding conductor shall extend 
from a grounding tcnninal in the senicc to a grounding termi
nal and busbar in the remote panelboard or other distribution 
equipment. 

(D) Branch-Circuit Equipment Grounding Conductor. The 
insulated equipment grounding conductor for branch circuiLo; 
shall terminate at a grounding terminal in a remote panel
board, in other distribution equipment, or in the main scnicc 
equipment. 

(E) Cord-and-Plug-Connected App6ances. Unlcs.o; double
insulated, cord-and-plug-connected appliances shall be groun
ded by means of an equipment grounding conductor in the 
cord and a grounding-type attachment plug. 

Exception: An equipment gmunding conductm· shall be permitted to be 
uninsulattd if a pm·t of a listed rable a.'i.w�rnh�l' identified for tile envi
nmment and not subject to atmospheres m· envimnmmts .�ucll a.�, but 
not limilP.d to, stonn water ba.�im, stwagP- treatment ponds, mul natu
ral bodies of water rontaining salt wate1: 

70-530 

555.38 Luminaires. 
(A) General. All luminaires and retrofit kiLo; shall be listed and 
identified for usc in their intended environment. Luminaires 
and their supply connections shall be sccurcd to structural 
elcmcnLo; of the marina to limit damage from watercraft and 
prevent entanglement of and interaction with sea life. 

(B) Underwater Luminaires. Luminaires installed below the 
highest high tide level or electrical datum plane and likely to 
be periodically submersed shall be limited to those luminaires 
that comply "ith the follm\ing: 

(1)  Identified ao; submersible 
(2) Operate below the low-voltage contact limit defined in 

Article 100 
(3) Supplied by an isolating transfonncr or power supply in 

accordance "itl1 680.23(A) (2) 

Part Ill. Floating Buildings 
.· 

555.50 Service Conductors. One set of service conductors 
shall be permitted to serve more than one set of senicc equip
ment. 

555.51 Feeder Conductors. Each floating building shall be 
supplied by a single set of feeder conductors from iLo; scnicc 
equipment. · 

Exception: lVhell' the floating building ha.� multiJJie orcupanC)� Pm:h 
occupant shall be permitlP.d to be supplied by a .�ingle set of feeder 
conduclo1:� extendtd fmm tile orcupant �� service P,quiJnnmt to the occu
pant :f Jlantlboard. 

555.52 InstaUation of Services and Feeders. 

(A) Flexibility. Flexibility of the wiring system shall be main
tained between floating buildings and tltc supply conductors. 
All wiring shall be installed so that motion of tltc water surface 
and changes in tltc water level will not result in unsafe concli
tions. 

(B) Waring Methods. Liquidtight flexible metal conduit or 
liquidtight flexible nonmetallic conduit with approved fittings 
shall be permitted for feeders and where flexible connections 
arc required for services. Extra-hard usage portable power 
cable listed for both wet locations and sunlight resistance shall 
be permitted for a feeder to a floating building where flexibil
ity is required. Other raceways suitable for the location shall be 
permitted to be installed where flexibility is not required. 

555.53 Ground-Fault Protection. The main ovcrcurrcnt 
protective device that fccclo; the floating building shall have 
ground-fault protection not exceeding 100 rnA. Ground-fault 
protection of each individual branch or feeder circuit shall be 
permitted ao; a suitable alternative. Outdoor outlets, shore 
power outlcLo;, and boat hoists located at floating buildings shall 
comply l\ith 555.35(C) and (D). 

555.54 Grounding. Grounding at floating buildings shall 
comply l\ith 555.54(A) through (D) . 

(A) Grounding of Electrical and Nonelectrical Parts. Ground
ing of both electrical and nonelectrical pan-; in a floating build
ing shall be through connection to a grounding bus in the 
building panelboard. 

(B) Installation and Connection of Equipment Grounding 
Conductor. The equipment grounding conductor shall be 
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ARTICLE 590 -TEMPORARY 11'\STALLATIOJ'\S 590.4 

installed with dtc feeder conductors and connected to a 
grounding terminal in me sen-icc equipment. 

(C) Identification of Equipment Grounding Conductor. The 
equipment grounding conductor shall be an insulated copper 
conductor "id1 a continuous outer finish dtat is either green or 
green with one or more yellow stripes. For conductors larger 
than 6 A\VG, or where multiconductor cables arc used, rc
idcntification of conductors allowed in 250.1 19(B) (2)b. and 
(B) (2)c. shall be permitted. 

(D) Grounding Electrode Conductor Connection. The 
grounding tcnninal in dtc service equipment shall be groun
ded by connection through an insulated grounding electrode 
conductor to a grounding electrode on shore. 

555.55 Insulated Neutral. The grounded circuit conductor 
(neutral) shall be an insulated conductor identified in compli
ance "id1 200.6. The neutral conductor shall be connected to 
the equipment grounding terminal in the sen-icc equipment, 
and, except for that connection, it shall be insulated from me 
equipment grounding conductors, equipment enclosures, and 
all odtcr grounded part'i. The neutral conductor terminals in 
the panelboard and in ranges, clodtes dryers, counter-mounted 
cooking unit'i, and the like shall be insulated from the enclo
sures. 

555.56 Equipment Grounding. 

(A) Electrical Systems. All enclosures and exposed metal part'i 
of electrical systems shall be connected to me grounding bus. 

(B) Cord-Connected Appliances. Where required to be groun
ded, cord-connected appliances shall be grounded by means of 
an equipment grounding conductor in the cord and a 
grounding-type attachment plug. 

ARTICLE 590 
Temporary Installations 

590.1 Scope. The prolisions of mis article apply to temporary 
electric power and lighting installations. 

590.2 All Wuing InstaUations. 

(A) Other Articles. Except a'i specifically modified in dtis arti
cle, all odtcr requirement., of this Code for permanent "iring 
shall apply to temporary \\iring installations. 

(B) Approval. Temporary \\iring mcmod'i shall be acceptable 
only if approved ba'icd on me conditions of usc and any special 
requirement., of dtc temporary installation. 

590.3 Time Constraints. 

(A) During the Period of Construction. Temporary electric 
power and lighting installations shall be permitted during me 
period of construction, remodeling, maintenance, repair, or 
demolition of buildings, structures, equipment, or similar activ
ities. 

(B) 90 Days. Temporary electric power and lighting installa
tions shall be permitted for a period not to exceed 90 days for 
holiday decorative lighting and similar purposes. 
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(C) Emergencies and Tests. Temporary electric power and 
lighting installations shall be permitted during emergencies 
and for tcst'i, cxperimcnt'i, and developmental work. 

(D) Removal. Temporary \\iring shall be removed immediately 
upon completion of construction or purpose for which me 
"iring was installed. 

590.4 General. 

(A) Services. Services shall be installed in conformance wim 
Part'i I mrough \111 of Article 230, a'i applicable. 

(B) Feeders. Ovcrcurrcnt protection shall be prolidcd in 
accordance l\ith 240.4, 240.5, 245.26, 445.12, and 445.13. 
\.onductors shall be permitted "imin cable a'isemblics or 
wimin multiconductor corcl'i or cables of a type identified in 
Table 400.4 for hard usage or extra-hard usage. For me 
purpose of this section, the following "iring mcthod'i shall be 
permitted: 

(1 )  Type :"'M, Type N:\<lC, and Type SE cables shall be permit
ted to be used in ariy dwelling, building, or structure l\ith
out any height limitation or limitation by building 
construction typt and l\ithout concealment within walls, 
floors, or ceilings. 

(2) Type SE cable shall be permitted to be installed in a race-
way in an underground installation. 

Exception: .'nngle in.mlattd cmuluctm-s shall bt Jmmitltd where imtal
led fo!· the JIU!JJOse(s) sJII'Cijil'.d in 590.3(C) mul accessibk on{}· to quali
fied persons. 

(C) Branch Circuits. All branch circuit'i shall originate in an 
approved power oudct, switchgear, switchboard or panelboard, 
motor control center, or fused switch enclosure. Conductors 
shall be permitted l\ithin cable a'i.'icmblics or l\ithin multicon
ductor cord or cable of a type identified in Table 400.4 for hard 
usage or extra-hard usage. Conductors shall be protected from 
ovcrcurrcnl a'i prOlidcd in 240.4, 240.5, and 245.26. For me 
purposes of this section, the follm\ing "iring mcthocl'i shall be 
permitted: 

(1)  Type :"'M, Type NMC, and Type SE cables shall be permit
ted to be used in any dwelling, building, or structure l\ith
out any height limitation or limitation by building 
construction type and l\ithout concealment within walls, 
floors, or ceilings. 

(2) Type SE cable shall be permitted to be installed in a race-
way in an underground installation. 

Exception: Brandt cin:uits installed Jm· tile frmJmses .�pecifitd in 
590.3(8) or 590.3(C) shall ht /Jelmittl'.d to ht mn as single imulaltd 
conductm:�. lWum� tht wiring i� installed in accmrlanct with 590.3(8), 
tht voltagr' to gmmul shall not I'XCI'td 150 volts, tile wil"ing shall not ht 
.mbjPct to Jlby.�ical damagr', and tht condttctm-s shall bt supJ�mttd on 
insulatm:� at interval� of not 11WIP than 3.0 m ( 10 Jl); m; Jm"Jestoon 
lighting, tile conductm-s shall ht so al'ranged that txussivt stmin i� not 
transmittl'.d to tile lamplwldei"S. 

(D) Receptacles. 

(1) All Receptacles. All receptacles shall be of the grounding 
type. Unless installed in a continuous metal raceway mat quali
fies a'i an equipment grounding conductor in accordance wim 
2.50.1 1 8  or a continuous metal-covered cable that qualifies a'i 
an equipment grounding conductor in accordance wim 
2.50.1 1 8, all branch circuit'i shall include a separate equipment 
grounding conductor, and all receptacles shall be electrically 
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connected to the equipment grounding concluctor(s) . Recepta
cles on construction sites shall not be installed on anv branch 
circuit that supplies temporary lighting. 

· 

(2) Receptacles in Wet Locations. All 1!>- and 20-ampcrc, 125-
and 250-volt receptacles installed in a wet location shall comply 
with 406.9(8) (1 ) .  

(E) Disconnecting Means. Suitable disconnecting Sl\itchcs or 
plug connectors shall be installed to pcnnit the disconnection 
of all ungrounded conductors of each temporary circuit. :Multi
wire branch circuits shall be provided with a means to discon
nect simultaneously all ungrounded conductors at the power 
outlet or panelboard where the branch circuit originated. Iden
tified handle tics shall be permitted. 

(F) Lamp Protection. All lamps for general illumination shall 
be protected from accidental contact or breakage by a suitable 
luminairc or lampholdcr "itl1 a guard. 

Metal guarded sockcl"l shall not be used unless the metal 
guard is connected to the circuit equipment grounding 
conductor. 

(G) Splices. A box, conduit body, or other enclosure, l\ith a 
cover installed, shall be required for all splices. 

Exception No. 1: On constmction sites, a box, conduit bod_}� or other 
enclo.mre shall not be l1'-JfltiJ1'4 fm· either of the following cmulitions: 
(1) Tile circuit conductm:� being spliced m-e all from nonmetallic 

multiconductor cord or rable a.••semblies, Jmroided that the equip
ment grmmding continuity i� maintained with or withfmt the 
box. 

(2) Tile chcuit conductm-s being splired m-e all ftmn metal-sheathed 
cable a.uemblies termi1wted in li�ted fittings tlwt mechanically 
secu1-e till! cable sheath to maintain Pffictive e!Pcll"ical continuilJ. 

Exception No. 2: On constnu:tion sites, bmncil-circuit� tlwt m-e /Jel'IIUl
nent�}' installed in ft"amed walls and ceilings mul m-e used to .mpply 
temporal)" power or ligilting,and tlwt m-e GFC!JIIvtected, the folknuing 
shall be Jmmitted: 

( 1) A box cove1· shall 1wt be required fm· sJJlices installed completely 
in.�ide of junction boxes with pla.�ter lings. 

(2) Li�ted pigtail-t_}jll' LmnfJholdel:� shall be jiii'Tnitll'.d to be installed 
in ceiling-mounted junction boxes witlt fJlaster rings. 

(3) Finger safe devices slwU be Jmmitted for suptJ�}·ing and connec-
tifm of devices. 

(H) Protection from Accidental Damage. Flexible cords and 
cables shall be protected from accidental damage. Sharp 
corners and projections shall be avoided. \\'here pas."ling 
through doorways or other pinch poinl"l, protection shall be 
prm-iclcd to avoid damage. 

(I) Tennination(s) at Devices. Flexible cords and cables enter
ing enclosures containing devices requiring termination shall 
be secured to the box "ith fittings listed for connecting flexible 
cords and cables to boxes clesignccl for the purpose. 

0> Support. C'..ablc a"lscmblics and flexible cords and cables 
shall be supported in place at intervals that ensure that tltcy 
will be protected from physical damage. Support shall be in the 
form of staples, cable tics, straps, or similar type fittings instal
lccl so a"l not to cause damage. C-able a'l."lCmblics and flexible 
cord"l and cables installed a"l branch circuit"l or feeders shall not 
be installed on the floor or on the ground. Extension cord"l 
shall not be required to comply l\ith 590.4(1) . Vegetation shall 
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not be used for support of overhead spans of branch circuil"l or 
feeders. 

Exception: Fm· holiday lighting in accordance with 590.3(B), wlm-e the 
ronductm:� m· cables m-e arranged witlt stmin J1'liPf devices, ten.�ion 
take-uJI devices, m· ot/m· apJ11vved me.ans to avoid damagp ftmn the 
movement of the live vegetation, 11-ees shall be permitted to be used fm· 
.�uppo1t of overhead spans of brmu:h-cin:uit conductm:� m· cables. 

590.5 Listing of Decorative Lighting. Decorative lighting used 
for holiday lighting and similar purposes, in accordance with 
590.3(8), shall be listed and shall be labeled on the product. 

590.6 Ground-Fault Protection for Personnel. Ground-fault 
protection for personnel for all temporary \\iring installations 
shall be prmidccl to comply with 590.6(A) and (8). This 
section shall apply only to temporary \\iring installations used 
to supply temporary power to equipment used by personnel 
during construction, remodeling, maintenance, repair, or 
demolition of buildings, structures, equipment, or similar activ
ities. This section shall apply to power derived from an electric 
utility company or from an ori�litc-gcncratccl power source. 

(A) Receptacle Outlets. Temporary receptacle installations 
used to supply temporary power to equipment used by person
nel during consu:uction, remodeling, maintenance, repair, or 
demolition of buildings, structures, equipment, or similar activ
ities shall comply l\ith the rcquircmcnl"l of 590.6(A) (1) 
through (A) (3), a"l applicable. 

Exception: In indust1ial establi�hments only, whe11' cmulitions of main
tenanr.e and sufJ1!1-vi�ion en.mJ1' that on�}· qualified Jlt'l-sonnel m-e 
involved, an a.'l!iW1'4 I'-Jf1tiJ1711ent gmmuling cmultu:tm·JIIvgram as sJII'Ci
Jied in 590.6(Bj(2) shall be Jmmitted for on�}· tlm�e l"t!CI!/Jtacle outlet� 
used to suJJjl�}· equipment that would mate a gJ1'ater hazanl if power 
wn-e interrupted or lwving a design tlwt i� 1wt co-mJJatible witlt GFr.J 
protection. 

(1) Receptacle Outlets Not Part of Permanent Wiring. All 12:>
volt, singlc-pha"lC, 1!>-, 20-, and 30-ampcrc receptacle outlct"l 
that arc not a part of the permanent wiring of tltc building or 
structure and that arc in usc by personnel shall have ground
fault circuit-interrupter protection for personnel. In addition 
to this required ground-fault circuit-interrupter protection for 
personnel, listed cord sct"l or dcl'ices incorporating listed 
ground-fault circuit-interrupter protection for personnel iden
tified for portable usc shall be permitted. 

(2) Receptacle Outlets Existing or Installed as Permanent 
W"uing. Ground-fault circuit-interrupter protection for person
nel shall be prmidcd for all 12!>-volt, singlc-pha"lc, 1:>-, 20-, and 
30-ampcrc receptacle outlct"l installed or existing a"l part of the 
permanent wiring of the building or structure and used for 
temporary electric power. Listed cord scl"l or dc\iccs incorpo
rating listed ground-fault circuit-interrupter protection for 
personnel identified for portable usc shall be permitted. 

(3) Receptacles on 15-kW or less Portable Generators. All 12:>
volt and 125/250-volt, singlc-pha"lc, 15-, 20-, and 30-ampcrc 
receptacle outlct"l that arc a part of a 15-k W or smaller portable 
generator shall have listed ground-fault circuit-interrupter 
protection for personnel. All 15- and 20-ampcrc, 125- and 250-
volt receptacles, inducting tltosc that arc pan of a portable 
generator, used in a damp or wet location shall comply with 
406.9(A) and (8). Listed cord scl"l or devices incorporating 
listed ground-fault circuit-interrupter protection for personnel 
identified for portable usc shall be permitted for usc with 15-
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k W or less portable generators manufactured or remanufac
tured prior to January I ,  2015. 

(B) Other Receptacle Outlets. For temporary "iring installa
tions, receptacles, other than those covered by 590.6(A) (1) 
through (A) (3) used to supply temporary power to equipment 
used by personnel during construction, remodeling, mainte
nance, repair, or demolition of buildings, structures, or equip
ment, or similar activities, shall have protection in accordance 
with 590.6(8) (1)  or the ao;.�urcd equipment grounding conduc
tor program in accordance with 590.6(8) (2). 

(1) GFCI Protection. Ground-fault circuit-interrupter protec
tion for personnel. 

(2) Assured Equipment Grounding Conductor Program. A 
written ao;.�urcd equipment grounding conductor program 
continuously enforced at the site by one or more designated 
persons to ensure tltat equipment grounding conductors for all 
cord set�, receptacles tltat arc not a part of the permanent 
"iring of the building or structure, and equipment connected 
by cord and plug arc installed and maintained in accordance 
with tltc applicable requirement� of 250.114, 250.138, 
406.4(C), and 590.4(D) . 

(a) The following test� shall be performed on all cord 
set�, receptacles that arc not part of the permanent "iring of 
the building or structure, and cord-and-plug-connected equip
ment required to be connected to an equipment grounding 
conductor: 

(1) All equipment grounding conductors shall be tested for 
continuity and shall be electrically continuous. 

(2) Each receptacle and attachment plug shall be tested for 
correct attachment of the equipment grounding conduc
tor. The equipment grounding conductor shall be 
connected to it� proper terminal. 

(3) All required tcst"l shall be performed a"l follows: 

a. Before first usc on site 
b. When there is c'idcncc of damage 
c. Before equipment is returned to service following any 

repairs 
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d. At intervals not exceeding 3 months 
(b) The test� required in 590.6(8) (2) (a) shall be recor

ded and made a\-ailablc to the authority having jurisdiction. 

The ao;.�urcd equipment grounding conductor program shall 
be documented and made available to the authority ha,ing 
jurisdiction. 

Informational :'\ote: See OSHA 29 CFR 1910 and 1926 for 
requiremenL• for a.'l.•ured equipment grow1ding conductor 
programs. See :'\FPA 70B-2018, Standard for Ekctrical Safl't)" in the 
Workplace, for additional infonnation. 

590.7 Guarding. For "iring over 600 volt�, nominal, suitable 
fencing, barriers, or other effective means shall be prmidcd to 
limit access only to authorized and qualified personnel. 

590.8 Overcurrent Protective Devices. 

(A) Where Reused. Ovcrcurrcnt protective devices that have 
been previously used and arc installed in a temporary installa
tion shall be examined to ensure they have been properly 
installcdand properly maintained, and there is no evidence of 
impending failure. 

· 

Informational :'\ote:. See the foll<ming standards for funher 
infmmation for properly maintained equipment: 

( 1 )  :'\EMA AB 4,  Guidl'lini'S for bupection and Prromtive Main/,.. 
llll1ln ilf Moldwl..(' .a." Circuit Brroken Uswl in Cmmnm:ial and 
lndu.<trial.4pplication.< 

(2) NFPA 708, Rn:o111mendwl Practire for Ekrtrical EquiJnmmt 
Maintnzanre 

(3) :'\Bt•\ GD I, Evaluating Wall'r-Dama1{1111 Ev_ctrical Equipment 
( 4) IEEE 1458, IEEE RecOJmamdwl Prartia for the Sl'iection, Field 

1;.,;th11f, and Life Expectmuy of Molded-l.a.v Cirruit Brroken for 
lndu.<trial.4pplication.< 

(B) Service Overcurrent Protective Devices. Ovcrcurrcnt 
protective dc\iccs for solidly grounded wyc electrical services of 
more than ]50 volt� to ground but not exceeding 1000 volt� 
pha"l�to-pha"lC, available fault current greater than 10,000 
amperes, shall be current limiting. 
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Chapter 6 Special Equipment 

ARTICLE 600 
Electric Signs and Outline Lighting 

Part I. General 

600.1 Scope. This article covers the installation of conductors, 
cquipmcm, and field \�iring for electric signs, retrofit kit�, and 
outline lighting, regardless of voltage. All installations and 
cquipmcm using neon tubing, such as signs, decorative 
clement�, skeleton tubing, or art forms, arc covered by this arti
cle. 

Informational Note: Sign and oudine lighting illumination 
s�'Stem.• include, hut are not limited to, cold cathode neon 
t;thing, high-intensity di�harge lamps (HID), fluorescent or 
incandescent lamps, light-emitting diodes (LEOs), and electro
luminescent and inductance lighting. 

600.3 Listing. Fixed, mobile, or portable electric signs, section 
signs, outline lighting, photovoltaic (PV) powered signs, and 
retrofit kit�, rcgardlcs.� of voltage, shall be listed and labeled, 
prm-idcd with installation instructions, and installed in 
conformance "itl1 that listing, unless otllcrwisc approved by 
special pcrmis.�ion. 

(A) Field-Installed Skeleton Tubing. Field-installed skeleton 
tubing shall not be required to be listed where installed in 
conformance "ith tltis Code. 

(B) Outline Lighting. Outline lighting shall not be required to 
be listed as a system when it consist� of listed luminaires wired 
in accordance �itll Chapter 3. 

600.4 Markings. 

(A) Signs and Outline Lighting Systems. Signs and outline 
lighting systems shall be listed and labeled; marked "itl1 tile 
manufacturer's name, trademark, or otltcr means of identifica
tion; and input voltage and currcm rating. 

(B) Signs with a Retrofitted Wuminatioo System. Signs with a 
rctrofiucd illumination system shall contain tltc follo"ing: 

(1) The sign shall be marked that the illumination system has 
been replaced. 

(2) The marking shall include tltc kit prm-idcrs and installer's 
name, logo, or unique identifier. 

(3) Signs equipped with tubular light-emitting diode lamps 
powered by the existing sign socket� shall include a label 
alerting the senicc personnel that the sign ha� been 
modified. The label shall meet tile requirement� of 
1 10.21 (B). The label shall also include a warning not to 
install fluorcscclll lamps and shall also be visible during 
rclamping. 

(C) Signs with Lampholders for Incandescent Lamps. Signs 
and outline lighting systems with lampholdcrs for incandcscclll 
lamps shall be marked to indicate the maximum allowable 
lamp wattage per lampholdcr. The markings shall be perma
nently installed, in lcucrs at lca�t 6 mm (Y., in.) high, and shall 
be located where visible during relamping. 
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(D) VISibility. The markings required in 600.4(A) and listing 
labels shall be l'isiblc after installation and shall be permanently 
applied in a location visible prior to servicing. The marking 
shall be permiucd to be installed in a location not viewed by 
the public. 

(E) Installation Instructions. All signs, outline lighting, skele
ton tubing systems, and retrofit kit� shall be marked to indicate 
that field \\iring and installation instructions arc required. 

Exception: Pmtable, conl-cmmectl'.d signs 0:17! not IPquired to be marked. 

600.5 Branch Circuits. 

(A) Required Branch Circuit. Each commercial building and 
each commercial occupancy acccs.�iblc to pedestrians shall be 
prm-idcd "itl1 at lca�t one outlet hi an acccs.�iblc location at 
each cmrancc to each tcnal}tspacc for sign or outline lighting 
system usc. The outlct(s) sh�l be supplied by a branch circuit 
rated at lca�t 20 amperes tl1at supplies no other load. 

Exception No. 1: A sign or outline lighting outkt shall not be 1Pqui1f!d 
at tmtmnus for delitlf!lit'S, se111ice conidm-s, m· service hallways that 0:17! 
introdl'.d to be used otily by se111ice pmonnel m· emJI/oyt't's. 

Exception No. 2: The 11'quhed branch circuit simi/ be pennitted to 
.mpply lliads dilf!Ctly tf!latl'.d to the contml of the sign .�uch as e!Pctnmic 
m· elutronm:hanical contmlkt-s. 

(B) Marking. A disconnecting means for a sign, outline light
ing system, or controller shall be marked to identify the sign, 
outline lighting system, or controller it controls. 

Exception: An extemal disconnecting means tlmt is mounted on the 
.�ign body, sign enclosure, sign Jw/e, or controller shal1 1wt be 11'-Jflti11'4 to 
idmti[\· the sign or outline lighting .rystem it contml�. 

(C) Rating. Branch circuit� that supply signs shall be rated in 
accordance "itl1 600.5(C) ( I )  or (C) (2) and shall be considered 
to be continuous load� for the purposes of calculations. 

(1) Neon Signs. Branch circuit� tltat supply neon tubing instal
lations shall not be rated in execs.� of 30 amperes. 

(2) All Other Signs. Branch circuit� that supply all other signs 
and outline lighting systems shall be rated not to exceed 
20 ampercs. 

(D) Waring Methods. Wiring mctllocl� used to supply signs 
shall comply "itl1 600.5(D) ( I ) ,  (D) (2), and (D) (3). 

(1) Supply. The wiring mctllod used to supply signs and 
outline lighting systems shall terminate "itltin a sign, an 
outline lighting system enclosure, a suitable box, a conduit 
body, or panclboard. 

(2) Enclosures as Pull Boxes. 
(a) Listed and labeled electrical enclosures integral to 

tllc sign shall be pcrmiucd to be used for voltages up to 
600 volt� a� pull or junction boxes for conductors supplying tile 
follo"ing: 

(1) Otltcr adjacent signs 
(2) Outline lighting systems 
(3) Floodlight� tllat arc part of a sign 

(b) The enclosures in 600.5(0) (2) (a) shall be pcrmiucd 
to contain botl1 branch and secondary circuit conductors. 
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(c) Listed and labeled neon transformer boxes shall be 
permiued to contain multiple voltages over 1000 volts. A 
disconnecting means shall be prmided to de-energize all 
ungrounded conductors in the enclosures. 

(3) Metal or Nonmetallic Poles. Metal or nonmetallic poles 
used to support signs shall be permiued to enclose supply 
conductors. 

600.6 Disconnects. Each sign and oudine lighting system, 
feeder conductors, or branch circuits supplying a sign, oudine 
lighting system, or skeleton tubing shall be controlled by an 
externally operable s"itch or circuit breaker dtal opens all 
ungrounded conductors and controls no other load. Signs and 
oudine lighting systems located within fountains shall have me 
disconnect located in accordance l\ith 680.13. 

Exception No. 1: A disconnecting 11U'ans shall not be 71'quired fm· an 
exit directional sign located within a building. 

Exception No. 2: A disconnecting means shall not be Jl'quired for cmrl
conni'Cted signs with an attachment plug. 

Informational l'ote: The location of the disconnect is intended 
to allow senice or maintenance personnel and first responders 
complete and local control of the disconnecting means. 

(A) Location. The disconnecting means shall be acces.'iible 
and located in accordance l\idt 600.6(A) ( I ) ,  600.6(A) (2), or 
600.6(A) (3). If the disconnecting means is remote from me 
sign it controls, it shall comply with 600.6(A) (4). 

(1) Al Point of Entry to a Sign. The disconnect shall be loca
ted at me point the feeder circuit or branch circuiL'i supplying 
a sign or oudine lighting system enters a sign enclosure, a sign 
body, or a pole in accordance with 600.5(0) (3). The discon
nect shall open all ungrounded conductors where it enters rllc 
enclosure of me sign or pole. 

Exception No. 1: A difconmct shall not be 11'qui11'd fm· bmnf'.h rirruiLf 
m· feeder cmulttctm-s pa.'l.fing through the .fign where not acr.e.'l.fible and 
enclosed in a ClmJJlt!l. 3 listed mcewa_l' m· metal-jacketed cable identified 
fm· tlv localifm. 

Exception No. 2: A difconmcl shall not be 71'quiml at the point of entry 
to a sign mclo.fUJl! m· sign body for branch- cilr-uits m"Jeedt!r cmultulm-s 
that suptJ�l' an intemal JJanelboards in a sign enclo.m11' or .fign body. 
Tlv conductm-s shall be mclosl'.d wi���R not acce.'l.fibk in a ClmJJlel· 3 
lifted raceway or metal-jacketed cable identified fm· the location. A field
aptJlied pt!I71Ul1Vnt hauurl label tlua if vifible during servicing shall be 
aptJlied to the raceway at or 111!(11" the Jminl of entry into the .fign enclo
. fUil! or sign bodJ'· The danJP!r label shall slate the following: "Dangf!l: 
This mcewa_l' contains mngiZP.d cmulttclm-s. " The 1001-king slmU 
inrlude the location of the disconnecting 1111'.ans for the ene1giud 
conduclm:f. The difconnt'Cling 1111'.ans shall be capable of being locked in 
the oJiffl po.fition. 

(2) Wirllin Sight of rlle Sign. The disconnecting means shall 
be l\ithin sight of dte sign or oudine lighting system dtal it 
comrols. \\-'here dte disconnecting means is out of me line of 
sight from any section mat is able to be energized, the discon
necting means shall be lockable in accordance "id1 1 10.25. A 
permanent field-applied marking identifying the location of 
the disconnecting means shall be applied to dte sign in a loca
tion \isible during senicing. 

(3) Wirllin Sight of rlle ControUer. The follm\ing shall apply 
for signs or outline lighting systems operated by electronic or 
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electromechanical controllers located external to me sign or 
oudine lighting system: 

(1)  The disconnecting means shall be located wimin sight of 
the controller or in the same enclosure l\ith dte control
ler. 

(2) The disconnecting means shall disconnect me sign or 
oudine lighting system and the controller from all 
ungrounded supply conductors. 

(3) The disconnecting means shall be designed such that no 
pole can be operated independently and shall be lockable 
in accordance wim 1 10.25. 

Exception: H1m1! the difconnecling means is not located within sight of 
the contmlle1; a /Jn71Ul1Jenl field-aJJplied 1001-king idt!nllfting the loca
lifm of tlv difcomvcting meam shall be aptJlied to the crmlmlln· in a 
location vifibk dwing servicing. 

(4) Remote Location. The disconnecting means, if located 
remote from me sign, sign body, or pole, shall be mounted at 
an acccs.'iible location available ·to first responders and service 
personnel. The location of me disconnect shall be marked wim 
a label at the sign location and marked as me disconnect for 
the sign or oudinc lighting system. 

(B) Control Switch Rating. Switches, fla'ihers, and similar deli
ces controllmg transformers and electronic power supplies 
shall be rated for controlling inductive load'i or have a currem 
rating not less than twice the current rating of the transformer 
or rlle electronic power supply. 

600.7 Grounding and Bonding. 

(A) Grounding. 

(1) Equipment Grounding Conductor. Metal equipment of 
signs, oudine lighting, and skeleton tubing systems shall be 
grounded by connection to the equipment grounding conduc
tor of the supply branch circuit(s) or feeder using the types of 
equipmem grounding conductors specified in 250.1 18. 

Exception: Pmtable cmrl-comvcted signs shall not be 11'-f[Uin•.d to be 
conni'Cted to tlv equipment gmunding conductor whe11! pmtected by a 
system of double insulation m· its 1'-Jfltivalent. Dmtble inmlated equip
ment shall be distinctive�)' mmked. 

(2) Size of Equipment Grounding Conductor. The equipmem 
grounding conductor size shall be in accordance "id1 250.122. 

(3) Connections of Equipment Grounding Conductor. Equip
mem grounding conductor connections shall be made in 
accordance "id1 250.130 and in a memod specified in 250.8 . 

(4) Auxiliary Grounding Electrode. Auxiliary grounding elec
trode(s) shall be permiued for electric signs and outline light
ing systems covered by dtis article and shall meet me 
requiremenL'i of 250.54. 

(5) Metal Building Parts. Metal part'i of a building shall not be 
permiued a'i a secondary return conductor or an equipmem 
grounding conductor. 

(B) Bonding. 

(1) Bonding of Metal Parts. Metal part'i and equipment of 
signs and outline lighting systems shall be bonded togemer and 
to the a'i.'iociated transformer or power-supply equipmem 
grounding conductor of dte branch circuit or feeder supplying 
me sign or oudine lighting system and shall meet the require
menL'i of 250.90. 
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600.7 ARTICLE 600 -ELECTRIC SIGJ'\S A. 'ID OLTLI:"'E LIGHTING 

Exception: Remote metal pmt� of a section .�ign m· outlint Lighting 
systro1 on�)' .rupplitd by a nmwte Cla.�s 2 puwer suJ!ply shall 1101 be 
Tequhed to be bondP.d to an tquiJ1711enl grounding ronduclm: 

(2) Bonding Connections. Bonding connections shall be made 
in accordance with 250.8. 

(3) Metal Building Parts. :Metal part"l of a building shall not be 
used as a means for bonding metal part"l and cquipmcm of 
signs or oudinc lighting systems together or to the transformer 
or power-supply cquipmcm grounding conductor of the supply 
circuit. 

(4) Flexible Metal Conduit Length. Listed flexible metal 
conduit or listed liquidtight flexible metal conduit dtat enclo
ses the secondary circuit conductor from a transformer or 
power supply for usc l\ith neon tubing shall be permitted as a 
bonding means if dtc total accumulative length of the conduit 
in the secondary circuit docs not exceed 30 m (100 ft) .  

(5) Small Metal Parts. Small metal part"l not exceeding 5 0  mm 
(2 in.) in any dimension, not likely to be energized, and spaced 
at lca"lt 19 mm (% in.) from neon tubing shall not require 
bonding. 

(6) Nonmetallic Conduit. \\'here listed nonmetallic conduit is 
used to enclose the secondary circuit conductor from a trans
former or power supply and a bonding conductor is required, 
the bonding conductor shall be installed separate and remote 
from the nonmetallic conduit and be spaced at lca"lt 38 mm 
(1Y:t in.) from the conduit when the circuit is operated at 
100 Hz or less or 45 mm (I% in.) when the circuit is operated 
at over 100 Hz. 

(7) Bonding Conductors. Bonding conductors installed 
out"lidc of a sign or raceway shall be protected from physical 
damage. Bonding conductors shall comply "idt 250.1 20 and 
250.122. Bonding conductor size shall also comply l\ith one of 
the following: 

(1) Bonding conductors shall be copper and not smaller than 
14 AWG. 

(2) Bonding conductors shall be copper-clad aluminum and 
not smaller dtan 1 2  AWG. 

(8) Signs in Fountains. Signs or outline lighting installed 
inside a fountain shall have all mcull part"l bonded to the 
cquipmcm grounding conductor of the branch circuit for the 
fountain recirculating system. The bOucling connection shall be 
a"l ncar a"l practicable to the fmmtain and shall be permitted to 
be made to metal piping systems that arc bonded in accord
ance l\ith 680.54(B). 

Informational :'\ote: See 600.32(1) for restrictions on length of 
high-mltage secondary conductors. 

600.8 Enclosures. Live part"l, other than lamps, and neon 
tubing shall be enclosed. Transformers and power supplies 
provided l\ith an imcgral enclosure, including a primary and 
secondary circuit splice enclosure, shall not require an addi
tional enclosure. 

(A) Strength. Enclosures shall have ample structural strength 
and rigidity. 

(B) Material. Sign and oudinc lighting system enclosures shall 
be constructed of metal or shall be listed. 
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(C) Minimum Thickness of Enclosure Metal. Sheet copper or 
aluminum shall be at lca"lt 0.51 mm (0.020 in.) thick. Sheet 
steel shall be at lca"lt 0.41 mm (0.016 in.) thick. 

(D) Protection of Metal. Metal part"l of cquipmcm shall be 
protected from corrosion. 

600.9 Location. 

(A) Vehicles. Sign or outline lighting system cquipmcm shall 
be at lca"lt 4.3 m (14 ft) above arca"l acccs."liblc to vehicles unlcs."l 
protected from physical damage. 

(B) Pedestrians. Neon tubing, other than listed, dry-location, 
portable signs, readily acccs."liblc to pedestrians shall be protec
ted from physical damage. 

Informational :'\ote: See 600.41 (D) for additional requiremenL"l. 

(C) Adjacent to Combustible Materials. Signs and oudinc 
lighting systems shall be installed so dtat adjaccm combtL"ltiblc 
materials arc not subjected to temperatures in cxccs."l of 90"C 
(194.F). 

The spacing between wood or other combustible materials 
and an incandescent or HID lamp or lampholdcr shall not be 
lcs."l dtan 50 mm (2 in.). 
(D) Wet Location. Signs and oudinc lighting system cquip
mcm for wet location tL"lC, other than listed watertight type, 
shall be weatherproof and have drain holes, a"l ncccs."lal)', in 
accordance "idt the follm\ing: 

(1) Drain holes shall not be larger than 13 mm (Y:z in.) or 
smaller than 6 mm (� in.). 

(2) · Every low poim or isolated section of the cquipmcm shall 
have at lca"lt one drain hole. 

(3) Drain holes shall be positioned such that there \\ill be no 
external obstructions. 

600.10 Portable or Mobile Signs. 

(A) Support. Portable or mobile signs shall be adequately 
supported and readily movable without the tL"lC of tools. 

(B) Attachment Plug. An attachmcm plug shall be provided 
for each portable or mobile sign. 

(C) Wet or Damp Location. Portable or mobile signs in wet or 
clamp locations shall comply with 600.10(C) ( l )  and (C) (2). 

(1) Cords. All cords shall be junior hard-service or hard
service types a"l designated in Table 400.4 and have an cquip
mcm grounding conductor. 

(2) Ground-Fault Circuit Interrupter. In addition to the 
rcquiremcnt"l in 210.8, the manufacturer of portable or mobile 
signs shall provide li"ltcd ground-fault circuit-imcrruptcr 
protection for personnel. The ground-fault circuit imcrruptcr 
shall be an imcgral part of the attachmcm plug or shall be loca
ted in the power-supply cord "ithin 300 mm (12 in.) of the 
attachmcm plug. 

(D) Dry Location. Portable or mobile signs in dry locations 
shall meet the following: 

( 1)  Cord"l shall be SP-2, SPE-2, SPT-2, or heavier, a"l designa-
ted in Table 400.4. 

(2) The cord shall not exceed 4.5 m (15 ft) in length. 

600.12 Field-InstaUed Secondary Wuing. Fielcl-installcd secon
dary circuit "iring for electric signs, retrofit kit"l, oudinc light-
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ARTICLE 600 - ELECTRIC SIGJ'\S A:"'D OLTLI:"'E LIGHTING 600.30 

ing !;)'Stem!;, !;kelcton tubing, and photovoltaic (PV) powered 
!;ign !;y!;tCm!; !;hall be in accordance l\itlt tltcir in!;tallation 
in!;truction!; and fl00.12(A), (8), or (C). 

(A) 1000 Volts or Less. Neon and secondary circuit "iring of 
1000 volts or lcs.o; shall comply l\ith fl00.31. 

(B) Over 1000 Volts. 1'\con !;Ccondary circuit "iring of over 
I 000 volts shall comply widl fl00.32. 

(C) Class 2. \\'here tltc in!;tallation complies l\ith fl00.33 and 
the power source provides a Ciao;.-; 2 output mat complic!; widl 
600.24, either of the follo"ing wiring method-; shall be permit
ted ao; determined by the installation instructions and concli
tions. 

( 1)  Wiring mctltodo; idcmificd in Chapter 3 
(2) Ciao;.-; 2 cable!; complying l\ith Table 600.33(A) (l)  and 

Table fl00.33(A) (2) 

600.21 Ballasts, Transformers, Electronic Power Supplies, and 
Class 2 Power Sources. Ballao;ts, tran!;formc�, electronic power 
!;Upplics, and Ciao;!; 2 power source!; shall be of the self
contained type or be cnclo!;cd by placcmcm in a listed !;ign 
body or listed !;Cparatc cnclo!;urc. 

(A) Accessibility. Ballao;ts, transformc�, electronic power 
!;Upplics, and Ciao;.-; 2 power !;ources shall be located where 
acccs.-;iblc and shall be securely fao;tcncd in place. 

(B) Location. Balla-;t-;, tran!;formc�, electronic power 
supplies, and Clao;s 2 power source!; shall be in!;tallcd a-; ncar to 
the lamps or neon tubing a-; practicable to keep tltc secondary 
conducto� ao; short a-; pos!;iblc. 

(C) Wet Location. Ballao;t-;, transformc�, electronic power 
supplies, and Ciao;.-; 2 power sources used in wet locations shall 
be of the wcadlcrproof type or be of tltc outdoor type and 
protected from me wcadlcr by placcmclll in a !;ign body or 
separate cnclo!;urc. 

(D) Working Space. A working space at lcao;t 900 mm (3 ft) 
high x 900 mm (3 ft) wide x 900 mm (3 ft) deep shall be prmi
dcd at each ballao;t, transformer, electronic power supply, and 
Ciao;.-; 2 power source or at it-; cnclo!;urc where not in!;tallcd in a 
!;ign. 

(E) Attic and Soffit Locations. Balla-;t-;, transformc�, elec
tronic power supplies, and Class 2 power source!; shall be 
permitted to be located in auic.•L and soffit-;, prmidcd tltcrc is 
an acccs.o; door at lca-;t 900 mm x 562.5 mm (36 in. x 22� in.) 
and a pa-.o;agcway of at lca-;t 900 mm (3 ft) high x fJOO mm (2 ft) 
wide "itl1 a suitable permanent walkway at lcao;t 300 mm 
(12 in.) wide extending from me poim of cmry to each compo
nent. At lca-;t one lighting outlet containing a switch or control
led by a wall S\'itch shall be installed in !;Uch spaces. At lca-;t 
one point of control shall be at the usual point of entry to dlcsc 
spaces. The lighting outlet shall be provided at or ncar me 
cquipmcm requiring sen-icing. 

(F) Suspended Ceilings. Balla-;to;, transfonnc�, electronic 
power !;Upplics, and Cia-;!; 2 power source!; shall be permitted to 
be located above suspended ceiling!;, prmidcd mat dlcir cnclo
!;Urc!; arc !;Ccurely fa-;tcncd in place and not dependent on me 
suspended-ceiling grid for support. Balla-;t-;, tran!;formc�, and 
electronic power !;Upplic!; in!;tallcd in suspended ceilings shall 
not be connected to tltc branch circuit by ncxiblc cord. 
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600.22 Ballasts. 

(A) Type. Ballao;to; shall be identified for me usc and shall be 
listed. 

(B) Thermal Protection. Ballao;to; shall be thcnnally protected. 

600.23 Transformers and Electronic Power Supplies. 

(A) Type. Tran!;formc� and electronic power !;Upplic!; shall be 
iclcmificd for tltc usc and shall be listed. 

(B) Secondary-Circuit Ground-Fault Protection. Tran!;formc� 
and electronic power supplies oilier man me follo"ing shall 
have secondary-circuit ground-fault protection: 

(1 )  Transformc� with isolated ungrounded secondaries and 
"idl a maximum open circuit voltage of 7500 volt-; or lcs.o; 

(2) Transformc� with integral porcelain or glao;.o; secondary 
housing for me neon tubing and requiring no field 
wiring of the secondary circuit 

(C) Voltage. Sccondary.,circuit voltage shall not exceed 
15,000 volt-;, nominal, under any load condition. The voltage to 
ground of any output terminals of the secondary circuit shall 
not exceed 7500 volts, under any load condition. 

(D) Rating. Transformc� and electronic power supplies shall 
have a secondary-circuit currcm rating of not more than 
300 mA. 

(E) . Secondary Connections. Secondary circuit output-; shall 
notbc connected in parallel or in series. 

(F) Marking. Transformc� and electronic power supplies that 
arc equipped "itl1 secondary-circuit ground-fault protection 
shall be so marked. 

600.24 Class 2 Power Sources. Ciao;.-; 2 transformc�, power 
supplies, and power sources shall comply "ith the require
ment-; of CJao;s 2 circuits and 600.24(A), (8), (C), and (D). 

(A) Listing. Ciao;.-; 2 power supplies and power sources shall be 
listed for usc with electric signs and outline lighting system-; or 
shall be a component in a Jio;tcd electric sign. 

(B) Equipment Grounding Conductor. �Ictal part-; of Ciao;.-; 2 
power supplies and power sources shall be connected to me 
cquipmcm grounding conductor. 

(C) Waring Methods on the Supply Side of the Class 2 Power 
Supply. Conducto� and equipment on me supply side of me 
power source shall be installed in accordance l\idl me appro
priate requirement-; of Chapter 3. 

(D) Secondary Waring. Secondary "iring on the load side of a 
Ciao;.-; 2 power source shall comply widl fl00.12(C) and 600.33. 

Part D. Field-Installed Skeleton Tubing, Outline Lighting, and 
Secondary Wiring 

600.30 Applicability. Part II of this article shall apply to all of 
me follo"ing: 

(1)  Field-installed skeleton tubing 
(2) Field-installed secondary circuit-; 
(3) Outline lighting 
(4) Field-installed retrofit kit-; 

These requirement-; shall be in addition to me requirement-; 
of Part I. 
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600.31 Neon Secondary-Circuit Wuing, 1000 Volts or Less, 
Nominal. 

(A) Wuing Method. Conductors shall be installed using any 
wiring method included in Chapter 3 suitable for the concli
tions. 

(B) Insulation and Size. Conductors shall be listed, insulated, 
and not smaller than 18 AWG. 

(C) Number of Conductors in Raceway. The number of 
conductors in a raceway shall be in accordance with Table I of 
Chaptcr 9. 

(D) Installation. Conductors shall be installed so they arc not 
subject to physical damage. 

(E) Protection of Leads. Bushings shall be used to protect 
wires pa'lsing duough an opening in metal. 

600.32 Neon Secondary-Circuit Wiring, over 1000 Volts, Nomi
nal. 
(A) Wuing Methods. 

(I) Installation. Conductors shall be installed in rigid metal 
conduit, intermediate metal conduit, liquidtight flexible 
nonmetallic conduit, flexible metal conduit, liquidtight flexible 
metal conduit, electrical metallic tubing, metal enclosures; on 
insulators in metal raceways; or in other equipment listed for 
usc with neon secondary circuit'l over 1000 volt'l. 

(2) Number of Conductors. Conduit or tubing shall contain 
only one conductor. 

(3) Size. Conduit or tubing shall be a minimum of metric 
designator 16 (trade size !i:t). 

(4) Spacing from Grounded Parts. Other than at the location 
of connection to a metal enclosure or sign body, nonmetallic 
conduit or flexible nonmetallic conduit shall comply l\ith the 
following: 

(1)  Be spaced not lcs.'l than 38 mm (1!i:t in.) from grounded 
or bonded part'l when the conduit contains a conductor 
operating at I 00 Hz or lcs.'l, or 

(2) Be spaced not lcs.'l than 45 mm (1� in.) from grounded 
or bonded part'l when the conduit contains a conductor 
operating at more than 100 Hz 

(5) Metal Building Parts. Metal parlll .of a building shall not be 
permitted a'l a secondary return conductor or an equipment 
grounding conductor. 

(B) Insulation and Size. Conductors shall be insulated, listed 
a'l ga'l tube sign and ignition cable type GTO, rated for 5, 10, or 
15 kV, not smaller than 18 AWG, and have a minimum temper
ature rating of l o5•c (221 •f). 

(C) Installation. Conductors shall be so installed that they arc 
not su�cct to physical damage. 

(D) Bends in Conductors. Sharp bcnd'l in insulated conduc
tors shall be avoided. 

(E) Spacing. Secondary conductors shall be separated from 
each other and from all objcct'l other dtan insulators or neon 
tubing by a spacing of not lcs.'l than 38 mm (1!i:t in.). GTO cable 
installed in metal conduit or tubing shall not require spacing 
between dtc cable insulation and the conduit or tubing. 
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(F) Insulators and Bushings. Insulators and bushings for 
conductors shall be listed for usc l\ith neon secondary circuit'l 
over 1000 volt'l. 

(G) Conductors in Raceways. The insulation on all conductors 
shall extend not lcs.'l than 65 mm (2!i:t in.) beyond the metal 
conduit or tubing. 

(H) Between Neon Tubing and Midpoint Return. Conductors 
shall be permitted to run between the cnd'l of neon tubing or 
to the secondary circuit midpoint return of listed transformers 
or listed electronic power supplies and prO\idcd "idt terminals 
or lcad'l at the midpoint. 

(I) Dwelling Occupancies. Equipment ha�ing an open circuit 
voltage exceeding I 000 volt'l shall not be installed in or on 
dwelling occupancies. 

(J) Length of Secondary Circuit Conductors. 

(I) Secondary Conductor to the Fust Electrode. The length of 
secondary circuit conductors from a high-voltage terminal or 
lead of a transformer or electronic power supply to the first 
neon tube electrode shall not exceed the following: 

(1)  6 m (20 ft) where installed in metal conduit or tubing 
(2) 15 m (50 ft) where installed in nonmetallic conduit 

(2) Other Secondary Circuit Conductors. All other sections of 
sccondarv circuit conductor in a neon tube circuit shall be a'l 
short a'l practicable. 

(K) SpliceS. Splices in high-voltage secondary circuit conduc
tors shall be made in listed enclosures rated over I 000 volt'l. 
Splice enclosures shall be acccs.'liblc after installation and listed 
for dtc location where they arc installed. 

600.33 Class 2 Sign mumination Systems, Secondary Wuing. 
The \\iring mcthod'l and materials used shall be in accordance 
with the sign manufacturer's installation instructions using any 
applicable \\iring methods from Chapter 3, Wiring Mcthocl'l, or 
the rcquircmcnt'l for Cla'ls 2 circuit'l contained in 600.12(C), 
600.24, and 600.33(A), (B), (C), and (D). 

(A) Insulation and Sizing of Class 2 Conductors. Cla<�.'l 2 cable 
listed for the application that complies with Table 600.33(A) (1)  
or Table 600.33(A) (2) for substitutions shall be installed on the 
load side of the Cla'l.'l 2 power source. The conductors shall 
have an ampacity not lcs.'l than dtc load to be supplied and 
shall not be sized smaller than 18 AWG. 

(I) General Use. CL2 or CLll, PLTC, or any listed applicable 
cable for general usc shall be installed within and on buildings 
or structures. 

(2) Other Building Locations. In other locations, any listed 
applicable cable permitted in 600.33(A) (1) ,  (A) (2), (A) (3), 
and (A) (4) and Table 600.33(A) ( 1 )  and Table 600.33(A) (2) 
shall be permitted to be used a'l follows: 

(1) C..L2P or CL3P - Duct'l, plenums, or other spaces used 
for cmironmcntal air 

(2) C..L2R or CL3R- Vertical shaft'l and risers 
(3) Substitutions from Table 600.33(A) (2) 

(3) Wet Locations. Cla'ls 2 cable used in a wet location shall be 
listed and marked suitable for usc in a wet location. 
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Table 600.33(A) ( 1) Applications of Power Limited Cable in Signs and Outline Lighting 

Location CL2 cu CL2R CUR 

Nonconce-.tled spaces inside y y y 
buildings 

Concealed spaces inside buildings y y y 
that are not u.•ed a• plenum• or 
risers 

Emironmental air spaces plenums N :-.; :-.; 
Emironmental air spaces risers N :-.; y 
Wet locations N :-.; :-.; 
Y = Permitted. :-\ = Not Permitted. 

(4) Other Locations. Cia-.• 2 cable exposed to sunlight shall be 
listed and marked Msunlight resistant - suitable for outdoor 
ll'iie." 

Exception: Li�ttd PLTC 1wt mat-ked as .mnlight rtsi.�lanl shall be 
pnmitttd. 

Informational Note: PLTC i• tested for exposure to sunlight but 
might not be so marked. 

(B) Installation. Secondary wiring shall be installed in accord
ance l\ith 600.33(8) (1) and (8) (2). 

(1) Wiring shall be installed and supported in a neat and 
workmanlike manner. C..ablcs and conductors installed 
exposed on the surface of ceilings and sidewalls shall be 
supported by dtc building structure in such a manner 
that the cable is not damaged by normal building usc. 
The cable shall be supported and secured at intervals not 
exceeding 1.8 m (6 ft) .  Such cables shall be supported by 
straps, staples, hangers, cable tics, or similar fittings 
clcsignccl and installed so a• not to damage the cable. The 
installation shall also comply widl 300.4 (D). 

(2) C.onncctions in cable and conductors shall be made ·widl 
listed insulating dcliccs and be accessible after installa
tion. "''here made in a wall, connections shall be enclosed 
in a listed box. 

(C) Protection Against Physical Damage. If stti?jcct to physical 
damage, the conductors shall be pr<>tectcd and installed in 
accordance "id1 300.4. All through•wall penetrations shall be 
protected by a listed bushing or raceway. 

(D) Grounding and Bonding. Grounding and bonding shall 
be in accordance l\ith fl00.7. 

· 

600.34 Photovoltaic (PV) Powered Sign. All field \\iring of 
components and suba-.-;cmblics for an off-grid stand-alone, on
grid interactive, or non-grid interactive PV installation shall be 
installed in accordance "ith Article 690, a• applicable, fl00.34, 
and dlc PV powered sign installation instructions. 

(A) EquipmenL Inverters, motor generators, PV modules, 
PV panels, ac PV modules, de combiners, dc-ac converters, and 
charge controllers intended for usc in PV powered sign system• 
shall be listed for PV application. 

(B) Waring. Wiring from a photovoltaic panel or "iring exter
nal to dtc PV sign body shall be: 

(1) Listed, labeled, and suitable for photovoltaic applications 
(2) Routed to closely follow the sign body or enclosure 
(3) A• short a• possible and secured at intervals not exceed

ing 0.91 m (3 ft) 
(4) Protected where sui?jcct to physical damage 
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Table 600.33(A) (2) Class 2 Cable Substitutions 

Cable Type 

CL�P 
CL2P 
CL�R 
CL2R 
CL� 
CL2 

CL�X 

CL2X 

Pt.:rc 

CMP 
CMP, CL3P 

Permitted Substitutions 

CMP, CL3P, C�IR 
CMP, CL3P, CL2P, CMR, CL�R 
CMP, CL3P, C�IR, CL�R, CMG, CM, PL:I"C 
CMP, CL3P, CL2P, CMR, CL�R, CL2R, CMG, 

CM, PL:I"C, CL� 
CMP, CL3P, C�IR, CL�R, CMG, CM, PL:I"C, CL�, 

CMX 
CMP, CL3P, CL2P, CMR, CL�R, CL2R, CMG, 

CM, PL:I"C, CL�, CL2, CMX,CL�X 
:-\one 

(C) Flexible Cords and Cables. Flexible corcl• and cables shall 
comply "ith Article 400 and be iclcntificcl a• extra hard usage, 
rated for outdoor usc, and water and sunlight resistant. 

(D) Grounding. Grounding a PV powered sign shall comply 
"idl Article 690, Part V and fl00.7. 

(E) Disconnecting Means. The disconnecting means for a 
PV powered sign shall comply l\ith Article 690, Part III and 
600.6. 

(F) Battery Compartments. Battery compartments shall 
require a tool to open. 

600.35 Retrofit Kits. 

(A) General. A general-usc or sign-specific retrofit kit for a 
sign or oudinc lighting system shall include installation instruc
tions and requirement• for field conversion of a host sign. The 
retrofit kit shall be listed and labeled. 

(B) Damaged Parts. All part• that arc not replaced by a retro
fit kit shall be inspected for damage. Any part found to be 
damaged or damaged during conversion of dlc sign shall be 
replaced or repaired to maintain the sign or oudinc lighting 
system's dry, clamp, or wet location rating. 

(C) Marking. The retrofitted sign shall be marked in accord
ance l\ith 600.4(8). 

600.41 Neon Tubing. 

(A) Design. The lcngdl and design of dlc tubing shall not 
cau.-;c a continuous ovcrcurrcnt beyond the design loading of 
the transformer or electronic power supply. 
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(B) Support. Tubing shall be supported by listed tube 
support�. The neon tubing shall be supported within 150 mm 
(6 in.) from the electrode connection. 

(C) Spacing. A spacing of not less dtan 6 mm (� in.) shall be 
maintained between the tubing and dtc nearest surface, other 
than it� support. 

(D) Protection. Field-installed skeleton tubing shall not be 
sutMcct to physical damage. \\"bcre the tubing is readily acccs.�i
blc to other than qualified persons, field-installed skeleton 
tubing shall be provided "id1 suitable guard• or protected by 
other approved means. 

600.42 Electrode Connections. 

(A) Points of Transition. \\onere the high-voltage secondary 
circuit conductors emerge from the "iring mcdtod� specified 
in 600.32 (A), they shall be enclosed in a listed as.o;cmbly. 

(B) Accessibility. Terminals of the electrode shall not be acces
sible to unqualified persons. 

(C) Electrode Connections. Connections shall be made by usc 
of a connection device, ll�isting of the \�ires together, or usc of 
an electrode receptacle. C-onnections shall be electrically and 
mechanically secure and shall be in an enclosure listed for the 
purpose. 

(D) Support. Neon secondary conductor(s) shall be suppor
ted not more than 150 mm (6 in.) from the electrode connec
tion to dtc tubing. 

(E) Receptacles. Electrode receptacles shall be listed. 

(F) Bushings. Wltcrc electrodes penetrate an enclosure, bush
ings listed for the purpose shall be used unlcs.• receptacles arc 
provided. 

(G) Wet Locations. A listed cap shall be used to close ilie 
opening between neon tubing and a receptacle where the 
receptacle penetrates a building. Where a bushing or neon 
tubing penetrates a building, the opening bcu¥cen neon 
tubing and dtc bushing shall be scaled. 

(H) Electrode Enclosures. Electrode enclosures shall be listed. 

(1) Dry Locations. Electrode enclosures dtat arc listed, 
labeled, and identified for usc in dry, damp, or wet locations 
shall be permitted to be installed and used in such locations. 

(2) Damp and Wet Locations. Electrode enclosures installed in 
clamp and wet locations shall be specifically listed, labeled, and 
idcmificd for usc in such locations. 

lnfonnational Note: See 1 10.3(8) covering in.•tallation and use 
of electrical equipment. 

ARTICLE 604 
Manufactured W:uing Systems 

604.1 Scope. This article applies to field-installed "iring using 
off-site manufactured subao;scmblics for branch circuit�, 
remote-control circuits, signaling circuits, and communications 
circuits in accessible area•. 
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604.6 Listing Requirements. Manufactured wiring systems and 
ao;sociatcd component• shall be listed. 

lnfonnational :'\ote: See ANSI/t.:L 183, Stmulardfor Manufartur
i•zr; Wiring SyslPms, dte safety standard for manufactured wiling 
systems. 

604.7 Installation. �lanufacturcd wiring systems shall be 
secured and supported in accordance "id1 the applicable cable 
or conduit article for dtc cable or conduit t}'pc employed. 

604.10 Uses Permitted. Manufactured "iring systems shall be 
permitted in acccs.•iblc and dry locations and in duct�, 
plenums, and other air-handling spaces where listed for this 
application and installed in accordance "ith 300.22. 

Exception No. 1: Tn conaaled space.�, ant etul of laJiped cablt shall be 
pennilltd to txtmd into hollow wall� for dhtct termi1mtion at .<;witch 
and outltt points. 

Exception No. 2: Manufactuml wi:J·ing .�y.�ltm a.'i.�tmblies in.�talled 
cmtdom-s shall be listtd for u.�e in ouldoor locations. 

604.12 Uses Not Permitted• Manufactured \�iring system types 
shall not be permitted where limited by the applicable article 
in Chapter 3 for the "iring method used in it• construction. 

604.100 Construction. 

(A) Cable, Conduit, and Tubing Types. 

(1) Cab.e& ('..able shall be listed T}'pc AC cable or listed 
Type MC cable containing nominal f>OO-volt, 8 AWG to 12 AWG 
insula� copper-clad aluminum or copper conductors. 

Odtcr cables a• listed in 722.135, 800.113, and 830.1 79 shall 
be permitted in manufactured wiring systems for "iring of 
cquipmclll within the scope of their respective articles. 

(2) Conduits and Tubing. C-onduit shall be listed flexible 
metal conduit (nlC), listed liquicltight flexible metal conduit 
(LnlC), liquicltight flexible nonmetallic conduit (LFNC), or 
electrical metallic tubing (EMT) containing nominal 600-volt, 
8 AWG to 12 AWG insulated copper-clad aluminum or copper 
conductors l\ith a bare or insulated copper-clad aluminum or 
copper cquipmclll grounding conductor cquivalcm in size to 
the ungrounded conductor. 

Exception No. 1 to (1) and (2): A lttminaire laJI, no longf!r lhan 1.8 m 
(6 jt) and intended fm· comvction to a singlt luminaht, .�hall be 
pennilltd to contain cmulttclm-s smalltr tlwn 12 A WG but not smaller 
than 18AWG. 

Exception No. 2 to ( 1) mul (2): Lisll'.d mamifaclw't'd wiring a.'i.�tmblies 
containing conducto1-s smalltr than 12 A WG slwU be Jmmitted fm· 
remote-conliV� signaling, m· communications circuit�. 

Exception No. 3 to (2): Li�ted manufaclwrd wiring ·'i)·.�tems containing 
unli�ted flexiblt metal cmulttil of nonchcu/m· nv.'i.� .�Pelion or lmde .�ius 
smalft1· tlwn Jmmitted by 348.20(A), m· both, .�hall be Jmmitll'.d where 
the wiring ·'i)·.�tems 0:17! .mJ1pliP4 with fittings and condttclm:� at tile lime 
of manufaclUif!. 

(3) Flexible Cord. Flexible cord suitable for hard usage, with 
minimum 12 AWG conductors, shall be permitted a� part of a 
listed factory-made ao;scmbly not cxccccling 1.8 m (6 ft) in 
length when making a transition between component• of a 
manufactured wiring system and utilization cquipmclll not 
pcrmancndy secured to the building structure. The cord shall 
be l-isiblc for the entire length, shall not be sutMcct to physical 
damage, and shall be provided with identified strain relief. 
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ARTICLE f>05 - OFFICE FL"R.'•HSHI:"'GS 605.9 

Exception: Li�ted e!Pctlic-diw:lmrge luminail"t'S that comp�l' with 
410.62(C) shall be Jmmitted with conductm-s smalkr than 12 AWG. 

(4) Busways. Busways shall be listed continuous plug-in type 
containing factory-moumcd, bare or insulated conductors, 
which shall be copper or aluminum bars, rod�. or tubes. The 
busway shall be prmidcd l\ith an cquipmcm ground. The 
busway shall be rated nominal f>OO volts, 20, 30, or 40 amperes. 
Busways shall be installed in accordance with 3f>8.12, 
368.17(0), and 3f>8.30. 

(5) Raceway. Prcl\ircd, modular, surfacc-moumcd raceways 
shall be listed for the usc, rated nominal f>OO volts, 20 amperes, 
and installed in accordance with 38f>.12, 38f>.30, 386.60, and 
38f>.100. 

(B) Marking. Each section shall be marked to idcmify the type 
of cable, flexible cord, or conduit. 

(C) Receptacles and Connectors. Receptacles and connectors 
shall be of the locking type, uniquely polarized and idcmificd 
for dtc purpose, and shall be part of a listed assembly for the 
appropriate system. All connector openings shall be designed 
to prcvcm inadvcrtcm contact with live part� or capped to 
effectively dose the connector openings. 

(D) Other Component Parts. Other componcm part� shall be 
listed for the appropriate system. 

605.1 Scope. 

ARTICLE 605 
Office Furnishings 

(A) Covered. This article covers electrical equipment, iighting 
accessories, and wiring systems used to connect, contained 
within, or installed on office furnishings. 

(B) Not Covered. This article docs not apply to individual 
ollicc furnishings not connected to a system, such a� chairs, 
freestanding desks, tables, storage unit.�, and shching unit�. 

605.3 General. Wiring systems shall be identified a� suitable 
for prmiding power for lighting acccs.�orics and utilization 
cquipmcm used "idtin office furnishings. A wired partition 
shall not extend from floor to ceiling. 

Exception: Men• permitted by the authmit_l' having jurisdiction, these 
1-elocatable wiw.d Jlm·titions shall be pennilltd to extt'lul to, but shall not 
penetratt, tht ctiling. 

605.4 Wu-eways. All conductors and connections shall be 
contained "idtin \\iring channels of metal or other material 
idcmificd a� suitable for dtc conditions of usc. Wiring channels 
shall be free of projections or odtcr conditions dtal might 
damage conductor insulation. 

605.5 Office Furnishing Interconnections. The electrical 
connection between office furnishings shall be a flexible ao;.�m
bly identified for usc "ith office furnishings or shall be permit
ted to be installed using flexible cord, prmidcd dtal all the 
following conditions arc met: 
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(1 )  The cord is extra-hard usage type with 12 AWG or larger 
conductors, "ith an insulated equipment grounding 
conductor. 

(2) The ollicc furnishings arc mechanically contiguous. 
(3) The cord is not longer than ncccs.�ary for maximum posi

tioning of the office furnishing but is in no ca� to exceed 
f>OO mm (2 ft).  

(4) The cord is terminated at an attachmcm plug-and-cord 
connector with strain relief. 

605.6 Lighting Accessories. Lighting cquipmcm shall be 
listed, labeled, and identified for usc l\ith ollicc furnishings 
and shall comply with 605.6(A) , (8), and (C). 

(A) Support. A means for secure attachmcm or support shall 
be provided. 

(B) Connection. \\'bcrc cord and plug connection is provided, 
it shall comply with all of the following: 

(1)  The cord length shall be !\uitablc for dtc imcndcd appli
cation but shall notexcccd 2.7 m (9 ft) in length. 

(2) The cord shall not be smaller than 18 AWG. 
(3) The cord shall contain an cquipmcm grounding conduc

tor, except <UJ !\�cificd in f>05.6 (B) ( 4) . 
(4) Cord� on the load side of a listed Cla�s 2 power source 

shall not be required to contain an cquipmcm grounding 
conduct.clr. 

(5) The cord shall be of the hard usage type, except a� speci
fied in 605.f>(B) (f>). 

(f>) · A cord provided on a listed Ciao;.� 2 power source shall be 
of the type prO\idcd with the listed luminairc ao;.�cmbly or 
of the type specified in 725.130 and 725.127. 

(7) Connection by other means shall be identified a� suitable 
for the conditions of u.�. 

(C) Receptacle Oudet. Receptacles shall not be permitted in 
lighting acccs.�ories. 

605.7 Faxed-'JYpe Office Furnishings. Office furnishings that 
arc fixed (secured to building surfaces) shall be pcnnancndy 
connected to the building electrical system by one of dtc "iring 
mcthocl� of Chapter 3. 

605.8 Freestanding-Type Office Furnishings. Ollicc furnish
ings of the freestanding type (not fixed) shall be permitted to 
be connected to dtc building electrical system by one of the 
wiring method� of Chapter 3. 

605.9 Freestanding-Type Office Furnishings, Cord- and Plug
Connected. Indi\idual office furnishings of dtc freestanding 
type, or groups of individual office furnishings dtal arc electri
cally connected, arc mechanically contiguou.�. and do not 
exceed 9.0 m (30 ft) when ao;.�cmblcd, shall be permitted to be 
connected to the building electrical system by a single flexible 
cord and plug, prmidcd that all of the conditions of 605.9(A) 
through (D) arc met. 

(A) Flexible Power-Supply Cord. The flexible power supply 
cord shall be extra-hard usage type "ith 12 AWG or larger 
conductors, with an insulated cquipmcm grounding conduc
tor, and shall not exceed f>OO mm (2 ft) in length. 

(B) Receptacle Supplying Power. The rcccptadc(s) supplying 
power shall be on a separate circuit serving only the ollicc 
furnishing and no other loads and shall be located not more 
than 300 mm (12 in.) from the office furnishing that is connec
ted to it. 
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605.9 ARTICLE 610 - CRA.'IES AND HOISTS 

(C) Receptacle, Maximum. An individual ofricc furnishing or 
groups of imcrconncctcd indhidual office furnishings shall not 
contain more than 13 1::�-ampcrc, 125-volt receptacles. For 
purposes of this requirement, a receptacle is considered (1) up 
to two (simplex) receptacles prmidcd within a single enclosure 
and that arc l\ithin 0.3 m (1 ft) of each other or (2) one 
duplex receptacle. 

(D) Multiwire Circuits, Not Permitted. An indhidual office 
furnishing or groups of imcrconncctcd office furnishings shall 
not contain multi"irc circuits. 

Informational Note: See 210.4 for circuiL� supplying office 
furnishings in 605.i and 605.8. 

Part I. General 

ARTICLE 610 
Cranes and Hoists 

610.1 Scope. This article covers the installation of electrical 
cquipmcm and "iring used in connection with cranes, mono
rail hoist�, hoist�, and all runways. 

Informational l'ote: See ASME 830, Safet)" Standards for Cab!P
TUil)"·'· Cra11e.•, Denick.•, Hoist.•, Hook.•, jack.•, and Slings, for fnnher 
infmmation. 

610.3 Special Requirements for Particular Locations. 

(A) Hazardous (Classified) Locations. All cquipmcm that 
operates in a hazardotL� (classified) location shall conform to 
Article 500. 

(I) Class I Locations. Equipmcm used in locations that arc 
hazardous becatL�c of the presence of flammable ga.<�es or 
vapors shall confonn to Article 501. 

(2) Class II Locations. Equipmcm used in locations that arc 
hazardous because of combustible dtL�l shall conform to Arti
clc 502. 

(3) Class ID Locations. Equipmcm uscd in locations that arc 
hazardous becatL� of the presence of easily ignitiblc fibers or 
fl}'ings shall confonn to Article 503. 

(B) Combustible Materials. \\'here a crane, hoist, or monorail 
hoist operates over readily combtL�tiblc material, the resistors 
shall be located ao; permitted in the following: 

(1) A well vcmilatcd cabinet composed of noncombtL�tiblc 
material constructed so that it docs not emit flames or 
molten metal 

(2) A cage or cab constructed of noncombustible material 
that encloses the sides of the cage or cab from the floor 
to a poim at lca�l 150 mm (6 in.) above the top of the 
resistors 

(C) Electrolytic CeO Lines. Sec 668.32. 

Part D. Waring 
610.11 Waring Method. Conductors shall be enclosed in race
ways or be Type AC cable with insulated cquipmcm grounding 
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conductor, Type MC cable, or Type Ml cable unless otherwise 
permitted or required in 610. 1 1  (A) through (E). 

(A) Contact Conductor. Contact conductors shall not be 
required to be enclosed in raceways. 

(B) Exposed Conductors. Short lengths of exposed conduc
tors at resistors, collectors, and other cquipmcm shall not be 
required to be enclosed in raceways. 

(C) Flexible Connections to Motors and Similar Equipment. 
\\-'here flexible connections arc ncccs.o;ary, flexible stranded 
conductors shall be tL�cd. Conductors shall be in flexible metal 
conduit, liquidtight flexible metal conduit, liquidtight flexible 
nonmetallic conduit, multiconductor cable, or an approved 
nonmetallic flexible raceway. 

(D) Pushbutton Station Multiconductor Cable. \\'here multi
conductor cable is tL�cd l\ith a stL�pcndcd pushbutton station, 
the station shall be supported in some satisfactory manner that 
protect-; the electrical conductor.� against strain. 

(E) Flexibility to Moving Parts. \\'here flexibility is required 
for power or comrol to m<ning part-;, listed festoon cable or a 
cord suitable for the pUrpose shall be permitted, provided the 
following apply: 

( 1)  Suitable strain relief and protection from physical 
damage .is prol-idcd. 

(2) In \J<l$.� I, Dilision 2 locations, the cord is approved for 
extra-hard tLo;agc. 

610.12 Raceway or Cable Terminal Fittings. Conductors leav
ing raceways or cables shall comply with either 610.12(A) 
or (8). 

(A) Separately Bushed Hole. A box or terminal fining that ha� 
a separately bushed hole for each conductor shall be used 
wherever a change is made from a raceway or cable to exposed 
wiring. A fitting tL�cd for this purpose shall not contain taps or 
splices and shall not be used at luminairc oudcto;. 

(B) Bushing in Lieu of a Box. A bushing shall be permitted to 
be used in lieu of a box at the end of a rigid metal conduit, 
imcrmcdiatc metal conduit, or electrical metallic tubing where 
the raceway terminates at unenclosed controls or similar cquip
mcm, including contact conductors, collectors, resistors, 
brakes, power-circuit limit Sl\itchcs, and de split-frame motors. 

610.13 Types of Conductors. Conductors shall comply with 
Table 310.4(1)  unless othcmisc permitted in 610.13(A) 
through (C). 

(A) Exposed to External Heat or Connected to Resistors. A 
conductor(s) exposed to external heal or connected to resis
tors shall have a flamc-rcsislalll outer covering or be covered 
with llamc-rcsislalll lapc indi,idually or ao; a group. 

(B) Contact Conductors. Contact conductors along runways, 
crane bridges, and monorails shall be permitted to be bare and 
shall be copper, aluminum, steel, or other alloys or combina
tions dtcrcof in the form of hard-dra\m wire, tees, angles, tee 
rails, or other stiff shapes. 

(C) Flexibility. \\''here flexibility is required, Jio;tcd flexible 
cord or cable, or Jio;tcd festoon cable, shall be permitted to be 
tL�d and, where ncccs.o;ary, cable reels or take-up del-ices shall 
be used. 
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ARTICLE 610 - CRA.'IES AND HOISTS 610.14 

610.14 Rating and Size of Conductors. Informational :'\ote: See 430.23 for the ampacities of conductors 
between controllers and resistors. 

(A) Ampacity. The ampacities of conductors shall be ao; shown 
in Table 610.14(A). 

Table 610.14(A) Ampacities of Insulated Copper Conductors Used with Short-T101e Rated Crane and Hoist Motors. Based on 
Ambient Temperature of 3o•c (86°F) 

Up to Three ac2 or Four dc1 

Maximum Up to Four Simultaneously Energized Conductors in Raceway Simultaneously Energized Maximum 
Operating or Cable1 Conductors in Raceway or Cable Operating 

Temperature 75•c (1&7•F) go•c (194.F) 12s•c (257•F) Temperature 

1)pes TA, TBS, SA, SIS, PFA, 
Types M1W, RHW, THW, THWN, FEP, FEPB, RHH, THHN, 1)pes FEP, FEPB, PFA, PFAH, SA, 

Size (AWG XHHW, USE, ZW XHHW, Z, ZW  TFE, Z, ZW Size (AWG 
or kcmil) 60 Min 30 Min 60 Min SO Min 60 Min SO Min or kcmil) 

16 10 12 - - - - 16 
14 25 26 31 32 38 40 14 
12 30 33 36 40 45 50 12 
]0 40 43 49 52 60 65 10 
8 55 60 63 69 i3 80 8 

6 i6 86 83 94 101 l l9 6 
5 85 95 95 106 l l 5  134 5 
4 100 l li I l l  130 133 15i 4 
3 120 141 131 153 153 183 3 
2 13i 160 148 li3 li8 214 2 
I 143 l i5 ]58 192 210 253 I 

l/0 190 233 211  259 253 304 1/0 
2/0 222 26i 245 294 303 369 2/0 
3/0 280 341 305 3i2 3i0 452 3/0 
4/0 300 369 319 399 451 555 4/0 

250 364 420 400 461 510 635 250 
300 455 582 49i 636 58i i3i 300 
350 486 646 542 il6 663 83i 350 
400 538 688 593 i60 i42 941 400 
450 600 i65 660 836 818 1042 450 
500 660 84i i26 914 896 1 143 500 

AMPACI1Y CORRECTION FACTORS 

Ambient Ambient 
Temperature For ambient temperatures other than so•c (86.F), multiply the ampacities sbowo above by the appropriate Temperature 

(.C) factor shown below. (OF) 

21-25 1.05 1 .05 1 .04 1.04 1 .02 1.02 iO-ii 
26-30 1.00 1 .00 1 .00 1.00 1 .00 1.00 i9-86 
31-35 0.94 0.94 0.96 0.96 0.9i 0.9i 88-95 
36-40 0.88 0.88 0.91 0.91 0.95 0.95 9i-104 
41-45 0.82 0.82 0.8i 0.8i 0.92 0.92 106-1 13 
46-50 O.i5 O.i5 0.82 0.82 0.89 0.89 1 1!".,_122 
51-55 0.6i 0.6i O.i6 O.i6 0.86 0.86 124-131 
56-60 0.58 0.58 O.il O.il 0.83 0.83 133-140 
61-iO 0.33 0.33 0.58 0.58 O.i6 O.i6 142-158 
il-80 - - 0.41 0.41 0.69 0.69 160-li6 
81-90 - - - - 0.61 0.61 l ii-194 

91-100 - - - - 0.51 0.51 19!".,_2]2 
101-120 - - - - 0.40 0.40 213-248 

l'ote: Other insulations shown in Table 310.4 ( I )  and approved for the temperature and location shall he pennitted to he suhstituted for those shmm 
in Table 610. 14(,\). The allowable ampacities of conductors •�•ed with 15-minute motors shall he the 30-minute ratinw- increao;ed by 12 percent. 
1 For 5 to 8 simultaneously energized power conductors in rdceway or cable, the ampacity of each power conductor shall he reduced to a \'alue of 
80 percent of that shmm in this table. 
2 For 4 to 6 simultaneously energized 12.'>"C (257"F) ac power conductors in rdceway or cable, the ampacity of each power conductor shall be reduced 
to a \'alue of80 percent of that shown in this table. 
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610.14 ARTICLE 610 - CRA.'IES AND HOISTS 

(B) Secondary Resistor Conductors. Where the secondary 
resistor is separate from the controller, the minimum size of 
the conductors between controller and resistor shall be calcula
ted by multipl}'ing the motor secondary current by the appro
priate factor from Table 610.14(8) and selecting a wire from 
Table 610.14(A). 

(C) Minimum Size. Conductors external to motors and 
controls shall be not smaller than 16 AWG unlcs.� otherwise 
permitted in either of the follm\ing: 

(1) 18 AWG wire in multiconductor cord shall be permitted 
for control circuits not exceeding 7 amperes. 

(2) Wires not smaller than 20 AWG shall be permitted for 
electronic circuit�. 

(D) Contact Conductors. Contact \\ires shall have an ampacity 
not Jcs.-; than dtat required by Table 610.14(A) for 75°C (167°F) 
"ire, and in no ca�c shall they be smaller than a-; shown in 
Table 610.14(0). 

(E) Calculation of Motor Load. 

(I) Single Motor. For one motor, 100 percent of motor name
plate full-load ampere rating shall be used. 

(2) Multiple Motors on Single Crane or Hoist. For multiple 
motors on a single crane or hoist, the minimum ampacity of 
the power supply conductors shall be the nameplate full-load 
ampere rating of dtc largest motor or group of motors for any 
single crane motion, plus 50 percent of the nameplate full-load 
ampere rating of dtc next largest motor or group of motors, 
using that column of Table 610.14(A) that applies to the 
longest time-rated motor. 

(3) Multiple Cranes or Hoists on a Common Conductor 
System. For multiple cranes, hoist-;, or both, supplied by a 
common conductor system, calculate dtc motor minimum 
ampacity shall be calculated for each crane a-; defined in 
610.14([), added them togcdtcr, and the sum multiplied by 
the appropriate demand factor from Table 610.14([) (3). 

Table 610.14(B) Secondary Conductor RatiDg Factors 

Time in Seconds Ampacity of WJre in 
Percent of Full-Load 

On Off Secondary Current 

5 75 35 
10 70 45 
15 75 55 
15 45 65 
15 30 75 
15 15 85 

Continuous Duty 110 

Table 610.14(D) Minimum Contact Conductor Size Based on 
Distance Between Supports 

Minimum Size of Wu-e 
(AWG) 
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6 
4 
2 

Maximum Distance Between End 
Strain lusulators or Clamp-1)-pe 

Intermediate Supports 

9.0 m (30 ft) or les.� 
18 m (60 ft) or les.� 
Over 18 m (60 ft) 

Table 610.14(E)(3) Demand Factors 

Number of 
Cranes or Hoists 

2 
3 
4 
5 
6 
7 

Demand 
Factor 

0.95 
0.91 
0.87 
0.84 
0.81 
0.78 

(F) Other Loads. Additional loacl-;, such a-; heating, lighting, 
and air conditioning, shall be prmidcd for by application of 
the appropriate sections of this Code. 

(G) Nameplate. Each crane, monorail, or hoist shall be prmi
dcd l�ith a visible nameplate marked "ith the manufacturer's 
name, rating in volt�, frequency, number of pha�cs, and circuit 
amperes a-; calculated in 610.14(E) and (F). 

610.15 Common Return. \\1J;lerc a crane or hoist is operated 
bv more than one motor, a common-return conductor of 
p�opcr ampacity shall be permitted. 

Part m. Contilct Conductors 

610.21 lnstaJiation of Contact Conductors. \..ontact conduc
tors shall comply l\ith 610.21 (A) through (H). 

(A) Locating or Guarding Contact Conductors. Runway 
contact conductors shall be guarded, and bridge contact 
conductors shall be located or guarded in such a manner that 
persons cannot inadvcrtendy touch energized currcnt-carf}'ing 
part�. 

(B) Contact Wu-es. Wires that arc used a-; contact conductors 
shall be secured at the end� by means of approved strain insula
tors and shall be mounted on approved insulators so dtat the 
extreme limit of displacement of the wire docs not bring the 
latter within Jcs.-; than 38 mm (1� in.) from the surface wired 
over. 

(C) Supports Along Runways. Main contact conductors 
carried along runways shall be supported on insulating 
support-; placed at intcn-als not exceeding 6.0 m (20 ft) unlcs.� 
otherwise permitted in 610.21 (F) . 

Such conductors shall be separated at not lcs.� than 150 mm 
(6 in.) , other than for monorail hoist� where a spacing of not 
lcs.� than 75 mm (3 in.) shall be permitted. \\'here ncccs.�ry, 
inten-als between insulating support� shall be permitted to be 
incrca-;cd up to 12 m (40 ft) ,  dtc separation between conduc
tors being incrca�d proportionately. 

(D) Supports on Bridges. Bridge wire contact conductors shall 
be kept at lca-;t 65 mm (2Y:t in.) apart, and, where the span 
exceeds 25 m (80 ft) ,  insulating saddles shall be placed at inter
l--ais not exceeding 15 m (50 ft) .  

(E) Supports for Rigid Conductors. Conductors along 
ruJm-ays and crane bridges, that arc of the rigid type specified 
in 610.13(8) and not contained l\ithin an approved enclosed 
a�sembly, shall be carried on insulating support-; spaced at 
inten-als of not more than 80 times the vertical dimension of 
the conductor, but in no ca� greater dtan 4.5 m (15 ft),  and 
spaced apart sufficicndy to give a clear electrical separation of 
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ARTICLE 610 - CRA.'IES AND HOISTS 610.42 

conductors or adjacclll collectors of not less than 25 mm 
(1 in.). 

(F) Track as Circuit Conductor. Monorail, tram rail, or crane 
runway tracks shall be permitted as a conductor of currcm for 
one phase of a 3-phasc, ac system furnishing power to the 
carrier, crane, or trolley, provided all of the follm\ing concli
tions arc met: 

( 1) The conductors supplying the odtcr two phases of the 
power supply arc insulated. 

(2) The power for all phases is obtained from an insulating 
transfonncr. 

(3) The voltage docs not exceed 300 volts. 
(4) The rail scning as a conductor shall be bonded to the 

cquipmcm grounding conductor at dtc transformer and 
also shall be permitted to be grounded by the fittings 
used for the suspension or attachmcm of the rail to a 
building or structure. 

(G) Electrical Continuity of Contact Conductors. All sections 
of contact conductors shall be mechanically joined to prmidc a 
continuous electrical connection. 

(H) Not to Supply Other Equipment. Contact conductors 
shall not be used as feeders for any cquipmcm other than the 
cranc(s) or hoist(s) that dtcy arc primarily designed to serve. 

610.22 Collectors. Collectors shall be designed so a"l to reduce 
to a minimum sparking between them and dtc contact conduc
tor; and, where operated in rooms used for dtc storage of ca"lily 
ignitiblc combustible fibers and materials, they shall comply 
with 503.155. 

Part IV. Disconnecting Means 

610.31 Runway Conductor Disconnecting Means. A diSt:on
nccting means that ha"l a cominuous ampere rating not lcs."l 
than that calculated in 610.14([) and (F) shall be provided 
between the runway contact conductors and the power supply. 
The disconnecting means shall comply \�ith 430.109. This 
disconnecting means shall be a"l follows: 

(1)  Readily acccs."liblc and operable from. the ground or floor 
level 

(2) Lockable open in accorclancc "'id1 110.25 
(3) Open all ungrounded conductors simultaneously 
(4) Placed \\ithin \-icw of the runway contact conductors 

Exception: The runway condur.Wr discomvcting 1TU'ans for electm(}·tic 
ceU lines shall be permitted to be Jllaud out of view of tile nmway 
contact cmultu:tors where either of the foUowing conditifms a1-e 1TU't: 

( 1) H'he1-e a /ncation in view of tile contact condtu:tm-s if impractica
ble or intmduus additional m· increased hazards to pemms m· 

pmpnty 
(2) In industrial installations, with w1itten safet_l' pmudw-es, where 

conditions of maintenance mul suJm-uififm ensw-e that only 
qualijiP.d pe1-sons se�-via the equipment 

610.32 Disconnecting Means for Cranes and Monorail Hoists. 
A disconnecting means in compliance with 430.109 shall be 
prmidcd in the lcad"l from the runway contact conductors or 
other power supply on all cranes and monorail hoist"l. The 
disconnecting means shall be lockable open in accordance \\ith 
1 10.25. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL COI>t: 

\\'here a monorail hoist or hand-propelled crane bridge 
installation mcct"l all of the following, the disconnecting means 
shall be permitted to be omitted: 

(1)  The unit is controlled from dtc ground or floor level. 
(2) The unit is within view of the power supply disconnecting 

means. 
(3) No fixed work platform ha"l been provided for scnicing 

the unit. 

:\!(cans shall be prmidcd at the operating station to open the 
power circuit to all motors of the crane or monorail hoist. 

610.33 Rating of Disconnecting Means. The cominuous 
ampere rating of the switch or circuit breaker required by 
610.32 shall not be lcs."l than 50 percclll of the combined short
time ampere rating of the motors or lcs."l than 75 pcrccm of the 
sum of the short-time ampere rating of the motors required for 
any single motion. 

Part V. Overcurrent Protection 

610.41 Feeders, RunW.y Conductors. 

(A) Single Feeder. The runway supply conductors and main 
contact conductors of a crane or monorail shall be protected 
by an ovcrcurrcm dc\icc(s) that shall not be greater than the 
largest rating or setting of any branch-circuit protective dc\-icc 
plus the sum of the nameplate ratings of all the odtcr loacl"l 
with application of the demand factors from Table 610.14([) 
(3) . 
(B) More Than One Feeder Circuit. \\'bcrc more than one 
feeder circuit is installed to supply runway conductors, each 
feeder circuit shall be sized and protected in compliance with 
610.41 (A) . 

610.42 Branch-Circuit Short-Circuit and Ground-Fault Protec
tion. Branch circuit"l shall be protected in accordance with 
610.42(A) . Branch-circuit taps, where made, shall comply with 
610.42(8). 

(A) Fuse or Circuit Breaker Rating. Crane, hoist, and mono
rail hoist motor branch circuit"l shall be protected by fuses or 
inverse-time circuit breakers that have a rating in accordance 
with Table 430.52(C) (1).  Where two or more motors operate a 
single motion, the sum of their nameplate currcm ratings shall 
be considered a"l that of a single motor. 

(B) Taps. 

(I) Multiple Motors. \\'here two or more motors arc connec
ted to the same branch circuit, each tap conductor to an incli
'idual motor shall have an ampacity not lcs."l than one-third that 
of the branch circuit. Each motor shall be protected from over
load according to 610.43. 

(2) Control Circuits. Where taps to comrol circuit"l originate 
on dtc load side of a branch-circuit protective dc\-icc, each tap 
and piece of cquipmcm shall be protected in accordance with 
430.72. 
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610.43 ARTICLE 620 - ELEVATORS, DUMBWAITERS, ES\..ALATORS, MOVIJ'\G WALKS, LIFTS, & CHAIRLIFTS 

610.43 Overload Protection. 

(A) Motor and Branch-Circuit Overload Protection. Each 
motor, motor controller, and branch-circuit conductor shall be 
protected from overload by one of the following means: 

( 1)  A single motor shall be considered ao; protected where 
the branch-circuit ovcrcurrcnt device meets the rating 
requirement-; of 610.42. 

(2) Overload relay clement-; in each ungrounded circuit 
conductor, l\ith all relay clement-; protected from short 
circuit by the branch-circuit protection. 

(3) Thcnnal sensing dc'l'ices, sensitive to motor temperature 
or to temperature and current, that arc thcnnally in 
contact l\ith the motor "inding(s) . Hoist functions shall 
be considered to be protected if the sensing dc\icc limit-; 
the hoist to lowering only during an overload condition. 
Traverse functions shall be considered to be protected if 
the sensing dc\icc limito; the travel in both directions for 
the affected function during an overload condition of 
either motor. 

(B) Manually ControUed Motor. If the motor is manually 
controlled, with spring return controls, the overload protective 
dc\icc shall not be required to protect the motor against stalled 
rotor conditions. 

(C) Multimotor. \\'here two or more motors drive a single trol
ley, truck, or bridge and arc controlled ao; a unit and protected 
by a single set of overload dc\ices l\ith a rating equal to the 
sum of their rated full-load current-;, a hoist or trolley shall be 
considered to be protected if dtc sensing device is con

.
ncctcd in 

the hoist's upper limit Sl\itch circuit so ao; to prevent further 
hoisting during an ovcrtcmpcraturc condition of either motor. 

(D) Hoists and Monorail Hoists. Hoist-; and monorail hoist-; 
and their trolleys that arc not used ao; part of an overhead trav" 
cling crane shall not require indi,idual motor overload protec
tion, provided the largest motor docs not exceed 7� hp and all 
motors arc under manual control of the operator. 

Part VI. Control 

610.51 Separate ControUers. Each motor shall be prmidcd 
"ith an indi'l'idual controller unless othcn\isc permitted in 
610.51 (A) or (8). 

(A) Motions with More Than One Motor. \\'bcre two or more 
motors drive a single hoist, carriage, truck, or bridge, dtcy shall 
be permitted to be controlled by a single controller. 

(B) Multiple Motion ControUer. One controller shall be 
permitted to be s\\itchcd between motors, under dtc follo"ing 
conditions: 

(1)  The controller hao; a horsepower rating that is  not lower 
than dtc horsepower rating of the largest motor. 

(2) Only one motor is operated at one time. 

610.53 Overcurrent Protection. Conductors of control circuit-; 
shall be protected against ovcrcurrcnt. Control circuit" shall be 
considered ao; protected by ovcrcurrcnt devices dtat arc rated 
or set at not more dtan 300 percent of the ampacity of the 
control conductors, unlcs.o; odtcrwisc permitted in 610.53(A) or 
(B). 

(A) Taps to Control Transformers. Taps to control transform
ers shall be considered ao; protected where the secondary 
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circuit is protected by a device rated or set at not more than 
200 percent of the rated secondary current of dtc transformer 
and not more than 200 percent of the ampacity of the control 
circuit conductors. 

(B) Continuity of Power. Where the opening of the control 
circuit would create a hazard, ao; for example, dtc control 
circuit of a hot metal crane, the control circuit conductors shall 
be considered ao; being properly protected by the branch
circuit ovcrcurrcnt dc\iccs. 

610.57 Clearance. The dimension of the working space in the 
direction of access to live parto; that arc likely to require exami
nation, adjustment, scr'l'icing, or maintenance while energized 
shall be a minimum of 750 mm (2� ft) . \\'here controls arc 
enclosed in cabincto;, the door(s) shall cidtcr open at lcao;t 
90 degrees or be rcmmablc. 

Part VD. Grounding and Bonding 

610.61 Grounding and 8cJnding. All exposed non-currcnt
cartying metal part-; of cranes, monorail hoisto;, hoist-;, and 
acccs...ories, including pendant controls, shall be bonded either 
by mechanical connections or bonding jumpers, where applica
ble, so that the entire crane or hoio;t is an effective ground-fault 
current pam by connection to the equipment grounding 
conductor of · the branch circuit or feeder ao; required or 
permitted by Article 250, Part-; I, V, \1, and \11. 

Mo'l'ing parto;, other dtan removable acccs.o;ories, or attach
menu; mat have metal-to-metal bearing surfaces, shall be 
considered to be electrically bonded to each oilier through 
bearing surfaces for me purpose of establishing an effective 
ground-fault current path. The trolley frame and bridge frame 
shall not be considered ao; electrically bonded mrough the 
bridge and trolley wheel-; and ito; respective tracks. A separate 
bonding conductor shall be prmidcd. 

ARTICLE 620 
Elevators, Dumbwaiters, Escalators, 
Moving Walks, Platform Lifts, and 

Stairway Chairlifts 

Part I. General 

620.1 Scope. This article covers the installation of electrical 
equipment and "iring used in connection "im clc\"ators, 
dumb"aitcrs, escalators, mming \\'<Ilks, platform lifto;, and stair
"ay chairlifto;. 

Informational l'ote No. 1: See AS:VIE AI7.1/CSA 844, Safny 
('.ode for Elevator.; ami f)ralator.•, for information on the installa
tion of ele\'ators and escalators. 

Informational Note :'\o. 2: See 1-'iA 844. 1/ASME Al7.5, Elevator 
and e.•ralator rlectrical equipment, for information on ele\-ator and 
escalator electrical equipment. 

Informational l'ote :'\o. 3: See ASME ,\18.1 ,  Safdy Staudard for 
Platform I.ijis and Stainua.l' Chairlijis, for information on installa
tion of platform lift• and staim-ay chairlifL•. The term lt!herlchair 
lift ha.• heen changed to platform lift. 
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ARTICLE 620 - ELEVATORS, DUMBWAITERS, ES\..ALATORS, MOVIJ'\G WALKS, LIFTS, & CHAIRLIFTS 620.5 

Informational :'\ote l'o. 4: The motor controller, motion 
controller, and operdtion controller are located in a single 
enclosure or a combination of enclosures. 

Informational :'\ote l'o. 5: See Informational :'\ote Figure 620. 1 
for infonnation only. 

620.3 Voltage Limitations. The supply voltage shall not exceed 
300 volts between conductors unlcs.� othcmisc permitted in 
620.3(A) through (C). 

(A) Power Circuits. Branch circuiL� to door operator control
lers and door motors and branch circuiL� and feeders to motor 
controllers, driving machine motors, machine brakes, and 
motor-generator scL� shall not have a circuit voltage in execs.� of 
1000 voiL�. Internal voltages of power conversion equipment 
and functionally a�sociatccl equipment, and dtc operating 
voltages of wiring interconnecting the equipment, shall be 
permitted to be higher, prmidcd dtat all such equipment and 
wiring shall be listed for the higher voltages. \\'here dtc voltage 
exceeds f>OO voiL�, warning labels or signs that read MDAJ'\GER 
- HIGH VOLTAGE" shall be attached to dtc equipment and 
shall be plainly visible. The danger sign(s) or label(s) shall 
complp\ith 1 10.21 (B). 

(B) Lighting Circuits. Lighting circuiL� shall comply l\idt the 
rcquircmcnL� of Article 410. 

(C) Heating and Air-Conditioning Circuits. Branch circuiL� for 
heating and air-conditioning equipment located on dtc elc\'a
tor car shall not have a circuit voltage in excess of 1000 voiL�. 

620.4 Live Parts Enclosed. All live pan� of electrical apparatus 
in the hoisl\\'a)'li, at the landings, in or on dtc cars of elc\'ators 
and clumbl\'aitcrs, in the welh\'a)'li or the landings of escalators 
or mming walks, or in the run\\'a)'li and machinery spaces of 
platfonn lifL� and staim'<ly chairlifL� shall be enclosed to protect 
against accidental contact. 
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Informational Note: See 1 10.2i for guarding of lh>e pan• 
( 1000 volt.•, nominal, or les.•). 

620.5 Working Clearances. Working space shall be prmiclcd 
about controllers, disconnecting means, and other electrical 
equipment in accordance l\ith 1 10.26(A) . 

\\-'here conditions of maintenance and supervision ensure 
that only qualified persons examine, adjust, service, and main
tain the equipment, the clearance rcquircmcnL� of l i 0.26(A) 
shall not be required where any of the conditions in 620.5(A) 
through (D) arc met. 

(A) Flexible Connections to Equipment. Electrical equipment 
in the following is prmidcd l\ith flexible leads to all external 
connections so that it can be repositioned to meet the clear 
working space rcquircmcnL� of 1 10.26: 

(1 )  Controllers and disconnecting means for clumb\\'aitcrs, 
escalators, mming \\'alks, platform lifL�, and staim-ay chair
lifL� installed in the same space "id1 the clriling machine 

(2) Controllers and disconnecting means for elc,-ators instal-
led in the hoist"-ay or on the car 

(3) \..ontrollcrs for dQOr operators 
(4) Odtcr elcctricalt"quipmcnt installed in the hoist\\'aY or on 

the car 

(B) Guards. Live pan� of the electrical equipment arc suitably 
guarded, i�olatccl, or insulated to reduce the likelihood of inacl
vcrtcnt contact with live pan� operating at voltages greater than 
30 voiL� ac nns, 42 voiL� ac peak, or f>O voiL� clc, and the equip
ment can be examined, acljustccl, scflicccl, or maintained while 
energized without rcmm-al of this protection. 

(C) Examination, Adjusting, and Servicing. Electrical equip
ment is not required to be examined, adjusted, scflicccl, or 
maintained while energized. 
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Informational Note F.gure 620.1 Control System. 
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(D) Low Voltage. l:ninsulatcd part'i arc at a voltage not 
greater than 30 volt'i nns, 42 volt'i peak, or 60 volt'i de. 

620.6 Ground-Fault Circuit-Interrupter Protection for Person
nel. 

(A) Pits, Hoistways, and on Cars. Each 12:>-volt, single-phase, 
15- and 20-ampcrc receptacle installed in pit'i, in hoistways, on 
the cars of elc\-ators and dumb\\-aitcrs a'isociatcd \\ith wind 
turbine tower elc'l'-ators, on the platforms or in dtc runways and 
machinery spaces of platform lift'i and staim-ay chairlift'i, and in 
escalator and moving walk welh\<I)'S shall be a listed Cla'is A 
ground-fault circuit-interrupter type. 

(B) Machine Rooms, Control Spaces, Machinery Spaces, 
Control Rooms, and Truss Interiors. All 12:>-volt, singlc-pha'iC, 
15- and 20-amperc receptacles installed in machine rooms, 
control spaces, machinery spaces, control rooms, and tms.'i 
interiors shall have listed Cla'is A ground-fuult circuit
interrupter protection for personnel. 

(C) Sump Pumps. A pcrmancndy installed sump pump shall 
be permanently ''ired or shall be supplied by a receptacle that 
is protected by a listed Cla'i.'i A ground-fuult circuit-interrupter. 

Part D. Conductors 

620.11 Insulation of Conductors. The insulation of conduc
tors shall comply \\ith 620. 1 1  (A) through (D) . 

Informational Note: See l"L 2556-2015, Wire ami Cab!£ Tl'!i/ :"le/11-
ods, for one method of dete1mining that the in.•ulation of 
conductors is flame retardant by testing the conductors or 
cables to the FV-2/VW-1 Test. 

(A) Hoistway Door Interlock W'uing. The conductors to me 
hoist"-ay door intcrlock.'i from dtc hoisrn-ay riser shall be one of 
the following: 

(1) Flame retardant and suitable for a temperature of not lcs.'i 
than 2000C (392.F) . Conductors shall be Type SF or 
cqui\-alcnt. 

(2) Physically protected using an approved mcdlod, such that 
the conductor a'i.'iCmbly is flame retardant and suitable 
for a temperature of not less than 2oo•c (392.F). 

(B) Traveling Cables. Traveling cables used a'i flexible connec
tions between the elc\-ator or dumb\\-aitcr car or countcm·cight 
and the racc"-ay shall be of dtc types of elc'l'-ator cable listed in 
Table 400.4 or oilier approved types. 

(C) Other W'uing. All conductors in raceways shall have flame
retardant insulation. 

\..onductors shall be Type MTIV, TF, TFF, TFJ'\, TFF:"-1, 
THH:"-1, THW, TH\\'N, T\-\-', XHHW, hoist"-ay cable, or any 
other conductor \\ith insulation designated a'i flame retardant. 
Shielded conductors shall be pcnnittcd if such conductors arc 
insulated for the maximum nominal circuit voltage applied to 
any conductor within me cable or raceway system. 

(D) Insulation. All conductors shall have an insulation voltage 
rating equal to at lca'it dtc maximum nominal circuit voltage 
applied to any conductor \\ithin dtc enclosure, cable, or race
way. Insulations and outer coverings mat arc marked for limi
ted smoke and arc so listed shall be permitted. 

620.12 Minimum Size of Conductors. The minimum size of 
conductors, odtcr than conductors dtat form an integral part 
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of control equipment, shall be in accordance "idl 620.12(A) 
and (B). 

(A) Traveling Cables. 

(1) Lighting Circuits. For lighting circuit'i, 14 AWG copper, 
20 AWG copper or larger conductors shall be permitted in 
parallel, provided dtc ampacity is cquh-alcnt to at lca'it dtat of 
14 AWG copper. 

(2) Class 2 and Communications Circuits. Communications 
cables used for Cla'i.'i 2 or communications circuit'i shall have a 
current limit equal to or greater than me current required to 
power the powered Cla'i.'i 2 or communications dc\icc. Commu
nications cables shall comply "id1 800.1 79. The minimum 
conductor size for communications circuit'i shall be 24 AWG. 

(3) Other Circuits. For oilier circuit'i, me minimum size 
conductor shall be 20 AWG copper. 

(4) Paralleled Conductors. Where ampacity requirement" or 
voltage drop conditions in a. travcling cable circuit prevent me 
usc of a single conductor of AWG 14 or smaller, conductors 
shall be permitted in parallel in compliance \\ith all the follow
ing: 

(1) Each condu�touhall be no smaller than 20 AWG copper. 
(2) The paralleled conductors shall be dtc same type and 

have dtc. same ampacity rating. 
(3) No m()re dtan 3 conductors shall be paralleled. 
(4) The ovcrcurrcnt protection shall be such dtat the ampac

itv.of each indi'l'idual conductor "ill not be exceeded if 
o�c of me parallel conductors becomes inadvcrtcndy 
disconnected. 

(B) Other W'uing. 24 AWG copper. Smaller size listed conduc
tors shall be permitted. 

620.13 Feeder and Branch-Circuit Conductors. Conductors 
shall have an ampacity in accordance \\ith 620.13(A) dlrough 
(D). With generator field control, me conductor ampacity shall 
be ba'icd on dtc nameplate current rating of me drhing motor 
of me motor-generator set that supplies power to me elevator 
motor. 

Informational Note :'\o. 1 :  The heating of conductors depend• 
on root-mean.,;quare cun-ent values, which, \\ith generdtor field 
control, are reflected by the nameplate current rating of the 
motor-generator drhing motor rather than by the rating of the 
ele\--ator motor, which represent• actual but shon-time and inter
mittent full-load cun-ent \--alues. 

Informational :'\ote No. 2: See lnfonnational l'ote Figure 
620.13. 

(A) Conductors Supplying Single Motor. Conductors supply
ing a single motor shall have an ampacity not lcs.'i than me 
percentage of motor nameplate current determined from 
430.22(A) and (E). 

Informational Note: Some eJe,-ator motor current•, or those 
motor current• of similar function, exceed the motor nameplate 
\-alue. Heating of the motor and conductors is dependent on 
the root-mean square (1ms) cun-ent \"dlue and the length of 
ope1-ation time. BecatL•e thi• motor application i• inherently 
inte1mittent duty, conductors are sized for duty cycle service as 
shmm in Table 430.22(E). 

(B) Conductors Supplying a Single Motor Controller. Conduc
tors supplying a single motor controller shall have an ampacity 
not lcs.'i than the motor controller nameplate current rating, 
plus all other connected load'i. Motor controller nameplate 
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Common feeder 

Feeder demand factor 

Motor feeder short
circuit and ground
fault protection 

Disconnecting means 

Motor branch-circuit 
short-circuit and 
ground-fault protection 

Branch-circuit conductors 

External transformer 
(optional) 

Motor controller 

Motor control circuits 

Overload protection 
for motors 

Motor conductors 

Motor 

To supply 
620.13 

620.14 

620.61 (C) 

620.51 

620.61 (0) 

620.13 

Article 450 

620.1 3, 620.1 5  

620.61(A) 

620.61 (8) 

620.13 

Article 430, Part I 

Informational Note Fagure 620.13 Single-Line Diagram. 

current ratings shall be pennitted to be derived based on the 
nns value of dte motor current using an intermittent duty cycle 
and other control system load-;, if present. 

(C) Conductors Supplying a Single Power Transformer. 
Conductors suppl}'ing a single power transformer shall have an 
ampacity not les.-; than the namq>late current rating of the 
power transformer plus all odter connected loacl-;. 

Informational Note :'\o. 1: The nameplate current rdting of a 
power tran�former supplying a motor controller reHect� the 
nameplate current rating of the motor controller at line ,·ohage 
(transformer primary). 

Informational :'\ote No. 2: See Informative Annex D, Example 
:'\o. DIO. 

(D) Conductors Supplying More Than One Motor, Motor 
Controller, or Power Transformer. Conductors supplying more 
than one motor, motor controller, or power transformer shall 
have an ampacity not Jcs.-; than the sum of the nameplate 
current ratings of the equipment plus all other connected 
load-;. The ampere ratings of motors to be tt-;ed in dte summa
tion shall be determined from Table 430.22(E), 430.24, and 
430.24, Exception :"'o. 1 .  

Informational :'\ote: See Informative Annex D,  Example Nos. D9 
and DIO. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GrRJCAL COI>t: 

620.14 Feeder Demand Factor. Feeder conductors of les.-; 
ampacity than required by 620.13 shall be permitted, su�ect to 
the requirement-; of Table 620.14. 

620.15 Motor Controller Rating. The motor controller rating 
shall comply with 430.83. The rating shall be permitted to be 
les.-; than the nominal rating of the ele'l--ator motor, when the 
controller inherendy limits the a\-ailable power to the motor 
and is marked a-; power limited. 

Informational :'\ote: See 430.8 for controller markings. 

620.16 Short-Circuit Current Rating. 

(A) Marking. \\'here an ele'l--ator control panel is installed, it 
shall be marked with its short-circuit current rating, ba-;ed on 
one of the follo"ing: 

(1)  Short-circuit current rating of a listed a'i.-;cmbly 
(2) Short-circuit current rating established utilizing an 

approved method 

Informational :'\ote: t:L 508A-20 13, Staudard for /ndu.<trial Control 
Pam•l<, Supplement SB, is an example of an approved method. 

(B) Installation. The ele'l--ator control panel shall not be instal
led where the a\'3.ilahle fault current exceed-; it-; short-circuit 
current rating, a-; marked in accordance with 620.16(A). 

Part m. Waring 

620;%1 Waring Methods. Conductors, cables, and optical fiber 
cables located in hoistl\-ays, escalator and moving "-alk well"<t}'"S, 
platfonn lift-;, stairway chairlift runways, machinery spaces, 
control spaces, in or on cars, machine rooms, and control 
rooms, not including the traveling cables connecting the car or 
countenveight and hoistway "iring, shall be installed in rigid 
metal conduit, intermediate metal conduit, electrical metallic 
tubing, rigid nonmetallic conduit, or wire\\-ays, or shall be Type 
MC, MI, or AC cable unles.-; otherwise permitted in 620.21 (A) 
through (C). t:nuscd conductors in an enclosure shall be insu
lated or protected from accidental contact "ith exposed live 
part-;. 

Exception: Cords and cahks of listed rord-a1ul.plug-connecttd equip
ment shall not be requitl'.d ta be instalkd in a raceway. 

Informational :'\ote: When an ele\-ator i� da'l.�ified a� a fire sen� 
ice acces.� ele\-ator or occupant e\-acuation ope1-ation ele\"dtor, 
some building codes require additional protection for conduc-

Table 620.14 Feeder Demand Factors for Elevators 

Number of Elevators on a Single 
Feeder 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 or more 

Demand Factor* 

1.00 
0.95 
0.90 
0.85 
0.82 
0.79 
0.77 
0.75 
0.73 
0.72 

* Demand factors are ba�ed on 50 percent duty cycle (i.e., half time on 
and halftime off). 
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tors that are located oul�ide of the ele\<ttor hoisl\\<ty and 
machine room. 

(A) Elevators. 

(I) Hoistways and Pits. 
(a) Types CL2P, CL2R, and CL2 cables shall be permit

ted, prmidcd the cables arc supported and protected from 
physical damage. Substitute cables for Cla'ls 2 cables installed in 
accordance "idt 722.135(E) shall be permitted. 

(b) Flexible cord'l and cables that arc componcnl'l of 
listed equipment and tl'lcd in circuit'l operating at 30 volt'l rm'l 
or less or 42 volt'l de or less shall be permitted, provided dtc 
cords and cables arc supported and protected from physical 
damage and arc of a jacketed and flame-retardant t}'pc. 

(c) The following wiring mcdtod'l shall be permitted in 
the hoistway in lcngdts not to exceed 1.8 m (6 ft) :  

( 1 )  Flexible metal conduit. 
(2) Liquidtight flexible metal conduit. 
(3) Liquidtight flexible nonmetallic conduit. 
(4) Flexible cord'l and cables, or conductors grouped 

together and taped or corded, shall be permitted to be 
installed widtout a raceway. They shall be located to be 
protected from physical damage, shall be of a flame
retardant type, and shall be part of one of dtc following: 

a. Listed equipment 
b. Driving machine 
c. Driving machine brake 

Exception to 620.21(A)(l)(cj(l), (A)(l)(c)(2), and (A)(lj(c) 
{3): The conduit length slmU not be 11'qui11'd to be limited between 
ri.'in-s and limit !ituitches, interlocks, opemting buttons, and simi
lar clevires. 

(d) A sump pump or oil recovery pump located in dtc pit 
shall be permitted to be cord connected. The cord shall be a 
hard tl'lagc oil-resistant type, of a lcngdt not to exceed 1 .8 m 
(6 ft),  and shall be located to be protected from physical 
damage. 

(c) Hard-sen icc cords and junior hard-scnice ·cords that 
conform to dtc rcquircmcnl'l of Article 400 (Table 400.4) shall 
be permitted a'l flexible connections between d1c fixed wiring 
in dtc hoistwav and hoistwav acccs.'l switches when located in 
the hoisll\-ay d;,or sight guard. 

Informational :"'otc: Sec ASME Al7.1-2019/CSA 844-19, 
Safet_l' ('..ode fm· Elevatm-s and Efcalatm-s. 

(2) Cars. 
(a) Flexible metal conduit, liquidtight flexible metal 

conduit, or liquidtight flexible nonmetallic conduit of metric 
designator 12 (trade size %), or larger, not exceeding 1 .8 m 
(6 ft) in length, shall be permitted on cars where so located a'l 
to be free from oil and if securely fustcncd in place. 

Exception: Liquidtight flexible nonmetaUic conduit (IFNC-B) of met1ic 
designatm· 12 (trade size �) m· latgf!r shall be permitted in lengths in 
excess of 1.8 m (6ft). 

(b) Hard-scnicc cords and junior hard-service cord'l that 
conform to dtc rcquircmcnl'l of Article 400 (Table 400.4) shall 
be permitted a'l flexible connections between dtc fixed wiring 
on the car and dc\iccs on dtc car doors or gates. Hard-scnicc 
cord'l only shall be permitted a'l flexible connections for dtc 
top-of-car operating de\ icc or the car-top work light. Dc,iccs or 
luminaires shall be grounded by means of an equipment 
grounding conductor run with the circuit conductors. C-ables 
widt smaller conductors and other types and thickncs.'ICs of 
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insulation and jacket'> shall be permitted a'l flexible connec
tions between dtc fixed v.iring on dtc car and dc,iccs on dtc 
car doors or gates, if listcd for this usc. 

(c) Flexible cord'l and cables that arc component'> of 
listed equipment and tl'lcd in circuit'l operating at 30 volt'l rm'l 
or lcs.'l or 42 volt'l de or lcs.'l shall be permitted, prmidcd dtc 
cord'l and cables arc supported and protected from physical 
damage and arc of a jacketed and flame-retardant t}'pc. 

(d) The follo"ing wiring methods shall be permitted on 
the car a'I.'ICmbly in lengths not to exceed 1 .8 m (6 ft) :  

(1)  Flexible metal conduit 
(2) Liquidtight flexible metal conduit 
(3) Liquidtight flexible nonmetallic conduit 
(4) Flexible cord'> and cables, or conductors grouped 

together and taped or corded, shall be permitted to be 
installed widtout a raccv.-ay. They shall be located to be 
protected from physical damage and shall be of a flame
retardant type and shall be part of one of dtc follo"ing: 

a. Listed equipment 
b. A drhing machine 
c. A drhing machine br.ikc 

(3) Within Machine Rooms, Control Rooms, and Machinery 
Spaces and Contr9l Spaces. 

(a) Flexible metal conduit, liquidtight flexible metal 
conduit, or liquidtight flexible nonmetallic conduit of metric 
designator .12 (trade size %), or larger, not exceeding 1 .8 m 
(6 ft) in length, shall be permitted between control panels and 
machine motors, machine brakes, motor-generator sct'l, discon
necting means, and pumping unit motors and valves. 

Exreption: Liquidtight flexible nonmetaUic conduit (lFNGB) met1ic 
de.fignator 12 (trade .fize �) or la1-ger shall be pmnitted to be installed 
in lengths in exce.<i.f of 1.8 m (6ft). 

(b) \\"bcrc motor-generators, machine motors, or pump
ing unit motors and \-alvcs arc located adjacent to or undcr
ncadt control equipment and arc prmidcd v.ith cxtra-lcngdt 
tcnninal lcads not exceeding 1 .8 m (6 ft) in lcngdt, such lcacl'l 
shall be permitted to be extended to connect dirccdy to 
controller terminal studs widtout regard to the carf)ing
capacity rcquircmcnl'l of Articles 430 and 445. Auxiliary gutters 
shall be permitted in machine and control rooms between 
controllers, starters, and similar apparattl'l. 

(c) Flexible cord'l and cables that arc component'> of 
listed equipment and tl'lcd in circuit'l operating at 30 volt'l rm'l 
or lcs.'l or 42 volt'l de or lcs.'l shall be permitted, prmidcd dtc 
cords and cables arc supported and protected from physical 
damage and arc of a jacketed and flame-retardant t}'pc. 

(d) On existing or listed equipment, conductors shall 
also be pcnnittcd to be grouped togcdtcr and taped or corded 
widtout being installed in a raccv.-ay. Such cable groups shall be 
supported at intcn-als not over 900 mm (3 ft) and located so a'l 
to be protected from physical damage. 

(c) Flexible corcl'l and cables in lengths not to exceed 
1 .8 m (6 ft) mat arc of a flame-retardant type and located to be 
protected from physical damage shall be permitted in these 
rooms and spaces v.ithout being installed in a raccv.-ay. They 
shall be part of one of dtc following: 

(1) Listed equipment 
(2) A dri,ing machine 
(3) A dri,ing machine brake 
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(4) Counterweight. The following wiring mcthodo; shall be 
permitted on the counterweight ao;scmbly in lengths not to 
exceed 1.8 m (6 ft): 

(1) Flexible metal conduit 
(2) Liquidtight flexible metal conduit 
(3) Liquidtight flexible nonmetallic conduit 
(4) Flexible cordo; and cables, or conductors grouped 

together and taped or corded, shall be permitted to be 
installed without a raccwav. Thcv shall be located to be 
protected from physical damag�. shall be of a flame
retardant type, and shall be part of one of the following: 

a. Listed equipment 
b. A dri\ing machine 
c. A dri\ing machine brake 

(B) Escalators. 

(1) Wuing Methods. Flexible metal conduit, liquidtight flexi
ble metal conduit, or liquidtight flexible nonmetallic conduit 
shall be permitted in escalator and mming walk wcllways. Flexi
ble metal conduit or liquidtight flexible conduit of metric 
designator 12 (trade size Y,.) shall be permitted in lengths not 
in cxccs.o; of 1 .8 m (6 ft).  

Exception: Metric designator 12 (trade siu �), 1wminal or lm-ger 
liquidtight flexible nonmetaUic conduit ( IFNGB) shall be /Jelmittl'.d to 
be installed in lengths in excess of 1.8 m (6ft). 

(2) Class 2 Circuit Cables. Types CL2P, CL2R, and CL2 cables 
shall be permitted to be installed "idtin escalators and moving 
walkways, provided dtc cables arc supported and protected 
from physical damage. Substitute cables for Clao;s 2 cables 
installed in accordance with 722.135(E) shall be permitted. 

(3) Flexible Cords. Hard-service cords that confonn to dtc 
requirement" of Article 400 (Table 400.4) shall be permitted ao; 
flexible connections on escalators and moving walk control 
panels and disconnecting means where the cmirc control 
panel and disconnecting means arc arranged for removal from 
machine spaces ao; permitted in 620.5. 

(C) Platform Lifts and Stairway Chairlift Raceways. 

(1) Wuing Medtods. Flexible metal conduit or liquidtight flex
ible metal conduit shall be permitted in platform lifto; and stair
way chairlift runways and machinery spaces. Flexible metal 
conduit or liquidtight flexible conduit of metric designator 12 
(trade size Y,.) shall be permitted in lengths not in cxccs.o; of 
1 .8 m (6 ft). 

Exception: Metric designatm· I 2 ( tmde siu �) or lm-ger liquidtight flex
ible nonmetallic cmulttit (IFNGB) slmll be permitted to be installed in 
lengths in I'XCI'!>S of 1.8 m (6ft). 

(2) Class 2 Circuit Cables. Types CL2P, CL2R, and CL2 cables 
shall be pcnnittcd to be installed within platform lifto; and stair
way chairlift runways and machinery spaces, provided the 
cables arc supported and protected from physical damage. 
Substitute cables for Cla"l.o; 2 cables installed in accordance with 
722.135(E) shall be permitted. 

(3) Flexible Cords and Cables. Flexible cordo; and cables that 
arc component" of listed cquipmcm and used in circuit" oper
ating at 30 vo)to; rms or less or 42 vo)to; de or less shall be penn it
ted in lengths not to exceed 1 .8 m (6 ft) , provided the cordo; 
and cables arc supported and protected from physical damage 
and arc ofajackctcd and flame-retardant type. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GrRJCAL COI>t: 

620.22 Branch Circuits for Car Lighting, Receptacle(s), Venti
lation, Heating, and Air-Conditioning. 

(A) Car Light Receptacles, Auxiliary Lighting, and Ventilation. 
A separate branch circuit shall supply the car lighto;. The car 
lighto; branch circuit shall be permitted to supply receptacles 
(alarm devices, emergency responder radio coverage (ERRC), 
car ventilation purification systems, monitoring dc\iccs not 
part of the comrol system), auxiliary lighting power source, car 
emergency signaling, communications dc\iccs (including their 
ao;sociatcd charging circuito;), and ventilation on each elevator 
car or inside the operation controller. The ovcrcurrcnt device 
protecting the branch circuit shall be located in the elevator 
machine room, control room, machinery space, or control 
space. Where there is no machine room, control room, machi
nery space, or control space outo;idc the hoistway, the ovcrcur
rent de\icc shall be located outo;ide the hoistway and accessible 
to qualified persons only. 

Required lighting shall not be connected to the load side of 
a ground-fault circuit interrupter. 

(B) Air-Conditioning and Heating Source. A separate branch 
circuit shall supply dle air-conditioning and heating unito; on 
each elevator car. The ovcrcurrent de\ice protecting the 
branch circuit shall be located in the elevator machine room, 
control room, machinery space, or control space. Where there 
is no machine room, control room, machinery space, or 
control space outo;ide the hoistway, the overcurrcm de\ice shall 
be located outo;ide the hoistway and acces.o;ible only to qualified 
persons. 

620.23 Branch Circuits for Machine Room, Control Room/ 
Machinery Space, Control Space, or Truss Interior Lighting 
and Receptacle(s). 

(A) Separate Branch Circuits. The branch circuit" suppl}'ing 
the lighting for machine rooms, comrol rooms, machinery 
spaces, control spaces, or truss interiors, where required, shall 
be separate from the branch circuit" suppl}'ing the receptacles 
in those places. These circuito; shall supply no other loaclo;. 

Required lighting shall not be connected to the load side of 
a ground-fault circuit interrupter. 

(B) Lighting Switch. The machine room, control room/ 
machinery space, or control space lighting switch shall be loca
ted at the point of cmry. 

(C) Duplex Receptacle. At leao;t one 12!>-volt, single-phao;c, 15-
or 20-ampcre duplex receptacle shall be prmided in each 
machine room, control room and machinery space, control 
space, and in trus.o; imeriors where required. 

Informational Note: See ASME AI7.1/CSA 844, Saf,ty C.ode for 
Elevators ami E<calators, for illumination levels and receptacle 
requiremenL•. 

620.24 Branch Circuit for Hoistway Pit Lighting and Recepta
cles. 

(A) Separate Branch Circuits. Separate branch circuit" shall 
supply the hoisll\-ay pit lighting and receptacles. 

Required lighting shall not be connected to the load side of 
a ground-fault circuit interrupter. 

(B) Lighting Switch. The lighting s"itch shall be so located ao; 
to be readily acces.o;ible from the pit acccs.o; door. 
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(C) Duplex Receptacle. At least one 12!>-volt, singlc-phao;c, 15-
or 20-ampcrc duplex receptacle shall be provided in the hoist
way pit. 

Informational l'ote :'\o. 1 :  See ASME Ali.I-2016/CSA 844-16, 
Safety ('.ode for Elevaton ami Esralators, for illumination levels. 

Informational Note No. 2: See 620.6 for ground-fault circuit
interrupter requiremenL•. 

620.25 Branch Circuits for Other Utilization Equipment. 

(A) Additional Branch Circuits. Additional branch circuit(s) 
shall supply utilization cquipmcm not identified in 620.22, 
620.23, and 620.24. Other utilization cquipmcm shall be 
restricted to that cquipmcm identified in 620. 1 .  

(B) Overcurrent Devices. The ovcrcurrcm devices protecting 
the branch circuit(s) shall be located in the elc\'ator machine 
room, control room, machinery space, or comrol space. \\'here 
there is no machine room, control room, machinery space, or 
comrol spacc outside the hoistway, or for escalator and moving 
walk applications, the ovcrcurrclll device shall be located 
outo;idc the hoistway and acccs.o;iblc only to qualified persons. 

Part IV. Installation of Conductors 

620.32 Metal WJreWays and Nonmetallic WJreWays. The sum of 
the cross-sectional area of the individual conductors in a wirc
V.'<�Y shall not be more than 50 pcrccm of the imcrior cros.o;
sectional area of the wircway. 

Vertical runs of wircways shall be securely supported at inter
vals not exceeding 4.5 m (15 ft) and shall have not more than 
one joim between support•. Adjoining wircway sections shall be 
securely fao;tcncd together to prmidc a rigid joint. 

620.33 Number of Conductors in Raceways. The sum of the 
cross-sectional area of dtc individual conductors in raccwa)'li 
shall not exceed 40 pcrccm of dtc imcrior cros.'Hiectional area 
of the raccv.'ay, except a• permitted in 620.32 for "irc.ways. 

620.34 Supports. Support• for cables or raccv.'a}''S in a hoistway 
or in an escalator or moving walk wcllway or platform lift and 
staim<ty chairlift rmm<ty shall be securely fa•tcncd to dtc guide 
rail; escalator or moving "<tlk trus.o;; or to the hoist\\'a)', wcllv.'<ly, 
or rum\<ty construction. 

620.35 Auxiliary Gutters. Auxiliary gutters shall not be sutMcct 
to dtc restrictions of 366.10(C) covering length or of 366.22 
covering number of conductors. 

620.36 Different Systems in One Raceway or Traveling Cable. 
Optical fiber cables and conductors for operating devices, 
operation and motion control, power, signaling, fire alarm, 
lighting, heating, and air-conditioning circuit• of 1000 volt• or 
lcs.o; shall be permitted to be run in dtc same traveling cable or 
raccwav S\-'Stcm if all conductors arc insulated for the maximum 
voltage" applied to any conductor l\ithin the cables or racc"'aY 
system and if all live part• of the cquipmcm arc insulated from 
ground for this maximum voltage. Traveling cable or racc"<tY 
shall also be permitted to include shielded pairs, coaxial cables, 
and odtcr communications circuit•. T)'pc CMP-LP or CMR-LP 
cables complying with 800.1 79 shall be permitted in racc"'a)''S. 
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620.37 Wuing in Hoistways, Machine Rooms, Control Rooms, 
Machinery Spaces, and Control Spaces. 

(A) Uses Permitted. Electrical wiring, racc\va)''S, and cables 
tLo;cd dirccdy in connection with the clcl<ttor or dumbwaiter 
shall be permitted inside the hoisn,<ty, machine rooms, control 
rooms, machinery spaces, and control spaces, including "iring 
for dtc following: 

(1) Signals 
(2) C-ommunications "ith the car 
(3) Fire detection systems 
(4) Pit sump pumps 
(5) Branch circuit• in 620.24 
(6) Heating, lighting, and ventilating the hoistv.'ay 
(7) Heating, air conditioning, lighting, and ventilating the 

elc\'ator car 

(B) Lightning Protection. Bonding of elevator rails (car 
and/or coumcnvcight) to a lighUling protection S}''Stcm clown 
conductor(s) shall be permitted. The lightning protection 
system down conductor(s) sh<tll not be located "ithin the hoist
v.'ay. Elc\<ttor rails or other hoist\\'a)' cquipmcm shall not be 
tLo;cd a• dtc clown conductor for lightning protection systems. 

Informational Sote No. 1 :  See 250.106 for bonding require
menL•. 

Informational :'\ote No. 2: See :'\FPA iS0-2020, Standard for the 
lnstallation.of l.iglllning Prot,-t:linn Sptems, for furtber information. 

(C) Feeders. Feeders for supplying power to elc\<ttors and 
clumb\\'aitcrs shall be installed outo;idc the hoistv.'ay unlcs.o; a• 
fo!lov.'li: 

(1) By special pcrmis.o;ion, feeders for elcl<ttors shall be 
permitted within an existing hoist\\'a)' if no conductors 
arc spliced within the hoistv.'ay. 

(2) Feeders shall be permitted inside the hoistv.'ay for elc\'a
tors l\ith driving machine motors located in the hoisn,<ty 
or on the car or countcn\'cight. 

620.38 Electrical Equipment in Garages and Similar Occupan
cies. Electrical equipment and \\iring used for elc\<ttors, 
clumb\\<titcrs, escalators, moving v.'alb, and platform lift• and 
staim<ty chairlift• in garages shall comply with the require
ment• of 511 .3(A) . 

Informational l'ote: Garages u.<;ed for parking or storage and 
wbere no repair work i• done in accordance witb 511 .3(,\) are 
not cla'l.•ified. 

Part V. Traveling Cables 

620.41 Suspension of Traveling Cables. Traveling cables shall 
be suspended at the car and hoist\va}''S' cncl•, or coumcn\'cight 
end where applicable, so a• to reduce the strain on the inclivicl
ual copper conductors to a minimum. 

Traveling cables shall be supported, utilizing listed compe>
ncnts, by one ofthc following method-;: 

(1) By their steel supporting mcmber(s) 
(2) By looping the cables around support• for unsupported 

lengths lcs.o; than 30 m (100 ft) 
(3) By stLo;pcncling from the support• by a means that aute>

matically tightens around dtc cable when tension is 
incrca-.cd for unsupported lengths up to 60 m (200 ft) 
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Unsupported length for the hoistway suspension means shall 
be that length of cable measured from dtc poim of suspension 
in the hoistway to dtc bottom of dtc loop, with the elc\-'ator car 
located at dtc bottom landing. Unsupported length for dtc car 
suspension means shall be that length of cable mcao;urcd from 
the poim of suspension on dtc car to the bottom of the loop, 
with dtc elc\-"ator car located at dtc top landing. 

620.42 Hazardous (Classified) Locations. In hazardous (cla"l.o;i
ficd) locations, traveling cables shall be of a type approved for 
hazardous (cla'i.o;ificd) locations ao; permitted in 501.10(8) 
(2) (7), 502.10(8) (2) (6), 503.10(A) (3) (6), 505.15(C) (2), and 
506.15(A) (6). 

620.43 Location of and Protection for Cables. Traveling cable 
support-; shall be located so ao; to reduce to a minimum the 
possibility of damage due to dtc cables coming in contact with 
the hoisrn'<ly construction or equipment in the hoistl\'<ly. \\'here 
ncccs.o;ary, suitable guard-; shall be provided to protect the 
cables against damage. 

620.44 Installation of Traveling Cables. Traveling cables that 
arc suitably supported and protected from physical damage 
shall be permitted to be run widtout the usc of a racc\\'<lY in 
either or both of the following: 
(1)  When used inside dtc hoist"'<ly, on the elevator car, hoist

\\'<lY \\'all, counterweight, or controllers and machinery 
that arc located inside dtc hoistl\'<ly, prmidcd the cables 
arc in the original sheath. 

(2) From inside the hoisn, .. y, to elc'l'"ator controller enclo
sures and to elc\'ator car and machine room, control 
room, machinery space, and control space connections 
that arc located outo;idc the hoistl\<lY for a distance not 
exceeding 1.8 m (6 ft) in length ao; mcao;urcd from the 
first point of support on the elc'l''ator car or hoist\\'ay wall, 
or countcn\"cight where applicable, provided the conduc
tors arc grouped together and taped or corded, or in the 
original shcad1. These traveling cables shall be permitted 
to be continued to this cquipmcm. 

Part VI. Disconnecting Means and Control 

620.51 Disconnecting Means. A single means for disconnect
ing all ungrounded main power supply conductors for each 
elc\-"ator, dumbl\'<litcr, escalator, moving \\'<llk, platform lift, or 
staim'<ly chairlift shall be provided and be designed so that no 
pole can be operated indcpcndcndy. \\'here multiple drhing 
machines arc connected to a single elc\"ator, escalator, mming 
"<1lk, or pumping unit, there shall be one disconnecting means 
to disconnect the motor(s) and control \'<live operating 
magneto;. 

The disconnecting means for the main power supply 
conductors shall not disconnect the branch circuit-; required in 
620.22, 620.23, and 620.24. 

(A) Type. The disconnecting means shall be an enclosed 
externally operable fused motor circuit switch or circuit 
breaker that is lockable only in the open position in accord
ance l\ith 1 10.25. 

The disconnecting means shall be a listed device. 

Informational l'ote :'\o. 1 :  See ASME Ali.l-2019/CSA 844-19, 
Saft!ly l.odl' for Eleva/on ami Esralaton, for additional infonnation. 
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lnformational l'ote l'o. 2: See ASME AIS.l-2017, Safrty Standard 
for Platform Ufts and Stainuay Owirlifts, for additional informa
tion. 

Exception No. 1: \l11en� an individual brandt cin:uit supt1lies a pwt
Jm·m lift, the discmmecting means 11'-f[Uill'.d by 620.5J(Cj(4) shaU be 
pennilltd to romp{l· with 430. 109(C). This disconntcting mtans shaU 
be listtd and shall be lockabk oJiffl in acconlance with 110.25. 

Exception No. 2: �Wum� an individual bl-anch cit'cuit supt1lies a stai1._ 
way chairliji m· where a stairway chairliji is supt1lied b)• batteries as the 
pt·immy sau1r:e, tht stairway dmilttji slmU be pennitttd to be cord-and
plug-connecll'.d, ptvvided it comJJlies with 422.16(A) and the ami diii!S 
not exm.d 1.8 m (6 ji) in length. 

(B) Operation. 1'\o prmision shall be made to open or close 
this disconnecting means from any other part of the premises. 
If sprinklers arc installed in hoist\\'a)'S, machine rooms, control 
rooms, machinery spaces, or control spaces, the disconnecting 
means shall be permitted to automatically open the power 
supply to the affected elc\-'a.I.OT(s) prior to the application of 
"'atcr. No prmision shall be made to automatically close this 
disconnecting means. Power shall only be restored by manual 
means. 

Informational N<>te: To reduce hazards a'l.•ociated "ith water on 
lh·e ele\"dtot electrical equipment. 

(C) Location. The disconnecting means shall be located 
where it is readily acccs.o;iblc to qualified persons. 

(1) ·On Elevators Without Generator Field Control. On elc\'a
ton l\ithout generator field comrol, the disconnecting means 
shall be located "ithin sight of the motor controller. Where the 
motor controller is located in the elc\'ator hoisn, .. y, the discon
necting means required by 620.51 (A) shall be located outo;idc 
the hoisrn'<ly and acccs.o;iblc to qualified persons only. An addi
tional fused or non-fused, enclosed, externally operable motor
circuit Sl\itch that is lockable open in accordance l\ith 1 10.25 
to disconnect all ungrounded main power-supply conductors 
shall be located l\ithin sight of dtc motor controller. The addi
tional switch shall be a listed dc\icc and shall comply with 
620.91 (C). 

Dri,ing machines or motion and operation controllers not 
within sight of the disconnecting means shall be prmidcd with 
a manually operated switch installed in the control circuit to 
prevent staning. The manually operated switch(es) shall be 
installed adjacent to this equipment. 

"''here the driving machine of an electric elc\'ator or the 
hydraulic machine of a hydraulic elevator is located in a 
remote machine room or remote machinery space, a single 
means for disconnecting all ungrounded main power-supply 
conductors shall be prmidcd and be lockable open in accord
ance l\ith 1 10.25. 

(2) On Elevators with Generator Field Control. On elc\-"ators 
with generator field control, the disconnecting means shall be 
located l\idtin sight of the motor controller for the driling 
motor of the motor-generator set. Dri'l'ing machines, motor
generator scto;, or motion and operation controllers not within 
sight of the disconnecting means shall be prmidcd with a 
manually operated switch installed in the control circuit to 
prevent staning. The manually operated switch(es) shall be 
installed adjacent to this equipment. 

"''here the dri,ing machine or the motor-generator set is 
located in a remote machine room or remote machinery space, 
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a single means for disconnecting all ungrounded main power
supply conductors shall be provided and be lockable open in 
accordance "idt I 10.25. 

(3) On Escalators and Moving Walks. On escalators and 
moving walks, the disconnecting means shall be installed in me 
space where dtc comrollcr is located. 

(4) On Platform Lifts and Stairway Cbairlifts. On platform 
lifts and stairway chairlift�. me disconnecting means shall be 
located wimin sight of the motor controller. 

(D) Identification and Signs. 

(I) Available Fault Current Field Marking. The disconnecting 
means shall be legibly marked in me field wim the available 
fault current at it"l line terminals. The field marking(s) shall 
include the date the available fault current calculation was 
performed and be of sufficient durability to "ithstand me cmi
ronmcm involved. 

\\'hen modifications to the electrical installation occur that 
affect the available fault currcm at dtc disconnecting means, 
the available fault current shall be verified or recalculated a"l 
ncccs.�ary to ensure the elc\--ator equipment's short-circuit 
currcm rating is sufficicm for me a\-ailablc fault current at me 
line terminals of dtc equipment. The required field marking(s) 
shall be adjusted to reflect the new level of a\-ailablc fault 
current. 

(E) Surge Protection. \\'here any of the disconnecting means 
in 620.51 ha� been designated a"l supplying an emergency 
system load, a legally required system load, or a critical opera
tion power system load, a listed SPD shall be installed. 

620.52 Power from More Than One Source. 

(A) Single-Car and Multicar Installations. On single-car and 
muhicar installations, cquipmcm receiving electrical power 
from more dtan one source shall be provided "idt a discon
necting means for each source of electrical power. The discon
necting means shall be "idtin sight of me equipment served. 

(B) Warning Sign for Multiple Disconnecting Means. \\'here 
multiple disconnecting means arc used and part� of me 
comrollcrs remain energized from a source other than me one 
disconnected, a \\-arning sign shall be mounted on or next to 
the disconnecting means. The sign shall be dearly legible and 
shall read a� follows: 

WARNING 
PARTS OF THE CONTROLLER ARE NOT DE-ENERGIZED 

BY TIDS SWITCH. 
The \\-arning sign (s) or label(s) shall comply "ith 1 10.21 (B). 

(C) Interconnection Multicar ControUers. \\'here imcrconncc
tions between comrollcrs arc ncccs.�ary for the operation of me 
system on multicar installations that remain energized from a 
source other than the one disconnected, a \\-arning sign in 
accordance "idt 620.52(8) shall be moumcd on or next to me 
disconnecting means. 

620.53 Car Light, Receptacle(s), and Ventilation Disconnecting 
Means. Elc'l'-ators shall have a single means for disconnecting 
all ungrounded car light, rcccptadc(s), and ventilation power
supply conductors for that elc'l'-ator car. 

The disconnecting means shall be an enclosed, externally 
operable, fused motor-circuit s"itch or circuit breaker dtat is 
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lockable open in accordance wim 1 10.25 and shall be located 
in the machine room or control room for mat elc'l'-ator car. 
\\-'here there is no machine room or comrol room out�idc me 
hoistl�-ay, the disconnecting means shall be located out�idc me 
hoistl�-ay and acccs."liblc to qualified persons only. 

Disconnecting means shall be numbered to correspond to 
the idcntif}'ing number of me elc'l'-ator car whose light source 
they comrol. 

The disconnecting means shall be provided wim a sign to 
idcmify me location of me supply side ovcrcurrcm protective 
device. 

Exception: Mum• a seJJarate bmndt circuit :mJplies car lighting, a 
T«eJJlade(� ), and a ventilation motm· not excl'l'.ding 2 hp, the discrm
necting means Tequin�d by 620.53 shall be Jlmnitll'd to comp{l· with 
430.109(C). This di�connectingmeans shall be li�IP.d and shall be /nck
abk oJJI'n in accordance with 110.25. 

620.54 Heating and Air-Conditioning Disconnecting Means. 
Elc\--ators shall have a single means for disconnecting all 
ungrounded car heating and· air-conditioning power-supply 
conductors for that elevator car. 

The disconnecting means shall be an enclosed, externally 
operable, fused motor-circuit s"itch or circuit breaker mat is 
lockable open . in accordance wim 1 10.25 and shall be located 
in the machine room or control room for mat elc'l'-ator car. 
\\-'here there is no machine room or comrol room out�idc me 
hoistlvay, the disconnecting means shall be located out�idc me 
hoistl�r-ay and acccs."liblc to qualified persons only. 

\\''here mere is cquipmclll for more man one eiC\-<Jtor car in 
the machine room, the disconnecting means shall be 
numbered to correspond to me idcntif}'ing number of me 
elc\--ator car whose heating and air-conditioning source they 
comrol. 

The disconnecting means shall be provided wim a sign to 
idcmify me location of me supply side ovcrcurrcm protective 
device. 

620.55 Utilization Equipment Disconnecting Means. Each 
branch circuit for other utilization equipment shall have a 
single means for disconnecting all ungrounded conductors. 
The disconnecting means shall be lockable open in accordance 
"im 1 10.25. 

\\-'here mere is more than one branch circuit for other 
utilization cquipmcm, the disconnecting means shall be 
numbered to correspond to me idcntif}'ing number of me 
cquipmcm served. The disconnecting means shall be provided 
wim a sign to identify the location of the supply side ovcrcur
rcm protective dc'l'icc. 

Part VII. Overcurrent Protection 

620.61 Overcurrent Protection. Ovcrcurrcm protection shall 
be provided in accordance l\ith 620.61 (A) through (D) . 

(A) Operating Devices and Control and Signaling Circuits. 
Operating dc\-iccs and comrol and signaling circuit"l shall be 
protected against ovcrcurrcm in accordance wim 724.43 and 
724.45. 
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Class 2 power-limited circuits shall be protected against over
current in accordance "ith Chapter 9, Notes to Tables 1 1  (A) 
and l l (B). 

(B) Overload Protection for Motors. Motor and branch-circuit 
overload protection shall conrorm to Article 430, Part III, and 
620.6l (B) (1)  through (B) (4). 

(I) Duty Rating on Elevator, Dumbwaiter, and Motor
Generator Sets Driving Motors. Duty on elc,>ator and dumb
v.>aitcr driving machine motors and driving motors or motor
generators used "idt generator field control shall be rated as 
intermittent. Such motors shall be permitted to be protected 
against overload in accordance widt 430.33. 

(2) Duty Rating on Escalator Motors. Duty on escalator and 
moving v.>alk driving machine motors shall be rated as continu
ous. Such motors shall be protected against overload in accorcl
ancc l\ith 430.32. 

(3) Overload Protection. E.'iCalator and moving v.>alk driving 
machine motors and driving motors or motor-generator sets 
shall be protected against running overload as provided in 
Table 430.37. 

(4) Duty Rating and Overload Protection on Platform Lift and 
Stairway Cbairlift Motors. Duty on platform lirt and staim-ay 
chairlirt driving machine motors shall be rated as intermittent. 
Such motors shall be permitted to be protected against over
load in accordance with 430.33. 

Informational Note: See 430.44 for further infonnation for 
orderly shutdmm. 

(C) Motor Feeder Short-Circuit and Ground-Fault Protection. 
Motor reeder short-circuit and ground-rault protection shall be 
a'i required in Article 430, Part V. 

(D) Motor Branch-Circuit Short-Circuit and Ground-Fault 
Protection. Motor branch-circuit short-circuit and ground-rault 
protection shall be a'i required in Article 430, Part IV. 
620.62 Selective Coordination. \\'bcrc more than one driving 
machine disconnecting means is supplied by the same source, 
the ovcrcurrcnt protective dc'l'ices in each disconnecting means 
shall be selectively coordinated widt anr odtcr supply-side over
current protective devices. 

Selective coordination shall be selected by a licensed prorcs
sional engineer or other qualified person engaged primarily in 
the design, installation, OT maintenance or electrical systems. 
The selection and device settings shall be documented and 
made available to dtosc audtorizcd to design, install, inspect, 
maintain, and operate the system. 

Exception: Selective roordination shall not be 11'-Jflti11'd betw«n two over
cunmt devices located in se1·ies if no loads are ronmcted in paralkl 
with the dmunst71'am droiu. 

620.65 Signage. Equipment enclosures containing selectively 
coordinated ovcrcurrcnt devices shall be legibly marked in dtc 
field to indicate dtat the ovcrcurrcnt devices arc selectively 
coordinated. The marking shall meet dtc requirement." or 
1 10.21 (B), shall be readily visible, and shall state dtc rollowing: 

\..AUTIO:"!: OVERCURRENT DEVICES Il'\ THIS E:"'CLOSl:RE 
ARE SELECTIVELY COORDI:"'ATED. EQUIVALEJ'\T 

REPLACEMEJ'\TS A:"'D TRIP SETTINGS ARE REQURED. 
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Part Vlll. Machine Rooms, Control Rooms, Machinery 
Spaces, and Control Spaces 

620.71 Guarding Equipment. Elc\>ator, dumbv.>aitcr, escalator, 
and moving \\-alk driving machines; motor-generator sct.'i; 
motor controllers; and disconnecting means shall be installed 
in a room or space set a'iidc ror dtat purpose unless odtcrwisc 
permitted in 620.71 (A) or (B). The room or space shall be 
secured against unauthorized acccs.'i. 

(A) Motor Controllers. Motor controllers shall be permitted 
out'iidc the spaces herein specified, prmidcd dtcy arc in enclo
sures "idt doors or rcmm-ablc panels dtat arc capable or being 
locked in the closed position and the disconnecting means is 
located adjacent to or is an integral part or the motor control
ler. Motor controller enclosures ror escalator or mO\ing v.>alk.'i 
shall be permitted in the balustrade on dtc side located a"-ay 
rrom dtc moving steps or moving trcadv.>ay. Ir the disconnect
ing means is an integral part or dtc motor controller, it shall be 
operable "idtout opening dtc enclosure. 

(B) Driving Machines. EIC\>ators "ith driving machines located 
on the car, on the cowttciwcight, or in dtc hoist"-ay, and driv
ing machines ror dumb"-aitcrs, platform lirt.'i, and stairv.>ay lirt.'i, 
shall be permitted out.'iidc the spaces herein specified. 

Part IX. Grounding and Bonding 

620�81 Metal Raceways Attached to Cars. Metal raccv.>ays, Type 
MC cable, T}'pc MI cable, or T}pc AC cable attached to elevator 
cars shall be bonded to metal part.'i or the car dtat arc bonded 
to dtc equipment grounding conductor. 

620.82 Electric Elevators. For electric elc'l'--ators, the rramcs or 
all motors, elc\>ator machines, controllers, and the metal enclo
sures ror all electrical equipment in or on the car or in dtc 
hoist"-av shall be bonded in accordance with Article 250, 
Part.'i V ;.nd VII. 
620.83 Nonelectric Elevators. For elc\>ators other than electric 
haling any electrical conductors attached to the car, dtc metal 
rramc or the car, where normally acccs.'iiblc to persons, shall be 
bonded in accordance l\ith Article 250, Part.'i V and \11. 
620.84 Escalators, Moving Walks, Platform Lifts, and Stairway 
Chairlifts. E.'icalators, moving walk.'i, platfonn Jirt.'i, and staim-ay 
chairlirt.'i shall comply widt Article 250. 

Part X. Emergency and Standby Power Systems 

620.91 Emergency and Standby Power Systems. Elc'l'-ators shall 
be permitted to be powered by an emergency or standby power 
system. 

Informational l'ote :'\o. 1: See ASME Ali.l-2016/CSA 844-16, 
Safety ('.ode for Elevator. and E<calator.<, 2.2i.2, for additional infor
mation. 

Informational l'ote No. 2: When an ele�<ttor is cla.'i.•ilied a.• a fire 
service acces.• ele\<ttor or occupant e�<tcuation operdtion ele�-a
tor, some building codes require the ele\'ator equipment, ele�-a
tor hoist\\<ty lighting, ventilation and cooling equipment for 
ele�<ttor machine rooms, control room.•, machine spaces, and 
control spaces a.• well a.• ele\'ator car lighting to he supplied by 
standby power system.• in compliance "ith Article iO I .  
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(A) Regenerative Power. For elc\"ator systems that regenerate 
power back imo the power source that is unable to absorb the 
regenerative power under overhauling clc'l'"ator load concli
tions, a means shall be prmidccl to absorb this power. 

(B) Other BuDding Loads. Other building loads, such as 
power and lighting, shall be permiuccl as the energy absorption 
means required in 620.91 (A), provided that such loads arc 
automatically connected to dtc emergency or standby power 
system operating the elc\"ators and arc large enough to absorb 
the elc\"ator regenerative power. 

(C) Disconnecting Means. The disconnecting means required 
bv 620.51 shall disconnect the elc'l'"ator from both the cmcr
g�ncy or standby power system and the normal power system. 

\\-'here an additional power source is connected to dtc load 
side of the disconnecting means, which allows automatic movc
mclll of the car to permit C\'acuation of passengers, dtc discon
necting means required in 620.51 shall be provided "id1 an 
auxiliary contact that is positively opened mechanically, and the 
opening shall not be solely dcpcndcm on springs. This contact 
shall cause the additional power source to be disconnected 
from it"l load when the disconnecting means is in the open 
position. 

ARTICLE 625 
Electric Vehicle Power Transfer System 

Part I. General 

625.1 Scope. This article covers the electrical conductors and 
cquipmcm connecting an electric vehicle to premises "iring 
for the purposes of charging, power export, or bidirectioilal 
current now. 

lnformational l'ote l'o. 1: See :'\FPA 50:>-2018, Fire Safety Stand
ard fnr PmoPTl!li lndu.•trial Truck.• lnrluding 1)'/Jt' DIISignatinllS, ATWS 
of Uv, l.onver..iollS, '"lainlenanre, and Dpemtiom, for information 
on fire protection of indu.•uial trucks. 

Informational :'\ote l'o. 2: See UL 2594-2016, furtrir Vl'l!irl£ 
Supp�J Equipment, for information on. conducth·e elecuic vehicle 
supply equipment. 

Informational :'\ote l'o. 3: See UL 2202-2009, furtrir Vl'l!irl£ 
l.harging Sy..tem l:quipmmt, for infmmation on conducti,·e elec
uic vehicle charging equipment. 

Informational :'\ote No. 4: See t:L 2i50-2020, Outlilll' nf lnVI'!itiga
tion for Wireil'u Pmoff Tran.if,- Equipment for Electric Vl'llicU.., for 
infmmation on "ireles.• power u-ansfer equipment for u-ansfer
ring power to an electric \-ehicle. 

Informational l'ote :'\o. 5: See l'E\ . .A 413-2019, !llStaUing and 
Maintaining Elertrir Vl'l!irl£ Supp�J l:quipmml (EV.'iE), for informa
tion on the procedures for in.•talling and maintaining AC Level 
I ,  AC Level 2, and fast<harging de electric vehicle supply equip
ment (EVSE).  

625.4 Voltages. Unless other voltages arc specified, dtc nomi
nal ac system voltages of 120, 120/240, 208¥/1 20, 240, 480Y/ 
277, 480, 600Y/347, 600, or 1000 volt"l or de system input 
voltages of up to 1000 volt"l shall be used to supply equipment 
covered by this article. Output voltages to the electric vehicle 
arc not specified. 
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625.6 Listed. Electric vehicle power transfer system cquipmcm 
for the purposes of charging, power export, or bidirectional 
current now shall be listed. 

Part II. Equipment Construction 

625.17 Cords and Cables. 

(A) Power-Supply Cord. The cable for cord-connected electric 
vehicle supply equipment (EVSE) shall comply "id1 all of the 
following: 

( 1)  Be any of the types specified in 625.17 ( 8 ) ( I ) or hard serv
ice cord, junior hard service cord, or portable power 
cable types in accordance l\ith Table 400.4. Hard service 
cord, junior hard service cord, or portable power cable 
types shall be listccl, a"l applicable, for exposure to oil and 
clamp and wet locations. 

(2) Have an ampacity a"l specified in Table 400.5(A) ( 1 )  or, for 
8 AWG and larger, in the oo•c (140.F) columns of Table 
400.5(A) (2). 

.· 

(3) Have an overall length 01."' specified in cidtcr of the follow
ing: 

a. \\''hen the interrupting device of the personnel 
protection system specified in 625.22 is located "ithin 
the c�clamrc of the supply equipment or charging 
system, the power-supply cord shall be not more than 

. the length indicated in (i) or (ii): 

(i) For portable equipment in accordance with 
625.44(A) , the power-supply cord shall be not 
more than 300 mm (12 in.) long. 

(ii) For fa"ltcncd-in-placc equipment in accordance 
with 625.44(8), the power-supply cord shall be 
not more than 1.8 m (6 ft) long and the equip
ment shall be installed at a height that prcvcnl"l 
the power-supply cord from contacting the 
noor when it is conncctccl to the proper recep
tacle. 

b. \\''hen the interrupting device of the personnel 
protection system specified in 625.22 is located at the 
attachment plug, or within the first 300 mm (12 in.) 
of the power-supply cord, the overall cord length shall 
be not greater than 4.6 m (15 ft). 

(B) Output Cable to Electric Vehicles. The output cable to 
electric vehicles shall be one of the following: 

(1) Listed Type EV, E\:J, E\'E, E\]E, EVT, or E\]T ncxiblc 
cable a"l specified in Table 400.4 

(2) An integral part of listed electric vehicle supply equip
ment 

lnformational l'ote No. 1: See t:L 2594-2016, Stmuiardfor Elertric 
Vellick Supply Equipmmt, for infmmation on conducti,·e electric 
,·ehicle supply equipment. 

lnformational l'ote No. 2: See t:L 2202-2009, Stmuiard for Elertric 
Vellick ( EV) l.harging Systl'ln Equipment, for information on 
conductive electric ,·ehicle charging equipment. 

(C) Overall Cord and Cable Length. The overall usable length 
shall not exceed 7.5 m (25 ft) unlcs."l equipped with a cable 
management system that is part of the listed electric vehicle 
supply cquipmcm. 
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(1) Portable Equipment. For portable EVSE, the cord-exposed 
usable length shall be mcao;urcd from the face of the attach
ment plug to the face of the electric vehicle connector. 

(2) Fastened-in-Place. Where the EVSE is fao;tcncd-in-placc, 
the usable length of the output cable to the electric vehicle 
shall be mcao;ured from the cable exit of the electric vehicle 
supply equipment to the face of the electric vehicle connector. 

Where the "irelcs.o; power transfer equipment (WPTE) is 
fao;tcncd-in-placc, the output cable to dtc primary pad shall be 
mcao;urcd from the cable exit of the control box to the cable 
inlet at the primary pad. 

(D) Interconnecting Cabling Systems. Other cabling system-; 
that arc integral part-; of listed EVSE and arc intended to inter
connect pieces of equipment "idtin an EVSE system using 
approved installation mcdtodo; shall be permitted. 

625.22 Personnel Protection System. EVSE shall have a listed 
system of protection against electric shock of personnel. \\'bcrc 
cord""'nd-plug-conncctcd equipment is used, the interrupting 
device of a listed personnel protection system shall be provided 
according to 625.17 (A) . A personnel protection system shall 
not be required for EVSE dtat supplics lcs.o; than 60 volt-; de. 

Part m. Installation 

625.40 Electric Vehicle Branch Circuit. Each oudct installed 
for the purpose of supplying EVSE greater dtan 16 amperes or 
120 volt-; shall be supplied by an individual branch circuit. 

Exception: Bmndt cin:uits shall be pennitttd to jtl'.d multipk El'S& as 
pennitttd by 625.42(A) m· (B). 

625.41 Overcurrent Protection. Ovcrcurrcnt protection for 
feeders and branch circuit-; supplying EVSE and WPTE, includ
ing bidirectional EVSE and WPTE, shall be sized for continu
ous duty and shall have a current rating of not less than 
125 percent of the maximum load of the equipment. \\'bcrc 
noncontinuous load-; arc supplied from the same feeder, the 
ovcrcurrcnt device shall have a current rating of not less than 
the sum of the noncontinuous load-; plm 125 percent of the 
continuous loads. 

625.42 Rating. The EVSE shall ha\oe sufficient rating to supply 
the load served. Electric vehicle charging load-; shall be consid
ered to be continuous loads fur the purposes of this article. 
Scnicc and feeder shall be llizcd in accordance l\ith dtc prod
uct ratings, unlcs.o; dtc overall rating of the installation can be 
limited through controls ao; permitted by 625.42(A) or (8). 

(A) Energy Management System (EMS). Where an EMS in 
accordance with 750.30 provides load management of EVSE, 
the maximum equipment load on a scnicc and feeder shall be 
the maximum load permitted by dtc EMS. The EMS shall be 
permitted to be integral to one piece of equipment or integral 
to a listed system consisting of more dtan one piece of equip
ment. When one or more pieces of equipment arc provided 
with an integral load management control, the system shall be 
marked to indicate this control is provided. 

(B) EVSE with Adjustable Settings. EVSE "id1 restricted acccs.o; 
to an ampere adjusting means complying with 750.30(C) shall 
be permitted. If adjustment-; have an impact on dtc rating 
label, those changes shall be in accordance "id1 manufacturer's 
instructions, and dtc adjusted rating shall appear on the rating 
label l\ith sufficient durability to "idtstand the environment 
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involved. EVSEao; referenced shall be permitted to have ampere 
ratings that arc equal to the adjusted current setting. 

625.43 Disconnecting Means. For EVSE and WPTE rated more 
than 60 amperes or more dtan 150 volt-; to ground, the discon
necting means shall be provided and installed in a readily 
acccs.-.iblc location. If the disconnecting means is installed 
remote from the equipment, a plaque shall be installed on the 
equipment denoting the location of the disconnecting means. 
The disconnecting means shall be lockable open in accordance 
"ith 1 10.25. 

625.44 Equipment Connection. EVSE and WPTE shall be 
connected to the premises "iring system in accordance with 
one of the method-. in 625.44(A) through (C). 

(A) Portable Equipment. Portable equipment shall be connec
ted to the premises \\iring system by one or more of the follow
ing mcthocl-.: 

(1)  A nonlocking, 2-polc, 3-l\irc grounding-type receptacle 
oudct rated at 125 volts, single pha-.c, 15 or 20 amperes 

(2) A nonlocking, 2-pole, 3-"irc grounding-type receptacle 
oudct rated at 250 volt-., single pha-.c, 15 or 20 amperes 

(3) A nonlocking, 2-polc, 3-l\irc or 3-polc, 4-"irc grounding
type receptacle oudct rated at 250 volt-., single pha-.c, 30 
or 50 ain�res, or 125/250 volt-;, singlc-pha-.c, 30, 50, or 
60 ampcrcs 

(4) A nonlocking, 2-polc, 3-"irc grounding-type receptacle 
oudct rated at 60 volt-. de maximum, 15 or 20 amperes 

(B) Fastened-in-Place Equipment. Equipment that is fao;tcncd
in-placc shall be connected to the premises wiring system by 
one of the follo"ing method-;: 

(1 )  A nonlocking, 2-polc, 3-"irc grounding-type receptacle 
oudct rated 125 volt-; or 250 volt-., single pha-.c, up to 
50 amperes 

(2) A nonlocking, 3-polc, 4-"irc grounding-type receptacle 
oudct rated 250 volt-., three pha-.c, up to 50 amperes 

(3) A nonlocking, 3-polc, 4-"irc grounding-type receptacle 
oudct rated 125/250 volt-;, single pha-.c, 30, 50, or 60 
amperes 

(4) A nonlocking, 2-polc, 3-"irc grounding-type receptacle 
oudct rated 60 volt-; de maximum, 15 or 20 amperes 

(C) F"axed·in-Place Equipment. All other EVSE and WPTE shall 
be permanently wired and fixed-in-place to the supporting 
surface. 

625.46 Loss of Primary Source. Means shall be provided such 
that, upon los.o; of voltage from the utility or other electrical 
systcm(s) , energy cannot be back fed through the electric vehi
cle and the supply equipment to the premises "iring system 
unlcs.-. permitted by 625.48. 

625.47 Multiple Feeder or Branch Circuits. \\'bcrc equipment 
is identified for the application, more than one feeder or 
branch circuit shall be permitted to supply equipment. 

625.48 Interactive Equipment. EVSE or WPTE that incorpo
rates a power export function and that is part of an interactive 
system that serves ao; an optional standby system, an electric 
power production source, or a bidirectional power feed shall 
be listed and marked a-. suitable for that purpose. When used 
a-. an optional standby system, the requirement-; of Part-; I and 
II of Article 702 shall apply; when used a-. an electric power 
production source, tltc requirement-; of Part-. I and II of Article 
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625.49 ARTICLE 625 - ELECfRIC VEHICLE PO\o\'ER TRANSFER SYSTEM 

705 shall apply. EVPE that prmidcs a receptacle outlet ao; its 
point of power export shall be in accordance "ith 625.60. 

Informational l'ote :'\o. 1: See l"L 1741, /nver/m;, (.onverler.•, 
(.ontro/len and /ntercmmectinn Sptem Equipmml fnr lf.•e ruitll Di>trib
llled Enn-gy Resnurt:P>, for further information on supply equip
ment. 

lnformational l'ote l'o. 2: See l"L 9741 ,  BidiTWtinnal furtrir Velli
c[,. (EV) Charging .'i_)'stem Equipmml, for \'ehicle interacti\·e system.•. 

Informational :'\ote l'o. 3: See SAE .J3072, Sta11dard fnr /ntercnn
nl'rtinn RequiremenL• for Onbnard, Utilil)�lnteractive Inverter SJ-di!IIU, 
for further infonnation. 

625.49 Island Mode. EVPE and bidirectional EVSE that incor
porate a power export function shall be permitted to be a part 
of an interconnected power system operating in island mode. 

625.50 Location. The EVSE shall be located for direct electri
cal coupling of tltc EV connector (conductive or inductive) to 
the electric vehicle. Unless specifically listed and marked for 
the location, the coupling means of the EVSE shall be stored or 
located at a height of not lcs.o; titan 450 mm (18 in.) above the 
floor level for indoor locations or 600 mm (24 in.) above the 
grade level for outdoor locations. This requirement docs not 
apply to portable EVSE constructed in accordance with 
625.44(A) . 

625.52 Ventilation. The ventilation requirement for charging 
an electric vehicle in an indoor enclosed space shall be deter
mined by 625.52(A) or (8). 

(A) Ventilation Not Required. Where electric vehicle storage 
batteries arc used or where tlte equipment is listed for charging 
electric vehicles indoors l\ithout ventilation, mechanical venti
lation shall not be required. 

(B) Ventilation Required. \\'here tlte equipment is listed for 
charging electric vehicles that require ventilation for indoor 
charging, mechanical ventilation, such ao; a fan, shall be pro\-i-

<led. The ventilation shall include both supply and exhaust 
equipment and shall be permanently installed and located to 
intake from, and vent directly to, the outdoors. Positive
pressure ventilation systems shall be permitted only in vehicle 
charging buildings or areao; that have been specifically designed 
and approved for that application. Mechanical ventilation 
requirement" shall be detennincd by one of tlte methodo; speci
fied in 625.52(8) ( 1 )  through (8) (4). 

(1) Table Values. For supply voltages and currento; specified in 
Table 625.52(8) ( 1 ) (1 )  or Table 625.52(8) ( 1 ) (2), the minimum 
ventilation requirement" shall be ao; specified in Table 
625.52(8) (1) (1)  or Table 625.52(8) ( 1 ) (2) for each of the total 
number of electric vehicles that can be charged at one time. 

(2) Other Values. For supply voltages and currento; other than 
specified in Table 625.52(8) (1  ) (1 )  or Table 625.52(8) (1) (2), 
the minimum ventilation requirement" shall be calculated by 
means of the following general formulao;, ao; applicable: 
(1)  Singlc-phao;c ac or de: 

Vcntilation.; .. gt<-pl ...... ;;e ... ·de in cubic meters per minute 
(m3/min) = 

· · 

(volto;)(ampcrcs) 
1 718 

[625.52(8)(2)a) 

Ventilation.; .. g1,,..,1.,,.. ... .,, de in cubic feet per minute 
(cfm) = 

(volto;)(ampcrcs) 
48.7 

[625.52(B)(2)b) 

Table 625.52(B) ( 1 )( 1) Minimum Ventilation Required in Cubic Meters per Minute (m' /min) for Each of the Total Number of 
Electric Vehicles That Can Be Charged at One Tune 

Branch-Circuit Voltage 

Branch- Single Phase 3 Phase  

Circuit Ampere DC 240 V or 208 V or 480 V or 600 V or 
Rating � 50 V  120 V 208 V 120/240 v 208Y/120 V 240 V 480Y/277 V 600Y/347 V 

15 0.5 1.1 1 .8 2.1 
20 0.6 1.1 2.1 2.8 4.2 1.8 9.7 12 
30 0.9 2.1 3.6 4.2 6.3 7.2 15 18 
40 1.2 2.8 4.8 5.6 8.1 9.7 19 24 
50 1.5 3.5 6.1 7.0 10 12 24 30 
60 1.8 1.2 7.3 8.4 13 15 29 36 

100 2.9 7.0 12 14 21 21 48 60 
150 31 36 73 91 
200 12 18 97 120 
250 52 60 120 150 
300 63 73 145 180 
350 73 85 170 210 
400 84 97 195 240 
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ARTICLE 625 - ELECfRIC VEHICLE PO\\'ER TRANSFER SYSTEM 625.101 

Table 625.52(B)(1)(2) Minimum Ventllation Required in Cubic Feet per Minute (cfm) for Each of the Total Number of Electric 
Vehicles That Can Be Charged at One Time 

Branch-Circuit Voltage 

Branch- Single Phase 3 Phase  

Circuit Ampere DC 240 V or 208 V or 480 V or 600 V or 
Rating � 50V 120 V 208 V 120/240 v 208Y/120 V 240 V 480Y/277 V 600Y/347 V 

15 15.4 37 64 
20 20.4 49 85 
30 30.8 74 128 
40 41.3 99 171 
50 51.3 123 214 
60 61.7 148 256 

100 102.5 216 127 
150 
200 
250 
300 
350 
100 

(2) Three-phase ac: 

Ventilation,..,.,_, in cubic meters per minute 
(m3/min) = 

1 .732(volts)(ampcres) 
1718 

[625.52(B)(2)c) 

Ventilation,..,.,_, in cubic feet per minute (cfm) = 

1 .732(volts)(ampcres) 
48.7 

[625.52(B)(2)d) 

(3) Engineered Systems. For an equipment ventilation system 
designed by a person qualified to perform· such calculations as 
an integral pan of a building's total ventilation system, the 
minimum ventilation requirement<; shall be permitted to be 
determined in accordance with calculations specified in the 
engineering study. .· 

(4) Supply Circuits. The supply circuit to the mechanical 
ventilation equipment shall be electrically interlocked with the 
equipment and shall remain energized during the entire elec
tric vehicle charging cycle. Equipment receptacles rated at 
125 volts, single phase, 15 and 20 amperes shall be S\'itchcd 
and the mechanical ventilation system shall be electrically 
interlocked through the S\vitch supply power to the receptacle. 
Equipment supplied from lcs.o; than 50 volts de shall be 
Sl,itchcd and dtc mechanical ventilation system shall be electri
cally interlocked duough the Sl\itch suppiy power to the equip
ment. 

625.54 Ground-Fault Circuit-Interrupter Protection for 
Personnel. All receptacles installed for the connection of elec
tric vehicle charging shall have ground-fault circuit-interrupter 
protection for personnel. 
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74 
99 

148 
197 
246 
296 
493 

148 171 342 127 
222 256 512 641 
296 342 683 854 
370 427 854 1066 
444 512 1025 1281 
710 854 1708 2135 

1 1 10 1281 2562 3203 
1480 1708 3116 1270 
1850 2135 1270 5338 
2221 2562 5125 6406 
2591 2989 5979 7173 
2961 3416 6832 8541 

625.56 Receptacle Enclosures. All receptacles installed in a 
wet location for electric vehicle charging shall have an enclo
sure that is weatherproof "id1 the attachment plug cap inserted 
or rcmo'\-�d. An outlet box hood installed for this purpose shall 
be listed and shall be identified ao; extra duty. Other listed 
product-;, enclosures, or a'lscmblies prmiding weatherproof 
protection that do not utilize an oudct box hood shall not be 
required to be marked extra duty. 

625.60 AC Receptacle Oudets Used for EVPE. AC receptacles 
installed in electric vehicles and intended to allow for connec
tion of off-board utilization equipment shall comply with 
625.60(A) through (D). 

(A) Type. The receptacle oudct shall be listed. 

(B) Rating. The receptacle outlet shall be rated 250 volt'l maxi
mum, single pha'IC 50 amperes maximum. 

(C) Overcurrent Protection. Electric vehicles provided with 
receptacle oudct'l for power export shall be provided with over
current protection integral to the power cxpon system. The 
ovcrcurrent protection shall have a nominal rating sufficient 
for the receptacle it protcct'l. The ovcrcurrcnt protection shall 
also be sufficiently rated for the maximum available fault 
current at the receptacle and shall be included in the interac
tive equipment evaluation. Sec 625.48. 

(D) GFCI Protection for Personnel. Ground-fault circuit
interrupter protection for personnel shall be prmidcd for all 
receptacles. The ground-fault circuit-interrupter indication and 
reset shall be installed in a readily acccs.'liblc location. 

lnfonnational :'\ote: There are \"llriotL'I method'l a\'ailable to 
achieve ground-fault circuit-interrupter protection. 

Part IV. Wareless Power Transfer Equipment 

625.101 Grounding. The primary pad ba'IC plate shall be of a 
nonferrous metal and shall be connected to the circuit equip
ment grounding conductor unlcs.'l the listed WPTE employs a 
double-insulation system. The ba'IC plate shall be sized to 
match the size of the primary pad enclosure. 
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625.102 ARTICLE 626- ELECTRIFIED TRt:CK PARKING SPACES 

625.102 Installation. 

(A) General. The control pad, if included in the \\'PTE config
uration, shall comply "ith 625.102(B). The primary pad shall 
comply with 625.102(C). 

(B) Control Box. The control box enclosure shall he suitable 
for the environment and shall he mounted at a height not lcs.� 
than 450 mm (18 in.) above the floor level for indoor locations 
or 600 mm (24 in.) above grade level for outdoor locations. 
The control box shall be mounted in one of the follo"ing 
formo;: 

(1) Pedestal 
(2) Wall or pole 
(3) Building or structure 
(4) Raised concrete pad 

(C) Primary Pad. The primary pad shall be installed secured 
to dtc surface or cmheddcd in the surface of dtc floor with its 
top flush l\ith the surface or below dtc surface, all per manu
facturer's instructions and the following: 

(1) If the primary pad is located in an area requiring snow 
removal, it shall not he located on or above the surface. 

Exception: »'hell' in�tallP.d on Jllivatt prope1ty wht11' .mmv Temoval is 
done manuau_)', the Jnimary pad slmU be pennilltd to be instalkd on ctr 
above tile swfare. 

(2) The primary pad enclosure shall be suitable for dtc cmi
ronmcnt. If dtc primary pad is located in an area su�cct 
to severe climatic conditions (e.g., flooding) , the enclo
sure shall be suitably rated for those conditions. 

(D) Protection of Cords and Cables to the Primary Pad. The 
output cable to the primary pad shall be secured in place over 
ito; entire lcngd1 for dtc purpose of restricting it� movement 
and to prevent strain at dtc connection pointo;. If installed iri 
conditions where drive-over could occur, the cable shall he 
prm-idcd with supplemental protection. 

Where dtcrc is no control box, the cord or cable supplying 
power to the primary pad shall he secured in place in order to 
restrict movement and to prevent strain at the connection 
point�. \\'here su�cct to vehicular trallic, supplemental protec
tion shall he provided. 

(E) Other Wuing Systems. Other \\iring systcmo; and fittings 
specifically listed for usc on the \\'PTE shall he permitted. 

ARTICLE 626 
Electrified Truck Parking Spaces 

Part I. General 

626.1 Scope. This article covers the electrical conductors and 
equipment external to the truck or transport refrigerated unit 
that connect� nonpropulsion electrical clement� of trucks or 
transport refrigerated unit� to a supply of electricity, and the 
installation of equipment and del-ices related to electrical 
installations "idtin an electrified truck parking space. 

626.3 Other Articles. Wherever dtc requirement� of other arti
cles of this ('..odt and Article 626 differ, the requirements of Arti-
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de 626 shall apply. t:nlcs.� electrified truck parking space 
"iring systems arc supported or arranged in such a manner 
that thcv cannot be used in or above locations cla�sificd in 
51 1.3 o� 514.3, or both, dtcy shall comply l\ith 626.3(A) 
and (B) in addition to the requirements of this article. 

(A) Vehicle Repair and Storage Facilities. Electrified truck 
parking space electrical wiring systems located at facilities for 
the repair or storage of self-propelled vehicles that usc volatile 
flammable liquido; or flammable gao;cs for fuel or power shall 
comply l\ith Article 511 .  

(B) Motor Fuel Dispensing Stations. Electrified truck parking 
space electrical "iring systems located at or scning motor fuel 
dispensing stations shall comply with Article 514. 

Informational :'\ote: See NFPA 88:\-2019, Standard for Parking 
Strudu�, and l'FPA 30A-2021, (.odl' for '"lotor Furl Di<fH'ming 
Facilitks and lVpair l.arages, for additional infonnation. 

626.4 General Requirements. 

(A) Not Covered. This article shall not apply to that portion of 
other equipment in residential; commercial, or industrial facili
ties that requires electric power used to load and unload cargo, 
operate conveyors, and for other equipment used on the site or 
truck. 

(B) Distribution System Voltages. Unlcs.� odtcr voltages arc 
specified, me nominal ac system voltages of 120, 120/240, 
208Y/12Q, 240, or 480¥/277 shall he used to supply equipment 
covered by this article. 

(C) Connection to Wiring System. This article shall apply to 
the electrified truck parking space supply equipment intended 
for connection to a "iring system ao; defined in 626.4(B). 

Part II. Electrified Truck Parking Space Electrical Wuing 
Systems 

626.10 Branch Circuits. Electrified truck parking space singlc
pha�c branch circuit" shall be derived from a 208Y/120-volt, 3-
phao;c, 4-l\irc system or a 120/240-volt, singl�pha�c, 3-"irc 
system. 

Exception: A 120-volt di�tributictn system slmU be Jlermitll'.d to supply 
existing tltctrijied tmck pmking sJmces. 

626.11 Feeder and Service Load Calculations. 

(A) Parking Space Load. The calculated load of a feeder or 
senicc shall be not lcs.� man the sum of dtc load� on the 
branch circuit�. Electrical seTl-icc and feeders shall be calcula
ted on the ba�is of not lcs.� than 1 1  kVA per electrified truck 
parking space. 

(B) Demand Factors. Electrified truck parking space electrical 
"iring system demand factors shall be ba�cd upon me climatic 
temperature zone in which the equipment is installed. The 
demand factors set forth in Table 626.1 1  (B) shall be the mini
mum allowable demand factors mat shall be permitted for 
calculating load for service and feeders. :-.lo demand factor 
shall be allowed for any other load, except a� provided in this 
article. 

Informational Note: The l' .S. Depanment of Ag.iculture 
(l'SDA) ha" developed a commonly used "Plant Hardines." 
Zone" map that is publicly available. The map provides guidance 
for detennining the Climatic Temperature Zone. Data indicate 
that the HVAC ba.• the highest power requirement in cold 

l'\.-\TJO:'\AL EJ..EGJ'RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 626- ELECTRIFIED TRl:CK PARKING SPACES 626.24 

climates, with the heating demand representing the greatest 
load, which in tum is dependent on ouL�ide temperature. In 
very warm climates, where no heating load i� neces.�ry, the cool
ing load increa.� a.� the outdoor temperature rises. These 
demand factors do not apply to the portion of electrical wiling 
system.� that supply the trdnspon refrigerdted unit� (TRUs). 

(C) Two or More Electrified Truck Parking Spaces. Where the 
electrified truck parking space "iring system is in a location 
that serves two or more electrified truck parking spaces, the 
equipment for each space shall comply with 626.1 1 (A) , and the 
calculated load shall he calculated on the basis of each parking 
space. 

(D) Conductor Rating. Truck space branch-circuit supplied 
loado; shall he considered to he continuous. 

Part m. Electrified Truck Parking Space Supply Equipment 

626.22 Wuing Methods and Materials. 

(A) Electrified Truck Parking Space Supply Equipment 'JYpe. 
The electrified truck parking space supply equipment shall he 
prm-ided in one of the following forms: 

(1)  Pedestal 
(2) Overhead gantry 
(3) Raised concrete pad 

(B) Mounting Height. Post, pedestal, and raised concrete pad 
types of electrified truck parking space supply equipment shall 
he not les.o; than 600 mm (2 ft) aboveground or above the point 
identified ao; the prevailing highest water level mark or an 

Table 626.11 (B) Demand Factors for Services and Feeders 

Climatic Temperature Zone 
(USDA Hardiness Zone) Demand Factor 

(See Note) (%) 

1 70 
2a 67 
2b 62 
3a 59 
3b 57 
4a 55 
4b 51 
5a 47 
5b 43 
6a 39 
6b 34 
7a 29 
7b 24 
8a 21 
8b 20 
9a 20 
9b 20 
lOa 21 
JOb 23 
1 1  24 

l'ote: The climatic temperdture zones shown in Table 626.1 1  (B) 
correlate \\ith those found on the "L"SDA Plant Hardines.� Zone Map," 
and the climatic temperature zone selected for lL� \\ith the table shall 
be determined through the use of thi� map ba.� on the installation 
location. 
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equivalent benchmark bao;ed on seao;onal or storm-driven flood
ing from the authority having jurisdiction. 

(C) Access to Working Space. All electrified truck parking 
space supply equipment shall he acces.o;ible by an unobstructed 
entrance or pao;.o;ageway not les.o; than 600 mm (2 ft) \\ide and 
not Jcs.o; than 2.0 m (6 ft 6 in.) high. 

(D) Disconnecting Means. A disconnecting switch or circuit 
breaker shall he provided to disconnect one or more electrified 
truck parking space supply equipment sites from a remote loca
tion. The disconnecting means shall be prO\ided and installed 
in a readily acces.o;ible location and shall he lockable open in 
accordance "idt 1 10.25. 

626.23 Overhead Gantry or Cable Management System. 

(A) Cable Management. Electrified truck parking space equip
ment provided from either overhead gantry or cable manage
ment systems shall utilize a permanendy attached power supply 
cable in electrified truck parking space supply equipment. 
Odter cable t}'pes and a.;.o;cmblies listed ao; hcing suitable for the 
purpose, including qptional hybrid communications, signal, 
and composite optial fiber cables, shall he permitted. 

(B) Strain Refief. Means to prevent strain from hcing trans
mitted to the wiring terminals shall he prO\ided. Pennanendy 
attached power supply cable(s) shall he pro"ided l\ith a means 
to de-energize the cable conductors and power senice delivery 
device upon exposure to strain that could result in either cable 
damage or separation from the power senice delivery de\-ice 
aud exposure of live parts. 

626.24 Electrified Truck Parking Space Supply Equipment 
Connection Means. 

(A) General. Each truck shall be supplied from electrified 
truck parking space supply equipment through suitable extra
hard service cables or cord-;. Each connection to the equip
ment shall he by a single separable power supply cable 
a"isembly. 

(B) Receptacle. All receptacles shall be listed and of the 
grounding t}pe. Every truck parking space l\ith electrical 
supply shall he equipped "ith dte follo"ing: 

(1)  A maximum of three receptacles, each 2-pole, 3-"ire 
grounding t}'pe and rated 20 amperes, 1 25 volts, and two 
of the dtree connected to two separate branch circuits. 

lnformational l'ote :'\o. 1: See ANSI/l'EMA \'\'D 6-2016, Wiring 
Devia.< - Dimm.<ional SfNrificatums, Figure f>-20, for the non
locking-type and gmunding-type 20-ampere receptacle configu
ration. 

(2) One single receptacle, 3-pole, 4-lvire grounding type, 
single pha"iC rated either 30 amperes 208¥/120 volt"i or 
125/250 volt"i. The 125/250-volt receptacle shall he 
permitted to he used on a 208¥/120-volt, single-pha"ie 
circuit. 

Informational Note :'\o. 2: See L"Ll686-2012, Pin and Slnroe 
Cmifiguraliom, Figure C2.9 or Part C'l, for \-ariolL� configurations 
of 30-ampere pin and sleeve receptacles. 

Exception: When• ekctrijitd tnu:k pm-king space .mJIP{l" equipment 
provides the heating, aiNonditioning, and comfm·t-cooling function 
witlwut 1"t'qui1ing a dit-ect ekctrical comvction at tht tl"Uck, on{}' two 
t-eceJJtades idmtijitd in 626. 24( B)( 1) shaU be 11'-JfltiTf'.d. 
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626.24 ARTICLE 626- ELECTRIFIED TRt:CK PARKING SPACES 

(C) Disconnecting Means, Parking Space. The electrified 
truck parking space supply equipment shall be prm-idcd with a 
S\\itch or circuit breaker for disconnecting the power supply to 
the electrified truck parking space. A disconnecting means 
shall be provided and installed in a readily accessible location 
and shall be lockable open in accordance with 1 10.25. 

(D) Ground-Fault Circuit-Interrupter Protection for Person
nel. In addition to the rcquircmcnt"l in 210.8, the electrified 
truck parking space equipment shall be designed and construc
ted such that all receptacle outlct"l in 626.24 arc provided with 
ground-fault circuit-interrupter protection for personnel. 

626.25 Separable Power-Supply Cable Assembly. A separable 
power-supply cable a"lscmbly, consisting of a power-supply cord, 
a cord connector, and an attachment plug intended for 
connection with a truck llangcd surface inlet, shall be of a 
listed type. The power-supply cable a'l."lCmbly or a'l."lCmblies shall 
be identified and be one of the types and ratings specified in 
626.25(A) and (B). Cord"l with adapters and pigtail cnd"l, 
extension cords, and similar items shall not be used. 

(A) Rating(s). 

(1) Twenty-Ampere Power-Supply Cable Assembly. Equipment 
with a 20-ampcrc, 12!>-volt receptacle, in accordance with 
626.24(B) (1) ,  shall usc a listed 20-amperc power-supply cable 
a"lscmbly. 

Exception: It shall be permitted to use a Listed seJ�arable pmvn._.�upply 
cable a.uembl}� eithe1· llanl sn-vice or extra-hard se1-vice mul rated 
15 ampn11s, i 25 volts, for conmctifm to an engine block mater fm· 
legacy Vl'lticles. 

(2) Thirty-Ampere Power-Supply Cable Assembly. Equipment 
with a 30-ampcrc, 208¥/120-volt or 125/250-volt receptacle, in 
accordance with 626.24(B) (2), shall usc a listed 30-amperc 
main power-supply cable a'l."lcmbly. 

(B) Power-Supply Cord. 

(1) Conductors. The cord shall be a listed type with three or 
four conductors, for singlc-pha"lc connection, one conductor of 
which shall be identified in accordance \\ith 400.23. 

Exception: It shall be Jlermitted to use a sepanite li.�ted thl1't'-Cfmductor 
sepamble JlmveNuptJ�l' cable a.�sembly, one amdtuim· of which shall be 
identified in accordance with 400.23 mul rated 15 amJII'If'S, 125 volts 
fm· connection to an engine block lleaterfor existing vehirles. 

(2) Cord. Extra-hard usage llcxiblc cor<l"l and cables rated not 
lcs."l than go•c (194.F), 600 volts; listed for both wet locations 
and sunlight resistance; and having an outer jacket rated to be 
resistant to temperature extremes, oil, ga"lolinc, ozone, abra
siml, acicl"l, and chemicals shall be permitted where llcxibility is 
ncccs."lary between tl1c electrified truck parking space supply 
equipment, the panel board, and llangcd surface inlct(s) on 
the truck. 

Exception: Conls fm· tile sq�arable power supp{l· cable a.�'it'"mb{l· fm· 15-
and 20-ampn.,. connections sllaU be permitted to be a hard se1-vice t_ljll'. 

(3) Cord Overall Length. The exposed cord length shall be 
mca"lurcd from the face of tl1c attachment plug to the point of 
entrance to the truck or tl1c face of the llangcd surface inlet or 
to the point where tl1c cord enters the truck. The overall 
length of the cable shall not exceed 7.5 m (25 ft) unlcs."l equip
ped with a cable management system that is listed a"l suitable 
for tl1c purpose. 
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(4) Attachment Plug. The attachment plug(s) shall be listed, 
by it"lelf or a"l part of a cord set, for the purpose and shall be 
molded to or installed on the llcxiblc cord so that it is secured 
tightly to the cord at the point where the cord enters the 
attachment plug. If a right-angle cap is u."lCd, the configuration 
shall be oriented so that the grounding member is farthest 
from the cord. \\"bcrc a llcxiblc cord is prO\idcd, tl1c attach
ment plug shall comply with 250.138(A). 

(a) C'..onmction to 20-AmJJelli RPct'jltacle. A separable power
supply cable a'l."lCmbly for connection to a truck llangcd surface 
inlet, rated at 20 amperes, shall have a non-locking-type attach
ment plug that shall be 2-polc, 3-l\irc grounding type rated 
20 amperes, 125 volts and intended for U."lc with the 20-ampcrc, 
12!>-volt receptacle. 

Exception: A st'fJarable JIOlvn._.mpply rable a.�'it'"mb{l� provided fm· tile 
connection of on{}· an engine block heate1; sllaU have an attachment 
plug of the 2-pole, 3-witli grounding t_ljll', rated 15 amperes, 125 volts. 

lnformational l"ote: See A:'\SI/l"EMA WD 6-2016, Wiring Droic" 
- Di111m.<iomzl Spn:ijimtion.<, Figure r>-15 or Figure f>-20, for non
locking- and grounding-type i!>- or 20-ampere plug and recepta
cle configurations. 

(b) Connection to · 3QoA mJJelli Receptacle. A separable power
supply cable a'l."lCJ1}bly for connection to a truck llangcd surface 
inlet, rated at 30 amperes, shall have an attachment plug that 
shall be 3-polc; 4-wirc grounding type rated 30 amperes, 208¥ I 
120 volt"l or 12:)/250 volt"l, and intended for usc with the recep
tacle in accordance l\ith 626.24(8) (2). The 125/250-volt 
attachment plug shall be permitted to be u."lCd on a 208¥/120-
volt, singlc-pha"lc circuit. 

Informational :'\ote: See t:L 1686-2012, Pin and Sfeevt. C.nnjigura
lion.<, Figure C2.10 or Part C3, for �-a1ious configurdtions of 30-
ampere pin and sleeve plugs. 

(5) Cord Connector. The cord connector for a separable 
power-supply cable a"lscmbly, a"l specified in 626.25(A) (1) ,  shall 
be a 2-polc, 3-wirc grounding type rated 20 amperes, 125 volts. 
The cord connector for a separable power-supply cable a"lscm
bly, a"l spcciliccl in 626.25(A) (2), shall be a 3-polc, 4-wirc 
grounding type rated 30 amperes, 208¥/120 volts or 
125/250 volts. The 125/250-volt cord connector shall be 
permitted to be u."lCd on a 208¥/120-volt, singlc-pha"lc circuit. 

Exception: Tile cord connectorfm· a !it'fJarable JIOloo· supp{l· cable a.��em
bly, mted 15 ampe1es, provided fm· the connection of an engine block 
lleatei"Jor existing vehicles, shall have an attachment plug that shall be 
2-pole, 3-wire gJVmuling tJpe rated 15 ampe,.es, 125 volts. 

Informational :'\ote: See t:L 1686-2012, Pin and Sfeevt. C.nnjigura
lion.<, Figure C2.9 or Part C3, for \'llriou.� c<mfiguJ-ations of 30-
ampere cord connectors. 

626.26 Loss of Primary Power. Means shall be provided such 
that, upon los."l of voltage from the utility or other electric 
supply systcm(s), energy cannot be back-feel through the truck 
and the truck supply equipment to tl1c elcctriliccl truck parking 
space \\iring system unlcs."l permitted in 626.27. 

626.27 Interactive Systems. Electrified truck parking space 
supply equipment and other part"l of a system, either on-board 
or olf-boar<l thc vehicle, that arc identified for and intended to 
be interconnected to a vehicle and also serve a"l an optional 
standby system or an electric power production source or 
provide for bi-directional power feed shall be listed a"l suitable 
for that purpose. \\-ben u."lCd a"l an optional standby system, the 
rcquircmcnt"l of Article 702 shall apply, and when used a"l an 
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ARTICLE 630 - ELECTRIC WELDERS 630.8 

electric power production source, the requirements of Arti
cle 705 shall apply. 

Part IV. Transport Refrigerated Units (TRUs) 

626.30 Transport Refrigerated Units. Electrified truck parking 
spaces intended to supply transport refrigerated units (TRUs) 
shall include an individual branch circuit and receptacle for 
operation of the refrigeration/heating units. The receptacle 
associated with the TRUs shall be provided in addition to the 
receptacles required in 626.24(8). 

(A) Branch Circuits. TRU spaces shall be supplied from 208-
volt, 3-phao;e, 240-volt, 3-phao;c, or 480-volt, 3-phao;c branch 
circuits and with an equipment grounding conductor. 

(B) Electrified Truck Parking Space Supply Equipment. The 
electrified truck parking space supply equipment, or portion 
thereof, providing electric power for the operation of TRUs 
shall be independent of the load-; in Part Ill of Article 626. 

626.31 Disconnecting Means and Receptacles. 

(A) Disconnecting Means. Disconnecting means shall be provi
ded to isolate each refrigerated unit from its supply connec
tion. A disconnecting means shall be prmided and installed in 
a readily acces.o;ible location and shall be lockable open in 
accordance "idt 1 10.25. 

(B) Location. The disconnecting means shall be readily acces
sible, located not more than 750 mm (30 in.) from dte recepta
cle it controls, and located in the supply circuit ahead of the 
receptacle. Circuit breakers or S\'itches located in power 
oudets complying with this section shall be permitted ao; the 
disconnecting means. 

(C) Receptacles. All receptacles shall be listed and of the 
grounding type. Every electrified truck parking space intended 
to prmide an electrical supply for TRl:s shall be equipped with 
one or more of the following: 

(1) A 30-ampere, 480-volt, 3-phao;c, 3-pole, 4-wire receptacle 
(2) A 60-ampere, 208-volt, 3-phao;c, 3-polc, 4-l\ire receptacle 
(3) A 20-ampere, 1000-volt, 3-phao;c, 3-pole, 4-wire receptacle, 

pin and sleeve type 
· 

(4) A 60-ampere, 250-volt, 3-pha..C, 3-:pole, 4-l\ire receptacle 
(5) A 60-ampere, 480-volt, 3-pha'IC, 3-pole, 4-l\ire receptacle 

Informational :'\ote: See l"L 168&2012, Pin and Sf,"'' C.nnjigura
tio-11.<, Figure <:2. 1 1 ,  for complete details of the 30-ampere pin 
and sleeve receptacle configurdtion for refrigerated containers 
(TRUs) and for \'arious configurations of 60-ampere pin and 
sleeve receptacles. 

626.32 Separable Power Supply Cable Assembly. A separable 
power supply cable ao;.o;cmbly, consisting of a cord with an 
attachment plug and cord connector, shall be one of the types 
and ratings specified in 626.32(A) , (B), and (C). Corel-; with 
adapters and pigtail end-;, extension cords, and similar items 
shall not be used. 

(A) Rating(s). The power supply cable ao;scmbly shall be listed 
and rated in accordance "idt one of the follo"ing: 

(1) A 30-ampere, 480-volt, 3-phao;c ao;scmbly 
(2) A 60-ampere, 208-volt, 3-phao;c ao;scmbly 
(3) A 20-ampere, 1000-volt, 3-phao;c ao;scmbly 
(4) A 60-ampere, 480-volt, 3-phao;c ao;scmbly 
(5) A 60-ampere, 250-volt, 3-phao;c ao;scmbly 
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(B) Cord Assemblies. The cord shall be a listed type with four 
conductors, for 3-phao;c connection, one of which shall be iden
tified in accordance with 400.23 for u.o;c ao; the equipment 
grounding conductor. Extra-hard usage cables rated not les.o; 
than go•c (194.F) , 600 volt.-;, listed for both wet locations and 
sunlight resistance, and having an outer jacket rated to be 
resistant to temperature extremes, oil, gao;oline, ozone, abra
sion, acid-;, and chemicals, shall be pennitted where flexibility 
is neccs.o;ary between the electrified truck parking space supply 
equipment and the inlet(s) on the TRU. 

(C) Attachment Plug(s) and Cord Connector(s). \\'here a flexi
ble cord is provided l\ith an attachment plug and cord connec
tor, they shall comply with 250.138(A). The attachment plug(s) 
and cord connector(s) shall be listed, by ito;clf or ao; part of the 
power-supply cable ao;scmbly, for the purpose and shall be 
molded to or installed on the flexible cord so that it is secured 
tightly to the cord at the point where the cord enters the 
attachment plug or cord connector. If a right-angle cap is u.o;cd, 
the configuration shall be oriented so that the grounding 
member is farthest from dte cord. An attachment plug and 
cord connector for the connection of a truck or trailer shall be 
rated in accordancc"\\ith one of the following: 

(1)  30-ampere, 480-volt, 3-phao;c, 3-pole, 4-wire and intended 
for use widt 30-ampere, 480-volt, 3-phao;e, 3-pole, 4-"ire 
receptacles and inlet-;, respectively 

(2) 60-ampere, 208-volt, 3-phao;c, 3-pole, 4-wire and intended 
for u.o;c with 60-ampere, 208-volt, 3-phao;e, 3-pole, 4-"ire 
receptacles and inlet.-;, respectively 

(3) 20-ampere, I 000-volt, 3-phao;e, 3-pole, 4-wire and inten
ded for usc with 20-ampere, 1000-volt, 3-pha-.e, 3-pole, 4-
"ire receptacles and inlet.-;, respectively 

(4) 60-ampere, 480-volt, 3-phao;c, 3-pole, 4-wire and intended 
for u.o;c with 60-ampere, 480-volt, 3-phao;e, 3-pole, 4-"ire 
receptacles and inlet.-., respectively 

(5) 60-ampere, 250-volt, 3-phao;c, 3-pole, 4-wire and intended 
for u.o;c with 60-ampere, 250-volt, 3-phao;e, 3-pole, 4-"ire 
receptacles and inlet.-;, respectively 

Informational :'\ote: See l"L 1686-2012, Pin and Sf,"'' C.nnjigura
tio-11.<, Figures <:2.12 and <:2. 1 1, for complete details of the 30-
ampere pin and sleeve receptacle configuration for refrigerated 
containers (TRL"s) and for \'llrious configurations of 61Htmpere 
pin and sleeve receptacles. 

Part I. General 

ARTICLE 630 
Electric Welders 

630.1 Scope. This article covers apparatus for electric arc 
welding, resistance welding, plao;ma cutting, and other similar 
welding and cutting process equipment dtat is connected to an 
electrical supply system. 

630.6 Listing. All welding and cutting power equipment under 
the scope of dtis article shall be listed. 

630.8 Ground-Fault Circuit-Interrupter Protection for Person
nel. All 12!>-volt, 1!>- and 20-ampere receptacles for electrical 
hand tools or portable lighting equipment, supplied by single
phao;e branch circuit.-; rated 150 volt.-; or les.o; to ground, installed 
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630.11 ARTICLE 630 - ELECTRIC WELDERS 

in work areas where welders arc operated shall have ground
fault circuit-imcrruptcr protection for personnel. 

Part D. Arc Welders 

630.11 Ampacity of Supply Conductors. The ampacity of 
conductors for arc welders shall he in accordance with 
630.1 1  (A) and (B). 

(A) Individual Welders. The ampacity of the supply conduc
tors shall be not lcs.o; than the /1c1r value on the rating plate. 
Alternatively, if the /1,.11 is not given, the ampacity of the supply 
conductors shall not be lcs.o; than dtc currcm value determined 
by multiplying the rated primary currcm in amperes given on 
the welder rating plate by the factor shown in Table 630.1 1  (A) 
based on dtc duty cycle of the welder. 

(B) Group of Welders. Minimum conductor ampacity shall be 
based on dtc individual currents determined in 630.1 1  (A) as 
the sum of 100 pcrcclll of the two largest welders, plus 
85 pcrccm of the third largest welder, plus 70 pcrccm of the 
fourth largest welder, plus 60 perccm of all remaining welders. 

Exception: Pnrentage values lower than tlw.�e given in 630. 11 (B) slmU 
be jJel'mittl'.d in cases where the wo1-k i� .mdt that a high-operating duty 
cycle Jm· individtml welders is impossible. 

Informational :'\ote: Duty cycle considers welder loading based 
on the lL'Ie to be made of each welder and the number of weld
ers supplied by the conductors that "ill be in use at the same 
time. The load value •�•ed for each welder considers both the 
magnitude and the durdtion of the load while the welder is in 
u. .. e. 

630.12 Overcurrent Protection. Ovcrcurrcm protection for 
arc welders shall be as provided in 630.12(A) and (B). \\'here 
the values as determined by this section do not correspond to 
the standard ampere ratings provided in 240.6 or where the 
rating or setting specified results in unncccs..ary opening of the 
ovcrcurrcm dc"l-icc, the next higher standard rating or !letting 
shall he permitted. 

(A) For Welders. Each welder shall have overcurrcm protec
tion rated or set at not more than 200 percent 9f T.,,,. •. Alterna
tively, if the T.,,,.. is not given, dtc ovcrcurrcnt protection shall 
he rated or set at not more than 200 pcrccm of the rated 
primary currcm of the welder. 

Table 630.11 (A) Duty Cycle Multiplication Factors for Arc 
Welders 

Multiplier for Arc Welders 

Nonmotor Motor 
Duty Cycle Generator Generator 

100 1.00 1.00 
90 0.95 0.96 
80 0.89 0.91 
70 0.84 0.86 
60 0.78 0.81 
50 0.71 0.75 
40 0.63 0.69 
30 0.55 0.62 

20 or les.'l 0.15 0.55 
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An ovcrcurrcm dc\oicc shall not be required for a welder that 
has supply conductors protected by an ovcrcurrcm dc"l-icc rated 
or set at not more than 200 percent of /1.,... or at the rated 
primary currcm of the welder. 

If the supply conductors for a welder arc protected by an 
ovcrcurrcm dc"l-icc rated or set at not more than 200 pcrccm of 
/1.,... or at the rated primary currem of the welder, a separate 
ovcrcurrcm device shall not he required. 

(B) For Conductors. Conductors that supply one or more 
welders shall be protected by an ovcrcurrcnt device rated or set 
at not more dtan 200 pcrccm of the conductor ampacity. 

Informational Note: /1,.,.,. is the ma.ximum �•due of the rated 
supply current at ma.ximum rdted output. 1 .. 1, is the maximum 
value of the effecti\-e supply current, calculated from the rated 
supply current (/1), the corresponding duty cycle (duty factor) 
(X), and the supply current at no-load (f.,) by the follo\\ing 
equation: 

[630.12(B)) 

630.13 Disconnecting Means. A disconnecting means shall be 
prmidcd in dtc supply circuit for each arc welder that is not 
equipped l�ith 

·
a disconnect moumcd as an imcgral part of the 

welder. 

The dio;connccting means shall he a lil'itch, circuit breaker, 
or listed cord-and-plug connector, and its rating shall be not 
lcs.'l than that ncccs..ary to accommodate ovcrcurrcnt protec
tion as specified in 630.12. 

630.14 Marking. A rating plate shall be provided for arc weld
ers gi"l-ing the follm�ing information: 

(1)  Name of manufacturer 
(2) Frequency 
(3) Number of phases 
( 4) Primary voltage 
(5) /1.,... and /1cu> or rated primary currem 
(6) Maximum open-circuit voltage 
(7) Rated secondary currcm 
(8) Basis of rating, such as the duty cycle 

630.15 Grounding of Welder Secondary Circuit. The secon
dary circuit conductors of an arc welder, consisting of the elec
trode conductor and the work conductor, shall not he 
considered as premises "iring for the purpose of appl)"ing Arti
clc 250. 

Informational l'ote: Connecting welder secondary circuit.• to 
grounded o�ject.• can create parallel paths and can catL•e o�jec
tionable current over equipment grounding conductors. 

Part m. Resistance Welders 

630.31 Ampacity of Supply Conductors. The ampacity of the 
supply conductors for resistance welders shall he in accordance 
"ith 630.31 (A) and (B). 

Informational l'ote: The ampacity of the supply conductors for 
resi•tance welders neces..ary to limit the voltage drop to a \-alue 
permissible for the satisfactory performance of the \\-elder is 
usually greater than that required to prevent m-erheating. 
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(A) Individual Welders. The ampacity of conductors for incH
vidual welders shall comply l\ith the follm\ing: 
( 1) The ampacity of the supply conductors for a welder that 

can be operated at different times at different values of 
primary current or duty cycle shall not be lcs.� than 
70 percent of the rated primary current for scam and 
automatically fed welders, and 50 percent of the rated 
primary current for manually operated nonautomatic 
welders. 

(2) The ampacity of the supply conductors for a welder wired 
for a specific operation for which the actual primary 
current and duty cycle arc known and remain unchanged 
shall not be lcs.� than the product of the actual primary 
current and the multiplier specified in Table 630.31 (A) 
for dtc duty cycle at which dtc welder "ill be operated. 

(B) Groups of Welders. The ampacity of conductors that 
supply two or more welders shall not be lcs.� than the sum of 
the value obtained in accordance "ith 630.31 (A) for the largest 
welder supplied and 60 percent of the values obtained for all 
the other welders supplied. 

Informational :'\ote: Explanation ofTenns 

( I )  The ratl'd primllT)' rurrent i• the rated kilm·olt-amperes 
(kVA) multiplied by 1000 and dhided by the rated 
primary n>hage, tL•ing �<tines given on the nameplate. 

(2) The actual primary current i• the current dra'm from the 
supply circuit during each welder ope1<1tion at the panic
ular heat tap and control setting u.�d. 

(3) The dutJ cyrl£ is the percentage of the time during which 
the welder is loaded. For instance, a spot welder supplied 
by a 60-Hz system (216,000 cycles per hour) and making 
400 15-cycle weld• per hour would ha,·e a duty cycle of 
2.8 percent (400 multiplied by 15, dhided by 216,000, 
multiplied by 100). A seam welder operating 2 cycles "on" 
and 2 cycles "oil" would ha,·e a duty cycle of 50 percent. 

630.32 Overcurrent Protection. Ovcrcurrcnt protection for 
resistance welders shall be a� provided in 630.32(A) and (8). 
\\-'here the l-<ducs a� determined by this section do not corre
spond l\ith the standard ampere ratings provided in 240.6 or 
where the rating or setting specified results in unncccs.�ry 
opening of the ovcrcurrcnt device, a higher rating or setting 
that docs not exceed the next higher standard ampere rating 
shall be permitted. 

(A) For Welders. Each welder shall have an ovcrcurrcnt device 
rated or set at not more dtan 300 percent of the rated primary 

Table 630.31(A) Duty Cycle Multiplication Factors for 
Resistance Welders 

Duty Cycle 
(%) 

50 
40 
30 
25 
20 
15 
10 
7.5 

5 or les.• 
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Multiplier 

0.71 
0.63 
0.55 
0.50 
0.45 
0.39 
0.32 
0.27 
0.22 

current of the welder. If the supply conductors for a welder arc 
protected by an ovcrcurrcnt device rated or set at not more 
than 200 percent of the rated primary current of the welder, a 
separate ovcrcurrcnt device shall not be required. 

(B) For Conductors. Conductors that supply one or more 
welders shall be protected by an ovcrcurrcnt device rated or set 
at not more than 300 percent of the conductor ampacity. 

630.33 Disconnecting Means. A switch or circuit breaker shall 
be provided by which each resistance welder and it� control 
equipment can be disconnected from the supply circuit. The 
ampere rating of this disconnecting means shall not be lcs.� 
than the supply conductor ampacity determined in accordance 
with 630.31. The supply circuit S\'itch shall be permitted a� the 
welder disconnecting means where the circuit supplies only 
one welder. 

630.34 Marking. A nameplate shall be provided for each resist
ance welder, giving the following information: 
(1 )  1'\amc of manufacturer 
(2) Frequency . 
(3) Primary voltage · 
(4) Rated kilovolt-amperes (kVA) at 50 percent duty cycle 
(5) �laximum and minimum open-circuit secondary voltage 
(6) Short-circuit secondary current at maximum secondary 

voltage 
(7) Specified throat and gap setting 

Part IV. Welding Cable 

630.41 Conductors. Insulation of conductors intended for usc 
in the secondarv circuit of electric welders shall be flame 
retardant. 

· 

630.42 Installation. \..ablcs shall be permitted to be installed in 
a dedicated cable tray a� provided in 630.42(A) , (B), and (C). 

(A) Cable Support. The cable tray shall provide support at not 
greater than 150-mm (6-in.) intervals. 

(B) Spread of Fu-e and Products of Combustion. The installa
tion shall comply l\ith 300.21. 

(C) Signs. A permanent sign shall be attached to the cable tray 
at intervals not greater than 6.0 m (20 ft).  The sign shall read 
a� follows: 

\..ABLE TRAY FOR \\'"ELDING CABLES ONLY 

ARTICLE 640 
Audio Signal Processing, Amplification, 

and Reproduction Equipment 

Part I. General 

640.1 Scope. 

(A) Covered. This article covers equipment and mrmg for 
audio signal generation, recording, processing, amplification, 
and reproduction; distribution of sound; public addrcs.�; 
speech input systems; temporary audio system installations; and 
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electronic organs or other electronic musical instruments. This 
also includes audio systems subject to Article 517, Part \1, and 
Articles 518, 520, 525, and 530. 

Informational :'\ote: Examples of pe1manently installed disllib
uted audio system locations include, but are not limited to, 
restaurant, h;,tel, btL•ines.• office, commercial and retail sales 
emironmenL•, churches, and school•. Both portable and perma
nently installed equipment locations include, but are not limited 
to, residences, auditmiums, theaters, stadium•, and mo\"ie and 
tele\"ision smdios. Temporary installations include, but are not 
limited to, auditmium•, theaters, stadiums (which use both 
temporary and pennanently installed system•),  and outdoor 
eYenL• such a• fairs, festh"als, circtL•es, public e\·ents, and 
concert•. 

(B) Not Covered. This article docs not cover dtc installation 
and wiring of fire and burglary alarm signaling de\ ices. 

640.3 Locations and Other Articles. Circuits and equipment 
shall comply "id1 640.3(A) dlrough (:'11),  a• applicable. 

(A) Spread of Fire or Products of Combustion. Section 300.21 
shall apply. 

(B) Ducts, Plenums, and Other Air-Handling Spaces. 
Section 300.22(8) shall apply to circuits and equipment instal
led in duct• specifically fabricated for environmental air. 
Section 300.22(C) shall apply to circuit• and equipment instal
led in odtcr spaces tLo;cd for cmironmcntal air (plenums). 

Exception No. 1: Cla.•1s 2 mul Cla.'is 3 cabk.'i imta/IP.d in accordance 
with 722.1 35(B) shall be jHmltitttd to be instalkd in ducts specifically 
Jaln·icattd Jm· tmvinmmental air. 

Exception No. 2: Cla.'i.'i 2 mul Cla.'i.'i 3 cabk.'i imta/IP.d in accordance 
with 722.135(B) shall be pennitttd to be instalkd in other sJJaces used 
for envimmnmtal air (plenums). 

lnformational l'l:ote: See l'I:FPA !lOA, Standard for tlv lmtallation of 
Air-l.tmditioning and Ventilath��r Sy<tem.<, 4.3. 1 1 .2.6.5, which 
permiL• loud•peakers, loud•peaker a'l.�mblies, and their acces
sories li•ted in accordance \\ith UL 2043-2013, Fire 1"tJor Heat 
and Visibl£ Smokl' &il'a.v for Di<rrl'll' Product.< and Their .• 1\cri!S.<nrii!S 
11lstalkd in Air-Handli11g Spat:t'>, to be installed in otl1er spaces 
•�•ed for emironmental air (ceiling ca\"ity plenums). 

(C) Communications Cables. Types C�lP, CMR, C:MG, and CM 
communications cables shall be permitted to substitute for 
Cla'l..• 2 and Cla'l..• 3 cables in accordance v.'idl 722.135(E). 

(D) Cable Trays. C..ablc trays and cable tray systems shall be 
installed in accordance l\ith Part II of Article 392. The installa
tion of Cla'l..o; 2, Cla'l..o; 3, and Type PLTC cables in cable trays 
shall be in accordance "id1 722.135(8). 

(E) Hazardous (Classified) Locations. Equipment tLo;cd in 
hazardous (cla'l..o;ificd) locations shall comply l\ith the applica
ble requirement• of Chapter 5. 

(F) Assembly Occupancies. Equipment used in a'l..o;cmbly occu
pancies shall comply wim Article 518. 

(G) Theaters, Audience Areas of Motion Picture and Televi
sion Studios, and Similar Locations. Equipment used in dlca
tcrs, audience area• of motion picture and telc\ision studios, 
and similar locations shall comply "id1 Article 520. 

(H) Carnivals, Circuses, Fairs, and Similar Events. Equipment 
tLo;cd in camivals, circuses, fairs, and similar event• shall comply 
widl Article 525. 
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(I) Motion Picture and Television Studios. Equipment tLo;cd in 
motion picture and telcl-ision studios shall comply with Article 
530. 

0> Swimming Pools, Fountains, and Similar Locations. Audio 
equipment tLo;cd in or ncar swimming pools, fountains, and 
similar locations shall comply with Article 680. 

(K) Combination Systems. \\'here me audlority ha,ing juris
diction permit• audio systems for paging or music, or bod1, to 
be combined widl fire alann systems, dtc wiring shall comply 
widl Article 760. 

Informational Note: See NFP.4 72, National Fire .4/anll and Signal
i•��r I .ode, and :'\FPA /01, /.if" Safet)' Code, for installation require
menL• for such combination system•. 

(L) Antennas. Equipment tLo;cd in audio systems that contain 
an audio or 'ideo tuner and an antenna input shall comply 
widl Article 810. Wiring oilier than antenna "iring that 
connect• such equipment to oilier audio equipment shall 
comply with dlis article. 

(M) Generators. Generators. shall be installed in accordance 
widl 445.10 dlrough 445.12, 445.14 dlrough 445.16, and 
445.18. Grounding of portable and vehicle-mounted genera
tors shall be in accordance with 250.34. 

(N) Organ Pipes. Additions of pipe organ pipes to an elec
tronic organ shall be in accordance widl 650.4 dlrough 650.9. 

640.4 Protection of Electrical EquipmenL Amplifiers, loud
speakers, and oilier equipment shall be so located or protected 
a• to guard against cmironmcntal exposure or physical 
damage, such a• might result in fire, shock, or personal hazard. 

640.5 Access to Electrical Equipment Behind Panels Designed 
to Allow Access. Acccs.• to equipment shall not be denied by an 
accumulation of \\ires and cables that prevent• removal of 
panels, including stLo;pcndcd ceiling panels. 

640.6 Mechanical Execution of Work. 

(A) Installation of Audio Distribution Cables. Cables installed 
exposed on me surface of ceilings and sidewalls shall be 
supported in such a manner that the audio distribution cables 
"ill not be damaged by normal building tLo;c. Such cables shall 
be secured by straps, staples, cable tics, hangers, or similar 
fittings designed and installed so a• not to damage me cable. 
The installation shall conform to 300.4 and 300.1 1  (A). 

(B) Abandoned Audio Distribution Cables. The acccs.o;iblc 
portion of abandoned audio distribution cables shall be 
removed. 

(C) Installed Audio Distribution Cable Identified for Future 
Use. 

(1) Cable Identification Means. C..ables identified for future 
tL<;e shall be marked "id1 a tag of sufficient durability to l\idl
stand dtc environment involved. 

(2) Cable Tag Criteria. C..ablc tags shall have me follo"ing 
infonnation: 

(1) Date cable was identified for future usc 
(2) Date of intended usc 
(3) Information related to me intended future usc of cable 
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640.7 Grounding. 

(A) General. Wircways and auxiliary gutters shall be connec
ted to an equipment grounding conductor(s), to an equipment 
bonding jumper, or to the grounded conductor where permit
ted or required by 250.92(B) ( I )  or 250.142. \\'here the wircway 
or auxiliary gutter docs not contain power-supply wires, the 
equipment grounding conductor shall not be required to be 
larger than 14 AWG copper or ito; equivalent. \\'here the wire
way or auxiliary gutter contains power-supply \\ires, the equip
ment grounding conductor shall not be smaller than specified 
in 250.122. 

(B) Separately Derived Systems with 60 Volts to Ground. 
Grounding of separately derived systems l\ith 60 volt-; to 
ground shall be in accordance "idt 647.6. 

(C) Isolated Ground Receptacles. Isolated grounding-type 
receptacles shall be permitted ao; described in 250.146(D), and 
for the implementation of other technical power systems in 
compliance with Article 250. For separately derived systems 
with 60 volt-; to ground, the branch-circuit equipment ground
ing conductor shall be terminated ao; required in 647.6(B). 

Informational l'ote: See 406.3(E) for grounding-type recepta
cles and required identification. 

640.8 Grouping of Conductors. Insulated conductors of differ
ent systems grouped or bundled so ao; to be in dose physical 
contact l\ith each other in the same raceway or odtcr enclo
sure, or in portable cord-; or cables, shall com"ply l\ith 300.3(C) 
(1) .  

640.9 Wuing Methods. 

(A) Wuing to and Between Audio Equipment. 

(I) Power Wuing. Wiring and equipment from source of 
power to and between devices connected to the premises 
"iring systems shall comply "idt the requirement-; of Chap
ters I through 4, except ao; modified by this article. 

(2) Separately Derived Power Systems. Separately derived 
systems shall comply with the applicable articles of this ('..ode, 
except ao; modified by dtis article. Separately derived systems 
"ith 60 volt-; to ground shall be permitted for usc in audio 
system installations ao; specified in Artidc 647. 

(3) Other Wuing. All wiring not connected to the premises 
"iring system or to a \\iring system separately derived from the 
premises wiring system shaD comply "idt Part II  of Article 725. 

(B) Auxiliary Power Supply Wuing. Equipment that hao; a 
separate input for an auxiliary power supply shall be wired in 
compliance l\ith Article 725. Battery installation shall be in 
accordance "ith Article 480. This section shall not apply to the 
u.o;c of unintcrmptiblc power supply (l:PS) equipment, or 
other sources of supply, that arc intended to act ao; a direct 
replacement for dtc primary circuit power source and arc 
connected to the primary circuit input. 

Informational :'\ote: See J\1-PA 72-2019, Natimzal Fire Alarm and 
Signaling Code, where equipment is tLo;ed for a fire alann system. 

(C) Output Wuing and Listing of Amplifiers. Amplifiers with 
output circuit-; canying audio program signals shall be permit
ted to employ Clao;.o; I, Clao;s 2, or Clao;.o; 3 wiring where the 
amplifier is listed and marked for u.o;c "idt the specific dao;.o; of 
"iring method. Such listing shall ensure the energy output is 
equivalent to the shock and fire risk of the same dao;.o; ao; stated 
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in Articles 724 and 725. Ovcrcurrcnt protection shall be prmi
dcd and shall be permitted to be inherent in the amplifier. 

Audio amplifier output circuits "ired using Clao;.o; I "iring 
mcthoclo; shall be considered equivalent to Clao;.o; I circuits and 
shall be installed in accordance "idt 724.46, where applicable. 

Audio amplifier output circuit-; wired u.o;ing Clao;.o; 2 or Clao;.o; 3 
"iring methods shall be considered equivalent to Clao;.o; 2 or 
Clao;.o; 3 circuit-;, rcspcctivelv. Thcv shall usc conductors insula
ted at not lcs.o; dtan the rcquirc�cnto; of 722.179 and shall be 
installed in accordance with 722.135 and 725.136 through 
725.144. 

Informational :'\ote No. 1: See UL 171 1-2016, Amplifim; for Fire 
Prot,-t:li��t� Signalhzr; Sy<tems, which contain.<; requiremenL<; for the 
listing of amplifiers u.o;ed for fire alarm system<; in compliance 
\\ith NFPA 72-2019, National Fw .4/arm and Signaling ('.od,. 

Informational Note :'\o. 2: See l"L 813-1996, Commercial .4udio 
Equipment, l"L 1419-2016, Profos.<io11al Vidtv and .4udio l:IJ1tiJnnmt; 
ANSI/l"L 1492-1996, Atulio-Video Products ami Arcawri,.<; 
l"L 6500-1999, Audio/Video and Musiral lmtrwlUml Apparalu.< for 
Hmmlwld, C.ommm·ial, and Similar Uv; and l"L 62368-1-2014, 
Audio/Video, Information. and C.ommuniratio11 1echnolng)" Equipmmt 
- Part I: Safoty RJ<vuirmvnts, for examples of requiremenl<; for 
listing amplifier.� ll<;ed in residential, commercial, and profes.•io-
nal tLo;e. · 

(D) Use of Audio Transformers and Autotransformers. Audio 
transfunncrs and autotransfonncrs shall be used only for audio 
sigrtals in a manner so ao; not to exceed the manufacturer's 
stated input or output voltage, impedance, or power limita
tions. The input or output \\ires of an audio transfonncr or 
autotransformer shall be allowed to connect direcdv to the 
amplifier or loudo;pcakcr terminals. 1'\o electrical tcr;ninal or 
lead shall be required to be grounded or bonded. 

640.10 Audio Systems Near Bodies of Water. Audio systems 
ncar bodies of water, either natural or artificial, shall be su�cct 
to the restrictions specified in 640. IO(A) and (B). 

Exception: This section does 1wt include audio systems intended for use 
on boat�, yacltts, or other forms of Land m· water tmn.�portation used 
near bodies of wate1; whether m· not supt1lied by bmnch-cin:uit powe�: 

Informational :'\ote: See 680.27(,\) for installation of undema
ter audio equipment. 

(A) Equipment Supplied by Branch-Circuit Power. Audio 
system equipment supplied by branch-circuit power shall not 
be placed horizontally within 1.5 m (5 ft) of the inside wall of a 
pool, spa, hot tub, or fountain, or "ithin 1.5 m (5 ft) of the 
prc\'<liling or tidal high "'<Iter mark. In addition to the require
ment-; in 210.8(B), the equipment shall be prmidcd with 
branch-circuit power protected by a ground-fault circuit inter
rupter where required by other articles. 

(B) Equipment Not Supplied by Branch-Circuit Power. Audio 
system equipment powered by a listed Clao;.o; 2 power supply or 
by the output of an amplifier listed ao; permitting dtc usc of 
Clao;.o; 2 \\iring shall be restricted in placement only by the 
manufacturer's recommendations. 

lnformational l'ote: See 640.10(:\) for placement of the power 
supply or amplifier if supplied by brdnch-circuit power. 
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Part D. Permanent Audio System Installations 

640.21 Use of Flexible Cords and Cables. 

(A) Between Equipment and Branch-Circuit Power. Power 
supply corcl'i for audio cquipmclll shall be suitable for the usc 
and shall be permitted to be used where the imcrchangc, main
tenance, or repair of such cquipmcm is facilitated through the 
usc of a power-supply cord. 

(B) Between Loudspeakers and Amplifiers or Between Loud
speakers. \.ablcs used to connect loudspeakers to each other 
or to an amplifier shall comply "id1 Article 722. Other listed 
cable types and a'i.'icmblics, including optional hybrid commu
nications, signal, and hybrid optical fiber cables, shall be 
permitted. 

(C) Between Equipment. \.ablcs used for the distribution of 
audio signals between equipment shall comply "ith Article 722. 
Odtcr listed cable types and a'i.'icmblies, including optional 
hybrid communications, signal, and hybrid optical fiber cables, 
shall be permitted. Odtcr cable types and a'i.'icmblies specified 
by the cquipmcm manufacturer a'i acceptable for dtc usc shall 
be permitted in accordance l\ith 1 10.3(B). 

Informational :'\ote: See 770.3 for the cla.'i.•ilication of composite 
optical fiber cables. 

(D) Between Equipment and Power Supplies Other Than 
Branch-Circuit Power. The follo"ing power supplies, other 
than branch-circuit power supplies, shall be installed and wired 
between cquipmcm in accordance l\ith this \..ode for the voltage 
and power delivered: 

(1) Storage batteries 
(2) Transformers 
(3) Transformer rectifiers 
(4) Odtcr ac or de power supplies 

Informational Note: For some equipment, these sources such as 
in items ( I )  and (2) sen·e a.• the only source of power. These 
could, in turn, be supplied with intermittent or continuous 
branch-circuit power. 

(E) Between Equipment Racks and Premises Waring System. 
Flexible cord'i and cables shall be permitted for the electrical 
connection of pcrmancndy installed cquipmc·m racks to the 
premises \\iring system to facilitate accCs.'i to cquipmcm or for 
the purpose of isolating dtc technical pol�cr system of the rack 
from the premises ground. Connection shall be made either by 
using approved plugs and receptacles or by direct connection 
"ithin an approved enclosure. Flexible cord'i and cables shall 
not be su�cctcd to physical manipulation or abuse while the 
rack is in usc. 

640.22 Waring of Equipment Racks and Enclosures. �Ictal 
cquipmcm racks and enclosures shall be bonded and groun
ded. Bonding shall not be required if dtc rack is connected to a 
technical power ground. 

Wires, cables, structural components, or other cquipmcm 
shall not be placed in such a manner a'i to prevcm rca'ionablc 
access to cquipmclll power switches and rcscttablc or replacea
ble circuit ovcrcurrcm protection dcliccs. 

Supply cord'i or cables, if used, shall terminate "idtin the 
cquipmcm rack enclosure in an identified connector a'i.'icmbly. 
The supply cord'i or cable (and connector a'iscmbly if used) 
shall have sufficicm ampacity to carry the total load connected 
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to the cquipmcm rack and shall be protected by ovcrcurrcm 
devices. 

640.23 Conduit or Tubing. 

(A) Number of Conductors. The number of conductors 
permitted in a single conduit or tubing shall not exceed the 
percentage fill specified in Table I ,  Chapter 9. 

(B) Nonmetallic Conduit or Tubing and Insulating Bushings. 
The usc of nonmetallic conduit or tubing and insulating bush
ings shall be permitted where a technical power system is 
employed and shall comply l\ith applicable articles. 

640.24 WJreWays, Gutters, and Auxiliary Gutters. The usc of 
metallic and nonmetallic "ircways, gutters, and auxiliary 
gutters shall be permitted for usc "ith audio signal conductors 
and shall comply "ith applicable articles "ith respect to permit
ted locations, construction, and fill. 

640.25 Loudspeaker Installation in F"Jre Resistance-Rated 
Partitions, Walls, and Ceilings. Loud'ipeakcrs installed in a fire 
resistance-rated partition, wall, or ceiling shall be listed and 
labeled, or identified as speaker a'iscmblics for fire resistance, 
or installed in an enclosure or recess that maintains the fire 
resistance rating. 

Informational Note: Fire-rated construction is the lire-resisti\·e 
cla.'i.•ilication used in building codes. 

Part Ill.· Portable and Temporary Audio System Installations 

640.41 Multipole Branch-Circuit Cable Connectors. Multipolc 
branch-circuit cable connectors, male and female, for power
supply cords and cables shall be so constructed that tension on 
the cord or cable is not transmitted to the connections. The 
female half shall be attached to the load end of the power 
supply cord or cable. The connector shall be rated in amperes 
and designed so that diffcrcndy rated devices cannot be 
connected together. Altcrnating-currcm multipolc connectors 
shall be polarized and comply with 406.7(A) and (B) and 
406.10. Altcrnating-currcm or dircct-currcm multipolc connec
tors utilized for connection between loudspeakers and amplifi
ers, or between loud'ipcakcrs, shall not be compatible with 
nonlocking !::1- or 20-ampcrc rated connectors intended for 
branch-circuit power or "ith connectors rated 250 volt'i or 
greater and of either the locking or nonlocking type. Signal 
cabling not intended for such loudspeaker and amplifier inter
connection shall not be permitted to be compatible l\ith multi
pole branch-circuit cable connectors of any accepted 
configuration. 

Informational :'\ote: See 400.14 for pull at te1minal•. 

640.42 Use of Flexible Cords and Cables. 

(A) Between Equipment and Branch-Circuit Power. Power 
supply cord'i for audio equipment shall be listed and shall be 
permitted to be used where the interchange, maintenance, or 
repair of such equipment is facilitated through the usc of a 
power-supply cord. 

(B) Between Loudspeakers and Amplifiers, or Between Loud
speakers. Installation of flexible cords and cables used to 
connect loucl'ipcakcrs to each other or to an amplifier shall 
comply l\ith Part I of Article 400 and Part'i I, II, and III of Arti
cle 725, respectively. \.ords and cables listed for portable usc, 
either hard or extra-hard usage a'i defined by Article 400, shall 
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also be pcnnittcd. Odtcr listed cable types and ao;scmblics, 
including optional hybrid communications, signal, and hybrid 
optical fiber cables, shall be permitted. 

(C) Between Equipment and/or Between Equipment Racks. 
Installation of flexible cord-; and cables used for me distribu
tion of audio signals between equipment shall comply wim 
Parts I and II of Article 400 and Parts I, II, and III of Arti
cle 725, respectively. \.ords and cables listed for portable usc, 
either hard or extra-hard service ao; defined by Article 400, shall 
also be pcnnittcd. Odtcr listed cable types and ao;scmblics, 
including optional hybrid communications, signal, and hybrid 
optical fiber cables, shall be permitted. 

(D) Between Equipment, Equipment Racks, and Power 
Supplies Other Than Branch-Circuit Power. Wiring between 
the follo"ing power supplies, other man branch-circuit power 
supplies, shall be installed, connected, or \\ired in accordance 
wim dtis Code for dtc voltage and power required: 

( 1) Storage batteries 
(2) Transformers 
(3) Transformer rectifiers 
(4) Odtcr ac or de power supplies 

(E) Between Equipment Racks and Branch-Circuit Power. The 
supply to a portable equipment rack shall be by means of listed 
extra-hard usage cord-; or cables, ao; defined in Table 400.4. For 
outdoor portable or temporary usc, the cord-; or cables shall be 
furmcr listed ao; being suitable for wet locations and sunlight 
resistant. Sections 520.5, 520.10, and 525.3 shall apply ao; appro
priate when me following conditions exist: 

(1)  \\'here equipment racks include audio and lighting 
and/ or power equipment 

(2) \\'hen using or constructing cable extensions, adapters, 
and breakout a'i.o;cmblics 

640.43 Wuing of Equipment Racks. Equipment racks fabrica
ted of metal shall be bonded and grounded. ]'\on metallic racks 
"im covers (if prmidcd) removed shall not allow acccs.o; to 
Cla'i."' 1,  Cla'i."' 3, or primary circuit power without dtc removal 
of covers over terminals or me usc of tools. 

Wires, cables, structural component-;, or other equipment 
shall not be placed in such a manner a"' to prevent rcao;onablc 
access to equipment power Sl\itchcs and rcscttablc or replacea
ble circuit ovcrcurrcnt protection devices. 

Wiring that exit-; the equipment rack for connection to 
other equipment or to a power supply shall be relieved of strain 
or othcnvisc suitably tcnninatcd such mat a pull on the flexible 
cord or cable \\ill not incrcao;c the risk of damage to me cable 
or connected equipment such ao; to cause an unrcao;onablc risk 
of fire or electric shock. 

640.44 Environmental Protection of Equipment. Portable 
equipment not listed for outdoor usc shall be pcnnittcd only 
where appropriate protection of such equipment from adverse 
weather conditions is prmidcd to prevent risk of fire or electric 
shock. Wltcrc the system is intended to remain operable during 
adverse wcamcr, arrangement-; shall be made for maintaining 
operation and ventilation of hcat-dis.o;ipating equipment. 

640.45 Protection of Wuing. \\'here acccs.o;iblc to me public, 
flexible cords and cables laid or run on the ground or on me 
floor shall be covered l\ith approved nonconductivc mato;. 
\..ablcs and mat-; shall be arranged so ao; not to present a trip-
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ping hazard. The cover requirements of 300.5 shall not apply 
to \\iring protected by burial. 

640.46 Equipment Access. Equipment likely to present a risk 
of fire, electric shock, or physical injury to me public shall be 
protected by barriers or supcniscd by qualified personnel so ao; 
to prevent public acccs.o;. 

ARTICLE 645 
Information Technology Equipment 

645.1 Scope. This article covers equipment, power-supply 
"iring, equipment interconnecting \\iring, and grounding of 
infonnation technology equipment and systems in an informa
tion technology equipment romn. 

Informational Note: See �FPA 75, Standard fnr tile Fire Protwtion 
of Information T1'C/11uilfl{zy Equipment, which covers the require
menlo; for the prOI.�rlon of infmmation technology equipment 
and infonnation technology equipment area.o;. 

645.3 Other Articles. Circuit-; and equipment shall comply 
"im f>45.3(A) through (I), ao; applicable. 

(A) . Spread of Fare or Products of Combustion. Sections 
300;21, 770.26, and 800.26 shall apply to penetrations of me 
fire-resistant room boundary. 

(B) Wuing and Cabling in Other Spaces Used for Environmen
tal Air (Plenums). The follmving sections and tables shall apply 
to wiring and cabling in other spaces used for environmental 
air (plenums) above an infonnation technology equipment 
room: 

( 1 )  Wiring mcdtodo;: 300.22 (C) ( 1 ) 
(2) Cla'i."' 2, Cla'i."' 3, and PLTC cables: 722.135(8) 
(3) Fire alarm systems: 760.53(8) (2) and Table 760.154 
(4) Optical fiber cables: 770.1 13(C) and Table 770.154(a) 
(5) \.ommunications circuit-;: 800.133(C) and Table 

800.154(a) 
(6) CA1V and radio distribution systems: 800.1 13(C) and 

Table 800.154(a) 

(C) Bonding and Grounding. The non-current-carrying 
conductive members of optical fiber cables in an information 
technology equipment room shall be bonded and grounded in 
accordance "idt 770.1 14. 

(D) Electrical Classification of Data Circuits. 
Section 725.fJO(A) (4) shall apply to the electrical clao;sification 
of listed information technology equipment signaling circuit-;. 

(E) Fare Alarm Cables and Equipment. Part-; I, II, and III of 
Article 7fJO shall apply to fire alarm systems cables and equip
ment installed in an information technology equipment room. 
Only fire alarm cables listed in accordance "ith Part IV of Arti
cle 7fJO and listed fire alann equipment shall be permitted to 
be installed in an information technology equipment room. 

(F) Cable Routing Assemblies, Communications Wires, Cables, 
Raceways, and Equipment. Sections 800.1 10, 800.1 1 3, and 
800.154 shall apply to cable routing a'i.o;cmblics and communi
cations raceways. Part-; I, II, III, IV, and V of Articles 800 and 
805 shall apply to communications \\ires, cables, and equip-
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mem installed in an inrormation technology equipmem room. 
Only communications wires and cables listed in accordance 
with 800.1 79, cable routing ao;.�emblies, and communications 
raceways listed in accordance with 800.182, and communica
tions �quipmem listed in accordance with 800.1 71 shall be 
permitted to be installed in an inronnation technology equip
mem room. Article 645 shall apply to the powering or commu
nications equipment in an inrormation technology equipmem 
room. 

lnformational l'ote: See Article 100, Definitions, for a definition 
of cmmnuuicatim1s equipment. 

(G) Community Antenna Television and Radio Distribution 
Systems Cables and Equipment. Part� I, II, III, IV, and V or 
Articles 800 and 820 shall apply to community antenna tele\-i
sion and radio distribution systems cables and equipmem 
installed in an inronnation technology equipmem room. Only 
community amenna tele\-ision and radio distribution cables 
listed in accordance with 800.179 and listed C..A1V equipmem 
shall be permitted to be installed in an inronnation technology 
equipmem room. Article 645 shall apply to the powering or 
community antenna television and radio distribution systems 
equipmem installed in an inrormation technology equipmem 
room. 

(H) Optical Fiber Cables. Only optical fiber cables listed in 
accordance with 770.179 shall be pcnnitted to be installed in 
an inrormation technology equipmem room. 

(I) Cables Not in Information Technology Equipment Room. 
Cables extending beyond the inrormation technology equip
mem room shall be subject to the applicable requirement� or 
this Code. 

645.4 Special Requirements for Information Technology 
Equipment Room. The alternative wiring methocl� to Chap:
ter 3 and Part� I and II or Article 725 ror signaling wiring and 
Part� I and V or Article 770 ror optical fiber cabling shaiJ be 
permitted where all or the rollo"ing conditions arc met: 
(1)  Disconnecting means complying with f>45.1Q arc prmi

ded. 
(2) A heating/ventilating/air-conditioning (HVAC) system is 

prmided in one or the methods identified in the rollow
ing: 
a. A separate HVAC system that i& dedicated ror inrorma

tion technology equipment l)SC and is separated rrom 
other area� or occupancy 

b. An HVAC system that scrves other occupancies and 
meet� all or the rollowing: 

(i) Also serves the inronnation technology equip
ment room 

(ii) Prmides fire/smoke dampers at the poim or 
penetration or dte room boundary 

(iii) Activates the damper operation upon initiation 
by smoke detector alarms, by operation or the 
disconnecting means required by f>45.10, or by 
both 

Informational Note :'\o. I :  See NFPA 75-2020, Standard for 
the Firt! Pmtet:tion of biformaliml 1mmology Equipmml, Chap
ter I I , Section 1 1 .1 ,  1 1. 1 . 1 ,  1 1. 1 .2, and 1 1 .1.3, for fnnher 
infmmation. 

(3) All inronnation technology and communications equip
mem installed in the room is listed. 
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(4) The room is occupied by, and accessible to, only those 
personnel needed ror the maintenance and runctional 
operation or the installed inronnation technology equip
mem. 

(5) The room is separated rrom other occupancies by fire
resistant-rated walls, floors, and ceilings with protected 
openings. 

Informational l'ote l'o. 2: SeeNFPA 75-2020, Standard for 
the Firt! Pmtet:tion of biformaliml 1mmolog)· Equipmml, Chap
ter 6, for further information on room constntction 
requiremenL•. 

(6) Only electrical equipment and \�iring ao;.�ociated "ith the 
operation or the inrormation technology room is installed 
in the room. 

Informational l'ote l'o. 3: HVAC systems, communica
tions system•, and monitming system� such a• telephone, 
fire alarm system•, secmity system•, water detection 
system•, and odter related protective equipment are 
examples of equipment a�iated "ith dte operation of 
the infmmation techJ}ology room. 

645.5 Supply Circuits and Interconnecting Cables. 

(A) Branch-Circuit Conductors. The branch-circuit conductors 
supplying one or more unit� or inrormation technology equip
mem shall have an ampacity not lcs.� than 125 percent or the 
total connected load. 

(B) Power-Supply Cords. lnrormation technology equipmem 
shall be permitted to be connected to branch circuit� by power
supply cords that comply l\ith the rollm�ing: 
(1) ·  Power-supply cords shall not exceed 4.5 m (15 rt) . 
(2) Power-supply cord� shall be listed and a type permitted 

ror usc on listed inrormation technology equipment or 
shall be constructed or listed flexible cord and listed 
attachmem plugs and cord connectors or a type permit
ted ror inrormation technology equipment. 

(3) Plugs and receptacles tL�d to connect the power-supply 
cords shall be listed and idemified ror the system voltage 
and current applied. 

Informational :'\ote l'o. I: See t:L 60950-1, Safety of bifonna/ion 
Tl't:/molog)· Equipmml - Sa[l't)' - Par/ I: C..e11Pral Requirt!lllelll.<; or 
t:L 62368-1 , .4udio/Vidm, bifonnaliml and C.mnmunication Tl'rlmol
ogy Equipment -Par/ I: SafeiJ RPquimnmts, for one method of 
determining if cord• are of a permitted type. 

Informational :'\ote l'o. 2: See ,\J'\:SI/:'\E:\fA WD-6, Wiri11g Devi
CI'!i -Dimmsimw/ Sperifirations, which identifies plug and recep
tacle configurdtions L25-30P and L25-30R for 240 Vac and 
L26-30P and L26-30R for 240/415 Vac. 

(C) Interconnecting Cables. Separate inronnation technology 
equipmem unit� shall be pcnnitted to be interconnected by 
means or listed cables and cable ao;.�emblies. The 4.5 m (15 rt) 
limitation in f>45.5(8) (1)  shall not apply to interconnecting 
cables. 

(D) Physical Protection. \\'berc exposed to physical damage, 
power-supply corcl�, branch-circuit supply conductors, and 
interconnecting cables shall be protected. 

(E) Under Raised Floors. \\'berc dte area under dte floor is 
acces.'iible and openings minimize the emrance or debris 
beneath the floor, power-supply corcl�, communications cables, 
connecting cables, interconnecting cables, cord-and-plug 
connections, and receptacles ao;.�ociated l\ith the inronnation 
technology equipmem shall be permitted under a rai�ed floor 
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of approved construction. The installation requirement shall 
comply with 645.5(E) ( 1 )  through (E) (3). 

(I) Installation Requirements for Branch-Circuit Supply 
Conductors Under a Raised Floor. 

(a) The supply conductors shall be installed in accord
ance l\ith 300.1 1 .  

(b) I n  addition to the \\iring mcthoclo; of 300.22(C), the 
follo"ing \\iring mcthoclo; shall also be permitted: 

( 1)  Rigid metal conduit 
(2) Rigid nonmetallic conduit 
(3) Intermediate metal conduit 
(4) Electrical metallic tubing 
(5) Electrical nonmetallic tubing 
(6) Metal wirc\\oay 
(7) Nonmetallic l\ircway 
(8) Surface metal racc\\oay "idt metal cover 
(9) Surface nonmetallic racc\\<aV 

( 10) Flexible metal conduit 
· 

( 1 1 )  Liquidtight flexible metal conduit 
(12) Liquidtight flexible nonmetallic conduit 
(13) Type MI cable 
( 14) Type MC cable 
( 15) Type AC cable 
(16) Ao;sociatcd metallic and nonmetallic boxes or enclosures 
( 1 7) Type TC power and control tray cable 

(2) Installation Requirements for Power-Supply Cords, Data 
Cables, Interconnecting Cables, and Grounding Conductors 
Under a Raised Floor. The follm\ing cords, cables, and 
conductors shall be permitted to be installed under a raised 
floor: 

(1) Power-supply corclo; of listed information technology 
equipment in accordance l\ith 645.5(8). 

(2) Interconnecting cables enclosed in a raceway. 
(3) Equipment grounding conductors. 
(4) Where dtc air space under a raised floor is protected by 

an automatic fire suppression system, in addition to 
wiring installed in compliance l\ith 722�1 35(8) , Types 
CL2R, CL'lR, CL2, and CL'l and substitute cables, includ
ing CMP, CMR, C:M, and C�lG, installed in accordance 
"ith 722.135(E) shall be permitted under raised floors. 

(5) Where dtc air space under a raised floor is not protected 
by an automatic fire suppression system, in addition to 
wiring installed in compliance l\ith 722.135(8), substitute 
cable Type CMP installed in accordance \\ith 722.135(E) 
shall be permitted under raised floors. 

(6) Listed Type DP cable having adequate fire-resistant char
acteristics suitable for usc under raised floors of an infor
mation technology equipment room. 

Informational l'ote: See C'iA "Venical Flame Test-C..ables in 
C..able Trays" a" desc1ibed in CSA C22.2 l'o. 0.3, 'ff.<l Ml'thods for 
Ekrtrical Wim and C..abks, for one method of defining resistance 
to the spread of fire where the damage (char length) of the 
cable does not exceed 1.5 m (4 ft I I  in.) or "UL Flame Expo
sure, Venical Flame Tray Test" in l"L 1685, Standard for SafotJ for 
Vertiral-TraJ Fm..Pmpagatiml and Smoke-/Vlmse 1est for Ekctrical and 
optical-Fiber C..abil's. The smoke mea"uremenL" in the test method 
are not applicable. 

(3) Installation Requirements for Optical Fiber Cables Under 
a Raised Floor. The installation of optical fiber cables shall 
comply l\ith either of the follm\ing: 

(1) Where dtc air space under a raised floor is protected by 
an automatic fire supprcs.o;ion system, optical fiber cables 
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installed in accordance "idt 770.1 13(C), Types OFJ'\R, 
OFCR, OF:"'G, OFCG, OF:"!, and OFC shall be permitted 
under raised floors. 

(2) \\'here the air space under a raised floor is not protected 
by an automatic fire supprcs.o;ion system, only optical fiber 
cables installed in accordance "idt 770.1 13(C) shall be 
permitted under raised floors. 

(F) Securing in Place. Power-supply cordo;; communications 
cables, connecting cables, interconnecting cables, and associ
ated boxes, connectors, plugs, and receptacles that arc listed as 
pan of, or for, information technology equipment shall not be 
required to be secured in place where installed under raised 
floors. 

Informational Note: See 300.1 1  for securement requiremenL" 
for rdceways and cables not listed a" part of, or for, information 
technology equipmem. 

(G) Abandoned Supply Circuits and Interconnecting Cables. 
The acccs.o;iblc portion of abandoned supply circuit" and inter
connecting cables shall be removed unlcs.o; contained in a race

way. 

(H) Installed Supply Circuits and Interconnecting Cables Iden
tified for Future Use. 

(1) Cable Identification Means. Supply circuit" and intercon
necting cables identified for future usc shall be marked "idt a 
tag of sufiicicnt durability to "ithstand the em-ironment 
involved. 

(Z) Cable Tag Criteria. Supply circuit tags and interconnect
ing cable tags shall have the follo"ing information: 

(1)  Date identified for future usc 
(2) Date of intended usc 
(3) Information relating to dtc intended future usc 

645.10 Disconnecting Means. An approved means shall be 
prmidcd to disconnect power to all electronic equipment in 
the information technology equipment room or in designated 
zones "idtin the room. There shall also be a similar approved 
means to disconnect the power to all dedicated HVAC systcmo; 
scning the room or designated zones and to cause all required 
fire/smoke dampers to close. The disconnecting means shall 
comply l\ith either 645.10(A) or (B). 

Exception: These ll'.Jfltirement� shall not aJlply to instalhltifms comJI�l'
ing zuith Al-tirk 685. 

(A) Remote Disconnect Controls. 

(1) Emergency Access. Remote disconnect controls shall be 
located at approved locations readily acccs.o;iblc in case of fire 
to authorized personnel and emergency responders. 

(2) Disconnect Identification. The remote disconnect means 
for the control of electronic equipment power and HVAC 
systems shall be grouped and identified. A single means to 
control both systems shall be permitted. 

(3) Fare/Smoke Zone Isolation. \\"bcrc multiple zones arc 
created, each zone shall have an approved means to confine 
fire or producto; of combustion to \\ithin the zone. 

(4) System Operation Continuity. Additional means to prevent 
unintentional operation of remote disconnect controls shall be 
permitted. 
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Informational Note: See :'\FPA 75, Standard fnr tile Fire ProtNtion 
nf lnfnrmatinn 1mmolng)' Equipment, for funher information. 

(B) Critical Operations Data Systems. Remote disconnecting 
comrols shall not be required for critical operations data 
systems when all of the following conditions arc met: 

( 1)  An approved procedure hao; been established and main
tained for rcmming power and air movcmcm "idtin me 
room or zone. 

(2) Qualified personnel arc continuously available to advise 
emergency responders and to instruct mcm of discon
necting method-;. 

(3) A smoke-sensing fire detection system is in place. 

Informational Note: See NFP.4 72, National Fire .4/ann and Signal· 
h��r ('.ode, for further infonnation. 

(4) An approved fire supprcs.o;ion system suitable for me 
application is in place. 

(5) Cables installed under a raised floor, other man branch
circuit "iring, and power cord-; arc installed in compli
ance "ith 645.5(E) (2) or (E) (3), or in compliance wim 
Table 645.10(B). 

645.11 Uninterrupbble Power Supply (UPS). UPS system-; 
installed "ithin the information technology equipment room 
and mcir supply and output circuits shall comply "id1 645.10, 
except for the following installations and constructions: 

(1) Installations compl}'ing with Part-; I and II of Article 685 
(2) Power sources limited to 750 volt-amperes or less derived 

either from UPS cquipmcm or from battery circuit-; inte
gral to electronic equipment 

The disconnecting means shall also disconnect the battery 
from ito; load. 

Informational l'ote: See l'L 177!1, Unintwruptible Pnltler .�y.<tellt<, 
and l'L 62368-1 ,  Audin/Vidro, lnfurmatinn ami C.mnmuniratitm. 
Tl't:/molog)· Equipmmt - Part I: Safety Requirements, for informa
tion on product listings for electronic equipment disconnecting 
means and backup battery power sources. 

645.14 System Grounding. Separately derived power system-; 
shall be installed in accordance l\ith Part-; I and II of Arti
cle 250. Power systems derived within listed information tech
nology equipment that supply information technology system-; 
through receptacles or cable ao;sembliC!I supplied ao; part of this 
cquipmcm shall not be considered separately derived for me 
purpose of appl}'ing 250.30. 

Table 645.10(B) Cables Installed Under Raised Floors 

Cable Type 

645.15 Equipment Grounding and Bonding. All exposed non
current-carrying metal part-; of an information technology 
system shall be bonded to the equipment grounding conductor 
in accordance "ith Part-; I, V, \1, \1I, and \1II of Article 250 or 
shall be double insulated. \\'bcrc signal reference structures 
arc installed, they shall be bonded to me equipment grounding 
conductor prmidcd for the information technology cquip
mcm. Any auxiliary grounding elcctrodc(s) installed for infor
mation technology equipment shall be installed in accordance 
"im 250.54. 

Informational Note: See 250.146(0) and 406.3(E) for informa
tion on to;<>)ated grounding-type receptacles. 

645.16 Marking. Each unit of an information technology 
system supplied by a branch circuit shall be provided "id1 a 
manufacturer's nameplate, which shall also include me input 
power requirement-; for voltage, frequency, and maximum 
rated load in amperes. 

645.17 Power Distribution UniiS. Power distribution unit-; that 
arc used for information -technology equipment shall be 
permitted to have multiple �nelboarclo; within a single cabinet 
if the power distribution unit is utilization equipment listed for 
infonnation technology application. 

645.18 Surge PrOtection for Critical Operations Data Systems. 
A listed surgc-pro�ctivc de\ icc (SPD) shall be installed for crit
ical operations data systems in accordance with Pan II of Arti
cle 242 . .  

645.i5 Fngineering Supervision. Ao; an alternative to me 
feeder and service load calculations required by Part-; III and 
IV of Article 220, feeder and scnicc load calculations for new 
or existing load-; shall be permitted to be used if prmidcd by 
qualified persons under engineering supcnision. 

645.i7 Selective Coordination. Critical operations data 
systcm(s) ovcrcurrcnt protective devices shall be selectively 
coordinated l\ith all supply-side ovcrcurrcnt protective dc\iccs. 

Selective coordination shall be selected by a licensed profes
sional engineer or omcr qualified persons engaged primarily in 
the design, installation, or maintenance of electrical systems. 
The selection shall be documented and made available to mosc 
authorized to design, install, inspect, maintain, and operate me 
system. 

AppHcable Sec:tious 

Bmnch circuit<; under r.tised floors 
Supply cord<; oflisted information technology 

equipment 

645.5(E) ( I )  
645.5(E) (2) ( 1 ) ,  300.22(C) 

Cla.'i.<; 2 and Cla.'l.<; 3 remote control and PLTC cables in 
other spaces U.<;ed for em'ironmental air (plenums) 

Optical fiber cable in other spaces used for 
emironmental air (plenums) 

Communications \\'ires and cables, cable routing 
a.'i.<;emblies, and communications r.tceways in ;,ther 
spaces u.<;ed for em'ironmental air (plenums) 

('.oa.xial ('..A TV and r.tdio distribution cables in other 
spaces u.<;ed for em'ironmental air (plenums) 
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722.135(8) 

770. 1 13(C) and Table 770.154(a) 

!100.1 13(C) and Tables 800.154(a), (b) , and (c) 

!100. 1 13(C) and Table 800.154(a) 
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ARTICLE f>46- MODULAR DATA CEJ'\TERS 646.3 

Part I. General 

ARTICLE 646 
Modular Data Centers 

646.1 Scope. This article covers modular data centers. 

Informational :'\ote l'o. I: Modular data centers include the 
installed information technology equipment (ITE) and suppon 
equipment, electrical supply and distribution, \\iring and protec
tion, working space, grounding, HVAC, and the like, that are 
located in an equipment enclosure. 

Informational Note :'\o. 2: See :'\FPA 75, Standard for tlv Firt! 
Protection of lnfor111alion Technology l:quipmml, which covers the 
requirement• for the protection of infmmation technology 
equipment and system.• in an infmmation technology equip
ment room. 

Informational :'\ote l'o. 3: See UL 60950-1, Information Terlmol
ogy l:quipmml - SafetJ - Part 1: C.e11Pral Requiremmt.•, and 
t:L 62368-1, .4udio/Vidro, Information ami C.om111uniration Terlmol
ogy Equifmumt - Part 1: SafdJ Requirt!llltmt.•, for infonnation on 
listing requirement• for both information technology equip
ment and communications equipment contained within a 
modular data center. 

Informational l'ote :'\o. 4: Modular data renters are sometimes 
referred to a.• containerized data centers. 

Informational :'\ote l'o. 5: Equipment enclosures hotL•ing only 
suppon equipment (e.g., HVAC or power distribution equip
ment) that are not pan of a specific modular data center are not 
considered a modular data center. 

646.3 Other Articles. Circuits and equipment shall comply 
with f>4f>.3(A) through (�l) ao; applicable. \\'hcrcvcr th� 
requirement-; of other articles of dtis Code and Article f>46 
diiTcr, the requirement-; of Article f>46 shall apply. 

(A) Spread of FJre or Products of Combustion. Sections 
300.21,  770.2f>, and 800.2f> shall apply to pcnt!trntions of a fire
resistant room boundary, if prmidccl. 

(B) Waring and Cabling in Other Spaces � for Environmen
tal Air (Plenums). The follo"ing scctiom and tables shall apply 
to wiring and cabling in other spacc!l used for environmental 
air (plenums) within a modular data center space: 

(1) Wiring mcdtodo;: 300.22(C) (I) 
(2) Clao;s 2, Clao;s 3, and PLTC cables: 722.135(8) 
(3) Fire alarm systems: 700.53(8) (2) and Table 700.154 
(4) Optical fiber cables: 770.1 13(C) and Table 770.154(a) 
(5) \..ommunications circuit-.: 800.1 13(C) and Table 

800.154(a) 
(f>) CA1V and radio distribution systems: 800.1 13(C) and 

Table 800.154(a) 

Informational :'\ote: Emiromnentally controlled working spaces, 
ai•les, and equipment areas in an :\fDC are not considered a 
plenum. 

(C) Grounding and Bonding. The non-currcnt-carl)ing 
conductive members of optical fiber cables in an �lDC shall be 
grounded in accordance with 770.1 14. Grounding and bond
ing of communications protectors, cable shield-;, and non
currcnt-carl)ing metallic members of cable shall comply with 
Part lV of Article 805. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAI. COI>t: 

(D) Electrical Classification of Data Circuits. 
Section 725.00(A) (4) shall apply to the electrical cla-.sification 
of listed information technology equipment signaling circuit-.. 

(E) FJre Alarm Equipment. Part-. I, II, and ([) of Article 700 
shall apply to fire alarm systems, cables, and equipment instal
led in an MDC, where provided. Only fire alarm cables listed in 
accordance wid1 Part lV of Article 700 and listed fire alarm 
equipment shall be permitted to be installed in an �me. 

(F) Cable Routing Assemblies and Communications Wires, 
Cables, Raceways, and Equipment. Sections 800.110, 800.1 13, 
and 800.154 shall apply to cable routing ao;scmblics and 
communications raceways. Part-; I, II, III, IV, and V of Articles 
800 and 805 shall apply to communications \\ires, cables, and 
equipment installed in an �lDC. Only communications wires 
and cables listed in accordance l\ith 800.179, cable routing 
ao;scmblics and communications raceways listed in accordance 
"ith 800.182, and communications equipment listed in accord
ance l\ith 800.171 shall be permitted to be installed in an �me. 

Informational Note: See Article I 00 for a definition of communi· 
cations equip111mt. 

(G) Community .Antenna Television and Radio Distribution 
Systems Cables and Equipment. Part-; I, II, III, IV, and V of 
Articles 800 and 820 shall apply to community antenna telcli
sion and radio distribution systems equipment installed in an 
MDC. Only community antenna telclision and radio distribu
tion cables listed in accordance "ith 800.1 79 and listed CA1V 
equipment shall be permitted to be installed in an �me. 

(H) Surge-Protective Devices (SPDs). \\'here provided, surge
protective devices shall be listed and labeled and installed in 
accordance wid1 Part ([ of Article 242. 

(I) Lighting. Lighting shall be installed in accordance with 
Part-; I through XlV of Article 410. 

(J) Power Distribution Wuing and Wuing Protection. Power 
distribution \\iring and wiring protection l\ithin an MDC shall 
comply l\ith Part-; I, II, and lll of Article 210 for branch 
circuit-;. 

(K) Waring Methods and Materials. Wiring mcdtod-. and mate
rials shall comply with the follm\ing: 

(1)  Unless modified elsewhere in this article, \\iring mcthocl-. 
and materials for power distribution shall comply with 
Chapter 3. Wiring shall be suitable for it-. usc and installa
tion and shall be listed and labeled. 

Exception: This 11'quinmumt shall 1wt aJIP{l· to wiring that is pm·t of 
Li�ted and labe!P.d equiJnllrot. 

(2) The follm\ing wiring method-. shall not be permitted: 

a. Integrated gao; spacer cable: Type IGS (Article 32f>) 
b. Concealed knob-and-tube wiring (Article 394) 
c. �(cs.o;cngcr-supportcd wiring (Article 39f>) 
d. Open wiring on insulators (Article 398) 
c. Outdoor overhead conductors over 000 volt-. (Arti

cle 395) 
(3) Wiring in area-; under a raised floor that arc constructed 

and used for ventilation a-. described in 645.5(E) shall be 
permitted to usc the \\iring method-; described in 
f>45.5(E) if the conditions off>45.4 arc met. 

(4) Installation of wiring for remote-control, signaling, and 
power-limited circuit-; shall comply l\ith Part ([ of Arti
cle 725. 
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(5) Installation of optical fiber cables shall comply with Part V 
of Article 770. 

(6) Alternate wiring mcthod'i as permitted by Article f>45 
shall be permitted for MDG'i, prmidcd that all of the 
conditions of 645.4 arc met. 

(L) Service EquipmenL For an MDC that is designed such that 
it can be powered from a separate electrical senicc, the scnicc 
equipment for control and protection of seniccs and their 
installation shall comply l\ith Part'i I, V, \1, and \1I of Article 
230. The senicc equipment and their arrangement and instal
lation shall permit dtc installation of dtc sen-icc-entrance 
conductors in accordance with Part'i I and IV of Article 230. 
Scnicc equipment shall be listed and labeled and marked as 
being suitable for usc a'i scnicc equipment. 

(M) Disconnecting Means. An approved means shall be prmi
dcd to disconnect power to all electronic equipment in the 
MDC in accordance "ith f>45.10. There shall also be a similar 
approved means to disconnect dtc power to all dedicated 
HVAC systems sening the MDC that shall cau.'iC all required 
fire/smoke dampers to close. 

646.4 Applicable Requirements. All MDG'i shall be listed and 
labeled and comply "ith f>46.3 (�l) and f>46.5 duo ugh f>46.9 or 
comply l\ith this article. 

Informational Note: See UL Su�ject 2755, Outline of luVI'Siigation 
for Modular Data Omten, for information on listing requiremenL• 
for MDC.•. 

646.5 Nameplate Data. A permanent nameplate shall be 
attached to each equipment enclosure of an MDC and shall be 
plainly l-isiblc after installation. The nameplate shall include 
the follo"ing information, a'i applicable: 

(1) Supply voltage, number of pha'ics, frequency, and full
load current. The full-load current shown on the nam� 
plate shall not be lcs.'i dtan the sum of the full�oad 
currcnt'i required for all motors and other equipment 
that may be in operation at the same time under normal 
conditions of usc. \\'here unu.'iual type loads, duty cycles, 
and so ford1, require oversized conductors or permit 
reduced-size conductors, the required capacity shall be 
included in dtc marked full-load current. Where more 
than one incoming supply circuit is lo be provided, the 
nameplate shall state the preceding information for each 
circuit. For listed equipment, the full-load current shown 
on the nameplate shall be permitted to be dtc maximum, 
mca'iurcd, 15-minutc, average full-load current. 

Informational Note :'\o. 1: See 430.22(E) and 430.26 for duty 
cycle requiremenL•. 

(2) For MDG'i powered by a separate scnicc, the short-circuit 
current rating of the scnicc equipment prmidcd a'i part 
of the MDC. 

Informational l'ote l'o. 2: This rating may be part of the service 
equipment marking. 

(3) For MDG'i powered by a separate senicc, if the required 
senicc a'i dctcnnincd by Part'i III and IV of Article 220 is 
lcs.'i than the rating of the scnicc panel used, the 
required senicc shall be included on the nameplate. A'i 
an alternative to dtc feeder and scnicc load calculations 
required by Part'i III and IV of Article 220, feeder and 
senicc load calculations for new, future, or existing load'i 
shall be permitted to be u.'iCd if performed by qualified 
persons under engineering supcnision. 
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Informational :'\ote l'o. 3: Brdnch circuiL• supplying ITE loads 
are a.'l.•umed to be loaded not les.• than 80 percent of the 
branch-circuit rating "ith a 100 percent duty cycle. 

(4) Electrical diagram numbcr(s) or the number of the index 
to the electrical dra"ings. 

(5) For MDC equipment enclosures that arc not powered by 
a separate senicc, feeder, or branch circuit, a reference 
to the powering equipment. 

(6) Manufacturer's name or trademark. 

646.6 Supply Conductors and Overcurrent Protection. 

(A) Size. The size of the supply conductor shall be such a'i to 
have an ampacity not lcs.'i than 125 percent of dtc full-load 
current rating. 

Informational :'\ote No. I: See the 0-2000-mlt ampacity tables of 
Article 310 for ampacity of conductors rated 600 V and below. 

Informational Note :'\o. 2: See 430.22(E) and 430.26 for duty 
cycle requiremenL•. 

(B) Overcurrent Protection. \o\'hcrc ovcrcurrcnt protection for 
supply conductors is furnished a'i part of the MDC, ovcrcurrcnt 
protection for each supply circuit shall comply with f>46.6(B) 
(1) duough (B) (2). 

(1) Service Equipment - Overcurrent Protection. Scnicc 
conductors shall bC prmidcd with ovcrcurrcnt protection in 
accordance ,,;dl 230.90 through 230.95. 

(2) Taps and Feeders. \\'bcre ovcrcurrcnt protection for 
supply conductors is furnished a'i part of the MDC a'i permitted 
by 240.21, the ovcrcurrcnt protection shall comply "id1 the 
follo"ing: 

( 1) The ovcrcurrcnt protection shall consist of a single circuit 
breaker or set of fuses. 

(2) The MDC shall be marked KOVERCURRE:"'T PROTEC..
TION PR0\1DED AT MDC SUPPLYTERMIJ'\AL'i." 

(3) The supply conductors shall be considered either a'i feed
ers or a'i taps and be prmidcd "id1 ovcrcurrcnt protec
tion compl)'ing "ith 240.21. 

646.7 Short-Circuit Current Rating. 

(A) Service Equipment. The scnicc equipment of an MDC 
that conncct'i dirccdy to a scnicc shall have a short-circuit 
current rating not lcs.'i dtan the available fault current of the 
sen icc. 

(B) MDCs Connected to Branch Circuits and Feeders. Modu
lar data centers that connect to a branch circuit or a feeder 
circuit shall have a short-circuit current rating not lcs.'i than the 
available fault current of the branch circuit or feeder. The 
short-circuit current rating of the MDC shall be ba'icd on the 
short-circuit current rating of a listed and labeled MDC or the 
short-circuit current rating established using an approved 
method. 

Exception: This 11'-f[Uirement shall not aptJ�V to listed and labe!P.d equip
ment conner:tl'.d to branch cin:uits locatl'.d inside of the IW.DC equipment 
enclo.�ure. 

Informational l'ote: See t:L 508,\-2018, Staudard for lndu.•trial 
Omtrol Pam•l•. Supplement SB, for an example of an approved 
method. 

(C) MDCs Powered from Separate MDC System Enclosures. 
Modular data center equipment enclosures, powered from a 
separate MDC system enclosure that is part of the specific MDC 
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system, shall have a short-circuit current rating coordinated 
"ith dtc powering module in accordance "id1 1 10.10. 

Informational l'ote: See t.:L 508,\-2018, Standard for lnd1L<trial 
Control Pam1.<, Supplemmt SB, for an example of an approved 
method for detennining short-circuit cunent ratingli. 

646.8 Field-Wuing Compartments. A field-wiring compart
ment in which scnicc or feeder connections arc to he made 
shall he readily accessible and comply "id1 the follo"ing: 
(1)  Permit dtc connection of the supply "ires after the MDC 

is installed 
(2) Permit the connection to he imroduccd and readily 

connected 
(3) Be located so dtat the connections may be readily inspec

ted after the MDC is installed 

646.9 Flexible Power Cords and Cables for Connecting Equip
ment Enclosures of an MDC System. 

(A) Uses Permitted. Flexible power cord"l and cables shall be 
pcrmiucd to be used for connections between cquipmcm 
enclosures of an MDC system where not su�cct to physical 
damage. 

Informational l'ote: One example of nexible power cord tL•age 
for connection• between equipment enclosures of an MDC 
system is between an :\fDC enclosure containing only servers 
and one containing power di•tribution equipment. 

(B) Uses Not Permitted. Flexible power corcl"l and cables shall 
not be used for connection to external sources of power. 

Informational l'ote: Examples of external sources of power are 
electrical services, feeders, and premi"les brdnch circuiL•. 

(C) Listing. \\'here flexible power cord"l or cables arc used, 
they shall be listed as suitable for extra-hard usage. Where used 
outdoors, flexible power cord"l and cables shall also be listed as 
suitable for wet locations and shall be sunlight resistant 

(D) Single-Conductor Cable. Single-conductor power cable 
shall he pcrmiucd to he used only in sizes 2 AWG or larger. 

Part D. Equipment 

646.10 Electrical Supply and Distribution. Equipment used for 
electrical supply and distribution in an MDC, including fittings, 
devices, luminaires, apparatus. machinery, and the like, shall 
comply with Parts I and II of Article 1 10. 

646.11 Distribution Transformers. 

(A) Utility-Owned Transformers. Utility-owned distribution 
transfonncrs shall not he pcrmiucd in an MDC. 

(B) Non-Utility-Owned Premises Transformers. Non-utility
mmcd premises distribution transformers installed in the vicin
ity of an MDC shall he of the dry type or the type filled "id1 a 
noncombustible dielectric medium. Such transformers shall he 
installed in accordance wim Parts I and II of Article 450. Non
utility-o,mcd premises distribution transformers shall not be 
pcrmiucd in an MDC. 

(C) Power Transformers. Power transformers that supply 
power only to the MDC shall be pcnniucd to he installed in the 
MDC equipment enclosure. Only dry-type transformers shall be 
pcrmiucd to he installed in the MDC equipment enclosure. 
Such transformers shall be installed in accordance "id1 Part"l I, 
II, and III of Article 450. 
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646.12 Receptacles. At least one 1 25-volt ac, 1:>- or 20-ampcrc
ratcd duplex convenience oudct shall be prmidcd in each 
work area of the MDC to facilitate the powering of test and 
mca"lurcmcnt equipment that may be required during routine 
maintenance and servicing, "ithout hal-ing to route flexible 
power cord"l through or acros."l doorways or around lin�ups of 
cquipmcm, or the like. 

646.13 Other Electrical Equipment. Electrical equipment that 
is an integral part of the MDC, including information technol
ogy equipment, lighting, control, power, HVAC (heating, venti
lation, and air-conditioning) , emergency lighting, alarm 
circuit"l, and so forth, shall comply "ith the rcquircmcnt"l for it"l 
usc and installation and shall he listed and labeled. 

646.14 Installation and Use. Listed and labeled cquipmcm 
shall he installed and used in accordance "ith any instructions 
or limitations included in the listing. 

Part ID. Lighting 

646.15 General mumiOation. Illumination shall he provided 
for all workspaccs and arca"l that arc used for exit acccs."l and 
exit discharge. The illumination shall be arranged so dtat the 
failure of any single lighting unit docs not result in a complete 
los."l of illumination. 

Informational Note: See NFPA /0/-2018, Life Safety Code, 
Secfic?n 7.8, for infonnation on illumination of mean.• of egres.•. 

646.16 Emergency Lighting. Arca"l that arc used for exit acccs."l 
and exit discharge shall he prmidcd with emergency lighting. 
Emergency lighting systems shall be listed and lahelcd equip
ment installed in accordance "ith the manufacturer's instruc
tions. 

Informational l'ote: See NFPA /0/-2018, Life Sa[l'l)' ('.ode, 
Section 7.9, for infonnation on emergency lighting. 

646.17 Emergency Lighting Circuits. 1'\o appliances or lamps, 
other than those specified a"l required for emergency usc, shall 
be supplied by emergency lighting circuit"l. Branch circuit"l 
supplying emergency lighting shall be installed to provide serv
ice from storage baucrics, generator sct"l, UPS, separate service, 
fuel cells, or unit equipment. No other equipment shall be 
connected to these circuit"l unlcs."l the emergency lighting 
system includes a backup system where only the lighting is 
supplied by baucry circuits under power failure conditions. All 
boxes and enclosures (including transfer S\\itchcs, generators, 
and power panels) for emergency circuit"l shall be marked to 
idcmify them a"l component'! of an emergency circuit or 
system. 

Part IV. Workspace 

646.18 General. Space about electrical equipment shall 
complY '\ith 1 10.26. 

646.19 Entrance to and Egress from Working Space. For 
cquipmcm over 1 .8 m (6 ft) wide or deep, there shall be one 
entrance to and cgrcs."l from the required working space not 
lcs."l than 610 mm (24 in.) wide and 2.0 m (6 � ft) high at each 
end of the working space. Doors shall open to the full extent of 
mcir designed cgrcs."l opening and be equipped \\ith listed 
panic hardware or listed fire exit hardware. A single cmrancc 
to and cgrcs."l from the required working space shall be permit
ted where cimcr of the conditions in 646.19(A) or (B) i"l met. 
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(A) Unobstructed Egress. \\'here the location pcrmit'i a 
continuous and unobstructed way of cgrcs.'i travel, a single 
entrance to the working space shall be permitted. 

(B) Extra Working Space. Where the depth of the working 
space is l\'icc that required by l 10.26(A) (l  ) ,  a single entrance 
shall be permitted. It shall be located such that the distance 
from the equipment to the nearest edge of dtc entrance is not 
lcs.'i than the minimum clear distance specified in Table 
l 10.26(A) (l)  for equipment operating at that voltage and in 
that condition. 

646.20 Working Space for ITE. 

(A) Low-Voltage Circuits. The working space about ITE where 
any live part'i that may be exposed during routine servicing 
operate at not greater than 30 volt'i rms, 42 volt'i peak, or 
60 volt'i de shall not be required to comply with dtc workspace 
requirement" of f>46.19. 

(B) Other Circuits. Any areas of ITE that require servicing of 
part'i that arc greater than 30 volt'i nns, 42 volt'i peak, or 
60 volt'i de shall comply with the workspace requirement" of 
646.19. 

Informational :'\ote No. 1: For example, lield-l>iring compart
menl� for ac mains connections, power di�trihution unil�. and so 
forth. 

Informational :'\ote No. 2: It is a.'i.�umed that ITE operdtes at 
,·oltages not exceeding 1000 ,·oil�. 

646.21 Work Areas and Working Space About Batteries. Work
ing space about a battery system shall comply with 1 10.26. 
Working space shall be measured from the edges of the battery 
racks, cabinct'i, or trays. 

646.22 Workspace for Routine Service and Maintenance. 
Workspace shall be prO\idcd to facilitate routine scnicing and 
maintenance (those task.'i involving operations that can be 
accomplished by employees and where extensive disa.'i.'icmbly of 
equipment is not required) . Routine servicing and mainte
nance shall be able to be performed widtout exposing the 
worker to a risk of electric shock or personal ilyury. 

lnformational l'ote: An example of such routine maintenance i� 
cleaning or replacing an air filter. 

ARTICLE 647 
Sensitive Electronic Equipment 

647.1 Scope. This article covers the installation and \\iring of 
separately derived systems operating at 120 volt'i lin�to-linc 
and flO volts to ground for sensitive electronic equipment. 

647.3 General. Usc of a separately derived 120-volt singl� 
phase 3-wirc system wid1 60 volt'i on each of l\\'O ungrounded 
conductors to an equipment grounding conductor shall be 
permitted for the purpose of reducing o�cctionablc noise in 
sensitive electronic equipment locations, prmidcd the follow
ing conditions apply: 

(1) The system is installed only in commercial or industrial 
occupancies. 
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(2) The system's usc is restricted to areas under close supcni-
sion by qualified personnel. 

(3) All of the requirements in 647.4 through 647.8 arc met. 

647.4 Waring Methods. 

(A) Panelboards and Overcurrent Protection. Usc of standard 
singl�phasc panelboards and distribution equipment with a 
higher voltage rating shall be permitted. The system shall be 
clearly marked on the face of the panel or on the inside of the 
panel doors. Common trip two-pole circuit breakers or a 
combination l\\'o-polc fused disconnecting means that arc iden
tified for ll'iC at the system voltage shall be prmidcd for both 
ungrounded conductors in all feeders and branch circuit'i. 
Branch circuit'i and feeders shall be prmidcd with a means to 
simultaneously disconnect all ungrounded conductors. 

(B) Junction Boxes. All junction box covers shall be clearly 
marked to indicate the distribution panel and the system volt
age. 

(C) Conductor ldentificatio.._ All feeders and branch-circuit 
conductors installed under dtis section shall be identified as to 
system at all splices .and terminations by color, marking, 
tagging, or equally effective means. The means of identification 
shall be posted at each branch-circuit panelboard and at the 
disconnecting meaTL'i for the building. 

(D) Voltage Drop. The voltage drop on any branch circuit 
shall not eXceed 1.5 percent. The combined voltage drop of 
feeder ·and branch-circuit conductors shall not exceed 
2.5 percent. 

(I) Fixed Equipment. The voltage drop on branch circuit'i 
supplying equipment connected using wiring mcthocl'i in 
Chapter 3 shall not exceed 1 .5 percent. The combined voltage 
drop of feeder and branch-circuit conductors shall not exceed 
2.5 percent. 

(2) Cord-Connected Equipment. The voltage drop on branch 
circuit'i supplying receptacles shall not exceed 1 percent. For 
the purposes of making this calculation, the load connected to 
the receptacle outlet shall be considered to be 50 percent of 
the branch-circuit rating. The combined voltage drop of feeder 
and branch-circuit conductors shall not exceed 2.0 percent. 

Informational l'ote: The purpose of thi� provision i� to limit 
,·oltage drop to 1.5 percent where portable cords may he lL�d a.� 
a means of connecting equipment. 

647.5 Three-Phase Systems. Where 3-phasc power is supplied, 
a separately derived 6-phasc Mwyc" system with flO volt'i to 
ground installed under this article shall be configured as three 
separately derived 120-volt singl�phasc systctTL'i hal-ing a 
combined total of no more than six disconncct'i. 

647.6 Grounding. 

(A) General. The transfonncr secondary center tap of the 
60/120-volt, 3-l\irc system shall be grounded as prmidcd in 
250.30. 

(B) Equipment Grounding Conductors Required. Perma
nently wired utilization equipment and receptacles shall be 
grounded by means of an equipment grounding conductor run 
with the circuit conductors and connected to an equipment 
grounding bus prominently marked MTcchnical Equipment 
Ground" in dtc branch-circuit panelboard. The equipment 
grounding bus shall be connected to the grounded conductor 
on the line side of di'iconnccting means supplied by the scpa-
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rately derived !;ystcm. The equipment grounding conductor 
shall not be smaller than that specified in Table 250.122 and 
run with the feeder conductors. The technical equipment 
grounding bus shall not be required to be bonded to the panel
board cnclo!;urc. Other equipment grounding mcthod'i autltor
izcd elsewhere in tlti!; Code !;hall be permitted where the 
impedance of tltc equipment grounding return path doC!; not 
exceed the impedance of equipment grounding conductors 
sized and installed in accordance with this article. 

Informational :'\ote l'o. 1: See 250.122 for equipment growld
ing conductor sizing requirement.• where circuit conductors are 
a<!ju.•ted in size to compen.•ate for voltage drop. 

Informational :'\ote No. 2: These requirement.• limit the impe
dance of the ground fault return path where only 60 volt.• apply 
to a fdult condition instead of the u.•ual 120 volt.•. 

647.7 Receptacles. 

(A) General. Where receptacles arc U!;Cd as a means of 
connecting equipment, the following condition!; shall be met: 

( 1)  All 15- and 20-amperc receptacles shall be GFCI protec
ted. 

(2) All receptacle outlet strip!;, adapters, receptacle covers, 
and faceplate!; shall be marked l\ith the following word'i 
or equivalent: 

WARNING - TECHNICAL POWER 
Do not connect to lighting equipment. For electronic 
equipment use only. 60/120 V. 1 ftc GFCI protected 

The warning !;ign (s) or label(s) shall comply with 
1 10.21 (B). 

(3) A 1 2:>-volt, singlc-pha.'iC, 15- or 20-ampcrc-ratcd recepta
cle having one of it'i current-carrying poles connected to 
a grounded circuit conductor shall be located "ithin 
1 .8 m (6 ft) of all permanently installed 1!>- or 20-ampcrc
ratcd 60/120-volt tcchnical power-system receptacles. 

(4) All 1 2:>-volt rcccptaciC!; used for 60/ 120-volt technical 
power shall have a unique configuration .and be identi
fied for U!;C "itl1 this cla.'i.'i of system. 

Exception: &ceJJlades and alladmumt plugs mted 125-volt, single
phase, I 5- or 20-ampnf's, and that are identified Jm· use with gmunded 
cirruit conductors, shall be permitted in machine 1V071tf, contml moms, 
equipment T0071tf, I'.Jf!tipment racks, atul other similar Locations that all! 
restricted to use by qualijiP.d personnel. 

(B) Isolated Ground Receptacles. Isolated ground rcccptaciC!; 
shall be permitted a.'i described in 250.146(0); however, the 
branch-circuit equipment grounding conductor shall be termi
nated a.'i required in f>47.6(B). 

647.8 Lighting Equipment. Lighting equipment installed 
under tltis article for the purpo!;c of reducing electrical noi!;c 
originating from lighting equipment shall meet tltc condition!; 
of f>47.8(A) through (C). 

(A) Disconnecting Means. All luminairc!; connected to !;Cpa
rately derived !;ystcms operating at 60 volt'i to ground, and a.'i!;o
ciatcd control equipment if prmidcd, !;hall have a 
di!;Connccting mean!; that !;imultancously open!; all ungroun
ded conductors. The di!;connccting means shall be located 
"ithin sight of tltc luminairc or be lockable open in accord
ance l\ith 1 10.25. 
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(B) Luminaires. All luminairC!; !;hall be permanently in!;tallcd 
and listed for connection to a separately derived !;y!;tcm at 
1 20 volt'i line-to-line and 60 volt'i to ground. 

(C) Screw Shell. Luminaires installed under tlti!; section shall 
not have an exposed lamp screw shell. 

ARTICLE 650 
Pipe Organs 

650.1 Scope. This article covers tho!;C electrical circuil'i and 
part'i of electrically operated pipe organs tltal arc employed for 
the control of the keyboard., and of the pipe organ sounding 
apparatus, typically organ pipes. 

Informational Note: The. typical pipe orgdn is a ,·ery large musi
cal instrwnent that is hnilt. a.• part of a building or structure. 

650.3 Other Articles. Installations of circuil'i and equipment 
shall comply l\ith 650:3(A) and (B) a.'i applicable. \\'bcrcvcr the 
rcquircmcnl'l of odlcr articiC!; in Chapters 1 tluough 7 of this 
Code and Article 650 differ, the requirement., of Article 650 
shall apply. 

(A) . El�nic Organ Equipment. Installations of digital/ 
analog-sampled sound production technology and a.'i.'iociatcd 
audio signal processing, amplification, reproduction equip
ment, and \\iring installed a.'i part of a pipe organ shall be in 
accordance "itl1 Article 640. 

(B) Optical Fiber Cable. Installations of optical fiber cabiC!; 
shall be in accordance "ith Part'i I and V of Article 770. 

650.4 Source of Energy. DC power shall be supplied by a listed 
de power supply l\ilh a maximum output of 30 volts. 

Informational l'ote: Cla'i.• I powe1�limited power supplies are 
often utilized in pipe orgdn applications. 

650.5 Grounding or Double Insulation of the DC Power 
Supply. The installation of the de power supply shall comply 
with either of the follo"ing: 

( 1 )  The de power supply shall be double insulated. 
(2) The metallic ca.'iC of the de power supply shall be bonded 

to the input equipment grounding conductor. 

650.6 Conductors. Conductors shall comply with 650.6(A) 
through (D). 

(A) Size. The minimum conductor size shall be not lc!;s than 
28 AWG for electronic !;ignal circuil'i and not [C!;!; tltan 26 AWG 
for electromagnetic valve supply and the like. The minimum 
conductor size of a main common-return conductor in the 
electromagnetic supply shall not be lc!;s than 1 4  AWG. 

(B) Insulation. Conductors !;hall have thcrmopla.'itic or thcr
mo!;ctting in!;ulation. 

(C) Conductors to Be Cabled. Except for the common-return 
conductor and conductors in!;idc the organ proper, the organ 
!;Cction!; and the organ con!;olc conductors shall be cabled. The 
common-return conductors shall be permitted under an addi
tional covering enclosing botl1 cable and return conductor, or 
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they shall be permitted as a separate conductor and shall be 
permitted to be in contact with dtc cable. 

(D) Cable Covering. Each cable shall be provided with an 
outer covering, either overall or on each of any subassemblies 
of grouped conductors. Tape shall be permitted in place of a 
covering. \\-'here not installed in metal raceway, the covering 
shall be resistant to flame spread, or the cable or each cable 
suba'iscmblv shall be covered with a closely wound listed fire-
proof tape.

' · 

Informational l'ote: See L'L 2556-2015, Wire, Cab!P. and Cab!£ 
1;.,t Metlwd.<, for one method of determining that cable i� resi�t
ant to flame spread by testing the cable to the FV-2/VW-1 Test. 

650.7 Installation of Conductors. \..ablcs shall be securely 
fa'itcncd in place and shall be permitted to be attached dirccdy 
to the organ structure without insulating support'i. Splices shall 
not be required to be enclosed in boxes or other enclosures. 
\..ontrol equipment and busbars connecting common-return 
conductors shall be permitted to be attached dirccdy to the 
organ structure l\ithout insulation support'i. Abandoned cables 
that arc not terminated at equipment shall be identified with a 
tag of sufficient durability to widtstand dtc em-ironment 
involved. 

650.8 Overcurrent Protection. Circuit'i shall be so arranged 
that 20 AWG through 28 AWG conductors shall be protected by 
an ovcrcurrcnt device rated at not more than 6 amperes. Other 
conductor sizes shall be protected in accordance with their 
ampacity. A common return conductor shall not require over
current protection. 

650.9 Protection from Accidental Contact. The \\iring of the 
pipe organ sounding apparatus shall be "ithin the lockable 
enclosure (organ chamber) where the exterior pipes shall be 
permitted to form part of dtc enclosure. 

Informational l'ote: Acces.� to the pipe organ sounding appalll
UJ.� and the a..sociated circuitrv is restricted bv an enclosure. In 
most pipe organ installations: exterior pipes

' 
fonn pan of the 

enclosure. In other installations, the pipes are covered· by mill
work that pe1miL� the pa.'i.�age of sound. 

Part I. General 

ARTICLE 660 
X-Ray Equipment 

660.1 Scope. This article covers all X-ray equipment operating 
at any frequency or voltage for industrial or other nonmedical 
or nondcntal tL'iC. 

Informational Note: See Article 517, Part V, for X-ray installa
tions in health care facilities. 

Nodting in this article shall be construed a'i spccil}ing safe-
guards against the useful beam or stray X-ray radiation. 

Informational Note :'\o. 1: Radiation safety and perfmmance 
requirement� of several cla.'l.�s of X-ray equipment are regulated 
under Public Law 90-602 and are enforced by the Deparunent of 
Health and Human Senices. 

Informational l'ote :'\o. 2: In addition, infonnation on radiation 
protection by the National Council on Radiation Protection and 
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:\fea.�uremenL� i� publi�hed a.� &port.< of tlv Natio11al l.nuncil on 
Radiation Protwtio11 and Ml'll.<UTI'ment. These repon� can be 
obtained from l'CRP Publications, 7910 Woodmont A,·e., Suite 
1016, Bethesda, MD 20814. 

660.3 Hazardous (Classified) Locations. l:nless identified for 
the location, X-ray and related equipment shall not be installed 
or operated in hazardott'i (cla'isificd) locations. 

Informational l'ote: See Article 517, Part IV, for additional 
infmmation. 

660.4 Connection to Supply CircuiL 

(A) F'axed and Stationary Equipment. Fixed and stationary 
X-ray equipment shall be connected to the power supply by 
means of a wiring method meeting the general requirement., of 
this Code. Equipment properly supplied by a branch circuit 
rated at not over 30 amperes shall be permitted to be supplied 
through a suitable attachment plug cap and hard-service cable 
or power-supply cord. 

(B) Portable, Mobile, and 'fiaosportable EquipmenL Individ
ual branch circuit'i shall not be required for portable, mobile, 
and transportable X-ray cqufpmcnt requiring a capacity of not 
over 60 amperes. Portable and mobile types of X-ray equip
ment of any capacity shall be supplied duough a suitable hard
service cable or power-supply cord. Transportable X-ray 
equipment of any capacity shall be permitted to be connected 
to it'i poW<;r !!Upply by suitable connections and hard-scnicc 
cable or. power-supply cord. 

(C) Over 1000 Volts, Nominal. Circuit'i and equipment oper
ated at more than 1000 volt'i, nominal, shall comply "id1 Arti
clc 490. 

660.5 Disconnecting Means. A disconnecting means of 
adequate capacity for at lca'it 50 percent of the input required 
for the momentary rating, or 100 percent of the input required 
for the long-time rating, of the X-ray equipment, whichever is 
greater, shall be prmidcd in the supply circuit. The disconnect
ing means shall be located l\ithin sight from the X-ray control 
and readily acccs.'iiblc. 

Exception: The disconnecting means for tile X-ra_y equipment shall not 
be 11'quil'ed undn· either of the following crmditions, Jmroided that the 
contmUer disconnecting means is /nckabk open in acconlana with 
110.25: 

( 1) Whe11' .melt a location of tile disconnecting means fm· tile X-ray 
equipment is imJmuticabk or intmduces additimwl m· incl't'ased 
hawnls to Jlt!rsons m· pmpertJ 

(2) In indust1·ial installations, with w1illen safet_l' pmcedw't's, where 
conditions of maintrnance and suJm'Vi�ifm lm<UI't! that only 
qualijil'.d persons se1'Via the equiprmmt 

660.6 Rating of Supply Conductors and Overcurrent Protec
tion. 

(A) Branch-Circuit Conductors. The ampacity of supply 
branch-circuit conductors and dtc ovcrcurrcnt protective dc\-i
ccs shall not be less than 50 percent of the momentary rating 
or 100 percent of the long-time rating, whichever is greater. 

(B) Feeder Conductors. The ampacity of conductors and the 
rating of ovcrcurrcnt dc\iccs of a feeder for two or more 
branch circuit'i supplying X-ray unit'i shall not be lcs.'i than 
100 percent of the momentary demand rating La'i determined 
by f>60.6(A) J of the two largest X-ray apparatus plus 20 percent 
of the momentary ratings of other X-ray apparatus. 
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ARTICLE 665 - INDUCTION AND DIELECTRIC HEATIJ'\G EQUP�lEl'\T 665.7 

Informational Note: The minimum conductor size for branch 
and feeder circuiL• is also govemed by \'ohage regulation 
requiremenL•. For a specific installation, the manufacturer 
'�"tally specifies minimum di•tribution transformer and conduc
tor sizes, rating of di�onnect means, and overcurrent protec
tion. 

660.7 Waring Terminals. X-ray equipment not provided "idt a 
pcrmancndy auachcd power-supply cord shall be provided widt 
suitable \\iring terminals or lead• for the connection of power
supply conductors of the size required by the rating of dtc 
branch circuit for the equipment. 

660.9 Minimum Size of Conductors. Size 18 AWG or 16 AWG 
fixture \\ires, as specified in 724.49, and flexible cords shall be 
pcrmiucd for dtc control and operating circuit• of X-ray and 
auxiliary equipment where protected by not larger than 20-
ampcrc ovcrcurrcnt dcliccs. 

660.10 Equipment Installations. All equipment for new X-ray 
installations and all used or reconditioned X-ray equipment 
moved to and reinstalled at a new location shall be of an 
approved type. 

Part D. Control 

660.20 FIXed and Stationary EquipmenL 

(A) Separate Control Device. A separate control dclicc, in 
addition to dtc disconnecting means, shall be incorporated in 
the X-ray control supply or in the primary circuit to the high
voltage transformer. This dclicc shall be a part of the X-ray 
equipment but shall be pcrmiucd in a separate enclosure 
immediately adjacent to the X-ray control unit. 

(B) Protective Device. A protective dclicc, which shall . be 
pcrmiucd to be incorporated into the separate control device, 
shall be provided to control dtc load resulting from failures in 
the high-voltage circuit. 

660.21 Portable and Mobile EquipmenL Portable and mobile 
equipment shall comply with 660.20, but the manually control
lccl device shall be located in or on dtc equipment. 

660.23 Industrial and Commercial Laboratory EquipmenL 

(A) Radiographic and Fluoroscopic . Types. All radiographic
and fluoroscopic-type equipment mall be effectively enclosed 
or shall have interlocks dtat de-energize dtc equipment auto
matically to prevent ready :u:ccss to live currcnt-carl'}ing part•. 

(B) Diffraction and Irradiation Types. Diffraction- and 
irradiation-type equipment or installations not effectively 
enclosed or not prmidcd l\ith interlocks to prevent access to 
uninsulatcd live part• during operation shall be prmidcd with a 
positive means to indicate when they arc energized. The indica
tor shall be a pilot light, readable meter deflection, or equiva
lent means. 

660.24 Independent Control. \\'here more dtan one piece of 
equipment is operated from dtc same high-voltage circuit, each 
piece or each group of equipment as a unit shall be provided 
widt a high-voltage switch or cquilalcnt disconnecting means. 
This disconnecting means shall be constructed, cndosccl, or 
located so as to avoid contact by persons with it• live part•. 
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Part Ill. Transformers and Capacitors 

660.35 General. Transformers and capacitors dtat arc pan of 
an X-ray equipment shall not be required to comply l\ith Arti
cles 450 and 460. 

660.36 Capacitors. \.apacitors shall be mounted widtin enclo
sures of insulating material or grounded metal. 

Part IV. Guarding and Grounding 

660.47 General. 

(A) High-Voltage Parts. All high-voltage part•, inducting X-ray 
tubes, shall be mounted l\ithin grounded enclosures. Air, oil, 
gas, or other suitable insulating media shall be used to insulate 
the high voltage from the grounded enclosure. The connection 
from the high-voltage equipment to X-ray tubes and other 
high-voltage components shall be made widt high-voltage shiel
ded cables. 

(B) Low-Voltage Cab]� Low-voltage cables connecting to oil
filled unit• that arc riot· complctely scaled, such as transform
ers, condensers, oil (:Oolcrs, and high-voltage switches, shall 
have insulation of the oil-resistant type. 

660.48 Grounding. Baucry-opcratcd X-ray equipment shall 
not be required to comply "idt dtc grounding requirements of 
this (..ode, 

ARTICLE 665 
Induction and Dielectric Heating 

Equipment 

Part I. General 

665.1 Scope. This article covers the construction and installa
tion of dielectric heating, induction heating, induction melt
ing, and induction welding equipment and accessories for 
industrial and scientific applications. Medical or dental applica
tions, appliances, or line frequency pipeline and vessel heating 
arc not covered in this article. 

Informational :'\ote: See Article 427, Pan V, for line frequency 
induction heating of pipelines and \·es.•el•. 

665.5 Output CircuiL The output circuit shall include all 
output component• external to the converting dclicc, induct
ing contactors, Sl'itchcs, busbars, and odtcr conductors. The 
current flow from the output circuit to ground under operat
ing and ground-fault conditions shall be limited to a value that 
docs not cause 50 volts or more to ground to appear on any 
accessible part of dtc heating equipment and it• load. The 
output circuit shall be pcrmiucd to be isolated from ground. 

665.7 Remote Control. 

(A) Multiple Control Points. Where multiple control point• 
arc used for applicator cncrgization, a means shall be provided 
and interlocked so dtat the applicator can be energized from 
only one control point at a time. A means for de-energizing dtc 
applicator shall be prolidcd at each control point. 
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665.7 ARTICLE 668 - ELECTRO LYriC CEIL.'i 

(B) Foot Switches. Switches operated by foot prcs.�urc shall be 
provided with a shield over the contact button to avoid acciden
tal dosing of a foot switch. 

665.10 Ampacity of Supply Conductors. The ampacity of 
supply conductors shall be determined by 665.10(A) or (B). 

(A) Nameplate Rating. The ampacity of conductors supplying 
one or more pieces of equipment shall be not lcs.� than the sum 
of the nameplate ratings for the largest group of machines 
capable of simultaneous operation, plus I 00 percent of the 
standby current� of the remaining machines. \\'here standby 
current� arc not given on the nameplate, the nameplate rating 
shall be used a� the standby current. 

(B) Motor-Generator Equipment. The ampacity of supply 
conductors for motor-generator equipment shall be deter
mined in accordance "idt Article 430, Part II. 

665.12 Disconnecting Means. A readily acccs.�iblc disconnect
ing means shall be prmidcd to disconnect each heating equip
ment from it� supply circuit. The disconnecting means shall be 
located within sight from dtc controller or be lockable open in 
accordance "idt 1 10.25. 

The rating of this disconnecting means shall not be lcs.� than 
the nameplate rating of the heating equipment. Motor
generator equipment shall comply with Article 430, Part IX. 
The supply circuit disconnecting means shall be permitted to 
serve a� the heating equipment disconnecting means where 
only one heating equipment is supplied. 

Part D. Guarding, Grounding, and Labeling 

665.19 Component Interconnection. The interconnection 
component� required for a complete heating equipment instal� 
lation shall be guarded. 

665.20 Enclosures. The converting device (excluding the 
component interconnections) shall be completely contained 
"ithin an cndosurc(s) of noncombustible material. 

665.21 Control Panels. All control panels shall be of dead
front construction. 

665.22 Access to Internal Equipment. Acccs.i; doors or detach
able acccs.� panels shall be employed for internal acccs.� to heat
ing equipment. Acccs.� doors to internal compartment� 
containing equipment cmplo}ing mltagcs from 150 volt� to 
1000 volt� ac or de shall be capable of being locked dosed or 
shall be interlocked to prevent dtc supply circuit from being 
energized while the door(s) is open. The provision for locking 
or adding a lock to the acccs.� doors shall be installed on or at 
the acccs.� door and shall remain in place with or l\ithout the 
lock installed. 

Acccs.� doors to internal compartment� containing equip
ment employing voltages exceeding 1000 volt� ac or de shall be 
provided with a disconnecting means equipped "ith mechani
cal lockout� to prevent access while the heating equipment is 
energized, or the acccs.� doors shall be capable of being locked 
dosed and interlocked to prevent the supply circuit from being 
energized while the door(s) is open. Detachable panels not 
normally used for acccs.� to such part� shall be fa�tcncd in a 
manner that makes dtcm inconvenient to remove. 

665.23 Hazard Labels or Signs. Labels or signs dtat read 
MDANGER - HIGH VOLTAGE - KEEP Ol:T" shall be 
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attached to dtc equipment and shall be plainly visible where 
persons might come in contact l\ith energized part� when 
doors arc open or dosed or when panels arc removed from 
comparuncnt� containing over 150 volt� ac or dc. Hazard signs 
or labels shall comply "ith 1 10.21 (8). 

665.24 Capacitors. The time and means of discharge shall be 
in accordance "ith 460.6 for capacitors rated 600 volt�, nomi
nal, and under. The time and means of discharge shall be in 
accordance with 460.28 for capacitors rated over fJOO volt�, 
nominal. C..apacitor internal prcs.�urc switches connected to a 
circuit-interrupter dclicc shall be pcnnittcd for capacitor over
current protection. 

665.25 Dielectric Heating Applicator Shielding. Protective 
cages or adequate shielding shall be used to guard dielectric 
heating applicators. Interlock Sl'itches shall be used on all 
hinged access doors, sliding panels, or other ca� means of 
acccs.� to the applicator. All interlock Sl\itchcs shall be connec
ted in such a manner a� to remove all power from the applica
tor when any one of the acccs,� doors or panels is open. 

665.26 Grounding and Boiuling. Bonding to the equipment 
grounding conductor or inter-unit bonding, or both, shall be 
used wherever required for circuit operation, and for limiting 
to a safe value radio frequency voltages between all exposed 
non-currcnt-carf}ing part� of dtc equipment and earth 
ground, between all equipment part� and surrounding o�cct�, 
and between such o�cct� and earth ground. Such connection 
to the equipment grounding conductor and bonding shall be 
installed in accordance with Article 250, Part� II and V. 

lnformational l'ote: t:nder certain conditions, contact between 
the o�ject being heated and the applicator resull� in an unsafe 
condition, such a.� eruption of heated material�. Grounding of 
the o�ject being heated and ground detection can be u.�d to 
prevent this un.�afe condition. 

665.27 Marking. Each heating equipment shall be provided 
"ith a nameplate giving dtc manufacturer's name and model 
identification and the following input data: line volt�, 
frequency, number of pha�cs, maximum current, full-load 
kilovolt-amperes (kVA), and full-load power factor. Additional 
data shall be permitted. 

ARTICLE 668 
Electrolytic Cells 

668.1 Scope. This article applies to the installation of the elec
trical component� and accessory equipment of electrolytic 
cells, elcctrol}tic cell lines, and proccs.� power supply for the 
production of aluminum, cadmium, chlorine, copper, fluorine, 
hydrogen peroxide, magnesium, sodium, sodium chlorate, and 
zinc. 

Not covered by this article arc cells used a� a source of elec
tric energy and for electroplating proccs.�cs and cells used for 
the production of hydrogen. 

lnformational l'ote l'o. 1: In general, any cell line or group of 
cell lines operated a.� a unit for the production of a particular 
metal, ga.�, or chemical compound may differ from any other 
cell lines producing the same product beca•��e of \<ttiations in 
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ARTICLE 668 - ELECTRO LYriC CELL'i 668.20 

the panicular raw mate1ials u.'led, output capacity, use of propri
etary method• or proces.• prdctices, or other modif}-ing factors to 
the extent that detailed Code requiremenL• become overly 
restricth>e and do not accomplish the stated purpose of this 
I .ode. 

Informational l'ote l'o. 2: See IEEE 463-2013, Standard for fur
triral .Vifi'IJ Prartiu.< in Eil't:tro�)'l ir Odl Line Working Zones, for 
fnnher infmmation. 

668.3 Other Articles. 

(A) Lighting, Ventilating, Material Handling. Chapters 1 
through 4 shall apply to services, feeders, branch circuits, and 
apparatus for supplying lighting, ventilating, material handling, 
and the like that arc outside the electrolytic cell line working 
zone. 

(B) Systems Not Electrically Connected. Those elcmcnt"l of a 
cell line power-supply system dtat arc not electrically connected 
to the cell supply system, such a"l the primary l\inding of a two
winding transformer, the motor of a motor-generator set, feed
ers, branch circuit"l, disconnecting means, motor controllers, 
and overload protective equipment, shall be required to 
comply with all applicable sections of this Code. 

(C) Electrolytic Cell Lines. Electrolytic cell lines shall comply 
with the prO\isions of Chapters I through 4 except a"l amended 
in 668.3(C) (1)  through (C) (4) . 

(1) Conductors. The electrolytic cell line conductors shall not 
be required to comply "id1 Articles 1 10, 210, 215, 220, and 225. 
Sec 668.12. 

(2) Overcurrent Protection. Ovcrcurrcm protection of elec
trolytic cell de proccs."l power circuit"l shall not be required to 
comply with the rcquircmcnt"l of Article 240. 

(3) Grounding. Except a"l required by dtis article, cquipmcm 
located or used "idtin the elcctrol}1ic cell line working wnc or 
a"lsociatcd with the cell line de power circuit"l shall not be 
required to comply "id1 Article 250. 

(4) Working Zone. The elcctrol}'1ic cells, cell line auachmcnt"l, 
and the wiring of auxiliary equipment and del-ices l\idtin the 
cell line working zone shall not be rt!quircd to comply with 
Articles 1 10, 210, 215, 220, and 225. Sec 668.30. 

Informational :'\ote: See 668.15 for equipment, appardtu.•, and 
stnJctural component grounding. 

668.10 Cell Line Working Zone. 

(A) Area Covered. The space envelope of the cell line working 
zone shall cncompa"ls spaces that meet any of the follo"ing 
conditions: 

(1)  l"l within 2.5 m (96 in.) above energized surfaces of elcc
trol}'1ic cell lines or their energized auachmcnt"l 

(2) l"l below energized surfaces of elcctrol}1ic cell lines or 
their energized attachmcnt"l, provided dtc headroom in 
the space beneath is lcs."l than 2.5 m (96 in.) 

(3) Is within 1.0 m (42 in.) horizontally from energized surfa
ces of elcctrol)'1ic cell lines or their energized attach
mcnt"l or from the space envelope described in 668.10(A) 
(1) or (A) (2) 

(B) Area Not Covered. The cell line working zone shall not be 
required to extend through or beyond walls, floors, roo("l, parti
tions, barriers, or dtc like. 
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668.11 Direct-Current CeU Line Process Power Supply. 

(A) Not Grounded. The direct-currcm cell line proccs."l power
supply conductors shall not be required to be grounded. 

(B) Metal Enclosures Grounded. All metal enclosures of 
power-supply apparatus for the direct-current cell line proccs."l 
operating l\ith a power supply over 50 volt"l shall be grounded 
by either of the following means: 

(1)  Through protective relaying equipment 
(2) By a minimum 2/0 AWG copper grounding electrode 

conductor or a conductor of equal or greater conduc
tance 

(C) Grounding Requirements. The grounding electrode 
connections required by 668.1 1 (B) shall be installed in accord
ance l\ith 250.8, 250.10, 250.12, 250.68, and 250.70. 

668.12 Cell Line Conductors. 

(A) Insulation and Material. Cell line conductors shall be 
either bare, covered, ot insulated and of copper, aluminum, 
copper-clad aluminurl); steel, or other suitable material. 

(B) Size. Cell line conductors shall be of such cross-sectional 
area that the temperature rise under maximum load conditions 
and at maximum ambient shall not exceed the safe operating 
tcmpcrat11re of dtc conductor insulation or the material of the 
conductOr support"l. 

(C)·. Connections. C..cll line conductors shall be joined by 
bolted, welded, clamped, or comprcs."lion connectors. 

668.13 Disconnecting Means. 

(A) More Than One Process Power Supply. Where more than 
one direct-current cell line proccs."l power supply serves the 
same cell line, a disconnecting means shall be provided on the 
cell line circuit side of each power supply to disconnect it from 
the cell line circuit. 

(B) Removable Links or Conductors. Removable links or 
removable conductors shall be permitted to be used a"l the 
disconnecting means. 

668.14 Shunting Means. 

(A) Partial or Total Shunting. Partial or total shunting of cell 
line circuit currcm around one or more cell"l shall be permit
ted. 

(B) Shunting One or More Cells. The conductors, switches, or 
combination of conductors and s"itchcs used for shunting one 
or more cells shall comply l\ith the applicable rcquiremcnt"l of 
668.12. 

668.15 Grounding. For equipment, apparatus, and structural 
componcnt"l that arc required to be grounded in accordance 
with Article 668, Article 250, Part III, for a local grounding 
electrode system shall apply, except a water pipe electrode shall 
not be required to be used. Any electrode or combination of 
electrodes described in 250.52 shall be permitted. 

668.20 Portable Electrical Equipment. 

(A) Portable Electrical Equipment Not to Be Grounded. The 
frames and enclosures of portable electrical equipment used 
within the cell line working zone shall not be grounded. 

Exception No. 1: �Wum� the uU line voltage does 1wt exCPm 2()() volts 
de, these frames and roclo.mres shaU be permitted to be giVundP.d. 
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Exception No. 2: The.'il' frames and enclosures shall be Jmmittl'.d to be 
JPVUndP.d where JPtarded. 

(B) Isolating Transformers. Electrically powered, hand-held, 
cord-connected portable equipment "ith ungrounded frames 
or enclosures used within the cell line working zone shall be 
connected to receptacle circuits that have only ungrounded 
conductors such as a branch circuit supplied by an isolating 
transfonncr "idt an ungrounded secondary. 

(C) Marking. Ungrounded portable electrical cquipmcm shall 
be distinctively marked and shall employ plugs and receptacles 
of a configuration that prevents connection of this cquipmcm 
to grounding receptacles and that prevents inadvertent inter
change of ungrounded and grounded portable electrical 
cquipmcm. 

668.21 Power-Supply Circuits and Receptacles for Portable 
Electrical EquipmenL 

(A) Isolated Circuits. Circuits suppl}'ing power to ungrounded 
receptacles for hand-held, cord-connected cquipmcm shall be 
electrically isolated from any distribution system suppl}'ing 
areas other than the cell line working zone and shall be 
ungrounded. Power for these circuits shall be supplied through 
isolating transfonncrs. Primaries of such transformers shall 
operate at not more than 1000 volts between conductors and 
shall be provided with proper ovcrcurrcm protection. The 
secondary voltage of such transformers shall not exceed 
300 volts between conductors, and all circuit'> supplied from 
such secondaries shall be ungrounded and shall have an 
approved ovcrcurrcm dc\-icc of proper rating in each conduc
tor. 

(B) Noninterchangeability. Receptacles and their mating plugs 
for ungrounded cquipmcm shall not have provision for an 
cquipmcm grounding conductor and shall be of a configura
tion that prevent'> dteir usc for cquipmcm required to be 
grounded. 

(C) Marking. Receptacles on circuit'> supplied by an isolating 
transfonncr l\ith an ungrounded secondary shall be a distinc
tive configuration, shall be distinctively marked, and shall not 
be used in any other location in the plam. 

668.30 FIXed and Portable Electrical EquipmenL 

(A) Electrical Equipment Not Required to Be Grounded. 
Alternating-current systems supplying fixed and portable elec
trical cquipmcm within the cell line working zone shall not be 
required to be grounded. 

(B) Exposed Conductive Surfaces Not Required to Be Groun
ded. Exposed conductive surfaces, such as electrical cquip
mcm housings, cabinet'>, boxes, motors, raceways, and dtc like, 
that arc within the cell line working zone shall not be required 
to be grounded. 

(C) Wiring Methods. Auxiliary electrical equipment such as 
motors, transducers, sensors, control devices, and alarms, 
moumcd on an electrolytic cell or other energized surface, 
shall be connected to premises wiring systems using any of the 
follo"ing: 

(1) Multiconductor hard usage cord. 
(2) Wire or cable in suitable raceways or metal or nonmetallic 

cable trays. If metal conduit, cable tray, armored cable, or 
similar metallic systems arc used, they shall be installed 
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with insulating breaks such that they do not cause a 
potentially hazardous electrical condition. 

(D) Circuit Protection. Circuit protection shall not be 
required for control and instrumentation that arc totally "ithin 
the cell line working zone. 

(E) Bonding. Bonding of fixed electrical cquipmcm to the 
energized conductive surfaces of the cell line, it'> attachment'>, 
or auxiliaries shall be permitted. \\'here fixed electrical cquip
mcm is mounted on an energized conductive surface, it shall 
be bonded to that surface. 

668.31 Auxiliary Nonelectrical Connections. Auxiliary 
nonelectrical connections, such a'i air hoses, water hoses, and 
the like, to an electrolytic cell, it'> attachment'>, or auxiliary 
cquipmcm shall not have continuous conductive reinforcing 
wire, armor, braicl'i, and the like. Hoses shall be of a noncon
ductivc material. 

668.32 Cranes and Hoists. 

(A) Conductive Surfaces to Be Insulated from Ground. The 
conductive surfaces of cranes and hoist'> that enter the cell line 
working zone shall not .be required to be grounded. The 
portion of an overhead crane or hoist that contact'> an ener
gized electrolytic cell or energized attachment'> shall be insula
ted from grou�d. 

(B) Hazardous Electrical Conditions. Remote crane or hoist 
comrols. that could imroducc hazardous electrical conditions 
imo dtc cell line working zone shall employ one or more of the 
following systems: 

(1) ·  Isolated and ungrounded control circuit in accordance 
"ith f>68.21 (A) 

(2) Nonconductivc rope operator 
(3) Pendant pushbutton "ith nonconductivc supporting 

means and having nonconductivc surfaces or ungroun
ded exposed conductive surfaces 

(4) Radio 

668.40 Enclosures. General-purpose electrical cquipmcm 
enclosures shall be permitted where a natural draft ventilation 
system prevent'> the accumulation of ga'iCs. 

ARTICLE 669 
Electroplating 

669.1 Scope. This article applies to the installation of the elec
trical component'> and acccs.'iOJ)' equipment that supply the 
power and comrols for electroplating, anodizing, electropolish
ing, and elcctrostripping. For purposes of this article, the term 
electmJJlating shall be u.'iCd to identify any or all of these 
proccs.'iCs. 

669.3 General. Equipmcm for U.'ic in electroplating proccs.'iCS 
shall be identified for such service. 

669.5 Branch-Circuit Conductors. Branch-circuit conductors 
suppl}'ing one or more unit'> of cquipmcm shall have an 
ampacity of not lcs.'i than 125 perccm of the total connected 
load. The ampacitics for bu.'ibars shall be in accordance with 
36f>.23. 
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ARTICLE 670 - 1:"/DUSTRIAL MACHINERY 670.4 

669.6 Wuing Methods. C..onductors connecting the electrolyte 
tank cquipmcm to the conversion cquipmcm shall be in 
accordance "idt 669.6(A) and (B). 

(A) Systems Not Exceeding 60 Volts Direct CurrenL htsulatcd 
conductors shall be pcrmiucd to be run l\ithout insulated 
support, provided they arc protected from physical damage. 
Bare copper or aluminum conductors shall be permiucd where 
supported on insulators. 

(B) Systems Exceeding 60 Volts Direct CurrenL htsulatcd 
conductors shall be pcnniucd to be run on insulated support�, 
prm-idcd they arc protected from physical damage. Bare 
copper or aluminum conductors shall be pcnniucd where 
supported on insulators and guarded against accidental contact 
up to the poim of termination in accordance with 1 10.27. 

669.7 Warning Signs. Warning signs shall be posted to indicate 
the presence of bare conductors. The warning sign(s) or 
label(s) shall comply "ith 1 10.21 (B). 

669.8 Disconnecting Means. 

(A) More Than One Power Supply. \\'bcrc more than one 
power supply serves dtc same de system, a disconnecting means 
shall be prmidcd on dtc de side of each power supply. 

(B) Removable Links or Conductors. Removable link.� or 
removable conductors shall be pcrmiucd to be used as me 
disconnecting means. 

669.9 Ovel'CUITent Protection. Dircct-currem conductors shall 
be protected from ovcrcurrcnl by one or more of me follow
ing: 

(1)  Fuses or circuit breakers 
(2) A currcm-scnsing dc'l'icc dtat operates a disconnecting 

means 
(3) Odtcr approved means 

ARTICLE 670 
Industrial Machinery 

670.1 Scope. This article covet!! the nameplate data for, over
voltage protection for, and dte size and ovcrcurrcm protection 
of supply conductors to indmtrial machinery. 

Informational :'\ote l'o. 1: See NFPA 79, Electrical Standard for 
lndu.<trial MarhillPT)·, for funher infonnation. 

Informational :'\ote l'o. 2: See 1 10.26 for information on the 
work.�pace requiremenL� for equipment containing supply 
conductor terminals. 

Informational :'\ote l'o. 3: See NFPA 79, Electrical Standard for 
lndu.<trial Marlliuery, for infmmation on the work.�pace require
menL� for machine power and control equipment. 

670.3 Machine Nameplate Data. 

Informational Note: See 430.22(E) and 430.26 for duty cycle 
requiremenL�. 

(A) Permanent Nameplate. A permanent nameplate shall be 
attached to me out�idc of the control equipment enclosure or 
on me machine immediately adjaccm to dtc main control 
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cquipmcm enclosure dtat is visible after installation. The 
nameplate shall include me follo"ing information: 

(1 )  Supply voltage, number of phao;cs, frequency, and full
load currem 

(2) Maximum ampere rating of dtc short-circuit and ground
fault protective device 

(3) Ampere rating of largest motor, from me motor name
plate, or load 

(4) Short-circuit currcm rating of the machine industrial 
control panel bao;cd on one of me following: 

a. Short-circuit currcm rating of a listed and labeled 
machine control enclosure or ao;scmbly 

b. Short-circuit current rating established using an 
approved method 

Informational Note: See t:L 50&\-2017, lndu.<trial Control 
Pam•l<, Supplement SB, for an example of an approved 
medtod. 

(5) Electrical diagram numbcr(s) or the number of the index 
to me electrical draWings 

The full-load cu�m ·shown on the nameplate shall not be 
lcs.o; man the sum of me full-load current� required for all 
motors and 9mcr cquipmcm that can be in operation at me 
same time Wlder normal conditions of usc. Where untt.o;ual 
type loac4, duty cycles, and so form require oversized conduc
tors or permit reduced-size conductors, me required capacity 
shall be included in the marked Mfull-load current." \\'bcrc 
more than one incoming supply circuit is to be provided, me 
nameplate shall state me preceding information for each 
circuit. 

(B) 0vel'CUITent Protection. \\'bcrc ovcrcurrcnt protection is 
prm-idcd in accordance "idt 670.4(C), dtc machine shall be 
marked Movcrcurrcnt protection prolidcd at machine supply 
tcnninals." 

670.4 Supply Conductors and Overcurrent Protection. 

(A) Size. The size of me supply conductor shall be such ao; to 
have an ampacity not lcs.� than 125 pcrccm of dtc full-load 
current rating of all resistance heating loaclo; pitt.-; 125 perccm 
of me full-load current rating of dtc highest rated motor pitt.-; 
the sum of me full-load current ratings of all other connected 
motors and apparatus, ba�d on their duty cycle, mat may be in 
operation at dtc same time. 

Informational l'ote :'\o. 1: See Table 310.16 through Table 
310.20 for ampacity of conductors rated 2000 miL� and below. 

Informational Note :'\o. 2: See 430.22(E) and 430.26 for duty 
cycle requiremenL�. 

(B) Disconnecting Means. A machine shall be considered ao; 
an indhidual unit and therefore shall be prm-idcd wim discon
necting means. The disconnecting means shall be pcrmiucd to 
be supplied by branch circuit-; protected by cidtcr fuses or 
circuit breakers. The disconnecting means shall not be 
required to incorporate ovcrcurrcm protection. 

Informational :'\ote: See NFPA 701-� Standard for Electrical Safety in 
the Workplare, which provides guidance for creating an electri
cally safe work condition for perfmming maimenance or oilier 
work on me machine. 

(C) Overcurrent Protection. \\'here furnished a� pan of me 
machine, ovcrcurrcnt protection for each supply circuit shall 
consist of a single circuit breaker or set of ftt.�s. me machine 
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670.5 ARTICLE 675 - ELECTRICALLY DRIVEN OR COJ'\TROLLED IRRIGATION :MACHINES 

shall bear the marking required in 670.3, and the supply 
conductors shall be considered either as feeders or as taps as 
covered by 240.21.  

The rating or setting of the overcurrent protective de\-ice for 
the circuit supplying the machine shall not be greater than the 
sum of the largest rating or setting of the branch-circuit short
circuit and ground-fault protective de\-ice prm-ided "idt the 
machine, plus 125 percent of the full-load current rating of all 
resistance heating loacl'i, plus the sum of the full-load currents 
of all other motors and apparatus that could be in operation at 
the same time. 

Exception: Whm� ont m· mmP instantaneous t1ip circuit /n1'.akn-s m· 
motor slwrt-cin:uit JllvlPctm:� alP used fm· motor branch-cin:uit slwlt
cirruit mul gmutulfault pmttction as Jmmitted b)• 430.52(C), the 
pmCI'nWP sJif'cijied in 670. 4( C) for detn·mining the maximum rating of 
tht pmttctive devict for tht chcuit suJijJ{l·ing the machine shall apply 
with the following pruvi�ifm: For the J1U1fJOse of the ralculation, Pm:h 
instantaneous t1ip circuit b1Pakn· or motor shm·t-circuit JllvlPctm· slmU 
be assumed to have a mting not f'Xcttding tht maximum percentage of 
motor full-load cunmt permilltd b)• Table 430.52(C)( 1) fm· the t_l•pe of 
mac/tine suJijJ{l· cin:uit pmttctivt devict rotploJ•ed. 

\\'here no branch-circuit short-circuit and ground-fault 
protective de\-ice is provided "idt the machine, the rating or 
setting of the overcurrent protective device shall be ba'iCd on 
430.52 and 430.53, a'i applicable. 

670.5 Short-Circuit Current Rating. 

(A) Installation. Industrial machinerv shall not be installed 
where the available fault current �xceeds its short-circuit 
current rating a'i marked in accordance "idt 670.3(A) (4). 

(B) Avallable Short-Circuit Current Field Marking. Industrial 
machinery shall be legibly marked in the field l\ith the availa� 
ble fault current. The field marking(s) shall include the date 
the available fault current calculation was performed and be of 
sufficient durability to l\ithstand the emironment involved. 

670.6 Overvoltage Protection. Industrial machinery with 
safety circuil'i shall have overvoltage protection. 

ARTICLE 675 
Electrically Driven or Controlled Irrigation 

Machines 

Part I. General 

675.1 Scope. This article applies to electrically driven or 
controlled irrigation machines, and to dte branch circuil'i and 
controllers for such equipment. 

675.4 Irrigation Cable. 

(A) Construction. The cable used to interconnect enclosures 
on dte structure of an irrigation machine shall be an a'l..'iCmbly 
of stranded, insulated conductors l\ith nonhygroscopic and 
nonwicking filler in a core of moistur� and flam�resistant 
nonmetallic material overlaid with a metallic covering and jack
eted "idt a moistur�, corrosion-, and sunlight-resistant nonm� 
tallic material. 

70-584 

The conductor insulation shall be of a type listed in Table 
310.4(1)  for an operating temperature of 75•c (167.F) or 
higher and for U.'iC in wet locations. The core insulating mate
rial thickncs.'i shall not be les.'i than 0.76 mm (30 mils) , and the 
metallic overlay thickness shall be not les.'i than 0.20 mm 
(8 mils). The jacketing material thickncs.'i shall be not les.'i than 
1 .27 mm (50 mils) . 

A composite of power, control, and grounding conductors in 
the cable shall be permitted. 

(B) Alternate Waring Methods. Installation of other listed 
cables compl)'ing l\ith the construction requirement" of 
675.4(A) shall be permitted. 

(C) Supports. Irrigation cable shall be secured by straps, hang
ers, or similar fittings identified for the purpose and so 
installed a'i not to damage the cable. C..able shall be supported 
at intervals not exceeding 1 .2 m (4 ft). 

(D) Fittings. Fittings shall be used at all poinl'i where irriga
tion cable terminates. The fittings shall be designed for U.'iC 
"ith the cable and shall bf:·· suitable for the conditions of serv
ice. 

675.5 More Than Three Conductors in a Raceway or Cable. 
The signal and control conductors of a raceway or cable shall 
not be counu�d for the purpose of ;unpacity adjustment a'i 
required in 310.15(C) (1  ) .  

675.6 Marking on Main Control Panel. The main control 
panel shalf be pro'"ided "ith a nameplate giving the follo"ing 
infonnation: 
(1) · The manufacturer's name, the rated voltage, dte pha'ie, 

and the frequency 
(2) The current rating of the machine 
(3) The rating of the main disconnecting means and size of 

overcurrent protection required 

675.7 Equivalent Current Ratings. \\'here intermittent duty is 
not involved, Article 430 shall be u.'iCd for determining ratings 
for controllers, disconnecting means, conductors, and the like. 
\\'here irrigation machines have inherent intermittent duty, the 
determinations of equivalent current ratings in 675.7(A) and 
(B) shall be used. 

(A) Continuous-Current Rating. The equivalent continuous
current rating for the selection of branch-circuit conductors 
and overcurrent protection shall be equal to 125 percent of the 
motor nameplate full-load current rating of the largest motor, 
plus a quantity equal to the sum of each of the motor name
plate full-load current ratings of all remaining motors on the 
circuit, multiplied by the maximum percent duty cycle at which 
they can continuously operate. 

(B) Locked-Rotor Current. The equi\-alent locked-rotor 
current rating shall be equal to the numerical sum of the 
locked-rotor current of dte two largest motors plus 100 percent 
of dte sum of the motor nameplate full-load current ratings of 
all the remaining motors on the circuit. 

675.8 Disconnecting Means. 

(A) Main ControUer. A controller that is used to start and stop 
the complete machine shall meet all of the follo"ing require
menl'i: 
(1)  An equil-alent continuous current rating not lcs.'i than 

specified in 675.7(A) or 675.22(A) 
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ARTICLE 675 - ELECTRICALLY DRIVEN OR COJ'\TROLLED IRRIGATION :MACHINES 675.22 

(2) A horsepower rating not less than the '"'due from Table 
430.251 (A) and Table 430.251 (8), based on dtc cquiva
lcm locked-rotor currcm specified in 675.7(8) or 
675.22(8) 

Exception: A li�ted moldP.d ca.'il' switch shall not require a hm-sepower 
rating. 

(B) Main Disconnecting Means. The main disconnecting 
means for the machine shall prmidc ovcrcurrcm protection, 
shall be at dtc poim of connection of electric power to me 
machine, or shall be in sight from the machine, and it shall be 
readily accessible and lockable open in accordance wim l 10.25. 
This disconnecting means shall have a horsepower and currcm 
rating not lcs.o; man required for the main comrollcr. 

Exception No. 1: Circuit /m>nkers without mm"ked lwrsepower ratings 
shall be Jmmitted in ammlana with 4 30.109. 

Exception No. 2: A listtd moldP.d ca.'il' switch withmtt marked hm:�e
power ratings shall be permilltd. 

(C) Disconnecting Means for Individual Motors and Control
lers. A disconnecting means shall be provided to simuhanc
ously disconnect all ungrounded conductors for each motor 
and comrollcr and shall be located a"l required by Article 430, 
Part IX. The disconnecting means shall not be required to be 
readily acccs.o;iblc. 

675.9 Branch-Circuit Conductors. The branch-circuit conduc
tors shall have an ampacity not less than specified in 675.7(A) 
or 675.22(A) . 

675.10 Several Motors on One Branch Circuit. 

(A) Protection Required. Several motors, each not exceeding 
2 hp rating, shall be pcrmiucd to be used on an irrigation 
machine circuit protected at not more than 30 amperes at 
1000 vohs, nominal, or lcs.o;, provided all of dtc follm\ing concH
lions arc met: 
(1)  The full-load rating of any motor in the circuit shall not 

exceed 6 amperes. 
(2) Each motor in me circuit shall have individual overload 

protection in accordance wim 430.32. 
(3) Taps to individual motors shall not be smaller than 

14 AWG copper and not more man 7.5 m (25 ft) in 
length. 

(B) Individual Protection Not Required. Indhidual branch
circuit short-circuit protection for motors and motor comroi
Jcrs shall not be required where me requirement-; of 675.10(A) 
arc met. 

675.11 Collector Rings. 

(A) Transmitting Current for Power Purposes. Collector rings 
shall have a currcm rating not less dtan 125 pcrccm of dtc full
load currcm of dtc largest device served plus the full-load 
currcm of all odtcr devices served, or ao; dctcnnincd from 
675.7(A) or 675.22(A). 

(B) Control and Signal Purposes. Collector rings for comrol 
and signal purposes shall have a currcm rating not lcs."l than 
125 pcrccm of the full-load currcm of dtc largest device served 
plus the full-load currcm of all other dc\-iccs served. 

(C) Grounding. The collector ring used for grounding shall 
have a currcm rating not lcs."l dtan that sized in accordance 
wim 675.1 1  (A) . 
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(D) Protection. Collector rings shall be protected from me 
expected cmironmcm and from accidcmal contact by means 
of a suitable enclosure. 

675.12 Grounding. The following equipment shall be groun
ded: 
( 1 )  All electrical cquipmcm o n  dtc irrigation machine 
(2) All electrical cquipmcm ao;sociatcd widl me irrigation 

machine 
(3) :\!Ictal junction boxes and enclosures 
(4) Comrol panels or comrol cquipmcm that supplies or 

controls electrical cquipmcm to the irrigation machine 

Exception: Grounding shall not he required on machints where all of 
lht following Jllvvi�ions atl! met: 

( 1) The machine i� ekctricau_y control!P.d but 1wt electrically driven. 
( 2) The contml voltagr' i� 30 volt� or less. 
( 3) The contml m· signal cin:uits atl! cunFnl limittd a.� specijitd in 

Chapter 9, Tables 11 (A) and 11 (B). 

675.13 Methods of Groimding. :Machines mat require ground
ing shall have a non-<�Jrrcnt-carrying cquipmcm grounding 
conductor prmided ;u an imcgral part of each cord, cable, or 
raceway. This cqL1ipmcm grounding conductor shall be sized 
not lcs.o; man the largest supply conductor in each cord, cable, 
or raceway. Feeder circuit-; suppl)'ing power to irrigation 
machines ·shall have an cquipmcm grounding conductor sized 
according to Table 250.122. 

675�14 Bonding. \\'here electrical grounding is required on an 
irrigation machine, me metallic structure of me machine, 
metallic conduit, or metallic sheath of cable shall be connected 
to the cquipmcm grounding conductor. :Metal-to-metal contact 
wim a part that is connected to the cquipmcm grounding 
conductor and the non-current-carrying part"l of the machine 
shall be considered a"l an acceptable bonding path. 

675.15 Lightning Protection. If an irrigation machine hao; a 
stationary poim, a grounding electrode system in accordance 
wim Article 250, Part III, shall be connected to the machine at 
the stationary poim for lightning protection. 

675.16 Energy from More Than One Source. Equipmcm 
wimin an enclosure receiving electric energy from more than 
one source shall not be required to have a disconnecting 
means for me additional source if ito; voltage is 30 volt"l or lcs.o; 
and it meet-; me rcquircmcnt"l of Part II of Article 725. 

675.17 Connectors. External plugs and connectors on me 
cquipmclll shall be of me weatherproof type. 

l:nlcss pro,idcd solely for me connection of circuit-; meeting 
the requirement-; of Part II of Article 725, external plugs and 
connectors shall be constructed a"l specified in 250.124(A) . 

Part II. Center Pivot Irrigation Machines 

675.21 General. Part II covers additional special requirement-; 
that arc peculiar to ccmcr pivot irrigation machines. Article 
100 for me definition of C..enter Pivot liTigation Mac/tine. 

675.22 Equivalent Current Ratings. To establish ratings of 
controllers, disconnecting means, conductors, and the like, for 
the inhcrcm imcrmiucm duty of ccmcr pivot irrigation 
machines, me determinations in 675.22(A) and (B) shall be 
used. 
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675.22 ARTICLE 680 - SWI:\f:\Ul'\G POOL<;, FOt:l'\TAil'\S, AND SIMILAR INSTALLATIONS 

(A) Continuous-Current Rating. The equivalent continuous
current rating for the selection of branch-circuit conductors 
and branch-circuit dc,iccs shall be equal to 125 percent of the 
motor nameplate full-load current rating of the largest motor 
plus f>O percent of the sum of dtc motor nameplate full-load 
current ratings of all remaining motors on the circuit. 

(B) Locked-Rotor Current. The equivalent locked-rotor 
current rating shall be equal to the numerical sum of two times 
the locked-rotor current of the largest motor plus 80 percent of 
the sum of the motor nameplate full-load current ratings of all 
the remaining motors on the circuit. 

ARTICLE 680 
Swimming Pools, Fountains, and Similar 

Installations 

Part I. General 

680.1 Scope. The pro\1Stons of this article apply to the 
construction and installation of electrical \\iring for, and equip
ment in or adjacent to, all swimming, wading, therapeutic, and 
decorative pools; fountains; hot tubs; spa�; and hyclromao;.�agc 
badnubs, whether permancndy installed or storable, and to 
metallic auxiliary equipment, such a� pumps, filters, and simi
lar equipment. The term bodJ' of watn· used throughout Part I 
applies to all bodies of water covered in this scope unless othcr
"isc amended. 

680.4 Inspections After Installation. The authority having 
jurisdiction shall be permitted to require periodic inspection 
and testing. 

680.5 Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Fault Circuit-Interrupter (SPGFCI) Protec
tion. 

(A) General. The GFCI and SPGFCI requirement� in this arti
cle, unlcs.� othcn,isc noted, arc in addition to the requirement� 
in 210.8. 

· 

(B) 150 Volts or Less to Ground. Where required in this arti
cle, ground-fault protection of receptacles and oudet� on 
branch circuit� rated 150 volt.<� or lcs.� to ground and f>O 
amperes or lcs.�, singl� or 3-pha�. shall be prmidcd with a 
Ciao;.� A GFCI. 

Exception: Rect>ptacks and outkts that an! Jlart of listed equiJmlrot with 
ratings not exreeding the Low-voltagp rontart limit tlmt a71' .mJ1pliP4 by 
li�ted transformers or power supplies that romp{l· with 680.23(A)(2) 
shall not be Tequired to be provided with gmundfault pmtertion. 

Informational Note: The high leg of a 120/240-volt 4-"ire delta
connected system, and the two ungrounded phases of a cmner
grounded delta system have a n>hage to gmund greater than 
150 mil�, exceeding the limit for a Cla.'i.� A GfCI. 

(C) Above 150 Volts to Ground. \\'here required in this article, 
ground-fault protection of receptacles and oudct� on branch 
circuit� operating at voltages above 150 volt.� to ground, not 
exceeding 480 volts pha��to-pha�c, singl� or 3-pha�c, shall be 
prm-iclcd wid1 SPGFCI protection not to exceed 20-mA ground
fault trip current. 
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Informational Note: See UL 943C, Outlilll' of bwestigalim1 for 
Special Purpo.v Cmund-Fau/1 Circuit llltnrupter.<, for infmmation 
on Cla.'i.�s C, D, and E gmund-fault circuit intenupters. 

680.6 Listing Requirements. All electrical equipment covered 
by this article shall be listed. 

680.7 Grounding and Bonding. 

(A) Feeders and Branch Circuits. Feeders and branch circuit� 
installed in a corrosive environment or wet location shall 
contain an EGC dtat is an insulated copper conductor sized in 
accordance wid1 Table 250.122, but not smaller than 12 AWG. 

(B) Cord-and-Plug Connections. The flexible cord shall 
contain an EGC dtat is an insulated copper conductor sized in 
accordance "ith Table 250.122, but not smaller than 12 AWG. 
The flexible cord shall terminate in a grounding- type attach
ment plug having a fixed grounding contact member. 

(C) Terminals. Terminals m;cd for bonding and equipment 
grounding shall be iclcntificcl for usc in wet locations. Field
installed terminals in clamp 6r wet locations or corrosive cmi
ronmcnt� shall be compo�cl of copper, copper alloy, or 
stainlcs.� steel and shall ·be listed for direct burial ll�c. 

680.8 Cord-and-Plug-Connected Equipment. Fixed or station
ary equipment, other than undcm-atcr luminaires, for a pcrma
ncndy installed ponl shall be penniuccl to be connected with a 
flexible cord and plug to facilitate the rcmm-al or disconnec
tion for maintenance or repair. 

(A) Leugth. For odtcr than storable pools, dtc flexible cord 
shall not exceed 900 mm (3 ft) in length. 

(lS) Equipment Grounding. The flexible cord shall have a 
copper equipment grounding conductor sized in accordance 
"ith 250. 122 but not smaller than 1 2  AWG. The cord shall 
tcnninatc in a grounding-type attachment plug. 

(C) Construction. The equipment grounding conductors shall 
be connected to a fixed metal part of the ao;.�mbly. The remov
able part shall be mounted on or bonded to the fixed metal 
part. 

680.9 Overhead Conductor Clearances. Overhead conductors 
shall meet dtc clearance requirement� in thi� section. \\'here a 
minimum clearance from the \\-atcr level is given, the mca�urc
mcnt shall be taken from the maximum \\-atcr level of the speci
fied body of "-atcr. 

(A) Power. Overhead conductors and open overhead "iring 
not in a racc\\-ay shall comply "ith the minimum clearances 
given in Table f>80.9(A) and illustratccl in Figure f>80.9(A) . 

(B) Communications Systems. Communications, radio, and 
telc\ision coaxial cables within dtc scope of Chapter 8 shall be 
permitted at a height of not less than 3.0 m (10 ft) above the 
maximum "-atcr level of Sl\imming and \\-ading pools, and 
diving structures, obscn-ation stand�, towers, or platforms. 

(C) Network-Powered Broadband Communications Systems. 
The minimum clearances for overhead network-powered 
broadband communications system� conductors from pools or 
fountains shall comply with the provisions in Table f>80.9(A) 
for conductors operating at 0 to 750 volt� to ground. 
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ARTICLE 680 - SWI:\f:\Ul'\G POOL<;, FOt:l'\TAil'\S, AND SIMILAR INSTALLATIONS 680.13 

Table 680.9(A) Overhead Conductor Clearances 

losulated Cables, 0-750 Volts to Grouod, 
Supported on and Cabled Together with 

a Solidly Grouoded Bare Messenger or 
Solidly Grouoded Neutral Conductor 

All Other Conductors Voltage to Grouod 

0 through 15 kV Over 15 through 50 kV 

Clearance Parameters m ft m ft m ft 

A. Clearance in any direction to the water 
le\·el, edge of water surface, ba.o;e of 
diving platform, or permanently 
anchored r.tft 

B. Clearance in any direction to the 
obsen-atiun stand, tower, or diving 
platfunn 

6.9 22.5 

4.4 14.5 

7.5 25 8.0 27 

5.2 17 5.5 18 

C. Horizontal limit of deardnce mea.�ured 
fmm inside wall of the IX)()I 

This limit shall extend to the outer edge of the structures listed in A and 8 of this table but nut 
les.� tlmn 3 m  (10 ft). 

680.10 Electric Pool Water Heaters Incorporating Resistive 
Heating Elements and Electrically Powered Swimming Pool 
Heat Pumps and Chillers. 

(A) Electric Pool Water Heaters. All electric pool water heat
ers incorporating resistive heating clements shall have the heat
ing clements subdivided into load-; not exceeding 48 amperes 
and protected at not over 60 amperes. The ampacity of the 
branch-circuit conductors and the rating or setting of ovcrcur
rcnt protective dc'l'iccs shall be 125 percent of dtc total 
nameplate-rated load or greater. 

(B) Electrically Powered Swimming Pool Heat Pumps and 
Chillers. Electrically powered swimming pool heat pumps and 
chillers using the circulating water system and prmiding heat
ing, cooling, or both, shall be listed and rated for their inten
ded usc. The ampacity of the branch-circuit conductors and 
the rating or setting of ovcrcurrcnt protective devices shall be 
sized to comply "id1 the nameplate. 

680.11 Underground W'uing. Underground "iring shall 
comply with 680.1 l (A) and (8). 

(A) Underground W'uing. Undcrgrowtd l'<iring within 1.5 m 
(5 ft) horizontally from the inside wall of the pool shall be 
permitted. The follo"ing \\iring method-; shall be considered 
suitable for dtc conditions in these locations prmidcd they arc 
installed complete between oudcto;, junctions, or splicing 
point-;: 

( 1)  Rigid metal conduit 
(2) Intermediate metal conduit 
(3) Rigid polyvinyl chloride conduit 
(4) Reinforced thcnnosctting resin conduit 
(5) Jacketed Type :\ofC cable dtat is listed for burial usc 
(6) Liquidtight flexible nonmetallic conduit listed for direct 

burial usc 
(7) Liquidtight flexible metal conduit listed for direct burial 

usc 

(B) W'uing Under Pools. Underground "iring shall not be 
permitted under dtc pool unless this wiring is ncccs.o;ary to 
supply pool equipment permitted by this article. 

680.12 Equipment Rooms, Vaults, and Pits. 

(A) Drainage. Electrical equipment shall not be installed in 
rooms, vault-;, or pit-; that do not have drainage dtat prevent-; 
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FIGURE 680.9(A) Clearances from Pool Structures. 

water accumulation during normal operation or maintenance 
unlcs.o; the equipment is rated and identified for submersion. 

lnfunnational :'\ote: Chemicals such a.• chlorine catL•e severe 
currosh·e and deteriorating effect• on electrical connections, 
equipment, and enclosures when stored and kept in the same 
\icinity. Adequate ventilation of indoor spaces such a.• equip
ment and storage room.• is addres.o;ed hy ANSI/APSP-1 1,  Stand
ani for Wain- Qualil)' in Public Pool.< and Spa.<, and can reduce the 
likelihood of the accumulation of corrosh>e \<tpors. 

(B) Receptacles. At least one GFCI-protcctcd 125-volt, 15- or 
20-ampcrc receptacle supplied from a general purpose branch 
circuit shall be located within an equipment room. All other 
receptacles supplied by branch circuits rated 150 volt-; or lcs.o; to 
ground l\ithin an equipment room and any receptacles 
supplied by a branch circuit rated 150 volt-; or lcs.o; to ground in 
a vault or pit shall be GFCI protected. 

680.13 Maintenance Disconnecting Means. One or more 
means to simultaneously dio;conncct all ungrounded conduc
tors shall be provided for all utilization equipment odtcr than 
lighting. Each means shall be readily acccs.o;iblc and within sight 
from its equipment and shall be located not lcs.o; than 1.5 m 
(5 ft) horizontally from the inside walls of a pool, spa, fountain, 
or hot tub unlcs.o; separated from the open water by a pcrma
ncndy installed barrier that prmidcs a 1 .5 m (5 ft) reach path 
or greater. This horizontal distance shall be mcao;urcd from the 
water's edge along the shortest path required to reach the 
disconnect. 
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680.14 Corrosive Environments. 

(A) Wuing Methods. Wiring mcthocl-; shall be suitable for usc 
in corrosive environments. Rigid metal conduit, intermediate 
metal conduit, rigid polyvinyl chloride conduit, reinforced 
thermosetting resin conduit, and liquidtight flexible nonmetal
lic conduit shall be considered suitable for usc. Aluminum 
conduit and tubing shall not be permitted. 

(B) Other Equipment. Other equipment shall be suitable for 
usc in corrosive environment-; or be installed in identified 
corrosion-rcsistalll enclosures. Equipmcm listed for pool and 
spa usc shall be considered suitable for usc. 

Part D. Permanently Installed Pools 

680.20 General. Electrical installations at pcnnancntly 
installed pools shall comply "ith lite prmisions of Part I and 
Part II of litis article. 

680.21 Motors. 

(A) Wuing Methods. The \\iring to a pool motor shall comply 
with f>80.21 (A) (1)  or (A) (2). 

(1) Flexible Connections. \\'here necessary to employ flexible 
connections at or adjacclll to the motor, liquidtight flexible 
metal, liquidtight flexible nonmetallic conduit, or MC cable 
suitable for lite usc shall be permitted. 

(2) Cord-and-Plug Connections. Pool-a-.-;ociatcd motors shall 
be permitted to employ cord-and-plug connections. The flexi
ble cord shall not exceed 900 mm (3 ft) in length. 

(B) Double-Insulated Pool Pumps. A listed cord-and-plug
connected pool pump incorporating an approved system of 
double insulation tltat prmidcs a means for grounding only me 
imcrnal and nonaccessiblc, non-current-carl)ing metal parts of 
the pump shall be connected to any wiring metltod recognized 
in Chapter 3 that is suitable for the location. \\'berc the cquip
mcm grounding conductor of the motor circuit is connected to 
the equipotential bonding means in accordance with the 
second scmence of f>80.2f>(B) (f>) (a), the branch-circuit wiring 
shall comply "itl1 f>80.21 (A) . 

(C) Ground-Fault Protection. Outlet-; !ICfling pool motors 
shall have ground-fault protection complying with f>80.5(B) or 
(C), a-; applicable. 

Exception: Listed Low-voltagp motors not requi1ing gmunding, with 
ratings not exreeding the Low-voltagp rontart limit tlmt an• suJ1pli1'4 by 
Li�ted tran.iformers or power suJlplies that Cfl"mP�l' with 680.23(A)(2), 
shall be permitted to be installed without gmundfault pmtection. 

(D) Pool Pump Motor Replacement. \\'bcre a pool pump 
motor in f>80.21 (C) is replaced or repaired, lite rcplacemem or 
repaired pump motor shall be provided "itl1 ground-fault 
protection compl}ing with f>80.5(8) or (C), a-; applicable. 

680.22 Lighting, Receptacles, and Equipment. 

(A) Receptacles. 

(1) Required Receptacle, Location. \\'here a pennanently 
installed pool is installed, no fewer than one 12!>-volt, 1!>- or 20-
ampcrc receptacle on a general-purpose branch circuit shall be 
located not les.-; than 1 .83 m (6 ft) from, and not more than 
f>.O m (20 ft) from, the inside wall of the pool. This receptacle 
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shall be located not more than 2.0 m (f> ft f> in.) above the 
floor, platform, or grade level scning the pool. 

(2) Circulation and Sanitation System, Location. Receptacles 
that prmide power for water-pump motors or for other loacl-; 
directly related to the circulation and sanitation system shall be 
located at lca-;t 1 .83 m (6 ft) from the inside walls of the pool. 
These receptacles shall have GFCI protection and be of the 
grounding type. 

(3) Other Receptacles, Location. Other receptacles shall be 
not lcs.-; than 1.83 m (f> ft) from the inside walls of a pool. 

(4) Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Fault Circuit-Interrupter (SPGFCI) Protec
tion. All receptacles rated 125 volt-; through 250 volt-;, 00 
amperes or les.-;, located within f>.O m (20 ft) of the inside walls 
of a pool shall have GFCI protection compl}ing with 680.5(8) 
or SPGFCI protection complying with f>80.5 (C), a-; applicable. 

(5) Measurements. In determining lite dimensions in this 
section addres.-;ing receptacle 6padngs, the distance to be mca-;
urcd shall be the shortest path the supply cord of an appliance 
connected to the receptacle· would follow l\ithout piercing a 
floor, wall, ceiling, doorway l\ith hinged or sliding door, 
window opening, or other effective pennanem barrier. 

(B) L� Lighting Oudets, and Ceiling-Suspended 
(Paddle) FllllL 

(1) New Outdoor Installation Clearances. In outdoor pool 
area-;, luminaires, lighting outlet-;, and ceiling-suspended 
(paddle) fans installed above the pool or the area extending 
1 .5 m (5 ft) horizontally from the inside walls of the pool shall 
be installed at a height not les.-; than 3.7 m (12 ft) above the 
maximum water level of the pool. 

(2) Indoor Clearances. For installations in indoor pool area-;, 
the clearances shall be the same a-; for outdoor area-; unles.-; 
modified a-; prmided in this paragraph. If the branch circuit 
supplying the equipmem is protected by a ground-fault circuit 
imcrruptcr, the follo"ing equipment shall be pennitted at a 
height not less than 2.3 m (7 ft 6 in.) above the maximum pool 
water level: 

(1)  Totally enclosed luminaires 
(2) Ceiling-suspended (paddle) fans identified for usc 

beneath ceiling structures such a-; prmidcd on porches or 
patios 

(3) Existing Installations. Existing luminaires and lighting 
outlet-; located Jcs.-; than 1 .5 m (5 ft) mca-;ured horizontally 
from the inside walls of a pool shall be not less than 1.5 m 
(5 ft) above the surface of the maximum water level, shall be 
rigidly attached to the existing structure, and shall be protected 
by a ground-fault circuit interrupter. 

(4) Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Fault Circuit-Interrupter (SPGFCI) Protection 
in Adjacent Areas. Luminaires, lighting outlet-;, and ceiling
suspended (paddle) fans installed in the area extending 
between 1 .5 m (5 ft) and 3.0 m (10 ft) horizontally from the 
inside walls of a pool shall have GFCI protection 

'
compl}'ing 

with 680.5(8) or SPGFCI protection compl}ing with f>80.5(C), 
a-; applicable, unles.-; installed not less than 1.5 m (5 ft) above 
the maximum water level and rigidly attached to the structure 
adjacent to or enclosing the pool. 
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(5) Cord-and-Plug-Connected Luminaires. Cord-and-plug
connected luminaires shall comply with the requirement-; of 
f>80.8 where installed "ithin 4.9 m (16 ft) of any point on the 
water surface, measured radially. 

(6) Low-Voltage IA•minaires. Listed low-voltage luminaires not 
requiring grounding, not exceeding the low-voltage contact 
limit, and supplied by listed transformers or power supplies 
that comply l\idt f>80.23(A) (2) shall be permitted to be located 
lcs.o; dtan 1.5 m (5 ft) from dtc inside walls of the pool. 

(7) Low-Voltage Gas-Fared Luminaires, Decorative Fareplaces, 
Fire Pits, and Similar Equipment. Listed low-voltage gas-firccl
luminaircs, decorative fireplaces, fire pit<;, and similar equip
ment using low-voltage ignitors that clo not require grounding, 
and arc supplied by listed transformers or power supplies that 
comply with 680.23(A) (2) with output<; that do not exceed the 
low-voltage contact limit shall be permitted to be located lcs.o; 
than 1.5 m (5 ft) from the inside walls of dtc pool. Metallic 
equipment shall be bonded in accordance with the require
ment-; in 680.26(8). Transformers or power supplies suppl}'ing 
this type of equipment shall be installed in accordance l\idt the 
requirement<; in 680.24. Metallic gas piping shall be bonded in 
accordance "ith the requirement-; in 250.104(8) and 
f>80.2f>(8) (7). 

(8) Measurements. In determining dtc dimensions in this 
section addrcs.o;ing luminaires, dtc distance to be mca<;urcd 
shall be the shortest path an imaginary cord connected to the 
luminairc would follow without piercing a floor, wall, ceiling, 
doom-ay with hinged or sliding door, window opening, or other 
effective permanent barrier. 

(C) Switching Devices. Switching devices shall be located at 
lca<;t 1 .5 m (5 ft) horizontally from dtc inside walls of a pool 
unlcs.<; separated from the pool by a solid fence, wall, or other 
permanent barrier that provides at lca<;t a 1.5 m (5 ft) reach 
distance. Alternatively, a switch dtat is listed ao; being acceptable 
for usc widtin 1.5 m (5 ft) shall be permitted. 

(D) Other Oudets. Other oudct<; shall be not ICSII than 3.0 m 
(10 ft) from the inside "-ails of the pool. Mca<�urcmcnt<; shall be 
determined in accordance with 680.22(A) (5). 

lnformational l'ote: Other outlel<; mav include, but are not limi
ted to, remote-control, signaling, fu:� ala1m, and communica
tions circuil<;. 

(E) Other Equipment. Other equipment l\ith ratings exceed
ing the low-voltage contact limit shall be located at lca<;t 1 .5 m 
(5 ft) horizontally from the inside "-ails of a pool unlcs.o; separa
ted from the pool by a solid fence, wall, or odtcr permanent 
barrier. 

680.23 Underwater Luminaires. This section covers all lumin
aires installed below the maximum "-atcr level of dtc pool. 

(A) General. 

(1) IA•minaire Design, Normal Operation. The design of an 
unclcm-atcr luminairc supplied from a branch circuit either 
directly or by way of a transformer or power supply meeting the 
requirement-; of this section shall be such that, where the 
luminairc is properly installed without a GFCI, there is no 
shock hazard "id1 any likely combination of fault conditions 
during normal usc (not relamping). 

(2) Transformers and Power Supp6es. Transformers and 
power supplies used for the supply of underwater luminaires, 
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together with the transformer or power supply enclosure, shall 
be listed, labelccl, and identified for swimming pool and spa 
usc. The transformer or power supply shall incorporate either a 
transfonncr of the isolated winding type, with an ungrounded 
secondary that ha<; a grounded metal barrier between the 
primary and secondary windings, or one that incorporates an 
approved system of double insulation between the primary and 
secondary l\indings. 

(3) GFCI Protection, Lamping, Relamping, and Servicing. 
GFCI protection shall be installed in the branch circuit supply
ing luminaires operating at voltages greater than the low
voltage contact limit. 

(4) Voltage Limitation. :"'o luminaires shall be installed for 
operation on supply circuits over 150 volt-; between conductors. 

(5) Location, Wall-Mounted Luminaires. Luminaires mounted 
in walls shall be installed "idt the top of the luminairc lens not 
lcs.o; than 450 mm (18 in.) below the normal water level of the 
pool, unlcs.o; the lumimtire is listed and identified for usc at 
lcs.o;cr depths. :"'o luminaire shall be installccl lcs.<; than 100 mm 
(4 in.) below the normal \\�tcr level of the pool. 

(6) Bottom-Mounted · Luminaires. A luminairc facing up"-ard 
shall comply "ith either ( 1 )  or (2): 

(1)  Have the. lens guarded to prevent contact by any person 
(2) Be luted for usc without a guard 

(7) . Dependence on Submersion. Luminaires dtat depend on 
submersion for safe operation shall be inhcrcndy protected 
ag<�inst the hazard<; of overheating when not submerged. 

(8) Comp6ance. f'><>mpliancc "ith these requirement-; shall be 
obtained by the usc of a listed unclcm-atcr luminairc and by 
installation of a listed GFCI in the branch circuit or a listed 
transfonncr or power supply for luminaires operating at not 
more than the low-voltage contact limit. 

(B) Wet-Niche Luminaires. 

(1) Forming Shells. Forming shells shall be installed for the 
mounting of all wet-niche undcm-atcr luminaires and shall be 
equipped with provisions for conduit entries. :\leta) part-; of the 
luminairc and forming shell in contact l\ith the pool water 
shall be of bra'l.o; or other approved corrosion-resistant metal. 
All forming shells used "ith nonmetallic conduit systems, other 
than dtosc that arc part of a listed low-voltage lighting system 
not requiring grounding, shall include prmisions for tcnninat
ing an 8 AWG copper conductor. 

(2) Waring Extending Directly to the Forming Shell. Conduit 
shall be installed from the forming shell to a junction box or 
other enclosure conforming to the requirements in f>80.24. 
Conduit shall be rigid metal, intermediate metal, liquidtight 
flexible nonmetallic, or rigid polyvinyl chloride conduit. 

(a) Metal \..onduit. Metal conduit shall be listed and shall 
be red bra'l.<; or stain)cs.<; steel. 

Informational 1'\otc: Sec UL f>A, Ekctrical Rigid Metal 
Conduit - Aluminum, Red Brass, and Staink�s Steel, Cor informa
tion on the listing criteria for reel bra<;s and stainlcs.<; steel 
conduit. 

(b) Nonmetallic Cmulttit. Where a nonmetallic conduit is 
used, an 8 AWG insulated solid or stranded copper bonding 
jumper shall be installed in this conduit unlcs.o; a listed low
voltage lighting system not requiring grounding io; used. The 
bonding jumper shall be terminated in the forming shell, junc
tion box or transformer enclosure, or ground-fault circuit-
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interrupter enclosure. The tcnnination of the 8 AWG bonding 
jumper in the forming shell shall be covered with, or encapsu
lated in, a listed potting compound to protect the connection 
from the possible deteriorating effect of pool water. 

(3) Equipment Grounding Provisions for Cords. Other than 
listed low-voltage lighting systems not requiring grounding, 
wet-niche luminaires that arc supplied by a flexible cord or 
cable shall have all exposed non-current-carrying metal parts 
connected to an insulated copper equipment grounding 
conductor that is an integral part of the cord or cable. This 
equipment grounding conductor shall be connected to a 
grounding terminal in the supply junction box, transformer 
enclosure, or other enclosure. The equipment grounding 
conductor shall not be smaller than the supply conductors and 
not smaller than 16 AWG. 

(4) IA•minaire Grounding Terminations. The end of the 
flexible-cord jacket and the flexible-cord conductor termina
tions within a luminairc shall be covered with, or encapsulated 
in, a suitable potting compound to prevent the entry of water 
into the luminairc through the cord or it"l conductors. If 
present, the connection of the equipment grounding conduc
tor within a Juminairc shall be similarly treated to protect such 
connection from the deteriorating effect of pool water in the 
event of water entry into dtc luminairc. 

(5) IA•minaire Bonding. The Juminairc shall be bonded to, 
and secured to, dtc forming shell by a positive locking dc\-icc 
that ensures a low-resistance contact and requires a tool to 
remove the luminairc from the forming shell. Bonding shall 
not be required for luminaires that arc listed for the applica
tion and have no non-current-carrying metal part"l. 

(6) Servicing. Wet-niche luminaires shall be removable from 
the water for inspection, rclamping, or other maintenance. 
The forming shell location and length of cord in the forming 
shell shall penn it personnel to place the removed Juminaire on 
the deck or other drv location for such maintenance. The 
luminairc maintcnanc� location shall be acccs."lible without 
entering or going in the pool water. 

In spa locations where wet-niche luminaires arc installed low 
in the foot well of the spa, the luminaire shaD only be required 
to reach the bench location, where dtc spa can be drained to 
make the bench location dry. 

(C) Dry-Niche IA•minaires. 
(1) Construction. A dry-niche luminairc shall have prov1s1on 
for drainage of water. Other than listed low-voltage luminaires 
not requiring grounding, a dry-niche luminairc shall have 
means for accommodating one equipment grounding conduc
tor for each conduit entry. 

(2) Junction Box. A junction box shall not be required but, if 
used, shall not be required to be clc\'atcd or located as speci
fied in 680.24(A) (2) if the Juminairc is specifically identified 
for dtc purpose. 

(D) No-Niche Luminaires. A no-niche Juminairc shall meet 
the construction rcquiremcnt"l of 680.23(B) (3) and be installed 
in accordance "id1 t 680.23(B). Where connection to a form
ing shell is specified, the connection shall be to the mounting 
bracket. 

(E) Through-WaD Lighting Assembly. A through-v.'all lighting 
a"lsembly shall be equipped with a threaded entry or hub, or a 
nonmetallic hub, for the purpose of accommodating the tcrmi-
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nation of the supply conduit. A through-l\'all lighting a"lsembly 
shall meet the construction requirements of 680.23(8) (3) and 
be installed in accordance "ith 680.23. \\'bcrc connection to a 
forming shell is specified, the connection shall be to the 
conduit termination point. 

(F) Branch-Circuit Wuing. 

(1) Wuing Methods. \\'here branch-circuit mnng, on the 
supply side of enclosures and junction boxes connected to 
conduit"l run to undcn,"atcr luminaires, is installed in corrosive 
cnvironmcnt"l, the \\iring method of that portion of the branch 
circuit shall be in accordance with 680.14. 

Exception: Mum• connl'cting to tranifm'ITII!I"S m· pmvn· supt1Lies Jm·JJOOL 
Lights, Liquidtight jlPxibk metal crmduit shall be pmnitted. The Length 
shall not exceed 1.8 m (6 ft)Jm· an_l' ou.e Length m· excet'.d 3.0 m (10ft) 
in total length usl'.d. 

(2) Equipment Grounding. Other than listed low-voltage 
luminaires not requiring grounding, all through-v.'all lighting 
a"lsemblics, wet-niche, dry-nidlc, or no-niche luminaires shall 
be connected to an insulated copper equipment grounding 
conductor installed "iili the circuit conductors. The equip
ment grounding conductor shall be installed l\ithout joint or 
splice except a"l permitted in 680.23(F) (2) (a) and (F) (2) (b). 
The equipment grounding conductor shall be sized in accord
ance l\ith 250.122 but shall not be smaller than 12 AWG. 

Exception: An equiJnnent grounding cmultu:tm· between the wmng 
clmmber of the Sl'cmula!J wi1uling of a tmn.ifonner and a junction box 
shall be sized in acconlance with the lmn.ifonnn· .wonda!J overcummt 
pmttr.tion provided. 

(a) If more than one undcrv."atcr luminairc is supplied 
by the same branch circuit, the equipment grounding conduc
tor, installed between the junction boxes, transformer enclo
sures, or other enclosures in the supply circuit to wet-niche 
luminaires, or between the ficld-l\iring compartmcnt"l of dry
niche luminaires, shall be permitted to be terminated on 
grounding terminals. 

(b) If the undcm"atcr luminairc is supplied from a trans
former, ground-fault circuit interrupter, dock-operated switch, 
or a manual snap switch that is located between the panclboard 
and a junction box connected to the conduit that cxtcncl"l 
directly to the undcrv."atcr luminairc, the equipment ground
ing conductor shall be pcnnittcd to terminate on grounding 
tcnninals on the transformer, ground-fault circuit interrupter, 
dock-operated Sl\itch enclosure, or an outlet box used to 
enclose a snap switch. 

(3) Conductors. Conductors on the load side of a GFCI or of a 
transfonncr, used to comply l\ith the prm-isions of 680.23(A) 
(8), shall not occupy raccV.'a}'S, boxes, or enclosures containing 
other conductors unless one of the following conditions 
applies: 

(1) The other conductors arc GFCI protected. 
(2) The other conductors arc equipment grounding conduc

tors and bonding jumpers a"l required per 680.23(8) (2) 
(b). 

(3) The other conductors arc supply conductors to a feed
through-type GFCI. 

(4) GFCis shall be permitted in a panclboard that contains 
circuit"l protected by other titan ground-fault circuit inter
rupters. 
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680.24 Junction Boxes and Electrical Enclosures for Trans
formers or Ground-Fault Circuit Interrupters. 

(A) Junction Boxes. A junction box cmmcctcd to a conduit 
that extends directly to a forming shell or mounting bracket of 
a no-niche luminairc shall meet the requirement-; of this 
section. 

(1) Construction. The junction box shall be listed, labeled, 
and identified ao; a S\'imming pool junction box and shall 
comply with the following conditions: 

(1)  Be equipped l\ith threaded entries or hubs or a nonme
tallic hub 

(2) Be comprised of copper, bra'i.<;, suitable plao;tic, or other 
approved corrosion-rcsistam material 

(3) Be provided "illt electrical cominuity between every 
connected metal conduit and the grounding terminals by 
means of copper, bra'i.o;, or other approved corrosion
rcsistam metal that is imcgral with the box 

(2) Installation. Where the Juminairc operates over lite low
voltage contact limit, the junction box location shall comply 
"ith 680.24(A) (2) (a) and (A) (2) (b). \\'here the luminairc 
operates at lite low-voltage contact limit or less, lite junction 
box location shall be permitted to comply with 680.24(A) (2) 
(c). 

(a) Vertical Spacing. The junction box shall be located not 
lcs.o; titan 100 mm (4 in.), mcao;urcd from lite inside of the 
bottom of the box, above the ground level, or pool deck, or not 
lcs.o; than 200 mm (8 in.) above the maximum pool water level, 
whichever provides lite greater elevation. 

(b) /lmiwntal SJmcing. The junction box shall be located 
not lcs.o; than 1 .2 m (4 ft) from the inside wall of lite pool, 
unlcs.<; separated from the pool by a solid fence, wall, or other 
pcrmancm barrier. 

(c) Flush Deck Box. If u.o;cd on a lighting system operating 
at the low-voltage contact limit or )cs.<;, a flush deck box shall be 
permitted if both of the follm\ing conditions arc met: 

(1) Potting compound is used to fill lite box to prevent the 
entrance of moisture. 

(2) The flush deck box is located not lcs.o; than 1.2 m (4 ft) 
from the inside wall of the pool. 

(B) Other Enclosures. An enclosure for a transformer, 
ground-fault circuit imcrruptcr, or a similar device connected 
to a conduit lltal extend<; dirccdy to a forming shell or mount
ing bracket of a no-niche lwninairc shall meet the require
ment-; of litis section. 

(1) Construction. The enclosure shall be listed and labeled for 
the purpose and meet the following requirement-;: 

(1) Equipped l\ith threaded entries or hubs or a nonmetallic 
hub 

(2) \..ompriscd of copper, bra'i.o;, suitable plao;tic, or other 
approved corrosion-rcsistam material 

(3) Prmidcd with scaling compound identified for usc with 
cable insulation, conductor insulation, bare conductor, 
shield, or other component-;, sal lite conduit connection, 
that prevent-; circulation of air between the conduit and 
the enclosures 

(4) Prmidcd with electrical continuity between every connec
ted metal conduit and the grounding terminals by means 
of copper, bra'i.<;, or other approved corrosion-rcsistalll 
metal that is imcgral with lite box 
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(2) Installation. 
(a) Vertical Spacing. The enclosure shall be located not 

lcs.o; than 100 mm (4 in.), mcao;urcd from the inside of the 
bottom of the box, above the ground level, or pool deck, or not 
lcs.o; than 200 mm (8 in.) above the maximum pool water level, 
whichever provides lite greater elevation. 

(b) /lmiwntal Spacing. The enclosure shall be located not 
lcs.o; than 1 .2 m (4 ft) from lite inside wall of the pool, unlcs.o; 
separated from the pool by a solid fence, wall, or other perma
nent barrier. 

(C) Protection. junction boxes and enclosures mounted above 
the grade of the finished walkway around the pool shall not be 
located in the walkway unlcs.<; afforded additional protection, 
such ao; by location under diving boarclo;, acljaccnt to fixed struc
tures, and lite like. 

(D) Grounding Terminals. junction boxes, transformer and 
power-supply enclosures, and ground-fault circuit-interrupter 
enclosures connected to a conduit that extend-; directly to a 
forming shell or mounting bracket of a no-niche luminaire 
shall be prmidcd with a number of grounding terminals that 
shall be no fewer than oitc more than the number of conduit 
entries. 

(E) Strain Refief. The termination of a flexible cord of an 
undcm-atcr Juminairc within a junction box, transformer or 
power-supply enclosure, ground-fault circuit interrupter, or 
other enclosure shall be prmidcd with a strain relief. 

(F) ·Grounding. The grounding terminals of a junction box, 
tcansfonncr enclosure, or olltcr enclosure in lite supply circuit 
to a wet-niche or no-niche luminairc and the field·l\iring cham
ber of a dry-niche luminairc shall be connected to the cquip
mcm grounding terminal of lite panelboard. This terminal 
shall be directly connected to the panel board enclosure. 

680.26 Equipotential Bonding. 

(A) Performance. The equipotential bonding required by 
f>80.26(B)and (C) to reduce voltage gradients in the pool area 
shall be installed for pools "ith or "ithoul a'i.o;ociatcd electrical 
cquipmcm related to the pool. 

(B) Bonded Parts. The part-; specified in f>80.26(B) (1)  
through (B) (7) shall be bonded togclltcr using solid copper 
conductors, insulated, covered, or bare, not smaller than 
8 AWG or l\ith rigid metal conduit of bra'i.o; or other identified 
corrosion-resistant metal. Connections to bonded part-; shall be 
made in accordance with 250.8. An 8 AWG or larger solid 
copper bonding conductor prmidcd to reduce voltage gradi
ent-; in the pool area shall not be required to be extended or 
attached to remote panelboard<;, service equipment, or electro
des. 

(1) Conductive Pool Shells. Bonding to conductive pool shells 
shall be provided ao; specified in 680.26(B) (1) (a) or (B) (I  ) (b). 
\..a.<;t-in-placc concrete, pneumatically applied or sprayed 
concrete, and concrete block "illt paimcd or plao;tcrcd coat
ings shall all be considered conductive materials due to water 
permeability and porosity. Reconstructed pool shells shall also 
meet lite requirement-; of litis section. Vinyl liners and fibcr
gla'i.o; composite shells shall be considered to be nonconductivc 
materials and not sutMcct to these requirement-;. 

(a) Stnu:tuml &infmr:ing Sti'I'L Unencapsulated structural 
reinforcing steel shall be bonded together by steel tic "ires or 
the cqui\-alcnt. \\'here structural reinforcing steel is cncapsula-
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ted in a nonconductivc compound, a copper conductor grid 
shall be installed in accordance "idt 680.26(B) (1)  (b) 

(b) CoJJjJer C'..onductm· Grid. A copper conductor grid shall 
be provided and shall comply l\ith the follm\ing: 

(1) Be constructed of minimum 8 AWG bare solid copper 
conductors bonded to each other at all point-; of cros.o;ing 
in accordance widt 250.8 or odtcr approved means 

(2) Conform to dtc comour of the pool 
(3) Be arranged in a 300 mm (12 in.) by 300 mm (12 in.) 

network of conductors in a unifonnly spaced perpendicu
lar grid pattern l\ith a tolerance of 100 mm (4 in.) 

(4) Be secured "idtin or under the pool no more than 
150 mm ( 6 in.) from dtc outer comour of the pool shell 

(2) Perimeter Surfaces. The perimeter surface to be bonded 
shall be considered to extend for 1 m (3 ft) horizontally 
beyond the inside walls of dtc pool and shall include unpaved 
surfaces and odtcr types of paving. Perimeter surfaces separa
ted from dtc pool by a permanent wall or building 1 .5 m (5 ft) 
in height or more shall require equipotential bonding only on 
the pool side of the permanent wall or building. Bonding to 
perimeter surfaces shall be prmidcd as specified in 680.26(B) 
(2) (a), (B) (2) (b), or (B) (2)(c) and shall be attached to dtc 
pool reinforcing steel or copper conductor grid at a minimum 
of four point-; uniformly spaced around dtc perimeter of dtc 
pool. For nonconductivc pool shells, bonding at four point-; 
shall not be required. 

(a) Stnu:tuml Reinforcing StP-1!1. Structural reinforcing steel 
shall be bonded in accordance widt 680.26(B) ( 1 ) (a). 

(b) CoJJjJer Ring. \\"bcre structural reinforcing steel is not 
available or is encapsulated in a nonconductivc compound, a 
copper conductor(s) shall be utilized where the following 
requirement-; arc met: 

(1) At least one minimum 8 AWG bare solid copper conduc
tor shall be prmidcd. 

(2) The conductors shall follow dtc contour of the perimeter 
surface. 

(3) Only listed splicing dc\'iccs or exothermic welding shall 
be permitted. 

(4) The required conductor shall be 450 mm to 600 mm 
(18 in. to 24 in.) from dtc inside walls of dtc pool. 

(5) The required conductor shall be secural \vidtin or under 
the perimeter surface 100 mm to l50 mm (4 in. to 6 in.) 
below dtc subgradc. 

(c) C'..oppe1· G1id. \\'here structural reinforcing steel is not 
available or is encapsulated in a nonconductivc compound, 
copper grid shall be utilized where dtc follo"ing requirement-; 
arc met: 

(1) The copper grid shall be constructed of 8 AWG solid bare 
copper and be arranged in accordance with 680.26(B) (1) 
(b) (3). 

(2) The copper grid shall follow dtc contour of dtc perimeter 
surface extending 1 m (3 ft) horizontally beyond dtc 
inside walls of dtc pool. 

(3) Only listed splicing dc\'iccs or exothermic welding shall 
be permitted. 

(4) The copper grid shall be secured widtin or under dtc 
deck or unpaved surfaces between 100 mm to 150 mm (4 
in. to 6 in.) below the subgradc. 

(3) Metallic Components. All metallic part-; of the pool struc
ture, including reinforcing metal not addressed in 680.26(B) 
(1) (a), shall be bonded. \\'here reinforcing steel is cncapsula-
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ted widt a nonconductivc compound, dtc reinforcing steel shall 
not be required to be bonded. 

(4) Underwater Lighting. All metal forming shells and mount
ing bracket-; of no-niche luminaires shall be bonded. 

Exception: Listl'.d lmv-voltage lighting ·'?·stems zuith 1wnmetallic fonning 
shell� sllall 1wt Tequit"e lxmding. 

(5) Metal Fittings. All metal fittings l\ithin or attached to dtc 
pool structure shall be bonded. 

Exception: Tile follmving shall not he ntquiml to he bondP.d: 

(1) Jsolatl'.d poTts that are not ovn· 100 mm (4 in.) in an_v dimen
sion and do not penetrate into tile pool .�tructure mml! than 
25 mm (1 in.) 

(2) Metallic pool covn· anchm-s intended for insertion in a amcrete m· 
ma.wtmy deck swface, 25 mm ( 1 in.) m· less in any dimension 
and 51 mm (2 in.) m· less in length 

(3) Metallic pool cover anclwt-s intended for insertion in a wood m· 
composite deck swface, 51 mm (2 in.) or /e.•is in an_v flange 
dimension and 51 mm (2 in.) orle.�s in length 

(6) Electrical Equipment. Metal part-; of dtc following electri
cal equipment shall be "bonded: 

(1)  Electrically powered pool covcr(s) 
(2) Pool water circulation, treatment, heating, cooling, or 

dehumidification equipment 
(3) t:nlcss separated from the pool by a permanent barrier 

that prevent-; contact by a person, any odtcr electrical 
cquipmcm l\ithin 1.5 m (5 ft) measured horizontally 
from the inside wall of dtc pool, or 3.7 m (12 ft) mcao;
urcd vertically above dtc maximum water level of dtc 
pool, or ao; mcao;urcd vertically above any observation 
stand-;, towers, or platforms, or any diving structures 

Exception: Metal pa1·ts of listed equipment incmpomting an aJlpmved 
.�ystem of double insulation sllall 1wt be bonded. 

(a) Double-Insulated Water Pump Motm-s. Where a double
insulated water pump motor is installed under dtc provisions of 
this rule, a solid 8 AWG copper conductor of sufficicm lcngdt 
to make a bonding connection to a replacement motor shall be 
extended from dtc s"imming pool equipotential bonding 
means to an accessible point in the vicinity of the pool pump 
motor. \\'here there is no connection between the S\vimming 
pool equipotential bonding means and dtc equipment ground
ing system for dtc premises, dtis bonding conductor shall be 
connected to the cquipmcm grounding conductor of dtc 
motor circuit. 

(b) Pool Watn· 1/eatn-s. For pool water heaters rated at 
more dtan 50 amperes and having specific instructions regard
ing bonding and grounding, only dtose part-; designated to be 
bonded shall be bonded and only dtose part-; designated to be 
grounded shall be grounded. 

(7) Faxed Metal Parts. All fixed metal part-;, including, but not 
limited to, mctal-shcadtcd cables and raceways, metal piping, 
metal awnings, metal fences, and metal door and l\indow 
frames, shall be bonded where located no greater dtan either 
of dtc following: 

(1) 1 .5 m (5 ft) horizontally from dtc inside walls ofdtc pool 
(2) 3.7 m (12 ft) vertically above dtc maximum water level of 

the pool, observation stand-;, towers, or platforms, or any 
diving structures 

Exception: Tlwse seJJmuted f1Vm tile pool by a pmnanmt barrier that 
prevents contact by a pei"Son shall not he requil"ed to be bonded. 
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(C) Pool Water. \\'here none of the hondcd pans as specified 
in 680.26(8) ( 1 )  through (8)(7) arc in direct connection with 
the pool water, dtc pool water shall be in direct contact "id1 an 
approved corrosion-resistant conductive surface that exposes 
not less than 5800 mm2 (9 in.2) of surface area to the pool 
water at all times. The conductive surface shall be located 
where it is not exposed to physical damage or dislodgement 
during usual pool activities, and it shall be hondcd in accord
ance l\ith 680.26(8). 

680.27 Specialized Pool Equipment. 

(A) Underwater Audio Equipment. All undcm-atcr audio 
equipment shall be identified as undcm-atcr audio equipment. 

(1) Speakers. Each speaker shall be mounted in an approved 
metal forming shell, the front of which is enclosed by a captive 
metal screen, or cquh-alcnt, dtat is bonded to, and secured to, 
the forming shell by a positive locking device that ensures a 
low-resistance contact and requires a tool to open for installa
tion or sen-icing of the speaker. The forming shell shall be 
installed in a recess in the \\ctll or floor of the pool. 

(2) W"uing Methods. Rigid metal conduit of brao;s or other 
identified corrosion-resistant metal, liquidtight flexible nonme
tallic conduit (LF:"'C) , rigid polyvinyl chloride conduit, or rein
forced thermosetting resin conduit shall extend from the 
forming shell to a listed junction hox or odtcr enclosure ao; 
prm-idcd in 680.24. \\'here rigid polyvinyl chloride conduit, 
reinforced dtcrmosetting resin conduit, or liquidtight flexible 
nonmetallic conduit is used, an 8 AWG insulated solid or stran
ded copper honding jumper shall be installed in this conduit. 
The honding jumper shall be terminated in the forming shell 
and dtc junction box. The termination of the 8 AWG bonding 

jumper in the forming shell shall be covered with, or encapsu
lated in, a listed potting compound to protect such connection 
from the possible deteriorating effect of pool water. 

(3) Forming Shell and Metal Screen. The forming shell and 
metal screen shall be of brao;s or other approved corrosion
resistant metal. All forming shells shall include prmisions for 
tcnninating an 8 AWG copper conductor. 

(B) Electrically Operated Pool Covers. 

(1) Motors and Controllers. The dectric motors, controllers, 
and wiring shall be located not less dlan 1.5 m (5 ft) from the 
inside wall of the pool unlcs.o; separated from dtc pool by a "-all, 
cover, or odtcr permanent barrier. Electric motors installed 
below grade level shall be of the totally enclosed type. The 
dc\icc dtat controls the operation of the motor for an electri
cally operated pool cover shall be located such that the dc,icc 
operator hao; full view of the pool. 

Exception: Motors that ant Jlart of listed .�_v.�tems with ratings not Pxceed
ing the low-voltage contact Limit that m"t' .mJijllied by Listtd tmn.ifonners 
m· power .mpplit.� that comply with 6H0.23(A)(2) .�JmU be permilltd to 
be locattd le.�s than 1.5 m (5 jt) from the inside wall� of the pool. 

(2) Protection. The electric motor and controller shall be 
connected to a GFCI-protcctcd branch circuit. 

Exception: Motors that ant Jlart of listed .�_v.�tems with ratings not Pxceed
ing the low-voltage contact limit that m"t' .mJijllied by li�ttd tmn.ifonners 
m· pmver suptJlies that comp{l· with 6H0.23(A)(2) slmU not be required 
to have GFC!Jnvtection. 

(C) Deck Area Heating. The provisions of this section shall 
apply to all pool deck arcao;, including a covered pool, where 
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electrically operated comfort heating units arc installed within 
6.0 m (20 ft) of the inside wall of the pool. 

(1) Unit Heaters. Unit heaters shall be rigidly mounted to the 
structure and shall be of the totally enclosed or guarded type. 
Unit heaters shall not be mounted over the pool or within the 
area extending 1.5 m (5 ft) horizontally from dtc inside walls of 
a pool. 

(2) Permanendy Wired Radiant Heaters. Radiant electric heat
ers shall be suitably guarded and securely fao;tcncd to their 
mounting dcvicc(s). Heaters shall not be installed over a pool 
or within the area extending 1 .5 m (5 ft) horizontally from the 
inside \\-ails of the pool and shall be mounted at lcao;t 3.7 m 
( 1 2  ft) vertically ahovc the pool deck unlcs.o; odtcrwise 
approved. 

(3) Radiant Heating Cables Not Permitted. Radiant heating 
cables embedded in or below the deck shall not be permitted. 

680.28 Gas-FJred Water Heater. Circuits scn-ing ga..-fircd swim
ming pool and spa \\-ater heaters operating at voltages above 
the low-voltage colll;tct limit shall be provided with GFCI 
protection. 

· 

Part ID. Storable Pools, Storable Spas, Storable Hot Tubs, 
.and Storable Immersion Pools 

680.30 General. Electrical installations at storable pools, stor
able lipas, storable hot tubs, or storable immersion pools shall 
comply with the prmisions of Pan I and Part Ill of dlis article. 

680.31 Pumps. A cord-connected pool filter pump shall incor
porate an approved system of double insulation or ito; cqui\-a
lcnt and shall be provided with means for dtc termination of 
an equipment grounding conductor for dlc connection to the 
internal and nonaccessiblc non-current-carrying metal parto; of 
the pump. 

Cord-connected pool filter pumps shall be prO\idcd with a 
GFCI that is an integral part of the attachment plug or located 
in the power-supply cord "idtin 300 mm ( 1 2  in.) of the attach
ment plug. 

680.32 Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Fault Circuit-Interrupter (SPGFCI) Protec
tion. All electrical equipment, including power-supply cordo;, 
used with storable pools shall have GFCI protection complying 
with 680.5(8) or SPGFCI protection complying with 680.5(C), 
ao; applicable. 

All receptacles rated 125 volto; dlrough 250 volto;, 60 amperes 
or less, located "idtin 6.0 m (20 ft) of the inside walls of a stor
able pool, storable spa, or storable hot tub shall have GFCI 
protection compl}ing with 680.5(8) or SPGFCI protection 
complying l\ith 680.5(C), ao; applicable. In determining these 
dimensions, the distance to be mcao;urcd shall be the shortest 
path dtc supply cord of an appliance connected to the recepta
cle would follow "idlout piercing a floor, "-all, ceiling, doom-ay 
with hinged or sliding door, window opening, or other effective 
permanent barrier. 

680.33 Luminaires. An underwater Juminairc, if installed, 
shall be installed in or on the "-all of the storable pool, storable 
spa, or storable hot tub. It shall comply with either 680.33(A) 
or (B). 
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(A) Within the Low-Voltage Contact Limit. A luminairc shall 
be part of a cord-and plug connected lighting as.o;cmbly. This 
assembly shall be listed as an a.'l.o;cmbly for the purpose and 
have the following construction features: 

(1) No exposed metal part-; 
(2) A luminairc lamp that is suitable for usc at the supplied 

voltage 
(3) An impact-resistant pol)'mcric lens, luminairc body, and 

transfonncr enclosure 
(4) A transformer or power supply meeting the requirement-; 

of 680.23 (A) (2) with a primary rating not over 150 V 

(B) Over the Low-Voltage Contact Limit But Not over 
150 Volts. A lighting a.'l.o;cmbly without a transformer or power 
supply and with the luminairc lamp(s) operating at not over 
150 volt-; shall be pcnniucd to be cord-and-plug-connected 

where dtc a.'l.o;cmbly is listed a.o; an a.o;scmbly for the purpose. 
The installation shall comply with f>80.23(A) (5), and the a.">.o;cm
bly shall have dtc following construction features: 

(1) No exposed metal part-; 
(2) An impact-resistant pol)'mcric lens and luminairc body 
(3) A GFCI with open neutral conductor protection a.o; an 

integral part of dtc a.o;scmbly 
(4) The luminairc lamp permancndy connected to dtc GFCI 

with open-neutral protection 
(5) Compliance with the requirement-; of 680.23(A) 

680.34 Receptacle Locations. Receptacles shall not be located 
lcs.o; dtan 1 .83 m (6 fl) from the inside walls of a storable pool, 
storable spa, or storable hot tub. In determining these dimen
sions, the distance to be mca.o;urcd shall be the shortest path 
the supply cord of an appliance connected to the receptacle 
would follow without piercing a floor, wall, ceiling, doom<ty 
with hinged or sliding door, window opening, or other effective 
pcrmancm barrier. 

680.35 Storable and Portable Immersion Pools. Storable and 
portable immersion pools shall additionally comply with 
f>80.35(A) duough (G). 

(A) Cord Connection for Self-Contained Storable and Portable 
Immersion Pools. Self-contained storable and portable pack
aged immersion pools "ith identified integral pcnnancndy 
attached switches and/or controls, pumps, and/or heaters, 
including circulation heaters, rated 120 volts and 20 amperes 
or less, single pha.o;c, shall be permitted to be cord-and-plug
connected with a cord not shorter dlan 1 .83 m (6 ft) and not 
longer than 4.f> m (15 ft) ,  and shall be GFCI protected . The 
cord shall be minimum hard usage. If the GFCI is prmidcd a.o; 
an imcgral part of the cord a.">.o;cmbly, it shall be located at the 
attachmcm plug or in the power supply cord within 300 mm 
( 1 2  in.) of the attachmcm plug. 

(B) Storable and Portable Pumps. A cord-connected storable 
or portable pump utilized with, but not built-in or pcnnancndy 
attached a.o; an imcgral part of, a storable or portable immer
sion pool shall be listed, labeled, and identified for S\'imming 
pool and spa usc, and shall meet the requirement-; of 680.31. 

(C) Storable and Portable Heaters. A storable or portable 
heater, including circulation heaters, used with, but not built-in 
or pcrmancndy attached a.o; an integral part of, a storable or 
portable immersion pool shall be rated 120 volt-; and 
20 amperes or lcs.o; or 250 volt-; and 30 amperes or lcs.o;, single 
pha.o;c; shall be identified for S\'imming pool and spa usc; shall 
be permitted to be cord-and-plug-connected "id1 a cord not 
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shorter than 1.83 m (6 ft) and not longer than 4.6 m (15 ft);  
and heaters supplied by branch circuit-; rated 150 volt-; or lcs.o; 
to ground shall be provided with GFCI protection. The cord 
shall be minimum hard usage. If the GFCI is prmidcd a.o; an 
integral part of the cord a.">.o;cmbly, it shall be located at the 
attachment plug or in the power supply cord l\ithin 300 mm 
(12 in.) of the attachmcm plug. 

(D) Audio Equipment. Audio equipment shall not be installed 
in or on a self-contained storable or portable immersion pool. 
All audio equipment operating at greater than the low-voltage 
contact limit and located "ithin 1.83 m (f> ft) from the inside 
walls of a storable or portable immersion pool shall be groun
ded and shall be GFCI protected. 

(E) Location Proximate to Luminaires, Lighting Outlets, and 
Ceiling-Suspended (Paddle) Fans. The storable or portable 
immersion pool shall be installed at lca.o;t 3 m (10 ft),  mca.o;urcd 
diagonally from dtc nearest point on each luminairc, lighting 
oudct, and ceiling-suspended (paddle) fan operating at greater 
than the low-voltage contact limit, to the nearest point on the 
top rim of the immersion pOol Luminaires shall not be instal
led in or on a storable or r}ortablc immersion pool. 

(F) Location Proximate to Switches. The storable or portable 
immersion pool shall be installed at lca.o;t 1 .5 m (5 ft),  mca.o;
urcd horizontally, from all S\'itchcs operating above the low
voltage contact limit. Switches dtal arc packaged "id1 the 
immersion · pool a.o; an integral part of ito; internal electrical 
system, or dtal arc integral to cord-and-plug-connected electri
cal equipment utilized in the pool's water circulation or drain 
system, including storable and portable pumps, heaters, and 
circulation heaters, shall be permitted to be located lcs.o; than 
1.5 m (5 ft) from the inside "<tlls of the pool. 

(G) Receptacles. All receptacles rated 250 volts, 50 amperes or 
lcs.o;, located within 6.0 m (20 ft) of the inside "<tlls of the instal
led storable or portable immersion pool and utilized for 
supplying power to heaters or other electrical equipment serv
ing the immersion pool, shall meet the requirement-; of 680.32 
and 680.34. 

Part IV. Permanently Installed and Self-Contained Spas and 
Hot Tubs and Permanently Installed Immersion Pools 

680.40 General. Electrical installations at spa.-; and hot tubs 
shall comply with the provisions of Part I and Part IV of this 
article. 

680.41 Location of Other Equipment. 

(A) Emergency Switch for Spas and Hot Tubs. For other than 
one-family dwellings, a clearly labeled emergency shutoff or 
comrol switch for the purpose of stopping the motor(s) that 
prmidcs power to the recirculation system and jet system shall 
be installed at a point readily accessible to the users and not 
lcs.o; dtan 1.5 m (5 ft) away, adjacent to, and within sight of the 
spa or hot tub. 

(B) Equipment Exceeding the Low-Voltage Contact Limit. 
Except for self-contained spa.-; and hot tubs, equipment with 
ratings exceeding the low-voltage contact limit shall be located 
at lca.o;t 1.5 m (5 ft) horizontally from the inside \\<tlls of a spa 
or hot tub, unlcs.o; separated from the spa or hot tub by a solid 
fence, "<til, or other pcnnancnt barrier. 
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680.42 Outdoor InstaUations. A spa or hot tub installed 
outdoors shall comply with the provisions of Part-; I and II of 
this article, except as pcrmiucd in 680.42(A) and (B), that 
would othcmisc apply to pools installed outdoors. 

(A) Flexible Connections. Listed packaged spa or hot tub 
cquipmcm a'i.o;cmblics or self-contained spa"l or hot tubs utiliz
ing a factory-installed or a"lscmblcd comrol panel or panel
board shall be pcrmiucd to usc flexible connections a"l covered 
in 680.42 (A) (1)  and (A) (2). 

(1) Flexible Conduit. Liquidtight flexible metal conduit or 
liquidtight flexible nonmetallic conduit shall be pcrmiucd. 

(2) Cord-and-Plug Connections. Cord-and-plug connections 
with a cord not longer than 4.6 m (15 ft) shall be pcrmiucd if 
GFCI protected. 

(B) Bonding. Bonding by metal-to-metal mounting on a 
common frame or bao;c shall be pcrmiucd. The metal band"l or 
hoops used to secure wooden staves shall not be required to be 
bonded ao; required in 680.26. 

Equipotential bonding of perimeter surfaces in accordance 
with 680.26(B) (2) shall not be required to be prmidcd for spa"l 
and hot tubs where all of the following conditions apply: 

(1) The spa or hot tub shall be listed, labeled, and identified 
a"l a self-contained spa for aboveground usc. 

(2) The spa or hot tub shall not be identified a"l suitable only 
for indoor usc. 

(3) The installation shall be in accordance with the manufac
turer's instructions and shall be located on or above 
grade. 

(4) The top rim of the spa or hot tub shall be atlcao;t 710 mm 
(28 in.) above all perimeter surfaces that arc within 
760 mm (30 in.), mca"lurcd horizontally from the spa or 
hot tub. The height of nonconductivc external step� for 
entry to or exit from the self-contained spa shall not be 
used to reduce or increa"lc dtis rim height measurement. 

Informational :'\ote: See ANSI/t:L 1563, Siantkird for Ekclric 
Spa.<, Equipmtml Assemblies, aJUI Associated Equipmnil, for informa
tion reg-drding listing requirement• for selkontained spa.• and 
hot tubs. 

(C) Underwater Luminaires. Wiring to an undcmoatcr lumin
aire shall comply with 680.23 or 680.33. 

680.43 Indoor InstaUations. A spa or hot tub installed indoors 
shall comply l\ith the provisions of Part"l I and II of this article 
except a"l modified by this section and shall be connected by 
the "iring mcthod"l of Chapter 3. 

Exception No. 1: Li<ttd .<pa mul hot tub packaged units mll'd 
20 amJwn•s or !e.<.< shall ht penllilltd to ht conl-mul·plug-connectl'.d to 
facilitate the nmwval m· di<ronntction of tht unit fm· mainll'nance and 
17!/Jail: 

Exception No. 2: The equipottmtial bmuling 11'-f[Uirements fm· perimell'r 
.<wface.< in 680.26(8)(2) slwll not aPJI�l' to a li<ttd self-containtd sJm 
m· lwt tub instalkd about a finis/red Jlom: 

Exception No. 3: Fm· a dwelling unit(<) only, whe11! a li<tl'.d sJJa m· Jwt 
tub i< in.<talkd indom"S, tire wiring mtthod rtquiremrots of 680.42(C) 
shall al<o apply. 
(A) Receptacles. At lcao;t one 125-volt, 1:>- or 20-ampcrc recep
tacle on a general-purpose branch circuit shall be located not 
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lcs.o; than 1 .83 m (6 ft) from, and not exceeding 3.0 m (10 ft) 
from, the inside wall of the spa or hot tub. 

(1) Location. All receptacles shall be located at lca"ll 1.83 m 
(6 ft) mca"lurcd horizontally from the inside walls of dtc spa or 
hot tub. 

(2) Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Fault Circuit-Interrupter (SPGFCI) Protection 
for Receptacles, General. All receptacles rated 125 volt-; 
through 250 volts, 60 amperes or less, located within 3.0 m 
(10 ft) of the inside \\oalls of a spa or hot tub shall have GFCI 
protection compl}ing with 680.5(B) or SPGFCI protection 
complying with 680.5 (C), a"l applicable. 

(3) Protection, Spa or Hot Tub Supply Receptacle. Recepta
cles that provide power for a spa or hot tub shall not exceed 
150 volt-; to ground and shall be GFCI protected. 

(4) Measurements. In determining dtc dimensions in this 
section addrcs.o;ing receptacle spacings, the distance to be mcao;
urcd shall be the shortest path the supply cord of an appliance 
connected to the rccq>laclc would follow l\ithoul piercing a 
floor, "oall, ceiling, doomoay l\ith hinged or sliding door, 
window opening, or other effective pcnnancnt barrier. 

(B) InstallatiOn of Luminaires, Lighting Outlets, and Ceiling
Suspended (Paddle) Fans. 

(1) Elevation. Luminaires, except ao; covered in 680.43(B) (2), 
lighting oudcts, and ceiling-suspended (paddle) fans located 
o�r the spa or hot tub or l\ithin 1.5 m (5 ft) from the inside 
walls of the spa or hot tub shall comply l\ith dtc clearances 
specified in 680.43(B) (1) (a), (B) (1 ) (b), and (B) (1) (c) above 
the maximum \\'alcr level. 

(a) Without GFCT. Where no GFCI protection is provided, 
the mounting height shall be not lcs."l than 3.7 m (12 ft) . 

(b) With GFr.J. \\"bcrc GFCI protection is provided, the 
mounting height shall be pcrmiucd to be not lcs."l than 2.3 m 
(7 ft 6 in.). 

(c) Below 2.3 m (7 ft 6 in.). Luminaires meeting the 
requirement'! of item ( 1)  or (2) and protected by a ground
fault circuit interrupter shall be pcrmiucd to be installed lcs.o; 
than 2.3 m (7 ft 6 in.) over a spa or hot tub: 

(1)  Rcccs.o;cd luminaircs l\ith a gla'i."l or pla"ltic lens, nonmetal
lic or electrically isolated metal trim, and suitable for tL"lC 
in damp locations 

(2) Surfac�mountcd luminaires with a gla'i."l or plao;tic globe, 
a nonmetallic bodv, or a metallic bodv isolated from 
contact, and suitabl� for usc in damp loca

.
tions 

(2) Underwater Applications. Undcmoatcr luminaires shall 
comply l\ith the prmisions of f>80.23 or 680.33. 

(C) Switches. Sl\itchcs shall be located at lca"ll 1 .5 m (5 ft),  
mcao;urcd horizontally, from the inside \\<ails of the spa or hot 
tub. 

(D) Bonding. The follo"ing part-; shall be bonded together: 

(1)  All metal fittings "ithin or attached to the spa or hot tub 
structure 

(2) Metal part"l of electrical equipment a<;.o;ociatcd with the 
spa or hot tub "oatcr circulating system, including pump 
motors, unlcs."l part of a Jio;tcd, labeled, and identified self
contained spa or hot tub 
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(3) Metal raceway and metal piping that arc "idtin 1 .5 m 
(5 ft) of dtc inside walls of the spa or hot tub and that arc 
not separated from the spa or hot tub by a pcrmancm 
barrier 

(4) All metal surfaces that arc "ithin 1.5 m (5 ft) of lhc inside 
walls of the spa or hot tub and dtal arc not separated 
from the spa or hot tub area by a pcrmancm barrier 

Exception: Small conductive .�wfaces 1wt likely to become energized, 
.�uch as ai1· and water jets mul drain fittings, wlvre not connectl'.d to 
metallic piping, tOUJel bm:f, mirror frames, and similar 1wnelutrical 
equipment, shall not be 11'-Jfltil1'4 to be bonded. 

(5) Non-current-carrying metal part-; of electrical dc\iccs and 
comrols dtal arc not ao;sociatcd widt the spa-; or hot tubs 
and dtat arc located within 1 .5 m (5 ft) of such unit-; 

(E) Methods of Bonding. All metal part-; a<;.o;ociatcd "idt dtc 
spa or hot tub shall be bonded by any of dtc follo"ing mcth
oclo;: 

(1) The interconnection of threaded metal piping and 
fittings 

(2) Metal-to-metal mounting on a common frame or bao;c 
(3) The provisions of a solid copper bonding jumper, insula-

ted, covered, or bare, not smaller than 8 A\VG 

(F) Grounding. The following cquipmcm shall be connected 
to dtc equipment grounding conductor: 

(1) All electrical equipment located "idtin 1 .5 m (5 ft) of dtc 
inside wall of the spa or hot tub 

(2) All electrical cquipmcm ao;sociatcd with dtc circulating 
system of the spa or hot tub 

Exception to (I) mul ( 2 ): E!Pctrical equipment listed for oJmmion at the 
low-voltage contact limit m· less mul supplied by a transformer m· power 
.mpply that comJJlies with 6H0.23(A)(2) slmU 1wt be J't'quired to be 
ronnected to the equipment gmunding conductm: 

(G) Underwater Audio Equipment. Undcm-atcr audio eqliip
mcm shall comply widt dtc prmisions of Part II of this article. 

680.44 Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Fault Circuit-Interrupter (SPGFCI) Protec
tion. 

(A) General. Except ao; othcmisc prmided in this section, dtc 
oudct(s) that supplies a self-contained spa or hot tub, a pack
aged spa or hot tub equipment <lSSCqlbly, or a field-a"i.o;cmblcd 
spa or hot tub shall have GFCJ protection compl}ing widt 
f>80.5(B) or SPGFCI protection complying "idt f>80.5(C), ao; 
applicable. 

(B) Listed Units. If so marked, a listed self-contained unit or a 
listed packaged cquipmcm ao;sembly dtat includes integral 
GFCI protection for all electrical part-; within the unit or ao;scm
bly (pumps, air blowers, heaters, light-;, controls, sanitizer 
generators, wiring, and so forth) shall be permitted without 
additional ground-fault protection. 

(C) Gas-Fu-ed Water Heaters. Circuit-; scning gao;-fircd spa 
and hot tub \\-alcr heaters operating separately from dtc spa or 
hot tub dtcy serve, and operating at voltages above the low
voltage contact limit, shall be GFCI protected. 

680.45 Permanently Installed Immersion Pools. Electrical 
installations at pennancndy installed immersion pools, whcdtcr 
installed indoors or outdoors, shall comply "ith the provisions 
of Part I, Part II, and Part IV of this article except ao; modified 
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by dtis section and shall be connected by the \\iring mcdtodo; of 
Chapter 3. Widt regard to prmisions in Part IV of dtis article, 
an immersion pool shall be considered to be a spa or hot tub. 

Exception No. 1: The 1'-JfltiJJOtential bondingt'l'qUitnnentf in 6H0.26(B) 
shall not aptJ�l' to im1ne1-sion JIOOlf tlmt inrmporate no pennanently 
instalkd m· pennanent�v connected elect1·ical equiJnnent, mul that m-e 
instalkd with all portions /ncated on m· above a Jinislv.d Jlom: 

Exception No. 2: The equipotential bmuling 11'-Jfltirementf fm· perimeter 
.mlface.f in 6H0.26(B)(2) shall 1wt app�l· to nmuonductive perimeter 
.mlface.f, .�uch as .fteps, ll't'ads, and walking .mlfaces made of Jiberg/a.fs 
rompo.fite. 

(A) Cord-and-Plug Connections. To facilitate the removal or 
disconnection of dtc unit(s) for maintenance, storage, and 
repair, self-contained portable packaged immersion pools widt 
integral pumps and/ or heaters, including circulation heaters, 
rated 1 20 volt-; and 20 amperes or lcs.o; shall be permitted to be 
cord-and-plug-connected lvith a cord not shorter dtan 1.83 m 
(f> ft) and not longer dtan 4.6 m (15 ft) and shall be GFCI 
protected. The cord shall · ground all non-currcm-carf}ing 
metal part-; of dtc electrical equipment. If dtc GF\J is provided 
ao; an imcgral part of dtc cord ao;scmbly, it shall be located at 
the attachmcm plug or in dtc power-supply cord "ithin 
300 mm ( 1 2  in.) of the attachment plug. 

(B) Storable and Portable Pumps. A cord-connected storable 
or portable pump used lvith, but not built-in or pcnnancndy 
attached ao; an integral part of, a pcrmancndy installed immer
sion pool !!hall be identified for swimming pool and spa usc. It 
shaD incorporate an approved system of double insulation or 
ito; equivalent and shall be prmidcd widt means for grounding 
onl)' dtc internal and nonacccs.o;iblc non-currcm-carf}ing metal 
part-; of the appliance. Cord-connected pool filter pumps shall 
be prmidcd "ith a GFCI dtal is an integral part of dtc altach
mclll plug or located in dtc power-supply cord "idtin 300 mm 
(12 in.) of the attachment plug. 

(C) Heaters. Heaters used \\idt pcrmancndy installed immer
sion pools shall comply "id1 either 680.45(C) (I) or (C) (2). 

(1) Permanently Installed Heaters. A pcrmancndy installed 
heater, including immersion heaters, circulation heaters, and 
combination pump-heater unit-;, built-in or pcnnancndy 
attached ao; an integral part of a pcrmancndy installed immer
sion pool, rated 120 volt-; or 250 volt-;, shall be identified for 
slvimming pool and spa usc; shall be grounded and bonded; 
and heaters supplied by branch circuit-; rated 150 volt-; or lcs.o; 
to ground shall be prmidcd l\ith GFCI protection. Pcrma
ncndy installed immersion heaters, rated 120 volt-; and 20 
amperes or lcs.o; or 250 volt-; and 30 amperes or lcs.o;, single 
pha-.c, arc permitted to be cord-and-plug-connected widt a 
cord not shorter dtan 1 .83 m (f> ft) and not longer than 4.6 m 
(15 fl) , shall be GFCI protected, and shall be prmidcd widt 
means for grounding all non-currcnt-carf)ing metal part-; of 
the appliance. If the GFCI is prmidcd ao; an imcgral part of dtc 
cord ao;sembly, it shall be located at dtc attachment plug or in 
the power-supply cord "idtin 300 mm (12 in.) of dtc attach
mcm plug. 

(2) Storable and Portable Heaters. A cord-connected storable 
or portable heater, including immersion heaters, circulation 
heaters, and combination pump-heater unit-;, used "idt, but 
not permanently installed or attached ao; an integral part of a 
permanently installed immersion pool, rated 120 volt-; and 
20 amperes or lcs.o; or 250 volt-; and 30 amperes or lcs.o;, single 
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phase, shall be identified for -"''imming pool and spa usc; shall 
be cord-and-plug-connected "ith a cord not shorter than 
1 .83 m (6 ft) and not longer than 4.6 m (15 ft) ,  heaters 
supplied by branch circuit-; rated 150 volt-; or less to ground 
shall be provided "ith Class A ground-fault circuit-imcrruptcr 
protection, and shall be provided l\idt means for grounding all 
non-currcm-cartying metal part-; of the appliance. If the 
ground-fault circuit imcrruptcr is prm-idcd ao; an imcgral part 
of the cord a"l.o;cmbly, it shall be located at the attachmcm plug 
or in the power-supply cord within 300 mm (12 in.) of the 
attachmcm plug. 

(D) Audio Equipment. Audio cquipmcm shall not be installed 
in or on a pcnnancndy installed immersion pool. All audio 
cquipmcm operating at greater than the low-voltage contact 
limit and located "idtin 1 .83 m (6 ft) from the inside walls of a 
pcrmancndy installed immersion pool shall be connected to 
the cquipmcm grounding conductor and GFCI protected. 

Part V. Fountains 

680.50 General. Part I and Part V of this article shall apply to 
all permancndy installed fountains. 

(A) Additional Requirements. 

(1) Fountains that have water common to a pool shall also 
comply with Part II of Article 680. 

(2) Fountains imcndcd for recreational usc by pedestrians, 
including splao;h pado;, shall also comply with the require
ment-; in 680.26. 

(3) Part V docs not apply to self-contained, portable foun
tains, which shall comply l\ith Part-; II and III of Arti
cle 422. 

(B) Location of Equipment Exceeding the Low-Voltage 
Contact Limit. Equipmcm l\ith ratings exceeding the low
voltage contact limit shall be located at lcao;t 1 .5 m (5 ft) hori
zontally from the inside walls of a fountain, unlcs.'l separated 
from dtc fountain by a solid fence, wall, or other pcrmancm 
barrier. 

680.51 Luminaires, Submersible Pumps, and Other Submersi-
ble Equipment. 

· 

(A) Ground-Fault Circuit Interrupter. Luminaires, submersi
ble pumps, and other submersible equipmcm, unless listed for 
operation at low-voltage contact limit or lcs.o; and supplied by a 
transfonncr or power supply that complies "idt 680.23(A) (2), 
shall be GFCI protected. 

(B) Operating Voltage. :"'o luminaires shall be installed for 
operation on supply circuit-; over 150 volt-; between conductors. 
Submersible pumps and other submersible cquipmcm shall 
operate at 300 volt-; or lcs.o; between conductors. 

(C) Luminaire Lenses. Luminaires shall be installed with the 
top of dtc luminairc lens below the normal water level of the 
fountain unless listed for above-water locations. A luminairc 
facing upward shall comply "idt either ( 1 )  or (2): 

(1) Have the lens guarded to prcvcm contact by any person 
(2) Be listed for usc without a guard 

(D) Overheating Protection. Electrical cquipmcm that 
depend-; on submersion for safe operation shall be protected 
against overheating by a low-water cutoff or other approved 
means when not submerged. 
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(E) Wuing. Equipment shall be equipped with prmisions for 
threaded conduit cmrics or be provided "ith a suitable flexible 
cord. The maximum length of each exposed cord in the foun
tain shall be limited to 3.0 m (10 ft).  Cords extending beyond 
the fountain perimeter shall be enclosed in approved "iring 
enclosures. Metal part-; of cquipmcm in contact "ith water 
shall be of bra"l.o; or other approved corrosion-resistant metal. 

(F) Servicing. All equipment shall be removable from the 
water for relamping or normal maimcnancc. Luminaires shall 
not be pcrmancndy embedded imo the fountain structure such 
that the water level must be reduced or the fountain drained 
for relamping, maimcnancc, or inspection. 

(G) Stability. Equipmcm shall be inhcrcndy stable or be 
securely fao;tcncd in place. 

680.52 Junction Boxes and Other Enclosures. 

(A) General. Junction boxes and other enclosures used for 
other than undcm-atcr instaUation shall comply l\ith 680.24. 

(B) Underwater Junction Boxes and Other Underwater Enclo
sures. Junction boxeS and other undcm-atcr enclosures shall 
mcct thc requirements of 680.52(B) (1)  and (B) (2). 

(1) Construction. 
(a) Undem-ater enclosures shall be equipped "idt prmi

sions for threaded conduit entries or compression gland-; or 
seals for cord entry. 

·.(b) t:ndcm'atcr enclosures shall be listed and rated for 
prolonged submersion and made of copper, bra"l.o;, or other 
corrosion-resistant material. 

(2) Installation. Undcm-atcr enclosure installations shall 
complp\ith 680.52(8) (2) (a) and (B) (2) (b). 

(a) Undcm-atcr enclosures shall be filled with a listed 
potting compound to prevent the entry of moisture. 

(b) t:ndcm'atcr enclosures shall be firmly attached to 
the support-; or dirccdy to the fountain surface and bonded ao; 
required. \\"bere the junction box is supported only by 
conduit-; in accordance l\ith 314.23(E) and (F), the conduit-; 
shall be of copper, bra"l.o;, stainlcs.o; steel, or other corrosion
resistant metal. Where the box is fed by nonmetallic conduit, it 
shall have additional support-; and fao;tencrs of copper, bra"l.o;, or 
other corrosion-resistant material. 

680.54 Grounding and Bonding. 

(A) Grounding. The following cquipmcm shall be connected 
to an cquipmcm grounding conductor: 

(1)  All electrical cquipmem located within the fountain or 
"ithin 1.5 m (5 ft) of the inside \\'all of the fountain, 
other than listed low-voltage luminaires not requiring 
grounding 

(2) All electrical equipment a"l.o;ociatcd with the recirculating 
system of the fountain 

(3) Panelboardo; that arc not part of the scnicc cquipmem 
and that supply any electrical cquipmcm a"l.o;ociatcd with 
the fountain 

(B) Bonding. If a conductor is used for bonding, it shall be a 
minimum 8 AWG solid copper conductor. The follm\ing part-; 
shall be bonded togcdtcr and connected to an cquipmem 
grounding conductor for a branch circuit suppl}ing fountain 
equipment: 

(1)  All metal piping systems ao;sociated l\ith the fountain 
(2) All metal fittings within or attached to the fountain 
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(3) 

(4) 

(5) 

(6) 

Metal parts of electrical equipment as.o;ociatcd with the 
fountain water-circulating system, including pump motors 
�Ictal raceways that arc widtin 1.5 m (5 ft) of the inside 
wall or pcrim�tcr of the fountain and that arc not separa
ted from the fountain by a pcrmancm barrier 
All metal surfaces that arc "ithin 1.5 m (5 ft) of lhc inside 
wall or perimeter of the fountain and that arc not separa
ted from the fountain by a pcrmancm barrier 
Electrical cquipmcm locatcd lcs.o; than 1 .5 m (5 ft) of the 
inside wall or perimeter of dtc fountain 

(C) Equipotential Bonding of Splash Pads. For dtc purpose of 
equipotential bonding, the shell of a splao;h pad shall comprise 
the area traversed by pedestrians bounded by dtc extent of the 
footing of the splao;h pad and rising to its exposed surfacc(s) 
and its collection bao;in area. The boundary of this area shall be 
considered to be dtc inside wall for the purpose of perimeter 
bonding. 

680.55 Methods of Grounding. 

(A) Applied Provisions. The proVIsions of fJ80.7(A), 
680.21 (A) , fJ80.23(8) (3), fJ80.23(F) ( l )  and (F) (2), and 
fJ80.24(F) shall apply. 

(B) Supplied by a Flexible Cord. Electrical cquipmcm dtat is 
supplied by a flexible cord shall have all exposed non-currcm
carl)'ing metal parts grounded by an insulated copper cquip
mcm grounding conductor dtat is an imcgral part of this corcl. 
The cquipmcm grounding conductor shall be connected to an 
cquipmcm grounding terminal in the supply junction box, 
transfonncr enclosure, power supply enclosure, or other enclo
sure. 

680.56 Cord-and-Plug-Connected Equipment. 

(A) GFCI Protection. All electrical cquipmcm, including 
power-supply cords, shall be GFCI protected. 

(B) Cord Type. Flexible corcl immersed in or exposed to water 
shall be of a type for extra-hard usage, ao; designated in Table 
400.4, and shall be a listed type with a MW" suffix. 

(C) Sealing. The end of the flexible cord jacket a11d the flexi
ble cord conductor termination within equipmcm shall be 
covered "idt, or encapsulated in, a suitable polling compound 
to prcvclll the entry of water into the cquipmclll through the 
cord or its conductors. In addition, dtc ground connection 
"ithin equipment shall be similarly treated to protect such 
connections from dtc deteriorating effect of water that may 
enter imo dtc cquipmcm. 

(D) Terminations. Connections l\idt flexible cord shall be 
pcrmancm, except dtat grounding-type attachment plugs and 
receptacles shall be permiucd to facilitate removal or discon
nection for maintenance, repair, or storage of fixed or station
ary cquipmcm not located in any water-containing part of a 
fountain. 

680.57 Signs. 

(A) General. This section covers electric signs installed "ithin 
a fountain or "idtin 3.0 m (I  0 ft) of the fountain edge. 

(B) GFCI Protection. Branch circuit-; or feeders supplying the 
sign shall have GFCI protection. 
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(C) Location. 

(1) Faxed or Stationary. A fixed or stationary electric sign 
installed within a fountain shall be not Jcs.o; than 1.5 m (5 ft) 
inside the fountain mcao;urcd from the outo;idc edges of the 
fountain. 

(2) Portable. A portable electric sign shall not be placed 
within a pool or fountain or "ithin 1 .5 m (5 ft) mcao;urcd hori
zontally from the inside walls of the fountain. 

(D) Disconnect. A sign shall have a local disconnecting means 
in accordance with 600.6 and 680.13. 

(E) Bonding and Grounding. A sign shall be grounded and 
bonded in accordance with 600.7. 

680.58 Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Fault Circuit-Interrupter (SPGFCI) Protection 
for Adjacent Receptacle Oudets. All receptacles ratcd l 25 volts 
through 250 volt-;, 60 amperes or less, located within 6.0 m 
(20 ft) of a fountain edge shall have GFCI protection comply
ing with 680.5(8) or SPC.FCI protection complying with 
fJ80.5(C), ao; applicable. 

680.59 Ground-Fault Circuit-Interrupter (GFCI) and Special 
Purpose Ground-Falilt Circuit-Interrupter (SPGFCI) Protection 
for Permanently Jnstalled Nonsubmersible Pumps. Outlet-; 
supplying all · pcnnancndy installed nonsubmcrsiblc pump 
motors shall have GFCI protection complying with fJ80.5(8) or 
SPGFCLprotcction complying "idt fJ80.5(C), ao; applicable. 

ExceptWn: Listed Low-voltagp 11Uitors not requiring gtounding, with 
ratings not exreeding the Low-voltagp rontart limit tlmt m1' .mJ1pliP4 by 
listed lmn.ifonners or power suJlplies that comJI�l' with 680.23(A)(2), 
shall be Jmmitted to be installed without GF('J or SPC.FCI jnvtection. 

Part VI. Pools and Tubs for Therapeutic Use 

680.60 General. The provisions of Part I and Part VI of this 
article shall apply to pools and tubs for dtcrapcutic usc in 
health care facilities, gymnao;iums, athletic training rooms, and 
similar area-;. Portable dtcrapcutic appliances shall comply with 
Part-; II and III of Article 422. 

680.61 Permanently Installed Therapeutic Pools. Therapeutic 
pools that arc constructed in the ground, on the ground, or in 
a building in such a manner that the pool cannot be readily 
disa-;scmblcd shall comply l\ith Part-; I and II of this article. 

Exception: The limitations of 680.22(8)(1) through (8)(4) slmU not 
apJl�l' WMI"I! all lttmi1mires m1' of the totally enclosed tJJie· 

680.62 Therapeutic Tubs (Hydrotherapeutic Tanks). Thera
peutic tubs, used for the submersion and treatment of patient-;, 
that arc not ca-;ily moved from one place to another in normal 
usc or that arc fa-;tcncd or othcnvisc secured at a specific loca
tion, including a<;.o;ociatcd piping system-;, shall comply with 
Part VI. 

(A) Protection. Except ao; othcmisc prmidcd in thio; section, 
the outlct(s) that supplies a self-contained therapeutic tub or 
hydrodtcrapeutic tank, a packaged dtcrapeutic tub or hydro
dtcrapeutic tank, or a field-a'l.o;cmblcd thcrapcutic tub or hydro
dtcrapeutic tank shall be GFCI protected. 

(1) Listed Units. If so marked, a listed, labeled, and identified 
self-contained unit or a listed, labeled, and identified packaged 
cquipmclll ao;scmbly mat includes imcgral ground-fault circuit-
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ARTICLE 680 - SWI:\1:\-IIJ'\G POOL<;, FOt:l'\TAil'\S, AND SIMILAR INSTALLATIONS 680.80 

interrupter protection for all electrical parts within the unit or 
a'isembly (pumps, air blowers, heaters, lights, controls, sanitizer 
generators, wiring, and so forth) shall be permitted without 
additional GFCI protection. 

(2) Other Units. A therapeutic tub or hydrotherapeutic tank 
rated 3 pha'ic or rated over 250 volts or with a heater load of 
more than 50 amperes shall not require the supply to be 
protected by a ground-fault circuit interrupter. 

(B) Bonding. The following parts shall be bonded together: 

(1)  All metal fittings within or attached to the tub structure 
(2) :\ictal part'i of electrical equipment a'i.'iociatcd with the 

tub water circulating system, including pump motors 
(3) :\ictal-sheathed cables and raceways and metal piping that 

arc widtin 1.5 m (5 ft) of the inside walls of the tub and 
not separated from dtc tub by a permanent barrier 

(4) All metal surfaces that arc within 1.5 m (5 ft) of thc inside 
walls of dtc tub and not separated from the tub area by a 
permanent barrier 

(5) Electrical devices and controls dtat arc not a'i.'iociatcd 
with the dtcrapcutic tubs and located "idtin 1 .5 m (5 ft) 
from such unit'i. 

Exception: Small conductive .�wfaus 1wt likely to become ene1-giud, 
.mch as ai1· and water jets and drain fittings not connecll'.d to metallic 
piping, and towel bm-s, minvrframes, and .�imilar none!Pctrical equip
tnent not comvcted to metal framing, .�llaU not be 11'quhed to be bonded. 

(C) Methods of Bonding. All metal part'i required to be 
bonded by this section shall be bonded by any of the following 
mcthod'i: 

(1) The interconnection of threaded metal piping and 
fittings 

(2) Metal-to-metal mounting on a common frame or ba'iC 
(3) \..onncctions by suitable metal clamps 
(4) By the prmisions of a solid copper bonding jumper, insu-

lated, covered, or bare, not smaller than 8 AWG 

(D) Grounding. The following fixed or stationary equipment 
shall be connected to the equipment grounding conductor: 

(1) All electrical equipment located "ithln 1 .5 m (5 ft) of the 
inside wall of the tub 

(2) All electrical equipment a'isociatcd l\ith the circulating 
system of the tub 

(E) Receptacles. All receptacles within 1.83 m (6 ft) of a thera
peutic tub shall have ground-fuult protection complying with 
680.5(8) or (C), a'i applicable. 

(F) Luminaires. All luminaires used in therapeutic tub arca'i 
shall be of the totally enclosed type. 

Part VD. Hydromassage Bathtubs 

680.70 General. Hydroma'i.'iagc bathtubs a'i defined in Article 
100 shall comply wid1 Part VII of this article. They shall not be 
required to comply wid1 other part'i of this article. 

680.71 Protection. Hydroma'i.'iagc bathtubs and their a'i.'iOci
atcd electrical componcnt'i shall be on an individual branch 
circuit(s) and protected by a readily acccs.'iiblc GFCI. All 125-
voh, singl�pha'ic receptacles not exceeding 30 amperes and 
located within 1.83 m (6 ft) mca'iurcd horizontally of dtc inside 
walls of a hydroma'i.'iagc tub shall be GFCI protected. 
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680.72 Other Electrical Equipment. Luminaires, Sl\itchcs, 
receptacles, and other electrical equipment located in the same 
room, and not dirccdy a'i.'iOciatcd l\ith a hydroma'i.'iagc bathtub, 
shall be installed in accordance with Chapters 1 through 4 in 
this Code covering the installation of that equipment in bath
rooms. 

680.73 Accessibility. Hydroma'i.'iagc badnub electrical equip
ment shall be accessible l\ithout damaging the building struc
ture or building finish. \\'bcrc the hydroma'i.'iagc bathtub is 
cord- and plug-connected "ith the supply receptacle acccs.'iiblc 
only through a service acccs.'i opening, dtc receptacle shall be 
installed so that it'i face is within direct l-icw and not more than 
300 mm (I  ft) of the opening. 

680.74 Bonding. 

(A) General. The follm\ing part'i shall be bonded together: 

(1)  All metal fittings l\ithin or attached to the tub structure 
that arc in contact with the circulating water 

(2) Metal part'i of electrical equipment a'i.'iociatcd with the 
tub water circulating system, including pump and blower 
motors 

(3) :\ictal-sheathed cables, metal raceways, and metal piping 
within 1 .5 m (5 ft) of the inside walls of the tub and not 
separat£d from the tub by a pcnnancnt barrier 

(4) All exposed metal surfaces that arc l\ithin 1 .5 m (5 ft) of 
the inside walls of dtc tub and not separated from the tub 
ar� by a permanent barrier 

(5) · Non-current-carrying metal part'i of electrical dc\iccs and 
controls that arc not a'i.'iociatcd with the hydroma'i.'iagc 
tubs l\ithin 1 .5 m (5 ft) from such unit'i 

Exception No. 1: Small conductive .mlfaus 1wt like�)' to become tmer
giu.d, .mch as air mul water jeLf, .ruptJ�V valve a:>.w�mblies, and drain 
fittings not conn«led to metallic piJiing, and towel bm-s, minmframes, 
and similar 1wnelectrical equipment not conn«led to metal framing 
shall not be t-equired to be bonded. 

Exception No. 2: Double-insulated motm:f mul blowe1-s shall not be 
bonded. 

Exception No. 3: Small conductive .unfaces of e!Pctrical equiJ1711tnt not 
like�}· to /Jt'come roe1-giud, .melt as tile mounting .�trap or yoke of a lifted 
light .nuitch or 1ueptacle that i.f grounded, .�llaU not be t-equiml to be 
bonded. 

(B) Bonding Conductor. All metal part'i required to be 
bonded by this section shall be bonded together using a solid 
copper bonding jumper, insulated, covered, or bare, not 
smaller than 8 AWG. The bondingjumpcr(s) shall be required 
for equipotential bonding in the area of dtc hydroma'i.'iagc 
badnub and shall not be required to be extended or attached 
to any remote panelboard, service equipment, or any elec
trode. In all installations a bonding jumper long enough to 
tcnninatc on a replacement non-double-insulated pump or 
blower motor shall be prmidcd and shall be tcnninatcd to the 
equipment grounding conductor of the branch circuit of the 
motor when a doubl�insulatcd circulating pump or blower 
motor is used. 

Part VDI. Electrically Powered Pool Lifts 

680.80 General. Electrically powered pool lift'i a'i defined in 
Article 100 shall comply with Part \111 of dtis article. Part VIII 
shall not be sutMcct to the requirement<; of odtcr part'i of this 
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680.81 ARTICLE 682 - :"'ATt:RAL AND ARTIFICIALLY �lADE BODIES OF WATER 

article except where the requirements arc specifically refer
enced. 

680.81 Equipment Approval. Lift., shall be listed, labeled, and 
idcmificd for S\'imming pool and spa usc. 

Exception No. 1: Lifts where the batle!J i� remOVP.d Jm· charging at 
another Location and the batlel)' i� miP.d less than or equal to the low
voltage contact Limit slmU not be required to be lisiP.d m·labeled. 

Exception No. 2: Solar-operated m· solaNl'chm-ged lifts w/11!11! the solar 
panel is attached to the Lift and the battery i� raiP.d le:1s than m· equal to 
24 volts shall not be requi11'd to be Li�ted m· Labeled. 

Exception No. 3: Lifts tlmt all! supt1lied fivm a source not 1'-Xceeding the 
Low-voltage contact limit and .mpplied by Listed tran.iforl'lll!l-s m· power 
.mpplies that comply zuith 6H0.23(A)(2) shall not be tl'quitl'.d to be li.�led 
m· labe!P.d. 

680.82 Protection. Pool lift., connected to premises wiring and 
operated above the low-voltage contact limit shall be provided 
"ilh GFCI protection and comply with 680.5. 

680.83 Equipotential Bonding. Lift., shall be bonded in 
accordance l\ith 680.26(B) (5) and (B) (7) using solid copper 
conductors, insulated, covered, or bare, not smaller than 
8 AWG. Connections to bonded part"l shall be made in accord
ance l\ith 250.8. An 8 AWG or larger solid copper bonding 
conductor prmidcd to reduce voltage gradient., in the pool lift 
area shall not be required to be extended or attached to 
remote panelboard"l, scnicc equipment, or electrodes. 

680.84 Switching Devices and Receptacles. Switches and 
switching dcl'ices that arc operated above dtc low-voltage 
contact limit shall comply with 680.22(C). Receptacles for elec
trically powered pool lift"l that arc operated above the low
voltage contact limit shall comply l\ith 680.22(A) (3) and 
(A) (4). 

680.85 Nameplate Marking. Electrically powered pool lift"l 
shall be prmidcd wilh a nameplate giving lhc idcntif}'ing name 
and model and rating in volt"l and amperes, or in volt., and 
watt"l. If dtc lift is to be used on a specific frequency or frequen
cies, it shall be so marked. Battery-powered pool lifts shall incli
catc the type reference of dtc battery or battery pack to be 
used. Batteries and battery packs shaU be. provided wilh a 
battery type reference and voltage rating. 

Exception: NameJJLate ratings Jm· battery-poWI'Il'n pool Lifts shall only 
need to ptvvide a mting in volts in addition to the identifying name 
and modeL 

ARTICLE 682 
Natural and Artificially Made Bodies of 

Water 

Part I. General 

682.1 Scope. This article applies to the installation of electri
cal wiring for, and equipment in and adjaccm to, natural or 
artificially made bodies of water not covered by other articles in 
this Code, such as, but not limited to, aeration pond"l, fish farm 
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ponds, storm retention ba"lins, trcauncm pond"l, and irrigation 
(channels) facilities. 

682.3 Other Articles. If the water is su�cct to boat trallic, lhc 
"iring shall comply wilh 555.34(B). 

682.4 Industrial Application. This article shall not apply in 
industrial applications where there is alarm indication of cquip
mcm fault"l and the follo"ing conditions arc in place: 

( 1)  Conditions of maintenance and supervision ensure that 
only qualified persons service and operate the installed 
systems. 

(2) C.ontinucd circuit operation is ncccs."lary for safe opera-
tion of equipment or proccs."lCS. 

682.5 Electrical Datum Plane Distances. The electrical datum 
plane shall consist of one of lhc following: 

(1) In land arca"l su�cct to tidal fluctuation, the electrical 
datum plane shall be a horizontal plane f>OO mm (2 ft) 
above the highest tide level for the area occurring under 
normal circumstances, ihat is, highest high tide. 

(2) In land arca"l not su�ect to tidal fluctuation, the electri
cal datum plane !!hall be a horizontal plane f>OO mm (2 ft) 
above lhc highest 'water level for the area occurring 
under normal Circumstances. 

(3) In land areas su�cct to flooding, lhc electrical datum 
plane balled on ( 1 )  or (2) above shall be a horizontal 
plane 600 mm (2 ft) above the point identified a"l lhc 
prevailing high water mark or an equivalent benchmark 
based on sca"lonal or storm-driven flooding from lhc 
authority ha\ingjurisdiction. 

The electrical datum plane for floating structures and land
ing stages lhat arc (a) installed to permit rise and fall response 
to water level, without lateral movement, and (b) that arc so 
equipped that lhcy can rise to dtc datum plane established for 
(1) or (2) above, shall be a horizontal plane 750 mm (30 in.) 
above lhc water level at lhc floating structure or landing stage 
and a minimum of 300 mm (12 in.) above lhc level of dtc deck. 

Part II. Installation 

682.10 Electrical Equipment and Transformers. Electrical 
cquipmcm and transformers, including their enclosures, shall 
be specifically approved for the intended location. 1'\o portion 
of an enclosure for electrical cquipmcm not identified for 
operation while submerged shall be located below the electri
cal datum plane. 

682.11 Location of Electrical Distribution Equipment. On 
land, lhc equipment scning feeders shall comply "ilh one of 
the follo"ing: 

(1) Be located no closer than 1 .5 m (5 ft) horizontally from 
the shoreline, and live part"l of the equipment arc elc\'a
tcd a minimum of 300 mm (12 in.) above the electrical 
datum plane 

(2) Be located no closer than the shoreline, and live part"l of 
the equipment arc located a minimum of 3 m (10 ft) 
above the electrical datum plane 

682.12 Electrical Connections. Electrical connections shall 
complp\ith 682.12(A) or (B). 
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ARTICLE 682 - :"'ATt:RAL AND ARTIFICIALLY �lADE BODIES OF WATER 682.32 

(A) General. All electrical connections not imcndcd for oper
ation while submerged shall be located at lcao;t 300 mm (12 in.) 
above the deck of a floating or fixed structure but not below 
the electrical datum plane on fixed structures. C..onductor spli
ces, within junction boxes identified for wet locations, using 
scaled "ire connector systems listed and identified for submer
sion shall be required

. 
for floating structures where located 

above the waterline but below the electrical datum plane. 

(B) Replacements. Rcplaccmcm electrical connections loca
ted below the electrical datum plane shall be identified for 
submersion. 

682.13 Wuing Methods and Installation. Wiring mcdtodo; and 
installation shall comply "ith 682.13(A) duough (C). 

(A) Wuing Methods. Wiring mcthodo; suitable for usc in wet 
locations that include an insulated cquipmcm grounding 
conductor shall be permitted. 

(B) Portable Power Cables. Extra-hard usage portable power 
cables dtat contain an insulated equipment grounding conduc
tor rated not less than 75°C (167°F) and 600 volts shall be 
permitted ao; follows: 

(1)  Ao; pcrmancm \\iring on the underside of piers (floating 
or fixed) 

(2) \\'here flexibility is necessary ao; on piers composed of 
floating sections 

(C) Submersible or Floating Equipment Power Connection(s). 
Submersible or floating cquipmcm shall be cord-and plug
connected, using extra-hard usage cord, ao; designated in Table 
400.4 and listed with a M\\-� sullix. 

682.14 Disconnecting Means. A disconnecting means shall be 
prm-idcd to isolate each submersible or floating electrical 
cquipmcm from its supply conncction(s) without requiring the 
plug to be removed from the receptacle. Plug and receptacle 
combinations shall be arranged to be suitable for the location 
while in usc. 

Exception: Equipment listtd for direct conntction and ttquipment anch-
011'4 in Jllact and incapable of routine movement caused b)• water 
cunmts m· wind slwU be Jmmitted to be collfli'Cted using wi1ing meth-
ods covered in 682. 13. 

· 

(A) Type and Marking. The disconnecting means shall consist 
of a circuit breaker, a switch, or both, and shall be specifically 
marked to designate which receptacle or other oudct it 
comrols. 

(B) Location. The disconnecting means shall be readily acces
sible on land, located not more dtan 750 mm (30 in.) from the 
receptacle it controls, and shall be located in the supply circuit 
ahead of the receptacle. The disconnecting means shall be 
located widtin sight of but not closer dtan 1.5 m (5 ft) from the 
shoreline and shall be elc\"atcd not less than 300 mm ( 1 2  in.) 
above the datum plane. 

682.15 Ground-Fault Protection. The GFCI requirements in 
this article, unlcs.o; othcnvisc noted, shall be in addition to the 
requirement" in 210.8. Ground-fault protective devices shall be 
listed and provided in accordance lvidt 682.15(A) and (B). The 
protective device shall be located not lcs.o; than 300 mm (12 in.) 
above the established electrical datum plane. 

(A) Oudets. Oudcto; supplied by branch circuit" not exceeding 
150 volto; to ground and 60 amperes, singl�phao;c, shall be 
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prm-idcd with ground-fault circuit-imcrruptcr protection for 
personnel. 

(B) Feeder and Branch Circuits on Piers. Feeder and branch
circuit conductors that arc installed on piers shall be provided 
with ground-fault protection not exceeding 30 rnA. Coordina
tion "ith dmmstrcam ground-fault protection shall be permit
ted at the feeder ovcrcurrcm protective dc'l"icc. 

Exception No. 1: Tl-anifm'lner Sl'condmJ conductors of a seJJamtely 
de1ived ac .�ystnn, opemting at voltagts excmling 15 volts ac, that do 
not excml 3 m  ( 10 ji) and llll' installed in a mceway slwU be pmnitted 
to be i1utalled witlwut groundfault prottction. Thi� excq1tion slwU 
al�o aptJ�V to the suJJjl�}· terminals of the tquip1nent suJJjllied b)· the 
tmn.ifonnet· secondmJ conductm:�. 

Exception No. 2: Low-voltagt cirruits not Jl'quiling gmunding, not 
t'XCI!tding the lmu·voltage contact limit as defined in A1·ticle 100, and 
.mpplitd b)· li�ttd tmn.ifonnm m· pmuer suJJjllies that comJI�V with 
680.23(A)(2) shall be Jmmitll'4 to be installed withmtt gmundfault 
pmttction. 

Part ID. Groun� and Bonding 

682.30 Gro�ding. Wiring and equipment within the scope of 
this article shall be grounded ao; specified in 555.37, 555.54, 
and the requirement" in Part III of dtis article. 

682 .• 31 Equipment Grounding Conductors. 

(A) Equipment to Be Connected to Equipment Grounding 
Conductor. The follmving shall be connected to an cquipmcm 
grounding conductor run l\idt the circuit conductors in the 
same racc\\"ay, cable, or trench: 

( 1 )  �Ictal boxes, metal cabincto;, and all other metal enclo-
sures 

(2) �Ictal frames of utilization cquipmcm 
(3) Grounding terminals of grounding-type receptacles 

(B) Type. Equipmcm grounding conductors shall be insulated 
copper conductors sized in accordance "ith 250.122 but not 
smaller than 12 AWG. 

(C) Feeders. Where a feeder supplies a remote panelboard or 
other distribution equipment, an insulated cquipmcm ground
ing conductor shall extend from a grounding terminal in the 
scnicc to a grounding terminal and busbar in the remote 
panelboard or other distribution equipment. 

(D) Branch Circuits. The insulated cquipmcm grounding 
conductor for branch circuit" shall terminate at a grounding 
tcnninal in a remote panelboard or other distribution equip
ment or the grounding tcnninal in the main service equip
ment. 

(E) Cord-and-Plug-Connected Appliances. Unlcs.o; double insu
lated, cord""'nd-plug-conncctcd appliances shall be grounded 
by means of an cquipmcm grounding conductor in the cord 
and a grounding-type attachmcm plug. 

Exception: An equipment gmunding conductm· shaU be pmnitted to be 
unin.mlattd if the EGC is pa1·t of a li�ttd cable a.�semb�v idrotijitd fm· 
tht envimmnent and 1wt subject to envimmnrots such as, but not limi
ted to, sto1m water basin�, sewagt tJ"t'atment ponds, and natw-al bodies 
of water containing salt. 

682.32 Bonding of Non-Current-Carrying Metal Parts. All 
metal parto; in contact l\ith the \\'atcr, all metal piping, tanks, 
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and all non-current-carrying metal parl"l that arc likely to 
become energized shall be bonded to the grounding terminal 
in the distribution equipment. 

682.33 Equipotential Planes and Bonding of Equipotential 
Planes. An equipotential plane shall be installed where 
required in this section to mitigate step and touch voltages at 
electrical equipment. 

(A) Areas Requiring Equipotential Planes. Equipotential 
planes shall be installed adjacent to all outdoor service equip
ment or disconnecting means that control equipment in or on 
water, that have a metallic enclosure and controls acccs."liblc to 
personnel, and that arc likely to become energized. The equi
potential plane shall cncompa"ls the area around the equip
ment and shall extend from the area directly below the 
equipment out not lcs."l than 900 mm (36 in.) in all directions 
from which a person would be able to stand and come in 
contact "itlt the equipment. 

(B) Areas Not Requiring Equipotential Planes. Equipotential 
planes shall not be required for the controlled equipment 
supplied by the sen-icc equipment or disconnecting means. 

(C) Bonding. 

(1) Bonded Parts. The parl"l specified in 682.33(C) (1)  
through (C) (3) shall be bonded together and to the electrical 
grounding system. Bonding conductors shall be solid copper, 
insulated, covered or bare, and not smaller titan 8 A\VG. 
Connections shall be made by exothermic welding or by listed 
pressure connectors or clamps that arc labeled a"l being suita
ble for the purpose and arc of stainlcs."l steel, bra"ls, copper, or 
copper alloy. 

(2) Outdoor Service Equipment and Disconnects. Outdoor 
sen-icc equipment or disconnecting means that control equip
ment in or on water, that have a metallic enclosure and 
controls acccs."liblc to personnel, and that arc likely to become 
energized shall be bonded to the equipotential plane. 

(3) Walking Surfaces. Surfaces directly below the . equipment 
specified in 682.33(C) (2) but not lcs."l titan 900 mm (36 in.) in 
all directions from the equipment from which a person would 
be able to stand and come in contact l\ith the equipment shall 
be bonded to the equipotential plane . .Bonding to this surface 
shall be \\ire mesh or other conductive elemcnl"l on, embedded 
in, or placed under the walk surface-within 75 mm (3 in.). 

ARTICLE 685 
Integrated Electrical Systems 

Part I. General 

685.1 Scope. This article covers integrated electrical systems, 
other than unit equipment, in which orderly shutdown is 
ncccs."lary to ensure safe operation. An integmted electrical !i)'-�llml 
a"l used in tltis article is a unitized segment of an industrial 
"iring system where all of the follm\ing conditions arc met: 

(1) An orderly shutdown is required to minimize personnel 
hazard and equipment damage. 
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(2) The conditions of maintenance and supervision ensure 
that qualified persons sen-icc the system. The namc(s) of 
the qualified person(s) shall be kept in a permanent 
record at the office of tltc establishment in charge of the 
completed installation. 
A person designated a"l a qualified person shall pos."lcs."l 
the skills and knowledge related to tltc construction and 
operation of the electrical equipment and installation 
and shall have received documented safety training on 
the hazard"l involved. Documentation of their qualifica
tions shall be on file "itlt the office of the establishment 
in charge of the completed installation. 

(3) Effective safeguard'! approved by the authority ha�ing 
jurisdiction arc established and maintained. 

685.3 Application of Other Articles. The articles/sections in 
Table 685.3 apply to particular ca"les of installation of conduc
tors and equipment, where there arc orderly shutdown rcquirc
mcnl"l that arc in addition to those of this article or arc 
modifications of them. 

Part II. Orderly Shutdown 

685.10 Location of -Overcurrent Devices in or on Premises. 
Location of ovcriurrent dc\iccs that arc critical to integrated 
electrical systems shall be permitted to be acccs."liblc, with 
mounting height"l permitted to ensure security from operation 
by unqualified personnel. 

685.12 Direct-Current System Grounding. Two-l\irc de circuit"l 
shall be permitted to be ungrounded. 

685.14 Ungrounded Control Circuits. \\'here operational 
continuity is required, control circuit"l of 150 volt"l or lcs."l from 
separately derived systems shall be permitted to be ungroun
ded. 

Table 685.3 Application of Other Articles 

Conductor /Equipment 

More than one building or 
other structure 

Ground-fault protection of 
equipment 

Protection of conductors 
Elecuical system coordination 
Ground-fault protection of 

equipment 
Grounding ac systems of 

50 voiL"l to Jes."l than 
lOOO ,·oiL"l 

Equipment protection 
Orderly shutdown 
Disconnection 
Disconnecting means in sight 

from controller 
Energy from more than one 

source 
Disconnecting mean."l 
Cninten-uptible power 

supplies (UPS) 
Point of connection 

Section 

225, Part II 

230.95, Exception 

210.4 
240.12 

240.13(1) 

250.21 

427.22 
430.44 

430.75, Exception :'\os. 1 and 2 
430.102(A), Exception :"'o. 2 

130.1 13, Exception :"'os. 1 and 2 

645.10, Exception 
645.1 1  (1) 

705.12 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.7 

ARTICLE 690 
Solar Photovoltaic (PV) Systems 

Part I. General 

690.1 Scope. This article applies to solar PV systems, other 
than those covered by Article 691,  including the array 
circuit(s), invcrtcr(s), and controllcr(s) for such systems. The 
systems covered by this article include those interactive with 
other electric power production sources or stand-alone, or 
both. These PV systems may have ac or de output for utiliza
tion. 

Informational :'\ote l'o. 1: See lnfmmational Note Figure 690.1. 

Informational l'ote l'o. 2: Article 691 covers the installation of 
large-scale PV electric supply stations. 

PV string circuit or 
PV source circuit 

0 
Solar cells Module 

-

-

� \ ���§ 
\ 

PV string circuit or 
PV source circuit 

PV source circuit 

DC combiner \ 
- -

'---

� � 
PV string circuit or 
�V source circuit 

To 
other 
equipment 

Informational Note Fagure 690.1 Wustration of PV System 
DC Circuits and PV System Components in a Typical PV 
Installation. 
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690.4 General Requirements. 

(A) PV Systems. PV systems shall be permitted to supply a 
building or other structure in addition to any other electrical 
supply systcm(s) . 

(B) Equipment. Electronic power converters, motor genera
tors, PV modules, ac modules and ac module systems, de 
combiners, PV rapid shutdown equipment (PVRSE) , PV hazard 
control equipment (P\1-ICE), PV hazard control systems 
(P\1-ICA'i), de circuit controllers, and charge controllers inten
ded for usc in PV systems shall be listed or be c\'aluatcd for the 
application and ha�c a field label applied. 

(C) Qualified Personnel. The installation of equipment, a'iso
ciatcd wiring, and interconnections shall be performed only by 
qualified persons. 

(D) Multiple PV Systems. Multiple PV systems shall be permit
ted to be installed in or on a single building or structure. 
\\-'here the PV systems arc remdlely located from each other, a 
directory in accordance with 705.10 shall be provided at each 
PV system disconnecting_ means. 

(E) Locations NOt Permiued. PV system equipment and 
disconnecting means shall not be installed in bathrooms. 

(F) Electronic. Power Converters Mounted in Not Readily 
Accessible Locations. Electronic power converters and their 
a'isociatcd dc,iccs shall be permitted to be mounted on roo('i 
or other arca'i that arc not readily accessible. Disconnecting 
means shall be installed in accordance "ith 690.15. 

(G) PV Equipment Floating on Bodies of Water. PV equip
ment floating on or attached to structures floating on bodies of 
water shall be identified a'i being suitable for the purpose and 
shall utilize wiring methods that allow for any expected move
ment of the equipment. 

Informational Note: PV equipment in these installation• are 
often su�ject to increased level• of hmnidity, corrosion, and 
mechanical and suuctural stres.�. Expected movement of 
floating PV arrays i• often included in the structural design. 

690.6 Alternating-Current (ac) Modules and Systems. 

(A) Photovoltaic Source Circuits. The requirement., of Arti
cle 690 pertaining to PV source circuit'i shall not apply to ac 
modules or ac module systems. The PV source circuit, conduc
tors, and inverters shall ·be considered a'i internal componcnt'i 
of an ac module or ac module system. 

(B) Output Circuit. The output of an ac module or ac module 
system shall be considered an inverter output circuit. 

Part D. Circuit Requirements 

690.7 Maximum Voltage. The maximum voltage shall be used 
to determine the voltage and voltage to ground of circuit'i in 
the application of this \..ode. �(aximum voltage shall be used for 
conductors, cables, equipment, working space, and other appli
cations where voltage limit'i and ratings arc used. The maxi
mum voltage of PV system de circuit'i shall be the highest 
voltage between any two conductors of a circuit or any conduc
tor and ground and shall comply "ith the follo"ing: 
(1)  PV system de circuit'i shall not cxcccd lOOO volts within or 

originating from arrays located on or attached to build
ings and PV system de circuit'i inside buildings. 
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690.7 ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 

(2) PV system de circuit"l shall not exceed 600 volt"l on or in 
one- and two-family dwellings. 

(3) PV system de circuit"l exceeding 1000 volt"l shall comply 
with 690.31 (G). 

(A) Photovoltaic Source Circuits. The maximum de voltage 
for a PV source circuit shall he calculated in accordance with 
one of the follo"ing method"l: 

(1) 

(2) 

(3) 

The sum of the PV module-rated open-circuit voltage of 
the series-connected modules in the PV string circuit 
corrected for the lowest expected ambiem temperature 
using the open-circuit voltage temperature coefficient"l in 
accordance "idt the instructions included in dte listing or 
laheling of the module 
For crystalline and multicrystalline silicon modules, the 
sum of the PV modulc-rat�d open-circuit voltage of the 
series-connected modules in dte PV string circuit correc
ted for the lowest expected ambiem temperature using 
the correction factors prmided in Table 690.7(A) 
For PV systems with an inverter generating capacity of 
100 kW or greater, a documemecl and stamped PV system 
design, using an industry standard method maximum 
voltage calculation prmidecl by a licensed profcs."lional 
electrical engineer 

Informational Note :'\o. I: One source for lowest-expected, 
ambient temperature design data for \<tlim�• locations dte chap
ter tided "Extreme Annual Mean Minimum Design Dry Bulb 
Temperature" found in me ASH/lAE Handbook - Fundammtal•. 
20li. These tempe1<tture data can be lL"led to calculate maxi
mum n>ltage. 

Informational Note :'\o. 2: See SAND 2004-3535, Plwlovnltaic 
ArmJ Performana '"lodl'/, for one indtL•try standard medtod for 
calculating maximum \'Ohage of a PV system. 

(B) DCto-DC Converter Circuits. In PV de-to-de converter 
circuit"l, dte maximum voltage shall he calculated in accord
ance l�ith 690.7(8) (1)  or (B) (2). 

(1) Single DCto-DC Converter. For circuit"l connected to the 
output of a single etc-to-de converter, the maximum voltage 
shall be determined in accordance "idt dte instructions inclu
ded in the listing or laheling of dte de-to-de converter. If the 

Table 690.7(A) Voltage Correction Factors for Crystalline and 
Multicrystalline Silicon Modules 

Correction Factors for Ambient Temperatures Below 25•c (77.F). 
(Multiply the rated open-dn:uit voltage by the appropriate 

correction factor shown below.) 

Ambient Ambient Temperature 
Temperature (0C) Factor (OF) 

24 to 20 1.02 76 to 68 
19 to 15 1.04 67 to 59 
14 to 10 1.06 58 to 50 
9 to 5 1.08 49 to 41 
4 to 0 1.10 40 to 32 

-I to -5 1.12 31 to 23 
-6 to -10 1.14 22 to 14 

-I I to -15 1 .16 13 to 5  
-16 to -20 1.18 4 to -4 
-21 to -25 1.20 -5 to -13 
-26 to -30 1.21 -14 to -22 
-31 to -35 1.23 -23 to-31 
-36 to -40 1 .25 -32 to -40 
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instructions clo not prmide a method to determine the maxi
mum voltage, the maximum voltage shall he the maximum 
rated voltage output of the clc-to-dc converter. 

(2) Two or More Series-Connected DCto-DC Converters. For 
circuit"l connected to the output of two or more series
connected dc-to-clc converters, the maximum voltage shall he 
determined in accordance "idt the instructions inducted in the 
listing or labeling of the dc-to-clc converter. If the instructions 
do not provide a method to determine the maximum voltage, 
the maximum voltage shall be dte sum of the maximum rated 
voltage output of the de-to-de converters in series. 

(C) Bipolar PV Source Circuits. For monopole subarrays in 
bipolar systems, the maximum voltage shall be the highest volt
age hetween the monopole circuit conductors where one 
conductor of the monopole circuit is connected to the func
tionally grounded reference. To prevem overvoltage in the 
evem of a ground fault or arc fault, the monopole circuits shall 
be isolated from ground. 

(D) Marking DC PV Circuits. A permanem readily visible lahel 
indicating the highest maximum de voltage in a PV system, 
calculated in accordance with 690.7, shall he provided by the 
installer at one of the following locations: 

(1)  DC PV system disconnecting means 
(2) PV system electronic power conversion cquipmcm 
(3) Distribution cquipmcm a"l."lociatcd with the PV system 

690.8 Ckcuit Sizing and Current. 

(A) Calculation of Maximum Circuit Current. The maximum 
current for the specific circuit shall he calculated in accordance 
with one of dte methods in 690.8(A) ( I )  or (A) (2). 

(1) PV System Circuits. The maximum currem shall he calcu
lated in accordance l�ith 690.8(A) (1) (a) through (A) ( I )  (c). 

(a) Plwtovoltaic Source Cin:uit Currents The maximum 
currcm shall he a"l calculated in either of the following: 

(1)  The maximum currcm shall he the sum of the short
circuit currcm ratings of the PV modules connected in 
parallel multiplied by 125 percent. 

(2) For PV systems with an inverter generating capacity of 
100 kW or greater, a documemccl and stamped PV system 
design, using an industry standard method maximum 
current calculation prmided by a licensed profcs."lional 
electrical engineer, shall he permitted. The calculated 
maximum currcm value shall he ba"lCd on dtc highest 3-
hour current average resulting from the simulated local 
irracliancc on dte PV array accounting for ele\'ation and 
orientation. The current l-'aluc tL"lccl bv this method shall 
not he less than 70 pcrcclll of the l-'al�c calculated using 
690.8(A) (1)  (a) (1) .  

Informational :"!ole: Sec SAND 2004-3535, Plwtovoltaic 
Array Pelformana Mode� for one indtL"ltry standard method for 
calculating maximum currcm of a PV system. This model is 
tL"lCd by the System Advisor Model simulation program prmi
clcd by dte National Rcnc"'ablc Energy Laboratory. 

(b) PV DC-to-DC \..onverter Circuit Cumml. The maximum 
current shall be the sum of parallel conncctccl clc-to-clc 
converter continuous output current ratings. 

(c) Tnverter OutJJUl Circuit Cun"P-nl. The maximum currcm 
shall he the inverter continuotL"l output currcm rating. 

Informational l'ote: Modules mat can produce electricity when 
exposed to light on multiple surfaces are labeled \\ith applicable 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.9 

short-circuit cun-enl�. Additional guidance is prmided in the 
instructions included \\lth the listing. 

(2) Circuits Connected to the Input of Electronic Power 
Converters. \\'here a circuit is protected with an ovcrcurrcnt 
device not exceeding the conductor ampacity, the maximum 
current shall be permitted to be the rated input current of the 
electronic power converter input to which it is connected. 

(B) Conductor Ampacity. Circuit conductors shall have an 
ampacity not lcs.'i than the larger of 690.8(B) ( 1 )  or (B)(2). 

(1) Without Adjusbnent and Correction Factors. The mini
mum conductor size with an ampacity not less than the maxi
mum currcnt'i calculated in 690.8(A) multiplied by 
125 percent. 

Exception: Cin:uits containing an a.f!imlb�}� together with its oven:ur
nmt droiu(f), that is Lifted fm· continuouf operation at 100 percent of 
its rating shall be pemtitll'.d to be used at 100 pm:ent of its mting. 

(2) With Adjusbnent and Correction Factors. The maximum 
currcnt'i calculated in 690.8(A) with adjustment and correction 
factors. 

(C) Systems with Multiple Direct-Current Voltages. For a 
PV power source that ha'i multiple output circuit voltages and 
employs a common-return conductor, the ampacity of the 
common-return conductor shall not be lcs.'i than the sum of the 
ampere ratings of the ovcrcurrcnt devices of the individual 
output circuit'i. 

(D) Multiple PV String Circuits. \\"bcrc an ovcrcurrcnt device 
is tl'iCd to protect more than one set of parallel-connected PV 
string circuit'i, the ampacity of each conductor protected by the 
device shall not be lcs.'i than the sum of the follo"ing: 

(1) The rating of the ovcrcurrcnt device 
(2) The sum of the maximum currcnt'i a'i calculated in 

690.8(A) (1)  (a) for the other parallel-connected PV string 
circuit'i protected by the ovcrcurrcnt dc\-icc 

690.9 Overcurrent Protection. 

(A) Circuits and Equipment. PV system de circuit and inverter 
output conductors and equipment shall be ·protected against 
ovcrcurrcnt. Circuit'i sized in accordance ,\ith 690.8(A) (2) arc 
required to be protected against ovcrcurrcnt with ovcrcurrcnt 
protective dc\iccs. Each circuit shall be protected from over
current in accordance "idt 690;9(A) (1) ,  (A) (2), or (A) (3). 

(1) Circuits Where Overcurrent Protection Not Required. 
Ovcrcurrcnt protective devices shall not be required where 
both of the following conditions arc met: 

(1) The conductors have sullicicnt ampacity for the maxi
mum circuit current. 

(2) The currcnt'i from all sources do not exceed dtc maxi
mum ovcrcurrcnt protective device rating specified for 
the PV module or electronic power converter. 

(2) Circuits Where Overcurrent Protection is Required on One 
End. A circuit conductor connected at one end to a current
limited supply, where dtc conductor is rated for the maximum 
circuit current from dtat supply, and also connected to sources 
haling an available maximum circuit current greater dtan the 
ampacity of dtc conductor, shall be protected from ovcrcurrcnt 
at the point of connection to dtc higher current source. 

Informational :'\ote: Photovohaic system de circuil� and elec
tronic power com-ener ontpul� powered by these circuil� are 
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current-limited and in some ca� do not need m·ercurrent 
protection. \\1tere dtese circuil� are connected to higher 
current sources, such a� parallel-connected PV system de 
circuil�. energy storage systems, or a utility senice, me overcur
rent device i� often installed at the higher current source end of 
the circuit conductor. 

(3) Other Circuits. Circuit'i that do not comply l\ith 690.9(A) 
(1)  or (A) (2) shall be protected "ith one of the follo"ing 
mcthocl'i: 

(1)  \..onductors not greater than 3 m (10 ft) in length and 
not in buildings, protected from ovcrcurrcnt on one end 

(2) \..onductors not greater than 3 m  (10 ft) in lcngdt and in 
buildings, protected from ovcrcurrcnt on one end and in 
a raceway or metal clad cable 

(3) Conductors protected from ovcrcurrcnt on both ends 
(4) Conductors not installed on or in buildings arc permitted 

to be protected from ovcrcurrcnt on one end of the 
circuit where the circuit complies "ith all of dtc follo"ing 
conditions: 

a. The conductors arc installed in metal raccwavs or 
metal-clad cables; or installed in enclosed metal �able 
trays, or t�tderground, or where dirccdy entering pad
mounted enclosures. 

b. The conductors for each circuit terminate on one end 
at a !lingle circuit breaker or a single set of fuses that 
limit the current to the ampacity of the conductors. 

c. The ovcrcurrcnt dc\-icc for the conductors is an inte
gral part of a disconnecting means or shall be located 
"ithin 3 m (10 ft) of conductor length of dtc discon
necting means. 

d. The disconnecting means for the conductors is instal
led out'iidc of a building, or at a readily acccs.'iiblc 
location nearest dtc point of entrance of the conduc
tors inside of a building, including installations 
complying with 230.6. 

(B) Device Ratings. Ovcrcurrcnt devices used in PV source 
circuit'i shall be listed for tl'iC in PV systems. Electronic devices 
that arc listed to prevent backfccd current in PV system 
de circuit'i shall be permitted to prevent ovcrcurrcnt of conduc
tors on the PV array side of the dc\icc. Ovcrcurrcnt devices, 
where required, shail be rated in accordance "idt one of the 
following and permitted to be rounded up to the next higher 
standard size in accordance with 240.4(8): 

(1) Ovcrcurrcnt dc\-iccs shall be rated not less than 
125 percent of the maximum currcnt'i calculated in 
690.8(A). 

(2) An a'i.'iCmbly, together with its ovcrcurrcnt dcvicc(s) , that 
is listed for continuotl'i operation at 100 percent of it'i 
rating shall be permitted to be used at 100 percent of it'i 
rating. 

Informational l'ote: Some electronic de�ices pre\-ent backfeed 
current, which in some ca� is me onlv source of m-ercurrent in 
PV system de circuiL�. 

· 

(C) PV System DC Circuits. A single ovcrcurrcnt protective 
dc\icc, where required, shall be permitted to protect the PV 
modules, de-to-de converters, and conductors of each circuit. 
\\onere single ovcrcurrcnt protection dc\-iccs arc used to 
protect circuit'i, all ovcrcurrcnt devices shall be placed in the 
same polarity for all circuit'i l\ithin a PV system. The ovcrcur
rcnt devices shall be acccs.'iiblc but shall not be required to be 
readily acccs.'iiblc. 
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690.9 ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 

Informational :'\ote: Due to improved ground-fault protection 
required in PV system.• by 690.41 (8), a single overcurrent 
protecth·e device in either the positi\'e or negath>e conductors of 
a PV system in combination with this ground-fault protection 
pro\"ides adequate m>ercurrent protection. 

(D) Transformers. Ovcrcurrcnt protection for power trans
formers shall be installed in accordance "ith 705.30(F). 

Exception: A puwer transformel· with a cunlmt rating on the side 
conntcted toward the interactive inverter outJJUt, not less than the rated 
continuous outJJUt cun-ent of the inverte1; shall be pe,.mitted zuithout 
overcunmt pmttction fivm the invnte1: 

690.11 Arc-Fault Circuit Protection (de). Photovoltaic systems 
with PV system de circuit"l operating at 80 volt"l de or greater 
between any two conductors shall be protected by a listed PV 
arc-fault circuit interrupter or odtcr system componcnl"l listed 
to prmidc equivalent protection. The system shall detect and 
interrupt arcing fault"l resulting from a failure in the intended 
continuity of a conductor, connection, module, or other system 
component in the PV system de circuit"l. 

Exception: PV .�_vstem de circuits that utiliu metal-clad cables, all' 
installed in metal raceways m· enclosed metal cable trays, or ml' under
JPW1ul shall be pn·mitted without aJT:fault cin:uit pmttction if the 
installation complits with at least one of the following: 

(1) 
(2) 

The PV !i)"Stem de circuits all' not installed in or on buildings. 
The PV !i"fStem de ciJT:uits all' locattd in m· on detadv.d .�tructwf!S 
w!to.'il' sole purpo.'il' is to .mJJjJort or contain PV systro1 equipment. 

690.12 Rapid Shutdown of PV Systems on Buildings. PV 
system circuit"l installed on or in buildings shall include a rapid 
shuldmm function to reduce shock hazard for firefighters in 
accordance "id1 690.12(A) through (D). 

Exception No. 1: Gmund-mounttd PV systro1 cin:uits that enter build
ings, of which the sole pmpose is to house PV !i)'-�tem tquiJnnent, .�!tall 
not be 11'-f[Uitl'.d to comJI�l' with 690. 12. 

Exception No. 2: PV equipment and circuits i1utalled on 71blltlllclosed 
dttac/red stnU:tUif!S i1u:luding but not /imittd to pm-king shade struc
tUif!S, ca7fJmts, solar tlf!Uists, and .�imilar structure.f shall not be 
ll!qUiJf!d to comply zuith 690.12. 

Informational Note: E.xceptions for rdpid shu�down are inten
ded to be consistent "ith building and fire codes that have limi
tations a.• to the types of buildings on which firefighters typically 
perform rooftop operdtions. 

(A) ControUed Conductors. �quircmcnl"l for controlled 
conductors shall apply to the following: 
(1) PV system de circuit"l 
(2) lnvc.rtcr output circuit"l originating from inverters located 

"ithin the array boundary 

Informational :'\ote: The rapid shutdmm function reduces the 
risk of electrical shock that de circuits in a PV system could pose 
for firefighters. The ac output conductors from PV systems that 
include i1weners \\ill either be de-energized after shutdmm 
initiation or \\ill remain energized by other sources such a.• a 
utility senice. To pre\>ent PV arrays \\ith auached inveners from 
ha\ing energized ac conductors \\ithin the PV array(s), those 
circuiL• are also specifically conLrolled after shutdmm initiation. 

Exception: PV !i)'-�tem cil"cuits migi1mting wit/tin m· fivm an1lJ'S not 
attadred to buildings that tenni1wte on the extt!ior of buildings and PV 
systro1 cil"cuits imtaliP.d in arcordmu:e with 230.6 shall not be con.�d
elf!d contmlled cmultu:tm-s for the pu,.posts of 690. 12. 
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(B) ControUed Limits. The tL"lC of the term armJ' boundary in 
this section is defined a"l 305 mm (I ft) from the array in all 
directions. Controlled conductors out"lidc the array boundary 
shall comply l\ith 690.12(8) (1)  and inside dtc array boundary 
shall comply with 690.12(8) (2). Equipment and systems shall 
be permitted to meet the rcquircmcnl"l of born inside and 
out"lidc the array a"l defined by the manufacturer's instructions 
included "id1 the listing. 

· 

(1) Outside the Array Boundary. Controlled conductors loca
ted out"lidc the boundary or more than I m (3 ft) from the 
poim of entry inside a building shall be limited to not more 
than 30 volt"l within 30 scconcl"l of rapid shutdmm initiation. 
Voltage shall be mca"lurcd between any two conductors and 
between any conductor and ground. 

(2) Inside the Array Boundary. The PV system shall comply 
"ith one of dtc follo"ing: 
(1) The PV system shall provide shock hazard control for fire

fighters through the usc of a PVHCS installed in accord
ance with the instructions included with the listing or 
field labeling. \\'bcrc a fVHCS requires initiation to tran
sition to a controlled state, the rapid shutdown initiation 
device required in 690.1 2(C) shall pcrfonn this initiation. 

Informational �Ote Jl>o. 1: A li•ted or field-labeled PVHC'i i• 
compri."led of either an indi'"idual piece of equipment that 
fulfills the rieces..ary functions or multiple pieces of equipment 
coordinated to perfonn the functions a.• described in the instal
lation in.•tructions to reduce the risk of electric shock hazard 
"ithin a damaged PV an-ay for firefighters. See t:L 3741,  Plwtr>
voltair Hawrd Control. 

(2) · The PV system shall provide shock hazard control for fire
fighters by limiting the highest voltage inside cquipmcm 
or between any two conductors of a circuit or any conduc
tor and ground inside array boundary to not more than 
80 volt"l "ithin 30 sccond"l of rapid shutdown initiation. 

lnformational l'ote l'o. 2: Common method• include the U."le of 
PV equipment \\ith a limited maximum mltage of 80 miL• a.• 
determined by 690.7, PVRSE, PVHCE, or any combination of 
these. 

(C) Initiation Device. Where circuit"l identified in 690.12(A) 
arc required to meet dtc rcquircmcnl"l in 690.12(8), an initia
tion dcvicc(s) shall be provided and shall initiate the rapid 
shutdown function. The dc\icc's Moll" position shall indicate 
that the rapid shuldmm function ha"l been initiated for all PV 
systems connected to that device. For one-and two-fumily dwell
ings, an initiation dc'l-icc(s), where required, shall be located at 
a readily acccs."liblc outdoor location. 

For a single PV system, the rapid shutdown initiation shall 
occur by the operation of any single initiation device. Dc\ices 
shall consist of at lca"lt one or more of the follo"ing: 
(1)  Service disconnecting means 
(2) PV system disconnecting means 
(3) Readily acccs."liblc s"itch dtat plainly indicates whether it 

is in dtc Moll" or Kon" position 

\\'bcrc multiple PV systems arc installed "ith rapid shutdown 
functions on a single service, the initiation dcvicc(s) shall 
consist of not more than six s\\itchcs or six scl"l of circuit break
ers, or a combination of not more than six switches and sct"l of 
circuit breakers, moumcd in a single enclosure, or in a group 
of separate enclosures. These initiation dcvicc(s) shall initiate 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.15 

the rapid shutdown of all PV systems with rapid shutdmm func
tions on that service. 

(D) Buildings with Rapid Shutdown. Buildings with PV systcm'i 
shall have a permanent label located at each sen icc cquipmcm 
location to which the PV systems arc connected or at an 
approved readily \isiblc location and shall indicate the location 
of rapid shutdown initiation devices. The label shall include a 
simple diagram of a building with a roof and shall include the 
follo"ing worcl'i: 

SOLAR PV SYSTEM IS EQUIPPED "'1TH RAPID SHCT
D0\\'1\. 

TURN RAPID SHUTDOWN SWITCH TO THE "OFF" POSI
TIO:"' TO SHUT DO\\'N 

PV SYSTEM Al'\D REDUCE SHOCK HAZARD IN ARRAY. 

The title KSOLAR PV SYSTEM IS EQUIPPED "'1TH RAPID 
SHUTDO\\'N" shall have tl1csc letters capitalized and ha,ing a 

minimum height of9.5 mm (o/,; in.). All text shall be legible 
and contrast the background. 

Informational :'\ote: See lnfmmational Note Figure 690. 12(0). 

(1) Buildings with More Than One Rapid Shutdown 'I)pe. For 
buildings that have PV systems with more than one rapid shut
down type or PV systems with no rapid shutdown, a detailed 
plan \icw diagram of the roof shall be prmidcd sho"ing each 
dilfcrcnt PV system "ith a doucd line around arca'i that remain 
energized after rapid shutdown is initiated. 

(2) Rapid Shutdown Switch. A rapid shutdmm switch shall 
have a label tl1at includes the follo"ing wording located on or 
no more than 1 m (3 ft) from the switch: 

RAPID SHCTD0\\'1\ S\\1TCH FOR SOLAR PV SYSTEM 

The label shall be reflective, with all letters capitalized and 
ha\ing a minimum height of 9.5 mm (o/,; in.) in white on red 
background. 

Part ID. Disconnecting Means 

690.13 Photovoltaic System Disconnecting Means. �leans shall 
be provided to disconnect the PV · system from all "iring 
systems including power systems, encrro' storage systems, and 
utilization cquipmcm and it'i a'i.'iociated premises \\iring. 

SOLAR PV SYSTEM EQUIPPED 
WITH RAPID SHUTDOWN 

TURN RAPID SHUTDOWN 
SWITCH TO THE 

"'FF" POSITION TO 
SHUT DOWN PV SYSTEM 

AND REDUCE 
SHOCK HAZARD 

IN THE ARRAY. 

Informational Note Fagure 690.12(0) Label for Roof
Mounted PV Systems with Rapid Shutdown. 
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(A) Location. 

(1) Readily Accessible. The PV system disconnecting means 
shall be installed at a readily accessible location. 

(2) Enclosure Doors and Covers. Where a disconnecting 
means for circuit.'i operating above 30 volt'i is readily accessible 
to unqualified persons, an enclosure door or hinged cover that 
exposes energized part.'i when open shall have it'i door or cover 
locked or require a tool to be opened. 

(B) Marking. Each PV system disconnecting means shall 
plainly indicate whctl1cr in the open (olf) or dosed (on) posi
tion and be permanently marked KPV SYSTEM DISCONl'\ECf" 
or equivalent. Additional markings shall be permiucd ba'iCd 
upon the specific system configuration. For PV system discon
necting means where the line and load terminals may be ener
gized in tl1c open position, tl1c device shall be marked "ith the 
follo"ing worcl'i or equivalent: 

WARNING 
ELEC1RIC SHOCK HAZARD TERMINALS ON THE UNE 
AND LOAD SIDES, MAY BE ENERGIZED IN THE OPEN 

. POSmON 

The warnil}g sign (s) or label (s) shall comply "ith 1 10.21 (B). 

(C) Maximum_ Number of Disconnects. Each PV system 
disconnecting means shall consist of not more than six s"itches 
or six sets of circuit breakers, or a combination of not more 
than six switches and sct'i of circuit breakers, mounted in a 
single 'enclosure, or in a group of separate enclosures. A single 
PV system disconnecting means shall be permiucd for the 

. combined ac output of one or more inverters or ac modules. 

Informational :'\ote: This requirement does not limit the 
number of PV systems connected to a senice a.'i penniued in 
690.4(0). Thi'i requirement allows up to six disconnecting 
means to disconnect a single PV system. For PV systems where 
all power is converted through interdctive inverters, a dedicated 
circuit breaker, in i05. 12(8) ( 1 ) ,  is an example of a single 
PV system disconnecting means. 

(D) Ratings. The PV system disconnecting means shall have 
ratings suflicicm for the maximum circuit current, available 
fault current, and voltage that is available at the terminals of 
the PV system disconnect. 

(E) Type of Disconnect. The PV system disconnecting means 
shall simultaneously disconnect the PV system conductors that 
arc not solidly grounded from all conductors of other "iring 
systems. The PV system disconnecting means or it'i remote 
operating device or the enclosure providing acccs.'i to the 
disconnecting means shall be capable of being locked in 
accordance \\ith 1 10.25. The PV system disconnecting means 
shall be one of the following: 
( 1 )  A manually operable switch or circuit breaker 
(2) A connector meeting the requirement., of 690.33(0) (1)  

or (D) (3) 
(3) A pull-out switch \\ith the required imcrrupting rating 
(4) A remote-controlled s"itch or circuit breaker that is oper

able locally and opens automatically when control power 
is interrupted 

(5) A dc,icc listed or approved for the imcndcd application 

Informational :'\ote: Circuit breakers marked "line" and "load" 
may not be suitable for backfeed or reverse current. 

690.15 Disconnecting Means for Isolating Photovoltaic Equip
menL Disconnecting means of tl1c type required in 690.15(A) 
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690.15 ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 

shall be prmidcd to disconnect ac PV modules, fuses, etc-to-de 
converters, inverters, and charge controllers from all conduc
tors that arc not solidly grounded. 

(A) Type of Disconnecting Means. \\'here a disconnect is 
required to isolate equipment, the disconnecting means shall 
be one of the follo"ing: 
(1) An equipment disconnecting means in accorclancc with 

690.15(C) 
(2) An isolating dc\-icc ao; part of listed equipment where an 

interlock or similar means prevent-; the opening of the 
isolating de\ icc under load 

(3) For circuit-; with a maximum circuit current of 30 
amperes or lcs.o;, an isolating dc\-icc in accordance with 
690.15(8) 

(B) Isolating Device. An isolating device shall not be required 
to have an interrupting rating. Where an isolating dc\icc is not 
rated for interrupting the circuit current, it shall be marked 
"Do Not Disconnect Under Load" or "='lot for Current Inter
rupting." An isolating device shall not be required to simulta
neously disconnect all currcnt-carl)ing conductors of a circuit. 
The isolating dc'l'icc shall be one of the follo"ing: 
(1) A mating connector meeting the requirement-; of 690.33 

and listed and identified for usc with specific equipment 
(2) A finger-safe fuse holder 
(3) An isolating dc\-icc that requires a tool to place the dc\-icc 

in the open (om position 
(4) An isolating clc'l'icc listed for the intended application 

(C) Equipment Disconnecting Means. Equipment disconnect
ing means shall comply wid1 the following: 
(1) Have ratings sufficient for the maximum circuit current, 

available fault current, and voltage that is available at the 
tcnninals. 

(2) Simultaneously disconnect all currcnt-carl)ing conduc
tors that arc not solidly grounded to dtc circuit to which 
it is connected. 

(3) Be externally operable l\ithout exposing the operator to 
contact l\ith energized part-; and shall indicate whether in 
the open (om or closed (on) position. Where not "ithin 
sight or not widtin 3 m (10 ft) of dte equipment, the 
disconnecting means or ito; rcmQtc operating dc\icc or 
the enclosure prmicling accc!l5 to the disconnecting 
means shall be capable of being locked in accordance 
with 1 10.25. 

(4) Be one of the types in 690.13(E) ( 1 )  through (E)(5). 

Equipment disconnecting means, odtcr than those comply
ing l\ith 690.33, shall be marked in accordance l\ith dtc warn
ing in 690.13(8) if dtc line and load terminals can be 
energized in the open position. 

Informational :'\ote: A common installation prdctice is to termi
nate PV source-side de conductors in the same manner that util
ity source-side ac conductors are generally connected on the 
line side of a dio;c<mnecting means. This practice i• more likely 
to de-energize load-side te1minal•, blades, and fu.o;es when the 
disconnect is in the open position and no energized sources are 
connected to the load side of the disconnect. 

(D) Location and Control. Isolating dc\iccs or equipment 
disconnecting means shall comply l\ith one or more of the 
following: 
( 1) Located "ithin dtc equipment 
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(2) Located in sight from and readily acccs.o;iblc from the 
equipment for those to whom acccs.o; is required 

(3) Lockable in accorclancc with 1 1 0.25 
(4) Prmiclcd "ith remote controls to activate the disconnect

ing means where the remote controls comply wid1 one of 
the following: 
a. The disconnecting means and their controls arc loca

ted within the same equipment. 
b. The disconnecting means is lockable in accordance 

with 1 10.25, and the location of the controls arc 
marked on the disconnecting means. 

Part IV. Wuing Methods and Materials 

690.31 Wuing Methods. 

(A) Wuing Systems. 

(1) Serviceability. \\'here "iring dC\iccs l\ith integral enclo
sures arc used, sufficient length of cable shall be provided to 
facilitate replacement. 

· 

(2) Where Readily Acc;essjble. \\'here not guarded, PV system 
etc circuit conductors operating at voltages greater than 30 volt-; 
that arc readily accessible to unqualified persons shall be instal
lccl in Type �lC cable, in multiconductor jacketed cable, or in 
raceway. 

(3) Conductor Ampacity. The ampacity of 105•c (221 •F) and 
125•c (25i.F) conductors shall be pcnnittcd to be determined 
by Table 690.31 (A) (3) ( 1 ) .  For ambient temperatures greater 
than 3o•c (86.F), the ampacities of these conductors shall be 
corrected in accordance with Table 690.31 (A) (3) (2). 

(4) Special Equipment. In addition to wiring mcthoclo; inclu
ded elsewhere in this \..ode, other \\iring systems specifically 
listed for usc in PV systems shall be pcnnittcd. 

Informational l'ote: See 1 10.14(C) for conductor temperature 
limitations due to te1mination prmi•ions. 

Table 690.31 (A) (3) ( 1) Ampacities of Insulated Conductors 
Rated Up To and Including 2000 Volts, 1os·c Through 12s·c 
(221 •F Through 257•F), Not More Than Three Current
Carrying Conductors in Raceway, Cable, or Earth (Direcdy 
Buried), Based on Ambient Temperature of 3o•c (86•F) 

AWG 

18 
16 
14 
12 
10 
8 
6 
4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

Types 

PVC, CPE, XLPE XLPE, EPDM 
tos·c 12s•c 

15 16 
19 20 
29 31 
36 39 
46 50 
64 69 
81 87 

109 1 18 
129 139 
143 154 
168 181 
193 208 
229 247 
263 284 
301 325 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.31 

Table 690.31(A)(3)(2) Correction Factors 

Temperature Rating of Conductor 

Ambient Temperature tos·c 125•c 
(.C) (221°F) (257°F) 

30 I 
31-35 0.97 0.97 
36-40 0.93 0.95 
41-45 0.89 0.92 
46-50 0.86 0.89 
51-55 0.82 0.86 
56-flO 0.77 0.83 
61-65 0.73 0.79 
6fl-70 0.68 0.76 
71-75 0.63 0.73 
76-80 0.58 0.69 
81-85 0.52 0.65 
86-90 0.45 0.61 
91-95 0.37 0.56 

96-100 0.26 0.51 
101-105 0.46 
106-1 10 0.4 
l l l-115 0.32 
l l6-120 0.23 

(B) Identification and Grouping. 

(1) Conductors of Different Systems. Where not odtcrwisc 
allowed in an equipment's listing, PV system de circuit"l shall 
not occupy dtc same equipment wiring enclosure, cable, or 
raceway as other non-PV systems or inverter output circuit"l 
unless separated from odtcr circuit"l by a barrier or partition. 

Exception: »'hell' all conductm:� m· cabks have an insulation tuting 
equal to at !Pnst the maximum circuit voltage aJJjJlil'.d to any crmductor 
wit/tin tile saliU' wiring IIU't!wd, the following slmU be permittl'd: 

( 1) Multiconductor jacketed cables for nmwte contm� signaling, m· 
powe1�limited circuit� shall be Jnmnitted zuitltin the saliU' wiring 
roclo.�ure, cable, or mcewa}' as PV .�·stem de cnruits where aU 
circuit� serve the PV .�·stem: 

· 

(2) Tnverter output cim�its slmU be flelmitkd ·to occupy the same 
junction box, pull box, m·wimuay wiLh PV !i)'.�tem de cin:uits that 
ant identified mul grou/JI'.d as 1-eipUml by 690.3J(B)(2) and (B) 
(3). 

. 

( 3) PV .rystem de cilruits utilizing mttlticondtu:tm· jacketed cabk m· 
metal-rlad cabk a.'i.wtmblVs m· Listed wi1ing hame.'i.�es identified 
fm· tile application shall be permitted to occupy the saliU' wiring 
method a.� inverter output cimtils mul other non-PV .�ystems. 

(2) Identification. PV system de circuit conductors shall be 
identified at all termination, connection, and splice point"l by 
color coding, marking tape, tagging, or other approved means 
in accordance widt 690.31 (B) (2) (a) and (B) (2) (b). 

Exception: H1ie1'1! the identification of the condtu:tm-s is evident by sJmc
ing or ammgement, fut·t!lt'!· identification slmU 1wt be 11'qui11'd. 

(a) Conductors dtat rely on odtcr than color coding for 
polarity identification shall be identified by an approved 
permanent marking means such as labeling, slccving, or shrink
tubing that is suitable for dtc conductor size. 

(b) The permanent marking means for nonsolidly 
grounded positive conductors shall include imprinted plus 
signs ( +) or the word POSITIVE or POS durably marked on 
insulation of a color other than green, white, or gray. The 
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Ambient Temperature 
(OF) 

86 
87-95 

96-104 
105-1 13 
1 14-122 
123-131 
132-140 
141-149 
150-158 
159-167 
168-176 
177-185 
186-194 
195-203 
204-212 
213-221 
222-230 
231-239 
240-248 

permanent marking means for nonsoliclly grounded negative 
cm�ductors shall include imprinted negative signs (-) or dtc 
word NEGATIVE or NEG durably marked on insulation of a 
rolor odtcr dtan green, white, gray, or red. Only solidly groun
ded PV system de circuit conductors shall be marked in accord
ance l\ith 200.6. 

(3) Grouping. \\"bcrc ac and de conductors of PV systcm"l 
occupy dtc same junction box, pull box, or wircway, the ac and 
de circuit conductors shall be grouped separately by cable tics 
or similar means at lca"lt once and at intervals not to exceed 
1 .8 m (6 ft).  

Exception: The 11'-f[UireliU'nt for gmuJJing shall not aJJjJ{l· if the cin:uit 
rotn-s fivm a cabk m· mcewa_y unique to the circuit that makes the 
gmuJJing obvious. 

(C) Cables. Type PV wire or cable and Type distributed gener
ation (DG) cable shall be listed. 

Informational Note: See UL 4703, Slandard for Plwlnvollair Wire, 
for PV wire and t:L 3003, Dislrihuled C.emrralinn (.abies, for 
DG cable. PV ltire and cable and DG cable ha,·e a nonstandard 
outer diameter. 

(1) Single-Conductor Cable. Single-conductor cables shall 
complp\ith 690.31 (C) (1) (a) through (C) ( 1 ) (c). 

(a) Single-conductor cable in exposed outdoor locations 
in PV system de circuit"l l\ithin dtc PV array shall be permitted 
to be one of dtc follm\ing: 

( 1 )  PV \\ire or cable 
(2) Single-conductor cable marked sunlight resistant and 

Type USE-2 and T}'pc RHW-2 
(b) Exposed cables sized 8 AWG or smaller shall be 

supported and secured at intervals not to exceed f>OO mm 
(24 in.) by cable tics, straps, hangers, or similar fittings listed 
and identified for securement and support in outdoor loca
tions. PV wire or cable shall be permitted in all locations where 
Rffi.Y-2 is permitted. 
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690.31 ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 

PV system-; meeting the requirement-; of 691.4 shall be 
permitted to have support and securement intervals a-; defined 
in the engineered design. 

(c) Exposed cables sized larger than 8 AWG shall be 
supported and secured at intervals not to exceed 1 400 mm 
(54 in.) by cable tics, straps, hangers, or similar fittings listed 
and identified for securement and support in outdoor loca
tions. 

(2) Cable Tray. Single-conductor PV "ire or cable of all sizes 
or distributed generation (DG) cable of all sizes, "itl1 or l\ith
out a cable tray rating, shall be permitted in cable trays 
installed in outdoor locations, prm-iclcd that the cables arc 
supported at intervals not to exceed 300 mm (12 in.) and 
secured at intervals not to exceed 1400 mm (54 in.). 

Where installed in uncovered cable trays, ampacity of single
conductor PV wire smaller than 1/0 AWG, the adjusuncnt 
factors for 1/0 AWG single conductor cable in 392.80(A) (2) 
shall be permitted to be used. 

Where single-conductor PV \\ire smaller than 1/0 AWG is 
installed in ladder ventilated trough cable trays, the follo"ing 
shall apply: 
(1)  All single conductors shall be installed in a single layer. 
(2) Conductors that arc bound together to comprise each 

circuit pair shall be permitted to be installed in other 
than a single layer. 

(3) The sum of diameters of all single conductor cables shall 
not exceed the cable tray widtl1. 

(3) Multiconductor Jacketed Cables. \\'here part of a listed 
PV a-;scmbly, multiconductor jacketed cables shall be installed 
in accordance l\ith dtc included instructions. \\'here not part 
of a listed a'i.-;cmbly, or where not othcn,isc covered in this 
\..ode, multiconductor jacketed cables, including DG cable, shall 
be installed in accordance "itl1 the product listing and shall be 
permitted in PV systems. These cables shall be installed in 
accordance "itl1 the follm\ing: 
(1)  In raceways, where on or in buildings other than rooftops 
(2) Where not in raceways, in accordance "itl1 the follm,ing: 

a. Marked sunlight resistant in exposed outdoor loca
tions 

b. Protected or guarded, where subject to physical 
damage 

c. Closely follow the surface of support structures 
d. Secured at intervals not exceeding 1 .8 m (6 ft) 
c. Secured within 600 mm (24 in.) of mating connectors 

or entering enclosures 
f. Marked direct burial, where buried in the earth 

(4) Flexible Cords and Cables Connected to Tracking 
PV Arrays. Flexible cords and flexible cables, where connected 
to moving part-; of tracking PV arrays, shall comply \\ith Arti
cle 400 and shall be of a type identified a-; a hard scnicc cord 
or portable power cable; they shall be suitable for extra-hard 
usage, listed for outdoor usc, water resistant, and sunlight 
resistant. Allowable ampacitics shall be in accordance with 
400.5. Stranded copper PV wire shall be permitted to be 
conncctccl to moving part-; of tracking PV arrays in accordance 
with the minimum number of strand-; specified in Table 
690.31 (C) (4). 

(5) Flexible, Fme-Stranded Cables. Flexible, fine-stranded 
cables shall be terminated only with terminals, lugs, dcliccs, or 
connectors in accordance "itl1 1 10.14. 
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Table 690.31(C)(4) Minimum PVWire Strands 

PVWire AWG 

1 8  
16-10 

8-4 
2 

I AW\..-1000 MC�I 

Minimum Strands 

17 
19 
49 

130 
259 

(6) Small-Conductor Cables. Single-conductor cables listed for 
outdoor usc that arc sunlight resistant and moisture resistant in 
sizes 16 AWG and 18 AWG shall be permitted for module inter
connections where such cables meet the ampacity require
ment-; of 400.5. Section 310.14 shall be used to determine the 
cable ampacity adjustment and correction factors. 

(D) Direct-Current Circuits on or in Bulldings. Wiring mcth
ocl-; on or in buildings shall comply with the installation 
requirement-; in 690.31 (D) (l) and (D) (2) . 

(1) Metal Raceways and Endosures. \\'here inside buildings, 
PV system de circuit-; dtat exceed 30 volt-; or 8 amperes shall be 
contained in metal raceways, in Type MC metal-clad cable that 
complies l\ith 250.118(A) (10) (b) or (A) ( 10) (c), or in metal 
enclosures. 

Exception: PVIlCS in.�tall�d in accordance with 690.12(8)(2)(1) shall 
be pennit_ted lo be Jmroid�d with or listed fm· us� with nomnetallir mclo
.mre(s), nonmetallic raceway(�), mul cables other than Type MC metal
clad cable(.�), at tile point ofiJmetration of tile swface of the building. 

(2) Marking and Labeling. Unless located and arranged so the 
purpose is evident, the follm,ing "iring method-; and enclo
sures that contain PV system de circuit conductors shall be 
marked with the wording PHOTOVOLTAIC POWER SOURCE 
or SOLAR PV DC CIRCUT by means of permanently affixed 
labels or other approved permanent marking: 
(1)  Exposed raceways, cable trays, and other "iring method-; 
(2) Covers or enclosures of pull boxes and junction boxes 
(3) Conduit bodies in which any of the available conduit 

openings arc unused 

The labels or markings shall be visible after installation. All 
letters shall be capitalized and shall be a minimum height of 
9.5 mm (% in.) in white on a reel background. Labels shall 
appear on every section of the "iring system that is separated 
by enclosures, walls, partitions, ceilings, or floors. Spacing 
between labels or markings, or between a label and a marking, 
shall not be more than 3 m (10 ft) .  Labels required by this 
section shall be suitable for the environment where they arc 
installed. 

(E) Bipolar Photovoltaic Systems. Where the sum, l\ithout 
consideration of polarity, of the voltages of the two monopole 
circuit-; exceed-; the rating of the conductors and connected 
equipment, monopole circuit-; in a bipolar PV system shall be 
physically separated, and the electrical output circuit-; from 
each monopole circuit shall be installed in separate raceways 
until connected to the inverter. The disconnecting means and 
ovcrcurrcnt protective devices for each monopole circuit 
output shall be in separate enclosures. All conductors from 
each separate monopole circuit shall be routed in the same 
raceway. Solidly grounded bipolar PV system-; shall be dearly 
marked with a permanent, legible warning notice indicating 
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ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 690.41 

that dtc disconnection of dtc grounded conductor(s) may 
result in ovcrvoltagc on the cquipmcm. 

Exception: Lifll'n .witrhgear rattd fm· tht maximum voltagt httween 
cirruiLf mul rontaining a J1hy.firal /xurie1· sepamting tile disronntcting 
means for Pm:h monoJJO!e circuit shall ht pmnitttd to ht U.'il'd infttad of 
difronmcting meanf in .w�pamtt nu:losw1's. 

(F) Wuing Methods and Mounting Systems. Roof-moumcd 
PV array mounting systems shall be permitted to be held in 
place with an approved means odtcr man those required by 
1 10.13 and shall utilize wiring mcdlod'i that allow any expected 
movement of dlc array. 

Informational l'ote: E.xpected movement of unattached PV 
anays i• often included in suucturdl calculations. 

(G) Over 1000 Volts DC. Equipment and "iring mcdlod'i 
containing PV system de circuit'i with a maximum voltage 
greater dtan 1000 volts shall comply with the following: 

(1) Shall not be permitted on or in one- and two-family dwell
ings. 

(2) Shall not be permitted widlin buildings containing habit
able rooms. 

(3) \\'here installed on dtc exterior of buildings shall be loca
ted lcs.'i man 3 m (10 ft) above grade. Wiring mcdlod'i 
containing PV system de circuit'i conncctccl to dtis cquip
mcm shall not be permitted to auach to the building 
greater than I 0 m (33 ft) along the building surface from 
the cquipmcm. 

690.32 Component Interconnections. Fittings and connectors 
that arc imcndccl to be concealed at dlc time of on-site a'i..'iCm
bly, where listed for such U.'iC, shall be pcnnittcd for on-site 
imcrconncction of modules or oilier array componcnt'i. Such 
fittings and connectors shall be equal to dtc wiring mcdlod 
employed in insulation, temperature rise, and short<ircuit 
currcm rating, and shall be capable of resisting dlc elfect'i of 
the cmironmcm in which they arc used. 

690.33 Mating Connectors. :\llating connectors, other than 
connectors covered by 690.32, shall comply l\ith 690.33(A) 
through (D). 

(A) Configuration. The mating connector's shall be polarized 
and shall have a configuration that is nonimcrchangcablc widl 
receptacles in oilier electrical system.<� on the premises. 

(B) Guarding. The mating connectors shall be constructed 
and installed so a'i to guard against inadvcrtcm contact widl 
live part'i by persons. 

(C) Type. The mating connectors shall be of dtc latching or 
locking type. :\llating connectors dlat arc readily accessible and 
that arc used in circuit'i operating at over 30 volt'i etc or 15 volt'i 
ac shall require a tool for opening. \\'here mating connectors 
arc not of the identical type and brand, they shall be listed and 
iclcmificd for imcrmatability, a'i dcscribccl in the manufactur
er's instructions. 

(D) Interruption of Circuit. :\llating connectors shall be one of 
the follo"ing: 

(1) Rated for imcrrupting currcm without hazard to dlc 
operator 

(2) A type dtat requires dlc U.'iC of a tool to open and marked 
"Do Not Disconnect Under Load" or "1'\ot for Currcm 
Imcrrupting" 
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(3) Supplied a'i part of listed cquipmcm and used in accorcl
ancc "id1 instructions provided lvith the listed connected 
cquipmcm 

Informational l'ote: Some listed equipment, such as micro
im-erters, are e\-aluated to make use of mating connectors a.• 
disconnect de,ices even though the mating connectors are 
marked a.• "Do :'\ot Disconnect l"nder Load" or ":'\ot for 
Current lntermpting. • 

690.34 Access to Boxes. junction, pull, and oudct boxes loca
ted behind modules or panels shall be so installed dtat dlc 
"iring contained in dlcm can be rcndcrccl accessible dirccdy 
or by displacement of a moclulc(s) or panel(s) secured by 
removable fa'itcncrs and conncctccl by a flexible "iring system. 

Part V. Grounding and Bonding 

690.41 PV System DC Circuit Grounding and Protection. 

(A) PV System DC Circuit Grounding Configurations. One or 
more of the follo"ing !jJ!Stcm configurations shall be employed 
for PV system de circuit'i: 

(1)  2-wirc circuits wid1 one functionally grounded conductor 
(2) Bipolar drcuit'i according to 690.7(C) lvith a functional 

ground reference ( ccmcr tap) 
(3) Circuits itot isolated from dtc grounded inverter output 

circuit 
(4) . Ungrounded circuit'> 
(5) · Solidly grounded circuit'> a'i permitted in 690.41 (B) 
(6) Circuit'> protected by equipment listed and identified for 

the usc 

(B) DC Ground-Fault Detector-Interrupter (GIDI) Protection. 
PV system etc circuit'> dtat exceed 30 volt'i or 8 amperes shall be 
prm-iclcd with GFDI protection meeting dlc rcquircmcms of 
690.41 (8) (1) and (B)(2) to reduce fire hazards. 

Solidly grounded PV source circuit'> with not more dtan two 
modules in parallel and not on or in buildings shall be permit
ted widlout GFDI protection. 

Informational l'ote: :'\ot all i1weners, charge controllers, or dc
t<Hlc com·erters include de GFDI protection. Equipment that 
does not ha\-e GFDI protection often includes the foii<J\\ing 
statement in the manual: "Warning: Thi• unit i• not provided 
\\ith a GFDI delice." 

(1) Ground-Fault Detection. The GFDI dclicc or system shall 
detect ground fault(s) in dtc PV system de circuit'i, including 
any functionally grounded conductors, and be listed for provid
ing GFDI protection. For de-to-de converters not listed a'i 
prm-icling GFDI protection, where rcquirccl, listed GFDI 
protection cquipmcm identified for dlc combination of dlc de
to-de converter and dtc GFDI clc\icc shall be installed to 
protect the circuit. 

Informational Note: Some dc-t<Hlc com-erters \\ithout integral 
GFDI protection on their input (source) side can prevent other 
GFDI protection equipment from properly functioning on 
portions ofPV system de circuiL•. 

(2) Faulted Circuits. The faulted circuit'i shall be comrollccl by 
one of the follo"ing method'>: 

(1)  The current-carrying conductors of the faulted circuit 
shall be automatically disconnected. 
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(2) The dc\-icc providing GFDI protection fed by the faulted 
circuit shall automatically cease to supply power to output 
circuits and interrupt the faulted PV system de circuit'i 
from the ground reference in a functionally grounded 
system. 

(3) Indication of Faults. The GFDI protection equipment shall 
prmidc indication of ground fault'i at a readily accessible loca
tion. 

lnformational l'ote: E.xamples of indication include, but are not 
limited to, the follm\ing: remote indicator light, di•play, moni
tor, signal to a monitored alarm system, or receipt of notification 
by web-ba�d services. 

690.42 Point of PV System DC Circuit Grounding Connection. 

(A) Circuits with GFDI Protection. Circuit'i protected by GFDI 
cquipmcm in accordance with 690.41 (B) shall have any circuit
to-ground connection made by the GFDI equipment. 

(B) Solidly Grounded Circuits. For solidly grounded PV 
system de circuit'i, the grounding connection shall be made 
from any single point on the PV de system to a point in the 
grounding electrode system in 690.47(A). 

690.43 Equipment Grounding and Bonding. Exposed non
currcnt-cartying metal part'i of PV module frames, electrical 
cquipmclll, and conductor enclosures of PV systems shall be 
connected to an equipment grounding conductor in accord
ance with 250.134 or 250.136, regardless of voltage. Equipmclll 
grounding conductors and devices shall comply l\ith 690.43(A) 
through (D). 

(A) Photovoltaic Module Mounting Systems and Devices. Dc\-i
ccs and systems used for mounting PV modules that arc also 
used for bonding module frames shall be listed, labeled, and 
identified for bonding PV modules. 

Informational :'\ote: See UL 2703, Standard fnr Mounting Sy•tems, 
MnunthlJr Droici!S, ClamphtJr/lVtmtinn Droires, and Ground I.fli{S for 
Use ruilll Hat-Piale Pllotouoltaic Moduli'S and Panels for PV Module 
Clamp.•, and t:L 3703, Standard for Solar Trackers. 

(B) Equipment Secured to Grounded Metal Supports. Devices 
listed, labeled, and identified for bonding and grounding the 
metal part'i of PV systems shall be pcrmiucd to bond the equip
ment to grounded metal support'i. Metallic support structures 
shall have identified bonding jumpers connected between sepa
rate metallic sections or shall be· i�lcntificd for cquipmcm 
bonding and shall be connected to the equipment grounding 
conductor. 

(C) Location. Equipment grounding conductors shall be 
permitted to be run separately from dtc PV system conductors 
"ithin the PV array. \\'here PV system circuit conductors leave 
the '"icinity of dtc PV array, equipment grounding conductors 
shall comply "id1 250.134. 

(D) Bonding for Over 250 Volts. The bonding requirement" 
contained in 250.97 shall apply only to solidly grounded 
PV system circuit'i operating over 250 volt'i to ground. 

690.45 Size of Equipment Grounding Conductors. Equipmcm 
grounding conductors for PV system circuit'i shall be sized in 
accordance l\ith 250.122. Where no ovcrcurrcnt protective 
device is used in the circuit, an assumed ovcrcurrcnt dc\-icc 
rated in accordance l\ith 690.9(B) shall be used when appl}'ing 
Table 250.122. 
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Incrca.'iCs in equipment grounding conductor size to addrcs.'i 
voltage drop considerations shall not be required. 

690.47 Grounding Electrode System. 

(A) Buildings or Structures Supporting a PV System. A build
ing or structurc(s) supporting a PV system shall utilize a 
grounding electrode system installed in accordance with 
690.47(8). 

PV array equipment grounding conductors shall be connec
ted to a grounding electrode system in accordance with 
Part VII of Article 250. This connection shall be in addition to 
any other equipment grounding conductor requirement" in 
690.43(C). The PV array equipment grounding conductors 
shall be sized in accordance with 690.45. For specific PV system 
grounding configurations permitted in 690.41 (A), one of the 
follo"ing conditions shall apply: 

(1) For PV systems that arc not solidly grounded, the equip
ment grounding conductor for the output of the 
PV system, where connected to a.'i.'iociatcd distribution 
cquipmcm connected to a grounding electrode system, 
shall be pcnnittcd to be the only connection to ground 
for the system. 

(2) For solidly . grounded PV systems, a.'i permitted in 
690.41 (A) (5), the grounded conductor shall be connec
ted to a grounding electrode system by means of a 
grounding electrode conductor sized in accordance with 
250.166. 

Informational :'\ote: :\·lost PV systems are fw1ctionally gmunded 
ll)'!ltC"m.• rdther than solidly grounded system.• a• defined in thi• 
Ox/e. For functionally gmunded PV systems "ith an interacti\·e 
im-ener output, the ac equipment grow1ding conductor i• 
connected to a'i..ociated gmw1ded ac di•tribution equipment. 
Thi• connection is most often the connection to ground for 
gl'OUnd-fuult pmtection and equipment gl'OUnding of the 
PV arrdy. 

(B) Grounding Electrodes and Grounding Electrode Conduc
tors. Additional grounding electrodes shall be permitted to be 
installed in accordance with 250.52 and 250.54. Grounding 
electrodes shall be permitted to be connected directly to the 
PV module framc(s) or support structure. A grounding elec
trode conductor shall be sized according to 250.66. A support 
structure for a ground-mounted PV array shall be permitted to 
be considered a grounding electrode if it mcct'i the require
ment" of 250.52. PV arrays mounted to buildings shall be 
permitted to usc the metal structural frame of the building if 
the requirement" of 250.68(C) (2) arc met. 

Part VI. Source Connections 

690.56 Identification of Power Sources. Plaques or directories 
shall be installed in accordance "id1 705.10. 

690.59 Connection to Other Sources. PV systems connected to 
other sources shall be installed in accordance "ith Part'i I and 
II of Aniclc 705. 

690.72 Self-Regulated PV Charge ControL The PV source 
circuit shall be considered to comply l\ith the requirement" for 
charge control of a battery "ithout dtc usc of separate charge 
comrol cquipmcm if the circuit mcct'i both of the follm\ing: 

(1) The PV source circuit is matched to the voltage rating 
and charge current requirement" of dtc interconnected 
battery cells. 
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(2) The maximum charging current multiplied by 1 hour is 
lcs.� than 3 percent of the rated battery capacity expressed 
in ampcr�hours or as recommended by the battery 
manufacturer. 

ARTICLE 691 
Large-Scale Photovoltaic (PV) Electric 

Supply Stations 

691.1 Scope. This article covers the installation of large-scale 
PV electric supply stations not under exclusive utility control. 

Informational l'ote :'\o. I: Facilities covered bv this article ha\·e 
specific design and safety features unique to la�e-<icale PV facili
ties oudined in 691.4 and are operated for dte sole purpose of 
prmiding electric supply to a system operated by a regulated 
utility for me transfer of electric energy. 

Informational :'\ote No. 2: See 90.2(8)(5) for additional infor
mation about utility-mmed propenies not covered under thi• 
l.ode. See ANSI/IEEE C2-2017, National Electrirol Safrty l.nde, for 
additional information on elecuic supply station•. 

Informational :'\ote l'o. 3: See lnfmmational Note Figure 691.1 .  

691.4 Special Requirements for Large-Scale PV Electric Supply 
Stations. Large-scale PV electric supply stations shall be acccs.�i
blc only to audtorizcd personnel and comply l\ith dlc follow
ing: 

( 1) Electrical circuit� and equipment shall be maintained and 
operated only by qualified persons. 

Informational :'\ote l'o. I :  See :'\FPA 70f.:2021,  Stmulard fm-J:.k
triral Safety in tJv Worltplace, for electrical safety requirements. 

(2) Acccs.� to PV electric supply stations shall be restricted in 
accordance "idl 1 10.31. Field-applied hazard markings 
shall be applied in accordance "idl 1 10.21 (B). 

(3) The connection between dlc PV electric supply station 
and the system operated by a utility for dlc transfer of 
electrical energy shall be through medium- or high-

- Inverter Medium or 
Interactive output circuit high-voltage 
inverters switchgear 

� or substation 

• �f 
� 

PV power ----. 
source 

Transformers 

Large-Scale PV Electric Supply Station I 
Notes: 

voltage switch gear, substation, switch yard, or similar 
mcdlocl� whose sole purpose shall be to interconnect dlc 
two systems. 

(4) The electrical loacl� l\ithin the PV electric supply station 
shall only be used to power auxiliary equipment for dlc 
generation of the PV power. 

(5) Larg�alc PV electric supply stations shall not be 
installed on buildings. 

(6) The station shall be monitored from a central command 
center. 

(7) The station shall have an inverter generating capacity of 
at least 5000 kW. 

Informational l'ote l'o. 2: Some indhidual sites \\im capacities 
les.• man 5000 kW are operated a• part of a group of fdcilities 
ltim a total generdting capacity exceeding 5000 kW. 

691.5 Equipment. All electrical equipment shall be approved 
for installation by one of the following: 

(1) Listing and labeling 
(2) Be evaluated for tbe application and have a field label 

applied .· 
(3) \\'here producll'l romplying \\ith 691.5(1) or (2) arc not 

available, by engineering review validating mat the electri
cal equipment is C\'aluatcd and tested to relc\'ant stand
ard� or mdustry practice 

691.6 Engineered Design. Documentation of the electrical 
portion of dlc engineered design of dlc electric supply station 
shall be stamped and prmidcd upon request of dlc AHJ. Addi
tional stamped independent engineering report� detailing 
compliance of dlc design with applicable electrical standarcl� 
and industry practice shall be prmidcd upon request of dlc 
AHJ. The independent engineer shall be a licensed professio
nal electrical engineer retained by the system owner or instal
ler. This documentation shall include details of conformance 
of the design widl Article 690, and any alternative method� to 
Article 690, or oilier articles of dlis \.ode. 

691.7 Conformance of Construction to Engineered Design. 
Documentation mat dlc construction of dlc electric supply 
station conforms to the electrical engineered design shall be 
prmidcd upon request of dlc AHJ. Additional stamped inde
pendent engineering report� detailing the construction 
conforms widl this \..ode, applicable standard� and industry 

Medium or 
JJ high-voltage 

network 

(1) The diagram is for informational purposes only and is not representative of all potential configurations. 
(2) Custom designs occur in each configuration, and some components are optional. 

Informational Note Fagure 691.1 Identification of Large-Scale PV Electric Supply Station 
Components. 
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practice shall be provided upon request of the AHJ. The indc
pcndcm engineer shall be a licensed professional electrical 
engineer retained by the system mmcr or installer. This docu
mentation, where requested, shall be available prior to 
commercial operation of the station. 

691.8 Direct Current Operating Voltage. For large-scale 
PV electric supply stations, calculations shall be included in the 
documentation required in 691.6. 

691.9 Disconnecting Means for Isolating Photovoltaic Equip
ment. Disconnecting means for cquipmcm shall not be 
required "idtin sight of cquipmcm and shall be pcrmiucd to 
be located remotely from cquipmcm. The engineered design 
required by 691.6 shall documcm disconnection procedures 
and means of isolating cquipmcm. 

Informational :'\ote: See :'\FPA iOB-20 19, Rn:o1111111'ndwl Practice fnr 
1-lwtrical Equipmmt Maintmanu, for information on electrical 
system maintenance. See :'\FPA 70B-2021, Standard fnr Electrical 
Safdy in tile Worltplace, for infonnation on wriuen procedures 
and conditions of maintenance, including lockout/tagout 
procedures. 

Buildings whose sole purpose is to house and protect supply 
station cquipmcm shall not be required to comply l\ith 690.12. 
Wriucn standard operating procedures shall be available at the 
site detailing ncccs.'lary shutdown procedures in the cvcm of an 
emergency. 

691.10 F�re Mitigation. PV systems that do not comply l�ith the 
rcquircmcnt"l of 690.1 1  shall include details of fire mitigation 
plans to address de arc-fault"l in the documentation required in 
691.6. 

Informational l'ote: Fire mitig-dtion plans are typically re-.·iewed 
by the local fire agency and include topics such a.• acces.• road• 
\\ithin the facility. 

691.11 Fence Bonding and Grounding. Fence grounding 
rcquircmcnt"l and details shall be included in the documenta
tion required in 691.6. 

lnformational l'ote: See 250. 194 for fence bonding and ground
ing requiremenL• enclosing substation portions of ail electric 
supply station. Grounding requiremenL• for other portions of 
electric supply station fencing are as."les.•ed ba"led on the pres
ence of overhead conductors, proximity to generdtion and 
distribution equipment, and a.'l."llciated step and touch poten
tial. 

Part I. General 

ARTICLE 692 
Fuel Cell Systems 

692.1 Scope. This article applies to the installation of fuel cell 
systems. 

Informational :'\ote: Some fuel cell svstems can be interacti\'e 
"ith other electrical power productimi sources, are stand-alone, 
or both. Some fuel cell systems are connected to electric energy 
stordge system• such a.• batteries. Fuel cell systems can ha,·e ac 
output(s), de output(s), or both for utilization. 
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692.4 Installation. 

(A) Fuel Cell System. A fuel cell system shall be pcrmiucd to 
supply a building or other structure in addition to any scrv
icc(s) of another electricity supply systcm(s). 

(B) Identification of Power Sources. Fuel cell systems shall be 
marked l\ith a plaque or directory installed in a�cordancc with 
705.10. 

(C) System Installation. The construction and operation of 
cquipmcm, as."lociatcd \�iring, and interconnections shall be 
performed only by qualified persons. 

Informational :'\ote: See Article 100 for the definition of quali
fied fJPrsoll. 

692.6 Listing Requirement. The fuel cell system shall be 
approved for the application in accordance with one of the 
following: 

(1)  Be listed for the application 
(2) Be evaluated for the application and have a field label 

applied 
· 

Part II. Circuit Requirements 

692.8 Circuit Sizing and Current. 

(A) Nameplate Rated Circuit Current. The namcplatc(s) rated 
circuit current shall be the rated currcm indicated on the fuel 
cell nameptatc(s) . 

(B) Conductor Ampacity and Overcurrent Device Ratings. 
The ampacity of the feeder circuit conductors from the fuel 
cell systcm(s) to the premises wiring system shall not be lcs."l 
than the greater of ( I )  namcplatc(s) rated circuit currcm or 
(2) the rating of the fuel cell systcm(s) ovcrcurrcm protective 
device ( s). 

(C) Ampacity of Grounded or Neutral Conductor. If an inter
active singlc-pha"lc, 2-wirc fuel cell output(s) is connected to 
the grounded or neutral conductor and a single ungrounded 
conductor of a 3-wirc system or of a 3-pha"lC, 4-l\irc, wyc
conncctcd system, the maximum unbalanced neutral load 
current pltL"l the fuel cell systcm(s) output rating shall not 
exceed the ampacity of the grounded or neutral conductor. 

692.9 Overcurrent Protection. 

(A) Circuits and Equipment. If the fuel cell system is provided 
with ovcrcurrcm protection sufiicicm to protect the circuit 
conductors that supply the load, additional circuit ovcrcurrcm 
devices shall not be required. Equipmcm and conductors 
connected to more than one electrical source shall be protec
ted. 

(B) Accessibility. Ovcrcurrcm dc\'iccs shall be readily acccs."li
blc. 

Part m. Disconnecting Means 

692.13 All Conductors. �leans shall be prmidcd to disconnect 
all currcm-canying conductors of a fuel cell system power 
source from all other conductors in a building or other struc
ture. 
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692.17 Switch or Circuit Breaker. The disconnecting means 
for ungrounded conductors shall consist of readily accessible, 
manually operable switch(cs) or circuit brcakcr(s). 

\\-'here all terminals of the disconnecting means may be 
energized in the open position, a warning sign shall be moun
ted on or adjacent to the disconnecting means. The sign shall 
be dearly legible and shall have the following words or equiva
lent: 

DANGER 
ELECTRIC SHOCK HAZARD. DO NOT TOUCH TERMI

NALS. TERMINALS ON BOTH THE UNE AND LOAD 
SIDES MAY BE ENERGIZED IN THE OPEN POSITION. 

The danger sign(s) or label(s) shall comply "id1 1 1 0.21 (B). 

Part IV. Waring Methods 

692.31 Waring Systems. In addition to wiring mcthod'i inclu
ded in Chapter 3 of dtis ('..ode, \\iring mcthocl'i and fittings 
specifically listed and identified for usc "id1 fuel cell systems 
shall be permitted. 

Part V. Marking 

692.50 Fuel CeO Power Sources. A marking spccif}ing the fuel 
cell system, output voltage, output power rating, and continu
ous output current rating shall be provided at dtc disconnect
ing means for the fuel cell power source at an accessible 
location on the site. 

692.51 Fuel Shut-Off. The location of the manual fuel shut-off 
valve shall be marked at dtc location of the primary disconnect
ing means of the building or circuits supplied. 

692.52 Stored Energy. A fuel cell system that stores elKtrical 
energy shall require the follm\ing warning sign, or equivalent, 
at the location of the service disconnecting mcan.'l of dtc prem
ises: 

WARNING 
FUEL CELL POWER SYSTEM CONTA)JilS ELECTRICAL 

ENERGY STORAGE DEVICES. 

The warning sign(s) or label(s) shall comply "ith 1 1 0.21 (B). 

Part VI. Connection to Other Circuits 

692.60 Connection to Other Systems. Fuel cell systems 
connected to other sources shall be installed in accordance 
with ParL'i I and II of Article 705. 

692.61 Transfer Switch. A transfer Sl\itch shall be required in 
non-grid-interactive systems that usc utility grid backup. The 
transfer s"itch shall maintain isolation between the electrical 
production and distribution network and dtc fuel cell system. 
The transfer switch shall be permitted to be located externally 
or internally to dtc fuel cell system unit. \\''here the utility serv
ice conductors of the structure arc connected to the transfer 
Sl\itch, the switch shall comply "id1 Article 230, Part V. 
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ARTICLE 694 
Wmd Electric Systems 

Part I. General 

694.1 Scope. This article applies to wind (turbine) electric 
systems that consist of one or more wind electric generators 
and their related alternators, generators, inverters, controllers, 
and a'i.'iOciatcd equipment. 

Informational :'\ote: Some \\ind electric S\-stem� are interncth·e 
\\ith other electric power sources (.'iN Informational Note f'Kurt! 
694. 1 ). Some systems ha\·e ac output and some ha\·e de output. 
Some system� contain elecllical energy stornge, such a.� hauelies. 

694.7 Construction and Maintenance. The construction and 
maintenance, a'i.'iOciatcd wiring, and interconnections shall be 
performed only by qualified persons. 

Informational :'\ote: See Article I 00 for the definition of quali
jiedpmon. 

(A) Wmd Electric Systems. A wind electric systcm(s) shall be 
permitted to supply a building or odtcr structure in addition to 
other sources of supply. These rcquircmcnL'i apply to both 
onshore a!}d oO:'ihorc installations. 

(B) Equipment. 
the Jollowing: 

Wind electric systems shall comply l\ith one of 

(1) 
(2) 

Be listed 
Be evaluated for the application and have a field label 
applied 

Wind electric systems undergoing cl-aluation for type certifi
cation and listing shall be permitted to be operated in a 
controlled location with acccs.'i limited to qualified personnel. 

Informational :'\ote: See L'L 6141, Standard for Wind Turbini'S 
Pm11iltin�r Entry of PPTS01ml'l, and L'L 6142, Staudard for S111all Wind 
Turbine Systl'lns, for further information on wind turbine equip
ment. Ratings for "ind turbines could include limitations on 
installation locations such a.� 011.�hore or off.�hore. Testing is typi
cally performed under supenision of a qualified electrical test
ing org-dnization. 

(C) Diversion Load ControUers. A l\ind electric system 
cmplo}'ing a diversion load controller a'i the primary means of 
regulating the speed of a wind turbine rotor shall be equipped 
with an additional, independent, reliable means to prevent 
over-speed operation. An interconnected utility scrlicc shall 
not be considered to be a reliable diversion load. 

(D) Overvoltage Protection. A listed surge protective device 
shall be installed between a wind electric system and any load'i 
served by the premises electrical system. The SPD shall be 
permitted to be a Type 3 SPD on the circuit serving a wind elec
tric system or a Type 2 SPD located anywhere on the load side 
of the scrlicc disconnect. SPDs shall be installed in accordance 
"ith Part II of Article 242. 

Bectric 
power 
production 
and 
distribution 
network 

Informational Note Fagure 694.1 Identification ofWmd 
Electric System Components - Interactive System. 
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(E) Receptacles. A receptacle shall he permitted to be 
supplied by a "ind electric system branch or feeder circuit for 
maintenance or data acquisition usc. Receptacles shall he 
protected with an ovcrcurrcnt dc\icc "ith a rating not to 
exceed the current rating of the receptacle. In addition to the 
rcquircmcnt"l in 210.8, all 125-volt, single-phase, 1!>- and 20-
ampcrc receptacles installed for maintenance of the wind 
turbine shall have ground-fault circuit-interrupter protection 
for personnel. 

(F) Poles or Towers Supporting Wind Turbines Used as a 
Raceway. A pole or tower shall be pcnnittcd to he used a"l a 
raceway if approved in accordance "idt one of the follm\ing: 

(1) Be C\-aluatcd a"l part of the listing for the wind turbine 
(2) Be listed for the application 
(3) Be c\'-aluatcd for the application and have a field lahel 

applied 

(G) Working Clearances. Working space shall he prmidcd for 
electrical cabinct"l and odtcr electrical equipment in accord
ance l\ith 1 10.26(A) . 

For large wind turbines where service personnel enter the 
equipment, where conditions of maintenance and supcnision 
ensure that only qualified persons pcrfonn the work, working 
clearances shall he permitted to comply with Table 694.7(G) 
for systcm"l up to 1000 volt"l nominal. 

Part D. Circuit Requirements 

694.10 Maximum Voltage. 

(A) W"md Turbine Output Circuits. Wind turbine output 
circuit"l on or in one- and two-fumily dwellings shall he permit
ted to have a maximum voltage up to 600 volt"l. 

(B) Direct-Current Utilization Circuits. The voltage of de 
utilization circuit"l shall comply "idt 210.6. 

(C) Circuits over 150 Volts to Ground. In one- and two-family 
dwellings, live part"l in circuit"l over 150 volt"l to ground shall 
not be accessible to odtcr than qualified pcC$ons while ener
gized. 

Informational Note: See 1 10.27 for guanling of lh·e part• and 
210.6 for branch circuit voltage limitations. 

694.12 Circuit Sizing and Current. 

(A) Calculation of Maximum Circuit Current. The maximum 
current for a circuit shall be calculated in accordance with 
694.12(A) (1)  through (A) (3). 

(1) Turbine Output Circuit Currents. The maximum current 
shall he ba"lcd on the circuit current of dtc "ind turbine oper
ating at maximum output power. 

(2) Inverter Output Circuit Current. The maximum output 
current shall he dtc inverter continuous output current rating. 

Table 694. 7(G) Working Spaces 

Nominal 
Voltage to 
Ground 

0-150 
151-1000 
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Condition I 

900 mm (3 ft) 
900 mm (3 ft) 

Condition 2 

900 mm (3 ft) 
1.0 m (3 ft 6 in.) 

Condition 3 

900 mm (3 ft) 
1.2 m (4 ft) 

(3) Stand-Alone Inverter Input Circuit Current. The maxi
mum input current shall he the stand-alone continuous inver
ter input current rating of the inverter producing rated power 
at the lowest input voltage. 

(B) Ampacity and Overcurrent Device Ratings. 

(1) Continuous Current. Wind turbine electric system currcnt"l 
shall he considered to be continuous. 

(2) Sizing of Conductors and Overcurrent Devices. Circuit 
conductors and ovcrcurrcnt dc\iccs shall be sized to carry not 
lcs."l than 125 percent of the maximum current a"l calculated in 
694.12(A) . The rating or setting of ovcrcurrent dc,iccs shall he 
permitted in accordance l\ith 240.4(8) and (C). 

Exception: Circuits containing an a.fsmlb{l� together with its ovnrur
rent devices, lifted for continuous oJmuli(m at I()() percent of its rating 
shall be Jmmitted to be U.'it'd at 100 Jlt'rcent of its rating. 

694.15 Overcurrent Protection. 

(A) Circuits and Equipment: · Turbine output circuit"l, inverter 
output circuit"l, and storage battery circuit conductors and 
equipment shall be protected in accordance "ith 240.4 and 
240.5. Circuit"l conncci.cd to more than one electrical source 
shall have ovcrcurreilt devices located so a"l to prmidc ovcrcur
rcnt protection from all sources. 

Exception: An overcummt device simi/ 1wt be required for circuit 
conductm:f :fued in accmrlance with 694.12(B) where tile maximum 
cunmt ft"rml all smm:es does 1wt exCI'm tile ampacitJ of tile conductm-s. 

Informational :'\ote: Pos.•ible backfeed of cunent from any 
source of supply, including a supply through an im-erter to the 
\\ind turbine output circuit, is a consideration in determining 
whether m-ercurrent protection from all sources is pro\'ided. 
Some \\ind electric system.• rely on the turbine output circuit to 
regulate turbine speed. lm-erters may alm operdte in reverse for 
turbine startup or speed control. 

(B) Power Transformers. Ovcrcurrcnt protection for a trans
former "ith sources on each side shall he prmidcd in accord
ance l\ith 450.3 by considering first one side of the 
transfonncr, then the other side of the transformer, a"l the 
primary. 

Exception: A power transfonller with a cW'I't'nt rating on tile side 
connected to the inverter mtlJJUt, which if not kss tlmn the mll'.d ccmtin
umts output cun-ent rating of tile inverle1; simi/ not be 1-equi1-ed to have 
overcunmt pmtection at tile inve1·te1: 

(C) Direct-Current Rating. Ovcrcurrcnt dc,iccs, either fuses 
or circuit breakers, used in any de portion of a "ind electric 
system shall be listed for usc in de circuit"l and shall have appro
priate voltage, current, and interrupting ratings. 

Part In. Disconnecting Means 

694.20 All Conductors. :\!leans shall be prmidcd to disconnect 
all current-carrying conductors of a "ind electric power source 
from all other conductors in a building or other structure. A 
switch, circuit breaker, or other dc\icc, cidtcr ac or de, shall 
not be installed in a grounded conductor if operation of that 
Sl\itch, circuit breaker, or odtcr dc\'icc leaves dtc marked, 
grounded conductor in an ungrounded and energized state. 

Exception: A wind turbine that U.fes tile twfline outJJUt cit'cuit for J-egrt
lating twfJine spet>.d slmll not 17'quil"e a tUlfline output circuit disccm
necting 1111'.ans. 
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ARTICLE 694 -\\'1:"--D ELECTRIC SYSTD-IS 694.30 

694.22 Additional Provisions. Disconnecting means shall 
comply with 694.22(A) through (D). 

(A) Disconnecting Means. The disconnecting means shall not 
be required to be suitable for usc as service equipment. The 
disconnecting means for ungrounded conductors shall consist 
of manually operable switches or circuit breakers complying 
with all of dtc following requirements: 

(1) They shall be located where readily accessible. 
(2) They shall be externally operable "idtout exposing the 

operator to contact with live parts. 
(3) They shall plainly indicate whcdtcr in the open or closed 

position. 
(4) They shall have an interrupting rating sufficient for the 

nominal circuit voltage and dtc current dtat is available at 
the line terminals of the equipment. 

Where all terminals of the disconnecting means arc capable 
of being energized in the open position, a warning sign shall be 
mounted on or acljaccnt to the disconnecting means. The sign 
shall be clearly legible and shall have dtc following worcl'i or 
equivalent: 

WARNING. 
ELECTRIC SHOCK HAZARD. DO NOT TOUCH TERMI

NALS. TERMINALS ON BOTH THE UNE AND LOAD 
SIDES MAY BE ENERGIZED IN THE OPEN POSITION. 

The warning sign (s) or label(s) shall comply with 1 10.21 (B). 

(B) Equipment. Equipment such a'i rectifiers, controllers, 
output circuit isolating and shorting switches, and over-current 
dc\iccs shall be permitted on the wind turbine side of the 
disconnecting means. 

(C) Requirements for Disconnecting Means. 

(1) Location. The wind electric system disconnecting means 
shall be installed at a readily acccs.'iiblc location either on or 
adjacent to the turbine tower, on dtc out'iidc of a building or 
structure, or inside at the point of entrance of the wind system 
conductors. 

Exception: Installation.� that comply with 694.30(C) .�lmU be pennitted 
to lmve the discmmecting 1111'nns locall'.d 17tnwle�l' from the point of entry 
of the wind sy.�tem cmultu:tor.�. 

A wind turbine disconnecting means shall not be required to 
be located at dtc nacelle or tower. 

The disconnecting means shall not be installed in bath
rooms. 

For on�family and two-family dwellings, a disconnecting 
means or manual shutdown button or switch shall be located at 
a readily acccs.'iiblc location out'iidc the building. 

(2) Marking. Each turbine system disconnecting means shall 
be permancndy marked to identify it a'i a wind electric system 
disconnect. 

(3) Suitable for Use. Turbine system disconnecting means 
shall be suitable for the prc\'3iling conditions. 

(4) Maximum Number of Disconnects. The turbine discon
necting means shall consist of not more dtan six switches or six 
circuit breakers mounted in a single enclosure, in a group of 
separate enclosures, or in or on a switchgear. 
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(D) Equipment That Is Not Readily Accessible. Rectifiers, 
controllers, and inverters shall be permitted to be mounted in 
nacelles or other exterior arca'i that arc not readily acccs.'iiblc. 

694.23 Turbine Shutdown. 

(A) Manual Shutdown. Wind turbines shall be required to 
have a readily acccs.'iiblc manual shutdown button or switch. 
Operation of the button or Sl\itch shall result in a parked 
turbine state that shall either stop the turbine rotor or allow 
limited rotor speed combined "id1 a means to de-energize the 
turbine output circuit. 

Exception: Turbines with a .<iirept mf!a of !P.s.� than 50 1nl ( 5 38 ft2) .�lmU 
not be Jf!f(ltitl'.d to lmve a manual shutdown button m· .nuitch. 

(B) Shutdown Procedure. The shutdown procedure for a wind 
turbine shall be defined and permancndy posted at dtc loca
tion of a shutdmm means and at the location of dtc turbine 
controller or disconnect, if the location is different. 

694.24 Disconnection of Wind Electric System Equipment. 
:\!leans shall be prmided to disconnect equipment, such a'i 
inverters, batteries, and ·charge controllers, from all ungroun
ded conductors of aU sources. If the equipment is energized 
from more than one source, the disconnecting means shall be 
grouped and identified. 

A single disconnecting means in accorclancc l\ith 694.22 
shall be permitted for the combined ac output of one or more 
inverters. 

A shorting switch or plug shall be permitted to be used a'i an 
alternative to a disconnect in systems that regulate turbine 
speed using dtc turbine output circuit. 

Exception: Equipment housed in a twvine narelk .�hall not be 11!qui1f!d 
to have a disconnecting means. 

694.26 Fuses. Means shall be prmidcd to disconnect a fuse 
from all sources of supply where the fuse is energized from 
both directions and is acccs.'iiblc to other than qualified 
persons. Switches, pullout'i, or similar devices that arc rated for 
the application shall be permitted to serve a'i a means to 
disconnect fuses from all sources of supply. 

694.28 Installation and Service of a W'md Turbine. Open 
circuiting, short circuiting, or mechanical brakes shall be used 
to disable a turbine for installation and scf\icc. 

Informational l'ote: Some \\ind turbines rely on the connection 
from the alternator to a remote controller for speed regulation. 
Opening turbine output circuit conductors may cause mechani
cal damage to a turbine and create exces.•h·e voltages that could 
damage equipment or expose persons to electric shock. 

Part IV. W'uing Methods 

694.30 Permitted Methods. 

(A) W'uing Systems. In addition to wiring mcthocl'i included in 
Chapter 3 of this Code, \\iring mcthod'i and fittings specifically 
intended listed and identified for usc on wind turbines shall be 
permitted. In readily acccs.'iiblc locations, turbine output 
circuit'i that operate at voltages greater than 30 volts shall be 
installed in raceways. 

(B) Flexible Cords and Cables. Flexible cord'i and cables, 
where used to connect the mming part'i of turbines or where 
used for ready rcmm'31 for maintenance and repair, shall 
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comply with Article 400 and shall be of a type idcmificd ao; hard 
scnicc cord or portable power cable, shall be suitable for extra
hard usage, shall be listed for outdoor usc, and shall be water 
resistant. \..abies exposed to sunlight shall be sunlight resistant. 
Flexible, fine-stranded cables shall be tcnninatcd onlv with 
tcnninals, lugs, devices, or connectors in accordanc� with 
l10.14(A). 
(C) Direct-Current Turbine Output Circuits Inside a Building. 
Direct-current turbine output circuit" installed inside a build
ing or structure shall be enclosed in metal raceways or installed 
in metal enclosures, or run in Type :\fC metal-dad cable that 
complies l\ith 250.1 18(A) (10), from the point of penetration 
of the surface of the building or structure to the first readily 
accessible disconnecting means. 

Part V. Grounding and Bonding 

694.40 Equipment Grounding and Bonding. 

(A) General. Exposed non-currcm-carrying metal parto; of 
towers, turbine nacelles, odtcr equipment, and conductor 
enclosures shall be grounded and bonded to the premises 
grounding and bonding system. Attached metal part", such ao; 
turbine blades and tails dtat arc not likclv to become ener
gized, shall not be required to be grounded �r bonded. 
(B) Tower Grounding and Bonding. 

( 1) Grounding Electrodes and Grounding Electrode Conduc
tors. A l\ind turbine tower shall be connected to a grounding 
electrode system. \\'here installed in close proximity to galvan
ized foundation or tower anchor componcnto;, galvanized 
grounding electrodes shall be used. 

Informational l'ote: Copper and copper-dad grounding electro
des, where u.�d in highly conductive soils, can cau.� electrolytic 
corrosion of galvanized foundation and tower anchor compo
nent.•. 

(2) Bonding Conductor. Equipment grounding conductors or 
supply-side bonding jumpers, a" applicable, shall be required 
between turbines, towers, and the premises groundiitg system. 
(3) Tower Connections. Equipment grounding, bonding, and 
grounding electrode conductors, where used, shall be connec
ted to metallic towers using listed means. All mechanical 
clement" used to terminate these conductors shall be acccs."i
blc. 
(4) Guy W'Jres. Guy \\ires used to support turbine towers shall 
not be required to be connected to an equipment grounding 
conductor or to comply "ith dtc requirement" of 250.1 10. 

Informational l'ote: Guy \\ires supporting grounded towers are 
unlikely to become energized under nonnal conditions, but 
partial lightning cunent.• could flow through guy \\ires when 
exposed to a lightning emironment. Grounding of metallic guy 
"ires may be required by lightning standard•. See 
:'\FPA 780.2017, Standard fnr the TllStallation of l.ightnhzr; ProtNtion 
Systl'ln.<, for infmmation on lightning protection systems. 
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Part VI. Marking 

694.52 Power Systems Employing Energy Storage. Wind elec
tric systems employing energy storage shall be marked with the 
maximum operating voltage, any equalization voltage, and the 
polarity of the grounded circuit conductor. 
694.54 Identification of Power Sources. Wind turbine svstcmo; 
shall be marked "ith a plaque or directory installed in ;ccord
ancc l\ith 705.10. 
694.56 Instructions for Disabling Turbine. A plaque shall be 
installed at or acljaccnt to the turbine location prmiding ba"ic 
instructions for disabling the turbine. 

Part VII. Connection to Other Sources 

694.60 Identified Interactive Equipment. Only inverters that 
arc listed, labeled, and identified a" interactive shall be permit
ted in imcractivc systems. 
694.62 Installation. Wind electric svstcmo; connected to other 
sources shall be installed in -accor<hncc l\ith Part" I and II of 
Article 705. 
694.66 Operating Voltage Range. Wind electric svstcmo; 
connected to dccUcatcd branch or feeder circuit" shall be 
permitted to eXceed normal voltage operating ranges on these 
circuit", provided that the voltage at any distribution cquip
mcm suppl}ing other loads remains "idtin nonnal ranges. 

lnfonnational :'\ote: Wind turbines might use the electric g.id to 
dwnp energy from short-term "ind gusts. See ANSI ('..84.1-2006, 
Vn/tagl' Ratings fnr E/Htrir Poruer SysteJn.< and Equipmml (60 Hz), for 
infmmation on normal operating \ultages. 

695.1 Scope. 

ARTICLE 695 
Fu-e Pumps 

(A) Covered. This article covers the installation of the follow
ing: 
( 1)  Electric power sources and interconnecting circuit" 
(2) Sl\itching and control equipment dedicated to fire pump 

drivers 
Informational :'\ote: Text dtat is followed b)· a reference in 
bracket.• has been extracted from NFPA 20.2019, Standard for the 
butallatinn of Stationary Pump.< for Fiw ProtNtion. Only editorial 
changes were made to the extracted text to make it consistent 
\\id1 this l.nde. 

(B) Not Covered. Thi" article docs not cover the following: 
(1)  The performance, maintenance, and acceptance testing 

of the fire pump system and the imcrnal \\iring of the 
componcnto; of the system 

(2) The installation of pressure maintenance Gockcy or 
makeup) pumps 

Informational Note :'\o. 1: See Article 430 for dte installation of 
pres.•ure maintenance (jockey or makeup) pumps supplied by 
the fire pump circuit or another source. 
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ARTI\LE 695 -FIRE PUMPS 695.3 

(3) Transfer cquipmcm upstream of the fire pump transfer 
switch(cs) 

Informational :'\ote No. 2: See NFPA 20-2019, Standard for the 
Installation of Stationary Pump.< for Firl' Protection, for further infor
mation. 

(4) Water pumps installed in one- and two-family dwellings 
and used for fire suppression 

Informational :'\ote l'o. 3: See :'\FPA 130-2019, Standard for the 
Installation of Sprinkler Sy.t/I'IIL< in One- ami Tum·Family Dwrllinl{' and 
'"lanufarturt'd Homi'S, for further infmmation. 

695.2 Reconditioned Equipment. Reconditioned fire pump 
comrollcrs and transfer S\'itchcs shall not be permitted. 

695.3 Power Source(s) for Electric Motor-Driven F�re Pumps. 
Electric motor-driven fire pumps shall have a reliable source of 
power. 

Informational Note: See :'\FPA 20-2019, Standard for the IllS/alia
lion of Stationary Pumps for Fm Protl't:/ion, 9.3.2 and A.9.3.2, for 
guidance on the dete1mination of power source reliability. 

(A) Individual Sources. Where reliable, and where capable of 
cartying indefinitely the sum of the locked-rotor currcm of the 
fire pump motor(s) and dtc prcs.o;urc maintenance pump 
motor(s) and the full-load currcm of dtc ao;sociatcd fire pump 
accessory equipment when connected to this power supply, the 
power source for an electric motor driven fire pump shall be 
one or more of the following. 

(1) Electric Utility Service Connection. A fire pump shall be 
permitted to be supplied by a separate sen-icc, or from a 
connection located ahead of and not "ithin the same cabinet, 
enclosure, vertical switchgear section, or vertical S\'itchboard 
section ao; the service disconnecting means. The connection 
shall be located and arranged so ao; to minimize the possibility 
of damage by fire from within the premises and from exposing 
hazard-;. A tap ahead of the sen-icc disconnecting means shall 
comply with 230.82(5). The service equipment shall comply 
"ith the labeling requirement-; in 230.2 and the location 
requirement-; in 230.72(8). L20:9.2.2(1)j  

(2) On-Site Power Production Facility. A fire pump shall be 
permitted to be supplied by an on•itc· power production 
facility. The source facility shall be located and protected to 
minimize the possibility of damage by fire. L20:9.2.2(3) J 

(3) Dedicated Feeder. A dedicated feeder shall be permitted 
where it is derived from a sen-icc connection ao; described in 
695.3(A) (1) .  L20:9.2.2(3)J 

Informational Note: See :'\FPA 20-2019, Standard for the I11Sialla
tion of Stationary Pump.< for Firl' Protection, 9.2.2, for more informa
tion on nonnal power sources. Subsection 9.2.2(3) pe1miL• a 
"dedicated feeder" to be derived from a "dedicated service" 
disconnecting means. Subsection 9.2.2(5) penniL• a "dedicated 
transformer connection • that is supplied directly from a "dedica
ted service disconnecting means" where the senice i• not at 
utilization voltage. 

(B) Multiple Sources. If reliable power cannot be obtained 
from a source described in 695.3(A), power shall be supplied 
by one of the follm\ing: L20:9.3.2j 

(1) Individual Sources. An approved combination of two or 
more of the sources from 695.3(A). 

(2) Individual Source and OIHite Standby Generator. An 
approved combination of one or more of the sources in 
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695.3(A) and an on-site standby generator compl}'ing with 
695.3(D). L20:9.3.4J 

Exception to 695.3(Bj(l) and (8)(2): An altemate source of power 
shall not be 11'quil't'd whe11' a back--uJI engine-driven fire pump, back-uJI 
steam twvine-d1iven ji11' pumJI, or back--uJJ e!Pct1ic motm�driven fil-e 
pump with an independent pmver source in accmrlance with 695.3(A) 
or (C) is installed. 

(C) Multibullding Campus-Style Complexes. If the sources in 
695.3(A) arc not practicable and the installation is part of a 
multibuilding camptto;-stylc complex, feeder sources shall be 
permitted if approved by the authority having jurisdiction and 
installed in accordance l\ith either 695.3(C) (1 )  and (C) (3) or 
(C)(2) and (C)(3). 

(1) Feeder Sources. Two or more feeders shall be permitted ao; 
more than one power source if such feeders arc connected to, 
or derived from, separate utility sen-ices. The conncction(s), 
ovcrcurrent protective dcvice(s), and disconnecting means for 
such feeders shall meet �w requirement-; of 695.4 ( 8 ) ( I ) (b) . 

(2) Feeder and AlterJ.lllte Source. A feeder shall be permitted 
ao; a normal power source if an alternate power source inde
pendent from the feeder is provided. The conncction(s), over
current protc;;ctive dc"icc(s) , and disconnecting means for such 
feeders shall meet the requirements of 695.4(8) (1 )  (b). 

(3) Selective Coordination. Ovcrcurrcnt protective dcvicc(s) 
shall he �>electively coordinated "ith all supply-side ovcrcurrcm 
protective dcvicc(s) . 

Selective coordination shall be selected by a licensed profes
sional engineer or other qualified persons engaged primarily in 
the design, installation, or maintenance of electrical systems. 
The selection shall be documented and made available to those 
authorized to design, install, maintain, and operate the system. 

Exception: Se/er:tive comrlination shall not be 11'-Jfltil't'd between two ove1� 
nmmt devices located in se1·ies if no /nads a111 ronnPcted in pamlkl 
with the dmvnstl't'am device. 

(D) On-Site Standby Generator as Alternate Source. An on-site 
standby gcncrator(s) used ao; an alternate source of power shall 
complp\ith 695.3(D) (1)  through (D) (3). L20:9.6.2. l j  

(1) Capacity. The generator shall have sufiicicnt capacity to 
allow normal starting and running of the motor(s) driving the 
fire pump(s) while suppl}'ing all other simultaneously operated 
load(s) . L20:9.6.l .lj  

Automatic shedding of one or more optional standby loaclo; 
in order to comply l�ith this capacity requirement shall be 
permitted. 

(2) Connection. A tap ahead of the generator disconnecting 
means shall not be required. L20:9.6.1.2j 

(3) Adjacent Disconnects. The requirement-; of 430.113  shall 
not apply. 

70-619 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



695.3 ARTI\LE 695 -FIRE PUMPS 

(E) Arrangement. All power supplies shall be located and 
arranged to protect against damage by fire from within the 
premises and exposing hazard"l. L20:9.1.4J 

Multiple power sources shall be arranged so that a fire at 
one source docs not cause an imcrruption at dtc other source. 

(F) Transfer of Power. Transfer of power to the fire pump 
comrollcr between the indhidual source and one alternate 
source shall take place within the pump room. L20:9.6.4J 

(G) Power Source Selection. Selection of power source shall 
be performed by a transfer S\'itch listed for fire pump service. 
L20: 10.8.1.3.1 J 

(H) Overcurrent Device Selection. An instantaneous trip 
circuit breaker shall be pcrmiucd in lieu of the ovcrcurrcm 
devices specified in 695.4(B) (2) (a) (1) ,  pro'l"idcd that it is part 
of a transfer switch a'i."lCmbly listed for fire pump service that 
complies with 695.4(B) (2) (a) (2). 

(I) Phase Converters. Pha"lC converters shall not be used to 
supply power to a fire pump. L20:9.1.7 J 

695.4 Continuity of Power. Circuit"l that supply electric 
motor-driven fire pumps shall be supervised from inadvcrtcm 
disconnection a"l covered in 695.4(A) or (B). 

(A) Direct Connection. The supply conductors shall dirccdy 
connect the power source to a listed fire pump controller, a 
listed combination fire pump controller and power transfer 
switch, or a listed fire pump power transfer s"itch. 

(B) Connection Through Disconnecting Means and Overcur
rent Device. 

(I) Number of Disconnecting Means. 
(a) C'.eneral. A single disconnecting means and a"l."lociatcd 

ovcrcurrcm protective dc'l"icc(s) shall be pcrmiucd to be 
installed between dtc fire pump power sourcc(s) and one of 
the follo"ing: L20:9.2.3J 

(1) A listed fire pump comrollcr 
(2) A listed fire pump power transfer s"itch 
(3) A listed combination fire pump controller and power 

transfer s"itch 
(b) FP-eder Soun:es. For systems installed under the prmi

sions of 695.3(C) only, additional disconnecting means and the 
a"lsociatcd ovcrcurrcm protective dc'l"icc(s) shall be pcnniucd. 

(c) On-.."iite Standby C'.eneratrtr. Where an on-site standby 
generator is used to supply a fir� pump, an additional discon
necting means and an a"l."llciatcd ovcrcurrcm protective 
dcvicc(s) shall be pcrmiucd. 

(2) Overcurrent Device Selection. Ovcrcurrcnt devices shall 
comply wim 695.4(B) (2) (a) or (B) (2) (b). 

(a) Individual Soun:es. Ovcrcurrcnt protection for individ
ual sources shall comply with the following: 

(1) Ovcrcurrcnt protective dc'l"icc(s) shall be rated to carry 
indefinitely dtc sum of the locked-rotor current of the 
largest fire pump motor and the full-load current of all of 
the odtcr pump motors and accessory equipment. 
L20:9.2.3.4J \\'here the locked-rotor current value docs 
not correspond to a standard ovcrcurrcnt dc'l"icc size, the 
next standard ovcrcurrcnt dc'l"icc size shall be u."lCd in 
accordance "ith 240.6. The rcquircmcm to carry the 
locked-rotor currcnt"l indefinitely shall not apply to 
conductors or dc'l"iccs other than ovcrcurrcm devices in 
the fire pump motor circuit(s) . 
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Exception: The 11'-f[Uirmumt to cany the lockl'd-mtm· cummts indefi
nite�)' shall not app�l' to f"br overnmmt jmltl'f'tive devices installed in 
arconlance zuith 695.3(C). 

(2) Ovcrcurrcnt protection shall be prmidcd by an a'i."lCmbly 
listed for fire pump service and complying with the 
follo"ing: 

a. The ovcrcurrcnt protective device shall not open 
within 2 minutes at 600 pcrccm of the full-load 
current of the fire pump motor(s) . 

b. The ovcrcurrcnt protective dc'l"icc shall not open with 
a re-start transient of 24 times the full-load current of 
the fire pump motor(s). 

c. The ovcrcurrcnt protective device shall not open 
within 10 minutes at 300 percent of dtc full-load 
current of the fire pump motor(s) . 

d. The trip poim for circuit breakers shall not be field 
adjustable. L20:9.2.3.4.1 J  

(b) On-Site Standby C'.eneratol:f. Ovcrcurrcnt protective 
devices between an on-site standby generator and a fire pump 
comrollcr shall be selected and sized to allow for instanlancou."l 
pickup of the full pump room load, but shall not be larger than 
the value selected to · comply with 430.62 to prmidc short
circuit protection only. L20:9.6.1 .1J  

(3) Disconnecting Means. All disconnecting devices that arc 
unique to the fire pump loads shall comply with items 695.4(B) 
(3) (a) through (B) (3) (c). 

(a) · FealUJl'S and Locatirtn - Nftl7nal Pmver Sowre. The 
disconnecting means for the normal power source shall comply 
"ilh an of the following: L20:9.2.3.1 J 

( 1) 
(2) 

Be identified a"l suitable for usc a"l service cquipmcm. 
Be lockable in the closed position. The prmision for lock
ing or adding a lock to the disconnecting means shall be 
installed on or at the switch or circuit breaker used a"l the 
disconnecting means and shall remain in place with or 
without the lock installed. 

(3) Not be located within the same enclosure, panelboard, 
Sl\itchboard, Sl\itchgcar, or motor control ccmcr, with or 
"ithout common bu."l, that supplies load"l other than the 
fire pump. 

(4) Be located sufficiently remote from other building or 
other fire pump source disconnecting means such that 
inadvcrtcm operation at the same time would be unlikely. 

Exception to 695.4(B)(3)(a): For a multibuilding campu.f-StJLe 
rompkx(s) installed under tile pmvifirt11S of 695.3(C), on�v the requit-e
mmts in 695.4(B)(3)(a)(2) shall app�v for nonnal pmver .fottrce 
difronmcts. 

(b) Features and Locatirtn - Oth"iite Standh)· C'.eneratm: The 
disconnecting means for an on-site standby gcncrator(s) used 
a"l dtc alternate power source shall be installed in accordance 
with 700.10(B) (6) for emergency circuit"l and shall be lockable 
in the closed position. The provision for locking or adding a 
lock to the disconnecting means shall be installed on or at the 
switch or circuit breaker u."lCd a"l the disconnecting means and 
shall remain in place "id1 or without the lock installed. 

(c) Disronmct Marking. The disconnecting means shall be 
marked KFirc Pump Disconnecting Means." The lcucrs shall be 
at lca"lt 25 mm (1 in.) in height, and they shall be 'l"isiblc with
out opening enclosure doors or covers. L20:9.2.3.1 (5) J 

(d) Gmtmller Mm-king. A placard shall be placed adjacclll 
to the fire pump controller, stating the location of this discon-
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ARTICLE 695 -FIRE PUMPS 695.6 

nccting means and the location of the key (if the disconnecting 
means is locked) . L20:9.2.3.2J 

(c) SuJJervi�ifm. The disconnecting means shall he super
vised in dtc dosed position by one of dtc following mcdtod'i: 
( 1) Central station, proprietary, or remote station signal 

device 
(2) Local signaling service that causes the sounding of an 

audible signal at a constandy attended point 
(3) Locking dtc disconnecting means in the dosed position 

(f) Scaling of disconnecting means and approved weekly 
recorded inspections when dtc disconnecting means arc loca
ted within fenced enclosures or in buildings under the control 
of the owner L20:9.2.3.3 J 

695.5 Transformers. \\'here the service or system voltage is 
diiTcrcnt from the utilization voltage of dtc fire pump motor, 
transfonncr(s) protected by disconnecting means and ovcrcur
rcnt protective devices shall he pcnniucd to be installed 
hetwccn the system supply and the fire pump controller in 
accordance with 695.5(A) and (8), or with (C). Only trans
formers covered in 695.5(C) shall he pcnniucd to supply load'i 
not directly associated with the fire pump system. 

(A) Size. \\'here a transformer supplies an electric motor 
driven fire pump, it shall he rated at a minimum of 1 25 percent 
of the sum of dtc fire pump motor(s) and prcs.'iurc mainte
nance pump(s) motor loads, and 100 percent of the as.'iociatcd 
fire pump acccs.'iOry equipment supplied by the transformer. 

(B) Overcurrent Protection. The primary ovcrcurrcnt protec
tive dc,icc(s) shall he selected or set to carry indefinitely the 
sum of dtc locked-rotor current of dtc fire pump motor(s) and 
the pressure maintenance pump motor(s) and the full-load 
current of dtc as.'iociatcd fire pump acccs.'iory equipment when 
connected to dtis power supply. Secondary ovcrcurrcnt protec
tion shall not be permitted. The requirement to carry the 
locked-rotor currcnt'i indefinitely shall not apply to conductors 
or dc\iccs other than ovcrcurrcnt dc'l'ices in the fire pump 
motor circuit(s). 

(C) Feeder Source. \\'here a feeder source is provided in 
accordance with 695.3(C), transformers supplying the fire 
pump system shall be permitted to supply Qdtcr load'i. All other 
load'i shall be calculated in accordance with Article 220, includ
ing demand factors as applicable. · 

(1) Size. Transformers shall be rated at a minimum of 
125 percent of the sum of the fire pump motor(s) and prcs.'iure 
maintenance pump(s) motor load'i, and 100 percent of the 
remaining load supplied by the transformer. 

(2) Overcurrent Protection. The transformer size, the feeder 
size, and the ovcrcurrcnt protective dc'l'icc(s) shall he coordina
ted such that ovcrcurrcnt protection is provided for dtc trans
former in accordance with 450.3 and for the feeder in 
accordance with 215.3, and such that the ovcrcurrcnt protec
tive dc\icc(s) is selected or set to carry indefinitely dtc sum of 
the locked-rotor current of the fire pump motor(s), the pres
sure maintenance pump motor(s), the full-load current of the 
associated fire pump acccs.'iory equipment, and 100 percent of 
the remaining load'i supplied by the transfonncr. The require
ment to carrv the locked-rotor currcnt'i indefinitely shall not 
apply to conc .. uctors or devices other dtan ovcrcurr�nt devices 
in the fire pump motor circuit(s) . 

695.6 Power Wuing. Power circuit'i and wiring mcthod'i shall 
comply with the requirement" in 695.6(A) through U) , and as 
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permitted in 230.90(A), Exception No. 4; 230.94, Exception 
1'\o. 4; 240.13; 230.208; 240.4(A); and 430.31. 

(A) Supply Conductors. 

(1) Services and On-Site Power Production Facilities. Service 
conductors and conductors supplied by on-site power produc
tion facilities shall he physically routed out'iidc a building(s) 
and shall he installed as scnicc-cntrancc conductors in accord
ance l\ith 230.6, 230.9, and Part'i III and IV of Article 230. 
Where supply conductors cannot he physically routed out'iidc 
of buildings, dtc conductors shall he permitted to he routed 
through the building(s) where installed in accordance with 
230.6( I )  or (2). 

Exception: The .mJIP{l· cmulttctmx within the ji1-e pump room shall not 
be 11'qui1-ed to meet 230. 6( 1) or ( 2 ). 

Informational Note: See 250.24(C) for routing the gmunded 
conductor to the service equipment. 

(2) Feeders. Fire pump supply conductors on the load side of 
the final disconnecting means and ovcrcurrcnt dc\icc(s) 
permitted by 695.4(8) or conductors that connect dirccdy to 
an on-site standby generator shall comply with all of the follow
ing: 
(1) Tndependent Routing. The conductors shall be kept entirely 

independent of all other \\iring. 
(2) As.mciated Fill' Pump Loads. The conductors shall supply 

only loads that arc dirccdy a'i.'iociatcd with the fire pump 
system. 

(3) PmiPction from Potential Damage. The conductors shall he 
protected from potential damage by fire, structural fail
ure, or operational accident. 

(4) Tnside of a Building. \\'bcrc routed through a building, the 
conductors shall be protected from fire for 2 hours using 
one of the following mcthod'i: 
a. The cable or raceway is cnca'icd in a minimum 50 mm 

(2 in.) of concrete. 
b. The cable or raceway is part of a listed fire-resistive 

cable system. 

Informational :'\ote l'o. I: See L'L 2196, Fire 1e.<t for Cin:uit 
lnt..grily of Fifl!-JlP>i.<tiVtl Pmon; lnstrwnmtation, C.outrol and Data 
C.ab!P>, for one method of defining a fire-resisth>e cable 
system. 

Informational :'\ote No. 2: See UL Guide Information for fur
triral Circuit lntl'f(ril)• .�ystmu (FHIT) for identifying the 
system and iL• installation limitation• to maintain a mini
mum 2-hour fire-resistive rating. 

Informational Note :'\o. 3: The listing organi7.ation pro,ides 
infmmation for fire-resisth·e cable system• on proper instal
lation requiremenL• to maintain the fire rating. 

c. The cable or raceway is protected by a listed electrical 
circuit protective system. 

Informational :'\ote No. 4: See L'L 1724, Fiw ThsL< for flwtrical 
Cirruit Pmti'Ctifltl Systl'lns, for one method of defining an elec
uical circuit protecti\'e system. 

Informational :'\ote No. 5: See UL Guide Information for fur
triral Circuit lntl'f(ril)• .�ystmu (FHIT) for identifying the 
system and iL• installation limitation• to maintain a mini
mum 2-hour fire-resistive rating. 

Informational Note :'\o. 6: The listing organi7.ation pro,ides 
infmmation for elecuical circuit protecti\·e systems on 
proper installation requiremenL• to maintain the fire rdting. 
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695.6 ARTICLE 695 -FIRE PUMPS 

Exception to 695.6(A)(2)(4): The .�ufrP�l· conductm:� located in the 
ekct1ical equipment room where the)• miginate and in tile fire pump 
mom shall not be Tequhed to have the minimum 2-/wurfin• sepam
tifm m·fi11'-11'sistanu mting unless otherwise 11'-JfUilf'd by 700.1 O(D) 
of this ('.ode. 

(B) Conductor Size. 

(1) Fu-e Pump Motors and Other Equipment. Conductors 
supplying a fire pump motor(s), pressure maimcnancc pumps, 
and a."l.�ociatcd fire pump accessory cquipmcm shall have an 
ampacity of not less than the sum of the following: 
(1) 125 pcrccm of the sum of the fire pump motor(s) and 

pressure maimcnancc motor(s) full-load currcm(s) , a.� 
determined by 430.6(A) 

(2) 100 pcrcclll of the a."l.�ociatcd fire pump accessory cquip-
mclll full-load currcm(s) 

(2) Fu-e Pump Motors Only. Conductors suppl}ing only a fire 
pump motor shall have a minimum ampacity in accordance 
"ith 430.22 and shall comply with the voltage drop require
ments in 695.7. 

(C) Overload Protection. Power circuit� shall not have auto
matic protection against overload�. Except for protection of 
transfonncr primaries prmidcd in 695.5(C) (2) , branch-circuit 
and feeder conductors shall be protected against short circuit 
only. \\'here a tap is made to supply a fire pump, dtc "iring 
shall be treated a.� service conductors in accordance "ith 230.6. 
The applicable distance and size restrictions in 240.21 shall not 
apply. 

Exception No. 1: C..onductm-s between stm1lge batte1ies and tile engine 
shall not lf'lJUilf' overrunmt frmtection m· discmmecting means. 

Exception No. 2: Fm· an on-.�ite standby genemtor(s) trued to frtvduce 
rontinuous cunmt in exce.••s of 225 percrot of the full-load amJmf's of 
the fit't! pump motm; the cmuluctm-s between the mNite genemtm(s) and 
the cmnbitwtion fire pump lmn.ifn· .nuitcll contmllel· m· sepamtely moun
ted tmn.ifn· .witch shall be itutalled in accordance with 695.6(A)(2). 

Tile JllvlPctifm pmvidP.d slwll be in arcm-dance with tile .flwrt-cin:uit 
cunmt 11lling of the cmnbination fiTe Jlump tmnifer switch contmlle1· m· 
sepat1lle�l' mounted tmn.ifn· .witch. 

(D) Pump W"uing. 

(1) W"uing Methods. Wiring from the comrollcr(s) to the 
pump motor shall be in rigid metal conduit, intermediate 
metal conduit, electrical metallic tubing, liquidtight flexible 
metal conduit, or liquidtight flexible nonmetallic conduit 
LFI'\C..-8, listed Type MC cable "id1 an impcnious covering, or 
Type MI cable. L20:9.4.4.1 J 

(2) Fittings. Fittings shall be listed for usc in wet locations. 

(3) Connections. Electrical connections at motor terminal 
boxes shall be made with a listed means of connection. Twist
on, insulation-piercing-type, and soldered "ire connectors 
shall not be used for this purpose. L20:9.4.4.2, 9.4.4.3J 

(E) Loads Supplied by ControUers and Transfer Switches. A 
fire pump controller and fire pump power transfer Sl\itch, if 
provided, shall not serve any load other than dtc fire pump for 
which it is intended. 
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(F) Mechanical Protection. All wiring from engine comrollcrs 
and batteries shall be protected against physical damage and 
shall be installed in accordance with the controller and engine 
manufacturer's instructions. 

(G) Ground-Fault Protection of Equipment. Ground-fault 
protection of cquipmcm shall not be installed in any fire pump 
power circuit. L20:9.1 .8.1 J 

(H) Listed Electrical Circuit Protective System to ControUer 
W"uing. Electrical circuit protective system installation shall 
comply with any restrictions provided in the listing of the elec
trical circuit protective system used, and the follm\ing also shall 
apply: 
(1) A junction box shall be installed ahead of the fire pump 

comrollcr a minimum of 300 mm (12 in.) bevond the 
fire-rated ceiling, wall, or floor bounding the lire" zone. 

(2) Where required by the manufacturer of a listed electrical 
circuit protective system or by the listing, or a.� required 
elsewhere in this ('..ode, the raceway between a junction 
box and the fire pump· controller shall be scaled at the 
junction box end a.� required and in accordance with the 
instructions of the manufacturer. L20:9.8.2J 

(3) Standard \\iring between the junction box and the 
comrollcr shall be permitted. L20:9.8.3 J 

(I) Junction Boxes; Where fire pump \\iring to or from a fire 
pump controller is routed through a junction box, the follow
ing requirement� shall be met: 
(1) The junction box shall be securely mounted. L20:9.7(1 ) J  
(2) Mounting and installing of a junction box shall not 

l-iolatc the enclosure type rating of the fire pump control
lcr(s) . L20:9.7(2) J 

(3) :Mounting and installing of a junction box shall not 
l-iolatc the integrity of the fire pump controllcr(s) and 
shall not affect the short-circuit current rating of the 
comrollcr(s). 

(4) A� a minimum, a Type 2, drip-proof enclosure (junction 
box) shall be used where installed in the fire pump room. 
The enclosure shall be listed to match the fire pump 
comrollcr enclosure type rating. L20:9.7(4)J 

(5) Terminals, junction blocks, \\ire connectors, and splices, 
where used, shall be listed. L20:9.7(5)J 

(6) A fire pump controller or fire pump power transfer 
switch, where provided, shall not be used a.� a junction 
box to supply oilier equipment, including a pressure 
maimcnancc (jockey) pump(s) . 

0) Terminations. Where raceways or cable arc terminated at a 
fire pump controller, the following requirement� shall be met: 
(1) Raceway or cable fittings listed and identified for usc in 

wet locations shall be used. 
(2) The type rating of the raceway or cable fittings shall be at 

lca.�t equal to that of the fire pump controller. 
(3) The installation instructions of the manufacturer of the 

fire pump controller shall be followed. 
(4) Alterations to the fire pump controller, other than race

way or cable terminations a.� allowed elsewhere in this 
('�, shall be approved by the authority hal-ing jurisdic
tion. 
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ARTI\LE 695 -FIRE PUMPS 695.14 

695.7 Voltage Drop. 

(A) Motor Starting. l:nless the requirements of 695.7(B) or 
(C) arc met, the voltage at the fire pump controller line termi
nals shall not drop more than 15 percent helm\" normal 
(controller-rated voltage) under motor starting conditions. 
L20:9.4.1J  

(B) Emergency Run. The requirements of 695.7(A) shall not 
apply to emergency-run mechanical starting, prmidcd a 
succcs.o;ful start can be demonstrated on the standby generator 
system. L20:9.4.2J 

(C) Bypass Mode. The requirements of 695.7(A) shall not 
apply to the bypass mode of a variable speed prcs.o;urc limiting 
control, provided a succcs.o;ful start can be demonstrated on the 
standby gcn-sct. L20:9.4.3j 

(D) Motor Running. The voltage at the contactor load termi
nals to which the motor is connected shall not drop more than 
5 percent helow the voltage rating of the motor when the 
motor is operating at 1 15 percent of the full-load current rating 
of the motor. L20:9.4.4j 

695.10 Listed Equipment. Diesel engine fire pump control
lers, electric fire pump controllers, electric motors, fire pump 
power transfer Sl\itchcs, foam pump controllers, and limited 
senicc controllers shall he listed for fire pump service. 
L20:9.5.1.1,  10.1.2.1 ,  12.1 .3.1 J 

695.12 Equipment Location. 

(A) ControUers and Transfer Switches. Electric motor-driven 
fire pump controllers and power transfer Sl\itchcs shall be loca
ted ao; dose ao; practicable to, and lvithin sight of, the motors 
that they control. 

(B) Engine-Drive ControUers. Engine-drive fire pump control
lers shall he located ao; dose ao; is practical to, and lvithin !light 
of, the engines that they control. 

(C) Storage Batteries. Storage batteries for fin; pump engine 
drives shall he supported above dtc noor, secured against 
displacement, and located where they arc not subject to physi
cal damage, nooding "ith water, cxces.'livc temperature, or 
excessive lcibration. 

(D) Energized Equipment. All energized equipment parLo; 
shall he located at lcao;t 300 mm (12  in.) above the noor level. 

(E) Protection Against Pump Water. Fire pump controller and 
power transfer switches shall be located or protected so that 
they arc not damaged by water escaping from pumps or pump 
connections. 

(F) Mounting. All fire pump control equipment shall he 
mounted in a substantial manner on noncombustible support
ing structures. 

695.14 Control Waring. 

(A) Control Circuit Failures. External control circuiLo; that 
extend ouLo;idc the fire pump room shall he arranged so that 
failure of any external circuit (open or short circuit) shall not 
prevent the operation of a pump(s) from all other internal or 
external means. Breakage, disconnecting, shorting of the "ires, 
or los.-; of power to dtcsc circuiL-; could cause continuous 
running of dtc fire pump but shall not prevent the control
lcr(s) from starting the fire pump(s) due to causes other than 
these external control circuiL-;. All control conductors "ithin 
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the fire pump room that arc not fault tolerant shall he protec
ted against physical damage. L20:10.5.2.6, 12.5.2.5j 

(B) Sensor Functioning. 1'\o undcrvoltagc, phao;c-los.o;, 
frequency-sensitive, or other scnsor(s) shall be installed that 
automatically or manually prohibiL-; actuation of the motor 
contactor. L20:10.4.5.6j 

Exception: A Jlhase-loss .'i#'11SOI'(s) slmU be Jm-mittl'.d on�v as a Jlmt of a 
Li.�ted fin• frump rontmUe1: 

(C) Remote Device(s). :"'o remote dcvicc(s) shall he installed 
that will prevent automatic operation of the transfer switch. 
L20:10.8.1.3J 

(D) Engine-Drive Control Waring. All \\iring hetwccn the 
controller and the diesel engine shall he stranded and sized to 
continuously carry the charging or control currcnLo; ao; required 
by the controller manufacturer. Such \\iring shall he protected 
against physical damage. Controller manufacturer's specifica
tions for distance and "ire size shall he followed. L20:12.3.5.1 j  

(E) Electric Fare Pump · Control Waring Methods. All electric 
motor-driven fire pump control \\iring shall be in rigid metal 
conduit, intermediate metal conduit, liquidtight flexible metal 
conduit, electrical metallic tubing, liquidtight flexible nonme
tallic conduit� listed Type MC cable with an impcnious cover
ing, or Type .:MI cable. 

(F) Generator Control Waring Methods. \..ontrol conductors 
installed between the fire pump power transfer switch and the 
standby generator suppl}ing dtc fire pump during normal 
power los.o; shall be kept entirely independent of all other 
\\-iring. The integrity of the generator remote start circuit shall 
be monitored for broken, disconnected, or shorted "ires. Los.-; 
of intcgrity shall start the gcncrator(s) . 

Informational Note: See :'\FPA 20-2019, Standard for the li1Stalla
tion of Statiouary Pu111ps for Fire Pmtl't:tion, 3.3.7.2, for more infor
mation on fault-tolerant external control circuit•. 

The control conductors shall he protected to resist potential 
damage by fire or structural failure. Where routed through a 
building, dtc conductors shall be protected from fire for 
2 hours using one of the following method-;: 

(1)  The cable or raceway is cncao;cd in a minimum 50 mm 
(2 in.) of concrete. 

(2) The cable or raceway is part of a listed fire-resistive cable 
system. 

Informational Note No. 1: See t:L 2196-2017, Standard for Firt! 
1;.,t for Circuit lnt..grity of Fire-RI'!iistive Pm«r. l11StTU111nlltltion, 
Control and Data l.ah[,s, for testing requirement• for lire-resisti\-e 
cables. 

Informational Note :'\o. 2: The listing organi7.ation prmides 
information for lire-resistive cable system.• on proper in.•tallation 
requirement• to maintain the lire rdting. 

(3) The cable or raceway is protected by a listed electrical 
circuit protective system. 

Informational Note :'\o. 3: See t:L 1724, Firt! Tl'!it.< for Electrirol 
Cirruit Protection Spt1'11L<, for testing requirement• for circuit 
protecth·e systems. 

Informational :'\ote l'o. 4: Electrical circuit protecth-e systems 
could include, but are not limited to, thermal barriers or a 
protecth·e shaft. 
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695.15 ARTICLE 695 - FIRE PUMPS 

Informational Note ::'\o. 5: The listing organization prmides 
infmmation for electrical circuit protective systems on proper 
installation requiremenl� to maintain the fire rating. 

695.15 Surge Protection. A listed surge protective cle\-ice 
(SPD) shall be installed in or on the fire pump controller. 
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Informational ::'\ote: See UL 1449-2021, Standard for Surl(" Proll'r
tiw Droires, for proper application of SPD types. 

Exception: Sul-ge-fnvlective devices shaU not he l't!quired in or on a jill! 
pump conlmllerfm· diesel fire pumps. 
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ARTICLE 700 - EMERGE:"'CY SYSTEMS 700.3 

Chapter 7 Special Conditions 

Part I. General 

ARTICLE 700 
Emergency Systems 

700.1 Scope. This article applies to dtc electrical safety of me 
installation, operation, and maimcnancc of emergency systems 
consisting of circuit"l and equipment intended to supply, 
distribute, and control electricity for illumination, power, or 
both, to required facilities when me normal electrical supply or 
system is interrupted. 

Informational :'\ote No. 1 :  Emergency systems are generally 
installed in places of a.'i."lembly where artificial illumination i• 
required for safe exiting and for panic control in buildings 
su�ject to occupancy by large numbers of persons, such a.• 
hotel•, theaters, sport.• arena.•, health care fdcilities, and similar 
institutions. Emergency systems may also pm,ide power for such 
functions a.• \'entilation where es."lential to maintain life, fire 
detection and ala1m systems, ele\<ttors, fire pumps, public safety 
communications systems, industrial pmces."les where current 
inteJTuption would produce seriolL• life safety or health hazard•, 
and similar functions. 

Informational l'ote :'\o. 2: See Article 517, Health \..are Facili
ties, for further information regarding ''iring and installation of 
emergency system• in health care fdcilities. 

lnformational l'ote :'\o. 3: See l'FPA 99-2018, Hw/tll \.art' Facili
lil'.< C.nde, for further infmmation regarding perfonnance and 
maintenance of emergency systems in health care fdcilities. 

Informational :'\ote l'o. 4: See :'\FPA /01-2018, /.if' Safety C,OO, 
for specification of locations where emergency lighting i• 
considered es."lential to life safety. 

lnformational l'ote :'\o. 5: See l'FPA 1 10-2019, SUindanifor Emer
grmry and Standby Poruer Sy<tem.<, and :'\FPA 1 1 1-2019, Stmuiani on 
Storm furtriral Enwgy Emergmcy and Standby Pmow SJslem.<, for 
further information regarding performance· of emergency and 
standby power systems. Emergency $)'Stem� are considered Level 
1 system• when appl�ing l'FPA 1 10. 

700.2 Reconditioned Equipment. Reconditioned 
Sl\itchcs shall not be permitted. · 

700.3 Tests and Maintenance. 

transfer 

(A) Commissioning Witness Test. The audtority having juris
diction shall conduct or lviUlcss dtc commis."lioning of me 
complete system upon installation and periodically aftcm<Jrd. 

Informational Note: See NECA 90, Standani for C..ollulli.<Sioning 
Building furtriral Sptems. 

(B) Tested Periodically. Systems shall be tested periodically on 
a schedule approved by dtc authority having jurisdiction to 
ensure me systems arc maintained in proper operating concli
tion. 

(C) Maintenance. Emergency system cquipmcm shall be main
tained in accordance "id1 manufacturer instructions and 
industry standard'!. 

(D) Written Record. A wriucn record shall be kept of such 
tcst"l and maintenance. 
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(E) Testing Under Load. Means for testing all emergency 
lighting and power systems during maximum anticipated load 
conditions shall be provided. 

Informational :'\ote: See l'FPA 1 10-2019, Stmuiani for Emwgmcy 
and Standby Pmoer SJSiellt<, for information on testing and mainte
nance of emergency power supply systems (EPSSs). 

(F) Temporary Source of Power for Maintenance or Repair of 
the Alternate Source of Power. If the emergency system relics 
on a single alternate source of power, which \\ill be disabled for 
maintenance or repair, me emergency system shall include 
permanent Sl'itching means to connect a portable or tempo
rary alternate source of power that shall be a\<Jilablc for me 
duration of the maintenance or repair. The pcrmancm Sl'itch
ing means to connect a portable or temporary alternate source 
of power shall comply wim me following: 

(1)  Connection to the portable or temporary alternate source 
of power shall not require modification of the pcrmancm 
system \\iring. 

(2) Transfer of power between the normal power source and 
the emergency power source shall be in accordance wim 
700.12. 

(3) The connection poim for me portable or temporary alter
nate source shall be marked wim the phase rotation and 
system bonding requircmcnl"l. 

(4) The Slvitching means, including me intcrlock."l, shall be 
listed and provided lvith mechanical or mechanical and 
electrical interlocking to prevent inadvertent intercon
nection of power sources. 

(5) The Slvitching means shall include a contact point that 
shall annunciate at a location remote from me generator 
or at anomer facility monitoring system to indicate that 
the permanent emergency source is disconnected from 
the emergency system. 

(6) The permanent connection point for me temporary 
generator shall be located outdoors and shall not have 
cables from me connection poim to me temporary gener
ator routed through exterior windows, doors, or similar 
openings. 

(7) A permanent label shall be field applied at the perma
nent connection point to identify the system voltage, 
maximum amperage, short-circuit current rating of me 
load side of cquipmclll supplied, and ungrounded 
conductor idcmification in accordance lvith 210.5. 

It shall be pcnnis."liblc to usc manual slvitching to Sl\itch 
from the pcnnancnt source of power to me portable or tempo
rary alternate source of power and to usc dtc switching means 
for connection of a load bank. 

lnformational l'ote: See lnformational l'ote Figure 700.3(F) for 
one example of many pos.•ible method• to achie\'e the require
ment.• of700.3(F) . 

Exception: The permanent switching 1111'nns to co-nnect a pm·tabk m· 
tempom!J altenwte source of powerfm· tile duratio-n of the maintenance 
m· 1-ejJait· shall not be tP.quill'.d where any of tile follmuing ronditions 
exists: 

( 1) AU processes tlwt n!ly on the emergency !i)'.�iml .�mm:e are capabk 
of being di�abled during maintenance or reJiair of the emergency 
soun:e of powe1: 
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700.4 ARTICLE 700 - EMERGE:"'CY SYSTEMS 

(2) Tile building or .�tructwl! is unorcupied and jill! Jnvtection 
.�ystro1s all! fully functional and do not requitl! an alttmate 
power sourre. 

(3) Other temporary means ran ht substitutl'.d for tht rolergtmcy 
systro1. 

( 4) A Jmmmumt altematt erne�·gtmcy source, such as, but 1wt limited 
to, a second on-site standh)• gtmeratm· or !ii!Jiaratt tlectric utility 
servict connection, capable of supt101ting tile erne�·gtmcy !i)'-�tem, 
exists. 

700.4 Capacity and Rating. 

(A) Capacity. An emergency system shall have adequate 
capacity in accordance l\ith Part'i I through IV of Article 220 or 
by another approved method. The system capacity shall be 
sufficient for the rapid load changes and transient power and 
energy requirement" a'i.'iociatcd "id1 any expected load'i. 

(B) Selective Load Management. The alternate power source 
shall be permitted to supply emergency, legally required 
standby, and optional standby system load'i where the source 
ha'i adequate capacity or where load management (that 
includes automatic selective load pickup and load shedding) is 
prm-idcd a'i needed to ensure adequate power to the following 
in order of priority: 
(1) Emergency circuit'i 
(2) Legally required standby circuit'i 
(3) Optional standby circuit'i 

(C) Parallel Operation. Parallel operation of dtc emergency 
sourcc(s) shall consist of the sources specified in 700.4(C) (1) 
and (C) (2). 

(1) Normal Source. The emergency source shall be permitted 
to operate in parallel "id1 the normal source in compliance 
"ith Part I or Part II of Article 705 where dtc capacity required 
to supply the emergency load is maintained at all times. Any 
operating condition that rcsult'i in less than dtc required emer
gency source capacity shall initiate a system malfunction sigital 
in accordance with 700.6(A) . 

700.3(F) 
Switching means 
and interlock 

700.5 
Transfer 
equipment 

Informational Note Figure 700.3(F) 

70-626 

Emergency 
load 

Normal 
power 
source 

Parallel operation shall be pcnnittcd for satisf}ing the test 
requirement" of 700.3(B) , prmidcd all other conditions of 
700.3 arc met. 

Informational Note: Peak load sha,·ing is one application for 
parallel source operdtion. 

(2) Emergency Source. Emergency sources shall be permitted 
to operate in parallel where the ncccs.'iary equipment to estab
lish and maintain a S}'llchronous condition is prO\idcd. 

700.5 Transfer Equipment. 

(A) General. Transfer equipment shall be automatic, listed, 
and marked for emergency usc. Transfer equipment shall be 
designed and installed to prevent the inadvertent interconnec
tion of normal and emergency sources of supply in any opera
tion of the transfer equipment. Transfer equipment and 
electric power production systems installed to permit operation 
in parallel with the normal source shall meet the requirement" 
of Article 705. Meter-mounted transfer Sl\itchcs shall not be 
permitted for emergency system usc. 
(B) Bypass Isolation Transfer Switches. Means shall be permit
ted to bypa'i.'i and isolate the transfer equipment. \\"bcrc bypa'i.'i 
isolation transfer Sl\itchcs arc used, inadvertent parallel opera
tion shall be prevented. 

(C) Automatic 'IniDsfer Switches. Automatic transfer s"itchcs 
shall be cle�trically operated and mechanically held. 

(D) Rec:iundant Transfer Equipment. If emergency load'i arc 
supplied by a single feeder, the emergency power S}"Stcm shall 
include redundant transfer equipment or a b)-pa'is isolation 
transfer switch to facilitate maintenance a'i required in 
700.3(C) l\ithout jeopardizing continuity of power. If the 
redundant transfer equipment or bypa'i.'i isolation transfer 
switch is manual (or nonautomatic), then it shall be actively 
supcniscd by a qualified person when the primary (automatic) 
transfer equipment is disabled for maintenance or repair. 

Exception: Tile ll!quill!lnent fm· tl!dundancy with tht tmnsftr tquipmtmt 
shall not app{l· w/11!17! any of tht following conditions exi.�t: 

( 1) All pmusses that ndy on tht ro1ergency .'i)'.�lrol .�mm:e all! capable 
of being disabled dwing maintenanct or repair activities without 
jroJimrlizing tht saftty to human life. 

(2) Tile building or .�tructwl! is mwrcupied and jill! Jnvtection 
.�ystro1s all! fu/{}· functional and do not requitl! an alttmate 
power sourre. 

( 3) Other trotporary mtans slmll be Jmmitted to ht .mb.�tituttd fm· tile 
emergency .�_vstem. 

(4) A w1itttn 1!1111!1-gtmfJ Jllan that includes mitigation actions and 
l"esponsibilities fm· qualified Jll'nmns to add11'!iS tile 11'cognized site 
hauurls fm· tile dumtion of tht maintmana or 17!fJai1· activities 
shall ht devtloJII'd mul imJIIeJnenttd. Tile 1'711trgency plan shall ht 
made available to tile autlwrity having jurisdiction. 

(E) Use. Transfer equipment shall supply only emergency 
load'i. 

Informational :'\ote: Trdn.•fer equipment that supplies emer
gency loads prmides separation of thi• load type from any 
others and is independent of any equipment used to combine or 
parallel sources. 

(F) Documentation. The short-circuit current rating of the 
transfer equipment, ba'iCd on the specific ovcrcurrcnt protec
tive device type and settings protecting the transfer equipment, 
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ARTICLE 700 - EMERGE:"'CY SYSTEMS 700.10 

shall be field marked on the exterior of the transfer cquip
mcm. 

700.6 Signals. Audible, \isual, and facility or network remote 
annunciation dc\iccs shall be prmidcd, where applicable, for 
the purpose described in 700.6(A) through (D). 

(A) Malfunction. :Malfunction signals indicate a malfunction 
of the emergency source. 

(B) Carrying Load. Load carl)ing signals indicate that the 
emergency source is carl)ing load. 

(C) Storage Bauery Charging Malfunction. Storage baucry 
charging malfunction signals indicate a charging malfunction 
on a baucry required for source readiness, including starting 
the prime mover, is not functioning. 

(D) Ground Fault. Ground-fault signals indicate a ground 
fault in solidly grounded wyc emergency systems of more than 
150 volts to ground and circuit-protective dc\iccs rated 1000 
amperes or more. The sensor for the ground-fault signal dc,i
ccs shall be located at, or ahead of, the main system disconnect
ing means for the emergency source, and the ·maximum setting 
of the signal de, ices shall be for a ground-fault currcm of 1200 
amperes. Instructions on the course of action to be taken in 
the event of indicated ground fault shall be located at or ncar 
the sensor location. 

For systems "id1 multiple emergency sources connected to a 
paralleling bus, the ground fault sensor and the system bond
ingjumpcr shall be pcnniucd to be at an alternative location. 

700.7 Signs. 

(A) Emergency Sources. A sign shall be placed at the scnicc
cntrancc equipment, indicating type and location of each on
site emergency power source. 

Exception: A sign shall not be 11'qui11'd for individtwl unit III[Uijmumt 
asspecijied in 700.12(ll). 

(B) Grounding. \\'here removal of a grounding or bonding 
connection in normal power source equipment interrupt-; the 
grounding electrode conductor connection to the alternate 
power sourcc(s) grounded conductor-, a warning sign shall be 
installed at the normal power source equipment stating: 

WAID\ING 
SHOCK HAZARD EXISTS IF GROU:"'DING 

ELECTRODE COJ'\DUCTOR OR BO:"'DING JC�lPER 
COJ'\:"'ECTIOJ'\ 1:"1 TillS EQUIPMENT IS REMOVED 

WI-ULE ALTERJ'\ATE SOl:RCE(S) lS E:"'ERGIZED. 

The warning sign (s) or label(s) shall comply "ith 1 1 0.21 (B). 

700.8 Surge Protection. A listed SPD shall be installed in or on 
all emergency system switchgear, S\'itchboards, and panel
boarcl<;. 

Part D. Circuit Waring 

700.10 Waring, Emergency System. 

(A) Identification. Emergency circuit<; shall be pcnnancndy 
marked so they "ill be readily identified as a component of an 
emergency circuit or system by dtc follo"ing methods: 
(1) All boxes and enclosures (including transfer S\\itchcs, 

generators, and power panels) for emergency circuit-; 
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shall be permanently marked ao; a component of an emer
gency circuit or system. 

(2) \\-'here boxes or enclosures arc not cncountcrccl, exposed 
cable or raceway system<; shall be permanently marked to 
be iclcntificcl a<; a component of an emergency circuit or 
system, at intcn"als not to exceed 7.6 m (25 ft) .  

Receptacles supplied from the emergency system shall have a 
distinctive color or marking on the receptacle cover plates or 
the receptacles. 

(B) Waring. Wiring from an emergency source or emergency 
source distribution ovcrcurrcnt protection to emergency loacl<; 
shall be kept entirely independent of all other "iring and 
equipment unlcs.o; otherwise pcrmiucd in the follo"ing: 
(1)  Wiring from the normal power source located in transfer 

equipment enclosures 
(2) Wiring supplied from two sources in exit or emergency 

luminaires 
(3) Wiring from two sourc� in a listed load control relay 

supplying exit or emergency luminaires, or in a common 
junction box, auad)ecl to exit or emergency luminaires 

(4) Wiring \\ithit'l a common junction box attached to unit 
equipment, containing only the branch circuit suppl}'ing 
the unit equipment and the emergency circuit supplied 
by the unit equipment 

(5) Wiring "idtin a traveling cable to an elevator 
(6) Wiring from an emergency source to supply emergency 

and other (noncmcrgcncy) loacl<; in accordance "ith the 
following: 
a. Separate vertical switchgear sections or separate verti

cal S\'itchboard sections, "id1 or "idtout a common 
bus, or indhidual disconnect-; mounted in separate 
enclosures shall be used to separate emergency loacl<; 
from all odtcr load-;. 

b. The common bus of separate sections of dtc S\'itch
gcar, separate sections of the switchboard, or the incli
'idual enclosures shall be either of the following: 

(i) Supplied by single or multiple feeders \\ithout 
ovcrcurrcnt protection at the source 

(ii) Supplied by single or multiple feeders with 
ovcrcurrcnt protection, prmidccl that the over
current protection that is common to an emer
gency system and any noncmcrgcncy systcm(s) 
is selectively coordinated "ith the next dmm
strcam ovcrcurrcnt protective clc'l'icc in the 
noncmcrgcncy systcm(s) 

Informational :'\ote: See lnfmmational Note Figure 
iOO.lO(B) ( 1 )  and Informational l'ote Figure 
iOO.lO(B) (2) for further information. 

c. Emergency circuit-; shall not originate from the same 
vertical switchgear section, vertical S\'itchboard 
section, panelboard enclosure, or inclhidual discon
nect enclosure ao; other circuit<;. 

ct. It shall be pcnnis.<;iblc to usc single or multiple feed
ers to supply distribution equipment between an 
emergency source and the point where the emer
gency load<; arc separated from all other load-;. 

c. At the emergency power source, such a<; a generator, 
multiple integral ovcrcurrcnt protective dc\iccs shall 
each be pcrmiucd to supply a designated emergency 
or a cl�ignatcd noncmcrgcncy load, prmidcd that 
there is complete separation between emergency and 
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700.10 ARTICLE 700 - EMERGE:"'CY SYSTEMS 

noncmcrgcncy load'i beginning immediately after the 
ovcrcurrcnt protective device line-side connections. 

Wiring of two or more emergency circuil'i supplied from the 
same source shall be pcrmiucd in the same raceway, cable, box, 
or cabinet. 

(C) Wiring Design and Location. Emergency "iring circuil'i 
shall be designed and located so as to minimize the hazard., 
that might cause failure clue to flooding, fire, icing, vandalism, 
and other adverse conditions. 

(D) Fu-e Protection. 

(1) Occupancies. Emergency systems shall meet the additional 
requirement., in 700.10(D) (2) through (D) (4) in the follo"ing 
occupancies: 

(1)  A'iscmbly occupancies for not less dtan 1000 persons 
(2) Buildings above 23 m (75 ft) in height 
(3) Educational occupancies l\ith more dtan 300 occupanl'i 

Emergency source 

Common bus 

I) I) 
Emergency Legally required 

standby (other loads) 

Informational Note F.gure 700.10(8)(1) 
Feeders Without Overcurrent Protection. 

Emergency 

-��� . 
)common OCPD I Common bus 

I 
)LRS I 

Legally required 
standby (other loads) 

Informational Note F.gure 700.10(8)(2) 
Feeders with Overcurrent Protection. 
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I) 
Optional standby 
(other loads) 

Single or Multiple 

I 
)os I 

Optional standby 
(other loads) 

Single or Multiple 

(2) Feeder-Circuit Waring. Feeder-circuit "iring shall meet one 
of the following conditions: 

( 1)  The cable or raceway is installed in spaces or areas that 
arc fully protected by an approved automatic fire protec
tion system. 

(2) The cable or raceway is protected by a listed electrical 
circuit protective system l\ith a minimum 2-hour fire 
rating. 

Informational :'\ote :'\o. 1: See l"L 1724, Fire Tl'!it.< for Electrirol 
Cirruit Pmtl't:tion .�yste11u, for one method of defining an elecuical 
circuit protective system. The l"L Guide Information for Electrirol 
Cirruit lnt..grity -�T.<tnll.< (FHIT) contains infonnation to identil}· 
the system and iL• in.•tallation limitations to maintain a mini
mum 2-hour fire-resisti,·e rating and is a\'llilahle from the certifi
cation body. 

(3) The cable or raceway is a listed fire-resistive cable system 
"ith a minimum 2-hour fire rating. 

Informational Note No. 2: See UL 2196-2017, Staudard for Fire 
Tl'!il for Circuit lnt..grity of Fi1r-RI'!iistive PmiJI!r, lmtru111mlation, 
Omtrol and Data l.ah[,s, for one method of defining a fire-
resi•ti\-e cable system. .· 

(4) The cable or raceway is protected by a listed fire-rated 
a'iscmbly that ha'i a minimum fire rating of 2 hours and 
contains only emergency circuit'i. 

(5) The cable or raceway is cnca'icd in a minimum of 50 mm 
(2 in.) of concrete. 

(3) Feeder-Circuit Equipment. Equipment for feeder circuil'i 
(including transfer s"itchcs, transfonncrs, and panelboarcl'i) 
shall be located either in spaces fully protected by an approved 
automatic fire protection system or in spaces "id1 a 2-hour fire 
resistance rating. 

(4) Source Control Waring. Control conductors installed 
between the emergency power supply systcm/storccl-cncrgy 
power supply system (EPSS/SEPSS) and transfer equipment or 
comrol systems that initiate the operation of emergency sour
ces or initiate the automatic connection to emergency loacl'i 
shall be kept entirely independent of all other "iring and shall 
meet dtc conditions of 700.10(0) (2). The integrity of source 
comrol \\iring shall be monitored for broken, disconncctccl, or 
shorted "ires. Los.'i of imcgrity shall result in the follo"ing 
actions: 

(1) CnmeratOI:<. Shall start the gcncrator(s) . 
(2) AU other .mu1r:es. Shall be considered a system malfunction 

and initiate the designated signal(s) in 700.6(A). 

700.11 Waring, CJass.2-Powered Emergency Lighting Systems. 

(A) General. Line voltage supply \\iring and installation of 
Cla'is 2 emergency lighting comrol clc\'iccs shall comply with 
700.10. Cla'is 2 emergency circuits shall comply "id1 700.1 1  (B) 
through (D). 

(B) Identification. Emergency circuil'i shall be pcnnancndy 
marked so they "ill be readily identified a'i a component of an 
emergency circuit or system by dtc follo"ing mcthod'i: 

( 1)  All boxes and enclosures for Cla'is 2 emergency circuil'i 
shall be permanently marked a'i a componcm of an emer
gency circuit or system. 

(2) Exposed cable, cable tray, or raceway systems shall be 
pcrmancndy marked to be iclcmificd a'i a component of 
an emergency circuit or system, \\ithin 900 mm (3 ft) of 
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ARTICLE 700 - EMERGE:"'CY SYSTEMS 700.12 

each connector and at imcrvals not to exceed 7.6 m 
(25 ft).  

(C) Separation of Circuits. Clao;s 2 emergency circuit" shall be 
"ired in a listed, jacketed cable or with one of dtc wiring mcth
oclo; of Chapter 3. If installed alongside noncmcrgcncy Clao;s 2 
circuit" that arc bundled, Cla<�.o; 2 emergency circuit" shall be 
bundled separately. If installed alongside noncmcrgcncy 
Cla<�.o; 2 circuit" that arc not bundled, Clao;s 2 emergency circuit" 
shall be separated by a nonconductivc sleeve or nonconductivc 
barrier from all other Cla<�.o; 2 circuito;. Separation from other 
circuit" shall comply l\ith 725. 136. 

(D) Protection. Wiring shall comply l\ith the requirement" of 
300.4 and be installed in a raceway, armored or metal-dad 
cable, or cable tray. 

Exception ExcefJtion No. 1: Section 700.ll(D) shall 1wt aJJflly to 
whing that does not exceed 1.83 m (6 ji) in length and that tmninates 
at an emetgency Luminahe m· an t!ITU!Igt!nC)' Lighting control device. 

Exception Exct>fJtifm No. 2: Section 700.ll(D) slmU not aptJ�l' to Locked 
moms or Locked enclo:mres tlmt 0:17! acce.••sibk ftn{l' to qualified Jm"Sons. 

Informational l'ote: Locked rooms acces.•ible only to qualified 
persons include locked telecommunications rooms, locked elec
uical equipment rooms, or other acces.<Konu-olled area•. 

Part m. Sources of Power 

700.12 General Requirements. Currcm supply shall be such 
that, in me cvcm of failure of the normal supply to, or l\ithin, 
the building or group of buildings concerned, emergency light
ing, emergency power, or bod1 shall be available l\ithin me 
time required for me application but not to exceed 10 seconds. 
The supply system for emergency purposes, in addition to the 
normal scniccs to the building and meeting me general 
requirement" of this section, shall be one or more of me types 
of systems described in 700.12(C) mrough (H) . Unit cquip
mcm in accordance l\ith 700.12(H) shall satisfy me applicable 
requirement" of dtis article. 

(A) Power Source Considerations. In selecting an emergency 
source of power, consideration shall be gi\'cn to the occupancy 
and the type of scnicc to be rcmJerecl, whcmcr of minimum 
duration, ao; for evacuation of a theater, or longer duration, ao; 
for suppl}ing emergency power and lighting due to an indefi
nite period of currcm failure from trouble eidtcr inside or 
outo;idc the building. 

(B) Equipment Design and Location. Equipmcm shall be 
designed and located so ao; to minimize the hazardo; that might 
cause complete failure due to flooding, fires, icing, and vandal
ism. 

Equipmcm for sources of power ao; described in 700.l2(C) 
through (H) shall be installed either in spaces fully protected 
by approved automatic fire protection systems or in spaces wim 
a 2-hour fire rating where located l\ithin the follm\ing: 

(1) A<�.o;cmbly occupancies for more than 1000 persons 
(2) Buildings above 23 m (75 ft) in height 
(3) Educational occupancies l\ith more dtan 300 occupant" 

Informational :'\ote l'o. 1: See :'\FPA /01-2021,  l.zfl' Safet)' Code, 
Section 6.1 ,  for infonnation on occupancy cJa,..•ifications. 

Informational l'ote l'o. 2: See IEEE 3006.!'>-2014, RHmnmmded 
PrartiCI' for the Uv of Pmbahilit)' Method.< for Conducting a Reliabilil)' 
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Ana�r-<i< of lllliu.<lrial a1Ui Cmmnen:ial Pmo,.,-.�r-<te��u, for information 
regarding power system reliability. 

(C) Supply Duration. The emergency power source shall be of 
suitable rating and capacity to supply and maintain the total 
load for the duration determined by the system design. In no 
cao;c shall me duration be lcs.o; dtan 2 hours of system operation 
unlcs.o; used for emergency illumination in 700.l2(C) (4) or unit 
cquipmcm in 700.12(H). Additionally, me power source shall 
complp\ith 700.l2(C) (l)  duough (C) (5) ao; applicablc. 

Informational :'\ote: See l'FPA 1 10-2022, Stmulard for Em,.,-gmq 
and StmulbJ Pmoer Sptl'ln.<, for infonnation on cJa,..•ification of 
emergency power supply system.• (EPSS). 

(1) On-Site Fuel Supply. An on�itc fuel supply shall be prmi
dcd, sullicicnt for not lcs.o; man 2 hours operation of me 
system. 

(2) Fuel Transfer Pumps. \\'here power is needed for me 
operation of me fuel transfer pumps to deliver fuel to me 
source, mcsc pumps shall be connected to me emergency 
power system. 

(3) Public Gas System, Municipal Water Supply. Sources shall 
not be solely dcpendcm on a public utility gao; system for their 
fuel supply or municipal water supply for meir cooling systems. 

Exception: :»'hen aJJflmved by the authm'it_l' havingjwifdiction, tile use 
of other tiUm on-site fuelf shall be Jmmitted whe11! t/11!17! is a lmo frmba
bilitJ of a simultaneous failure of both tile off-site fuel delivery !i_l'.flem 
and power ftvm tile outside electrical utilitJ compan_v. ll-1ie11! the JIUblic 
gas !i_l'.flem is aptmroed, the requimnents of 700.12( C)(l) shall not 
aptJ�V· 

(4) Storage Batteries and UPS. Storage baucrics and UPS 
used to supply emergency illumination shall be of suitable 
rating and capacity to supply and maintain me total load for a 
minimum period of I �  hours, "ithout the voltage applied to 
the load falling below 87� percent of nominal voltage. 
Automotive-type baucrics shall not be used. An automatic 
baucry charging means shall be prmidcd. 

(5) Automatic Fuel Transfer \\'here dual fuel sources arc used, 
means shall be prmidcd for automatically transferring from 
one fuel source to anomer. 

(D) Generator Set. 

(1) Prime Mover-Driven. For a generator set driven by a prime 
mover approved by me authority ha\ing jurisdiction and sized 
in accordance l\ith 700.4, means shall be prmidcd for automat
ically starting the prime mover on failure of the normal power 
source and for automatic transfer and operation of all required 
electrical circuito;. A time-delay feature shall be prmidcd to 
avoid rctransfcr in cao;c of short-time reestablishment of me 
normal source. 

(2) Battery Power and Dampers. Where a storage baucry is 
used for control or signal power or ao; the means of starting me 
prime mover, it shall be suitable for me purpose and shall be 
equipped \\ith an automatic charging means independent of 
the generator set. \\-'here the baucry charger is required for me 
operation of the generator set, it shall be connected to me 
emergency system. \\'here power is required for the operation 
of dampers used to ventilate me generator set, me dampers 
shall be connected to the emergency system. 

(3) Auxiliary Power Supply. Generator scto; that require more 
than I 0 sccondo; to develop power shall be pcrmiucd if an 
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700.12 ARTICLE 700 - EMERGE:"'CY SYSTEMS 

auxiliary power supply energizes the emergency system until 
the generator can pick up dtc load. 

(4) Outdoor Generator Sets. Where an outdoor-housed gener
ator set is equipped "ith a readily acccs.�iblc disconnecting 
means in accordance "id1 445.18, and dtc disconnecting 
means is located within sight of the building or structure 
supplied, an additional disconnecting means shall not be 
required where ungrounded conductors serve or pa�s through 
the building or structure. Where the generator supply conduc
tors terminate at a disconnecting means in or on a building or 
structure, dtc disconnecting means shall meet the require
ments of 225.36. 

Exception: For i1utallations under singk management, whe1-e cmuli
timls of maintenana and supervision ensw'f' that em�}· qualified 
persons will monitm· mul service the installation mul wlll!l-e clacmnented 
safe switching Jllvcedw-es m-e established and maintained fm· disconntc
tion, the generator set disconnecting means shall not be 11'-f[Ui11'4 to be 
located within .�ight of the building m· stmcture served. 

(E) Stored-Energy Power Supply Systems (SEPSS). Stored 
energy power supply systems shall comply with 700.12(E) (1)  
and (E) (2). 

(1) 'JYpes. Systems shall consist of one or more of the follow
ing system t}'pcs: 

(1)  l:nintcrruptiblc power supply (UPS) 

Informational :'\ote: See t:L I ii8, Unintnruptible Pmow Sy.<tmu, 
for further infonnation. 

(2) Fuel cell system 
(3) Energy storage system (ESS) 
(4) Storage battery 
(5) Odtcr approved cquhalcnt stored energy sources that 

comply with 700.12 

(2) Fu-e Protection, Suppression, Ventilation, and Separation. 
The system� in 700.12(E) (1)  shall be installed with the fire 
protc�tion, supprcs.�ion, ventilation, and separatioJ1 require
ments specified in the manufacturer's instructions or equip
ment listing. 

Informational Note: See :'\FPA 853-2020, Standard.for tile lmtalla
tion of Statimzary Fllt•l CAl Pmoer Sy•tem.•, and 
:'\FPA 85!>-2020, Standard for tile Installation .of Stationar)' EllPrJ!J 
Storage .�y.de11u, for additional infmmati0n on fire protection 
installation requiremenL�. 

(F) Separate Service. Where approved by the authority ha\-ing 
jurisdiction a� suitable for usc a� an emergency source of 
power, an additional service shall be permitted. This scnicc 
shall be in accordance "id1 the applicable prmisions of Arti
cle 230 and the following additional requirements: 

( 1)  Separate overhead scnicc conductors, sen icc drops, 
underground service conductors, or service laterals shall 
be installed. 

(2) The senicc conductors for the separate senicc shall be 
installed sufficicndy remote electrically and physically 
from any other senicc conductors to minimize dtc pos.�i
bilil)' of simultaneous interruption of supply. 

(G) Microgrid Systems. On-site sources, designated a� emer
gency sources, shall be permitted to be connected to a micro
grid system. 

The system shall isolate the emergency system from all nonc
mcrgcncy loacl� when the normal electric supply is interrupted 
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or shall meet the requirement� of 700.4(8). Interruption or 
partial or complete failure of the normal or noncmcrgcncy 
sourcc(s) shall not impact the availabilil)', capacity, and dura
tion prmidcd by the designated emergency sources. 

The designated stored-energy electrical emergency power 
sourcc(s) of a microgrid system shall be pcnnittcd to remain 
interconnected to any a\-ailablc power production source 
during operation of the emergency sourcc(s) where the lack 
of, or failure of, the interconnected power production 
sourcc(s), or related controls, docs not impact system opera
tion. Interconnected power production sources, other than the 
designated stored emergency power sourcc(s), shall not be 
required to meet the requirement� of this article. 

(H) Battery-Equipped Emergency Luminaires. 

(1) Listing. All battery-equipped emergency luminaires shall 
be listed. 

Informational Note :'\o. 1: See ,\J"SI/t:L 924, Emergmcy l.igllting 
and Pmoer Equipmmt, for th�: requiremenL� covering battel")� 
equipped emergency luminaires and emergency battery pack.�. A 
listed emergency battel")" padt installed in a listed luminaire \\ill 
prmide similar functionality a.� a listed battel")�quipped emer
gency luminaire. 

Informational Note No. 2: t:nit equipment i� a type of battel")� 
equipped emerget1cy luminaire. 

(2) Installation. Battery-equipped emergency luminaires shall 
be installed in accordance l\ith the follm\ing: 

(1)  Battery-equipped emergency luminaires shall be pcrma
ncndy fixed in place (i.e., not portable). 

(2) · Wiring to each luminairc shall be installed in accordance 
"ith the requirement� of any of the wiring mcthocl� in 
Chapter 3 unlcs.� othcmisc specified in Part II, IY, or V of 
this article. Flexible cord-and-plug connection shall be 
permitted for unit equipment, prmidcd that dtc cord 
docs not exceed 900 mm (3 ft) in length. Flexible cord, 
"ith or without a plug, shall also be permitted for battery
equipped emergency luminaires installed in accordance 
with 410.62(C) ( I ) .  

(3) The branch circuit feeding the battery-equipped emer
gency luminairc shall be one of the following: 

a. The same branch circuit a� that scning the normal 
lighting in the area and connected ahead of any local 
switches. 

b. The same or a different branch circuit a� that sening 
the normal lighting in the area if that circuit is equip
ped with means to monitor the status of that area's 
normal lighting branch circuit ahead of any local 
switches. 

c. A separate branch circuit originating from the same 
panelboard a� one or more normal lighting circuit�. 
This separate branch circuit disconnecting means 
shall be prmidcd "ith a lock-on feature. 

(4) The branch circuit that feed� battery-equipped emer
gency luminaires shall be clearly identified at the distribu
tion panel. 

(5) Emergency luminaires that obtain power from a battery
equipped emergency luminairc shall be \\ired to the 
battery-equipped emergency luminaires a� required in 
Part II, IV, or V of this article. 

(6) Remote luminaires providing lighting for the exterior of 
an exit door shall be permitted to be supplied by the 
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ARTICLE 700 - EMERGE:"'CY SYSTEMS 700.24 

battery-equipped emergency luminairc serving the area 
immediately inside the exit door. 

Part IV. Emergency System Circuits for Lighting and Power 

700.15 Loads on Emergency Branch Circuits. :"'o appliances 
and no lamps, other than those specified as required for emer
gency usc, shall be supplied by emergency lighting circuits. 

700.16 Emergency Illumination. 

(A) General. Emergency illumination shall include means of 
egress lighting, illuminated exit signs, and all other luminaires 
specified as ncccs.�ary to prmidc required illumination. 

(B) System Reliability. Emergency lighting systems shall be 
designed and installed so that the failure of any illumination 
source cannot leave in total darkncs."l any space that requires 
emergency illumination. Emergency lighting control dc\iccs in 
the emergency lighting system shall be listed for usc in emer
gency systems. Listed unit equipment in accordance with 
700.12(H) shall be considered as meeting the prmisions of this 
section. 

Informational :'\ote: See i00.23 d1mugh i00.26 for applications 
of emergency system control devices. 

(C) Discharge Lighting. Where high-imcnsity discharge light
ing such as high- and low-prcs."lurc sodium, mercury vapor, and 
metal halide is used a"l the sole source of normal illumination, 
the emergency lighting system shall be required to operate 
umil normal illumination ha"l been restored. 

(D) Disconnecting Means. Where an emergency system is 
installed, emergency illumination shall be provided in the area 
of the disconnecting means required by 225.31 and 230.70, a'l 
applicable, where the disconnecting means arc installed 
indoors. 

Exception: Altenwtive mean� tlwt rosm'f' that the emergency lighting 
illumi1wtion level is maintained shall be permittl'.d. 

700.17 Branch Circuits for Emergency Lighting. Branch 
circuiL"l that supply emergency lighting shall be installed to 
prmidc sen-icc from a source compl)'ing widt 700.12 when the 
normal supply for lighting is interrupted. Such installations 
shall prmidc either of the follm\ing: 

(1) An emergency lighting 1\Upply, independent of the 
normal lighting supply, widt prmisions for automatically 
transferring dtc emergency lighL� upon dtc cvcm of fail
ure of dtc normal lighting supply. 

(2) Two or more branch circuiL"l supplied from separate and 
complete systems with independent power sources. One 
of the two power sources and systems shall be pan of the 
emergency system, and the other shall be permitted to be 
pan of dtc normal power source and system. Each system 
shall prmidc sufficient power for emergency lighting 
purposes. 
Unlcs.� both systems arc used for regular lighting purpo
ses and both arc kept lighted, means shall be prmidcd for 
automatically energizing either system upon failure of the 
other. Either system or both systems shall be permitted to 
be a part of the general lighting of the protected occu
pancy if circuiL"l supplying lighL"l for emergency illumina
tion arc installed in accordance with odtcr sections of this 
article. 
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700.18 Circuits for Emergency Power. For branch circuiL"l that 
supply equipment cla'i.�cd a"l emergency, there shall be an 
emergency system supply source to which the load \\ill be trans
ferred automatically upon dtc failure of the normal supply. 

700.19 Multiwire Branch Circuits. The branch circuit serving 
emergency lighting and power circuits shall not be part of a 
multiwirc branch circuit. 

Part V. Control - Emergency Lighting Circuits 

700.20 Switch Requirements. The switch or switches installed 
in emergency lighting circuiL� shall be arranged so that only 
authorized persons have control of emergency lighting. 

Exception No. 1: n1!e1P two m· mmP single-th1uw switches alP ronnected 
in Jlarallel to control a single circuit, at least one of the.'it' .<;witches slwll 
be accessible only to autho1·iud persons. 

Exception No. 2: Additional switches that act on�v to Jmt emergency 
lights into oJm"ation but nofdi.�cmmect them shall be Jlermi.•;sible. 

Sl\itchcs connected in series or 3- and 4-way Sl\itchcs shall 
not be used. 

700.21 Switch Location. All manual switches for controlling 
emergency drcuiL� shall be in locations convenient to author
ized persons responsible for their actuation. In facilities 
covcrccl by Articles 518 and 520, a switch for controlling cmcr
gcm:y lighting systems shall be locatccl in the lobby or at a place 
convcnicndy acccs.�iblc thereto. 

In no ca"lC shall a control switch for emergency lighting be 
placccl in a motion-picture projection booth or on a stage or 
plalfonn. 

Exception: Mm'f' multiple .witdvs alP Jmroided, one such .witch slwll 
be Jmmitted in such locations whelP armngp.d so that it can on�}· ener
gize the cin:uit but cannot de-energize the cin:uit. 

700.22 Exterior Lights. Those lighL� on the exterior of a build
ing that arc not required for illumination when there is sulli
cicnt daylight shall be pcnniuccl to be controlled by an 
automatic light-actuatccl clcvicc. 

700.23 Dimmer and Relay Systems. A dimmer or relay system 
containing more than one climmcr or relay ancl listcd for U."lC in 
emergency systems shall be pcrmiuccl to be usccl a"l a control 
device for energizing emergency lighting circuiL�. Upon failure 
of normal power, dtc dimmer or relay system shall be pcrmit
tccl to selectively energize only those branch circuiL"l rcquirccl 
to proviclc minimum emergency illumination using a control 
b}pa'i."l function. \\'here the climmcr or relay system is feel by a 
normal/emergency power source from an upstream transfer 
switch, normal power sensing for this function shall be pcrmit
tccl to be from a nonnal-only power source upstream of the 
transfer switch. All branch circuiL"l suppliccl by the climmcr or 
relay system cabinet shall comply l\ith the wiring method� of 
Pan II of Aniclc 700. 

700.24 Directly ControUed Emergency Luminaires. \\"bcre 
emergency illumination is providccl by one or more clirccdy 
comrollcd emergency luminaires that, upon los."l of normal 
power, rcsponcl to an external control input to establish the 
rcquirecl emergency illumination level, such clirccdy controllccl 
emergency luminaries shall be listed for u.�c in emergency 
systems. Luminaires that arc cncrgizccl to the required emer
gency illumination level by disconnection of dtcir control input 
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700.25 ARTICLE 701 - LEGALLY REQURED STA.'IDBY SYSTEMS 

by a listed emergency lighting control device shall not be 
required to be listed for usc in emergency systems. 

700.25 Branch Circuit Emergency Lighting Transfer Switch. 
Emergency lighting load-; supplied by branch circuit-; rated at 
not greater than 20 amperes shall be permitted to be trans
ferred from the nonnal branch circuit to an emergency branch 
circuit using a listed branch circuit emergency lighting transfer 
switch. The mechanically held requirement of 700.5(C) shall 
not apply to listed branch circuit emergency lighting transfer 
switches. 

700.26 Automatic Load Control Relay. If an emergency light
ing load is automatically energized upon los.o; of the normal 
supply, a listed automatic load control relay shall be permitted 
to energize the load. The load control relay shall not be used as 
transfer equipment. 

700.27 Class 2 Powered Emergency Lighting Systems. Devices 
that combine control signals with Clao;s 2 emergency power on 
a single circuit shall be listed ao; emergency lighting control 
devices. 

Informational :'\ote: An example of a de�ice combining contml 
signal• \\ith Cia'"' 2 emergency power sources i• a Power over 
Ethernet (PoE) S\\ltch. 

Part VI. Overcurrent Protection 

700.30 Accessibility. The branch-circuit ovcrcurrcnt dc\-iccs in 
emergency circuit-; shall be accessible to authorized persons 
only. 

700.31 Ground-Fault Protection of EquipmenL The alternate 
source for emergency systems shall not be required to provide 
ground-fault protection of equipment \\ith automatic discon
necting means. Ground-fault indication at the emergency 
source shall be provided in accordance with 700.6(0) if 
ground-fault protection of equipment \\ith automatic discon
necting means is not prmidcd. 

700.32 Selective Coordination. 

(A) General. Emergency systcm(s) ovcrcurrent protective devi
ces (OCPDs) shall be selectively coordinated with all supply
side and load-side OCPDs. 

Selective coordination shall be selected by a licensed profes
sional engineer or odtcr qualified persons engaged primarily in 
the design, installation, or maintenance of electrical systems. 
The selection shall be documented and made available to dtose 
authorized to design, install, inspect, maintain, and operate the 
system. 

(B) Replacements. \\"bcrc emergency systcm(s) OCPDs arc 
replaced, they shall be reevaluated to ensure selective coordina
tion is maintained with all supply-side and load-side OCPDs. 

(C) Modifications. If modifications, additions, or deletions to 
the emergency systcm(s) occur, selective coordination of the 
emergency systcm(s) OCPDs wid1 all supply-side and load-side 
OCPDs shall be rcc\'aluatcd. 

Exception: Selective roordination shall not be 11'-f[Ui11'd betw«n two over
nmmt devices locattd in se1·its if no load.� are ronmcttd in parallel 
with the dmunst71'am droiu. 
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Informational Note F.gure 700.32(C) Emergency System 
Selective Coordination. 

Informational Note: See Informational :'\ote Figure 700.32(C) 
for an example of how emergency system OCPDs selecth-ely 
coordinate \\lth all supply-side OCPDs. 

A. 
OCPD D selectively coordinates "ith OCPDs C, F, E, 8, and 

OCPD C selectively coordinates \\lth OCPDs F, E, 8, and A. 
OCPD F selecth·eh• coordinates \\ith OCPD E. 
OCPD 8 is not required to selecth·ely coordinate \\ith OCPD 

A hecau.<;e OCPD 8 is not an emergency system OCPD. 

ARTICLE 701 
Legally Required Standby Systems 

Part I. General 

701.1 Scope. This article applies to the electrical safety of the 
installation, operation, and maintenance of legally required 
standby systems consisting of circuit-; and equipment intended 
to supply, distribute, and control electricity to required facili
ties for illumination or power, or bod1, when dtc normal elec
trical supply or system is interrupted. 
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ARTICLE 701 - LEGALLY REQURED STA.'IDBY SYSTEMS 701.6 

The systems covered by this article consist only of those that 
arc permanently installed in their entirety, inducting the power 
source. 

lnformational l'ote :'\o. 1 :  See l'FPA 99-2018, Health (.art' Facili
til'.< Code, for funher information. 

lnformational l'ote :'\o. 2: See l'FPA 1 10-2019, Standard for Emer
grmry and Stmulb)· Porwr Systl'lns, for funher infonnation regard
ing performance of emergency and standby power system.•. 

lnformational l'ote :'\o. 3: See AJ">SI/IEEE 446-1995, lln:olllllll'n
dwl Prartire for Emergrmq and Standby Pmow Sy<tems for lndu.<trial 
and l..o111111Prrial Applicatimls, for funher infmmation. 

Informational l'ote :'\o. 4: Legally required standby systems are 
typically installed to serve loads, such a.• heating and refrigera
tion system.•, communication.• system.•, ,·entilation and smoke 
remo\'al system.•, sewage disposal systems, lighting systems, and 
indu.•trial proces.�s that, when stopped during any intemtption 
of the normal electrical supply, could create hazards or hamper 
rescue or firefighting operdtions. 

Informational l'ote :'\o. 5: Legally required standby systems are 
considered level one systems when failure to perfonn could 
result in los.• of human life or serious i1�jmies and level two 
systems when f.Uiure of leg-dlly required standby systems to 
perform is les.• critical to human life and safety when appl�ing 
l'FPA 1 10-2019, Standard for E11ll'ri{Vl'J Standby Pmtltff Sy<tnll.<. 

701.2 Reconditioned Equipment. Reconditioned transfer 
switches shall not be pcrmiucd. 

701.3 Commissioning and Maintenance. 

(A) Commissioning Witness Test. The autltority having juris
diction shall conduct or "iUlcss tltc commissioning of tile 
complete system upon installation. 

(B) Tested Periodically. Systems shall be tested periodically on 
a schedule and in a manner approved by tile authority ha\-ing 

jurisdiction to ensure the systems arc maintained in proper 
operating condition. 

(C) Maintenance. Legally required standby system equipment 
shall be maintained in accordance witll manufacturer instruc
tions and industry standarcl'i. 

(D) Written Record. A "Tillcn rccor<l shall be kept on such 
tcst'i and maintenance. 

(E) Testing Under Load. Means for testing legally required 
standby systems under load shall be provided. 

Informational :'\ote: See l'FPA 1 10-2019, Stmuiani for EmPrgmcy 
mui Standby PmtH!r Sy.<lellt<, for information on testing and mainte
nance of emergency power supply systems (EPSSs). 

701.4 Capacity and Rating. 

(A) Rating. Legally required standby system equipment shall 
be suitable for the available fault current at it'i tcnninals. 

(B) Capacity. A legally required standby system shall have 
adequate capacity in accordance witll Part'i I through IV of Arti
cle 220 or by anotltcr approved mctllocl. The system capacity 
shall be sufficient for tile rapid load changes and transient 
power and energy requirement" as.'iociatccl witll any expected 
load'i. 

(C) Load Management. The alternate power source shall be 
pcnniucd to supply legally required standby and optional 
standby system load'i where the alternate source has adequate 
capacity or where load management ( tltat includes automatic 
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selective load pickup and load shcdcling)is prmiclcd tltat will 
ensure adequate power to tile legally required standby circuit'i. 

(D) Parallel Operation. Parallel operation shall comply witll 
Pan I or Part II of Ankle 705 where the legally required source 
capacity required to supply the legally required load is main
tained at all times. Parallel operation of the legally required 
sourcc(s) shall consist of the sources specified in 701 .4(0) (1)  
and (0) (2). 

(1) Normal Source. The alternate power source shall be 
pcrmiucd to operate in parallel with the normal source in 
compliance with Part I or Part II of Article 705 where tile 
capacity required to supply the legally required standby load is 
maintained at all times. Any operating condition that result'i in 
lcs.'i than the required source capacity shall initiate a legally 
required standby source malfunction signal in 701.6(A). 

Parallel operation shall be pcnniucd for satisf}ing tile test 
requirement" of 701 .3(B) , prmidccl all other conditions of 
701.3 arc met. 

Informational Note: _.Peak load sha,·ing is one application for 
parallel source operation. 

(2) Alternate Source. Legally required standby sources shall be 
pcrmiucd to· operate in parallel where the ncccs.•ary equip
ment to establish and maintain a s�11chronous condition is 
prmiclcd: · · 

701.5 'Ihmsfer Equipment. 

(A) General. Transfer equipment shall be automatic, listed, 
and marked for emergency system or legally required standby 
usc. Transfer equipment shall be clesignccl and installed to 
prevent tile inadvertent interconnection of normal and alter
nate sources of supply in any operation of the transfer equip
ment. Transfer equipment and electric power production 
systems installed to permit operation in parallel with tile 
normal source shall meet the requirement" of Article 705. 
Meter-mounted transfer switches shall not be pcrmiucd for 
legally required system usc. 

(B) Bypass Isolation Switches. Means to bypa'i.'i and isolate tile 
transfer switch equipment shall be pcrmiucd. Where bypa'i.'i 
isolation s"itches arc used, inadvertent parallel operation shall 
be avoided. 

(C) Automatic Transfer Switches. Automatic transfer s"itches 
shall be electrically operated and mechanically held. 

(D) Documentation. The short-circuit current rating of tile 
transfer equipment, ba'iCd on the specific ovcrcurrcnt protec
tive device type and settings protecting the transfer equipment, 
shall be field marked on tltc exterior of tltc transfer equip
ment. 

701.6 Signals. Audible and visual signal devices shall be prmi
clcd, where practicable, for tile purposes described in 701 .6(A), 
(8) , (C), and (D). 

(A) Malfunction. Malfunction signals indicate a malfunction 
of tile standby source. 

(B) Carrying Load. Load carrying signals indicate tltat tile 
standby source is carrying load. 

(C) Battery Charging Malfunction. Baucry charging malfunc
tion signals indicate charging malfunction on a baucry 
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701.6 ARTICLE 701 - LEGALLY REQURED STA.'IDBY SYSTEMS 

required for source rcadincs.�, including the prime mover start
ing battery. 

Informational :'\ote: See l'FPA 1 10-2019, Stamlarrl for Emngmcy 
and Standby Poruer Sys/Pms, for signal� for generator sel�. 

(D) Ground FaulL Ground-fault signals indicate a ground 
fault in solidly grounded wyc, legally required standby system� 
of more than 150 volts to ground and circuit-protective devices 
rated 1000 amperes or more. The sensor for the ground-fault 
signal devices shall be located at, or ahead of, the main system 
disconnecting means for the legally required standby source, 
and the maximum setting of the signal dc\iccs shall be for a 
ground-fault current of 1200 amperes. Instructions on the 
course of action to be taken in the event of an indicated 
ground fault shall be located at or ncar the sensor location. 

For systems "id1 multiple emergency sources connected to a 
paralleling bus, the ground-fault sensor shall be permitted at 
an alternate location. 

Informational :'\ote: See l'FPA 1 10-2019, Stamlarrl for Emngmcy 
and Standby Poruer Sys/Pms, for signal� for generator sel�. 

701.7 Signs. 

(A) Mandated Standby. A sign shall be placed at the scnicc 
entrance indicating type and location of each on-site legally 
required standby power source. 

Exception: A sign shall not be 11'qui11'd for indiuidtwl unit equipment 
as specified in 701.12(1). 

(B) Grounding. \\'here removal of a grounding or bonding 
connection in normal power source equipment interrupt� the 
grounding electrode conductor connection to dtc alternate 
power sourcc(s) grounded conductor, a warning sign shall be 
installed at the normal power source equipment stating: 

WARNING 
SHOCK HAZARD EXISTS IF GROUNDING ELECTRODE 

CONDUCTOR OR BONDING JUMPER CONNECTION IN 
TIDS EQUIPMENT IS REMOVED WHR.EALTERNATE 

SOURCE(S) IS ENERGIZED. 

The warning sign (s) or label(s) shall comply "ith 1 1 0.21 (B). 

Part D. Circuit Waring 

701.10 Waring Legally Required Standby Systems. 

(A) General. The legally required standby system "iring shall 
be permitted to occupy the same raceways, cables, boxes, and 
cabinet� with other general wiring. 

(B) Waring. Wiring from a legally required source to supply 
legally required and other (nonlcgally required) load� shall be 
in accordance with the following: 

(1) The common bus of switchgear, sections of a switchboard, 
or indi\idual enclosures shall be either of the follo"ing: 

a. Supplied by single or multiple feeders without over
current protection at the source 

b. Supplied by single or multiple feeders with ovcrcur
rcnt protection, prmidcd that the ovcrcurrcnt protec
tion that is common to a legally required system and 
any nonlcgally required systcm(s) is selectively coordi
nated "ith dtc next downstream ovcrcurrent protec
tive device in the nonlcgally required systcm(s) 
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Informational :'\ote: See lnfmmational Note Figure iOI.IO(B) 
( I )  and lnfonnational :'\ote Figure 701 . 10(8) (2) for funher 
infmmation. 

Part Ill. Sources of Power 

701.12 General Requirements. Current supply shall be such 
that, in the event of failure of the normal supply to, or l\ithin, 
the building or group of buildings concerned, legally required 
standby power will be available "idtin the time required for the 
application but not to exceed f>O second�. The supply system 
for legally required standby purposes, in addition to the 
normal scnices to the building, shall be permitted to comprise 
one or more of the l}pcs of systems described in 701.12(A) 
through (1) . Unit equipment in accordance with 701.12(1) 
shall satisfy the applicable requirement� of this article. 

(A) Power Source Considerations. In selecting a legally 
required standby source of power, consideration shall be given 
to the l}pc of scnicc to be. r�ndcrcd, whether of short-time 
duration or long duration . . · 
(B) Equipment Design and ·Location. Consideration shall be 
given to dtc location or design, or both, of all equipment to 
minimize dte hazards that might cause complete failure due to 
floods, fires, icing, and vandalism. 

Legally required standby source 

Legally required 
standby 

Common bus 

Optional standby 
(other loads) 

Informational Note F.gure 701.10(8)(1) 
Feeders Without Overcurrent Protection. 

Legally required standby source 

I ) Common OCPD 

n 
I ) I ) 

Legally required 
standby 

Optional standby 
(other loads) 

Informational Note F.gure 701.10(8)(2) 
Feeders with Overcurrent Protection. 

Single or Multiple 

Single or Multiple 
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ARTICLE 701 - LEGALLY REQURED STA.'IDBY SYSTEMS 701.12 

Informational Note: See A:'\SI/IEEE 493-2007, RHmnmmded 
PrartiCP for the IJ,.<ign of RPiiable lndu.<trial and l.o111mm:ial Poruer 
Systl'ln.<, for funher information. 

(C) Supply Duration. The alternate power source shall be of 
suitable rating and capacity to supply and maintain the total 
load for the duration determined by the system design. In no 
case shall the duration be lcs.� than 2 hours of system opera
tion. Additionally, the power source shall comply with 
701.12(C) ( l )  through (C) (5) a� applicable. 

Informational :'\ote: See li:FPA 1 10-2022, Standard for Emngmcy 
and Standby Poruer Systl'lns, for information on cla.•sification of 
emergency power supply system.• (EPSS). 

(1) On-Site Fuel Supply. An on-site fuel supply shall be prmi
dcd, sullicicnt for not less than 2 hours operation of the 
system. 

(2) Fuel Transfer Pumps. \\'here power is needed for the 
operation of dtc fuel transfer pumps to deliver fuel to the 
source, dtcse pumps shall be connected to the legally required 
standby power system. 

(3) Public Gas System, Municipal Water Supply. Sources shall 
not be solely dependent on a public utility gao; system for their 
fuel supply or on a municipal water supply for their cooling 
systems. 

Exception: Mum• aJJjlr(fl}ed by the authm"it_l' havingjwifdiction, tile use 
of other than on-site fuelf shall be Jmmitted where there is a lmv proba
bility of a .fimultaneous failure of both tile offsite fuel delivery .'i_l'.flnll 
and power from tile outside e!P.ctrical utility company. H-71en� a JIUblic 
gus .'i_l'.flnll i.f aptmroed, the requhellll!nLf of 701.12(C)(J) shall not 
aptJ�l'· 

(4) Storage Batteries and UPS. Storage batteries and UPS 
used to supply standby illumination shall be of suitable rating 
and capacity to supply and maintain the total load for a mini
mum period of I Y:t hours, wimout the voltage applied to the 
load falling below 87Y:t percent of nominal voltage. Automotive
type batteries shall not be used. An automatic battery charging 
means shall be provided. 

(5) Automatic Fuel Source Transfer. \\'here dual fuel sources 
arc used, means shall be provided for automatically transfer
ring from one fuel source to another. 

(D) Generator Set. 

( 1) Prime Mover-Driven. For a generator set driven by a prime 
mover approved by dtc authority having jurisdiction and sized 
in accordance with 701 .4, means shall be provided for automat
ically starting dtc prime mover upon failure of dtc normal 
power source and for automatic transfer and operation of all 
required electrical circuito;. A timc-clelay feature permitting a 
15-minutc setting shall be provided to avoid rctransfcr in cao;c 
of short-time reestablishment of dtc normal source. 

(2) Battery Power. \\'here a storage battery is used for control 
or signal power or ao; the means of starting the prime mover, it 
shall be suitable for the purpose and shall be equipped "id1 an 
automatic charging means independent of dtc generator set. 

(3) Outdoor Generator Sets. If an outdoor-housed generator 
set is equipped with a readily acccs.�iblc disconnecting means in 
accordance with 445.18, and the disconnecting means is loca
ted "idtin sight of dtc building or structure supplied, an addi
tional disconnecting means shall not be required where 
ungrounded conductors serve or pa�s through dtc building or 
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structure. \\"bcrc the generator supply conductors terminate at 
a disconnecting means in or on a building or structure, the 
disconnecting means shall meet the requirement" of 225.36. 

(E) Stored-Energy Power Supply Systems (SEPSS). Stored 
energy power supply systems shall comply with 701 . 12(E) (l)  
and (E) (2). 

(1) 'JYpes. Systems shall consist of one or more of the follow
ing system types: 
a. Unintcrruptiblc power supply (UPS) 

Informational :'\ote: See t:L 1778, Unintnruptabll' Poruer Syste11L<, 
and t:L 924, Emergrmry Lighting and Pmo,-Equipment, for funher 
infmmation. 

b. Fuel cell system 
c. Energy storage system (ESS) 
d. Storage battery 
c. Odtcr approved equivalent stored energy sources that 

complp\ith 701 . 12  

(2) Fare Protection, Suppression, Ventilation, and Separation. 
The systcmo; in 701.12(E) (l)  shall be installed with the fire 
protc�tion, suppression, ventilation, and separation require
ment� specified in the manufacturer's instructions or equip
ment listing . . 

· 
Informational Note: See :'\FPA 853-2020, Standard for the !IIStaUa· 
tio-ll of Stationary Furl l.eU Pmo,- Sy<tnll.<, and li:FPA 855-2020, 
Slandarrl for the !IISlaHation of Stationary En,-gy Stnragl' Sy.<tems, for 
additional infonnation on fire protection ins1allation require
menL•. 

(F) Separate Service. \\"bcrc approved, by the authority 
having jurisdiction a� suitable for usc ao; a legally required 
source of power, an additional sen-icc shall be permitted. This 
service shall be in accordance with Article 230 and the follow
ing additional requirement�: 
( 1 )  Separate overhead sen-icc conductors, sen-icc drops, 

underground sen-icc conductors, or service laterals shall 
be installed. 

(2) The sen-icc conductors for the separate sen-icc shall be 
installed sufficicndy remote electrically and physically 
from any other sen-icc conductors to minimize the pos.�i
bilil)' of simultaneous interruption of supply. 

(G) Connection Ahead of Service Disconnecting Means. 
\\-'here approved by the audtority haling jurisdiction, connec
tions located ahead of and not l\ithin the same cabinet, enclo
sure, vertical Sl\itchgcar section, or vertical -"''itch board section 
ao; the service disconnecting means shall be pcnnit:tcd. The 
legally required standby sen-icc shall be sullicicndy separated 
from dtc normal main sen-icc disconnecting means to mini
mize simultaneous interruption of supply through an occur
rence within the building or groups of buildings served. 

Informational ll:ote: See 230.82 for equipment permitted on the 
supply side of a ser\'ice disconnecting means. 

(H) Microgrid Systems. On-site sources, designated a� legally 
required standby sources, shall be pcnnit:tcd to be connected 
to a microgrid system. 

The system shall isolate the legally required standby system 
from all nonlcgally required loads when the normal electric 
supply is interrupted or shall meet dtc requirement� of 
701.4(C). Interruption or partial or complete failure of the 
normal sourcc(s) shall not impact dtc availability, capacil)', and 
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701.12 ARTICLE 702 - OPTIO:"'AL STAI\'DBY SYSTEMS 

duration provided by the designated legally required standby 
sources. 

The designated stored-energy legally required standby power 
sourcc(s) of a microgrid system shall be pcnnittcd to remain 
interconnected to any available power production source 
during operation of the legally required standby sourcc(s) 
where the lack of, or failure of, the interconnected power 
production sourcc(s), or related controls, docs not impact 
system operation. Interconnected power production sources, 
other dtan the designated SEPSS, shall not be required to meet 
the requirement-; of this article. 

(I) Battery-Equipped Emergency I A•minaires, Used for Legally 
Required Standby Systems. Battery-equipped emergency 
luminaires used for legally required standby systems shall 
comply with 701.12(H) . 

Part IV. Overcurrent Protection 

701.30 Accessibility. The branch-circuit ovcrcurrcnt dc\"iccs in 
legally required standby circuit-; shall be acccs.o;iblc to audtor
izcd persons only. 

701.31 Ground-Fault Protection of EquipmenL The alternate 
source for legally required standby systems shall not be 
required to provide ground-fault protection of equipment with 
automatic disconnecting means. Ground-fault indication at the 
legally required standby source shall be prmidcd in accordance 
"ith 701.6(0) if ground-fault protection of equipment with 
automatic disconnecting means is not provided. 

701.32 Selective Coordination. 

(A) General. Legally required standby systcm(s) ovcrcurrcnt 
protective dc\"iccs (OCPDs shall be selectively coordinated with 
all supply-side and load-side OCPDs. 

Selective coordination shall be selected by a licensed profes
sional engineer or odtcr qualified persons engaged primarily in 
the design, installation, or maintenance of electrical systems. 
The selection shall be documented and made available to dtose 
authorized to design, install, inspect, maintain, and operate the 
system. 

(B) Replacements. \\'bcrc legally required standby OCPDs arc 
replaced, they shall be reevaluated to ensure selective coordina
tion is maintained with all supply-side and load-side OCPDs. 

(C) Modifications. If modifications, additions, or deletions to 
the legally required standby systcm(s) occur, selective coordina
tion of the legally required systcm(s) OCPDs with all supply
side and load-side OCPDs shall be reevaluated. 

Exception: Selective roordination shall not be 11'-f[Ui11'd between two over
nmmt devices locattd in se1·its if no load.� are ronmcttd in parallel 
with the dmunst71'am droiu. 

Informational Note: See lnfonnational :'\ote Figure 701.32(C) 
for an example of how legally required standby system OCPDs 
selecth-ely coordinate \\ith all supply-side OCPDs. 

A. 
OCPD D selecth·ely coordinates "ith OCPDs C, F, E, 8, and 

OCPD C selectively coordinates \\ith OCPDs F, E, 8, and A. 
OCPD F selecth·e� coordinates \\ith OCPD E. 
OCPD 8 is not required to selecth·ely coordinate \\ith OCPD 

A becatL•e OCPD 8 is not a legally required standby system 
OCPD. 
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Informational Note F.gure 701.32(C) Legally Required 
Standby System Selective Coordination. 

ARTICLE 702 
Optional Standby Systems 

Part I. General 

702.1 Scope. This article applies to the installation and opera
tion of optional standby system•. 

The systems covered by this article consist of dtose that arc 
pcrmancndy installed in their entirety, including prime 
movers, and those that arc arranged for a connection to a 
premises wiring system from a portable alternate power supply. 

Informational l'ote: Optional standby systems are typically 
installed to provide an alternate source of electric power for 
such facilities a.• industrial and commercial buildings, fann.•, and 
residences and to sen-e loads such a.• heating and refrigerdtion 
system.•, data proces.•ing and communication• systems, and 
indtL•trial proces.o;es that, when stopped during any power 
outage, could catLo;e dio;comfon, serious interruption of the proc
ess, damage to the product or proces.•, or the like. 

702.2 Reconditioned Equipment. Reconditioned transfer 
s\\itchcs shall not be permitted. 
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ARTICLE 702 - OPTIO:"'AL STAJ'\DBY SYSTEMS 702.12 

702.4 Capacity and Rating. 

(A) System Capacity. 

(I) Manual and Nonautomatic Load Connection. If the 
connection of load is manual or nonautomatic, an optional 
standby system shall have adequate capacity and rating for the 
supply of all equipment intended to be operated at one time. 
The user of the optional standby system shall be permitted to 
select the load connected to the system. 

Informational l'ote: Manual and nonautomatic trdnsfer equip
ment require human intervention. 

(2) Automatic Load Connection. If the connection of load is 
automatic, an optional standby system shall comply with 
702.4(A) (2) (a) or (B) (2) (b) in accordance with Parto; I 
through IV of Article 220 or by another approved method. 

(a) Full Load. The standby source shall be capable of 
supplying the full load that is automatically connected. 

(b) Energy Mmw�ment .'i_l'.�tem (EMS). \\'here a system is 
employed in accordance "ith 750.30 that "ill automatically 
manage dtc connected load, the standby source shall have a 
capacity sufficient to supply the maximum load that \\ill be 
connected by the EMS. 

702.5 Interconnection or Transfer Equipment. 

(A) General. Interconnection or transfer equipment shall be 
required for all standby systems sui?jcct to the requirement" of 
this article. Equipment shall be suitable for the intended usc 
and shall be listed, designed, and installed so ao; to prevent the 
inadvertent interconnection of all sources of supply in any 
operation of the equipment. 

Exception: TemJmrat)' conntrtion of a portable �nemtm· zuitlwut tmns· 
fer I'.Jf!tipmmt shall be Jlermittl'.d wlmf' conditions of maintenance alld 
.mpnvision ensutf' that cm{l· qualified pn-sons service tile imtallalion 
and whelP the nonnal suptJ{l' is Jlhy.�ira/{l' isolated by a lockable disccm· 
ntrting 1111'.ans or by di.�ronntrtion of tile nonnal suptJ{l' ronductm-s. 

(B) Meter-Mounted Transfer Switches. Transfer switches 
installed between the utility meter and dte meter enclosure 
shall be listed meter-mounted transfer switches and shall be 
approved. 

Informational :'\ote No. 1:  See t.:L 1008:\f; Trausji'T SruiJch l:quip
mtml, Meter '"lounted, for more information. 

Informational Note :'\o. 2: :\failual and nonautomatic transfer 
equipment use human intcm·ention. 

(C) Documentation. In other than dwelling unito;, the short· 
circuit current rating of the transfer equipment, bao;cd on the 
specific ovcrcurrcnt protective device type and settings protect· 
ing the transfer equipment, shall be field marked on dtc cxtc· 
rior of dtc transfer equipment. 

(D) Parallel Installation. Systems installed to permit operation 
in parallel "ith dtc nonnal source shall also meet Part I or 
Part II of Article 705. 

702.6 Signals. Audible and '"isual signal dc'"iccs shall be prmi
dcd, where practicable, for the following purposes specified in 
702.6(A) and (B). 

(A) Malfunction. To indicate malfunction of the optional 
standby source. 

(B) Carrying Load. To indicate dtat the optional standby 
source is carl)ing load. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI'RJCAL COI>t: 

Exception: Signal� shall not be !1'.Jfltil1'R for pm·tabk standby power 
soun:es. 

702.7 Signs. 

(A) Standby. A sign shall be placed at the sc�icc equipment 
for other than one- and two-family dwellings that indicates the 
type and location of each on-site optional standby power 
source. For one- and two-family dwelling unito;, a sign shall be 
placed at the disconnecting means required in 230.8.1) that incH
cates the location of each pcrmancndy installed on-site 
optional standby power source disconnect or means to shut 
down the prime mover ao; required in 445.19(C). 

(B) Grounding. Where removal of a grounding or bonding 
connection in normal power source equipment interrupt" the 
grounding electrode conductor connection to dtc alternate 
power sourcc(s) grounded conductor, a warning sign shall be 
installed at the normal power source equipment stating: 

WARNING: 
SHOCK HAZARD EXISTS IF GROUNDING ELECfRODE 

CONDUCTOR OR 1,\0NDING JUMPER CONNECTION IN 
TIDS EQUIPMENT IS REMOVED WHILE ALTERNATE 

SOURCE(S) IS ENERGIZED. 

The warniilg sign (s) or label(s) shall comply "ith 1 10.21 (B). 

(C) Powei' Inlet. \\'here a power inlet is used for a temporary 
connection to a portable generator, a warning sign shall be 
placed ncar the inlet to indicate the type of derived system that 
the system is capable of bao;cd on the wiring of the transfer 
equipment. The sign shall display one of the follo"ing warn
ings: 

WARNING: 
FOR CONNECTION OF A SEPARATELY DERIVED 

(BONDED NEUTRAL) SYSTEM ONLY 
or 

WARNING: 
FOR CONNECTION OF A NONSEPARATELY DERIVED 

(FLOATING NEUTRAL) SYSTEM ONLY 

Part II. Waring 

702.10 Waring Optional Standby Systems. The optional 
standby system wiring shall be permitted to occupy the same 
raceways, cables, boxes, and cabincto; "ith other general "iring. 

702.11 Portable Generator Grounding. 

(A) Separately Derived System. \\'here a portable optional 
standby source is used ao; a separately derived system, it shall be 
grounded to a grounding electrode in accordance with 250.30. 

(B) Nonseparately Derived System. Where a portable optional 
standby source is used ao; a nonscparately derived system, the 
equipment grounding conductor shall be bonded to dtc system 
grounding electrode. 

702.12 Outdoor Generator Sets. 

(A) Portable Generators Greater Than 15 kW and Permanently 
Installed Generators. Where an outdoor housed generator set 
is equipped l\ith a readily accessible disconnecting means in 
accordance with 445.18, and the disconnecting means is loca
ted "ithin sight of the building or structure supplied, an addi
tional disconnecting means shall not be required where 
ungrounded conductors serve or pao;s through dtc building or 
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structure. \\'bcrc the generator supply conductors terminate at 
a disconnecting means in or on a building or structure, the 
disconnecting means shall meet the requirements of 225.36. 

(B) Portable Generators 15 kW or Less. \\'here a portable 
generator, rated 15 k W or lcs.�, is installed using a flanged inlet 
or other cord-and-plug-type connection, a disconnecting means 
shall not be required where ungrounded conductors serve or 
pa'i.� through a building or structure. The flanged inlet or other 
cord-and-plug-type connection shall be located outside of a 
building or structure. 

(C) Power Inlets Rated at 100 Amperes or Greater, for Porta
ble Generators. Equipment containing power inlcto; for the 
connection of a generator source shall be listed for the inten
ded usc. Systcmo; "idt power inlcto; not rated a� a disconnecting 
means shall be equipped l\ith an interlocked disconnecting 
means. 

Exception: Supervised indust1ial installations where permanent space 
is identified for tile portable generatm· located within line of .�ight of the 
power inleL� shall 1wt be 11'-Jfltill'.d to have interlocked disronntcting 
means nm· inlets mttd as disronntcL�. 

ARTICLE 705 
Interconnected Electric Power Production 

Sources 

Part I. General 

705.1 Scope. This article covers installation of one or more 
electric power production sources operating in parallel l\ith a 
primary sourcc(s) of electricity. 

Informational Note :'\o. 1: Examples of the types of p1imary 
sources include a utility supply or an ml-!lite elecuic power 
source(s). 

Informational :'\ote l'o. 2: See lnfmmational Note. Figure 705. I .  

705.5 Parallel Operation. 

(A) Output Compatibility. Power production sources operat
ing in parallel "idt a primary source of electricity or other 
power production sources shall haYc compatible voltage, wave 
shape, and frequency ratings. 

(B) Synchronous Generators. Synchronous generators operat
ing in parallel "ith a primary power source shall be installed 
with dtc required synchronizing equipment. 

Informational l'ote: See IEEE 1547, Standard for /uterconnwtinn 
ami /nteroperabilit)' of Didrihutwl Energy &sourc" lllith A.uociated 
Electric Pmuer Sptellt< lntPrfares, and L'L 1741, Standard for bwerti'TS, 
Converters, C.nntroiii'TS and /utercnnnwtinu Sptem Equipmtmt for l.!.<e 
ruitll Distributed Em•rgy Re.<mtTCI'.<, for utility interconnection. 

705.6 Equipment Approval. Interconnection and interactive 
equipment intended to connect to or operate in parallel with 
power production sources shall be listed for the required inter
active function or be Cl<tluatcd for the interactive function and 
have a field label applied, or both. 

Informational Note :'\o. 1 :  See L'L 1741, Stnndard for Inverter.<, 
Omver/ers, C.nntroiii'TS and /utercnnnwtinn Sptem Equipmtmt for l.!.<e 
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(1) These diagrams me intended to be a means of identification for power source 
oomponents, circuits, and connections. 
(2) The power source disconnect in these diagrams separates the power source 
from other systems. 
(3) Equipment disconnecting means not shown. 
(4) System grounding and equipment grounding are not shown. 
(5) Custom designs occur in each configuration, and some components are optional. 

Informational Note F.gure 705.1 Identification of Power 
Source Components in Common Configurations 

lt!itll Di<tributni Energ:,· Resourt:l'>, for e\"dluating interconnected 
equipment. Sources identified a.• stand-iilone, interactive, or 
multimode are specifically identified and certified to operate in 
these operdtional modes. Stand-iilone sources operate in i•land 
mode, interactive sources operate in interactive mode, and 
multimode sources operate in either island mode or interacti\·e 
mode. Stand-alone sources are not evaluated for interacti\·e 
capahilities. 

lnformational l'ote :'\o. 2: An interdctive function i• common in 
equipment such a.• microgrid interconnect de�ices, power 
control systems, interdcti,·e inverters, synchronm�• engine gener
ators, ac energy storage system.•, and ac \\ind turhines. 

705.8 System Installation. Installation of one or more electri
cal power production sources operating in parallel "ith a 
primary sourcc(s) of electricity shall be performed only by 
qualified persons. 

Informational l'ote: See Article 100 for the definition of Q}lali
jied Per.mn. 

705.10 Identification of Power Sources. Permanent plaques, 
labels, or directories shall be installed at each service equip-
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mcm location, or at an approved readily visible location in 
accordance "idt the following: 

(1) Denote the location of each power source disconnecting 
means for the building or structure. 

Exception: Tnstallations with multiJJle colocattd power pmduction .�ow� 
ces slmU ht permitttd to ht identijil'.d as a gmup(s ). The plaqut, label, 
m· dhtctmJ shaU not ht required to identify Pm:h power source individu
al{}·. 

(2) Indicate the emergency telephone numbers of any off-site 
entities servicing dtc power source systems. 

Informational :'\ote: See :'\FPA 1-2021,  H" ('.od,., 1 1.12.2. 1.5 for 
installer information. 

(3) Be marked with the wording "('..AUTIO:"!: MULTIPLE 
SOURCES OF PO\\'ER." The marking shall comply widt 
1 10.21 (B). 

705.11 Source Connections to a Service. 

(A) Service Connections. An electric power production source 
shall be permitted to be connected to a service by one of dtc 
follo"ing mcdtod'i: 

(1) To a new service in accordance widt 230.2(A) 
(2) To dtc supply side of the service disconnecting means in 

accordance "idt 230.82(6) 
(3) To an additional set of service entrance conductors in 

accordance "idt 230.40, Exception :"'o. 5 

These connections shall comply "idt 705.1 1  (B) dtrough (F). 

(B) Conductors. Service conductors connected to power 
production sources shall comply "id1 the follo"ing: 

(1) The ampacity of the service conductors connected to dtc 
power production source service disconnecting means 
shall not be lcs.'i than the sum of the power production 
source maximum circuit currcm in 705.28(A) . 

(2) The service conductors connected to the power produc
tion source service disconnecting means shall be sized in 
accordance with 705.28 and not be smaller than 6 AWG 
copper or 4 AWG aluminum or copper-dad aluminum. 

(3) The ampacity of any other service �onductors to which 
the power production sources arc connected shall not be 
lcs.'i dtan dtat required in 705�11(8) . 

(C) Connections. Connections to service conductors or cquip
mcm shall comply widt 705.ll (C)(l)  through (C) (3). 

(I) Sp6ces or Taps. Service conductorspliccs and taps shall be 
made in accordance "idt 230.33 or 230.46 and comply with all 
applicable enclosure fill rcquircmcnt'i. 

(2) Existing Equipment. Any modifications to existing cquip
mcm shall be made in accordance with the manufacturer's 
instructions, or dtc modification must be field c\-aluatcd for dtc 
application and be field labeled. 

(3) Uti6ty-Controlled Equipment. For meter socket enclosures 
or other cquipmcm under the exclusive control of the electric 
utility, only connections approved by the electric utility shall be 
permitted. 

(D) Service Disconnecting Means. A disconnecting means in 
accordance with Part'i VI through VII of Article 230 shall be 
provided to disconnect all ungrounded conductors of a power 
production source from the conductors of other systems. 
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(E) Bonding and Grounding. All metal enclosures, metal 
"iring methods, and metal part'i associated widt the service 
connected to a power production source shall be bonded in 
accordance "idt Part'i II through V and VIII of Article 250. 

(F) Overcurrent Protection. The power production source 
service conductors shall be protected from ovcrcurrcnt in 
accordance "ith Part VII of Article 230. The rating of dtc over
current protection device of dtc power production source serv
ice disconnecting means shall be used to determine if ground
fault protection of equipment is required in accordance widt 
230.95. 

705.12 Load-Side Source Connections. The output of an inter
connected electric power source shall be permitted to be 
connected to the load side of dtc service disconnecting means 
of the odtcr sourcc(s) at any distribution equipment on dtc 
premises. \\"ncrc distribution cquipmcm or feeders arc fed 
simultaneously by a primary source of electricity and one or 
more odtcr power sourcc(s), dtc feeders or distribution cquip
mcm shall comply "idt relevant sections of 705.12(A) and (B). 
Currcnt'i from power source connections to feeders or busbars 
shall be based on dte maximum circuit currcnt'i calculated in 
705.28(A) . The ampacity of feeders and taps shall comply widt 
705.12(A), ancl lhe ampere ratings ofbusbars shall comply widt 
705.12(B). . 

(A) Feeders and Feeder Taps. \\"ncrc the power source output 
connection is made to a feeder, the following shall apply: 

( 1 )  · The feeder ampacity is greater dtan or equal to 
125 percent of dtc power-source output circuit current. 

(2) \\onere dtc power-source output connection is made at a 
location other dtan dtc opposite end of the feeder from 
the primary source ovcrcurrcnt device, that portion of 
the feeder on dtc load side of the power source output 
connection shall be protected by one of the follo"ing: 

a. The feeder ampacity shall be not lcs.'i dtan the sum of 
the rating of the primary source ovcrcurrcnt device 
and 125 percent of dtc power-source output circuit 
current. 

b. An ovcrcurrcnt device at the load side of dtc power 
source connection poim shall be rated not greater 
than dtc ampacity of the feeder. 

(3) For taps sized in accordance "idt 240.21 (B) (2) or (B) ( 4), 
the ampacity of taps conductors shall not be less than 
one-third of the sum of the rating of dtc ovcrcurrcm 
device protecting the feeder plus the ratings of any power 
source ovcrcurrcnt devices connected to dtc feeder. 

(B) Busbars. For power source connections to distribution 
cquipmcm with no specific listing and instructions for combin
ing multiple sources, one of dtc following mcthod'i shall be 
used to dctcnninc the required ampere ratings of busbars: 

(1 )  The sum of 125 percent of dtc power sourcc(s) output 
circuit current and the rating of the ovcrcurrcnt device 
protecting dtc busbar shall not exceed the busbar ampere 
rating. 

Informational :'\ote: This gener.tl rule a'i.•wnes no limitation in 
the number of the load• or sources applied to busbars or their 
location.•. 

(2) \\onere two sources, one a primary power source and dtc 
other anomer power source, arc located at opposite cncl'i 
of a busbar dtat contains load'i, the sum of 125 pcrcclll of 
the powcr-sourcc(s) output circuit current and the rating 
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of dtc ovcrcurrcnt dc\icc protecting the busbar shall not 
exceed 120 percent of the busbar ampere rating. The 
busbar shall be sized for me loads connected in accord
ance l\ith Article 220. A permanent warning label shall be 
applied to the distribution equipment adjacent to me 
back-fed breaker from me power source mal displays me 
following or equivalent wording: 

WARNING: 
POWER SOURCE OUTPUT DO NOT RELOCATE 

TinS OVERCURRENT DEVICE. 

The warning sign (s) or label(s) shall comply wim 
110.21 (B). 

(3) The sum of me ampere ratings of all ovcrcurrcnt devices 
on panelboard�. both load and supply devices, excluding 
the rating of the ovcrcurrcnt device protecting me 
busbar, shall not exceed me ampacity of the busbar. The 
rating of dtc ovcrcurrcnt device protecting me busbar 
shall not exceed me rating of me busbar. Permanent 
warning labels shall be applied to distribution equipment 
displa}'ing me following or equivalent wording: 

WARNING: 
EQUIPMENT FED BY MULTIPLE SOURCES. TOTAL 

RATING OF ALL OVERCURRENT DEVICES EXCLUD
ING MAIN SUPPLY OVERCURRENT DEVICE SHALL 

NOT EXCEED AMPACITY OF BUSBAR. 

The warning sign (s) or label(s) shall comply wim 
110.21 (B). 

(4) A connection at either end of a center-fed panelboard in 
dwellings shall be permitted where the sum of 
125 percent of the powcr-sourcc(s) output circuit current 
and me rating of dtc ovcrcurrent device protecting me 
busbar docs not exceed 120 percent of the busbar 
ampere rating. 

(5) Connections shall be permitted on busbars of panel
board� mat supply lugs connected to fccd-mrotigh 
conductors or arc supplied by fccd-duough conductors. 
The fccd-mrough conductors shall be silA!d- in accord
ance l\ith 705.12(A) . \\'here an ovcrcurrcnt device is 
installed at either end of the fccd-dlrough conductors, 
panelboard busbars on either side of die fccd-mrough 
conductors shall be permitted to be sized in accordance 
"im 705.12(B) ( 1 )  mrough (B) (3). 

(6) \..onncctions shall be permitted on switchgear, S\'itch
board�. and panelboards in configurations other than 
those pennittcd in 705.1 2(8) ( 1 )  through (B) (5) where 
designed under engineering supervision that includes 
available fault-current and busbar load calculations. 

lnfonnational :'\ote: Speci6cally designed equipment exisL•, 
listed to t:L 1741, bwertl'rs, C.ouverters, C.ontrolll'rs and /ntl'rronnl'r
tion Sy.<tem Equip111ent for Uv With Di.<trib-uted Energ:,· IV.<ource.<, for 
the combination and distribution of sources to supply load•. 
The options prmided in 705.12(8) are for equipment "ith no 
speci6c listing for combining sources. 

705.13 Energy Management Systems (EMS). An D-lS in 
accordance "id1 750.30 shall be permitted to limit current and 
loading on dtc btL�bars and conductors supplied by dtc output 
of one or more interconnected electric power production or 
energy storage sources. 

lnfonnational l'ote: A listed power control system (PC'>) is a 
type of E:\fS that is capable of monitming multiple power sour
ces and controlling the current on busbars and conductors to 
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prevent overloading. See UL 1741, Inverters, Converters, Controllers 
ami lnterc01mection SJslem l:quipmml for Uv ruitll Distrib-utni EUI'TIJ 
&wurcl'.<, and t:L 916, Elli''IJ Managl'lnml Equip111ent, for infor
mation on PC'> and E:\fS. 

705.20 Source Disconnecting Means. :Means shall be prmidcd 
to disconnect power source output conductors of electric 
power production equipment from conductors of other 
systems. A single disconnecting means shall be permitted to 
disconnect multiple power sources from conductors of other 
systems. 

lnfonnational :'\ote: See 480.7, Part II of Article 445, Part Ill of 
Article 690, Part lllof Article 692, Part lllof Article 694, and 
Part II of Article 706 for speci6c source disconnecting means 
requiremenL•. 

The disconnecting means shall comply l\ith the follm\ing: 

(1) Be one of the follm\ing types: 

a. A manually operable Sl\itch or circuit breaker 
b. A load-break-rated pull-out s"itch 
c. A power-operated · or remote-controlled s"itch or 

circuit breaker that is manually operable locally and 
opens automatically when control power is interrup
ted 

d. A dc'l'icc lil!tt'd or approved for me intended applica
tion 

(2) Simultaneously disconnect all ungrounded conductors of 
the circuit 

(3) LOcated where readily acccs.�iblc 
(4) Externally operable l\ithout exposed live part� 
(5) Plainly indicate whcmcr in me open (ofi) or closed (on) 

position 
(6) Have ratings sufficient for the maximum circuit current, 

available fault current, and voltage dtat is available at me 
tcnninals 

(7) \\'here the line and load terminals arc capable of being 
energized in me open position, be marked "idl me 
follo"ing wor<l� or equivalent: 

WARNING 
ELECTRIC SHOCK HAZARD TERMINALS ON THE 

UNE AND LOAD SIDES MAY BE ENERGIZED IN THE 
OPEN POSmON. 

lnfonnational :'\ote: \\'ith interconnected power sources, 
some equipment, including s"itches and flL•es, is capable 
of being energized from both direction.•. 

705.25 Wiring Methods. Power source output conductors shall 
comply l\ith 705.25(A) through (C). 

(A) General. Wiring mcmocl� and fittings listed for usc wim 
power production systems shall be permitted in addition to 
general wiring method� and fittings pcnnittcd elsewhere in this 
Code. 

(B) Flexible Cords and Cables. Flexible cord� and cables, 
where tL�cd to connect me moving part� of power production 
equipment, or where tL�d for ready removal for maintenance 
and repair, shall be listed and identified as DG cable, or other 
cable suitable for extra hard tL�, and shall be water resistant. 
Cables exposed to sunlight shall be sunlight resistant. Flexible, 
fine-stranded cables shall be terminated onlv "id1 terminals, 
lugs, devices, or connectors in accor<lancc "ith l 10.14(A). 

(C) Multiconductor Cable Assemb6es. :Multiconductor cable 
assemblies used in accordance wim ilicir listings shall be 
permitted. 

l'\.-\TJO:'\AL EJ..t:GJ'RJC-\1. CODE 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 705 - 11'\TERCONJ'\ECTED ELECTRIC PO\\'ER PRODUCTI0:"-1 SOURCES 705.40 

Informational Note: See l"L 3003, Distribulwl C..e11Pralinn C.ahus, 
and l"L 9703, Outline of liiVe.<tiglltinn for Distributed C..eneration 
Wiring Harnenes, for additional infonnation on DG cable 
(distributed generdtion cable) and hames.•es. An ac module 
barnes.• is one example of a multiconductor cable a.'i.�mbly. 

705.28 Circuit Sizing and CurrenL 

(A) Power Source Output Maximum CurrenL \\'here not else
where required or pcnniucd in this \..ode, the maximum 
current for power sources shall be calculated using one of the 
following mcthodo;: 

(1)  

(2) 

(3) 

The sum of the continuous output current ratings of the 
power production cquipmcm at the circuit nominal 
system voltage 
For power production equipment comrollcd by an EMS, 
the current sctpoint of the EMS 
\\-'here sources comrollcd bv an EMS arc combined with 
other sources on the same 

"
power source output circuit, 

the sum of 705.28(A) (1) and (A) (2) 

(B) Conductor Ampacity. \\-'here not elsewhere required or 
permitted in dtis Code, the power source output conductors 
shall have an ampacity not lcs.o; than dtc larger of the following 
and comply wid1 l 10.14(C): 

(1) The maximum currcnto; in 705.28(A) multiplied by 
125 percent without adjustment or correction factors 

Exception No. 1: 1J the assembly, incltuling the ovm:unmt droict!!i 
protecting the cin:uit, is listed for oJm"lltion at I()() percent of its rating, 
the ampacity of the conductm-s shall be Jmmitll'.d to be not less than the 
ralculall'.d maximum cunmt of 705.28(A). 

Exception No. 2: When• a J�mtion of a circuit is connected at both its 
.mpply and load etuL< to sepamte{l· installed J117!.UUI1' connections as 
cove1"t'd in I JO.J4(C)(2), it slmU be pemtitted to have an amJJacilJ nOl 
less than the calculated maximum curnmt of 705.28(A). No JIOrlion of 
the circuit installed unde1· this exreption shall extend into an mrlo.<iWf! 
containing either the circuit suptJ{l' m· the circuit load termnwtions, as 
rove1"t'd in JJO.J4(C)(I). 

Exception No. 3: Gmunded cmultutm-s that m1' not cimnected to an 
overcunmt droice shall be Jmmitted to be .<iud at 1 ()()percent of the 
calculall'.d maximum cunmt of 705.28(A). 

(2) The maximum currcnto; in 705.28(A) after the applica
tion of adjustment and correction factors in accordance 
with 310.14 

(3) \\-'here connected to feeders, if smaller than the feeder 
conductors, the ampacity as calculated in 240.21 (B) 
based on dtc over-current device protecting the feeder 

(C) Neutral Conductors. Neutral conductors shall be permit
ted to be sized in accordance l\ith cidtcr 705.28 (C) (I  ) or 
(C) (2). 

(1) Single-Phase Line-to-Neutral Power Sources. \\-'here not 
elsewhere required or permitted in this Code, the ampacity of a 
neutral conductor to which a single-phase line-to-neutral power 
source is connected shall not be smaller dtan the ampacity in 
705.28(8). 

(2) Neutral Conductor Used Solely for Instrumentation, Volt
age, Detection, or Phase Detection. A power production equip
ment neutral conductor used solely for instrumentation, 
voltage detection, or phao;c detection shall be permitted to be 
sized in accordance with 250.102. 
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705.30 Overcurrent Protection. 

(A) Circuit and Equipment. Power source output conductors 
and equipment shall be provided l\ith ovcrcurrcnt protection. 
Circuit" connected to more than one electrical source shall 
have ovcrcurrcnt devices located to provide ovcrcurrcnt protec
tion from all sources. 

(B) Overcurrent Device Ratings. The ovcrcurrcnt dcliccs in 
other than generator systems shall be sized to carry not lcs." 
than 125 percent of the maximum current" a" calculated in 
705.28(A) . The rating or setting of ovcrcurrcnt devices shall be 
permitted in accordance l\ith 240.4(8) and (C). 

Exception: Circuit• containing an assembly togf!tl�e�· with it• overcunmt 
droice(•) that is listed fm· continuou• operation at I()() percent of it• 
1-ating shall be Jmmitll'.d to be utiliu.d at 100 Jlt'rcent of it• mting. 

(C) Marking. Equipment contammg ovcrcurrcnt devices 
supplied from interconnected power sources shall be marked 
to indicate the presence of aD !!Ourccs. 

(D) Suitable for Backfeed. Fused disconnccto;, unlcs." other
wise marked, shall be considered suitable for backfccd. Circuit 
breakers not marked "line" and "load" shall be considered suit
able for backfced. Circuit breakers marked "line" and "load" 
shall be considered suitable for backfccd or reverse current if 
specifically ratrd. 

(E) Fasteaing. Listed plug-in-type circuit breakers backfcd 
from electric power sources that arc listed and idcmificd a" 
interactive shall be permitted to omit the additional fao;tcncr 
normally required by 408.36(0) for such applications. 

(F) Transformers. The following apply to the installation of 
transfonncrs: 

(1)  For dtc purpose of ovcrcurrcm protection, dtc primary 
side of transformers with sources on each side shall be the 
side connected to the largest source of available fault 
current. 

(2) Transformer secondary conductors shall be protected in 
accordance "id1 240.21 (C). 

705.32 Ground-Fault Protection. \\'here ground-fault protec
tion of equipment is installed in ac circuit" a" required else
where in this Code, the output of imcrconncctcd power 
production equipment shall be connected to the supply side of 
the ground-fault protection equipment. 

Exception: Connection of power JII"Odtution equiJ1711ent shall be Jmmit
ted to be made to tlte load side of groundfault pmtection equipment 
w/�e�1! installed in acccmlance with 705. I I m· whe11' the11! i• gmund
fault Jllvtection for equipment from all groundfault cunmt .<owwo. 

705.40 Loss of Primary Source. The output of interactive elec
tric power production equipment shall be automatically discon
nected from all ungrounded conductors of the primary source 
when one or more of the phao;cs of the primary source to which 
it is connected opens. The interactive electric power produc
tion equipment shall not be reconnected to the primary source 
until all the pha"cs of the primary source to which it is connec
ted arc restored. This requirement shall not be applicable to 
electric power production equipment prO\iding power to an 
emergency or legally required standby system. 

Exception: A li<ted intmu:tive invntn· shall ll"i/J m· shall be pemtitted to 
automatica/{}· cea.'il' expm·ting J�mvn· when one m· 111011' of the Jlha.<es of 
the interconnected Jllimary source opens mul slmU not be J"equiJf!d to 
automatica/{}· disconnect all ungmunded ronductm-s fivm the Jllimary 
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soutr:t'. A listl'.d interactive inverlel· shall be permilltd to automatically 
m· manuall_l' re.mmt exJxn·ting power Ill tile inlelnmnecttd .rystro1 once 
all phases of tht .�mm:e to which it is comm:ttd aTe 11'slllred. 

Informational :'\ote No. I :  Risks to personnel and equipment 
a.'i.'IDciated with the primary source could occur if an interacth-e 
electric power production source can operdte a.� an intentional 
island. Special detection methods are required to detennine 
that a primary source supply system outage ha.� occmTed and 
whether there should be automatic disconnection. When the 
primary source supply system is restored, special detection meth
od� are typically required to limit exposure of power production 
sources to out-of-pha.w reconnection. 

Informational Note :'\o. 2: lnduction�enerdting equipment 
connected on systems "ith significant capacitance can become 
self-excited upon los.� of the primary source and expe1ience 
severe m·ervoltage a.� a result. 

Imcractivc power production cquipmcm shall be permitted 
to operate in island mode to supply loads dtat have been 
disconnected from the electric utility or other electric power 
production and distribution network. 

705.45 Unbalanced Interconnections. 

(A) Single Phase. Single-phase power sources in interactive 
systems shall be connected to 3-pha-;c power systems in order to 
limit unbalanced voltages at me point of interconnection to 
not more dtan 3 pcrccm. 

Informational :'\ote: For interactive power sources, unbalanced 
n>ltages can be minimized by the same method� that are lL�ed 
for single-phase load� on a 3-pha.w power system. See ANSI/ 
('.84. 1-20 16, Electric Pmoer Sy<tem.< and Equifmumt - Vnltagl' Ratings 
(60 H,.,.11.). 

(B) Three Phase. Thrcc-pha-;c power sources in interactive 
systems shall have all pha-;es automatically de-energized upon 
los.� of, or unbalanced, voltage in one or more pha�cs unlcs.� 
the interconnected system is designed so mat significant unbal
anced voltages \\ill not result. 

Part D. Microgrid Systems 

705.50 System Operation. lmcrconncctcd microgrid system-; 
shall be capable of operating in interactive mode \\ith a 
primary source of power, or electric utility, or other electric 
power production and distribution network. Microgrid system-; 
shall be permitted to disconnect from oilier sources and oper
ate in island mode. 

Informational Note No. 1 :  :\ficrogrid systems often include a 
single source or a compatible interconnection of multiple sour
ces such a.� engine generators, solar PV, "ind, or E..'>S. 

Informational :'\ote No. 2: See Article 51 i for health care facili
ties incorporating microgrids. 

705.60 Primary Power Source Connection. Connections to 
primary power sources dtat arc external to the microgrid 
system shall complp\ith the requirement� of 705.1 1 ,  705.12, or 
705.13. Power source conductors connecting to a microgrid 
system, including conductors supplying distribution cquip
mcm, shall be considered a-; power source output conductors. 
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705.65 Reconnection to Primary Power Source. Microgrid 
systems mat reconnect to primary power sources shall be provi
ded \\idl me ncccs.�ry equipment to establish a synchronous 
transition. 

705.70 Microgrid Interconnect Devices (MID). Microgrid 
interconnect devices shall comply \\id1 the follm\ing: 

(1)  Be required for any connection between a microgrid 
system and a primary power source 

(2) Be evaluated for the application and have a field label 
applied or be listed for the application 

(3) Have ovcrcurrcnt devices located to prmidc ovcrcurrcm 
protection from all sources 

Informational Note: :\UD functionality is often incorporated in 
an interactive or multimode ilwerter, energy storage system, or 
similar de�ice identified for imeracti\-e operation. 

705.76 Microgrid Control System (MCS). Microgrid control 
systems shall comply "id1 the follo\�ing: 

(1)  Coordinate imcraction between multiple power sources 
of similar or different cypcs, manufacturers, and technol
ogies (including energy storage) 

(2) Be evaluated for the application and have a field label 
applied, or be listed, or be designed under engineering 
supervision 

(3) Monitor .and · control microgrid power production and 
power quality 

(4) Monitor and control transitions "ith a primary source 
external to the microgrid 

Informational Note: :\UD functionality is often incorporated in 
;�n interactive or multimode ilwerter, energy storage system, or 
similar de�ice identified for imeracti\-e operation. 

Part In. Interconnected Systems Operating in Island Mode 

705.80 Power Source Capacity. For interconnected power 
production sources that operate in island mode, capacity shall 
be calculated using me sum of all power source output maxi
mum current-; for the connected power production source. 

705.81 Voltage and Frequency ControL Power sources operat
ing in island mode shall be comrollcd so mat voltage and 
frequency arc supplied within limits compatible with me 
connected load�. 

705.82 Single 120-Volt Supply. Systems operating in island 
mode shall be pcrmiucd to supply 120 volt� to singlc-pha�. 3-
"irc, 120/240-volt distribution equipment where dtcrc arc no 
240-volt oudct� and where mere arc no multi"irc branch 
circuit�. In all installations, me sum of the ratings of dtc power 
sources shall be lcs.� man the rating of me neutral bus in me 
distribution equipment. This cquipmcm shall be marked widl 
the follo"ing word-; or equivalent: 

WARNING: 
SINGLE 120-VOLT SUPPLY 

DO NOT CONNECT MULTIWIRE BRANCH CIRCUITS 

The warning sign(s) or label(s) shall comply widl 
110.21 (8). 
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Part I. General 

ARTICLE 706 
Energy Storage Systems 

706.1 Scope. This article applies to all energy storage systcmo; 
(ESS) having a capacity greater dtan 3.6 MJ (1 kWh) that may 
be stand-alone or interactive with odtcr electric power produc
tion sources. These systems arc primarily intended to store and 
prm-idc energy during normal operating conditions. 

Informational Note :'\o. I: See Article 480 for installations that 
meet the definition of .<tationary .<tandby halleries. 

Informational l'ote :'\o. 2: For batteries rdted in ampere hours, 
k\'\"l1 is equal to the nominal rated \-oltage times ampere-hour 
rating divided by 1000. 

Informational :'\ote l'o. 3: The following standard� are 
frequendy referenced for dte installation of ES.'i•: 

(I )  l'FPA 1-2021,  Hw C.ade 
(2) l'FPA 1 1 1-2019, Stmulard on Stored Ekctrical Eun-gy Emer

grmry and Stmuiby Pmt!l!r Sptellt< 
(3) l'EC.A 416-2016, RHom111ended Practice for Installing Eun-gy 

Storage Sy.<tem.< ( t.:<;S) 
(4) l"L 810A, Ekctroc/vmical C.apacitors 
(5) l'FPA 855-2020, Stondard for tile Installation of Stationary 

Em•rgy Storage Sy.<tl'ln.< 
(6) l"L 1973, Standard for Ballerks for Uv iu Stationary, Vellirk 

Auxiliary Pmuer, and l.igilt Ekctric Rnil (/.ER) Application.< 
(7) l"L 1989, Standard for Standby Balleries 
(8) l"L 9540, Standard for Safety Energy Storage Sptellt< and 

Equipment 
(9) l"L Su�ject 2436, Spill C.ontailmumt For Stationary f.lltld .4cid 

&ttery Sy<te111.< 

706.3 Qualified Personnel. The installation and maintenance 
of ESS cquipmcm and all associated wiring and interconnec
tions shall be performed only by qualified persons. 

Informational :'\ote: See Article 100 for the definition of quali
fied pmou. 

706.4 System Requirements. Each ESS sh<tll be provided widl 
a nameplate plainly visible after installation and marked widl 
the follo"ing: 

· 

(1)  Manufacturer's name, trademark, or odtcr descriptive 
marking by which dlc organization responsible for 
supplying the ESS can be identified 

(2) Rated frequency 
(3) Number of phases, if ac 
(4) Rating (kW or kVA) 
(5) Available fault current derived by the ESS at dlc output 

tcnninals 
(6) Maximum output and input currcm of dlc ESS at dlc 

output terminals 
(7) Maximum output and input voltage of dlc ESS at dlc 

output terminals 
(8) l:tility-imcractivc capability, if applicable 

706.5 Listing. Energy storage systcmo; shall be listed. 

706.6 Multiple Systems. Multiple ESSs shall be permitted to be 
installed on dlc same premises. 
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706.7 Commissioning and Maintenance. 

(A) Commissioning. ESSs shall be commissioned upon instal
lation. This shall not apply in one- and two-family dwellings. 

Informational Note: See :'\FPA 85!>-2020, Standard for tile llt<talla
tion of Stationary Energy Storage Sy</1!111.<, for infmmation related to 
the commi'l.•ioning of ES.'i•. 

(B) Maintenance. ESSs shall be maintained in proper and safe 
operating condition. The required maintenance shall be in 
accordance widl the manufacturer's requirements and industry 
standardo;. A written record of the system maintenance shall be 
kept and shall include rccordo; of repairs and replacements 
ncccs."ary to maintain dlc system in proper and safe operating 
condition. This shall not apply in one- and two-family dwell
ings. 

Informational :'\ote: See :'\FPA 708-2019, lvamunmded Practice for 
Elertrical Equipmmt Maiute111111Ce, or Al'SI/:'\ETA ATS-2017, 
Standard for Acceptanu Testi1tg Sperificatiom for E/PCtrical Pmt!I!T 
Equipment and Sy<le11t<, for inftumation related to gener.tl electri
cal equipment maintenance and developing an effective electri
cal preventi\-e mainterirutce (EPM) progrdm. 

706.9 Maximum Voltage. The maximum voltage of an ESS 
shall be dtc rated ESS input and output voltagc(s) indicated on 
the ESS namcplatc(s) or system listing. 

Par� R� Disconnecting Means 

706.15 Disconnecting Means. 

(A) ESS Disconnecting Means. Means shall be provided to 
disconnect dlc ESS from all "iring systems, including other 
power systcmo;, utilization equipment, and it" associated prem
ises wiring. 

(B) Location and Control. The disconnecting means shall be 
readily acccs.o;iblc and shall comply "idl one or more of dlc 
follo"ing: 

(1)  Located "ithin dlc ESS 
(2) Located "ithin sight and l\ithin 3 m (I 0 ft) from dtc ESS 
(3) Where not located widlin sight of dlc ESS, dtc discon-

necting means, or dlc enclosure prmiding access to dlc 
disconnecting means, shall be capable of being locked in 
accordance "id1 1 10.25 

\\-'here controls to activate dlc disconnecting means of an 
ESS arc used and arc not located l\idlin sight of the ESS, dlc 
disconnecting means shall be lockable in accordance widl 
1 10.25, and dlc location of the controls shall be marked on dlc 
disconnecting means. 

For one- and two-family dwellings, an ESS shall include an 
emergency shutdmm function to cease dlc export of power 
from dlc ESS to premises \\iring of odlcr system". An initiation 
dc\icc(s) shall be located at a readily acccs.o;iblc location 
out"idc dlc building and shall plainly indicate whcdlcr in dlc 
"olf' or "on" position. The "olf' position of the dc\icc(s) shall 
perform dlc ESS emergency shutdown function. 

(C) Notification and Marking. Each ESS disconnecting means 
shall plainly indicate whcdlcr it i" in dlc open (ofi) or closed 
(on) position and be pcrmancndy marked as follows: 

"E:"'ERGY STORAGE SYSTEM DISCOl'\:"'ECf" 

70-f>43 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



706.15 ARTICLE 706 - E:"'ERGY STORAGE SYSTEMS 

The disconnecting means shall be legibly marked in the field 
to indicate the follm\ing: 

(1) Nominal ESS output voltage 
(2) Available fault currcm derived from the ESS 
(3) An arc-fla'ih label applied in accordance with acceptable 

industry practice 
(4) Date the calculation was performed 

Exception: List ilrotf ( 2 ), ( 3 ), mul ( 4) shall not aPJHJ to one- and two
fami�l' dwellings. 

Informational :'\ote 1'\o. I :  See :'\FPA 70f.:2o 18, Stamlard for fur
triral Sa[l'l)' in tlv Workplace, for industry practices for equipment 
labeling. Thi� standard prmides specific criteria for developing 
arc-fla.�h labels for equipment dtat prm·ides nominal system .-<>It
age, incident energy le\·eL�. arc-fla.�h boundalies, minimum 
required level� of personal protecth·e equipment, and so forth. 

Informational Note :'\o. 2: ESS electronics could include im>er
ters or other types of po">er conversion equipment. 

For ESS disconnecting means where the line and load termi
nals could be energized in the open position, the device shall 
be marked with the following word'i or cquivalcm: 

WARNING 
ELECTRIC SHOCK HAZARD 

TERMINALS ON THE UNE AND LOAD SIDES MAY BE 
ENERGIZED IN THE OPEN POSmON 

The notification(s) and marking(s) shall comply with 
1 10.21 (8). 

(D) Partitions Between Components. Where circuits from the 
input or output terminals of energy storage componcnt'i in an 
ESS pa'i.'i through a wall, floor, or ceiling, a readily acccs.'iiblc 
disconnecting means shall be provided within sight of the 
energy storage component. Fused disconnecting means or 
circuit breakers shall be permitted to be used. 

(E) Disconnecting Means for Batteries. In ca'ics where the 
battery is separate from the ESS electronics and is. subject to 
field scnicing, 706.15(E) (1) through (E) (4) shall apply. 

Informational Note: Batte1ies could include an . enclosure, 
battery monitming and controls, or other related battery 
componenL�. 

(1) Disconnecting Means. A disconnecting means shall be 
prmidcd for all ungrounded conductors. A disconnecting 
means shall be readily acccs.'iible and located within sight of the 
battery. 

Informational Note: See 240.21 (H) for information on the loca
tion of the overcurrent device for battery conductors. 

(2) Disconnection of Series Battery Circuits. Battery circuit'i 
exceeding 240 volt'i de nominal between conductors or to 
ground shall have prmisions to disconnect the scrics
conncctcd strings imo scgmcnt'i not exceeding 240 volt'i de 
nominal for maimcnancc by qualified persons. Non-load-break 
bolted or plug-in disconncct'i shall be permitted. 

(3) Remote Activation. \\'here a disconnecting means is prmi
dcd with remote controls to activate the disconnecting means 
and the comrols for the disconnecting means arc not located 
within sight of the battery, the disconnecting means shall be 
capable of being locked in the open position, in accordance 
"ith 1 10.25, and the location of the controls shall be field 
marked on the disconnecting means. 
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(4) Notification. The disconnecting means shall be legibly 
marked in the field. The marking shall be of sufficicm durabil
ity to "idtstand the em-ironment involved and shall include the 
following: 

(1) Nominal battery voltage 
(2) Available fault current derived from the stationary 

standby battery system 

Informational 1'\ote :'\o. I :  Battery equipment suppliers can 
prmide information about a\-ailable f.mlt current on any partic
ular battery model. 

(3) An arc-fla'ih label in accordance with acceptable industry 
practice 

Informational :'\ote 1'\o. 2: See :'\FPA 70f.:2021, Stamlard for fur
triral Safety in tlv Worltplace, for a.'l.�i�tance in determining dte 
severity of potential exposure, planning safe work p1-actices, 
determining arc-na.�h labeling, and selecting personal protecti,·e 
equipment. 

(4) Date the calculation was performed 

706.16 Connection to Energy Sources. The connection of an 
ESS to sources of energy shall comply with 706.16(A) through 
(F) . 

. 

(A) Source Discolmect. A disconnect that ha'i multiple sources 
of power shall disconnect all energy sources when in the off 
position. 

(B) ldeidified Interactive Equipment. ESS that operate in 
parallel with other ac sources shall usc inverters that arc listed 
and identified a'i interactive. 

(C) Loss of Interactive System Power. Upon los.'i of a primary 
source of power, an ESS "ith a utility-interactive inverter shall 
comply with the requirement" of 705.40. 

(D) Unbalanced Interconnections. Unbalanced ac connec
tions between an ESS and odtcr ac electric power production 
sources shall be in accordance with 705.45 

(E) Other Energy Sources. The connection of an ESS to other 
energy sources shall be in accordance with 705.12. 

(F) Stand-Alone Operation. \\'here the output of an ESS is 
capable of operating in stand-alone mode, the requirement" of 
710.15 shall apply. 

Part Ill. Installation Requirements 

706.20 General. 

(A) Ventilation. Prmi'iions appropriate to the energy storage 
technology shall be made for sufficient diffusion and ventila
tion of any pos.'iiblc ga'ics from the storage dc\-icc, if present, to 
prevent the accumulation of an explosive mixture. Ventilation 
of an ESS shall be permitted to be provided in accordance with 
the manufacturer's recommendations and listing for the 
system. 

Informational :'\ote No. 1 :  See :'\FPA 855-2020, Standard for the 
Installation of Stationary Energy Storagt! Sptmt•, for technolog)� 
specific guidance. 1'\ot all ES.'> technologies require ,·entilation. 

lnformational l'\ote :'\o. 2: See IEEE 1635-2018/ASHRAE Guide
line 21-2018, Guidi' for tile Vmtilation and 111mna/ Mauag1'1111'1lt of 
Batteril'., for Stationary Applirations, a.� a source for design of \'enti
lation of batteries. 
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(B) Dwelling Units. An ESS for one- and two-family dwelling 
units shall not exceed 100 volts de hetwccn conductors or to 
ground. 

Exception: 1-Wvre live parts m-e not acres.�ibk dwing routint ESS main
troanre, a maximum ESS voltagr' of 600 volts de shall be JlermitiP.d. 

(C) Spaces About ESS Components. 

(1) General. Working spaces for ESS shall comply l\ith 1 10.26 
and 1 10.34. 

(2) Space Between Components. ESSs shall he permitted to 
have space between component-; in accordance with the manu
facturer's instructions and listing. 

Informational :'\ote: Additional space may be needed to accom
modate ESS hoisting equipment, u-ay remO\'al, or spill contain
ment. 

706.21 Directory (Identification of Power Sources). ESS shall 
be indicated by markings or lahels that shall be in accordance 
"ith 1 1 0.21 (B). 

(A) Facilities with Utility Services and ESS. Plaques or directo
ries shall he installed in accordance with 705.10. 

(B) Facilities with Stand-Alone Systems. Plaques or directories 
shall he installed in accordance "idt 710.10. 

Part IV. Circuit Requirements 

706.30 Circuit Sizing and Current. 

(A) Maximum Rated Current for a Specific Circuit. The maxi
mum current for the specific circuit shall be calculated in 
accordance "idt 706.30(A) ( I )  through (A) (5) . 

(1) Nameplate-Rated Circuit Current. Circuit current shaD be 
the rated current indicated on the ESS namcplatc(s) or !l�ostcm 
listing. Where the ESS has separate input (charge) and output 
(discharge) circuit-; or ratings, these shall be conAidcrcd incli
viduallv. \\'here the same tcnninals on the ESS arc used for 
chargi�g and discharging, dtc rated currellt shall be the 
greater of the two. 

(2) Inverter Output Circuit Curr�t. · The maximum current 
shall he the inverter continuous output current rating. 

(3) Inverter Input Circuit CUrrent. The maximum current 
shall he the continuous inverter input current rating when the 
inverter is producing rated power at the lowest input voltage. 

(4) Inverter Utilization Output Circuit Current. The maxi
mum current shall be the continuous ac output current rating 
of the inverter when dtc inverter is producing rated power. 

(5) DC to DC Converter Output Current. The maximum 
current shall he the de-to-de converter continuous output 
current rating. 

(B) Conductor Ampacity. The ampacity of the output circuit 
conductors of the ESS(s) connected to the \\iring system serv
ing the load-; to he seniccd by dtc system shall not he lcs.o; than 
the greater of the namcplatc(s)-ratcd circuit current as deter
mined in accordance l\ith 706.30(A) ( I )  or dtc rating of the 
ESS(s) ovcrcurrcnt protective dclicc(s) . 

(C) Ampacity of Grounded or Neutral Conductor. If the 
output of a singlc-phao;c, 2-l\irc ESS output(s) is connected to 
the grounded or neutral conductor and a single ungrounded 
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conductor of a 3-"irc system or of a 3-phao;c, 4-wirc, wyc
conncctcd system, the maximum unbalanced neutral load 
current plus the ESS(s) output rating shall not exceed the 
ampacity of the grounded or neutral conductor. 

706.31 Overcurrent Protection. 

(A) Circuits and Equipment. Protection dcliccs for ESS 
circuit-; shall he in accordance with 706.31 (B) through (F). 
Circuit-; shall be protected at the source from ovcrcurrcnt. A 
circuit conductor connected at one end to a supply "ith inte
gral fault protection, where the conductor is rated for the 
maximum circuit current from that supply, and also connected 
to sources haling an available maximum circuit current greater 
than the ampacity of the conductor, shall be protected from 
ovcrcurrcnt at the point of connection to the higher current 
source. 

Informational Note: Listed electronic power com>erter circuiL• 
powered by an ESS ba\'e integral fault protection. Where these 
circuiL• are connected to higber

.
current sources such a• a utility 

senice, the O\>ercmren(de�ice is more appmp1iately installed at 
the higher cmrent soUTce end of the circuit conductor. 

(B) Overcurrent l)evke Ampere Ratings. Ovcrcurrcnt protec
tive dc\iccs, where required, shall be not less than 125 percent 
of the maximum current-; calculated in 706.30(A) . 

Exception:. · Whert tht a.••stmb{l� including tile overcunmt Jllvtective 
devius, i� listed for operation at 100 pm:ent of its rating, the ampe1-e 
rating of tht ovemmmt devicts shall be Jlermitted to be not less than 
lht maximum cun-ents cakulattd in 706. 30( B). 

(C) Direct Current Rating. Ovcrcurrcnt protective devices, 
either ftLo;cs or circuit breakers, tLo;cd in any de portion of an 
ESS shall he listed for de and shall have the appropriate volt
age, current, and interrupting ratings for the application. 

(D) Current Limiting. A listed and lahelcd current-limiting 
ovcrcurrcnt protective dc\icc shall be installed adjacent to the 
ESS for each de output circuit. 

Exception: ll1ie1-e cummt-limiting overrunmt pmtection is pmvided for 
tht dr output cirruits of a listtd E."i."i, additional runmt-limiting over
nmmt devicts shall not be requit-ed. 

(E) Fuses. Means shall be prm-idcd to disconnect any fuses 
ao;sociatcd "idt ESS equipment and component-; when the ftLo;c 
is energized from both directions and is accessible to other 
than qualified persons. Sl\itchcs, pullout-;, or similar devices 
that arc rated for the application shall he permitted to serve ao; 
a means to disconnect fuses from all sources of supply. 

(F) Location. \\'here circuit-; from the input or output termi
nals of energy storage component-; in an ESS pao;.o; through a 
wall, floor, or ceiling, ovcrcurrcnt protection shall he provided 
at the energy storage component end of the circuit. 

706.33 Charge Control. 

(A) General. Provisions shall be prmidcd to control the charg
ing proccs.o; of the ESS. All adjustable means for control of the 
charging proccs.o; shall be acccs.o;iblc only to qualified persons. 

(B) Diversion Charge ControUer. 

(1) Sole Means of Regulating Charging. An ESS cmplo}ing a 
diversion charge controller ao; dtc sole means of regulating 
charging shall be equipped "idt a second independent means 
to prevent overcharging of the storage dc\icc. 
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(2) Circuits with Diversion Charge ControUer and Diversion 
Load. Circuits containing a diversion charge controller and a 
diversion load shall comply l\ith the follm\ing: 
( 1)  The current rating of the diversion load shall be lcs.'i than 

or equal to the current rating of the diversion load 
charge controller. The voltage rating of the diversion load 
shall be greater than the maximum ESS voltage. The 
power rating of the diversion load shall be at least 
150 percent of the power rating of the charging source. 

(2) The conductor ampacity and the rating of the ovcrcur
rcnt device for this circuit shall be at least I 50 percent of 
the maximum currcm rating of the diversion charge 
comrollcr. 

(3) FSS Using Interactive Inverters. Systems using interactive 
inverters to comrol energy storage state-of-charge by diverting 
excess power into an alternate electric power production and 
distribution system, such a'i utility, shall comply "id1 706.33(8) 
(3) (a) and (8) (3) (b). 

(a) These systems shall not be required to comply with 
706.33(8) (2) . 

(b) These systems shall have a second, inclcpcndcm 
means of controlling the ESS charging process for usc when 
the alternate system is not al-ailablc or when the primary 
charge controller fails or is disabled. 

(C) Charge ControUers and DCto-DC Converters. \\'bcrc 
charge controllers and other DC-to-DC power converters that 
incrca'ic or dccrca'ic the output currcm or output voltage with 
respect to dtc input current or input voltage arc installed, all of 
the follo"ing shall apply: 
(1) The ampacity of the conductors in output circuit'i shall be 

ba'iCcl on the maximum rated cominuous output currcm 
of the charge controller or converter for dtc selected 
output voltage range. 

(2) The voltage rating of the output circuit'i shall be ba'iCd on 
the maximum voltage output of the charge comrollcr or 
converter for the selcctccl output voltage range. 

Part V. Flow Bauery FSSs 
Part V applies to ESSs composed of or containing flow batter
ies. 

Informational Note: Due to dte unique design features and 
difference in operating characteri(tiu of now hatteJies a.• 
compared \\ith that of storage baueriei such a.• lead acid or lim
ium ion bauelies, dte requiremenl• for now bauelies ha\·e been 
included herein (Article i06, Part V). 

706.40 General. The system and system componcnt'i shall also 
meet Part'i I, II, and Ill of this article. 

Informational Note: See :'\FPA 85!>-2020, Standard for tile Installa
tion of Stalio11ar)' Enn-1{)' Storagl' Sy<tem.<, for installation require
menL• for E.'>S, including requiremenL• for now batteries. 

706.41 Electrolyte Classification. The elcctrolytc(s) that arc 
acceptable for U.'iC in the batteries a'isociatcd "id1 dtc ESS shall 
be identified by name and chemical composition. Such identifi
cation shall be provided by readily disccrnablc signagc adjaccm 
to every location in the system where the electrolyte can be put 
into or taken out of the system. 

706.42 Electrolyte ContainmenL Flow battery systems shall be 
prmiclcd "ith a means for electrolyte containment to prcvcm 
spills of electrolyte from the system. An alarm system shall be 

70-646 

prmiclcd to signal an electrolyte leak from the system. Electri
cal "iring and connections shall be located and routed in a 
manner that mitigates the potential for exposure to electro
lytes. 

706.43 Flow Controls. Controls shall be prO\idcd to safely shut 
clown the system in the cvclll of electrolyte blockage. 

706.44 Pumps and Other Fluid Handling Equipment. Pumps 
and other fluid handling cquipmcm arc to be rated/specified 
suitable for exposure to the electrolytes. 

Part VI. Other Energy Storage Technologies 
Part \1 applies to ESSs using other technologies intended to 
store energy and when there is a demand for electrical power 
to usc the stored energy to generate the nccdccl power. 

706.50 General. All electrical connections to and from the 
system and system componcnt'i shall be in accordance with the 
applicable provisions of this (..ode. The systems shall comply 
with Part'i I, II, [[[, and IV ofthi� article. 

706.51 Flywheel ESS (F'ESS). Flywheel ESS (FESS) using 
flywheels a'i the storage mechanism shall also comply l\ith all of 
the follo"ing: 
(1) FESS shall not be used for one- or two-family dwelling 

unit'i. 
· 

Informational :'\ote ll:o. I: FESS are imended for high-power 
shoner term applications. They contain pan• mat rotate under 
high !!peed \\im ha1.ardous kinetic energy and include parL• 
such a.• magnetic bearings that require ongoing monitming and 
maintenance and, therefore, are not suitable for residential-type 
applications. 

(2) FESS shall be provided with bearing monitoring and 
controls that can identity bearing wear or damage to 
avoid cata'itrophic failure. 

Informational :'\ote ll:o. 2: The healing monitming controls 
should be e�-aluated a.• part of me listing e\-aluation. 

(3) FESS shall be provided "ith a containment means to 
contain moving part'i that could break from the system 
upon cata'itrophic failure. 

Informational :'\ote ll:o. 3: The containment means should be 
e\'aluated a.• part of the listing e\'aluation. 

(4) The spin-clown time of the FESS shall be provided in the 
maintenance documentation. 

ARTICLE 70S 
Critical Operations Power Systems 

(COPS) 

Part I. General 

708.1 Scope. This article applies to the installation, operation, 
monitoring, control, and maintenance of the portions of the 
premises \\iring system imcndccl to supply, distribute, and 
comrol electricity to designated critical operations arca'i 
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ARTICLE 708 - CRITIC..AL OPERATIONS PO\\''ER SYSTD-lS (COPS) 708.7 

(DCOA) in the event of disruption to clements of the normal 
system. 

Critical operations power systems arc those systems so 
classed by municipal, state, federal, or other codes by any 
governmental agency hal-ingjurisdiction or by facility engineer
ing documentation establishing the necessity for such a system. 
These systems include but arc not limited to power systems, 
HVAC, fire alarm, security, communications, and signaling for 
designated critical operations area�. 

Informational Note :'\o. I :  Critical operation.� power system.• are 
generdlly installed in �ital infra.•uucture fdcilities that, if 
desu·oyed or incapacitated, would dismpt national security, the 
economy, public health or safety; and where enhanced electrical 
infra.•Uucture for continuity of operation ha• been deemed 
necessary by governmental authmity. 

Informational Note l'o. 2: See NFPA /600-2019, Standard on 
Omtinuity, Emngmcy, ami Cri.<is Management, for funher informa
tion on disa.•ter and emergency management. 

lnformational l'ote :'\o. 3: See l'FPA 1 10-2019, Standard for Emer
grmry and StaudbJ Porwr Sptl'lns, for funher infonnation regard
ing performance of emergency and standby power system.•. 

Informational :'\ote l'o. 4: See :'\FPA /0/-2021, l.zfl' Safety Code, 
or the applicable building code, for specification of locations 
where emergency lighting is con.•idered essential to life safety. 

Informational Note No. 5: See l'FPA i30-2020, Guide for Premi.<I'S 
SKuritJ, and AJ'I:SI/TIA-5017-2016, 1e/uommuniratiollS PIIJ.<ical 
Nnroorlc Security Sta11dard, for funher information regarding phys
ical security. 

Informational Note l'o. 6: See NFPA /600-2019, Standard on 
Omtinuity, Emerge11cy, ami Cri.<i.< Mauagmvnl, A.5.3.2. Threat• to 
fdcilities that may require u-ansfer of operdtion to the critical 
system.• include both naturally occuning hazard• and human
car�•ed event•. 

Informational :'\ote l'o. 7: See lnfmmati,·e Annex F, A'-ailabilitv 
and Reliability for Critical Operdtions Power Systems; and Deve� 
opment and Implementation of Functional Performance Test• 
(FPT.•) for Critical Oper-ations Power Systems. 

Informational Note :'\o. 8: See lnfmmative Annex G, Supervi
sory Control and Data Acquisition (SCADA). 

Informational l'ote No. 9: Text thatjs followed by a reference in 
bracket• ha.• been exu-acted from NJ.PA /600-2019, Standard on 
Omtinuity, Emngmcy, ami Crisis Ma;zagemenL Only editorial 
changes were made to the exu'a«;ted text to make it consistent 
\\ith this l.ode. 

708.2 Reconditioned Equipment. Reconditioned 
Sl�itchcs shall not be permitted. 

transfer 

708.4 Risk Assessment. Risk ao;.�cs.�mcm for critical operations 
power systems shall be documented and shall be conducted in 
accordance "id1 708.4(A) through (C). 

lnformational l'ote: See NFP.4 /600-2019, Standard 011 l.ontinuity, 
Emerge11cy, and Crisis Managemmt, Chapter 5, which prmides 
additional guidance conceming ri•k a.'l.•es.•ment and hazard 
analysis. 

(A) Conducting Risk Assessment. In critical operations power 
systems, risk ao;.o;cs.o;mcnt shall be performed to identity hazard-., 
the likelihood of their occurrence, and the vulnerability of the 
electrical system to those hazards. 
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(B) Identification of Hazards. Hazards to be considered at a 
minimum shall include, but shall not be limited to, the follow
ing: 

(1)  1'\aturally occurring hazards (geological, meteorological, 
and biological) 

(2) Human-caused event� (accidental and intentional) 

(C) Developing Mitigation Strategy. Ba�cd on the result� of the 
risk ao;.�cs.�mcnt, a strategy shall be developed and implemented 
to mitigate the hazard� that have not been sufficiently mitiga
ted by the prescriptive requirement� of this \..ode. 

708.5 Physical Security. Physical security shall be prmidcd for 
critical operations power systems in accordance "id1 708.5(A) 
and (8). 

(A) Risk AssessmenL Ba�d on the result� of the risk ao;.�cs.o;
mcm, a strategy for prmiding physical security for critical oper
ations power systems shall be developed, documcmcd, and 
implcmcmcd. 

(B) Restricted Access. Electrical circuits and equipment for 
critical operations power systems shall be acccs.�iblc to qualified 
personnel only. 

708.6 Testing and Maintenance. 

(A) Cond"!lct or Witness Test. The authority hal-ing jurisdic
tion shall conduct or "iUlcs.o; a test of the complete system 
upon installation and periodically aftcm-ard. 

(B) Tested Periodically. Systems shall be tested periodically on 
a 11chcdulc approved by dtc authority having jurisdiction to 
ensure the systems arc maintained in proper operating concli
tion. 

(C) Maintenance. The authoritv hal-ing jurisdiction shall 
require a documented prcvcnti�c maintenance program for 
critical operations power systems. 

Informational :'\ote: See :'\FPA iOB-20 19, Rn:o111111Pnded Practice for 
Elutrical Equiplllent '"laintenanre, for information concerning 
maintenance. 

(D) Written Record. A written record shall be kept of such 
test� and maintenance. 

(E) Testing Under Load. �leans for testing all critical power 
systems during maximum anticipated load conditions shall be 
prmidcd. 

Informational :'\ote: See l'FPA 1 10-2019, Sta11dard for Emngmcy 
and Standby Poruer Spt1'11L<, for information concerning testing 
and maintenance of emergency power supply systems (EPSS.•) 
that are also applicable to COPS. 

708.7 Cybersecurity. COPS that arc connected to a communi
cation network and have the capability to permit control of any 
portion of the premises COPS shall comply l\ith either of the 
following: 

(1)  

(2) 

The abilitv to control the system is limited to a direct 
conncctio� through a local n�nnctworkcd interface. 
It is connected through a networked interface complying 
"ith one of dtc follo"ing methods: 

a. The system and ao;.�ociatcd soft"-arc arc identified a� 
being ev-aluated for cybersccurity. 

b. A cybersccurity ao;.�cs.�mcnt is conducted on the 
connected system to determine l-ulncrabilitics to 
cyberattacks. 
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708.8 ARTICLE 708 - CRITIC..AL OPERATIONS PO\\''ER SYSTD-IS (COPS) 

The cybersccurity a'lscssmcnt shall be conducted when lhc 
system configuration changes and at not more dtan !>-year 
intervals. 

Documentation of the C\'aluation, a'lsessmcnt, and certifica
tion shall be made available to dtosc audtorizcd to inspect, 
operate, and maintain the system. 

Informational l'ote :'\o. I :  See AJ'I:SI/ISA 62443, Cybersecurity 
Standard.'l selies; UL 2900, Cybersecmity Standard'l series; or the 
l'ISf Framework for hnprming Critical infrastmcture Cyberse
curity, Version 1 .1 ,  for a'l.'les.'lment requiremenL'I. 

Informational :'\ote l'o. 2: Examples of the commis.'lioning 
certification used to demonstrate the system ha'l been im>estiga
ted for cybersecurity \'lllnerabilities could be one of the follow
ing: 

( I )  The ISA Security Compliance Institute (ISCI) conformity 
a'l.'les.'lment program 

(2) C.enification of compliance by a nationally recognized test 
laboratory 

(3) Manufacturer certification for the specific type and brand 
of system provided 

708.8 Commissioning. 

(A) Commissioning Plan. A commissioning plan shall be 
developed and documented. 

Informational Note l'o. 1 :  See NFPA 70S.2019, RHmnmended 
PrQI'tia for Ekctrical Equifmuml '"lainlenanre, for funher informa
tion on de\·eloping a commis.'lioning program. 

Informational :'\ote l'o. 2: See 708.7 for cybersecurity a'l.'les.'i
menL'I. 

(B) Component and System Tests. The installation of lhc 
cquipmclll shall undergo componclll and system tcst'l to 
ensure that, when energized, lhc system "ill function properly. 

(C) Baseline Test Results. A set of ba'ICiinc test rcsult'l shall be 
documented for comparison wilh future periodic maintenance 
testing to identify equipment deterioration. 

(D) Functional Performance Tests. A functional performance 
test program shall be established, documented, and executed 
upon complete installation of the critical !l)'stcn1 in order to 
establish a ba'lclinc reference for future pcrfm1nancc rcquirc
mcnt'l. 

Informational Note: See lnformati\·e. Annex F, Availability and 
Reliability for Critical Operation.'l PO\\>er System.'l; and De�·elop
ment and Implementation of FUnctional Perfonnance TesL'I 
(fPT.'I) for Clitical Operdtions Power Systems, for more informa
tion on developing and implementing a functional perfmmance 
test program. 

Part D. Circuit W"uing and Equipment 

708.10 Feeder and Branch Circuit W"uing. 

(A) Identification. 

(1) Boxes and Enclosures. In a building or at a structure 
where a critical operations power system and any other type of 
power system arc present, all boxes and enclosures (including 
transfer ""itches, generators, and power panels) for critical 
operations power system circuit'l shall be pcrmancndy marked 
so lhcy \\ill be readily identified a'l a component of the critical 
operations power system. 
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(2) Receptacle Identification. In a building in which COPS arc 
present "id1 other types of power systems described in other 
sections in this article, lhc cover plates for lhc receptacles or 
the receptacles themselves supplied from the COPS shall have 
a distinctive color or marking so a'l to be readily identifiable. 
Nonlocking-typc, 12:>-volt, 1:>- and 20-ampcrc receptacles 
supplied from lhc COPS shall have an illuminated face or an 
indicator light to indicate that lhcrc is power to lhc receptacle. 

Exception: lJ the COPS supt1lies power to a DCOA that is a stand-alone 
building, 1ueptack cover /JUlies m· the ntcefJlarks themselves slmU not be 
Tequhed to have distinctive marking. 

(B) W"uing. Wiring of two or more COPS circuit'l supplied 
from the same source shall be permitted in lhc same raceway, 
cable, box, or cabinet. In other than transfer equipment enclo
sures, "iring from a COPS source or COPS source distribution 
ovcrcurrcnt protection to critical load'l shall be kept entirely 
independent of all other \\iring and equipment. 

(C) COPS Feeder W"uing Requirements. COPS feeders shall 
complp\ith 708.10(C) (1) through (C) (3). 

(1) Protection Against Physical Damage. The \\1nng of lhc 
COPS system shall be protected against physical damage. Only 
the follo"ing l\iri,tg melhod'l shall be permitted: 

(1) Rigid metal conduit, intermediate metal conduit, or Type 
MI cable; 

(2) Where enca'ICd in not lcs.'l lhan 50 mm (2 in.) of 
concrete, any of the follo"ing \\iring mclhocl'l shall be 
pcnnittcd: 

a. Schedule 40 or Schedule 80 rigid polp·inyl chloride 
conduit (PVC) 

b. Rcinforccd thcnnosctting resin conduit (RTRC) 
c. Electrical metallic tubing (EMT) 
d. Flexible nonmetallic or jacketed metallic racc\\"ays 
c. Jacketed metallic cable a'lscmblics listed for installa

tion in concrete 
(3) Where provisions must be made for flexibility at equip

ment connection, one or more of the following shall also 
be permitted: 

a. Flexible metal fittings 
b. Flexible metal conduit "ith listed fittings 
c. Liquidtight flexible metal conduit "ith listed fittings 

(2) Fare Protection for Feeders. Feeders shall meet one of lhc 
follo"ing conditions: 

(1) The cable or racc\\'<IY is protected by a listed electrical 
circuit protective system l\ith a minimum 2-hour fire 
rating. 

Informational :'\ote :'\o. 1: See l'L 1724, Fire TI'SI.< for Electrical 
Cirruil Prol,-<:tive Sp1n11s, for one method of defining an elecuical 
circuit pmtecti\·e system, by establishing a rating when tested. 
l'L Guid' bifonllation for EJ,_ctrical Circuit lnll'gri/)' SpleiiiS (FHIT) 
contains information to identity the system and iL'I in.'llallation 
limitations to maintain a minimum 2-hour fire resisti,·e rdting. 

(2) The cable or raceway is a listed fire-resistive cable system 
wilh a minimum 2-hour fire rating. 

Informational Note No. 2: See l'L 2196-2017, SJaudard for Fire 
1).sJ for Cin:uil lnll'gri/)' of Fire-RI'Sis/ive PmiJI!r, TIIStrummlation, 
Co1llrol a11d Data ('.ah[I'S, for testing requiremenL'I for fire-resisti\>e 
cables. 
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Informational Note :'\o. 3: The listing organization prmides 
infmmation for lire-resistive cable system.• on proper i11.•tallation 
requiremenL• to maintain the lire rdting. 

(3) The cable or raceway is protected by a listed fire-rated 
a'iscmbly that ha'i a minimum fire rating of 2 hours. 

(4) The cable or raceway is cnca'icd in a minimum of 50 mm 
(2 in.) of concrete. 

(3) Floodplain Protection. \\'bcrc COPS feeders arc installed 
below the level of the 100-ycar floodplain, the insulated circuit 
conductors shall be listed for usc in a wet location and be 
installed in a wiring method that is pcrmiucd for usc in wet 
locations. 

(D) COPS Branch Circuit Waring. 

(1)  Outside tile DCOA. COPS branch circuit'i installed out•idc 
the DCOA shall comply with dtc physical and fire protec
tion rcquircmcnt'i of 708.10(C) (1)  through (C)(3). 

(2) Within tile DCOA. Any of the "iring mcthod'i recognized 
in Chapter 3 of dtis ('..ode shall be permiucd within the 
DCOA. 

708.11  Branch Circuit and Feeder Distribution Equipment. 

(A) Branch Circuit Distribution Equipment. COPS branch 
circuit distribution cquipmcm shall be located "ithin the same 
DCOA a'i the branch circuit'i it supplies. 

(B) Feeder Distribution Equipment. Equipmcm for COPS 
feeder circuit'i (including transfer equipment, transformers, 
and panelboard'i) shall comply "id1 the follo"ing: 

(1) Be located in spaces with a 2-hour fire resistance rating 
(2) Be located above the 100-ycar llooclplain 

708.12 Feeders and Branch Circuits Supplied by COPS. Feed
ers and branch circuit'i supplied by the COPS shall supply only 
cquipmcm specified a'i required for critical operations use. 

708.14 Waring of HVAC, Fare Alarm, Security, Emergency 
Communications, and Signaling Systems. All conductors or 
cables shall be installed tL'iing any of the metal. "'iring mcthod'i 
pcrmiucd by 708.IO(C) (1) and, in addition, shall comply with 
the follo"ing, a'i applicable: 

( 1)  All cables for fire alarm, security, signaling systcm'i, and 
emergency communication� shall be shielded t"istcd pair 
cables or installed to comply "id1 the performance 
requirement., of dtc system . . 

(2) Shields of cables for fire alarm, security, signaling systems, 
and emergency communications shall be arranged in 
accordance with dtc manufacturer's published installa
tion instructions. 

(3) Optical fiber cables shall be tL'icd for connections 
between two or more buildings on the property and 
under single managcmcm. 

(4) A listed primary protector shall be provided on all 
communications circuit'i. Listed secondary protectors 
shall be provided at the terminals of the communications 
circuit•. 

(5) C.onductors for all control circuit'i rated above 50 volt'i 
shall be rated not less than f>OO volt•. 

(f>) C.ommunications, fire alarm, and signaling circuit'i shall 
tL'iC relays with contact ratings that exceed circuit voltage 
and current ratings in the controlled circuit. 

(7) All cables for fire alarm, security, emergency communica
tions, and signaling systems shall be riser-rated and shall 
be part of a listed 2-hour fire-resistive cable system or 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

protected by a listed 2-hour electrical circuit protective 
system. 

(8) Control, monitoring, and power wiring to HVAC systcm'i 
shall be part of a listed 2-hour fire-resistive cable system 
or protected by a listed 2-hour electrical circuit protective 
system. 

Part ID. Power Sources and Connection 

708.20 Sources of Power. 

(A) General Requirements. Currcm supply shall be such that, 
in the event of failure of dtc normal supply to the DCOA, criti
cal operations power shall be available l\ithin the time required 
for the application. The supply system for critical operations 
power, in addition to dtc normal scniccs to the building and 
meeting the general requirement., of this section, shall be one 
or more of the types of systcm'i described in 708.20(E) through 
(H). 

Informational Note No. 1: A'i.•ignment of degree of reliability of 
the recognized c1iticaf (!perations power system depends on the 
careful e�aluation in accordance "ith the Jisk a.•ses.•ment. 

Informational Note :'\o. 2: See IEEE 3006.5-2014, RHmnmmded 
Prartiu for lhe U.v of Pmbabitity Mlllllods for Conducting a Reliabili!J 
Ana�r-<i< of ltulustrial and l.o11unnrial Pmuu System.<, for guidance 
about determining degree of reliability. 

(B) . Fire Protection. \\onere located within a building, equip
ment for sources of power a'i described in 708.20(E) through 
(H) shall be installed cidtcr in spaces fully protected by an 
approved automatic fire protection system or in spaces with a 2-
hour fire rating. 

(C) Grounding. All sources of power shall be grounded a'i a 
separately derived source in accordance with 250.30. 

Exception: n1mP in<tal!P.d in accordance with 708.JO(C) and 
708. 1 1 (B), equipment containing tile main bonding jumper or .<)'.<tem 
bonding jumper fo-r tile 1Um11al sourre mul the ft't'der wiring to tile 
transfer 1'-f[uipmrot shall not be 1Pqui1Pd to be gmunded as a seJJO:rately 
de1ived .<ourre. 

(D) Surge Protection Devices. Surge protection dc\iccs shall 
be prmiclcd at all facility distribution voltage levels. 

(E) Storage Bauery. An automatic baucry charging means 
shall be provided. Baucrics shall be compatible "ith the 
charger for that particular installation. Automotivc-lypc baucr
ics shall not be tL'iCd. 

(F) Generator Set. 

(1) Prime Mover-Driven. Generator sct'i driven by a prime 
mover shall be provided "ith means for automatically starting 
the prime mover on failure of the normal power source. A 
time-delay feature permitting a minimum J!)-minutc setting 
shall be pro,iclcd to avoid rctransfcr in ca'ic of short-time rccs
tablishmcm of the normal source. 

(2) Power for fuel transfer pumps. \\'here power is needed for 
the operation of the fuel transfer pumps to deliver fuel to a 
generator set clay tank, this pump shall be connected to the 
COPS. 

(3) Dual Supplies. Prime movers shall not be solely clcpcndcm 
on a public utility ga., system for dtcir fuel supply or municipal 
water supply for their cooling systems. :\!(cans shall be prmiclcd 
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for automatically transferring from one fuel supply to another 
where dual fuel supplies arc used. 

(4) Battery Power and Dampers. Where a storage battery is 
used for control or signal power or as the means of starting the 
prime mover, it shall be suitable for the purpose and shall be 
equipped with an automatic charging means independent of 
the generator set. Where the battery charger is required for the 
operation of the generator set, it shall be connected to the 
COPS. \\'here power is required for the operation of dampers 
used to vcmilatc the generator set, the dampers shall be 
connected to the COPS. 

(5) Outdoor Generator Sets. 
(a) Permanrolll' hutalkd Cnmemlm-s and Prtrtabk Cnmeratm-s 

Greater Than 15 kH(\\'hcrc an outdoor housed generator set is 
equipped with a readily acccs.�iblc disconnecting means in 
accordance with 445.18, and the disconnecting means is loca
ted "idtin sight of dtc building or structure supplied, an addi
tional disconnecting means shall not be required where 
ungrounded conductors serve or pa�s through dtc building or 
structure. \\'bcrc the generator supply conductors terminate at 
a disconnecting means in or on a building or structure, the 
disconnecting means shall meet the requirements of 225.36. 

(b) Pm·tabk Cnmeratm-s 15 kW rtr Less. Where a portable 
generator, rated 15 k W or lcs.�, is installed using a flanged inlet 
or other cord-and plug-type connection, a disconnecting 
means shall not be required where ungrounded conductors 
serve or pa'i.� through a building or structure. 

(6) Means for Connecting Portable or Vehicle-Mounted Gener
ator. Where the COPS is supplied by a single generator, a 
means to connect a portable or vehicle-mounted generator 
shall be prmidcd. 

(7) On-Site Fuel Supply. Where imcrnal combustion engines 
arc used a� dtc prime mover, an on-site fuel supply shall be 
prmidcd. The on-site fuel supply shall be secured and protec
ted in accordance with the risk a'i.�cs.�mcnt. 

(G) Uninterruptible Power Supp6es. Unintcrruptible power 
supplies used a� the sole source of power for COPS shall 
comply with 708.20(E) and (F). 

(H) Fuel CeO System. Installation of a fuel cdl system shall 
meet the requirement� of Part� II duough \1[( of Article 692. 

708.21 Ventilation. Adequate vcmilation shall be prmidcd for 
the alternate power source for cmitinucd operation under 
maximum anticipated ambicm temperatures. 

Informational :'\ote: See r\FPA 1 10-2019, Stmularrl for EmPTgmcy 
mul Standby Pmoer SJ•Iem.•, and :'\FPA 1 1 1-2019, Stmularrl ml Stored 
Ekrtrical Energy Emergency and Standby PmoPT SJ•IeiiL,, for addi
tional infonnation on \-entilation air for combu.•tion and cool
ing. 

708.22 Capacity of Power Sources. 

(A) Capacity and Rating. A COPS shall have capacity and 
rating for all load� to be operated simultaneously for continu
ous operation with variable load for an unlimited number of 
hours, except for required maintenance of the power source. A 
portable, temporary, or rcdundam alternate power source shall 
be available for usc whenever the COPS power source is out of 
scnicc for maintenance or repair. 

(B) Selective Load Management. The alternate power source 
shall be pcnnittcd to supply COPS emergency, legally required 
standby, and optional load� where the source ha� adequate 

70-650 

capacity or where load management (dtal includes automatic 
selective load pickup and load shedding) is prmidcd a� needed 
to ensure adequate power to ( I )  the COPS and emergency 
circuit�. (2) the legally required standby circuit�. and (3) the 
optional standby circuit�, in that order of priority. The alter
nate power source shall be permitted to be used for peak load 
shaving, prmidcd these conditions arc met. 

Peak load-shaving operation shall be permitted for satisf}'ing 
the test rcquircmcm of 708.6(8), provided all other conditions 
of 708.6 arc met. 

(C) Duration of COPS Operation. The alternate power source 
shall be capable of operating the COPS for a minimum of 
72 hours at full load of DCOA "ith a steady-state voltage "ithin 
±10 percent of nominal utilization voltage. 

708.24 Transfer Equipment. 

(A) General. Transfer equipment, including automatic trans
fer switches, shall be automatic, li�tcd, and identified for emer
gency usc. Transfer equipment shall be designed and installed 
to prevent the inadvertent interconnection of nonnal and criti
cal operations sources of mtpply in any operation of dtc trans
fer equipment. Tram;fcr equipment and electric power 
production systcqtS in11tallcd to permit operation in parallel 
"ith the normal 110urcc shall meet dtc requirement� of Parts I 
and ][ of Article 705. 

(B) Bypass Isolation Transfer Switches. �leans shall be permit
ted to bypa'i.oi and isolate the transfer equipment. If bypa'i.� isola
tion transfer Sl�itchcs arc used, inadvertent parallel operation 
shall be avoided. 

(C) Automatic Transfer Switches. If used l\ith sources dtal arc 
not inhcrcndy synchronized, automatic transfer switches shall 
comply with the following: 

(1) Automatic transfer switches shall be listed for emergency 
usc. 

(2) Automatic transfer switches shall be electrically operated 
and mechanically held. 

(D) Redundant Transfer Equipment. If COPS load� arc 
supplied by a single feeder, the COPS shall include rcdundam 
transfer equipment or a bypa'i.� isolation transfer S\'itch to facil
itate maintenance a� required in 708.6(C) l�ithoutjcopardizing 
continuity of power. If the redundant transfer equipment or 
bypa'i.� isolation transfer S\'itch is manual (or nonautomatic), 
then it shall be actively supcniscd by a qualified person when 
the primary (automatic) transfer equipment is disabled for 
maintenance or repair. 

(E) Use. Transfer equipment shall supply only COPS loacl�. 

(F) Documentation. The short-circuit current rating of the 
transfer cquipmcm, ba�d on the specific ovcrcurrcnt protec
tive device type and settings protecting the transfer equipment, 
shall be field marked on dtc exterior of dtc transfer equip
ment. 

708.30 Branch Circuits Supp6ed by COPS. Branch circuit� 
supplied by the COPS shall only supply equipment specified a� 
required for critical operations u.�. 

Part IV. Overcurrent Protection 

708.50 Accessibility. The feeder- and branch-circuit ovcrcur
rcnt devices shall be acccs.�iblc to authorized persons only. 
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708.52 Ground-Fault Protection of Equipment. 

(A) Applicability. The requirement-; of 708.52 shall apply to 
critical operations (including multiple occupancy buildings) 
with critical operation areas. 

(B) Feeders. \\'here ground-fault protection is provided for 
operation of the service disconnecting means or feeder discon
necting means as specified by 230.95 or 215.10, an additional 
step of ground-fault protection shall be prmidcd in all next 
level feeder disconnecting means downstream toward the load. 
Such protection shall consist of ovcrcurrcnt dc\iccs and 
current transformers or other equivalent protective equipment 
that causes the feeder disconnecting means to open. 

(C) Testing. When equipment ground-fault protection is first 
installed, each level shall be tested to ensure that ground-fault 
protection is operational. 

Informational 1\:ote: Testing i• intended to \>erity the ground
fault function is operational. The performance test is not inten
ded to ,·erifv selecthil\· in i08.52(D), a.• thi• i• often coordinated 
similarly to �ircuit hr�kers by re\ie\\ing time and current cun>es 
and properly setting the equipment. (Selecti�ity of flL•es and 
circuit breakers i• not performance tested for overload and 
short circuit.) 

(D) Selectivity. Ground-fault protection for operation of the 
senicc and feeder disconnecting means shall be fully selective 
such that the feeder dc,icc, but not the senicc dc\icc, shall 
open on ground fault-; on the load side of dtc feeder dc\icc. 
Separation of ground-fault protection time-current characteris
tics shall conform to dtc manufacturer's recommendations and 
shall consider all required tolerances and disconnect operating 
time to achieve 100 percent selccti,ity. 

Informational :'\ote: See 230.95, Informational :'\ote No. 4, for 
transfer of altenlate source where gnmnd-f.mlt protection . i•. 
applied. 

708.54 Selective Coordination. 

(A) General. Critical operations power system(!!) ovcrcurrcnt 
protective dc\iccs (OCPDs) shall be selectively coordinated 
with all supply-side and load-side OCPDs. 

Selective coordination shall be selected by a licensed profes
sional engineer or odtcr qualified pcrsoris engaged primarily in 
the design, installation, or mainrenancc of electrical systems. 
The selection shall be documented and made available to dtosc 
authorized to design, install, inspect, maintain, and operate the 
system. 

(B) Replacements. \\'bcrc critical operations power systcm(s) 
OCPDs arc replaced, they shall be reevaluated to ensure selec
tive coordination is maintained \\ith all supply-side and load
sidc OCPDs. 

(C) Modifications. If modifications, additions, or deletions to 
the critical operations power systcm(s) occur, selective coordi
nation of the critical operations power systcm(s) OCPDs with 
all supply-side and load-side OCPDs shall be rcc\aluatcd. 

Exception: Selective roordination shall not be 11'.Jflti11'd betw«n two over
cunmt devices located in se1·ies if no load.� are ronmcted in paralkl 
with the dmunst71'am deviu. 

Informational Note: See lnfonnational :'\ote figure i08.54(C) 
for an example of how critical operations power system OCPDs 
selecth>ely coordinate \\ith all supply-side OCPDs. 

2tr.!3 t:<lition :'\A'JlO:-IAI. t:l.t:GI"RJCAL COI>t: 

OCPD D selecth·ely coordinates "ith OCPDs C, F, E, 8, 
and A. 

OCPD C selectively coordinates \\ith OCPDs F, E, 8, and A. 
OCPD F selecti\>el)· coordinates \\ith OCPD E. 
OCPD 8 is not required to selecti,·ely coordinate \\ith 

OCPD A becau.� OCPD 8 is not a critical operations power 
system OCPD. 

Part V. System Performance and Analysis 

708.64 Emergency Operations Plan. A facility with a COPS 
shall have a documented emergency operations plan. The plan 
shall consider emergency operations and response, recovery, 
and continuity of operations. 

lnformational ll:ote: See NFP.4 1600.2019, Standard on C.ontinuily, 
Emergency, and Cri•i.• Mmmgmvnl, Section 5.i, which prmides 
guidance for the development and implementation of emer
gency plans. 
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Informational Note F.gure 708.54(C) Critical Operations 
Power System Selective Coordination. 

70-651 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal:fYnfpa.org. 



710.1 ARTICLE 722 - CABLES FOR POWER-LIMITED CIRCUITS Al'\D FAULT-Mi\1'\AGED PO\\''ER CIRCUITS 

ARTICLE 710 
Stand-Alone Systems 

710.1 Scope. This article covers electric power production 
systems that operate in island mode not connected to an elec
tric utility or other electric power production and distribution 
network. 

Informational :'\ote: These systems operate independently from 
an electric utility and include isolated microgrid system.•. Stand
alone system.• often include a single or a compatible intercon
nection of sources such as engine generators, solar PV, \\ind, 
ESS, or batteries. 

710.6 Equipment Approval. All power production equipment 
or systems shall be approved for usc in island mode and comply 
with one of the follo"ing: 

( 1 ) Be listed 
(2) Be evaluated for the application and have a field label 

applied 

710.10 Identification of Power Sources. A permanent plaque, 
label, or directory shall be installed at a building supplied by a 
stand-alone system at the power source disconnecting means 
location, or at an approved readily \-isiblc location. The plaque, 
label, or directory shall denote the location of each power 
source disconnecting means for the building or be grouped 
with other plaques or directories for other on-site sources. 
\\'here multiple sources supply the building, markings shall 
comply with 705.10. 

710.12 Stand-Alone Inverter Input Circuit Current. The maxi
mum current shall be the stand-alone continuous inverter 
input current rating when the inverter is producing rated 
power at the lowest input voltage. 

710.15 General. Premises wiring systems shall be adequate to 
meet the rcquircmcnL• of this ('..ode for similar installations 
supplied by a feeder or service. The wiring on the supply side 
of the building or structure disconnecting means shall comply 
with dtc rcquircmcnL• of this Code, except a• modified by 
710.15(A) duough (G). 

· 

(A) Supply Output. Power supply to premises wiring system• 
fed by stand-alone or isolated microgrid power sources shall be 
permitted to have less capacity than the calculated load. The 
capacity of the sum of all sources of the stand-alone supply 
shall be equal to or greater than the load posed by dtc largest 
single utilization equipment connected to the system. C..alcula
tcd general lighting load• shall not be considered a• a single 
load. 

Informational :'\ote: For generdl-u.<;e loads the system capacity 
can be calculated u.•ing the sum of tile capacity of the firm sour
ces, such a.• generators and ESS inverters. For specialty load• 
intended to be powered directly from a variable source, the 
capacity can be calculated using tile sum of the \'llriable sources, 
such a.• PV or \\ind inverters, or tile combined capacity of both 
firm and variable sources. 

(B) Sizing and Protection. The circuit conductors between a 
stand-alone source and a building or structure disconnecting 
means shall be sized bao;cd on the sum of the output ratings of 
the stand-alone sourcc(s) . For threc-phao;c interconnections, 
the phao;c load• shall be controlled or balanced to be compati-
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blc with specifications of the sum of the power supply capaci
ties. 

(C) Single 120-Volt Supply. Stand-alone and isolated microgrid 
systems shall be permitted to supply 120 voiL• to singlc-phao;c, 3-
"irc, 120/240-volt scf\-icc equipment or distribution panels 
where there arc no 240-volt oudcL• and where there arc no 
multil."<irc branch circuiL•. In all installations, the sum of the 
ratings of the power sources shall be lcs.o; than the rating of the 
neutral bus in the senicc equipment. This equipment shall be 
marked v.<ith the follov.<ing worcl• or equivalent: 

WARNING: 
SINGLE 120-VOLT SUPPLY. DO NOT CONNECT MULTI

WIRE BRANCH CIRCUITS! 

The warning sign(s) or label(s) shall comply "ith 1 10.21 (B). 

(D) Three-phase Supply. Stand-alone and microgrid system• 
shall be permitted to supply threc-phao;c, 3-l\irc or 4-"irc 
systems. 

(E) Energy Storage or Backup Power System Requirements. 
Energy storage or backup power supplies shall not be required. 

(F) Voltage and Frequency Control. The stand-alone power 
sources shall be co1itrollcd during operation so dtat voltage 
and frequency are supplied v.<ithin limits compatible v.<ith the 
connected loads. 

ARTICLE 722 
Cables for Power-Limited Circuits and 

Fault-Managed Power Circuits 

Part I. General 

722.1 Scope. This article covers dtc general requircmcnL• for 
the installation of single- and multiple-conductor cables used in 
Clao;s 2 and Clao;.o; 3 power-limited circuiL•, power-limited fire 
alarm (PLFA) circuiL•, and Clao;.o; 4 fault-managed power 
circuiL•. 

722.3 Other Articles. In addition to the rcquircmcnL• of this 
article, installation of cables shall comply l\ith the articles or 
sections listed in 722.3(A) through (0). Only dtose sections of 
Article 300 referenced in this article shall apply. 

(A) Installation of Cables and Conductors in Raceway. The 
number and size of conductors and cables, a• well a• raceway 
sizing, shall comply v.<ith 300.1 7. 

(B) Spread of F�re or Products of Combustion. Installation of 
power-limited circuiL• shall comply v.<ith 300.21. 

(C) Ducts, Plenums, and Other Air-Handling Spaces. Power
limited circuiL• installed in ducts, plenums, or other space used 
for environmental air shall comply l\ith 300.22. 

Exception No. 1: Cahks se!Pcted in arcmrlana with Tahk 722.135(8) 
and installed in arcmrlana with 300.22(8), Exreption slmU be Jmmit
ttd to be installed in ducts sperijirally Jah1icated for rovimnmental ail: 
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Exception No. 2: Cabks se!Pcted in accmrlana with Tabk 722.135(B) 
shall be fJel'mitted to be instalkd in othe1· sJJaus usl'.d fm· envimnmrotal 
air (pkmtm�). 
(D) Cables in Ducts for Dust, Loose Stock, or Vapor Removal. 
Section 300.22(A) for wiring systems shall apply. 

Exception: Noncmulttctive optical fiber cabks shall be pel'mitted in 
ducts used for dust, loose stock, m· vapo1· removaL 

(E) Cable Trays. C-able tray installations shall comply with 
Parts I and II of Article 392. 

(F) Instrumentation Tray Cable. Circuit-; wired using instru
mentation tray cable shall comply with 335.1 and 335.4 
through 335.9. 

(G) Raceways or Sleeves Exposed to Different Temperatures. 
Section 300.7(A) shall apply. 

(H) Vertical Support for Fu-e-Resistive Cables and Conductors. 
Vertical installations of circuit imegrity (CI) cables and conduc
tors installed in a raceway or conductors and cables of electrical 
circuit protective system"s and fire resistive-cable system-; shall 
be installed in accordance with 300.19. 

(I) Installation of Cables with Other Systems. Section 300.8 
shall apply. 

0> Corrosive, Damp, or Wet Locations. The installation of 
power-limited cables shall comply with dte applicable require
ment-; in 1 10.1 1,  300.5(8), 300.6, 300.9, and 310.10(F) when 
installed in corrosive, damp, or wet locations. 

(K) Cable Routing Assemb6es. C-ables installed in cable rout
ing ao;scmblies shall be selected in accordance l\ith Table 
800.154(c), listed in accordance "id1 800.182, and installed in 
accordance "id1 800.1 IO(C) (1)) ,  800.1 10(C) (2), and 800.1 13. 

(L) Communications Raceways. Cables communications race
ways shall be selected in accordance "id1 Table 800.154(b), 
listed in accordance "id1 800.182, and installed in accordance 
with 800.113  and 362.24 duough 362.56, where dte require
ment-; applicable to electrical nonmetallic tubirig (El'\T) apply. 

(M) Temperature Limitation of Cables. l11c requirement-; of 
310.14(A) (3) on the temperature limitatim1 of conductors shall 
apply to power-limited circuit cabl� and fault-managed power 
cables. 

(N) Identification of Equipment Grounding Conductors. 
Equipmem grounding conductors shall be identified in accord
ance l\ith 250.1 19. 

Exception: C"Ahles that do twt contain an P,quiprmmt wvunding 
conductor s!tall be pennitttd to use a conductor with fPl!tm insulation, 
m·fP1'tm insulation witlt one m· 711011' yellow stripes, fm· ot!ter than equip
mrot grounding purpost's. 

(0) Specific Requirements. Ao; appropriate, the installation of 
wires and cables shall also comply with the following: 

( 1) Cla'l.o; 2 and Cla'l.o; 3 cables - Part II of Article 725 
(2) Cla'l.o; 4 cables - Part IV of Article 726 
(3) Fire alarm cables - Part Ill of Article 760 
( 4) Optical fiber cables - Part V of Article 770 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

722.10 Hazardous (Classified) Locations. Cla'l.o; 4 cables shall 
be permitted to be used in hazardous (da'l.o;ified) locations 
where specifically permitted by odter articles of dtis Codt'. 

722.12 Uses Not Permitted. Cla'l.o; 4 cables shall not be permit
ted for any applications that arc not part of a Clao;s 4 system. 

Exception: Use of Cla.•1s 4 cabk fm· ot/m· applications shall be pel'mitted 
if t!te cabk has bern listl'.d as .mitable fm· t!te other applications. 

722.21 Access to Electrical Equipment Behind Panels Designed 
to Allow Access. Access to electrical equipment shall not be 
denied by an accumulation of cables that prevents removal of 
panels, including suspended ceiling panels. 

722.24 Mechanical Execution of Work. 

(A) General. C-ables shall be installed in a neat and workman
like manner. C-ables installed exposed on the surface of ceilings 
and sidewalls shall be supported by dtc building structure in 
such a manner that the cable will not be damaged by normal 
building usc. Such cables shall be secured by hardware, induct
ing straps, staples, hangers, listed cable tics iclcntifiecl for 
securement and support, or similar fittings, designed and 
installed so a-. not to. damage the cable. The installation shall 
conform to 300.4 and 300.1 1 .  

A bushing shall be installed where cables emerge from race
way used. for mechanical support or protection in accordance 
with 300.15(C). 

Nonmetallic cable tics and other nonmetallic cable accesso
ries used to secure and support cables in other spaces used for 
environmental air (plenums) shall be listed a-. having low 
smoke and heat relea-.c properties in accordance with 
300.22(C) . 

Informational :'\ote l'o. 1: See NFPA !JOA-2021, Slandani for lhe 
lnslallalion of Air-Condilio11ing and Vmlilaling Splmt•, for discrete 
comb•�•tible componenL•. 

Informational :'\ote :'\o. 2: Paint, plaster, cleaners, abra.•ives, 
corrosh·e residues, or other contaminanL• could result in an 
undetermined alteration of cable propenies. 

(B) Support of Cables. C-ables shall not be strapped, taped, or 
attached by any means to the exterior of any conduit or other 
raceway ao; a means of support. 

Exception No. 1: Cla.�s 2 cin:uit conductm"S or cables s!tall be permitted 
to be instalkd as permitted b)· 300. ll(Cj(2). 

Exception No. 2: Ovnhtad ( anial) sJJans of optical fiber cabks shall be 
pennitttd to be attac!ted to the t'Xtn·im· of a mcewa_l'·type mast intended 
fm· tlte attachment and suJJfrol·t oJ.�uch cabks. 

(C) Circuit Integrity (CI) Cable. Circuit integrity (CI) cable 
shall be supported at a distance not exceeding 610 mm 
(24 in.). C-able shall be secured to the noncombustible surface 
of the building structure. C-able support-. and fa-.tcncrs shall be 
steel. 

722.25 Abandoned Cables. The accessible portion of aban
clonccl cables shall be removed. Where cables arc identified for 
future usc "id1 a tag, the tag shall be of sufficient durability to 
withstand the environment involved. 
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722.31 Safety-Control Equipment. Where damage to power
limited circuits can result in a failure of safety-control cquip
mcm lhat would introduce a direct fire or life hazard, lhc 
power limited circuit"l shall he installed using Clas."l I circuit 
"iring methods in accordance wilh 724.46. All conductors of 
such circuit"l shall he installed in rigid metal conduit, imcr
mcdiatc metal conduit, rigid nonmetallic conduit, electrical 
metallic tubing, Type Ml cable, or Type MC cable, or he other
wise suitably protected from physical damage. 

722.135 Installation of Cables. The installation of cables shall 
comply with 722.135(A) through (1) , a"l applicable. 

(A) Listing. C..ables installed in buildings shall he listed. 

(B) Cables in Buildings. The installation of cables shall comply 
"ilh Table 722.135(8). 

Informational :'\ote l'o. I :  See NFPA !lOA-2021, Standard for the 
Installation of Air-l.tmditiouing and Vmtilalhllf Sy•lems, 4.3.4 and 
4.3.1 1.3.3, for information on fire protection of wiling installed 
in dueL• specifically fabricated for environmental air and other 
spaces •�•ed for emironmental air (plenums). 

Informational :'\ote No. 2: See 300.21 for firestop requiremenL• 
for noor peneu-ation•. 

Informational Note No. 3: See Chapter 3 for the in.•tallation 
requiremenL• for PLTC cables installed outdoors in cable trays. 

Informational :'\ote l'o. 4: See t:L 2024, l.ahb- /Wulhllf As.vmblies 
and l.ommuuications /Wreruay.•, for applicable requiremenL• for 
plenum, riser, and generdl-purpose cable routing a.'l.•emblies and 
J"aCe\\"a}""· 

(C) Industrial Establishments. In industrial cstablishmcnt"l 
where the conditions of maintenance and supervision ensure 
that only qualified persons scnicc the installation, Type PLTC 
cable shall be permitted in accordance l\ith either of lhc 
following: 
(1) \\'here the cable is not subject to physical damage, JYpc 

PLTC cable dtat complies l\idt dtc crtL"lh and impact 
rcquircmcnt"l of Type MC cable and is identified a"l T}"pc 
PLTG-ER for such tL"lC shall be permitted to be exposed 
between the cable tray and the utilization equipment or 
dc\icc. The cable shall he continuously . supported and 
protected against physical damage using mechanical 
protection such a"l dedicated struts, angles, or channels. 
The cable shall he supported and secured at intervals not 
exceeding 1 .8 m (6 ft) .  \\"lu�re not sutMcct to physical 
damage, T}"pc PLTG-ER cable shall be permitted to transi
tion between cable trays and hetwccn cable trays and 
utilization equipment �r devices for a distance "not to 
exceed 1.8 m (6 ft) without continuous support. The 
cable shall be mechanically supported where exiting lhc 
cable tray to ensure that dtc minimum bending radius is 
not exceeded. 
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(2) Type PLTC cable, "ilh a metallic sheath or armor in 
accordance "ith 722.179(A) (6), shall he permitted to he 
installed exposed. The cable shall he continuously 
supported and protected against physical damage using 
mechanical protection such a"l dedicated strut"l, angles, or 
channels. The cable shall he secured at intervals not 
exceeding 1.8 m (6 ft). 

(D) In Hoistways. In hoistways, cables shall he installed in 
rigid metal conduit, rigid nonmetallic conduit, imcrmcdiatc 
metal conduit, liquidtight flexible nonmetallic conduit, or elec
trical metallic tubing. For elc\"ators or similar cquipmcm, these 
conductors shall be permitted to be installed a"l prmidcd in 
620.21. 

(E) Cable Substitutions. The substitutions for cables listed 
in Table 722.135([) shall be permitted. \\'here substitute cables 
arc installed, dtc installation rcquircmcnt"l of lhc articles 
described in 722.3(0) shall also apply. Cl cables shall be 
permitted to he installed to prmide 2-hour circuit integrity. Sec 
722.135(F). 

lnformational l'ote: See 800.179 for infmmation on Types CMP, 
C�fR, C�f, and C�fX. 

(F) Circuit Integrity (CI) Cable, F"u-e-Resistive Cable System, or 
Electrical Circuit Protective System. Cl cable, a fire-resistive 
cable system, or a listed electrical circuit protective system shall 
be pcnnittcd fur usc in systems that supply critical circuit"l to 
ensure sun,yability for continued circuit operation for a speci
fied time under fire conditions. 

(G) Thermocouple Circuits. Conductors in T}pc PLTC cables 
tL"lcd for Cla'i."l 2 thermocouple circuit"l shall be permitted to he 
any of the materials used for thcnnocouplc extension \\ire. 

(H) Bundling of 4-Pair Cables Transmitting Power and Data. 
\\-'here 4-pair cables arc used to transmit power and data to a 
powered device, 725.144 shall apply. 

(I) Installation of Circuit Conductors Extending Beyond One 
Building. Circuit conductors lhat extend heyond one building 
and arc run such lhat they arc subject to accidental contact 
wilh electric light or power conductors operating over 300 volt"l 
to ground, or arc exposed to lighming on intcrbuilding circuit"l 
on lhc same premises, shall comply wilh the following: 
(1) For other than coaxial conductors, 800.44, 800.53, 

800.100, 805.50, 805.93, 805.170(A), and 805.170(B) 
(2) For coaxial conductors, 800.44, 820.93, and 820.100 
(3) The installation rcquircmcnt"l of Part I of Article 300 
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Table 722.135(8) Installation of Listed Cables in Bulldings 

AppHcations 

In duct• specifically fabricated for 
emironmental air a• desclihed in 
300.22(8)2 

Cables in lengths a• shon a• practicable to 
perfmm the required function 

In metal raceway that complies \\ith 300.22(8) 

In other spaces u�d for emironmental Cables in other spaces u.ed for 
air (plenums) a• desclihed in 300.22(C) en�ironmental air 

In risers and \·ertical nms 

Cables and innerducL• installed in metal 
J'llce>•-a�" in a ri•er ha,ing firestops at 
each flom-2 

Cables in metal raceway that complies \\ith 
300.22(C) 

Cables in plenum communications race>�"}" 
Cables in plenum cable routing a'l.�mhlies 
Cables supponed by open metal cable tra}" 
Cables or cables installed in race""�" or cable 

routing a'l.�mhlies supported hy solid 
bottom metal cable trays \\ith solid metal 
covers 

Cables in venical run.• penetrating one or 
more floors and in \·ertical nms in a shaft 

Cables in metal race>'"}" 
Cables in fireproof shafL• 
Cables in plenum communications race>'"}" 
Cables in plenum cable routing a'l.�mhlies 
Cables in riser communications J'llce>•-a�" 
Cables in riser cable routing a'l.�mhlies 
Cables in one- and two-family dwellings 

Cables 
Cables in plenum communications race>'"}" 

(innerduct) 
Cables in riser communications race>•-a�" 

(innerduct) 
Cables in general-purpose communications 

race\\'ll}" (innerduct) 

In fireproof riser shafL• ha,ing firestops at Cables 
each flom-2 Cables in plenum communications race>'"}" 

In cable trays 

In cros.'Konnect an'll}" 

In one-, two-, and multifamily dwellings, 
and in building locations other than 
the locations covered ahove 

or plenum cable routing a'l.�mhlies 
Cables in riser communications race>•-a�" or 

riser cable routing a'l.�mhlies 
Cables in general-purpose communications 

race\\'ll}" or general-purpose cable •·outing 
a'l.�mhlies 

Outdoors 
Cables, or cables in plenum, ri�r. or general

purpose communications race\\'ll}"• 
in.•talled indoorll 

Cables, and cables in plenum, ri�r. m· 
general-pm-pose communication.• race""�" 
or cable routing a'l.�mhlies 

Cables 
Cables in plenum, ri�r. or general-pm-pose 

communication.• race""�" or cable routing 
a'l.�mhlies, or race>\<l}" recognized in 
Chapter 3 

Cables in nonconcealed spaces 
{; nder carpet, floor cm·ering, modular 

flooring, and plank.• 

Plenum 

y 

y 

y 

y 

y 
y 
y 
y 

y 

y 
y 
y 
y 
y 
y 
y 

y 
y 

y 

y 

y 
y 

y 

y 

N 
y 

y 
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y 

y 
N 
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N 

y 

N 

y 

N 
N 
N 
y 

y 

y 
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y 
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y 
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y 
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y 
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:'1 
:'1 
:'1 
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:'1 
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y 

y 
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N 

y 

N 
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y 
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N 

N 

N 
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N 

N 
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N 
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l'\ 

l'\ 

l'\ 

l'\ 

l'\ 
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y 
y 
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PLTC 

l'\ 

y 

l'\ 

y 
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l'\ 
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y 
y 
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l'\ 
l'\ 
l'\ 
y 

y 
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y 
y 

y 

y 
y 

y 

1":'\" indicates that the cable t�-pe shall not be installed in the application. "'Y' indicates that the cable t}-pe shall be pe1mitted to be installed in the 
application, su�ject to any limitations described in this article or the articles described in 722.3(0). 
21n 300.22(8), cables shall be permitted in dueL• specifically fabricated for emironmental air only if clirecdy a'l..ociated "ith the air di•uibution system. 
3umited-u.� cable shall he pennitted to he installed only in one-, two-, and multifamily dwellings and only if the cable i• smaller in diameter than 
6.35 mm (0.25 in.). 
�The exposed length of cable shall not exceed 3.05 m (10 ft). 
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Table 722.135(£) Cable Substitutions 

CL�P 
CL2P 
CL�R 
CL2R 
pa.;rc 
CL� 
CL2 

CL�X 

CL2X 

FPLP 
FPLR 
FPL 

Cable Type 

OFNP 
OFCP 
OFNR 
OFCR 
OFNG, OF:'\ 
OFCG, OFC 
CMI:C 

Permitted Substitutions 

C�IP 
C�IP, CL�P 
C�IP, CL�P, C�IR 
C�IP, CL�P, CL2P, CMR, CL3R 
None 
C�IP, CL�P, C�IR, CL3R, CMG, CM, PI:rC 
C�IP, CL�P, CL2P, CMR, CL3R, CL2R, 

C�IG, C�t, PI:rC, CL� 
C�IP, CL�P, C�IR, CL3R, CMG, CM, 

PI:rC, CL�, CMX 
C�IP, CL�P, CL2P, CMR, CL3R, CL2R, 

C�IG, C�t, PI:rC, CL�, CL2, CMX, 
CL3X 

C�IP 
C�IP, FPLP, CMR 
C�IP, FPLP, CMR, FPLR, CMG, CM 
None 
OF:'\P 
OF:'\P 
OF:'\P, OFCP, OF:'\R 
OF:'\P, OFNR 
OF:'\P, OFCP, OF:'\R, OFCR, OF:'\G, OF:-.1 
None 

Part D. Listing Requirements 

722.179 Listing and Marking of Cables. C..ables installed in 
buildings shall be listed in accordance with 722.1 79(A) and 
marked in accordance with 722.1 79(8) , and dtcv shall be 
permitted to be marked in accordance with 722.179(C) .  

Exception: optical fiber cables that 0:17! installed in complianu with 
770.48 slmU not be 11'quhed to be lislP.d. 

(A) Listing of Cables. Cables installed as wiring mcdlod'i 
widlin buildings shall be listed as resistant to the spread of fire 
and odlcr criteria in accordance with 722.179(A) (l) dlrough 
(A) (16).  

lnformational l'ote :'\o. 1 :  See I:L 13,  Standard for Poltler-Umited 
Cirruit C.abks, for applicable requirements fQr li�ting of Cla.'i.� 2 
and Cla.'i.� 3 cable and power-limited tray cable (PLTC). 

Informational l'ote l'o. 2: See UL 1424, C.abks for Poltler-Umited 
f'iffl-.4/arm Cilruil.<, for applicable i·equiremenL� for listing of 
power-limited 6re ala1m cable. 

Informational :'\ote l'o. 3: See I:L 1651, optical Fibt>r CablP, for 
applicable requiremenL� for listing of optical 6ber cable. 

Informational :'\ote l'o. 4: See I:L 1400-2, Outline for Fault
'"lanagwl Pmow Sy.<ll!llt< - Part 2: Requinmumt.< for Clas.< 4 C.ablPs, for 
applicable requiremenL� for listing ofCia.'i.� 4 cable. 

(1) Plenum Cable. Plenum cable shall be listed as suitable for 
tL'iC in duct'i, plenums, and other space for cmironmcntal air 
and shall be listed as having adequate fire-resistant and low
smoke producing characteristics. Refer to Table 722.179(8) for 
plenum cable types. 

Informational l'ote: See NFPA 262-2019, Standard Method of Te.<t 
for Haml' Travel and Smoke of Wim and C.abks for U.<e in Air
Handling Spaa.<, for the test method lL�d to dete1mine that a 
cable i� low-smoke producing and 6re resistant, exhibiting a 
maximmn peak optical density of 0.50 or les.�, an a\-erdge optical 
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density of 0.15 or les.�. and a maximum flame spread distance of 
1 .52 m (5 ft) or les.�. 

(2) Riser Cable. Riser cable shall be listed a'i suitable for usc in 
a vertical run in a shaft or from floor to floor and shall be listed 
a'i having fire-resistant characteristics capable of preventing dlc 
canying of fire from floor to floor. 

Informational l'ote: See A. '\SI/I:L 1666-2012, Test for f7ame Prop
agation Heigllt of Elertrical and Optical-Fihl'r (.able ln.<talled Vertically 
in Shaft.<, for the cable requiremenL� de6ning 6re-resistant char
acteJistics capable of preventing the cafl)ing of 6re from floor 
to floor. 

(3) General-Purpose Cable. General-purpose cable shall be 
listed a'i resistant to the spread of fire and a'i suitable for 
general-purpose usc, except for usc in risers, duct'i, plenums, 
and other space used for cmironmcntal air. 

Informational Note: See I:L 2556, Wire ami C.able 1est Ml'thods, 
for de6ning resistant to the spread of 6re. One method is to 
demmt.�trate that the cables do not �pread 6re to the top of the 
ll'a)' in the I:L Flame ExposUn:, Vertical Tray Flame Test. The 
smoke mea.�uremenL� in the test method are not applicable. 

A method of de6niug resistant to the spread of 6re is for the 
damage (char length) not: to exceed 1.5 m (4 ft I I  in.) when 
pe•·forming the IT4 Vertical Flame Test. 

(4) Alternative General-Purpose Cable. Alternative general
purpose optical tiber cable shall be listed a'i suitable for 
gcncral-purpo5e tL'iC, "ith dlc exception of risers and plenums, 
and shall also be resistant to the spread of fire. 

Informational Note: See C'iA C22.2 l'o. 0.3-:\.f-2001,  1;.,t Ml'thods 
for Eil'.ctrical Wirl'S ami C.ahil's, for the C'iA ,·enical flame test -
cables in cable trays, that can also be used to de6ne resistance to 
the spread of 6re when the damage (char length) does not 
exceed 1.5 m (4 ft l 1  in.). 

(5) Limited-Use Cable. Limited-usc cable shall be listed a'i suit
able for tL'iC in dwellings and raceways and shall be listed a'i 
resistant to flame spread. 

Informational Note: See ANSI/I:L 2556, Stamiani for Wi, and 
C.ahlP TI'St Ml'thods, for one method of detennining that cable i� 
resi�tant to flame spread by testing the cable to the FV-2/VW-1 
test. 

(6) Type PLTC. Type PLTC nonmctallic-shcadlcd, power
limited tray cable shall be listed a'i being suitable for cable 
trays, resistant to the spread of fire, and sunlight- and moisture
resistant. Type PLTC cable used in a wet location shall be listed 
for usc in wet locations and marked �wet" or ''wet location." 

Informational :'\ote: See ,\J'I:SI/UL 1685-2010, Stamiani for Safrty 
for Vertical-TraJ Fm..Pmpagution and S111oki'-RelPa.<l' Test for Electrirol 
ami Dptiral-Fiber Cah/I'S, for the UL flame exposure, ,·enical 11-ay 
flame test that is used to dete1mine resistance to the spread of 
6re when cables do not spread 6re to the top of the tray. The 
smoke mea.�uremenL� in the test method are not applicable. 

See CSA C22.2 l'o. 0.3-M-200 1 ,  TI'St Methods for l:lertriral Wires 
ami C.ahlP.<, for the C'iA \'ertical flame test - cables in cable trays 
that can al�• be used to de6ne resi�tance to the spread of 6� 
when the damage (char length) does not exceed 1.5 m (4 ft 
1 1  in.). 

(7) Circuit Integrity (CI) Cable, Fire-Resistive Cable System, or 
Electrical Circuit Protective System. C..ablcs dtat arc used for 
survivability of critical circuit'i under fire conditions shall 
complp\idl cidlcr 722.1 79 (A) (7)(a), (A) (7) (b), or (A) (?) (  c). 

Informational Note: See NFP.4 72, National Fire .4/anll and Sigaal
h��r ('.ode, 12.4.3 and 12.4.4, for additional information on fire 
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ARTICLE 722 - CABLES FOR POWER-LIMITED CIRCUITS Al'\D FAULT-Mi\1'\AGED PO\\''ER CIRCUITS 722.179 

alann Cl cable, 6re-resi�th·e cable s�-stems, or elecllical circuit 
protective s�-stern.� used for 6re alami circuiL� to comply \\ith the 
suni\'llbility requiremenL� to maintain the circuit"s elecllical 
function dming 6re conditions for a de6ned period of time. 

(a) ('J Cabks. Cl cables of the types specified in 
722.179(A) (1) ,  (A) (2), (A) (3), (A) (4), and (A) (6) and used 
for survivability of critical circuit-; shall be marked "ith the 
additional clas.o;ification using the sullix MCI." To maintain ito; 
listed fire-resistive rating, Cl cable shall only be installed in free 
air in accordance with 722.24(C). Cl cables shall onlv be 
permitted to be installed in a raceway where specifically listed 
and marked ao; part of a fire-resistive cable system ao; covered in 
722.179(A) (7) (b). 

Informational Note: See UL 2196, Fire 1"e!it fnr Circuit bzt..grity of 
Fire-Imistive Porun; lnstrummtation, C.nntrol and Data Cabl'-<,and 
l'L 1425, Cabli-.< fnr Non-Poruer-Umitnl Fire-Alarm Circuits, for 
infmmation on establi�hing a rating for Cl cable. The lJL Guide 
Information fnr Nonpmuer-limited Firl' Alarm Circuits (Hl'HT) 
contains information to identify the cable and iL� i1t.�tallation 
limitations to maintain the 6re-resi�tive rating. 

(b) Fire-Resistive Cabks. Fire-resistive cables of the types 
specified in 722.179(A) (1) ,  (A) (2), (A) (3), (A) (4), (A) (6), and 
(A) (7) (a) that arc part of a fire-resistive cable system shall be 
identified with the system identifier and hourly rating marked 
on dtc protcctant or the smallest unit container and installed 
in accordance with the listing of the system. 

Informational Note: See UL 2196, Fire 1"e!it fnr Cin:uit lnt..grity of 
Fiffl-Imistive PoiiJn; ln.<trummtation, C.nntrol and Data C.abus, for 
infmmation on establi�hing a rdting for a 6re-resisth-e cable 
s�-stem. The l.!l. Guide bifonnatimz fnr ElPCtriral Cirruit Integrity 
Systl'lo.< (FHIT) contains infonnation to identity the �"Stem and 
iL� installation limitations to maintain a minimum 6re-resisti\-e 
rating. 

(c) Eler:t•ical Cin:uit Protective S_vstem. Protcctanto; for cables 
of the types specified in 722.179(A) (1),  (A) (2), (A) (3), (A) (4), 
and (A) (6) that arc part of an electrical circuit protective 
system shall be identified with dtc protective system identifier 
and hourly rating marked on dtc protcctant or the smallest 
unit container and installed in accordance with the listing of 
the protective system. 

Informational Note: See UL 1724, Fire Te.<ts fnr Electrical Circuit 
Prot,Ltive .�)·stem.<, for infonnation on es«ablishing a rdting for an 
elecllical circuit protecth·e s�-stem. Th� UI. Guide biformation for 
Elertrical Cirruit Integrity Sptems .(FHlT) contai11.� infonnation to 
identify the �"Stem and iL� imnaUation limitations to maintain 
the 6re-resistive rating. 

(8) Class 3 Single Conductors. Clao;s 3 single conductors used 
ao; other \\iring l\ithin buildings shall be listed Type CLil and 
shall not be smaller than 18 AWG. 

Informational :'\ote: See Al'SI/UL 1685-2010, Standard fnr Safety 
fnr Vertical-TraJ F;,.,.Pmpagation and Smoki'-ReUas' T'-<t for Electrical 
and Dptiral-Fiber (.abies, for the UL flame exposure, \-enical 11-ay 
flame test that is used to dete1mine resistance to the spread of 
6re when cables do not spread 6re to the top of the trdy. The 
smoke mea�uremenL� in the test method are not applicable. 

See CSA C22.2 l'o. 0.3-M-200 1 ,  Te>t Metlwd.< fnr Elertriral Win« 
and Cabli-.<, for the C-'iA \'ertical flame test - cables in cable tra�-s 
that can al� be used to de6ne resi�tance to the spread of 6� 

when the damage (char length) does not exceed 1.5 m (4 ft 
1 1  in.). 

(9) Limited Power (LP) Cable. Clao;s 2 and Ciao;.-; 3 LP cables 
shall be listed ao; suitable for cartying power and data up to a 
specified current limit for each conductor without exceeding 
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the temperature rating of the cable. The cables shall be 
marked l\ith the suffix M-LP (XXA)" where XXA designates 
the current limit in amperes per conductor. 

Informational :'\ote: An example of the marking on 23 AWG, 4-
pair, Cla�s 2 cable 1-ated 75"C "ith an LP cmTent 1-ating of 0.6 
amperes per conductor is "CL2-LP (0.6A) 75"C 23 AWG 4-pair. • 

(10) Undercarpet Cables. l:ndcrcarpet cable shall be listed ao; 
suitable for usc under carpet, floor covering, modular tiles, and 
planks. 

Informational Note: See l'L 444, Standard for Safet)' for C.ommuni
cation.< Cables, for the compres.�h·e loading test u.wd to detennine 
the suitability of cable for undercarpet u.�e. 

(11) Wet Locations. Cable used in a wet location shall be listed 
for usc in wet locations and be marked Mwct" or �wet location" 
or have a moisturc-impcniotLo; metal sheath. 

(12) Field-Assembled Optical Fiber Cables. Field-ao;.o;cmblcd 
optical fiber cable shall comply with 722.179(A) (12) (a) 
through (d). 

(a) The specific combination of jacket and optical fibers 
intended to be in:iitalled ·a-; a field-ao;scmblcd optical fiber cable 
shall be one of the types in 722.179(A) (l ) ,  (A) (2), or (A) (3) 
and shall be marked in accordance l\ith Table 179(8). 

(b) The jacket of a field-ao;.o;cmblcd optical fiber cable 
shall have a surface marking indicating the specific optical 
fibers l�ith which it is identified for usc. 

. (c) The optical fibers shall have a permanent marking, 
such a-; a marker tape, indicating the jacket l\ith which they arc 
identified for usc. 

(d) The jacket l\ithout fibers shall meet the listing 
requirement-; for communications raceways in 800.182(A) , (8), 
or (C) in accordance with the cable marking. 

(13) Cables Containing Optical Fibers. Composite optical 
fiber cables shall be listed ao; electrical cables ba-.cd on the type 
of electrical conductors. 

(14) Class 2 and Class 3 Cable Voltage and Temperature 
Ratings. Clao;s 2 cables shall have a voltage rating of not lcs.o; 
than 150 volts. Clao;s 3 cables shall have a voltage rating of not 
lcs.o; than 300 volts. Clao;s 2 and Clao;s 3 cables shall have a 
temperature rating of not less than 60"C (140"F). 

(15) Power-Limited Fare Alarm (PLFA) Cables. PFLA cables 
shall comply "id1 722.179(A) (15) (a) through (A) (l5) (d). 

(a) Conductors for cables, other than coaxial cables, 
shall be solid or stranded copper. Coaxial cables shall be 
permitted to usc 30 percent conducti\ity copper-covered steel 
center conductor wire. 

(b) The size of conductors in a multiconductor cable 
shall not be smaller than 26 AWG. Single conductors shall not 
be smaller than 18 AWG. Conductors of 26 AWG shall be 
permitted only where spliced with a connector listed ao; suitable 
for 26 AWG to 24 AWG or larger conductors that arc termina
ted on equipment or where the 26 A\VG conductors arc termi
nated on equipment listed ao; suitable for 26 AWG conductors. 

(c) \..abies shall have a voltage rating of not lcs.o; than 
300 volto;. 

(d) \..abies shall have a temperature rating of not lcs.o; 
than 60"C (140"F) . 

(16) Class 4 Cable Construction. 

(1) Sizes. Conductors of sizes not smaller than 24 AWG shall 
be permitted to be used. 
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722.179 ARTICLE 724 - CLASS I PO\\'ER-LIMITED CIRCUITS 

(2) Insulation. Insulation on conductors shall be rated not lcs.� 
than 450 volts de. 

(3) Voltage Rating. Cables shall have a voltage rating of not 
lcs.� dtan 450 volts de. Voltage ratings shall not be marked on 
the cables. 

(4) Temperature Rating. \..abies shall have a temperature 
rating of not lcs.� than r:,o•c ( I40.F) . 

(5) Cabling. \..abies shall comply l\idt any requirements prmi
dcd in the listing of the system. 

Informational :'\ote: See UL 1400-1, Outline for Fault-ManaJrlld 
Porwr Diiirilmtion Terlmologies - Par/ I: (,neral RPquiwmmts, for 
infmmation on determining applicable requirement• for the 
listing of Cia'-' 4 power systems. Exces.•h·e cable lengths can 
result in higher capacitance which could affect the safety of the 
circuit. 

(B) Marking. \..abies shall be durably marked on the surface in 
accordance "id1 the follm\ing: 

(1) The AWG size or circular mil area shall be repeated at 
imcrvals not exceeding f>IO mm (24 in.). 

(2) All odtcr markings shall be repeated at imcrvals not 
exceeding 1.0 m (40 in.). 

(3) The proper type designation for me type of cable shall be 
marked in accordance l\ith Table 722.I79(8) . 

(4) The manufacturer's name, trademark, or other distinctive 
marking by which the organization responsible for me 
product can be readily identified shall be marked. 

(5) The AWG size or circular mil area shall be marked. 

Informational :'\ote l'o. I :  See Chapter 9, Table 8, for conductor 
area expressed in Sl unit• for conductor sizes specified in AWG 
or circular mil area. 

(f>) The temperature rating for a temperature rating exceed� 
ing r:,o•c (I40.F) shall be marked. 

Informational :'\ote l'o. 2: A minimum temperature rating of 
60"C i• a'i.•umed for cables not marked with a temperature 
rating. 

(7) Voltage ratings shall not be marked on the cables. 

Exception: Voltage mm-kings sltaU be permitttd wlun1' tht cable ltas 
multiple listings and a voltage mm-king is 11'qniri-d Jm· one or more of 
tht listings. 

Informational :'\ote l'o. 3: Voltage markings on cables could be 
misinterpreted to suggest dtat the cables may be suitable for 
Cia'-' I elecuic light and power applications. 

Informational Note No. 4: C..able types are listed in descending 
order of fire resistance rdting. 

(C) Optiooal Markings. \..abies shall be permitted to be 
surfucc marked to indicate special characteristics of me cable 
materials. 

Informational :'\ote l'o. I :  Examples of dtese characteri•tiu 
include, but are not limited to, limited smoke, halogen free, low 
smoke and halogen free, and sunlight resistant. 

Informational Note No. 2: Some examples of optional markings 
are STI to indicate limited smoke characteristiu. See 
L'L 2556, Wiw and Cab/£ Test Ml'lhods, HF to indicate halogen 
free. See in L'L 2885, Outline of lmwstip,utiou for Acid C.as, .4cidily 
ami C.omiucliviiJ of (.ombustni Material<; and L.'iHF to indicate 
halogen free and low.,.moke characteristics. See IEC 
61034-2, Measuremml of.<mnke density of cabll's burning under defined 
conditions -Part 2: 1est proreduw and rt'fJUimnmL<. 
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Table 722.179(B) Cable Type Markings 

Cable Type 

Cla.<�.'l 4 plenum cable 
Cla.<�.'l 3 plenum cable 
Cla.<�.'l 2 plenum cable 
Power-limited fire alarm plenum cable 
Nonconductive optical fiber plenum cable 
C..onductive optical fiber plenum cable 
Cla.<�.'l 4 riser cable 
Cla.<�.'l 3 riser cable 
Cla.<�.'l 2 riser cable 
Power-limited fire alarm ti'ler cable 
Nonconducti\·e optical fiber tiser cable 
C..onductive optical fiber tiser cable 
Cla.<�.'l 4 general-purpose cable 
Cla.<�.'l 3 general-purpose cable 
Cla.<�.'l 2 general-purpose cable 
Power-limited fire alarm cable 
Nonconductive general-purpose optical 

fiber cable 
C..onductive general-purpose optical fiber 

cable 
Alternative nonconductive general

pmpose optical fiber cable 
Alternative conductive general-pmpose 

optical fiber cable 
Cla.<�.'l 3 cable - limited tt'le 
Cla.<�.'l 2 cable - limited tt'le 
L' ndercarpet cable 

Cable Marking 

CL4P 
CL.'W 
CL2P 
FPLP 
OFNP 
OFCP 
CL4R 
CL.�R 
CL2R 
FPL.R 
OFNR 
OFCR 
CL4 
CL.� 
CL2 
FPL 
OFN 

OFC 

OFNG 

OFCG 

CL.�X 
CL2X 
CML'C 

l'ote: All types of CL2, CL3, and FPL cables containing optical fibers 
are pm,ided "ith the suffix • -OF." 

ARTICLE 724 
Class I Power-Limited Circuits and Class I 

Power-Limited Remote-Control and 
Signaling Circuits 

724.1 Scope. This article covers Cla.'l.� I circuit�, including 
power-limited Cia.<�.� I rcmotc-comrol and signaling circuit�, 
that arc not an imcgral part of a device or utilization cquip
mclll. 

Informational Note: See 300.26 for cla'l.•ifications of remote
control and signaling circuit•. 

724.3 Other Articles. In addition to the requirement� of this 
article, circuits and cquipmcm shall comply "id1 724.3(A) 
through m .  

(A) Number and Size of Conductors in Raceway. The number 
and size of conductors shall comply l\ith 300.17. 

(B) Spread of Fu-e or Products of Combustion. Installation of 
Cla.'l.� I circuits shall comply "im 300.21. 

(C) Ducts, Plenums, and Other Air-Handling Spaces. Cla."l.� I 
circuit� installed in duct�, plenums, and odtcr spaces used for 
environmental air shall comply with 300.22. 
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ARTICLE 724 - CLASS I PO\\'ER-LIMITED CIRCUITS 724.45 

(D) Hazardous (Classified) Locations. Class I circuits shall not 
be installed in any hazardous (clas.o;ificd) locations except as 
permitted by other articles of this ('..ode. 

(E) Cable Trays. C-able tray installations shall comply with 
Parts I and II of Article 392. 

(F) Raceways Exposed to Different Temperatures. Installation 
of raceways shall comply with 300.7 (A) . 

(G) Vertical Support for Fare-Rated Cables and Conductors. 
Vertical installations of circuit integrity (CI) cables and conduc
tors installed in a raccwav or conductors and cables of electrical 
circuit protective system� shall comply with 300.19. 

(H) Bushings. Bushings shall be installed where cables emerge 
from raceways used for mechanical support or protection in 
accordance "idt 300.15(C). 

(I) Installation of Conductors With Other Systems. Installa
tion of conductors l\ith other systems shall comply with 300.8. 

0> Identification of Equipment Grounding Conductors. 
Equipment grounding conductors shall be identified in accord
ance l\ith 250.1 19. 

724.21 Access to Electrical Equipment Behind Panels Designed 
to Allow Access. Access to electrical equipment shall not be 
denied by an accumulation of wires and cables preventing the 
removal of panels, including suspended ceiling panels. 

724.24 Mechanical Execution of Work. C)a<;.o; I circuit-; shall be 
installed in a neat and workmanlike manner. C-ables and 
conductors installed exposed on the surfaces of ceilings and 
sidewalls shall be supported by the building structure such that 
the cable will not be damaged by normal building usc. Such 
cables shall be supported by straps, staples, hangers, cable tic.�, 
or similar fittings that arc designed and installed to not damage 
the cable. The installation shall also comply with the require
menlo; of 300.4 and 300.I I .  

Informational 1\:ote: Paint, plaster, cleaners, abr.t.<;i.ves, corrosh·e 
residues, or other contaminant<; can result in an .undetermined 
alteration of CJa.<;s I cable properties. 

724.30 Class I Circuit Identification. Claso; l circuit-; shall be 
identified at terminal and junction locations in a manner that 
prevent-; unintentional interference with other circuit-; during 
testing and servicing. 

724.31 Safety-Control Equipment. If controlling safety-control 
equipment, C)a<;.o; I circuits shall be provided l\ith physical 
protection if the failure of such equipment to operate introdu
ces a direct fire or life hazard. All conductors of such circuit-; 
shall be installed in rigid metal conduit, intermediate metal 
conduit, rigid nonmetallic conduit, electrical metallic tubing, 
Type �() cable, or Type �(C cable, or be othcmise suitably 
protected from physical damage. 

724.40 Class I Circuits. C)a<;.o; I circuit-; shall be supplied from 
a source l\ith a rated output of not more dtan 30 volt-; and 
1000 volt-amperes. 

(A) Class I Transformers. Transformers shall be permitted to 
supply C)a<;.o; I circuit-;. 

Informational :'\ote: See Part<; I and II of Article 450 for informa
tion on transfonners u.<;ed to supply a Cla.'i.<; I circuit. 

(B) Other Class I Power Sources. Power sources other than 
transfonncrs shall be protected by ovcrcurrcnt dc'l'iccs rated at 
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not more than 167 percent of the volt-ampere rating of the 
source divided by the rated voltage. The ovcrcurrcnt dc\ices 
shall not be interchangeable with ovcrcurrcnt dc'l'ices of higher 
ratings. The ovcrcurrcnt device shall be permitted to be an 
integral part of dtc power supply. 

To comply "ith the 1000 volt-ampere limitation of 724.40, 
the maximum output (VA,,,..) of power sources other than 
transfonncrs shall be limited to 2500 volt-amperes, and the 
product of the maximum current (!....,.) and maximum voltage 
(V,,,.,) shall not exceed 10,000 volt-amperes. These ratings shall 
be determined l\ith any ovcrcurrcnt-protcctivc device bypa<;.o;cd. 

VA,,,.. is the maximum volt-ampere output after one minute 
of operation regardless of load and l\idt ovcrcurrcnt protection 
b)pa<;.o;cd, if u.o;cd. Current-limiting impedance shall not be 
b)pa<;.o;cd when dctcnnining VA..,.,.. 

!,,,.. is the maximum output current under any noncapacitivc 
load, including short circuit. and l\ith ovcrcurrcnt protection 
b)pa<;.o;cd, if u.o;cd. Curr�nt-limiting impedance should not be 
b)pa<;.o;cd when dctcnnining /,,... Where a current-limiting 
impedance listed for me purpose or ao; part of a listed product 
is used in combin!ltion with a stored energy source, such ao; a 
storage battery, to limit the output current, /,,.,. limit-; apply 
after 5 seconds. 

v ,...is dtc maximum output voltage regardless of load with 
rated htput applied. 

724;43 Class I Circuit Overcurrent Protection. Ovcrcurrcnt 
protection for conductors 14 AWG and larger shall be prmidcd 
in accordance l\ith the conductor ampacity, without applying 
the ampacity adju.o;Uncnt and correction factors specified in 
3IO.l5 to the ampacity calculation. Ovcrcurrcnt protection 
shall not exceed 7 amperes for 18 AWG conductors and 10 
amperes for I 6  AWG. 

Exception: �Wum� other mticles of this ('..ode permit or require oilier over
cunml pmtection. 

724.45 Class I Circuit Overcurrent Device Location. Ovcrcur
rcnt dc,iccs shall be located ao; specified in 724.45(A) through 
(E) . 

(A) Point of Supply. Ovcrcurrcnt dc\ices shall be located at 
the point where the conductor to be protected receives ito; 
supply. 

(B) Feeder Taps. C)a<;.o; I circuit conductors shall be permitted 
to be tapped, without ovcrcurrcnt protection at the tap, where 
the ovcrcurrcnt device protecting the circuit conductor is sized 
to protect the tap conductor. 

(C) Branch-Circuit Thps. C)a<;.o; I circuit conductors 14 AWG 
and larger that arc tapped from the load side of the ovcrcur
rcnt protective dc\icc(s) of a controlled light and power circuit 
shall require only short-circuit and ground-fault protection and 
shall be permitted to be protected by the branch-circuit over
current protective dcvicc(s) where the rating of the protective 
dc\icc(s) is not more dtan 300 percent of the ampacity of the 
C)a<;.o; I circuit conductor. 

(D) Primary Side of Transformer. Clao;s I circuit conductors 
supplied by the secondary of a singlc-phao;c transformer having 
only a 2-wirc (single-voltage) secondary shall be permitted to 
be protected by ovcrcurrcnt protection provided on the 
primary side of dtc transfonncr if dtc protection is in accord
ance with 450.3 and docs not exceed the 'l'aluc determined by 
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724.45 ARTICLE 724 - CLASS I PO\\'ER-LIMITED CIRCUITS 

multiplying the secondary conductor ampacity by the 
secondary-to-primary transformer voltage ratio. Transformer 
sccondarv conductors other than 2-wirc shall not be considered 
to be proicctcd by the primary ovcrcurrcnt protection. 

(E) Input Side of Electronic Power Source. Clas."l I circuit 
conductors supplied by dtc output of a single-phase, listed elec
tronic power source other than a transformer having only a 2-
wirc (single-voltage) output for connection to Class I circuits 
shall be permitted to be protected by ovcrcurrcnt protection 
prmidcd on the input side of the electronic power source if the 
protection docs not exceed the value determined by multiply
ing dtc Clas."l I circuit conductor ampacity by the output-to
input voltage ratio. Electronic power source outputs other than 
2-wirc (single voltage) shall not be considered to be protected 
by the primary ovcrcurrcnt protection. 

724.46 Class I Circuit Waring Methods. Clas."l I circuit"l shall be 
installed in accordance with 300.2duough 300.26. 

Exception No. 1: The requirements of 724.48 through 724.51 shall be 
permitted to apply in installations of Cla'is 1 circuits. 

Exception No. 2: Method'i /Jel'mitted or required by other m·ticks of thi'i 
Code slmll app{l· to installations of Cla'i.'i 1 circuits. 

724.48 Conductors of Different Circuits in the Same Cable, 
Cable Tray, Enclosure, or Raceway. Class I circuit"l shall be 
permitted to be installed l\ith other circuit"l a"l specified in 
724.48(A) and (B). 

(A) Two or More Class I Circuits. Cla"l."l I circuit"l shall be 
permitted to occupy the same cable, cable tray, enclosure, or 
raceway rcgardlcs."l of whcdtcr the individual circuit"l arc alter
nating current or direct current if all conductors arc insulated 
for the maximum voltage of any conductor in the cable, cable 
tray, enclosure, or raceway. 

(B) Class I Circuits with Power-Supply Circuits. Cia'-'� I 
circuit'� shall be permitted to be installed l\ith power-supply 
conductors a"l specified in 724.48(8) (1) duough (8) (4). 

(I) In Cables, Enclosures, or Raceways. Cla"l."l 1 eircuit"l and 
power-supply circuit'� shall be permitted to occupy the same 
cable, enclosure, or raceway l\ithout a barrier .only where the 
equipment powered is functionally a"l."lociatecl. Cla"ls 1 circuit"l 
shall be pcnnittcd to be installed together l\idt the conductors 
of electric light, power, non-power-limited fire alarm systems, 
and medium-power network-powered broadband communica
tions circuit"l where separated by a barrier. 

(2) In Factory- or Field-Assembled Control Centers. Cla"l."l 1 
circuit'� and power-supply circuit"l shall be permitted to be 
installed in factory- or field-a'i."lCmblcd control centers. 

(3) In Manholes. Cla"l."l 1 circuit"l and power-supply circuit"l 
shall be permitted to be installed a"l underground conductors 
in manholes in accordance l\ith one of the follm\ing: 

(1) The power-supply or Cla"l."l I circuit conductors arc in 
metal-enclosed cable or Type l:F cable. 

(2) The conductors arc pcnnancndy separated from power
supply conductors by continuous firmly fixed nonconduc
tors, such a"l flexible tubing, in addition to insulation on 
the "ire. 

(3) The conductors arc pcrmancndy and effectively separa
ted from power-supply conductors and securely fa"ltcncd 
to racks, insulators, or other approved support'!. 
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(4) In Cable Trays. Installations in cable trays shall comply 
with dtc rcquircmcnt"l of one of the follo"ing: 

( 1)  Cla'i."l 1 circuit conductors and power-supply conductors 
not functionally a"lsociatcd with the Cla"ls 1 circuit 
conductors shall be separated by a solid fixed barrier of a 
material compatible "ith the cable tray. 

(2) Cla'i."l 1 circuit conductors and power-supply conductors 
not functionally a"lsociatcd with the Cla"ls 1 circuit 
conductors shall be permitted to be installed in a cable 
tray without barriers where all of dtc conductors arc 
installed with separate multiconductor Type AC, Type 
�lC, Type �ll, or T}'pc TC cables and all the conductors in 
the cables arc insulated at 600 volt"l or greater. 

724.49 Class I Circuit Conductors. 

(A) Sizes and Use. Conductors that arc 18 AWG and 16 AWG 
shall be permitted to be used if they supply load"l that do not 
exceed the ampacitics specified in 402.5 and arc installed in a 
raceway, an approved enclosure, or a listed cable. Conductors 
larger than 1 6  AWG shall riot supply load"l greater than the 
ampacitics specified in 310.14. Flexible cord"l shall comply with 
the rcquircmcnt"l of Article 400. 

(B) Insulation. Insulation on conductors shall be rated for the 
system voltage and not less than 600 volt"l. Conductors larger 
than 16 AWG . shall comply "ith dtc rcquircmcnt"l of Article 
310. Conductors dtat arc 18 AWG and 1 6  AWG shall be Type 
FFH-2, T}pe KF-2, Type KFF-2, T}'pc PAF, T}'pc PAFF, T}'pc PF, 
Type PFF, T}pc PGF, Type PGFF, T}'pc PTF, T}'pc PTFF, T}'pc 
RFH-2, l}pc RFHH-2, T}'pc RFHH-3, T}'pc SF-2, SFF-2, T}'pc TF, 
Type TFF, Type TFF:"-1, T}pc TFN, T}pc ZF, or Type ZFF. 
Conductors "ith other types and thickncs."lCs of insulation shall 
be permitted if listed for Cla"l."l 1 circuit usc. 

724.51 Number of Conductors in Cable Trays and Raceways, 
and Ampacity Adjustment. 

(A) Class I Circuit Conductors. \\'here onlv Cla"ls 1 circuit 
conductors arc in a raccwav, the number of co"nductors shall be 
determined in accordanc� with 300.17. The ampacity adjust
ment factors specified in 310.15(C) (I)  shall apply only if such 
conductors carry continuous loads in cxccs."l of 10 percent of 
the ampacity of each conductor. 

(B) Power-Supply Conductors and Class I Circuit Conductors. 
\\-'here power-supply conductors and Cla'i."l 1 circuit conductors 
arc permitted in a raceway in accordance "ith 724.48, the 
number of conductors shall be determined in accordance with 
300.17. The ampacity adjustment factors specified in 310.15(C) 
(1) shall apply a"l follows: 

(1) To all conductors where the Cla"l."l 1 circuit conductors 
carry continuous loacl"l in cxccs."l of 10 percent of the 
ampacity of each conductor and where the total number 
of conductors is more than three 

(2) To the power-supply conductors only, where the Cla"l."l 1 
circuit conductors do not carrv continuous loacl"l in 
excess of 10 percent of the amp�city of each conductor 
and where the number of power-supply conductors is 
more than three 

(C) Class I Circuit Conductors in Cable Trays. \\''here Cla"l."l 1 
circuit conductors arc installed in cable trays, they shall comply 
"ith dtc rcquircmcnt"l of 392.22 and 392.80(A). 
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ARTICLE 725 -CLASS 2 AND CLASS 3 PO\\'ER-LI�l1TED CIRCUITS 725.60 

724.52 Circuits Extending Beyond One Building. Clao;s 1 
circuits that extend aerially beyond one building shall also 
meet the requirement" of Part I of Article 225. 

ARTICLE 725 
Class 2 and Class 3 Power-Limited Circuits 

Part I. General 

725.1 Scope. This article covers power-limited circuito;, includ
ing power-limited rcmotc-comrol and signaling circuito;, that 
arc not an imcgral part of a device or of utilization equipment. 

Informational :'\ote No. I: The circuit• desc1ihed herein are 
chardctelized by usage and electrical power limitations that 
differentiate them from electric light and power circuit•; there
fore, altemath>e requirement• are gh>en reg-drding minimum 
"ire sizes, ampacity a�ju.•llnent and conection factors, overcur
rent protection, insulation requirement•, and \\iling method• 
and materials. 

Informational :'\ote No. 2: See 300.26 for cla.'l.•ifications of 
remote-control and signaling circuit•. 

725.3 Other Articles. In addition to the requirement" of this 
article, circuit" and cquipmcm shall comply with the articles or 
sections listed in 725.3(A) through (E). Only those sections of 
Article 300 referenced in this article shall apply to Clao;s 2 and 
Clao;s 3 circuito;. 

(A) Spread of Fare or Products of Combustion. Installation of 
Clao;s 2 and Cia"" 3 circuit" shall comply "id1 300.21. 

(B) Ducts, Plenums, and Other Air-Handling Spaces. Cia."" 2 
and Cia"" 3 circuit" installed in ducto;, plenums, or other space 
u.o;cd for environmental air shall comply l\ith 300.22. 

(C) Motor Control Circuits. Motor control circuit" tapped 
from dtc load side of the motor branch-circuit protective 
dc\icc(s) ao; specified in 430.72(A) shall comply l\ith Part IV of 
Articlc 430. 

(D) Identification of Equipment Grounding Conductors. 
Equipmcm grounding conduct9rs !!hall be identified in accord
ance l\ith 250.1 19. 

(E) Cables for Class 2 and Class 3 Circuits. The listing and 
installation of cables for eta.... 2 and eta.... 3 circuito; shall 
comply l\ith Part I and Part II of Article 722. 

725.10 Hazardous (Classified) Locations. C-ables and cquip
mcm shall be permitted to be u.o;cd in hazardou.o; (cla,..o;ificd) 
locations where specifically permitted by other articles in this 
('..ode. 
725.21 Access to Electrical Equipment Behind Panels Designed 
to Allow Access. Access to electrical cquipmcm shall not be 
denied by an accumulation of "ires and cables that prcvcnto; 
removal of panels, including suspended ceiling panels. 

725.24 Mechanical Execution of Work. Clao;s 2 and Clao;s 3 
cquipmcm shall be installed in a neal and workmanlike 
manner. The installation shall also comply l\ith 300.4 and 
300.1 1 .  

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. com: 

725.30 Class 2 and Class 3 Circuit Identification. Cia"" 2 and 
Clao;s 3 circuit" shall be idcmificd at terminal and junction loca
tions in a manner that prcvcnto; unimcntional imcrfcrcncc \\ith 
other circuit" during testing and senicing. 

725.31 Safety-Control Equipment. Where damage to power
limited circuit" can result in a failure of safety-control cquip
mcm that would introduce a direct fire or life hazard, the 
power-limited circuit" shall be installed in accordance with 
724.31 . Room thcrmostato;, water temperature regulating dc,i
ccs, and similar controls used in cm�unction l\ith electrically 
comrollcd household heating and air conditioning shall not be 
considered safcty-comrol cquipmcm. 

Part II. Class 2 and Class 3 Circuits 

725.60 Power Sources for Class 2 and Class 3 Circuits. 

(A) Power Source. The power source for a Clao;s 2 or a Cia"" 3 
circuit shall be ao; follows: 

Informational :'\ote No. l: lnfmmational Note Figure 725.60 
illustrdtes the rela�nships hetween Cia."' 2 or Cia."' 3 power 
sources, their supp1y,.and the Cia."' 2 or Cia."' 3 circuit•. 

Informational Note No. 2: See Chapter 9, Table I I  (A) and Table 
1 1 (8), for requirement• for listed Cla..s 2 and Cia."' 3 power 
sources; 

(1) 
(2)  ·. 
(3) 

A listed Clao;s 2 or Cia"" 3 transformer 
A listed Clao;s 2 or Cia"" 3 power supply 
Odtcr listed cquipmcm marked to identify the Cia"" 2 or 
Clao;s 3 power source 

Exception No. 1 to ( 3 ): Thermocouples slmU 1wt require listing as a 
Cla.'l.� 2 pmver .mwr:e. 

Exception No. 2 to ( 3 ): LimiiP.d puwer circuit� of listed equipment where 
the.'il' circuits have energ)' Levels miP.d at m· belmv tile limits established 
in Chapter 9, Table ll(A) mul Table 1 l(B). 

Informational :'\ote No. 3: Examples of other listed equipment 
are a.• follows: 

( 1 )  A circuit card listed for use a.• a Cia."' 2 or Cia."' 3 power 
source where u.� a.• pan of a listed a.'l.�mbly 

(2) A cunent-limiting impedance, listed for the purpose, or 
part of a listed product, used in cm�junction \\ith a non
power-limited 11-ansformer or a stored energy source, for 
example, stordge battery, to limit the output current 

(3) A thermocouple 
(4) Limited voltage/cunent or limited impedance secondary 

communications circuit• of listed ind•�•llial control equip
ment 

(4) Listed audio/\idco, information technology (computer), 
communications, and industrial cquipmcm limitcd-powcr 
circuit" 

Informational Note :'\o. 4: One ""Y to determine applica
ble requirement• for listing of infmmation technology 
(computer) equipment i• to refer to UL 60950-1-201 1, 
Standard for Safety of Information 'ffrlmology l:IJ1tipmml. 
Another ""Y to determine applicable requirement• for 
listing of audiohideo, infmmation technology, and 
communications equipment i• to refer to 
t:L 62368-1-2014, Safety of audio/video, information and 
communication /I'Cimology l'f!Uipmml. Typically such circuit• 
are •�•ed to interconnect data circuit• for the purpose of 
exchanging infmmation data. One \\"a)' to detennine 
applicable requirement• for li•ting of indu.•tJial equip-

70-f>61 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



725.60 ARTICLE 725 -CLASS 2 AND CLASS 3 PO\\'ER-LI�l1TED CIRCUITS 

ment is to refer to t.:L 61010-2-201, Safety requiremenL< for 
electrical l'quip111ent for mm<umnenl, control, and laboratory u.<e 
- Part 2-20 I: Particular requirement.< for rontml l'quip111mt, 
and/or UL 61800-!">-1, Adjustable .<J-d elertriral poiiJer drive 
.<_r.<lems - Part 5-1: Safety requirement.< - E/Htrira/, tllennal 
and eJierg)'. 

(5) A battery source or battery source system that is listed and 
identified a'i Cla'i.'i 2 

(B) Interconnection of Power Sources. Cla'i.'i 2 or Cla'i.'i 3 
power sources shall not have the output connections paralleled 
or otherwise interconnected unless listed for such interconnec
tion. 

(C) Marking. The equipment suppl}'ing the circuit'i shall be 
durably marked where plainly visible to indicate each circuit 
that is a Cla'is 2 or Cla'i.'i 3 circuit. The power sources for limited 
power circuit'i in 725.60(A) (3), limited power circuit'i for listed 
audiohidco equipment, listed information technology equip
ment, listed communications equipment, and listed industrial 
equipment in 725.f>O(A) (4) shall have a label indicating the 
maximum voltage and rated current output per conductor for 
each connection point on the power source. \\'here multiple 
connection point'i have dtc same rating, a single label shall be 
permitted to be used. 

Informational :'\ote ll:o. I :  Rated current for power sources 
cm·ered in i25.144 is the output current per conductor the 
power source is designed to delh·er to an operational load at 
normal operating conditions, a� declared hy the manufacturer. 

Informational :'\ote :'\o. 2: An example of a label is "52V @ 
0.433A, 5iV MAX" for an IEEE 802.3 compliant Cla'i.� 8 power 
source. 

725.127 Wiring Methods on Supply Side of the Class 2 or 
Class 3 Power Source. Conductors and equipment on the 
supply side of dtc power source shall be installed in accordance 
with dtc appropriate requirement" of Chapters 1 through 4. 

Exception: The input kads of a tmnsfomlt'r or other J�r smm:e 
. <upplying (' .. uus 2 and C..la.'i.< 3 cilruits shall be pennitttid to be smalkr 
than 14 A WG but 1wt .<malkr than 18 A WG if the)• are pivtectP.d by an 
ove1runmt droire mted not over 20 amJmf!s, a/7! net over 305 mm 
( 12 in.) long, and have in.rulation that cmnplie.< with. 724.49(8). 

725.130 Wiring Methods and Materials on Load Side of the 
Class 2 or Class 3 Power Source. Cla'i.'i 2 and Cla'i.'i 3 circuit'i on 
the load side of the power source shall be permitted to be 

Supply 
(0 to 1 000 

volts 
ac or de) 

I 
I 
I 
I 
I 
I 

Power source-
725.60(A)(1 )  

through (A)(5) 

Power source-
725.60(A)(1 )  

through (A)(5) 

1 Power source-
725.60(A)(1 )  

I I through (A)(5) 
1 l ?2s.121 

I 
tol•r----- Article 725 and Article 722 ----+! 

Informational Note Fagure 725.60 Class 2 and 
Class 3 Circuits. 
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installed using "iring mcthod'i and materials in accordance 
with 725.130(A), (8), or a combination of both. Part'i I and II 
of Article 722 shall apply. 

(A) Class 1 Wiring Methods and Materials. l: se of Cia 'is 1 
"iring mcthod'i for Cla'i.'i 2 and Cla'is 3 circuit'i shall be permit
ted. Separation from electric light, power, Cla'i.'i I ,  non-power
limited fire alarm circuit conductors, and medium-power 
network-powered broadband communications cables shall 
complp\ith 725.13f>. 

Exception: The ampacity adjustment fartars given in 3 10.15( C)(l) 
shall not aJJjJ{l'· 

(B) Class 2 and Class 3 Wiring Methods and Materials. 
C..onductors on the load side of dtc power source shall be insu
lated in accordance "id1 722.179 and be installed in accord
ance l\ith 722.135 and 725.13f> duough 725.144. 

Exception No. 1: As provided for in 620.21 fm· ekvatm-s and similar 
equipment. 

Exception No. 2: Otlter wi1ing methods and malel·ials in.<tal!P.d in 
acconlance witlt 725.3 shall be permitted to extend or 17!/Jlare the 
rondurtm:< and cabks dtiScribed in 722.1 79(A) and Jlermitted by 
725.130(8). 

Exception No. 3: BmF Cla.<s 2 ronductm-s sltaU be pennitted as Jlart of a 
li.<ted intmsion frmtection system whe1't! instalkd in a rem-dance witlt the 
li.<ting in.<tructions for the .rystem. 

725.136 ·Separation from Electric Light, Power, Class 1, Non
Powei'-Limited Fare Alarm Circuit Conductors, and Medium
Power Network-Powered Broadband Communications Cables. 

(A) General. C..ablcs and conductors of Cla'i.'i 2 and Cla'is 3 
circuit'i shall not be placed in any cable, cable tray, compart
ment, enclosure, manhole, oudct box, dc�icc box, raceway, or 
similar fitting l\ith conductors of electric light, power, Cla'is 1,  
non-power-limited fire alarm circuit'i, and medium-power 
network-powered broadband communications circuit'i unlcs.'i 
permitted by 725.136(8) through (1) . 

(B) Separated by Barriers. Cla'is 2 and Cla'is 3 circuit'i shall be 
permitted to be installed together "ith the conductors of elec
tric light, power, Cla'i.'i 1 ,  non-power-limited fire alarm, and 
medium-power network-powered broadband communications 
circuit'i where they arc separated by a barrier. 

(C) Raceways Within Enclosures. In enclosures, Cla'is 2 and 
Cla'i.'i 3 circuit'i shall be permitted to be installed in a raceway to 
separate them from Cla'i.'i 1 ,  non-power-limited fire alarm, and 
medium-power network-powered broadband communications 
circuit'i. 

(D) Associated Systems Within Enclosures. Cla'i.'i 2 and Cla'i.'i 3 
circuit conductors in compartmcnt'i, enclosures, device boxes, 
oudct boxes, or similar fittings shall be permitted to be instal
led with electric light, power, Cla'i.'i 1,  non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuit'i where they arc introduced solely to 
connect the equipment connected to Cla'i.'i 2 and Cla'i.'i 3 
circuit'i, and where one of the following applies: 

(1) The electric light, power, Cia 'is I ,  non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuit conductors arc routed to main
tain a minimum of f> mm (0.25 in.) separation from the 
conductors and cables of Cla'i.'i 2 and Cla'i.'i 3 circuit'i. 
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ARTICLE 725 - CLASS 2 AND CLASS 3 PO\\'ER-LI�l1TED CIRCUITS 725.139 

(2) The circuit conductors operate at 150 volts or less to 
ground and comply "id1 one of the follo"ing: 

a. The Clao;s 2 and Cla'l.o; 3 circuit-; arc installed using 
Type CL3, T}'pc CL3R, or T}'pc CL3P or pcrmiucd 
substitute cables if dlcsc Clao;s 3 cable conductors 
extending beyond the jacket arc separated by a mini
mum of 6 mm (0.25 in.) or by a nonconductivc sleeve 
or nonconductivc barrier from all odtcr conductors. 

b. The Cla'l.o; 2 and Cla'l.o; 3 circuit conductors arc instal
led ao; a Clao;s 1 circuit in accordance l\ith 724.40. 

(E) Enclosures with Single Opening. Cla'l.o; 2 and Clao;s 3 circuit 
conductors entering compartment-;, enclosures, dc'l'icc boxes, 
oudct boxes, or similar fittings shall be permitted to be instal
led widl Clao;s 1 ,  non-power-limited fire alarm, and medium
power network-powered broadband communications circuit-; 
where dlcy arc imroduccd solely to connect dlc cquipmcm 
connected to Cla'l.o; 2 and Clao;s 3 circuit<;. Where Clao;s 2 and 
Clao;s 3 circuit conductors must enter an enclosure that is prmi
dcd with a single opening, dtcy shall be pcrmiucd to cmcr 
through a single fitting (such a<; a tee) if the conductors arc 
separated from dtc conductors of dlc other circuit-; by a contin
uous and firmly fixed nonconductor, such a<; flexible tubing. 

(F) Manholes. l:ndcrground Clao;s 2 and Clao;s 3 circuit 
conductors in a manhole shall be pcnnittcd to be installed widl 
Clao;s 1 ,  non-power-limited fire alarm, and medium-power 
network-powered broadband communications circuit<; where 
one of the follo"ing conditions is met: 

(1) The electric light, power, Clao;s I ,  non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuit conductors arc in a metal
enclosed cable or Type UF cable. 

(2) The Clao;s 2 and Cla'l.<; 3 circuit conductors arc pcrma
ncndy and effectively separated from the conductors of 
other circuit-; by a continuous and firmly fixed noncon
ductor, such a<; flexible tubing, in addition to the insula
tion or covering on dtc "ire. 

(3) The Clao;s 2 and Cla'l.<; 3 circuit conduc!Drs arc pcrma
ncndy and effectively separated from conductors of dlc 
other circuit-; and securely fa<;lcncd to racks, insulators, or 
other approved support<;. 

(G) Cable Trays. Clao;s 2 and Cia� 3 circuit conductors shall 
be permitted to be installed in cable trays where the conduc
tors of the electric light, Clas5 l ,  and non-power-limited fire 
alarm circuit-; arc scparatoo by a solid fixed barrier of a mate
rial compatible widl the cable tray or where dtc Clao;s 2 or 
Clao;s 3 circuit-; arc installed in Type �lC cable. 

(H) Where Protected. Clao;s 2 and Cla'l.<; 3 circuit-; shall be 
pcrmiucd to be installed togcdlcr "id1 the conductors of elec
tric light, power, Clao;s 1 ,  non-power-limited fire alarm, and 
medium-power network-powered broadband communications 
circuit-; where they arc installed using Clao;s 1 "iring mcdlod<; 
in accordance l\ith 724.46 and where they arc protected by an 
approved raceway. 

(I) Other Applications. For other applications, conductors of 
Clao;s 2 and Cla'l.o; 3 circuit-; shall be separated by at lcao;t 50 mm 
(2 in.) from conductors of any electric light, power, Clao;s 1,  
non-power-limited fire alarm, or medium-power network
powered broadband communications circuit<; unlcs.o; one of dlc 
following conditions is met: 
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(1 )  Either all of the electric light, power, Clao;s 1,  non-power
limited fire alarm, and medium-power network-powered 
broadband communications circuit conductors or all of 
the Cla'l.<; 2 and Clao;s 3 circuit conductors arc in a raceway 
or in metal-sheathed, metal-clad, nonmetallic-sheathed, 
Type TC, or T}'pc l:F cables. 

(2) All of dtc electric light, power, Cla'l.o; 1, non-power-limited 
fire alarm, and medium-power network-powered broad
band communications circuit conductors arc pcrma
ncndy separated from all of dlc Cla'l.o; 2 and Cla'l.o; 3 circuit 
conductors by a continuous and firmly fixed nonconduc
tor, such ao; porcelain tubes or flexible tubing, in addition 
to dlc insulation on the conductors. 

725.139 lostallation of Conductors of Different Circuits in the 
Same Cable, Enclosure, Cable Tray, Raceway, or Cable Routing 
Assembly. 

(A) Two or More Class 2 Circuits. Conductors of two or more 
Clao;s 2 circuit<; shall be permitted l\ithin dlc same cable, enclo
sure, raceway, or cable routing a'l.o;cmbly. 

(B) Two or More ClasS 3 Circuits. \..onductors of two or more 
Clao;s 3 circuit<; shall be permitted l\ithin dlc same cable, enclo
sure, raceway, or cable routing a'l.o;cmbly. 

(C) Class 2 Circuits with Class 3 Circuits. \..onductors of one 
or more .Cla"'!! 2 circuit-; shall be permitted within the same 
cable, enclosure, raceway, or cable routing a'l.o;cmbly widl 
conductors of Cla'l.o; 3 circuit-; if dlc insulation of dtc Clao;s 2 
circUit conductors in dlc cable, enclosure, raceway, or cable 
routing ao;scmbly is at lca<;l dlat required for Cla'l.o; 3 circuit<;. 

(D) Class 2 and Class 3 Circuits with Communications Circuits. 

(1) Communications Cables. Conductors of one or more 
Clao;s 2 or Cla<;s 3 circuit-; shall be permitted in dlc same cable 
"idl conductors of communications circuit-; if dlc cable is a 
listed communications cable installed in accordance widl 
Pan V of Article 800. The cables shall be listed a<; communica
tions cables. 

(2) Composite Cables. \..ablcs constructed of indi'l'idually 
listed Clao;s 2, Clao;s 3, and communications cables under a 
common jacket shall be permitted to be clao;sificd ao; communi
cations cables. The fire resistance rating of the composite cable 
shall be determined by the performance of dlc composite 
cable. 

(E) Class 2 or Class 3 Cables with Other Circuit Cables. Jack
eted cables of Cla'l.o; 2 or Cla<;s 3 circuit-; shall be pcnnittcd in 
the same enclosure, cable tray, raceway, or cable routing ao;scm
bly l\ith jacketed cables of any of the follo"ing: 

(1)  

(2) 

(3) 

(4) 

(5) 

Power-limited fire alarm systems in compliance widl Part-; 
I and III of Article 760 
1'\onconductivc and conductive optical fiber cables in 
compliance with Part-; I and IV of Article 770 
Communications circuit-; in compliance l\ith Part-; I and 
IV of Aniclc 805 
\..ommunitv amcnna television and radio distribution 
systems in �ompliancc "id1 Part-; I and IV of Article 820 
Low-power, network-powered broadband communica
tions in compliance "idl Part<; I and IV of Article 830 

(F) Class 2 or Class 3 Conductors or Cables and Audio System 
Circuits. Audio system circuit<; described in 640.9(C) and 
installed using cJ;{'I.o; 2 or Cla'l.o; 3 wiring method-; in compliance 
widl 722.135 shall not be installed in dlc same cable, raceway, 

70-663 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



725.144 ARTICLE 726 - CLASS 4 FAt:LT-MAl'\AGED POWER SYSTE�lS 

or cable routing ao;.�embly with Cla�s 2 or Ciao;.� 3 conductors or 
cables. 

725.144 Bundling of Cables Transmitting Power and Data. 
Sections 725.144(A) and (B) shall apply to Ciao;.� 2 and Cla�s 3 
circuits that transmit power and data to a powered device over 
listed cabling. Section 300.1 1  and Part� I and III of Article 725 
shall apply to Ciao;.� 2 and Cla�s 3 circuit� dtat transmit power 
and data. The conductors that carry power for dte data circuit� 
shall be copper. The current in the power circuit shall not 
exceed dte current limitation of the connectors. 

Informational :'\ote l'o. I :  One example of the use of cables that 
transmit power and data i� the connection of dosed-circuit TV 
camer.t.� (CCIV). 

Informational l'ote l'o. 2: The 8P8C connector i� in "idespread 
���e "ith powered communication� system�. IEC 60603-7-2008, 
l.o•mec/ors for ekctmnir equipmml - Part 7-1: Detail specifu:ation for 
8-way. unshielded, fTt't! and fu:ed colml't:/ors, specifies these connec
tors to ha,·e a cmTent-canying capacity per contact of 1.0 
amperes maximum at 60·c (l49.F). See IEC 60603-7 for more 
infmmation on cun-ent-carrying capacity at higher and lower 
temperatures. 

Informational l'ote :'\o. 3: The reqttiremenL� of Table 725.144 
were derived for carrying power and data m·er 4-pair copper 
balanced l\\isted pair cabling. Thi� type of cabling is described 
in AJ'I:SI/TL\ 568-C.2-2009, ('.mnmen:ial Building 111/NOIIUIIIIUira
tiou.< l.ablhtK Standard - Par/ 2: Balanr,_ti Twist,d-Pair Te/n:mmnuni
calion.< l.abling and ('.mnponmls. 

Informational l'ote l'o. 4: See TIA-TSB-184-A-2017, Guidelini'S 
for Supporting Pmuer Delivery Over Balmu:ed Twisted-Pair l.abliug, for 
infmmation on installation and management of balanced U•is
ted pair cabling supporting power delivery. 

lnformational l'ote l'o. 5: See A:'\SI/NEI\L\ Cl37.3-2017, Amm
cau National Standard for Lighting Sy<lems -Minimum Requiremm/s 
for TllStaHation of Energ)' Effiriml Pmuer OVI!r Etlvrll'l (PoE) Ugllting 
Systnn.<, for infonnation on installation of cables for PoE lighting 
system�. 

Informational :'\ote l'o. 6: Rated current for power. sources 
cm·ered in 725.144 is the output current per conductor the 
power source is designed to delh·er to an operational load at 
normal operating conditions, a� declared by dte manufacturer. 
In the design of these systems, the actuaJ ·current in a gi,·en 
conductor might \'ill)' from the rdted current per conductor by 
a� much a� 20 percent. An increa� in current in one conductor 
i� off.�t by a corresponding decrea�e in current in one or more 
conductors of the same cable. 

(A) Use of 4-Pair Class 2 or Class 3 Cables to Transmit Power 
and Data. Where Type CL�P, Type CL2P, Type CL�R, T}'pe 
CL2R, Type CL�, or Type CL2 4-pair cables transmit power and 
data, the rated current per conductor of dte power source shall 
not exceed the ampacities in Table 725.144 at an ambiem 
temperature of 3o•c (86°F) . For ambient temperatures above 
3o•c (86.F), the correction factors in Table 310.15(B) ( 1 ) ( 1 )  or 
in Equation 310.15 (8) shall apply. 

Exception: \..omplianre zuitlt Tabk 725.144 shall 1wt be 11'-Jfltif"ed Jm· 
installations where cmultu:tm-s alf! 24 A WG m· larger and tile mted 
cw·1mt per cmultu:tor of the JIOlllt'l' soun:e does 1wt exceed 0. 3 amperes. 

Informational Note: One example of the a� of Cla'i.� 2 cables i� 
a nel\mrk of dosed-circuit TV camera� using 24 AWG, oo·c 
1-ated, Type CL2R, Category 5e balanced l\\i�ted-pair cabling. 

(B) Use of Class 2-LP or Class 3-LP Cables to Transmit Power 
and Data. Type CL�P-LP, Type CL2P-LP, Type CL3R-LP, T}'pe 
CL2R-LP, Type CL3-LP, or T}'pe CL2-LP cables shall be permit-
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ted to supply power to equipment from a power source "ith a 
rated current per conductor up to the marked current limit 
located immediately following the suffix K-LP" and shall be 
permitted to transmit data to the equipment. Where the 
number of bundled LP cables is 192 or less and the selected 
ampacity of the cables in accordance with Table 725.144 
exceed� the marked current limit of the cable, the ampacity 
determined from the table shall be permitted to be used. For 
ambient temperatures above 30"C (86°F), the correction 
factors of Table 310.15(8) (1) (1)  or Equation 310.15(8) shall 
apply. The Cla�s 2-LP and Ciao;.� 3-LP cables shall comply with 
the following, a� applicable: 

(1) C..ables with the sufiix K-LP" shall be permitted to be 
installed in bundles, raceways, cable trays, communica
tions raceways, and cable routing ao;.�emblies. 

(2) C..ables with the sufiix M-LP" and a marked currem limit 
shall follow the substitution hierarchy of 722.135(E) for 
the cable type without the sullix M-LP" and without the 
marked current limit. 

(3) System design shall be permitted by qualified persons 
under engineering st.tper\'ision. 

Informational l'ote: An �mple of the marking on a 23 AWG, 
4-pair, Cla'i.� 2 cable rated 75"C \Vith an LP current 1-ating of 0.6 
amperes per conductor is "CL2-LP(0.6A) 75"C 23 AWG 4-pair". 
See 722.179(A)(9). 

Part ID.. Listing Requirements 

725.160 Listing and Marking of Equipment for Power and 
Data Transmission. The listed power source for circuit� inten
ded to provide power and data over Ciao;.� 2 cables to remote 
equipmem shall be a� specified in 725.60(A) (1) ,  (A) (2), 
(A) (3), or (A) (4). In accordance "ith 725.60(B), the power 
sources shall not have the output connections paralleled or 
other"ise interconnected, unless listed for such interconnec
tion. Powered devices connected to a circuit suppl}ing data and 
power shall be listed. Marking of equipment output connec
tions shall be in accordance "id1 725.f>O(C). 

ARTICLE 726 
Class 4 Fault-Managed Power Systems 

Part I. General 

726.1 Scope. This article covers the installation of "1rmg 
systems and equipment, including utilization equipmem, of 
Cla�s 4 fault-managed power (FMP) systems. 

Informational l'ote :'\o. I :  Cla'i.� 4 fault-managed power system� 
consi�t of a Cla'i.� 4 power 11-ansmiuer and a Cla'i.� 4 power 
receiver connected by a Cla'i.� 4 cabling system. These system� 
are characte1ized by monitming the circuit for fault� and 
controlling the source cunent to ensure the energy delivered 
into anv fault i� limited. Cla'i.� 4 s�"Stem� differ from Cla.s I ,  
Cla'i.� 2,' and Cla'i.� 3 system� in th�t they are not limited for 
power delivered to an appropriate load. They are current limi
ted for fauiL� bel\\'een the Cla'i.� 4 transmitter and Cla'i.� 4 
receiver. 

Informational Note No. 2: The circuiL� desclibed in this article 
are chardcterized by monitoring and control systems that differ-
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ARTICLE 726 - CLASS 4 FAt:LT-MAl'\AGED POWER SYSTE�lS 726.124 

Table 725.144 Ampacities of Each Conductor in Amperes in 4-Pair Class 2 or Class 3 Balanced Twisted-Pair Cables Based on Copper 
Conductors at an Ambient Temperature of 30°C (86°F) with All Conductors in All Cables Carrying Current, 60°C (140°F), 75°C 
(167°F), and gooc (194°F) Rated Cables 

Number of 4-Pair Cables in a Bundle 

1-7 8-19 20--37 �I 62-91 92-192 

Temperature Rating Temperature Rating Temperature Rating Temperature Rating Temperature Rating Temperature Rating 

AWG 6o·c 7s•c go•c oo·c 7s•c 9o•c 6o·c 7s•c 9o•c oo·c 75•c 9o•c 6o·c 75•c go•c 6o·c 75•c go•c 

26 1 .00 1 .23 1 .42 0.71 O.l!i 1 .02 0.55 O.fll! 0.71! 0.46 0.57 0.67 0.45 0.55 0.64 :-lA :-lA :-lA 

24 1 .1 9  1 .46 l.fl9 0.1!1 1 .0 1  1 . 1 7  0.63 O.il! 0.91 0.55 0.67 0.71! 0.46 0.56 0.65 0.40 0.41! 0.55 

23 1 .24 1 .53 l .il! 0.1!9 1 . 1 1 1 .21! 0.77 0.95 1.10 O.flfl 0.1!0 0.93 o.:lll 0.71 0.1!2 0.45 0.55 0.63 

22 1 .50 1 .1!6 2.16 1 .04 1 .21! 1.49 0.7i 0.95 1 . 1 1 O.flfl 0.1!2 0.96 0.62 0.77 0.1!9 0.53 0.63 0.72 
l'otes: 
I. For bundle sizes over 192 cables, or for conductor sizes smaller than 26 AWG, ampacities shall be permitted to be determined by qualified 
personnel under engineering supervision. 
2. Where only half of the conductors in each cable are caiT}ing current, the values in the table shall be permitted to be increa'led by a factor of 1 .4. 
Informational :'\ote l'o. I: Ele�-ated cable temperatures can reduce a cable's data transmission performance. For information on prdctices for 4-pair 
balanced 1\\isted pair cabling, see TL\-TSB-184-A and 6.4.7, 6.6.3, and Annex G of ANSI/TIA-.'>�.2. whiCh pro�ide guidance on a�ju.nment� for 
operating temperatures between 20"C and 60"C. 
Informational :'\ote l'o. 2: The per-contact current rating of connectors can limit dte maximum all""'-able current below the ampacity shown in Table 
725. 1 44. 

entiate dtem from elecuic light and power circuit�; therefore, 
alternative requirement� to those of Chapters I through 4 are 
gi,·en. 

726.3 Other Articles. The listing and installation of cables for 
Class 4 circuit"l shall comply "id1 Article 722. Only dtose 
sections of Article 300 referenced in Article 722 shall apply to 
Class 4 circuit"l. 

726.10 Hazardous (Classified) Locations. Clas."l 4 power 
systems shall be pcnniucd to be used in hazardott"l (cla."l.�ficd) 
locations where specifically permitted by other articles in this 
\..ode. 

726.12 Uses Not Permitted. Cla"ls 4 power S}'!ltcms shall not be 
permitted in dwelling unit"l. 

726.24 Mechanical Execution of Work. Cla"ls 4 cquipmcm 
shall be installed in a neat and workmanlike manner. The 
installation shall also comply widt 300A and 300.1 1 .  

Part D. Class 4 Circuits 

726.121 Power Sources for Class 4 Circuits. The power source 
shall be a listed Cla"l."l 4 power transmitter or a listed Cla"ls 4 
power transmitter a"l part of a transmiucr/rcccivcr system and 
shall provide dtc protections in accordance l\im 726.121 (A). 
Cla"ls 4 circuit"l shall be supplied from a power source (trans
miller) dtat ha"l a voltage output of not more than 450 volt"l 
peak or de. 

Informational Note :'\o. 1: lnfmmational Note Figure 726. 1 2 1  
illustrates dte relatimt.�hips between Cla'l.� 4 power trdnsmitters 
(power sources) ,  Cia'-� 4 circuit�. Cia'-� 4 power receivers, and 
utilization equipment. 

Informational :'\ote l'o. 2: See t:L 1 400-1 ,  Outline fnr Fault
Managwl Pcnwr Sy.<tl'ln.<- Part I: C.nzeral Requinmumt.<, for informa
tion on determining applicable requirement� for the listing of 
Cla'l.� 4 power systems. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJCAL COI>t: 

(A) Fault Management. For listing purposes, a transmitter 
shan interrupt an energized circuit when any of the follo"ing 
conditions occur on the circuit between dtc transmitter and 
receiver: 

(1)  A short circuit 
(2) A line-to-line fault condition that presents an unaccepta

ble risk of fire or electric shock 
(3) A ground-fault condition that prcsent"l an unacceptable 

risk of fire or electric shock 
(4) An ovcrcurrcnt condition 
(5) A malfunction of me monitoring or control system that 

prcscnt"l an unacceptable risk of fire or electric shock 
(6) Any oilier condition that presents an unacceptable risk of 

fire or electric shock 

Informational :'\ote: See UL 1 400-1,  Outline fnr Fault-Managwl 
Porwr Sy.<tems - Part I: C.eneral RPquiTl'llii'RL<, for information on 
determining applicable requirement� for the listing of Cia'-� 4 
power system�, including safe operation and limiting dte ri.�k of 
fire and elecuic shock. 

726.122 Class 4 Loads. Output"l of a Cla"l."l 4 receiver and 
power output"l of Cla"ls 4 utilization equipment shall be consid
ered a separately derived system if the outputs arc used a"l a 
supply for a feeder or branch circuit. 

Informational :'\ote: Cia'-� 4 utilization equipment that does not 
prmide power output� is not su�ject to these requiremenL�. 

Exception: A Cuus 4 Tf'criver with limited-power cin:uit outputs shall be 
pennitttd to 1TU't't tht 1l!rJUi1"ements of Part II of Article 725. 

726.124 Class 4 Marking. 

(A) Class 4 Transmitter Marking. The equipment supplying 
me Cla"ls 4 circuit'� shall be durably marked where plainly visi
ble to indicate each circuit mat is a Cla"ls 4 circuit. The marking 
shall also include me maximum voltage and current output for 
each connection point. \\"bcrc multiple connection point"l have 
me same rating, a single label shall be permitted to be used. 
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726.124 ARTICLE 726 - CLASS 4 FAt:LT-MAl'\AGED POWER SYSTE�lS 

Class 4 
power transmitter 

Class 4 
power receiver 

Utilization 
equipment 

Supply 
0-1000 

volts 
ac or de 

Class 4 
power transmitter 

Class 4 
power receiver 

Utilization 
equipment 

Class 4 
power transmitter 

Class 4 
power receiver 

Utilization 
equipment 

Class 4 
power transmitter 

Class 4 power receiver integrated 
in utilization equipment 

- Feeder or Cl 4 
branch circuit 

ass system -------11>1 

Informational Note Fagure 726.121 Class 4 Circuits. 

Informational Note: An example of marking is "Cia.'-• 4: +/-
190V, 5A" for a Cia.'-• 4 trdnsmitter capable of deliveling 1.9 kW 
from 380 volt• line to line. 

(B) Class 4 Receiver Marking. 

(1) Class 4 Circuits. A Clas.o; 4 receiver or Ciao;." 4 utilization 
equipment shall be durably marked where plainly visible to 
indicate each circuit that is a Ciao;." 4 circuit. The marking shall 
include the maximum input voltage and current for each 
connection point. 

(2) Output Terminals and Socket Oudets. \\'here dtc Class 4 
receiver or Ciao;." 4 utilization equipment ha" outputs, termi
nals, or socket oudcts for prmiding power to other equipment, 
each output shall be durably marked where plainly visible. The 
marking shall include the maximum output voltage and 
current for each connection point. Where multiple connection 
points have dtc same rating, a single label shall :t>c permitted to 
be used. Ciao;." I , Clao;.o; 2, and Clao;.o; 3 circuito; shall be identified 
in accordance widl 724.30 or Part II of Article 725. 

726.130 Terminals and Connectors. 

(A) Listing. Connecting hardware used on Clao;.o; 4 distribution 
systems shall be listed. 

(B) Noninterchangeability. Connectors for Ciao;." 4 circuit" 
shall be designed such dlat dlcy arc not interchangeable widl 
non-power-limited sources located on the same premises. 

(C) Guarding. Any junctions and mating connectors shall be 
constructed and installed to guard against inadvertent contact 
"idl live part" by persons. 

726.136 Separation from Electric Light, Power, Class 1, Non
Power-Limited Fare Alarm Circuit, and Medium-Power 
Network-Powered Broadband Communications Cables. 

(A) General. \..ablcs and conductors of Ciao;." 4 circuit" shall 
not be placed in any cable, cable tray, compartment, enclosure, 
manhole, outlet box, device box, raceway, or similar fitting l\idl 
conductors of electric light, power, Ciao;." I ,  non-power-limited 
fire alarm, and medium-power network-powered broadband 

70-666 

communications circuit" unlcs." permitted by 726.136(8) 
duough (H) . .  

(B) Separated by Barriers. Ciao;." 4 circuit" shall be permitted 
to be iri!ltallcd togcdlcr widl dlc conductors of electric light, 
power, Ciao;." 1,  non-power-limited fire alarm, and medium
power network-powered broadband communications circuit" 
where they arc separated by a barrier. 

(C) Raceways Within Enclosures. In enclosures, Ciao;." 4 
circuit" shall be permitted to be installed in a raceway to sepa
rate them from Ciao;." 1,  non-power-limited fire alann, and 
medium-power network-powered broadband communications 
circuit". 

(D) Associated Systems Within Enclosures. Ciao;." 4 circuit 
conductors in compartment", enclosures, device boxes, oudct 
boxes, or similar fittings shall be permitted to be installed widl 
electric light, power, Ciao;." 1,  non-power-limited fire alann, and 
medium-power network-powered broadband communications 
circuit" where dlcy arc introduced solely to connect dlc equip
ment connected to Clao;.o; 4 circuits, and where either of dlc 
following applies: 

(1)  The electric light, power, Ciao;." 1,  non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuit conductors arc routed to main
tain a minimum of 6 mm (0.25 in.) separation from dlc 
conductors and cables of Ciao;." 4 circuit". 

(2) The non-Ciao;." 4 circuit conductors operate at 150 volt" 
or lcs." to ground and dlc Clao;.o; 4 circuit" arc installed 
using Type CL4, Type CL4R, or Type CL4P cables if any 
CL4 cable conductors extending beyond the jacket arc 
separated by a minimum of 6 mm (0.25 in.) or by a 
nonconductivc sleeve or nonconductivc barrier from all 
other conductors. 

(E) Enclosures with Single Openings. Ciao;." 4 circuit conduc
tors entering compartments, enclosures, dc\icc boxes, oudct 
boxes, or similar fittings shall be permitted to be installed widl 
Ciao;." 1, non-power-limited fire alarm, and medium-power 
network-powered broadband communications circuit" where 
dlcy arc introduced solely to connect dlc equipment conncc-
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ARTICLE 728- FIRE-RESISTIVE CABLE SYSTE�IS 728.1 

ted to Cla'i.� 4 circuits. \\'here Cla'i.� 4 circuit conductors must 
enter an enclosure that is prmidcd l\ith a single opening, they 
shall be permiucd to cmcr through a single fitting (such a� a 
tee) if the conductors arc separated from the conductors of the 
other circuits by a cominuous and firmly fixed nonconductor, 
such a� flexible tubing. 

(F) Manholes. l:ndcrground Cla'i.� 4 circuit conductors in a 
manhole shall be permitted to be installed "id1 Cla'i.� 1, non
power-limited fire alarm, and medium-power network-powered 
broadband communications circuits where one of the follo"ing 
conditions is met: 

(1) The electric light, power, Cla'i.� 1,  non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuit conductors arc in a metal
enclosed cable or Type UF cable. 

(2) The Cla'i.� 4 circuit conductors arc permancndy and effec
tively separated from the conductors of other circuit� by a 
continuous and firmlv fixed nonconductor, such a� flexi
ble tubing, in additi�n to the insulation or covering on 
the "ire. 

(3) The Cla'i.� 4 circuit conductors arc permancndy and effec
tively separated from conductors of the other circuit� and 
securely fa�tcncd to racks, insulators, or other approved 
support�. 

(G) Cable Trays. Cla'i.� 4 circuit conductors shall be permitted 
to be installed in cable trays where the conductors of dtc elec
tric light, Cla'i.� I ,  and non-power-limited fire alarm circuit� arc 
separated by a solid fixed barrier of a material compatible with 
the cable tray or where dtc Cla'i.� 4 circuit� arc installed in T}'pc 
�IC cablc. 

(H) Other Applications. For odtcr applications, conductors of 
Cla'i.� 4 circuit� shall be separated by atlca�t 50 mm (2 in.) from 
conductors of any electric light, power, Cla'i.� I ,  non-power
limited fire alarm, or medium-power network-powered broad
band communications circuit� unlcs.� one of the follo"ing 
conditions is met: 

(1) Either all of the electric light, power, CJass 1, non-power
limited fire alarm, and medium-power network-powered 
broadband communications circuit conductors or all of 
the Cla'i.� 4 circuit conductor11 arc 

·
in a raceway or in 

metal-sheathed, metal-clad, t'lon-mctallic-shcadtcd, Type 
TC, or Type UF cables 

(2) All of dtc electric light, power, Cla'i.� 1, non-power-limited 
fire alarm, and mcdiwn-powcr network-powered broad
band communications circuit conductors arc pcrma
ncndy separated from all of the Cla'i.� 4 circuit conductors 
bv a continuous and firmlv fixed nonconductor, such a� 
p�rcelain tubes or flexible 

·
tubing, in addition to the insu

lation on the conductors 

726.139 Installation of Conductors of Different Circuits in the 
Same Cable, Enclosure, Cable Tray, Raceway, or Cable Routing 
Assembly. 

(A) Two or More Class 4 Circuits. Conductors of two or more 
Cla'i.� 4 circuit� shall be permitted within dtc same cable, enclo
sure, raceway, or cable routing a'i.�mbly. 

(B) Class 4 Circuits With Class 2, Class 3, or Communications 
Circuits. Conductors of one or more Cla'i.� 4 circuit� shall be 
permitted within the same cable a'i.�cmbly a� conductors of 
Cla'i.� 2, Cla'i.� 3, or communications circuit� if the insulation of 
the Cla'i.� 2, Cla'i.� 3, or communications circuit conductors in 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

the cable is at lca�l that required for Cla'i.� 4 circuit�. Cla'i.� 4 
cables shall be penniucd within the same enclosure, raceway, 
or cable routing a'i.�mbly a� Cla'i.� 2, Cla'i.� 3, or communica
tions circuit�. 

(C) Class 4 Cables With Other Circuit Cables. Jacketed cables 
of Cla'i.� 4 circuit� shall be permitted in the same enclosure, 
cable tray, raceway, or cable routing a'i.�mbly "id1 jacketed 
cables of any of the follo"ing: 

(1 )  

(2) 

(3) 

(4) 

(5) 

Power-limited fire alarm systems in compliance with Part� 
I and III of Article 760 
1'\onconductivc and conductive optical fiber cables in 
compliance with Part� I and IV of Article 770 
C.ommunications circuit� in compliance l\ith Part� I and 
IV of Article 805 
C.ommunitv amcnna television and radio distribution 
systems in �ompliancc "id1 Part� I and IV of Article 820 
Low-power, network-powered broadband communica
tions in compliance "ith Part� I and IV of Article 830 

726.144 Ampacity. The ampacity of Cla'i.� 4 cables shall comply 
"ith 300.15 ba�cd on tile temperature rating of the Cla'i.� 4 
cable for conductors sized 16 AWG to 6 AWG. For conductors 
sized 24 AWG to 17 AWG, dtc Cla'i.� 4 cable shall be rated for 
the imcndcd ampacity a� evidenced by the marking FMP-XXA, 
where XX is the maximum allowable ampacity permitted. 

Informational Note No. 1 :  See 722.179(,\) ( 16) for additional 
Cia.� 4 cable requiremenL•. 

Informational Note No. 2: See t:L 14()().1, Outline of luve.<tigation 
for Fault-Mauagni Pmow Sptems - Part I: (,ueral Requiremml.<, 
and t:L 1400-2, Outlilll' of Fault-Managwl Pnroer .�ys/ellt< - Part 2: 
Requiremml.< for Cla.u 4 C.ahks, for information on determining 
maximum allowable ampacities. 

Part ID. Listing Requirements 

726.170 Listing of Equipment for Class 4 Systems. The active 
component� of a Cla'i.� 4 system shall be listed a� a Cla�s 4 
device. The listing infonnation shall include compatible dcli
ccs if a listed Cla'i.� 4 dclicc depend� on specific system devices 
for imcropcrability, monitoring, or control. 

Informational :'\ote l'o. 1: See t.:L 14()().1, Outline for Fau/1-
Managwl Pmow -�)·stem.< - Par/ [: C..euwal Requiremml.<, for informa
tion on determining applicable requiremenL• for the li•ting of 
Cia.'-' 4 power systems. 

Informational Note :'\o. 2: An example of a dependent actin' 
device in a Cia.'-' 4 system i• a transmitter that relies on a particu
lar receh>er or receivers a.• part of the monitming and conu·ol 
system. 

ARTICLE 728 
F�re-Resistive Cable Systems 

728.1 Scope. This article covers dtc installation of fire-resistive 
cables, fire-resistive conductors, and other system component� 
used for sunivability of critical circuit� to ensure continued 
operation during a specified time under fire conditions a� 
required in this ('..ode. 
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728.3 ARTICLE 750-El'\ERGY �lA. 'IAGE�lEl'\T SYSTEMS 

728.3 Other Articles. Wherever dtc requirement-; of oilier arti
cles of dlis ('..ode and Article 728 differ, the requirement-; of Arti
cle 728 shall apply. 

728.4 General. Fir�rcsistivc cables and conductors and their 
component-; shall be tested and listed ao; a complete system, 
shall be designated for usc in a specific system, and shall not be 
interchangeable between systems. 

Informational :'\ote: One method of defining the fire rdting is 
by testing the system in accordance "ith t:L 2196, Fire Test for 
Cirruit lntl'[!;ril)• of Fire-Resistive Pmuer, lmtrwnentation, l.lmtml and 
Data l.ahb-s. 

728.5 Installations. Fire-resistive cable systems installed 
outo;idc dtc fir�ratcd rooms mat dtcy serve, such ao; the electri
cal room or the fire pump room, shall comply widl the require
ment-; of 728.5(A) dlrough (H) and all odtcr installation 
instructions provided in the listing. 

(A) Mounting. The fir�rcsistivc cable system shall be secured 
to the building structure in accordance "id1 dtc listing and dlc 
manufacturer's installation instructions. 

(B) Supports. The fir�rcsistivc cable system shall be suppor
ted in accordance "id1 the listing and dtc manufacturer's 
installation instructions. 

Informational Note: The support.<; are critical for sur\'i\'ability of 
the system. Each system ha.<; iL<; specific suppon requiremenL<;. 

(C) Raceways and Couplings. \\'here fire-resistive cable is 
listed to be installed in a raceway, the raceway enclosing dlc 
cable, any couplings, and any connectors shall be listed ao; part 
of dlc fir�rcsistivc cable system. 

The raceway fill for each system shall comply widl dlc listing 
requirement-; for the system and shall not be greater than dlc 
fill permitted in Chapter 9, Table I .  

Informational Note: Raceway fill might not be the same for all 
listed fire-resisti\'e cable systems. 

(D) Cable Trays. Cable trays used ao; part of a llrc-resistivc 
cable system shall be listed ao; part of the fir�resistivc cable 
system. 

(E) Boxes. Boxes or enclosures used as part of a fire-resistive 
cable system shall be listed ao; part of dlc fir�resistivc cable 
system and shall be secured to the building structure indcpcnd
cndy of dlc raceways or cables listed in dtc system. 

(F) Pulling Lubricants. Fir�resistivc cable installed in a race
way shall only uo;c pulling lubricant-; listed ao; part of dtc fire
resistive cable system. 

(G) Vertical Supports. C..ables and conductors installed in 
vertical raceways shall be supported in accordance "ith dlc list
ing of dlc fire-resistive cable system and in accordance widl 
300.19. 

(H) Splices. Only splices mat arc part of dlc listing for dlc 
fire-resistive cable system shall be uo;cd. Splices shall have 
manufacturer's installation instructions. 

728.60 Equipment Grounding Conductor. Fire-resistive cables 
installed in a raceway requiring an equipment grounding 
conductor shall usc dlc same fir�rcsistivc cable described in 
the system unlcs.o; alternative equipment grounding conductors 
arc listed widl dtc system. Any alternative equipment ground
ing conductors shall be marked widl dlc system number. The 
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system shall specify a pcrmis.o;iblc equipment grounding 
conductor. If not specified, the equipment grounding conduc
tor shall be the same ao; the fir�resistivc cable described in dlc 
system. 

728.120 Marking. In addition to dlc marking required in 
310.8, system cables and conductors shall be surface marked 
"idl m� sullix MFRR" (fire-resistive rating) , along l\ith dlc 
circuit integrity duration in hours, and l\ith the system identi
fier. 

ARTICLE 750 
Energy Management Systems 

750.1 Scope. This article applic.'l to the installation and opera
tion of energy management i)l5tcms. 

Informational :'\ote: Performance prmi<;ion.<; in other codes 
establi<;h presCJipth·e •'equiremenL<; that may further restrict the 
requiremenL<; contained in thi<; article. 

750.6 Listing. Energy management systems shall be one of dlc 
follo"ing: 

· 

(1) Listed as a complete energy management system 
(2) Listed a"l a kit for field installation in switch or ovcrcur-

rent device enclosures 
(3) Listed individual component-; ao;scmblcd ao; a system 

750.20 Alternate Power Sources. An energy management 
system shall not override any control ncccs."lary to ensure 
continuity of an alternate power source for the follm\ing: 
( 1) Fire pumps 
(2) Hcalm care facilities 
(3) Emergency systems 
( 4) Legally required standby systems 
(5) Critical operations power systems 

750.30 Load ManagemenL Energy management systems shall 
be permitted to monitor and control electrical load-; and sour
ces in accordance "im 750.30(A) through (C). 

(A) Load Shedding Controls. An energy management system 
shall not override dlc load shedding controls put in place to 
ensure the minimum electrical capacity for the follm\ing: 
( 1) Fire pumps 
(2) Emergency systems 
(3) Legally required standby systems 
(4) Critical operations power systems 

(B) Disconnection of Power. An energy management system 
shall not cauo;c disconnection of power to the follo"ing: 
( 1) Elcl-ators, escalators, moving "-alks, or staim-ay lift chairs 
(2) Positive mechanical ventilation for hazardous (cla"l.o;ificd) 

locations 
(3) Ventilation used to exhaust hazardous ga"l or rccla"l.o;ity an 

area 
(4) Circuit"l supplying emergency lighting 
(5) E."l.o;cntial electrical systems in health care facilities 

(C) Capacity of Branch Circuit, Feeder, or Service. An energy 
management system shall not cauo;c a branch circuit, feeder, or 
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scnicc to be overloaded. Iran E�IS is used to limit the currclll 
on a conductor, 750.30(C) ( 1 )  through (C) (4) shall apply: 

(1) Current SetpoinL A single value equal to dtc maximum 
ampere sctpoim of the EMS shall be permitted for one or more 
of the following: 
(1) For calculating dtc connected load per 220.70 
(2) For the maximum source currcm pcnnittcd by E�IS 

comrol 

(2) System Malfunction. The E�IS shall usc monitoring and 
comrols to automatically cease current flow upon malfunction 
of the E�IS. 

(3) Settings. Adjustable settings shall be permitted if acccs.� to 
the settings is accomplished by at least one of the following: 
(1) Located behind removable and scalable covers over the 

adjustment means 
(2) Located behind a cover or door that requires the usc of a 

tool to open 
(3) Located behind locked doors acccs.�iblc only to qualified 

personnel 
(4) Pa'i.�word protected with pa'i.o;word accessible only to quali

fied personnel 
(5) Software dtat ha� pa'i.o;word protected acccs.� to the adjust-

ing means acccs.�iblc to qualified personnel only 

(4) Marking. The equipment dtat supplies the branch circuit, 
feeder, or service shall be field marked with dtc follo"ing infor
mation: 
( 1) �Iaximum current setting 
(2) Date of calculation and setting 
(3) Identification of load� and sources a'i.o;ociatcd "ith the 

current limiting feature 
(4) The following or equivalent wording: "The setting for the 

EMS current limiting feature shall not be bypa�scd" 

The markings shall meet dtc requirement" in 110.21 (B) and 
shall be located such dtat they arc dearly \-isible to qualified 
persons before examination, adjustment, scnicing, or mainte
nance of dtc equipment. 

750.50 Directory. Where an energy ma�agcmcnt system is 
employed to control electrical power through dtc usc of a 
remote means, a directory identifying dtc controlled dcvicc(s) 
and circuit(s) shall be posted on the enclosure of the control
ler, disconnect, or branch-circuit ovcrcurrcnt device. 

Part I. General 

ARTICLE 760 
Fire Alarm Systems 

760.1 Scope. This article covers the installation of wiring and 
cquipmcm of fire alarm systems, including all circuit" control
led and powered by the fire alarm system. 

Informational Note No. I: Fire alarm system." include fire detec
tion and ala1m notification, guard's tour, sprinkler waterflow, 
and sprinkler supervisory systems. CircuiL" controlled and 
powered by the fire alarm system include circuiL" for the contml 
of building system." safety functions, elevator capture, elevator 
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shutdm\n, door relea�, smoke doors and damper control, fire 
doors and damper control, and fan shutdown, but only where 
these circuiL" are powered by and controlled by the fire alann 
system. 

Informational l'ote :'\o. 2: See NFP.4 72, National Fire Alarm and 
Signaling l.nde, for funber infmmation on the installation and 
monitoring for integ.ity requiremenL" for fire alarm systems. 

760.3 Other Articles. Circuit� and equipment shall comply 
with 7f>0.3(A) through (0). Only those sections of Article 300 
referenced in dtis article shall apply to fire alarm systems. 

(A) Spread of Fu-e or Products of Combustion. Installation of 
fire alarm circuits shall comply with 300.21. 

(B) Ducts, Plenums, and Other Air-Handling Spaces. Power
limited and non-power-limited fire alarm cables installed in 
ducto;, plenums, or other spaces used for cmironmcntal air 
shall comply "id1 300.22. 

Exception No. 1: Powe1�limittd fi� almm cabks stkcttd in arcordanct 
with Tabk 760.154 and installed in acrordanre with 722. 135 and 
300.22(8), Exception, shall bt Jlermitttd to be instalkd in ducts sptcifi
raY_v Jabrirattd Jm· environ.i11rotal ai1: 

Exception No. 2: Powe1�limittd fire almm cabks sekcttd in arcordanct 
with Tabk 760.154 and instalkd in acrordance with 722.135 shall be 
pennilltd to be .instalkd in other spacf!!i usl'.d for rovimnmental ai1· 
(fJbmums): 

(C)·. Corrosive, Damp, or Wet Locations. Fire alarm circuit� 
and equipment installed in corrosive, damp, or wet locations 
shall comply with 1 10.1 1, 300.5(8), 300.6, 300.9, and 
310.10(F) . 

(D) Building Control Circuits. Building control systems (e.g., 
elc\-ator capture, fan shutdown) a'i.�ciatcd with the fire alarm 
system shall comply with Article 725. 

(E) Optical Fiber Cables. \\'here optical fiber cables arc 
utilized for fire alarm circuito;, the cables shall be installed in 
accordance "id1 Article 770. 

(F) InstaUation of Conductors with Other Systems. Installa
tions shall comply "ith 300.8. 

(G) Raceways or Sleeves Exposed to Different Temperatures. 
Installations shall comply with 300.7(A). 

(H) Vertical Support for Fare-Resistive Cables and Conductors. 
Vertical installations of circuit imcgrity (CI) cables and conduc
tors installed in a racc"ay or conductors and cables of fire
resistive cable systems shall be installed in accordance with 
300.19. 

(I) Installation of Cables and Conductors in Raceway. The 
number and size of cables and conductors shall comply with 
300.17. 

(J) Bushing. A bushing shall be installed where cables emerge 
from raceway used for mechanical support or protection in 
accordance "id1 300.15(C). 

(K) Cable Routing Assemblies. Power-limited fire alarm cables 
shall be permitted to be installed in plenum cable routing 
ao;scmblics, riser cable routing a'i.�cmblies, and general-purpose 
cable routing a'i.�mblies selected in accordance wim Table 
800.154(c), listed in accordance "id1 800.182, and installed in 
accordance "id1 800.1 10(C) and 800.1 13. 
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(L) Communications Raceways. Power-limited fire alarm 
cables shall be pcrmiucd to be installed in plenum communica
tions raceways, riser communications raceways, and general
purpose communications raceways selected in accordance with 
Table 800.154(b), listed in accordance wilh 800.182, and inslal
lcd in accordance "ith 800.113  and 3f>2.24 through 3f>2.5f>, 
where the requirement-; applicable to electrical nonmetallic 
tubing apply. 

(M) Temperature Limitations of Power-Limited and Non
Power-Limited Fire Alarm Cables. The requirement" of 
310.14(A) (3) on the temperature limitation of conductors shall 
apply to power-limited fire alann cables and non-power-limited 
fire alarms cables. 

(N) Identification of Equipment Grounding Conductors. 
Equipmcm grounding conductors shall be identified in accord
ance l\ith 250.1 19. 

Exception: \..onductors with grt't'71 in.mlation slmU be permilltd to be 
U.'il'd as ungmundtd .�ignal rmultu:tm:� for Types FPLP, FPLR, FPL, 
and substitutt cables instaUtd in acrordance with 760. I 54( A). 

(0) Cables for Power-Limited FJre Alarm (PLFA) Circuits. 
The listing and installation of cables for power-limited fire 
alarm circuit-; shall comply l\ith Part III of this article and Part-; 
I and II of Article 722. 

760.10 Hazardous (Classified) Locations. C..ablcs and cquip
mcm shall be pcrmiucd to be used in hazardous (cla.'l.o;ificd) 
locations where specifically pcrmiucd by other articles in this 
\..odt. 

760.21 Access to Electrical Equipment Behind Panels Designed 
to Allow Access. Access to electrical cquipmcm shall not be 
denied by an accumulation of conductors and cables that 
prcvcnto; removal of panels, including suspended ceiling 
panels. 

760.24 Mechanical Execution of Work. 

(A) General. Fire alarm circuit-; shall be installed in a neat and 
workmanlike manner. C..ablcs and conductors installed exposed 
on dtc surface of ceilings and sidewalls shall be supported by 
the building structure in such a manner that me cable "ill not 
be damaged by normal building usc, Sucb cables shall be 
supported by hardware, including straps, staples, hangers, 
listed cable tics identified for securement and support, or simi
lar fillings designed and installed so a.o; not to damage the 
cable. The installation shall also comply wilh 300.4 and 300.1 1 .  

Informational r\ote: Paint, plaster, cleaners, abr.t.<;ives, corrosh·e 
residues, or odter contaminanl<; might result in an undeter
mined alteration of PLFA and :'\PLFA cable propenies. 

(B) Circuit Integrity (CI) Cable. Circuit imcgrity (CI) cables 
shall be supported at a distance not exceeding f>lO mm 
(24 in.). \\'here located l\ithin 2.1 m (7 ft) of the floor in 
accordance l\ith 7f>0.53(A) (1 )  and 7f>O.l30(B) (1) ,  a.o; applica
ble, dtc cable shall be fa.o;tcncd in an approved manner at inter
vals of not more than 450 mm (18 in.). C..ablc support-; and 
fa.o;tcncrs shall be steel. 

760.25 Abandoned Cables. The accessible portion of aban
doned fire alann cables shall be removed. \\'here cables arc 
idcmificd for future usc "id1 a tag, dtc tag shall be of sufficicm 
durability to l\ithstand thc cmironmcm involved. 

760.30 FJre Alarm Circuit Identification. Fire alarm circuit-; 
shall be identified at tcnninal and junction locations in a 
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manner that helps to prevent unintentional signals on fire 
alarm system circuit(s) during testing and scnicing of other 
systems. 

760.32 Fll'e Alarm Circuits Extending Beyond One Building. 
Non-power-limited fire alarm circuit-; and power-limited fire 
alarm circuit" that extend beyond one building and run 
outdoors shall meet the installation requirement-; of Part-; II, 
III, and IV of Article 805 and shall meet the installation 
requirement" of Part I of Article 300. 

760.33 Supply-Side Overvoltage Protection. A listed surge
protective dc,icc (SPD) shall be installed on the supply side of 
a fire alann control panel in accordance l\ith Part II of Article 
242. 

760.35 FJre Alarm Circuit Requirements. Fire alarm circuit-; 
shall comply "id1 760.35(A) and (B). 

(A) Non-Power-Limited FJre Alarm (NPLFA) Circuits. Sec 
Part-; I and II. 

(B) Power-Limited FJre Alarm (PLFA) Circuits. Sec Part-; I and 
III. 

Part II. Non-Po-wer-Limited FJre Alarm (NPLFA) Circuits 

760.41 NPLFA Circuit Power Source Requirements. 

(A) Power · Source. The power source of non-power-limited 
fire alarm circuit-; shall comply "ith Chapters 1 through 4, and 
the output voltage shall be not more than 600 volt-;, nominal. 
The fire alarm circuit disconnect shall be pcrmiucd to be 
secured in the "on" position. 

(B) Branch CircuiL The branch circuit suppl}'ing the fire 
alarm cquipmcm(s) shall supply no other loado;. The location 
of the branch-circuit ovcrcurrcm protective dc\icc shall be 
pcrmancndy identified at the fire alarm control unit. The 
circuit disconnecting means shall have red identification, shall 
be accessible only to qualified personnel, and shall be identi
fied a.o; "FIRE ALARM CIRCUIT." The red identification shall 
not damage the ovcrcurrcnt protective dc,iccs or obscure the 
manufacturer's markings. This branch circuit shall not be 
supplied through ground-fault circuit imcrmptcrs or arc-fault 
circuit-interrupters. 

760.43 NPLFA Circuit Overcurrent Protection. Ovcrcurrcm 
protection for conductors 14 AWG and larger shall be prmidcd 
in accordance l\ith the conductor ampacity "ithout appl}'ing 
the ampacity adjustment and correction factors of310.14 to the 
ampacity calculation. Ovcrcurrcnt protection shall not exceed 
7 amperes for 18 AWG conductors and 10 amperes for 16 AWG 
conductors. 

Exception: H11en� other articles of thi� Code permit or requiTe other ovn._ 
cw·1mt fnvll'rtion. 

760.45 NPLFA Circuit Overcurrent Device Location. Ovcrcur
rcm dc,iccs shall be located at the point where the conductor 
to be protected receives ito; supply. 

Exception No. I: WhelP the ovm:ummt device pmterting the lm-ger 
conductor al�o pmtert� tile smaUtr conducto1: 

Exception No. 2: Transforrnt�· seronda1y conductors. Non-pmvn._ 
limittd ji1P alarm rin:uit conductors supt1lied by tile .'il'cmulmy of a 
.�ingle-pllase tran.iforrnt�· tlmt lms on�)' a 2-wiiP (single-voltagr') Sl'con
daty shall be Jll'nnitttd to be fnvll'riP.d by ove/T'Iti'IPnt pmtertion pmvided 
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by the Jn"imaiJ (suJJjJ{l') side of the tranifm'lneJ; Jmroided the Jnvt«tion 
is in accordance with 450.3 and does 1wt exct't'd the value detennined 
by multiJI{ying the secondat)' conductor ampacity b)• the secondat)'·to
tn·imat)' tran.ifonner voltage ratio. Tran.iformer secondat)' comltutm-s 
other than 2-wire shall 1wt be con�idered to be protected by the Jnimary 
overcunmt Jnvtection. 

Exception No. 3: Ekctmnic Jmwer smm:e outJJut conductm-s. Non
powel�limited cin:uit comltu:tm:� .�upplied by the output of a single
phase, listed ekctnmic Jmwer soun:e, other than a tran.ifornleJ; having 
only a 2-wire (.�ingle-voltage) output for conmction to non-pmver
limited chcuits shall be Jmmitted to be Jnvt«ll'.d b)• overrunmt protec
tion Jnvvided on tile input side of the ekctmnic fJOWel· soun:e, provided 
this Jnvll'ction doe!i not excl'-ed the value detmnined b)· multiJI{}•ing tile 
non-pown�imited circuit comltu:tm· amJJacit_l' b)• the output-to-input 
voltage ratio. E!Pctnmic Jmwer .�mm:e outputs, other than 2-wire (.�ingle 
voltage), connected to non-pown�limited circuits shall not be con�idered 
to be Jnvt«ted by overrummt pmt«tion on the inJJUt of the e!Pctnmic 
power sourre. 

Informational Note: A single-pha.•e, li•ted electronic power 
supply whose output supplies a 2-\\ire (single-mltage) circuit i• 
an example of a non-power-limited power source that meeL• the 
requiremenL• of 760.41. 

760.46 NPLFA Circuit Waring. Installation of non-power
limited fire alarm circuit• shall he in accordance with l 10.3(B), 
300.7, 300.11 ,  300.15, 300.17, 300.19(B), and other appropriate 
articles of Chapter 3. 

Exception No. 1: As Jnvvided in 760.48 thmugh 760.53. 

Exception No. 2: WhelP ot/�e�· articks of this \..ode 11'-f[UiiP other 1nethod�. 

760.48 Conductors of Different Circuits in Same Cable, Enclo
sure, or Raceway. 

(A) Class 1 with NPLFA Circuits. Cla."l.• 1 and non-power
limited fire alann circuit• shall be permitted to occupy the 
same cable, enclosure, or raceway l\ithout regard to whether 
the indhidual circuit• arc alternating current or direct current, 
prm-idcd all conductors arc insulated for the maximum voltage 
of any conductor in the enclosure or raceway. 

(B) Fare Alarm with Power-Supply Circuits. Power-supply and 
fire alarm circuit conductors shall bC permitted in the same 
cable, enclosure, or raceway only where connected to the same 
equipment. 

760.49 NPLFA Circuit Conductors. 

(A) Sizes and Use. Only copper conductors shall be permitted 
to be tL•cd for fire alann systems. Size 18 AWG and If> AWG 
conductors shall be permitted to he used, provided they supply 
load• that do not exceed the ampacitics given in Table 402.5 
and arc installed in a raceway, an approved enclosure, or a 
listed cable. Conductors larger than If> AWG shall not supply 
load• greater than the ampacitics given in 310.14, a.• applicable. 

(B) Insulation. Insulation on conductors shall he rated for the 
system voltage and not less than f>OO volt•. C..onductors larger 
than If> AWG shall comply l\ith Article 310. Conductors 
18 AWG and If> AWG shall be Type KF-2, KFF-2, PAFF, PTFF, PF, 
PFF, PGF, PGFF, RFH-2, RFHH-2, RFHH-3, SF-2, SFF-2, TF, TFF, 
TF:"-1, TFF:"-1, ZF, or ZFF. Conductors with other types and thick
ncs.• of insulation shall he permitted if listed for non-power
limited fire alarm circuit usc. 

Informational :'\ote: See Table 402.3 for application prmision.•. 
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(C) Conductor Materials. Conductors shall he solid or stran
ded copper. 

Exception to (B) and (C): Will' T)jlt's PAF mul PTF shall be pmnitted 
only for high-temJmnture applications between 90•c ( 1 94°F) and 
25o•c (482.F). 

760.51 Number of Conductors in Cable Trays and Raceways, 
and Ampacity Adjustment Factors. 

(A) NPLFA Circuits and Class I Circuits. \\'here only non
power-limited fire alarm circuit and Cla."l.• 1 circuit conductors 
arc in a raccwav, the number of conductors shall he deter
mined in accoritancc l\ith 300.1 7. The ampacity acljusuncnt 
factors given in 310.15(C) (1) shall apply if such conductors 
carry continuotL• load in execs.• of 10 percent of the ampacity 
of each conductor. 

(B) Power-Supply Conductors and NPLFA Circuit Conductors. 
Where power-supply conductors and non-power-limited fire 
alarm circuit conductors are permitted in a raceway in accord
ance l\ith 760.48, the !)umber of conductors shall be deter
mined in accordanc<; "\\ith 300.1 7. The ampacity acljusuncnt 
factors given in 310.15(C) ( I )  shall apply a.• follows: 

(1) To all conductors where the fire alarm circuit conductors 
carry continuotL• loacl• in execs.• of 10 percent of the 
ampacicy of each conductor and where the total numher 
of conductors is more than three 

(2) To the power-supply conductors only, where the fire 
alarm circuit conductors do not carry continuous loads in 
excess of 10 percent of the ampacity of each conductor 
and where the numher of power-supply conductors is 
more than three 

(C) Cable Trays. \\"bcrc fire alarm circuit conductors arc 
installed in cable trays, they shall comply with 392.22 and 
392.80(A) . 

760.53 Multiconductor NPLFA Cables. Multiconductor non
power-limited fire alarm cables that meet the requirement• of 
760.176 shall be permitted to be tL-;cd on fire alarm circuit• 
operating at 150 volts or lcs.• and shall be installed in accord
ance l\ith 760.53(A) and (B). 

(A) NPLFA Waring Method. Multiconductor non-power
limited fire alarm circuit cables shall be installed in accordance 
with 760.53(A) (1) ,  (A) (2) , and (A) (3). 

( 1) In Raceways, Exposed on Ceilings or Sidewalls, or FIShed 
in Concealed Spaces. Cable splices or terminations shall he 
made in listed fittings, boxes, enclosures, fire alarm devices, or 
utilization equipment. Where installed exposed, cables shall he 
adequately supported and installed in such a way that maxi
mum protection against physical damage is afforded by build
ing construction such a• ba.o;cboard•, door frames, ledges, and 
so forth. \\"bcrc located l\ithin 2.1 m (7 ft) of the floor, cables 
shall he securely fa.•tcncd in an approved manner at intervals of 
not more than 450 mm (18 in.). 

(2) Passing Through a Floor or Wall. C..ablcs shall be installed 
in metal raceway or rigid nonmetallic conduit where pa."l.•ing 
through a floor or wall to a height of 2.1 m (7 ft) above the 
floor, unless adequate protection can he afforded by building 
construction such a.• detailed in 7f>0.53(A) ( I ) ,  or unless an 
equivalent solid guard is provided. 

(3) In Hoistways. Cables shall he installed in rigid metal 
conduit, rigid nonmetallic conduit, intermediate metal 
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conduit, liquidtight flexible nonmetallic conduit, or electrical 
metallic tubing where installed in hoistways. 

Exception: As provided for in 620.21 for elevators and similar equip
ment. 

(B) Applications of Listed NPLFA Cables. The usc of non
power-limited fire alarm circuit cables shall comply with 
760.53(B) (1)  through (B) (4). 

(1) Ducts Specifically Fabricated for Environmental Air. Multi
conductor non-power-limited fire alarm circuit cables, Types 
NPLFP, 1'\PLFR, and :"'PLF, shall not be installed exposed in 
duct"l specifically fabricated for cmironmcntal air. 

Informational :'\ote: See 300.22(8). 

(2) Other Spaces Used for Environmental Air (Plenums). 
Cables installed in other spaces used for cmironmcntal air 
shall be Type :"'PLFP. 

Exception No. I: T_ljJes NPLFR and NPLF cables i1utalkd in compli
ance with 300.22(C). 

Exception No. 2: Other zuiring metlwds in accordana with 300.22(C) 
and conductors in compliance with 760.49(C). 

Exception No. 3: Type NPLFP-CT cabk shall be pennilltd to be insta/kd 
to ptvvide a 2-hou,-circuit inltg�itJ rattd cabk. 

(3) Riser. C..ables installed in vertical runs and penetrating one 
or more floors, or cables installed in vertical runs in a shaft, 
shall be Type :"'PLFR. Floor penetrations requiring Type 
NPLFR shall contain only cables suitable for riser or plenum 
usc. 

Exception No. I: 1)'pe NPLF or other rabies tlmt 0:17! sJwcified in Chap
lei· 3 and art in rompliana with 760.49(C) and I!IUa!itd in metal mce
WUJ. 

Exception No. 2: Type NPLF cabks locattd in a Jirefnvof slmft having 
fireslofJs al l'm:h Jlom: 

Informational Note: See 300.21 for firestop requi�ments for 
floor penetration.'�. 

Exception No. 3: 1)'pe NPLF-('.J cabk simi/ be pennilt1'4 to be insta/kd 
to ptvvide a 2-hou,-circuit inltg�itJ rattd cable. · · 

(4) Other Waring Within Bulldings. Cables installed in build
ing locations other than the locations covered in 760.53(B) ( l  ),  
(B) (2) , and (B) (3) shall be Type NPLF. 

Exception No. I: ClmJJltr 3 wi1ing mtthods with conductors in compli
ance with 760.49(C). 

Exception No. 2: Type NPLFP or T_ljW NPLFR cables simi/ be Jmmit
ltd. 

Exception No. 3: T_ljW NPLFR-CT cable shall be Jmmitt1'4 to be insta/kd 
to ptvvide a 2-hou,-circuit inltg�itJ rattd cable. 

Part m. Power-Limited F"u-e Alarm (PLFA) Circuits 

760.121 Power Sources for PLFA Circuits. 

(A) Power Source. The power source for a power-limited fire 
alarm circuit shall be a"l specified in the following: 

Informational :'\ote No. 1 :  See Chapter 9, Tables 12(A) and 
12(8), for the li"lting requiremenL"l for powe1�limited fire alann 
circuit sources. 
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(1) A listed PLFA or Cla"i."l 3 transformcr 
(2) A listed PLFA or Cla"i."l 3 power supply 
(3) Listed equipment marked to identify the PLFA power 

source 

Informational :'\ote l'o. 2: Examples of listed equipment are a 
fire alarm control panel "ith integral power source; a circuit 
card listed for use a."l a PLFA source, where used a."l part of a 
listed a.'i."lembl)� a current-limiting impedance, listed for the 
purpose or part of a listed product, u."led in co�junction \\ith a 
non-power-limited trdnsformer or a stored energy source, for 
example, stordge battery, to limit the output current. 

(B) Branch Circuit. The branch circuit suppl}ing the fire 
alarm cquipmcnt(s) shall comply l\ith the following rcquirc
mcnt"l: 

(1)  The branch circuit shall supply no other loacl"l. 
(2) The branch circuit shall not be supplied through ground

fault circuit interrupters or arc-fault circuit interrupters. 
(3) The location of the branch-circuit ovcrcurrcnt protective 

dc\icc shall be permancndy identified at the fire alarm 
control unit. 

(4) The circuit disconnecting means shall have red identifica
tion, shall be accessible only to qualified personnel, and 
shall be identified with the follm\ing word"l: KFJRE 
ALAR.\f CIRCUIT." The red identification shall not 
damage the ovcrcurrcnt protective devices or obscure the 
manufacturer's markings. 

(5) The fire alarm branch-circuit disconnecting means shall 
bc

-
·pcrmiucd to be secured in the Kon" position. 

Informational :'\ote: See 210.8(,\) (5), Exception, for require
menL"l on receptacles in dwelling-unit unfini"lhed ba."lemenL"l that 
5upply power for fire alarm systems. 

760.124 Circuit Marking. The equipment supplying PLFA 
circuit"l shall be durably marked where plainly \isiblc to incli
catc each circuit that is a power-limited fire alarm circuit. 

760.127 Waring Methods on Supply Side of the PLFA Power 
Source. Conductors and equipment on the supply side of the 
power source shall be installed in accordance l\ith the appro
priate rcquiremcnt"l of Part II and Chapters 1 through 4. Trans
formers or other del-ices supplied from power-supply 
conductors shall be protected by an ovcrcurrcnt del-icc rated 
not over 20 amperes. 

Exception: Tht inp-ut kads of a tmnsfonner or other Jlown· .�mm:e 
.mpplying JIOluel�limited jill! almm cin:uits shall be pemtittl'.d to be 
smaller than 14 A WG, but not smaller than I 8 A WG, tJ they Qlf! not 
over 300 mm ( 12 in.) hmg and tJ they lmvt in:rulation that comJJlies 
with 760.49(8). 

760.130 Waring Methods and Materials on Load Side of the 
PLFA Power Source. Fire alarm circuit"l on the load side of the 
power source shall be permitted to be installed using "iring 
mcthocl"l and materials in accordance l\ith 7f>O.l 30(A) , (B), or 
a combination of both. Part"l l and II of Article 722 shall apply. 

(A) NPLFA Waring Methods and Materials. 1'\PLFA "iring 
mcthocl"l shall be permitted when tL"lcd in accordance with 
760.46, 760.49, or 760.53 for PLFA circuit"l. Conductors shall be 
solid or stranded copper. Separation from electric light, power, 
Cla"i."l 1 ,  non-power-limited fire alarm circuit conductors, and 
medium-power network-powered broadband communications 
cables shall comply l\ith 760. 13f>. 

Exception: Tht amJJacitJ adjustment factors sJII'Cjfil'.d in 310.1 5(C)( I) 
shall not aJJjJ{}·. 

l'\.-\TJO:'\AL ELEGJ"RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 7f>O - FIRE ALARM SYSTEMS 760.136 

(B) PLFA Wiring Methods and Materials. Power-limited fire 
alarm conductors and cables described in 722.179 shall be 
installed ao; detailed in 722.135 and 7f>O.l30(B) (1 )  through (B) 
(4) . Devices shall be installed in accordance "id1 1 10.3(8), 
300.1 1  (A) , and 300.15. 

( 1) In Raceways, Exposed on Ceilings or Sidewalls, or FIShed 
in Concealed Spaces. Cable splices or terminations shall be 
made in listed fittings, boxes, enclosures, fire alarm devices, or 
utilization equipment. \\'here installed exposed, cables shall be 
adequately supported and installed such that maximum protec
tion against physical damage is afforded by building construc
tion such ao; ba-.cboards, door frames, ledges, and so forth. 
Where located l\ithin 2.1 m (7 ft) of the floor, cables shall be 
securely fa-.tcncd in an approved manner at intcn<ds of not 
more man 450 mm (18 in.). 

(2) Passing Through a Floor or Wall. \..abies shall be installed 
in metal raceways or rigid nonmetallic conduit where pa'l.o;ing 
through a floor or wall to a height of 2.1 m (7 ft) above me 
floor, unless adequate protection can be afforded by building 
construction such ao; detailed in 760.130(8) (1 )  or unlcs.o; an 
equivalent solid guard is provided. 

(3) Nonconcealed Spaces. Cables specified in Chapter 3 and 
meeting the requirements of 722.179(A) ( l5) (a) and (A) (15) 
(b) shall be permitted to be installed in nonconccalcd spaces 
where the exposed length of cable docs not cxcccd 3 m (10 ft). 

(4) Portable Fare Alarm Systems. A portable fire alarm system 
provided to protect a stage or set when not in usc shall be 
permitted to usc wiring method-; in accordance "idt 530.12. 

760.133 Installation of Conductors and Equipment in Cables, 
Compartments, Cable Trays, Enclosures, Manholes, Oudet 
Boxes, Device Boxes, Raceways, and Cable Routing Assemblies 
for Power-Limited Fare Alarm Circuits. \..onductors and equip
ment for power-limited fire alarm circuits shall be installed in 
accordance wim Parts I and II of Article 722 and 760.136 
through 760.143. 

760.136 Separation from Electric Light, Power, Class 1, 
NPLFA, and Medium-Power Network-Powered Broadband 
Communications Circuit Conductors. 

(A) General. Power-limited fire alarm circuit cables and 
conductors shall not be placed in any cable, cable tray, 
comparuncnt, enclosure, manhole, oudct box, device box, 
raceway, or similar fitting l\ith conductors of electric light, 
power, Cla'l.o; 1, non-power-limited fire alann circuit-;, and 
medium-power network-powered broadband communications 
circuit-; unlcs.-. permitted by 760.13f>(B) through (G). 

(B) Separated by Barriers. Power-limited fire alarm circuit 
cables shall be permitted to be installed together l\id1 Cla'l.o; 1, 
non-power-limited fire alarm, and medium-power network
powered broadband communications circuit-. where mcy arc 
separated by a barrier. 

· 

(C) Raceways Within Enclosures. In enclosures, power-limited 
fire alarm circuit-. shall be permitted to be installed in a race
way "idtin dtc enclosure to separate dtcm from Clao;s 1, non
power-limited fire alarm, and medium-power network-powered 
broadband communications circuit-;. 

(D) Associated Systems Within Enclosures. Power-limited fire 
alarm conductors in comparuncnt-., enclosures, dc'l'icc boxes, 
oudct boxes, or similar fittings shall be permitted to be 
installed with electric light, power, Clao;s 1, non-power-limited 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

fire alarm, and medium-power network-powered broadband 
communications circuit-; where thcv arc introduced solely to 
connect me equipment connected to power-limited fire al�rm 
circuit-;, and shall comply l\ith either of the following concli
tions: 
(1) The electric light, power, Clao;s I ,  non-power-limited fire 

alarm, and medium-power network-powered broadband 
communications circuit conductors arc routed to main
tain a mnumum of 6 mm (Y.. in.) separation from me 
conductors and cables of power-limited fire alarm 
circuit-;. 

(2) The circuit conductors operate at 150 volt-; or less to 
ground and also comply with one of the following concli
tions: 
a. The fire alarm power-limited circuit-; arc installed 

using Type FPL, Type FPLR, Type FPLP, or permitted 
substitute cables if mcsc power-limited cable conduc
tors extending beyond me jacket arc separated by a 
minimum of f> mm (Y.. in.) or by a nonconductivc 
sleeve or nonoonductivc barrier from all other 
conductors. ·· .· 

b. The powcr-Hmitcd fire alann circuit conductors arc 
installed ao; non-power-limited circuit-; in accordance 
wim 700.4f>. 

(E) Enclosure$ with Single Opening. Power-limited fire alarm 
circuit conductors entering compartment-., enclosures, dclicc 
boxes, oudct boxes, or similar fittings shall be permitted to be 
installed "ith electric light, power, Clao;s 1, non-power-limited 
fire: alarm, and medium-power network-powered broadband 
communications circuit-; where thcv arc introduced solely to 
connect me equipment connected to power-limited fire al�rm 
circuit-; or to other circuit-; controlled bv the fire alarm svstcm 
to which me omcr conductors in me cn�losurc arc conn�ctcd. 
\\'here power-limited fire alarm circuit conductors must enter 
an enclosure that is prmidcd wim a single opening, they shall 
be permitted to enter through a single fitting (such ao; a tee), 
provided the conductors arc separated from the conductors of 
the other circuit-; by a continuous and firmlv fixed nonconduc-
tor, such ao; flexible. tubing. 

' 

(F) In Hoistways. In hoistways, power-limited fire alarm circuit 
conductors shall be installed in rigid metal conduit, rigid 
nonmetallic conduit, intermediate metal conduit, liquidtight 
flexible nonmetallic conduit, or electrical metallic tubing. For 
elclators or similar equipment, mcsc conductors shall be 
permitted to be installed a-. provided in f>20.21 . 

(G) Where Protected. PLFA circuit-. shall be permitted to be 
installed together l\ith the conductors of electric light, power, 
Clao;s 1, non-power-limited fire alarm, and medium-power 
network-powered broadband communications circuit-. where 
they arc installed using :-.IPFLA \\iring method-; and materials 
in accordance "id1 Part II of Article 760 and arc protected by 
an approved method. 

(H) Other App6cations. For omcr applications, power-limited 
fire alarm circuit conductors shall be separated by at lcao;t 
50 mm (2 in.) from conductors of any electric light, power, 
Clao;s 1, non-power-limited fire alarm, or medium-power 
network-powered broadband communications circuit-; unlcs.o; 
one of the follo"ing conditions is met: 
(1) Either (a) all of dtc electric light, power, Clao;s 1 ,  non

power-limited fire alarm, and medium-power network
powered broadband communications circuit conductors 
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760.139 ARTICLE 7f>O - FIRE ALAR.\f SYSTEMS 

or (b) all of the power-limited fire alann circuit conduc
tors arc in a raceway or in metal-sheathed, metal-dad, 
nonmetallic-sheathed·, or Type UF cables. 

(2) All of dtc electric light, power, Clao;s 1, non-power-limited 
fire alarm, and medium-power network-powered broad
band communications circuit conductors arc pcrma
ncndy separated from all of dlc power-limited fire alarm 
circuit conductors by a continuous and firmly fixed 
nonconductor, such ao; porcelain tubes or flexible tubing, 
in addition to the insulation on dlc conductors. 

760.139 Installation of Conductors of Different PLFA Circuits, 
Class 2, Class 3, and Communications Circuits in the Same 
Cable, Enclosure, Cable Tray, Raceway, or Cable Routing 
Assembly. 

(A) Two or More PLFA Circuits. \..able and conductors of two 
or more power-limited fire alarm circuit" shall be permitted 
widlin dtc same cable, enclosure, cable tray, raceway, or cable 
routing ao;.o;cmbly. · · 

(B) Class 2 Circuits with PLFA Circuits. Conductors of one or 
more Clao;s 2 circuit" shall be permitted within dlc same cable, 
enclosure, cable tray, raceway, or cable routing ao;scmbly widl 
conductors of power-limited fire alarm circuit" if dtc insulation 
of dlc Clao;s 2 circuit conductors in dtc cable, enclosure, race
way, or cable routing ao;.o;cmbly is at lcao;t that required by dlc 
power-limited fire alarm circuito;. 

(C) Class 3 and Communications Circuits with PLFA Circuits. 
\..able and conductors of Clao;s 3 and communications circuit" 
shall be pcnnittcd widlin dlc same cable, enclosure, cable tray, 
raceway, or cable routing ao;.o;cmbly with cables and conductors 
of power-limited fire alarm circuito;. 

(D) Low-Power Network-Powered Broadband Communications 
Cables and PLFA Cables. Low-power network-powered broad
band communications circuit" shall be permitted in dtc s.,me 
enclosure, cable tray, raceway, or cable routing ao;scmbly widl 
PLFA cables. 

(E) Audio System Circuits and PLFA Circuits. Audio system 
circuit" described in 640.9(C) and installed u.o;ing Clao;s 2 or 
Clao;.o; 3 wiring mcdtodo; in compliance "id1 722.135 shall not be 
installed in the same cable, cable tray, raceway, or cable routing 
ao;scmbly l\ith power-limited conductorS or cables. 

760.142 Conductor Size. Conductors of 26 AWG shall be 
permitted only where spliced with a connector listed ao; suitable 
for 26 AWG to 24 AWG or larger conductors dlat arc termina
ted on equipment or where the 2f> AWG conductors arc termi
nated on equipment listed ao; suitable for 2f> AWG conductors. 
Single conductors shall not be smaller than 18 AWG. 

760.143 Support of Conductors. Power-limited fire alarm 
circuit conductors shall not be strapped, taped, or attached by 
any means to the exterior of any conduit or other raceway ao; a 
means of support. 

760.145 Current-Carrying Continuous Line-Type FJre Detec
tors. 

(A) Application. Listed continuou.o; line-type fire detectors, 
including insulated copper tubing of pneumatically operated 
detectors, employed for bodl detection and carrying signaling 
currcnto; shall be pcnnittcd to be used in power-limited circuito;. 
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(B) Installation. Continuous line-type fire detectors shall be 
installed in accordance widl 7f>0.124 duough 760.130 and 
760.133. 

760.154 Applications of Listed PLFA Cables. PLFA cables shall 
comply widl the requirement" described in Table 7f>0.154 or 
where cable substitutions arc made ao; shmm in 7f>0.154(A). 
\\-'here substitute cables arc installed, dlc wiring requirement" 
of Article 760, Parto; I and III, shall apply. Types FPLP-CI, FPLR
CI, and FPL-CI cables shall be permitted to be installed to 
prmidc 2-hour circuit integrity rated cables. 

(A) FJre Alarm Cable Substitutions. The substitutions for fire 
alarm cables listed in Table 7f>O.I54(A) and illu.o;tratcd in 
Figure 760.154(A) shall be permitted. \\''here substitute cables 
arc installed, dtc wiring requirement" of Article 760, Parto; I 
and III, shall apply. 

Informational Note: See 800.1 79 for information on communi
cations cables (CMP, C:\IR, C:\fG, CM). 

Part IV. Listing RequiremeD� 

760.176 Listing and Marking of NPLFA Cables. Non-power
limited fire alann cables installed ao; wiring l\ithin buildings 
shall be listed in accordance widl 760.176(A) and (B), be listed 
ao; resistant to the spread of fire in accordance l\ith 760.176(C) 
through (F), and be marked in accordance l\ith 7f>O.I7f>(G). 
\..able used in a wet location shall be listed for usc in wet loca
tions or ·have a moisturc-impc�Vious metal sheath. Non-power
limited fire alarm cables shall have a temperature rating of not 
lcs.o; than 60•c (1400F). 1'\on-powcr-limitcd fire alarm cables 
sball be permitted to contain optical fibers. 

Informational l'ote: See L'L 1425, Standard for Cab!Ps for Non
Porwr-l.imitwl Fi,.,..Alann Circuit<, for information on non-power
limited fire alann cables. 

(A) NPLFA Conductor Materials. Conductors shall be 18 AWG 
or larger solid or stranded copper. 

(B) Insulated Conductors. Insulation on conductors shall be 
rated for the system voltage and not lcs.o; than f>OO V. Insulated 
conductors 14 AWG and larger shall be one of the types listed 
in Table 310.4(1 )  or one dlat is identified for such usc. Insula
ted conductors 18 AWG and 16 AWG shall be in accordance 
widl 7f>0.49. 

(C) Type NPLFP. Type :"'PLFP non-power-limited fire alarm 
cable for usc in other space used for cmironmcntal air shall be 
listed ao; being suitable for usc in oilier space used for environ
mental air ao; described in 300.22(C) and shall also be listed ao; 
having adequate fire-resistant and low smoke-producing char
acteristics. 

Informational :'\ote: See NFPA 262, Staudard '"lnlwd of ust for 
f7ame Travel ami Smoke of Wire.< and Cabk.< for Usl' in Air-Handling 
Spares, for one method of defining a cable that i• low-smoke 
producing and fire-resi•talll if the cable exhibiL• a maximum 
peak optical density of 0.50 or les.•, an a\·erdge optical density of 
0.15 or less, and a maximum Dame spread distance of 1 .52 m 
(5 ft) or less when tested. 
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Table 760.154 App6cations of Listed PLFA Cables in Bulldings 

Cable Type 

AppHcalions FPLP &: FPLP-CI FPLR &: FPLR-Cl FPL &: FPL-CI 

In fabricated duct• a• described in In fabricated dueL• Y* N 1" 
300.22(8) 

n metal raceway that complies \\itb 300.22(8) Y* Y* Y* 

In other spaces u.�d for emironmental In other spaces u.�d for emironmental air Y* N 1" 
air a• described in 300.22(C) 

In metal raceway that complies \\itb 300.22(C) Y* Y* Y* 

In plenum communications rdceways Y* N 1" 

In plenum cable routing a'i.�mblies Y* N 1" 

Supponed by open metal cable trays Y* N 1" 

Supponed by solid bottom metal cable trays Y* Y* Y* 
\\itb solid metal covers 

In risers In ,·ertical runs Y* Y* 1" 

In metal raceways Y* Y* Y* 

In fireproof shafL• Y* Y* Y* 

In plenum communications rdceways Y* Y* 1" 

In plenum cable routing a'i.�mblies Y* Y* 1" 

In riser communications raceways Y* Y* 1" 

In riser cable routing a'i.�mblies Y* Y* 1" 

In one- and two-f.unily dwellings Y* Y* Y* 

Within buildings in other than air- C..enerdl Y* Y* Y* 
handling spaces and risers �upponed by cable u-ays Y* Y* Y* 

In any J<tCe\\-ay recognized in Chapter 3 Y* Y* Y* 

In plenum communications rdceway Y* Y* Y* 

In plenum cable routing a'i.�mblies Y* Y* Y* 

In riser communications race""�" Y* Y* Y* 

In riser cable routing a'i.�mblies Y* Y* Y* 

In generdl-purpose communications rdceways Y* Y* Y* 

In generdl-purpose cable routing a•semblies Y* Y* Y* 

l"ote: 
"N" indicates that the cable type shall not be pennitted to be installed in the application. 
"Y*" indicates that the cable type �ltall be pe1mitted to be installed in the application su�ject to the limitations desCJibed in 760. 130 through 760.145. 

(D) Type NPLFR. Type :"'PLFR non-power-limited fire alarm 
riser cable shall be listed as being suitable for usc in a vertical 
run in a shaft or from noor to noor and shall also be listed as 
having fire-rcsistam characteristics capable of preventing lhe 
canying of fire from noor to noor. 

Informational l"ote: See t:L 1666, 1e.<t for Haml' Propagation 
Height of Electrical ami Dptiral-Fiber C.ahll'.< ln.<talled Vertiral�)· in 
Shaft<, for one method of defining fire-resi•tant characteri•tics 
capable of preventing the caiT}ing of fire from floor to floor. 

(E) Type NPLF. Type :"'PLF non-power-limited fire alarm 
cable shall be listed as being suitable for general-purpose fire 
alarm usc, with dte exception of ll'ie in risers, duct'i, plenums, 
and odter space ll'ied for emironmental air, and shall also be 
listed a'i being rcsistalll to lhe spread of fire. 
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Table 760.154(A) Cable Substitutions 

Cable Type 

FPLP 
FPLR 
FPL 

Permitted Substitutions 

CMP 
CMP, FPLP, CMR 
CMP, FPLP, CMR, FPLR, CMG, CM 

Informational Note: See t:L 2556, Wire ami \.able 1e.<t Ml'thad.<, 
for one method of defining Tl'.<istant to thl' .<pread of jiri'.One 
method is to demonstrate that the cables do not spread fire to 
the top of the tray in the "t:L Flame Exposure, Vertical Tray 
Flame Test." The smoke mea•urements in the test method are 
not applicable. 

Another method of defining rt'Sistant to the .<prt'Od of fi" is for 
the damage (char length) not to exceed 1.5 m (4 ft I I  in.) when 
performing the IT4 "Vertical Flame Test." 
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760.176 ARTICLE 7f>O -FIRE ALARM SYSTEMS 

Plenum 

Riser 

General purpose 

Mulliconductor 
cables 

Type CM-Communications wires and cables 
Type FPL-Power·limited fire alarm cables 

� Cable A shall be permitted to be used in place of cable B, 
26 AWG minimum 

F1GURE 760.154(A) Cable Substitution Hierarchy. 

(F) Circuit Integrity (CI) Cable, Yare-Resistive Cable System, or 
Electrical Circuit Protective System. \..ablcs that arc used for 
survivabilitv of critical circuits under fire conditions shall be 
listed and �cct thc requirements of 760.17f>(F) (1) ,  (F) (2), or 
(F) (3). 

Informational Note: See NFP.4 72, National Fire .4/ann and Signal
hllf ('.od,, 12.4.3 and 12.4.4, for additional information on circuit 
integrity (CI) cable, fire-resistive cable systems, or electrical 
circuit protecth>e systems used for fire ala1m circuit.� to comply 
\\lth the suni�<Jbility requirement.� to maimain the circuit's elec
uical function during fire condition.� for a defined period of 
time. 

(1) Circuit Integrity (CI) Cables. Circuit integrity (CI) cables 
specified in 7f>0.1 7f>(C), (D), and (E) and used for su�Vivability 
of critical circuit-; shall be marked for an additional classifica
tion using the sullix M-CI." In order to maintain ito; listrrl fire
resistive rating, CI cables shall only be installed in [rec air in 
accordance l\ith 7f>0.24(8). CI cables shall only be pcnnittcd to 
be installed in a raceway where specifically listed and marked as 
part of an electrical circuit protective firc-rc.o;istivc cable system 
ao; covered in 760.17f>(F) (2). CI cables shall only be permitted 
to be installed in a raceway where specifically listed and marked 
ao; part of an electrical circuit protective system ao; covered in 
760.176(F) (2). 

Informational Note: See UL 2196, Fire 11Jst fnr Circuit lnt..grity of 
Fire-R�<Si•tive Porwr, ln . .trwnmtatinn, l.outrol and Data ('.ah[,s, and 
t:L 1425, ('.ah[,s for Non-PoiiJPr-l.imill!d Firt!-Aiann Ci�ruiti,for infor
mation on establishing a rdting for Cl cable. The VI. Guitk bifor
matinn fnr Nonporwr-/imitnl Fire Alarm Ci�ruit.• (H:'\HT) comains 
infmmation for idemil}ing the cable and it.� installation limita
tions to maintain the fire-resistive rating. 

(2) Yare-Resistive Cable Systems. \..ables specified in 
760.176(C), (D), (E), and (F) (1) that arc part of a fire-resistive 
cable system shall be identified with the system identifier and 
hourly rating marked on the protcctant or dtc smallest unit 
container and installed in accordance with the listing of the 
system. 

Informational Note: See UL 2196, Fire 11Jst fnr Circuit lnt..grity of 
Fire-R�<Si•tive PoiiJn; butrummtation, l.ontrol and Data l.abvs, for 
infmmation on establishing a rdting for a fire-resisth>e cable 
system. The l.!/. Guid" biformatinn fnr E/PCtriral Ci�ruit Integrity 
Syst,,n., (FHIT) contains information for identifying the system 
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and il� installation limitations to maintain a minimum fire
resi�ti\'e rdting. 

(3) Electrical Circuit Protective System. Protcctanto; for cables 
specified in 7f>0.1 7f>(C), (D), and (E) that arc part of an electri
cal circuit protective system shall be identified with the protec
tive system identifier and hourly rating marked on the 
protcctam or the smallest unit container and installed in 
accordance "id1 the listing of the protective system. 

Informational Note: See t:L 1724, Fire T�<Sts fnr Ekctrical Circuit 
Proi,Ltive .�ystmt•,for information on establishing a rating for an 
electrical circuit protecth·e system. The Ul. Guide biformatiou for 
Elertrical Cilruit Integrity -�T-•tem.• (FHIT) contains infmmation for 
identifying the system and il� in.�tallation limitations to maintain 
the fire-resisth·e rating. 

(G) NPLFA Cable Markings. Multiconductor non-power
limited fire alarm cables shall be marked in accordance with 
Table 7f>0.1 7f>(G). ?\on-power-limited fire alarm circuit cables 
shall be permitted to be marked with a maximum usage voltage 
rating of 150 volt-;. \..ables that arc listed for circuit imcgrity 
shall be identified with .· the suffix M-CI" ao; defined in 
760.176(F). The temperature rating shall be marked on the 
jacket of :-.IPLFA cableS that have a temperature rating exceed
ing f>o•c (140.F). The jacket of NPLFA cables shall be marked 
with dtc conduct4;lr !dzc. 

Informational Note: (..able types are listed in descending order 
of fire �rfonnance. 

760.179
. 
Listing and Marking of Insulated Continuous Line

'IyPe Fire Detectors. Insulated continuott.o; line-type fire detec
tors shall be listed in accordance l\ith 7f>0.1 79(A) through (D). 
Cable tt.o;cd in a wet location shall be listed for usc in wet loca
tions or have a moisturc-impc!Viott.o; metal sheath. 

(A) Listing. The cable shall be listed ao; being resistant to the 
spread of fire in accordance "ith 722.179(A) (1),  (A) (2), and 
(A) (3). 

(B) Voltage and Temperature Rating. The cable shall have a 
voltage rating of not lcs.o; than 300 volt-;. The cable shall have a 
temperature rating ofnot lcs.o; than f>o•c (1400F). 

(C) Markings. The cable shall be marked ao; fire resistance 
Type FPLP, Type FPLR, or Type FPL in accordance with 
722.179(8). The voltage rating shall not be marked on the 

Table 760.176(G) NPLFA Cable Markings 

Cable 
Marking 

:-.IPLFP 

:-.IPLFR 

:-.IPLF 

1'\otes: 

:'\on-power-limited fire 
alann circuit cable for 
use in other space used 
for emironmental air 

:'\on-power-limited fire 
alann circuit 1iser cable 

:'\on-power-limited fire 
alann circuit cable 

Reference 

760.176(C) and (G) 

760.1 76(0) and (G) 

760.176(1£) and (G) 

l .  (..abies identified in 760.176(C), (D), and (E) and meeting the 
requirement.� for circuit integrity shall ha\'e the additional cla'l.�ification 
���ing the suffix "-CI" (for example, :'\PLFP-CI, :'\PLFR-CI, and :'\PLF
CI). 
2. (..abies comaining optical fibers shall be pro\'ided \\ith the suffix ·
OF". 

l'\ATJ0:'\.-\1. EI..EGJ'RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 770-0PTI\AL FIBER CABLES 770.44 

cable. The temperature rating shall be marked on the jacket of 
cables that have a temperature rating exceeding 60•c (140.F). 
The jacket of PLFA cables shall be marked "ith the conductor 
size. 

Informational :'\ote: Voltage rdtings on cables might be misinter
preted to suggest tbat tbe cables could be suitable for Cla.'i.• I ,  
electric light, and power applications. 

Exception: Voltage mm-kings shaU be Jmmitll'.d whnf' tile cable has 
multiple listings and voltage mm-king is 11'-Jfltirt'.d Jm· one or more of tile 
li.�tings. 

(D) Cable Jacket Compound. The cable jacket compound 
shall have a high degree of abra•ion resistance. 

Part I. General 

ARTICLE 770 
Optical Fiber Cables 

770.1 Scope. This article covers the installation of optical fiber 
cables. This article docs not cover the construction of optical 
fiber cables. 

770.3 Other Articles. Installations of optical fiber cables shall 
comply "ith 770.3(A) through (D). Only those sections of 
Chapter 2 and Article 300 referenced in this article shall apply 
to optical fiber cables. 

(A) Hazardous (Classified) Locations. Listed optical fiber 
cables shall be permitted to be installed in hazardous (cia.� 
ficd) locations. The cables shall be scaled in accordance with 
501.15, 502.15, 505.16, or 506.16, a.• applicable. 

(B) Cables in Ducts for Dust, Loose Stock, or Vapor Removal. 
The requirement• of 300.22(A) for wiring systems shall apply to 
conductive optical fiber cables. 

(C) Hybrid Cables. Hybrid optical fiber cables shall be cla.'i.•i
ficd a.• electrical cables in accordance with i.hc type of electrical 
conductors. They shall be constructed, listed, and marked in 
accordance with the appropriate artictc for each type of electri
cal cable. 

(D) Vertical Support for Fire-Resistive Cables. Vertical installa
tions of circuit integrity (CI) cables installed in a raceway or 
cables of fire-resistive cable systems shall be installed in accord
ance l\ith their listing. 

770.21 Access to Electrical Equipment Behind Panels Designed 
to Allow Access. Access to electrical equipment shall not be 
denied by an accumulation of optical fiber cables that prevent• 
removal of panels, including suspended ceiling panels. 

770.24 Mechanical Execution of Work. 

(A) General. Optical fiber cables shall be installed in a neat 
and workmanlike manner. \..ablcs installed exposed on the 
surface of ceilings and sidewalls shall be supported by the 
building structure in such a manner that the cable "ill not be 
damaged by normal building usc. Such cables shall be secured 
by hardware, including straps; staples; cable tics listed and iden
tified for securement and support; and hangers, or similar 
fittings, designed and installed so a.• not to damage the cable. 
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The installation shall also confonn to 300.4 and 300.11 .  
Plenum cable tics and other nonmetallic cable acccs.•orics used 
to secure and support cables in other spaces used for environ
mental air (plenums) shall be listed a.• having low smoke and 
heat relca.•c properties in accordance "ith 800.170. 

Informational l'ote l'o. 1: See Al'SI/NEC . .A/FOA 301-2016, 
Standard for lmtalling and usting Fiber Dptir l.abk.<, ANSI/ 
TIA-568.0-D-2015, Gmerir '[;!£communication.< l.ablingfor CIL<tomer 
fumiv.<, and ANSI/TL\ 568.3-D-2016, Dptiral Fiber l.abling and 
l.omponents Standard, for accepted indtL•try prdctices. 

Informational :'\ote l'o. 2: See NFPA !JOA-2021, Standard for the 
Installation of Air-Conditioning and Ventilating Sptems, for discrete 
comb•�•tible componenL• installed in accordance with 
300.22(C). 

Informational :'\ote :'\o. 3: Paint, pla.•ter, cleaners, abra.•ives, 
corrosh·e residues, or otber contaminanL• mav result in an unde
tetmined alteration of optical fiber cable properties. 

(B) Circuit Integrity (CI) Cable. Circuit integrity (CI) cable 
shall be supported at a distance not exceeding 610 mm 
(24 in.).\..ablc shall be secured to the noncomb�•tiblc surface 
of the building structure. \..able support• and fa.•tcncrs shall be 
steel. 

770.25 Abandoned Cables. The acccs.•iblc portion of aban
doned optical fiber cables shall be removed. \\'bcrc cables arc 
identified Jor future usc "idt a tag, the tag shall be of sufficient 
durability to l\ithstand the cmironmcnt involved. 

770:26 Spread of Fue or Products of Combustion. Installa
tions of optical fiber cables and communications raceways in 
hollow spaces, vertical shaft•, and ventilation or air-handling 
duct• shall be made so that the possible spread of fire or prod
uct• of comb�•tion \\ill not be substantially incrca.�d. Open
ings around penetrations of optical fiber cables and 
communications raceways through fire-resistant-rated walls, 
partitions, floors, or ceilings shall be fircstoppcd using 
approved methods to maintain the fire resistance rating. 

Informational l'ote: Directories of elecuical constmction mate
rials published by qualified testing laboratmies contain many 
listing installation resuictions neces..aty to maintain tbe fire
resi•ti,·e rating of a.'i.�mblies where peneuations or openings are 
made. Building codes also contain resuictions on membtane 
penetrations on opposite sides of a fire resistance-rated \\all 
as.�mbly. An example is the 600-mm (24-in.) minimum horizon
tal separation that tL•ually applies between boxes installed on 
opposite sides of tbe \\all. "-"-•istance in complying \\itb 770.26 
can be found in building codes, fire resistance directories, and 
product listings. 

770.27 Temperature Limitation of Optical Fiber Cables. Opti
cal fiber cable shall not be used in such a manner that its oper
ating temperature exceed• that of it• rating. 

Part II. Cables Outside and Entering Buildings 

770.44 Overhead (Aerial) Optical Fiber Cables. Overhead 
optical fiber cables containing a non-current-carrying metallic 
member entering buildings shall comply "ith 800.44(A) 
and (B). 

(A) On Poles and In-Span. \\'here outside plant optical fiber 
cables and electric light or power conductors arc supported by 
the same pole or arc run parallel to each odtcr in-span, the 
conditions described in 770.44(A) (1) through (A) (4) shall be 
met. 
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770.44 ARTICLE 770 - 0PTICAL FIBER CABLES 

(1) Relative Location. Where practicable, the outo;idc plam 
optical fiber cables shall be located below dtc elccuic light or 
power conductors. 

(2) Attachment to Cross-Arms. Attachmcm of outo;idc plam 
optical fiber cables to a cros.o;-ann that carries electric light or 
power conductors shall not be pcrmiucd. 

(3) Climbing Space. The climbing space through outo;idc 
plant optical fiber cables shall comply with dtc requirement" of 
225.14(B). 

(4) Clearance. Supply service drops and scto; of overhead serv
ice conductors of 0 to 750 volto; running above and parallel to 
optical fiber cable service drops shall have a minimum separa
tion of 300 mm (12 in.) at any poim in the span, including the 
point of their auachmcnt to dtc building. Clearance of not lcs.o; 
than 1.0 m (40 in.) shall be maintained between the two serv
ices at the pole. 

(B) Above Roofs. Outo;idc plam optical fiber cables shall have 
a vertical clearance of not less than 2.5 m (8 ft) from all pointo; 
of roo(o; above which they pas.o;. 

Exception No. 1: The requirement of 770.44(8) shall not aJIP{l· to 
auxiliary buildings .melt as garages and the like. 

Exception No. 2: A reduction in ckamnce above on{}· tile overhanging 
portion of tile roof to not k:1s than 4 50 mm ( 18 in.) shall be Jmmitted if 
(1) not more than 1.2 m (4ft) of ofJtiral fiber cabk sn-vice dmp cabk 
passt!!i above the mof ove1-hang, and (2) the cabk is tmninated at a 
thlvttgh- or above-the-mofrareway m· appmVI'n .mJlport. 

Exception No. 3: Whn-,. tlv mof lta.5 a slnpe of not kss than 100 mm in 
300 mm (4 in. in 12 in.), a 1muction in c!Pnmnce to not kss than 
900 mm (3ft) shall be pmnitted. 

Informational Note: See ANSI/IEEE <:2-2017, Natimzat Ekctric 
Safety ('.ode, Part 2. Safety Rub-s for Ouerlvad l..i111'S, for additional 
infmmation reg-drding overhead \\ires and cables. 

770.47 Underground Optical Fiber Cables Entering Buildings. 
Underground optical fiber cables cmcring buildings shall 
comply with 770.47(A) and (B). 

(A) Underground Systems with Electric Light, .Power, Class 1, 
or Non-Power-Limited Fu-e Alarm Circuit Conductors. Under
ground conductive optical fiber cables entering buildings with 
electric light, power, Clao;s 1 ,  or non-power-limited fire alarm 
circuit conductors in a raceway, handholc enclosure, or 
manhole shall be located in a section separated from such 
conductors by means of brick, concrete, or tile partitions or by 
means of a suitable barrier. 

(B) Direct-Buried Cables and Raceways. Direct-buried conduc
tive optical fiber cables shall be separated by at lcao;t 300 mm 
(12 in.) from conductors of any electric light, power, non
power-limited fire alarm circuit conductors, or Clao;s I circuit. 

Exception No. 1: .'Ypamtion shall not be 1-,.quired whe11' the ekct1ic serv
ice condttctm:5 mf' installed in malllays m·have metal cabk a1711m: 

Exception No. 2: Sepamtion shall not be 11'qui11'd 111he11' e!Pcll"ic ligllt or 
po111er bmnch-circuit orf«der conductors, non-jlolllel�limited jill! almm 
circuit condttctm:5, or Cla.5s 1 chcuit conductors aJf! instalkd in a mce
way m· in metal-slvntlvd, metal-chld, or Type UF or Type USE cables. 

770.48 Unlisted Cables Entering Buildings. 

(A) Conductive and Nonconductive Cables. Unlisted conduc
tive and nonconductivc outo;idc plant optical fiber cables shall 
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be pcrmiucd to be installed in building spaces, other than 
risers, ducto; used for cmironmcntal air, plenums used for cmi
ronmcntal air, and other spaces used for cmironmcntal air, 
where the lcngd1 of the cable within the building, mcao;urcd 
from ito; point of entrance, docs not exceed 15 m (50 ft) and 
the cable enters the building from the outo;idc and is termina
ted in an enclosure. 

The point of entrance shall be pcrmiucd to be extended 
from me penetration of the external wall, roof, or floor slab by 
continuously enclosing dtc entrance optical fiber cables in 
rigid metal conduit (R.\1C) or intermediate metal conduit 
(IMC) to the poim of emergence. 

Informational :'\ote: Splice cao;es or tenninal boxes, botb metal
lic and pla•tic types, typically are used a• enclosures for splicing 
or terminating optical fiber cables. 

(B) Nonconductive Cables in Raceway. Unlisted nonconduc
tivc out•idc plant optical fiber cables shall be pcrmiucd to 
enter the building from the outllide and shall be pcnniucd to 
be installed in any of the following raceways: 

(1) Imcnncdiatc metal conduit (IMC) 
(2) Rigid metal conduit (RMC) 
(3) Rigid polyvinyl chloride conduit (PVC) 
(4) Electrical metallic tubing (EMT) 

Unlisted nonconductivc outo;idc plant cables installed in 
rigid pol)'\inyt chloride conduit (PVC) or electrical metallic 
tubing (E�IT) shall not be installed in risers, ducto; used for 
cnvironmcrttal air, plenums used for environmental air, and 
othe-r spaces used for cmironmcntal air. 

770.49 Metal Entrance Conduit Grounding. Metal conduit 
containing optical fiber entrance cable shall be connected by a 
bonding conductor or grounding electrode conductor to a 
grounding electrode or, where present, the building grounding 
electrode system in accordance with 770.IOO(B). 

Part Ill. Protection 

770.93 Grounding, Bonding, or Interruption of Non-Current
Carrying Metallic Members of Optical Fiber Cables. Optical 
fiber cables entering the building or terminating on the 
out•idc of the building shall comply with 770.93(A) or (B). 

(A) Entering Buildings. In installations where an optical fiber 
cable is exposed to contact with electric light or power conduc
tors and the cable enters the building, the non-currcnt
cartying metallic members shall be either grounded or bonded 
a• specified in 770.100 or interrupted by an insulating joint or 
equivalent dc\icc. The grounding or interruption shall be ao; 
close a• practicable to the point of clllrancc. 

(B) Terminating on the Outside of Buildings. In installations 
where an optical fiber cable is exposed to contact with electric 
light or power conductors and dtc cable is tcnninatcd on the 
out•idc of the building, the non-current-carrying metallic 
members shall be either grounded or bonded a• specified in 
770.100 or interrupted by an insulating joint or cquivalcm 
device. The grounding, bonding, or interruption shall be ao; 
close a• practicable to the point of lcrmination of the cable. 
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Part IV. Grounding Methods 

770.100 Entrance Cable Bonding and Grounding. If required, 
the non-current-carrying metallic members of optical fiber 
cables entering buildings shall be bonded or grounded as 
specified in 770.100(A) through (D) . 

(A) Bonding Conductor or Grounding Electrode Conductor. 

(1) Insulation. The bonding conductor or grounding elec
trode conductor shall be listed and shall be permitted to be 
insulated, covered, or bare. 

(2) Material. The bonding conductor or grounding electrode 
conductor shall be copper or other corrosion-resistant conduc
tive material, stranded or solid. 

(3) Size. The bonding conductor or grounding electrode 
conductor shall not be smaller than 14 AWG. It shall have a 
currcnt-cartying capacity not less dtan that of the grounded 
metallic mcmbcr(s) . The bonding conductor or grounding 
electrode conductor shall not be required to exceed 6 AWG. 

(4) Length. The bonding conductor or grounding electrode 
conductor shall be ao; short a"l practicable. In one- and two
family dwellings, the bonding conductor or grounding elec
trode conductor shall be ao; short a"l practicable not to exceed 
6.0 m (20 ft) in lcngdl. 

Informational :'\ote: Similar bonding conductor or gmunding 
electrode conductor length limitations applied at apartment 
buildings and commercial buildings help to reduce mltages that 
may develop between dte building's power and communications 
system.• during lightning evenL•. 

Exception: Tn one- and two-family dweUings if it is not Jllucticable to 
achieve an ovemll maximum bonding condtu:tm· or gmunding electmde 
conductor length of 6.0 m (20 fl), a .wpamte gmund md meeting the 
minimum dimensional n·iteria of 770.100(Bj(3)(2) .�/mll be driven, 
the gmunding electmde conductor .�hall be connected to the sepamte 
gmu1ul md in accordance with 770./00(C), mul the .wpamte gmund 
md .�hall be bmuled to the puwer gmunding electmde system in accmrl
ance with 770.100(D). 

(5) Run in Straight Line. The bonding conductor or ground
ing electrode conductor shall be run in a"l straight a line ao; 
practicable. 

(6) Physical Protection. Bonding conductors and grounding 
electrode conductors shall be protected where exposed to phys
ical damage. \\'here dlc bonding conductor or grounding elec
trode conductor is installed in a metal raceway, both end-; of 
the raceway shall be bonded to dtc contained conductor or to 
the same tcnninal or electrode to which dlc bonding conduc
tor or grounding electrode conductor is connected. 

(B) Electrode. The bonding conductor and grounding elec
trode conductor shall be connected in accordance widl 
770.100(B) (l ) ,  (B) (2), or (B) (3). 

(1) In Bulldings or Structures with an Intersystem Bonding 
Termination. If the building or structure served ha"l an inter
system bonding termination ao; required by 250.94, the bonding 
conductor shall be connected to dtc intersystem bonding 
tcnnination. 

lnformational l'ote: See lnfonnational :'\ote Figure 800. 100(8) 
( 1) for an illlL"ltrdtion of the application of the bonding conduc
tor in buildings or structnres equipped \tith an intersystem 
bonding termination. 
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(2) In Bulldings or Structures with Grounding Means. If an 
intersystem bonding termination is established, 250.94(A) shall 
apply. 

If dlc building or structure served hao; no intersystem bond
ing termination, the bonding conductor or grounding elec
trode conductor shall be connected to dlc nearest acccs.o;iblc 
location on one of the following: 

( 1 )  The building or structure grounding electrode system ao; 
covered in 250.50 

(2) The power service acccs.o;iblc means external to enclo
sures tL"ling dtc options identified in 250.94(A), Excep
tion 

(3) The non flexible metal power service raceway 
(4) The service equipment enclosure 
(5) The grounding electrode conductor or dlc grounding 

electrode conductor metal enclosure of the power service 
(6) The grounding electrode conductor or dlc grounding 

electrode of a building or.structurc disconnecting means 
that is connected to a grounding electrode a"l covered in 
250.32 

(7) The grounded interior metal water piping system, "ithin 
1 .5 m (5 ft) from ito; point of entrance to the building, ao; 
covered in. 2;){).52 

lnformational l'ote: See lnfonnational :'\ote Figure 800. 100(8) 
(2) for.an illa•trdtion of the application of the bonding conduc
tor in buildings or structures not equipped \tith an intersystem 
�n<Gng termination or te1minal block providing acces.• to the 
building grounding electrode system. 

(3) In Bulldings or Structures Without Intersystem Bonding 
Termination or Grounding Means. If the building or structure 
served ha"l no intersystem bonding termination or grounding 
means, aHicscribcd in 770.100(8) (2), the grounding electrode 
conductor shall be connected to either of the following: 

(1 )  To any one of the individual grounding electrodes 
described in 250.52(A) (l ) ,  (A) (2), (A) (3), or (A) (4). 

(2) If dlc building or structure served ha"l no grounding 
means, a"l described in 770.100(8) (2) or (8) (3) (1) ,  to 
any one of dtc individual grounding electrodes described 
in 250.52(A) (7) and (A) (8) or to a ground rod or pipe 
not lcs.o; man 1.5 m (5 ft) in lcngdl and 12.7 mm (� in.) 
in diameter, driven, where practicable, into pcnnancndy 
damp cardl and separated from lightning protection 
system conductors a"l covered in 800.53 and at lcao;t 1.8 m 
(6 ft) from electrodes of other systems. Steam, hot water 
pipes, or lighming protection system conductors shall not 
be employed ao; electrodes for non-current-carrying 
metallic members. 

(C) Electrode Connection. Connections to grounding electro
des shall comply widl 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected between 
the grounding electrode and power grounding electrode 
system at the building or structure served where separate elec
trodes arc tL"lcd. 

Exception: At mobile homes as covered in 770.106. 

Informational :'\ote No. 1 :  See 250.60 for connection to a light
ning protection system. 

Informational l'ote :'\o. 2: Bonding together of all separdte elec
tmdes limiL• potential differences between them and between 
their a'l."llciated \tiring systems. 
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770.106 Grounding and Bonding of Entrance Cables at Mobile 
Homes. 

(A) Grounding. Grounding shall comply with 770. 106(A) (1) 
and (A) (2) . 

(1) Installations Without Mobile Home Service Equipment. If 
there is no mobile home service equipment located "ithin 
9.0 m (30 ft) of dtc exterior wall of the mobile home it serves, 
the non-current-carrying metallic members of optical fiber 
cables entering the mobile home shall be grounded in accord
ance with 770.100(8) (3). 

(2) Installations Without Mobile Home Disconnecting Means. 
If there is no mobile home disconnecting means grounded in 
accordance "id1 250.32 and located "idtin 9.0 m (30 ft) of the 
exterior wall of the mobile home it serves, the non-currcnt
cartying metallic members of optical fiber cables entering the 
mobile home shall be grounded in accordance with 770.100(8) 
(3). 

(B) Bonding. The grounding electrode shall be bonded to the 
metal frame or available grounding terminal of the mobile 
home with a copper conductor or other equivalent corrosion
resistant material not smaller than 12 AWG under either of the 
following conditions: 

( 1)  If there is no mobile home sen-icc equipment or discon
necting means as in 770.106(A) 

(2) If the mobile home is supplied by cord and plug 

Part V. Installation Methods Within Buildings 

770.110 Raceways, Cable Routing Assemb6es, and Cable Trays 
for Optical Fiber Cables. 

(A) Types of Raceways. Optical fiber cables shall be permitted 
to be installed in any raceway dtat complies with either 
770.1 IO(A) (1)  or (A) (2). 

(1) Raceways Recognized in Chapter 3. Optical fiber cables 
shall be permitted to be installed in any raceway included in 
Chapter 3. The raceways shall be installed in accordance with 
Chapter 3. 

(2) Communications Raceways. Optical fiber cables shall be 
permitted to be installed in listed communications raceways 
selected in accordance with Table 800.154(b). 

(B) Raceway Fill for Optical Fiber Cables. Raceway fill for 
optical fiber cables shall comply "id1 either 770.1 10(8) (1)  or 
(8) (2). 

(1) Without Electric Light or Power Conductors. Where opti
cal fiber cables arc installed in raceway without electric light or 
power conductors, the raceway fill requirements of Chapters 3 
and 9 shall not apply. 

(2) Nonconductive Optical Fiber Cables with Electric Light or 
Power Conductors. Where nonconductivc optical fiber cables 
arc installed "ith electric light or power conductors in a race
way, the raceway fill requirements of Chapters 3 and 9 shall 
apply. 

(C) Cable Routing Assemb6es. Optical fiber cables shall be 
permitted to be installed in listed cable routing assemblies 
selected in accordance l\ith Table 800.154(c). 
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(D) Cable Trays. Optical fiber cables shall be permitted to be 
installed in metal or listed nonmetallic cable tray systems. 

770.111 lnnerduct for Optical Fiber Cables. Listed plenum 
communications raceways, listed riser communications race
ways, and listed gcnc.-;.1-purpose communications raceways 
selected in accordance with Table 800.154(b) shall be permit
ted to be installed as inncrduct in any type of listed raceway 
permitted in Chapter 3. 

770.113 Installation of Optical Fiber Cables. Installation of 
optical fiber cables shall comply with 770.1 13(A) through (J). 
Installation of raceways and cable routing assemblies shall 
complp\ith 770.1 10. 

(A) Listing. Optical fiber cables installed in buildings shall be 
listed in accordance with 770.179 and installed in accordance 
with dtc limitations of the listing. 

Exception: optical fiber cab!Ps that 0:17! installed in romplianu with 
770.48 slmU not be 11'quhed to be lisl4d. 

(B) Ducts Specifically Fabricated for Environmental Air. Instal
lations of optical fiber cables-in ducto; specifically fabricated for 
environmental air shall he in accordance l\ith 770.1 13(8) (1) 
and (8) (2). 

(1) Uses Permitted. The follo"ing cables shall be permitted in 
ducto; specifically fabricated for cmironmcntal air as described 
in 300.22(8) if they arc directly associated with the air distribu
tion system: 

(1) Up to 1.22 m (4 ft) of Types OFl'\P and OFCP 
(2) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC installed in raceways that arc installed in 
compliance with 300.22(8) · 

Informational Note: For infonnation on fire protection of 
\\iring installed in fablicated duct•, see l'\FPA 90A-2018, Standard 
for tile ln.<tallation of Air-Gmditinning and Ventilating Systl'los. 

(2) Uses Not Permitted. Types OFNR, OFCR, OF:"'G, OFCG, 
OF:"!, and OFC shall not be permitted to be installed in ducto; 
specifically fabricated for environmental air as described in 
300.22(8). 

Informational 1'\ote: See l'\FPA 90A-2021 ,  Standard for tile !IIStaUa
tion of Air-Conditioning ami Ventilating Sptmt<, for information on 
fire protection of \�iring installed in fabricated duct•. 

(C) Other Spaces Used for Environmental Air (Plenums). 
Installations of optical fiber cables in other spaces used for 
environmental air shall be in accordance "ith 770.1 13(C) (1) 
and (C) (2). 

(1) Uses Permitted. The follo"ing cables shall be permitted in 
other spaces used for environmental air as described in 
300.22(C): 

(1)  Types OFNP and OFCP 
(2) Types OFI'\P and OFCP installed in plenum communica

tions raceways 
(3) Types OF:"'P and OFCP installed in plenum cable routing 

ao;semblics 
(4) Types OFNP and OFCP supported by open metal cable 

tray systems 
(5) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC installed in raceways that arc installed in 
compliance with 300.22(C) · 
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(6) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 
and OFC supported by solid bottom metal cable trays 
"ith solid metal covers in other spaces used for em-iron
mental air (plenums) , as described in 300.22(C) 

(7) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 
and OFC installed in plenum riser and general-purpose 
communications raceways supported by solid bottom 
metal cable trays with solid metal covers in other spaces 
used for cmironmcntal air (plenums) , as described in 
300.22(C) 

(2) Uses Not Permitted. Types OFNR, OFCR, OF:"'G, OFCG, 
OF:"!, and OFC shall not be permitted to be installed in other 
spaces used for environmental air (plenums). 

Informational l'ote: See :'\FPA 90A-20 18, Standard for the ln.ttalla
tion of Air-Cmulitioning ami Vmtilalhllf Splelltt, for information on 
fire protection of "iring installed in other spaces used for emi
ronmental air. 

(D) Risers - Cables in Vertical Runs. Installations of optical 
fiber cables in vertical runs shall be in accordance with 
770.113(0) (1) and (0) (2). 

(I) Uses Permitted. The following cables shall be permitted in 
vertical runs penetrating one or more floors and in vertical 
runs in a shaft: 
(1)  Types OFNP, OFCP, OFNR, and OFCR 
(2) Types OFI'\P, OFCP, OFI'\R, and OFCR installed in the 

following: 
a. Plenum communications raceways 
b. Plenum cable routing assemblies 
c. Riser communications raceways 
d. Riser cable routing a'lscmblies 

(2) Uses Not Permitted. Types OF:"'G, OFCG, OFN, and OFC 
shall not be permitted to be installed in vertical runs. 

Informational Note: See 770.26 for firestop requirement• for 
Hoor penetration.•. 

(E) Risers - Cables Permitted in Metal Raceways. The follow
ing cables and inncrduct'l shall be permitted in metal raceways 
in a riser having fircstops at each floor: 
(1) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC 
. 

(2) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 
and OFC installed in the following: 
a. Plenum communications raceways (inncrduct) 
b. Riser communications raceways (inncrduct) 
c. \..cncral-purposc communications raceways (inner

duct) 
Informational Note: See 770.26 for firestop requirement• for 
Hoor penetration.•. 

(F) Risers - Cables Permitted in Fu-eproof Shafts. The 
follo"ing cables shall be permitted to be installed in fireproof 
riser shaft'l having fircstops at each floor: 
(1)  Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC 
(2) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC installed in the following: 
a. Plenum communications raceways 
b. Plenum cable routing a'lscmblics 
c. Riser communications raceways 
d. Riser cable routing a'I.'ICmblies 
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c. General-purpose communications raceways 
f. General-purpose cable routing a'l.'lcmblies 

Informational Note: See 770.26 for firestop requirement• for 
Hoor penetration.•. 

(G) Risers - Cables Permitted in One- and Two-Famlly Dwell
ings. The follo"ing cables shall be permitted in one- and two
family dwellings: 
(1)  Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC 
(2) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC installed in the follm\ing: 
a. Plenum communications raceways 
b. Plenum cable routing a'I.'ICmblics 
c. Riser communications raceways 
d. Riser cable routing a'I.'ICmblies 
c. \..cncral-purposc communications raceways 
f. \..cncral-purposc cable routing a'l.'lcmblies 

(H) Cable Trays - Cables Permitted. The follo"ing cables 
shall be permitted to l.>e supported by cable trays: 
(1 )  Types OFNP; OfCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC 
. 

(2) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 
and OFC installed in the follm\ing: 
a. Plenum communications raceways 
b. Riser communications raceways 
c. \..cncral-purposc communications raceways 

(I) Distributing Frames and Cross-Connect Arrays - Cables 
Permitted. The following cables shall be permitted to be instal
led in distributing frames and cros.'i-Conncct arrays: 
(1)  Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC 
(2) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC installed in the follm\ing: 
a. Plenum communications raceways 
b. Plenum cable routing a'I.'ICmblics 
c. Riser communications raceways 
d. Riser cable routing a'I.'ICmblies 
c. \..cncral-purposc communications raceways 
f. \..cncral-purposc cable routing a'l.'lcmblies 

(J) Other Building Locations - Cables Permitted. The follow
ing cables shall be permitted to be installed in building loca
tions other than the locations covered in 770.1 13(8) through 
(I): 
(1)  Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC 
(2) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 

and OFC installed in: 
a. Plenum communications raceways 
b. Plenum cable routing a'I.'ICmblics 
c. Riser communications raceways 
d. Riser cable routing a'I.'ICmblies 
c. \..cncral-purposc communications raceways 
f. \..cncral-purposc cable routing a'l.'lcmblies 

(3) Types OFNP, OFCP, OF:"'R, OFCR, OFNG, OFCG, OF:"!, 
and OFC installed in a raceway of a type recognized in 
Chapter 3 

770.114 Grounding. Non-current-carrying conductive 
members of optical fiber cables shall be bonded to a grounded 
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cquipmcm rack or enclosure, or grounded in accordance with 
the grounding methods specified by 770.100(8) using a 
conductor specified in 770.100(A). 

770.133 Installation of Optical Fibers and Electrical Conduc
tors. 

(A) In Cable Trays and Raceways. Conductive optical fiber 
cables contained in an armored or metal-dad-type sheath and 
nonconductivc optical fiber cables shall be pcnnittcd to occupy 
the same cable tray or raceway with conductors for electric 
light, power, Cla.'i."l I ,  non-power-limited fire alarm, Type lTC, or 
medium-power network-powered broadband communications 
circuits operating at 1000 volts or lcs."l. \..onductivc optical fiber 
cables "idtout an armored or metal-dad-type sheath shall not 
be permitted to occupy the same cable tray or raceway with 
conductors for electric light, power, Cla."ls I ,  non-power-limited 
fire alarm, Type lTC, or medium-power network-powered 
broadband communications circuits, unlcs."l all of dtc conduc
tors of electric light, power, Cla.'i."l 1 ,  non-power-limited fire 
alarm, and medium-power network-powered broadband 
communications circuits arc separated from all of dtc optical 
fiber cables by a permanent barrier or listed di\'idcr. 

(B) In Cabinets, Oudet Boxes, and Similar Enclosures. 
1'\onconductivc optical fiber cables shall not be permitted to 
occupy dtc same cabinet, oudct box, panel, or similar enclo
sure housing the electrical terminations of an electric light, 
power, Cla.'i."l 1 ,  non-power-limited fire alarm, or medium-power 
network-powered broadband communications circuit unlcs."l 
one or more of the following conditions exist: 
(1) The nonconductivc optical fiber cables arc functionally 

a."lsociatcd l\ith the electric light, power, Cla."ls I ,  non
power-limited fire alarm, or medium-power network
powered broadband communications circuit. 

(2) The conductors for electric light, power, Cla.'i."l 1, non" 
power-limited fire alarm, Type lTC, or medium-power 
network-powered broadband communications circuits 
operate at 1000 volts or less. 

(3) The nonconductivc optical fiber cables and dte electrical 
tcnninations of electric light, power, Cla.'i."l 1 ,  non-power
limited fire alarm, or medium-power network-powered 
broadband communications circuit arc installed in 
factorv- or field-a.'i."lcmblcd control centers. 

(4) The n'onconductivc optical fiber cables arc installed in an 
industrial establishment whctc conditions of mainte
nance and supervision cn:ourc that only qualified persons 
scr\'icc dtc installation. 

\\'hen optical fibers arc "idtin the same hybrid cable for 
electric light, power, Cla.'i."l 1, non-power-limited fire alarm, or 
medium-power network-powered broadband communications 
circuits operating at 1000 volts or lcs."l, dtcy shall be permitted 
to be installed only where the functions of dtc optical fibers 
and the electrical conductors arc a.'i."lociatcd. 

Optical fibers in hybrid optical fiber cables containing only 
currcnt-cartying conductors for electric light, power, or Cla.'i."l 1 
circuits rated 1000 volts or lcs."l shall be permitted to occupy the 
same cabinet, cable tray, oudct box, panel, raceway, or other 
tcnnination enclosure with conductors for electric light, power, 
or Cla.'i."l 1 circuits operating at 1000 volts or less. 

Optical fibers in hybrid optical fiber cables containing 
currcnt-cartying conductors for electric light, power, or Cla.'i."l 1 
circuits rated over 1000 volts shall be permitted to occupy the 
same cabinet, cable tray, oudct box, panel, raceway, or other 
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tcnnination enclosure with conductors for electric light, power, 
or Cla.'i."l 1 circuits in industrial establishments, where concli
tions of maintenance and supcnision ensure that only quali
fied persons scr\'icc the installation. 

(C) With Other Circuits. Conductive and nonconductivc opti
cal fiber cables shall be permitted in the same raceway, cable 
tray, box, enclosure, or cable routing a."lscmbly, "ith conductors 
of any of dtc following: 
(1) 

(2) 

(3) 

(4) 

(5) 

Cla.'i."l 2 and Cla.'i."l 3 rcmotc-comrol, signaling, and power
limited circuits in compliance with 645.5([) (2) or Parts I 
and II of Article 725 
Power-limited fire alann systems in compliance with 
Parts I and III of Article 7f>O 
Communications circuits in compliance l�ith Parts I and 
V of Article 805 
\..ommunitv amcnna television and radio distribution 
systems in �ompliancc "idt Parts I and V of Article 820 
Low-power nctwork-powcn:d broadband communications 
circuit"l in compliance l\ith Part"l I and V of Article 830 

(D) Support of Optical Fiber Cables. Raceways shall be used 
for their intended purpose. Optical fiber cables shall not be 
strapped, taped, or attached by any means to dtc exterior of 
any conduit or racc\�'ay a."l a means of support. 

Exception: Overhead (aerial) spans of optical fiber cables shall be 
permitted to � auaclled to the exlel·im· of a mcewa_l'-type mast intended 
fm· tile attacltment and suJJpm·t of.mch cables. 

770.154 Applications of Listed Optical Fiber Cables. Permit
ted and nonpermittcd applications of listed optical fiber cables 
:oltall be a."l indicated in Table 770.154(a). The permitted appli
cations shall be subject to dtc installation rcquircmcnt"l of 
770.1 1 0  and 770.1 13. The substitutions for optical fiber cables 
in Table 770.154(b) and illustrated in Figure 770.154 shall be 
permitted. 

Part VI. Listing Requirements 

770.179 Optical Fiber Cables. Optical fiber cables shall be 
listed and identified in accordance "ith 770.1 79(A) through 
(G) and shall be marked in accordance "ith Table 770.179. 
Optical fiber cables shall have a temperature rating of not lcs."l 
than oo•c ( 140.F) . The temperature rating shall be marked on 
the jacket of optical fiber cables that have a temperature rating 
exceeding f>o•c (140.F). 

Informational :'\ote: See t:L 1651-2015, Stamlardfor Dptirol Fiber 
l.ahlP. for information on optiral jihPr cabk.<. 

(A) Types OFNP and OFCP. Types OF:"'P and OFCP noncon
ductivc and conductive optical fiber plenum cables shall be 
suitable for usc in duct"l, plenums, and other space used for 
environmental air and shall also have adequate firc-rcsistam 
and low-smoke-producing characteristics. 

Informational l'ote: See NFPA 262-2019, Standard Method of Te.<l 
for Haml' Travel and Smoke of Wim aud l.abks for Use in Air
Handling Space.<, for one method of defining that a cable ha.• 
adequate fire-resistant and low-..moke-producing characteri•tics 
where the cable exhibiL• a maximmn peak optical density of0.50 
or les.•, an a\·erage optical den.•ity of 0.15 or les.•, and a maxi
mum flame spread distance of 1 .52 m (5 ft) or les.•. 
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Table 770.154(a) AppHcations of Listed Optical Fiber Cables in Buildings 

Usted Optical Fiber 

Cable Type 

OFNP, OFNR, OFNG, OFCG, 
Applications OFCP OFCR OFN, OFC 

In dueL• specifically fabricated In fabricated dueL• Y* :'1 :'1 

for en�ironmental air a• n metal raceway that complies \\ith Y* Y* Y* 
described in 300.22(8) 300.22(8) 

In other spaces u�d for In other spaces used for Y* :'1 :'1 
en�ironmental air en�ironmental air 
(plenums) a• described in 

n metal raceway that complies \\id1 Y* Y* Y* 300.22(C) 
300.22(C) 

In plenum communications raceways Y* :'1 :'1 

In plenum cable routing a•semhlies Y* :'1 :'1 

Supported by open metal cable trays Y* :'1 :'1 

Supported by solid bottom metal Y* Y* Y* 
cable trays \\ith solid metal covers 

In risers In vertical run.• Y* Y* :'1 

In metal raceways Y* Y* Y* 

In fireproof shaft• Y* Y* Y* 

In plenum communications raceways Y* Y* :'1 

In plenum cable routing a•semhlies Y* Y* :'1 

In ri.�r communication.• raceways Y* Y* :'1 

In ri.�r cable routing a'l.�mhlies Y* Y* :'1 

In one-and two-family dwellings Y* Y* Y* 

Within buildings in other General Y* Y* Y* 
than ai1�handling spaces 
and risers Supported by cable trays Y* Y* Y* 

In distributing frames and eros."" 
connect arrays Y* Y* Y* 

In any raceway recognized in Chapter 
3 Y* Y* Y* 

In plenum communication.• raceway Y* Y* Y* 

In plenum cable routing a'l.•emhlies Y* Y* Y* 

In ri.�r communication.• raceways Y* Y* Y* 

In ri.�r cable routing a'l.�mhlies Y* Y* Y* 

In general-purpose communications 
raceways Y* Y* Y* 

In general-purpose cable routing 
a'l.�mhlies Y* Y* Y* 

l'ote: ":'\" md1cates mat the cable type shall not he permllted to he mstalled m me apphcauon. "Y*" md1cates 
mat me cable type shall he pelmitted to he installed in me application su�ject to me limitations described in 
770.1 10 and 770.1 13. 
Informational :'\ote l'o. I: Pan V of Article 770 covers in.•tallation memods "imin buildings. This table covers 
me application.• of listed optical fiber cables in buildings. The definition of Point of Entrauce i• in 770.2. 
Informational :'\ote l'o. 2: For information on me restrictions to me installation of optical fiber cables in dueL• 
specifically fabricated for emironmental air, see 770.1 13(8). 
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Table 770.154(b) Cable Substitutions 

Cable 'IYPe Permitted Substitutions 

OFNP 
OFCP 
OFNR 
OFCR 
OFNG, OF:'\ 
OFCG, OFC 

Plenum 

Riser 

None 
OFNP 
OFNP 
OFNP, OFCP, OF:'\R 
OFNP, OF:-.JR 
OFNP, OFCP, OF:'\R, OFCR, 

OFNG, OF:-.1 

Nonconductive Conductive 

General purpose 

IAJ--+[ID Cable A shall be permitted to be used in place of cable B. 

FIGURE 770.154 Cable Substitution Hierarchy. 

Table 770.179 Cable Markings 

Cable 
Marking 

OFNP 
OFCP 
OFNR 
OFCR 
OFNG 
OFCG 
OFN 
OFC 

:'\onconductive optical fiber plenum cable 
Conductive optical fiber plenum cable 
:'\onconductive optical fiber 1iser cable 
Conductive optical fiber riser cable 
:'\onconductive optical fiber gene.-al-purpose cable 
Conductive optical fiber general-purpose cable 
:'\onconductive optical fiber gene.-al-purpose cable 
Conductive optical fiber general-pmpose cable 

(B) Types OFNR and OFCR. Types OFNR and OFCR noncon
ductivc and conductive optical fiber riser cables shall be suita
ble for usc in a vertical run in a 11haft or from floor to floor and 
shall also have the firc-rcsista.lll characteristics capable of 
preventing the carrying of fire from floor to floor. 

Informational Note: See ,\J">SI/t:L 1666-2017, Standard TI'SI for 
Flame Propa�ration Heigllt of Ekctrirol and Dptiral-Fiber (.able lmtalled 
Vertiral�1· in Sllaji.>, for one method of defining fire-resistant char
acteristics capable of preventing the carl)ing of fire from floor 
to floor. 

(C) Types OFNG and OFCG. Types OFNG and OFCG 
nonconductivc and conductive gcnc.-al-purposc optical fiber 
cables shall be suitable for general-purpose usc, with the excep
tion of risers and plenums, and shall also be rcsistalll to the 
spread of fire 

Informational l'ote l'o. 1: See CSA Vertical Flame Test -
C'.ables in Cable Trd�'S, a.• described in CSA C22.2 No. 0.3-2009 
(R2019), 1e.>t M,t�• for Electrical Win>.• and (.able.•, for one 
method of defining mi>tanl to tile .>fm'ad of fire for the damage 
(char length) not to exceed 1.5 m (4 ft I I  in.) when performing 
the test. 
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Informational Note No. 2: See ,\J">SI/t:L 168::�-2015, Standarrl for 
Safny for v,.tirol-Tray Fi111-Pmpagation and Smoke-/VImse TI'St for fur
triral and Dptiral-Fiber l.ah/I'S, for another method of defining 
mi.>tant to tile .>p1Md of fi" where the cables do not spread fire to 
the top of the trdy in the t:L flame exposure, vertical trdy flame 
test. The smoke measuremems in the test method are not appli
cable. 

(D) Types OFN and OFC. Types OF!'\ and OFC nonconduc
tivc and conductive optical fiber cables shall be suitable for 
general-purpose usc, with the exception of risers, plenums, and 
other spaces used for environmental air, and shall also be resist
am to the spread of fire. 

Informational Note No. 1: See ,\J">SI/t:L 168::�-2015, Standarrl for 
Safny for V,rtirol-Tray Fi111-Pmpagation and Smoke-/VImse TI'St for fur
triral and Dptiral-Fiber Cablt-.f, for one method of defining rt'Si.>lant 
to 1M .>pread of fire where the cables do not spread fire to the top 
of the trdy in the UL flame exposure, vertical trdy flame test. 
The smoke measuremenL• in the test method are not applicable. 

Informational l'ote l'o. 2: See CSA Vertical Flame Test -
C'.ables in Cables Trd�'S, as described in C'-'iA C22.2 l'o. 0.3-2009 
(R2019), 1est MetJwti., for Ekctrical Win>.• and l.ablt-.f, for another 
method of defining mistnnl Iii tile spread of fi" where the damage 
(char length) does not exceed 1.5 m (4 ft I I  in.). 

Informational Note No. 3: C'.able types are listed in descending 
order of fire res�tance rating. Within each fire resi•tance rating, 
nonconductive cable is listed first becalL� it is often substituted 
for conductnoe cable. 

(E) CirCuit Integrity (CI), F�re-Resistive Cable System, or Elec
trical Cin:uit Protective System. Cables that arc used for surviv
ability of critical circuits under fire conditions shall meet either 
770.179(E) (1) ,  (E) (2), or (E) (3). 

(1) Circuit Integrity (CI) Cables. C..ables specified in 
770.179(A) through (D), and ll'icd for sunivability of critical 
circuiL'i, shall be marked "ith the additional cla'isification using 
the suffix �ci." In order to maintain iL'i listed fire rating, Cl 
cable shall onlv be installed in free air in accordance with 
770.24. CI cabl�s shall only be permitted to be installed in a 
raceway where specifically listed and marked a'i part of a fire
resistive cable system a'i covered in 770.179(E) (2). 

Informational Note: See t:L 2196, Standarrl for Fire TI'SI for Circuit 
lntl'grily of Fifli-RI'!ii.>tive Pmon; lnstrwnmtation, l.ontrol and Data 
l.ablt-.f, for one method of defining Cl cable for establishing a 
minimum 2-hour fire resistance rating for the cable a.• specified 
in UL 1651,  Dptirol Fiber ('.able. UL Guide Information for Dptirol 
l.ablt-Fiber (QAYK) contains information to identify the cable and 
iL• insJallation limitation• to maintain the fire-resisth·e rating. 

(2) F�re-Resistive Cables. C..ables specified in 770.179(A) 
through (D) and 770.179 (E) (1)  that arc part of an electrical 
circuit protective system shall be fire-resistive cable and identi
fied with the protective system number on the product or on 
the smallest unit container in which the product is packaged 
and installed in accordance "ith the listing of the protective 
system. 

Informational Note: See t:L 2196, Standarrl for Fire TI'SI for Circuit 
lntl'grily of Fifli-RI'!ii.>tive Pmon; lnstrwnmtation, l.ontrol and Data 
l.ablt-.f, for one method of defining an electrical circuit protec
tive S)'Stem for esJabli•hing a rdting for the system. t:L Guide 
Information for E/Htriral Circuit l11111grity .�)·stem.• WHn) comains 
inf01mation to identify the system and iL• installation limitations 
to maintain a minimum fire-resisth·e rdting. 
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ARTICLE 770 - 0PTICAL FIBER CABLES 770.180 

(F) Field-Assembled Optical Fiber Cables. Field-a"i.o;cmblcd 
optical fiber cable shall comply with the following: 

(1)  

(2) 

(3) 

The specific combination of jacket and optical fibers 
intended to be installed a"l a field-a"i."lcmblcd optical fiber 
cable shall be one of the types in 770.179(A) , (B), or (D) 
and shall be marked in accordance with Table 770.179. 
The jacket of a field-a"i."lcmblcd optical fiber cable shall 
have a surface marking indicating the specific optical 
fibers "idt which it is identified for usc. 
The optical fibers shall have a permanent marking, such 
a"l a marker tape, indicating dtc jacket with which they arc 
identified for usc. 

(4) The jacket "idtout fibers shall meet dtc listing require
ments for communications raceways in 800.182(A), (B), 
or (C) in accordance l\ith the cable marking. 

20'.!3 t:dition :'\.-\:110:-1.-\L t:Lt:GJ"RJCAL COI>t: 

(G) Optional Markings. C..ables shall be permitted to be 
surface marked to indicate special characteristics of the cable 
materials. 

Informational :'\ote: lltese marking.; can include, but are not 
limited to, marking.; for limited-smoke halogen-free, low-smoke 
halogen-free, and sunlight resi•tance. 

770.180 Grounding Devices. \\'here bonding or grounding is 
required, devices u.o;cd to connect a shield, a sheath, or non
current-carrying metallic members of a cable to a bonding 
conductor or grounding electrode conductor shall be listed or 
be part of listed equipment. 
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Chapter S Communications Systems 

ARTICLE 800 
General Requirements for 
Communications Systems 

Part I. General 

800.1 Scope. This article covers general requirements for 
communications systems. These general requirements apply to 
communications circuits, community antenna television and 
radio distribution systems, network-powered broadband 
communications systems, and premises-powered broadband 
communications systems, unlcs."l modified by Articles 805, 820, 
830, or 840. 

Informational l'ote l'o. 1: See 90.2(0)(4) for installations of 
circuiL"l and equipment that are not cm·ered. 

Informational l'ote :'\o. 2: See Part II of Article 725 for informa
tion on the installation of Cla'i."l 2 and Cla'i."l 3 circuiL"l and 
722.135(E) for the substitution of communications cables for 
Cla'i."l 2 and Cla"ls 3 cables. 

Informational l'ote :'\o. 3: See Part II of Article 760 for informa
tion on the installation of pmve1�limited fire ala1m circuiL"l, 
including the substitution of communications cables for powe1� 
limited fire alann cables. 

800.2 Reconditioned Equipment. The requirements of 
110.21 (A) (2) shall apply. 

800.3 Other Articles. Only those sections of Chapters 1 
through 7 referenced in Chapter 8 shall apply to Chapter 8. 
The definitions from Article 100 apply to Chapter 8. Installa
tions of circuit"l and equipment shall comply with 800�3(A) 
through (I) . 

(A) Output Circuits. A"l appropriate for the services provided, 
the output circuit"l derived from a nctwork-pow�rcd broadband 
communications system's network imcrfacc unit (NIU) or from 
a premises-powered broadband cotnmuriications system's 
network terminal shall comply with the rcquircmcnt"l of the 
following: 

(1) Installations of Class 2 and Class 3 circuit-; - Part II of 
Article 725 and Part-; I and D of Article 722 

(2) Installations of power-limited fire alarm circuit"l -
Part III of Article 760 

(3) Installations of optical fiber cables - Part V of Article 770 
( 4) Installations of communications circuit-; - Part IV of Arti

clc 805 

Informational :'\ote: The communications circuiL"l cm·ered by 
Article 805 are commonly referred to a"l POTS (plain old tele
phone ser\'ice) circuiL"l. 

(5) Installations of premises (l�ithin buildings) community 
amcnna television and radio distribution circuit-; -
Part V of Article 820 

(B) Hazardous (Classified) Locations. Circuit-; and cquipmcm 
installed in a location that is clao;sificd in accordance with 500.5 
and 505.5 shall comply "id1 the applicable requirement-; of 
Chapter 5. 
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(C) Wiring in Ducts for Dust, Loose Stock, or Vapor Removal. 
The requirements of 300.22(A) shall apply. 

(D) Equipment in Other Space Used for Environmental Air. 
The requirements of 300.22(C) (3) shall apply. 

(E) Installation and Use. The requirement-; of 1 10.3(8) shall 
apply. 

(F) Optical Fiber Cable. \\'here optical fiber cable is used to 
prm-idc a communications circuit "ithin a building, Article 770 
shall apply. 

(G) Vertical Support for Fu-e-Resistive Cables and Conductors. 
Vertical installations of circuit imcgrity (CI) cables and conduc
tors installed in a raceway or conductors and cables of fire
resistive cable systems shall be installed in accordance with 
300.19. 

(H) Bonding and Grounding of Cable Shields. The require
ment-; of 250.4(A) (5) shall apply to the metal shield-; of cables 
tL"lCd for communications. 

800.21 Access to FJectrical Equipment Behind Panels Designed 
to Allow Access. Access to electrical cquipmclll shall not be 
denied by an accumulation of "ires and cables that prevent-; 
rcmovaJ.of panels, including suspended ceiling panels. 

800.24 Mechanical Execution of Work. 

(A) General. Circuit-; and cquipmcm shall be installed in a 
neat and workmanlike manner. Cables installed exposed on the 
surface of ceilings and sidewalls shall be supported by the 
building structure in such a manner dtal the cable "ill not be 
damaged by normal building tL"lC. Such cables shall be secured 
by hardware, including straps; staples: cable tics listed and iden
tified for securement and support; and hangers, or similar 
fittings, designed and installed so ao; not to damage the cable. 
The installation shall also confonn to 300.4 and 300.11 .  
Plenum cable tics and odtcr nonmetallic cable acccs.o;orics used 
to secure and support cables in other spaces used for em-iron
mental air (plenums) shall be listed ao; having low smoke and 
heal relca"lC properties in accordance "ith 800.1 70. 

Informational Note No. 1: See A:'\SI/BICSI I'l-2019, lmtallation 
Prartia. for Te/l't:mmnuuicatiom and /C l.abling ami Relatni l.abliug 
bifra<tructurr-, ,\J"':SI/TIA-568.1- E-2020, ('.mnmercial Bllildhzr; Trl,.. 
C011llltu1licatiom lnfra<trurturt' Standard; A:'\SI/TL\-569-E-2019, 
1'rlecmnmunication.< Path111ays ami Spari'S; A:'\SI/TL\-570..C-2012, 
Residential Telecommunication.< lnfrastrurturt' Sta11dard; ANSI/ 
TIA-100:>-A-2012, Trl1'Cmmnuuicatio11s lnfra<tructure Standard for 
lndu.<trial P,.,.mi.<I'S; ,\J"':SI/ TL\-1179-A-2017, Heallllcart' Farilily 
1'rlecmnmunication.< lufrastructure Standard; Al'SI/TIA-4966-2014, 
1'rlecmnmunication.< bifra<tructure Sta11dard for Educational Facilitie.<; 
and other A:'\SI-approved installation standards for accepted 
indu."lll)' practices. 

Informational :'\ote l'o. 2: See NFPA 90A-2021, Standard for the 
l11stallation of Air-Conditioning and Ventilating Sptmt<, for discrete 
combt�"ltible componenL"l installed in accordance with 
300.22(C). 

Informational :'\ote :'\o. 3: Paint, pla"lter, cleaners, abra."lives, 
corrosh·e residues, or other contaminanL"l ma\' result in an unde
teJmined alteration of wire and cable properties. 
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(B) Circuit Integrity (CI) Cable. CI cable shall be supported at 
a distance not cxccccling 610 mm (24 in.). \..able shall be 
secured to the noncombustible surface of the building struc
ture. \..able support-; and fasteners shall be steel. 

800.25 Abandoned Cables. The acccs.o;iblc portion of aban
clonccl cables shall be removed. Where cables arc identified for 
future usc "id1 a tag, dtc tag shall be of sufficient durability to 
wimstand the environment involved. 

800.26 Spread of FU"e or Products of Combustion. Installa
tions of cables, communications raceways, cable routing a'i.o;cm
blics in hollow spaces, vertical shaft-;, and ventilation or air
handling clucto; shall be made so that the pos.o;iblc spread of fire 
or producto; of combustion will not be substantially incrcao;cd. 
Openings around penetrations of cables, communications race
ways, and cable routing a"l.o;cmblics duough fire-resistant-rated 
walls, partitions, floors, or ceilings shall be fircstoppcd using 
approved methods to maintain the fire resistance rating. 

Informational l'ote: Directories of elecuical constmction mate
Jials published by qualified testing laboratmies contain many 
listing installation resuictions neces.'lary to maintain dte fire
resi•ti\'e rating of a.'l.<;emblies where penetrations or openings are 
made. Building codes also contain resuictions on membrane 
penetrations on opposite sides of a fire resistance-rated wall 
a.'l.<;embly. An example i• dte 600 mm (24 in.) minimum hmizon
tal separation that u.•ually applies between boxes installed on 
opposite sides of the wall. A."-•istance in complying "ith 800.26 
can be found in building codes, fire resistance directories, and 
product listings. 

800.27 Temperature Limitation of WJreS and Cables. 1'\o wire 
or cable shall be used in such a manner that ito; operating 
temperature cxccccls dtat of ito; rating. 

Part D. WJreS and Cables Outside and Entering Buildings· 

800.44 Overhead (Aerial) WJreS and Cables. Overhead 
(aerial) communications "ires and cables and CATV-type 
coaxial cables entering buildings shall comply \\im 800.44(A) 
through (D). · 

Informational :'\ote: See ANSI C2-20 17, Nalimial 1:/wtrical Safdy 
I .ode, Part 2 Safet)' Ruks for Overhead l.i•lfi. for additional informa
tion regarding overhead (ae1ial) \\ires aitd. cables. 

(A) On Poles, In-Span, Above Roofs, on Masts, or Between 
Buildings. If communications wires and cables or CATV-t}'pc 
coaxial cables and electric light or power conductors arc 
supported by the same pole or arc run parallel to each other 
in-span, the conditions described in 800.44(A) ( I )  through (A) 
(4) shall be met. 

(1) Relative Location. If practicable, dtc communications 
wires and cables and CATV- t}pc coaxial cables shall be located 
below me electric light or power conductors. 

(2) Attachment to Cross-Arms. Communications wires and 
cables and CATV-type coaxial cables shall not be attached to a 
cross-arm dtat carries electric light or power conductors. 

(3) Climbing Space. The climbing space mrough \\ires and 
cables shall comply l\ith the requirement-; of 225.14(B). 

(4) Clearance. Supply sen-icc drops and scto; of overhead serv
ice conductors of 0 volt-; to 750 volts running above and paral
lel to communications \\ires and cables and CATV-type coaxial 
service drops shall have a minimum separation of 300 mm 
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(12 in.) at any point in the span, inducting the poilll of their 
attachmclll to the building, provided that the ungrounded 
conductors arc insulated and mat a clearance of not less than 
1 .0 m (40 in.) is maintained between the two services at me 
pole. 

(B) Above Roofs. Communications "ires and cables and 
CATV-t}'pc coaxial cables shall have a vertical clearance of not 
lcs.o; than 2.5 m (8 ft) from all point-; of roo(o; above which dtcy 
pa"l.o;. 

Exception No. 1: Communications will'S and cables and \..A 11'-tJpe 
coaxial cabks shall not be t"equhed to have a vn·tical clearance of not 
less than 2.5 m (8ft) above auxilimJ buildings, such as gamges and 
the like. 

Exception No. 2: A ll'duction in cleamnce above on{}· the overhanging 
portion of the roof to not les!i than 4 50 mm (I 8 in.) shall be Jmmitted if 
(1) not 1/Wif! than 1.2 m (4 ft) of communications mul \..A11'-tJpe 
service-drop condtu:tm-s Jm.<;s above the wof overhang and ( 2) theJ 0:17! 
te1mi1wted at a through- m: about�-tlte-mof mceway or apt11vved .�uptxnt. 

Exception No. 3: Whnl' fllll roof ltas a slope of not le.u tlwn 100 mm in 
300 mm (4 in. in 12 in.), a 1muction in c!P.amnce to not less than 
900 mm (3ft) slwU be permitted. 

Informational Note: See ANSI/IEEE C2-2017, National Electrical 
Safny ('..ode, Part 2, Safny Rub-l for OvPTivad l.i11es, for additional 
infmmation regarding overhead (ae1ial) \\ire and cables. 

(C). On Masts. Overhead (aerial) communications \\ires and 
cables and CATV-type coaxial cables shall be permitted to be 
attached to an abov�dtc-roof raceway mao;t mat docs not 
enclose or support conductors of electric light or power 
circuit-;. 

(D) Between Buildings. Communications and CATV-t}'pc 
coaxial cables extending between buildings or structures, and 
also the support-; or attachment fixtures, shall be identified and 
shall have sullicicnt strength to l\ithstand me loado; to which 
they might be subjected. 

Exception: If a communications cabk or a CA 1V-tJ1Je coaxial cable 
diN's not lwve !iufficient stJf!ngth to be selfsuptJOiting, it slwU be 
attached to a suppo1ting messenger cable that, togr'tl1e1· with the attach
ment Jixtull'S m· suptmrls, slwll be accq1table for the pwpose mul slwU 
have .<ntfficient stJf!ngth to withstand the lnad.� to which theJ ma_l' be 
!iUbjPcted. 

(E) On Buildings. Where attached to buildings, communica
tions "ires and cables and CATV-t}'pc coaxial cables shall be 
securely fao;tcncd in such a manner that they \\ill be separated 
from odtcr conductors in accordance "im 800.44(E) (1) and 
(E) (2). 

(1) Electric Light or Power. The communications wires and 
cables and CATV-t}'pc coaxial cables shall have a separation of 
al lcao;t 100 mm (4 in.) from electric light, power, Cla"l.o; 1 ,  or 
non-power-limited fire alarm circuit conductors not in raceway 
or cable, or shall be permancndy separated from conductors of 
the omcr system by a continuous and finnly fixed nonconduc
tivc barrier in addition to the insulation on the wires. 

(2) Other Communications Systems. Communications wires 
and cables and CATV-type coaxial cables shall be installed so 
that there "ill be no unncccs.�arv interference in the mainte
nance of the separate systems. In ito cao;c shall me wires, cables, 
mcs.o;cngcr strand, or equipment of one system cause abrao;ion 
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to lhc wires, cables, mcs.o;cngcr strand, or cquipmcm of any 
other system. 

800.47 Underground Systems Entering Buildings. Under
ground communications \\ires and cables, C..AlV-typc coaxial 
cables, and network-powered broadband communications 
cables entering buildings shall comply l\ith 800.47(A) and (8). 
The rcquircmcms of 310.10(C) shall not apply to communica
tions wires and cables and C..AlV-typc coaxial cables. 

(A) Underground Systems with Electric Light, Power, Class I, 
or Non-Power-Limited Fu-e Alarm Circuit Conductors. Under
ground communications \\ires and cables, C..AlV-typc coaxial 
cables, and network-powered broadband communications 
cables in a raceway, pedestal, handholc enclosure, or manhole 
containing electric light, power, Class 1 ,  or non-power-limited 
fire alarm circuit conductors shall be in a section separated 
from such conductors by means of brick, concrete, or tile parti
tions or by means of a suitable barrier. 

(B) Direct-Buried Cables and Raceways. Direct-buried 
communications wires and cables, CA1V-I}pc coaxial cables, 
and network-powered broadband communications cables shall 
be separated at lcao;t 300 mm (12 in.) from conductors of any 
light or power, non-power-limited fire alann circuit conductors, 
or Clao;.o; 1 circuit. 

Exception No. 1: .'Ypamtifm shall not be requit-ed if e!Pcll"ic se111ice 
conductm:� or all tile dhect-buried communications wires and cables, 
\..A 1V-l_l'fle coaxial cabks, mul netwm"k-powered /nvadbmul communi
rations cables all! installed in mcewa_l's m· have metal cable armm: 

Exception No. 2: Sepamtion shall 1wt be requi11'.d under one of the 
following conditions: 

( 1) If tile elect1·ic ligltt 01· powe!· bmnc!t-cirruit OI"Jeedel· cmultu:tors 01· 
\la••s 1 cin:uit cmultu:tm:� 0:11! installed in a rarewa}· or in metal
sheathed, metal-clad, 01· Type CJF 01· T_l1}(' USE cab� 

(2) If all tile ditl!ct-huried communications will'S cabks, \..A TV-1)-pe 
coaxial cables, mul netwo1"k-powe11'n broadband commtmirations 
cables luwe metal cabk armo,. or 0:11! in�talkd in raceway 

800.48 Unlisted Cables Entering Buildings. Unlisted outside 
plam communications cables and unlisted outside plam C..AlV
I}pc coaxial cables shall be pcrmiucd to be installed in build
ing spaces other than risers, ducto; used for emironmcntal air, 
plenums used for environmental air, and odtcr spaces used for 
environmental air if all of dtc follo"ing applies: 

(1) The length of lhc cable v.ithiri the building, mcao;urcd 
from ito; poim of cmrancc, docs not exceed 15 m (50 ft) . 

(2) The cable cmcrs the building from lhc outo;idc. 
(3) The unlisted outo;idc plant communications cable is 

tcnninatcd in an enclosure or on a listed primary protec
tor, or the unlisted outo;idc plam CA1V l}pc coaxial cable 
is terminated at a grounding block. 

The poim of cmrancc shall be pcrmiucd to be extended 
from dtc penetration of dtc external wall, roof, or floor slab by 
continuously enclosing lhc entrance cables in rigid metal 
conduit (R\<IC) or imcrmcdiatc metal conduit (IMC) to lhc 
poim of emergence. 

Informational Note No. I: Splice ca'leS or te1minal boxes, both 
me1allic and pla•tic types, are typically u.�d a• enclosures for 
splicing or terminating communications cables. 

Informational :'\ote No. 2: Thi• section limiL• the length of unlis
ted ouL•ide plant cable to 15 m (50 ft) from the point of 
entrdnce, while 805.90(8) requires that the primary protector 
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be located a• close a• practicable to the point of entrance of the 
cable. Therefore, in inslallations requiring a plimary protector, 
the ouL•ide plant cable may not extend 15 m (50 ft) into the 
building if it is practicable to place the primary protector closer 
to the point of entrdnce. 

800.49 Metal Entrance Conduit Grounding. Metal conduit 
containing cmrancc wire or cable shall be connected by a 
bonding conductor or grounding electrode conductor to a 
grounding electrode or, where prcscm, the building grounding 
electrode system in accordance wilh 800.100(8). 

800.53 Separation from Lightning Conductors. \\'here practi
cable on buildings, a separation of at lcao;t 1.8 m (6 ft) shall be 
maintained between lighming protection conductors and all 
communications \\ires and cables and CA1V-I}pc coaxial 
cables. 

Informational :'\ote No. I: See ,\. '\SI C2-20 17  Natio11al Electrical 
Safety ('.ode, Part 2. Safety Ruks for Ouerlvad l..iul'!i, for additional 
inf01mation regarding overhead (ae1ial) \\ires and cables. 

Informational :'\ote No. 2: See :'IIFPA iS0-2020, Standard for the 
Installation of Ughtning frblertiou Sy.•tem.•, for infonnation on 
calculation of separation di�mnces u.•ing the sidefla•h equation. 

Part Ill. Grounding Methods 

800.100 Cable and Primary Protector Bonding and Grounding. 

(A) Bonding Conductor or Grounding Electrode Conductor. 

(1) lnsulation. The bonding conductor or grounding elec
trode conductor shall be listed and shall be pcrmiucd to be 
insulated, covered, or bare. 

(2) Material. The bonding conductor or grounding electrode 
conductor shall be copper or odtcr corrosion-rcsistalll conduc
tive material, stranded or solid. 

(3) Size. The bonding conductor or grounding electrode 
conductor shall not be smaller than 14 AWG. The bonding 
conductor or grounding electrode conductor shall have a 
currcm-carrying capacity not lcs.o; than the aggregate of lhc 
grounded metal cable sheath member, the metal strength 
mcmbcr(s) , and the protected conductor(s) of the communi
cations cable, or the outer sheath of the coaxial cable, ao; appli
cable. The bonding conductor or grounding electrode 
conductor shall not be required to exceed f> AWG. 

(4) Length. The bonding conductor or grounding electrode 
conductor shall be ao; short as practicable. In one- and two
family dwellings, the bonding conductor or grounding elec
trode conductor shall be ao; short ao; practicable, not to exceed 
f>.O m (20 ft) in length. 

Informational :'\ote: Similar bonding conductor or gmunding 
electrode conductor length limilations applied at apartment 
buildings and commercial buildings help to reduce mllages that 
may be de\·eloped between the building's power and communi
cations systems during lighming e\'enL•. See ,\.'\SI/TL\.flOi
D-2019, t..t!llnlC Trli'W1111RU1Uctltions Bonding and Grounding 
(Earthing) for Custo1111'r Premisl-s, which includes u.�ful informa
tion to reduce such \uhages. 

Exception: Tn one- and two-family dwellings if it is not Jmuticable to 
ac!tiroe an ovemll maximum bonding condtu:t01· or gmunding electmde 
conductor length of 6.0 111 (20 fl), a sepamte gmund md meeting the 
minimum dimensional criteria of 800.100(B)(3)(2) 01· (B)(3)(3) slmll 
be d1iven, the bonding conductor 01· grounding ekctmde conductor shall 
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be connecttd to tile gmund rod in acrordance with HOO.JOO(C), and tht 
gmutul tvd shall be connuttd to tile power gmunding elutmde !1)'-�lml 
in acrordanre with 800.JOO(D). 

(5) Run in Straight Line. The bonding conductor or ground
ing electrode conductor shall be run in as straight a line a-; 
practicable. 

(6) Physical Protection. Bonding conductors and grounding 
electrode conductors shall be protected where exposed to phys
ical damage. If the bonding conductor or grounding electrode 
conductor is installed in a metal raceway, both end-; of the race
way shall be bonded to the contained c;,nductor or to dte same 
te.:.ninal or electrode to which the bonding conductor or 
grounding electrode conductor is connected. 

(B) Electrode. The bonding conductor or grounding elec
trode conductor shall be connected in accordance widl 
800.100(B) (1) ,  (B) (2), or (B) (3). 

(1) In Buildings or Structures with an Intersystem Bonding 
Termination. If the building or structure served ha-; an inter
system bonding termination a-; required by 250.94, the bonding 
conductor shall be connected to dte intersystem bonding 
tennination. 

Informational :'\ote: Informational Note Figure 800.100(8) (1)  
illustrates the connection of the bonding conductor in buildings 
or stmctures equipped \\lth an intersystem bonding tennination 
or a terminal block providing acces.• to the building grounding 
means. 

(2) In Buildings or Structures with Grounding Means. If an 
intersystem bonding termination is established, 250.94(A) shall 
apply. If dle building or structure served ha-; no intersystem 
bonding termination, dle bonding conductor or grounding 
electrode conductor shall be connected to dle nearest acccliSi
ble location on one of dte follo"ing: 

( 1)  The building or structure grounding electrode !!)'Stem a-; 
covered in 250.50 

Power service 
grounding electrode 
conductor 

Service 
equipment 

Communications 
equipment, 
protector, 

or cable shield 

Bonding 
conductor 

Intersystem bonding 
termination or terminal 
block to building 
grounding means 

�Grounding electrode 

Informational Note Fagure 800.100(8)(1) Wustration of a 
Bonding Conductor in a Communications Installation 
Equipped With an Intersystem Bonding Termination or 
Terminal Block Providing Access To the Building Grounding 
Means. 
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(2) The power senice accessible means external to enclo
sures using dte options identified in 250.94(A), Excep
tion 

(3) The non flexible metal power sen ice raceway 
( 4) The sen ice equipment enclosure 
(5) The grounding electrode conductor or dle grounding 

electrode conductor metal enclosure of the power sen ice 
(6) The grounding electrode conductor or dle grounding 

electrode of a building or structure disconnecting means 
that is connected to a grounding electrode a-; covered in 
250.32 

(7) The grounded interior metal water piping system, "ithin 
1 .5 m (5 ft) from it-; point of entrance to the building, a-; 
covered in 250.52 

A bonding cle\ice intended to prmicle a termination point 
for dte bonding conductor (intersystem bonding) shall not 
interfere l\ith dle opening of an equipment enclosure. A bond
ing de\ice shall be mounted on nonremovable part-;. A bond
ing de, ice shall not be mountccl on a door or cover even if dle 
door or cover is nonrenicn>able. 

For purposes of dlis section, dle mobile home senice equip
ment or the mobile home disconnecting means located "ithin 
9.0 m (30 ft) of. me exterior wall of dle mobile home it serves, 
or at a mobile home disconnecting means connected to an 
electrode .by a grounding electrode conductor in accordance 
"idl 250.32 and located "ithin 9.0 m (30 ft) of dle exterior wall 
of dle mobile home it serves, shall be considered to meet dle 
requirement-; of dtis section. 

lnformational l'ote: See lnfonnational :'\ote Figure 800. 100(8) 
(2) for an illu.nration of a grounding elecu-ode conductor and a 
bonding conductor in a communications installation not equip
ped "ith an intersystem bonding te1mination or te1minal block. 

(3) In Buildings or Structures Without an Intersystem Bonding 
Termination or Grounding Means. If the building or structure 
served ha-; no intersystem bonding termination or grounding 
means, aHiescribed in 800.100(B) (2) , the grounding electrode 
conductor shall be connected to one of the follm\ing: 

(1)  To any one of the indhiclual grounding electrodes 
described in 250.52(A) (I ) ,  (A) (2), (A) (3), or (A) (4) 

(2) If dle building or structure served ha-; no intersystem 
bonding termination or grounding means, a-; described 
in 800.100(B) (2) or (B) (3) (1) ,  to any one of the inclhicl
ual grounding electrodes described in 250.52(A) (5), 
(A) (7), and (A) (8) 

(3) For communications circuit-; covered in Anicle 805 or 
network-powered broadband communications system-; 
covered in Article 830, to a ground rod or pipe not les.-; 
than 1.5 m (5 ft) in lengdl and 1 2.7 mm (0.5 in.) in cliam
eter, driven, where practicable, into permanently clamp 
eard1 and separated from lightning protection system 
conductors, a-; covered in 800.53, and at lea-;t 1.8 m (6 ft) 
from electrodes of odter systems 

Steam pipes, hot water pipes, or lightning protection system 
conductors shall not be employed a-; grounding electrodes or 
a-; a bonding or grounding electrode conductor for protectors 
and grounded metal members. 

(C) Electrode Connection. Connections to grounding electro
des shall comply widl 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected between 
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Power service 
grounding electrod 
conductor 

Communications 
Service equipment, 

equipment protector, 
or cable shield 

Grounding --
electrode 
conductor 

Banting 
e- conductor 

-- _...._ 

' / 
Grounding electrodes 

Informational Note F.gure 800.1 OO(B) (2) Wustration of a 
Grounding Electrode Conductor and a Bonding Conductor in a 
Communications Installation Not Equipped with an 
Intersystem Bonding Termination or Terminal Block Providing 
Access to the Building Grounding Means. 

the grounding electrode and power grounding electrode 
system at the building or structure served ir separate electrodes 
arc used. 

Exception: Bonding of electmdes at mobik lunnes slmU be in accordance 
with 800. 106. 

Informational :'\ote No. 1: See 250.60 for connection to a light
ning protection system. 

Informational l'ote :'\o. 2: Bonding togedter of all separate elec
trodes limit• potential differences heuveen dtem and between 
their a'l..ociated "iring systems. 

800.106 Primary Protector Grounding and Bonding at Mobile 
Homes. 

(A) Grounding. Grounding shall comply with 800. 106(A) (1)  
and (A) (2) . 

(1) Mobile Home Service Equipment. Where there is no 
mobile home service equipment located \�idtin 9.0 m (30 rt) or 
the exterior wall or the mobile home it serves, grounding shall 
comply with one or the rollowing: 

. 

(1) The rollowing components (ir present) shall be connec
ted to a grounding electrode in accordance with 
800.100(8) (3): 

a. Primary protector grounding terminal 
b. 1'\ctwork interrace unit 
c. Coaxial cable shield ground 
d. Surge arrester grounding terminal 
c. 1'\ctwork-powcrcd broadband communications cable 

shield 
r. Network-powered broadband communications cable 

metal members not tL�d ror communications or 
powering 

(2) The non-currcnt-car!Jing metal members or optical fiber 
cables shall be connected to a grounding electrode in 
accordance l\ith 770.106(A) (1) .  The network terminal, ir 
required to be grounded, shall be connected to a ground
ing electrode in accordance with 800.106(A) ( l ) (1) .  The 
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grounding electrode shall be bonded in accordance with 
770.106(8). 

(2) Mobile Home Feeder Disconnecting Means. \\'here there 
is no mobile home disconnecting means grounded in accord
ance "ith 250.32 and located l\ithin 9.0 m (30 rt) or the exte
rior wall or the mobile home it serves, grounding shall comply 
with one or dtc rollo"ing: 

(1)  The rollowing components (ir present) shall be connec
ted to a grounding electrode in accordance with 
800.100(8) (3): 

a. Primary protector grounding terminal 
b. Network interrace unit 
c. Network-powered broadband communications shield 
d. Network-powered broadband communications cable 

metal members not tL�d ror communications or 
powering 

(2) The non-currcnt-car!Jing metal members or optical fiber 
cables shall be connected to a grounding electrode in 
accordance l\ith 770.106(A) (2). The network terminal, ir 
required to be grounded; shall be connected to a ground
ing electrode in. accordance l\ith 800.106(A) (2). The 
grounding electrode shall be bonded in accordance with 
770.106(8). 

(B) Bonding. J'he primal)' protector grounding terminal or 
grounding cl(:(:trode, network-powered broadband communi
cations _cable grounding terminal, or network interrace unit 
grounding tcnninal shall be bonded together and connected 
to dte metal rrame or available grounding terminal or the 
mobile home "ith a copper conductor not smaller than 
12 AWG under either or the rollowing conditions: 

( 1 )  Ir there is no mobile home service equipment or discon
necting means as in 800.106(A) 

(2) Ir the mobile home is supplied by cord and plug 

Part IV. Installation Methods Within Buildings 

800.110 Raceways, Cable Routing Assemblies, and Cable 
Trays. 

(A) Types of Raceways. Wires and cables shall be permitted to 
be installed in raceways that comply l\ith 800.1 10(A) ( l  ),  
800.1 IO(A) (2), or 800.1 10(A) (3). Medium-power network
powered broadband communications cables shall not be instal
led in raceways that comply with 800.1 10(A) (2) . 

(1) Raceways Recognized in Chapter 3. Wires and cables shall 
be permitted to be installed in any raceway included in Chap
ter 3. The raceways shall be installed in accordance with Chap
ter 3. 

(2) Communications Raceways. Wires and cables shall be 
permitted to be installed in plenum communications raceways, 
riser communications raceways, and general-purpose commu
nications raceways selected in accordance l\ith Table 
800.154(b), listed in accordance "ith 800.182, and installed in 
accordance l\ith 800.1 1 3  and 362.24 through 362.56, where the 
requirement" applicable to electrical nonmetallic tubing 
(ENT) apply. 

(3) lnnerduct for Communications Wu-es and Cables, Coaxial 
Cables, or Network-Powered Broadband Communications 
Cables. Listed plenum communications raceways, listed riser 
communications raceways, and listed general-purpose commu-
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nications raceways selected in accordance with Table 
800.154(b) shall be permitted to be installed as inncrduct in 
any type of listed raceway permitted in Chapter 3. 

(B) Raceway Fill. The raceway fill requirements of Chapters 3 
and 9 shall apply to medium-power network-powered broad
band communications cables. 

(C) Cable Routing Assemblies. \..ables shall be permitted to be 
installed in plenum cable routing assemblies, riser cable rout
ing as.o;cmblies, and general-purpose cable routing assemblies 
selected in accordance with Table 800.154(c), listed in accord
ance with 800.182, and installed in accordance with 800.1 IO(C) 
(1)  and (C) (2) and 800.113. 

(1) Horizontal Support. \..able routing a."l.o;cmblies shall be 
supported where run horizontally at intervals not to exceed 
900 mm (3 ft) and at each end or joint, unlcs.o; listed for other 
support intervals. In no ca.o;c shall the distance between 
support-. exceed 3 m  (10 ft). 

(2) Vertical Support. Vertical runs of cable routing a."l.o;cmblies 
shall be supported at intervals not exceeding 1 .2 m (4 ft),  
unless listed for other support intervals, and shall not have 
more than one joim between support-;. 

(D) Cable Trays. Wires and cables and communications race
ways shall be permitted to be installed in metal or listed 
nonmetallic cable tray systems. !..adder cable trays shall be 
permitted to support cable routing a.o;scmblics. 

800.113 Installation of Cables Used for Communications 
Circuits, Communications Wares, Cable Routing Assemblies, 
and Communications Raceways. Installation of wires, cables, 
cable routing a."l.o;cmblics, and communications raceways shall 
comply with 800.1 13(A) through (L) . Installation of cable rout
ing a.o;scmblics and communications raceways shall comply al..o 
with 800.1 10. Types of cables used by this section arc identified 
in Table 800.1 13. 

(A) Listing. \..ables u.o;cd for communications circuit<�, commu
nications wires, cable routing a."l.o;cmblics, and communications 
raceways installed in buildings shall be listed and installed in 
accordance widt the limitations of dtc listing. 

Exception: Cabks instaUed in rompliance with 800.48 shall not be 
ntquiml to be Listtd. 

· 

(B) Ducts Specifically Fabricated for Environmental Air. Instal
lations of cables u.o;cd for communications circuit<;, communica
tions wires, cable routing a.o;scmblics, and communications 
raceways in duct-; specifically fabricated for environmental air 
shall be in accordance widt 800.1 13(8) (1)  and (8) (2). 

(I) Uses Permitted. The following cables shall be permitted in 
duct-. specifically fabricated for cmironmcntal air a.o; described 
in 300.22(8) if they arc directly a.o;sociatcd with the air distribu
tion system: 

Table 800.113 Cables Used for Communications Circuits 

Plenum cables 
Riser cables 
General-purpose cables 

Limited-use cables 
L' ndercarpet 
L' ndergronnd 

Listed Cable Types 

CMP, C.-\1\!P, BLP, OFKP, OFCP 
CMR, CAlYR, B�·IR, BLR, O�R. OFCR 
CMG, C�·l, CAl\!, 8:\f, BL, OF:IIG, 0�. 

OFCG, OFC 
CMX, CAlYX, BLX 
CML'C 
B�W. BLL' 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL com: 

(1)  Plenum cables up to 1 .22 m (4 ft) in length 
(2) Plenum, rise, general-purpose, and limited-usc cables 

installed in raceways that arc installed in compliance with 
300.22(8) 

(2) Uses Not Permitted. The following cables, \\ires, cable 
routing a."l.o;cmblics, and communications raceways shall not be 
permitted in duct-; specifically fubricatcd for environmental air 
a.-. described in 300.22(8): 

(1)  Plenum, riser, and general-purpose communications race
ways 

(2) Pl�num, riser, and general-purpose cable routing a.o;scm-
blics 

(3) Riser, general-purpose, and limitcd-u.o;c cables 
(4) Type CMUC cables and wires 
(5) Types 8ML" and BLl: cables 
(6) Communications wires 
(7) Hybrid power and communications cables 

Informational r\ote: See :'\FPA OOA-2021 ,  Standard for the ll�<lalla
tion of Air-Cmulitioning aiul Vmztilating Sptmt<, for information on 
fire protection of "iring ilmalled in fabricated dueL•. 

(C) Other Spaces Used for Environmental Air (Plenums). 
Installations of cables used for communications circuit-., 
communications v.<ircs, cable routing a."l.o;cmblies, and commu
nications raceways in other spaces used for cmironmcntal air 
(plenums) shall be in accordance l\ith 800.1 13(C) ( 1 )  and (C) 
(2). 

(I) Uses Permitted. The following cables, \\ires, cable routing 
a.o;scmblics, and communications raceways shall be permitted in 
other spaces u.o;cd for cmironmcntal air a.-. described in 
300.22(C): 

(1) Plenum cables 
(2) Plenum communications raceways 
(3) Plenum cable routing a.o;scmblics 
(4) Plenum cables installed in plenum communications race

ways 
(5) Pl�num cables installed in plenum cable routing a.o;scm

blics 
(6) Plenum cables and plenum communications raceways 

supported by open metal cable tray systems 
(7) Plenum, riser, general-purpose, and limitcd-u.o;c cables, 

and communications \\ires installed in raceways that arc 
installed in compliance "ith 300.22(C) 

· 

(8) Plenum, rise, general-purpose, limited-usc cables and 
plenum, riser, and general-purpose communications race
ways supported by solid bottom metal cable trays with 
solid metal covers in other spaces u.o;cd for environmental 
air (plenums) a.o; described in 300.22(C) 

(9) Plenum, riser, general-purpose, and limited-usc cables 
installed in plenum, riser, and general-purpose communi
cations raceways supported by solid bottom metal cable 
trays v.<ith solid metal covers in other spaces used for em i
ron mental air (plenums) a.-. described in 300.22(C) 

(2) Uses Not Permitted. The follo"ing cables, \\ires, cable 
routing a."l.o;cmblics, and communications raceways shall not be 
permitted in other spaces used for cmironmcntal air a.o; descri
bed in 300.22(C): 

(1)  Riser, general-purpose, and limitcd-u.o;c cables 
(2) Riser and general-purpose communications raceways 
(3) Riser and general-purpose cable routing a."l.o;cmblics 
(4) Type CMUC cables and v.<ircs 
(5) Types 8MR, BM, 8MU, and BLl: cables 
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(6) C-ommunications "ires 
(7) Hybrid power and communications cables 

Informational l'ote: See :'\FPA 90A-2021 ,  Standard for the ln.ttalla
tion of Air-Cmulitioning ami Vmtilalhllf Splelltt, for information on 
fire protection of "iring installed in other spaces used for emi
ronmental air. 

(D) Risers - Cables, Cable Routing Assemb6es, and Commu
nications Raceways in Vertical Runs. Installations of cables 
used for communications circuits, communications wires, cable 
routing assemblies, and communications raceways in risers 
shall be in accordance "id1 800.1 13(0) (1) and (0) (2). 

(I) Uses Permitted. The following cables, cable routing a."l.o;em
blies, and communications raceways shall be permitted in verti
cal runs penetrating one or more floors and in vertical runs in 
a shaft: 

(1)  Plenum and riser cables 
(2) Plenum and riser communications raceways 
(3) Plenum and riser cable routing a."l.o;emblies 
(4) Plenum and riser cables installed in dte following: 

a. Plenum communications raceways 
b. Riser communications raceways 
c. Plenum cable routing a.o;scmblies 
d. Riser cable routing a.o;semblies 

(2) Uses Not Permiued. The following cables, \\ires, cable 
routing a."l.o;emblies, and communications raceways shall not be 
permitted in risers: 

(1) C.cneral-purpose and limited-use cables 
(2) C.cneral-purpose communications raceways 
(3) C.cneral-purpose cable routing a."l.o;emblies 
(4) Type CMUC cables and wires 
(5) Types BMR, BM, BMU, and BU: cables 
(6) C-ommunications wires 
(7) Hybrid power and communications cables 

Informational Note: See 800.26 for firestnp requiremenrs for 
floor penetration.•. 

(E) Risers - Cables and Innerducts in Metal Raceways. Instal
lations of cables used for communications circuit."'; communica
tions wires, cable routing a.o;scmblies, and communications 
raceways in metal raceways in a riser having firestops at each 
floor shall be in accordance l\ith 800.113(E) (I)  and (E) (2). 

(I) Uses Permiued. The follm\ing cables and innerclucto; shall 
be permitted in metal raceways in a riser having firestops at 
each floor: 

(1) Plenum, riser, general-purpose, and limited-use cables 
(2) Plenum, riser, and general-purpose communications race

ways (innerduct) 
(3) Pl�num, riser, general-purpose, and limited-usc cables 

installed in dle following: 

a. Plenum communications raceways (innerduct) 
b. Riser communications raceways (innerduct) 
c. C.cneral-purpose communications raceways (inner-

duct) 

(2) Uses Not Permiued. The follo"ing cables, \\ires, cable 
routing a."l.o;emblies, and communications raceways shall not be 
permitted in metal raceways in a riser having fircstops at each 
floor: 

(1)  Plenum, riser, and general-purpose cable routing a.'i.o;cm
blies 
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(2) Type CMUC cables and wires 
(3) Types BMR, BM, BMU, and BU: cables 
(4) Communications "ires 
(5) Hybrid power and communications cables 

Informational Note: See 800.26 for firestnp requirement• for 
floor penetration.•. 

(F) Risers - Cables, Cable Routing Assemb6es, and Commu
nications Raceways in F"�reproof Shafts. Installations of cables 
tto;cd for communications circuit-;, communications wires, cable 
routing a."l.o;emblies, and communications raceways in fireproof 
riser shafts haling firestops at each floor shall be in accordance 
"id1 800.1 13(F) (I)  and (F) (2) . 

(I) Uses Permitted. The following cables, cable routing a."l.o;em
blies, and communications raceways shall be permitted to be 
installed in fireproof riser shaft.-. having firestops at each floor: 

(1) Plenum, riser, general-purpose, and limited-use cables 
(2) Plenum, riser, and general-purpose communications race

ways 
(3) Pl�num, riser, and general-purpose cable routing a.'i.o;cm

blies 
(4) Plenum, riser, genc;:ral-purposc, and limited-usc cables 

installed in me following: 

a. Plenum communications raceways 
b. Riser communications raceways 
c. C.cneral-purposc communications raceways 
ct. - Plenum cable routing a.o;scmblies 
c. · Riser cable routing a.'i.o;cmblies 
f. C.cneral-purpose cable routing a."l.o;emblies 

(2) Uses Not Permiued. The follo"ing cables, \\ires, cable 
routing a.<;.o;emblies, and communications raceways shall not be 
permitted in metal raceways in fireproof riser shaft-; haling fire
stops at each floor: 

(1) Type CMUC cables and wires 
(2) Type BMU and BLU cables 
(3) Communications "ires 
(4) Hybrid power and communications cables 

Informational Note: See 800.26 for firestnp requirement• for 
floor penetration.•. 

(G) Risers - One- and Two-Famlly Dwellings. Installations of 
cables used for communications circuit-;, communications 
"ires, cable routing a.'i.o;cmblies, and communications raceways 
in risers in one- and two-family dwellings shafts shall be in 
accordance "id1 800.113(G) (I)  and (G)(2). 

(I) Uses Permitted. The following cables, cable routing a."l.o;em
blies, and communications raceways shall be permitted in one
and two-family dwellings: 

(1) Plenum, riser, and general-purpose cables 
(2) Limited-usc cables les.o; dtan 6 mm (0.25 in.) in diameter 
(3) Plenum, riser, and general-purpose communications race-

ways 
(4) Pl�num, riser, and general-purpose cable routing a.'i.o;cm

blies 
(5) Plenum, riser, and general-purpose cables installed in dle 

following: 

a. Plenum communications raceways 
b. Riser communications raceways 
c. C.cneral-purpose communications raceways 
ct. Plenum cable routing a.o;scmblies 
c. Riser cable routing a.'i.o;cmblies 
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f. C.cncral-purposc cable routing as.o;cmblies 

(2) Uses Not Permitted. The following cables and wires shall 
not be pcrmiucd in risers in one- and two-family dwellings: 
(1) Type CMUC cables and wires 
(2) Type BMU and 8LU cables 
(3) Communications wires 
(4) Hybrid power and communications cables 

(H) Cable Trays. Installations of cables used for communica
tions circuits, communications "ires, cable routing ao;scmblics, 
and communications raceways supported by cable trays shall be 
in accordance with 800.1 13(H) (1) and (H) (2). 

(1) Uses Permitted. The following \\ires, cables, and commu
nications raceways shall be permitted to be supported by cable 
trays: 
(1) Plenum, riser, and general-purpose cables 
(2) Plenum, riser, and general-purpose communications race

ways 
(3) c..o'mmunications wires, plenum, riser, and general

purpose cables installed in the follm\ing: 
a. Plenum communications raceways 
b. Riser communications raccwavs 
c. C.cncral-purposc communications raceways 

(2) Uses Not Permitted. The following cables and wires shall 
not be supported by cable trays: 
(1) Limited-usc cables 
(2) Type CMUC cables and wires 
(3) Type BMU and 8LU cables 
(4) C..ommunications wires 
(5) Hybrid power and communications cables 

(I) Distributing Frames and Cross-Connect Arrays. Installa
tions of cables used for communications circuits, communica
tions wires, cable routing ao;scmblics, and communications 
raceways in distributing frames and cros.<;-eonncct arrays shall 
be in accordance l\ith 800.1 13(I) ( 1 )  and (I) (2). 

(1) Uses Permitted. The follo"ing \\ires, cables, cable routing 
ao;scmblics, and communications raceways shall be pcrmiucd to 
be installed in distributing frames and·cros.'i-Conncct arrays: 
(1) Plenum, riser, and general-purpose cables and communi

cations wires 
(2) Plenum, riser, and gcncral�purposc communications race

ways 
(3) Pl�num, riser, and general-purpose cable routing ao;scm

blics 
(4) Communications wires, plenum, riser, and general

purpose cables installed in the follm\ing: 
a. Plenum communications raceways 
b. Riser communications raccwavs 
c. C.cncral-purposc communications raceways 
d. Plenum cable routing ao;scmblics 
c. Riser cable routing ao;.o;cmblies 
f. C.cncral-purposc cable routing ao;.o;cmblies 

(2) Uses Not Permitted. The following cables and wires shall 
not be installed in distributing frames and cros.<;-eonncct arrays: 
(1) Types 8MR, BM, 8MU, and BU.: cables 
(2) Limited-usc cables 
(3) Type CMUC cables and wires 
(4) Hybrid power and communications cables 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

(J) Other Building Locations. Installations of cables used for 
communications circuits, cable communications "ires, routing 
ao;scmblics, and communications raceways in building locations 
other than those covered in 800.1 13(B) through (I) shall be in 
accordance "idt 800.1 13ij) ( 1) and (J) (2). 
(1) Uses Permitted. The follo"ing \\ires, cables, cable routing 
ao;scmblics, and communications raceways shall be pcrmiucd to 
be installed in building locations other than the locations 
covered in 800.1 13(8) through (I): 
(1) Plenum, riser, and general-purpose cables 
(2) Limited-usc cables with a maximum of 3 m (10 ft) of 

exposed length in nonconccalcd spaces 
(3) Plenum, riser, and general-purpose communications race

ways 
(4) Pl�num, riser, and general-purpose cable routing ao;scm

blics 
(5) C..ommunications wires, plenum, riser, and general

purpose cables installed in the follm\ing: 
a. Plenum commQ.nications raceways 
b. Riser communications raccwavs 
c. C.cncral-puT]"JO!ic communications raceways 

(6) Plenum, riser, and general-purpose cables installed in the 
follo"i11g: 
a. Plenum cable routing ao;scmblics 
b. Riser cable routing ao;.o;cmblies 
c. C.cncral-purposc cable routing ao;.o;cmblies 

(7) ·. C..ommunications wires and plenum, riser, general
purpose, and limited-usc cables installed in raceways 
recognized in Chapter 3 

(8) Type CMUC undcrcarpcl communications wires and 
cables installed under carpel, modular flooring, and 
planks 

(2) Uses Not Permitted. The following cables, \\ires, cable 
routing ao;.o;cmblics, and communications raceways shall not be 
installed in building locations other than the locations covered 
in 800.1 13(B) through (I): 
(1) Types 8ML" and BU.: cables 
(2) C..ommunications wires 
(3) Hybrid power and communications cables 

(K) Multifamily Dwellings. Installations of cables used for 
communications circuits, communications \\ires, cable routing 
ao;scmblics, and communications raccwavs in multifamilv dwell
ings shall be in accordance l\ith 800.1 13CK) (1) and (K) {2) .  

(1) Uses Permitted. The following cables, cable routing ao;.o;cm
blics, and communications raceways shall be permitted to be 
installed in multifamily dwellings in locations other than the 
locations covered in 800.1 13(8) through (G): 
(1 )  
(2) 

(3) 

Plenum, riser, and general-purpose cables 
Limited-usc cables lcs.o; than 6 mm (0.25 in.) in diameter 
in nonconccalcd spaces 
Plenum, riser, and general-purpose communications race-
ways 

(4) Pl�num, riser, and general-purpose cable routing ao;scm
blics 

(5) C..ommunications \\ires and plenum, riser, and general
purpose cables installed in the follm\ing: 
a. Plenum communications raceways 
b. Riser communications raccwavs 
c. C.cncral-purposc communications raceways 
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(6) Plenum, riser, and general-purpose cables installed in the 
following: 

a. Plenum cable routing assemblies 
b. Riser cable routing a'lsemblies 
c. \..cneral-purpose cable routing a'l.'lemblies 

(7) Communications wires and plenum, riser, general
purpose, and limited-use cables installed in raceways 
recognized in Chapter 3 

(8) Type c�n;c under-carpet communications wires and 
cables installed under carpet, modular flooring, and 
planks 

(2) Uses Not Permitted. The following cables, cable routing 
a'lscmblies, and communications raceways shall not be installed 
in multifamily dwellings in locations other than the locations 
covered in 800.1 13(8) through (G): 

(1)  Types 8ML" and BU.: cables 
(2) Communications wires 
(3) Hybrid power and communications cables 

(L) One- and Two-Family Dwellings. Installations of cables 
used for communications circuits, communications wires, cable 
routing a'l.'lemblies, and communications raceways in on� and 
two-family dwellings in locations other than those covered in 
800.1 13(8) through (F) shall be in accordance widt 800.1 13(L) 
(1)  and (L) (2). 

(I) Uses Permitted. The follo"ing wires, cables, cable routing 
a'lscmblies, and communications raceways shall be permitted to 
be installed in on� and two-family dwellings in locations other 
than dte locations covered in 800.1 13(B) through (F): 

(1)  
(2) 
(3) 

Plenum, riser, and general-purpose cables 
Limited-usc cables les.'l dtan 6 mm (0.25 in.) in diameter 
Plenum, riser, and general-purpose communications rae� 
ways 

(4) Pl�num, riser, and general-purpose cable routing a'ISem
blies 

(5) C-ommunications wires, plenum, riser, and general
purpose cables installed in the following: 

a. Plenum communications raceways 
b. Riser communications raceways 
c. \..cneral-purpose communications raceways 

(6) Plenum, riser, and general-purpose cables installed in the 
following: 

a. Plenum cable routing a'lsemblies 
b. Riser cable routing a'l.�mhlies 
c. \..cneral-purpose cable routing a'l.'lemblies 

(7) Communications wires and plenum, riser, general
purpose, and limited-u.� cables installed in raceways 
recognized in Chapter 3 

(8) Type c�n;c under-carpet communications wires and 
cables installed under carpet, modular flooring, and 
planks 

(9) Hybrid power and communications cable listed in accord-
ance l\ith 800.179 

(2) Uses Not Permitted. The following cables, \\ires, cable 
routing a'l.'lemblies, and communications raceways shall not be 
installed in on� and two-family dwellings in locations other 
than dtose covered in 800.1 13(B) through (F): 

(1)  Types 8ML" and BU.: cables 
(2) Communications wires 
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800.133 lostallation of Communications WJreS and Cables and 
CA1V-Type Coaxial Cables. Installation of communications 
"ires and cables, from the protector to the equipment, or 
where no protector is required, communications wires and 
cables attached to the outside or inside of the building, shall 
comply with 800.133(A) and 800.133(B). Installation of CATV
type coaxial cables, beyond the point of grounding a'l defined 
in 820.93, shall comply l\ith 800.133(A) through (C). 

(A) In Raceways, Cable Trays, Boxes, Cables, Enclosures, and 
Cable Routing Assemblies. 

(I) Other Circuits. Communications cables and CATV-type 
coaxial cables shall be permitted in the same raceway, cable 
tray, box, enclosure, or cable routing a'l.'lembly togedter and 
"ith jacketed cables of any of the following: 

(1) Cla'l.'l 2 and Cla'l.'l 3 remote-control, signaling, and power
limited circuits in compliance with 645.5(E) (2) or Parts I 
and II of Article 725 

(2) Power-limited fire alarm systems in compliance with Parts 
I and III of Article 760 

.· 
(3) 1'\onconductive and. oonductive optical fiber cables in 

compliance with Parts I and V of Article 770 
(4) \.ommunicatioo!l circuit.'l in compliance l\ith Part.'l I and 

IV of Articles 800 and 805 
(5) C-ommunity antenna television and radio distribution 

systems in compliance l\ith Part.'l I and V of Articles 800 
and 820 

(6) Low-power network-powered broadband communications 
drcuit.'l in compliance with Part.'l I and V of Articles 800 
and 830 

(2) Class 2 and Class 3 Circuits. Cla'l.'l 1 circuit.'l shall not be 
run in dte same cable with communications circuit.'l. Cla'l.'l 2 
and Cla'ls 3 circuit conductors shall be permitted in the same 
listed communications cable l\ith communications circuit.'l. 

(3) Electric Light, Power, Class I, Non-Power-Limited Fll'e 
Alarm, and Medium-Power Network-Powered Broadband 
Communications Circuits in Raceways, Compartments, and 
Boxes. Communications wires and cables and CATV-type 
coaxial cables shall not be placed in any raceway, compartment, 
oudet box, junction box, or similar fitting "ith conductors of 
electric light, power, Cla'l.'l 1 ,  non-power-limited fire alarm, or 
medium-power network-powered broadband communications 
circuit.'l. 

Exception No. 1: Communications will'S and rabies and \..A 11'-type 
roaxial cables shall be permitted to be placed in any mreway, comJJmt
ment, outkt box, junction box, or other enclosull'S with conductors of 
electric light, Jmwn; Cuus 1, non-JJOWel�limill'.d jill! alarm, m· 1111'4imn
power netwo1*·pmvm'4 broadband communicatifms cirruiL� whelP all of 
the conductm-s of e!Pcll"ir light, /JOWel; Cla.�s 1, non·pmvn�limited jill! 
alarm, and medium-JJOWer netwo1*·POU!el1'4 bmadband rommunira
timls circuits are sqJamll'.d ftvm aU of the communications wiiPS and 
cables and \..A 11'-t_vpe coaxial cables by a pem�anent barrier m· li.�ted 
divide1: 

Exception No. 2: Communications will'S and rabies and \..A 11'-type 
roaxial cables shall be permitted to be placed in outkt boxes, junction 
boxes, m· simihlrjittings m· compm·tments with Jlower ronductm-s whe11! 
.mrh ronductm-s a/7! introduced sok{l· for po'Uiel· .mJIP{l· to the communi
rations and coaxial rabk ·'?·stem distribution equiJnllrot. The power 
circuit ronductm-s shall be muted within the enclosure to maintain a 
minimum 6 mm (� in.) sepamtion from the communications witPS 
and cables and the CA 11'- t)jJe coaxial cabks. 
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Exception No. 3: .'Vpamtion of circuits shall not be Tequhed in elevatm· 
traveling cabks constmcttd in acconlance with by 620.36. 

(B) Other Applications. \..ommunications \\ires and cables and 
CA1V-typc coaxial cables shall be separated at Jcao;t 50 mm (2 
in.) from conductors of any electric light, power, Clao;s 1, non
power-limited fire alarm, or medium-power network-powered 
broadband communications circuits. 

Exception No. 1: Sepamtion shall not be Tequit-ed where either ( 1) all of 
tht conductm-s of e!Pcll"ic ligllt, Jlowel; Cla.�s 1, non·pmvn"-limited ji1-e 
ahlnn, and medium-fJOWel· nttwm-k·poWt!11'4 bmadband rommunica
timls cin:uits are in a mct!IIJa:y m· in metal-sheathtd, metal-chld, 
nmunetallic-shtathtd, T_\jll' AC m· 1)'pe UF cabks, m· (2) all of the 
rommunirations will'S and cabks and all of tile \..A 1V-t_l'pe coaxial 
cables are enca.�td in mct!IIJa_l'. 

Exception No. 2: .'Vpamtifm shall not be 1'1'qui1'1'd whe1-e tht communi
rations wit"t!S and cabks and \..A 1V-type coaxial cables m-e permantntly 
sepamttd from tile ronductm:� of tkct1ic light, pmvn; C/a.'i.� 1, mm
powel"-limittd fire ahlrm, and 1111'4imn-power network.powe1-ed broad
band communications circuits by a amtinumts and firmly fixed 
nmuonductm; .rucll a.� porremin tubes m"jlexible tubing, in addition to 
tht imuhltion on tile wit-e. 

(C) Support of Communications Wu-es and Cables and CATV
'I)>pe Coaxial Cables. Raceways shall be used for their inten
ded purpose. Communications "ires and cables and CATV-l}'pc 
coaxial cables shall not be strapped, taped, or attached by any 
means to the exterior of any raceway ao; a means of support. 

Exception: Ovnmad (aerial) spans of rommunications dmp wit"t!S, 
rommunirations cables, and \..A 1V-t_l'pe coaxial cables shall be Jmmit
ttd to be attachtd to tile extn·ior of a racewa:y-t)jlt! ma.�t intmdtd fm· the 
attachment and .ruJJport of.rucll wit"t!!i and cables. 

800.154 Applications of Listed Communications Wu-es, Cables, 
and Raceways, and Listed Cable Routing Assemblies. Permit
ted and nonpermiued applications of listed communications 
"ires, cables, coaxial cables, network-powered broadband 
communications system cables and raceways, and listed cable 
routing a'i.o;cmblics, shall be in accordance \ltith one of the 
follo"ing: 

(1) 

(2) 

(3) 

Listed communications "ires and cables ao; indicated in 
Table 800.154(a) 
Listed communications racewavs ao; indicated in Table 
800.154(b) 

. 

Listed cable routing a$semblics ao; indicated in Table 
800.154(c) 

The permiucd applications shall be subject to the installa
tion requirements of 800.1 10 and 800.1 1 3. 

Part V. Listing Requirements 

800.170 Plenum Cable Ties. \..able tics intended for usc in 
other space used for cmironmcntal air (plenums) shall be 
listed ao; having low smoke and heal relcao;c properties. 

Informational ll:ote: See :'\FPA 90A-20 18, Standard for the TllStalla
tion of Air-l.tmditioning ami Vmtilati•��r Spt1'11L,, and ANSI/ 
l"L 2043-2013, Standard for Safety Firl' Test for Heat and Visibl£ 
Smokl' &lnJ.., for Di.'il:rete Product.• and Tlll'ir Accessorks lnstalkd in 
Air-Handling Spac,.,., for information on listing discrete producL• 
as ha,ing low smoke and heat relea.o;e properties. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RICAL COI>t: 

800.171 Communications EquipmenL Communications cquip
mclll shall be listed ao; being suitable for electrical connection 
to a communications network. 

Informational Note No. 1: See A.'\SI/UL 60950-1-2014, Standard 
for Saf1'1)' of Information 1ech1wlng)· Equipment, ANSI/ 
l"L 1863-2012, Standard for SafotJ C.mnmunication.• CiJruit .4rres.,,.. 
ril'.<, or A.'\SI/l"L 62368-1-2014 or Al'I:SI/UL 62368-1-2018, 
Audio/Video, Information and C.mnmuniration 1ech1Wing)' Equipment 
-Part I: ·'iaf"ty /ll!qui rement.•. 

Informational ll:ote ll:o. 2: See A.'\SI/ATIS 0600337-2016, 
Requirements for Maximum Voltage, Current, and Pmow l.I'IJI'I.• Usl'd in 
Omununications CircuiL•, for additional infmmation reg-drding 
n>ltages, cunenL•, and power allowed on communications 
circuiL•. 

800.179 Wu-es and Cables. Communications wires and cables, 
community antenna telc\ision cables, and network-powered 
broadband communications cables shall be listed in accord
ance "idt 800.1 79(A) through (L) and shall have a tempera
ture rating of not less than 6o•c (140"F). The temperature 
rating shall be marked on the jacket of cables that have a 
temperature rating cicccding f>O"C (140"F) . \..onductors in 
communications cables, other than in a coaxial cable, shall be 
copper. \..ables sha11 be pcrmiucd to contain optical fibers. 
Cables containing optical fibers shall be marked with the sullix 
"-OF." 

\..ommunications wires and cables and network-powered 
communications cables shall have a voltage rating of not lcs.o; 
than 300 volt-;; the insulation for the indi\idual conductors, 
other than dtc outer conductor of a coaxial cable, shall be 
rated for 300 volt-; minimum. The cable voltage rating shall not 
be marked on the cable or on the under-carpel communica
tions wire. 

Exception: Voltagt ma�-kings shall be JlermitiP.d wlml' the cable lla.� 
multipk listings and voltagt ma�-king is 11'-Jflli17'4 fm· one or JnOil' of the 
listings. 

Informational :'\ote ll:o. I :  Voltage markings on cables could be 
mi•interpreted to suggest that the cables may be suitable for 
Cia.'-• I ,  electric light, and power applications. 

Informational ll:ote :'\o. 2: See l"L 444-2017, Standard for C.mnmu
nicatiollS C.abll's, for infmmation on communications cables. 

Informational Note :'\o. 3: See l"LI655-2009, Standard for 
t..01111RU1Ut)�.4ntemza Telroision C.abll'>, for information on 
communi

.
l)-..tntenna teJe,ision cables. 

(A) Plenum Cables. Type CMP communications plenum 
cables, T}'pc CATVP community alllcnna telc\ision plenum 
coaxial cables, and Type BLP network-powered broadband 
communication low-power plenum cables shall be listed ao; 
being suitable for usc in duct-;, plenums, and other spaces used 
for cmironmcntal air and shall also be listed ao; haling 
adequate fir�rcsistalll and low�mok�producing characteris
tics. 

Informational ll:ote: See NFPA 262-2019, Standard Method of 1e.•t 
for Haml' Travel and Smoke of Wim and C.abks for Use in Air
Handling Space.•, for one method of defining a cable that i• low
smok�roducing cable and fire-resistant cable so that the cable 
exhibiL• a maximum peak optical densil)• of 0.50 or les.•, an a\-er
age optical density of 0.15 or les.•, and a maximum name spread 
distance of 1.52 m (5 ft) .  
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Table 800.154(a) AppHcations of Listed Communications Wires, Cables, and Network-Powered Broadband Communications System 
Cables in Bulldings 

w...., and Cable Type 

Hybrid Power 
and 

General- Limited- BMU, Communications CommunicatiODS 
ApplicatioDS Plenum Riser BMR PurpOOle BM Use Undercarpet BLU Cables Wires 

In dueL' In f.tbricatecl <lncL' y N N N :-.; :-.; :-.; N :-.; :-.; 
spedlkally 

In 1nctal rac<..·way fabricatc<l for 
crninnnucJltal U!al complies 

y y y y y y :-.; N :-.; y 
air a.' clescrib�"ll "itlt 300.22(8) 

in 300.22(8) 

In uthcr span .. -s In uthcr span .. -s 
�'Ccl for �'Ccl for 

y N N N :-.; :-.; :-.; N :-.; :-.; 
caninnuncJJtal Cll\il'lHllllCIJtaJ 
air (l>lenuuL') air 
a' <k-scribecl in 

In ntctal ran .. ·way 300.22((;) 
U!al complies y y y y y y :-.; N :-.; y 
\\ilh 300.22(C) 

ln J>Ienum 
C(JtllJUUUicatioJL� y N N N :-.; :-.; :-.; N :-.; :-.; 
r.tc<-·ways 

In l>lenum cable 
muting y N N N :-.; :-.; :-.; N :-.; :-.; 
a�sctnhlics 

Suppurl�"<l by 
opcn tnctal y N N N :-.; :-.; :-.; N :-.; :-.; 
cable lr.t�'S 

Suppurl�"<l by 
solid IMJtlutn 
metal <-able y y y y y y :-.; N :-.; :-.; 
tr.tys ''itlt solid 
tnctal cuvcrs 

In ri.'Crs In ,·enical nms y y y N :-.; :-.; :-.; N :-.; :-.; 
In 1nctal ran .. ·ways y y y y y y :-.; N :-.; :-.; 
In lircpr<K>f shafb y y y y y y :-.; N :-.; :-.; 
ln J>Ienum 

C(JtllJUUUicatioJL� y y N N :-.; :-.; :-.; N :-.; :-.; 
r.tc<-·ways 

In J>lenum cable 
muting y y N N :-.; :-.; :-.; N :-.; :-.; 
a�sctnhlit.-s 

In ri.'Cr 
onnmuaticatioJL� y y N N :-.; :-.; :-.; N :-.; :-.; 
r.tc<-·ways 

In ri.'Cr cable 
muting y y N N :-.; :-.; :-.; N :-.; :-.; 
a�sctnhlit.-s 

In un<.."- and twu-
y y y y y y :-.; N y :-.; 

family <lwellings 

(continue.<) 
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Table 800.154(a) Continued 

w...., and Cable Type 

Hybrid Power 
and 

General- Limited- BMU, Communications CommunicatiODS 
ApplicatioDS Plenum Riser BMR PurpOOle BM Use Undercarpet BLU Cables Wires 

Wil11in buildings General y y y y y y :'\ N :'\ :'\ 
in other than 

In un<.."- and twu-air-handling y y y y y y y N y :'\ 
span .. -s and family <lwellings 

risers In muhifamily 
<lwellings 

y y y y y y y N :'\ :'\ 

In uuncunccalcd 
y y y y y y y N :'\ :'\ 

span .. -s 

Supp<>rl<-�1 by 
y y y y y :'\ :'\ N :'\ :'\ 

cable tmys 

Cmler carpet, 
modular 

N N N N :'\ :'\ y N :'\ :'\ 
fhK>ring, ami 
planks 

In di•lributing 
fr.uncs and 

y y N y :'\ :'\ :'\ N :'\ y 
CfC.JSS·ClJilllCCt 
arr.tys 

In ri!,<id metal 
cunduit (R;\iC) 
and 

y y y y y y y y y y 
ilucnttcdiatc 
tnctal C(ntcluit 
(1M C) 

In any rao .... ·way 
rcc(.g••izcd ilt y y y y y y :'\ N :'\ y 
Chapter 3 

ln 1>lenum 
onnmuaticatioJL� y y N y :'\ :'\ :'\ N :'\ y 
r.tc<-·ways 

In l>lenum cable 
muting y y N y :'\ :'\ :'\ N :'\ y 
a�sctnblit.-s 

In ri'Cr 
C(JtllJUUUicatioJL� y y N y :'\ :'\ :'\ N :'\ y 
r.tc<-·ways 

In ri'Cr cable 
muting y y N y :'\ :'\ :'\ N :'\ y 
a�sctnblit.-s 

In general-
purpose 

y y N y :'\ :'\ :'\ N :'\ y 
C(JtllJUUUicatioJL� 
r.tc<-·ways 

In general-
l"''l"JSC cable 

y y N y :'\ :'\ :'\ N :'\ y 
muting 
a�sctnblit.-s 

ft .• . l'ote: An I' m the table md1cates that the cable type shall not be mstalled m the apphcauon. A "Y' md1cates that the cable type shall be pennJUed to 
be installed in the application su�ject to the limitations described in 800.1 13. The Rio;er column includes all rio;er cables except 8:\.'IR, and the 
\..enerai-Purpose column includes all generdl-purpose cables except 8:\·1. 

Informational :'\ote l'o. I :  Pan IV of Article 800 co\·ers installation method� within buildings. This table covers the applications of listed 
communications \\ires, cables, and rdceways in buildings. 

Informational :'\ote l'o. 2: For information on the restrictions to the installation of communication.� cables in fabricated dueL�, see 800.1 13(8). 
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Table 800.154(b) Applications of Listed Communications Raceways in Buildings 

Listed Communications Raceway Type 

Applications Plenum Riser General-Purpose 

In duel� specifically fdbrica!ed for In fdbricated duel� 1" 1" N 
emironmental air as described in 

In metal raceway that complies \\ith 300.22(8) 
300.22(8) 

1" 1" N 

In other spaces u.�d for emironmental In other spaces used for emironmental 
y 1" N 

air (plenums) as described in air 
300.22(C) 

In metal raceway that complies \\ith 
300.22(C) y y y 

In plenum cable routing a'i.�mblies 1" 1" N 

Supported by open metal cable trays y 1" N 

Supported by solid bottom metal cable 
y y y 

trdys \\ith solid metal covers 

In risers In \'ertical runs y y N 

In metal raceways y y y 

In fireproofshafl� y y y 

In plenum cable routing a'i.�mblies 1" 1" N 

In 1iser cable routing a�semblies 1" 1" N 

In one-and two-family dwellings y y y 

Within buildings in other than air- General y y y 
handling spaces and risers 

In one- and two-family dwellings y y y 

In multifamily dwellings y y y 

In nonconcealed spaces y y y 

Supported by cable trays y y y 

Under carpet, modular flooring, and 
1" 1" N 

planks 

In distributing frdmes and cros.'l-
y y y 

connect arrays 

In any rdceway recognized in Chapter 3 y y y 

In plenum cable routing a'i.�mblies 1" 1" N 

In 1iser cable ronting a�semblies 1" 1" N 

In general-purpose cable routing 
1" 1" N 

a'i.�mblies 
ft • ., .  l"ote: An 1" m the table md1cates that the commumcauons rdceway type shall not be mstalled m the apphcauon. A "Y" md1cates that the 

communications rdceway type shall be permitted to be installed in the application, su�ject to the limitations described in 800.1 10 and 800.1 13. 

(B) Riser Cables. Type CMR communications riser cables, 
Type C..ATVR community antenna television riser coaxial 
cables, Type BMR network-powered broadband communica
tions medium-power riser cables, and Type BLR network
powered broadband communications low-power riser cables 
shall be listed ao; being suitable for usc in a vertical run in a 
shaft or from floor to floor and shall also be listed ao; having 
fire-resistant characteristics capable of preventing the carl)ing 
of fire from floor to floor. 

Informational Note: See ,\J'I:SI/t.:L 1666-2017, Standard Tt'SI for 
f7ame Propal{tltion Heigllt of Ekctrirol and optical-Fiber (.able Installed 
VertirallJ in Shaft.<, for one method of defining fire-resistant char
acteJistics of the cable capable of preventing the carl)ing of fire 
from rJoor to floor. 
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(C) General-Purpose Cables. 

(1) 1)'pe CMG. Type C�IG communications general-purpose 
cables shall be listed ao; being suitable for general-purpose usc, 
with the exception of risers and plenums, and shall also be 
listed ao; being resistant to the spread of fire. 

Informational Note: See CSA Vertical Flame Test - l..ables in 
l..able Trd�'S a� described in CSA C22.2 l"o. 0.3-09 (R2019), 1e.<t 
'"1111/wds fo� Ev.ctrical Win>:< and Cab!P., for one method of defining 
resi�tance to the spread of fire where the damage (char length) 
of the cable does not exceed 1.5 m (4 ft I I  in.) or FT4 Flame 
Test in Al"SI/UL 1685-2015, Standard for SafrfJ for Vertical-TraJ 
Fire-Propal{tltion aud Smoke-/VIea.<e 1est for Electrical ami Dptiral-Fiber 
C.ah!P.. The smoke mea�uremenl� in the test method� are not 
applicable. 

l'\ATJO:'\AL EJ..EGJ'RJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ARTICLE 800 -GE:"'ERAL REQUIREME:"'TS FOR COMML"l'\ICATIOJ'\S SYSTEMS 800.179 

Table 800.154(c) Applications of Listed Cable Routing Assemblies in Bulldings 

Usted Cable Routing Assembly Type 

Appncalious Plenum Riser General-Purpose 

In duct� specifically fabricated for In fahlicated duct� I' N N 

emironmental air as described in In metal raceway that complies "ith I' N N 
300.22(B) 300.22(B) 

In other spaces lL�d for emironmental In other spaces used for y N N 
air (plenum�) as desclihed in emimnmental air 
300.22(C) 

In metal raceway that complies "ith I' N N 
300.22(C) 

In plenum communication� raceways I' N N 

Supported by open metal cable trd)'S y N N 

Supported by solid bottom metal I' N N 
cable tra}'S \\lth solid metal covers 

In riseJ'S In \'ertical nms y y N 

In metal racewa)"' I' N N 

In fireproof shaft� y y y 

In plenum communication� raceways I' N N 

In ri�r communications rdceways I' N N 

In one-and two-fa mil>· dwellings y y y 

Within buildings in other than air- General y y y 
handling spaces and risers 

In one- and two-fa mil>· dwellings y y y 

In multifamily dwellings y y y 

In nonconcealed spaces y y y 

Supported by cable tra}'S y y y 

t.:nder carpel, modular flooring, and N N N 
plank.� 

In distributing frames and cros.o;- y y y 
connect a nays 

In any raceway recognized in N N N 
Chapter 3 

In plenum communication� raceways N N N 

In ri�r communications rdceways N N N 

In general-purpose communications N N N 
rdceways 

ft • ., .  l'ote: An I' m the table md1cates that the cable rouung a�semhly type shall not he mstalled m the apphcauon. A "Y" md1cates that the cable rouung 
a'i.�mhly type shall he penniued to he installed in the application sn�ject to the limitations described in 800.1 13. 

(2) Types CM, CA1V, BM, and BL Type CM communications 
general-purpose cables, Type CATV community amcnna televi
sion coaxial general-purpose cables, Type BM network-powered 
broadband communications medium-power general-purpose 
cables, and Type BL network-powered broadband communica
tions low-power general-purpose cables shall be listed ao; being 
suitable for general-purpose usc, with dtc exception of risers 
and plenums, and shall also be listed ao; being resistalll to the 
spread of fire. 

lnfonnalional :'\ote: See UL Flame Exposure in ANSI/ 
t.:L 1685-2015, Standard fnr Safety for Vertiral-Tray Fire-Propagation 
ami Smok,.Relw.<e Test for Ekctrirol and Optirol-Fiber C.abks, for one 
method of defining "'i.<lana In 1/v .<pread of fi" where the 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAI .. COI>t: 

damage (char length) of the cahle does not to exceed 244 em 
(8 ft 0 in.) . The smoke mea�nrement� in the test method are not 
applicable. 

(D) Limited-Use Cables. Type CMX limited-usc communica
tions cables, Type CATVX limited-usc communily amcnna tele
vision coaxial cables, and Type BLX limited-usc network
powered broadband low-power cables shall be listed ao; being 
suitable for usc in dwellings and for tt<;c in raceway and shall 
also be listed a-; being rcsistalll to flame spread. 

lnfonnalional Note: See ANSI/l"L 2556, Standard fnr Wirt' and 
CablP Test Method, for one method of dete1mining that cable i� 
resi�lant to flame spread is by testing the cable to the FV-2/VW-1 
flame test. 
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(E) Circuit Integrity (CI) Cable, Fare-Resistive Cable System, or 
Electrical Circuit Protective System. \..ablcs that arc used for 
survivabilitv of critical circuits under fire conditions shall be 
listed and •�eel either 800.179([) (1 ), (E)(2), or (E)(3). 

(1) CI Cables. \..ables specified in 800.179(A) through (C) 
and used for survivability of critical circuit"l shall be marked 
"ith the additional das."lification using the suffix MCI." In order 
to maintain it"l listed fire rating, Cl cable shall only be installed 
in free air in accordance with 800.24. CI cables shall onlv be 
pcrmiucd to be installed in a raceway where specifically llstcd 
and marked as part of a fire-resistive cable system as covered in 
800.179([) (2). 

Informational Note: See t.:L 2196, Standard for Firt! TI'St for Cin:uit 
bzt..grity of Fi,..Re.<i<tant Porun; /u.<trwnmtation, Control, ami Data 
l.abiP>, for one method of defining Cl cable by establi•bing a 
minimum 2-hour fire resislance rating for the cable a• specified 
in l'L 444, Standard for Safety (.mnmunication.< l.abiP>. 

(2) Fare-Resistive Cable Systems. \..ables specified in 
800.179(A) through (C) and 800.179([) (1) that arc part of an 
electrical circuit protective system shall be fire-resistive cable 
idcmificd with dtc protective system number on the product, 
or on the smallest unit container in which the product is pack
aged, and shall be installed in accordance with the listing of the 
protective system. 

Informational Note :'\o. 1: See UL 2196, Firt! Tl'!it for Cin:uit lnt'l{
rity of Fire-Re.<i<tive Pmon; TllStrummtation, l.ontrol and Data Cab/l'!i, 
for one method of defining an electrical circuit protecth>e 
system rating for the system. UL Guide lnfomwtiou for Electrical 
Cirruit Integrity Sy.<tmu (FII/1) con1ains infmmation to identil}· 
the system and it• in•tallation limitations to mainlain a mini
mum fire-resisth·e rdting. 

Informational Note :'\o. 2: The listing organization prmides 
infmmation for electrical circuit protecth·e systems (FHIT), 
including inslallation requirement• for mainlaining the fire 
rating. 

(3) Electrical Circuit Protective System. Protcctant"l for cables 
specified in 800.179(A) through (E), which arc part ofan elec
trical circuit protective system, shall be identified with the 
protective system identifier and hourly rating marked on the 
protcctanl or the smallest unit container and installed in 
accordance "id1 the listing of the system. 

Informational Note: See t.:L 1724, Fire Tl'!il.< for Electrical Cin:uit 
Prot,Ltifltl Sy.<tmu, for one method of defining an electrical circuit 
protecth·e

· 
system. t.:L Guid' bifurmation for Elertriral Cirruit lnt'l{

ril)· Sy.<te11u (FHIT) contain• information to identilV the S"\'stem 
and 

.
iL• inslallation Jimilation.• to maintain the 

. 
fire-re�isti\·e 

rating. 

(F) Types CMP-LP, CMR-LP, CMG-LP, and CM-LP Limited 
Power (LP) Cables. Types C�IP-LP, C�IR-LP, CMG-LP, and C�I
LP communications limited power cables shall be listed as suit
able for carl'}ing power and data up to a specified current limit 
for each conductor "idtoul exceeding the temperature rating 
of the cable where the cable is installed in cable bundles in free 
air or installed within a raceway, cable tray, or cable routing 
a"lsemblv. The cables shall be marked wim dtc suffix K_ 
LP(XxA)," where XX designates the currcm limil in amperes 
per conductor. 

Informational l'ote: An example of the marking on a communi
cations cable "ith an Ll' rating is "C\fP-LI' (0.6,\) (75"C) 
23 AWG 4 pair," which indicates that it i• a 4-pair plenum cable 
"1\ith 23 AWG conductors, a temperature rdting of 75"C, and a 
current limit of 0.6 amperes. 
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(G) Type CMUC Undercarpet Wires and Cables. Type C�IL"C 
undcrcarpcl communications wires and cables shall be listed a"l 
being suitable for undcrcarpcl U."lC and shall also be listed a"l 
being rcsistalll lo flame spread. 

Informational Note: See ANSI/l'L 2556, Stmuiard for Wi"' and 
Cabb- T"t Mnlwd.<, for one method of determining that cable i• 
resi•tant to llame spread in accordance "l"lith the FV-2/VW-1 
flame test. 

(H) Communications WJreS. Communications wires, such a"l 
distributing frame wire and jumper wire, shall be listed a"l being 
resistant to the spread of fire. 

Informational l'ote :'\o. 1: See UL Flame Exposure, Venical 
Flame Trdy Test in A:'\SI/l'L 168!'>-2015, Stmulard for Safny for 
Vertical-Tray F;,.,.Pmpagation and Smoke-/VIm.<e 1est for 1-..'kctrical and 
optical-Fiber Cab/l'!i, for one method of defining rable flame mist
ana to tile .<prt'fld of fi" where the cables do not spread fire to the 
top of the trdy. The smoke mea•uremenL• in the test method are 
not applicable. 

Informational l'ote l'o. 2: ·· See CSA Vertical Flame Test -
C.ables in C.able Trd�"S, a• d�ribed in C'iA C22.2 No. 0.3-09 
(R2019), 1est Metlwd.� for Ekctrical Wim and l.abiP>, for another 
method of defining "'S"Ianc' to tile .<prt'fld of fi" i• for the damage 
(char length) of the cable to not exceed 1.5 m (4 ft I I  in.). 

(I) Optional Markings. \..ablcs shall be pcrmiucd to be surface 
marked to indicate special characteristics of the cable materi
als. 

lnformat.ional :'\ote: These markings can include, but are not 
limited to, markings for limited,..moke, halogen-free, low,..moke 
halogen-free, and sunlight resislance. 

800.180 Grounding Devices. \\'here bonding or grounding is 
required, dc,iccs tt"lCd to connect a shield, a sheath, or non
current-carrying metallic members of a cable to a bonding 
conductor or grounding electrode conductor shall be listed or 
be part of listed equipment. 

800.182 Cable Routing Assemblies and Communications Race
ways. \..able routing a'i."lCmblies and communications raceways 
shall be listed in accordance "id1 800.182(A) through (C). 
\..able routing a'i."lCmblies shall be marked in accordance with 
Table 800.182(a). Communications raceways shall be marked 
in accordance with Table 800.182(b). 

Informational :'\ote: See ANSI/l'L 2024-!'>-2015, (.able Routiug 
A.<.<emb/il'!i aud l.o111111U1ucations Rnrt:rllfl)'.<, for infmmation on li•t
ing requiremenl• for both communications raceways and cable 
routing a•semblies. 

Table 800.182(a) Cable Routing Assembly Markings 

Type 

Plenum Cable Routing 
A"lsembly 

Riser Cable Routing A"lsembly 
General-Purpose Cable 

Routing A'i.<�embly 

Marking 

Plenum Cable Routing 
A"lsembly 

Riser \..able Routing A"lsembly 
Genemi-Purpose Cable 

Routing A'i.<�embly 
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ARTICLE 805 - COM�lt:l'\ICATIOJ'\S CIRCUITS 805.50 

Table 800.182(b) Communications Raceway Markings 

Type 

Plenum Communication.� 
Raceway 

Riser Communications Raceway 
Gene.-ai-Purpose 

('..ommunications Raceway 

Marking 

Plenum Communications 
Raceway 

Riser Communications Raceway 
Gene.-ai-Purpose 

('..ommunications Raceway 

(A) Plenum Cable Routing Assemb6es and Plenum Communi
cations Raceways. Plenum cable routing a�semblies and 
plenum communications raceways shall be listed a'i ha\-ing 
adequate fire-resistant and low�mokc-producing characteris
tics. 

lnfonnational l'ote l'o. 1: See ASTM E84-198, Standard 1e.<t 
Method for Surfac' Buming Omract,ristic.< of Buildi•zr; Material<, or 
ANSI/L"L 723-2018, Standard 1e.<t Method for Surfare Burni•zr; Cllar
acleri.<tic.< of Building Mat,rial<, for one method of defining cable 
routing a'i.�mblies and communication.� raceways that ha\'e 
adequate fire-resistant and low-smoke-producing characteri�tiu 
and exhibit a maximum flame spread index of 25 and a maxi
mum smoke de\>eloped index of 50. 

lnfonnational l'ote l'o. 2: See l'FPA 262-2019, Standard Method 
of TI'St for Hmlll' Travel and Smoke of Wire.< and Cabk.< for l!.v ill Air
Handling Spaa.<, for another method of defining communica
tions raceways that have adequate fire-resistant and low-smoke
producing chardcteristics and exhibit a maximum peak optical 
density of 0.50 or les.•, an a\>erage optical density of0.15 or les.•, 
and a maximum flame spread di�tance of 1 .52 m (5 ft) or les.�. 

lnfonnational l'ote l'o. 3: See 4.3.1 1 .2.6 or 4.3. 1 1 .5.5 of 
:'\FPA 90A-2021,  Standard for tile lmtallation of Air-Cmzditionillg 
and Vmtilathzr; Sptems, for information on material• exposed to· 
the airflow in ceiling ca\ity and rdised floor plenums. 

(B) Riser Cable Routing Assemb6es and Riser Communica
tions Raceways. Riser cable routing a'isemblics and riser 
communications raceways shall be listed a'i having adequate 
fire-resistant characteristics capable of preventing the carl)ing 
of fire from noor to noor. 

lnfonnational Note: See ,\J">SI/t:L 1�2017, Standard TI'St for 
Flame Propa�ratimz Heigllt of Ekctrical mul Dptiral-Fiber C.able !1lStalkd 
Vertiral�l' ill Shaft.<, for one method of defining fire-resistant char
acteristics capable of preventing the caiT}'ing of fire from floor 
to floor of the cable routing assemblies and communications 
raceways. 

(C) General-Purpose Cable Routing Assemb6es and General
Purpose Communications Raceways. General-purpose cable 
routing a'i.'iemblies and general-purpose communications race
ways shall be listed a'i being resistant to dte spread of fire. 

lnfonnational :'\ote: See Al'SI/UL 1685-2015, Standard for Safety 
for Vertical-Tra_)' Fim-Pmpagatimz and Smoki'-Reil'fl.., TI'St for Ekctrical 
and optical-Fiber C.abii'S, for one method of defining resistance to 
the spread of fire where the cable routing a'i.•emblies and 
communications raceways do not spread fire to the top of the 

tray. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. COI>t: 

ARTICLE 805 
Communications Circuits 

Part I. General 

805.1 Scope. This article covers communications circuits and 
equipment. 

805.18 Installation of Equipment. Equipment electrically 
connected to a communications network shall be listed in 
accordance "id1 800.171. 

Exception: This Listing TP.quirement slmU 1wt aJJjJ{l' to ttst tquijmumt 
that is intmded fm· tl"mJIOIYl1)' connP.ction to a te!P.crtmmunications 
nttwork b)• qualijitd Jm:mns dwing tile course of installation, 11Ulinte
nance, m·npai1· of te!P.crtmmunications equipment m· .rystems. 

Part II. Wares and Cables Outside and Entering Buildings 

805.47 Underground Communications Wires and Cables 
Entering BuildingS - Underground Block Distribution. \\'here 
the entire street circuit is run underground and the circuit 
"ithin the block. is placed so a'i to be free from the likelihood 
of accide1�tal contact "ith electric light or power circuit'i of 
over 300 volt'i to ground, the insulation requirement'i of 
805,.50'(A) and 805.50(C) shall not apply, insulating support'i 
shall not be required for dte conductors, and bushings shall 
not be required where the conductors enter the building. 

805.50 Circuits Requiring Primary Protectors. Circuit'i that 
require primary protectors a'i prmided in 805.90 shall comply 
"ith 805.50(A) ,805.50(B), and 805.50(C). 

(A) Insulation, Wires, and Cables. Communications wires and 
cables "ithout a metal shield, running from the la'it outdoor 
support to dte primary protector, shall be listed in accordance 
"ith 805.1 73. 

(B) On Buildings. Communications \\ires and cables in 
accordance with 805.50(A) shall be separated at lea'it 100 mm 
(4 in.) from electric light or power conductors not in a raceway 
or cable or be pcrmanendy separated from conductors of the 
other systems by a continuous and firmly fixed nonconductor 
in addition to the insulation on dte "ires, such a'i porcelain 
tubes or nexible tubing. Communications "ires and cables in 
accordance "ith 805.50(A) exposed to accidental contact with 
electric light and power conductors operating at over 300 volt'i 
to ground and attached to buildings shall be separated from 
woodwork by being supported on gla'i.'i, porcelain, or other 
insulating material. 

Exception: Sepamtirtn from woodwm'k shal1 1wt be l'l'quil'td wlm11 fuses 
all! omilltd as provided for in 805. 90(A)(J ), m· WMI7! conductors all! 
U!ied to txtend circuits to a building fmm a cable lmving a gmunded 
metal sheath. 

(C) Entering Buildings. 

(I) Installed Inside Buildings. If a primary protector is instal
led inside the building, the communications "ires and cables 
shall enter the building either through a noncombustible, 
nonabsorbent insulating bushing or through a metal raceway. 
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805.50 ARTICLE 805-COMMt:l'\ICATIOl'\S CIRCUITS 

Exception: Tile insulating bushing shall not be required if tile entering 
rommunirations will'S and cabks JTIP-I!t one or 1'/Wil' of tile following 
conditions: 

( 1) Is a metal-slu!atiled cable 
(2) Pa.<;s th1vugll masom)' 
(3) Mt!t!t tile 1'1'qui1"n11enls of 805.50(A) mul fu.'il's all' omilltd in 

accordance zuith 805. 90(A)(l) 
(4) Mt!t!t tile Jl'quirements of 805.50(A) mul all' u.'it'd to 1'-Xtend 

cirruiL� to a building from a cabk having a gmUJuil'd ml'lal 
shtath 

(2) Orientation of Raceways or Bushings. Raceways or bush
ings shall slope upward from the outo;idc, or, where this cannot 
be done, drip loops shall be formed in the communications 
"ires and cables immediately before they enter dtc building. 

(3) Service Head. Raceways shall be equipped "id1 an 
approved service head. More than one communications "ire 
and cable shall be permitted to enter duough a single raceway 
or bushing. \..onduit"l or odtcr metal raceways located ahead of 
the primary protector shall be grounded. 

Part m. Protection 

805.90 Protective Devices. 

(A) Application. A listed primary protector shall be provided 
on each circuit run partly or entirely in aerial \�ire or aerial 
cable not confined within a block. Also, a listed primary protec
tor shall be prmidcd on each circuit, aerial or underground, 
located "idtin the block containing dtc building served so as to 
be exposed to accidental contact "id1 electric light or power 
conductors operating at over 300 volt"l to ground. In addition, 
where there exist-; a lightning exposure, each intcrbuilding 
circuit on a premises shall be protected by a listed primary 
protector at each end of dtc intcrbuilding circuit. Installation 
of primary protectors shall also comply "id1 1 10.3(8). 

Informational :'\ote No. I: On a circuit not exposed to .acciden
tal contact \\ith power conductors, pro,iding a listed p1imary 
protector in accordance \\ith this anicle helps protect against 
other hazard•, such a• lightning and above-nonnal ,·oltages 
induced hy fault currenL• on power circuiL• ·in proximity to the 
communications circuiL 

Informational :'\ote No. 2: lnterbuilding circuiL• are considered 
to ha\-e a lightning exposure unless one or more of the follow
ing conditions exist: 

( I) CircuiL• in large metropolitan area• where buildings are 
dose together and sufficiently high to intercept lightning. 

(2) lnterbuilding cable run.• of 42 m (140 ft) or less, directly 
bmied or in underground conduit, where a continuou.• 
metallic cable shield or a continuous metal conduit 
containing the cable i• connected to each building 
grounding electrode system. 

(3) Area• ha�ing an a\-erdge of five or fewer thunderstonn 
days per year and eanh resi•ti�ity of les.• than 100 ohm
meters. Such area• are found along the Pacific coa•t. 

Informational :'\ote No. 3: See :'\FPA i80..2020, Standard for the 
11lstallatitm of l.iglllning Pmtl't:tion Spte11t�, for infonnation on 
lightning protection systems. 

(1) Fuseless Primary Protectors. Fu."lelcs.Hypc primary protec
tors shall be permitted under any of the follm�ing conditions: 
(1) Where conductors enter a building through a cable wim 

grounded metallic sheath mcmbcr(s) and where me 
conductors in me cable safely fuse on all currcnt"l greater 
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than the current-carrying capacity of dtc primary protec
tor and of dtc primary protector bonding conductor or 
grounding electrode conductor 

(2) Where insulated conductors in accordance wim 
805.50(A) arc used to extend circuit-; to a building from a 
cable "id1 an effectively grounded metallic shcam 
mcmbcr(s) and where the conductors in me cable or 
cable stub, or me connections between the insulated 
conductors and me plant exposed to accidental contact 
wim electric light or power conductors operating at 
greater than 300 volt-; to ground, safely fuse on all 
currcnt"l greater than the currcnt-carl)ing capacity of me 
primary protector, or the a'i.mciatcd insulated conductors 
and of the primary protector bonding conductor or 
grounding electrode conductor 

(3) \\'here insulated conductors in accordance wim 
805.50(A) or (B) arc used to extend circuit"l to a building 
from omcr than a cable "id1 metallic shcam mcmber(s), 
where (a) the primary protector is listed ao; being suitable 
for mis purpose for application "id1 circuit-; extending 
from other than a cable "im metallic sheath members 
and (b) the connections of me insulated conductors to 
the plant exposed to accidental contact with electric light 
or power conductors operating at greater than 300 volt-; 
to ground or the conductors of me plant exposed to acci
dental c0ntact "id1 electric light or power conductors 
operating at greater dtan 300 volt-; to ground safely fLL"lC 
on all current-; greater than me current-carrying capacity 
of the primary protector, or a<;.o;ociatcd insulated conduc
tors and of dtc primary protector bonding conductor or 
grounding electrode conductor 

(4) · Where insulated conductors in accordance wim 
805.50(A) arc used to extend circuit-; acriallv to a build
ing from a buried or underground circuit that is unex
posed to accidental contact wim electric light or power 
conductors operating at greater man 300 volts to ground 

(5) Where insulated conductors in accordance wim 
805.50(A) arc used to extend circuit-; to a building from 
cable "id1 an effectively grounded metallic shcam 
mcmbcr(s) , and where (a) the combination of me 
primary protector and insulated conductors is listed a"l 
being suitable for this purpose for application wim 
circuit-; extending from a cable wim an effectively groun
ded metallic shcad1 mcmber(s) and (b) the insulated 
conductors safely fuse on all currents greater man me 
current-carrying capacity of me primary protector and of 
the primary protector bonding conductor or grounding 
electrode conductor 

Informational Note: See ANSI/IEEE C2-20l i, National Electrical 
Safrly ('.ode, Section 9, for examples of methods of proteCU\'e 
grounding that can achieve elfecti,·e grounding of communica
tions cable sheaths for cables from which communications 
circuiL• are extended. 

(2) Fused Primary Protectors. \\'bcrc the rcquircmcnt"l listed 
under 805.90(A) (l) (a) through (A) (l) (c) arc not met, fused
type primary protectors shall be used. Fu."lCd-typc primary 
protectors shall consist of an arrester connected between each 
line conductor and ground, a fu."lC in series "im each line 
conductor, and an appropriate mounting arrangement. 
Primary protector terminals shall be marked to indicate line, 
instrument, and ground, a"l applicable. 
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(B) Location. The primary protector shall be located in, on, 
or immediately adjacem to lhe structure or building served and 
a-; dose a-; practicable to the poim of emrance. 

For purposes of this section, primary protectors located at 
mobile home service equipmem within 9.0 m (30 ft) of lhe 
exterior wall of the mobile home it serves, or at a mobile home 
disconnecting means connected to an electrode by a ground
ing electrode conductor in accordance "id1 250.32 and located 
within 9.0 m (30 ft) of lhe exterior wall of dte mobile home it 
serves, shall be considered to meet the requirement-; of this 
section. 

Informational :'\ote: Selecting a primary protector location to 
achie\'e the shortest practicable plimary protector bonding 

Table 805.154 Cable Substitutions 

Cable 'IYPe 

CMR 
CMG, CM 
CMX 

Plenum 

Permitted Substitutioos 

C�IP 
C�IP, C�IR 
C�IP, C�IR, CMG, CM 

conductor or gmunding electrode conductor helps limit poten- Riser 
tial differences between communication• circuit• and other 
metallic system.•. 

(C) Hazardous (Classified) Locations. The primary protector 
shall not be located in any hazardott-; (da-;sified) locations, a-; 
defined in 500.5 and 505.5, or in lhe '"icinity of ea-;ily ignitible 
material. 

Exception: As /JelmitlP.d in 501.150, 502.150, and 503.150. 

(D) Secondary Protectors. \\'berc a secondary protector is 
installed in series l\ith the indoor communications wire and 
cable between the primary protector and lhe equipment, it 
shall be listed for the purpose in accordance l\ith 805.170(8). 

Informational :'\ote: Secondary protectors on circuit• exposed to 
accidental contact "ith electric light or power conductors oper
ating at greater than 300 \'OIL• to ground are not intended for 
tL•e \\ithout primary protectors. 

805.93 Grounding, Bonding, or Interruption of Non-Current
Carrying Metallic Sheath Members of Communications Cables. 
\..ommunications cables emering the building or terminating 
on the out-;ide of the building shall comply with 805.93(A) or 
(8). 

(A) Entering Bulldings. ln installations where the communica
tions cable emers a building, the metallic sheam members of 
the cable shall be grounded or bonded as specified in 800.100 
or imerrupted by an insulating joint or tquivalem de\'ice. The 
grounding, bonding, or imerruption shall be a-; dose a-; practi
cable to the point of emrance. 

(B) Terminating on the Outside of Bulldings. ln installations 
where dte communication.'! cable is terminated on dte out�ide 
of lhe building, dte metallic shead1 members of lhe cable shall 
be grounded or bonded a� specified in 800.100 or interrupted 
by an insulating joint or equivalem device. The grounding, 
bonding, or imerruption shall be a-; dose a-; practicable to lhe 
poim of termination of the cable. 

Part IV. Installation Methods Within Bulldings 

805.154 Substitutions for Listed Communications Cables. The 
substitutions for communications cables listed in Table 805.154 
and illustrated in Figure 805.154 shall be permiued. 

805.156 Dwelling Unit Communications Outlet. For new 
construction, a minimum of one communications outlet shall 
be installed "idtin dte dwelling in a readily accessible area and 
cabled to dte senice prO\ider demarcation point. 
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General purpose 

Dwellings 

Type CM-Communications cables 

I ca.A .... .. ........ .. .. ..... . _ .. .,.,. •. 

FIGURE 805.154 Cable Substitution Hierarchy. 

Part V. Listing Requirements 

805.170 Protectors. Protectors shall be listed in accordance 
wilh 805.170(A) or 805.170(8). 

(A) Primary Protectors. The primary protector shall be listed 
and consist of an arrester connected between each line conduc
tor and ground in an appropriate mounting. Primary protector 
terminals shall be marked to indicate line and ground a� appli
cable. 

Informational l'ote: See A. '\SI/UL 497-2017, Standard for ProiPr· 
tors for Pairni Cmzdurtor C.mnmuniratiom Cirruil.•, to determine 
applicable requirement• for a li•ted primary protector. 

(B) Secondary Protectors. The secondary protector shall be 
listed a� suitable to provide means to safely limit current-; to less 
man lhe currem-carrying capacity of listed indoor communica
tions "ire and cable, listed telephone set line cord�, and listed 
communications terminal equipmem having port� for external 
"ire line communications circuit�. Any overvoltage protection, 
arresters, or grounding connection shall be connected on lhe 
equipmem terminals side of me secondary protector currem
limiting means. 

lnformational l'ote: See Al'SI/t.:L 497A-2019, Standard for .'iecon· 
dary Proti'C/ors for Omunullicaliom Cirruil.<, to determine applicable 
requirements for a listed secondary protector. 

805.173 Drop Ware and Cable. Communications \\ires and 
cables "ithout a metallic shield, running from the la�t outdoor 
support to dte primary protector, shall be listed a-; being suita
ble for the purpose and shall have current-carrying capacity a-; 
specified in 805.90(A) (1) (b) or (A) (1 ) (c). 
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810.1 ARTICLE 810 - Al'\TE:"'NA SYSTEMS. 

Part I. General 

ARTICLE 810 
Antenna Systems. 

810.1 Scope. This article covers antenna systems for radio and 
television receil-ing equipment, amateur and citizen band radio 
transmitting and rcceil-ing equipment, and certain features of 
transmitter safety. This article covers antennas such ao; wire
strung type, multi-clement, vertical rod, flat, or parabolic and 
also covers the \\iring and cabling that connect them to equip
ment. This article docs not cover equipment and antenna-; 
used for coupling carrier current to power line conductors. 

810.3 Other Articles. Wiring from dtc source of power to and 
between devices connected to the interior wiring system shall 
comply l\ith the follm\ing: 

(1) Chapters 1 through 4 odtcr dtan ao; modified by Part-; I 
and II of Article 640. 

(2) \.oaxial cables that connect antenna-; to equipment shall 
comply l\ith the appropriate article of Chapter 8. 

(3) Wiring and equipment installed in hazardous (cla"l.o;ificd) 
locations shall comply "ith dtc appropriate requirement-; 
in Chapter 5. 

810.4 Community Television Antenna. The installation of the 
antenna shall comply "id1 this article. The installation of the 
distribution system shall comply with the appropriate article of 
Chaptcr 8. 

810.5 Radio Noise Suppression. Radio interference elimina
tors, interference capacitors, or noise suppressors connected to 
power-supply lcaclo; shall be of a listed type. They shall not be 
exposed to physical damage. 

810.6 Antenna Lead-In Protectors. If an antenna lead-in surge 
protector is installed, it shall be listed ao; being suitable for 
limiting surges on dtc cable that connect-; the antenna to the 
receiver/transmitter electronics and shall be connected 
between the conductors and the grounded !!hicld or other 
ground connection. The antenna lead-in protector shall be 
grounded using a bonding conductor or grounding electrode 
conductor installed in accordance with 810.21 (F). 

Informational Note: See t.:L 497E, Outline of lnVI'.<Iigation for 
Prot,£/on for Anlmna !..l'tld-ln Cmulucton, for information concem
ing protectors for antenna lead-in conductors. 

810.7 Grounding Devices. If bonding or grounding is 
required, devices used to connect a shield, a sheath, non
currcnt-cartying metal members of a cable, or metal part-; of 
equipment or antenna-; to a bonding conductor or grounding 
electrode conductor shall be listed or be part of listed equip
ment. 

Part D. Receiving Equipment - Antenna Systems 

810.11 Material. Antenna-; and lead-in conductors shall be of 
hard-drawn copper, bronze, aluminum alloy, copper-clad steel, 
or other high-strength, corrosion-resistant material. 

Exception: ."ioft-dmum m· 1TU'dium-dmwn cofJper shaU be permilltd Jm· 
lead-in conductm-s if tile maximum sJJan betwttm JminL� of sufJpm·t is 
less than JJ m (35ft). 
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810.12 Supports. Outdoor antenna-; and lead-in conductors 
shall be securely supported. The antenna-; or lead-in conduc
tors shall not be attached to dtc electric service mao;t. They 
shall not be attached to poles or similar structures carrying 
open electric light or power "ires or trolley wires of over 
250 volt-; between conductors. Insulators supporting the 
antenna conductors shall have sufiicicnt mechanical strength 
to safely support the conductors. Lead-in conductors shall be 
securely attached to the antenna-;. 

810.13 Avoidance of Contacts with Conductors of Other 
Systems. Outdoor antenna-; and lead-in conductors from an 
antenna to a building shall not eros.-; over open conductors of 
electric light or power circuit-; and shall be kept well away from 
all such circuit-; so ao; to avoid the possibility of accidental 
contact. \\'here proximity to open electric light or power serv
ice conductors of less than 250 volt-; between conductors 
cannot be avoided, the installation shall be such ao; to prmidc a 
clearance of at lcao;t f>OO mm (2 ft) . 

\\-'here practicable, antenna conductors shall be installed so 
ao; not to cross under open electric light or power conductors. 

810.14 Sp6ces. Splices and joint-; in antenna spans shall be 
made mechanically secure with approved splicing devices or by 
such other means· and he suitable for the conditions of usc and 
location in compiiancc with 1 10.14(A) and (8). 

810.15 Grounding or Bonding. Mao;to; and metal structures 
supporting antenna-; shall be grounded or bonded in accord
ance 11\<itb 810.21,  unlcs.o; the antenna and ito; related supporting 
mast or structure arc "ithin a zone of protection defined by a 
46 m ( 150 ft) radius rolling sphere. 

Informational Note: See :'\FPA 780-2020, Standard for tile lnstalla
liml of Uglltning Prot,-t:lion Syst,ns, 4. 7.3. 1 ,  for the application of 
the te1m rolling .•pile,.,.. 

810.16 Size of Wo-e-Strung Antenna - Receiving Station. 

(A) Size of Antenna Conductors. Outdoor antenna conduc
tors for receiving stations shall be of a size not less than given 
in Table 810.16(A) . 

(B) Self-Supporting Antennas. Outdoor antenna<;, such a<; 
vertical rodo; and flat, parabolic, or dipole structures, shall be of 
corrosion-resistant materials and of strength suitable to l\ith
stand icc and l\ind loading conditions and shall be located well 
away from overhead conductors of electric light and power 
circuit-; of over 150 vo)Lo; to ground, so a<; to avoid the possibility 
of the antenna or structure falling into or making accidental 
contact "id1 such circuit<;. 

Table 810.16(A) Size of Receiving Station Outdoor Antenna 
Conductors 

Material 

Aluminum alloy, hard
d.-awn copper 

C..opper-clad steel, 
bronze, or oilier 
high-strength 
material 

Mioimum Size of Conductors (AWG) 
Where Maximum Open Span Length Is 

Less Than 
11 m (55 ft) 

19 

20 

1 1  m to 
45 m (55 ft 
to 150 ft) 

14 

17 

Over 45 m 
(150 ft) 

12 

14 
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ARTICLE 810 - Al'\TE:"'NA SYSTEMS. 810.21 

810.17 Size of Lead-in - Receiving Station. Lead-in conduc
tors from outo;idc antcnnao; for receiving stations shall, for vari
ous maximum open span lengths, be of such size ao; to have a 
tensile strength at lcao;t ao; great ao; that of the conductors for 
antcnnao; ao; specified in 810.16. If the lead-in consisto; of two or 
more conductors that arc twisted together, arc enclosed in the 
same covering, or arc concentric, dtc conductor size shall, for 
\-arious maximum open span lengths, be such dtat the tensile 
strength of the combination is at lcao;t ao; great ao; that of the 
conductors for antcnnao; ao; specified in 810.16. 

810.18 Clearances - Receiving Stations. 

(A) Outside of Buildings. Lead-in conductors attached to 
buildings shall be installed so dtat dtcy cannot Sl\ing closer 
than 600 mm (2 ft) to the conductors of circuit" of 250 volto; or 
lcs.o; between conductors, or 3.0 m (10 ft) to dtc conductors of 
circuit" of over 250 volto; between conductors, except that in the 
cao;c of circuit" not over 150 volto; between conductors, if all 
conductors involved arc supported so ao; to ensure permanent 
separation, the clearance shall be permitted to be reduced but 
shall not be Jcs.o; than 100 mm (4 in.). The clearance between 
lead-in conductors and any conductor forming a part of a light
ning protection system shall not be less than 1 .8 m (6 ft).  
Underground conductors shall be separated at lcao;t 300 mm 
(12 in.) from conductors of any light or power circuit" or 
Clao;s 1 circuito;. 

Exception: The sepamtion and ckamnce 11'-f[Uirement� shall not aJlply if 
the ekct1ic light or puwer ronductm:�, Class I conductm-s, m· !Pml-in 
conductm:� ll:lf! instal!P.d in racnvays m· metal cable ll:I'IIIOI: 

Informational Note 1\:o. 1: See 250.60 for grounding a<�sociated 
\\lth lightning protection componenL<� - strike tennination 
de\ices. See NFPA i80..2020, Standard for the lmtallation of Light
ning Protertion Systi'IIL'<, for detailed information on grounding. 
bonding, and spacing from lightning protection systems, and 
the calculation of specific separation distances tt.<�ing the side
Ha<�h equation in Section 4.6. 

Informational :'\ote No. 2: See :'\FPA i80..2020, Standard for the 
Installation of Lighting Protection Sy.<leiiL'<, for information on bond
ing or separation of metal rdce\\<tys, enclosures, ft<tmes, and 
other non-current<afl)ing metal parL<� of electrical equipment 
installed on a building equipped \\lth a lightning protection 
system. Separdtion from lightning protec�on conductors is typi
cally 1.8 m (6 ft) through air or 900 mm (3 ft) through dense 
material<� such a<� concrete, brick, or wood. 

(B) Antennas and Lead-ins - Indoors. Indoor antcnnao; and 
indoor lead-ins shall not be run nearer than 50 mm (2 in.) to 
conductors of other \\iring systems in the premises unless one 
of the following conditions applies: 

(1) The other conductors arc in metal racc""a}'"S or cable 
armor. 

(2) The indoor antcnnao; and indoor lead-ins arc pcrma
ncndy separated from such other conductors by a contin
uous firmly fixed nonconductor. 

(C) In Boxes or Other Enclosures. Indoor antcnnao; and 
indoor lead-ins shall be permitted to occupy the same box or 
enclosure l\ith conductors of other wiring systems if separated 
from such odtcr conductors by an effective permanently instal
led barrier. 

810.19 Electrical Supply Circuits Used in Lieu of Antenna -
Receiving Stations. If an electrical supply circuit is used in lieu 
of an antenna, the device by which the radio rccci\-ing set is 
connected to the supply circuit shall be listed. 
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810.20 Antenna Discharge Units - Receiving Stations. 

(A) General Requirement. Each lead-in conductor from an 
outdoor antenna shall be provided with a listed antenna 
discharge unit. 

Exception: A sepamte antm1w di.�clmrgP- unit i.� not requi11!d if the 
lead-in condtu:tm-s ll:lf! enclosed in a continuous metal shield that 
complies with one of the following: 

( 1) l� gmunded or bondP.d with a ronductm· in accm7ltuu:e with 
810.21 

(2) Is pmtected by an antemw dischmgr' unit 

(B) Location. Antenna discharge unito; shall be located outo;idc 
the building or inside the building between the point of 
entrance of the lead-in and the radio set or transformers and ao; 
ncar ao; practicable to dtc entrance of the conductors to the 
building. The antenna discharge unit shall not be located ncar 
combustible material or in a hazardous (clao;sificd) location ao; 
defined in accordance with 500.5 and 505.5. 

(C) Grounding or Bonding. The antenna discharge unit shall 
be grounded or bonded iri accordance l\ith 810.21. 

810.21 Bonding Conductors and Grounding Electrode 
Conductors -::- Receiving Stations. Bonding conductors and 
grounding electrode conductors shall comply with 810.21 (A) 
through 810.21 (K). 

(A) . Material. The bonding conductor or grounding electrode 
condudor shall be of copper, aluminum, copper-dad steel, 
cQppcr-clad aluminum, bronze, or similar corrosion-resistant 
material. Aluminum or copper-clad aluminum bonding 
conductors or grounding electrode conductors shall not be 
used if su�cct to corrosive conditions or in direct contact with 
mao;onry or the earth or where su�cct to corrosive conditions. 
If used outo;idc, aluminum or copper-clad aluminum conduc
tors shall not be installed within 450 mm (18 in.) of the earth. 

(B) Insulation. Insulation on bonding conductors or ground
ing electrode conductors shall not be required. 

(C) Supports. The bonding conductor or grounding elec
trode conductor shall be securely fao;tcncd in place and shall be 
permitted to be dirccdy attached to the surface "ired over l\ith
out the tLo;c of insulating supporto;. 

Exception: ll1ie11! JllvfJer suptJOrt camwt be pmvidP.d, the siu of the 
bonding crmductm-s or gmunding ekctmde crmductm-s slwU be 
inmased JllvJIOI·tionate�)'. 

(D) Physical Protection. Bonding conductors and grounding 
electrode conductors shall be protected where exposed to phys
ical damage. \\'here the bonding conductor or grounding elec
trode conductor is installed in a metal racc"ay, both cndo; of 
the raceway shall be bonded to dtc contained conductor or to 
the same tcnninal or electrode to which the bonding conduc
tor or grounding electrode conductor is connected. 

(E) Run in Straight Line. The bonding conductor or ground
ing electrode conductor for an antenna mao;t or antenna 
discharge unit shall be run in ao; straight a line ao; practicable. 

(F) Electrode. The bonding conductor or grounding elec
trode conductor shall be connected ao; required in 810.21 (F) 
( 1 )  through 810.21 (F) (3). 

(I) In Buildings or Structures with an Intersystem Bonding 
Termination. If the building or structure served hao; an inter-
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810.21 ARTICLE 810-Al'\TE:"'NA SYSTEMS. 

system bonding termination a'i required by 250.94, the bonding 
conductor shall be connected to dtc imcrsystcm bonding 
tcnnination. 

(2) In Buildings or Structures with Grounding Means. If me 
building or structure served ha'i no imcrsystcm bonding termi
nation, me bonding conductor or grounding electrode 
conductor shall be connected to the nearest acccs.'iiblc location 
on one of the following: 
( 1) The building or structure grounding electrode system a'i 

covered in 250.50 
(2) The power sen-icc acccs.'iiblc means external to dtc build-

ing, a'i covered in 250.94 
(3) The non flexible metal power scnicc raceway 
( 4) The service cquipmcm enclosure 
(5) The grounding electrode conductor or me grounding 

electrode conductor metal enclosures of the power serv
ice 

(6) The grounded imcrior metal water piping systems, "ithin 
1 .52 m (5 ft) from its poim of entrance to dtc building, a'i 
covered in 250.52 

A bonding device imcndcd to provide a tcnnination poim 
for dtc bonding conductor (imcrsystcm bonding) shall not 
imcrfcrc l\ith me opening of an cquipmcm enclosure. A bond
ing dc\icc shall be moumcd on nonrcmovablc parts. A bond
ing dc,icc shall not be mounted on a door or cover even if me 
door or cover is non removable. 

(3) In Buildings or Structures Without an Intersystem Bonding 
Termination or Grounding Means. If the building or structure 
served ha'i no imcrsystcm bonding termination or grounding 
means a'i described in 810.21 (F) (2), the grounding electrode 
conductor shall be connected to a grounding electrode a'i 
described in 250.52. 

(G) Inside or Outside Building. The bonding conductor or 
grounding electrode conductor shall be permitted to be run 
either inside or out'iidc dtc building. 

(H) Size. The bonding conductor or grounding electrode 
conductor shall not be smaller dtan 10 AWG copper, 8 AWG 
aluminum, or 17 AWG copper-clad steel or bronze. 

(I) Common Ground. A single bonding conductor or ground
ing electrode conductor shall be permitted for born protective 
and operating purposes. 

0> Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected between 
the radio and television cquipmcm grounding electrode and 
the power grounding electrode system at dtc building or struc
ture served if separate electrodes arc used. 

(K) Electrode Connection. Connections to grounding electro
des shall comply widl 250.70. 

Part m. Amateur and Citizen Band Transmitting and Receiv-
ing Stations - Antenna Systems 

810.51 Other Sections. In addition to complying "id1 Part III, 
amcnna systems for amateur and citizen band transmitting and 
receiving stations shall also comply wid1 810.1 1 duough 810.15. 

810.52 Size of Conductors. Antenna conductors for transmit
ting and receiving stations shall be of a size not lcs.'i than given 
in Table 810.52. 
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Table 810.52 Size of Outdoor Antenna Conductors 

Minimum Size of Conductors (AWG) 
If Maximum Open Span Length Is 

Less Than 45 m 
Material (150 ft) 

Hard-dra\m copper 14  
Copper<lad steel, bronze, or 14  

other high-strength material 

Over45 m 
(150 ft) 

10 
12 

810.53 Size of Lead-in Conductors. Lead-in conductors for 
transmitting stations shall, for various maximum span lengths, 
be of a size at lca'it a'i great a'i that of conductors for amcnna'i 
a'i specified in 810.52. 

810.54 Clearance on Building. Amcnna conductors for trans
mining stations, attached to buildings, shall be firmly moumcd 
at lca'it 75 mm (3 in.) clear of the surface of me building on 
nonabsorbem insulating support'i, such a'i treated pins or 
brackct'i equipped "ith insulators having not lcs.'i than 75-mm 
(3-in.) creepage and aiigap distances. Lead-in conductors 
attached to buildings . shall also comply widl dlcsc rcquirc
mcnt'i. 

Exception: If the 18ad:in conductors are rorlosed in a continumts metal 
shield tlmt i5 grounded with a cmultu:tm· in ammlance witlt 810.58, 
they shall not be l"t'lJUil"ed to romp{l· with tlvse l"t'lJUil"emmts. If gmun
ded, the metal shield shall also be Jmmitll'.d to he used as a cmultu:tm: 

810.55 Entrance to Building. Except where protected with a 
continuous metallic shield dtat is grounded l\idl a conductor 
in accordance with 810.58, lead-in conductors for transmitting 
stations shall cmcr buildings by one of the following mcdlod'i: 
(1) Through a rigid, noncombustible, nonabsorbcm insulat-

ing tube or bushing 
(2) Through an opening prmidcd for me purpose in which 

the entrance conductors arc firmlv secured so a'i to 
prmidc a clearance of at lca'it 50 mm · (2 in.) 

(3) Through a drilled l\indow pane 

810.56 Protection Against Accidental Contact. Lead-in 
conductors to radio transmitters shall be located or installed so 
a'i to make accidental contact l\ith them difficult. 

810.57 Antenna Discharge Units - Transmitting Stations. 
Each lead-in conductor for outdoor amcnna'i shall be provided 
widl an amcnna discharge unit or odlcr suitable means that 
drain static charges from the amcnna system. 

Exception No. 1: If the kad-in rondurtor is Jllvll'cted by a continuous 
metal shield that i5 grmmded with a ronductm· in acronlanre with 
810.58, an antenna di5charge unit m· other .mitabk 7/lt'am shall not he 
requit-ed for the !Pml-in conducto1: 

Exception No. 2: If the antemm is gmundP.d m· bondPd with a rondur
tm· in acrordanre zuith 810.58, an antro1m di5charge unit or other 
.mitable means slmll not be required. 

810.58 Bonding Conductors and Grounding Electrode 
Conductors - Amateur and Citizen Band Transmitting and 
Receiving Stations. Bonding conductors and grounding elec
trode conductors shall comply with 810.58(A) dlrough 
810.58(C). 

(A) Other Sections. All bonding conductors and grounding 
electrode conductors for amateur and citizen band transmit-
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ARTICLE 820 - COMMUNI'IY ANTEJ'\:-.IA TELE\1SIO:-.I A.'ID RADIO DISTRIBLTIOJ'\ SYSTEMS 820.100 

ting and rccci\ing stations shall comply "id1 810.21 (A) 
through 810.21 (C). 

(B) Size of Protective Bonding Conductor or Grounding Elec
trode Conductor. The protective bonding conductor or 
grounding electrode conductor for transmitting stations shall 
be as large as the lead-in but not smaller d1an 10 AWG copper, 
bronze, or copper-clad steel. 

(C) Size of Operating Bonding Conductor or Grounding Elec
trode Conductor. The operating bonding conductor or 
grounding electrode conductor for transmitting stations shall 
not be lcs.� than 14 AWG copper or its cquhalcnt. 

Part IV. Interior Installation - Transmitting Stations 

810.70 Separation from Other Conductors. All conductors 
inside the building shall be separated at least 100 mm (4 in.) 
from d1c conductors of any electric light, power, or signaling 
circuit unlcs.� one of the following conditions applies: 

(1) The conductors of a pcnnancnt audio system arc instal
led in compliance l\ith Part� I and II of Article 640. 

(2) The conductors of portable and temporary audio systems 
arc installed in compliance "id1 Part� I and III of Article 
640. 

(3) The conductors arc separated from such other conduc-
tors by a continuous and finnly fixed nonconductor. 

810.71 General. Transmitters shall comply l\ith 810.71 (A) 
through (C). 

(A) Enclosing. The transmitter shall be enclosed in a metal 
frame or grille or separated from me operating space by a 
barrier or other equivalent means, all metallic part� of which 
arc effectively connected to a bonding conductor or grounding 
electrode conductor. 

(B) Grounding of Controls. All external metal handles and 
controls acccs.�iblc to the operating personnel shall be effec
tively connected to an equipment grounding ronductor if me 
transmitter is powered by the premises "iring system or groun
ded l\ith a conductor in accordance l\ith 810.2L 

(C) Interlocks on Doors. All access doors shall be prmidcd 
wim interlock.� that disconnect al1 VQitagcs of over 350 volt� 
between conductors when any acces.� door is opened. 

ARTICLE 820 
Community Antenna Television and Radio 

Distribution Systems 

Part I. General 

820.1 Scope. This article covers coaxial cable distribution of 
radio frequency signals typically employed in community 
antenna television (CATV) systems. 

820.3 Other Articles. The wiring mcmod� of Article 830 shall 
be permitted to substitute for the wiring mcmocl� of Article 
820. 
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lnformational l'ote: l"se of Article 830 wiling method� will fdcil
itate the upgrading of Article 820 installations to network
powered broadband applications. 

820.15 Power Limitations. C..oaxial cable shall be permitted to 
deliver power to equipment mat is directly associated "ith me 
radio frequency distribution system if the voltage is not over 
60 volt� and if me current is supplied by a transformer or other 
dc\icc that ha� power-limiting characteristics. 

Power shall be blocked from premises dc\iccs on me 
network that arc not intended to be powered via me coaxial 
cable. 

Part ID. Protection 

820.93 Grounding of the Outer Conductive Shield of Coaxial 
Cables. C..oaxial cables entering buildings or attached to build
ings shall comply "ith 820.93(A) or (B). \\'here me outer 
conductive shield of a coaxial cable is grounded, no other 
protective dc\iccs shall · be required. For purposes of this 
section, grounding located at mobile home service equipment 
located l\ithin 9.0 .m (30 ft) of the exterior wall of me mobile 
home it serves, or at a mobile home disconnecting means 
grounded in .accordance l\ith 250.32 and located wimin 9.0 m 
(30 ft) of me e-Xterior wall of the mobile home it serves, shall 
be considered to meet the requirement� of mis section. 

Informational l'ote: Selecting a grounding block location to 
achje\� dte shortest practicable bonding conductor or ground
ing electrode conductor helps limit potential differences 
between CATV and odter metallic systems. 

(A) Entering Bulldings. In installations where me coaxial cable 
enters the building, me outer conductive shield shall be groun
ded in accordance l\ith 820.100. The grounding shall be a� 
close a� practicable to the point of entrance. 

(B) Terminating Outside of the Building. In installations 
where the coaxial cable is terminated out�idc of tl1c building, 
the outer conductive shield shall be grounded in accordance 
wim 820.100. The grounding shall be a� close a� practicable to 
the point of attachment or termination. 

(C) Location. Where installed, a listed primary protector shall 
be applied on each community antenna and radio distribution 
(CATV) cable external to the premises. The listed primary 
protector shall be located a� close a� practicable to me 
entrance point of tl1c cable on cimcr side or integral to me 
ground block. 

(D) Hazardous (Classified) Locations. If a primary protector 
or equipment prmiding me primary protection function is 
used, it shall not be located in any hazardous (cla�sificd) loca
tion a� defined in 500.5 and 505.5 or in me licinitv of ca�ilv 
ignitiblc material. 

' ' 

Exception: Primat)' protection I'.Jf!tipmmt shall he used cmly if permitted 
b)· 501.150, 502.150, and 503.150. 

Part IV. Grounding Methocls 

820.100 Cable Bonding and Grounding. The shield of me 
coaxial cable shall be bonded or grounded a� specified in 
820.100(A) and (8). 

Exception: For rommunications sy.�tems using coaxial cable completely 
rontained within tile building (i.e., the)• do not I'Xit the building) or the 
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extn·ior wnt of pmttrtion defined by a 46 m (150 ft) mdius rolling 
sphere and i.mklttd from outside cable pmnt, the shitld shall be ptrmit
ttd to be gmundP.d by a connection to an tquipment gmunding condur
tm· as dtscribed in 250. 118. ConnPcting to an 1'-l[Uipmrot gmunding 
rondurtor through a gmunded rueptack using a dedicatl'.d bonding 
jumpn· and a permanent{}· connected li.�ttd droire shall be Jln7nitttd. 
Use of a coni and plug fo•· the conntrtion to an 1'-l[Uipmrot gmunding 
rondurtor shall not bt pmnitttd. 

Informational Note: See :'\FPA 780-2020, Standard for tile TllStalla
tion of I.iglltning Protertion .�)·stem.<, 4.7.3.1 ,  for the application of 
the te1m rolling .<pllert'. 

(A) General Requirements. The installation shall he in accord
ance l�ith 800.100. 

(B) Shield Protection Devices. Grounding of a coaxial drop 
cable shield by means of a protective device that docs not inter
rupt the grounding system "idtin the premises shall be permit
ted. 

820.103 Equipment Grounding. l:npowcrcd equipment and 
enclosures or equipment powered by the coaxial cable shall be 
considered grounded where connected to the metallic cable 
shield. 

Part V. Installation Methods Within Bulldings 

820.154 Substitutions of Listed CATV Cables. The substitu
tions for coaxial cables in Table 820.154 and illustrated in 
Figure 820.154 shall be permitted. 

Informational Note: The substitute cables in Table 820.154 and 
Figure 820.154 are only coa.xial-type cables. 

Table 820.154 Coaxial Cable Uses and Permitted Substitutions 

Cable 'I)'pe Permitted Substitutions 

CA'IVP 
CA'IVR 
CA'IV 

CA'IVX 

O.JP, BLJ> 
C..A'IVJ>, CMJ>, CMR, BMR, BLJ>, BLR 
C..A'IVJ>, CMJ>, CA'lVR, C�IR, CMG, CM, 

BMR, BM, BLJ>, BLR, BL 
C..A'IVJ>, CMJ>, CA'lVR, C�IR, CA'IV, CMG, 

C�t. BMR, BM, BLJ>, BLR, BL, BLX 

ARTICLE 830 
Network-Powered Broadband 

Communications Systems 

Part I. General 

830.1 Scope. This article covers network-powered broadband 
communications systems that prmidc any combination of 
voice, audio, video, data, and interactive sen-ices through a 
network interface unit. 

Informational Note: A typical ba.•ic system configurdtion 
includes a cable suppl}ing power and broadband signal to a 
network interface unit that converL• the broadband signal to the 
component signal•. Typical cables are coa.xial cable \\ith both 
broadband signal and power on the center conductor, compo-
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Plenum 

Riser 

General 
purpose 

Dwellings 

BLP 

BMR, BM, 
BLP, BLR, BL, BLX 

IAJ------+£ID Coaxial cable A shall be permitted to be used in 
place of coaxial cable B. 

Type BL-Network-powered broadband communications low
power cables 

Type BM-Network-powered broadband communications medium
power cables 

Type CATV-Community antervia.television cables 
Type eM-Communications cables 

F1GURE 820.154. Coaxial Cable Substitution Hierarchy. 

site metallk cable \\ith a coaxial member(s) or n•i•ted pair 
memben( for the broadband signal and n•i•ted pair members for 
poweF, and hybrid optical fiber cable \\ith a pair of conductors 
for power. Larger systems may also include nenmrk componenL• 
�uch as amplifiers that require network power. 

830.15 Power Limitations. Network-powered broadband 
communications systems shall he classified a'i having low- or 
medium-power sources a'i specified in the follm�ing: 
( 1)  Sources shall he cla'isificd a'i defined in Table 830.15. 
(2) Direct-current power sources exceeding 150 volts to 

ground, but no more than 200 volts to ground, with the 
current to ground limited to 10 rnA de, that meet the 
current and power limitation for medium-power sources 
in Table 830.15 shall be cla'isificd a'i medium-power sour
ces. 

Informational Note: See t.:L 60950-21-2007, Stmuiarrl for Safoty for 
lnfonootion Tl't:/molog)· Equip111mt - Safety - Part 21: Re111ote Poruer 
flwling, for listing information on equipment that complies \\ith 
830.15(2). 

Part II. Cables Outside and Entering Bulldings 

830.40 Entrance Cables. Network-powered broadband 
communications cables located outside and entering buildings 
shall comply "id1 830.40(A) and (B). 

(A) Medium-Power Circuits. Medium-power network-powered 
broadband communications circuits located out'iidc and enter
ing buildings shall he installed using Type BMU, Type BM, or 
Type BMR network-powered broadband communications 
medium-power cables. 

(B) Low-Power Circuits. Low-power network-powered broad
band communications circuit'> located out'iidc and entering 
buildings shall he installed using Type BLl: or Type BLX low
power network-powered broadband communications cables. 
Cables shown in Table 830.154 shall be permitted to substitute. 
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Table 830.15 Limitations for Network-Powered Broadband 
Communications Systems 

Network Power Source Low Medium 

Circuit voltage, V..,., (volt�) 1 0-100 0-150 
Power limitation, l'i\,..,. 250 250 

(volt-amperes) 1 
Cun-enL limitation, /,..,. 1000/ V,,..,. 1000/ V. .... 

(amperes) 1 
Maximum power rating 100 100 

(volt-amperes) 
Maximwn voltage rating (volt�) 100 150 
Maximwn overcurrent 100/ V,...,. :-.lA 

protection (amperes)2 
1 V,...,., 1.,.,, and VA • ...,. are detennined \\ilh Lhe current-limiting 
impedance in Lhe circuit (not bypa.••••ed) a.� follows: 
v.,., - Maximum system \ullage regardles.� of load \\ilh rated input 
applied 
/,,,.. - Maximum system current under any noncapacitive load, 
including shon circuit, and \\ith overcun-ent protection bypa."-�d if 
���ed. 1 • ..,. limit� apply after I minute of operdtion 
V.4,.,. - Maximum volt-..mpere output after I minute of operation 
regardles.� of load and overcurrent protection bypa.'-�ed if lL�ed 
20vercurrent protection is not required if Lhe cun-ent-limiting de,ice 
prmides equh"alent current limitation and Lhe current-limiting de,ice 
does not reset until power or Lhe load is removed. 

830.44 Overhead (Aerial) Cables. Overhead (aerial) network
powered broadhand communications cables shall comply with 
830.44(A) duough (F). 

(A) On Poles and In-Span or Above Roofs. Where network
powered broadhand communications cables arc installed on 
poles and in-span or above roof.o;, they shall comply with 800.44. 

(B) Clearance from Ground. Overhead (aerial) spans of 
network-powered broadband communications cables shall 
conform to not lcs.o; dtan the following: 
(1)  2.9 m (9Y:t ft) - above finished grade, sidewalks, or from 

any platform or projection from which they might be 
reached and acccs.o;iblc to pedestrians· only 

(2) 3.5 m (1 1 Y:t ft) - over residential property and driveways, 
and those commercial arca>i not subject to truck traffic 

(3) 4.7 m (15Y:t ft) - over public streets, alleys, roado;, park
ing arcao; sutMcct to truck. traffic, driveways on other than 
residential property, and odtcr land traversed by vehicles 
such ao; culti\atcd, grazing, forest, and orchard 

lnfonnational Note: See ANSI/IEEE C2-2017, National Electriml 
Safety ('.od,., Table 232-1, which pro, ides for clearances of "ires, 
conductors, and cables above ground and mad""}"• rather than 
���ing the clearances referenced in 225.18. 

(C) Over Pools. Clearance of network-powered broadhand 
communications cable in any direction from dtc \\"atcr level, 
edge of pool, bao;c of diving platform, or anchored raft shall 
comply with those clearances in f>80.9. 

(D) Final Spans. Final spans of network-powered broadhand 
communications cables "idtout an outer jacket shall be permit
ted to be attached to dtc building, but they shall be kept not 
lcs.o; than 900 mm (3 ft) from "indows that arc designed to be 
opened, doors, porches, balconies, ladders, stairs, fire escapes, 
or similar locations. 
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Exception: \..onductors run above the top level of a window shall be 
per11tilled to be less than the 900-mm (3-ft) 11'-JfUirement above. 

Overhead (aerial) network-powered broadband communica
tions cables shall not be installed beneath openings through 
which materials might be moved, such ao; openings in farm and 
commercial buildings, and shall not be installed where dtcy 
obstruct entrance to these building openings. 

(E) Between Bulldings. Network-powered broadhand commu
nications cables extending between buildings or structures, and 
also dtc supporto; or attachment fixtures, shall be identified ao; 
suitable for outdoor aerial applications and shall have sufficicm 
strength to \\ithstand the loads to which they may be subjected. 

Exception: ll11en� a network-powered bmadband communicatifms cable 
diN's not luwe sufficient strength to be selfsuptJOiting, it slmll be 
attached to a suppmting mes.wmger cable that, togf!tlte�· with tile attach
ment fixtures m· !IUPJim·ts, slmll be accq1table for the pwpose mul slmll 
have sufficient stnmgth to wit/ISLand tile loads to which they ma_l' be 
.�ubjPcted. 

(F) On Bulldings. Where attached to buildings, network
powered broadhand communications cables shall be securely 
fao;tcncd in such a manner that they arc separated from other 
conductors il) accordance \\ith 830.44(F) ( I )  through (F) (3). 

(I) ElectJic Ught or Power. The network-powered broadhand 
commmtications cable shall have a separation of at lcao;t 
100 min (4 in.) from electric light, power, Cla"l.o; 1, or non
power�liinitcd fire alarm circuit conductors not in raceway or 
cable, or be permanently separated from conductors of the 
other system by a cominuous and firmly fixed nonconductor in 
addition to the insulation on the "ires. 

(2) Other Communications Systems. 1'\ctwork-powcrcd broad
band communications cables shall be installed so dtat there will 
be no unncccs...ary imcrfcrcncc in the maimcnancc of the 
separate systems. In no cao;c shall the conductors, cables, 
mcs.o;cngcr strand, or equipment of one system cause abrao;ion 
to dtc conductors, cables, messenger strand, or equipment of 
any other system. 

(3) Protection from Damage. Network-powered broadhand 
communications cables attached to buildings or structures and 
located within 2.5 m (8 ft) of finished grade shall be protected 
by enclosures, raceways, or other approved means. 

Exception: A Low-JJOwer netwm-k·pmvf'Tf'.d broadband communications 
circuit that is equiJJjled with a lisiP.d fault Jllvlectifm device, aJJjJIVpriate 
to the netwo7-k·powm1'4 /nvadband communications cable used, and 
located on the netUJOI-k side of the netwm-k·pmvf'Tf'.d /nvadband commu
nirations cable shall 1wt be 71'quif"ed to be additionally Jnvlected by 
roclo.�w"t!s, raceways, m· other appiTroed means. 

830.47 Underground Network-Powered Broadband Communi
cations Cables Entering Bulldings. l:ndcrground network
powered broadband communications cables cmcring buildings 
shall comply "id1 830.47(A) and (B). 

(A) Protection from Physical Damage. Direct-buried cable, 
conduit, or other racc\\ays shall be installed to meet the mini
mum cover requirement" of Table 830.47(A). In addition, 
direct-buried cables emerging from the ground shall be protec
ted by enclosures, racc""a}'S, or other approved means extend
ing from the minimum cover distance required by Table 
830.47(A) below grade to a poim at lcao;t 2.5 m (8 ft) above 
finished grade. In no cao;c shall the protection be required to 
exceed 450 mm (18 in.) below finished grade. Types BMU and 
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BLl: direct-buried cables emerging from the ground shall be 
installed in rigid metal conduit (R\.fC), imcnncdiatc metal 
conduit (1:\<IC), rigid nonmetallic conduit, or other approved 
means extending from the minimum cover distance required 
by Table 830.47(A) below grade to the poim of entrance. 

Exception: Pmtection ftvm physical damage shall not be ntquired if a 
low-power nttwm-k·pmvn1'4 bmadband communications circuit is equip
ped with a lisiP.d fault pmttction devict that if locaiP.d fm tht netwm-k 
.fidt of tht nttwm-k·powny,d b1vadband cable being pmtected and the 
devict is aptnvfniatt to tht netwm-k-JimtJI'I1'd bmadbmul C0711711Unica
timls cabk U.'il'd. 
(B) Pools. \..ablcs located under the pool or "idtin the area 
extending 1.5 m (5 ft) horizontally from dtc inside wall of the 
pool shall meet those clearances and requirements specified in 
680.1 1 .  

Part m. Protection 

830.90 Primary Electrical Protection. 

(A) Application. Primary electrical protection shall be prmi
dcd on all network-powered broadband communications 
conductors that arc neither grounded nor interrupted and arc 
run pardy or entirely in aerial cable not confined "ithin a 
block. Also, primary electrical protection shall be provided on 
all aerial or underground network-powered broadband 
communications conductors that arc neither grounded nor 
imcrruptcd and arc located within the block containing the 
building served so ao; to be exposed to lightning or accidental 
contact widt electric light or power conductors operating at 
over 300 volts to ground. 

Exception: Plimary e!Pct1ical pmttction shall not bt 11'lJUired on the 
nttwork1X1Wn1'd bmadband communications crmductm-s wlm1' tltct1-j,. 
cal pmttction is pmvided on tlv derived circuit(s) (output side of lhe 
NIU) in acconlance with 830.90(8)(3). 

Informational Note :'\o. 1: On network-powered broadband 
communications conductors not exposed to lightning or acci
dental comact \tith power conductors, prmiding primary electri
cal protection in accordance \\ith this article helps protect 
against other hazards, such a.<; ground potential rise caused by 
power fault current<;, and above-normal ,..,Jtages induced by 
fault current<; on power circuit<; in proximity to the network
powered broadband communications conductors. 

Informational :'\ote :'\o. 2: :'\etwork-powered broadband 
communications circuit<; are considered to have a lightning 
exposure unles." one or more of the follm•ing conditions exi<;t: 

( I )  Circuit<; in large metropolitan area.<; where buildings are 
close together and sufficiently high to intercept lightning. 

(2) Area.<; ha�ing an a\-erdge of five or fewer thunderstonn 
days each year and earth resi<;ti,·ity of less than 100 ohm
meters. Such areas are found along the Pacific coa.<;t. 

Informational :'\ote No. 3: See :'\FPA iS0-2020, Standard for the 
lnstallalinn of l.iglltning Protl'rlion Sy•tem.•, for infonnation on 
lightning protection systems. 

(1) Fuseless Primary Protectors. FtLo;elcs.Hypc primary protec
tors shall be pcnniucd where power fault currcnto; on all 
protected conductors in dte ·cable arc safely limited to a value 
no greater than the currcm-carl)ing capacity of the primary 
protector and of the primary protector bonding conductor or 
grounding electrode conductor. 

(2) Fused PrliDary Protectors. \\'bcrc the requirement" listed 
in 830.90(A) (l) arc not mel, fused-type primary protectors 
shall be ·used. Fused-type primary protectors shall consist of an 
arrester connected between each conductor to be protected 
and ground, a fuse in series l\ith each conductor to be protec
ted. and an appropriate mounting arrangcmcm. FtLo;cd primary 
protector terminals shall be marked to indicate line, instru
mcm, and ground, ao; applicable. 

(B) Location. The location of the primary protector, where 
required, shall comply with the follo"ing: 

Table 830.47(A) Network-Powered Broadband CoimUunications Systems Minimum Cover Requirements 

Nonmetallic Raceways Listed for 
Rigid Melal Conduit (RMC) Direct Burial; Without Concrete 

Location of 
Wuing Method 

or Cin:uit 

or Intermediate Melal Encasement or Other Approved 

All locations not specified below 
In trench below 50 mm (2 in.) thick 

concrete or equivalent 
Under a building (in rdceway only) 
Under minimum of 100 mm (4 in.) thick 

concrete exterior slab with no vehicular 
u'allic and the slab extending not les.• 
than 150 mm (6 in.) beyond .the 
underground installation 

One- and two-family dwelling dri\•eways and 
outdoor parking area.<; and ttwd only for 
dwelling-related purposes 

ll:otes: 

Direct Burial Cables 

mm in. 
450 18  
300 12 

0 0 
300 12 

300 12 

Conduit (IMC) Raceways 

mm in. mm in. 

150 6 300 12 
150 6 150 6 

0 0 0 0 
100 4 100 4 

300 12 300 12 

I .  ( '  .. over i• the shonest distance measured beu•-een a point on the top surface of any direct-buried cable, conduit, or other raceway and the top 
surface of finished grade, concrete, or similar cm·er. 
2. Raceways approved for burial only where concrete enca.<;ed shall require a concrete em·elope not less than 50 mm (2 in.) thick. 
3. Les.•er depths shall be permitted where cables rise for te1minations or splices or where acces.• is othen•ise required. 
4. Where solid rock is encountered, all \\iring shall he installed in metal or nonmetallic raceway pennitted for direct burial. 
The raceways shall he cm·ered by a minimum of 50 mm (2 in.) of concrete extending down to rock. 
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(1) A listed primary protector shall be applied on each 
network-powered broadband communications cable 
external to and on lhe network side of the network inter
face unit. 

(2) The primary protector function shall be an imegral part 
of and contained in the network interface unit. The 
network interface unit shall be listed a'i being suitable for 
application wilh network-powered broadband communi
cations system'i and shall have an external marking incH
eating lhat it contains primary electrical protection. 

(3) The primary protector(s) shall be provided on lhe 
derived circuit(s) (output side of lhe 1'\IU) , and lhe 
combination of dte :-.IIU and lhe protector(s) shall be 
listed a'i being suitable for application l\ith network
powered broadband communications system'i. 

A primary protector, whether provided integrally or external 
to dte network interface unit, shall be located a'i dose a'i practi
cable to the point of entrance. 

For purposes of lhis section, a network interface unit and 
any externally provided primary protectors located at mobile 
home service equipmem located in sight from and not more 
than 9.0 m (30 ft) from dte exterior wall of the mobile home it 
serves, or at a mobile home disconnecting means grounded in 
accordance l\ith 250.32 and located in sight from and not 
more than 9.0 m (30 ft) from the exterior wall of dte mobile 
home it serves, shall be considered to meet lhe requirements of 
this section. 

Informational Note: Selecting a network interfdce unit and 
primary protector location to achieve the shortest practicable 
primary protector bonding conductor or grounding electrode 
conductor helps limit potential differences between communi
cations circuit� and other metallic systems. 

(C) Hazardous (Classified) Locations. The primary protector 
or equipment prmiding the primary protection function !!hall 
not be located in any hazardott'i (da'i.'iified) location a'i defined 
in 500.5 and 505.5 or in the licinity of ea'iily ignitible material. 

Exception: As Jmmittl'.d in 501.150, 502.150, and 503.150. 

Part IV. Grounding Methods 

830.93 Grounding or Interruption of Metallic Members of 
Network-Powered Broadband Communications Cables. 
Network-powered communications cables emering buildings or 
attaching to buildings shall comply wilh 830.93(A) or (B). 

For purposes of lhis section, grounding located at mobile 
home service equipment located "ithin 9.0 m (30 ft) of lhe 
exterior wall of the mobile home it serves, or at a mobile home 
disconnecting means grounded in accordance "id1 250.32 and 
located l\ithin 9.0 m (30 ft) of the exterior wall of lhe mobile 
home it serves, shall be considered to meet lhe requirements of 
this section. 

Informational l'ote: Selecting a grounding location to achie\·e 
the shortest practicable bonding conductor or grounding elec
tmde conductor helps limit potential differences between the 
network-powered broadband communications circuit� and other 
metallic system.�. 

(A) Entering Buildings. In installations where the network
powered communications cable enters lhe building, dte shield 
shall be grounded in accordance l\ith 800.100, and metallic 
members of the cable not tt'iCd for communications or power-
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ing shall be grounded in accordance wilh 800.100 or interrup
ted by an insulatingjoim or equivalent de,ice. The grounding 
or interruption shall be a'i dose a'i practicable to the point of 
entrance. 

(B) Terminating Outside of the Building. In installations 
where the network-powered communications cable is termina
ted outside of the building, lhe shield shall be grounded in 
accordance l\ith 800.100, and metallic members of the cable 
not used for communications or powering shall be grounded 
in accordance l\ith 800.100 or interrupted by an insulating 

joint or equivalent device. The grounding or interruption shall 
be a'i dose a'i practicable to the point of attachment of 
the NIU. 

Part V. Installation Methods Within Buildings 

830.133 Installation of Network-Powered Broadband Commu
nications Cables and Equipment. Cable and equipment instal
lations l\idtin buildings shall comply wilh 830.133(A) through 
(C), a'i applicable. 

(A) Separation of Co.Wuctors. 

(1) In Raceways. Cable Trays, Boxes, Enclosures, and Cable 
Routing Assemb&es. 

(a) .Low- and Medium-Pmver Network-Powrm•.d Bmadband 
Cmmmmirmions Ciwuit Cabks. Low- and medium-power 
network-powered broadband communications cables shall be 
permitted in the same raceway, cable tray, box, enclosure, or 
cable routing a'i.'iembly. 

(b) Low-Pmllt'r Network-Powml'.d Bmadband Communications 
Circuit \..abks with Other Circuits. Low-power network-powered 
broadband communications cables shall be permitted in lhe 
same raceway, cable tray, box, enclosure, or cable routing 
a'isembly l\ithjacketed cables of any of the follo"ing circuits: 
(1) Cla'i.'i 2 and Cla'i.'i 3 remote-comrol, signaling, and power-

limited circuit'i in compliance with Part'i I and II of Arti
de 725 

(2) Power-limited fire alann systems in compliance wilh 
Part'i I and Ill of Article 7f>O 

(3) Communications circuits in compliance l\ith Parts I and 
IV of Article 805 

(4) Nonconductive and conductive optical fiber cables in 
compliance with Parts I and V of Article 770 

(5) \.ommunitv amenna television and radio distribution 
systems in �ompliance "id1 Part'i I and V of Article 820 

(c) Medium-Powm· Network-Powered Bmadband \..ommunica
tions Circuit \..abks with OJJtical Fiber \..abks mul Other \..ommunica
tions Cables. Medium-power network-powered broadband 
communications cables shall not be pennitted in the same 
raceway, cable tray, box, enclosure, or cable routing a'i.'iCmbly 
"ilh conductors of any of the follo"ing circuits: 
(1) C-ommunications circuits in compliance l\ith Parts I and 

IV of Article 805 
(2) 

(3) 

Conductive optical fiber cables in compliance l\ith Part'i I 
and V of Article 770 
Communitv amenna television and radio distribution 
systems in �ompliance "id1 Part'i I and V of Article 820 

(d) Medium-Pmver Network-Pmvered Broadba1ul \..ommunica
tions Cit'cuit Cables with Other Circuits. Medium-power network
powered broadband communications cables shall not be 
permitted in lhe same raceway, cable tray, box, enclosure, or 
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cable routing as.o;cmbly with conductors of any of the following 
circuits: 

(1) Class 2 and Class 3 remote-control, signaling, and power
limited circuit-; in compliance with Part-; I and II of Arti
dc 725 

(2) Power-limited fire alann systems in compliance with 
Part-; I and III of Article 7f>O 

(c) Ekctric Light, PoU�e�; Cla.•1s 1, Nonpoweml Bmadband 
\..tnmnunications Circuit Cabks. Network-powered broadband 
communications cable shall not be placed in any raceway, cable 
tray, compartment, outlet box, junction box, or similar fittings 
"ith conductors of electric light, power, Class 1,  or non-power
limited fire alarm circuit cables. 

Exception No. 1: Netwm-k-powered bmadband communications cabk 
shall be pennittl'.d to be Jllaced in a mcnvay, cabk tm)� comJJartment, 
outkt box, junction box, or .�imilar fittings with conductm-s of ekcl!"ic 
light, pmvn; \ .. lass 1, or non-powel�limitl'.d fire a/ann cin:uit cables 
wl�e�Y- all of the conductm-s of ekctric light, JIOlt�el; Cla.<t.� 1, non-pown"
limited fi1Y- alal'm circuiL� are sepamted ftmn all of the netwm"k-powe1Y-d 
bmadbmul cmmnunications cabks b)• a pel'manent banier or li.�ted 
divide1: 

Exception No. 2: 1--Vhe/1' powe1· cin:uit cmultu:tm:� in outkt boxes, junc
tion boxes, m· .�imilar fittings m· compartments whelP- .melt cmultutm:s 
mY- introduced .mk{l" fm·JIOlver .�uJJ/I{l" to the network1JOllleJ"t'd bmadbatul 
communications !i)"Stem distribution equipment, the power cin:uit 
conductm:� shall be muted within the nu:lo.ru11' to maintain a minimum 
6 mm (� in.) separation from netwm-k-pmvn1'.d bmadband communica
tions cabks. 

(2) Other Applications. 1'\ctwork-powcrcd broadband commu
nications cable shall be separated at lcao;t 50 mm (2 in.) from 
conductors of any electric light, power, Cla<�.o; 1 ,  and non-power
limited fire alarm circuits. 

Exception No. 1: Sepamtion shall not be ll'qUilm wl�e�Y-: ( 1) all rf the 
conductm-s of ekctric light, powe1; Cla.<t.� 1, and non-JIOlvn--limitedjiiY
alarm chcuits mY- in a 1-arewa}· m· in metal-sheathed, tltl'.lal-clad, 
nonmetallic-sheathed, Type AC, �r Type UF cabks, m· (2) aU of the 
network-pmvn"t'd bmadband communications cabks al'l/ imca.'it'd in a 
mcnvay. 

Exception No. 2: SeJJm"alion shall not be t�uil"lld wl�e�Y- the netwm-k
poweiY-d bmadband communications cables al'll/ permanent{l' sepamted 
ftvm the conductm:� of ek.ctric light, pown; Cla.<t.� 1, and non-pmvn"
limited fitY- a/ann circuiL� by a continUOU$ and jil'mly fixed nmu:muluc
tm; such a.� porcelain tubes or Jlndbk tubing, in addition to the 
insulation on the wilY-. 

(B) Support of Network-Powered Broadband Communications 
Cables. Raceways shall be used for their imcndcd purpose. 
1'\ctwork-powcrcd broadband communications cables shall not 
be strapped, taped, or attached by any means to the exterior of 
any conduit or raceway ao; a means of support. 

(C) Splicing of Medium-Powered Network-Powered Communi
cations Cables. Where a medium-powered network-powered 
broadband communications cable is spliced or extended, a 
listed junction box or listed patch panel shall be used. 

830.154 Substitutions of Network-Powered Broadband 
Communications System Cables. The substitutions for 
network-powered broadband system cables listed in Table 
830.154 shall be permitted. 

830.160 Bends. Bcnclo; in network broadband cable shall be 
made so ao; not to damage the cable. The radius of the curve of 
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Table 830.154 Cable Substitutions 

Cable l)pe 

8�1 
8LP 
8LR 
8L 

8LX 

Permitted Cable Substitutious 

8�1R 
CMP, CL�P 
CMP, CL�P. CMR, CL3R, 8LP, 8MR 
CMP, CMR, CM, CMG, CL�P. CL3R, CL3, 8MR, 

8�1, 8LP, 8LR 
CMP, CMR, CM, CMG, CMX, CL�P. CL�R, CL�. 

CL�X. 8MR, 8�1, 8LP, 8RP, 8L 

the inner edge of any bend shall not be lcs.o; than 10 times the 
diameter of the cable. 

Informational Note: See A:'\SI/TIA-568.0-E C.eneric Tdn:mmnuni
calions C.ahlinr; for Custo111er Premises, for infonnation on bend 
radii of network broadband cable during different types of 
installation conditions. 

Part VI. Listing Requirements 

830.179 Network-Powered Broadband Communications Equip
ment and Cables. Ketwork-powcrcd broadband communica
tions equipment · and cables shall be Jio;tcd and marked in 
accordance "ith 8.1J0.179(A) through (C). 

Exception No. 1: This li5ting 11>quimnent shall not aJJ/I{l" to community 
antenna ··tekvi�ion mul mdio di.�t1ibution -�·-�tem coaxial cables that 
Ulei"P- trl.flalkd pt·ior to january 1, 2000, in �em-dance with Artick 820 
and art used fm· low-power netwm-k-powe11'd bmadband communica
tiolls circuits. 

Exception No. 2: Substitute cables for ntlwo1-k-jJoUJe11'.d bmadband 
communications cabks shall be pel'mittl'.d a.5 shmvn in Tabk 830.154. 

(A) General Requirements. The general rcquircmcnLo; in 
800.179 shall apply. 

(B) Network-Powered Broadband Communications Medium
Power Cables. 1'\ctwork-powcrcd broadband communications 
medium-power cables shall be factory-a<�.o;cmblcd cables consist
ing of a jacketed coaxial cable, a jacketed combination of 
coaxial cable and multiple individual conductors, or a jacketed 
combination of an optical fiber cable and multiple individual 
conductors. The insulation for the individual conductors shall 
be rated for 300 volt-; minimum. \..abies imcndcd for outdoor 
usc shall be Jio;tcd ao; suitable for the application. Cables shall be 
marked in accordance "ith 310.8. Type BMl: cables shall be 
jacketed and Jio;tcd ao; being suitable for outdoor underground 
usc. 

(C) Network-Powered Broadband Communication Low-Power 
Cables. :-.lctwork-powcrcd broadband communications low
power cables shall be factory-ao;scmblcd cables consisting of a 

jacketed coaxial cable, a jacketed combination of coaxial cable 
and multiple individual conductors, or a jacketed combination 
of an optical fiber cable and multiple individual conductors. 
The insulation for dtc indhidual conductors shall be rated for 
300 voiLo; minimum. \..abies imcndcd for outdoor usc shall be 
listed ao; suitable for the application. Cables shall be marked in 
accordance with 310.8. Type BLl: cables shall be jacketed and 
listed ao; being suitable for outdoor underground usc. 
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ARTICLE 840 - PRE:MISES-PO\\''ERED BROADBA. 'ID COMML"l'\ICATIOJ'\S SYSTE�IS 840.160 

ARTICLE 840 
Premises-Powered Broadband 

Communications Systems 

Part I. General 

840.1 Scope. This article covers premises-powered broadband 
communications systems. 

lnformational l'\ote: A typical basic system configuration consisL• 
of an optical fiber, twisted pair, or coaxial cable to the premises 
supplying a broadband signal to a network terminal that 
cmwerL• the broadband signal into component signals, such a.• 
traditional telephone, 'ideo, high-speed Internet, and interdc
tive senices. Poweling for the network te1minal and network 
de\ices is typically accomplished through a premises power 
supply that might be built into the network terminal or prmided 
a.• a separate unit. In order to pro .. ide communications in the 
e\'ent of a power intermption, a battery backup unit or an unin
terruptible power supply (UPS) is typically part of the poweling 
system. 

Part D. Cables Outside and Entering Buildings 

840.47 Underground Wires and Cables Entering Buildings. 
Direct-buried cables shall be installed to have a minimum cover 
of 150 mm (6 in.). 

Part m. Protection 

840.90 Protective Devices. The requirement• of 805.90 shall 
apply. 

840.93 Grounding or Interruption. 1'\on-currcnt-carrying 
metallic members of optical fiber cables, communjcations 
cables, or coaxial cables entering buildings or attaching to 
buildings shall comply with 840.93(A), (B), or (C), respectively. 

(A) Non-Current-Carrying Metallic Members of Optical Fiber 
Cables. :-.lon-currcm-carrying metallic members of optical fiber 
cables cmcring a building or tcrmimiting ·on the out•idc of a 
building shall comply "id1 770.93(A) or (B). 

(B) Communications Cables. The grounding or imcrruption 
of the metallic sheath of communications cable shall comply 
wim 805.93. 

(C) Coaxial Cables. \\'here me network terminal is installed 
inside or out•idc of me building, l\ith coaxial cables tcnninat
ing at dtc network terminal, and is cidtcr entering, exiting, or 
attached to me out•idc of the building, 820.93 shall apply. 

840.94 Premises Circuits Leaving the Building. Where circuit• 
leave the building to power equipment remote to me building 
or outside the exterior zone of protection defined by a 46 m 
(150 ft) raditL• rolling sphere, 805.90 and 805.93 shall apply. 

Informational Note: See :'\FPA 780-2020, Standard for tile TllStalla
tion of Uglltninl{ Pmti'Ciion Sy.<ll!llt<, for the theory of the term roll· 
ingsplvre. 

Part IV. Grounding Methods 

840.101 Premises Circuits Not Leaving the Building. If me 
network terminal is served by a nonconductivc optical fiber 
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cable, or where any non-currcnt-car!Jing metal member of a 
conductive optical fiber cable is imcrruptcd by an insulating 
joint or equivalent device, and circuit• mal terminate al me 
network tcnninal arc completely contained l\ithin dtc building 
(i.e., mcy do not exit the building), 840.101 (A), (B), or (C) 
shall apply, as applicable. 

(A) Coaxial Cable Shield Grounding. The shield of coaxial 
cable shall be grounded by one of the follo"ing: 
(1 )  Any of me method• described in 820.100 or 800.106 
(2) A fixed connection to an equipment grounding conduc

tor as described in 250.1 18 
(3) C-onnection to the network terminal grounding terminal 

prm-idcd that the terminal is connected to ground by one 
of me method• described in 820.100 or 800.106, or to an 
cquipmcm grounding conductor mrough a listed 
grounding device mal will retain me ground connection 
if me network terminal is unplugged 

(B) Communications Circuit Grounding. Communications 
circuit• shall not be required to be grounded. 

(C) Network Terminal Grounding. The network tcnninal shall 
not be required to be grounded unless required by it• listing. If 
the coaxial cable $hield is separately grounded as described in 
840.101 (A) (1) or 840.101 (A) (2) , the usc of a cord and plug for 
the connection to the network terminal grounding connection 
shall be permitted. 

Informational 1'\ote: If required to be grounded, a li•ted de .. ice 
that extend• the equipment grounding conductor from the 
receptacle to the network te1minal equipment grounding termi
nal is permitted. Sizing of the extended equipment grounding 
conductor is co\'ered in Table 250.122. 

840.102 Premises Circuits Leaving the Building. If circuit• 
leave the building to power equipment remote to me building 
or outside dtc exterior zone of protection defined by a 46 m 
(150 ft) radius rolling sphere, the installation of communica
tions wires and cables shall comply "id1 800.100 and 800.106, 
and me installation of coaxial cables shall comply l\ith 820.100 
and 800.106. 

Informational Note: See :'\FPA 780-2020, Standard for tile TllStalla
tion of Lightning Protection Sy.<tl'llt<, for the application of the tenn 
rollin!{ spl!l're. 

Part VI. Premises Powering of Communications Equipment 
over Communications Cables 

840.160 Powering Circuits. Listed communications cables, in 
addition to car!Jing the communications circuit, shall also be 
permitted to cafl)' circuit• for powering listed communications 
cquipmcm. The power source shall be listed in accordance 
"im 840.170(C). Installation of the listed 4-pair communica
tions cables for a communications circuit or installation where 
4-pair communications cables arc substituted for Cla'i.• 2 and 
Cla'i.• 3 cables in accordance wim 722.135(E) shall comply wim 
725.144. 

Exception: lmtalling communications cabks in rompliana with 
725.144 shall not be 11'quil'ed Jm· /isted 4-pair communirations rab!Rs 
where the mted cummt of the JIOWn· .wmrce does not exct't'd 0. 3 ampert!s 
in an_v ccnultu:tm· 24 A WG orlarge1: 

Informational 1'\ote :'\o. I :  A typical communications cable for 
thi• application is a 4-pair cable sometimes referred to a.• C.-ate
gory 5e (or higher) LAN cable or balanced t\\isted pair cable. 
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These types of cables are often Ul>ed to provide Ethemet- and 
Power over Ethemet (PoE)-type services. 

Informational :'\ote 1\"o. 2: See i25.144 for requirement• to 
manage the temperature rise of bundles of cables that prmide 
power. 

Part VD. Listing Requirements 

840.170 Equipment and Cables. Premises-powered broadband 
communications systems equipment and cables shall comply 
"ith 840.170(A) through (D). 

(A) Network Terminal. The nenmrk terminal and applicable 
grounding means shall be listed for application "id1 premises
powered broadband communications system"'. 

Informational Note No. 1: See A.'\SI/UL 60950-1-2014, Standard 
for Saf1'1)' of Information 1eclmolng)· Equipmmt; ANSI/ 
t:L 49&\-2015, Current Tap.• and Adapter>, Al\"SI/t:L 467-2013, 
Grounding and Bonding Equipmmt; or ANSI/l'L 62368-1-2014, 
Audio/Video, Information and ('.mnmuniration 1eclmolngy Equipmmt 
- Part I: Sa[I'I)' /Uqui"mml.<. 

Informational Note No. 2: There are no requirement• on the 
network terminal and it• grounding methodologies except for 
those covered by the li•ting of the product. 

(B) Premises Communications Wires and Cables. Communi
cations wires and cables shall be listed and marked in accord
ance l\ith 800.179. 
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(C) Power Source. The power source for circuit" intended to 
prmide power over communications cables to remote equip
mem shall be limited in accordance "ith Table 1 1  (B) in Chap
ter 9 for voltage sources up to 60 volt"' de and be listed a"' 
specified in eidter of dte following: 
(1) A power source shall be listed a"' specified in 725.60(A) 

(1), (A) (2), (A) (3), or (A) (4). The power sources shall 
not have the output connections paralleled or odterwise 
interconnected unless listed for such interconnection. 

(2) A power source shall be listed a"' communications equip-
mem for limited-power circuit"'. 

Informational 1\"ote: See ANSI/l'L 60950-1-2014, Standard for 
Safety of Information Tn:lmolog)· Equipmtmt�<iafety - Part I, or 
ANSI/l'L 62368-1-2014, .4udio/Vidro, Information ami C.ommunira
tion Technology l:quipmmt - Part I: Safrty �mmts. Typically, 
such circuit• are u.�d to interconnect equipment for the 
purpose of exchanging information (data). 

(D) Accessory Equipment. \..ommunications accessory equip
mem and/or a"'semblies shall be listed for application with 
premises-powered communieations systems. 

Informational :'\ote: See ANSI/UL 1863-2004, C.ommunications
Cirruit .4rr�<t.mries. 

l'\ATJO:'\AL EJ..EGJ'RJC-\l com: 20'.!3 Edition 

Copyright C;;; NFPA For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For 1nqumes contact custserv@nfpa.org. To report unauthorized use. contact legal@nfpa.org. 



TABLES CHAPTER 9  

Chapter 9 Tables 

Table 1 Percent of Cross Section of Conduit and Tubing for 
Conductors and Cables 

Number of Conductors and/ or 
Cables 

I 
2 

Over 2 

Cross-Sectional Area (%) 

53 
3I 
40 

Informational Note :'\o. I :  Table I is ba'led on common condi
tions of proper cabling and alignment of conductors where the 
length of the pull and the number of bend� are within reamna
ble limiL�. It should be recognized that, for certain condition.�. a 
larger size conduit or a les.�r conduit fill should be considered. 

Informational :'\ote No. 2: When pulling three conductors or 
cables into a raceway, if the ratio of the rdceway (inside diame
ter) to the conductor or cable (ouL�ide diameter) is between 2.8 
and 3.2, jamming can occur. While jamming can occur when 
pulling four or more conductors or cables into a raceway, the 
probability is \'ery low. 

Notes to Tables 

(1)  Sec Inrormativc Annex C ror the maximum number or 
conductors and fixture wires, all or the same size (total 
cross-sectional area including insulation) permitted in 
trade sizes or the applicable conduit or tubing. 

(2) Table 1 applies only to complete conduit or tubing 
systems and is not intended to apply to sections or 
conduit or tubing used to protect exposed "iring and 
cable rrom physical damage. 

(3) Equipment grounding or bonding conductors, '�here 
installed, shall be included when calculating conduit or 
tubing fill. The actual dimensions or the equipment 
grounding or bonding conductor (insulated or bare) 
shall be used in the calculation. 

(4) Where conduit or tubing nipples, not including connec
tors, ha\'ing a maximum length not to exceed f>OO mm 
(24 in.) arc installed between boxes, cabinet�, and simi
lar enclosures, the nipples shall be permitted to be filled 
to 60 percent or their total cros.'Hiectional area, and 
310.15(C) ( 1 )  adjustment ractors need not apply to this 
condition. 

· 

(5) For conductors not included in Chapter 9, such a� multi
conductor cables and optical fiber cables, the actual 
dimensions shall be used. 
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(6) For combinations or conductors or different sizes, u� 
actual dimensions or Table 5 and Table 5A ror dimen
sions or conductors and Table 4 ror the applicable 
conduit or tubing dimensions. 

(7) \\'hen calculating the maximum number or conductors 
or cables permitted in a conduit or tubing, all or the 
same size (total cros."i-!icctional area including insula
tion), the next higher whole number shall be used to 
determine the maximum number or conductors permit
ted when the calculation result� in a decimal greater 
than or equal to 0.8. When calculating the size ror 
conduit or tubing permitted ror a single conductor, one 
conductor shall be pcnnittcd when the calculation 
result� in a decimal greater than or equal to 0.8. 

(8) \\'here bare conductors arc permitted by other sections 
or this Code, the dimensions ror bare conductors in Table 
8 shall be permitted. 

(9) A multiconductor cable, optical fiber cable, or flexible 
cord or two or more conductors shall be treated a� a 
single conductor ror calculating percentage conduit or 
tubing till area. For cables that have elliptical eros.� 
sections, the cros.'Hiectional area calculation shall be 
ba�d on using the major diameter or the ellipse a� a 
circle diameter. A�scmblics or single insulated conduc
tors without an overall covering shall not be considered 
a cable when determining conduit or tubing fill area. 
The conduit or tubing fill ror the a'i.�cmblics shall be 
calculated ba�cd upon the individual conductors. 

( 10) The "'dues ror approximate conductor diameter and 
area shown in Table 5 arc ba�cd on worst-ca�c scenario 
and indicate round concentric-lay-stranded conductors. 
Solid and round conccntric-lav-strandcd conductor 
values arc grouped together ror the purpose or Table 5. 
Round compact-stranded conductor values arc shown in 
Table 5A. Ir the actual \oalucs or the conductor diameter 
and area arc known, they shall be permitted to be used. 
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CHAPTER 9  TABLES 

Table 2 Radius of Conduit and Tubing Bends 

Conduit or Tubing Size One Shot and FuU Shoe Benders Other Bends 

Metric Designator Trade Size mm in. mm in. 

16 � 101.6 4 101.6 4 
21 Y. 1 14.3 4� 12i 5 
2i I 146.05 3'X 152.4 6 
35 I V.  1114. 15 iYa 203.2 II 
41 IV. 209.55 SYa 2.?4 10 
53 2 241.3 9� 304.8 12 
63 2� 2f>6.i 10� 3111 15 
ill 3 330.2 13 45i.2 Ill 
91 3� 3111 15 533.4 21 

103 4 406.4 16 609.6 24 
129 5 f>09.6 24 i62 30 
155 6 i62 30 914.4 36 

Table 4 Dimensions and Percent Area of Conduit and Tubing (Areas of Conduit or Tubing for the COJnbiOations of Wires Permitted 
in Table 1, Chapter 9) 

Metric Trade 
Designator Size 

16 Y:, 
21 'Y.. 
27 I 
35 1 \4  
41 I Y:, 
53 2 
6.� 2\1, 
78 3 
91 3\1, 

103 4 
129 5 
155 6 

Metric Trade 
Designator Size 

16 Y:, 
21 'Y.. 
27 I 
35 I V.  
4 1  I ll,  
53 2 
63 2Y:, 
78 3 
91 3� 

Metric Trade 
Designator Size 

12 % 
16 \1, 

Over 2 Wares 
40% 

mmz m.z mmz 

78 0.122 1 18 
137 0.213 206 
222 0.346 333 
387 0.598 581 
526 0.814 788 
866 1 .342 1299 

1513 2.343 2270 
2280 3.538 3421 
2980 4.618 4471 
3808 5.901 5712 
5220 8.085 7830 
7528 1 1.663 1 1292 

Over 2 Wares 
40% 

mmz • z m. 

73 0. 1 14 
131 0.203 
215 0.333 
375 0.581 
512 0.794 
849 1.316 

Over 2 Wares 
40% 

mmz • z m. 

30 0.046 
81 0.127 

Article 358 - Electrical Metallic Tubing (EMT) 
Nominal 

I Wtre 2Wires Internal Total Area 
60% 53% 31% Diameter 100% 

• z m. mmz • 2 m. mmz • z m. mm in. mmz m.z 

0.182 104 0.161 61 0.094 15.8 0.622 196 0.304 
0.320 182 0.283 106 0.165 20.9 0.824 343 0.533 
0.519 295 0.458 172 0.268 26.6 1 .049 556 0.864 
0.897 513 0.793 300 0.464 35.1 1.380 968 1.496 
1 .221 696 1.079 407 0.631 40.9 1.610 1314 2.036 
2.013 1 147 1.778 671 1.040 52.5 2.067 2165 3.356 
3.515 2005 3.105 1 1 73 1.816 69.4 2.731 3783 5.8.?8 
5.307 3022 4.688 1767 2.742 85.2 3.3:>6 5701 8.846 
6.927 3949 6.1 19 2310 3.579 97.4 3.834 7451 1 1 .545 
8.852 5046 7.819 2951 4.573 1 10.1 4.334 9521 14.753 
12.127 6916 10.713 4045 6.266 128.9 5.073 13050 20.212 
1 7.495 9975 15.454 5834 9.039 154.8 6.093 18821 29.158 

Article 362 - Electrical Nonmetallic Tubing (ENT) 
Nominal 

I Wtre 2 Wares Internal Total Area 
60% 53% 31% Diameter 100% 

mmz m.z mmz • z m. mm1 • z m. mm in. mm1 m.z 

1 10 0.171 97 0.151 57 0.088 15.3 0.602 184 0.285 
197 0.305 174 0.269 102 0.157 20.4 0.804 328 0.508 
322 0.499 284 0.441 166 0.258 26.1 1 .029 537 0.832 
562 0.872 497 O.i70 291 0.450 34.5 1.36 937 1 .453 
769 1 . 191 679 1 .052 397 0.616 40.4 1 .59 1281 1.986 

1274 1 .975 1 125 1 .744 658 1.020 52 2.047 2123 3.291 

Article 348 - Flexible Metal Conduit (FMC) 

I Wtre 2 Wires Nominal Internal Total Area 
60% 53% 31% Diameter 100% 

mmz • 2 m. mmz • z m. mmz • z m. mm in. mmz • z m. 

44 0.069 39 0.061 23 0.036 9.7 0.384 74 0. 1 16 
122 0.190 108 0.168 63 0.098 16.1 0.635 204 0.31 7  

(rontinUPS) 
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Metric 
Designator 

21 
2i 
33 
41 
33 
63 
78 
91 

103 

Trade 
Size 
'Y.. 
1 

1 \t. 
I V, 
2 

2Y, 
3 

3Y, 
4 

Metric Trade 
Designator Size 

12 
16 
21  
2i 
33 
41 
53 
63 
78 
91 

103 
129 
153 

¥,. 
Y. 
'X 
I 

1 \t. 
I V. 
2 

2Y, 
3 

3Y, 
4 
5 
6 

Metric Trade 
Designator Size 

12 ¥,. 
16 v. 
21 'Y.. 
2i I 
35 1 \t. 
41 J Y,  
53 2 

Over 2 Wires 
40% 

13i 0.213 
2 1 1  0.32i 
330 0.51 1 
480 O.i43 
843 1 .30i 

126i 1 .963 
1824 2.82i 
2483 3.848 
3243 5.02i 

Over 2 Wires 
40% 

89 
151 
248 
423 
573 
93i 

1323 
2046 
2i29 
3490 
3453 
i878 

0.13i 
0.233 
0.384 
0.659 
0.890 
1 .452 
2.054 
3.169 
4.234 
5.452 
8.528 
12.304 

Over 2 WU"eS 
40% 

50 O.Oi7 
80 0.125 

139 0.214 
221 0.342 
38i 0.601 
520 0.807 
863 1.337 

•correspond� to 356.2(1) .  

Metric Trade 
Designator Size 

12 'Y,. 
16 v. 
21 'Y. 
27 I 
35 1 \t.  
4 1  I V, 
53 2 

*Correspond� to 356.2(2). 

Over 2 Wires 
40% 

49 
81 

140 
226 
394 
510 
836 

O.Oii 
0.125 
0.216 
0.349 
0.6 1 1  
0.792 
1 .298 

20'.!3 t:ditinn X.-\"110:-IAI. t:J.t:CTRJ(�-\L COI>t: 

206 
316 
495 
720 

1264 
1900 
2736 
3724 
4864 

60% 

TABLES 

Article 348 - Flexible Metal Conduit (FMC) 

0.320 
0.490 
O.i66 
1 .1 15 
1 .961 
2.943 
4.241 
5.ii3 
7.540 

1 WJre 
53% 

182 0.283 
279 0.433 
43i 0.6ii 
636 0.983 

1 1 1i 1 .732 
1678 2.602 
24l i  3.746 
3290 5.099 
429i 6.660 

2 Wires 
31% 

106 0.163 
163 0.233 
256 0.396 
372 0.5i6 
653 1.013 
982 1 .522 

1414 2.191 
1924 2.983 
2513 3.896 

Article 342 - Intermediate Metal Conduit (lMC) 

60% 
1 Wire 
53% 

2 Wires 
31% 

133 
226 
3i2 
638 
859 

1405 
198.'> 
3069 
4093 
5235 
8183 
1 181i 

0.205 
0.352 
0.5i5 
0.988 
1 .335 
2.1i8 
3.081 
4.i53 
6.351 
8.1i9 
12.i92 
18.456 

1 17 
200 
329 
564 
i59 

1241 
l i53 
2i1 1  
3616 
4624 
7229 
10439 

0. 181 
0.31 1  
0.508 
0.8i3 
l . l i9 
1 .924 
2.i22 
4.199 
5.610 
i.224 
1 1 .30 

1 6.302 

69 
1 17 
192 
330 
444 
i26 

1026 
1586 
2 1 15 
2i05 
4228 
6106 

0.106 
0.182 
0.297 
0.310 
0.690 
1 .125 
1.:>92 
2.456 
3.281 
4.226 
6.610 
9.536 

Nominal Internal 
Diameter 

mm in. 
20.9 0.824 
25.9 1 .020 
32.4 1 .273 
39.1 1 .538 
31.8 2.040 
63.5 2.500 
i6.2 3.000 
88.9 3.500 

101.6 4.000 

Nominal 
Internal 

Diameter 

mm in. 

16.8 
21.9 
28.1 
36.8 
42.7 
54.6 
64.9 
80.7 
93.2 

103.4 
131.i8 
158.36 

0.660 
0.864 
1.105 
1 .448 
1.683 
2.150 
2.53i 
3.1i6 
3.6il 
4.166 
5.210 
6.258 

Article '356 - Uquiddgbt.Fiexible �omiletallic Concluit (LFNCA•.) 

i5 
121 
208 
331 
581 
781 

1294 

60% 
• r m. 

0. 1 15 
0.187 
0.321 
0.513 
0.901 
1.2 1 1  
2.006 

1 WJre 
53% 

66 0.102 
107 0.165 
184 0.283 
292 0.433 
313 0.796 
690 l .OiO 

1 143 1 .7i2 

2 WD"eS 
31% 

39 0.060 
62 0.097 

10i 0.166 
t i l  0.265 
300 0.466 
403 0.626 
669 1.036 

Nominal 
Internal 

Diameter 

mm in. 

12.6 0.493 
16.0 0.630 
21.0 0.825 
26.5 1 .043 
33.1 1.38.� 
40.7 1 .603 
52.4 2.06.� 

Article 356 - Uquidligbt Flexible Nonmetallic Conduit (LFNCB*) 

74 
122 
210 
338 
591 
763 

1255 

60% 

0.1 15 
0.188 
0.323 
0.524 
0.9 l i  
1.188 
1.948 

65 
108 
183 
299 
522 
6i6 

1 108 

0.102 
0.166 
0.28i 
0.462 
0.810 
1.030 
1.720 

2 Wares 
31% 

DUD! in.! 

38 
63 

108 
li5 
305 
395 
648 

0.059 
0.09i 
0.168 
0.270 
0.474 
0.614 
1 .006 

Nominal 
Internal 

Diameter 

mm in. 

12.5 
16.1 
21.1  
26.8 
35.4 
40.3 
51.6 

0.494 
0.632 
0.8.�0 
1 .054 
1 .395 
1 .588 
2.033 

Copyright �; NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:f'Ynfpa.org. To report unauthoriLed use. contact legal@nfpa.org. 

CHAPTER 9  

Total Area 
100% 

343 0.333 
52i 0.817 
824 1 .2i7 

1201 1 .858 
210i 3.269 
316i 4.909 
4560 7.069 
620i 9.621 
810i 12.566 

Total Area 
100% 

222 
3ii 
620 

1064 
1432 
2341 
3308 
51 15 
6822 
8725 
13639 
19696 

0.342 
0.586 
0.939 
1 .64i 
2.225 
3.630 
5.135 
i.922 

10.584 
13.631 
21.32 
30.i6 

Total Area 
100% 

125 0.192 
201 0.312 
346 0.533 
552 0.8.'>4 
968 1 .502 

1301 2.018 
2157 3.343 

Total Area 
100% 

123 
204 
350 
564 
984 

l 2i6 
2091 

0.192 
0.314 
0.541 
0.8i3 
1.528 
1 .981 
3.246 

70-717 



CHAPTER 9  

Metric 
Designator 

12 
16 
21 
27 
35 
41 
53 

Trade 
Size 

*Conespond� to 356.2(3). 

Metric Trade 
Designator Size 

12 
16 
21 
27 
35 
41 
53 
63 
78 
91 

103 
129 

% 
� 

Y. 
I 

w. 
· �  
2 

2� 
3 

3!1, 
4 
5 

155 6 

Metric 'Ihlde 
Designator Size 

12 
16 
21 
27 
35 
41 
53 
63 
78 
91 

103 
129 
155 

¥,. 
!!, Y. 
I 

l lt.  
· �  
2 

2Y. 
3 

3!1, 
4 
5 
6 

Metric Trade 
Designator Size 

12 
16 
21 

70-718 

TABLES 

Article 356 - Liquidtigbt Flexible Nonmetallic Conduit (LFNCC*) 

Over 2 Wues 
40% 

47.7 
77.9 

134.6 
215.0 
380.4 
509.2 
847.6 

0.074 
0.121 
0.209 
0.333 
0.590 
0.789 
1.314 

Over 2 Wues 
40% 

49 
81 

140 
226 
394 
510 
836 

1259 
1931 
251 1  
3275 

0.077 
0. 125 
0.216 
0.349 
0.61 1 
0.792 
1.298 
1.953 
2.990 
3.893 
5.077 

Over 2 Wires 
40% 

81 
141 
229 
394 
533 
879 

1255 
1936 
2584 
3326 
5220 
7528 

0.125 
0.220 
0.355 
0.610 
0.829 
1.363 
1.946 
3.000 
4.004 
5.153 
8.085 

1 1 .663 

Over 2 Wues 
40% 

56 
105 

0.087 
0.164 

60% 

71.5 
1 16.9 
201.9 
322.5 
570.6 
763.8 

1271.4 

0.1 1 1  
0.181 
0.313 
0.500 
0.884 
1.184 
1.971 

1 Ware 
53% 

63.2 
103.2 
178.4 
284.9 
504. 1 
674.7 

1 123. 1 

0.098 
0.160 
0.276 
0.442 
0.781 
1.046 
1.741 

2 Wues 
31% 

36.9 
60.4 

104.3 
166.6 
294.8 
394.6 
656.9 

0.057 
0.094 
0.162 
0.258 
0.457 
0.612 
1.018 

Nominal Internal 
Diameter 

mm in. 
12.3 
15.7 
20.7 
26.2 
34.8 
40.3 
51.9 

0.485 
0.620 
0.815 
1.030 
1.370 
1.585 
2.045 

Article 350 - Liquidtigbt Flexible Metal Conduit (LFMC) 

74 
122 
210 
338 
591 
765 

1255 
1888 
2896 
3766 
4912 

60% 

0. 1 15 
0.188 
0.325 
0.524 
0.917 
1. 188 
1.948 
2.929 
4.485 
5.839 
7.615 

65 
108 
185 
299 
522 
676 

1 108 
1668 
2559 
3327 
4339 

0.102 
0.166 
0.287 
0.462 
0.810 
1.050 
1.720 
2.587 
3.962 
5.158 
6.727 

2 Wues 
31% 

38 
63 

108 
175 
305 
395 
648 
976 

1497 
1946 
2538 

0.059 
0.097 
0.168 
0.270 
0.474 
0.614 
1.006 
1.513 
2.317 
3.017 
3.935 

Article 344 - Rigid Metal Conduit (RMC) 

122 
212 
344 
591 
800 

1319 
1882 
2904 
3877 
4990 
7830 

1 1292 

60% 

0.188 
0.329 
0.532 
0.916 
1.243 
2.045 
2.919 
4.499 
6.006 
7.729 

12.127 
17.495 

mmz m.z 

108 
187 
303 
522 
707 

1 165 
1663 
2565 
3424 
4408 
6916 
9975 

0.166 
0.291 
0.470 
0.809 
1.098 
1.806 
2.579 
3.974 
5.305 
6.828 

10.713 
15.454 

2 Wires 
31% 

63 
109 
177 
305 
413 
681 
972 

1500 
2003 
2578 
4045 
5834 

0.097 
0.170 
0.275 
0.473 
0.642 
1.056 
1.508 
2.325 
3.103 
3.994 
6.266 
9.039 

Article 352 - Rigid PVC Conduit (PVC), Schedule 80 

85 
158 

60% 

0.130 
0.246 

75 
139 

0.1 15 
0.217 

2 Wires 
31% 

44 
82 

0.067 
0.127 

Nominal 
Internal 

Diameter 

mm in. 
12.5 
16.1 
21.1 
26.8 
35.4 
40.3 
51.6 
63.3 
78.4 
89.4 

102.1 

0.494 
0.632 
0.830 
1.054 
1.395 
1.588 
2.033 
2.493 
3.085 
3.520 
4.020 

Nominal 
Internal 

Diameter 

mm in. 

16.1 
21.2 
27.0 
35.4 
41.2 
52.9 
63.2 
78.5 
90.7 

102.9 
128.9 
154.8 

0.632 
0.836 
1.063 
1.394 
1.624 
2.083 
2.489 
3.090 
3.570 
4.050 
5.073 
6.093 

Nominal 
Internal 

Diameter 

mm in. 

13.4 
18.3 

0.526 
0.722 

Total Area 
100% 

1 19.19 
194.778 
336.568 
537.566 
951.039 

1272.963 
21 19.063 

0.185 
0.302 
0.522 
0.833 
1.474 
1.973 
3.285 

Total Area 
100% 

123 
204 
350 
564 
984 

1276 
2091 
3147 
4827 
6277 
8187 

0.192 
0.314 
0.541 
0.873 
1.528 
1.981 
3.246 
4.881 
7.475 
9.731 

12.692 

Total Area 
100% 

204 
353 
573 
984 

1333 
2198 
3137 
4840 
6461 
8316 

13050 
18821 

0.314 
0.549 
0.887 
1.526 
2.071 
3.408 
4.866 
7.499 

10.010 
12.882 
20.212 
29.158 

Total Area 
100% 

141 
263 

0.217 
0.409 

(ronlimus) 

l'\.-\TJO:'\AL EJ..EGJ'RJC-\1. com: 20'.!3 Edition 
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Metric 
Designator 

27 
35 
41 
53 
63 
78 
91 

103 
129 
155 

Trade 
Size 

I 
w. 
I �  
2 

2� 
3 

3� 
4 
5 
6 

Metric 'Ihlde 
Designator Size 

12 
16 
21 
27 
35 
41 
53 
63 
78 
91 

103 
129 
155 

'Y.. 
Y. 
'Y. 
I 

I V.  
I �  
2 

2V. 
3 

3V. 
4 
5 
6 

Metric Trade 
Designator Size 

16 
21 
27 
35 
41 
53 
63 
78 
91 

103 
129 
155 6 

Metric 'Ihlde 
Designator Size 

16 Y. 

Over 2 Wues 
40% 

mmz in.z 

178 0.275 
320 0.495 
442 0.684 
742 1.150 

1064 1 .647 
1660 2.577 
2243 3.475 
2907 4.503 
4607 7.142 
6605 10.239 

mm' 
267 
480 
663 

1 1 13 
1596 
2491 
3365 
4361 
691 1  
9908 

TABLES 

Article 352 - Rigid PVC Conduit (PVC), Schedule 80 

60% 

in.' 
0.413 
0.742 
1 .027 
1 .725 
2.471 
3.865 
5.213 
6.755 

10.713 
15.359 

I WU"e 
53% 

236 0.365 
424 0.656 
585 0.907 
983 1.523 

1410 2.183 
2200 3.414 
2972 4.605 
3852 5.967 
6105 9.463 
8752 13.567 

2 Wires 
31% 

mm2 in.2 

138 0.213 
248 0.383 
342 0.530 
575 0.891 
825 1 .277 

1287 1 .997 
1738 2.693 
2253 3.490 
3571 5.535 
5 1 19 7.935 

Nominal 
Internal 

Diameter 

mm in. 
23.8 0.936 
31.9 1 .255 
37.5 1.476 
48.6 1.913 
58.2 2.290 
72.7 2.864 
84.5 3.326 
96.2 3.786 

121.1  4.768 
145.0 5.709 

Articles 352 and 353 - Rigid PVC Conduit (PVC), Schedule 40, and HDPE Conduit (HDPE) 

Over 2 Wires 
40% 

mmz in.z 

74 
131 
214 
374 
513 
849 

1212 
1877 
251 1  
3237 
5099 
7373 

0.1 1 4  
0.203 
0.333 
0.581 
0.794 
1.316 
1 .878 
2.907 
3.895 
5.022 
7.904 

1 1 .427 

Over 2 Wires 
40% 

mm2 in.2 

100 
168 
279 
456 
600 
940 

1406 
21 12 
2758 
3543 

0.154 
0.260 
0.434 
0.707 
0.929 
1 .459 
2.181 
3.278 
4.278 
5.489 

Over 2 Wires 
40% 

mmz in.z 

60% 

mm2 in.' 

1 10 
196 
321 
561 
769 

1274 
1817 
2816 
3766 
4855 
7649 

1 1060 

0.171 
0.305 
0.499 
0.872 
1.191 
1 .975 
2.817 
4.361 
5.842 
7.532 

1 1.856 
17.140 

I WU"e 
53% 

mmz m.z 

97 
173 
284 
495 
679 

1 126 
1605 
2487 
3327 
4288 
6756 
9770 

0.151 
0.269 
0.441 
0.770 
1 .052 
1.744 
2.488 
3.852 
5.161 
6.654 

1 0.473 
15.141 

2 Wires 
31% 

mmz in.z 

57 
101 
166 
290 
397 
658 
939 

1455 
1946 
2508 
3952 
5714 

0.088 
0.157 
0.258 
0.450 
0.616 
1.020 
1 .455 
2.253 
3.018 
3.892 
6.126 
8.856 

Article 352 - Type A, Rigid PVC Conduit (PVC) 

60% 

mm2 in.2 

149 
251 
418 
684 
900 

1410 
2109 
3169 
4137 
5315 

0.231 
0.390 
0.651 
1 .060 
1 .394 
2.188 
3.272 
4.916 
6.416 
8.234 

I Ware 
53% 

mmz in.z 

132 
222 
370 
604 
795 

1245 
1863 
2799 
3655 
4695 

0.204 
0.345 
0.575 
0.937 
1 .231 
1 .933 
2.890 
4.343 
5.668 
7.273 

2 Wares 
31% 

mmz in.z 

77 
130 
216 
353 
465 
728 

1090 
1637 
2138 
2746 

0. 1 19 
0.202 
0.336 
0.548 
0.720 
1.131 
1.690 
2.540 
3.315 
4.254 

Article 352 -Type EB, Rigid PVC Conduit (PVC) 

60% 

mm2 in.' 

I WU"e 
53% 

mmz m.z 

2 Wires 
31% 

mmz in.z 

Nominal 
Internal 

Diameter 

mm in. 

15.3 
20.4 
26.1 
34.5 
40.4 
52.0 
62.1 
77.3 
89.4 

101.5 
127.4 
153.2 

0.602 
0.804 
1 .029 
1 .360 
1 .590 
2.047 
2.445 
3.042 
3.521 
3.998 
5.016 
6.031 

Nominal 
Internal 

Diameter 

mm in. 

1 7.8 
23.1 
29.8 
38.1 
43.7 
54.7 
66.9 
82.0 
93.7 

106.2 

Nominal 
Internal 

Diameter 

0.700 
0.910 
1 .175 
1.500 
1.720 
2.155 
2.635 
3.230 
3.690 
4.180 

mm in. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GrRIC.-\1. COI>t: 
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Total Area 
100% 

mm' in.z 

445 0.688 
799 1 .237 

1 104 1.71 1 
1855 2.874 
2660 4.1 19 
4151 6.442 
5608 8.688 
7268 1 1.258 

1 1518 17.855 
16513 25.598 

Total Area 
100% 

mmz in.z 

184 
327 
535 
935 

1282 
2124 
3029 
4693 
6277 
8091 

12748 
18433 

0.285 
0.508 
0.832 
1 .453 
1 .986 
3.291 
4.695 
7.268 
9.737 

12.554 
19.761 
28.567 

Total Area 
100% 

mm2 in.2 

249 
419 
697 

1 140 
1500 
2350 
3515 
5281 
6896 
8858 

0.385 
0.650 
1 .084 
1 .767 
2.324 
3.647 
5.453 
8.194 

10.694 
13.723 

Total Area 
100% 

mmz in.z 

(ronlimus) 

70-719 



CHAPTER 9  

Metric 'Ihlde 
Designator Size 

21 :r.. 
27 I 
35 · �  
41  IY, 
53 2 
63 2Y, 
78 3 
91 3Y, 

103 4 
129 5 
155 6 

Over 2 Wires 
40% 

999 

2248 
2932 
3726 
5726 
8133 

• z m. 

1.550 

3.484 
4.546 
5.779 
8.878 

12.612 

mm' 

1499 

3373 
4397 
5589 
8588 

12200 

TABLES 

Article 352 -Type EB, Rigid PVC Conduit (PVC) 

60% 
• t m. 

2.325 

5.226 
6.819 
8.669 

13.317 
18.918 

1 Ware 
53% 

1324 2.053 

2979 4.616 
3884 6.023 
4937 7.657 
7586 1 1 .763 

10776 16.71 1 

2 Wires 
31% 

774 

1743 
2272 
2887 
4437 
6303 

• z m. 

1 .201 

2.700 
3.523 
4.479 
6.881 
9.774 

Table 5 Dimensions of Insulated Conductors and Fixture Wares 

Size (AWG or 
kcmil) 

Approximate Area 

mm' in.2 

Nominal 
Internal 
Diameter 

mm in. 

56.4 2.221 

84.6 3.330 
96.6 3.804 

108.9 4.289 
135.0 5.316 
160.9 6.336 

Total Area 
100% 

mmz 

2498 

5621 
7329 
9314 

14314 
20333 

• z m. 

3.874 

8.709 
1 1.365 
14.448 
22. 195 
31.530 

Approximate Diameter 

mm in. 

1)pe: FFH-2, RFH-1, RFH-2, RFHH-2, RHH*, RHW*, RHW-2*, RHH, RHW, RHW-2, SF-I, SF-2, SFF-1, SFF-2, TF, TFF, 1HHW, THW, THW-2, 
TW, XF, XFF 

RFH-2, 18 9.355 0.0145 3.454 0.136 
FFH-2, RFHH-2 16 1 1 .10 0.0172 3.759 0.148 

RHH, RHW, RHW-2 14 18.90 0.0293 4.902 0.193 
12 22.77 0.0353 5.385 0.212 

10 28.19 0.0437 5.994 0.236 
8 53.87 0.0835 8.280 0.326 
6 67.16 0.1041 9.246 0.364 
4 86.00 0.1333 10.46 0.412 
3 98.13 0.1521 1 1 .18 0.440 
2 1 12.9 0.1750 1 1 .99 0.472 
I 171.6 0.2660 14.78 0.582 

1/0 196.1 0.3039 15.80 0.622 
2/0 226.1 0.3505 16.97 0.668 
3/0 262.7 0.4072 18.29 0.720 
4/0 306.7 0.4754 19.76 0.778 

250 405.9 0.6291 22.73 0.895 
300 457.3 0.7088 24.13 0.950 
350 507.7 0.7870 25.43 1.001 
400 556.5 0.8626 26.62 1.048 
500 6.?0.5 1 .0082 28.78 1.133 
600 782.9 1.2135 31 .57 1.243 

700 874.9 1.3561 33.38 1.314 
750 920.8 1.4272 34.24 1.348 
800 965.0 1.4957 35.05 1.380 
900 1057 1.6377 36.68 1.444 

1000 1 143 1.7719 38.15 1.502 

1250 1515 2.3479 43.92 1.729 
1500 1 738 2.6938 47.04 1.852 
1750 1959 3.0357 49.94 1.966 
2000 2175 3.3719 52.63 2.072 

SF-2, SFF-2 18 7.419 0.0115 3.073 0.121 
16 8.968 0.0139 3.378 0.133 
14 1 1 .10 0.0172 3.759 0.148 

SF-I, SFF-1 18 4.194 0.006.? 2.311  0.091 

RFH-1, TF, TFF, XF, XFF 18 5.161 0.0088 2.692 0.106 
(ronlmUPS) 
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TABLES CHAPTER 9  

Table S Continued 

Size (AWG or 
Approximate Area Approximate Diameter 

1)'pe kcmil) mmz • z m. mm in. 

TF, TFF, XF, XFF Hi 7.032 O.OI09 2.997 O.l l8 

TW, XF, XFF, THHW, THW, I4 8.968 O.OI39 3.378 O.I33 
THW-2 

TI\', THHW, THW, THW-2 I2 I l .68 O.OI8I 3.86I O.I52 
IO I5.68 0.0243 4.470 O.I76 

8 28. I9 0.0437 5.994 0.236 

RHH*, RHW*, RHW-2* I4 I3.48 0.0209 4.I40 O.I63 

RHH*, RHW*, RHW-2*, XF, XFF I2 I 6.77 0.0260 4.623 O.I82 

'I)'pe: RHH*, RHW*, RHW-2*, THHN, TIIHW, 111W, 111W-2, TFN, TFFN, 1HWN, TIIWN-2, XF, XFF 

RHH,* RHW,* RH\V-2,* XF, XFF IO 21 .48 0.0333 5.232 0.206 

RHH*, RHW*, RH\V-2* 8 35.87 0.0556 6.756 0.266 

TI\', THW, THHW, TH\\'-2, 6 46.84 0.0726 7.722 0.304 
RHH*, RHW*, RH\V-2* 4 62.77 0.0973 8.94I 0.352 

3 73. I6 O.I I34 9.652 0.380 
2 86.00 O. I333 I0.46 0.4I2 
I I22.6 O.I90I I2.50 0.492 

I/0 I43.4 0.2223 I3.5I 0.532 
2/0 I69.3 0.2624 I4.68 0.578 
3/0 201 . 1  0.3l l7 I 6.00 0.630 
4/0 239.9 0.37I8 I 7.48 0.688 

250 296.5 0.4596 I9.43 0.76.? 
300 340.7 0.528I 20.83 0.820 
350 384.4 0.5958 22. I2 0.871 
400 427.0 0.6619 23.32 0.918 
500 509.7 0.790I 25.48 1 .003 
600 627.7 0.9729 28.27 1 . 1 13 

700 710.3 1 . 1010 30.07 1.184 
750 751.7 1.1652 30.94 1.218 
800 791.7 1 .2272 31 .75 1 .250 
900 874.9 1 .356I 33.38 1.314 

1000 953.8 1 .4784 34.85 1 .372 

I250 I200 1 .8602 39.09 1 .539 
I500 I400 2.1695 42.2I 1 .662 
I750 1598 2.4773 45. l l  1 .776 
2000 I795 2.7818 47.80 1 .882 

TF�. TFFN I8 3.548 0.0055 2.I34 0.084 
I6 4.645 0.0072 2.438 0.096 

THH�. THW�. TH\\�-2 I4 6.258 0.0097 2.8I9 O.I I I  
I2 8.58I O.OI33 3.302 O.I30 
IO I3.6I 0.02 1 1  4.I66 O.I64 

8 23.6I 0.0366 5.486 0.216 
6 32.7I 0.0507 6.452 0.254 
4 53. I6 0.0824 8.230 0.324 
3 62.77 0.0973 8.94I 0.352 
2 74.7I O.l l58 9.754 0.384 
I 100.8 O.I562 I l .33 0.446 

I/0 1 19.7 O.I855 I2.34 0.486 
2/0 143.4 0.2223 I3.5I 0.532 
3/0 172.8 0.2679 I4.83 0.584 
4/0 208.8 0.3237 I6.3I 0.642 

250 256. I 0.3970 I8.06 0.7 1 1  
300 297.3 0.4608 I9.46 0.766 

(ronlmUPS) 
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CHAPTER 9  

Table 5 Continued 

Size (AWG or 
kcmil) 

TABLES 

Approximate Area Approximate Diameter 

mmz io.z mm in. 
Type: FEP, FEPB, PAF, PAFF, PF, PFA, PFAH, PFF, PGF, PGFF, PTF, PTFF, TFE, THHN, THWN, THWN-2, Z, ZF, ZFF, ZHF 

THH�. THW�. THW�-2 350 338.2 0.5242 20.75 0.817 
400 378.3 0.5863 21.95 0.864 
500 456.3 0.7073 24.10 0.949 
600 559.7 0.8676 26.70 1.051 
700 637.9 0.9887 28.50 1.122 
750 6ii.2 1.0496 29.36 1.156 
800 il5.2 1.108.? 30.18 1.188 
900 i94.3 1.2311 31.80 1.252 

1000 869.5 1.3478 33.27 1.310 

PF, PGFF, PGF, PFF, PTF, PAF, 18 3.742 0.0058 2.184 0.086 
PTFF, PAFF 16 4.839 0.0075 2.489 0.098 

PF, PGFF, PGF, PFF, PTF, PAF, 14 6.452 0.0100 2.870 0.1 13 
PTFF, PAFF, TFE, FEP, PFA, 
FEPB, PFAH 

TFE, FEP, PFA, FEPB, PFAH 12 8.839 0.0137 3.353 0.132 
10 12.32 0.0191 3.962 0.156 
8 21.48 0.0333 5.232 0.206 
6 30.19 0.0468 6.198 0.244 
4 43.23 0.0670 7.417 0.292 
3 51.87 0.0804 8.128 0.320 
2 62.77 0.0973 8.941 0.352 

TFE, PFAH, PFA I 90.26 0.1399 10.72 0.422 

TFE, PFA, PFAH, Z 1/0 108.1 0.1676 1 1 .73 0.462 
2/0 130.8 0.2027 12.90 0.508 
3/0 158.9 0.2463 14.22 0.560 
4/0 193.5 0.3000 15.70 0.618 

ZF, ZFF, ZHF 18 2.903 0.0045 1 .930 0.076 
16 3.935 0.0061 2.235 0.088 

Z, ZF, ZFF, ZHF 14 5.355 0.0083 2.616 0.103 

z 12 7.548 0.0117 3.099 0.122 
10 12.32 0.0191 3.962 0.156 
8 19.48 0.0302 4.978 0.196 
6 27.74 0.0430 5.944 0.234 
4 40.32 0.0625 7.16.� 0.282 
3 55.16 0.0855 8.382 0.330 
2 66.39 0.1029 9.195 0.362 
I 81.87 0.1269 10.21 0.402 

Type: KF-1, KF-2, KFF-1, KFF-2, XHH, XHHW, XHHW-2, ZW 

XHHW, ZW, XHHW-2, XHH 14 8.968 0.0139 3.378 0.133 
12 1 1 .68 0.0181 3.861 0.152 
10 15.68 0.0243 4.470 0.176 
8 28.19 0.0437 5.994 0.236 
6 38.06 0.0590 6.960 0.274 
4 52.52 0.0814 8.179 0.322 
3 62.06 0.0962 8.890 0.350 
2 73.94 0.1 146 9.703 0.382 

(rontiuue.<) 
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TABLES CHAPTER 9  

Table 5 Continued 

Size (AWG or 
kcmil) 

Approximate Area Approximate Diameter 

mmz io.z mm in. 

XHHW, XHHW-2, XHH I 98.97 0.1534 1 1 .23 0.442 

1/0 l l 7.7 0.1825 12.24 0.482 
2/0 141.3 0.2190 13.41 0.528 
3/0 170.5 0.2642 14.73 0.58 
4/0 206.3 0.3197 16.21 0.638 

250 251.9 0.3904 1 7.91 0.705 
300 292.6 0.4536 19.30 0.76 
350 333.3 0.5166 20.60 0.81 1  
400 373.0 0.5782 21.79 0.858 
500 450.6 0.6984 23.95 0.943 

600 561.9 0.8709 26.75 1 .053 
700 640.2 0.9923 28.55 1.124 
750 679.5 1 .0532 29.41 1.158 
800 717.5 1 .1 122 30.23 1 .190 
900 796.8 1 .2351 31.85 1 .254 

1000 872.2 1.3519 33.32 1.312 
1250 I I08 1.7180 37.57 1.479 
1500 1300 2.0156 40.69 1.602 
1750 1492 2.3127 43.59 1.716 
2000 1682 2.6073 46.28 1.822 

KF-2, KFF-2 18 2.000 0.003 1.575 0.062 
16 2.839 0.0043 1.88 0.074 
14 4.129 0.0064 2.286 0.090 
12 6.000 0.0092 2.743 0.108 
10 8.968 0.0139 3.378 0.133 

KF-1, KFF-1 18 1.677 0.0026 1.448 0.057 
16 2.387 0.0037 1.753 0.069 
14 3.548 0.0055 2.134 0.084 
12 5.355 0.0083 2.616 0.103 
10 8.194 0.0127 3.226 0.127 

*Types RHH, RHW, and RHW-2 \\lthout outer covenng. 
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CHAPTER 9  TABLES 

Table SA Compact Copper and Aluminum Building Ware Nominal Dimensions** and Areas 

Bare 
Conductor Type RHH• Types THW md THHW Type THHN Type XHHW 

Size Approximate Approximate Approximate Approximate Approximate Approximate Approximate Approximate Size 
(AWG Diameter Diameter Area Diameter Area Diameter Area Diameter Area (AWG 

or or 
Ju:mil) IDID in. IDID in. -· m.• IDID in. -· in. I IDID in. -· m.• IDID ia. -· m.• kc:mil) 

II 3.404 0.134 liJjiJ4 0.2«i0 34.25 0.0531 6.477 0.255 32.�10 0.0510 5.690 0.2'.!4 25.42 0.03\14 II 
6 4.293 0.169 7.493 0.2<J5 44.10 0.0611.� 7.366 0.290 42.511 0.0660 6JJ96 0.240 2'J.J6 0.0452 6.604 0.2«i0 34.19 0.0530 6 
4 5.410 0.213 8.509 0.335 56.84 0.08111 11.509 0.335 56.84 0.011111 7.747 0.305 47.10 0.0730 7.747 0.305 47.10 0.0730 4 
2 6.807 0.2611 9.�106 0.390 77.03 0.1 1\14 9.906 0.390 77.03 0.1 194 9.144 0.360 6.'i.61 0.1017 9.144 0.31i0 65.61 0.1017 2 
I 7.5% 0.2�l'J 1 1.81 0.465 109.5 O.Ui911 1 1.111 0.465 109.5 0.1698 10.54 0.415 117.23 0.1352 10.54 0.415 117.23 0.1352 

l/0 8.534 0.336 12.70 0.500 126.6 0.1�16.� 12.70 0.500 126.6 0.1963 1 1.43 0.450 IO'l.6 0.1590 1 1.43 0.450 10'.?.6 0.1590 l/0 
2/0 9.550 0.376 13.72 0.540 147.8 0.22'-JO 13.84 0.545 150.5 0.2332 12.57 0.495 124.1 0.1924 12.45 0.490 121.6 0.1811.'"> 2/0 
3/0 10.74 0.423 14.�l'J 0.590 176.3 0.2733 14.99 0.590 176.3 0.2733 13.72 0.540 147.7 0.2'.?90 13.7'.? 0.540 147.7 0.22'-JO 3/0 
4/0 12.07 0.475 16.26 0.640 207.6 0.3217 16.38 0.645 210.8 0.3267 15.11 0.5% 17'J.4 0.2780 14.99 0.590 176.3 0.2733 4/0 

250 13.21 0.520 18.16 0.715 259.0 0.4015 111.42 0.7'.?5 266.3 0.4128 17JJ2 0.670 227.4 0.3525 16.76 OJ'o«iO 2'.!0.7 0.3421 250 
3110 14.48 0.570 19.43 0.765 2<J6.5 0.45\Jii 19.69 0.775 304.3 0.4717 18.29 0.720 262.6 0.4071 111.16 0.715 259.0 0.4015 300 
350 15.65 0.616 20.57 0.810 332.3 0.5153 20.113 0.1120 340.7 0.5281 19.56 0.770 300.4 0.4656 19.30 0.760 2'J2.6 0.4536 350 
400 16.74 0.659 21.72 0.855 370.5 0.5741 21.97 0.1165 379.1 0.51176 20.70 0.815 331i.5 0.5216 20.32 0.1100 324.3 0.5026 400 

500 18.69 0.736 23.62 0.930 438.2 0.6793 23.1111 0.\140 447.7 0.6939 22.48 0.885 3\Jii.ll 0.6151 22.35 0.880 3<J2.4 0.60112 500 
600 20.65 0.813 26.2'-J 1.035 542.8 0.8413 26.67 1.050 558.6 0.8659 25JJ2 0.�185 491.6 0.7620 24.119 0.9110 4116.6 0.7542 600 
700 22.28 0.877 27.�14 1.100 613.1 0.9503 211.19 1.1 10 624.3 0.�1676 26.67 1.050 5511.6 0.11659 26.67 1.050 5511.6 0.11659 700 
750 23.06 0.9«18 28.83 1.135 652.8 1.01111 29.21 1.150 670.1 1.03116 27.31 1.075 58.?.5 0.9076 27.69 I .O'JO 60'.?.0 0.9331 750 
900 25.37 o.�l'J 31.50 1.240 779.3 1 .2076 31.09 1.2'.?4 759.1 1.1766 311.33 1.1�14 72'.!.5 1.1 1�16 2<J.69 1.169 &J2.3 1 .0733 ��oo 

1000 26.92 1.060 32.64 1.211.'"> 836.6 1 .2�1611 32.64 1.2115 ll:l«i.6 1.2'-JAA 31.1111 1.2.'">5 7911.1 1.2370 31.24 1.230 766.6 1.18112 1000 

*Types RHH and RHW \\idmut outer cm·eringli. 
**Dimensions are from industry sources. 
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TABLES CHAPTER 9  

Table 8 Conductor Properties 

Conductors Direct-Current Resistance at 75•c (167°F) 

Size 
(AWG ___ 

Area 
__ _ 

or Circular 

Slranding 

Diameter Diameter 

OveraU Copper 

Area Uncoated Coated 

kcmil) mm' mils Quantity mm in. mm in. mm' obm/ 
km 

obm/ 
kFf 

obm/ 
km 

obm/ 
kFf 

18 
18 

0.823 1620 
0.823 1620 

16 
16 

14 
14 

12 
12 

1.31 
1.31 

2.08 
2.08 

3.31 
3.31 

2580 
2580 

4110 
4110 

6530 
6530 

10 
10 

5.261 10380 
5.261 10380 

8 
8 

8.367 16510 
8.367 16510 

6 
4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

13.30 
21.15 
26.67 
33.62 
42.41 

53.49 
67.43 
85.01 

107.2 

250 127 
300 152 
350 177 

400 203 
500 253 
600 304 

700 355 
750 380 
800 405 

900 456 
1000 507 
1250 633 

1500 760 
1750 887 
2000 1013 

l'otes: 

26240 
41740 
52620 
66360 
83690 

105600 
133100 
167800 
2 l l 600 

7 

7 

7 

7 

7 

7 

7 
7 
7 
7 

19 

19 
19 
19 
19 

37 
37 
37 

37 
37 
61 

61 
61 
61 

61 
61 
91 

91 
127 
127 

0.39 0.015 

0.49 0.019 

0.62 0.024 

0.78 0.030 

0.98 0.038 

1.23 0.049 

1.56 0.061 
1.96 0.077 
2.20 0.087 
2.47 0.097 
1.69 0.066 

1.89 
2.13 
2.39 
2.68 

0.074 
0.084 
0.094 
0.106 

2.09 0.082 
2.29 0.090 
2.47 0.097 

2.64 0.104 
2.95 0.1 16 
2.52 0.099 

2.72 0.107 
2.82 O.l l l  
2.91 0.1 14 

3.09 0.122 
3.25 0.128 
2.98 0.1 17 

1.02 0.040 
1.16 0.046 

1.29 0.051 
1.46 0.058 

1.63 0.064 
1.85 0.073 

2.05 0.081 
2.32 0.092 

2.588 0.102 
2.95 0. 1 16 

3.264 0.128 
3.71 0.146 

4.67 0.184 
5.89 0.232 
6.60 0.260 
7.42 0.292 
8.43 0.332 

9.45 
10.62 
1 1.94 
13.41 

0.372 
0.418 
0.470 
0.528 

0.823 0.001 25.5 
1.06 0.002 26.1 

1.31 0.002 16.0 
1.68 0.003 16.4 

2.08 0.003 10.1 
2.68 0.004 10.3 

3.31 0.005 6.34 
4.25 0.006 6.50 

7.77 
7.95 

4.89 
4.99 

3.07 
3. 14 

1.93 
1.98 

5.26 0.008 3.984 1.21 
6.76 O.Ol l 4.070 1.24 

8.37 0.013 2.506 0.764 
10.76 0.017 2.551 0.778 

17.09 0.027 
27.19 0.042 
34.28 0.053 
43.23 0.067 
55.80 0.087 

70.41 
88.74 

l l l .9 
141.1 

0.109 
0.137 
0.173 
0.219 

1.608 
1.010 
0.802 
0.634 
0.505 

0.491 
0.308 
0.245 
0.194 
0.154 

0.399 0.122 
0.3170 0.0967 
0.2512 0.0766 
0.1996 0.0608 

14.61 0.575 168 
16.00 0.630 201 
17.30 0.681 235 

0.260 
0.312 
0.364 

0.1687 0.0515 
0.1409 0.0429 
0.1205 0.0367 

18.49 
20.65 
22.68 

24.49 
25.35 
26. 16 

27.79 
29.26 
32.74 

0.728 268 
0.813 336 
0.893 404 
0.964 471 
0.998 505 
1.030 538 

1.094 606 
1.152 673 
1.289 842 

0.416 
0.519 
0.626 

0.730 
0.782 
0.834 

0.940 
1.042 
1.305 

0.1053 0.0321 
0.0845 0.0258 
0.0704 0.0214 

0.0603 0.0184 
0.0563 0.0171 
0.0528 0.0161 

0.0470 0.0143 
0.0423 0.0129 
0.0338 0.0103 

3.26 0.128 35.86 
2.98 0.1 17 38.76 
3.19 0.126 41.45 

1.412 lOl l 
1.526 l l80 
1.632 1349 

1.566 
1.829 
2.092 

0.02814 0.00858 
0.02410 0.00735 
0.02109 0.00643 

26.5 
27.7 

16.7 
17.3 

10.4 
10.7 

6.57 
6.73 

4. 148 
4.226 

2.579 
2.653 

1.671 
1.053 
0.833 
0.661 
0.524 

8.08 
8.45 

5.08 
5.29 

3.19 
3.26 

2.01 
2.05 

1.26 
1.29 

0.786 
0.809 

0.510 
0.321 
0.254 
0.201 
0.160 

0.415 0.127 
0.329 0.101 
0.2610 0.0797 
0.2050 0.0626 

0. 1753 0.0535 
0. 1463 0.0446 
0. 1252 0.0382 

0. 1084 0.0331 
0.0869 0.0265 
0.0732 0.0223 

0.0622 0.0189 
0.0579 0.0176 
0.0544 0.0166 

0.0481 0.0147 
0.0434 0.0132 
0.0347 0.0106 

0.02814 0.00883 
0.02410 0.00756 
0.02109 0.00662 

Aluminum 

obm/ 
km 

42.0 
42.8 

26.4 
26.9 

16.6 
16.9 

10.45 
10.69 

6.561 
6.679 

4.125 
4.204 

2.652 
1.666 
1.320 
1.045 
0.829 

0.660 
0.523 
0.413 
0.328 

obm/ 
kFf 

12.8 
13.1 

8.05 
8.21 

5.06 
5. 17 

3.18 
3.25 

2.00 
2.04 

1.26 
1.28 

0.808 
0.508 
0.403 
0.319 
0.253 

0.201 
0.159 
0.126 
0.100 

0.2778 0.0847 
0.2318 0.0707 
0.1984 0.0605 

0.1737 
0.1391 
O. l l59 

0.0994 
0.0927 
0.0868 

0.0770 
0.0695 
0.0554 

0.0464 
0.0397 
0.0348 

0.0529 
0.0424 
0.0353 

0.0303 
0.0282 
0.0265 

0.0235 
0.0212 
0.0169 

0.0141 
0.0121 
0.0106 

l. These resistance \'alues are valid only for the parameters a.• given. Using conductors ha,ing coated strdnd•, different strdnding type, and, 
especially, other temperdtures changes the resi•1ance. 
2. Equation for temperdture change: R1 = R1 [ I  + a  (T, - 75)],  where "= = IJ.(KJ323, <\\1. = 0.00330 at ;:;·c. 
3. C..onductors \\ith compact and compres.•ed stranding ha,·e 
smaller bare conductor diameters than those shmm. See Table 5A for actual compact cable dimensions. 
4. The IAC'i conducthities used: bare copper = 100%, aluminum = 61%. 
5. Cia."' B strdnding i• li•ted a.• well a.• solid for some sizes. Its overdll diameter and area are those of its circum•cribing circle. 
Informational Note: :'\E:\fA WC/70-2009, Pmuer C.ab/I!S Rated 2000 Volts or Leu for 1/v Diitrihulion of Electrical E1lerg)', or ANSI/t.:L 1581-2017, RPfnmce 
Standard for Electrical Wires, Cahk.<, and f7exihk Coni.<, is the source for the constmction information. 
Natioual Bumw ofStmuianis Handbook 100, dated 1966, and 
Handbook I 09, dated 1972, is the reference where the resistance i• calculated. 
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CHAPTER 9  TABLES 

Table 9 Alternating-Current Resistance and Reactance for 600-Volt Cables, 3-Pbase, 60 Hz, 75°C (167°F) - Three Single Conductors 
in Conduit 

.\f. (R<!IIdallce) for AU 
Wores 

Size 
(AWG PVC, 

or Aluminum 
kcmil) ConduiiS 

... 

12 

10 

8 

6 

·I 

3 

2 

1/0 

2/0 

3/0 

-1/0 

250 

300 

350 

·100 

;,oo 

liOO 

i50 

1000 

ll:otes: 

0.1!10 
0.0:>11 

O.lii 
0.05·1 

0.16·1 
o.o:.o 

O. lil 
0.052 

0.16i 
0.051 

0.15i 
0.0·111 

0.15·1 
0.0·1i 

0.1·111 
0.0·15 

0. 151 
0.0·11i 

0.1·1-1 
O.OH 

0.1·11 

0.0·13 

0.138 

0.0·12 

0.135 

0.0·1 1 

0.135 
0.0-1 1 

0.135 
0.0·1 1 

0. 131 
0.0·10 

0. 131 
0.0·10 

0.1211 
0.03!) 

0.1211 
0.03!) 

0.125 
0.038 

0. 121 
0.03i 

Steel 
Conduit 

0.2·10 
O.Oi3 

0.223 
O.Oflll 

0.20i 
O.Oti.'l 

0.213 
o.or,:; 

0.210 
O.OIH 

O.l!li 
O.OfJO 

0.1!1·1 
0.05!) 

O.l8i 
o.o5; 

O.l8i 
o.o5; 

0.180 
0.055 

O.lii 

0.05·1 

O.lil 

0.052 

O.llii 

0.051 

O.lil 
0.052 

O.llii 
0.051 

O.IIH 
o.o:,o 

O.llil 
0.0·1!1 

0.15i 
O.O·Ill 

0.15i 
O.O·Ill 

0.15i 
O.O·Ill 

0.151 
O.O·Ui 

Altemaling-Curnmt 
Resislance for 

Unc:oated 
Copper Wores 

PVC 
Conduit 

Aluminum 
Conduit 

10.2 
3.1 

().6 
2.0 

3.!1 
1.2 

2.:>1> 
O.i8 

1 .61 
0.·1!1 

1 .02 
0.31 

0.82 
0.25 

0.62 
0.1!1 

0.·1!1 
0.15 

0.3!1 
0.12 

0.33 

0.10 

0.253 

O.Oii 

0.203 

0.01)2 

O.lil 
0.052 

0.1+1 
O.IJ.I·I 

0.125 
0.038 

O.IOll 
0.033 

0.(18') 

0.02i 

O.Oi5 
0.023 

0.01)2 
0.01!) 

0.().1!) 
0.015 

10.2 
3.1 

tit) 
2.0 

3.!1 
1.2 

2.!">1) 
O.ill 

l.lil 
0.-1!) 

1.0'1 
0.31 

0.8'1 
0.25 

O.flli 
0.20 

0.52 
O.lli 

0.-13 
0. 13 

0.33 

0. 10 

0.21>!1 

O.Oll2 

0.2'10 

O.Oiii 

O.llli 
0.05i 

O.IIH 
0.0·1!1 

0.1-11 
0.0·13 

0. 125 
0.038 

0. 105 
0.032 

0.(l'J2 
O.O'll! 

O.Oi!l 
0.0'1·1 

O.Oii2 
0.01!) 

Steel 
Conduit 

10.2 
3.1 

llJl 
2.0 

3.!1 
1.2 

2.56 
O.ill 

I.IH 
0.·1!1 

1.02 
0.31 

0.82 
0.25 

0.1)6 
0.20 

0.52 
0.16 

0.3!1 
0.12 

0.33 

0.10 

0.2:>!1 

O.Oi!l 

0.20i 

O.Oii3 

O.lii 
o.o: •• 

0.1·18 
0.0·15 

0.128 
0.03!1 

0.115 
0.035 

0.0!15 
0.02!1 

0.082 
0.025 

O.Oii!l 
0.021 

0.0:>!1 
0.018 

Ohtn� to Neutral per Kilometer 

Ohms to Neutral pet· 1000 Feet 

Allemating.Current 
Resislance for 

Aluminum Wores 

PVC Aluminum 
Conduit Conduil 

10.5 
3.2 

t).fi 
2.0 

·1.3 
1.3 

2.61) 
0.81 

1 .6i 
0.51 

1.31 
0.·10 

1.05 
0.32 

0.82 
0.25 

0.61) 
0.20 

0.52 

O.lli 

0.·13 
0.13 

0.33 

0.10 

0.2i!l 
0.08:; 

0.2.'13 
O.Oil 

0.200 
0.01>1 

O.lii 
0.05·1 

0.1-11 
0.().13 

O.llll 
0.031) 

0.0!15 
0.02') 

O.Oi5 
0.023 

10.5 
3.2 

6.() 
2.0 

·1.3 
1.3 

2Jltl 
O.lll 

IJ)i 
O.i\1 

1 .35 
0.·11 

1.05 
0.32 

O.ll5 
0.21> 

O.li!l 
0.21 

O.i\2 

O.lli 

0.·13 
0.13 

0.31) 

0. 1 1  

0.2!15 
O.O!Nl 

0.2·1!1 
O.Oili 

0.21i 
O.Oiili 

0.1!1-1 
0.0:>!1 

0.15i 
0.0·18 

0.135 
0.0·11 

0.112 
0.03-1 

O.Oll!l 
0.02i 

Steel 
Conduit 

10.5 
3.2 

tit) 
2.0 

·1.3 
1.3 

2.flli 

0.81 

I .Iii 
0.51 

1.31 
0.-10 

1.05 
0.32 

0.8'1 
0.25 

O.flli 
0.20 

0.52 

O.lli 

0.-13 
0.13 

0.33 

0.10 

0.21!2 
O.Ollli 

0.231> 
O.Oi2 

0.20i 
O.Oii3 

0.180 
0.05i\ 

0.1-18 
0.0-15 

0.125 
0.038 

0.102 
0.03 1 

O.Oll2 
0.0'15 

Effeelive Z Ill 0.85 PF 
for Uncoated Copper 

Wires 
Effeelive Z Ill 0.85 PF 

for Aluminum 
Wores 

PVC 
Conduit 

II. !I 
2.i 

[).() 
l.i 

3.1) 
1 . 1  

2.21> 
O.li!l 

1.-1-1 
0.-1-1 

0.!15 
0.2!1 

O.i:; 
0.23 

0.1)2 
0.1!1 

O.i\2 
0.16 

0.·13 
0.13 

0.31) 

0. 1 1  

0.211!1 

O.Ollll 

0.2·13 

O.Oi·l 

0.21i 
O.Oiili 

0.1!1-1 
0.0:>!1 

O.li·l 
0.053 

0.161 
0.0·1!1 

0.1·11 
0.0·13 

0.131 
0.0·10 

0.118 
0.031) 

0.105 
0.032 

Aluminum 

Conduil 

8.!1 
2.i 

;)J) 
l.i 

3.1i 
1.1 

2.21i 
O.f>'J 

l.·lll 
0.-15 

0.!15 
0.2'J 

O.i!l 
0.2·1 

0.1)2 
0.1!1 

0.52 
O.lli 

0.-13 
0.13 

0.3ti 

0.1 1  

0.302 

0.(l'J2 

0.251i 

O.Oill 

0.230 
o.o;o 

0.20i 
O.Oii3 

0.1!10 
0.0:>11 

O.li·1 
0.053 

O.li\i 
0.0·111 

0.1-1-1 
0.0·1·1 

0.131 
0.0·10 

0.1111 
0.031) 

Steel PVC 
Conduil C<Nlduil 

8.!1 
2.i 

5.6 

l.i 

3.6 
1 .1  

2.30 
O.iO 

1.-18 
0.·15 

0.!18 
0.30 

O.i!l 
0.2·1 

0.61) 
0.20 

0.52 
O.lli 

0.·13 
0.13 

0.31) 

0.1 1  

0.301! 

0.0!1·1 

0.21>2 

0.080 

0.2·10 
O.Oi3 

0.213 
o.or,:; 

O.l!li 
O.OfJO 

0.18·1 
0.0:>1) 

O.IIH 
o.o:,o 

0.15·1 
OJJ.Ii 

0.1-11 
0.().13 

0.131 
0.().10 

!1.2 
2.11 

5.!1 
1.11 

3.6 
1 .1  

2.33 
O.il 

1.51 
0.·11> 

1.21 
0.3i 

0.!18 
0.30 

O.i!l 
0.2·1 

0.62 
0.1!1 

0.52 

O.lli 

0.·13 
0.13 

0.31) 

0. 1 1  

0.301! 
0.0!1·1 

0.2f>'J 
0.08'1 

0.2·10 
O.Oi3 

0.2li 
O.Oflli 

0.18i 
o.o5; 

O.llii 
0.051 

O.Hll 
0.().15 

0.128 
0.03!) 

Aluminum 
Conduit 

!1.2 
2.8 

:;.9 
l.ll 

3.1i 
1 .1  

2.31) 
O.i2 

1.;;1 
O.·Ui 

1.21 
0.3i 

0.!18 
0.30 

O.i!l 
0.2·1 

O.lili 
0.20 

O.i\2 

O.lli 

0.·13 
0.13 

0.31) 

0. 1 1  

0.322 
0.0!18 

0.282 
O.Ollli 

0.253 
O.Oii 

0.233 
O.Oil 

0.200 
0.01>1 

0.180 
0.055 

0.11>1 
0.0·1!1 

0.138 
0.0·12 

Size 
(AWG 

Saeel or 
Conduil kcmil) 

!1.2 
2.8 

i\.!1 
1.8 

3.1i 
1.1 

2.3ti 
O.'i2 

1.51 
0.-lli 

1.21 
0.3i 

0.!18 
0.30 

0.8'1 
0.25 

O.flli 
0.20 

0.52 

O.lli 

0.-lli 

0.1-1 

0.3ti 

0.1 1  

0.33 
0.10 

0.211!1 
O.Ollll 

0.21i2 
0.080 

0.2·10 
O.Oi3 

0.210 
O.OIH 

0.1!10 
0.0:>11 

O.lil 
0.052 

O.lal 
0.0·16 

1·1 

12 

10 

8 

I) 

·I 

3 

2 

1/0 

2/0 

3/0 

-1/0 

300 

·100 

500 

liOO 

1000 

l .  These values are ba�d on the following constanL�: UL-Type RHH \\ires with Cia'!.� B stranding, in cradled configuration. Wire conducthities are 
100 percent L\C-'> copper and 61 percent L\CS aluminum, and aluminum conduit is 45 percent lAC'>. Capacith-e reactance is ignored, since it i� negli
gible at these ,·oltages. These resistance values are ,-aJid only at 75"C ( 167"F) and for the parameters a� given, but are representative for 600-\·olt "ire 
types operating at 60 Hz. 
2. Effi.ctive Z is defined a� R cos(O) + X sin (0), where 0 is the power fdctor angle of the circuit. :VIu1tipl�ing current by effective impedance gives a good 
approximation for line-to-neutral voltage drop. Effective impedance values shmm in this table are valid only at 0.85 power factor. For another circuit 
power fdctor (Pf), effecti\-e impedance (Ze) can be calculated from Rand X1• \-alues given in thiHable a� follows: b= R x  PF+ X1. sin[arccos(Pf)).  
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TABLES CHAPTER 9  

Table I 0 Conductor Stranding 

Number of Strands 

Conductor Size Copper Alumioum 

AWG or kcmil mm2 Class 8" Class C Class 8" 

21-30 0.20-0.05 b - -
22 0.32 7 - -
20 0.52 10 - -
18 0.82 16 - -
16 1.3 26 - -

14-2 2.1-33.6 7 19 7< 
1-4/0 42.4-107 19 37 19 

250-500 127-253 37 61 37 

600-1000 304-508 61 91 61 

1250-1500 635-759 91 127 91 

1750-2000 886-1016 127 271 127 
. . 

"'Conductors "uh a lesser number of strand• shall be permitted ba�d on an e\"aluauon for connectabllny and bend mg . 
•:-.:umber of strdnd• �"n'. 

. 

<Aluminum 14 AWG (2:1 mm2) i• nota�"ailable. 
Wid1 dte permis.•ion of L" ndemTiters Laboratories, Inc., material is reproduced from L"L Standard 486:\-4868, Wire l.olml't:/nrs, which is cop�Tighted by 
L"ndemTiters Laboratories, Inc., :'\onhbrook, Illinois. While use of mis material ha• been authorized, L"L shall not be responsible for me manner in 
which the information i• presented, nor for any interpretation• mereof. For more Information on L"L or to pnrcha� standard•, plea� \i•it our Stand
ard• website at www.comm-2000.com or call 1�53-3503. 
Table l l (A) and Table 1 1 (8) 

For listing purposes, Table 11 (A) and Table 1 1  (B) provide 
the required power source limitations for Class 2 and Class � 
power sources. Table 1 1  (A) applies for alternating-current 
sources, and Table 1 1  (B) applies for direct-current sources. 

The power for Cla"i.� 2 and Cla•s 3 circuits shall be either (1)  
inherently limited, requiring no ovcrcurrcnt protection, or (2) 
not inherently limited, requiring a combination of power 
source and ovcrcurrcnt protection. Power sources designed for 
interconnection shall be listed for the purpose. 

A• part of the listing, tile Cla�s 2 or Cla�s 3 power source 
shall be durably marked where plainly visible to indicate tile 

20'.!3 t:clition :'\.�110:-1.-\1. t:l.t:GI"RIC.-\1. com: 

cla"i.• of supply and it� electrical rating. A Cla"i.� 2 power source 
not suitable for wet location usc shall be so marked. 

Exception: Limited Jlmver rin:uits used by listed information 1«/nwlogy 
equipment. 

Ovcrcurrcnt devices, where required, shall be located at tile 
point where the conductor to be protected receives it� supply 
and shall not be interchangeable l\ith devices of higher ratings. 
The ovcrcurrcnt dclicc shall be permitted a� an integral part of 
the power source. 
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CHAPTER 9  TABLES 

Table II  (A) Class 2 and Class 3 Alternating-Current Power Source Limitations 

Inherently Umited Power Source (Overc:urrent Not Inherently Umited Power Source 
Protection Not Required) (Oven:urrent Protection Required) 

Power Source Oass % Class 3 Class 2 Class 3 

Source \'oltage 0 tluough O\·er 20 ancl 0\·er 30 and 0\·er 30 and 0 through Over 20 ami 0\·er 30 and 0\·er 100 and 
\.;.._, (mil•) 20* through 30* through I :.o through 100 20* 
(see :--;me I )  

Power limilations - - - - 2:.0 (see 
\�-1-, (\·oil-amperes) :--;ote 3) 
(see :--;me 1 )  

Current limilations 1!.0 1!.0 0.005 1:.o;v�. 1000/\.;... 
'�· (amperes) 
(see :--;me 1 )  

�·laximum m·ercurrent protection - - - - 5.0 
(amperes) 

Power source VA (\'Oil· :J.O x l�� 100 0.005 X l�,. 100 5.0 X �·:a;Q 
rnaxitntun amperes) 
nameplate 

Current 5.0 lOO!V_, 0.005 100/V�, 5.0 rating 
(amperes) 

l'ote. Notes for tht• table can be found follm\lng Table I I  (B). 
*Vol1age ranges shmm are for sinusoidal ac in indoor locations or where wet conlact is not likely to occur. 
For non.•inu..oidal or wet conlact conditions, see Note 2. 

Table II (B) Class 2 and Class 3 Direct-Current Power Source Limitations 

through 30* tl1rough through 150 
100 

2:.0 2:.0 :--;,A. 

1000/\.;.., 1000/V�, 1.0 

100/\.;.... 100/V�, 1.0 

100 100 100 

100/\.;.... 100/V�, 100/Vn� 

Inherently Umited Power Source (Oven:urrent Not Inherently Umited Power Soun:e (Oven:urrent 
Protection Not Required) Protection Required) 

Power Soun:e Oass % Oass 3 Class % Class 3 

Source \'oltage O through Over 20 ami Over 30 ami Over f.O and 0\·er f.O and O through 
\.;.._, (mil•) 20* through through through through 20* 
(see :--;me I )  30* fJO* 150 100 

Power limilations - - - - - 250 (see 
\�-1-, (\·oil-amperes) 1'\ote 3) 
(see :--;me 1 )  

Current limilation.• 1!.0 1!.0 150/V= 0.005 150/Vn� 1000/Vn� 
'�· (amperes) 
(see :--;me I )  

:\faximum m·ercurrent - - - - - 5.0 
protection (amperes) 

Power source VA (\'Oh· 5.0 x l�� 100 100 0.005 x v_ 100 5.0 x l�� 
rnaxitntun amperes) 
nameplate 

Current 5.0 100/V�, 100/V= 0.005 100/Vn� 5.0 rating 
(amperes) 

*\ol1age ranges shm\n are for continuous de m mdoor locations or where wet contact ts not hkely to occur. 
For intemtpted de or wet conlact condition.•, see l'ote 4. 
Notes for Table II (A) and Table II (B) 

0\·er 20 and 
tl1rough 
C.O* 

2:.0 

1000/Vm., 

100/l.;,.., 

100 

100/l.;,.., 

1. V,...,., /,,....,, and VA.,., are determined with the current-limiting impedance in tlte circuit (not bypa..,�d) a.• follows: 
v ... ,: Maximum output mhage regardles.• of load with rated input applied. 

0\·er fJO and 0\·er 100 
tl1rough and 
100 through 

1:.0 

250 1'\.A. 

1000/\.;.., 1.0 

100/l.;,.., 1.0 

100 100 

100/l.;,.., 100/V�, 

/,,....,: :\faximum output current under any noncapacith·e load, including shon circuit, and "ith overcurrent protection bypa..,•ed if u.�d. Where a trdn,.. 
former limits the output current, T • ..,. limil• appl>· after I minute of operation. Where a current-limiting impedance, li•ted for tlte purpose, or a.• pan 
of a listed product, i• used in combination \\itlt a non-power-limited trdnsformer or a stored energy source, e.g., stordge battery, to limit the output 
current, !....,. limiL• apply after 5 seconds. 
V.4...,.: Maximum volt-ampere output after I minute of operation reg-drdless ofload and overcurrent protection bypa.•sed if u.�. 
2. For nonsinusoidal ac, v • ...,. shall not be greater titan 42.4 miL• peak. \\1tere wet conlact (immersion not included) is likely to occur, Cia."' 3 \\iring 
metltods shall be used or v ... , shall not be greater than 15 voiL• for sinu..oidal ac and 21.2 voiL• peak for nonsinusoidal ac. 
3. If tlte power source is a trdnsformer, V.4...,. is 350 or les.• when V,...,. is 15 or les.•. 
4. For de interrupted at a rate of 10 to 200 Hz, V,...,. shall not be greater than 24.8 \'oiL• peak. Where wet conlact (immersion not included) i• likely to 
occur, Cia."' 3 \\iring method• shall be u.•ed, or v • ..,. shall not be greater than 30 ,·oiL• for continuou.• de; 12.4 \'Oil• peak for de that is intemtpted at a 
rate of 10 to 200 Hz. 
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TABLES CHAPTER 9  

Table 12(A) and Table 12(8) 

For listing purposes, Table 12(A) and Table 1 2(8) provide 
the required power source limitations for power-limited fire 
alarm sources. Table 12(A) applies for alternating-current sour
ces, and Table 12(8) applies for direct-current sources. The 
power for power-limited fire alarm circuit-; shall be either (1) 
inherently limited, requiring no overcurrcnt protection, or (2) 
not inherently limited, requiring the power to be limited by a 
combination of power source and overcurrcnt protection. 

Table 12(A) PLFAAiternating-Current Power Source Limitations 

Ao; pan of the listing, the PLFA power source shall be durably 
marked where plainly visible to indicate that it is a power
limited fire alarm power source. The overcurrent device, where 
required, shall be located at the point where the conductor to 
be protected receives ito; supply and shall not be imerchangea
ble l\ith cle'l'ices of higher ratings. The overcurrem device shall 
be permitted ao; an imegral pan of the power source. 

Inherently Umited Power Soun:e Not Inherently Limited Power Soun:e 
Power Soun:e (Overc:urrent Protec:lion Not Required) (Oven:urrent Protection Required) 

Circuit mlrnge \.;_,(,·oiL•) O through 20 0\·er 20 and Over 30 and O through 20 0\-er 20 and 0\·er 1 00  and 
(see :'\:me I )  through 30 through 100 through 100 through J:JO 

Power limitations - - - 250 250 1'\A 
\�-1-, (mil-amperes) (see 1'\ote 2) 
(see :'\:me I )  

Current limitations 8.0 8.0 150/V .. � 1000/V= 1000/V�, 1.0 
'�· (amperes) 
(see :'\:me 1 )  

�·laximum m·ercurrent protection - - - 5.0 100/V�, 1.0 
(amperes) 

Pm�er source VA (\'<>It-amperes) :J.O x l�� 100 1 00  :J.O x l�,. 100 100 
rnaxirnun1 
nameplate Current (amperes) 5.0 100/V�, 100/V .. � 5.0 100/V�, 100/\.;.... 

r.ttings 

l'ote: Notes for thL• table can be found follm\lng Table 12(8). 

Table 12(8) PLFA Direct-Current Power Source Limitations 

Inherently Umited Power Soun:e Not Inherently Limited Power Soun:e 
Power Soun:e ( Overc:urrenl Protection Not Required) (Oven:urrent Protection Required) 

Circuit mhage v_, (miL•) (see 1'\ote 1 )  O through 20 0\·er 20 and Over 30 and O through 20 0\-er 20 and 0\·er 1 00  and 
through 30 through 100 through 100 through J:JO 

Power limitations \�, (mit-amperes) - - - 2!JO (see ;llote 2) 250 1'\A 
(see :'\:me 1 )  

Current limitations 1 .. � (amperes) (see 8.0 8.0 150/V .. � 1000/ V .. � 1000/V�, 1.0 
:'\:me I )  

�·laximum m·ercurrent protection - - - 5.0 100/V�, 1.0 
(amperes) 

Power source V..\ (\·olt- amperes) :J.O x l�� 100 1 00  :J.O x l�,. 100 100 
rnaxirnun1 
nameplate Current (amperes) 5.0 100/V�, 100/V .. � 5.0 100/V�, 100/\.;.... 

r.ttings 

Notes for Table 12(A) and Table 12(8) 
l .  V"""' I • ..,., and V.4,.... are determined as follows: 
v ... ,: Maximum output \ullage regardless of load with rated input applied. 
/,,"": :\faximum output current under any noncapacith·e load, including short circuit, and "ith overcurrent protection bypa..,•ed if tL<;ed. Where a trdn,.. 
fmmer limiL• the output current, 1 ... , limiL• apply after 1 minute of operation. \\1tere a cunent-limiting impedance, listed for the purpose, i• used in 
combination \\ith a nonpower-Jimited trdnsformer or a stored energy source, e.g., stordge battery, to limit the output current, 1 • ..,. limiL• apply after 
5 second•. 
V.4,...,.: :VIaximum \'olt-ampere output after I minute of operdtion regardles.• of load and overcurrent protection bypa.'l.<;ed if tL<;ed. Cunenl limiting 
impedance shall not be bypa.'l.<;ed when determining /,,,.. and VA ... ,. 
2. If the power source is a transformer, V.4,...,. is 350 or les.• when V,...,. is 15 or les.•. 
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CHAPTER 9  TABLES 

Table 13 Equipment Suitable for Hazardous (Classified) Locations 

Area Classification 

Zone O 

Zone I 

Zone 2 

Zone 20 

70-730 

Type (Level) or Protection 

lnuinsically safe 

lnuinsic safety (Group II) 
Encapsulation (Group II) 
Hameproof (Group II) 
Inherently safe optical radiation 
Optical system \\id1 imerlock 
Special protection (Group II) 
EI'L" 

Equipment suitable for IL'Ie in Zone 0 
Equipment suitable for IL'Ie in Clas.• I, Ui•i.•ion I 
Hameproof (Group II) 
lmrinsic safety (Group II) 
lncrea•ed safety (Group II) 
l'res.•urized enclosure (Group II) 
Encapsulation (Group II) 
l'res.•urized room (Group II) 
l'owde1· filling (Group II) 
Liquid immersion (Group II) 
Elecuical 1·esistance u-ace heating 
Skin effect u-ace healing 
Inherently safe optical radiation 
Optical system \\id1 imerlock 
l'rotected optical radiation 
Special protection (Group II) 
EI'L" 

Equipment suitable for IL'Ie in Zone 0 
Equipment suitable for IL'Ie in Zone I 

Equipment suitable for IL'Ie in Clas.• I, Ui•i.•ion I 
Equipment suitable for IL'Ie in Clas.• I, Ui•i.•ion 2 
'1}-pe of protection "n" (Group II) 
l'res.•urized enclosure (Group II) 
lmrinsic safety (Group II) 
Hameproof (Group II) 
lncrea•ed safety (Group II) 
Liquid immersion (Group II) 
Encapsulation (Group II) 
l'res.•urized room (Group II) 
Electrical resistance trace heating 
Skin effect u-ace heating 
Impedance heating 
Inherently safe optical radiation 
Optical system \\id1 imerlock 
l'rotected optical radiation 
Special protection (Group II) 
EI'L" 
Od1er electrical apparattL•' 

Ao;.•ociated apparaUL• for Zone 0 (Group II) 
Ao;.•ociated apparaUL• for Zone I (Group II) 
Ao;.•ociated apparaUL• for Zone 2 (Group II) 
Ao;.•ociated pres.•urizalion equipment (Group II) 
Ao;.•ociated optical radiation equipmelll (Group II) 
Ao;.•ociated optical radiation equipmelll (Group II) 

Equipment suitable for IL'Ie in Clas.• II, Di•i.•ion I 
lmrinsic safety (Group Ill) 
lmrinsically safe 

l'roteclion b}· enclosure (Group Ill) 
Encapsulation (Group Ill) 
Inherently safe optical radiation 
Optical system \\id1 imedock 
Special protection (Group Ill) 
EI'L" 

Intrinsically safe for Cla'IS I, 

ia 
ma 
da' 
op is, \\id1 EI'L Ga2 
op sh, \\id1 EI'L Ga2 
sa 
Ga 

d, db 
ib 
e,eb 
p. px, pxb, py, pyb 
m, mb 
pb 
q, qb 
o, ob 
60079-30-1, "ith t:I'L Gb2 
IEEE 844.1, wim t:I'L Gb2 
op is, \\id1 EI'L Gb2 
op sh, \\id1 EI'L Gb2 
op pr, \\id1 EI'L Gb2 
sb 
Gb 

nA, nC, nL, nR 
pz, p1.c 
ic 
de 
ec 
oc 
me 
pc 
60079-30-1, "ith t:I'L Gc2 
IEEE 844.1, with t:I'L Gc 
IEEE 844.3, with t:I'L Gc 
op is, \\id1 EI'L (;C 
op sh, \\id1 EI'L Gc2 
op pr, \\id1 EI'L Gc2 
sc 
Gc 

fia] 
fib] 
fie] 
fpl 
fop is] 
fop sh] 

ia 
Intrinsically safe for Cla'IS II 

Di•i.•ion I 
la 
ma 
op is, \\id1 EI'L Da2 
op sh, \\id1 EI'L Da2 
sa 
Da 

(ronlimus) 
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TABLES 

Table 13 Continued 

Area Classification Type (Level) or Protection 

Group IliA Only Equipment suitable for U.'le in Clas.• Ill, Di•ision I 

Zone 21 

Group IliA Only 

Zone 22 

Group IliA Only 

Equipment suitable for U.'le in Zone 20 
Equipment suitable for U.'le in Clas.• II, Dhi.•ion I 
lmrinsic safety (Group Ill) 
l'rotection b}· enclosure (Group Ill) 
l'res.•urized enclosure (Group Ill) 
Encapsulation (Group Ill) 
l'res.•urized room (Group Ill) 
Elecuical a·esistance u-ace heating 
Skin effect u-ace healing 
Impedance heating 
Inherently safe oplical a-adiation 
Optical S}'Slem \\itlt ime.-Jock 
l'rotected optical radiation 
Special protection (Group Ill) 
EI'L" 

Equipment suitable for U.'le in Clas.• Ill, Di•ision I 

Equipment suitable for U.'le in Zone 20 
Equipment suitable for U.'le in Zone 21 
Equipment suitable for U.'le in Clas.• II, Dhi.•ion I 
Equipment suitable for U.'le in Clas.• II, Dhi.•ion 2 
lnuinsic safety (Group Ill) 
l'roteclion b}· enclosure (Group Ill) 
l'res.•urized enclosure (Group Ill) 
Encapsulation (Group Ill) 
l'res.•urized room (Group Ill) 
Electrical resistance trace heating 
Skin effect u-ace heating 
Impedance heating 
Inherently safe oplical a-adiation 
Optical S}'Slem \\itlt ime.-Jock 
l'rotected optical radiation 
·1}-pe 22 •-acuum cleaners and du.•t collectors 
Special protection (Group Ill) 
EI'L" 
Otlter electrical apparatu.•' 

Equipment suitable for U.'le in Cla'l.• Ill, Di•ision 2 

A'l.•ociatecl apparatu.• for Zone 20 (Group Ill) 
A'l.•ociatecl apparatu.• for Zone 21 (Group Ill) 
A'l.•ociatecl apparatu.• for Zone 22 (Group Ill) 
A'l.•ociatecl pres.•urization equipment (Group Ill) 
A'l.•ociatecl optical radiation equipmem (Group 

Ill) 
A'l.•ociatecl optical radiation equipmem (Group 

Ill) 

ib 
th 
p, px, pxb, py, pyb 
mb 
pb 
60079-30-1 ,  "ith EI'L Db2 
lt:t:E 844.1, with EI'L Db2 
lt:t:E 844.3, with EI'L Db2 
op is, \\itlt EI'L Db2 
op sh, \\itlt EI'L Db2 
op pr, \\itlt EI'L Db2 
sb 
Db 

ic 
tc 
pz, p1.c 
me 
pc 
60079-30-1 ,  "ith EI'L Dc2 
lt:t:E 844.1, with EI'L De 
lt:t:E 844.3, with EI'L Dc2 
op is, \\itlt EI'L Dc2 
op sh, \\itlt EI'L Dc2 
op pr, \\itlt EI'L Dc2 
62784 
sc 
De 

fia] 
fib] 
fie] 
fpl 
fop is] 

fop sh] 

Equipment marked for u.•e in Cla'l.• l, Dhision I'' 
lmrinsicallv safe 
l'res.•urized enclosure 

Intrinsically safe for Cla'l.• I 
·1}1>e X, for Cia'-• I 

l'res.•urized enclosure 
Equipment suitable for U.'le in Zone 0 
lnuinsic safety (Group II) 
Encapsulation (Group II) 
Inherently safe oplical a-adiation 
Optical S}'Slem \\itlt ime.-Jock 
Special protection (Group II) 

20'.!3 t:dilion :'\.-\:110:-1.-\1. t:l.t:GrRICAL com: 

·1}1>e Y, for Cla'l.• I 

ia 
ma 
op is, \\itlt EI'L Ga2 
op sh, \\itlt EI'L Ga2 
sa 

(ronlimus) 
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CHAPTER 9  TABLES 

Table 13 Continued 

Area Classification 

Oa'-• II, Di\ision I" 

Oa'-• II, Di\ision 2'' 

70-732 

Type (Level) or Protection 

Equipment suitable for u.o;e in Clas.• I, Ui•i.•ion I 
Equipment marked for u.o;e in Oa'-• I, Di\ision 2'' 
l'res.•urized enclosure 
Equipment suitable for u.o;e in Zone 0, Zone I or 

Zone 2 
"l}'pe of protection "n" (Group II) 
l'res.•urized enclosure (Group II) 
Intrinsic safety (Group II) 
Hameproof (Group II) 
lncreao;ed safety (Group II) 
Liquid immersion (Group II) 
Encapsulation (Group II) 
l'res.•urized room (Group II) 
l'res.•urized room (Group II) 
Elecuical a·esistance u-ace heating 
Skin effect u-ace heating 
Impedance heating 
Inherently safe optical radiation 
Optical system \\itlt inte.-lock 
l'rotected optical radiation 
Special protection (Group II) 
Otlter electrical appaa-atu.•• 

A'-•ociatecl appaa-atu.• for eta'-• I, Di\i.•ion I 

Equipment marked for u.o;e in Oa'-• II, Di\ision J'• 
lnuinsicallv safe 
l'res.•urized enclosure 
l'res.•urized enclosure 
Equipment suitable for u.o;e in Zone 20 
Intrinsic safety (Group Ill) 
l'rotection by enclosure (Group Ill) 
Encapsulation (Group Ill) 
Inherently safe optical radiation 
Optical S}'Slem \\itlt inte.-lock 
Special protection (Group Ill) 

Equipment suitable for u.o;e in Clas.• II, Di\i.•ion I 
Equipment marked for u.o;e in Oa'-• II, Di\ision 2'' 
l'res.•urized enclosure 
Equipment suitable for u.o;e in Zone 20, Zone 21 or 

Zone 22 
lnuinsic safety (Group Ill) 
l'rotection by enclosure (Group Ill) 
l'res.•urized enclosure (Group Ill) 
Encapsulation (Group Ill) 
l'res.•urized room (Group Ill) 
l'res.•urized room (Group Ill) 
Electrical resistance lt-ace heating 
Skin effect u-ace heating 
Impedance heating 
Inherently safe optical radiation 
Optical S}'Slem \\itlt inte.-lock 
l'rotected optical a-adiation 
Special protection (Group Ill) 
Otlter electrical appaa-atu.•• 

A'-•ociatecl appaa-atu.• for eta'-• II, Ui•ision I 

nA, ne, nL, nR 
px, pxb, p}·· pyb, pz, pzc 
ia, ib, ic 
da, clb, clc 
eb, ec 
ob, oc 
ma, mb, mc 
pb 
pc 
60079-30-1, "ith EI'L Gb or Gc2 
lt:t:E 844. 1, \\ith EI'L Gb or Gc2 
lt:t:E 844.3, \\ith EI'L Gb or Gc2 
op is, \\itlt EI'L Ga, Gb or Gc2 
op sh, \\itlt EI'L Ga, Gb or Gc2 
op pr, \\itlt EI'L Gb or Gc2 
sa, sb, sc 

Intrinsically safe for Cla.s II 
Tn>e X, for Cia'-• II 
Tn>e Y, foa· Oa'-• II 

ia 
Ia 
ma 
op is, \\itlt EI'L Da22 
op sh, \\itlt EI'L Da2 
sa 

ia, ib, ic 
Ia, tb, lC 
px, pxb, p}·· pyb, pz, pzc 
ma, mb, mc 
pb 

pc 
60079-30-1, \\ith EI'L Db or Dc2 
lt:t:E 844. 1, \\ith EI'L Db or Dc2 
lt:t:E 844.3, \\ith EI'L Db or Dc2 
op is, \\itlt EI'L Da, Db or Dc2 
op sh, \\itlt EI'L Da, Db or Dc2 
op pr, \\itlt EI'L Db or De 
sa, sb, sc 

(ronlimus) 
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TABLES 

Table 13 Continued 

Area Classification Type (Level) or Protection 

l: nclas.•ifiecl 

Equipment suitable for IL'Ie in etas.• II, Di"i.•ion I 
Eq�ipment marked for IL'Ie in etas.• Ill, Di"i.•ion .; •• 1 

lnuinsically safe 

Equipment suitable for iL'Ie in Zone 20 or Zone 21 
Intrinsic safety (Group Ill) 
l'rotection by enclosure (Group Ill) 
Encapsulation (Group Ill) 
Inherently safe optical radiation 
Optical system \\itb interlock 
Special protection (Group Ill) 

Equipment suitable for IL'Ie in etas.• II, Di"i.•ion I 
Equipment suitable for IL'Ie in etas.• II, Di"i.•ion 2 
Equipment suitable for IL'Ie in etas.• Ill, Di�ision I 
Equipment marked for IL'Ie in etas.• Ill, Di"i.•ion 2" 
Intrinsically safe 

Equipment suitable for IL'Ie in Zone 20, Zone 21 or 
Zone 22 

lnuinsic safety (Group Ill) 
l'rotection by enclosure (Group Ill) 
l'res.•urized enclosure (Group Ill) 
Encapsulation (Group Ill) 
Electrical resistance trace heating 
Skin effect u-ace heating 
Impedance heating 
Inherently safe optical radiation 
Optical system \\itb inte.-lock 
l'rotected optical radiation 
Special protection (Group Ill) 
Other electrical apparatiL•' 

Intrinsically safe for Cla.s II or 
eta .. • Ill 

ia, ib 
ta, tb 
ma, mb 
op is, \\ith EI'L Da or Db2 
op sh, \\itb EI'L Da or Db2 
sa 

Intrinsically safe for eta.s II or 
eta .. • Ill 

ia, ib, ic 
ta, tb, tc 
px, pxb, P}'• pyb, pz, pzc 
nta, tnh, me 
60079-30-1, "ith EI'L Db or Dc2 
lt:t:E 844.1, with EI'L Db or Dc2 
lt:t:E 844.3, with EI'L Db or Dc2 
op is, \\itb EI'L Da, Db or Dc2 
op sh, \\itb EI'L Da, Db or Dc2 
op pr, \\itb EI'L Db or De 
sa, sb, sc 

1\'ote: Thi• table is stmctured to show the area cla,..•ification on tlie left side and the permitted equipment on 
the right side. Zone equipment i• suitable for u•e in some da'l.•/ dhision locations and \ice \'ersa. Thi• is 
indicated by the phra.'le "Equipment suitable for use in ... ", for example, in Cla'i.• I, Di"i.•ion I locations, 
"Equipment suitable for use in Zone 0" means all equipment li•ted under Zone 0 can be IL'Ied ,.;th an 
appropriate equipment group and temperature cia..,. 
1"da" is limited to sensors of portable combustible g-.ts detectors. 
2Equipment marked \\ith these types of protection is a""llilable in multiple le\>el• of protection not specifically 
identified "ithin the Ex marking. 
"Tite EPL takes precedence over the type of protection, for example • AE.x ia _ _  Gb" is suitable for Zone I ,  
not Zone 0; "AEx op is _ _  Db" is suitable for Zone 21, not Zone 20; and "AEx 60079-30-1 _ _  Gc" is 
suitable for Zone 2, not Zone I. Selection according to the mark EPL i• critical to the safe application of this 
equipment. 
'"Other electrical apparatu•" indicates electrical appar.tu�• compl}ing \\ith the requirement• of a recognized 
standard for indu•trial electrical appar.ttu• that does not in normal senice (a) have ignition-capable hot 
surfaces, or (b) produce incendive arcs or sparks. {.'w 501. 105(8), 501.115(8), 501. 125(8), 502. 100(8), 

502. 115(8), 502.125(8), or 502. /3(}(8)./ "0ther electrical apparatus" alm includes equipmelll or systems 
currently acceptable a• alternative means of protection (.«< 500. 7). 
''With the exception of intrinsically safe or purged/pres.•urized equipment, equipment for 1�•e in a Cla'i.• XX, 
Dhi•ion XX, location is not required to be marked \\ith a type of protection, only the location where that 
equipment is pe1mitted to be installed. 
6For use in Cla'i.• II and Cla'i.• Ill locations, such (zone-acceptable) equipment i• su�ject to the requirement• of 
502.6 or 503.6, respecti\·ely. Group IlL\ equipment is not suitable for IL'Ie in Cla'i.• II locations. 
71n Cla.s Ill, Di"ision I locations, S\•itches, controllers, circuit breakers, ft�•es, contml transformers, resistors, 
utilization equipment (fixed and portable),  electric cranes, hoist•, and similar equipment can be hmL'Ied in 
dtL•ttight enclosures. 
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CHAPTER 9  11'\FOR\-lATIVE ANJ'\EX A 

Informative Annex A Product Safety Standards 

Tnformative Annex A if 1wt a Jlart of the requirements of thif NFPA 
documrot but is included fm· infonnatimwl frwJwses only. 

This informative annex prmidcs a list of product safety 
standards used for product listing where dtat listing is required 
by dlis ('..ode. It is recognized that dtis list is current at the time 
of publication but that new standards or modifications to exist
ing standards can occur at any time while this edition of dlc 
('..ode is in effect. 

This infonnativc annex docs not form a mandatory part of 
the requirements of this ('..ode but is intended to identity for dlc 
('..ode users the standard-; upon which Code requirement'! have 
been bao;cd. 

Table A. l(a) Product Safety Standards for Conductors and Equipment That Have an Associated Listing Requirement 

Article 

1 1 0  

210 

225 

230 

70-734 

Slandard Number 

UL IOC 
UL 305 
UL 486D 
UL 2043 

UL 62275 
UL 498 
UL 935 
UL 943 
UL 1029 
UL 1699 
UL 1699A 
UL 6 
UL 6A 
UL 360 
UL6.'>1 
UL 1242 
UL 1660 
UL 2515 
UL 6 
UL 6A 
UL 67 
UL 98 
UL 2 l 8  
UL231 
UL 347 
UL 360 
UL 4l4 
UL 486A-486B 
UL 486C 
UL 489 
UL 508 
UL 50&\ 
UL 5l4B 
UL6.'>1 
UL 845 
UL8.'>7 
UL 869A 
UL 891 
UL 977 
UL 1008 
UL 1008A 
UL 1008M 
UL 1008S 
UL 1053 
UL 1062 
UL 1066 
UL 1242 

Positive Pressure Fire Tesl� of Door A.'l.'lemblies 
Panic Hardware 
Sealed Wire Connector Systems 

Slandard Tide 

Fire Test for Heat and Vt'lible Smoke Relea.•e for Discrete Producl� and Their Acces.'lories Installed in Air-
Handling Spaces 

\.able Management SysteJn• - \.able Ties for Electrical Installation 
Attachment Plugs and Receptacles 
Fluorescent-Lantp Balla.�l� 
Ground Fault Circuit Interrupters 
High-lntensit}�Di�charge Lamp Ballast 
Arc-Fault Circuit-lntemtpters 
Outlet Branch Circuit AFCL� 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Br.t.'l.� and Stainles.� Steel 
Liquid-Tight Flexible Metal Conduit 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fittings 
Electrical Intermediate Metal Conduit- Steel 
Liquid-Tight Flexible Nonmetallic \ .. onduit 
Abm-eground Reinforced Thermosetting Resin O:mduit (RTRC) and Fittings 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Br.ts.� and Stainless Steel 
Panel board� 
Enclosed and De-.td-Front Switches 
Fi1-e Pump \ .. on trollers 
Power Outlel� 
�ledium-Voltage AC Contactors, Controllers, and Control Centers 
Liquid-Tight Flexible Metal Conduit 
�Jeter Sockel• 
Wire Connectors 
Splicing Wire \ .. onnectors 
�lolded-\.a.� Circuit Breakers, Molded-\.a.•e S\\itches and Circuit-Breaker Enclosures 
lndu.'ltrial Control Equipment 
lndu.'ltrial Control Panels 
Conduit, Tubing and \.able Fittings 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fittings 
�lotor Control Centers 
Bu.�\V".t}-s 
Reference Standard for Senice Equipment 
S\\itchboards 
fu.'led Pm\-er-Circuit De\'ices 
Tr.tnsfer Switch Equipment 
Tr.tnsfer Switch Equipment, 0\'er 1000 Voll• 
�leter-Mounted Tr.tnsfer S\\itches 
Solid�'itate Tr.tnsfer S"itches 
Ground-Fault Sensing and Relaying Equipment 
t: nit Substations 
Low-Voltage AC and DC Power Circuit B1-eake1-s t:sed in Enclosures 
Electrical Intermediate Metal Conduit- Steel 

(ronlimus) 
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Table A. l(a) Continued 

Article Slandard Number 

240 

242 
250 

300 

UL 1429 
UL 1449 
UL 1558 
UL 1660 
UL 1740 
UL 1953 
UL 201 1  
UL 2200 
UL2416 
UL 2446 
UL 256.'> 
UL 2735 
UL 2745 
UL 2876 
UL 4248-I 
UL 60947-1 
UL 61!!00-5-1 

UL 248-1 
UL 248-2 
UL 248-3 
UL 248-4 
UL 248-5 
UL 248-6 
UL 248-8 
UL 248-9 
UL 248-l 0  
UL 248- l l 
UL 248-12 
UL 248-15 
UL 248-17 
UL 248-18 
UL 489 
UL 4891 
UL 943 
UL 1053 
UL 1066 
UL 4248-I 
UL 1449 
UL I 
UL 4 
UL 5 
UL 6 
UL 6A 
UL 360 
UL 467 
UL 486A-486B 
UL 480C 
UL 486D 
UL 498 
UL 504 
UL 514A 
UL 514B 
UL 797 
UL 797A 
UL 1242 
UL 1569 
UL 1652 
UL 4 
UL 44 
UL 83 
UL 83A 
UL 263 
UL 504 

11'\FOR\-lATIVE ANJ'\EX A 

Slandard Tide 
Pullout S\\itches 
Surge Pmtectiw De\'ices 
�letal-Enclosed Low-Voltage Power Circuit Breaker S"itchgear 
Uquid-Tight Flexible Nonmetallic (' .. onduit 
Robot• and Robotic Equipment 
Power Distribution Block.• 
�lachinery 
Stationary Engine Gener.uor A.'l.•emblies 

CHAPTER 9  

Audio/Video, lnfonnation and Communication Technology Equipment f'..abinet, Enclosure and Rack s��tems 
t: nitary Boiler Room SysteJn• 
lndu.•trial Metalworking and Woodworking Machine Tool• 
Electric Utility �leters - -

�Jeter Socket Adapters for Communication.• Equipment 
Remote Racking De\'ices for S"itchgear and f'.<mtrolge-o�r 
Fu.•eholders - Part 1: Geneml Requirement., 
Low-Voltage S"itchge-o�r and Controlge-.�r -Part I: General Rules 
AdjtL•table Speed Electrical Power Dri\'e System• - Part 5-1: Safety Requirement• - ElectriGd, Thennal and 

Energy 
Low-Voltage FtL� - Part 1: Geneml Requirement• 
Low-Voltage FtL� - Part 2: ChL'l• C FtL�S 
Low-Voltage FtL� - Part 2: ChL"' CA and CB Fuses 
Low-Voltage FtL� - Part 4: ChL"' CC Fu.� 
Low-Voltage FtL� - Part 5: ChL"' G Fu.�s 
Low-Voltage FtL� - Part 6: ChL'l• H Non-Rene\V"dble Fu.�s 
Low-Voltage FtL� - Part 8: ChL"' .J Fu.•es 
Low-Voltage FtL� - Part 9: ChL"' K Fu.�s 
Low-Voltage FtL� - Part lO: Cia._, L Fu.•es 
Low-Voltage FtL� - Part 1 1 :  Plug Fu.�s 
Low-Voltage FtL� - Part 12: Cla'l.• R FtL� 
Low-Voltage FtL� - Part 15: Cla'l.• T FtL� 
Low-Voltage FtL� - Part 17: Cla'l.• CF Fuses 
Low-Voltage FtL� - Part 18: Cla'l.• CD Fu.•es 
�lolded..f'.a� Circuit Breakers, Molded..f'.a•e S\\itches, and Circuit-Breaker Enclosures 
Solid State Molded..f'.a•e Circuit Breake1� 
Ground-Fault Circuit-Interrupters 
Ground-Fault Sensing and Relaying Equipment 
Low-Voltage AC and DC Power Circuit Bre-dkers t:sed in Enclosures 
Fu.•eholders - Part 1: Geneml Requirement., 
Surge Pmtectiw De\ices 
Flexible Metal Conduit 
Annored ('..able 
Surface �letal Race\\"ll�� and Fittings 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Bms.• and Stainless Steel 
Uquid-Tight Flexible Metal Conduit 
Grounding and Bonding Equipment 
Wire Connectors 
Splicing Wire (' .. onnectors 
Sealed Wire Connector S}�tems 
Attachment Plugs and Receptacles 
�linerdl-lnsulated, �letal-Sheathed ('..able 
�letallic Outlet Boxes 
Conduit, Tubing, and ('..able Fittings 
Electrical Metallic Tubing- Steel 
Electrical Metallic Tubing- Aluminum 
Electrical lntennediate Metal Conduit - Steel 
�letai-Ciad f'..ables 
Flexible Metallic Tubing 
Annored ('..able 
Thennoset-lnsulated Wires and f'..ables 
Thennopla•tic-lnsulated Wires and Cables 
Fluoropol�1ner Insulated Wire 
Fire Test• of Building (' .. onstruction and Material• 
�lineml-lnsulated, �letal�'>heathed ('..able 
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Table A. l(a) Continued 

Article Slandard Number 
UL 740C 
UL 1569 
UL 1581 
UL 2239 
UL 2556 
UL 62275 

310 UL 44 
UL 83 
UL 83A 
UL 224 
UL 1063 
UL 1441 

315 AXSI C l l9.4 

IEEE 48 

IEEE 386 

IEEE 404 
UL 4 
UL 504 
UL 1072 
UL 1569 

312 UL 50 
UL 50E 
UL 514C 
UL 916 
UL 2808 
UL 61010-1 and 

UL 61010-2-030 
314 UL 50 

UL 50E 
UL 486D 
UL 498 
UL 498B 
UL 498D 
UL 498E 
UL 514A 
UL 514B 
UL 514C 
UL 514D 
UL 1953 

320 UL 4 

322 

324 

330 

70-736 

UL 44 
UL 83 
UL 83A 
UL 514B 
UL 514C 
UL 1063 
UL 156.'> 
UL 2239 
UL 486A-486B 
UL 498 
UL 514A 
UL 486A-486B 
UL 498 
UL 44 
UL 66 
UL 83 
UL 83A 
UL 514B 
UL 1063 

Slandard Tide 
Pol}meric Material� - Use in Electri<:al Equipment Evaluations 
�letal-Ciad ('.able 
Reference Standard for Electrical Wires, C.ables, and Flexible Cord� 
Hardware for Support of Conduit, Tubing and ('.able 
Wire and ('.able Test �lethods 
('.able �lanagement SysteJn• - ('.able Ties for Electrical Installation 
Thermoset-Insulated Wires and C.ables 
Thermopla�tic-lnsulated Wires and Cables 
Fluoropol�1ner Insulated Wire 
E.xtruded Insulating Tubing 
�lachine-Tool Wires and C-ables 
Coated Electri<.-al Sle�ing 
Electric Connectors - C�mnectors for Use between Aluminum-to-Aluminum and Aluminum-to-C .. opper 

Conductors Designed for Xormal Operation at or Below 93"C and (' .. opper-to-C .. opper Conductors Designed 
for Xormal Opemtion at or Below I OO"C 

IEEE Standard for Test Procedures and Requirement• for Altemating-Cun-ent ('.able Terminations t:sed on 
Shielded C.ables Ha�ing Laminated Insulation Rated 2.5 kV through 765 kV or Extruded Insulation Rated 2.5 
kV through 500 kV 

IEEE Standard for Separdble Insulated Connector Systems for Power Di�tribution Systems Rated 2.5 kV through 
35 kV 

IEEE Standard for Extmded and Laminated Dielectric Shielded ('.able .Joint• Rated 2.5 kV to 500 kV 
Armored ('.able 
�linerdl-lnsulated, �letal�'>heathed ('.able 
�ledium Voltage Power C.ables 
�letai-Ciad ('.able 
Enclosures for Electrical Equipment 
Enclosures for Electrical Equipment, Emironmental (' .. onsiderations 
Xonmetallic Outlet Boxes, Flu.•h-D�ice Boxes, and Co\'ers 
Energy �lanagement Equipment 
Energy �lonitoring Equipment 
Electrical Equipment for Mea�urement, (' .. ontrol, and Labordtory Use - Part 2-030: Particular Requirement• for 

Testing and Me-dsming Circuit• 
Enclosures for Electrical Equipment 
Enclosures for Electrical Equipment, Emironmental (' .. onsiderations 
Sealed Wire Connector Systems 
Auachment Plugs and Receptacles 
Receptacles \\ith lntegrdl S\\itching �leans 
Auachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking Type) (' .. on tact• 
Auachment Plugs, Cord Connectors and Receptacles - Enclosure Types for Emironmental Protection 
�letallic Outlet Boxes 
Conduit, Tubing, and ('.able Fittings 
Xonmetallic Outlet Boxes, Flu.•h-D�ice Boxes, and Co\'ers 
Cover Plates for Flu.�h-Mounted Wiring De\'ices 
Power Distribution Block.� 

-

Armored ('.able 
Thermoset-Insulated Wires and C.ables 
Thermopla�tic-lnsulated Wires and Cables 
Fluoropol�1ner Insulated Wire 
Conduit, Tubing, and ('.able Fittings 
Xonmetallic Outlet Boxes, Flu.•h-D�ice Boxes, and Co\'ers 
�lachine-Tool Wires and C-ables 
Positioning De\ ices 
Hardware for the Support of Conduit, Tubing, and Cable 
Wire Connectors 
Auachment Plugs and Receptacles 
�letallic Outlet Boxes 
Wire Connectors 
Auachment Plugs and Receptacles 
Thermoset-Insulated Wires and C.ables 
Fixture Wire 
Thermopla�tic-lnsulated Wires and Cables 
Fluoropol�1ner Insulated Wire 
Conduit, Tubing, and ('.able Fittings 
�lachine-Tool Wires and C-ables 
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Table A. l(a) Continued 

Article 

332 

334 

335 
336 

337 
338 

340 
340 
342 

344 

348 

350 

352 
353 
354 
355 

356 

358 

360 

362 

3fifi 
368 
370 

374 

376 

378 
382 

Slandard Number 
UL 156.'> 
UL 1569 
UL 2225 
UL 2239 
UL 504 
UL 514B 
UL 719 
UL 2256 
UL 62275 
UL 2250 
UL 514B 
UL 1277 
UL 2225 
UL 1309A 
UL 514B 
UL R.'>4 
UL 514B 
UL 493 
UL 514B 
UL 1242 
UL 6 
UL fiA 
UL 514B 
UL I 
UL 62275 
UL 360 
UL 514B 
UL 62275 
UL 6.'>1 
UL 6.'>1A 
UL 1990 
UL 2420 
UL 2515 
UL 2515A 
UL 1660 
UL 62275 
UL 514B 
UL 797 
UL 797A 
UL 514B 
UL 1652 
UL 1653 
UL 62275 
UL 870 
UL 509 
AXSI/\�'iA 

C22.2 No. 273 
UL 209 
UL 360 
UL 1660 
UL 870 
UL 1953 
UL 870 
UL 5A 
ULI83 
UL 467 
UL 498 
UL 498D 
UL 498E 
UL 498F 
UL 498M 
UL 514D 
UL 746C 
UL 943 

Positioning De\-ices 
�letai-Ciad \.abies 

Slandard Tide 

\.abies and \.able-Fittings For t:se In Hazardou.• (Cia•sified) Location.• 
Hardware for the Support of Conduit, Tubing, and Cable 
�lineml-lnsulated, �letal�'>heathed \.able 
\.onduit, Tubing and \.able Fittings 
Xonmetallic�'>h�athed \.abies -
Xonmetallic Sheathed \.able Interconnect• 
\.able �lanagement SysteJn• - \.able Ties for Electrical Installation.• 
ln.•trumentation Tmy \.able 
\.onduit, Tubing, and \.able Fittings 
Electrical Power and Control Tr.ty \.abies with Optional Optical-Fiber Members 
\.abies and \.able-Fittings For t:se In Hazardou.• (Cia•sified) Location.• 
\.able for t:se in Mobile Installations 
\.onduit, Tubing, and \.able Fittings 
Senice-Entrance \.abies 
\.onduit, Tubing, and \.able Fittings 
Thermopla•tic-lnsulated Undergmund Feeder and Branch-Circuit Cables 
\.onduit, Tubing, and \.able Fittings 
Electrical Intermediate Metal \.ondttit - Steel 
Electrical Rigid Metal \.onduit - Steel 
Electrical Rigid Metal \.onduit - Aluminum, Red Br.t."-• and Stainles.• Steel 
\.onduit, Tubing, and \.able Fittings 
Flexible Metal Conduit 
\.able �lanagement SysteJn• - \.able Ties for Electrical Installation 
Uqttid-Tight Flexible Steel Conduit 
\.onduit, Tubing, and \.able Fittings 
\.able �lanagement SysteJn• - \.able Ties for Electrical Installation 
Schedule 40, 80, T}pe EB and A Rigid PVC \.onduit and Fittings 
Schedule 40 and 80 High Density Polyethylene (HOPE) \.onduit 
Xonmetallic Underground Conduit \\ith \.onductors 
Belowground Reinf�>rced Thennosetting Resin Conduit (RTRC) and Fittings 
AbO\-eground Reinforced Thermosetting Resin \.onduit (RTRC) and Fittings 
Supplemental Requil-ement• for Extr.1-Hea�y Wall Reinforced Thermosetting Resin \.onduit (RTRC) and Fittings 
Uqttid-Tight Flexible Nonmetallic \.onduit 
\.able �lanagement SysteJn• - \.able Ties for Electrical Installation 
\.onduit, Tubing, and \.able Fittings 
Electrical Metallic Tubing- Steel 
Electrical Metallic Tubing- Aluminum and Stainles.• Steel 
\.onduit, Tubing, and \.able Fittings 
Flexible Metallic Tubing 
Electrical Nonmetallic Tubing 
\.able �lanagement SysteJn• - \.able Ties for Electrical Installation 
Wireways, Auxiliary Gutters, and A"-•ociated Fittings 
Bu.• Drop \.able 
\.able bu.• 

\.ellular Metal Floor Raceways and Fittings 
Uqttid-Tight Flexible Metal \.onduit 
Uquid-Tight Flexible Nonmetallic \.onduit 
Wireways, Auxiliary Gutters and A.o;..,>ciated Fittings 
Power Distribution Block.• 
Wireways, Auxiliary Gutters, and A"-'">ciated Fittings 
Xonmetallic Surface Raceways and Fittings 
�lanufdctured Wiring SysteJn• 
Grounding and Bonding Equipment 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking T}pe) \.on tact• 
Attachment Plugs, Cord Connectors and Receptacles - Enclosm-e Types for Emimnmental Protection 
Plugs, Socket-Outlet• and Couplers with Arcuate (Locking Type) Contact• 
�Iarine Shore Power Inlet• 
\.over Plates for Flu.•h-Mounted Wiring De\ices 
Pol}meric MateJiaL• - Use in Electri<-.11 Equipment Evaluations 
Ground-Fault Circuit-Interrupters 

(ronlimus) 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GrRJC.-\1. COI>t: 70-737 

Copyright � NFPA_ For exclusive use on NFPA Free Access platform_ Not for distribution_ downloading. or printing_ 
For inquiries contact custserv:fYnfpa_org_ To report unauthoriLed use_ contact legal;!:ynfpa_org_ 



CHAPTER 9 11'\FOR\-lATIVE ANJ'\EX A 

Table A. l(a) Continued 

Article 

3!!4 
3!!6 
3!!!! 
392 
393 

396 
404 

406 

408 

409 

70-738 

Slandard Number 
UL 991 
UL 1077 
UL 1699 
UL 1998 
UL 5B 
UL 5 
UL 5A 
UL 62275 
UL 13 
UL 50 
UL 50E 
UL 514C 
UL 1310 
UL 2043 

UL 2577 
UL 6236!!-1 
UL 1072 
UL 20 
UL 98 
UL 98A 
UL 363 
UL 489 

UL 773 
UL 773A 
UL 917 
UL 977 
UL 1066 
UL 1472 
UL 1429 
UL 60730-l 
UL 60730-2 

UL 60730-2-7 

A.'\S)/NEl\tA WD 
6-2016 

UL 49!! 
UL 49!!B 
UL 49!!D 
UL 49!!E 
UL 49!!F 
UL 49!!M 
UL 514A 
UL 514C 
UL 514D 
UL 943 
UL 943B 
UL 943C 
UL 970 
UL 12!!6 
UL 1310 
UL 16!!2 
UL 1691 
UL 1699 
UL 2999 
UL 44 
UL 67 
UL !!91 
UL 1558 
UL 50!! 
UL 50!!A 

Slandard Tide 
Test• for Safety-Related Control• Employing Solid-State De\ices 
Supplementary Protectors for Use in Electri<:al Equipment 
Arc-Fault Circuit-lntemtpters 
Software in Programmable Component• 
Strut-Type Channel Raceways and Fittings 
Surface �leta! Raceways and Fittings 
).;onmetallic Surface Raceways and Fittings 
\.able �(anagement SysteJn• - \.able Ties for Electrical Installation 
Power-Umited Circuit \.ables 
Enclosm�s for Electrical Equipment, Non-Emironmental Consider.ttions 
Enclosures for Electrical Equipment, Emimnmental \ .. onsider.ttions 
).;onmetallic Outlet Boxes, Flu.•h-De\ice Boxes, and Covers 
Cia"-• 2 Power t:niL• 
Fi1� Test for Heat and Visible Smoke Relea•e for Discrete Product• and Their Accessmies Installed in Air-

Handling Spaces 
Su.•pended Ceiling Pm\�r Grid Systems and Equipment 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement• 
�ledium-Voltage Pm\�r \.ables 
Gener.II-Use Snap S\\itches 
Enclosed and De-o�d-Front Switches 
Open-T}pe S"itches 
Knife S\\itches 
Automatic Electrical \ .. ontrols for Hou.•ehold and Similar Use; Part 2: Particular Requirement• for Timers and 

Time S\\itches 
Plug-In Locking T)pe Photocontmls for Use \\ith Area Lighting 
).;onindu.•trial Photoelectric Switches for Lighting Control 
Clock-Opemted S\\itches 
Fu.•ed Pm\�r-Circuit De\ices 
Low-Voltage AC and DC Power Circuit Bre-o�kers t:sed in Enclosures 
Solid�'itate Dimming Controls 
Pullout S\\itches 
Automatic Electrical \ .. ontrol• - Part l :  Gener.d Requirement• 
Automatic Electrical \ .. ontrols for Hou.•ehold and Similar Use; Part 2: Particular Requirement• for Timers and 

Time S\\itches 
Automatic Electrical \ .. ontrol• for Hou.•ehold and Similar Use; Part 2: Particular Requirement• for Timers and 

Time S\\itches 
Wiring De\ ices - Dimensional Specifications 

Attachment Plugs and Receptacles 
Receptacles \\ith lntegml S\\itching �leans 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking T}pe) \ .. on tact• 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure T)pes for Eminmmental Protection 
Plugs, Socket-Outlet• and Couplers with Arcuate (Locking Type) Contact• 
�Iarine Shore Power Inlet• 
�letallic Outlet Boxes 
).;onmetallic Outlet Boxes, Flu.•h-De\ice Boxes, and Covers 
Cover Plates for Flu.•h-Mounted Wiring Devices 
Ground-Fault Circuit-Interrupters 

-

Appliance Leakage-Current Interrupters 
Special Purpose Ground-Fault Circuit-Interrupters 
Retail Fixtures and Merchandising Displays 
Office Furnishings System• 
Cia"-• 2 Power t: niL• 
Plugs, Receptacles, and \.able Connectors, of the Pin and Slee\� T}pe 
Single Pole Locking-T}pe Separ.tble Connectors 
Arc-Fault Circuit-lntemtpters 
lndhidual Commercial Office Fumi•hings 
Thennoset-lnsulated Wires and \.able; 

-

Panel board• 
S\\itchboards 
�fetal-Enclosed Low-Voltage Power Circuit Breaker S"itchgear 
lndu.•trial Control Equipment 
lndu.•trial Conn·o) Panels 
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Table A. l(a) Continued 

Article 
410 

4 1 1  

422 

Slandard Number 
A.'\S)/G'iA-

C22.2 No. 184.2 
UL 153 
UL 496 
UL 498 
UL 498B 
UL 498D 
UL 498E 
UL 498F 
UL 542 
UL 588 
UL 935 
UL 943 
UL 970 
UL 1029 
UL 1029A 
UL 1574 
UL 1598 
UL 1598B 

UL 1598C 
UL 1993 
UL 2388 
UL 8750 
UL 8752 
UL 8753 
UL 8754 
UL 8800 
UL 1310 
UL 1838 
UL 2108 
UL 50R.'>-3 
A.'\S)/C�'iA-

C22.2 No. 339 
UL 22 
UL 73 
UL 82 
UL 122 
UL 141 
UL 174 
UL 197 
UL 283 
UL 399 
UL 430 
UL 498 
UL 498D 
UL 498E 
UL 498F 
UL 499 
UL 507 
UL 514A 
UL 515 
UL 561 
UL 574 
UL621 
UL 705 
UL 710B 
UL 749 
UL 751 
UL 763 
UL 778 
UL 834 
UL R.'J8 
UL 875 

Slandard Tide 
Solid�'itate Control• for Lighting Systetn• (SSCL'i) 

Portable Electric Luminaires 
Lamp holders 
Attachment Plugs and Receptacles 
Receptacles \\ith lntegr.tl Switching �leans 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking Type) ('.on tact• 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure T�pes for Environmental Protection 
Plugs, Socket-Outlet• and Couplers with Arcuate (Locking T�pe) Contact• 
Fluorescent Lamp Starters 
Sea ... mal and Holiday Decor.ttive Product• 
Fluorescent-Lamp Balla•t• 
Ground-Fault Circuit-Interrupters 
Retail Fixtures and Merchandising Displays 
High-lntensity-Di�harge Lamp Ballast• 
Ignitors and Related Auxiliaries for HID Lamp Balla•t• 
Tr.1ck Lighting Systetn• 
Luminaires 
Luminaire Reflector Kit• for Installation on Pre\'iou.•ly ln.•talled Fluorescent Luminaires, Supplemental 

Requirement• 
Light-Emitting Diode (LED) Retrofit Luminaire Conversion Kit• 
Self-Balla•ted Lamps and Lamp Adapters 
Flexible Lighting Product• 
Ught Emitting Diode (LED) Equipment for L"se in Lighting Product• 
Org-dllic Light Emitting Diode (OLEO) Panels 
Field-Replaceable Light Emitting Diode (LED) Light Engines 
Holders, Ba�s and Connectors for Solid�'itate (LED) Light Engines and Arr.tys 
Horticultur.tl Ughting Equipment and Systems 
Cta ... , 2 Power L"nit• 
Low-Voltage Land"K-ape Lighting Systetn• 
Low-Voltage Lighting System• 
Low Voltage Tmnsfmmers - Part 3: Cia"-• 2 and eta ... , 3 Tmnsformers 
Hand-held motor-oper.tted electric tools - Safety - Particular requirement• for chain be-dm saws 

Amu.•ement and Gaming Machines 
�lotor-Oper.tted Appliances 
Electric Gardening Appliances 
Photogr<�phic Equipment 
Gannent Finishing Appliances 
Hou.�hold Electric Stor.�ge Tank Water Heaters 
Commercial Electric Cooking Appliances 
Air Fresheners and Deodorizers 
Dtinking Water Coolers 
Wa•te Di•p<>sers 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking T}pe) ('.on tact• 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure T�pes for Environmental Protection 
Plugs, Socket-Outlet• and Couplers with Arcuate (Locking T�pe) Contact• 
Electric Heating Appliances 
Electric Fans 
�letallic Outlet Boxes 
Electric Resistance Tmce He-dting for Commercial Applications 
Floor Fini•hing Machines 
Electric Oil Heaters 
Ice Cream Makers 
Power Ventilators 
Recirculating Systems 
Hou.�hold Dishwa•hers 
Vending Machines 
�lotor-Oper.tted Commercial Food Preparing Machines 
�lotor-Oper.tted Water Pump.• 
Heating, Water Supply, and Power Boilers - Electric 
Hou.�hold Electric Ranges 
Electric Dry-Bath Heaters 
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Table A. l(a) Continued 

Article Slandard Number 
UL921 
UL 923 
UL 943 
UL 962 
UL 962A 
UL 979 
UL 982 
UL 987 
UL 1017 
UL 1026 
UL 1086 
UL 1090 
UL 1206 
UL 1240 
UL 1278 
UL 1447 
UL 1450 
UL 1453 
UL 1576 
UL 1594 
UL 1647 
UL 1727 
UL 1776 
UL 2157 
UL 2158 
UL 256.'> 
UL 60335-2-3 
UL 60335-2-8 

UL 60335-2-24 

UL 60335-2-40 

UL 60335-2-67 

UL 60335-2-68 

UL 60335-2-79 

UL 60730-2-9 
UL 60745-I 
UL 60745-2-1 

UL 60745-2-2 

UL 60745-2-3 

UL 60745-2-4 

UL 60745-2-5 
UL 60745-2-6 
UL 60745-2-8 
UL 60745-2-9 
UL 60745-2-1 1  
UL 60745-2-12 
UL 60745-2-13 
UL 60745-2-14 
UL 60745-2-15 
UL 60745-2-16 
UL 60745-2-17 

UL 60745-2-18 
UL 60745-2-19 
UL 60745-2-20 

70-740 
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Commercial Dishw·.1shers 
�licmwave Cooking Appliances 
Ground-Fault Circuit-Interrupters 
HotLo;ehold and Commercial Furnishings 
Furniture Power Distribution Unit.� 
Water Treatment Appliances 

Slandard Tide 

�lotor-Opemted Household Food Preparing �lachines 
Stationary and Fixed Elecuic Tools 
Vacuum Cleaners, Blower Cleaners, and HotL•ehold Floor Finishing Machines 
HotLo;ehold Electric Cooking and Food Sening Appliances 
Hmt.o;ehold Tr.t.•h Compactors 
Electric Snow Movers 
Electric Commercial Clothes-Wa.•hing Equipment 
Electric Commercial Clothes-Drying Equipment 
�lomble and Wall- or Ceiling-Hung Electric Room Heaters 
Electric Lawn Mowers 
�lotor-Opemted Air Compres.•ors, Vacuum Pumps, and Painting Equipment 
Electric Booster and Commercial Stomge Tank Water Heaters 
Fla.�hlight.• and Lanterns 
Sewing and Cutting Machines 
�lotor-Opemted �la.'l.�e and E.xercise Machines 
Commercial Elecuic Personal Grooming Appliances 
High-Pres.�m·e Cleaning Machines 
Electric Clothes Wa.�hing Machines and Extmctors 
Electric Clothes Dryers 
lndiL�trial Metalworking and Woodworking Machine Tool• 
Hmt.o;ehold and Similar· Electri<:al Appliances, Part 2: Particular Requirement.� for Electric Irons 
HotLo;ehold and Similar Electri<.-al Appliances, Part 2: Particular Requirement.� for Shavers, Hair Clippers, and 

Similar Appliances 
HotLo;ehold and Similar Electri<.-al Appliances, Part 2: Particular Requirement.� for Refrigerdting Appliances, lee

Cream Appliances, and lee-Makers 
HotLo;ehold and Similar Electri<.-al Appliances, Part 2: Particular Requirement.� for Electrical Heat Pumps, Air

Conditioners and Dehumidifiers 
HotLo;ehold and Similar Electri<.-al Appliances - Safety - Part 2-67: Particular Requirement• for Floor Tre-dtment 

�lachines, For Commercial Use 
Hmt.o;ehold and Similar Electri<.-al Appliances - Safety - Part 2-68: Particular Requirement.• for Spmy 

E.xtmction Machines, for Commercial Use 
Hmt.o;ehold and Similar Electri<.-al Appliances - Safety - Part 2-79: Particular Requirement.• for High Pres.�ure 

Cleaners and Steam Cle-dners 
Automatic Electrical (' .. ontrol�; Part 2: Particular Requirement.� for Temperdture Sensing Contml• 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part I: Generdl Requirement.� 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-1: Particular Requirement.� for Drills and Impact 

D1ills 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-2: Particular Requirement.� for Screwdrivers and 

Impact Wrenches 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-3: Particular Requirement.� for Grinders, Polishers, 

and Di•k-Type Sanders 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-4: Particular Requirement.� for Sanders and 

Polishers Other Than Disk Type 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-5: Particular Requirement.� for Circular Saws 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-6: Particular Requirement.� for Hammers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-8: Particular Requirement.� for Shears and Nibblers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-9: Particular Requirement.� for Tappers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-1 1 :  Particular Requirement.• for Recipr<x.-ating Saws 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-12: Particular Requirement.• For Concrete Vibrdtors 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-13: Particular Requirement.• For Chain Saws 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-14: Particular Requirement.• for Planers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-15: Particular Requirement.• for Hedge Trimmers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-16: Particular Requirement.• for Tackers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-17: Particular Requirement.• for Routers and 

Trimmers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-18: Particular Requirement.• For Stmpping Tools 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-19: Particular Requirement.• for .Jointers 
Hand-Held �lotor-Opemted Electric Tools - Safety - Part 2-20: Particular Requirement.• for Band Saws 
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Table A. l(a) Continued 

Article Slandard Number 
UL 60745-2-21 
UL 60745-2-22 
UL 60745-2-23 

UL 62841-1 

UL 62841-2-1 

UL 62841-2-2 

UL 62841-2-3 

UL 62841-2-4 

UL 62841-2-5 

UL 62841-2-8 

UL 62841-2-9 

UL 62841-2-10 

UL 62841-2-1 1 

UL 62841-2-14 

UL 62841-2-17 

UL 62841-2-21 

UL 62841-3-1 

UL 62841-3-4 

UL 62841-3-6 

UL 62841-3-9 

UL 62841-3-10 

UL 62841-3-12 

UL 62841-3-13 

UL 62841-3-14 

UL 62841-3-1000 

UL 62841-4-1 

UL 62841-4-2 

UL 62841-4-1000 

424 UL 499 

425 

UL 1042 
UL 1673 
UL 1693 
UL 1995 
UL 1996 
UL 2021 
UL 26!!3 
UL 50!! 
UL 2021 
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Slandard Tide 
H<md-Held �lotor-Opemted Electric Tools - Safety - Part 2-21 :  Particular Requirement• For Drdin Cleaners 
H<md-Held �lotor-Opemted electric Tools - Safety - Part 2-22: PiU·ticular Requirement• for Cut-Off Machines 
H<md-Held �lotor-Opemted electric Tools - Safety - Part 2-23: Particular Requirement• for Die Grinders and 

Small Rotary Tools 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part I: General Requirement• 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-1: Particular Requirement• For Hand-Held Drills <md Impact DrilL• 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-2: Particular Requirement• For Screwdti\'ers And Impact Wrenches 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-3: Particular Requirement• For Hand-Held Grinders, Poli.•hers, and Disk-Type SiU1ders 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-4: Particular Requirement• For Hand-Held SiU1ders And Polishers Other ThiUl Di.� Type 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-5: Particular Requirement• For Hand-Held Circular Saws 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-8: Particular Requirement• For Hand-Held Shears and ).;ibblers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-9: Particular Requirement• For Hand-Held Tappers And Thre-dders 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-10: Particular Requirement• For Hand-Held Mixers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-1 1: Particular Requirement• for Hand-Held Recipmcating Saws 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-14: Particular Requirement• For Hand-Held PliUlers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-17: Particular Requirement• For Hand-Held Routers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-21: Particular Requirement• For Hand-Held Drain CleiUlers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 3-1: Particular Requirement• For Tr.msportable Table Saws 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 3-4: Particular Requirement• for Tmnsportable Bench Grinders 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 3-6: Particular Requirement• For Trdnsportable Diamond Drills with Liquid System 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 3-9: Particular Requirement• For Trdnsportable Mitre Saws 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 3-10: Particular Requirement• for Trdnsportable Cut-Off �lachines 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 3-12: Particular Requirement• for Trdnsportable Threading Machines 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 3-13: Particular Requirement• For Tmnsportable DrilL• 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 3-14: Particular Requirement• for Trdnsportable Drdin Cleaners 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 3-1000: Particular Requirement• for Trdnsportable La•er Engrdvers 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 4-1: Particular Requirement• for Chain Saws 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety 

Part 4-2: Particular Requirement• for Hedge Trimmers 
Electric Motor-Opemted Hand-Held Tools, Transportable Tools And Lawn And Garden Machinery - Safety -

Part 4-1000: Particular Requirement• For Utility �lachines 
Electric Heating Appliances 
Electric Ba.•eboard Heating Equipment 
Electric Space Heating C..ables 
Electric Radiant Heating Panels and He-dting Panel Set• 
Heating and Cooling Equipment 
Electric Duct Heaters 
Fixed and Location-Dedicated Elecuic Room Heaters 
Electric Heating Pmduct• for Floor and Ceiling Installation 
lndu.•trial Conn·ol Equipment 
Fixed and Location-Dedicated Electric Room Heaters 
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Table A. l(a) Continued 

Article 
426 

427 

430 

70-742 

Slandard Number 
IEEE 515 
UL 1588 
UL 2049 
IEEE 515 
UL 515 
UL 2049 
UL 4 
UL98 
UL 347 
UL 347A 
UL 489 
UL 508 
UL 705 
UL 745-1 
UL 845 
UL 987 
UL 1004-1 
UL 1004-2 
UL 1004-3 
UL 1004-6 
UL 1004-7 
UL 1004-8 
UL 1004-9 
UL 1066 
UL 1569 
UL 1812 
UL 1815 
UL 256.'> 
UL 60034-1 
UL 60335-2-40 

UL 60730-2-22 
UL 60745-1 

UL 60745-2-1 

UL 60745-2-2 

UL 60745-2-3 

UL 60745-2-4 

UL 60745-2-5 

UL 60745-2-8 

UL 60947-1 
UL 60947-4-1 

UL 60947-4-2 

UL 60947-5-1 

UL 60947-5-2 

UL 61800-5-1 

UL 62841-2-9 

UL 62841-2-10 

UL 62841-2-11 

Slandard Tide 
Testing, Design, Installation and Maintenance of Electrical Resistance Tr.1ce He-.1ting for lndu.�trial Application.� 
Roof and Gutter De-Icing ('.able t: niL� 
Residential Pipe Heating ('.able 
Testing, Design, Installation and Maintenance of Electrical Resistance Trace He-.1ting for lndu.�trial Application.� 
Electrical Resistance He-dt Tmcing for (' .. ommerdal Applications 
Residential Pipe Heating ('..able 
Armored ('.able 
Enclosed and De-.1d-Front Switches 
�ledium-Voltage AC Contactors, Controllers, and Control Centers 
�ledium Voltage Power Conversion Equipment 
�lolded-C..a� Circuit Breakers, Molded-C..a�e S\\itches and Circuit-Breaker Enclosures 
lndu.�trial Conn·ol Equipment 
Power Ventilators 
Portable Electric Tools 
�lotor Control Centers 
Stationary and Fixed Elecuic Tools 
Rotating Electrical Machines - Geneml Requirement� 
Impedance Protected Motors 
Thermally Protected �lotors 
Sen•o and Stepper Motors 
Electronically Protected �lotors 
Inverter Duty �lotors 
Form Wound and Medium Voltage Rotating Electri<:al Machines 
Low-Voltage AC and DC Power Circuit Bre-.1kers t:sed in Enclosures 
�leta) Clad C..ables 
Ducted Heat Recovery Ventilators 
).;onducted He-dt RecO\-ery Ventilators 
lndu.�trial Metalworking and Woodworking Machine Tool� 
Rotating Electrical Machines -Part 1: Rating and Performance 
Hou.�hold and Similar Electri<.-al Appliances - Part 2: Particular Requirement� for Electrical Heat Pump.�. Air

Conditioners and Dehumidifiers 
Automatic Electrical (' .. ontrol� - Part 2: Particular Requirement� for Thermal Motor Protectors 
Electric Motor-Opemted Hand-Held Tools, Tr.1nsportable Tools And Lawn And Garden Machinery- Safety 

Part I: Genet-a) Requirement• 
Electric Motor-Opemted Hand-Held Tools, Tt-ansportable Tools And Lawn And Garden Machinery- Safety 

Part 2-1: Particular Requirement� For Hand-Held Drills and Impact Drill� 
Electric Motor-Opemted Hand-Held Tools, Tt-ansportable Tools And Lawn And Garden Machinery- Safety 

Part 2-2: Particular Requirement� For Screwdri\•ers And Impact Wrenches 
Electric Motor-Opemted Hand-Held Tools, Tt-ansportable Tools And Lawn And Garden Machinery- Safety 

Part 2-3: Particular Requirement� For Hand-Held Grinders, Polishers, and Disk-Type Sanders 
Electric Motor-Opemted Hand-Held Tools, Tt-ansportable Tools And Lawn And Garden Machinery- Safety 

Part 2-4: Particular Requirement� For Hand-Held Sanders And Polishers Other Than Disc T}pe 
Electric Motor-Opemted Hand-Held Tools, Tt-ansportable Tools And Lawn And Garden Machinery- Safety 

Part 2-5: Particular Requirement� For Hand-Held Circular Saws 
Electric Motor-Opemted Hand-Held Tools, Tt-ansportable Tools And Lawn And Garden Machinery- Safety 

Part 2-8: Particular Requirement� For Hand-Held Shears and ).;ibblers 
Low-Voltage S"itchge-.1r and Controlge-.�r - Part I :  Genet-al Rules 
Low-Voltage S"itchge-.1r and Controlge-<�r - Part 4-1: (' .. ontactors and Motor-Starters - Electromechani<.-al 

Contactors and Motm�Starters 
Low-Voltage S"itchge-.1r and Controlge-<�r - Part 4-2: (' .. ontactors and Motor-Starters - AC Semiconductor Motor 

Controllers and Starters 
Low-Voltage S"itchge-.1r and Controlge-<�r - Part 5-1: (' .. ontrol Circuit De\ices and Switching Element• 

Elecu·omechani<.-al Control Circuit De\ices 
Low-Voltage S"itchge-.1r and Controlge-<�r - Part 5-2: (' .. ontrol Circuit De\ices and Switching Element• 

Proximity S\\itches 
Adju.�table Speed Electrical Power Drive System• - Part 5-1: Safety Requirement• - Electri<.-al, Thermal and 

Energy 
Electric Motor-Opemted Hand-Held Tools, Tr.1nsportable Tools And Lawn And Garden Machinery- Safety 

Part 2-9: Particular Requit-emenL� For Hand-Held Tappers And Thre-dders 
Electric Motor-Opemted Hand-Held Tools, Tr.1nsportable Tools And Lawn And Garden Machinery- Safety 

Part 2-10: Particular Requirement• For Hand-Held Mixers 
Electric Motor-Opemted Hand-Held Tools, Tr.1nsportable Tools And Lawn And Garden Machinery- Safety 

Part 2-1 1: Particular Requirement• for Hand-Held Reciprocating Saws 
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Article Slandard Number 
UL 62841-2-14 

UL 62841-2-17 

UL 62841-2-21 

UL 62841-3-1 

UL 62841-3-4 

UL 62841-3-6 

UL 62841-3-9 

UL 62841-3-10 

UL 62841-3-12 

UL 62841-3-13 

UL 62841-3-14 

UL 62841-3-1000 

UL 62841-4-1 

UL 62841-4-2 

UL 62841-4-1000 

440 UL 98 

445 

450 

480 

UL 416 
UL 484 
UL 489 
UL 508 
UL541 
UL 563 
UL 1429 
UL 1995 
UL 60335-2-24 

UL 60335-2-40 

UL 60335-2-89 

UL 60947-4-1 

UL 60947-4-2 

UL 61800-5-1 
UL 508 
UL 943 
UL 943C 
UL 1004-4 
UL 2200 
UL IOC 
UL 305 
UL 340 
UL 60730-2-14 
UL IOC 
UL 305 
UL 1642 
UL 1973 
UL 1989 
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Slandard Tide 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery - Safety 

Part 2-14: Particular Requirement• For Hand-Held Planers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 2-17: Particular Requirement• For Hand-Held Routers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 2-21:  Particular Requirement• For Hand-Held Drain Cleaners 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-1: Particular Requirement• For Trdllsportable Table Saws 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-4: Particular Requirement• for Tmnsportable Bench Grinders 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-6: Particular Requirement• For Trdllsportable Diamond Dtills with Liquid System 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-9: Particular Requirement• For Trdllsportable Min·e Saws 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-10: Particular requirement• for Trdllsportable Cut-Off Machines 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-12: Particular requirement• for Trdllsportable Thre-dding Machines 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-13: Particular Requirement• For Tmnsportable DrilL• 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-14: Particular requirement• for Trdllsportable Drdin Cleaners 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 3-1000: Particular Requirement• for Trdllsportable La•er Engravers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 4-1 :  Particular Requirement• for Chain Saws 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety 

Part 4-2: Particular Requirement• for Hedge Trimmers 
Electric Motor-Opemted Hand-Held Tools, Trdnsportable Tools And Lawn And Garden Machinery- Safety -

Part 4-1000: Particular Requirement• For Utility �lachines 
Enclosed and De-dd-Front S\\itches 
Refrigemted �ledkal Equipment 
Room Air Conditioners 
�lolded-\.a.� Circuit Breakers, Molded-\.a.•e S\\itches and Circuit-Breaker Enclosures 
Indu.•trial Conn·ol Equipment 
Refrigemted Vending �Iachines 
lee Makers 
Pullout S\\itches 
Heating and Cooling Equipment 
Hou.�hold and Similar Electri<:al Appliances, Part 2: Particular Requirement• for Refrigemting Appliances, lee

Cream Appliances and lee-Makers 
Hou.�hold and Similar Electri<.-al Appliances, Part 2: Particular Requirement• for Electrical Heat Pumps, Air

Conditioners and Dehumidifiers 
Hou.�hold and Similar Electri<.-al Appliances - Safety- Part 2-89: Particular Requirement.• for Commercial 

Refrigemting Appliances with an Incorpomted or Remote Refrigerdllt Unit or (' .. ompres.�>r 
Low-Voltage S"itchge-dr and Controlge-dr - Part 4-I: (' .. ontactors and Motor-Starters - Electromechani<.-al 

Contactors and Motm�Starters 
Low-Voltage S"itchge-dr and ('.ontrolge-dr - Part 4-2: (' .. ontactors and Motor-Starters - AC Semiconductor Motor 

Controllers and Starters 
Adju.•table Speed Electrical Power Drive System• - Part 5-2: Safety Requirement• - Functional 
Indu.•trial Conn·ol Equipment 
Ground-Fault Circuit-Interrupters 
Special Purpose Ground-Fault Circuit-Interrupters 
Electric Genemtors 
Stationary Engine Generdtor A.'l.•emblies 
Positive Pres.•ure Fire Test• of Door A.'l.•emblies 
Panic Hard\\-are 
Test• for Com pam rive Flammability of Liquid• 
Automatic Electrical ControL•; Part 2: Particular Requirement• for Electric Actuators 
Positive Pres.•ure Fire Test• of Door A.'l.•emblies 
Panic Hard\\-are 
Lithium Batteries 
Batteries for L"se in Stationary, Vehicle Auxiliary Power and Light Elecuic Rail (LER) Application.• 
Standby Batteries 
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Table A. l(a) Continued 

Article 

490 

500 

501 

70-744 

Standard Number 
UL 2054 
UL 4127 
UL 4128 
UL 347 
UL 347A 
UL 347B 
UL 347C 
UL 1008A 
n1 121303 
IEEE 844.1 

IEEE 1349 
NFPA 33 
NFPA 34 
NFPA 496 
UL 674 
UL 698A 
UL 783 
UL 823 
UL 844 
UL 913 

UL 1203 
UL 1389 

UL 1836 

UL 2225 
UL 60079-28 
UL 60079-29-1 

UL 60079-29-4 

UL 60079-30-1 
UL 60079-33 
UL 121201 

UL 121303 
UL 122001 

UL 122701 

IEEE 844.1 

IEEE 1349 
NFPA 496 
UL 674 
UL 783 
UL 823 
UL 844 
UL 1072 
UL 1203 
UL 1277 
UL 1309A 
UL 1836 

UL 2225 
UL 60079-28 
UL 60079-29-1 

UL 60079-29-4 

UL 60079-30-1 
UL 60079-33 

Hou.o;ehold and Commercial Batteries 
Low Voltage Battery ('.able 

Standard Tide 

lntercell and lntertier Connectors for use in Electrochemical Battery System Application.• 
�ledium-Voltage AC Contactors, Controllers, and Control Centers 
�ledium Voltage Power Conversion Equipment 
�ledium Voltage �(otor (' .. ontrollers, Up to 15kV 
�ledium Voltage Solid State Resistive Load (' .. on trollers, Up to 15kV 
Tr.msfer Switch Equipment, Over 1000 Volt.• 
Guide for t:se of Detectors for Flammable Gao;es 
Skin Effect Trace He-o�ting of Pipelines, Ves.o;eL•. Equipment, and Structures - Genero�l, Testing, �larking, and 

Documentation Requirement• 
Guide for the Application of Electric Machines in Zone 2 and Cia ... , I, Di\i•ion 2 Hazardou.• (Cia'i.•ified) L<x:ations 
Standard for Spmy Application t:sing Flammable or Combu.•tible Materials 
Standard for Dipping, (' .. oaring, and Ptinting Proces.o;es Using Flammable or Combustible Uquid• 
Standard for Purged and Pres.•urized Enclosures for Electrical Equipment 
Electric Motors and Generdtors for Use in Hazardou.• (Cia'i.•ified) L<x:ations 
Industrial Control Panels Relating to Hazardou.• (ChL'i.•ified) L<>cation.• 
Electric Fla•hlight• and Lantern.• for Use in Hazardou.• (Cia ... •ified) Locations 
Electric Heater.. For Use in Hazardou.• (Cias.•ified) L<>cations 
Electric Heaters For Use in Hazardou.• (Cias.•ified) L<>cations 
Intrinsically Safe Appamtus and A.'i.•ociated Appamtu.• for Use in Cla.•s (, U, and Ill, Division 1,  Hazardou.• 

(Cia ... •ified) L<>cations 
E.xplosionproof and Du.•t-lgnition-Proof Electrical Equipment for Use in Hazardou.• (ChL'i.•ified) L<>cation.• 
Plant Oil Exu-action Equipment for Installation and t:se in Ordinary (Uncla'l.•ified) L<>eations and Ha1.ardous 

(Cia ... •ified) L<>cations 
Electric Motors and Generdtors for Use in Cla'i.• I, Di\ision 2, Clas.• (, Zone 2, Cla'i.• U, Di�ision 2 and Zone 22 

Hazardou.• (Cia'i.•ified) L<>cation.• 
('.able and Cable Fittings for t:se in Ha1.ardous (Cia'i.•ified) L<>eations 
E.xplosive Atmosphere�- Part 28: Protection of Equipment and Tmnsmis.•ion System• Using Optical Radiation. 
E.xplosive Aunospheres - Part 29-1: Ga• Detectors - Performance Requirement• of Detectors for Flammable 

Ga� 
E.xplosive Aunospheres - Part 29-4: Ga• Detectors - Performance Requirement• of Open Path Detectors for 

Flammable Gases 
E.xplosive Aunospheres - ElecUi<.-al Resistance Tmce Heating- Geneml and Testing Requirement• 
E.xplosive Aunospheres - Part 33: Equipment Protection by Special Protection "s" 
).;onincendive Electrical Equipment for t:se in Cla'i.• ( and U, Di\i•ion 2 and Cla•s (((, Di�isions 1 and 2 

Hazardou.• (Cia'i.•ified) L<>cation.• 
Guide for t:se of Detectors for Flammable Gao;es 
Genero�l Requirement• for Elecuical Ignition Systems for Internal Combu.•tion Engines in Cla'i.• (, Di\ision 2 or 

Zone 2, Hazardou.• (Cia'i.•ified) L<>cation.• 
Requirement• for Pn>ees.• Sealing Between Elecuical s��tems and Potentially Flammable or (' .. ombustible Proces.• 

Fluid• 
Skin Effect Trace He-o�ting of Pipelines, Ves.o;eL•. Equipment, and Structures - Genero�l, Testing, �larking, and 

D<>eumentation Requirement• 
Guide for the Application of Electric Machines in Zone 2 and Cia ... , I, Di\i•ion 2 Hazardou.• (Cia'i.•ified) L<><--ations 
Standard for Purged and Pres.•urized Enclosures for Electrical Equipment 
Electric Motors and Generdtors for Use in Hazardou.• (Cia'i.•ified) L<><--ations 
Electric Fla•hlight• and Lantern.• for Use in Hazardou.• (Cia ... •ified) Locations 
Standard for Electric Heaters For t:se in Hazardou.• (Cia'i.•ified) L<>eations 
Luminaires for t:se in Ha1.ardou.• (Cia•sified) L<>eations 
�ledium-Voltage Power ('.abies 
E.xplosionproof and Du.•t-lgnition-Proof Electrical Equipment for Use in Hazardou.• (Cia'i.•ified) L<>cation.• 
Electrical Power and Control Tmy ('..ables "ith Optional Optical-Fiber Members 
('.able for t:se in Mobile Application.• 
Electric Motors and Generdtors for Use in Cla'i.• I, Di\ision 2, Clas.• (, Zone 2, Cla'i.• U, Di�ision 2 and Zone 22 

Hazardou.• (Cia'i.•ified) L<>cation.• 
('.able and Cable Fittings for t:se in Ha1.ardous (Cia'i.•ified) L<>eations 
E.xplosive Atmosphere�- Part 28: Protection of Equipment and Tmnsmis.•ion System• Using Optical Radiation 
E.xplosive Aunospheres - Part 29-1: Ga• Detectors - Performance Requirement• of Detectors for Flammable 

Ga� 
E.xplosive Aunospheres - Part 29-4: Ga• Detectors - Performance Requirement• of Open Path Detectm� for 

Flammable Gases 
Part 30-1: ElecUi<.-al Resistance Tmce Heating- Geneml and Testing Requirement• 
E.xplosive Atmospheres - Part 33: Equipment Protection by Special Protection "s" 
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Table A. l(a) Continued 

Article Slandard Number 
UL 121201 

UL 122001 

UL 122701 

502 IEEE 844.1 

NFPA 496 
UL 674 
UL 783 
UL 823 
UL 844 
UL 1203 
UL 1309A 
UL 1836 

UL 2225 
UL 60079-28 
UL 60079-30-1 
UL 60079-33 
UL 121201 

503 IEEE 844.1 

UL 823 
UL 844 
UL 1836 

UL 60079-30-1 
UL 121201 

504 UL 698A 
UL 913 

UL 120202 
505 F�l 121303 

IEEE 844.1 

IEEE 1349 
UL 1309A 
UL 2225 
UL 60079-0 
UL 60079-1 
UL 60079-2 
UL 60079-5 
UL 60079-6 
UL 60079-7 
UL 60079-10-1 
UL 60079-l l 
UL 60079-13 

UL 60079-15 
UL 60079-18 
UL 60079-25 
UL 60079-26 
UL 60079-28 
UL 60079-29-1 

UL 60079-29-4 

UL 60079-30-1 
UL 60079-33 

11'\FOR\-lATIVE ANJ'\EX A CHAPTER 9  

Slandard Tide 
Xonincendive Electrical Equipment for Cse in Cla'l.� ( and II, Divi.�ion 2 and Cla�s Ill, Dhi.�ions I and 2 

Hazardou.� (Cia'l.�ified) Location.� 
Gener.1l Requirement.� for Electrical Ignition Systems for Internal Combu.�tion Engines in Clas.� (, Di\ision 2 or 

Zone 2, Hazardou.� (Cia'l.�ified) Location.� 
Requirement.� for Process Sealing Between Electrical s��tems and Potentially Flammable or f' .. ombustible Proces.� 

Fluid� 
Skin Effect Tr.tce He-.tting of Pipelines, Ves.�l�. Equipment, and Structures - Gener.tl, Testing, �larking, and 

Documentation Requirement.� 
Standard for Purged and Pres.�urized Enclosures for Electrical Equipment 
Electric Motors and Gener.ttors for Use in Hazardou.� (Cia'l.�ified) Lo<-'lltions 
Electric Fla�hlight.� and Lantern.� for Use in Hazardou.� (Cia'l.�ified) Locations 
Electric He-.tter.. For Use in Hazardou.� (Cias.�ified) Locations 
Luminaires for Cse in Hazardou.� (Cia�sified) Locations 
E.xplosionproof and Dust-Ignition-Proof Electrical Equipment for Use in Hazardou.� (Cia'l.�ified) Location.� 
('.able for �(obile Installations 
Outline of lnvestig-.ttion for Elecuic Motors and Genemtm� for Cse in Cla'l.� (, Di\i.�ion 2, Cla'l.� I, Zone 2, 

Cla'l.� II, Di\ision 2 and Zone 22 Ha1.ardou.� (Cla'l.�ified) Locations 
('.able and Cable Fittings for Cse in Ha1.ardous (Cia'l.�ified) Locations 
Part 30-1: Part 28: Prot�ction of Equipment and Tmnsmis.�ion System� Using Optical Radiation 
E.xplosive Aunospheres - Elecni<-'lll Resistance Tmce Heating - Geneml and Testing Requirement.� 
E.xplosive Atmospheres - Part 33: Equipment Protection by Special Protection "s" 
Xonincendiw Electrical Equipment for Cse in Cla'l.� ( and II, Dhi�ion 2 and Cla'l.� (((, Dhi.�ions I and 2 

Hazardou.� (Cia'l.�ified) Location.� 
Skin Effect Trace He-.tting of Pipelines, Ves.�l�. Equipment, and SU'Uctures - Gener.tl, Testing, �larking, and 

Documentation Requirement.� 
Standard for Electric Heaters For Cse in Hazardou.� (Cia'l.�ified) Locations 
Luminaires for Cse in Hazardou.� (Cia�sified) Locations 
Electric Motors and Gener.ttors for Use in Cla'l.� I, Dhision 2, Clas.� (, Zone 2, Cla'l.� II, Dhi.�ion 2 and Zone 22 

Hazardou.� (Cia'l.�ified) Location.� 
E.xplosive Aunospheres - Elecni<-'lll Resistance Tmce Heating - Geneml and Testing Requirement.� 
Xonincendive Electrical Equipment for Cse in Cla'l.� ( and II, Dhi�ion 2 and Cla�s (((, Dhi.�ions I and 2 

Hazardou.� (Cia'l.�ified) Location.� 
Standard for Industrial Control Panels Relating to Hazardou.� (Cias.�ified) Locations 
Intrinsically Safe Appamtus and A.'l.�ociated Appamtu.� for Use in Cla'l.� (, II, and Ill, Dhision I ,  Hazardou.� 

(Cia'l.�ified) Locations 
Recommendation.� for the Prepar.ttion, Content, and Org-.tnization of Intrinsic Safety (' .. ontrol Dr.t\\ings 
Guide for Cse of Detectors for Flammable Ga�s 
Skin Effect Tr.tce He-.tting of Pipelines, Ves.�l�. Equipment, and Structures - Gener.tl, Testing, �larking, and 

Documentation Requirement.� 
Guide for the Application of Electric Machines in Zone 2 and Cla'l.� I, Dhi�ion 2 Hazardou.� (Cia'l.�ified) Lo<-'lltions 
('.able for �(obile Installations 
('.able and Cable Fittings for Cse in Ha1.ardous (Cia�sified) Locations 
E.xplosive Aunosphere� - Part 0: Equipment - Geneml Requirement.� 
E.xplosive Atmospheres - Part I:  Equipment Protection by Flameproof Enclosures "d" 
E.xplosive Aunospheres - Part 2: Equipment protection by pres.�urized enclosure "p" 
E.xplosive Ga� Atmospheres - Part 5: Type of Protection - Powder Filling "q" 
E.xplosive Aunospheres - Part 6: Equipment Protection by Liquid Immersion "o" 
E.xplosive Atmospheres - Part 7: Equipment Protection by lncre-.tsed Safety "e� 
E.xplosive Aunospheres - Part I 0-1: Cla'l.�ification of Are-d.� - Explosh•e Ga� Atmospheres 
E.xplosive Atmospheres - Part I I: Equipment Protection by Intrinsic Safety "i" 
E.xplosive Aunospheres - Part 13: Equipment Protection by Pres.�mized Room "p" and Artificially Ventilated 

Room "v" 
E.xplosive Aunospheres - Part 15: Equipment Protection by Type of Protection "n" 
E.xplosive Atmospheres - Part 18: Equipment Protection by Encap.�ulation "m" 
E.xplosive Aunospheres - Part 25: lnnin.�ically Safe Electrical Systems 
E.xplosive Atmospheres - Part 26: Equipment \\ith Equipment Protection Level (EPL) Ga 
E.xplosive Aunospheres - Part 28: Protection of Equipment and Tr.tnsmis.�ion Systetn� Using Optical Radiation 
E.xplosive Atmospheres - Part 29-1: Gas Detectors - Performance Requirement.� of Detectors for Flammable 

Ga� 
E.xplosive Atmospheres - Part 29-4: Gas Detectors - Performance Requirement.� of Open Path Detectors for 

Flammable Gases 
E.xplosive Atmospheres - Part 30-1: Electri<-'lll Resistance Tmce He-.tting - Geneml and Testing Requirement.� 
E.xplosive Aunospheres - Part 33: Equipment Protection by Special Protection "s" 

(ronlimus) 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. com: 70-745 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



CHAPTER 9 11'\FOR\-lATIVE ANJ'\EX A 

Table A. l(a) Continued 

Article Slandard Number 
UL 80079-36 

UL 80079-37 

UL 121303 
UL 122701 

506 IEEE 844.1 

UL 69&\ 
UL 2225 
UL 60079-0 
UL 60079-2 
UL 60079-l l 
UL 60079-18 
UL 60079-25 
UL 60079-28 
UL 60079-30-1 
UL 60079-31 
UL 60079-33 
UL 62784 

UL 80079-36 

UL 80079-37 

512 UL 1389 

516 NFPA 33 
NFPA 34 
UL 844 

517 AAMI ES 60601-1 
UL 5 
UL 5A 
UL 467 
UL 498 
UL 498D 
UL 498E 
UL 498F 
UL6.'>1 
UL 1022 
UL 1047 
UL 1286 
UL 2930 
UL 60601-1 
UL 122701 

518 UL 498 
UL 498D 
UL 498E 
UL 498F 
UL 943 
UL 943C 
UL 2305 
UL 2305A 

520 UL 62 
UL 334 
UL 1573 
UL 1640 
UL 1691 

522 UL 13 
UL 1063 
UL 2250 

525 UL 62 

70-746 

UL 817 
UL 943 

Slandard Tide 
E.xplosive Atmospheres - Pan 36: Non-Electrical Equipment for Explosive Atmospheres - Ba�ic Method and 

Requirement� 
E.xplosive Atmospheres - Pan 37: Non-Electrical Equipment for Explosive Atmospheres - X on Electrical Type 

of Protection Con.�u-uctional Safety «c�. Control oflgnition Source "b", Liquid Immersion "k" 
Guide for t:se of Detectors for Flammable Ga�s 
Requirement� for Proces.� Sealing Between Electrical s��tems and FI<Unmable or \.ombu.�tible Proces.� Fluid� 
Skin Effect Tr.1ce He-.1ting of Pipelines, Ves.�L�. Equipment, and Structures - Generdl, Testing, �larking, and 

Documentation Requirement� 
lndu.�trial Control Panels Relating to Hazardou.� (Cia'l.�ified) Location.� 
\.able and Cable Fittings for t:se in Hil7.ardous (Cia'l.�ified) Locations 
E.xplosive Atmosphere� - Pan 0: Equipment - Geneml Requirement� 
E.xplosive aunospheres - Pan 2: Equipment protection by pres.�urized enclosure «p" 
E.xplosive Atmospheres - Pan I I: Equipment Protection by Intrinsic Safety "i" 
E.xplosive Aunospheres - Part 18: Equipment Protection by Encap.�ulation «m" 
E.xplosive Atmospheres - Pan 25: lntrin.�ically Safe Electrical Systems 
E.xplosive Aunospheres - Part 28: Protection of Equipment and Tmnsmis.�ion SysteJn� Using Optical Radiation 
Part 30-1: Electri<:al Resistance Tmce Heating - Geneml and Testing Requirement� 
E.xplosive Aunospheres - Part 31: Equipment Dust Ignition Protection by Enclosure "t� 
E.xplosive Atmospheres - Pan 33: Equipment Protection by Special Protection "s" 
Vacuum Cleaners and Dust Extmctors PrO\iding Equipment Protection Level De for the Collection of 

Combu.�tible Dust� - Particular Requirement� 
E.xplosive Aunospheres - Part 36: Non-Eiecuical Equipment for Explosiw Atmospheres - Ba�ic Method and 

Requirement� 
E.xplosive Aunospheres - Part 37: Non-Eiecuical Equipment for Explosiw Atmospheres - X on Electrical Type 

of Protection Con.�tructional Safety «c�. Control oflgnition Source "b«, Liquid Immersion "k" 
Plant Oil Exu-action Equipment for Installation and t:se in Ordinary (Uncla'l.�ified) Locations and Ha1.ardous 

(Cia'l.�ified) Locations 
Standard for Spmy Application t:sing Flammable or Combu.�tible Materials 
Standard for Dipping, \.oating, and Printing Processes Using Flammable or Combu.�tible Liquid� 
Luminaires for t:se in Hil7.ardou.� (Cia'l.�ified) Locations 
�ledical electrical equipment - Pan I: Generdl requirement� for ba�ic safety and es.�ential performance 
Surface �leta) Race\\'3�� and Fittings 
Xonmetallic Surface Race\•-ays and Fittings 
Grounding and Bonding Equipment 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking Type) \.on tact� 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure T�pes for Emironmental Protection 
Plugs, Socket-Outlet� and Couplers with Arcuate (Locking T�pe) Contact� 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fiuings 
Line Isolation �lonitors 
L�olated Power s��tems Equipment 
Office Furnishing System� 
Cord-and-Plug-connected Health Care Facility Outlet A'l.�mblies 
�ledical Electrical Equipment - Part I: Generdl Requirement� for Safety 
Requirement� for Proces.� Sealing Between Electrical s��tems and FI<Unmable or \.ombu.�tible Proces.� Fluid� 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking T}pe) \.on tact� 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure T)pes for Emironmental Protection 
Plugs, Socket-Outlet� and Couple•� with Arcuate (Locking T)pe) Contact� 
Ground-Fault Circuit-Interrupters 
Special Purpose Ground-Fault Circuit-Interrupters 
E.xhibition Display Unit�. Fabrication and ln.�tallation 
Convention \.enter \.ord Set� 
Flexible Cord� and \.abies 
Theater Lighting Distribution and Conu·ol Equipment 
Stage and Studio Luminaires and Connector Strips 
Portable Power-Di�tribution Equipment 
Single Pole Locking-T}pe Sepamble Connectors 
Power Limited Circuit \.abies 
�lachine-Tool Wires and \.abies 
ln.�trumentation Tmy \.able 
Flexible Cord� and \.abies 
Cord Set� and Power�'iupply Cord� 
Ground-Fault Circuit-Interrupters 
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Table A. l(a) Continued 

Article Slandard Number 
UL 943C 
UL 1691 

530 UL 62 

Slandard Tide 
Special Purpose Ground-Fault Circuit-Interrupters 
Single Pole Locking-Type Sepamble Connectors 
Flexible Cord� and \.abies 
Fire Test� of Penetmtion Firestops 
Stage and Studio Luminaires and Connector Strips 
Stage and Lighting \.abies 
Single Pole Locking-Type Sepamble Connectors 

UL 1479 
UL 1573 
UL 1680 
UL 1691 
UL 1836 Electric Motors and Gener.uors for Use in Ciao;.� I, Di\ision 2, Clas.� I, Zone 2, Ciao;.� II, Di�ision 2 and Zone 22 

UL 62368-I 
540 UL 62368-1 
545 UL 5 

UL 5A 
UL 5B 
UL 5C 
UL 20 
UL 209 
UL 498 
UL 498D 
UL 498E 
UL 498F 
UL 514A 
UL 514C 
UL 2024 

547 UL 50 

550 

551 

UL 50E 
UL 62 
UL 514A 
UL 514B 
UL 514C 
UL 1598 
UL 2225 
UL 6 
UL 6A 
UL 83 
UL 307A 
UL 307B 
UL 360 
UL 467 
UL 498 
UL 498D 
UL 498E 
UL 498F 
UL6.'>1 
UL 8l7 
UL 1242 
UL 1462 
UL 1598 
UL 1660 
UL 2108 
UL 2515 
UL 6 
UL 6A 
UL 62 
UL231 
UL 234 
UL 360 
UL 467 
UL 486C 
UL 498 
UL 498D 
UL 498E 
UL 498F 
UL 5l4A 

Hazardou.� (Cia�sified) Location.� 
Audio/Video, lnfonnation and Communication Technology Equipment - Pan I: Safety Requirement� 
Audio/Video, lnfonnation and Communication Technology Equipment - Pan I: Safety Requirement� 
Surface �letal Raceways and Fittings 
).;onmetallic Surface Raceways and Fittings 
Strut-Type Channel Raceways and Fittings 
Surface Raceways and Fittings for Use \\ith D-dta, Signal, and \ .. ontrol Circuit� 
Generdl L'se Snap S\\itches 
Cellular Metal Floor Raceways and Fittings 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking Type) \ .. on tact� 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure Types for Emironmental Protection 
Plugs, Socket-Outlet� and Couplers with Arcuate (Locking Type) Contact� 
�letallic Outlet Boxes 
).;onmetallic Outlet Boxes, Flu.�h-D�ice Boxes, and Co\'ers 
\.able Routing A.o;.�emblies and Communications Racewa�� 
Enclosures for Electrical Equipment, Non-Emironmental Considemtions 
Enclosures for Electrical Equipment, Emironmental \ .. onsidemtions 
Flexible Cord� and \.abies 
�letallic Outlet Boxes 
Conduit, Tubing, and \.able Fittings 
).;onmetallic Outlet Boxes, Flu.�h-D�ice Boxes, and Co\'el� 
Luminaires 
\.able and Cable Fittings for L'se in Hil7.ardous (Ciao;.�ified) Locations 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Bm.o;.� and Stainles.� Steel 
Thermopla�tic-lnsulated Wires and Cables 
Liquid Fuel-Burning He-dting Appliances for Manufactured Homes and Recreational Vehicles 
Gao;-Burning Heating Appliances for Manufactured Homes and Recreational Vehicles 
Liquid-Tight Flexible Metal Conduit 
Grounding and Bonding Equipment 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking Type) \ .. on tact� 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure Types for Emironmental Protection 
Plugs, Socket-Outlet� and Couple•� with Arcuate (Locking Type) Contact� 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fittings 
Cord Set� and Power�'iupply Cord� 
Electrical Intermediate Metal Conduit- Steel 
�lobile Home Pipe Heating \.able 
Luminaires 
Liquid-Tight Flexible Nonmetallic \ .. onduit 
Low-Voltage Lighting S}�tem� 
Abowgmund Reinforced Thermosetting Resin \ .. onduit (RTRC) and Fittings 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Bm.o;.� and Stainles.� Steel 
Flexible Cord� and \.abies 
Power Outlet� 
Low Voltage Lighting Fixtures for use in Recreational Vehicles 
Liquid-Tight Flexible Metal Conduit 
Grounding and Bonding Equipment 
Splicing Wire \ .. onnectm� 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking T}pe) \ .. on tact� 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure T)pes for Emironmental Protection 
Plugs, Socket-Outlet� and Couple•� with Arcuate (Locking T)pe) Contact� 
�letallic Outlet Boxes 
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Table A. l(a) Continued 

Article 

552 

555 

590 

600 

70-748 

Slandard Number 
UL 5I4C 
UL 5I4D 
UL 6.'>I 
UL !!I7 
UL 943 
UL I004-4 
UL I008 
UL l008M 
UL I008S 
UL I242 
UL I449 
UL I598 
UL Hi60 
UL 2200 
UL 25I5 
UL 60730-I 
UL 60730-2-9 
SAE.JI 128-2015 
SAE.JI 127-2015 
UL 6 
UL 6A 
UL 50 
UL 50E 
UL 62 
UL 67 
UL23I 
UL 234 
UL 360 
UL 430 
UL 467 
UL 5I4A 
UL 5I4B 
UL 5I4C 
UL 6.'>I 
UL !!I7 
UL 9I6 
UL 943 
UL I004-4 
UL I242 
UL I563 
UL I598 
UL I660 
UL 2I08 
UL 2200 
UL 25I5 
UL 6 
UL 6A 
UL23I 
UL 486D 
UL 6.'>I 
UL 676 
UL 943 
UL I053 
UL I650 
UL 25I5 
UL 496 
UL 5I4B 
UL 588 
UL !!I7 
UL 943 
UL I088 
UL I377 
UL I 
UL 5 

Slandard Tide 
Xonmetallic Outlet Boxes, Flu.•h-Device Boxes, and Co\'ers 
Cover Plates for Flu.•h-Mounted Wiring De\'ices 
Schedule 40, 80, T}pe EB and A Rigid 

-
PVC Conduit and Fiuings 

Cord Set• and Power-Supply Cord• 
Ground-Fault Circuit-Interrupters 
Electric Generators 
Trdnsfer Switch Equipment 
Trmsfer S\\itch Equipment, Meter Mounted 
Solid�'itate Transfer S"itches 
Electrical Intermediate Metal Conduit- Steel 
Surge Pmtectiw De\ices 
Luminaires 
Liquid-Tight Flexible Nonmetallic (' .. onduit 
Stationary Engine Generdtor A.'l.•emblies 
Abowground Reinforced Thermosetting Resin O:mduit (RTRC) and Fittings 
Automatic Electrical (' .. ontroL•; Part I: General Requirement• 
Automatic Electrical (' .. ontrols; Part 2: Particular Requirement• for Temperdture Sensing ContmL• 
Low Voltage Primary Cable, for T}pes GXL, HDT, and SXL 
Low Voltage Battery f'..able, for T}pes SGT and SGR 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Bras.• and Stainless Steel 
Enclosures for Electrical Equipment, Non-Emironmental Considerations 
Enclosures for Electrical Equipment, Emimnmental (' .. onsiderations 
Flexible Cord• and f'..ables 
Panel board• 
Power Outlet• 
Low Voltage Lighting Fixtures for Use in Recre-dtional Vehicles 
Liquid-Tight Flexible Metal Conduit 
Wa•te Di•posers 
Grounding and Bonding Equipment 
�letallic Outlet Boxes 
Conduit, Tubing, and f'..able Fittings 
Xonmetallic Outlet Boxes, Flu.•h-De\ice Boxes, and Co\'ers 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fiuings 
Cord Set• and Power-Supply Cord• 
Energy �lanagement Equipment 
Ground-Fault Circuit-Interrupters 
Electric Generators 
Electrical Intermediate Metal Conduit- Steel 
Electric Spas, Equipment A.'l.•emblies, and A.'l.•ociated Equipment 
Luminaires 
Liquid-Tight Flexible Nonmetallic (' .. onduit 
Low Voltage Lighting Systems 
Stationary Engine Generdtor A.'l.•emblies 
AbO\-egmund Reinforced Thermosetting Resin O:mduit (RTRC) and Fittings 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Bra.'l.• and Stainles.• Steel 
Power Outlet• 
Sealed Wire Connector Systems 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fiuings 
t:ndem'llter Luminaires and Submersible .Junction Boxes 
Ground-Fault Circuit-Interrupters 
Ground-Fault Sensing and Rela}ing Equipment 
Portable Power ('..able 
AbO\-egmund Reinforced Thermosetting Resin O:mduit (RTRC) and Fittings 
Lamp holders 
Conduit, Tubing, and f'..able Fittings 
Sea ... mal and Holiday Decoratiw Pmduct• 
Cord Set• 
Ground-Fault Circuit-Interrupters 
Temporary Lighting Strings 
Wire u.•ed in Low Voltage Sea.,mal Lighting Product• In Circuit• With a �laximum A\"dilable Power of I5W 
Flexible Metal Conduit 
Surface �letal Race\\'ll}'S and Fittings 
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Table A. l(a) Continued 

Article 

604 

605 

610 

620 

Slandard Number 
UL 5A 
UL 13 
UL 48 
UL 50 
UL 50E 
UL 98B 
UL 248-19 
UL 360 
UL 489B 

UL 5081 
UL 8l4 
UL 879 
UL 879A 
UL 879B 

UL 943 
UL 1310 
UL 1660 
UL 1699B 
Ul 1741 

UL 216l 
UL 2703 

UL 300l 
UL 3003 
UL 3703 
UL 4703 
UL 6703 
UL 7103 
UL 8703 
UL 9703 
UL 6l730-l 
UL 6l730-2 
UL 62109 
UL 62368-l 
UL I 
UL 4 
UL 5 
UL 5A 
UL 5B 
UL 5C 
UL 62 
UL 183 
UL 209 
UL 360 
UL 797 
UL 797A 
UL8.'>7 
UL 1569 
UL 2024 
UL 962 
UL 1286 
UL 1310 
UL 2999 
UL 508.'>-3 
UL 62368-J 
UL 62 
UL 2273 
UL 62 
UL 83 
UL 98 
UL 104 

Xonmetallic Surface Raceways and Fittings 
Power-Limited Circuit \..abies 
Electric Sign.• 

Slandard Tide 

Enclosm�s for Electrical Equipment, Non-En\'ironmental \.onsider.ttions 
Enclosures for Electrical Equipment, Emimnmental \.onsider.ttions 
Enclosed and De-o�d-Front Switches for Use in Photomltaic Systems 
Low-Voltage FtL� - Part 19: Photovoltaic Fuses 
Liquid-Tight Flexible Metal \.onduit 
�lolded-\.a� Circuit Breakers, Molded-\.a•e S\\itches, and Circuit-Breaker Enclosures For Use With Photomltaic 

(PV) Systems 
Di•connect S"itches Intended for t:se in Photon>ltaic Systems 
Gao;-Tube-Sign \.able 
Electric Sign \.omponent• 
LED Sign and Sign Retrofit Kit• 
Pol}merlc Enclosure s��tems for the Splice Between Neon Tubing Electrode Lead• and GTO Cable, and the 

GTO \..able Leading to the Splice 
Ground-Fault Circuit-Interrupters 
Cia"-• 2 Power l:nit• 
Liquid-Tight Flexible Nonmetallic \.onduit 
Photomltaic (PV) DC Arc-Fault Circuit Protection 
ln\'erters, Com�rters, \.ontrollers and Interconnection s��tem Equipment for Use With Di•tributed Energy 

Resources 
Xeon Tmnsformers and Pm\�r Supplies 
�lounting SysteJn•, Mounting De\ices, Clamping/Retention De\ices, and Gnmnd Lugs for Use \\ith Flat-Plate 

Photomltaic Modules and Panels 
Di•tributed Energy Gener.ttion and Stomge S��tems 
Di•tributed Genemtion \.abies 
Solar Tmcke1� 
Photomltaic Wire 
\.onnectors for Use in Phot<>\�>ltaic S}�tems 
ln\'estig-o�tion for Building-lntegro�ted Photovoltaic Roof \.m�rings 
\.oncenn-ator Photm�>ltaic Modules and A'i.�mblies 
Di•tributed Genemtion Wiring Hames.•es 
Photomltaic (PV) �lodule Safety Qualification - Part I :  Requirement• For Construction 
Photomltaic (PV) �lodule Safety Qualification - Part 2: Requirement• For Testing 
Power Com�rters for Use in Phot<>\�>ltaic Power S}�tems - Part I: Genero�l RequiJ�ment• 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement• 
Flexible Metal Conduit 
Annm�d \..able 
Surface �letal Race\\<1�� and Fittings 
Xonmetallic Surface Race\,'li}'S and Fittings 
Strut-Type Channel Race\\'li�'S and Fittings 
Surface Race\va�'S and Fittings for Use with D-o�ta, Signal, and \.ontrol Circuit• 
Flexible Cord• and \.abies 
�lanufo�ctured Wiring SysteJn• 
\.ellular Metal Floor Race\vays and Fittings 
Liquid-Tight Flexible Metal \.onduit 
Electrical Metallic Tubing- Steel 
Electrical Metallic Tubing- Aluminum and Stainles.• Steel 
BtL"'""}� 
�letai-Ciad \.abies 
\.able Routing A.'i.•emblies and \.ommunications Race\\'ll�� 
HoiL�hold and Commercial Furni•hings 
Office Furnishings S�'Stem• 
Cia"-• 2 Power l:nit• 
lndhidual Commercial Office Fumi•hings 
Low Voltage Trmsfmmers - Part 3: Cia.;_, 2 and Cia"-• 3 Tmnsformers 
Audio/Video, lnfonnarion and Communication Technology Equipment - Part I: Safety Requirement• 
Flexible Cord• and \.abies 
Festoon Cable 
Flexible Cord• and \.abies 
Thennopla•tic-lnsulated Wires and Cables 
Enclosed and De-o�d-Front Switches 
Ele\'lltor Door Locking De\ices and Contact• 
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Table A. l(a) Continued 

Article 

625 

626 

630 
640 

645 

646 

70-750 

Slandard Number 
UL 489 
UL 508 
UL 50&\ 
UL 1066 
UL 1310 
UL 1449 
UL HiS.'> 
UL 2556 
UL 62368-I 
UL 62 
UL 1650 
UL 2202 
UL 2231-1 
UL 2231-2 

UL 2251 
UL 2580 
UL 2594 
UL 9741 
UL 62 
UL231 
UL 498 
UL 498D 
UL 498E 
UL 498F 
UL 817 
UL 1651 
UL 1686 
UL 551 
UL 13 
UL 62 
UL 813 
UL 1310 
UL 1419 
UL 1492 
UL 1 7 1 1  
UL 2269 
UL 6.'>00 
UL 60065 
UL 62368-I 
UL 38 
UL 268 
UL 444 
UL 464 
UL 497B 
UL 833 
UL 864 
UL 1424 
UL 1425 
UL 1449 
UL 1480 
UL 1638 
UL 1651 
UL 168.'> 
UL 1690 
UL 1778 
UL 2024 
UL 60950-I 
UL 60950-21 
UL 60950-22 
UL 60950-23 
UL 62368-I 
UL IOC 
UL 62 

Slandard Tide 
�lolded-\.ao;e Circuit Breakers, Molded-\.a•e S\\itches and Circuit-Breaker Enclosures 
lndu.•trial Control Equipment 
lndu.•trial Control Panels 
Low-Voltage AC and DC Power Circuit Bre-.tket-s L"sed in Enclosures 
Cia"-• 2 Power L" niL• 
Surge Protectiw De\'ices 
Vertical-Tmy Fire-Propag<�tion and Smoke-Releao;e Test for Electrical and Optical-Fiber f'..ables 
Wire and ('..able Test �lethods 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement• 
Flexible Cord• And f'..ables 
Portable Power ('..able 
Electric Vehicle (EV) Charging S}-stem Equipment 
Personnel Protection S}-stems for Electric Vehicle (EV) Supply Circuit• - Part I: Geneml Requirement• 
Personnel Protection S}-stems for Electric Vehicle (EV) Supply Circuit• - Part 2: Particular Requirement• for 

Protection De\ices for Use in Charging S}-stems 
Plugs, Receptacles and Couplers for Elecuical Vehicles 
Batteries for L" se in Electric Vehicles 
Electric Vehicle Supply Equipment 
Electric Vehicle Power Export Equipment (EVPE) 
Flexible Cord• and f'..ables 
Power Outlet• 
Attachment Plugs and Receptacles 
Attachment Plugs, Cord Connectors and Receptacles \\ith Arcuate (Locking Type) ('.on tact• 
Attachment Plugs, Cord Connectors and Receptacles - Enclosure T�pes for Emironmental Protection 
Plugs, Socket-Outlet• and Couplers with Arcuate (Locking T�pe) Contact• 
Cord Set• and Power�'iupply Cord• 
Optical Fiber ('..able 
Pin and Sleeve Configumtion.• 
Trdnsformer-T)pe Arc-Welding �lachines 
Power Limited Circuit f'..ables 
Flexible Cord• and f'..ables 
Commercial Audio Equipment 
Cia"-• 2 Power L" niL• 
Profes.•ional Video and Audio Equipment 
Audio-Video Product• and Acces.o;<>ries 
Amplifiers for Fire Protecti\'e Signaling Systetn• 
Optical Fiber/Communications/Signaling!f'.oaxial ('..able Outlet Boxes 
Audio/Video and �lu.•ical lnstrument Appamtus for Hou.•ehold, Commercial, and Similar Geneml Use 
Audio, Video and Similar Electronic Appamtu.• - Safety Requirement• 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement• 
�lanual Signaling Boxes for Fire Alarm S�-stems 
Smoke Detectors for Fire Alann S}-stem• 
Communications f'..ables 
Audible Signaling De\ices for Fire Alann and Signaling S}-stem•, Including Accessories 
Protectors for Data Communications and Fire Alarm Circuit• 
Control Unit• and Accessories for Fire Alarm S}-stems 
Control Unit• and Acces.o;<>ries for Fire Alann S}-stems 
f'..ables for Power-Limited Fire-Alarm Circuit• 
f'..ables for Non-Powet�Limited Fire-Alarm Circuit• 
Surge Protecti\'e De\'ices 
Speaket-s for Fire Alarm and Signaling S�-stems, Including Acces.•ories 
Visible Signaling De\ices for Fire Alarm and Signaling System•, Including Acces.o;<>ries 
Optical Fiber ('..able 
Vertical-Tmy Fire-Propag<�tion and Smoke-Releao;e Test for Electrical and Optical-Fiber f'..ables 
Data-Proces.•ing ('..able 
L"ninterruptible Power System• 
('..able Routing A.'to;emblies and Communications Racewa�-s 
Information Technology Equipment Safety - Part l :  Geneml Requirement• 
lnfonnation Technology Equipment Safety - Part 21: Remote Power Feeding 
Information Technology Equipment Safety - Part 22: Equipment to be Installed Outdoors 
lnfonnation Technology Equipment Safety - Part 23: Large Data Storage Equipment 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement• 
Positive Pres.•m-e Fire Test• of Door A.'to;emblies 
Flexible Cord• and f'..ables 
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11'\FOR\-lATIVE ANJ'\EX A CHAPTER 9  

Table A. l(a) Continued 

Article Standard Number Standard Tide 
UL 67 Panelboard� 

647 
650 

670 

UL 98 
UL 305 
UL 347 
UL 489 
UL 508 
UL 508A 
UL 845 
UL 869A 
UL 891 
UL 924 
UL 977 
UL 1008 
UL 1008A 
UL 1008M 
UL 1008S 
UL 1062 
UL 1066 
UL 1429 
UL 1449 
UL 1655 
UL 1989 
UL 2755 
UL 62368-I 
UL 1598 
UL 1310 
UL 1581 
UL 62368-I 
AXSI/C�'iA-

C22.2 No. 19085 
-I 

UL 508 

Enclosed and De-o�d-Front Switches 
Panic Hardware 
Medium-Voltage AC Contactors, Conu·ollers, and Control Centers 
Molded-\.a.� Circuit Breakers, Molded-\.a.�e S\\itches and Circuit-Breaker Enclosures 
lndu.�trial Conu·ol Equipment 
lndu.�uial Control Panels 
Motor Contn>l Centers 
Reference Standard for Senice Equipment 
S\\itchboards 
Emergency Lighting and Power Equipment 
Fu.�ed Power-Circuit De\'ices 
Tro�nsfer Switch Equipment 
Tmnsfer Switch Equipment, 0\'er 1000 Volt� 
Meter-Mounted Tmnsfer S\\itches 
Solid�'itate Transfer S"itches 
t: nit Substations 
Low-Voltage AC and DC Power Circuit Bre-o�kers t:sed in Enclosures 
Pullout S\\itches 
Surge Protectiw De\'ices 
Cmnmunity-Antenna Tele\'i.�ion C..ables 
Standby Batteries 
Modular Data ('..enters 
Audio/Video, lnfonnation and Communication Technology Equipment - Pan I: Safety Requirement� 
Luminaires 
Cia ... � 2 Power t:nit� 
Reference Standard for Elecuical Wires, C..ables, and Flexible Cord� 
Audio/Video, lnfonnation and Communication Technology Equipment - Pan I: Safety Requirement� 
Woodworking machines - Safety- Pan I: Common requirement� 

lndu.�trial Conu·ol Equipment 
UL 61800-5-1 Adju.�table Speed Electrical Power Dri\'e System� - Part 5-1: Safety Requirement� - Electri<:al, Thennal and 

675 

680 

UL 493 
UL 1581 
UL 6 
UL 6A 
UL 20 
UL 62 
UL 360 
UL 379 
UL 467 
UL 486D 
UL 489 
UL6.'>1 
UL 676 
UL 676A 
UL 943 
UL 943C 
UL 1004-10 
UL 1081 
UL 1241 
UL 1242 
UL 1261 
UL 1563 
UL 1569 
UL 1660 
UL 1795 
UL 2420 
UL 2452 
UL 2515 
UL 2515A 
UL 2995 

Energy 
Thennopla�tic-lnsulated Underground Feeder and Branch-Circuit Cables 
Reference Standard for Elecuical Wires, C..ables, and Flexible Cord� 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit -Aluminum, Red Bms.� and Stainless Steel 
Genero�l t:se Snap-S"itches 
Flexible Cord� and C..ables 
Liquid-Tight Flexible Metal Conduit 
Power Unit� for Fountain, Swimming Pool, and Spa Luminaires 
Grounding and Bonding Equipment 
Sealed Wire Connector Systems 
Molded-\.a.� Circuit Breakers, Molded-\.a.�e S\\itches and Circuit-Breaker Enclosures 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fittings 
t:ndem'llter Luminaires and Submersible .Junction Boxes 
Potting Compound� for S"imming Pool, Fountain, and Spa Equipment 
Ground-Fault Circuit-Interrupters 
Special Purpose Ground-Fault Circuit-Interrupters 
Pool Pump Motors 
S\\imming Pool Pumps, Filters, and Chlorinators 
.Junction Boxes for S"imming Pool Luminaires 
Electrical lntennediate Metal Conduit- Steel 
Electric Water Heaters for Pools and Tubs 
Electric Spas, Equipment A'i.�mblies, and A'i.�ociated Equipment 
Metal-Clad C..ables 
Liquid-Tight Flexible Nonmetallic (' .. onduit 
Hydroma ... �ge Bathtubs 
Belowground Reinforced Thennosetting Resin Conduit (RTRC) and Fittings 
Electric Swimming Pool and Spa (' .. over Opemtors 
AbO\-eground Reinforced Thennosetting Resin (' .. onduit (RTRC) and Fittings 
Supplemental Requil-ement� for Extrd Hea\·y Wall Reinforced Thetmosetting Resin ('.onduit (RTRC) and Fittings 
Lift� for Swimming Pools and Spa� 
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Table A. l(a) Continued 

Article Slandard Number 
UL 60335-2-1000 

682 UL 486D 
UL 1650 
UL 1838 

690 UL 98B 

692 

694 

695 

70-752 

UL 248-19 
UL 467 
UL 489B 

UL 5081 
UL 1569 
UL 1699B 
UL 1703 
UL 1741 

UL 2703 

UL 3001 
UL 3003 
UL 3005 
UL 3703 
UL 3730 
UL 3741 
UL 4703 
UL 6703 
UL 7103 
UL 8703 
UL8801 
UL 9703 
UL 61730-J 
UL 61730-2 
UL 62109-I 
UL 62275 
UL 2262 
UL 2262A 

UL 226.'> 
UL 226.'>A 

UL 226.'>C 

UL 2266 

UL 2267 
UL 467 
UL 489C 
UL 1741 

UL 2227 
UL 2736 
UL 4143 
UL 6141 
UL 6142 
UL 6 
UL 6A 
UL 218 
UL 448 
UL 448B 
UL 448C 
UL 6.'>1 
UL 1004-5 
UL 1242 
UL 1569 
UL 1724 

Slandard Tide 
HmLo;ehold and Similar Electri<:al Appliances: Particular Requirement� for ElectriGdly Powered Pool Lift• 
Sealed Wire Connector Systems 
Portable Power \.able 
Low Voltage Land�ape Lighting Systems 
Enclosed and De-.1d-Front Switches for Use in Photomltaic Systems 
Low-Voltage FtL� - Part 19: Photovoltaic Fuses 
Grounding iUld Bonding Equipment 
�lolded-\.ao;e Circuit Breakers, Molded-\.a•e S\\itches, iUld Circuit-Breaker Enclosures For Use With Photomltaic 

(PV) Systems 
Di•connect S"itches Intended for L'se in Photon>ltaic Systems 
�letai-Ciad \.abies 
Photomltaic (PV) DC Arc-Fault Circuit Protection 
Flat-Plate Photovoltaic Modules and Panel• 
Inverters, Converters, Controllers and Interconnection System Equipment for Use \\ith Distributed Energy 

Resources 
�(ounting Systetn•, Mounting De\ices, Clamping/Retention De\ices, and Gnmnd Lugs for Use \\ith Flat-Plate 

Photomltaic Modules and Panels 
Di•tributed Energy Genemtion and Stomge S��tems 
Di•tributed Genemtion \.abies 
Di•tributed Energy Resource �(anagement Systems 
Solar Tmckers 
Photm�>ltaic Junction Boxes 
Phot<>\�>ltaic Ha1.ard \ .. ontrol 
Photomltaic Wire 
Connectors for Use in Photo\�>ltaic S}�tems 
lnvestig-<�tion for Building-lntegrdted Photovoltaic Roof \ .. overings 
Concentmtor Photo\�>ltaic Modules and A�semblies 
Photo\�>ltaic Luminaire Systetn• 
Di•tributed Genemtion Wiring Hames.•es 
Photomltaic (PV) �lodule Safety Qualification - Part I:  Requirement• for \ .. onstruction 
Phot<>mltaic (PV) �lodule Safety Qualification - Part 2: Requirement• for Testing 
Power Converters for Use in Photo\�>ltaic Power S}�tems - Part I: Gener.d Requirement• 
\.able Mru1agement Systetn• - \.able Ties for Electrical Installation 
Fuel Cell Modules for L'se in Portable and Stationary Equipment 
Boroh}uride Fuel \..aJ"Uidges \\ith lntegr.d Fuel Proces.•ing for L'se "ith Portable Fuel \..ell Power s��tems or 

Similar Equipment 
Fuel Cell Power Unit• and Fuel Storage Containers for Portable De\ices 
HiUld-held or Hand-Tmnsportable Fuel \..ell Power Unit• \\ith Di•posable Methanol Fuel \.artridges for u•e in 

Original Equipment �liUlufdcturer's Information Technology Equipment 
HiUld-Held or HiUld-Tmnsportable Alkaline (Direct Bomhydride) Fuel \..ell Power L'nit• and Boroh}uride Fuel 

\..arnidges For Use With Consumer Electronics or Information Technology Equipment 
Electromagnetic Compatibility, Electrical Safety, and Ph��ical Protection of Stationary iUld Portable Fuel Cell 

Power Systetn• for Use \\ith Commercial Network Telecommunication.• Equipment 
Fuel Cell Power Systems for Installation in Industrial Electric Truck.• 
Grounding iUld Bonding Equipment 
�lolded-\.ao;e Circuit Breakers iUld Molded-\.ao;e S\\itches for L' se "ith Wind Turbines 
Inverters, Converters, Controllers and Interconnection s��tem Equipment for Use With Di•nibuted Energy 

Resources 
Flexible Motor Supply \.able and Wind Turbine Tmy \.able 
Single Pole Sepamble Interconnecting \.able \ .. onnectors for L'se \\ith Wind Turbine Generdting System• 
Wind Turbine Genemtor - Life Time Exten.•ion (LTE) 
Wind Turbines Permitting Entry of Personnel 
Wind Turbine Genemting S}�tems - Small 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit - Aluminum, Red Bm.o;,� and Stainles.� Steel 
Fire Pump \ .. ontrollers 
Centrifug-.d Stationary Pumps for Fire-Protection Senice 
Residential Fire Pumps Intended for One- and Two·Family Dwellings and Manufactured Homes 
Stationary, Rotary-Type, Positive-Displacement Pumps for Fire Protection Senice 
Schedule 40, 80, T}pe EB and A Rigid PVC Conduit and Fittings 
Fire Pump Motors 
Electrical Intermediate Metal Conduit- Steel 
�letai-Ciad \.abies 
Fire Test• for Electrical Circuit Protective Systems 
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Table A. l(a) Continued 

Article 

700 

701 

702 

705 

706 

708 

710 

Slandard Number 
UL 2196 
UL 2515 
UL 924 
UL 1008 
UL 1008A 
UL 1449 
UL 1724 
UL 2196 
UL 2200 
UL 924 
UL 1008 
UL 1008A 
UL 98 
UL 1008 
UL 1008A 
UL 1008M 
UL 1008S 
UL 62 
UL 98 
UL 486D 
UL 489 
UL 1066 
UL 1429 
UL 1741 

UL 2200 
UL 3003 
UL 6141 
UL 6142 
UL 9540 
UL 62109-2 
UL 248-2 
UL 248-3 
UL 248-4 
UL 248-5 
UL 248-6 
UL 248-8 
UL 248-9 
UL 248-JO 
UL 248-12 
UL 248-15 
UL 248-17 
UL 248-18 
UL 489 
UL 489H 

UL 1066 
UL 1741 

UL 9540 
UL 1 
UL 4 
UL 83 
UL 360 
UL 493 
UL 497A 
UL 1008 
UL 1008A 
UL 1008M 
UL 1008S 
UL 1569 
UL 2196 
UL 1741 

Slandard Tide 
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, (' .. ontrol and Data ('..abies 
Abowgmund Reinforced Thetmosetting Resin (' .. onduit (RTRC) and Fittings 
Emergency Lighting and Power Equipment 
Tr.msfer Switch Equipment 
Trdnsfer Switch Equipment, 0\'er 1000 Volt• 
Surge Pmtectiw Devices 
Fire-Test• for Electrical Circuit Protecti\'e Systems 
Fire Test for Circuit lntegtity of Fire-Resistive Power, Instrumentation, Control and Data ('..abies 
Stationary Engine Generdtor A.'twmblies 
Emergency Lighting and Power Equipment 
Trdnsfer Switch Equipment 
Tr.msfer Switch Equipment, 0\'er 1000 Volt• 
Enclosed and De-dd-Front Switches 
Tr.msfer Switch Equipment 
Trdnsfer Switch Equipment, 0\'er 1000 Volt• 
�leter-Mounted Tmnsfer S\\itches 
Solid�'itate Tmnsfer S"itches 
Flexible Cord• and ('..abies 
Enclosed and De-dd-Front Switches 
Sealed Wire Connector Systems 
�lolded..('.aw Circuit Breakers, Molded..('.a•e S\\itches and Circuit-Breaker Enclosures 
Low-Voltage AC and DC Power Circuit Bre-dkers L'sed in Enclosures 
Pullout S\\itches 
Inverters, Converters, Controllers and Interconnection System Equipment for Use With Di•nibuted Energy 

Resources 
Stationary Engine Generdtor A.'twmblies 
Di•tributed Genemtion ('..abies 
Wind Turbines Petmitting Entry of Personnel 
Small Wind Turbine Systems 
Energy Stomge Systems and Equipment 
Power Con\'erters for Use in Photm�>ltaic Power Systems - Part 2: Particular Requirement• for ln\'erters 
Low-Voltage FtL� - Part 2: Cia'-• C FtLWS 
Low-Voltage FtL� - Part 3: Cla•s CA and CB Fuses 
Low-Voltage FtL� - Part 4: Cia'-• CC Fu� 
Low-Voltage FtL� - Part 5: Cia'-• G Fuws 
Low-Voltage FtL� - Part 6: Cla•s H Non-Rene\v-dble Fu�s 
Low-Voltage FtL� - Part 8: Cia'-• .J Fu•es 
Low-Voltage FtL� - Part 9: Cla•s K Fu�s 
Low-Voltage FtL� - Part 10: Cia'-• L Fu•es 
Low-Voltage FtL� - Part 12: Cia'-• R FtL� 
Low-Voltage FtL� -Part 15: Cia'-• T FtL� 
Low-Voltage FtL� -Part 17: Cia'-• CF Fuses 
Low-Voltage FtL� - Part 18: Cia'-• CD Fu•es 
�lolded..('.aw Circuit Breakers, Molded..('.a•e S\\itches and Circuit-Breaker Enclosures 
�lolded..('.aw Circuit Breakers, Molded..('.a•e S\\itches, <Uld Circuit-Breaker Enclosures, for L'se "ith Direct 

Current (DC) Microgrid• 
Low-Voltage AC and DC Power Circuit Bre-dkers L'sed in Enclosures 
Inverters, Con\'erters, Controllers and Interconnection System Equipment for Use With Di•nibuted Energy 

Resources 
Energy Stomge Systems and Equipment 
Flexible Metal Conduit 
Armored ('..able 
Thermopla•tic-lnsulated Wires and Cables 
Liquid-Tight Flexible Metal Conduit 
Thermopla•tic-lnsulated Undergmund Feeder and Branch-Circuit Cables 
Secondary Pmtectors for Communications Circuit• 
Tr.msfer Switch Equipment 
Trdnsfer Switch Equipment, 0\'er 1000 Volt• 
�leter-Mounted Tmnsfer S\\itches 
Solid�'itate Tmnsfer S"itches 
�letai-Ciad ('..abies 
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data ('..abies 
Inverters, Converters, Controllers and Interconnection System Equipment for Use With Di•nibuted Energy 

Resources 
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Table A. l(a) Continued 

Article Standard Number 
UL 2200 
UL 8801 
UL 9540 
UL 62109-1 
UL 62109-2 

722 UL 13 
UL 444 
UL 1424 
UL 1651 
UL 1666 
UL 168.'> 

725 

726 

728 

760 

iiO 

800 

70-754 

UL 1724 
UL 2024 
UL 2196 
UL 2556 
UL 1310 
UL 508.'>-3 
UL 9990 
UL 6l010-2-201 

UL 6U!00-5-1 

UL 62368-1 
UL l 400-1 
UL 1400-2 
UL 1666 
UL 168.'> 
UL 2556 
UL 5 
UL 5A 
UL 5B 
UL 5C 
UL 209 
UL 467 
UL 514A 
UL 514C 
UL 56!! 
UL 884 
UL 1724 
UL 2024 
UL 2196 
UL 26!! 
UL 26!!A 
UL 486C 
UL 497B 
UL 1424 
UL 1425 
UL 1480 
UL 1666 
UL 168.'> 
UL 2196 
UL 60730-2-14 
UL 467 
UL 56!! 
UL 1651 
UL 2024 
UL 2196 
UL 62275 
UL 444 
UL 467 
UL 489A 
UL 497 
UL 497A 

Stationary Engine Gener.uor A.'l.�emb1ies 
Photm�>haic Luminaire Syste1n• 
Energy Stor.tge Systems and Equipment 

Standard Tide 

Power Converters for use in Photo\'ohaic Power S��tems - Part 1: \.ener.t1 RequiremenL• 
Power Converters for Use in Photm�>ltaic Power S}�tems - Part 2: Particular RequiremenL• for Inverters 
Standard for Power-Umited Circuit \..abies 
Standard for Safety for Communications \..abies 
\..abies for Power-Umited Fire-Ahum CircuiL� 
Optical Fiber \..able 
Test for Flame Pmpag<�tion Height of Electrical and Optical-Fiber \..able Installed Vertically in ShafL� 
Standard for Safety for Vertical-Tr.ty Fire-Pmpag<�tion and Smoke- Rele-dse Test for Electrical and OptiGd-Fiber 

\.abies 
Fire TesL• for Electrical Circuit Protective S}�tems 
Standard for Safety for Communications \.abies 
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data \..abies 
Standard for Wire and \..able Test Method• 
Cia"' 2 Power t:niL• 
Low Voltage Trmsfmmers - Part 3: Cla'l• 2 and Cia"' 3 Transforme1� 
Information and Communication Technology (ICT) Power \.abies 
Safety RequiremenL• for Elecni<:al Equipment for �lea�urement, Control, and Laboratory Use - Part 2-20 I :  

Particular RequiremenL• for \ .. ontrol Equipment 
Adju.•table Speed Elecuical Power Dri\'e Syste1n• - Part 5-1: Safety RequiremenL• - Electri<:al, Thermal and 

Energy 
Audio/Video, lnfonnation and Communication Technology Equipment - Pan I: Safety RequiremenL� 
Fault-Managed Power S}�tem• - Part I Geneml RequiremenL� 
Fault-Managed Power S}�te1n• - Part 2 RequiremenL• for \..abies 
Test for Flame Pmpag<�tion Height of Electrical and Optical-Fiber \.abies Installed Vertically in ShafL� 
Verticai-Tmy Fire-Propag<�tion and Smoke-Relea� Test for Electrical and Optical-Fiber \.abies 
Wire and \..able Test �lethods 
Surface �letal Racewa�� and Fittings 
).;onmetallic Surface Raceways and Fittings 
Strut-Type Channel Raceways and Fittings 
Surface Raceways and Fittings for Use with D-dta, Signal, and \ .. ontrol CircuiL� 
Cellular Metal Floor Racewa}� and Fittings 
Grounding and Bonding Equipment 
�letallic Outlet Boxes 
).;onmetallic Outlet Boxes, Flu.•h-De\ice Boxes, and Co\'el� 
).;onmetallic Cable Tr.1y S}�tems 
t: nderfloor Racewa}� and Fittings 
Fire TesL• for Electrical Circuit Protective S}�tems 
\.able Routing A.'l.�emblies and Communications Racewa�� 
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data \..abies 
Smoke Detectors for Fire Alann Signaling S}�tems 
Smoke Detectors for Duct Application 
Splicing Wire \ .. onnectm� 
Protectors for Data Communication and Fire Alarm CircuiL• 
\.abies for Power-Umited Fire-Ahum CircuiL� 
\.abies for Non-Power-Umited Fire-Alarm CircuiL• 
Speake•� for Fire Alarm and Signaling S��tems, Including Acces.•ories 
Test for Flame Pmpag<�tion Height of Electrical and Optical-Fiber \.abies Installed Vertically in ShafL� 
Verticai-Tmy Fire-Propag<�tion and Smoke-Relea� Test for Electrical and Optical-Fiber \.abies 
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data \..abies 
Automatic Electrical \ .. ontroL�; Part 2: Particular RequiremenL� for Electric Actuators 
Grounding and Bonding Equipment 
).;onmetallic Cable Tr.1y S}�tems 
Optical Fiber \.able 
Optical Fiber and Communication \.able Raceway 
Fire Test for Circuit Integrity of Fire-Resistive Power, Instrumentation, Control and Data \..abies 
\.able �lanagement S}�te1n• - \.able Ties for Elecuical lnstallation 
Communications \.abies 
Grounding and Bonding Equipment 
Circuit Bre-dkers for Use in Communication Equipment 
Protectors for Paired-Conductor Communications CircuiL• 
Secondary Pmtectm� for Communications CircuiL• 
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Table A. l(a) Continued 

Article 

805 

810 

820 

830 

840 

Tables 
I I  (A) 
and 
l l (B) 

Tables 
12(A) 
and 
12(B) 

Slandard Number 
UL 497C 
UL 497E 
UL 523 
UL 568 
UL 723 
UL 1581 
UL 1666 
UL 168.'> 
UL 1863 
UL 2024 
UL 62275 
UL 444 
UL 497 
UL 497A 
UL 497C 
UL 497E 
UL 523 
UL 7l9 
UL 1310 
UL 1581 
UL 168.'> 
UL 1863 
UL 2043 

UL 62275 
UL 62368-l 
UL 150 
UL 452 
UL 467 
UL 497E 
UL 444 
UL 497E 
UL 1655 
UL 444 
UL 497A 
UL 497C 
UL 497E 
UL 62368-l 
UL 444 
UL 467 
UL 498A 
UL 1310 
UL 1651 
UL 1863 
UL 2024 
UL 62368-l 
UL 1310 
UL 1434 
UL 508.'>-3 
UL 62368-l 
UL 1310 
UL 1434 
UL 508.'>-3 
UL 62368-l 

Protectors for \.oaxial \.ommunkations Circuit� 
Protectors for Antenna Lead-In \.onductors 
Telephone Senice Drop Wire 
).;onmetallic Cable Tr.1y Systems 

Slandard Tide 

Test for Surface Burning Chamcteri.�tics of Building Materials 
Reference Standard for Electrical Wires, \.ables, and Flexible Cord� 
Test for Flame Pmpag<�tion Height of Electrical and Optkal-Fiber \.able; Installed Vertically in Shaft� 
Vertical-Tmy Fire-Propag<�tion and Smoke-Relea� Test for Electrical and Optical-Fiber \.ables 
\.ommunication Circuit Acces.�ories 
\.able Routing A.'l.�mblies and \.ommunications Racewa�� 
\.able �lanagement S}�tetn� - \.able Ties for Electrical Installation 
\.ommunications \.able; 
Protectors for Paired-\.onductor Communication.� Cirntit� 
Secondary Pmtectm� for Communications Circuit� 
Protectors for \.<>axial \.<>mmunkations Circuit� 
Protectors for Antenna Lead-In \.<mductm� 
Telephone Senice Drop Wire 
).;onmetallic�'>heathed \.ables 
Cia ... � 2 Power t:nit� 
Reference Standard for Electrical Wires, \.ables, and Flexible \.<>rd.� 
Vertical-Tmy Fire-Propag<�tion and Smoke-Relea� Test for Electrical and Optical-Fiber \.ables 
\.<>mmunication Circuit Acces.�ories 
Fire Test for Heat and Visible Smoke Relea�e for Discrete Product� and Their Acces.�ories Installed in Air-

Handling Spaces 
\.able �lanagement S}�tetn� - \.able Ties for Electrical Installation 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement� 
Antenna Rotators 
Antenna-Discharge t:nit� 
Grounding and Bonding Equipment 
Protectors for Antenna Lead-In \.<mductm� 
\.<>mmunications \.able; 
Protectors for Antenna Lead-In \.<mductm� 
\.<>mmunity-Antenna Televi.�ion \.able; 
\.<>mmunications \.able; 
Secondary Pmtectm� for Communications Circuit� 
Protectors for \.<>axial \.<>mmunkations Circuit� 
Protectors for Antenna Lead-In \.<mductm� 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement� 
\.<>mmunications \.able; 
Grounding and Bonding Equipment 
Current Tap.� and Adapters 
Cia ... � 2 Power t:nit� 
Optical Fiber \.able 
\.<>mmunication Circuit Acces.�ories 
\.able Routing A.'l.�mblies and \.<>mmunications Racewa�� 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement� 
Cia ... � 2 Power t:nit� 
Thermistor-Type De\ices 
unv Voltage Trmsfmmers - Part 3: Cla'l� 2 and Cia ... � 3 Transformers 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement� 
Cia ... � 2 Power t:nit� 
Thermistor-Type De\ices 
unv Voltage Trmsfmmers - Part 3: Cla'l� 2 and Cia ... � 3 Transformers 
Audio/Video, lnfonnation and Communication Technology Equipment - Part I: Safety Requirement� 
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Table A. l(b) Product Safety Standards for Conductors and Equipment That Do Not Have an Associated Listing Requirement 

Article Slandard Number 

1 10 L"L 969 
L"L 9691 

300 L"L 635 
314 L"L 514C 

L"L 2239 
320 L"L 514A 

L"L 2239 
322 L"L 5 

L"L 2239 
324 L"L 5 

L"L 2239 
330 L"L 2239 
332 L"L 1565 

L"L 2239 
334 L"L 6 

L"L 6A 
L"L 514B 
L"L 651 
L"L 797 
L"L 797A 
L"L 1242 
L"L 1565 
L"L 2239 
L"L 2420 
L"L 2515 
L"L 2515A 

335 L"L 2250 
337 L"L 1565 

L"L 2239 
340 L"L 493 
342 L"L 635 

L"L 2239 
344 L"L 635 

L"L 2239 
348 L"L 2239 
350 L"L 2239 
352 L"L 635 

L"L 2239 
353 L"L 635 
355 L"L 635 

L"L 2239 
356 L"L 2239 
358 L"L 2239 
362 L"L 2239 
368 L"L 857 
392 L"L 568 
400 L"L 62 

L"L 498 
L"L 498B 
L"L 498D 
L"L 498E 
L"L 514B 
L"L 8 1 7  
L"L 1650 
L"L 1680 

402 L"L 66 
408 L"L 50 

L"L 50E 
424 L"L 834 

70-756 

L"L 1693 
L"L 1995 
L"L 1996 
L"L 6033!>-1 

Slandard Tide 

Marking and Labeling System� 
Recommended Practice for :'\ameplates for Use in Electrical Installation� 
Insulating Bt��hings 
C .. onduit, Tubing, and Cable Fittings 
Hardware for the Support ofC..onduit, Tubing and C..able 
Metallic Outlet Boxes 
Hardware for the Support ofC..onduit, Tubing and C..able 
Surface Metal Raceways and Fittings 
Hardware for the Support ofC..onduit, Tubing and C..able 
Surface Metal Raceways and Fittings 
Hardware for the Support ofC..onduit, Tubing and C..able 
Hardware for the Support ofC..onduit, Tubing and C..able 
Positioning De�ices 
Hardware for the Support ofC..onduit, Tubing and C..able 
Electrical Rigid Metal Conduit - Steel 
Electrical Rigid Metal Conduit - Aluminum, Red Bra. ... � and Stainles.� Steel 
C..onduit, Tubing, and Cable Fittings 
Schedule 40 and 80 Rigid PVC Conduit 
Electrical :\fetal lie Tubing - Steel 
Electrical :\fetallic Tubing - Aluminum and Stainles.� Steel 
Electrical Intermediate Metal Conduit- Steel 
Positioning De�ices 
Hardware for the Support ofC..onduit, Tubing and C..able 
Belowground Reinforced Thermosetting Resin Conduit (RTRC) and Fittings 
Abovegmund Reinforced Thennosetting Resin C..onduit (RTRC) and Fittings 
Supplemental RequiremenL� for Extra Hea\'y Wall Reinforced Thermosetting Resin C..onduit (RTRC) and 

Fittings. 
lnstmmentation Tray C..able 
Positioning De�ices 
Hardware for the Support ofC..onduit, Tubing and C..able 
Thennopla.�tic-lnsulated t.: ndergmund Feeder and Branch-Circuit C..ables 
Insulating Bt��hings 
Hardware for the Support ofC..onduit, Tubing and C..able 
Insulating Bt��hings 
Hardware for the Support ofC..onduit, Tubing and C..able 
Hardware for the Support ofC..onduit, Tubing and C..able 
Hardware for the Support ofC..onduit, Tubing and C..able 
Insulating Bt��hings 
Hardware for the Support ofC..onduit, Tubing and C..able 
Insulating Bt��hings 
Insulating Bt��hings 
Hardware for the Support ofC..onduit, Tubing and C..able 
Hardware for the Support ofC..onduit, Tubing and C..able 
Hardware for the Support ofC..onduit, Tubing and C..able 
Hardware for the Support ofC..onduit, Tubing and C..able 
BlL�""�"' 
Nonmetallic C..able Tray Systems 
Flexible C..ord� and Cables 
Attachment Plugs and Receptacles 
Receptacles \\ith lntegrdl S"itching Means 
Attachment Plugs, C..ord O:mnectm'S and Receptacles \\lth Arcuate (Locking Type) C..ontacL� 
Attachment Plugs, C..ord O:mnectm'S and Receptacles - Enclosure Types for Emironmental Protection 
C..onduit, Tubing, and Cable Fittings 
C .. ord SeL� and Power�'iupply C..ord� 
Portable Power C..able 
Stage and Lighting C..ables 
Fixture Wire 
Enclosures for Electrical Equipment, l'on-Emiromnental C..onside1-ation� 
Enclosures for Electrical Equipment, Emironmental C..onsiderations 
Heating, Water Supply, and Power Boilers - Elecuic 
Electric Radiant Heating Panels and Heating Panel SeL� 
Heating and C..ooling Equipment 
Electric Duct Heaters 
Safety of HotL�ehold and Similar Elecuical Appliances, Part I: General RequiremenL� 
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Table A. l(b) Continued 

Article Slandard Number 

L'L 6033!>-2-40 
425 L'L 834 
426 L'L 1588 
42i L'L 515 

L'L 1462 
L'L 2049 

430 L'L 248-13 
445 L'L 3001 

L'L 3010 
450 L'L50 

L'L 50E 
L'L 248-1 
L'L 248-2 
L'L 248-3 
L'L 248-4 
L'L 248-5 
L'L 248-8 
L'L 248-9 
L'L 489 
L'L 1561 
L'L 5085-2 

460 L'L SIO 
L'L 1283 
L'L 60384-14 

470 L'L 508 
L'L 1283 

500 ANSI/IEEE C2 
API RP I4F 

API RP 500 

API RP 2003 
ASHRAE 15 
AS�fE Bl.20.1 
IEEE 844.2 

IEEE 600i9-30-2 

IL\R 2 
ISA-12.10 
IS0 965-1 
IS0 965-3 
1WPA 30 
l'FPA 32 
l'FPA 33 
l'FPA 34 
l'FPA 35 
l'FPA 36 
l'FPA 45 
l'FPA 55 
l'FPA 58 
l'FPA 59 
l'FPA ii 
l'FPA 497 

l'FPA 499 

l'FPA i80 
l'FPA 820 
L'L 60079-29-2 

L'L 120002 
L'L 120101 
L'L 121303 

11'\FOR\-lATIVE ANJ'\EX A CHAPTER 9  

Slandard Tide 

Household and Similar Electrical Appliances, Part 2-40 
Heating, Water Supply, and Power Boilers - Electric 
Roof and Gutter De-Icing Cable UniL• 
Electrical Resistance Trdce Heating for Commercial Applications 
Mobile Home Pipe Heating \..able 
Residential Pipe Heating \..able 
Low Voltage Fuses - Part 13: Semiconductor FtL�s 
Distributed Energy Generation and Storage Systems 
Single Site Energy Systems 
Enclosures for Electrical Equipment, l'on-Emironmemal Consideration• 
Enclosures for Electrical Equipment, Emironmental C..onsiderations 
Low-Voltage FtL�s - Part I :  General RequiremenL• 
Low-Voltage FtL�s -Part 2: Cla'l.• C FtL•es 
Low-Voltage FtL�s - Part 3: Cla.s CA and CB Ft�•es 
Low-Voltage FtL�s - Part 4: Cia"-• CC FtL�s 
Low-Voltage FtL�s - Part 5: Cia"-• G FtL�s 
Low-Voltage FtL�s - Part 8: Cla.s .J Fuses 
Low-Voltage FtL�s - Part 9: Cla'l.• K Fuses 
Molded-C..a.� Circuit Breakers, Molded-Caw S\titches and Circuit-Breaker Enclosures 
Df)� Type General Purpose and Power Trdnsformers 
Low Voltage Tran.•formers - Part 2: General Purpose Trdnsformers 
C-apacitors 
Electromagnetic Interference Filters 
Fixed C-apacitors for t:se in Electronic Equipment - Part 14: Sectional Specification: Fixed Capacitors for 

Electromagnetic Interference Suppres.•ion and C .. onnection to the Supply :\fain.• 
lndtL•trial C..ontrol Equipment 
Electromagnetic Interference Filters 
National Electrical Safety \..ode, Section 127A, C .. oal Handling Area• 
Recommended Practice for Design and Installation of Electrical Systems for Fixed and Floating OII•hore 

Petroleum Facilities for L'ncla'l.•ified and Cla'l.• l, Dhision I and Di�i•ion 2 Locations 
Recommended Practice for Cla'l.•ification of Locations of ElectJical Installations at Petroleum Facilities 

Cla.sified a• Cia"-• I, Di�i•ion I and Dhi•ion 2 
Protection :\gain.•t Ignitions Arising Out of Static Lighllting and Strdy CunenL•. 
Safety Standard for Refrigerdtion Systems. 
Pipe Thread•, Generdl Purpose (Inch) 
Standard for Skin Effect Trace Heating of Pipelines, Ves.�ls, Equipment, and Stmctures - Application Guide 

for Design, Installation, Testing, Commissioning, and :\faintenance 
IEEE/IEC International Standard for Explosi\'e allllospheres - Part 30-2: Electrical resistance trace heating -

Application guide for design, installation, and maintenance 
Standard for Safe Design of Closed-Circuit Ammonia Refrigerdtion Systems 
Area Cla'l.•ification in Ha1.ardous (Cia'l.•ified) Dust Locations 
ISO generdl purpose metric screw thread• - Tolerdnces - Part I :  Principles and ba•ic data 
ISO generdl purpose metric screw thread• - Tolerdnces - Part 3: De�iations for constJuctional screw threads 
Flammable and C..ombustible Liquid• \..ode 
Standard for Df)-cleaning Facilities 
Standard for Spray Application t:sing Flammable or C .. ombtL•tible Materials 
Standard for Dipping, Coating and Printing Proces.�s L'sing Flammable or Combustible Liquid• 
Standard for the Manufacture of Organic C .. oatings 
Standard for Solvent Extraction PlanL• 
Standard on Fire Protection for Laboratories L'sing Chemicals 
C .. ompres..ed Ga.•es and Cf)·ogenic Fluid• Code 
Liquefied Petroleum Ga.• Code 
Utility LP-Ga.• Plant \..ode 
Recommended Practice on Static Electricity 
Recommended Practice for the Cla'l.•ification of Flammable Liquids, Ga�s. or Vapors and of HazardotL• 

(Cia.sified) Locations for Electrical Installations in Chemical Proces.• Area• 
Recommended Practice for the Cla'l.•ification of C..ombustible DusL• and of Ha1.ardous (Cia'l.•ified) Locations for 

Electrical Installation in Chemical Proces.• Area• 
Standard for the Installation of Lightning Protection System• 
Standard for Fire Protection in Wa•tewater Treatment and C .. ollection Facilities 
Explosi\'e Allnospheres - Pan 29-2: Ga.• detectors - Selection, installation, lLW and maintenance of detectors 

for flammable ga.'e!l and oxygen 
C-ertificate Standard for AEx Equipment for Ha1.ardous (Cia'l.•ified) Locations 
Definitions and Information Penaining to Electrical Equipment in HazardotL• (Cia.'l.•ified) Locations 
Guide for CombtL•tible Ga.• Detection a• a Method of Protection 
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Table A. I (b) Continued 

Article Slandard Number 

L"L RP 121203 

501 L"L 62 
L"L 504 

502 L"L RP 121203 

503 l'FPA 505 

L"L RP 121203 

504 ISA-RP 12.06.01 

505 ANSI/API RP 14FZ 

API RP 505 

API RP 2003 
AS�fE 81.20. 1 
El l 5  
IEEE 844.2 

IEEE 600i9-30-2 

IL\R 2 
ISA-600i9-IO-I 

( 1 2.24.01 )  
ISA-600i9-29-2 

IS0 965-I 
IS0 965-3 
l'FPA 30 
l'FPA ii 
l'FPA 49i 

l'FPA i80 
L"L 800i9-20-l 

L"L 120101 
L"L 121303 
L"L RP 121203 

506 AS�fE 81.20. 1 
IEEE 844.2 

IEEE 600i9-30-2 

ISA-600i9-I0-2 
( 12.10.05) 

l'FPA 499 

L"L RP 121203 

51 1 l'FPA 30A 
l'FPA 88A 

512 ICC IFC 
l'FPA I 
l'FPA 30 
l'FPA 33 
l'FPA 36 
l'FPA 58 

70-758 
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Recommended Practice for Ponable/Personal Electmnic Product• Suitable for L"se in Cla'i.• I, Di�ision 2, 
Cla.s l, Zone 2, Cla'i.• II, Dhision 2, Cla'l.• Ill, Dhision I, Cla'i.• Ill, Dhi•ion 2, Zone 21 and 22 Hazardou.• 
( Cla'l.•ified) Locations 

Flexible Cord and C..able 
Minerdl-lnsulated, Metal�'ibeatbed C..able 
Recommended Practice for Ponable/Personal Electmnic Product• Suitable for L"se in Cla'i.• I, Di�ision 2, 

Cla'i.• I, Zone 2, Cla'i.• II, Dhision 2, Cla'l.• Ill, Di�ision I, Cla'i.• Ill, Dhi•ion 2, Zone 21 and Zone 22 Ha1.ardou.• 
( Cla.sified) Locations 

Fire Safety Standard for Powered Industrial Truck.. Including Type Designations, Area• of L"se, Cmwersion.•, 
Maintenance, and Operations 

Recommended Practice for Ponable/Personal Electronic Products Suitable for L"se in Cla'i.• I, Dhision 2, 
Cla'i.• I, Zone 2, Cla'i.• II, Dhision 2, Cla'l.• Ill, Di�ision I, Cla'i.• Ill, Dhi•ion 2, Zone 21 and Zone 22 Ha1.ardou.• 
( Cla'l.•ified) Locations 

Recommended Practice for Wiring Method• for Hazardm�• (Cia'l.•ified) Locations Instrumentation - Pa11 I :  
lnuinsic Safetv 

Recommended Practice for Design and Installation of Electrical Systems for Fixed and Floating OII•hore 
Petroleum Facilities for L" ncla'l.•ified and Cla'i.• I, Zone 0, Zone I ,  and Zone 2 Locations 

Recommended Practice for Cla'l.•ification of Locations for Elecuical lnstallations at Peu·oleum Facilities 
Cla'l.•ified a• Cla'i.• I, Zone 0, Zone I ,  and Zone 2 

Protection Again•t Ignitions Arising Out of Static Ughtning and Strd)" Current•. 
Pipe Thread•, Generdl Purpose (Inch) 
Model (' .. ode of Safe Prdctice, Part 15: Area Cla'l.•ification (' .. ode for Installations Handling Flammable Fluids 
Skin Effect Trace Heating of Pipelines, Vessel•, Equipment, and Stmctures - Application Guide for Design, 

Installation, Testing, Commis.•ioning, and Maintenance 
Explosh·e Atmospheres - Pan 30-2: Elecuical resistance trdce heating - Application guide for design, 

in•tallation and maintenance 
Standard for Safe Design of Closed-Circuit Ammonia Refrigerdtion Systems 
Explosh·e Atmospheres - Pan 10-1: Cla.sification of Area• - Explosh-e g"dS atmospheres 

Explosh·e Atmospheres - Pan 29-2: Ga.• detectors - Selection, installation, IL� and maintenance of detectors 
for flammable ga'e!l and oxygen 

ISO generdl purpose meuic screw thread• - Tolerdnces - Pa11 I: Principles and ba•ic data 
ISO generdl purpose meuic screw thread• - Tolerdnces - Pa11 3: De,iations for constructional screw threads 
Flammable and Combustible Uquid• C..ode 
Recommended Practice on Static Elecuicity 
Recommended Practice for the Cla'l.•ification of Flammable Uquids, Ga�s, or Vapors and of Hazardm�• 

(Cia'l.•ified) Locations for Elecuical Installations in Chemical Proces.• Area• 
Standard for the Installation of Ughtning Protection System• 
Explosh·e Aunospheres - Pan 20-1: �faterial Characteri.•tics for Ga.• and Vapour Cla'l.•ification - Test :\·lethod• 

and Data 
Definitions and Information Penaining to Electrical Equipment in Hazardou.• (Cia'l.•ified) Locations 
Guide for L"se of Detectors for Flammable Ga�s 
Recommended Practice for Ponable/Personal Elecu·onic Product• Suitable for t:se in Cla'i.• I, Di�ision 2, 

Cla.s l, Zone 2, Cla'i.• II, Dhision 2, Cla'l.• Ill, Dhision I, Cla'i.• Ill, Dhi•ion 2, Zone 21 and Zone 22 Ha1.ardou.• 
( Cla'l.•ified) Locations 

Pipe Thread•, Generdl Purpose (Inch) 
Skin Effect Trace Heating of Pipelines, Vessel•, Equipment, and Stmctures- Application Guide for Design, 

Installation, Testing, Commis.•ioning, and Maintenance 
Explosh·e Aunospheres - Pan 30-2: Elecuical resistance trdce heating - Application guide for design, 

in•tallation and maintenance 
Explosh·e Aunospheres - Pan I 0-2: Cla.sification of Area• - Combustible Dust Atmospheres 

Recommended Practice for the Cla'l.•ification of Combustible Dusts and of Ha1.ardous (Cia'l.•ified) Locations for 
Electrical Installation in Chemical Proces.• Area• 

Recommended Practice for Ponable/Personal Elecu·onic Product• Suitable for t:se in Cla'i.• I, Di�ision 2, 
Cla.s l, Zone 2, Cla'i.• II, Dhision 2, Cla'l.• Ill, Dhision I, Cla'i.• Ill, Dhi•ion 2, Zone 21 and Zone 22 Ha1.ardou.• 
( Cla'l.•ified) Locations 

(' .. ode for Motor Fuel Dispensing Facilities and Repair Garages 
Standard for Parking Structures 
lntemational Fire C..ode 
Fire Code 
Flammable and Combustible Uquid• C..ode 
Standard for Spray Application t:sing Flammable or C .. ombtL•tible Materials 
Standard for Solvent Extraction Plant• 
Uquefied Petroleum Ga.• Code 

(ronlimus) 
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Table A. I (b) Continued 

Article Slandard Number Slandard Tide 

l'FPA iOB Recommended Practice for Eleclrical Equipment :\faintenance 
l'FPA 49i Recommended Practice for t:he Clas.•ification of Flammable Liquids, Ga�s. or Vapors and of Hazardou.• 

513 l'FPA 30 
l'FPA 33 
l'FPA 409 

514 l'FPA 2 
l'FPA 30A 
l'FPA 52 
l'FPA 58 
l'FPA 59 
l'FPA 303 

515 l'FPA 30 
516 l'FPA 13 

l'FPA 33 
l'FPA 34 
l'FPA ii 
l'FPA 91 
l'FPA iOI 

620 L"L 4 
L"L 44 
L"L 66 
L"L 504 
L"L 1063 
L"L 1569 

625 L"L 3001 
L"L 3010 

630 L"L 12i6 
650 L"L 1651 
660 L"L 62 

L"L 81i 
668 L"L 4 

L"L 62 
670 L"L 201 1 
675 L"L 44 

L"L 83 
L"L 83A 
L"L 1063 
L"L 1263 

690 L"L 3001 
L"L 3010 

691 L"L 3001 
L"L 3010 

692 L"L 44 
L"L 83 
L"L 83A 
L"L 1063 
L"L 3001 
L"L 3010 

694 L"L 44 
L"L 62 
L"L 83 
L"L 83A 
L"L 1063 
L"L 3001 
L"L 3010 

iOO L"L 3001 
iOl L"L 3001 
i02 L"L 3001 
i05 L"L 3001 

L"L 3010 
iiO L"L 3001 

L"L 3010 

(Cia'l.•ified) Locations for Elecllical lnstallalions in Chemical Proces.• Area• 
Flammable and Combustible Liquid• \..ode 
Standard for Sprdy Application t:sing Flammable or Combu.•tible Materials 
Standard on Aircmft Hangars 
Hydrogen Technologies \ .. ode 
Code for Motor Fuel Dispensing Facilities and Repair Gamges 
Vehicular l'atuml Ga.• Fuel Systems \..ode 
Liquefied Perroleum Ga.• Code 
Utility LP-Ga.• Plant \..ode 
Fire Protection Standard for :\farina• and Boatyard• 
Flammable and Combustible Liquid• \..ode 

· 

Standard for t:he Installation of Sprinkler Systems 
Standard for Spray Application t:sing Flammable or Combu.•tible Materials 
Standard for Dipping, Coaling and Printing Proces.�s L"sing Flammable or C..ombuslible Liquid• 
Recommended Pmctice on Static Eleclricity 
Standard for Exhau.•t System.• for Air \..oJWe}ing of Vapors, Ga.�s. MisL•, and Particulate Solid• 
Standard Method• of Fire TeSL• for Flame Propag-dlion of Textiles and Film.• 
Armored \..able 
Thennoset-lnsulated Wires and \..abies 
Fixture Wire 
Minerdl Insulated Wire 
Machine-Tool Wires and \..abies 
Metal Clad \..able 
Distributed Energy Genemtion and Storage Systems 
Single Site Energy Systems 
Welding \..able 
Optical Fiber \..able 
Flexible C..ord• and Cables 
Cord SeL• and Power Supply Cord• 
Armored \..able 
Flexible C..ord• and Cables 
Machinery 
Thermoset-Insulated Wires and \..abies 
Thennopla.•lic-lnsulated Wires and \..abies 
Fluoropolymer Insulated Wire 
Machine-Tool Wires and \..abies 
Irrigation \..able 
Distributed Energy Generation and Storage Systems 
Single Site Energy Systems 
Distributed Energy Generation and Storage Systems 
Single Site Energy Systems 
Thermoset-Insulated Wires and \..abies 
Thennopla.•lic-lnsulated Wires and \..abies 
Fluoropolymer Insulated Wire 
Machine-Tool Wires and \..abies 
Distributed Energy Generation and Storage Systems 
Single Site Energy Systems 
Thermoset-Insulated Wires and \..abies 
Flexible C..ord• and Cables 
Thennopla.•lic-lnsulated Wires and \..abies 
Fluoropolymer Insulated Wire 
Machine-Tool Wires and \..abies 
Distributed Energy Generation and Storage Systems 
Single Site Energy Systems 
Distributed Energy Generation and Storage Systems 
Distributed Energy Generation and Storage Systems 
Distributed Energy Genemtion and Storage Systems 
Distributed Energy Generation and Storage Systems 
Single Site Energy Systems 
Distributed Energy Genemtion and Storage Systems 
Single Site Energy Systems 
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Informative Annex 8 Application Information for Ampacity Calculation 

This infol'mative annex is 1wt a pm·t of the requiremmts of tltis NFPA 
docummt but is included for infonnatimwl pwfJoses only. 

8.1 Equation Application Information. This informative 
annex prmidcs application information for ampacitics calcula
ted under engineering supervision. 

8.2 Typical Applications Covered by Tables. Typical ampaci
tics for conductors rated 0 through 2000 volts arc shown in 
Table 8.2(1)  through Table 8.2(10). Table 8.2( 1 1 )  provides 
the adjusuncm factors for more than ducc currcnt-carl)ing 
conductors in a raceway or cable "ith load diversity. Under
ground electrical duct bank configurations, as detailed in 
Figure 8.2(2), Figure 8.2(3), and Figure 8.2(4), arc utilized for 
conductors rated 0 through 5000 volts. In Figure 8.2(1) 
through Figure 8.2(4), where adjacent duct banks arc used, a 
separation of 1.5 m (5 ft) between the ccmcrlincs of the closest 
ducto; in each bank or 1.2 m (4 ft) between the extremities of 
the concrete envelopes is sufficient to prevent derating of the 
conductors due to mutual heating. These ampacitics were 
calculated as detailed in the basic ampacity paper, AlEE Paper 
57-660, The C..alculation of the Temperature Rise and Load Capability 
of CAble Systems, by J. H. 1'\chcr and M. H. �lcGrath. For addi
tional information concerning the application of dtcsc ampaci
tics, sec IEEE STD 835, Standard Pmvn· CAble Ampacity Tables. 

Typical values of thermal rcsisthity (Rho) arc as follows: 

Average soil (90 pcrcclll of USA) = 90 

Concrete = 55 

Damp soil (coastal areas, high water table) = 60 

Paper insulation = 550 

Polyethylene (PE) = 450 

Pol}""inyl chloride (PVC) = 650 

Rubber and rubber-like = 500 

Very dry soil (rocky or sandy) = 120 

Tlvnnal resi�tivity, as used in dtis informative annex, refers to 
the heat transfer capability duough a substance by conduction. 
It is dtc reciprocal of dtcrmal conducti\ity and is normally 
cxprcs.o;cd in the unito;•\.-cm/wau. For additional information 
on determining soil dtcrmal rcsisthity (Rho) , sec IEEE STD 
442, Guide for Soil Thermal Resi�tivity Measuremmts. 

8.3 Criteria Modifications. \\"bcrc values of load factor and 
Rho arc knmm for a particular elccuical duct bank installation 
and they arc different from those shmm in a specific table or 
figure, the ampacitics shmm in the table or figure can be modi
fied by the application of factors derived from the usc of Figure 
8.3. 

\\"bcrc two different ampacitics apply to adjacclll portions of 
a circuit, dtc higher ampacity can be used beyond the point of 
transition, a distance equal to 3 m (10 ft) or 10 percent of the 
circuit length calculated at the higher ampacity, whichever is 
lcs.o;. 

\\"bcrc the burial depth of direct burial or electrical duct 
bank circuit" arc modified from the values shmm in a figure or 
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table, ampacities can be modified as shmm in (a) and (b) as 
follows. 

(a) \\'here burial depths arc increased in part(s) of an 
electrical duel run to avoid underground obstructions, no 
decrease in ampacity of the conductors is needed, prmidcd the 
total length of parto; of the duct run increased in depth to avoid 
obstructions is Jcs.o; than 25 percent of dte total run length. 

(b) \\"bcrc burial depdts arc deeper dtan shown in a 
specific underground ampacity table or figure, an ampacity 
derating factor of 6 pcrcem per increao;cd 300 mm (foot) of 
depd1 for all values of Rho can be utilized. 1'\o rating change is 
needed where the burial depdt is dccrcao;ccl. 

8.4 Electrical Ducts. The term electrical dtu:t(s) is defined in 
Article 100. 

8.5 Table 8.2(6) and Table 8.2(7). 
(a) To obtain the ampacity of cables installed in two elec

trical ducto; in one horizontal row "ith 190-mm (7.!>-in.) ccmcr
to-cemcr spacing betWeen electrical ducto;, similar to Figure 
8.2(1) ,  Detail 1,  multiply the ampacity shown for one duct in 
Table 8.2(6) and Table 8.2(7) by 0.88. 

(b) To obtain the ampacity of cables installed in four 
electrical duct.o; in one horizontal row "idt 190-mm (7.!>-in.) 
center-to-center spacing between electrical ducto;, similar to 
Figure 8.2(1),  Detail 2, multiply the ampacity shmm for three 
electrical ducto; in Table 8.2(6) and Table 8.2(7) by 0.94. 

8.6 Electrical Ducts Used in Figure 8.2(1). If spacing between 
electrical ducto;, ao; shmm in Figure 8.2 (I  ) , is lcs.o; than ao; speci
fied where electrical ducto; enter cquipmem enclosures from 
underground, the ampacity of conductors contained "ithin 
such electrical ducto; need not be reduced. 

8.7 Examples Showing Use of Figure 8.3 for Electrical Duct 
Bank Ampacity Modifications. Figure 8.3 is used for interpola
tion or extrapolation for values of Rho and load factor for 
cables installed in electrical ducto;. The upper family of curves 
shows dte variation in ampacity and Rho at unity load factor in 
tenns of I1, the ampacity for Rho = 60, and 50 percem load 
factor. Each curve is designated for a particular ratio �/ I1, 
where � is the ampacity at Rho = 120 and 100 percem load 
factor. 

The lower family of curves shows the relationship between 
Rho and load factor that \\ill give substantially the same ampac
ity ao; dte indicated value of Rho at 100 percent load factor. 

Ao; an example, to find the ampacity of a 500-kcmil copper 
cable circuit for six electrical ducto; ao; shown in Table 8.2(5): At 
the Rho = 60, LF = 50, I1 = 583; for Rho = 120 and LF = 100, I2 = 
400. The ratio I2/ I1 = 0.686. Locate Rho = 90 at the bottom of 
the chart and follow the 90 Rho line to the imerscction \\ith 
I 00 percent load factor where the cquh-alem Rho = 90. Then 
follow the 90 Rho line to I2/ I1 ratio of 0.686 where F = 0.74. 
The desired ampacity = 0.74 x 583 = 431, which agrees "idt the 
table for Rho = 90, LF = 100. 

To determine the ampacity for dte same circuit where Rho = 
80 and LF = 75, using Figure 8.3, the equi\-alent Rho = 43, F = 
0.855, and the desired ampacity = 0.855 x 583 = 498 amperes. 
Values for using Figure 8.3 arc found in the electrical duct 
bank ampacity tables of this informative annex. 
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INFORMATIVE A:"'NEX 8 CHAPTER 9  

Where the load factor is less than 100 percelll and can be 
verified by meao;uremelll or calculation, dte ampacity of electri
cal duct bank installations can be modified ao; shown. Dilferem 
'"'dues of Rho can be accommodated in dte same manner. 

lnfonnational Note: The ampacity limit for 10 through 85 
current-<arl)ing conductors i• ba.<;ed on the follm•ing equation. 
For more than 85 conductors, special calculations are required 
that are beyond the scope of this table. 

where: 
AI 

N 

E 

[8.7a) 

-'\ = [ �0.
�

\1 
x (A.)] or A1, whichever is les.o; 

ampacity from Table 310.16, Table 
310.18, Table 8.2(1) ,  Table 8.2(6), or 
Table 8.2(7) multiplied by the appro
priate adjustmelll factor from Table 
8.2(11) .  
total number of conductors used to 
select adjusunelll factor from Table 
8.2(11)  
number of conductors carrying currelll 
simultaneously in the raceway or cable 
ampacity limit for the currelll-car!Jing 
conductors in the raceway or cable 

20'.!3 t:dition :'\.-\:110:-1.-\L t:Lt:GJ"RJCAL com: 

Example 1 

Calculate the ampacity limit for twelve 14 AWG THWN 
currelll-car1J1ng conductors (75.C) in a raceway that contains 
24 conductors that may, at different times, be currelll-carl)ing. 

J\ 
= 

(o.5)(24) x20(0.7) 
12 

14 amperes (i.e., !>0 percelll diversity) 

Example 2 

[8.7b) 

Calculate the ampacity limit for eighteen 14 AWG THWN 
currelll-car1J1ng conductors (75.C) in a raceway that contains 
24 conductors that may, at dilferem times, be currelll-carl)ing. 

(0.5)(24) ( ) --'\ = x 20 0. 7 = 1 1 .:> amperes 
18 

[B.7c) 
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CHAPTER 9  INFORMATIVE A.'INEX 8 

Table B.2( I) Ampacities of Two or Three Insulated Conductors, Rated 0 Through 2000 Volts, Within an Overall Covering 
(Multiconductor Cable), in Raceway in Free Air Based on Ambient Air Temperature of 3o•c (86.F)* 

Temperature Rating of Conductor. [See Table 31 0.4(1 ).] 

60·c 75•c go•c 60·c 75•c go•c 
(1400F) (167°F) (1940F) (140°F) (167°F) (194°F) 

Types THHN, 
TypesTHHN, THHW, 

THHW, THW-2, 
THW-2, THWN-2, 

Types RHW, THWN-2, RHH, 
THHW, THW, RHH, RWH-2, Types RHW, RWH-2,USE-2, 

THWN, USE-2, XHHW, THHW, THW, XHHW, 

Size (AWG or Types TW, UF XHHW, ZW  XHHW-2, ZW-2 Type TW THWN, XHHW XHHW-2, ZW-2 Size (AWG or 
kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM 

14** 16 18 21 - -
12** 20 21 27 16 18 
10** 27 33 36 21 25 

8 36 43 48 28 33 

6 48 58 65 38 15 
4 66 79 89 51 61 
3 76 90 102 59 70 
2 88 105 119 69 83 
1 102 121 137 80 95 

l/0 121 145 163 94 113 
2/0 138 )()6 186 108 129 
3/0 158 189 214 121 117 
4/0 187 223 253 147 176 

250 205 245 276 HiO 192 
300 234 281 317 185 221 
350 255 305 345 202 212 
400 274 328 371 218 261 
500 315 378 127 251 303 

600 343 413 468 279 335 
700 376 452 514 310 371 
750 387 466 529 321 381 
800 397 479 543 331 397 
900 415 500 570 350 421 

1000 448 542 617 382 460 

*Refer to 310.15 for the ampaCJty correcuon factors where the amh1ent temperdture t.• other than 30•c (86.F). 
**Refer to 240.4(0) for conductor overcurrent protection limitations. 

-
21 
28 
37 

51 
69 
79 
93 

106 

127 
116 
167 
197 

217 
250 
273 
295 
342 

378 
120 
135 
450 
177 
521 

kcmil) 

11 
12 
1() 
8 

6 
1 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

tiOO 
700 
750 
800 
900 

1000 
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Table 8.2(3) Ampacities of Multiconductor Cables with Not More Than Three Insulated Conductors, Rated 0 Through 2000 Volts, in 
Free Air Based on Ambient Air Temperature of 40•c (104•F) (for Types TC, MC, MI, UF, and USE Cables)* 

Temperature Rating of Conductor. [See Table 310.4(1).1 

&o•c 1s·c ss·c go•c &o·c 7s•c ss·c go•c 

Size (AWG or (140°F) (167°F) (185°F) (1940F) (140°F) (167°F) (185°F) (1940F) 

kcmil) COPPER ALUMINUM OR COPPER-ClAD ALUMINUM 

18 - - - 1 1  - - -

16 - - - 16 - - -

14** 18 21 24 25 - - -

12** 21 28 30 32 18 21 24 
10** 28 36 41 43 21 28 30 

8 39 50 56 59 30 39 44 

6 52 68 75 79 41 53 59 
4 69 89 100 104 54 70 78 
3 81 104 1 16 121 63 81 91 
2 92 1 18 132 138 72 92 103 
1 107 138 154 161 84 108 120 

1/0 124 160 178 186 97 125 139 
2/0 143 184 206 215 1 1 1  144 160 
3/0 165 213 238 249 129 166 185 
4/0 190 245 274 287 149 192 214 

250 212 274 305 320 ltif) 214 239 
300 237 306 341 357 18f) 240 268 
350 261 337 377 394 205 26.'l 296 
400 281 363 406 425 222 287 317 
500 321 416 46.'l 487 255 330 368 

600 354 459 513 538 284 368 410 
700 387 502 562 589 3(){) 405 462 
750 404 523 586 615 328 424 473 
800 415 539 604 633 339 439 490 
900 438 570 639 670 362 469 514 

1000 461 601 674 707 385 499 558 

*Refer to 310.15 for the ampaCJty correcuon factors where tlie amh1ent tempemture �· other than 40•c ( 104 ·r). 
**Refer to 240.4(0) for conductor overcurrent pro�rctiou limitations. 
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-

-

-

2-;) 
32 
46 

61 
81 
95 

108 
126 

145 
168 
194 
224 

250 
280 
309 
334 
385 

429 
473 
495 
513 
548 
584 
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Size (AWG 
or kcmil) 

18 
16 
14 
12 
10 
8 

6 
4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1000 
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Table 8.2(5) Ampacicies of Single Insulated Conductors, Rated 0 Through 2000 Volts, in Nonmagnetic Underground Electrical Ducts 
(One Conductor per Electrical Duct), Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct Arrangement in 
Accordance with F.gure 8.2(1), Conductor Temperature 75°C (167°F) 

3 Electrical Duc:ts 6 Electrical Duc:tli 9 Electrical Duc:ts 3 Electrical Ducts 6 Electrical Duc:ts 9 Electrical Duc:tli 
[F.g. 8.2(1 ), Detail 2) [Fig. 8.2(1), Detail 3) [Fig. 8.2(1), Detail 4) [Fig. 8.2(1), Detail 2) F.g. 8.2(1 ), Detail 3) [Fig. 8.2(1), Detail 4) 

Types RHW, THHW, Types RHW, THHW, Types RHW, THHW, Types RHW, THHW, Types RHW, THHW, Types RHW, THHW, 
THW, 111WN, THW, 111WN, THW, THWN, THW, THWN, THW, 111WN, THW, THWN, 
XHHW, USE XHHW, USE XHHW, USE XHHW, USE XHHW, USE XHHW, USE 

Size (kcmil) COPPER ALUMINUM OR COPPER.cLAD ALUMINUM Size (kcmil) 

RJJO RJJO RIIO RIIO RJJO RJJO RJJO RIIO RJJO RJJO RIIO RJJO RIIO RJJO RIIO RIIO RIIO RIIO 
f.O 90 120 60 90 120 60 90 120 60 90 120 f.O 90 120 f.O 90 120 

LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF 
50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 

2.:;0 410 344 32i 386 295 2i5 369 2i0 252 320 269 256 302 230 214 2811 21 1 19i 250 

3.:;0 503 4111 396 4i2 355 330 446 322 299 393 32i 310 369 2ii 2511 3.:;0 2.:;2 235 350 

500 624 5 1 1  484 583 431 400 545 311i 360 4119 401 3i9 45i 33i 313 430 305 2114 500 

i50 i94 f>'IO 603 i36 534 494 6i4 469 434 626 505 4i5 5111 421 3119 5311 3i5 34i i50 

1000 936 i45 iOO 1164 6li 5i0 ii6 533 493 i4-t 593 55i 68i 491 453 629 432 399 1000 
12.:;0 1055 1132 i81 9i0 r.sr. 632 854 5111 536 848 6f.S 62i ii9 551 50.'1 i03 4ill 441 1250 

1500 l lf.O 90i 849 1063 iH 6115 918 619 5il 941 i36 6119 863 604 556 i6i 51i 4ii 1500 

li50 12.:;0 9i0 90i 1 142 i93 i29 9i5 651 599 1026 i96 i45 93i 651 598 1123 550 50i li50 

2000 1332 102i 959 1213 8.'16 if.S 1030 f.S3 6211 1 1 03 850 i94 1005 693 636 !Iii 5111 535 2000 

Ambient Ambient 
Temp. Temp. 

(.C) Correction Factors (.F) 

f>--10 1.09 1 .09 1.09 1 .09 1.09 1.09 43--50 

1 1-15 1.04 1 .04 1.04 1 .04 1.04 1.04 52-59 

lf>--20 1.00 1 .00 1.00 1 .00 1.00 1.00 61-f�'l 

21-25 0.95 0.95 0.95 0.95 0.95 0.95 iO-ii 

2f>--30 0.90 0.90 0.90 0.90 0.90 0.90 i9-86 
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Table 8.2(6) Ampacities of Three Insulated Conductors, Rated 0 Through 2000 Volts, Within an Overall Covering (Three-Conductor 
Cable) in Underground Electrical Ducts (One Cable per Electrical Duct) Based on Ambient Earth Temperature of 20"C (68"F), 
Electrical Duct Arrangement in Accordance with F.gure 8.2(1), Conductor Temperature 75"C (167"F) 

I Electrical Duct [F.g. 3 Electrical Duc:tli 6 Electrical Duc:tli I Electrical Duct [F.g. 3 Electrical Duc:tli 6 Electrical Duc:tli 
8.2(1), Detail I] [F.g. 8.2(1), Detail 2] [F.g. 8.2(1), Detail 3] 8.2(1), Detail I] [F.g. 8.2(1), Detail 21 [fig. 8.2(1), Detail 3] 

Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, THHW, 

Size THW, 1HWN, THW, 1HWN, THW, THWN, THW, THWN, Til\\', 1HWN, 111\\', 1HWN, Size 
(AWG or XHHW, USE XHHW, USE XHHW, USE XHHW, USE XHHW, USE XHHW, USE (AWG or 
kcmil) COPPER ALUMINUM OR COPPER.cLAD ALUMINUM kcmil) 

RJJO RJJO RJJO RIIO RJJO RJJO RJJO RJJO RIIO RIIO RJJO RJJO RJJO RJJO RIIO RJJO RJJO RJJO 
f.O 90 120 f.O 90 120 60 90 120 60 90 120 60 90 120 f.O 90 120 
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF 

50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 

II 58 54 53 56 48 46 53 42 39 45 42 41  43 3i 36 41 32 30 s 
6 ii il 69 i4 63 f.O iO 54 51 f.O 55 54 5i 49 4i 54 42 39 6 
4 101 93 91 96 81 ii 91 69 6.:; ill i2 il i5 63 f.O il 54 51 4 
2 132 121 1 111 126 105 100 1 19 119 113 103 94 92 98 82 ill 92 iO 65 2 
I 154 140 136 146 121 1 14 13i 102 95 120 109 106 1 14 94 119 IOi i9 i4 I 

1/0 Iii lf.O 156 1611 13i 130 15i 1 16 IOi 1311 125 122 131 IOi 101 122 90 84 1/0 
2/0 203 183 I ill 192 156 Hi li9 131 121 1511 143 139 150 122 1 15 140 102 95 2/0 
3/0 233 210 204 221 liS 1511 205 148 13i 1112 lf>4 159 li2 139 131 lf.O 1 16 IOi 3/0 
4/0 2f>ll 240 232 253 202 190 234 1611 155 209 I IIi 1112 198 1511 149 183 131 121 4/0 

2.:;0 29i 265 256 280 222 209 2511 184 lf>9 233 20i 201 219 li4 If>. 'I 202 144 132 250 
3.:;0 363 321 310 340 26i 250 312 219 202 211.:; 252 244 26i 209 196 245 li2 1511 350 
500 444 3119 3i5 414 320 299 3ii 261 240 352 308 29i 328 254 23i 299 20i 190 500 
i50 552 4ill 459 511  31111 362 462 314 21111 446 3116 3i2 413 314 293 3i4 2.?4 233 i50 

1000 6211 539 5111 5i9 435 405 522 351 321 521 Hi 430 4110 361 336 433 291 2fo6 1000 
Ambient Ambient 

Temp. Temp 
(.C) Correction Factors (.F) 

f>--10 1 .09 1.09 1 .09 1.09 1.09 1.09 43--50 
1 1-15 1 .04 1.04 1 .04 1.04 1.04 1.04 52-59 
lf>-20 1 .00 1.00 1 .00 1.00 1.00 1.00 61--6.'1 
21-25 0.95 0.95 0.95 0.95 0.95 0.95 iO-ii 
2f>-30 0.90 0.90 0.90 0.90 0.90 0.90 i9-l!6 
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CHAPTER 9  INFORMATIVE A.'INEX 8 

Table 8.2(7) Ampacities of Three Single Insulated Conductors, Rated 0 Through 2000 Volts, in Underground Electrical Ducts 
(Three Conductors per Electrical Duct) Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct Arrangement in 
Accordance with F.gure 8.2(1), Conductor Temperature 75°C (167°F) 

I Electrical Duct [F.g. s Electrical Duc:tli 6 Electrical Duc:tli I Electrical Duct [F.g. s Electrical Duc:tli 6 Electrical Duc:tli 
8.2(1), Detail I] [F.g. 8.2(1), Detail 2] [F.g. 8.2(1), Detail S] 8.2(1), Detail I] [F.g. 8.2(1), Detail 2] [fig. 8.2(1), Detail S] 

Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, TIIHW, Types RHW, THHW, 

Size THW, 111WN, THW, 111WN, THW, THWN, THW, THWN, THW, 111WN, THW, THWN, Size 
(AWG or XHHW, USE XHHW, USE XHHW, USE XHHW, USE XHHW, USE XHHW, USE (AWG or 
kcmil) COPPER ALUMINUM OR COPPER.cLAD ALUMINUM kcmil) 

RJJO RJJO RJJO RIIO RJJO RJJO RJJO RJJO RIIO RIIO RIIO RJJO RJJO RJJO RIIO RJJO RJJO RJJO 
f>O 90 120 00 90 120 f.O 90 120 f.O 90 120 00 90 120 00 90 120 
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF 
50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 

II f>3 58 5i f>l 51 49 5i 44 41 49 45 44 4i 40 311 45 34 32 8 
f> 114 ii i5 80 f>i f>3 i5 5f> 53 r.r. f.O 58 f>3 52 49 59 44 41 f> 
4 I l l  100 911 105 Sf> 81 911 i3 f>i Sf> iS if> i9 f>i f>.'l ii 5i 52 4 
3 129 l lf> 1 13 122 99 94 1 13 113 ii 101 91 119 83 ii i3 84 f>5 f.O 3 
2 Hi 132 1211 139 1 12 I Of> 129 93 Sf> 1 15 103 100 lOll Si 82 101 i3 f>i 2 
I Iii 153 1411 If> I 128 121 149 100 98 133 1 19 1 15 12f> 100 94 l lf> 83 ii I 

1/0 19i li5 lf>9 Ill.:; 14f> 13i liO 121 I l l  153 13f> 132 144 1 14 IOi 133 94 Si 1/0 
2/0 22f> 200 193 212 lf>f> 15f> 194 13f> 12f> I if> 15f> 151 lf>5 130 121 151 I Of> 911 2/0 
3/0 200 228 220 243 189 Iii 222 154 142 203 l iS li2 189 14i 1311 li3 121 I l l  3/0 
4/0 301 2f>3 253 280 215 201 255 l i5 If> I 235 205 198 219 lf>ll 15i 199 13i 12f> 4/0 

2.:;0 334 290 2i9 310 23f> 220 2111 192 I if> 2f>l 22i 218 242 185 li2 220 150 13i 250 
300 3i3 321 3011 344 200 242 310 210 192 293 252 242 2i2 204 190 245 lf>5 151 300 
3.:;0 409 351 33i 3ii 283 2M 340 228 209 321 2if> 2f>5 29f> 222 20i 2f>f> li9 lf>4 350 
400 442 3if> 3f>l 394 302 280 3f>8 243 223 349 29i 2114 321 2311 220 2811 191 li4 400 

500 503 42i 409 4f.O 341 31f> 412 2i3 249 39i 338 323 3f>4 2i0 250 32f> 21f> 19i 500 
000 552 4f>ll 44i 5 1 1  3il 343 45i 29f> 2i0 Hf> 3i3 35f> 4011 29f> 2i4 3f>5 23f> 215 f>()() 
iOO 002 509 48f> 553 402 3il 492 319 291 4811 408 3119 443 321 29i 394 2.:;5 232 iOO 
i50 f>.'l2 529 505 5i4 41i 311.:; 509 330 301 508 425 405 4f>l 334 309 409 2f>5 241 i50 

800 f>.H 544 520 59i 428 395 52i 338 30.'1 530 439 418 481 344 318 42i 2i3 24i 800 
900 f>92 5i5 549 f>28 450 415 554 355 323 5f>.'l 4fm 444 510 3f>5 33i 450 2811 2f>l 900 

1000 i30 f.05 5if> f>59 4i2 435 5111 3i2 3311 59i 494 4il 5311 3115 355 4i5 304 2if> 1000 
Ambient Ambient 

Temp. Temp. 
(.C) Correction Factors (.F) 

f>--10 1.09 1.09 1.09 1.09 1.09 1 .09 43--50 
1 1-15 1.04 1.04 1.04 1 .04 1.04 1 .04 52-59 
lf>-20 1.00 1.00 1.00 1.00 1.00 1 .00 f>l--6.'1 
21-25 0.95 0.95 0.95 0.95 0.95 0.95 iO-ii 
2f>-30 0.90 0.90 0.90 0.90 0.90 0.90 'i9-8f> 
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INFORMATIVE A:"'NEX 8 CHAPTER 9  

Table B.2(8) Ampacities of Two or Three Insulated Conductors, Rated 0 Through 2000 Volts, Cabled Within an Overall (Two- or 
Three-Conductor) Covering, Directly Buried in Earth, Based on Ambient Earth Temperature of 20"C (68"F), Electrical Duct 
Arrangement in Accordance with Figure B.2( I), I 00 Percent Load Factor, Thermal Resistance (Rho) of 90 

I Cable 2 Cables I Cable 2 Cables 
[Fig. 8.2(1 ), [F.g. 8.2(1), [F.g. 8.2(1), [Fig. 8.2(1), 

Detail 51 Detail &] Detail 51 Detail &] 

60"C 75"C 60"C 75"C 60"C 75"C 60"C 75"C 
(140"F) (167"F) (140"F) (167"F) (140"F) (167"F) (140"F) (167"F) 

'IYPFS 'IYPFS 

RHW, RHW, RHW, RHW, 
1HHW, 1HHW, 1HHW, THHW, 
THW, THW, THW, THW, 

THWN, THWN, THWN, THWN, 
XHHW, XHHW, XHHW, XHHW, 

Size (AWG or UF USE UF USE UF USE UF USE Size (AWG or 
kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil) 

8 64 75 60 70 51 59 47 55 8 
6 85 100 81 95 68 75 60 70 6 
1 107 125 100 117  83 97 78 91 1 
2 137 161 128 150 107 126 1 10  117  2 
1 155 182 115 170 121 142 113 132 I 

1/0 177 208 165 193 138 162 129 151 1/0 
2/0 201 236 188 220 157 181 146 171 2/0 
3/0 229 269 213 250 1 79 210 166 195 3/0 
4/0 259 304 211 282 203 238 188 220 4/0 

250 - 333 - 308 - 261 - 211 250 
350 - 101 - 370 - 315 - 290 350 
500 - 181 - 442 - 381 - 350 500 
750 - 585 - 535 - 473 - 433 750 

1000 - 6.'}7 - 600 - 545 - 497 1()()0 

Ambient Ambient 
Temp. Temp. 

("C) Correction Factors ("F) 

6-10 1.12 1.09 1.12 1.09 1 .12 1.09 1.12 1.09 43-50 
1 1-15 1.06 1.04 1.06 1.04 1 .06 1.04 1.06 1.01 52-59 
16-20 1.00 1.00 1.00 1.00 1 .00 1.00 1.00 1.00 61-68 
21-25 0.94 0.95 0.91 0.95 0.94 0.95 0.94 0.95 70-77 
26-30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79-86 

-
l'ote: For ampaciues of Type L"F cahle in underground electncal duct�. muluply the ampacnies shmm m the tahle hy 0.74. 
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CHAPTER 9  INFORMATIVE A.'INEX 8 

Table 8.2(9) Ampacities of Three Triplexed Single Insulated Conductors, Rated 0 Through 2000 Volts, Directly Buried in Earth 
Based on Ambient Earth Temperature of 20"C (68"F), Electrical Duct Arrangement in Accordance with Fagure 8.2(1), 100 Percent 
Load Factor, Thermal Resistance (Rho) of 90 

See Fig. 8.2(1), See F.g. 8.2(1 ), See Fig. 8.2(1), See F.g. 8.2(1), 
Detail ? Detail S Detail ? Detail S 

60"C 75"C 60"C 75"C 60"C 75"C 60"C 75"C 
(140"F) (167"F) (140"F) (167"F) (140"F) (167"F) (140"F) (167"F) 

1YPES 1YPES 

Size (AWG UF USE UF USE UF USE UF USE Size (AWG 
orkanil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM orkanil) 

8 72 84 66 77 55 65 51 60 8 
6 91 107 84 99 72 81 66 77 6 
1 1 19 139 ]()9 128 92 108 85 ]()0 1 
2 153 179 140 164 1 19 139 109 128 2 
1 173 203 159 186 135 158 124 145 1 

1/0 197 231 181 212 154 180 141 165 1/0 
2/0 223 262 205 240 1 75 205 159 187 2/0 
3/0 251 298 232 272 199 233 181 212 3/0 
4/0 289 339 263 308 226 265 206 211 4/0 

250 - 370 - 336 - 289 - 263 250 
350 - 145 - 403 - 349 - 316 350 
500 - 536 - 483 - 424 - 382 500 
750 - 6.'}4 - 587 - 525 - 471 750 

1000 - 744 - 665 - 608 - 511 1()()0 

Ambient Ambient 
Temp. Temp. 

("C) Correction Factors ("F) 

6-10 1.12 1.09 1.12 1.09 1 .12 1.09 1.12 1.09 43-50 
1 1-15 1.06 1.04 1.06 1.04 1 .06 1.04 1.06 1.04 52-59 
16-20 1.00 1.00 1.00 1.00 1 .00 1.00 1.00 ].()() 61-68 
21-25 0.94 0.95 0.91 0.95 0.91 0.95 0.94 0.95 70-77 
26-30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79-86 
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INFORMATIVE A:"'NEX 8 CHAPTER 9  

Table B.2(10) Ampacities of Three Single Insulated Conductors, Rated 0 Through 2000 Volts, Directly Buried in Earth Based on 
Ambient Earth Temperature of 2o•c (68.F), Electrical Duct Arrangement in Accordance with Figure B.2(1), 100 Percent Load Factor, 
Thermal Resistance (Rho) of 90 

See Fig. 8.2(1), See F".g. 8.2(1 ), See Fig. 8.2(1), See F".g. 8.2(1), 
Delail 9 Delail 10 Delail 9 Delail lO 

60·c 1s·c &o•c 1s·c GO•c 1s·c &o·c 1s•c 
(1400F) (167°F) (140.F) (167°F) (140°F) (167°F) (140.F) (167.F) 

1YPES 1YPES 

Size (AWG UF USE UF USE UF USE UF USE Size (AWG 
orkanil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM orkanil) 

8 81 98 78 92 66 77 61 72 8 
6 107 126 101 1 18 84 98 78 92 6 
1 139 163 130 152 108 127 101 118 1 
2 178 209 165 194 139 163 129 151 2 
1 201 236 187 219 157 181 146 171 1 

1/0 230 270 212 219 1 79 210 165 191 1/0 
2/0 261 306 211 283 204 239 188 220 2/0 
3/0 297 318 271 321 232 272 213 250 3/0 
4/0 336 391 309 362 262 307 241 283 4/0 

250 - 429 - 394 - 335 - 308 250 
350 - 516 - 174 - 403 - 370 350 
500 - 626 - 572 - 490 - 418 500 
750 - 767 - 700 - 605 - 552 750 

1000 - 887 - 808 - 706 - 612 1()()0 
1250 - 979 - 891 - 787 - 716 1250 
1500 - 1063 - 96.'} - 862 - 783 1500 
1750 - 1 133 - 1027 - 930 - 813 1750 
2000 - 1 195 - 1082 - 990 - 897 2()()0 

Ambient Ambient 
Temp. Temp. 

(OC) Correction Factors (oF) 

6-10 1.12 1.09 1.12 1 .09 1.12 1.09 1.12 1.09 43-50 
1 1-15 1.06 1.01 1.06 1 .01 1 .06 1.04 1.06 1.01 52-59 
16-20 1.00 1.00 1.00 1 .00 1 .00 1.00 1.00 1.()() 61....f)8 
21-25 0.94 0.95 0.91 0.95 0.91 0.95 0.94 0.95 70-77 
26-30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79-86 
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CHAPTER 9  INFORMATIVE A.'INEX 8 

Table 8.2(11) Adjustment Factors for More Than Three Current-Carrying Conductors in a 
Raceway or Cable with Load Diversity 

Number of Conductors* 
Percent of Values in Tables as Adjusted for 

Ambient Temperature if Necessary 

4-6 
7-9 

10-24 
25-42 
4�5 

80 
70 

70** 
60** 
50** 

*l'umber of conductors is the total number of conductors in dte rdceway or cable a�jtt.�ted in accordance "idt 
310.15(E) and (F). 
**These fdctors include the effect� of a load di\'ersity of 50 percent. 

Detail 1 
290 mm x 290 mm 
(11.5 in. x 11 .5 in.) 
Electrical duct bank 
One electrical duct 

• 
Detail S 
Buried 3 
conductor 
cable 

! 

190 mm (7.5 in.) 
Detail 2 

� 
;n 
!:::. 
e e 
0 "' 

475 mm x 475 mm 
(19 in. x 1 9  in.) 
Electrical duct bank 
Three electrical ducts 

or 

e .-,.  e .E 
0 1.0  �� 
e.-,. e .E O I.O  �r:::. 

190 mm (7.5 in.) 

Detail 3 
475 mm x 675 mm 
(19 in. x 27 in.) 
Electrical duct bank 
Six electrical ducts 

or 
190 mm 
(7.5 in.) 

190 mm 
(7.5 in.) e .-,.  E .5 

675 mm x 290 mm o 1.0  
(27 in. x 11 .5 in.) �t;;. 
Electrical duct bank 
Three electrical ducts 

600 mm 

l 

(24 in.) 

Detail & 
Buried 3 
conductor 
cables 

190 mm 
(7.5 in.) 

190 mm 
(7.5 in.) 

675 1"Qm x 475 mm 
(27 [n. x 19  in.) 
Electrical duct bank 

: . 
Detail 7 
Buried triplexed 
cables ( 1 circuit) 

190 mm 1 90 mm 190 mm 190 mm 

J. 

(7.5 in.) (7.5 in.) 

r I 1 

(7.5 in.) (7.5 in.) 

! I I 

600mm 
(24 in.) 

Detail 9 Detail 10 

1 90 mm 
(7.5 in.) 

Detail 4 

190 mm 
(7.5 in.) 

675 mm.x 675 mm 
(27 irt x 2.7 in.) 
Eleclllcal duct bank 
Nine electrical ducts 

600 mm 

I. 

(24 in.) 

Detail S 
Buried triplexed 
cables (2 circuits) 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 

I I 1 

Buried single-conductor 
cables ( 1 circuit) 

Buried single-conductor 
cables (2 circuits) 

Note 1 :  Minimum burial depths to top electrical ducts or cables shall be in 
accordance with 300.5. Maximum depth to the top of electrical duct 
banks shall be 750 mm (30 in.) and maximum depth to the top of 
direct-buried cables shall be 900 mm (36 in.) 

Note 2: For two and four electrical duct installations with electrical ducts 
installed in a single row, see B.S. 

Legend 

JO-OI Backfill 
1:2:!!.1 (earth or concrete) 

0 Electrical duct 

• Cable or cables 

FIGURE 8.2(1) Cable Installation Dimensions for Use with Table 8.2(5) Through 
Table 8.2(10). 
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INFORMATIVE A:"'NEX 8 CHAPTER 9  

1 50 mm (6 in.) 

.------1---,--...-
1 50 mm (6 in.) 

�"-4-4 
A. I A ,  . D 600 mm (24 in.) 

� �� �A� 
190 mm (7.5� 

� 

(;? 1 <:;) 
190 mm (7.5 in.) ' 0 .c.. ' 0 

Design Criteria 

.L 
� �

· ••• 
I 'I ' 

190 mm 190 mm� 
(7.5 in.) (7.5 in.) 

+ 675 mm (27 in.) 

(Typical 
lor all) 

* 

Neutral and Equipment 
Grounding conWclor (EGC) 
Duct= 150 mm (6 in.) 

Number of Cables per Phase =  9 
Rho Conctete = Rho Ear1h -S 
Rho PVC Duel = 650 

Phase Ducts= 75 to 125 mm (3 to S in.) 
ConWc:tor Material = Copper 
Number of Cables per Duct = 3 

Noles: 

Rho Cable Insulation = 500 
Rho Cable Jackel = 650 

1. Neutral confoguration per 300.S(I), Exception No. 2. tor isolated phase inslallations in 
nonmagnetic ducts. 

2. Phasing is A, B. C in rows or columns. Where magnetic electrical ducts are used, 
conductors are installed A. B, C per electrical duct with the neutral and all equipment 
grounding conductors in the same electrical duct. In this case. the 6-in. 
trade size neutral duct is eliminated. 

3. Maxinum harmonic loading on the neutral conductor cannol exceed 50 percent of the 
phase cunent tor the ampacities -., in the table below. 4. MetaUic Shields of Type MV-90 cable shall be grounded at one point only where using 
A. B. C phasing in rows or columns. 

TYPES 
RHW, THHW, THW, THWN, 

Size XHHW, USE, OR MV-90' 
kcmll Total per Phase Ampent Rating 

RHO EARTH 80 RHO EARTH 90 RHO EARTH 120 
LF 50 LF100 LF100 
2340 1S30 139S 

250 (260A/Cable) (170A/Cable) (1 SSA/Cable) 
2790 1800 166S 

350 (310A/Cable) (200A/Cable) (186A/Cable) 
337S 2180 19811 

500 (375A/Cable) (240A/Cable). (220A/Cable) 

Ambient For ambient temperatures other than 20•c (88•F), 
Temp. muHlply lhe ampacitlea ahown above by lhe ('C) appropriate factor shown below. 

6-10 1.09 1.09 1.09 1.09 1.09 
11-1S 1.04 1.04 1.04 1.04 1.04 
16-20 1.00 1.00 1.00 1.00 1.00 
21-25 0.9S 0.9S 0.9S 0.9S 0.9S 
26-30 0.90 0.90 0.90 0.90 0.90 

. . 
'Umned to 1s•c conductor lemperawre . 

Size 
lcc:mll 

250 

350 

500 

Ambient 
Temp. 

("F) 
43-50 
S2-S9 
61-66 
7o-77 
79-86 

F1GURE 8.2(2) Ampacities of Single Insulated Conductors 
Rated 0 Through 5000 Volts in Underground Electrical Ducts 
(Three Conductors per Electrical Duct), Nine Single
Conductor Cables per Phase Based on Ambient Earth 
Temperature of 20"C (68"F), Conductor Temperature 75"C 
(167"F). 

2tr.!3 t:<lition :'\A'Jl0:-1.-\1. t:l.t:GI'RIC.-\1. COI>t: 

Surface 

,.:..:::::...:.:::�:...::..:.:g __ ___, --.-
N and 'I 1 .. ' 1 50 mm (6 in.) 
EGC 

Design Crneria 

m 250 mm 250 mm 
) (10 in.) (10 in.) 
1.1 m (44 in.) -

Neutral and Equipment 
Grounding conductor (EGC) ·· 

Duct =  150 mm (6 in.) · 

Number of Cables per Phase = 4 
Rho Concrete = Rho Earth - s 
Rho PVC Duct = 650 

Phase Ducts = 75 mm (3 in.) 
Conductor Material = Coppef 
Number of Cables per Puc!= 1 

Rho Cable Insulation = 500 
Rho Cable Jacket = 650 

Notes: 
1. Neutral COI)Iiguralion per 300.S(I), Exception No 2. 
2. Mllldmuni harmonic loading on the neutral conductor cannot exceed 50 percent of the 

phaae current tor the ampecities shown in the table below. 
3. Metallic Shields ot Type MV-90 cable SheD be grounded at one poinl only. 

TYPES 
RHW,THHW,THW,THWN, 

Size XHHW,USE,OR M¥-90' Size 
kcmll Totel per Phase Ampent Rating kcmll 

RHO EARTH 80 RHO EARTH 90 RHO EARTH 120 
LF 50 LF100 LF100 
2820 1680 1680 

750 (70SA/Cable) (46SA/Cable) (420A/Cable) 750 

3300 2140 1920 
1000 (625A/Cable) (S3SA/Cable) (460A/Cable) 1000 

3700 2380 2120 
1250 (925A/Cable) (S9SA/Cable) (S30A/Cable) 1250 

4080 2580 2300 
1500 (1015A/Cable) (64SA/Cable) (S7SA/Cable) 1500 

4380 2740 2460 
1750 (1090A/Cable) (665A/Cable) (61 SA/Cable) 1750 

Ambient For ambient temperatures otiMr than 20"C (88•F), Ambient 
Temp. muHlply the ampacltlea shown above by lhe Temp. ('C) appropriate factor shown below. ("F) 

6-10 1.09 1.09 1.09 1.09 1.09 43-50 
11-1S 1.04 1.04 1.04 1.04 1.04 S2-S9 
16-20 1.00 1.00 1.00 1.00 1.00 61-66 
21-25 0.9S 0.9S 0.9S 0.9S 0.9S 7o-77 
26-30 0.90 0.90 0.90 0.90 0.90 79-86 

'Umled to 1s•c conductor lemperawre. 

FIGURE 8.2(3) Ampacities of Single Insulated Conductors 
Rated 0 Through 5000 Volts in Nonmagnetic Underground 
Electrical Ducts (One Conductor per Electrical Duct), Four 
Single-Conductor Cables per Phase Based on Ambient Earth 
Temperature of 20"C (68"F), Conductor Temperature 75"C 
(167"F). 
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N and 
EGC 

Surface 

INFORMATIVE A.'INEX 8 

1.15 
1.10 
1.05 
1.00 
0.95 
0.90 � 

I \ � 

t'-' 
f:::::: ::-r- 1--t-
:--. :'-r---.: r- t-r- r-

600 mm (24 in.) 

! 
0.85 
0.80 ·" I"'- r- r- ..:·(.: 

250 mm 250 mm 250 mm 250 mm (10 in.) (10 in.) (10 in.) (10 in.) 
1+--- 1 .1 m (44 in.) ----+1 

Design Crileria 
Neutral and Equipment 

Grounding conductor (EGC) 
Duct = 150 nm (6 in.) 

Phase Ducts =  75 mm (3 in.) 
Conducto< Malerial = Copper 
Number of Cables per Duct = 1 

Noles: 

Number of Cables per Phase = 5 
Rho Concrete = Rho Eao1h -5 
Rho PVC Duct = 650 
Rho Cable Insulation = 500 
Rho Cable Jad<el = 650 

1. Neutral configuration per 300.5(1). Exception No. 2. 
2. Maximum harmonic loading on the neutral conducto< cannot exceed 50 percent of the 

phase current 10< the ampacities shown in the table below. 
3. Metallic shields ol Type MV-90 cable shall be grounded at one point only. 

TYPES 
RHW, THHW, THW, THWN, 

Size XHHW, USE, OR MV-90' 
kcmll Total per Phase Ampere Rating 

RHO EARTH 80  RHO EARTH 90 RHO EARTH 120 
LF 50 LF100 LF100 

5575 3375 3000 
2000 (1115A/Cable) (675AICable) (600A/Cable) 

Ambient For ambient temperatures other than zo•c (88•F), 
Temp. multiply the ampacltlea shown above by the 
eci appropriate factor ahown below. 
6-10 1.09 1.09 1.09 1.09 1.09 

11-15 1.04 1.04 1.04 1.04 1.04 
16-20 1.00 1.00 1.00 1.00 1.00· 
21-25 0.95 0.95 0.95 0.95 9,95 
26-30 0.90 0.90 0.90 0.90 0.90 

. . UmHed to 1s•c conductor lemperature . 

Size 
kcmll 

2000 

Ambient 
Temp. 
(•Fi 
43-50 
52-59 
61-68 
70...77 
79-86 

FIGURE 8.2(4) Ampacities of Single Insulated Conductors 
Rated 0 Through 5000 Volts in Nonmagnetic Underground 
Electrical Ducts (One Conductor per Electrical Duct), Five 
Single-Conductor Cables per Phase Based on Ambient Earth 
Temperature of 20"C (68"F), Conductor Temperature 75"C 
(167"F). 

j 
� 

0.75 
0.70 
0.85 
0.80 
0.55 
0.50 
0.45 
0.40 
100 

95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 

I"'- ........ t---. r--� 
" r-. ..... ;- l.>s 1---

I � 1--. :'-t---. ;--R --1--
I !'-.. ' 1--. ........ t---. r-;-� --1--
I ' t---. ;-........ .1!._6( --r-

�"'-r--.. r-. ....... �· --1--
r-. ..w --

I --r-
10 20 30 40 50 60 70 80 90 100 110 120 130140 150160170 180 190200 
\ 1\\ 1\ 1\ r'\. r'\. 1'\. 1"'-'"'-'" "·" ·"" "·" :--. 

1\ 1\ \ \ l\ [\. ['.. " t'..... ........ t"' -..... 
\ ,\ I� .'\ '\ � "' ,...., ....... I'--[' :----r---.; -....: 

I '  \ \ � 1"-. ........ ......., ,, ....... I"'-
'\ 1'\. � [".. � ....... ........ :----......_ -..... r--.. -..... 

1\ � ......... :........ " -..... ........ t---. ..... 
' \  '\ r-...... !'-.. ....... ........ -..... r--

\ \ [\. " ....... ['.. I' ........ -..... ........ ........ ..... ........ 
I' � t-... I"- :'b. -� 

\ !"- � r-.. ........ r--.. ........ 
" " :--..... ....... ........ r-

I"'- r- ..._ r-
I"- r- ........ r- ..._ --

r--r-. r- ;- -..._ --
0 10 20 30 40 50 60 70 80 90 100 110 120130140 150 160170160 190200 

RHO 

FIGURE B.3 Interpolation Chart for Cables in a Duct 
Bank.I1 = ampacity for Rho = 60, 50 LF; I1 = ampacity for 
Rho = 120, 100 LF (load factor); desired ampacity = F x I1• 

I 
i 
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I:'IIFOR.\<lATIVE ANJ'\EX C CHAPTER 9  

Informative Annex C Conduit, Tubing, and Cable Tray Fill Tables for Conductors and FIXture 
Wrres of the Same Size 

This infol'malive annex is 1wl a part of the requiremrols of litis NFPA 
documrol but is included fm· infonnalimwl frmtmses only. 

Table 

C.1 - Electrical Metallic Tubing (EMT) 
C.1 (A)* - Electrical Metallic Tubing (EI\H) 
C.2 - Electrical :'\on metallic Tubing (E:'\T) 
C.2(A)* - Electrical Nonmetallic Tubing (ENT) 
C.3 - Flexible �fetal Conduit (FMC) 
C.3(A)* - Flexible Metal C..onduit (FMC) 
C.1 - Intermediate �fetal Conduit (1M C) 
C.1(A)* - lntennediate Metal Conduit (IMC) 
C.5 - Liquidtight Flexible Nonmetallic Conduit (LFNC-A) 
C.5(A)* - Liquidtight Jolexible :-.Jonmetallic Conduit (LF:-.IC'rA) 
C.6 - Liquidtight Jolexible Nonmetallic Conduit (LFNC-B) 
C.6(A)* - Liquidtight Jolexible :-.Jonmetallic Conduit (LF:-.IC'rB) 
C.7 - Liquidtight Jolexible Nonmetallic Conduit (LFNG-C) 
C.7(A) - Liquidtight Jolexible :'\onmetallic Conduit (LFNC'rC) 
C.8 - Liquidtight Jolexible Metal Conduit (LFMC) 
C.8(A)* - Liquidtight Jolexible �fetal Conduit (LFMC) 
C.9 - Rigid Metal C..onduit (RMC) 
C.9(A)* - Rigid Metal Conduit (R�fC) 
C.1 0 - Rigid PVC C..onduit, Schedule 80 
C.10(A)* - Rigid PVC Conduit, Schedule 80 
C.1 1  - Rigid PVC C..onduit, Schedule 10 and HDPE Conduit 
C.1 1  (A)* - Rigid PVC Conduit, Schedule 40 and HDPE Conduit 
C.12 -Type A, Rigid PVC Conduit 
C.12(A)* - l}pe A, Rigid PVC Conduit 
C.13 - "l}pe EB, PVC Conduit 
C.13(A)* - ·1}-pe EB, PVC C..onduit 
C.11 - "l}pe MC C..ables Penniued in <'..able Tray 
C.15 - "l}pe MC C..ables Penniued in <'..able Tray 
C.16 - "l}pe TC Cables Permiued in <'..able ·n-ay 
C.17 - "l}pe TC Cables Permiued in <'..able ·n-ay 
C.18 - Single Conductor C..ables Penniued in Cable Tray 
C.19 - Single Conductor Cables Permiued in Cable ")ray 
C.20 - Single Conductor Cables Permiued in Cable "lray 

Page 

730 
734 
736 
710 
712 
716 
718 
752 
754 
758 
760 
764 
766 
770 
772 
776 
778 
782 
784 
788 
790 
794 
796 
800 
802 
806 
808 
809 
810 
811 
812 
813 
814 

*\'\"bere this table is used in cm�junction with Tables C. I through C.l3, the conductors installed must be of the 
compact type. 

20'.!3 t:dition :'\.-\:110:-IAI. t:U:GrRICAL COI>t: 
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CHAPTER 9  I�FOR:'\IIATJVE AN.J\"EX C 

Table C.l Maximum Number of Conductors or Fixture Wires in Electrical Metallic Tubing (EMT) 
(Based on Chapter 9: Table 1, Table 4, and Table 5) 

Conductor 
Size 

(AWG/kc:mll) 

Trade Size (Metric Desigoator) 

Type 

RIIII, RIIW, RI J\\�2 

TI\', TIIHW, TIIW, 

TH W-2 

Rill !*, RI IW*, 

RHW-2* 

TW, TIIW, TIII IW, 

TI J\\�2. RIIII*, 

RHW*, RI I\\�2* 

14 

12 

10 

8 

6 

4 

3 

2 

I 

l /0 

2/0 

3/0 

4/0 

2:.0 

300 

3:.0 

400 

500 

f.OO 
700 

7:.0 

800 

900 

1000 

12:.0 

1500 

17:.0 

2000 

14 

12 

10 

8 

14 

12 

10 

8 

6 

4 

3 

2 

I 

l /0 

2/0 

3/0 

4/0 

2:.0 

300 

3:.0 

400 

500 

f.OO 
700 

7:.0 

800 

900 

1000 

'Y. 
(12) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

v. 
(16) 

4 

3 

2 

I 
I 

I 
I 
I 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

6 

5 

2 

6 

4 

3 

I 

I 
I 
I 
I 
I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

¥, 1 lY., 
(21) (27) (!5) 

CONDUCTORS 

7 I I  20 

6 9 1 7  

5 8 1 3  

2 4 7 

I 3 5 

I 2 4 

I I 4 

I I 3 

I I I 

I I I 
I I I 
0 I I 
0 I I 

0 0 I 
0 0 I 
0 0 I 
0 0 I 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

15 25 43 

I I  19 33 

8 14 24 

5 8 1 3  

10 16 28 

8 1 3  23 

6 10 1 8  

4 6 1 0  

3 4 8 

I 3 6 

I 3 5 

I 2 4 

I I 3 

I I 2 

I I I 
I I I 
0 I I 

0 I I 
0 I I 
0 0 I 
0 0 I 
0 0 I 

0 0 I 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

IV. 
(41) 

27 

23 

18 

9 

8 

6 

5 

4 

3 

2 

2 

I 
I 

I 
I 
I 
I 
I 

I 
0 

0 

0 

0 

0 

0 

0 

0 

0 

58 

45 

33 

1 8  

3!1 

31 

24 

14 

I I  
8 

7 

6 

4 

3 

3 

2 

I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

0 

2 2Y. 
(5!) (6!) 

46 1!0 
38 f>6 
30 53 

16 28 

1 3  22 

1 0  17 
9 15 

7 I 3  
5 9 

4 7 

4 6 

3 5 

3 5 

I 3 

I 3 

I 3 

I 2 

I 2 

I I 
I I 
I I 
I I 
I I 

I I 
0 I 
0 I 
0 I 
0 I 

96 lf>8 
74 129 

55 96 

30 53 

64 1 12 

5 1  90 

40 70 

24 42 

18 32 

1 3  24 

12 20 

10 1 7  

7 12 

6 1 0  

5 9 

4 7 

3 6 

3 5 

2 4 

I 4 

1 3 

1 3 

1 2 

I I 
I I 
I I 
I I 

I I 

3 
(78) 

120 

100 

81 

42 

34 

26 

23 

20 

1 3  

I I  
10 

8 

7 

5 

5 

4 

4 

3 

3 

2 

2 

2 

I 

I 
I 

I 
I 
I 

254 

195 

145 

81 

lf>9 
136 

106 

63 

48 

36 

31 

26 

18 

1 6  

1 3  

I I  
9 

7 

6 

6 

5 

4 

3 

3 

3 

3 

2 

2 

sv. 
(91) 

157 

131 

105 

55 

44 

34 

30 
26 

1 7  

15 

1 3  

I I  
9 

7 

6 

6 

5 

4 

4 

3 

3 

3 

3 

2 

I 

I 
I 
I 

332 

255 

190 

105 

221 

1 77 

138 

83 

63 

47 

40 

34 

24 

20 

1 7  

1 5  

12 

10 

8 

7 

7 

6 

4 

4 

4 

3 

3 

3 

4 5 6 
(lOS) (129) (155) 

201 302 427 

167 251 354 

135 203 286 

70 106 150 

56 85 120 

44 66 94 

38 58 82 

33 50 71 

22 33 47 

19 29 41 

1 7  25 35 

14 21 30 

12 1 8  26 

9 1 4  20 

8 12 1 7  

7 I I  16 

7 1 0  14 

6 8 12 

5 7 1 0  

4 6 \1 

4 6 8 

4 6 8 

3 5 7 

3 5 7 

2 3 5 

I 3 4 

I 3 4 

I 2 3 

424 638 900 

326 490 f,<Jl 
243 365 5 1 5  

1 35 203 286 

282 424 5\1\1 

227 341 481 

1 77 266 376 

106 159 225 

81 122 1 72 

f.O 91 128 

52 78 1 1 0 

44 66 94 

31 46 66 

26 40 56 

22 33 47 

19 28 40 

1 6  24 33 

13 19 27 

I I  1 6  23 

10 1 5  21 

9 1 3  1 9  

7 I I  16 

6 9 1 3  

5 8 I I  
5 7 10 

5 7 10 

4 6 9 

4 6 8 
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Table C. I Continued 

Type 

Tlllll'\, TlJWI'\, 
TIIW�-2 

FEP, FEPB, PFA. 
PF.-\11, TFE 

PFA, PF.-\11, TFE 

PFA, PF.-\11, TFE, Z 

z 

XIIIIW, ZW, 
XIIIIW-2, XIIII 

Conductor 
Size 

(AWG/kcmil) 

12!.0 
1500 
17!.0 
2000 

14 
12 
10 
8 
6 

4 
3 
2 
1 

l/0 
2/0 
3/0 
4/0 

2!.0 
300 
3!.0 
400 
500 

fJOO 
700 
7!.0 
800 
900 

1000 

14 
12 
10 
8 

6 
4 
3 
2 

1 

l/0 
2/0 
3/0 
4/0 

14 
12 
10 
8 
6 

4 
3 
2 
1 

14 
12 
10 
8 
6 

4 
3 
2 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GrRIC.-\1. com: 

'Yo 
(I%) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

I:'IIFOR.\<lATIVE ANJ'\EX C 

Trade Size (Metric Designator) 

Yr ¥, I JY. JY. % zv. ll liY. 4 
(16) (%1) (27) (liS) (41) (5ll) (6ll) (78) (91) (lOll) 

0 0 0 0 0 I 1 1 2 3 
0 0 0 0 0 I 1 1 1 2 
0 0 0 0 0 0 1 1 1 2 
0 0 0 0 0 0 1 1 1 1 

12 2'.! 35 61 84 138 241 3f>4 476 fl08 
9 16 26 45 61 101 176 2fl6 347 443 
5 10 16 28 38 f>.1 I l l  167 219 279 
3 6 9 16 22 36 f>4 96 126 161 
2 4 7 12 16 26 46 fl9 91 1 16 

I 2 4 7 10 16 28 43 56 71 
I I 3 6 8 13 24 36 47 flO 
I I 3 5 7 I I  20 30 40 51 
I I I 4 :; 8 15 22 29 37 

I I I 3 4 7 12 19 25 32 
0 I I 2 3 6 10 16 20 26 
0 I I 1 3 5 8 13 17 22 
0 I I 1 2 4 7 1 1  14 18 

0 0 I 1 I 3 6 9 1 1  15 
0 0 I 1 I 3 5 7 10 13 
0 0 I 1 I 2 4 6 9 1 1  
0 0 0 1 I I 4 6 8 10 
0 0 0 1 I I 3 5 6 8 

0 0 0 1 I I 2 4 5 7 
0 0 0 1 I I 2 3 4 6 
0 0 0 0 I I 1 3 4 5 
0 0 0 0 I I 1 3 4 5 
0 0 0 0 I I 1 3 3 4 
0 0 0 0 I I 1 2 3 4 

12 21 34 flO 81 134 234 354 462 590 
9 15 25 43 59 98 171 2!>8 337 430 
6 I I  1 8  3 1  42 70 122 185 241 309 
3 6 10 18  24 40 70 106 138 1 77 

2 4 7 12 17 28 !.0 75 98 126 
I 3 5 9 12 20 35 53 fl9 88 
I 2 4 7 10 16 29 44 57 73 
I I 3 6 8 13 24 36 47 flO 

I I 2 4 6 9 16 25 33 42 

I I 1 3 :; 8 14 21 27 35 
0 I 1 3 4 6 I I  17 22 29 
0 I 1 2 3 5 9 14 18 24 
0 I 1 1 2 4 8 1 1  15 19 

14 25 41 72 98 161 282 426 556 711  
10  18  29 51  69 1 14 200 302 394 504 
6 I I  1 8  3 1  42 70 122 185 241 309 
4 7 1 1  20 27 44 77 1 17 153 195 
3 5 8 14  19  31  54 82 107 137 

I 3 5 9 13 21 37 56 74 94 
I 2 4 7 9 15 27 41 54 fl9 
I I 3 6 8 13 22 34 45 57 
I I 2 4 6 10 18 28 36 46 

8 15 25 43 58 96 168 254 332 424 
6 I I  19 33 45 74 129 195 255 326 
5 8 14 24 33 55 96 145 190 243 
2 5 8 13  18 30 53 81 105 135 
I 3 6 10 14 2'.! 39 flO 78 100 

I 2 4 7 10 16 28 43 56 72 
I I 3 6 8 14 24 36 48 61 
I I 3 5 7 I I  20 31 40 51 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
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CHAPTER 9  

5 6 
(1%9) (155) 

4 6 
4 5 
3 5 
3 4 

914 1290 
flflf> 941 
420 593 
242 342 
175 247 

107 152 
91 128 
76 108 
56 80 
47 67 
40 !.0 
33 46 
27 38 

22 31 
19 27 
17 24 
15 21 
12 17 

10 14 
9 12 
8 12 
8 1 1  
7 10 
6 9 

886 1252 
f>47 913 
4f>4 655 
2fl6 376 

189 267 
132 187 
1 10 155 
91 128 

63 89 

53 74 
43 61 
36 51 
29 41 

IOf.S 1508 
758 1070 
4f>4 655 
293 414 
200 291 

142 200 
103 146 
86 121 
70 98 

638 900 
490 691 
365 515 
203 286 
150 212 

10!1 153 
92 130 
7i 109 

(ronlimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C. I Continued 

Conductor 
Trade Size (Metric Designator) 

Size 'Yo Yr ¥, I JY. JY. % zv. ll 
Type (AWG/kcmil) (I%) (16) (%1) (27) (liS) (41) (5ll) (6ll) (78) 

XIIII\\', XIIIIW-2, 1 - I I 1 4 :; I! 15 23 
XIIII l/0 I I 1 3 4 7 13 19 -

2/0 - 0 I 1 2 3 6 10 16 
3/0 - 0 I 1 1 3 5 9 13 
4/0 - 0 I 1 1 2 4 7 1 1  

2!.0 - 0 0 1 1 1 3 6 9 
300 - 0 0 1 1 1 3 5 I! 
3!.0 - 0 0 1 I 1 2 4 7 
400 - 0 0 0 I 1 1 4 6 
500 - 0 0 0 1 1 1 3 5 

f.OO - 0 0 0 1 1 1 2 4 
700 - 0 0 0 0 1 1 2 3 
7!.0 - 0 0 0 0 1 1 1 3 
1!00 - 0 0 0 0 1 1 1 3 
900 - 0 0 0 0 1 1 1 3 

1000 - 0 0 0 0 0 1 1 2 
12!.0 - 0 0 0 0 0 1 1 1 
1500 - 0 0 0 0 0 1 1 1 
17!.0 - 0 0 0 0 0 0 1 1 
2000 - 0 0 0 0 0 0 1 1 

FIXTURE WIRES 

RFII-2, ffll-2, RFIIII-2 II! - I! 14 24 41 56 !r.! 161 244 
16 - i 12 20 34 4i ill 136 205 

Sf-2, Sff-2 II! - 10 II! 30 52 it 1 16 203 307 
16 - I! 15 25 43 51! !16 161! 254 
14 - i 12 20 34 4i ill 136 205 

Sf-1, Sff-1 II! - 11! 33 53 92 125 200 3f.O 544 

RFII-1, Tf, Tff, Xf, II! - 14 24 39 fll! !12 152 2f,C, 402 
Xff 16 - 1 1  19 31 55 i4 123 215 324 

Xf, Xff 14 - I! 15 25 43 51! !16 161! 254 

T�. TFF.'I II! - 22 31! 63 109 141! 244 426 f>43 
16 - li  29 41! 1!3 1 13 11!6 325 491 

Pf, PFF, PGF, PGFF, II! - 21 36 59 103 140 231 404 610 
PAF, PTF, PTFF, 16 - 16 21! 46 7!1 101! li9 312 471 
PAFF 14 - 12 21 34 f.O I! I 134 234 354 

ZF, Zff, Zllf II! - 2i 47 77 133 11!1 2!11! 520 71!6 
16 - 20 35 56 91! 133 220 31!4 !'11!0 
14 - 14 25 41 72 !II! 161 21!2 426 

KF-2, KFF-2 II! - 40 it 1 15 l9'J 2il 447 il!l 1 179 
16 - 21! 49 1!0 139 11!!1 312 !>45 1!23 
14 - 1!1 33 54 93 l2i 209 3f,C, 553 
12 - 13 23 37 65 Ill! 146 254 31!4 
10 - I! 15 25 43 51! !16 161! 254 

KF-1, KFF-1 II! - 46 1!2 133 230 313 516 !101 1361 
16 - 33 57 93 161 220 3f>.1 f>.13 956 
14 - 22 31! 63 10!1 141! 244 426 f>43 
12 - 14 25 41 72 !II! 161 21!2 426 
10 - 9 16 27 4i 64 105 11!4 271! 

Xf, Xff 12 - 4 I! 13 23 31 51 90 136 
10 - 3 6 10 11! 24 40 70 106 

l'otes: 

liY. 
(91) 

30 

25 
21 
17 
14 

12 
10 
9 
I! 
6 

5 
4 
4 
4 
3 

3 
2 
1 
1 
1 

311! 
2fll! 

401 
332 
2fll! 

710 

524 
423 

332 

1!39 
f>41 

796 
615 
462 

1026 
757 
556 

1539 
1074 
721 
!.02 
332 

1776 
1241! 
1!39 
556 
363 

177 
131! 

1. Thi• table is for concentric strdnded conductors only. For compact stranded conductors, Table C. I (A) should be u.�d. 
2. Two-hour fire-rated RHH cable has ceramifiable in•ulation, which has much larger diameters dtan other RHH \\ires. 
Consult manufdcturer's conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\ithout outer covering. 

4 5 6 
(lOll) (1%9) (155) 

31! 57 I! I 

32 41! fll! 
27 40 57 
22 33 47 
11! 2i 39 

15 22 32 
13 1!1 27 
1 1  l i  24 
10 15 21 
I! 12 II! 

6 10 14 
6 !I 12 
5 I! 12 
5 I! I I  
4 i 10 

4 6 9 
3 :; 7 
3 4 6 
2 4 5 
1 3 5 

407 61 1 l!f>.1 
343 515 721! 

513 771 101!1! 
424 631! 900 
343 515 721! 

901! 13f>4 1926 

670 lOOi 142'.! 
541 1!13 1 141! 

424 631! 900 

1073 1612 22i6 
1!19 1231 1731! 

1017 1521! 21!'11! 
71!7 1 11!2 lfK>9 
590 1!1!6 1252 

131 1 1970 271!2 
967 1453 2052 
71 1 lOfll! 1501! 

1967 2955 4li3 
1372 2062 2911 
922 131!5 l9!K> 
f>41 9f>.1 13f.O 
424 631! 900 

2'.!69 3410 41!15 
1595 2396 331!.1 
1073 1612 22i6 
71 1 lOfll! 1501! 
464 691! 91!5 

227 341 41!1 
177 2f,C, 3i6 
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C. I (A) Maximum Number of Conductors or FIXture WJreS in Electrical Metallic Tubing (EMT) 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ � � � I IY. I� % 2� 
Type Ju:mil) (I%) (16) (21) (27) (35) (41) (53) (63) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, TJJJJW II - 2 4 6 I I  16 26 46 
6 - I 3 5 9 12 20 35 
4 - I 2 4 6 9 15 26 
2 - I I 3 5 i I I  19 
I - I I I 3 4 8 13 

l/0 - I I I 3 4 i 12 
2/0 - 0 I I 2 3 5 10 
3/0 - 0 I I I 3 5 s 
4/0 - 0 I I I 2 4 i 

250 - 0 0 I I I 3 5 
300 - 0 0 I I I 3 5 
350 - 0 0 I I I 2 4 
400 - 0 0 0 I I I 4 
500 - 0 0 0 I I I 3 

f>OO - 0 0 0 I I I 2 
iOO - 0 0 0 I I I 2 
i50 - 0 0 0 0 I I I 
900 - 0 0 0 0 I I I 

1000 - 0 0 0 0 I I I 

Till IN, TIIWN, II - - - - - - - -

TIIWN-2 6 - 2 4 i 13 18 29 52 
4 - I 3 4 s I I  18 32 
2 - I I 3 f> 8 13 23 
I - I I 2 4 6 10 li 

l/0 - I I I 3 5 8 14 
2/0 - I I I 3 4 i 12 
3/0 - 0 I I 2 3 6 10 
4/0 - 0 I I I 3 5 s 

250 - 0 I I I 4 f> 
300 - 0 0 I I 3 5 
350 - 0 0 I I 3 5 
400 - 0 0 I I 2 4 
500 - 0 0 0 I I 4 

f>OO - 0 0 0 I I 3 
iOO - 0 0 0 I I 2 
i50 - 0 0 0 I I 2 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

XIIII\\', XIIIIW-2 II - 3 5 II 15 2 34 59 
6 - I 4 6 I I  15 25 44 

4 - I 3 4 s I I  18 32 
2 - I I 3 f> 8 13 23 
I - I I 2 4 6 10 li 

1/0 - I I I 3 5 8 14 
2/0 - I I I 3 4 i 12 
3/0 - 0 I I 2 3 6 10 
4/0 - 0 I I I 3 5 s 

250 - 0 I I I 2 4 i 
300 - 0 0 I I I 3 f> 
350 - 0 0 I I I 3 5 
400 - 0 0 I I I 2 4 
500 - 0 0 0 I I I 4 

600 - 0 0 0 I I I 3 
iOO - 0 0 0 I I I 2 
i50 - 0 0 0 I I I 2 
900 - 0 0 0 0 I I I 

1000 - 0 0 0 0 I I I 

Definuion: C.o111pact .<lramling 1s the result of a manufacturmg process where the stranded conductor 1s 
compres.'led to the extent that the interstices (void� between strand \\ires) are 'irtually eliminated. 

20'.!3 t:dition :'\.-\:110:-IAI. t:l.t:GJ'RJCAL COJ>t: 

3 
(78) 

f>9 
53 
40 

29 
21 

18 
15 
13 
I I  

8 
i 
6 
6 
5 

4 
3 
3 
3 
2 

-

i8 
48 
34 
26 

22 
18 
15 
12 

10 
8 
i 
6 
5 

4 
4 
4 
3 
3 

90 
f>fj 

48 
34 
26 

22 
18 
15 
13 

10 
9 
8 
i 
6 

4 
4 
3 
3 
3 

3!r. 4 
(91) (103) 

90 1 15 
iO 119 
52 6i 
311 49 
2i 34 

23 30 
20 25 
li 21 
14 18 

I I  14 
9 12 
8 I I  
8 10 
6 8 

5 i 
4 6 
4 5 
4 5 
3 4 

- -

102 130 
f�'l Ill 
45 58 
34 43 

29 3i 
24 30 
20 25 
16 21 

13 16 
I I  14 
10 12 
9 I I  
i 9 

6 i 
5 i 
5 6 
4 5 
3 4 

I Ii 149 
Si I l l  
f�'l Ill 
45 58 
34 43 

29 3i 
24 31 
20 25 
li 21 

13 li 
I I  14 
10 13 
9 I I  
i 9 

6 8 
5 i 
5 6 
4 5 
4 5 
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5 6 
(1%9) (155) 

li-t 245 
134 189 
100 142 
i4 105 
52 i3 

45 63 
38 53 
32 46 
2i 311 

21 30 
18 26 
16 23 
15 21 
12 Ill 

10 14 
9 13 
8 12 
i 10 
i 9 

- -

196 2ii 
121 Iii 
IIi 123 
f>5 92 

55 ill 
46 f>5 
38 54 
32 45 

25 35 
21 30 
19 2i 
li 24 
14 20 

I I  16 
10 14 
9 13 
8 I I  
i 10 

225 31i 
l6i 23f> 
121 Iii 
IIi 123 
f>5 92 

55 ill 
4i f>fj 

38 54 
32 4f> 

26 3f> 
22 31 
19 2i 
li 25 
14 20 

I I  16 
10 14 
9 13 
8 I I  
i 10 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.2 Maximum Number of Conductors or FIXture Wires in Electrical Nonmetallic Tubing (ENT) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

RJJJJ, RJJW, RIIW-2 

TI\', TI Ill\\', TI IW, 
TIIW-2 

Rllll*, RIIW*, 
RIIW-2* 

TI\', TI IW, TIIIIW, 
TIIW-2, Rllll*, 
RIIW*, RIIW-2* 

Conductor 
Size 

(AWG/ 
kcmU) 

14 
12 
10 
I! 
6 

4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
!.00 

f.OO 
iOO 
i50 
1!00 
900 

1000 
1250 
1!.00 
l i50 
2000 

14 
12 
10 
I! 

14 
12 
10 
I! 

6 
4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
!.00 

fJOO 
iOO 
i50 
1!00 
900 

1000 

o/, 
(12) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

v. 
(16) 

4 
3 
2 
1 
1 

1 
1 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I! 
6 
4 
2 

5 
4 
3 
I 

I 
I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

¥., 
(21) 

i 
5 
4 
2 
1 

1 
1 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

14 
1 1  
I! 
4 

\1 
I! 
6 
3 

2 
I 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

'Ii'ade Size (Melric Designator) 

1 
(27) 

IV. 
(35) 

CONDUCTORS 

I I  20 
9 16 
i 13 
4 i 
3 5 

2 4 
I 4 
I 3 
I I 

I I 
I I 
I I 
I I 

0 I 
0 I 
0 I 
0 I 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

24 42 
II! 32 
13 24 
7 13 

16 21! 
13 2'.! 
10 li 
6 10 

4 I! 
3 6 
3 5 
2 4 
1 3 

1 2 
1 I 
1 I 
1 I 

1 I 
1 I 
0 I 
0 I 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

IV. 
(41) 

2i 
2'.! 
11! 
9 
i 

6 
5 
4 
3 

2 
I 
I 
I 

I 
I 
I 
I 
I 

I 
0 
0 
0 
0 

0 
0 
0 
0 
0 

57 
44 

32 
II! 

31! 
30 
24 
14 

I I  
I! 
i 
6 
4 

3 
3 
2 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

0 

2 
(53) 

45 
3i 
30 
15 
12 

10 
I! 
i 
5 

4 
3 
3 
2 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
0 
0 
0 
0 

\14 
i2 
!>4 
30 
f>.1 

!.0 
39 
23 

II! 
13 
I I  
10 
i 

6 
5 
4 
3 

3 
2 
I 
I 
I 

I 
I 
I 
I 
I 

I 

2\1, 
(63) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3 3\1, 
(78) (91) 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

4 5 
(103) (129) 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

6 
(155) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

(ronlinUPS) 

70-778 l'\.-\TJO:'\AL EJ..EGJ'RIC·\L com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



Table C.2 Continued 

Conductor 
Size 

(AWG/ 
'JYpe kcmil) 

1250 
1!.00 
1750 
2000 

Tlllll'\, TIJW!'\, 14 
TIIW�-2 12 

10 
I! 
6 

4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 
f.OO 
700 
750 
1!00 
900 

1000 

FEP, FEPB, PFA, 14 
PF.-\11, TFE 12 

10 
I! 

6 
4 
3 
2 

PFA, PF.-\11, TFE 1 

PFA, PF.-\11, TFE, Z 1/0 
2/0 
3/0 
4/0 

z 14 
12 
10 
I! 
6 

4 
3 
2 
1 

XIIIIW, ZW, 14 
XIIIIW-2, XIIII 12 

10 
I! 
6 

4 
3 
2 

o/, 
(12) 

-
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-
-

-
-
-
-
-
-

-
-
-
-

-
-
-
-

-

-
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-
-

-
-
-

20'.!3 t:dition :'\.-\:110:-1.-\1. t:l.t:GrRJCAL com: 

v. 
(16) 

0 
0 
0 
0 

I I  
I! 
5 
3 
I 

I 
I 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

I I  
I! 
6 
3 

2 
I 
I 
I 

I 

I 
0 
0 
0 

13 
9 
6 
3 
2 

I 
I 
I 
I 

I! 
6 
4 
2 
I 

I 
I 
I 

I:'IIFOR.\<lATIVE ANJ'\EX C 

Trade Size (Melric Designator) 

¥., I IV. IV. 2 %\1, ll 3\1, 4 
(21) (27) (35) (41) (53) (63) (78) (91) (lOll) 

0 0 0 0 I - - - -
0 0 0 0 I - - - -
0 0 0 0 0 - - - -
0 0 0 0 0 - - - -

21 34 flO 1!2 135 - - - -
15 25 43 59 99 - - - -
\1 15 27 37 62 - - - -
5 9 16 21 36 - - - -
4 6 I I  15 26 - - - -

2 4 7 9 16 - - - -
I 3 6 I! 13 - - - -
I 3 5 7 I I  - - - -
I I 3 5 I! - - - -

I I 3 4 7 - - - -
I I 2 3 6 - - - -
I I I 3 5 - - - -
I I I 2 4 - - - -

0 I I I 3 - - - -
0 I I I 3 - - - -
0 I I I 2 - - - -
0 0 I I I - - - -
0 0 I I I - - - -

0 0 I I I - - - -
0 0 0 I I - - - -
0 0 0 I I - - - -
0 0 0 I I - - - -
0 0 0 I I - - - -
0 0 0 0 I - - - -

20 33 !ol! 79 131 - - - -
15 24 42 !ol! 96 - - - -
10 17 30 41 69 - - - -
6 10 17 24 39 - - - -

4 7 12 17 21! - - - -
3 5 I! 12 19 - - - -
2 4 7 10 16 - - - -
I 3 6 I! 13 - - - -

I 2 4 5 9 - - - -

I 1 3 4 I! - - - -
I 1 3 4 6 - - - -
I 1 2 3 5 - - - -
I 1 I 2 4 - - - -

24 40 70 \15 151! - - - -
17 21! 49 fol! 112 - - - -
10 17 30 41 69 - - - -
6 I I  19 26 43 - - - -
4 7 13 II! 30 - - - -

3 ;, 9 12 21 - - - -
2 4 6 9 15 - - - -
I 3 5 7 12 - - - -
I 2 4 6 10 - - - -

14 24 42 57 94 - - - -
I I  II! 32 44 72 - - - -
I! 13 24 32 54 - - - -
4 7 13 II! 30 - - - -
3 5 10 13 22 - - - -

2 4 7 9 16 - - - -
I 3 6 I! 13 - - - -
I 3 5 7 I I  - - - -
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5 6 
(1%9) (155) 

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -

(ronlimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.2 Continued 

Conductor 'Ii'ade Size (Melric Designator) 
Size 

(AWG/ o/, v. ¥., I IV. IV. 2 2\1, 
'JYpe kcmU) (12) (16) (21) (27) (35) (41) (53) (63) 

XIIII\\', XIIIIW-2, 1 - I I 1 3 5 I! -
XIIII 

l/0 - 0 I 1 3 4 7 -
2/0 - 0 I 1 2 3 6 -
3/0 - 0 1 1 1 3 5 -
4/0 - 0 1 1 1 2 4 -

250 - 0 0 1 1 1 3 -
300 - 0 0 1 I 1 3 -
350 - 0 0 1 I 1 2 -
400 - 0 0 0 1 1 1 -
!.00 - 0 0 0 1 1 1 -

f.OO - 0 0 0 1 1 1 -
700 - 0 0 0 0 1 1 -
750 - 0 0 0 0 1 1 -
1!00 - 0 0 0 0 1 1 -
900 - 0 0 0 0 1 1 -

1000 - 0 0 0 0 0 1 -
1250 - 0 0 0 0 0 1 -
1!.00 - 0 0 0 0 0 1 -
1750 - 0 0 0 0 0 0 -
2000 - 0 0 0 0 0 0 -

FIXTURE WIRES 

RFII-2, ffll-2, II! - I! 14 23 40 54 90 -
RFIIII-2 16 - 6 12 19 33 46 76 -

Sf-2, Sff-2 II! - 10 17 29 50 69 114 -
16 - I! 14 24 42 57 94 -
14 - 6 12 19 33 46 76 -

Sf-1, Sff-1 II! - 17 31 51 1!9 122 202 -

RFII-1 ,  Tf, Tff, II! - 13 23 31! f>f> 90 149 -
Xf, Xff 16 - 10 II! 30 53 73 120 -

Xf, Xff 14 - I! 14 24 42 57 94 -

T�. TFF.'I II! - 20 37 fJ() 105 144 239 -
16 - 16 21! 46 1!0 110 11!3 -

Pf, PFF, PGF, PGFF, II! - 19 35 57 100 137 2'.!7 -
PAF, PTF, PTFF, 16 - 15 27 44 77 106 175 -
PAFF 14 - II  20 33 51! 79 131 -

ZF, Zff, Zllf II! - 25 45 74 129 176 292 -
16 - II! 33 54 95 130 216 -
14 - 13 24 40 70 95 151! -

KF-2, KFF-2 II! - 31! 67 I l l  193 265 439 -
16 - 26 47 77 135 11!4 306 -
14 - II! 31 52 91 124 205 -
12 - 12 22 36 63 1!6 143 -
10 - I! 14 24 42 57 94 -

KF-1, KFF-1 II! - 44 71! 121! 2'.!3 305 !.06 -
16 - 31 55 90 157 214 355 -
14 - 20 37 fJ() 105 144 239 -
12 - 13 24 40 70 95 151! -
10 - 9 16 26 45 62 103 -

Xf, Xff 12 - 4 I! 13 22 30 50 -
10 - 3 6 10 17  24 39 -

l'otes: 

ll 
(78) 

-

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

-
-
-

-

-
-

-

-
-

-
-
-

-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C.2(A) should he u.�d. 
2. Two-hour fire-rated RHH cahle has ceramifiahle in.•ulation, which has much larger diameters than other RHH \\ires. 
Consult manufdcturer's conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\ithout outer covering. 

3\1, 4 5 6 
(91) (lOll) (129) (155) 

- - - -

- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -

- - - -
- - - -
- - - -

- - - -

- - - -
- - - -

- - - -

- - - -
- - - -

- - - -
- - - -
- - - -

- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
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I:'IIFOR.\<lATIVE ANJ'\EX C CHAPTER 9  

Table C.2(A) Maximum Number of Conductors or FIXture WJreS in Electrical Nonmetallic Tubing (ENT) 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: De>liguator) 
Size 

(AWG/ � � �. I I !It ·� % %� 3 3� 4 5 6 
Type kcmil) (I%) (16) (%1) (%7) (35) (41) (53) (63) (78) (91) (103) (1%9) (155) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, II 4 6 I I  15 26 
Till I\\' 6 3 5 9 12 20 

4 I 3 6 9 15 
2 I 2 5 6 I I  
I I I 3 4 7 

l/0 0 3 4 6 
2/0 0 2 3 5 
3/0 0 I 3 5 
4/0 0 I 2 4 

2.:;0 0 0 I 3 
300 0 0 I 2 
3.:;0 0 0 I 2 
400 0 0 0 I 
500 0 0 0 I 

600 0 0 0 I 
700 0 0 0 0 
750 0 0 0 0 
900 0 0 0 0 

1000 0 0 0 0 

Till IN, TIIWN, II 
TIIWN-2 6 2 4 7 13 17 29 

4 I 2 4 II I I  Ill 
2 I I 3 5 II 13 
I I I 2 4 6 9 

l/0 I 3 5 II 
2/0 0 3 4 7 
3/0 0 2 3 5 
4/0 0 I 3 4 

2.:;0 0 0 I 3 
300 0 0 I 3 
3.:;0 0 0 I 3 
400 0 0 I 2 
500 0 0 0 I 

600 0 0 0 I 
700 0 0 0 I 
750 0 0 0 I 
900 0 0 0 0 

1000 0 0 0 0 

XIIII\\', XIIIIW-2 II 3 5 s 14 20 33 
6 I 4 6 I I  15 25 
4 I 2 4 II I I  Ill 
2 I I 3 5 II 13 
I I I 2 4 6 9 

1/0 I 3 5 II 
2/0 I 3 4 7 
3/0 0 2 3 5 
4/0 0 I 3 5 

2.:;0 0 0 I 4 
300 0 0 I 3 
3.:;0 0 0 I 3 
400 0 0 I 2 
500 0 0 0 I 

600 0 0 0 I 
700 0 0 0 I 
750 0 0 0 I 
900 0 0 0 0 

1000 0 0 0 0 

Definition: l.o111pact .<lramling is the result of a manufacturing process where the stranded conductor is 
compres.'led to the extent that the interstices (void� between strand wires) are \irtually eliminated. 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.3 Maximum Number of Conductors or FIXture Wires in Flexible Metal Conduit (FMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

RJJJJ, RJJW, RIIW-2 

TI\', n Ill\\', n 1w. 
TIIW-2 

Rllll*, RIIW*, 
RJIW-2* 

TI\', TIIW, TIIIIW, 
TIIW-2, Rllll*, 
RIIW*, RIIW-2* 

Conductor 
Size 

(AWG/ 
kcmU) 

14 
12 
10 
8 
6 

4 
3 
2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
!..00 

f!OO 

700 
750 
800 
900 

1000 
1250 
1!..00 
1750 
2000 

14 
12 
10 
8 

14 
12 
10 
8 

6 
4 
3 
2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
!..00 

f!OO 

700 
750 
800 
900 

1000 

o/, 
(12) 

I 
I 
I 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

3 
2 
I 
I 

I 
I 
I 
I 

I 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

v. 
(16) 

4 
3 
3 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

9 
7 
5 
3 

6 
5 
4 
I 

I 
I 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

¥., 
(21) 

7 
6 
;; 
2 
I 

I 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

15 
I I  
8 
;; 

10 
8 
6 
4 

3 
I 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

'Ii'ade Size (Melric Designator) 

I 
(27) 

IV. 
(liS) 

CONDUCTORS 

I I  17 
9 14 
7 I I  
4 6 
3 :; 

2 4 
I 3 
I 3 
I I 

I I 
I I 
I I 
I I 

0 I 
0 I 
0 I 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

23 36 
18 28 
13 21 
7 I I  

15 24 
12 1!1 
10 15 
6 9 

4 7 
3 ;; 
3 4 
2 4 
I 2 

I I 
I I 
I I 
I I 

I I 
I I 
0 I 
0 I 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

IV. 
(41) 

25 
21 
17  
9 
7 

:; 
:; 
4 
2 

2 
I 
I 
I 

I 
I 
I 
I 
I 

I 
0 
0 
0 
0 

0 
0 
0 
0 
0 

53 
41 
30 
17  

35 
28 
22 
13 

10 
7 
6 
:; 
4 

3 
3 
2 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

0 

2 
(53) 

44 

37 
30 
15 
12 

10 
8 
7 
;; 

4 
3 
3 
2 

0 
0 
0 

94 
72 
54 
30 
62 
50 
3!1 
23 

18 
13 
I I  
10 
7 

6 
:; 
4 
3 

3 
2 
I 
I 
I 

I 
I 
I 
I 
I 

I 

2V. 
(63) 

67 
:;;; 
45 
23 
1!1 

14 
13 
I I  
7 

6 
;; 
:; 
4 

3 
2 
2 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

141 
108 
81 
45 

!14 
i5 
5!1 
35 

27 
20 
17 
14 
10 

!I 
7 
6 
;; 

4 
3 
3 
3 
2 

I 
I 
I 
I 
I 

I 

ll 
(78) 

96 
80 
f>4 
34 

27 

21 
18 
16 
10 

!I 
8 
7 
6 

4 
4 
3 
3 
3 

2 
I 
I 
I 
I 

I 
I 
I 
I 
I 

203 
156 
1 16 

f>4 

135 
108 
85 
51 

3!1 
2!1 
25 
21 
15 

12 
10 
!I 
7 

6 
:; 
4 
4 
3 

3 
2 
2 
I 
I 

I 

liV. 
(91) 

131 
10!1 

88 
46 

37 

2!1 
25 
22 
14 

12 
I I  
!I 
8 

6 
;; 
;; 
4 
4 

3 
3 
2 
2 
2 

I 
I 
I 
I 
I 

277 
212 
158 

88 

184 
148 
1 15 
6!1 
53 
3!1 
34 

2!1 
20 

17 
14 
12 
10 

8 
7 
6 
6 
;; 

4 
3 
3 
3 
3 

2 

4 
(103) 

171 
142 
1 15 

flO 

48 

37 
33 
28 
1!1 

16 
14 
12 
10 

8 
7 
6 
6 
:; 

4 
3 
3 
3 
3 

3 
I 
I 
I 
I 

361 
277 
207 
1 15 

240 
193 
151 
90 

6!1 
51 
44 

37 
26 

22 
1!1 
16 
13 

I I  
!I 
8 
7 
6 

;; 
4 
4 
4 
3 

3 

5 
(129) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

6 
(155) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

(rontimus) 
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Table C.3 Continued 

Conductor 
Size 

(AWG/ 
'JYpe kcmil) 

1250 
1!.00 
1750 
2000 

Tlllll'\, TIJWI'\, 14 
TIIW�-2 12 

10 
I! 
6 

4 
3 
2 
1 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 
f.OO 
700 
750 
1!00 
900 

1000 

FEP, FEPB, PFA, 14 
Pf.-\11, TFE 12 

10 
I! 

6 
4 
3 
2 

PFA, Pf.-\11, TFE 1 

PFA, Pf.-\11, TFE, Z l/0 
2/0 
3/0 
4/0 

z 14 
12 
10 
I! 
6 

4 
3 
2 
1 

XIIIIW, ZW, 14 
XIIIJW-2, XIIII 12 

10 
I! 
6 

4 
3 
2 

o/, 
(12) 

0 
0 
0 
0 

4 
3 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

4 
3 
2 
I 

I 
I 
0 
0 

0 

0 
0 
0 
0 

5 
4 
2 
I 
I 

I 
0 
0 
0 

3 
2 
I 
I 
I 

0 
0 
0 

20'.!3 t:dition :'\.-\:110:-1.-\1. t:J.t:GrRJCAL COtn: 

\1, 
(16) 

0 
0 
0 
0 

13 
9 
6 
3 
2 

1 
1 
1 
1 

1 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

12 
9 
6 
4 

2 
1 
1 
1 

1 

1 
1 
0 
0 

15 
I I  
6 
4 
3 

1 
1 
1 
1 

9 
7 
5 
3 
1 

1 
1 
1 

I:'IIFOR.\<lATIVE ANJ'\EX C 

Trade Size (Melric Designator) 

� I IY. IY. % 2Y. ll liY. 4 
(%1) (%7) (35) (41) (53) (63) (78) (91) (103) 

0 0 0 0 I I I I 2 
0 0 0 0 0 I I I I 
0 0 0 0 0 I I I I 
0 0 0 0 0 I I I I 

22 33 52 76 135 202 291 396 511! 
16 24 31! 56 \II! 147 212 21!\l 371! 
10 15 24 3:. 62 93 134 11!2 231! 

6 9 14 20 3:. 53 7i to:. 137 
4 6 10 14 2:. 31! 55 76 9\l 
2 4 6 \l 16 24 34 46 61 
I 3 5 7 13 20 2\l 3\l 51 
I 3 4 6 I I  17 24 33 43 
I I 3 4 I! 12 II! 24 32 

I I 2 4 7 10 Jr. 20 27 
I I I 3 6 \l 12 17 22 
I I I 2 :; 7 10 14 II! 
I I I I 4 6 I! 12 Jr. 

0 I I I 3 ;, 7 \l 12 
0 I I I 3 4 6 I! 1 1  
0 I I I 2 3 :; 7 \l 
0 0 I I I 3 :; 6 I! 
0 0 I I I 2 4 ;, 7 

0 0 0 I I I 3 4 ;, 
0 0 0 I I I 3 4 ;, 
0 0 0 I I I 2 3 4 
0 0 0 I I I 2 3 4 
0 0 0 0 I I I 3 4 
0 0 0 0 I I I 3 3 

21 32 51 74 130 1\16 21!2 31!:. 502 
Jr. 24 37 54 \1:. 143 206 21!1 367 
1 1  17 26 3\l 61! 103 141! 201 263 
6 10 Jr. 22 3\l :.\1 s:. 1 1:. 151 

4 7 1 1  16 21! 42 flO 1!2 107 
3 5 7 1 1  1\l 2\l 42 5i 7:. 
2 4 6 \l 16 24 3:. 41! 62 
I 3 5 7 13 20 2\l 3\l 51 

I 2 3 ;, \l 14 20 27 36 

I I 3 4 I! I I  17 23 30 
I I 2 3 6 \l 14 1\l 24 
I I I 3 :; I! 1 1  Jr. 20 
I I I 2 4 6 \l 13 16 

2:. 39 61 1!\l 1:.7 236 340 463 r..o:. 
II! 21! 43 63 1 1 1  161! 241 32\l 42\l 
1 1  17 26 3\l 61! 103 141! 201 263 
7 1 1  17 24 43 6:. 93 127 lf!6 
5 7 12 17 30 4:. 6:. 1!\l 1 17  

3 5 I! 12 21 31 4:. 61 1!0 
2 4 6 I! Jr. 23 33 4:. 58 
I 3 5 7 12 1\l 27 37 4\l 
I 2 4 6 10 Jr. 22 30 3\l 

Jr. 23 36 53 \14 141 203 277 361 
1 1  II! 21! 41 72 101! 156 212 27i 
I! 13 21 30 :.4 !!I 1 16 151! 207 
;, 7 1 1  17 30 4:. f>4 1!1! 1 1:. 
3 5 I! 12 22 33 41! 6:. s:. 

2 4 6 \l 16 24 34 47 61 
I 3 5 7 13 20 2\l 40 52 
I 3 4 6 I I  17 24 33 44 

Copyright ;;;; NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
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5 6 
(1%9) (155) 

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -

(ronlimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.3 Continued 

Conductor 'Ii'ade Size (Melric Designator) 
Size 

(AWG/ o/, \1, � I IY. IV. 2 2V. 
'JYpe kcmil) (12) (16) (21) (27) (35) (41) (53) (63) 

XIIII, XIIII\\', 1 0 1 I I 3 ;, I! 13 
XIIIIW-2 1/0 0 1 I I 2 4 i 10 

2/0 0 0 I I 2 3 6 \1 
3/0 0 0 I I I 3 ;, i 
4/0 0 0 I I I 2 4 6 

250 0 0 0 I I I 3 ;, 
300 0 0 0 I I I 3 4 
350 0 0 0 I I I 2 4 
400 0 0 0 0 I I I 3 
!.00 0 0 0 0 I I I 3 

fJOO 0 0 0 0 0 I I I 
700 0 0 0 0 0 I I I 
750 0 0 0 0 0 I I I 
1!00 0 0 0 0 0 I I I 
900 0 0 0 0 0 0 I I 

1000 0 0 0 0 0 0 I I 
1250 0 0 0 0 0 0 I I 
1!.00 0 0 0 0 0 0 I I 
1 750 0 0 0 0 0 0 0 I 
2000 0 0 0 0 0 0 0 I 

FIXTURE WIRES 

RFII-2, ffll-2, 11! 3 I! 14 22 35 !•I \10 135 
RFIIII-2 16 2 7 12 l\1 2\1 43 76 1 14 

Sf-2, Sff-2 11! 4 1 1  11! 21! 44 64 1 13 170 
16 3 9 15 23 36 !>3 \14 141 
14  2 7 12 l\1 2\1 43 76 1 14 

Sf-1 , Sff-1 11! i 19 33 50 ill 1 14 201 302 

RFII-1 ,  Tf, Tff, 11! 5 14 24 37 58 1!4 141! 223 
Xf, Xff 16 4 1 1  1\1 30 47 61! 120 11!0 

Xf, Xff 14  3 9 15 23 36 !>3 \14 141 

Tf:-1, Tff:>l 11! I! 23 31! 5\1 \13 135 237 357 
16 6 17 2\1 45 71 103 11!1 272 

PF, PFF, PGF, PGFF, 11! I! 22 36 56 1!1! 121! 225 331! 
PAF, PTF, PTFF, 16 6 17 21! 43 61! 9\1 174 262 
PAFF 14  4 12 21 32 51 74 130 1\16 

Zf, Zff, Zllf 11! 10 21! 47 72 1 13 165 2\10 436 
16 i 20 35 53 1!3 122 214 322 
14  5 15 25 3\1 61 1!\1 157 236 

KF-2, KFF-2 11! 15 42 71 10\1 170 247 436 654 
16 10 29 4\1 76 1 11! 1 73 304 456 
14  i 20 33 51 1!0 1 16 204 307 
12 5 13 23 35 55 1!0 142 213 
10 3 9 15 23 36 !>3 \14 141 

KF-1, KFF-1 11! II! 41! 1!2 125 1\16 21!6 503 755 
16 12 34 5i 1!1! 131! 201 353 530 
14  I! 23 31! 59 93 135 237 357 
12 5 15 25 39 61 1!\1 157 236 
10 3 10 16 25 40 58 103 154 

Xf, Xff 12 I 5 I! 12 19 21! 50 i5 
10 I 4 6 10 15 22 3\1 5\1 

ll:otes: 

ll liV. 
(78) (91) 

II! 25 
15 21 
13 17 
10 14 
\1 12 

i 10 
6 I! 
:; i 
:; 6 
4 ;, 

3 4 
3 4 
2 3 
2 3 
I 3 

I 3 
I I 
I I 
I I 
I I 

1\15 265 
164 223 

246 334 
203 277 
164 223 

435 5\12 

321 437 
25\1 353 

203 277 

514 6\1\1 
3\12 534 

41!7 f!63 
377 513 
21!2 31!5 

621! 1!55 
463 631 
340 463 

942 121!2 
657 1!\15 
442 flO I 
307 411! 
203 277 

101!7 141!0 
764 1040 
514 6\1\1 
340 463 
222 303 

101! 141! 
1!5 1 15 

l .  Thi• table is for concentric strdnded conductors only. For compact stranded conductors, Table C.3(A) should he u.�d. 

4 5 
(103) (129) 

32 -
27 -
23 -
l\1 -
15 -

13 -
I I  -
\1 -
I! -
i -

;, -
;, -
4 -
4 -
4 -

3 -
3 -
2 -
I -
I -

346 -
2\12 -

437 -
361 -
2\12 -

773 -

571 -
461 -

361 -

914 -
6\11! -

1!66 -
670 -
502 -

1 1 17 -
1!24 -
r..o5 -

1675 -
1 16\1 -
71!5 -
546 -
361 -

1933 -
1351! -
914 -
r..o5 -
3\15 -

1\13 -
151 -

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. C..onsult manufacturer's 
conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\ithout outer cove1ing. 

6 
(155) 

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

-
-
-

-

-
-

-

-
-

-
-
-

-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.3(A) Maximum Number of Conductors or FIXture WJreS in Flexible Metal Conduit (FMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ to !!, � I J!r, ·� % %� 
Type kcmil) (12) (16) (21) (%7) (35) (41) (53) (63) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, s I 2 4 6 10 14 2.:; 38 
Till I\\' 6 I I 3 5 i I I  20 29 

4 0 I 2 3 5 s 15 22 
2 0 I I 2 4 6 I I  16 
I 0 I I I 3 4 i I I  

1/0 0 I I I 2 3 6 10 
2/0 0 0 I I I 3 5 s 
3/0 0 0 I I I 2 4 i 
4/0 0 0 I I I I 4 6 

250 0 0 0 I I I 3 4 
300 0 0 0 I I I 2 4 
350 0 0 0 I I I 2 3 
400 0 0 0 0 I I I 3 
500 0 0 0 0 I I I 3 

f.OO 0 0 0 0 0 I I I 
iOO 0 0 0 0 0 I I I 
i50 0 0 0 0 0 I I I 
900 0 0 0 0 0 I I I 

1000 0 0 0 0 0 0 I I 

Till IN, TIIWN, s - - - - - - - -

TII\\'N-2 6 I 3 4 i I I  16 29 43 
4 I I 3 4 i 10 IS 2i 
2 0 I I 3 5 i 13 19 
I 0 I I 2 3 5 9 14 

1/0 0 I I I 3 4 s 12 
2/0 0 I I I 2 4 6 10 
3/0 0 0 I I I 3 5 s 
4/0 0 0 I I I 2 4 i 

250 0 0 I I I I 3 5 
300 0 0 0 I I I 3 5 
350 0 0 0 I I I 3 4 
400 0 0 0 I I I 2 3 
500 0 0 0 0 I I I 3 

f.OO 0 0 0 0 I I I 2 
iOO 0 0 0 0 0 I I I 
i50 0 0 0 0 0 I I I 
900 0 0 0 0 0 I I I 

1000 0 0 0 0 0 0 I I 

XIIII\\', XIIIIW-2 s I 3 5 s 13 19 33 50 
6 I 2 4 6 9 14 24 3i 
4 I I 3 4 i 10 IS 2i 
2 0 I I 3 5 i 13 19 
I 0 I I 2 3 5 9 14 

1/0 0 I I I 3 4 s 12 
2/0 0 I I I 2 4 i 10 
3/0 0 0 I I I 3 5 s 
4/0 0 0 I I I 2 4 i 

250 0 0 I I I I 4 5 
300 0 0 0 I I I 3 5 
350 0 0 0 I I I 3 4 
400 0 0 0 I I I 2 4 
500 0 0 0 0 I I I 3 

f.OO 0 0 0 0 I I I 2 
iOO 0 0 0 0 0 I I I 
i50 0 0 0 0 0 I I I 
900 0 0 0 0 0 I I I 

1000 0 0 0 0 0 I I I 

Definuion: C.o111pact .<lramling 1s the result of a manufacturmg process where the stranded conductor 1s 
compres.'led to the extent that the interstices (void� between strand \\ires) are 'irtually eliminated. 

20'.!3 t:dition :'\.-\:110:-IAI. t:l.t:GJ'RJCAL COJ>t: 

3 
(78) 

55 
43 
32 
23 
16 

14 
12 
10 
8 

i 
6 
5 
5 
4 

3 
3 
2 
2 
I 

-

62 
38 
28 
21 

li 
14 
12 
10 

8 
i 
6 
5 
4 

3 
3 
3 
2 
I 

il 
53 
38 
28 
21 

li 
15 
12 
10 

8 
i 
6 
5 
4 

3 
3 
3 
2 
2 

3� 4 
(91) (103) 

i5 911 
58 i6 
43 5i 
32 42 
22 29 
19 25 
16 21 
14 Ill 
I I  15 

9 12 
II 10 
i 9 
6 II 
5 i 

4 6 
4 5 
3 5 
3 4 
3 4 

- -

85 I l l  
52 69 
38 49 
211 3i 

24 31 
20 26 
li 22 
14 Ill 

I I  14 
9 12 
II 10 
i 9 
6 II 

5 6 
4 6 
4 5 
3 4 
3 4 

9i 12i 
i2 95 
52 69 
38 49 
211 3i 

24 31 
20 26 
li 22 
14 Ill 

I I  14 
9 12 
II I I  
i 10 
6 II 

5 6 
4 6 
4 5 
3 4 
3 4 
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5 6 
(1%9) (155) 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -
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CHAPTER9 1:-.rFOR�lATIVE ANJ\"EX C 

Table C.4 Maximum Number of Conductors or Fixture Wires in Intermediate Metal Conduit (IMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Type 

Rllll, RIIW, 
RI I\\�2 

TI\', TIIHW, TIIW, 
TIJW-2 

Rllll*, RIIW*, 
RIIW-2* 

TI\', Tl IW, TIIIIW, 
TI I\\�2. RIIII*, 
RIIW*, RII\\�2* 

Conductor 
Size 

(AWG/ 
kcmll) 

14 
12 
10 

R 
6 

4 
3 
2 
I 

l /0 
2/0 
3/0 
4/0 

2!.0 
300 
3!.0 
400 
500 

r.oo 
700 
7:.0 
ROO 
900 

1000 
12!.0 
1500 
17:.0 
2000 

14 
12 
10 
8 

14 
12 
10 

8 

6 
4 
3 
2 
I 

l /0 
2/0 
3/0 
4/0 

2!.0 
300 
3!.0 
400 
500 

r.oo 

700 
7:.0 
ROO 
900 

1000 

'Yo 
(12) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Y, 
(16) 

4 
4 
3 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

10 
7 
5 
3 

6 
5 
4 
2 

I 
I 
I 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

¥. 
(21) 

R 
6 
5 
3 
I 

I 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 7  
1 3  

9 
5 

I I  
9 
7 
4 

3 
2 
I 
I 
I 

I 
I 
I 
I 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

'Irade Size (Metric Designator) 

1 
(27) 

1Y, 
(55) 

CONDUCTORS 

1 3  22 
1 1  I R  

R 1 5  
4 8 
3 6 

3 5 
2 4 
I 3 
I 2 

I I 
I I 
I I 
I I 

I I 
0 I 
0 I 
0 I 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

27 47 
2 1  36 
1 5  2 7  

8 1 5  

I R  31 
1 4  25 
1 1  1 9  

7 1 2  

5 9 
4 6 
3 6 
3 5 
I 3 

I 3 
I 2 
I I 
I I 

I I 
I I 
I I 
0 I 
0 I 

0 I 
0 0 
0 0 
0 0 
0 0 

0 0 

1Y, 
(41) 

30 
25 
20 
1 0  

8 

6 
6 
5 
3 

3 
2 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
0 
0 

0 
0 
0 
0 
0 

f>4 
49 
36 
20 

42 
34 
26 
1 6  

1 2  
9 
8 
6 
4 

4 
3 
3 
2 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0 

2 
(53) 

49 
41 
33 
1 7  
1 4  

1 1  
9 
R 
5 

4 
4 
3 
3 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
0 
0 
0 

104 
80 
59 
33 

fl9 
:>6 
43 
26 

20 
15 
13 
1 1  

7 

6 
5 
4 
4 

3 
2 
2 
I 
I 

I 
I 
I 
I 
I 

I 

2Y, 
(65) 

70 
58 
47 
24 
19 

1 5  
1 3  
1 1  

7 

6 
6 
5 
4 

3 
3 
2 
2 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

147 
1 1 3 
84 
47 

98 
79 
61 
37 

28 
2 1  
I R  
1 5  
1 1  

9 
8 
6 
5 

4 
4 
3 
3 
2 

I 
I 
I 
I 
I 

I 

3 
(78) 

lOR 
R9 
72 
38 
30 

23 
21 
18 
12 

10 
9 
7 
6 

5 
4 
4 
3 
3 

2 
2 
I 
I 
I 

I 
I 
I 
I 
I 

228 
1 75 
1 30 

72 

1 51 
122 
95 
57 

43 
32 
28 
23 
16 

14 
12 
10 
8 

7 
6 
5 
4 
4 

3 
3 
2 
2 
2 

I 

SY, 
(91) 

144 
120 

97 
:.o 
40 

31 
28 
24 
16 

14 
12 
10 
9 

6 
6 
5 
5 
4 

3 
3 
3 
3 
2 

2 
I 
I 
I 
I 

304 
234 
1 74 

97 

20'.! 
lfl.1 
127 

76 

:.s 
43 
37 
31 
2'.! 

19 
16 
13 
1 1  

9 
R 
7 
6 
5 

4 
4 
3 
3 
3 

3 

4 
(105) 

186 
154 
124 
65 
52 

41 
36 
31 
20 

1 8  
1 5  
1 3  
1 1  

8 
7 
7 
6 
5 

4 
4 
4 
3 
3 

3 
I 
I 
I 
I 

392 
301 
224 
124 

261 
209 
163 
98 

75 
56 
48 
41 
28 

24 
20 
1 7  
1 4  

1 2  
1 0  

9 
8 
7 

5 
5 
4 
4 
4 

3 

5 6 
(129) (155) 

291 419 
241 348 
195 281 
102 147 

Rl 1 1 8  

fl.1 92 
;">6 80 
48 70 
32 46 

28 40 
24 35 
20 30 
1 7  25 

13 19 
12 1 7  
1 0  1 5  

9 1 4  
R 1 2  

7 10 
6 9 
5 R 
5 R 
5 7 

4 6 
3 5 
3 4 
2 4 
2 3 

613 885 
471 679 
3:.0 :.o6 
195 281 

408 :.ss 
328 473 
2:>6 3fl9 
153 221 

1 1 7 l fl9 
87 126 
i5 lOR 
fl.1 92 
44 f>4 

38 55 
32 46 
27 39 
2'.! 33 

IR 26 
16 23 
14 20 
12 I R  
1 0  1 5  

R 1 2  
7 1 1  
7 10 
6 10 
6 9 

5 8 

(rolltinu�'>) 
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Table C.4 Continued 

Conductor 
Size 

(AWG/ 
Type lu:mil) 

12!,0 
1500 
17!JO 
2000 

Tlllll'\, TIIWI'\, 14 
TIIW�-2 12 

10 
8 
6 

4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

2!JO 
300 
3!JO 
400 
500 

f)()() 
700 
7!JO 
800 
900 

1000 

FEP, FEPB, PFA, 14 
PF.-\11, TFE 12 

10 
8 

6 
4 
3 
2 

PFA, PF.-\11, TFE I 

PFA, PF.-\11, TFE, Z 1/0 
2/0 
3/0 
4/0 

z 14 
12 
10 
8 
6 

4 
3 
2 
I 

XIIIIW, ZW, 14 
XIIIIW-2, XIIII 12 

10 
8 
6 

4 
3 
2 

¥, 
(I%) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

20'.!3 t:dition :'\.-\:110:-1.-\1. t:l.t:GrRJCAL com: 

v. 
(16) 

0 
0 
0 
0 

14 
10 
6 
3 
2 

I 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

13 
10 
7 
4 

3 
I 
I 
I 

I 

I 
I 
0 
0 

16 
I I  
7 
4 
3 

I 
I 
I 
I 

10 
7 
5 
3 
I 

I 
I 
I 

I:'IIFOR.\<lATIVE ANJ'\EX C 

'lhlde Size (Metric Designator) 

� I 1\r. IV. % 2V. ll sv. 4 
(21) (%7) (!15) (41) (5!1) (6!1) (78) (91) (lOll) 

0 0 0 0 I I I I 3 
0 0 0 0 I I I I 2 
0 0 0 0 0 I I I I 
0 0 0 0 0 I I I I 

24 39 f..S 91 149 211  326 436 562 
17  29 49 67 109 154 238 318 410 
I I  )8 31 42 fl!J 97 I!JO 200 258 
6 10 )8  24 39 56 86 1 15 149 
4 7 13 17 28 40 62 8.1 107 

3 4 8 I I  17 25 38 51 66 
2 4 6 9 15 21 32 43 56 
I 3 5 7 12 17 27 36 47 
I 2 4 5 9 13 20 27 35 

I I 3 4 8 I I  17 23 29 
I I 3 4 6 9 14 19 24 
I I 2 3 5 7 12 16 20 
I I I 2 4 6 9 13 17  

0 I I I 3 ;, 8 )0 13 
0 I I I 3 4 7 9 12 
0 I I I 2 4 6 8 )0  
0 I I I 2 3 5 7 9 
0 0 I I I 3 4 6 7 

0 0 I I I 2 3 5 6 
0 0 I I I I 3 4 5 
0 0 I I I I 3 4 5 
0 0 0 I I I 3 4 5 
0 0 0 I I I 2 3 4 
0 0 0 I I I 2 3 4 

23 38 66 89 145 205 317 423 545 
17  28 48 65 100 )50 231 309 398 
12 20 34 46 76 107 Jflfl 221 285 
7 I I  19 26 43 61 95 127 163 

5 8 14 19 31 44 67 90 116 
3 5 )0  13  21 30 47 fl.1 8) 
3 4 8 I I  )8 25 39 52 f..S 
2 4 6 9 15 21 32 43 56 

I 2 4 6 )0 14 22 30 39 

I I 4 5 8 12 19 25 32 
I I 3 4 7 )0 15 21 27 
I I 2 3 6 8 13 17 22 
I I I 3 5 7 10 14 )8  

28 46 79 107 175 247 381 510 657 
20 32 56 76 124 175 271 362 466 
12 20 34 46 76 107 Jflfl 221 285 
7 12 22 29 48 f..S )05 140 )80 
5 9 15 20 33 47 73 98 127 

3 6 )0  14 23 33 !JO 67 87 
2 4 7 10 17 24 37 49 63 
I 3 6 8 14 20 30 41 53 
I 3 5 7 I I  16 25 33 43 

17  27 47 f>4 104 147 228 304 392 
13 21 36 49 80 1 13 175 234 301 
9 15 27 36 59 84 130 174 224 
5 8 15 20 33 47 72 97 124 
4 6 I I  15 24 3:. 53 71 92 

3 4 8 I I  )8 25 39 52 67 
2 4 7 9 15 21 33 44 56 
I 3 5 7 12 )8 27 37 47 
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5 6 
(1%9) (155) 

4 6 
3 :; 
3 4 
3 4 

879 12f>8 
641 925 
404 583 
233 336 
lf..S 242 

103 149 
87 126 
73 100 
!>4 78 

45 flfl 
38 55 
31 45 
26 38 

21 30 
)8 26 
16 23 
14 20 
12 17 

9 14 
8 12 
8 I I  
7 I I  
6 9 
6 9 

852 1230 
62'.! 898 
446 644 
2!16 369 

)8'.! 262 
127 183 
100 153 
87 126 

fJ() 87 

!JO 73 
42 fJ() 
34 49 
28 41 

1027 1482 
728 1051 
446 644 
28'.! 407 
1!18 286 

136 196 
99 143 
8'.! 1 19 
67 96 

613 885 
471 679 
3!JO 500 
195 281 
144 208 

104 151 
88 127 
74 107 

(ronlimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.4 Continued 

Conductor 'Irade Size (Metric Designator) 
Size 

(AWG/ ¥, v. � I 1\r. IV. % 2V. 
Type lu:mil) (I%) (16) (21) (%7) (!15) (41) (5!1) (6!1) 

XIIIIW, XIIIIW-2, 1 - 1 I 2 4 6 9 13 
XIIII 

1/0 - 1 I I 3 5 8 1 1  

2/0 - 1 I I 3 4 6 9 
3/0 - 0 1 1 2 3 5 7 

4/0 - 0 1 1 I 2 4 6 

2!.0 - 0 0 1 I 1 3 5 
300 - 0 0 I I 1 3 4 

3!.0 - 0 0 I I 1 3 4 
400 - 0 0 1 I 1 2 3 

:;oo - 0 0 0 I 1 1 3 

flO() - 0 0 0 I 1 1 2 

700 - 0 0 0 I 1 1 I 
7!.0 - 0 0 0 I 1 1 I 
800 - 0 0 0 0 1 1 I 
900 - 0 0 0 0 1 1 I 

1000 - 0 0 0 0 1 1 I 
12!.0 - 0 0 0 0 0 1 I 
1:.oo - 0 0 0 0 0 1 I 
17!.0 - 0 0 0 0 0 1 I 
2000 - 0 0 0 0 0 0 I 

FIXTURE WIRES 

RFII-2, ffll-2, 18 - 9 16 26 4:. 61 100 141 
RFIIII-2 16 - 8 13 2'.! 38 51 84 1 19 

Sf-2, Sff-2 18 - 12 20 33 57 77 126 1 78 

16 - 10 1 7  27 47 f>4 104 147 
14 - 8 13 2'.! 38 51 84 1 19 

Sf-1, Sff-1 18 - 21 36 :.9 101 137 223 316 

RFII-1 ,  Tf, Tff, 18 - 15 26 43 7:. 101 1fl5 233 
Xf, Xff 16 - 12 21 35 f.O 81 133 188 

Xf, Xff 14 - 10 1 7  27 47 f>4 104 147 

Tf:-1, Tff:>l 18 - 25 42 69 1 19 1 62 2fl4 373 
16 - 19 32 :.3 91 123 201 285 

PF, PFF, PGF, 18 - 23 40 flfi 1 13 153 2!.0 354 
PGFF, P.-\F, PTF, 16 - 18 31 :.I 88 1 18 193 274 

PTFF, P.-\FF 14 - 13 23 38 flfi 89 14:. 20:. 

ZF, Zff, Zllf 18 - 30 52 s:; 146 197 32'.! 456 
16 - 22 38 f>.1 108 146 238 336 

14 - 16 28 46 79 107 175 247 

KF-2, KFF-2 18 - 45 78 128 219 296 484 fl84 
16 - 32 54 89 153 207 337 477 

14 - 21 36 f.O 103 139 227 321 
12 - 15 25 41 71 96 1!18 223 

10 - 10 1 7  27 47 f>4 104 147 

KF-1, KFF-1 18 - 52 90 147 253 342 5!18 790 

16 - 37 63 103 1 78 240 39'.! 555 
14 - 25 42 69 1 19 1 62 2fl4 373 

12 - 16 28 46 79 107 175 247 
10 - 10 18 30 52 70 1 14 161 

XF, Xff 12 - 5 9 14 25 34 !>6 79 

10 - 4 7 1 1  19 26 43 61 

l'otes: 

ll sv. 
(78) (91) 

20 27 

1 7  23 

14 19 
12 16 

10 13 

8 1 1  
7 9 

6 8 
5 7 

4 6 

3 5 

3 4 
3 4 

3 4 
2 3 

2 3 

1 2 
1 1 

1 1 
1 1 

218 29'.! 
184 246 

275 3fl8 

228 304 
184 246 

487 6:.1 

3f.O 481 
290 388 

228 304 

576 769 
440 :.88 

546 730 
422 :.f>-1 
317 423 

704 941 
519 694 

381 510 

1056 1411 
737 984 

495 661 
344 4f.O 
228 304 

1218 1628 

856 1 144 
576 769 

381 510 
249 333 

122 lf>.1 
95 127 

1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C.4(A) should he u.�d. 

4 5 
(lOll) (1%9) 

3:. 55 

30 46 

25 38 
20 32 

17 26 

14 21 
12 18 

10 16 
9 14 

8 12 

6 9 

5 8 
5 8 

5 7 
4 6 

4 6 

3 4 
2 4 

2 3 
I 3 

376 :.88 

317 49:. 

474 741 

392 613 
317 495 

839 1312 

619 969 
!.00 782 

392 613 

991 1:.:.o 
757 1 184 

940 1470 
727 1 137 

:.4:. 8:.2 

121 1 1895 
894 1398 

6:.7 1027 

1817 2842 
12fl8 198.1 

852 1332 
592 926 

392 613 

2097 3280 

1473 2304 
991 1:.:.o 

6:.7 1027 
429 671 

20!1 -
1f>.1 -

2. Two-hour fire-rated RHH cahle has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. C..onsult manufacturer's 
conduit fill tahles. 
*Types RHH, RHW, and RHW-2 \\ithout outer covering. 

6 
(155) 

80 

67 

:;6 
46 

38 

31 
27 

23 
21 

17 

14 

12 
1 1  

1 1  
9 

9 

7 
6 

5 
4 

848 

71:. 

1069 

885 
71:. 

1892 

1398 
1 128 

885 

2237 
1708 

2121 
1640 

1230 

2734 
2017 

1482 

4101 
2861 

1922 
1337 

885 

4732 

332:. 
2237 

1482 

9fl8 

-
-
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.4(A) Maximum Number of Conductors or FIXture WJreS in Intermediate Metal Conduit (IMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Type 

Til\\', TIIW-2, 
Till I\\' 

Till IN, TIIWN, 
TII\\'N-2 

XIIII\\', XIIIIW-2 

Conductor 
Size 

(AWG/ 
lu:mil) 

8 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
;oo 
i50 
900 

1000 

8 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
;oo 
i50 
900 

1000 

8 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 

400 

500 

600 
;oo 
i50 
900 

1000 

� 
(I%) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

� 
(16) 

2 
I 
I 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-

3 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

3 
2 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Trade Size (Metric: Designator) 

�. 
(%1) 

I 
(%7) 

IY. 
(ll5) 

I� 
(41) 

COMPACT CONDUCTORS 

4 i 13 li  
3 6 10 13 
2 4 i 10 
I 3 5 i 
I I 4 5 

I I 3 4 
I I 3 4 
I I 2 3 
I I I 2 

0 I I I 
0 I I I 
0 I I I 
0 I I I 
0 0 I I 

0 0 I I 
0 0 I I 
0 0 I I 
0 0 0 I 
0 0 0 I 

- - - -

5 8 14 19 
3 5 9 12 
I 3 6 8 
I 3 5 6 

I 2 4 5 
I I 3 4 
I I 3 4 
I I 2 3 

I I I 2 
0 I I I 
0 I I I 
0 I I I 
0 I I I 

0 0 I I 
0 0 I I 
0 0 I I 
0 0 0 I 
0 0 0 I 

6 9 16 22 
4 i 12 16 
3 5 9 12 
I 3 6 8 
I 3 5 6 

I 2 4 5 
I I 3 4 
I I 3 4 
I I 2 3 

I I I 2 
0 I I I 
0 I I I 
0 I I I 
0 I I I 

0 0 I I 
0 0 I I 
0 0 I I 
0 0 I I 
0 0 0 I 

% 
(5ll) 

28 
22 
16 
12 
8 

i 
6 
5 
4 

3 
3 
2 
2 
I 

I 
I 
I 
I 
I 

-

32 
20 
14 
10 

9 
i 
6 
5 

4 
3 
3 
2 
2 

I 
I 
I 
I 
I 

3i 
2i 
20 
14 
10 

9 
i 
6 
5 

4 
3 
3 
3 
2 

I 
I 
I 
I 
I 

2� 
(6ll) 

40 
31 
23 
li  
12 

10 
9 
i 
6 

5 
4 
4 
3 
3 

2 
I 
I 
I 
I 

-

45 
28 
20 
15 

13 
10 
9 
i 

6 
5 
4 
4 
3 

2 
2 
I 
I 
I 

52 
38 
28 
20 
15 

13 
I I  
9 
i 

6 
5 
4 
4 
3 

2 
2 
I 
I 
I 

Defimtion: l.o111pact .<lramling 1s the result of a manufdctunng process where the stranded conductor 1s 
compres.'led to the extent that interstices (\uid� between strand wires) are \irtually eliminated. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GJ'RJCAL COI>t: 

ll 
(78) 

62 
48 
36 
26 
18 

16 
13 
I I  
9 

i 
6 
6 
5 
4 

3 
3 
3 
2 
2 

-

;o 
43 
31 
23 

20 
16 
14 
I I  

9 
i 
i 
6 
5 

4 
3 
3 
3 
2 

80 

59 
43 
31 
23 

20 
li 
14 
I I  

9 
8 
i 
6 
5 

4 
3 
3 
3 
2 

ll� 
(91) 

83 
64 
48 
35 
25 

21 
18 
15 
13 

10 
9 
8 
i 
6 

5 
4 
4 
3 
3 

-

93 
58 
41 
31 

26 
22 
18 
15 

12 
10 
9 
8 
i 

5 
5 
4 
3 
3 

IOi 
80 

58 
41 
31 

26 
22 
18 
15 

12 
10 
9 
8 
i 

5 
5 
4 
4 
3 

CHAPTER 9  

4 5 
(lOll) (1%9) 

IOi -

82 -

62 -

45 -

32 -

2i -

23 -

20 -

16 -

13 -

I I  -

10 -

9 -

8 -

6 -

5 -

5 -

4 -

4 -

- -

120 -

i4 -

53 -

40 -

34 -

28 -

24 -

19 -

15 -

13 -

I I  -

10 -

9 -

i -

6 -

6 -

5 -

4 -

138 -

103 -

i4 -

53 -

40 -

34 -

29 -

24 -

20 -

16 -

13 -

12 -

I I  -

9 -

i -

6 -

6 -

5 -

4 -

6 
(155) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

70-789 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.5 Maximum Number of Conductors or FIXture Wires in Liquidtigbt Flexible Nonmetallic Conduit (LFNCA) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

RJJJJ, RJJW, RIIW-2 

TI\', TI 111\\', TI IW, 
TIIW-2 

Rill I", Rll\\p, 
RJIW-2· 

TI\', TI IW, TIIIIW, 
TIIW-2, Rllll*, 
RJIW*, RJIW-2* 

Conductor 
Size 

(AWG/ 
kcmil) 

14 
12 
10 
8 
6 

4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

f.OO 
iOO 
i50 
800 
900 

1000 
1250 
J:.oo 
li50 
2000 

14 
12 
10 
8 

14 
12 
10 
8 

6 
4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

f.OO 
iOO 
i50 
800 
900 

1000 

'Yo 
(12) 

2 
I 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

5 
4 
3 
I 

3 
3 
I 
I 

I 
I 
I 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

v. 
(16) 

4 
3 
3 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

9 
i 
5 
3 

6 
5 
3 
I 

I 
I 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

:y. 
(2I) 

7 
6 
5 
2 
I 

I 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

15 
12 
9 
5 

10 
8 
6 
4 

3 
I 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

'Ii'ade Size (Melric Designator) 

1 
(27) 

IV. 
(35) 

CONDUCTORS 

I I  20 
9 li 
8 13 
4 i 
3 5 

2 4 
I 4 
I 3 
I I 

I I 
I I 
I I 
I I 

0 I 
0 I 
0 I 
0 I 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

24 43 
19 33 

14 24 
8 13 

16 28 
13 23 
10 18 
6 I I  

4 8 
3 6 
3 5 
2 4 
I 3 

I 2 
I I 
I I 
I I 

I I 
I I 
0 I 
0 I 
0 I 

0 I 
0 0 
0 0 
0 0 
0 0 

0 0 

IV. 
(4I) 

2i 
23 
18 
9 
i 

6 
:; 
4 
3 

2 
I 
I 
I 

I 
I 
I 
I 
I 

I 
0 
0 
0 
0 

0 
0 
0 
0 
0 

58 
44 

33 

18 

38 
31 
24 
14 

I I  
8 
i 
6 
4 

3 
3 
2 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

0 

2 
(53) 

45 
38 
30 
16 
13 

10 
8 
i 
5 

4 
4 
3 
3 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
0 
0 
0 
0 

96 
i4 
55 
30 

f>4 

51 
40 
24 

18 
13 
I I  
10 
i 

6 
5 
4 
3 

3 
2 
I 
I 
I 

I 
I 
I 
I 
I 

I 

2V. 
(63) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3 
(78) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3V. 
(9I) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4 
(I03) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5 
(I29) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

6 
(155) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

(rontimus) 
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Table C.5 Continued 

Type 

Tlllll'\, TIIWI'\, 
TIIW�-2 

FEP, FEPB, PFA, 
PF.-\11, TFE 

PFA, PF.-\11, TFE 

PFA, PF.-\11, TFE, Z 

z 

XIIIIW, ZW, 
XIIIJW-2, XIIII 

Conductor 
Size 

(AWG/ 
kcmil) 

1250 
J:.oo 
1750 
2000 

14 
12 
)0 
8 
6 

4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

600 
700 
750 
800 
900 

1000 

14 
12 
)0 
8 

6 
4 
3 
2 

I 

1/0 
2/0 
3/0 
4/0 

14 
12 
)0 
8 
6 

4 
3 
2 
I 

14 
12 
)0 
8 
6 

4 
3 
2 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. COJ>t: 

'Yo \1, 
(12) (16) 

0 0 
0 0 
0 0 
0 0 

8 13 
5 9 
3 6 
I 3 
I 2 

I I 
I I 
I I 
0 I 

0 I 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

7 12 
5 9 
4 6 
I 3 

I 2 
I I 
I I 
I I 

0 I 

0 I 
0 I 
0 0 
0 0 

9 15 
6 10 
4 6 
2 4 
I 3 

I I 
I I 
I I 
I I 

5 9 
4 7 
3 5 
I 3 
I I 

I I 
I I 
I I 

I:'IIFOR.\<lATIVE ANJ'\EX C 

Trade Size (Melric Designator) 

:y. I IV. IY. 2 2Yr ll sv. 4 
(21) (27) (35) (41) (5!1) (63) (78) (91) (103) 

0 0 0 0 I - - - -

0 0 0 0 I - - - -

0 0 0 0 0 - - - -

0 0 0 0 0 - - - -

22 35 62 83 138 - - - -

16 25 45 f.O )00 - - - -

10 16 28 38 63 - - - -

6 9 16 22 36 - - - -

4 6 12 16 26 - - - -

2 4 7 !I 16 - - - -

I 3 6 8 13 - - - -

I 3 5 7 I I  - - - -

I I 4 :; 8 - - - -

I I 3 4 7 - - - -

I I 2 3 6 - - - -

I I I 3 5 - - - -

I I I 2 4 - - - -

0 I I I 3 - - - -

0 I I I 3 - - - -

0 I I I 2 - - - -

0 0 I I I - - - -

0 0 I I I - - - -

0 0 I I I - - - -

0 0 I I I - - - -

0 0 0 I I - - - -

0 0 0 I I - - - -

0 0 0 I I - - - -

0 0 0 0 I - - - -

21 34 60 80 133 - - - -

15 25 44 59 97 - - - -

I I  )8 31 42 70 - - - -

6 10 )8 24 40 - - - -

4 7 13 17 28 - - - -

3 5 9 12 20 - - - -

2 4 7 )0 16 - - - -

I 3 6 8 13 - - - -

I 2 4 5 9 - - - -

I I 3 5 8 - - - -

I I 3 4 6 - - - -

I I 2 3 5 - - - -

I I I 2 4 - - - -

25 41 72 97 161 - - - -

)8 29 51 fl9 1 14 - - - -

I I  )8 31 42 70 - - - -

7 I I  20 26 44 - - - -

5 8 14 )8 31 - - - -

3 5 9 13 21 - - - -

2 4 7 9 15 - - - -

I 3 6 8 13 - - - -

I 2 4 6 10 - - - -

15 24 43 58 96 - - - -

12 19 33 44 74 - - - -

9 14 24 33 55 - - - -

5 8 13 )8 30 - - - -

3 5 10 13 22 - - - -

2 4 7 )0 16 - - - -

I 3 6 8 14 - - - -

I 3 5 7 I I  - - - -

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
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5 6 
(129) (155) 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

(ronlimus) 

70-791 



CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.5 Continued 

Conductor 'Ii'ade Size (Melric Designator) 
Size 

(AWG/ 'Yo \1, :y. I IV. IY. 2 
Type kcmil) (12) (16) (21) (27) (!15) (41) (5!1) 

XIIII\\', XIIIIW-2, I 0 1 1 1 4 :; 8 
XIIII 

l/0 0 1 1 1 3 4 7 
2/0 0 0 1 1 2 3 6 
3/0 0 0 1 1 1 3 5 
4/0 0 0 1 1 1 2 4 

250 0 0 0 1 1 1 3 
300 0 0 0 1 I 1 3 
350 0 0 0 1 I 1 2 
400 0 0 0 0 1 1 1 
:.oo 0 0 0 0 1 1 1 

f.OO 0 0 0 0 1 1 1 
700 0 0 0 0 1 1 1 
750 0 0 0 0 0 1 1 
800 0 0 0 0 0 1 1 
900 0 0 0 0 0 1 1 

1000 0 0 0 0 0 0 1 
1250 0 0 0 0 0 0 1 
1:.00 0 0 0 0 0 0 1 
1750 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 

FIXTURE WIRES 

RFII-2, ffll-2, 18 5 8 14 23 41 55 92 
RFilll-2 16 4 7 12 20 35 47 i7 

Sf-2, Sff-2 18 6 1 1  18 29 52 70 1 16 
16 5 9 15 24 43 58 96 
14 4 7 12 20 35 47 i7 

Sf-1, Sff-1 18 12 19 33 52 92 124 205 

RFII-1, Tf, Tff, Xf, 18 8 14 24 39 fll! !II 152 
Xff 16 7 1 1  19 31 55 i4 122 

Xf, Xff 14 5 9 15 24 43 58 96 

T�. TFF.'I 18 14 22 39 62 109 146 243 
16 10 17 29 47 83 1 12 185 

Pf, PFF, PGF, PGFF, 18 13 21 37 59 103 13!1 230 
PAF, PTF, PTFF, 16 10 16 28 45 80 107 178 
PAFF 14 7 12 21 34 f.O 80 133 

ZF, Zff, Zllf 18 17 27 47 76 133 17!1 297 
16 12 20 35 56 98 132 219 
14 9 15 25 41 72 !17 161 

KF-2, KFF-2 18 25 41 it 1 14 200 26!1 445 
16 18 29 49 79 139 187 31 1 
14 12 19 33 53 !14 126 209 
12 8 13 23 37 fl!> 87 145 
10 5 9 15 24 43 58 96 

KF-1 , KFF-1 18 29 48 82 131 231 310 514 
16 20 33 :lll 92 162 218 361 
14 14 22 39 62 109 146 243 
12 9 15 25 41 72 !17 161 
10 6 10 17 27 47 63 105 

Xf, Xff 12 3 5 8 13 23 31 51 
10 1 3 6 10 18 24 40 

l'otes: 
1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C.6(A) 

should he used. 

2Yr 
(6!1) 

-
-
--
-
--
--
-
-
--
--
-
--
--

--
-
--
-
--
-
--
--
-
--
-
--
--
-
-
--
--
-
-

ll 
(78) 

-
-
--
-
--
--
-
-
--
--
-
--
--

--
-
--
-
--
-
--
--
-
--
-
--
--
-
-
--
--
-
-

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. 
Consult manufdcturer's conduit fill tables. 
"Types RHH, RHW, and RHW-2 \\ithout outer cm·ering. 

sv. 4 5 6 
(91) (lOll) (129) (155) 

- - - -
- - - -
- - - -- - - -
- - - -
- - - -- - - -
- - - -- - - -
- - - -
- - - -
- - - -- - - -
- - - -- - - -
- - - -
- - - -- - - -
- - - -- - - -

- - - -- - - -
- - - -
- - - -- - - -
- - - -
- - - -- - - -
- - - -
- - - -- - - -
- - - -- - - -
- - - -
- - - -- - - -
- - - -
- - - -- - - -
- - - -- - - -
- - - -
- - - -
- - - -- - - -
- - - -- - - -
- - - -
- - - -
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.5(A) Maximum Number of Conductors or FIXture WJreS in Liquidtigbt Flexible Nonmetallic Conduit (LFNCA) 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ � Y. � I �� IY. % 
'JYpe Ju:mil) (I%) (16) (%1) (%7) (S5) (41) (5S) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, II I 2 4 6 I I  16 26 
Till I\\' 6 I I 3 5 9 12 20 

4 I I 2 4 i 9 15 
2 I I I 3 5 6 I I  
I 0 I I I 3 4 ll 

l/0 0 I I I 3 4 i 
2/0 0 0 I I 2 3 5 
3/0 0 0 I I I 3 5 
4/0 0 0 I I I 2 4 

250 0 0 0 I I I 3 
300 0 0 0 I I I 3 
350 0 0 0 I I I 2 
400 0 0 0 0 I I I 
500 0 0 0 0 I I I 

600 0 0 0 0 I I I 
iOO 0 0 0 0 I I I 
i50 0 0 0 0 0 I I 
900 0 0 0 0 0 I I 

1000 0 0 0 0 0 I I 

Till IN, TIIWN, II - - - - - - -
TII\\'N-2 6 I 2 4 i 13 Ill 29 

4 I I 3 4 ll I I  Ill 
2 I I I 3 6 ll 13 
I 0 I I 2 4 6 10 

l/0 0 I I I 3 5 ll 
2/0 0 I I I 3 4 i 
3/0 0 0 I I 2 3 6 
4/0 0 0 I I I 3 5 

250 0 0 I I I I 3 
300 0 0 0 I I I 3 
350 0 0 0 I I I 3 
400 0 0 0 I I I 2 
500 0 0 0 0 I I I 

600 0 0 0 0 I I I 
iOO 0 0 0 0 I I I 
i50 0 0 0 0 I I I 
900 0 0 0 0 0 I I 

1000 0 0 0 0 0 I I 

XIIII\\', XIIIIW-2 II I 3 5 8 15 20 34 
6 I 2 4 6 I I  15 25 
4 I I 3 4 ll I I  Ill 
2 I I I 3 6 ll 13 
I 0 I I 2 4 6 10 

1/0 0 I I I 3 5 ll 
2/0 0 I I I 3 4 i 
3/0 0 0 I I 2 3 6 
4/0 0 0 I I I 3 5 

250 0 0 I I I 2 4 
300 0 0 0 I I I 3 
350 0 0 0 I I I 3 
400 0 0 0 I I I 2 
500 0 0 0 0 I I I 

f.OO 0 0 0 0 I I I 
iOO 0 0 0 0 I I I 
i50 0 0 0 0 I I I 
900 0 0 0 0 0 I I 

1000 0 0 0 0 0 I I 

Definuion: l.o111pact .<lramling 1s the result of a manufacturmg process where the stranded conductor 1s 
compres.'led to the extent that the interstices (\'oid� between strand wires) are ,;nually eliminated. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GJ'RJCAI. COI>t: 

%�. 
(6S) 

-
-
-
-
-

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-

-
-
-
-
-

-
-
-
-
-

s sY. 4 
(78) (91) (lOS) 

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -
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- -
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- -
- -
- -
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- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.6 Maximum Number of Conductors or FIXture Wires in Liquidtigbt Flexible Nonmetallic Conduit (LFNCB*) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Conductor Trade Size (Melric Designator) 
Size 

(AWG/ o/, v. :y. 1 1\r. 1\1, % 2V. ll sv. 4 
Type kcmil) (12) (16) (21) (%7) (!15) (41) (5!1) (6!1) (78) (91) (lOll) 

CONDUCTORS 

RJJJJ, RJJW, RIIW-2 14 2 4 7 12 21 27 44 - - - -
12 I 3 6 10 17 22 36 - - - -
10 I 3 5 8 14 II! 2!1 - - - -
8 I I 2 4 7 9 15 - - - -
6 I 1 1 3 6 7 12 - - - -

4 0 1 1 2 4 6 \1 - - - -
3 0 1 1 I 4 5 8 - - - -
2 0 I I I 3 4 7 - - - -
I 0 0 I I I 3 5 - - - -

l/0 0 0 I I I 2 4 - - - -
2/0 0 0 I I I I 3 - - - -
3/0 0 0 0 I I I 3 - - - -
4/0 0 0 0 I I I 2 - - - -

250 0 0 0 0 I I I - - - -
300 0 0 0 0 I I I - - - -
350 0 0 0 0 I I I - - - -
400 0 0 0 0 I I I - - - -
:.oo 0 0 0 0 I I I - - - -

fJOO 0 0 0 0 0 I I - - - -
700 0 0 0 0 0 0 I - - - -
750 0 0 0 0 0 0 I - - - -
800 0 0 0 0 0 0 I - - - -
900 0 0 0 0 0 0 I - - - -

1000 0 0 0 0 0 0 I - - - -
1250 0 0 0 0 0 0 0 - - - -
J:.oo 0 0 0 0 0 0 0 - - - -
1 750 0 0 0 0 0 0 0 - - - -
2000 0 0 0 0 0 0 0 - - - -

TI\', n Ill\\', n JW, 14 5 9 15 25 44 57 93 - - - -
TIIW-2 12 4 7 12 19 33 43 71 - - - -

10 3 5 9 14 25 32 53 - - - -
8 I 3 5 8 14 II! 2!1 - - - -

Rllll*, RIIW*, 14 3 6 10 16 2!1 38 62 - - - -
RliW-2* 12 3 5 8 13 23 30 ;;o - - - -

10 I 3 6 10 18 23 3\1 - - - -
8 I 1 4 6 1 1  14 23 - - - -

TI\', TIIW, TIIIIW, 6 I 1 3 5 8 1 1  18 - - - -
TIIW-2, Rllll*, 4 I I I 3 6 8 13 - - - -
RliW*, RliW-2* 3 I I I 3 5 7 1 1  - - - -

2 0 1 1 2 4 6 \1 - - - -
I 0 1 1 I 3 4 7 - - - -

l/0 0 0 1 I 2 3 6 - - - -
2/0 0 0 1 I 2 3 5 - - - -
3/0 0 0 I I I 2 4 - - - -
4/0 0 0 0 I I I 3 - - - -

250 0 0 0 I I I 3 - - - -
300 0 0 0 I I I 2 - - - -
350 0 0 0 0 I I I - - - -
400 0 0 0 0 I I I - - - -
:.oo 0 0 0 0 I I I - - - -

fJOO 0 0 0 0 I I I - - - -
700 0 0 0 0 0 I I - - - -
750 0 0 0 0 0 I I - - - -
800 0 0 0 0 0 I I - - - -
900 0 0 0 0 0 0 I - - - -

1000 0 0 0 0 0 0 I - - - -

5 6 
(1%9) (155) 

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -

(rontimus) 
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Table C.6 Continued 

Conductor 
Size 

(AWG/ 

1)pe kcmil) 

1250 
1!.00 
1 750 
2000 

Tlllll'\, TIIWI'\, 14 
T11W�-2 12 

10 
I! 
6 

4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
!.00 

fJOO 
700 
750 
1!00 
900 

1000 

FEP, FEPB, PFA, 14 
PF.-\11, TFE 12 

10 
I! 

6 
4 
3 
2 

PFA, PF.-\11, TFE I 

PFA, PF.-\11, TFE, Z 1/0 
2/0 
3/0 
4/0 

z 14 
12 
10 
I! 
6 

4 
3 
2 
I 

XIIIIW, ZW, 14 
XIIIIW-2, XIIII 12 

10 
I! 
6 

4 
3 
2 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJCAL com: 

o/, Y. 
(12) (16) 

0 0 
0 0 
0 0 
0 0 

I! 13  
5 9 
3 6 
I 3 
I 2 

I 1 
I 1 
I 1 
0 1 

0 1 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

7 12 
5 9 
4 6 
I 3 

I 2 
I 1 
I 1 
I 1 

0 1 

0 1 
0 1 
0 0 
0 0 

9 15 
6 10 
4 6 
2 4 
I 3 

I 1 
I 1 
I 1 
I 1 

5 9 
4 7 
3 5 
I 3 
I 1 

I 1 
I 1 
I 1 

I:'IIFOR.\<lATIVE ANJ'\EX C 

'Ii"ade Size (Metric Designator) 

:y. I 1\r. l\1, % 2Y. ll SY. 4 
(21) (%7) (!15) (41) (5!1) (6!1) (78) (91) (lOll) 

0 0 0 0 I - - - -

0 0 0 0 0 - - - -

0 0 0 0 0 - - - -

0 0 0 0 0 - - - -

22 36 63 I! I 134 - - - -

16 26 46 59 \17 - - - -

10 16 2\1 37 61 - - - -

6 9 16 21 35 - - - -

4 7 12 15 25 - - - -

2 4 7 9 15 - - - -

1 3 6 I! 13 - - - -

1 3 5 7 I I  - - - -

1 I 4 5 I! - - - -

1 I 3 4 7 - - - -

1 I 2 3 6 - - - -

1 I I 3 :; - - - -

1 I I 2 4 - - - -

0 I I I 3 - - - -

0 I I I 3 - - - -

0 I I I 2 - - - -

0 0 I I I - - - -

0 0 I I I - - - -

0 0 I I I - - - -

0 0 I I I - - - -

0 0 0 I I - - - -

0 0 0 I I - - - -

0 0 0 I I - - - -

0 0 0 0 I - - - -

21 35 61 79 130 - - - -

15 25 44 51! \14 - - - -

I I  II! 32 41 61! - - - -

6 10 11! 23 3\1 - - - -

4 7 13 17 27 - - - -

3 5 \1 12 l\1 - - - -

2 4 7 10 16 - - - -

1 3 6 I! 13 - - - -

1 2 4 5 \1 - - - -

1 I 3 4 7 - - - -

1 I 3 4 6 - - - -

1 I 2 3 :; - - - -

1 I I 2 4 - - - -

26 42 73 95 156 - - - -

II! 30 52 67 l l l  - - - -

I I  II! 32 41 61! - - - -

7 l l  20 26 43 - - - -

5 I! 14 II! 30 - - - -

3 5 9 12 20 - - - -

2 4 7 9 15 - - - -

1 3 6 7 12 - - - -

1 2 5 6 10 - - - -

15 25 44 57 \13 - - - -

12 19 33 43 71 - - - -

9 14 25 32 53 - - - -

5 I! 14 II! 2\1 - - - -

3 6 10 13 22 - - - -

2 4 7 9 16 - - - -

1 3 6 I! 13 - - - -

1 3 5 7 I I  - - - -
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- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.6 Continued 

Conductor Trade Size (Metric Designator) 
Size 

(AWG/ o/, Y. :y. I 1\r. IY. % 2Y. ll SY. 
1)pe kcmil) (12) (16) (21) (%7) (!15) (41) (5!1) (6!1) (78) (91) 

XIIII\\', XIIIIW-2, I 0 1 1 I 4 5 I! -
XIIII 

l/0 0 1 1 I 3 4 7 -
2/0 0 0 1 I 2 3 6 -
3/0 0 0 1 1 I 3 :; -
4/0 0 0 1 1 I 2 4 -

250 0 0 0 1 I 1 3 -
300 0 0 0 I I 1 3 -
350 0 0 0 I I 1 2 -
400 0 0 0 1 I 1 I -
!.00 0 0 0 0 I 1 I -

fJ()() 0 0 0 0 I 1 I -
700 0 0 0 0 I 1 I -
750 0 0 0 0 0 1 I -
1!00 0 0 0 0 0 1 I -
900 0 0 0 0 0 1 I -

1000 0 0 0 0 0 0 I -
1250 0 0 0 0 0 0 I -
1!.00 0 0 0 0 0 0 I -
1 750 0 0 0 0 0 0 0 -
2000 0 0 0 0 0 0 0 -

FIXTURE WIRES 

RFII-2, ffll-2, II! 5 I! 15 24 42 54 1!9 -
RFllll-2 16 4 7 12 20 35 46 75 -

SF-2, SFF-2 II! 6 1 1  19 30 53 69 1 13 -
16 5 9 15 25 44 57 93 -
14 4 7 12 20 35 46 75 -

SF-1, SFF-1 II! 12 19 33 53 94 122 1!19 -

RFII-1, Tf, TFF, Xf, II! I! 14  24 39 69 90 147 -
XFF 16 7 1 1  20 32 56 72 1 19 -

XF, XFF 14 5 9 15 25 44 57 93 -

TFX, TF'F)I II! 14 23 39 fl.1 1 1 1  144 236 -
16 10 1 7  30 41! 1!5 1 10 11!0 -

PF, PFF, PGF, PGFF, II! 13 21 37 flO 105 136 224 -
PAF, PTF, PTFF, 16 10 16 29 46 I! I 105 173 -
PAFF 14 7 12 21 35 61 79 130 -

ZF, Zff, Zllf II! 17 21! 41! 77 136 176 21!1! -
16 12 20 35 57 100 130 213 -
14 9 15 26 42 73 95 156 -

KF-2, KFF-2 II! 25 42 72 1 16 203 264 433 -
16 II! 29 !JO I! I 142 11!4 302 -
14 12 19 34 !>4 95 124 203 -
12 I! 13  23 31! 66 1!6 141 -
10 5 9 15 25 44 57 93 -

KF-1, KFF-1 II! 29 41! 1!3 134 235 304 499 -
16 20 34 !>8 94 165 214 351 -
14 14 23 39 fl.1 l l l  144 236 -
12 9 15 26 42 73 95 156 -
10 6 10 17 27 41! 62 102 -

XF, XFF 12 3 5 I! 13 23 30 50 -
10 1 3 6 10 II! 23 39 -

l'otes: 
1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C.5(A) 

should he used. 

-

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

-
-
-

-

-
-

-

-
-

-
-
-

-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. 
Consult manufdcturer's conduit fill tables. 
·Types RHH, RHW, and RHW-2 \\ithout outer cm·ering. 

-

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

-
-
-

-

-
-

-

-
-

-
-
-

-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

4 5 6 
(lOll) (1%9) (155) 

- - -

- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -

- - -
- - -
- - -

- - -

- - -
- - -

- - -

- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
- - -
- - -
- - -

- - -
- - -
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I:'IIFOR.\<lATIVE ANJ'\EX C CHAPTER 9  

Table C.6(A) Maximum Number of Conductors or FIXture WJreS in Liquidtigbt Flexible Nonmetallic Conduit (LFNCB) (Based on 
Chapter 9: Table 1, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ to � �. I ��. �� 2 
'JYpe Ju:mil) (12) (16) (21) (27) (S5) (41) (5S) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, II I 2 4 i 12 15 25 
Till I\\' 6 I I 3 5 9 12 19 

4 I I 2 4 i 9 14 
2 I I I 3 5 6 I I  
I 0 I I I 3 4 7 

l/0 0 I I I 3 4 6 
2/0 0 0 I I 2 3 5 
3/0 0 0 I I I 3 4 
4/0 0 0 I I I 2 4 

250 0 0 0 I I I 3 
300 0 0 0 I I I 2 
350 0 0 0 I I I 2 
400 0 0 0 0 I I I 
500 0 0 0 0 I I I 

600 0 0 0 0 I I I 
700 0 0 0 0 I I I 
750 0 0 0 0 0 I I 
900 0 0 0 0 0 I I 

1000 0 0 0 0 0 I I 

Till IN, TIIWN, II - - - - - - -

TIIWN-2 6 I 2 4 i 13 17 211 
4 I I 3 4 8 I I  1 7  
2 I I I 3 6 7 12 
I 0 I I 2 4 6 9 

l/0 0 I I I 4 5 II 
2/0 0 I I I 3 4 6 
3/0 0 0 I I 2 3 5 
4/0 0 0 I I I 3 4 

250 0 0 I I I 3 
300 0 0 0 I I 3 
350 0 0 0 I I 2 
400 0 0 0 I I 2 
500 0 0 0 0 I I 

600 0 0 0 0 I I 
700 0 0 0 0 I I 
750 0 0 0 0 I I 
900 0 0 0 0 0 I 

1000 0 0 0 0 0 I 

XIIII\\', XIIIIW-2 II I 3 5 9 15 2 33 
6 I 2 4 6 I I  15 24 
4 I I 3 4 8 I I  1 7  
2 I I I 3 6 7 12 
I 0 I I 2 4 6 9 

1/0 0 I I I 4 5 II 
2/0 0 I I I 3 4 7 
3/0 0 0 I I 2 3 5 
4/0 0 0 I I I 3 4 

250 0 0 I I I 3 
300 0 0 0 I I 3 
350 0 0 0 I I 3 
400 0 0 0 I I 2 
500 0 0 0 0 I I 

600 0 0 0 0 I I 
700 0 0 0 0 I I 
750 0 0 0 0 I I 
900 0 0 0 0 0 I 

1000 0 0 0 0 0 I 

Definuion: l.o111pact .<lramling 1s the result of a manufacturmg process where the stranded con uctor 1s 
compres.'led to the extent that the interstices (\'oid� between strand wires) are \irtually eliminated. 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GJ'RJCAI. COI>t: 

2� 
(6!1) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

s s� 4 
(78) (91) (lOS) 

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -
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- -
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- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -
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- -
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- -
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C. 7 Maximum Number of Conductors of FIXture Wires in Liquidtigbt Flexible Nonmetallic Conduit (LFNCC) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

RJJJJ, RJJW, RIIW-2 

TI\', TI IIIW, TI IW, 
TIIW-2 

Rill I*, RIIW*, 
RIIW-2* 

70-798 

Conductor Size 
(AWG/kcmil) 

14 
12 
10 
8 
6 

4 
3 
2 
I 

l/0 
2/0 
3/0 
4/0 

2!.0 
300 
3!.0 
400 
500 

f.OO 

iOO 
i!.O 
800 
900 

1000 
12!.0 
1500 
li!.O 
2000 

14 
12 
10 
8 

14 
12 
10 
8 

'Yo 
(1%) 

2 
I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

5 
4 
3 
I 

2 
2 
I 
I 

v. 
(16) 

4 
3 
2 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

8 
6 
5 
2 

5 
4 
3 
I 

'Y., 
(21) 

7 
6 
4 
2 
I 

I 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

15 
1 1  
8 
4 

10 
8 
6 
3 

'Ii'ade Size (Metric Designator) 

I 
(27) 

IV., 
(!15) 

CONDUCTORS 

1 1  20 
9 16 
7 13 
4 i 
3 5 

2 4 
I 4 
I 3 
I I 

I I 
I I 
I I 
0 I 

0 I 
0 I 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

24 42 
18 32 
13 24 
7 13 

16 28 
13 22 
10 li 
6 10 

IV. 
(41) 

2i 
22 
18 
\1 
i 

6 
5 
4 
3 

2 
I 
I 
I 

I 
I 
I 
I 
I 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

56 
43 
32 
18 

3i 
30 
23 
14 

% 
(5!1) 

45 
3i 
30 
15 
12 

10 
8 
i 
:; 
4 
3 
3 
2 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0 
0 
0 
0 
0 

\14 
i2 
54 
30 

63 
50 
3\1 
23 

zv. 
(6!1) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ll 
(78) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

sv. 
(91) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4 5 
(lOS) (1%9) 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

6 
(155) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

(rontimus) 
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Table C. 7 Continued 

Conductor Size 

'JYpe (AWG/kcmil) 

TI\', TI IW, TIIIIW, 6 
TIIW-2, Rllll*, 4 
RliW*, RliW-2 3 

2 
1 

1/0 
2/0 
3/0 
4/0 

2!.0 
300 
3!.0 
400 
500 

f)(){) 

iOO 
i!.O 
1!00 
900 

1000 
12!.0 
1500 
li!.O 
2000 

TIIIIW, Til\\�. 14 
Tll\\�-2 12 

10 
I! 
6 

4 
3 
2 
1 

1/0 
2/0 
3/0 
4/0 

2!.0 
300 
3!.0 
400 
500 

f)(){) 

iOO 
i!.O 
1!00 
900 

1000 

FEP, FEPB, PFA, 14 
PF.-\11, TFE 12 

10 
I! 

6 
4 
3 
2 

PFA, PF.-\11, TFE 1 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJCAJ. COI>t: 

'Y. \1, 
(I%) (16) 

I 1 
I 1 
0 1 
0 1 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

i 12 
5 9 
3 5 
1 3 
1 2 

1 1 
0 1 
0 1 
0 1 

0 1 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

i 12 
5 9 
4 6 
1 3 

1 2 
1 1 
I 1 
I 1 

0 1 

I:'IIFOR.\<lATIVE ANJ'\EX C 

'Ii'ade Size (Metric Designator) 

'Y. I IY., IV. % %\1, ll liV. 4 
(21) (27) (35) (41) (53) (63) (78) (91) (103) 

3 4 I! I I  II! - - - -
1 3 6 I! 13 - - - -
1 3 5 i I I  - - - -
1 2 4 6 10 - - - -
1 1 3 4 i - - - -

1 1 2 3 6 - - - -
1 1 I 3 5 - - - -
0 1 I 2 4 - - - -
0 1 I I 3 - - - -

0 0 I I 3 - - - -
0 0 I I 2 - - - -
0 0 I I I - - - -
0 0 I I I - - - -
0 0 0 I I - - - -

0 0 0 I I - - - -
0 0 0 0 I - - - -
0 0 0 0 I - - - -
0 0 0 0 I - - - -
0 0 0 0 I - - - -
0 0 0 0 I - - - -
0 0 0 0 0 - - - -
0 0 0 0 0 - - - -
0 0 0 0 0 - - - -
0 0 0 0 0 - - - -

21 34 61 I! I 135 - - - -
15 25 44 59 91! - - - -
10 15 21! 3i 62 - - - -
5 9 16 21 36 - - - -
4 6 I I  15 26 - - - -

2 4 i 9 16 - - - -
1 3 6 I! 13 - - - -
1 3 5 i I I  - - - -
1 1 3 :; I! - - - -

1 1 3 4 i - - - -
1 1 2 3 6 - - - -
1 1 I 3 5 - - - -
1 1 I 2 4 - - - -

0 1 I I 3 - - - -
0 1 I I 3 - - - -
0 1 I I 2 - - - -
0 0 I I I - - - -
0 0 I I I - - - -

0 0 I I I - - - -
0 0 0 I I - - - -
0 0 0 I I - - - -
0 0 0 I I - - - -
0 0 0 I I - - - -
0 0 0 0 I - - - -

21 33 59 i9 131 - - - -
15 24 43 5i 96 - - - -
1 1  1 7  31 41 fll! - - - -
6 10 l i  23 39 - - - -

4 7 12 li 21! - - - -
3 5 9 I I  19 - - - -
2 4 i 10 16 - - - -
1 3 6 I! 13 - - - -

1 2 4 :; 9 - - - -

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
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5 6 
(1%9) (155) 

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -

- -
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C. 7 Continued 

'Ii'ade Size (Metric Designator) 

Conductor Size 'Y. \1, 'Y. I IV., IV. % %\1, 
'JYpe (AWG/kcmil) (I%) (16) (21) (27) (35) (41) (53) (63) 

PFA, Pf.-\11, TFE, Z 1/0 0 1 1 1 3 4 I! -
2/0 0 0 1 1 3 4 6 -
3/0 0 0 1 1 2 3 5 -
4/0 0 0 1 1 1 2 4 -

z 14 9 14 25 40 71 95 1:>1! -
12 6 10 II! 21! :.o 67 1 12 -
10 4 6 1 1  1 7  31 41 fll! -
I! 2 4 7 1 1  19 26 43 -
6 1 3 5 7 13 11! 30 -

4 1 1 3 5 9 12 21 -
3 1 1 2 4 7 9 15 -
2 1 1 1 3 5 7 12 -
1 0 1 1 2 4 6 10 -

XIIIIW, ZW, 14 5 I! 15 24 42 :J6 94 -
XIIIIW-2, XIIII 12 4 6 1 1  11! 32 43 72 -

10 3 5 I! 13 24 32 :>4 -
I! 1 2 4 7 13 II! 30 -
6 1 1 3 5 10 13 2'.! -

4 1 1 2 4 7 9 16 -
3 1 1 1 3 6 I! 13 -
2 1 1 1 3 5 7 1 1  -

XIIII\\', XIIIIW-2, 1 0 1 1 1 4 5 I! -
XIIII 

1/0 0 1 1 1 3 4 7 -
2/0 0 0 1 1 2 3 6 -
3/0 0 0 1 1 2 3 5 -
4/0 0 0 1 1 1 2 4 -

2:.0 0 0 0 1 1 I 3 -
300 0 0 0 1 1 I 3 -
3:.0 0 0 0 1 1 I 2 -
400 0 0 0 0 1 I I -

500 0 0 0 0 1 I I -
flO() 0 0 0 0 1 I I -
700 0 0 0 0 0 I I -
7:.0 0 0 0 0 0 I I -
1!00 0 0 0 0 0 I I -
900 0 0 0 0 0 I I -

1000 0 0 0 0 0 0 I -
12:.0 0 0 0 0 0 0 I -
1500 0 0 0 0 0 0 I -
17:.0 0 0 0 0 0 0 0 -
2000 0 0 0 0 0 0 0 -

FIXTURE WIRES 

RFII-2, FFII-2, 11! 5 I! 14 23 40 :>4 90 -
RFIIII-2 16 4 7 12 19 34 46 76 -

SF-2, SFF-2 11! 6 10 11! 29 51 fll! 1 14 -
16 5 I! 15 24 42 :J6 94 -
14 4 7 12 19 34 46 76 -

SF-1, SFF-1 II! 1 1  II! 32 51 90 121 202 -

RFII-1, TF, TFF, II! I! 13 23 31! 67 1!9 149 -
XF, XFF 16 6 1 1  19 30 54 72 120 -

XF, XFF 14 5 I! 15 24 42 :J6 94 -

T�, TFF.'I II! 13 22 31! fJ() 107 143 239 -
16 10 17 29 46 1!2 109 11!2 -

PF, PFF, PGF, PGFF, II! 12 21 36 57 101 136 226 -
PAF, PTF, PTFF, 16 10 16 21! 44 71! 105 175 -
PAFF 14 7 12 21 33 59 79 131 -

ll liV. 4 5 6 
(78) (91) (103) (1%9) (155) 

- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- - - - -

- - - - -

- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -
- - - - -
- - - - -
- - - - -

- - - - -
- - - - -

- - - - -
- - - - -
- - - - -

- - - - -

- - - - -
- - - - -

- - - - -

- - - - -
- - - - -

- - - - -
- - - - -
- - - - -

(rontimus) 
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.7 Continued 

'Ii'ade Size (Metric Designator) 

Conductor Size 'Y. \1, 'Y. I IY., IV. % %\1, ll 
'JYpe (AWG/kcmil) (I%) (16) (21) (27) (35) (41) (53) (63) (78) 

ZF, ZFF, ZIIF II! 16 27 46 74 131 1i!> 29'.! - -
16 12 20 34 !>4 96 129 21!> - -
14 9 14 25 40 i1 9!> 131 - -

KF-2, KFF-2 II! 24 40 f>9 I l l  196 2fl.1 431! - -
16 17 21! 41! 77 137 11!3 30!> - -
14 1 1  19 32 52 9'.! 123 20!> - -
12 I! 13 22 36 f>4 I!!> 142 - -
10 5 I! I!> 24 42 :.o 94 - -

KF-1, KFF-1 II! 21! 46 1!0 121! 227 303 !>0!> - -
16 20 32 !>6 90 1!>9 213 3!>!> - -
14 13 22 31! f..O 107 143 239 - -
12 9 14 25 40 i1 9!> 1:ol! - -
10 6 9 16 26 46 62 103 - -

XF, XFF 12 3 4 I! 13  22 30 :.o - -
10 1 3 6 10 17 23 39 - -

1\'otes: 
l. Thi• table is for concentric strdnded conductors only. For compact stranded conductors, Table C;a(.\) should be u�d. 
2. Two-hour fire-rated RHH cable has ceramifiable in•ulation, which has larger diameters than other RHH \\ires. 
Consult manufacturer's conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\lthout outer covering. 

20'.!3 t:dition :'\.-\:110:-1.-\1. t:l.t:GI"RJCAL COI>t: 

liV. 4 
(91) (103) 

- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -

Copyright ;;;; NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
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5 6 
(1%9) (155) 

- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C. 7(A) Maximum Number of Conductors of Faxture WJreS in Liquidtigbt Flexible Nonmetallic Conduit (LFNCC) (Based on 
Chapter 9: Table 1, Table 4, and Table 5A) 

Til\\', Tll\\'-2, 
Tllll\\' 

Till IN, TIIW:'I:, 
Tll\\":'1:-2 

XIIII\\', XIIIIW2 

Conductor Size 
(AWG/kcmil) 

ll 
6 
4 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
iOO 
i50 
900 

1000 

ll 
6 
4 
2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
iOO 
i50 
900 

1000 

ll 
6 
4 
2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
iOO 
i50 
900 

1000 

¥, 
(12) 

I 
I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-
I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I 
I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

v. 
(16) 

2 
I 
I 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

-
2 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

3 
I 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Trade Size (Melric: Designator) 

'Y. 
(21) 

1 
(27) 

IV, 
(liS) 

COMPACT CONDUCTORS 

4 6 I I  
3 5 9 
2 3 6 
I 2 5 
I I 3 

I I 3 
I I 2 
I I I 
I I I 

0 I I 
0 I I 
0 I I 
0 0 I 
0 0 I 

0 0 I 
0 0 I 
0 0 0 
0 0 0 
0 0 0 

- - -
4 i 13 
3 4 ll 
I 3 6 
I 2 4 

I I 3 
I I 3 
I I 2 
I I I 

0 I I 
0 I I 
0 I I 
0 I I 
0 0 I 

0 0 I 
0 0 I 
0 0 I 
0 0 0 
0 0 0 

5 ll 15 
4 6 I I  
3 4 ll 
I 3 6 
I 2 4 

I I 3 
I I 3 
I I 2 
I I I 

I I I 
0 I I 
0 I I 
0 I I 
0 0 I 

0 0 I 
0 0 I 
0 0 I 
0 0 0 
0 0 0 

IV. 
(41) 

15 
12 
9 
6 
4 

4 
3 
3 
2 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

-
Ji  
I I  
i 
6 

5 
4 
3 
3 

2 
15 
I I  
i 
6 

5 
4 
3 
3 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

2 
(5ll) 

25 
20 
15 
I I  
i 

6 
5 
5 
4 

3 
2 
2 
I 
I 

I 
I 
I 
I 
I 

-
29 
Ill 
13 
9 

ll 
i 
5 
4 

3 
3 
3 
2 
I 

I 
I 
I 
I 
I 

33 
24 
Ill 
13 
9 

ll 
i 
5 
5 

4 
3 
3 
2 
I 

I 
I 
I 
I 
I 

2V. ll 
(6ll) (78) 

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
- -

liV. 4 5 6 
(91) (lOll) (129) (155) 

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- - - -
- - - -
- - - -

Defimtion: Compact strandmg is the result of a manufacturing process where the stranded conductor L• compres.'l:d to the extent that the mtersuces 
(mid• between stranded "ires) are \irtually eliminated. 
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.S Maximum Number of Conductors or FIXture Wires in Liquidtigbt Flexible Metal Conduit (LFMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Conductor 'Ii'ade Size (Melric Designator) 
Size 

(AWG/ ¥. v. :y. 1 IY, IV. 2 2V. 3 3V. 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) (63) (78) (91) 

CONDUCTORS 

RJJJJ, RJJW, 14 2 4 7 12 21  27 44 fl6 102 133 
RIIW-2 12 I 3 6 10 l i  22 36 55 1!4 1 10 

10 I 3 5 I! 14  II! 29 44 fll! 1!!1 
I! I I 2 4 i 9 15 23 36 46 

6 I I I 3 6 7 12 II! 21! 3i 

4 0 I I 2 4 6 9 14 2'.! 2!1 
3 0 I I I 4 5 I! 13 19 25 
2 0 I I I 3 4 7 I I  li 22 
I 0 0 I I I 3 5 i I I  14 

l/0 0 0 I I I 2 4 6 10 13 
2/0 0 0 I I I I 3 5 I! I I  
3/0 0 0 0 I I I 3 4 i \1 
4/0 0 0 0 I I I 2 4 6 I! 

2:.0 0 0 0 0 I I I 3 4 6 
300 0 0 0 0 I I I 2 4 5 
3:.0 0 0 0 0 I I I 2 3 5 
400 0 0 0 0 I I I I 3 4 
500 0 0 0 0 I I I I 3 4 

flOO 0 0 0 0 0 I I I 2 3 
iOO 0 0 0 0 0 0 I I I 3 
i:.o 0 0 0 0 0 0 I I I 2 
1!00 0 0 0 0 0 0 I I I 2 
900 0 0 0 0 0 0 I I I 2 

1000 0 0 0 0 0 0 I I I I 
12:.0 0 0 0 0 0 0 0 I I I 
1500 0 0 0 0 0 0 0 I I I 
li:.o 0 0 0 0 0 0 0 I I I 
2000 0 0 0 0 0 0 0 0 I I 

TI\', TI Ill\\', TI IW, 14 5 9 15 25 44 57 93 140 215 21!0 
TIIW-2 12 4 7 12 19 33 43 il lOll lfl5 215 

10 3 5 9 14 25 32 53 1!0 123 lf.O 
I! I 3 5 I! 14  II! 29 44 fll! 1!!1 

Rllll*, RIIW*, 14 3 6 10 16 2\1 31! 62 93 143 11!6 
RIIW-2* 12 3 5 I! 13 23 30 ;.o 75 1 15 14\1 

10 1 3 6 10 11! 23 39 51! 1!9 I Ii 
I! 1 I 4 6 I I  14  23 35 53 70 

TI\', TI IW, TIIIIW, 6 1 I 3 5 I! I I  II! 2i 41 53 
TIIW-2, Rllll*, 4 I I I 3 6 I! 13 20 30 40 
RIIW*, RIIW-2* 3 I I I 3 5 7 I I  l i  26 34 

2 0 I 1 2 4 6 9 14 2'.! 2!1 
1 0 I 1 I 3 4 7 10 15 20 

l/0 0 0 1 I 2 3 6 I! 13 1i  
2/0 0 0 1 I 2 3 5 i I I  15 
3/0 0 0 I I I 2 4 6 9 12 
4/0 0 0 0 I I I 3 5 I! 10 

2:.0 0 0 0 I I I 3 4 6 I! 
300 0 0 0 I I 1 2 3 5 i 
3:.0 0 0 0 0 I 1 1 3 5 6 
400 0 0 0 0 I I I 3 4 6 
500 0 0 0 0 I I I 2 3 5 

flOO 0 0 0 0 I I I I 3 4 
iOO 0 0 0 0 0 I I I 2 3 
i:.o 0 0 0 0 0 1 1 I 2 3 
1!00 0 0 0 0 0 1 1 I 2 3 
900 0 0 0 0 0 0 I I I 3 

1000 0 0 0 0 0 0 I I I 2 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GJ'RJC.-\1. COJ>t: 

4 
(103) 

173 
144 
1 16 
61 
41! 

31! 
33 
29 
19 

16 
14  
12 
10 

I! 
7 
6 
6 
5 

4 
3 
3 
3 
3 

3 
I 
I 
I 
I 

365 
21!0 
209 
1 16 

243 
195 
152 
91 

70 
52 
44 
31! 
26 

23 
19 
16 
13  

I I  
9 
I! 
7 
6 

5 
4 
4 
4 
3 

3 
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5 6 
(129) (155) 

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -

- -
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.S Continued 

Conductor 'Ii'ade Size (Metric Designator) 
Size 

(AWG/ ¥. v. :y. I IY, IV. 2 2V. 
'JYpe Ju:mil) (I%) (16) (21) (%7) (35) (41) (53) (63) 

12!.0 0 0 0 0 0 0 I I 
1500 0 0 0 0 0 0 0 I 
17!.0 0 0 0 0 0 0 0 I 
2000 0 0 0 0 0 0 0 I 

Tlllll'\, TIIWI'\, 14 8 13  22 36 63 81 134 201 
TIIW�-2 12 5 9 16 26 46 59 97 146 

10 3 6 10 16 29 37 61 92 
8 I 3 6 9 16 21 35 53 
6 I 2 4 7 12 15 25 38 

4 I I 2 4 7 9 15 23 
3 I I I 3 6 8 13 20 
2 I I I 3 5 7 I I  1 7  
I 0 I I I 4 5 8 12 

l/0 0 I I I 3 4 7 10 
2/0 0 0 I I 2 3 6 8 
3/0 0 0 I I I 3 5 7 
4/0 0 0 I I I 2 4 6 

2!.0 0 0 0 I I I 3 5 
300 0 0 0 I I I 3 4 
3!.0 0 0 0 I I I 2 3 
400 0 0 0 0 I I I 3 
500 0 0 0 0 I I I 2 

f)()() 0 0 0 0 I I I I 
700 0 0 0 0 I I I I 
7!.0 0 0 0 0 0 I I I 
800 0 0 0 0 0 I I I 
900 0 0 0 0 0 I I I 

1000 0 0 0 0 0 0 I I 

FEP, FEPB, PFA, 14 7 12 21 35 61 79 130 195 
Pf.-\11, TFE 12 5 9 15 25 44 58 94 142 

10 4 6 I I  18 32 41 fl8 102 
8 I 3 6 10 18 23 39 58 

6 I 2 4 7 13 17 27 41 
4 I I 3 5 9 12 19 29 
3 I I 2 4 7 10 16 24 
2 I I I 3 6 8 13 20 

PFA, Pf.-\11, TFE I 0 I I 2 4 5 9 14 

PFA, Pf.-\11, TFE, Z l/0 0 I I I 3 4 7 I I  
2/0 0 I I I 3 4 6 9 
3/0 0 0 I I 2 3 5 8 
4/0 0 0 I I I 2 4 6 

z 14 9 15 26 42 73 95 156 235 
12 6 10 18 30 52 67 1 1 1  167 
10 4 6 I I  18 32 41 fl8 102 
8 2 4 7 I I  20 26 43 fl4 

6 I 3 ;, 8 14 18  30 45 

4 I I 3 5 9 12 20 31 
3 I I 2 4 7 9 15 23 
2 I I I 3 6 7 12 19 
I I I I 2 5 6 10 15 

XIIIIW, 14 5 9 15 25 44 57 93 140 
ZW, XIIIIW-2, 12 4 7 12 19 33 43 71 108 
XIIII 10 3 5 9 14 25 32 53 80 

8 I 3 5 8 14 18  29 44 
6 I I 3 6 10 13  22 33 

4 I I 2 4 7 9 16 24 
3 I I I 3 6 8 13 20 
2 I I I 3 5 7 I I  1 7  

3 3V. 4 5 6 
(78) (91) (103) (129) (155) 

I I 2 - -

I I 2 - -

I I I - -

I I I - -

308 401 523 - -

225 292 381 - -

141 184 240 - -

81 106 138 - -

59 76 100 - -

36 47 61 - -

30 40 52 - -

26 33 44 - -

19 25 32 - -

16 21 27 - -

13 17 23 - -

I I  14 19 - -

9 12 15 - -

7 10 12 - -

6 8 I I  - -

5 7 9 - -

5 6 8 - -

4 ;, 7 - -

3 4 6 - -

3 4 5 - -

3 3 5 - -

2 3 4 - -

2 3 4 - -

I 3 3 - -

299 389 !.07 - -

218 284 370 - -

1!>6 203 266 - -

89 1 17 152 - -

fl4 83 108 - -

44 58 75 - -

37 48 63 - -

30 40 52 - -

21 28 36 - -

18 23 30 - -

14 19 25 - -

12 16 20 - -

10 13 1 7  - -

3f.O 469 61 1 - -

255 332 434 - -

1!>6 203 266 - -

99 129 lfl8 - -

fl!J 90 1 18 - -

48 62 81 - -

35 45 59 - -

29 38 49 - -

23 30 40 - -

215 280 365 - -

lfl!> 215 280 - -

123 lf.O 209 - -

fl8 89 1 16 - -

!.0 f.G 86 - -

36 48 62 - -

31 40 52 - -

26 34 44 - -

(ronlimus) 
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Table C.S Continued 

I:'IIFOR.\<lATIVE ANJ'\EX C 

Conductor 'Ii'ade Size (Metric Designator) 
Size 

(AWG/ ¥. v. :y. I w, IV. 2 
'JYpe Ju:mil) (12) (16) (21) (27) (35) (41) (53) 

XIIII\\', XIIIIW-2, 1 0 1 I I 4 ;; 8 
XIIII 

l/0 0 1 I I 3 4 7 
2/0 0 0 I I 2 3 6 
3/0 0 0 I I I 3 5 
4/0 0 0 I I I 2 4 

2!.0 0 0 0 I I I 3 
300 0 0 0 I I I 3 
3!.0 0 0 0 I I I 2 
400 0 0 0 I I I 1 
;;oo 0 0 0 0 I I 1 

flO() 0 0 0 0 I I 1 
700 0 0 0 0 I I 1 
7!.0 0 0 0 0 0 I 1 
800 0 0 0 0 0 I 1 
900 0 0 0 0 0 I 1 

1000 0 0 0 0 0 0 1 
12!.0 0 0 0 0 0 0 1 
1500 0 0 0 0 0 0 1 
17!.0 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 

FIXTURE WIRES 

RFII-2, ffll-2, 18 5 8 '" 24 42 54 89 
RFIIII-2 16 4 7 12 20 35 46 75 

Sf-2, Sff-2 18 6 1 1  19 30 53 69 1 13 
16 5 9 '" 25 44 57 93 
14 4 7 12 20 35 46 75 

Sf-1 , Sff-1 18 12 19 33 53 94 122 199 

RFII-1 ,  Tf, Tff, 18 8 14  24 39 69 90 147 
Xf, Xff 16 7 1 1  20 32 56 72 1 19 

Xf, Xff 14 5 9 '" 25 44 57 93 

T�. TFF.'I 18 14  23 39 63 1 1 1  144 236 
16 10 1 7  30 48 85 1 10 180 

Pf, PFF, PGF, 18 13  21 37 f.O to:. 136 224 
PGFF, PAF, PTF, 16 10 16 29 46 81  to:. 1 73 
PTFF, PAFF 14 7 12 21 35 61  79 130 

ZF, Zff, Zllf 18 17 28 48 ii 136 176 288 
16 12 20 35 57 100 130 213 
14 9 '" 26 42 73 g:; 156 

KF-2, KFF-2 18 25 42 72 1 16 203 2fl4 433 
16 18 29 !.0 81 142 184 302 
14 12 19 34 54 9:. 124 203 
12 8 13  23 38 66 86 141 
10 5 9 '" 25 44 57 93 

KF-1 , KFF-1 18 29 48 83 134 23:. 304 499 
16 20 34 !>8 94 ]6:; 214 351 
14 14  23 39 63 1 1 1  144 236 
12 9 '" 26 42 73 g:; 156 
10 6 10 17 27 48 62 102 

XF, Xff 12 3 5 8 13 23 30 !.0 
10 1 3 6 10 18 23 39 

l'otes: 
1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C.7(A) 

should he used. 

2V. 
(63) 

12 

10 
9 
7 
6 

5 
4 
3 
3 
2 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

134 
1 13 

169 
140 
1 13 

300 

2'.!2 
179 

140 

3:.:. 
271 

336 
2fl0 
195 

434 
320 
235 

r.:.t 
454 
305 
212 
140 

751 
527 
3:.:. 
235 
153 

75 
58 

CHAPTER 9  

3 3V. 4 5 6 
(78) (91) (103) (129) (155) 

19 25 33 - -

16 21 28 - -

13 17 23 - -

1 1  14 19 - -

9 12 16 - -

7 10 13 - -

6 8 1 1  - -

5 7 10 - -

5 6 8 - -

4 :; 7 - -

3 4 6 - -

3 4 :; - -

3 3 5 - -

2 3 4 - -

2 3 4 - -

1 3 3 - -

1 I 3 - -

1 I 2 - -

1 I I - -

1 I I - -

200 268 350 - -

174 226 295 - -

2f.O 338 441 - -

215 280 3f.:. - -

174 226 295 - -

4f.O 599 781 - -

339 442 :.77 - -

274 357 465 - -

215 280 3f.:. - -

543 707 9'.!3 - -

415 540 705 - -

"'" 671 875 - -

398 519 677 - -

299 389 !.07 - -

6fl4 86:; 1 128 - -

490 638 832 - -

3fl0 469 61 1 - -

996 1297 1692 - -

69:. go:; 1 180 - -

467 fl08 793 - -

325 423 :.:.2 - -

215 280 3f.:. - -

1 1!.0 1497 1952 - -

808 10:.2 1372 - -

:.43 707 9'.!3 - -

3fl0 469 61 1 - -

235 306 399 - -

1 15 149 19:. - -

89 1 17 152 - -

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. C..onsult manufacturer's 
conduit fill tables. 
"Types RHH, RHW, and RHW-2 \\ithout outer coYering. 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.S(A) Maximum Number of Conductors or FIXture WJreS in Liquidtigbt Flexible Metal Conduit (LFMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Melric: Designator) 
Size 

(AWG/ � � �. I .�. ·� 2 
Type kcmil) (12) (16) (21) (27) (35) (41) (53) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, s I 2 4 i 12 15 25 
Tllll\\' 6 1 I 3 5 9 12 19 

4 I I 2 4 i 9 14 
2 I I I 3 5 6 I I  
I 0 I I I 3 4 i 

1/0 0 I I I 3 4 6 
2/0 0 0 I I 2 3 5 
3/0 0 0 I 1 I 3 4 
4/0 0 0 I I I 2 4 

250 0 0 0 1 I I 3 
300 0 0 0 I I I 2 
350 0 0 0 I I I 2 
400 0 0 0 0 I I I 
500 0 0 0 0 I I I 

600 0 0 0 0 I I I 
iOO 0 0 0 0 I I I 
i50 0 0 0 0 0 I I 
900 0 0 0 0 0 I I 

1000 0 0 0 0 0 I I 

Till IN, TIIWN, s - - - - - - -
TIIWN-2 6 1 2 4 i 13 li 211 

4 I I 3 4 8 I I  li 
2 I I I 3 6 i 12 
I 0 I I 2 4 6 9 

1/0 0 I I I 4 5 II 
2/0 0 I I I 3 4 6 
3/0 0 0 I 1 2 3 5 
4/0 0 0 I I I 3 4 

250 0 0 I I I 3 
300 0 0 0 I I 3 
350 0 0 0 I I 2 
400 0 0 0 1 I 2 
500 0 0 0 0 I I 

600 0 0 0 0 I I 
iOO 0 0 0 0 I I 
i50 0 0 0 0 I I 
900 0 0 0 0 0 I 

1000 0 0 0 0 0 I 

XIIII\\', XIIIIW-2 s I 3 5 9 15 2 33 
6 1 2 4 6 I I  15 24 
4 I I 3 4 8 I I  li 
2 I I I 3 6 i 12 
I 0 I I 2 4 6 9 

1/0 0 I I I 4 5 II 
2/0 0 I I 1 3 4 i 
3/0 0 0 I 1 2 3 5 
4/0 0 0 I I I 3 4 

250 0 0 I I I 3 
300 0 0 0 I I 3 
350 0 0 0 I I 3 
400 0 0 0 1 I 2 
500 0 0 0 0 I I 

f.OO 0 0 0 0 I I 
iOO 0 0 0 0 I I 
i50 0 0 0 0 I I 
900 0 0 0 0 0 I 

1000 0 0 0 0 0 I 

Defimtion: Dn11pact .<lrandi11g 1s the result of a manufactunng process where the stranded c nductor 1s 
compres.'led to the extent that the interstices (\'oid� between strand \\ires) are 'inually eliminated. 

2� 
(65) 

38 
29 
22 
16 
I I  

10 
8 
i 
6 

4 
4 
3 
3 
3 

I 
I 
I 
I 
I 

-
43 
26 
19 
14 

12 
10 
8 
i 

5 
4 
4 
3 
3 

2 
I 
I 
I 
I 

49 
3i 
26 
19 
14 

12 
10 
8 
i 

5 
5 
4 
4 
3 

2 
I 
I 
I 
I 

5 5� 
(78) (91) 

58 i6 
45 59 
34 44 
25 32 
li 23 

15 20 
13 16 
l l  14 
9 12 

i 9 
6 II 
5 i 
5 6 
4 5 

3 4 
3 4 
3 3 
2 3 
I 3 

- -
rm 86 
41 53 
29 38 
22 211 
19 24 
15 20 
13 li 
10 14 

II I I  
i 9 
6 II 
5 i 
5 6 

4 5 
3 4 
3 4 
2 3 
2 3 

i6 98 
56 i3 
41 53 
29 38 
22 211 
19 24 
16 20 
13 li 
I I  14 

II I I  
i 9 
6 II 
6 i 
5 6 

4 5 
3 4 
3 4 
2 3 
2 3 

4 5 6 
(105) (129) (155) 

99 - -
ii - -
5i - -
42 - -
30 - -

26 - -
21 - -
Ill - -
15 - -

12 - -
10 - -
9 - -
II - -
i - -

6 - -
5 - -
5 - -
4 - -
4 - -

- - -
1 12 - -

69 - -
50 - -
3i - -

32 - -
26 - -
22 - -
Ill - -

14 - -
12 - -
I I  - -
9 - -
II - -

6 - -
6 - -
5 - -
4 - -
4 - -

129 - -
95 - -
69 - -
50 - -
3i - -

32 - -
2i - -
22 - -
Ill - -

15 - -
12 - -
I I  - -
10 - -
II - -

6 - -
6 - -
5 - -
4 - -
4 - -
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.9 Maximum Number of Conductors or FIXture Wires in Rigid Metal Conduit (RMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Conductor 
Size 

(AWG/ 
kcmil) 

'Ii'ade Size (Melric: Designator) 

Type 

RJJJJ, RJJW, RIIW-2 14 
12 
10 
8 
6 

4 
3 
2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

flOO 
700 
750 
800 
900 

1000 
1250 
l:.oo 
1750 
2000 

TI\', TI 111\\', TI IW, 14 
TIIW-2 12 

10 
8 

R1111*, RIIW*, 14 
RIIW-2* 12 

10 
8 

TI\', TIIW, TIIIIW, 6 
TIIW-2, Rllll*, 4 
RIIW*, RIIW-2* 3 

2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

flOO 
700 
750 
800 
\100 

1000 

2U'l3 t:clitipn X-\:110:>1.\1. t:l.t:GI'RJCAL GOI>t: 

o/, 
(I2) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

. .  

v. 
(I6) 

4 
3 
3 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

9 
7 
5 
3 

6 
5 
3 
I 

I 
I 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

¥. 
(2I) 

7 
6 ;; 
2 
I 

I 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

15 
12 
\1 
;; 

10 
8 
6 
4 

3 
I 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

I 
(27) 

IV. 
(35) 

CONDUCTORS 

12 21 
10 1 7  
8 14 
4 7 
3 6 

2 4 
2 4 
I 3 
I I 

I I 
I I 
I I 
I I 

0 I 
0 I 
0 I 
0 I 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

25 44 
19 33 
14 25 
8 14 

17 29 
13 23 
10 18 
6 I I  

5 8 
3 6 
3 5 
2 4 
I 3 

I 2 
I 2 
I I 
I I 

I I 
I I 
0 I 
0 I 
0 I 

0 I 
0 0 
0 0 
0 0 
0 0 

0 0 

IV. 
(4I) 

28 
23 
19 
10 
8 

6 
5 
4 
3 

2 
2 
I 
I 

I 
I 
I 
I 
I 

I 
I 
0 
0 
0 

0 
0 
0 
0 
0 

59 
45 
34 
19 

39 
32 
25 
15 

I I  
8 
7 
6 
4 

3 
3 
2 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

0 

2 
(53) 

46 

38 
31 
16 
13 

10 
\1 
7 
;; 
4 
4 
3 
3 

0 
0 
0 

98 
75 
56 
31 

65 
52 
41 
24 

18 
14 
12 
10 
7 

6 
:; 
4 
3 

3 
2 
I 
I 
I 

I 
I 
I 
I 
I 

I 

2V. 
(63) 

fl6 

55 
44 

23 
18 

14 
12 
I I  
7 

6 
5 
4 
4 

3 
2 
2 

140 
107 
80 
44 

\13 
i5 
:.s 
35 

27 
20 
17 
14 
10 

8 
7 
6 
5 

4 
3 
3 
3 
2 

I 
I 
I 
I 
I 

I 

3 
(78) 

102 
85 
fl8 

36 
29 

22 
19 
17 
I I  

10 
8 
7 
6 

4 
4 
4 
3 
3 

2 
I 
I 
I 
I 

I 
I 
I 
I 
I 

215 
165 
123 

fl8 

143 
1 15 
90 
54 

41 
31 
26 
22 
15 

13 
I I  
9 
8 

6 
5 
5 
4 
3 

3 
2 
2 
2 
I 

I 

3V. 
(9I) 

136 
1 13 
91 
48 
38 

30 
26 
23 
15 

13 
I I  
10 
8 

6 ;; 
;; 
4 
4 

3 
3 
3 
2 
2 

I 
I 
I 
I 
I 

288 
221 
lf>4 
91 

191 
154 
120 
72 

55 
41 
35 
30 
21 

18 
15 
13 
10 

8 
7 
6 
6 
;; 
4 
3 
3 
3 
3 

2 

4 
(I03) 

176 
146 
1 18 
61 
4\1 

38 
34 
2\1 
l\1 

17 
14 
12 
I I  

8 
7 
6 
6 
:; 
4 
3 
3 
3 
3 

3 
I 
I 
I 
I 

370 
284 
212 
1 18 

246 
1\18 
154 
\12 

71 
53 
45 
38 
27 

23 
1\1 
16 
14 

I I  
\1 
8 
7 
6 

:; 
4 
4 
4 
3 

3 
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5 
(I%9) 

276 
229 
185 
\17 
77 

flO 

53 
46 
30 

26 
23 
20 
17 

13 
II  
10 
9 
8 

6 
6 
5 
5 
5 

4 
3 
3 
2 
2 

581 
446 
332 
185 

387 
31 1  
242 
145 

I l l  
83 
71 
flO 

42 

36 
31 
26 
21 

17 
15 
13 
12 
10 

8 
7 
7 
6 
6 

5 

6 
(I 55) 

398 
330 
267 
139 
1 12 

87 
76 
fl6 

44 

38 
33 
28 
24 

18 
16 
15 
13 
I I  

9 
8 
8 
7 
7 

6 
5 
4 
4 
3 

839 
f>44 
480 
267 

5:>8 
448 
3:.0 
209 

I flO 

120 
103 
87 
61 

52 
44 

37 
31 

25 

22 
19 
17 
14 

12 
10 
10 
9 
8 

8 

(rmitinUJ'S) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.9 Continued 

Conductor 'Ji'ade Size (Melric: Designator) 
Size 

(AWG/ o/, v. ¥. I IV. IV. % !V. ll 
1)pe kcmil) (12) (16) (%1) (%7) (!15) (41) (5!1) (6!1) (78) 

1250 - 0 0 0 0 0 I I 1 
t:.oo - 0 0 0 0 0 I I 1 
1750 - 0 0 0 0 0 0 I 1 
2000 - 0 0 0 0 0 0 I 1 

Tlllll'\, TIIWI'\, 14 - 13 22 36 63 85 140 200 309 
TIIW�-2 12 - 9 16 26 46 62 102 146 225 

10 - 6 10 17 29 39 64 92 142 
8 - 3 6 9 16 22 37 53 82 
6 - 2 4 7 12 16 27 38 59 

4 - 1 2 4 7 10 16 23 36 
3 - 1 I 3 6 8 14 20 31 
2 - 1 I 3 5 7 I I  17 26 
I - 1 I I 4 5 8 12 19 

l/0 - 1 I I 3 4 7 10 16 
2/0 - 0 I I 2 3 6 8 13 
3/0 - 0 I I I 3 5 7 I I  
4/0 - 0 I I I 2 4 6 9 

250 - 0 0 I I 1 3 5 7 
300 - 0 0 I I 1 3 4 6 
350 - 0 0 I I 1 2 3 5 
400 - 0 0 I I 1 2 3 5 
:.oo 0 0 0 I 1 I 2 4 

f.OO - 0 0 0 I 1 I I 3 
700 - 0 0 0 I 1 I I 3 
750 - 0 0 0 0 1 I I 3 
800 - 0 0 0 0 1 I I 2 
900 - 0 0 0 0 1 I I 2 

1000 - 0 0 0 0 1 I I 1 

FEP, FEPB, PFA, 14 - 12 22 35 61 83 136 194 300 
PF.-\11, TFE 12 - 9 16 26 44 f..O 99 142 219 

10 - 6 I I  18 32 43 71 10'.! 157 
8 - 3 6 10 18 25 41 :.s 90 

6 - 2 4 7 13 17 29 41 f>4 
4 - 1 3 5 9 12 20 29 44 
3 - 1 2 4 7 10 17 24 37 
2 1 I 3 6 8 14 20 31 

PFA, Pf.-\11, TFE I - 1 I 2 4 6 9 14 21 

PFA, Pf.-\11, TFE, Z l/0 - 1 I I 3 5 8 I I  18 
2/0 - 1 I I 3 4 6 9 14 
3/0 - 0 I I 2 3 5 8 12 
4/0 - 0 I I I 2 4 6 10 

z 14 - 15 26 42 73 100 164 234 361 
12 - 10 18 30 52 71 1 16 166 256 
10 - 6 I I  18 32 43 71 102 157 
8 - 4 7 I I  20 27 45 fl'l 99 
6 - 3 5 8 14 19 31 45 f>9 

4 - 1 3 5 9 13  22 31 48 
3 - 1 2 4 7 9 16 2'.! 35 
2 - 1 I 3 6 8 13 19 29 
I - 1 I 2 5 6 10 15 23 

XIIIIW, ZW. 14 - 9 15 25 44 59 98 140 215 
XIIIIW-2, XIIII 12 - 7 12 19 33 45 75 107 165 

10 - 5 9 14 25 34 56 80 123 
8 - 3 5 8 14 19 31 44 fl8 

6 - 1 3 6 10 14  23 33 51 

4 - 1 2 4 7 10 16 24 37 
3 - 1 I 3 6 8 14 20 31 
2 - 1 I 3 5 7 12 17 26 

sv. 4 5 6 
(91) (lOll) (129) (155) 

I 2 4 6 
I 2 3 5 
I I 3 4 
I I 3 4 

412 531 833 1202 
301 387 608 877 
189 244 383 552 
10!1 140 221 318 
79 101 159 230 

48 62 98 141 
41 53 83 120 
34 44 70 100 
25 33 51 74 

21 27 43 63 
18 23 36 52 
15 19 30 43 
12 16 25 36 

10 13 20 29 
8 I I  17 25 
7 10 15 22 
7 8 13 20 
5 7 I I  1 6  

4 6 9 13  
4 5 8 I I  
4 5 7 I I  
3 4 7 10 
3 4 6 9 
3 4 6 8 

400 515 808 1 166 
292 376 590 851 
20!1 269 423 610 
120 154 242 350 

85 1 10 172 249 
59 ii 120 174 
50 64 100 145 
41 53 83 120 

28 37 57 83 

24 30 48 69 
19 25 40 57 
16 21 33 47 
13 17 27 39 

482 621 974 1405 
342 440 691 997 
20!1 269 423 610 
132 170 267 386 
93 120 188 271 

fl4 82 129 186 
47 60 94 136 
39 50 78 1 1 3  
31 40 63 92 

288 370 581 839 
221 284 446 f>44 
lfl'l 212 332 480 
91 1 18 185 267 
fl8 87 137 197 

49 63 99 143 
41 53 84 121 
35 45 70 101 

(ronlimus) 
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Table C.9 Continued 

I:'IIFOR.\<lATIVE ANJ'\EX C 

Conductor 'Ji'ade Size (Melric: Designator) 
Size 

(AWG/ o/, v. ¥. I IV. IV. % !V. 
1)pe kcmil) (12) (16) (%1) (%7) (!15) (41) (5!1) (6!1) 

XIIII\\', XIIIIW-2, I - 1 I I 4 5 9 12 
XIIII 

l/0 - 1 I I 3 4 7 10 
2/0 - 0 I I 2 3 6 9 
3/0 - 0 I 1 1 3 :; 7 
4/0 - 0 I 1 1 2 4 6 

250 - 0 0 1 1 1 3 5 
300 - 0 0 I 1 1 3 4 
350 - 0 0 I 1 1 2 3 
400 - 0 0 1 1 1 2 3 
:.oo - 0 0 0 1 1 I 2 

f.OO - 0 0 0 1 1 I I 
700 - 0 0 0 1 1 I I 
750 - 0 0 0 0 1 I I 
1!00 - 0 0 0 0 1 I I 
900 - 0 0 0 0 1 I I 

1000 - 0 0 0 0 1 I I 
1250 - 0 0 0 0 0 I I 
1:.00 - 0 0 0 0 0 I I 
1750 - 0 0 0 0 0 0 I 
2000 - 0 0 0 0 0 0 I 

FIXTURE WIRES 

RFII-2, ffll-2, II! - I! 15 24 42 57 94 134 
RFllll-2 16 - 7 12 20 35 41! 79 1 13 

Sf-2, Sff-2 11! - 1 1  19 31 53 72 1 11! 169 
16 - 9 15 25 44 59 91! 140 
14 - 7 12 20 35 41! 79 1 13 

Sf-1 , Sff-1 11! - 19 33 '"' 94 127 209 299 

RFII-1 ,  Tf, Tff, Xf, 11! - 14 25 40 f>9 94 155 221 
Xff 16 - 1 1  20 32 56 76 125 171! 

Xf, Xff 14 - 9 15 25 44 59 91! 140 

Tf:-1, Tff:>l 11! - 23 40 f>4 I l l  150 241! 3:>4 
16 - 17 30 49 1!4 1 15 11!9 270 

PF, PFF, PGF, PGFF, 11! - 21 31! 61 105 143 235 335 
PAF, PTF, PTFF, 16 - 16 29 47 Ill 1 10 11!1 259 
PAFF 14 - 12 22 35 61 1!3 136 194 

Zf, Zff, Zllf II! - 21! 49 79 135 11!4 303 432 
16 - 20 36 :oil 100 136 223 319 
14 - 15 26 42 73 100 164 234 

KF-2, KFF-2 11! - 42 73 I ll! 203 276 454 641! 
16 - 29 51 1!2 142 192 317 452 
14 - 19 34 55 95 129 213 304 
12 - 13 24 31! flfl 90 141! 21 1  
10  - 9 15 25 44 59 91! 140 

KF-1, KFF-1 11! - 41! 1!4 136 234 311! 524 741! 
16 - 34 59 96 lfX. 224 361! 526 
14 - 23 40 f>4 I l l  150 241! 3:>4 
12 - 15 26 42 73 100 164 234 
10 - 10 17 21! 41! 65 107 153 

Xf, Xff 12 - 5 I! 13 23 32 52 75 
10 - 3 6 10 II! 25 41 :oil 

l'otes: 
1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C.S(A) 
should he used. 

ll 
(78) 

19 

16 
13 
1 1  
9 

7 
6 
6 
5 
4 

3 
3 
3 
2 
2 

1 
1 
1 
1 
1 

207 
1 74 

261 
215 
1 74 

461 

341 
275 

215 

545 
416 

517 
400 
300 

flflfl 
491 
361 

1000 
697 
4flll 
326 
215 

1 153 
1!10 
545 
361 
236 

1 15 
90 

CHAPTER 9  

sv. 4 5 6 
(91) (lOll) (129) (155) 

26 33 52 76 

22 21! 44 64 
11! 23 37 53 
15 19 30 44 
12 16 25 36 

10 13 20 30 
9 I I  11! 25 
7 10 15 22 
7 9 14 20 
:; 7 1 1  16 

4 6 9 13  
4 5 I! 1 1  
4 5 7 1 1  
3 4 7 10 
3 4 6 9 

3 4 6 I! 
2 3 4 6 
I 2 4 5 
I I 3 5 
I I 3 4 

276 355 557 1!04 
232 299 470 671! 

341! 441! 703 1014 
21!1! 370 :>Ill 1!39 
232 299 470 671! 

616 79'.! 1244 1794 

455 51!5 911! 1325 
367 472 741 1070 

21!1! 370 :>Ill 1!39 

721! 937 1470 2120 
556 715 1 123 1620 

690 1!1!1! 1394 201 1  
534 flll7 1071! 1555 
400 515 1!01! 1 166 

1!1!9 1 145 1796 2592 
656 1!44 1325 1912 
41!2 621 974 1405 

1334 1 717 2695 31!1!7 
931 1 191! 11!1!0 2712 
625 1!05 1263 11!22 
435 5fl0 1!71! 1267 
21!1! 370 :>Ill 1!39 

1540 191!2 3109 441!6 
101!2 139'.! 211!5 3152 
721! 937 1470 2120 
41!2 621 974 1405 
315 405 f>.16 911! 

154 1!11! 31 1 441! 
120 1:>4 242 350 

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. C..onsult manufacturer's 
conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\ithout outer covering. 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.9(A) Maximum Number of Conductors or FIXture WJreS in Rigid Metal Conduit (RMC) 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ � � � I ��. I� 2 
Type kcmil) (12) (16) (21) (27) (ll5) (41) (5ll) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, TIIIIW s - 2 4 i 12 16 26 
6 - I 3 5 9 12 20 
4 - I 2 4 i 9 15 
2 - I I 3 5 i I I  
I - I I I 3 5 II 

1/0 - I I I 3 4 i 
2/0 - 0 I I 2 3 6 
3/0 - 0 I I I 3 5 
4/0 - 0 I I I 2 4 

250 - 0 0 I I I 3 
300 - 0 0 I I I 3 
350 - 0 0 I I I 2 
400 - 0 0 I I I I 
500 - 0 0 0 I I I 

f.OO - 0 0 0 I I I 
iOO - 0 0 0 I I I 
i50 - 0 0 0 0 I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

Till IN, TIIWN, s - - - - - - -

TII\\'N-2 6 - 2 5 II 13 IS 30 
4 - I 3 5 8 I I  Ill 
2 - I I 3 6 s 13 
I - I I 2 4 6 10 

1/0 - I I I 4 5 II 
2/0 - I I I 3 4 i 
3/0 - 0 I I 2 3 6 
4/0 - 0 I I I 3 5 

250 - 0 I I I 2 4 
300 - 0 0 I I I 3 
350 - 0 0 I I I 3 
400 - 0 0 I I I 2 
500 - 0 0 0 I I I 

f.OO - 0 0 0 I I I 
iOO - 0 0 0 I I I 
i50 - 0 0 0 I I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

XIIII\\', XIIIIW-2 s - 3 5 9 15 21 34 
6 - 2 4 6 I I  15  25 
4 - I 3 5 8 I I  Ill 
2 - I I 3 6 s 13 
I - I I 2 4 6 10 

1/0 - I I I 4 5 II 
2/0 - I I I 3 4 i 
3/0 - 0 I I 2 3 6 
4/0 - 0 I I I 3 5 

250 - 0 I I I 2 4 
300 - 0 0 I I I 3 
350 - 0 0 I I I 3 
400 - 0 0 I I I 2 
500 - 0 0 0 I I I 

f.OO - 0 0 0 I I I 
iOO - 0 0 0 I I I 
i50 - 0 0 0 I I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

Definuion: C.o111pact .<lramling 1s the result of a manufacturmg process where the stranded conductor 1s 
compres.'led to the extent that the interstices (void� between strand \\ires) are 'irtually eliminated. 

2� ll 
(6ll) (78) 

38 59 
29 45 
22 34 
16 25 
I I  li  

10 15 
8 13 
i I I  
6 9 

4 i 
4 6 
3 5 
3 5 
3 4 

I 3 
I 3 
I 3 
I 2 
I I 

- -

43 f>f> 
26 41 
19 29 
14 22 

12 19 
10 15 
8 13 
i 10 

5 8 
4 i 
4 6 
3 5 
3 5 

2 4 
I 3 
I 3 
I 2 
I 2 

49 if> 
36 56 
26 41 
19 29 
14 22 

12 19 
10 16 
8 13 
i I I  

5 8 
5 i 
4 6 
4 6 
3 5 

2 4 
I 3 
I 3 
I 2 
I 2 

ll� 4 5 6 
(91) (lOll) (129) (155) 

ill 101 1511 22S 
f.O i8 122 I if> 
45 58 91 132 
33 43 6i 9i 
23 30 4i 611 

20 26 41 59 
li 22 34 50 
14 19 29 42 
12 15 24 35 

9 12 19 2S 
II I I  l i  24 
i 9 15 22 
i 8 13 20 
5 i I I  li  

4 6 9 13 
4 5 s 12 
4 5 i I I  
3 4 i 10 
3 4 6 9 

- - - -

Sll 1 14 li9 2511 
55 iO 1 10 159 
39 50 i9 1 14 
29 38 59 86 

25 32 51 i3 
21 26 42 60 
li 22 3.:; 51 
14 18 29 42 

I I  14 23 33 
10 12 20 2S 
II I I  l i  25 
i 10 15 22 
6 8 13 19 

5 6 10 15 
4 6 9 13 
4 5 9 13 
3 4 i 10 
3 4 6 9 

101 130 205 296 
i5 9i 152 220 
55 iO 1 10 159 
39 50 i9 1 14 
29 38 59 86 

25 32 51 i3 
21 2i 43 62 
li 22 3.:; 51 
14 19 29 42 

I I  15 23 34 
10 13 20 29 
9 I I  IS 25 
II 10 16 23 
6 8 13 19 

5 i 10 15 
4 6 9 13 
4 5 s 12 
3 5 i I I  
3 4 i 10 
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.IO Maximum Number of Conductors or FIXture Wires in Rigid PVC Conduit, Schedule 80 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Conductor 
Size 

(AWG/ 
kcmil) 

'Ii'ade Size (Melric: Designator) 

Type 

RJJJJ, RJJW, RIIW-2 14 
12 
10 
I! 
6 

4 
3 
2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

r.oo 
700 
750 
1!00 
900 

1000 
1250 
l:.oo 
1750 
2000 

TI\', TI Ill\\', TI IW, 14 
TIIW-2 12 

10 
I! 

Rllll*, RIIW*, 14 
RIIW-2* 12 

10 
I! 

TI\', TI IW, TIIIIW, 6 
TIIW-2, Rllll*, 4 
RJIW*, RJIW-2* 3 

2 
I 

l/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

r.oo 
700 
750 
1!00 
900 

1000 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. COI>t: 

o/, 
(12) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

v. 
(16) 

3 
2 
I 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

6 
4 
3 
I 

4 
3 
2 
I 

I 
I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

¥. 
(21) 

5 
4 
3 
I 
I 

I 
I 
I 
I 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I I  
9 
6 
3 

I! 
6 
5 
3 

I 
I 
I 
I 
I 

I 
I 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

1 
(27) 

IV. 
(35) 

CONDUCTORS 

9 1 7  
7 14 
6 I I  
3 6 
2 4 

I 3 
I 3 
I 3 
I I 

I I 
I I 
I I 
0 I 

0 I 
0 I 
0 I 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

19 35 
15 27 
I I  20 
6 I I  

13 23 
10 19 
I! 15 
5 9 

3 7 
3 5 
2 4 
I 3 
I 2 

I I 
I I 
I I 
I I 

0 I 
0 I 
0 I 
0 I 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

1V. 
(41) 

23 
19 
15 
I! 
6 

5 
4 
4 
2 

I 
I 
I 
I 

I 
I 
I 
I 
I 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

49 
31! 
21! 
15 

32 
26 
20 

12 

9 
7 
6 
5 
3 

3 
2 
I 
I 

I 
I 
I 
I 
I 

I 
I 
0 
0 
0 

0 

2 
(53) 

39 
32 
26 
13 
I I  

I! 
7 
6 
4 

3 
3 
3 
2 

0 
0 
0 

1!2 
63 
47 
26 

55 
44 
34 

20 

16 
12 
10 
I! 
6 

5 
4 
3 
3 

2 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 

2V. 
(63) 

:>6 
46 
37 
19 
16 

12 
I I  
9 
6 

5 
4 
4 
3 

2 
2 

0 

I ll! 
91 
fll! 
37 

79 
f>.1 
49 
29 

2'.! 
17 
14 
12 
I! 

7 
6 
5 
4 

3 
3 
2 
2 
I 

I 
I 
I 
I 
I 

I 

3 
(78) 

1!8 
73 
59 
31 
24 

19 
17 
14 
9 

I! 
7 
6 
5 

4 
3 
3 
3 
2 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

11!5 
142 
106 
59 

123 
99 
77 
46 

35 
26 
22 
19 
13 

I I  
10 
I! 
7 

5 
5 
4 
4 
3 

2 
2 
I 
I 
I 

I 

3V. 
(91) 

I ll!  
91! 
79 
41 
33 

26 
23 
20 
13 

I I  
10 
I! 
7 

5 
5 
4 
4 
3 

3 
2 
2 
2 
I 

I 
I 
I 
I 
I 

250 
192 
143 
79 

lf>6 
133 
104 
62 

41! 
35 
30 
26 
II! 

15 
13 
I I  
9 

7 
6 
6 
5 
4 

3 
3 
3 
3 
2 

2 

4 
(103) 

153 
127 
103 
54 
43 

33 
29 

25 
17 

15 
13 
I I  
9 

7 
6 
5 
5 
4 

3 
3 
3 
3 
2 

2 
I 
I 
I 
I 

324 
241! 
11!5 
103 

215 
173 
135 
!!I 

62 
46 
39 
33 
23 

20 
17 
14 
12 

9 
I! 
7 
7 
5 

4 
4 
4 
3 
3 

3 
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5 
(129) 

243 
202 
lf>.1 
1!5 
fll! 

53 
47 
41 
27 

23 
20 

17 
15 

II  
10 
9 
I! 
7 

6 
5 
5 
4 
4 

4 
3 
2 
2 
I 

514 
394 
294 
lf>.1 
341 
274 
214 
121! 

91! 
73 
f>.1 
53 
37 

32 
27 
23 
19 

15 
13 
12 
10 
9 

7 
6 
6 
6 
5 

5 

6 
(155) 

349 
290 
234 
122 
91! 
77 
67 
:lll 
31! 

33 
29 

25 
21 

16 
14 
13 
12 
10 

I! 
7 
7 
7 
6 

5 
4 
4 
3 
3 

736 
5f>5 
421 
234 

490 
394 
307 
11!4 

141 
105 
90 
77 
54 

46 

39 
33 
27 

22 
19 
17 
15 
13 

10 
9 
I! 
I! 
7 

7 

(rontimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.IO Continued 

Conductor 'Ji'ade Size (Melric: Designator) 
Size 

(AWG/ o/, v. ¥. I IV. IV. % !V. ll 
1)pe kcmil) (12) (16) (%1) (%7) (!15) (41) (5!1) (6!1) (78) 

1250 - 0 0 0 0 0 I I 1 
t:.oo - 0 0 0 0 0 0 I 1 
1750 - 0 0 0 0 0 0 I 1 
2000 - 0 0 0 0 0 0 0 1 

Tlllll'\, TIIW!'\, 14 - 9 17 21! 51 70 1 11! 170 2f>5 
TIIW�-2 12 - 6 12 20 37 51 1!6 124 193 

10 - 4 i 13 23 32 54 ill 122 
I! - 2 4 7 13 II! 31 45 70 
6 - 1 3 5 9 13 22 32 51 

4 - 1 I 3 6 I! 14 20 31 
3 - 1 I 3 5 7 12 17 26 
2 - 1 I 2 4 6 10 14 22 
I - 0 I I 3 4 i 10 16 

l/0 - 0 I I 2 3 6 9 14 
2/0 - 0 I I I 3 5 7 I I  
3/0 - 0 I I I 2 4 6 9 
4/0 - 0 0 I I 1 3 5 I! 

250 - 0 0 I I 1 3 4 6 
300 - 0 0 0 I 1 2 3 5 
350 - 0 0 0 I 1 I 3 5 
400 - 0 0 0 I 1 I 3 4 
:.oo - 0 0 0 I 1 I 2 3 

f.OO - 0 0 0 0 1 I I 3 
700 - 0 0 0 0 1 I I 2 
750 - 0 0 0 0 1 I I 2 
1!00 - 0 0 0 0 1 I I 2 
900 - 0 0 0 0 0 I I 1 

1000 - 0 0 0 0 0 I I 1 

FEP, FEPB, PFA. 14 - I! 16 27 49 flll 1 15 lf>4 257 
PF.-\11, TFE 12 - 6 12 20 36 50 1!4 120 )Ill! 

10 - 4 I! 14 26 36 60 1!6 135 
I! - 2 5 I! 15 20 34 49 77 

6 - 1 3 6 10 14  24 35 55 
4 - 1 2 4 7 10 17 24 31! 
3 - 1 I 3 6 I! 14 20 32 
2 - 1 I 3 5 7 12 17 26 

PFA, Pf.-\11, TFE I - 1 I I 3 5 I! 1 1  II! 

PFA, Pf.-\11, TFE, Z l/0 - 0 I I 3 4 i 10 15 
2/0 - 0 I I 2 3 5 I! 12 
3/0 - 0 I I I 2 4 6 10 
4/0 - 0 0 I I 1 4 5 I! 

z 14 - 10 19 33 59 1!2 131! 1!11! 310 
12 - 7 14 23 42 51! 91! 141 220 
10 - 4 I! 14 26 36 60 1!6 135 
I! - 3 5 9 16 22 31! '"' 1!5 
6 - 1 4 6 I I  16 26 31! flO 

4 - 1 2 4 I! 1 1  II! 26 41 
3 - 1 I 3 5 I! 13 19 30 
2 - 1 I 2 5 6 I I  16 25 
I - 1 I I 4 5 9 13 20 

XIIIIW, ZW, 14 - 6 1 1  19 35 49 1!2 1 11! 11!5 
XIIIIW-2, XIIII 12 - 4 9 15 27 31! 63 91 142 

10 - 3 6 I I  20 21! 47 flll )06 
I! - 1 3 6 I I  15 26 37 59 
6 - 1 2 4 I! 1 1  19 21! 43 

4 - 1 I 3 6 I! 14 20 31 
3 - 1 I 3 5 7 12 17 26 
2 - 1 I 2 4 6 10 14 22 

sv. 4 5 6 
(91) (lOll) (129) (155) 

I 2 4 5 
I I 3 4 
I I 3 4 
I I 2 3 

351! 464 736 1055 
261 331! 537 770 
lf>4 213 331! 41!5 
95 123 195 279 
flll 1!9 141 202 

42 54 1!6 124 
35 46 73 105 
30 39 61 Ill! 
22 29 45 65 

II! 24 31! 55 
15 20 32 46 
13 17 26 31! 
10 14 2'.! 31 

I! 1 1  II! 25 
i 9 15 22 
6 I! 13 19 
6 i 12 1 7  
5 6 10 14  

4 5 I! 12 
3 4 7 10 
3 4 7 9 
3 4 6 9 
3 3 6 I! 
2 3 5 7 

347 450 714 1024 
253 321! 521 747 
11!2 235 374 536 
104 135 214 307 

74 96 152 211! 
52 67 106 153 
43 56 1!9 127 
35 46 73 105 

25 32 51 73 

20 27 42 61 
17 22 35 50 
14 II! 29 41 
1 1  15 24 34 

411! 542 l!f>O 1233 
297 31!5 610 1!75 
11!2 235 374 536 
1 15 149 236 339 
I! I 104 lf>6 231! 

55 72 1 14 164 
40 52 1!3 1 19 
33 43 69 99 
27 35 56 1!0 

250 324 514 736 
192 241! 394 565 
143 11!5 294 421 
79 103 163 234 
59 76 121 173 

42 55 1!7 125 
36 47 74 106 
30 39 62 1!9 

(ronlimus) 
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Table C.IO Continued 

I:'IIFOR.\<lATIVE ANJ'\EX C 

Conductor 'Ji'ade Size (Melric: Designator) 
Size 

(AWG/ o/, v. ¥. I IV. IV. % !V. 
1)pe kcmil) (12) (16) (%1) (%7) (!15) (41) (5!1) (6!1) 

XIIII\\', XIIIIW-2, I - 0 I I 3 4 7 10 
XIIII 

l/0 - 0 I I 2 3 6 9 
2/0 - 0 I I 1 3 ;; 7 
3/0 - 0 I 1 1 2 4 6 
4/0 - 0 0 1 1 1 3 5 

250 - 0 0 1 1 1 3 4 
300 - 0 0 I 1 1 2 3 
350 - 0 0 0 1 1 I 3 
400 - 0 0 0 1 1 I 3 
:.oo - 0 0 0 1 1 I 2 

600 - 0 0 0 0 1 I I 
700 - 0 0 0 0 1 I I 
750 - 0 0 0 0 1 I I 
800 - 0 0 0 0 1 I I 
900 - 0 0 0 0 0 I I 

1000 - 0 0 0 0 0 I I 
1250 - 0 0 0 0 0 I I 
l:.oo - 0 0 0 0 0 0 I 
1750 - 0 0 0 0 0 0 I 
2000 - 0 0 0 0 0 0 I 

FIXTURE WIRES 

RFII-2, ffll-2, 18 - 6 1 1  19 34 47 79 1 13 
RFIIII-2 16 - 5 9 16 28 39 67 95 

Sf-2, Sff-2 18 - 7 14 24 43 59 100 143 
16 - 6 1 1  19 35 49 82 1 18 
14 - 5 9 16 28 39 67 95 

Sf-1 , Sff-1 18 - 13 25 42 76 105 177 253 

RFII-1 ,  Tf, Tff, Xf, 18 - 10 18 31 56 77 130 187 
Xff 16 - 8 15 25 45 62 105 151 

Xf, Xff 14 - 6 1 1  19 35 49 82 1 18 

Tf:-1, Tff:>l 18 - 15 29 :.o 90 124 209 299 
16 - 12 22 38 fl8 95 159 229 

PF, PFF, PGF, PGFF, 18 - 15 28 47 85 1 18 198 284 
PAF, PTF, PTFF, 16 - 1 1  22 36 fll) 91 153 219 
PAFF 14 - 8 16 27 49 fl8 1 15 164 

Zf, Zff, Zllf 18 - 19 36 61 1 10 152 255 3fl6 
16 - 14 27 45 81 1 12 188 270 
14 - 10 19 33 59 82 138 1!18 

KF-2, KFF-2 18 - 29 54 91 Jfl5 228 383 549 
16 - 20 38 fl'l 1 15 159 267 383 
14 - 13 25 43 77 107 179 257 
12 - 9 17 30 53 74 125 179 
10 - 6 1 1  19 35 49 82 1 18 

KF-1, KFF-1 18 - 33 63 100 190 263 442 633 
16 - 23 44 74 133 185 310 445 
14 - 15 29 :.o 90 124 209 299 
12 - 10 19 33 59 82 138 1!18 
10 - 7 13 21 39 54 90 129 

Xf, Xff 12 - 3 6 10 19 26 44 f>.1 
10 - 2 :; 8 15 20 34 49 

l'otes: 
1. Thi• tahle is for concenlTic strdnded conductors only. For compact stranded conductors, Tahle C.9(A) 
should he used. 

ll 
(78) 

16 

14 
1 1  
9 
8 

6 
5 
5 
4 
3 

3 
2 
2 
1 

1 

1 
1 
1 
1 
1 

1 77 
l:.O 

224 
185 
l:.O 

396 

293 
236 

185 

4fl8 
3:18 

444 
343 
257 

572 
422 
310 

859 
599 
402 
280 
185 

991 
696 
4fl8 
310 
203 

99 
77 

CHAPTER 9  

sv. 4 5 6 
(91) (lOll) (129) (155) 

22 29 46 66 

19 24 39 56 
16 20 32 46 

13 17 27 38 
1 1  14 22 32 

9 1 1  18 26 
7 10 15 22 
6 8 14 20 
6 7 12 17 
:; 6 10 14  

4 5 8 1 1  
3 4 7 10 
3 4 6 9 
3 4 6 9 
3 3 5 8 

2 3 5 7 
I 2 4 6 
I I 3 5 
I I 3 4 
I I 2 4 

239 310 492 706 
202 262 415 595 

302 391 621 890 
250 324 514 736 
202 262 415 595 

534 69'.! 1098 1575 

395 51 1  81 1 1 163 
319 413 fl55 939 

250 324 514 736 

632 818 1298 1861 
482 625 992 1422 

599 776 1231 1765 
463 f!OO 952 13fl5 
347 4:.0 714 1024 

772 1000 J:.S7 2'.!75 
569 738 1 171 1678 
418 542 8f>O 1233 

1 158 1501 2380 3413 
808 1047 Jfllll 2381 
543 703 1 1 16 lf!OO 
377 489 776 1 1 1 3  
250 324 514 736 

1336 1 732 2747 3938 
939 1217 1930 2767 
632 818 1298 1861 
418 542 8f>O 1233 
273 3:>4 :.02 806 

133 173 274 394 
104 135 214 307 

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. C..onsult manufacturer's 
conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\ithout outer covering. 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.IO(A) Maximum Number of Conductors or FIXture WJreS in Rigid PVC Conduit, Schedule 80 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ � � � I ��. I� 2 
Type kcmil) (12) (16) (21) (27) (ll5) (41) (5ll) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, TJJJJW s - I 3 5 9 13 22 
6 - I 2 4 i 10 17 
4 - I I 3 5 7 13 
2 - I I I 4 5 9 
I - 0 I I 3 4 6 

1/0 - 0 I I 2 3 6 
2/0 - 0 I I I 3 5 
3/0 - 0 0 I I 2 4 
4/0 - 0 0 I I I 3 

250 - 0 0 I I I 2 
300 - 0 0 0 I I 2 
350 - 0 0 0 I I I 
400 - 0 0 0 I I I 
500 - 0 0 0 I I I 

fJOO - 0 0 0 0 I I 
700 - 0 0 0 0 I I 
750 - 0 0 0 0 I I 
900 - 0 0 0 0 0 I 

1000 - 0 0 0 0 0 I 

Till IN, TIIWN, s - - - - - - -
TII\\'N-2 6 - I 3 6 I I  15  25 

4 - I I 3 6 9 15 
2 - I I 2 5 6 I I  
I - I I I 3 5 8 

1/0 - 0 I I 3 4 7 
2/0 - 0 I I 2 3 6 
3/0 - 0 I I I 3 5 
4/0 - 0 0 I I 2 4 

250 - 0 0 I I I 3 
300 - 0 0 I I I 3 
350 - 0 0 0 I I 2 
400 - 0 0 0 I I I 
500 - 0 0 0 I I I 

fJOO - 0 0 0 I I I 
700 - 0 0 0 0 I I 
750 - 0 0 0 0 I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 0 I 

XIIII\\', XIIIIW-2 s - I 4 7 12 17 29 
6 - I 3 5 9 13 21 
4 - I I 3 6 9 15 
2 - I I 2 5 6 I I  
I - I I I 3 5 8 

1/0 - 0 I I 3 4 7 
2/0 - 0 I I 2 3 6 
3/0 - 0 I I I 3 5 
4/0 - 0 0 I I 2 4 

250 - 0 0 I I I 3 
300 - 0 0 I I I 3 
350 - 0 0 I I I 2 
400 - 0 0 0 I I I 
500 - 0 0 0 I I I 

fJOO - 0 0 0 I I I 
700 - 0 0 0 0 I I 
750 - 0 0 0 0 I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 0 I 

Definuion: C.o111pact .<lramling 1s the result of a manufacturmg process where the stranded conductor 1s 
compres.'led to the extent that the interstices (void� between strand \\ires) are 'irtually eliminated. 

2� ll 
(6ll) (78) 

32 50 
25 39 
18 29 
13 21 
9 15 

8 13 
i I I  
6 9 
5 8 

4 6 
3 5 
3 5 
3 4 
2 3 

I 3 
I 2 
I 2 
I I 
I I 

- -
36 5i 
22 35 
16 25 
12 19 

10 16 
8 13 
i I I  
6 9 

4 i 
4 6 
3 5 
3 5 
2 4 

I 3 
I 3 
I 3 
I I 
I I 

42 65 
31 48 
22 35 
16 25 
12 19 

10 16 
8 13 
i I I  
6 9 

5 i 
4 6 
3 5 
3 5 
2 4 

I 3 
I 3 
I 2 
I 2 
I I 

ll� 4 5 6 
(91) (lOll) (129) (155) 

68 88 140 200 
52 f.S 108 155 
39 51 81 1 16 
29 37 fJO 85 
20 26 42 60 

17 23 36 52 
15 19 30 H 
12 16 26 37 
10 13 22 31 

8 I I  17 25 
7 9 15 21 
6 8 13 19 
6 i 12 17 
5 6 10 14 

4 5 8 12 
3 4 7 10 
3 4 7 10 
3 4 6 8 
2 3 5 8 

- - - -
ii 99 158 226 
47 61 98 140 
34 44 70 100 
25 33 53 i5 

22 28 45 64 
18 23 37 53 
15 19 31 H 
12 16 2.:; 37 

10 12 20 29 
8 I I  17 25 
7 9 15 22 
6 8 13 19 
5 i I I  16  

4 6 9 13 
4 5 8 12 
4 5 8 I I  
3 4 6 9 
3 3 5 8 

88 1 14 181 260 
65 s.:; 134 193 
47 61 98 140 
34 44 70 100 
25 33 53 i5 

22 28 45 64 
18 24 38 54 
15 19 31 H 
12 16 26 37 

10 13 21 30 
8 I I  17 25 
7 10 15 22 
7 9 14 20 
5 i I I  1 7  

4 6 9 13 
4 5 8 12 
3 5 7 I I  
3 4 6 9 
3 3 6 8 
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C. II Maximum Number of Conductors or FIXture Wires in Rigid PVC Conduit, Schedule 40 and HDPE Conduit 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Type 

RJJJJ, RJJW, RIIW-2 

TI\', TI Ill\\', TI IW, 
TIIW-2 

Rllll*, RIIW*, 
RIIW-2* 

TI\', TI IW, TIIIIW, 
TIIW-2, Rllll*, 
RJIW*, RJIW-2* 

Conductor 
Size 

(AWG/ 
kcmil) 

14 
12 
10 
I! 
6 

4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 
r.oo 
iOO 
i50 
1!00 
900 

1000 
1250 
J:.oo 
li50 
2000 

14 
12 
10 
I! 

14 
12 
10 
I! 

6 
4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 
r.oo 
iOO 
i50 
1!00 
900 

1000 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. COI>t: 

o/, 
(12) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

v. 
(16) 

4 
3 
2 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I! 
6 
4 
2 

5 
4 
3 
I 

I 
I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

¥. 
(21) 

i 
5 
4 
2 
I 

I 
I 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

14 
I I  
I! 
4 

9 
I! 
6 
3 

2 
I 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

1 
(27) 

IV. 
(35) 

CONDUCTORS 

I I  20 
9 16 
7 13 
4 7 
3 5 

2 4 
I 4 
I 3 
I I 

I I 
I I 
I I 
I I 

0 I 
0 I 
0 I 
0 I 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

24 42 
II! 32 
13 24 
7 13 

16 21! 
13 22 
10 1 7  
6 10 

4 I! 
3 6 
3 5 
2 4 
I 3 

I 2 
I I 
I I 
I I 

I I 
I I 
0 I 
0 I 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

'Ii'ade Size (Melric: Designator) 

1V. 
(41) 

27 
22 
II! 
9 
7 

6 
5 
4 
3 

2 
I 
I 
I 

I 
I 
I 
I 
I 

I 
0 
0 
0 
0 

0 
0 
0 
0 
0 

57 
44 
32 
II! 

31! 
30 
24 
14 

I I  
I! 
7 
6 
4 

3 
3 
2 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

0 

2 
(53) 

45 
3i 
30 
15 
12 

10 
I! 
i 
5 

4 
3 
3 
2 

0 
0 
0 

94 
72 
54 
30 

63 
50 
39 
23 

II! 
13 
I I  
10 
i 

6 
5 
4 
3 

3 
2 
I 
I 
I 

I 
I 
I 
I 
I 

I 

2V. 
(63) 

fl'l 
53 
43 
2'.! 
II! 

14 
12 
10 
7 

6 
5 
4 
4 

3 
2 
2 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

135 
103 
i7 
43 

90 
i2 
;,c, 
33 

26 
19 
16 
14 
10 

I! 
7 
6 
5 

4 
3 
3 
3 
2 

I 
I 
I 
I 
I 

I 

3 
(78) 

99 
1!2 
flf> 
35 
21! 

22 
19 
16 
I I  

9 
I! 
7 
6 

4 
4 
3 
3 
3 

2 
I 
I 
I 
I 

I 
I 
I 
I 
I 

209 
lf.O 
1 19 
flf> 

139 
1 12 
1!7 
52 

40 

30 
25 

22 
15 

13 
I I  
9 
I! 

6 
5 
5 
4 
3 

3 
2 
2 
2 
I 

I 

3V. 
(91) 

133 
1 10 
1!9 
46 
3i 

29 
25 
22 
14 

13 
I I  
9 
I! 

6 
5 
5 
4 
4 

3 
3 
2 
2 
2 

I 
I 
I 
I 
I 

21!0 
215 
lf.O 
1!9 

11!6 
150 
I I i  
70 

53 
40 

34 

29 
20 

li 
15 
12 
10 

I! 
i 
6 
6 
5 

4 
3 
3 
3 
3 

2 

4 
(103) 

Ii i  
142 
1 15 
60 
41! 

3i 
33 
21! 
19 

16 
14 
12 
10 

I! 
i 
6 
6 
5 

4 
3 
3 
3 
3 

3 
I 
I 
I 
I 

361 
277 
206 
1 15 

240 
193 
150 
90 

69 
51 
44 
3i 
26 

22 
19 
16 
13 

I I  
9 
I! 
i 
6 

5 
4 
4 
4 
3 

3 
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5 
(129) 

269 
224 
II! I 
94 
i6 

59 
52 
45 
29 

26 
2'.! 
19 
16 

12 
I I  
10 
9 
I! 

6 
6 
5 
5 
5 

4 
3 
3 
2 
2 

5fll! 
436 
325 
II! I 

3il! 
304 
237 
142 

109 
I! I 
69 
59 
41 

35 
30 
25 
21 

17 
15 
13 
12 
10 

I! 
7 
6 
6 
6 

5 

6 
(155) 

390 
323 
261 
137 
109 

1!5 
75 
fij 
43 

37 
32 
21! 
24 

II! 
16 
14 
13 
I I  

9 
I! 
I! 
7 
7 

6 
5 
4 
3 
3 

1!22 
631 
470 
261 

546 
439 
343 
205 

157 
1 17 
100 
1!5 
f.O 

51 
43 
36 
30 

25 

21 
19 
17 
14 

I I  
10 
10 
9 
I! 

7 

(rontimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l l  Continued 

Conductor 'Ji'ade Size (Melric: Designator) 
Size 

(AWG/ o/, v. ¥. I IV. IV. % !V. ll 
1)pe kcmil) (12) (16) (%1) (%7) (!15) (41) (5!1) (6!1) (78) 

1250 - 0 0 0 0 0 I I 1 
t:.oo - 0 0 0 0 0 I I 1 
1750 - 0 0 0 0 0 0 I 1 
2000 - 0 0 0 0 0 0 I 1 

Tlllll'\, TIIW!'\, 14 - 1 1  21 34 f)() 1!2 135 193 299 
TIIW�-2 12 - I! 15 25 43 59 99 141 211! 

10 - 5 9 15 27 37 62 1!9 137 
I! - 3 5 9 16 21  36 51 79 
6 - 1 4 6 1 1  15 26 37 57 

4 - 1 2 4 7 9 16 2'.! 35 
3 - 1 I 3 6 I! 13 19 30 
2 - 1 I 3 5 7 1 1  16 25 

I - 1 I I 3 5 I! 12 II! 

l/0 - 1 I I 3 4 7 10 15 
2/0 - 0 I I 2 3 6 I! 13 
3/0 - 0 I I I 3 5 7 I I  
4/0 - 0 I I I 2 4 6 9 

250 - 0 0 I I 1 3 4 7 
300 - 0 0 I I 1 3 4 6 
350 - 0 0 I I 1 2 3 5 
400 - 0 0 0 I 1 I 3 5 
:.oo - 0 0 0 I 1 I 2 4 

f.OO - 0 0 0 I 1 I I 3 
700 - 0 0 0 0 1 I I 3 
750 - 0 0 0 0 1 I I 2 
1!00 - 0 0 0 0 1 I I 2 
900 - 0 0 0 0 1 I I 2 

1000 - 0 0 0 0 0 I I 1 

FEP, FEPB, PFA. 14 - I I  20 33 51! 79 131 11!1! 290 
PF.-\11, TFE 12 - I! 15 24 42 51! 96 137 212 

10 - 6 10 17 30 41 69 91! 152 
I! - 3 6 10 1 7  24 39 :.o 1!7 

6 - 2 4 7 12 17 21! 40 62 
4 - 1 3 5 I! 12 19 21! 43 
3 - 1 2 4 7 10 16 23 36 
2 - 1 I 3 6 I! 13 19 30 

PFA, Pf.-\11, TFE I - 1 I 2 4 5 9 13 20 

PFA, Pf.-\11, TFE, Z l/0 - 1 I I 3 4 I! 1 1  1 7  
2/0 - 0 I I 3 4 6 9 14 
3/0 - 0 I I 2 3 5 7 12 
4/0 - 0 I I I 2 4 6 9 

z 14 - 13 24 40 70 95 151! 226 3:.0 
12 - 9 17 21! 49 fll! 1 12 lf.o 241! 
10 - 6 10 17 30 41 69 91! 152 
I! - 3 6 I I  19 26 43 62 96 
6 - 2 4 7 13 II! 30 43 67 

4 - 1 3 5 9 12 21 30 46 
3 - 1 2 4 6 9 15 2'.! 34 
2 - 1 I 3 5 7 12 II! 21! 
I - 1 I 2 4 6 10 14 23 

XIIIIW, ZW, 14 - I! 14 24 42 57 94 135 209 
XIIIIW-2, XIIII 12 - 6 1 1  II! 32 44 72 103 )f)() 

10 - 4 I! 13 24 32 54 77 1 19 
I! - 2 4 7 13 II! 30 43 flfi 
6 - 1 3 5 10 13  22 32 49 

4 - 1 2 4 7 9 16 23 35 
3 - 1 I 3 6 I! 13 19 30 
2 - 1 I 3 5 7 1 1  16 25 

sv. 4 5 6 
(91) (lOll) (129) (155) 

I 2 4 6 
I I 3 5 
I I 3 4 
I I 3 4 

401 517 1!15 1 171! 
293 377 594 1!59 
11!4 231! 374 541 
100 137 216 312 
7i 99 1:.0 225 

47 61 96 131! 
40 51 I! I 1 1 7  
33 43 fll! 91! 
25 32 :.o 73 

21 27 42 61 
17 22 35 51 
14 II! 29 42 
12 15 24 35 

10 12 20 21! 
I! 1 1  17 24 
7 9 15 21 
6 I! 13 19 
5 7 I I  1 6  

4 5 9 13  
4 5 I! 1 1  
3 4 7 1 1  
3 4 7 10 
3 4 6 9 
3 3 6 I! 

31!9 502 790 1 142 
21!4 366 577 1!34 
204 263 414 591! 
1 1 7  150 237 343 

1!3 107 169 244 
51! i5 Ill!  170 
41! 62 91! 142 
40 51 Ill 1 1 7  

21! 36 56 Ill 

23 30 47 fll! 
19 24 39 56 
16 20 32 46 
13 16 26 31! 

469 f.05 952 1376 
333 429 675 976 
204 263 414 591! 
129 166 261 371! 
90 1 16 11!4 265 

62 1!0 126 11!3 
45 51! 92 133 
31! 49 77 I l l  
30 39 62 90 

21!0 361 5fll! 1!22 
215 277 436 631 
lf.O 206 325 470 
1!9 1 15 II! I 261 
flfi 1!5 134 193 

41! 61 97 140 
40 52 1!2 I l l!  
34 44 69 99 

(ronlimus) 
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Table C.l l  Continued 

I:'IIFOR.\<lATIVE ANJ'\EX C 

Conductor 'Ji'ade Size (Melric: Designator) 
Size 

(AWG/ o/, v. ¥. I IV. IV. % !V. 
1)pe kcmil) (12) (16) (%1) (%7) (!15) (41) (5!1) (6!1) 

XIIII\\', XIIIIW-2, I - 1 I I 3 5 I! 12 
XIIII 

l/0 - 1 I I 3 4 7 10 
2/0 - 0 I I 2 3 6 I! 
3/0 - 0 I 1 1 3 :; 7 
4/0 - 0 I 1 1 2 4 6 

2!>0 - 0 0 1 1 1 3 5 
300 - 0 0 I 1 1 3 4 
3!>0 - 0 0 I 1 1 2 3 
400 - 0 0 0 1 1 I 3 
:.oo - 0 0 0 1 1 I 2 

f.OO - 0 0 0 1 1 I I 
700 - 0 0 0 0 1 I I 
7!>0 - 0 0 0 0 1 I I 
1!00 - 0 0 0 0 1 I I 
900 - 0 0 0 0 1 I I 

1000 - 0 0 0 0 0 I I 
12!>0 - 0 0 0 0 0 I I 
1:.00 - 0 0 0 0 0 I I 
17!>0 - 0 0 0 0 0 0 I 
2000 - 0 0 0 0 0 0 I 

FIXTURE WIRES 

RFII-2, ffll-2, II! - I! 14 23 40 !>4 90 129 
RFllll-2 16 - 6 12 19 33 46 76 109 

Sf-2, Sff-2 11! - 10 17 29 :.o 69 1 14 16.1 
16 - I! 14 24 42 !>7 94 13!> 
14 - 6 12 19 33 46 76 109 

Sf-1, Sff-1 11! - 17 31  !>I  1!9 122 202 21!9 

RFII-1 ,  Tf, Tff, Xf, 11! - 13 23 31! flfi 90 149 213 
Xff 16 - 10 11! 30 !>3 73 120 172 

Xf, Xff 14 - I! 14 24 42 !>7 94 13!> 

Tf:-1, Tff:>l 11! - 20 37 flO 10!> 144 239 341 
16 - 16 21! 46 1!0 1 10 11!3 261 

PF, PFF, PGF, PGFF, 11! - 19 3!> 57 100 137 227 323 
PAF, PTF, PTFF, 16 - I!> 27 44 77 106 17!> 2:.0 
PAFF 14 - 1 1  20 33 :JI! 79 131 II!!! 

Zf, Zff, Zllf II! - 25 4!> 74 129 176 292 417 
16 - II! 33 :>4 9!> 130 216 301! 
14 - 13 24 40 70 9!> 1!>1! 226 

KF-2, KFF-2 11! - 31! 67 I l l  193 26!> 439 626 
16 - 26 47 77 13!> 11!4 306 436 
14 - II! 31 52 91 124 20!> 293 
12 - 12 22 36 63 1!6 143 204 
10 - I! 14 24 42 !>7 94 13!> 

KF-1, KFF-1 11! - 44 71! 121! 2'.!3 30!> !>06 72'.! 
16 - 31 55 90 1!>7 214 3!>!> !>07 
14 - 20 37 flO 10!> 144 239 341 
12 - 13 24 40 70 9!> 1!>1! 226 
10 - 9 16 26 4!> 62 103 141! 

Xf, Xff 12 - 4 I! 13 22 30 !>0 72 
10 - 3 6 10 17 24 39 :.o 

l'otes: 
1. Thi• tahle is for concenlTic strdnded conductors only. For compact stranded conductors, Tahle C. JO(A) 
should he used. 

ll 
(78) 

19 

16 
13 
1 1  
9 

7 
6 
5 
5 
4 

3 
3 
2 
2 
2 

1 
1 
1 
1 
1 

200 
169 

2!>3 
209 
169 

447 

330 
2flfi 

209 

!>21! 
403 

!>01 
31!7 
290 

f>46 
476 
3:.0 

9f>9 
676 
4!>4 
316 
209 

J i ll! 
71!!> 
!>21! 
3:..0 
229 

1 12 
1!7 

CHAPTER 9  

sv. 4 5 6 
(91) (lOll) (129) (155) 

25 32 !>1 74 

21 27 43 62 
17 23 36 52 
14 19 30 43 
12 1!> 24 3!> 

10 13 20 29 
I! I I  1 7  25 
7 9 1!> 22 
6 I! 13 19 
:; 7 1 1  16 

4 5 9 13  
4 5 I! 1 1  
3 4 7 1 1  
3 4 7 10 
3 4 6 9 

3 3 6 I! 
I 3 4 6 
I 2 4 5 
I I 3 5 
I I 3 4 

2fll! 346 :>4!> 71!1! 
226 292 4!>9 flfi4 

331! 436 fll!7 993 
21!0 361 :.rll! 1!22 
226 292 4!>9 flfi4 

!>99 772 1216 17!>1! 

442 !>70 1!91! 1291! 
3!>7 4fl0 725 1041! 

21!0 361 :.rll! 1!22 

701! 913 1437 2077 
!>41 697 1091! 1:11!7 

671 l!fl!> 1363 1970 
!>19 flfi9 10!>4 1!>23 
31!9 !>02 790 1 142 

1!6!> 1 1 16 17!>6 2!>39 
631! 1!2.1 1296 11!73 
469 flO!> 9!>2 1376 

1291! 1674 2f>.14 31!09 
90!> 1 1fll! 11!31! 2fl!>7 
f..OI! 71!4 123!> 171!!> 
423 !>46 1!!>9 1242 
21!0 361 :.rll! 1!22 

1491! 1931 3040 439!> 
10!>2 13!>7 2136 301!1! 
701! 913 1437 2077 
469 flO!> 9!>2 1376 
300 39!> 622 1!99 
1!>0 193 304 439 
1 17 1:..0 237 343 

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. C..onsult manufacturer's 
conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\ithout outer covering. 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C. II (A) Maximum Number of Conductors or FIXture WJreS in Rigid PVC Conduit, Schedule 40 and HDPE Conduit 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ � � � I ��. I� 2 
Type kcmil) (12) (16) (21) (27) (ll5) (41) (5ll) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, TJJJJW s - I 4 6 I I  15 26 
6 - I 3 5 9 12 20 
4 - I I 3 6 9 15 
2 - I I 2 5 6 I I  
I - I I I 3 4 7 

1/0 - 0 I I 3 4 6 
2/0 - 0 I I 2 3 5 
3/0 - 0 I I I 3 5 
4/0 - 0 I I I 2 4 

250 - 0 0 I I I 3 
300 - 0 0 I I I 2 
350 - 0 0 I I I 2 
400 - 0 0 0 I I I 
500 - 0 0 0 I I I 

f.OO - 0 0 0 I I I 
700 - 0 0 0 0 I I 
750 - 0 0 0 0 I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

Till IN, TIIWN, s - - - - - - -
TII\\'N-2 6 - 2 4 7 13 17 29 

4 - I 2 4 8 I I  18 
2 - I I 3 5 s 13 
I - I I 2 4 6 9 

1/0 - I I I 3 5 8 
2/0 - 0 I I 3 4 7 
3/0 - 0 I I 2 3 5 
4/0 - 0 I I I 3 4 

250 - 0 0 I I I 3 
300 - 0 0 I I I 3 
350 - 0 0 I I I 3 
400 - 0 0 I I I 2 
500 - 0 0 0 I I I 

f.OO - 0 0 0 I I I 
700 - 0 0 0 I I I 
750 - 0 0 0 I I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

XIIII\\', XIIIIW-2 s - 3 5 8 14 20 33 
6 - I 4 6 I I  15 25 
4 - I 2 4 8 I I  18 
2 - I I 3 5 s 13 
I - I I 2 4 6 9 

1/0 - I I I 3 5 8 
2/0 - I I I 3 4 7 
3/0 - 0 I I 2 3 5 
4/0 - 0 I I I 3 5 

250 - 0 0 I I I 4 
300 - 0 0 I I I 3 
350 - 0 0 I I I 3 
400 - 0 0 I I I 2 
500 - 0 0 0 I I I 

f.OO - 0 0 0 I I I 
700 - 0 0 0 I I I 
750 - 0 0 0 I I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

Definuion: C.o111pact .<lramling 1s the result of a manufacturmg process where the stranded conductor 1s 
compres.'led to the extent that the interstices (void� between strand \\ires) are 'irtually eliminated. 

2� ll 
(6ll) (78) 

37 5i 
28 44 
21 33 
15 24 
I I  1 7  

9 15 
8 12 
7 10 
5 9 

4 7 
4 6 
3 5 
3 5 
2 4 

I 3 
I 3 
I 2 
I 2 
I I 

- -
41 f>4 
25 40 
18 28 
14 21 

12 18 
9 15 
8 12 
6 10 

5 8 
4 7 
4 6 
3 5 
3 4 

2 4 
I 3 
I 3 
I 2 
I 2 

47 73 
35 55 
25 40 
18 28 
14 21 

12 18 
10 15 
8 12 
7 10 

5 8 
4 7 
4 6 
3 5 
3 4 

2 4 
I 3 
I 3 
I 2 
I 2 

ll� 4 5 
(91) (lOll) (129) 

76 98 155 
59 76 1 19 
H 5i 89 
32 42 f>6 
23 29 46 

20 25 40 
16 21 34 
14 18 29 
12 15 24 

9 12 19 
s 10 16 
7 9 15 
6 8 13 
5 7 I I  

4 5 9 
4 5 s 
3 5 7 
3 4 6 
3 4 6 

- - -
86 I l l  175 
53 f.S 10.'1 
38 49 ii 
29 37 58 
24 31 49 
20 26 41 
17 22 34 
14 18 2S 
I I  14 22 
9 12 19 
s 10 17 
7 9 15 
6 8 13 

5 6 10 
4 5 9 
4 5 s 
3 4 7 
3 4 6 

99 127 200 
73 94 149 
53 f.S 10.'1 
38 49 ii 
29 37 58 
24 31 49 
20 26 42 
17 22 34 
14 18 29 

I I  14 23 
9 12 19 
s I I  17 
7 10 15 
6 8 13 

5 6 10 
4 5 9 
4 5 s 
3 4 7 
3 4 6 

6 
(155) 

224 
173 
129 
95 
67 

58 
49 
42 
35 

27 
24 
21 
19 
16 

13 
12 
I I  
9 
9 

-
253 
156 
1 12 
84 

i2 
59 
50 
41 

32 
2S 
24 
22 
IS 

15 
13 
12 
10 
9 

290 
215 
156 
1 12 
84 

72 
60 
50 
42 

33 
2S 
25 
22 
IS 

15 
13 
12 
10 
9 
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l 2  Maximum Number of Conductors or FIXture Wares in Type A, Rigid PVC Conduit 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Type 

RJJJJ, RJJW, RJJW-2 

TI\', TI 111\\', TI IW, 
TJJW-2 

R1111*, RJJW*, 
RJJW-2* 

TI\', TIIW, T1111W, 
TJJW-2, Rllll*, 
RJJW*, RJJW-2* 

Conductor 
Size 

(AWG/ 
kcmil) 

14 
12 
10 
I! 
6 

4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

f.OO 
700 
750 
1!00 
900 

1000 
1250 
J:.oo 
1750 
2000 

14 
12 
10 
I! 

14 
12 
10 
I! 

6 
4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
:.oo 

f.OO 
700 
750 
1!00 
900 

)000 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:J.t:GJ'RJCAI. COJ>t: 

o/, 
(12) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

v. 
(16) 

5 
4 
3 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

I I  
I! 
6 
3 

7 
6 
4 
2 

I 
I 
I 
I 
I 

I 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

¥. 
(21) 

9 
7 
6 
3 
2 

I 
I 
I 
I 

I 
I 
I 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

II! 
14 
10 
6 

12 
10 
I! 
4 

3 
2 
I 
I 
I 

I 
I 
I 
I 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

'Ii'ade Size (Metric Designator) 

1 
(27) 

IV. 
(35) 

CONDUCTORS 

14 24 
12 20 
10 16 
5 I! 
4 6 

3 5 
3 4 
2 4 
I 2 

I 2 
I I 
I I 
I I 

I I 
I I 
0 I 
0 I 
0 I 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

31 51  
24 39 
II! 29 
10 16 

20 34 
16 27 
13 21  
7 12 

6 9 
4 7 
4 6 
3 5 
I 3 

I 3 
I 2 
I I 
I I 

I I 
I I 
I I 
I I 
0 I 

0 I 
0 I 
0 I 
0 0 
0 0 

0 0 

1V. 
(41) 

31 
26 
21 
I I  
9 

7 
6 
5 
3 

3 
2 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
0 

0 
0 
0 
0 
0 

67 
51 
31! 
21 

44 
35 
21! 
16 

13  
9 
I! 
7 
5 

4 
3 
3 
2 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 

2 
(53) 

49 
41 
33 
17 
14 

I I  
9 
I! 
;; 
;; 
4 
3 
3 

0 
0 
0 

105 
1!0 
60 
33 

69 
56 
44 
26 

20 
15 
13 
I I  
7 

6 
:; 
4 
4 

3 
2 
2 
I 
I 

I 
I 
I 
I 
I 

I 

2V. 
(63) 

74 
61 
:.o 
26 
21 

16 
14 
12 
I! 

7 
6 
5 
4 

3 
3 
2 
2 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

157 
120 
1!9 
:.o 

104 
1!4 
r,:; 

39 

30 
2'.! 
19 
16 
I I  

10 
I! 
7 
6 

4 
4 
3 
3 
2 

I 
I 
I 
I 
I 

I 

3 
(78) 

1 12 
93 
75 
39 
31 

24 
21 
II! 
12 

10 
9 
I! 
7 

5 
4 
4 
3 
3 

2 
2 
I 
I 
I 

I 
I 
I 
I 
I 

235 
II! I 
135 
75 

157 
126 
91! 
59 

45 
33 
29 
24 
17 

14 
12 
10 
9 

7 
6 
5 
5 
4 

3 
3 
3 
2 
2 

I 

3V. 
(91) 

146 
121 
91! 
51 
41 

32 
21! 
24 
16 

14 
12 
10 
9 

6 
6 
;; 
:; 
4 

3 
3 
3 
3 
2 

2 
I 
I 
I 
I 

307 
236 
176 
91! 

204 
lf>4 
121! 
7i 

59 
44 
37 
32 
22 

19 
16 
13 
I I  

9 
I! 
7 
6 
:; 
4 
4 
3 
3 
3 

3 

4 
(103) 

11!7 
155 
125 
65 
52 

41 
36 
31 
20 

II! 
15 
13 
I I  

I! 
7 
7 
6 
:; 
4 
4 
4 
3 
3 

3 
2 
I 
I 
I 

395 
303 
226 
125 

262 
21 1 
165 
91! 

75 
56 
41! 
41 
29 

24 
21 
17 
14 

12 
10 
9 
I! 
7 

:; 
:; 
4 
4 
4 

3 
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5 
(129) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

6 
(155) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

(rontimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l 2  Continued 

Conductor 'Ji'ade Size (Metric Designator) 
Size 

(AWG/ o/, v. ¥. I IV. IV. % !V. 
1)pe kcmil) (12) (16) (%1) (%7) (liS) (41) (Sll) (6ll) 

1250 - 0 0 0 0 0 I I 
t:.oo - 0 0 0 0 0 I I 
1750 - 0 0 0 0 0 0 I 
2000 - 0 0 0 0 0 0 I 

Tlllll'\, TIIWI'\, 14 - 16 27 44 73 96 150 225 
TIIW�-2 12 - 1 1  19 32 53 70 109 164 

10 - 7 12 20 33 44 69 103 
I! - 4 7 12 19 25 40 59 
6 - 3 5 I! 14 II! 21! 43 

4 - 1 3 5 I! 1 1  17 26 
3 - 1 2 4 7 9 15 2'.! 
2 - 1 I 3 6 I! 12 19 
I - 1 I 2 4 6 9 14 

l/0 - 1 I 2 4 5 I! 1 1  
2/0 - 1 I I 3 4 6 10 
3/0 - 0 I I 2 3 5 I! 
4/0 - 0 I I I 3 4 6 

250 - 0 I I I 2 3 5 
300 - 0 0 I I 1 3 4 
350 - 0 0 I I 1 2 4 
400 - 0 0 I I 1 2 3 
:.oo - 0 0 I I 1 I 3 

f.OO - 0 0 0 I 1 I 2 
700 - 0 0 0 I 1 I I 
750 - 0 0 0 I 1 I I 
1!00 - 0 0 0 I 1 I I 
900 - 0 0 0 0 1 I I 

1000 - 0 0 0 0 1 I I 

FEP, FEPB, PFA, 14 - 15 26 43 70 93 146 211! 
Pf.-\11, TFE 12 - 1 1  19 31 51 flll 106 159 

10 - I! 13 2'.! 37 41! 76 1 14 
I! - 4 I! 13 21 21! 44 fl5 

6 - 3 5 9 15 20 31 46 
4 - 1 4 6 10 14  21 32 
3 - 1 3 5 I! 1 1  II! 27 
2 - 1 2 4 7 9 15 2'.! 

PFA, Pf.-\11, TFE I - 1 I 3 5 6 10 15 

PFA, Pf.-\11, TFE, Z l/0 - 1 I 2 4 5 I! 13 
2/0 - 1 I I 3 4 7 10 
3/0 - 1 I I 3 3 6 9 
4/0 - 0 I I 2 3 5 7 

z 14 - II! 31 52 1!5 1 12 175 262 
12 - 13 22 37 f)() 79 124 11!6 
10 - I! 13 2'.! 37 41! 76 1 14 
I! - 5 I! 14 23 30 41! 72 
6 - 3 6 10 16 21 34 :.o 

4 - 2 4 7 1 1  15 23 35 
3 - 1 3 5 I! 1 1  17 25 
2 - 1 2 4 7 9 14 21 
I - 1 I 3 5 7 1 1  17 

XIIIIW, ZW, 14 - 1 1  II! 31 51 67 105 157 
XIIIIW-2, XIIII 12 - I! 14 24 39 51 1!0 120 

10 - 6 10 II! 29 38 60 1!9 
I! - 3 6 10 16 21 33 :.o 

6 - 2 4 7 12 15 24 37 

4 - 1 3 5 I! 1 1  II! 26 
3 - 1 2 4 7 9 15 2'.! 
2 - 1 I 3 6 I! 12 19 

ll liV. 4 5 6 
(78) (91) (lOll) (1%9) (155) 

1 I 3 - -

1 I 2 - -

1 I I - -

1 I I - -

338 441 566 - -

246 321 412 - -

155 202 260 - -

1!9 1 1 7  150 - -

f>4 1!4 lOll - -

39 52 66 - -

33 44 56 - -

21! 37 47 - -

21 27 35 - -

17 23 29 - -

14 19 24 - -

12 16 20 - -

10 13 17 - -

I! 10 14 - -

7 9 12 - -

6 I! 10 - -

5 7 9 - -

4 6 7 - -

3 5 6 - -

3 4 5 - -

3 4 5 - -

3 4 5 - -

2 3 4 - -

2 3 4 - -

327 427 549 - -

239 312 400 - -

1 71 224 21!7 - -

91! 121! 165 - -

70 91 1 17 - -

49 f>4 1!2 - -

40 53 61! - -

33 44 56 - -

23 30 39 - -

19 25 32 - -

16 21 27 - -

13 17 22 - -

1 1  14 II! - -

395 515 flfil - -

21!0 3fl5 469 - -

1 71 224 21!7 - -

101! 141 II! I - -

76 99 127 - -

52 flll Ill! - -

38 50 64 - -

32 41 53 - -

26 33 43 - -

235 307 395 - -

II! I 236 303 - -

135 176 226 - -

75 91! 125 - -

55 72 93 - -

40 52 67 - -

34 44 57 - -

21! 37 41! - -

(ronlimus) 
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Table C.l 2  Continued 

1)pe 
XIIII\\', XIIIIW-2, 

XIIII 

RFII-2, ffll-2, 
RFllll-2 

Sf-2, Sff-2 

Sf-1 , Sff-1 

RFII-1 , Tf, Tff, Xf, 
Xff 

Xf, Xff 

Tf:-1, Tff:>l 

PF, PFF, PGF, PGFF, 
PAF, PTF, PTFF, 
PAFF 

ZF, Zff, Zllf 

KF-2, KFF-2 

KF-1 ,  KFF-1 

Xf, Xff 

l'otes: 

Conductor 
Size 

(AWG/ o/, v. 
kcmil) (12) (16) 

I - 1 

l/0 - 1 
2/0 - 1 
3/0 - 0 
4/0 - 0 

2!>0 - 0 
300 - 0 
3!>0 - 0 
400 - 0 
:.oo - 0 

e.oo - 0 
700 - 0 
7!>0 - 0 
1!00 - 0 
900 - 0 

1000 - 0 
12!>0 - 0 
1:.00 - 0 
17!>0 - 0 
2000 - 0 

II! - 10 
16 - 9 

11! - 13 
16 - 1 1  
14 - 9 

11! - 23 

11! - 17 
16 - 14 

14 - 1 1  

11! - 21! 
16 - 21 

11! - 26 
16 - 20 
14 - I!> 

II! - 34 
16 - 25 

14 - II! 

11! - !>1 
16 - 36 
14 - 24 
12 - If> 
10 - 1 1  

11! - !>9 
16 - 41 
14 - 21! 
12 - II! 
10 - 12 

12 - 6 
10 - 4 

I:'IIFOR.\<lATIVE ANJ'\EX C 

'Ii'ade Size (Metric Designator) 

¥. I IV. IV. % !V. 
(%1) (%7) (!15) (41) (5!1) (6!1) 

I 3 4 6 9 14 

I 2 4 5 I! 12 
I I 3 4 6 10 
I 1 2 3 :; I! 
I 1 1 3 4 7 

I 1 1 2 3 5 
0 I 1 1 3 5 
0 I 1 1 3 4 
0 1 1 1 2 3 
0 1 1 1 I 3 

0 0 1 1 I 2 
0 0 1 1 I I 
0 0 1 1 I I 
0 0 1 1 I I 
0 0 0 1 I I 

0 0 0 1 I I 
0 0 0 0 I I 
0 0 0 0 I I 
0 0 0 0 I I 
0 0 0 0 0 I 

FIXTURE WIRES 

11! 30 41! 64 100 1:.0 
1!> 2!> 41 !>4 !!!> 127 

22 37 61 1!1 127 11!9 
11! 31 !>1 67 10!> 1!>7 
1!> 2!> 41 !>4 !!!> 127 

40 e,o 101! 143 224 33!> 

29 49 1!0 10!> 16!> 241! 
24 39 ex. !!!> 134 200 

11! 31 !>1 67 10!> 1!>7 

47 79 121! 169 26!> 396 
36 e.o 91! 129 202 303 

4!> 74 122 lf>O 2!>1 376 
34 :JI! 94 124 194 291 
26 43 70 93 146 211! 

5i 96 1!>7 206 324 41!4 
42 71 1 16 1!>2 239 3!>7 
31 52 !!!> 1 12 17!> 262 

1!6 144 23!> 310 41!6 727 
60 101 lf>4 216 339 !>07 
40 67 1 10 14!> 221! 341 
21! 47 77 101 1!>1! 237 
II! 31 !>1 67 10!> 1!>7 

100 telf> 272 3!>7 !>61 1!39 
70 1 17 191 2!>1 394 !>1!9 
47 79 121! lf>9 26!> 396 
31 52 !!!> 1 12 17!> 262 
20 34 55 73 1 1!> 171 

10 16 27 3!> !>6 1!4 
I! 13 21 21! 44 ex. 

1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C. I I  (A) 
should he used. 

CHAPTER 9  

ll sv. 4 5 6 
(78) (91) (lOll) (1%9) (155) 

21 21! 3!> - -

11! 23 30 - -

1!> 19 2!> - -

12 16 20 - -

10 13 17 - -

I! 1 1  14 - -

7 9 12 - -

6 I! 10 - -

5 7 9 - -

4 6 I! - -

3 :; 6 - -

3 4 5 - -

3 4 5 - -

3 4 5 - -

2 3 4 - -

2 3 4 - -

1 2 3 - -

1 I 2 - -

1 I 2 - -

1 I I - -

226 29!> 371! - -

190 241! 319 - -

21!!> 372 477 - -

23!> 307 39!> - -

190 241! 319 - -

!>04 6!>1! 1!44 - -

372 41!6 623 - -

300 392 !>03 - -

23!> 307 39!> - -

!>96 777 991! - -

4!>!> !>94 762 - -

:.ex. 737 946 - -

437 !>70 732 - -

327 427 !>49 - -

721! 9!>0 1220 - -

!>37 701 900 - -

39!> !>l!> emt - -

1092 1426 11!29 - -

762 994 1276 - -

!>12 6eJI! 1!!>7 - -

3!>6 46!> !>96 - -

23!> 307 39!> - -

t2e.O 164!> 21 1 1  - -

1!1!6 1 1!>6 141!.1 - -

!>96 777 991! - -

39!> !>l!> emt - -

2!>1! 337 432 - -

126 lf>4 211  - -

91! 121! lex. - -

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. C..onsult manufacturer's 
conduit fill tables. 
*Types RHH, RHW, and RHW-2 \\ithout outer covering. 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l2(A) Maximum Number of Conductors or FIXture WJreS in Type A, Rigid PVC Conduit 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Desigualor) 
Size 

(AWG/ � � � I ��. I� 2 
Type kcmil) (12) (16) (21) (27) (ll5) (41) (5ll) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, TIIIIW s - 3 5 s 14 IS 211 
6 - 2 4 6 10 14 22 
4 - I 3 5 8 10 16 
2 - I I 3 6 7 12 
I - I I 2 4 5 II 

1/0 - I I I 3 4 7 
2/0 - I I I 3 4 6 
3/0 - 0 I I 2 3 5 
4/0 - 0 I I I 3 4 

250 - 0 I I I I 3 
300 - 0 0 I I I 3 
350 - 0 0 I I I 2 
400 - 0 0 I I I 2 
500 - 0 0 I I I I 

f.OO - 0 0 0 I I I 
700 - 0 0 0 I I I 
750 - 0 0 0 I I I 
900 - 0 0 0 0 I I 

1000 - 0 0 0 0 I I 

Till IN, TIIWN, s - - - - - - -
TII\\'N-2 6 - 3 5 9 15 20 32 

4 - I 3 6 9 12 20 
2 - I 2 4 7 9 14 
I - I I 3 5 7 10 

1/0 - I I 2 4 6 9 
2/0 - I I I 3 5 7 
3/0 - I I I 3 4 6 
4/0 - 0 I I 2 3 5 

250 - 0 I I I 2 4 
300 - 0 I I I I 3 
350 - 0 0 I I I 3 
400 - 0 0 I I I 2 
500 - 0 0 I I I 2 

f.OO - 0 0 0 I I I 
700 - 0 0 0 I I I 
750 - 0 0 0 I I I 
900 - 0 0 0 I I I 

1000 - 0 0 0 0 I I 

XI II 1\\', XI II IW-2 s - 4 6 I I  18 23 37 
6 - 3 5 8 13 17 27 
4 - I 3 6 9 12 20 
2 - I 2 4 7 9 14 
I - I I 3 5 7 10 

1/0 - I I 2 4 6 9 
2/0 - I I I 3 5 7 
3/0 - I I I 3 4 6 
4/0 - 0 I I 2 3 5 

250 - 0 I I I 2 4 
300 - 0 I I I I 3 
350 - 0 0 I I I 3 
400 - 0 0 I I I 3 
500 - 0 0 I I I 2 

f.OO - 0 0 0 I I I 
700 - 0 0 0 I I I 
750 - 0 0 0 I I I 
900 - 0 0 0 I I I 

1000 - 0 0 0 0 I I 

Definuion: l.o111pact .<lramling 1s the result of a manufacturmg process where the stranded conductor 1s 
compres.'led to the extent that the interstices (void� between strand wires) are 'irtually eliminated. 

2� 
(6ll) 

42 
33 
24 
18 
13 

I I  
9 
8 
6 

5 
4 
4 
3 
3 

2 
I 
I 
I 
I 

-
48 
30 
21 
16 

13 
I I  
9 
8 

6 
5 
4 
4 
3 

3 
2 
2 
I 
I 

55 
41 
30 
21 
16 

13 
I I  
9 
8 

6 
5 
5 
4 
3 

3 
2 
2 
I 
I 

ll ll� 4 5 6 
(78) (91) (lOll) (129) (155) 

f>4 84 107 - -
49 65 8.'1 - -
37 411 62 - -
27 36 46 - -
19 25 32 - -

16 21 28 - -
14 Ill 23 - -
12 15 20 - -
10 13 17 - -

8 10 13 - -
7 9 I I  - -
6 II 10 - -
5 7 9 - -
4 6 8 - -

3 5 6 - -
3 4 5 - -
3 4 5 - -
2 3 4 - -
2 3 4 - -

- - - - -
72 94 121 - -
45 58 i5 - -
32 42 54 - -
24 31 40 - -

20 27 34 - -
17 22 28 - -
14 Ill 24 - -
I I  15 19 - -

9 12 15 - -
8 10 13 - -
7 9 I I  - -
6 II 10 - -
5 7 9 - -

4 5 7 - -
3 5 6 - -
3 4 6 - -
3 4 5 - -
2 3 4 - -

113 lOll 139 - -
62 so 103 - -
45 58 i5 - -
32 42 54 - -
24 31 40 - -

20 27 34 - -
17 22 29 - -
14 Ill 24 - -
12 15 20 - -

9 12 16 - -
8 10 13 - -
7 9 12 - -
6 II I I  - -
5 7 9 - -

4 5 7 - -
3 5 6 - -
3 4 6 - -
3 4 5 - -
2 3 4 - -
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l3 Maximum Number of Conductors or FIXture Wares in Type EB, PVC Conduit 
(Based on Chapter 9: Table I, Table 4, and Table 5) 

Conductor 
Size 

(AWG/ 
kcmil) 

'Ii'ade Size (Melric Designator) 

RJJJJ, RJJW, RIIW-2 14 
12 
10 
I! 
6 

4 
3 
2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
!.00 

f.OO 
700 
750 
1!00 
900 

1000 
1250 
1!.00 
1750 
2000 

TI\', TI Ill\\', TI IW, 14 
TIIW-2 12 

10 
I! 

Rllll*, RIIW*, 14 
RIIW-2* 12 

10 
I! 

TI\', TI IW, TIIIIW, 6 
TIIW-2, Rllll*, 4 
RIIW*, RIIW-2* 3 

2 
I 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
!.00 

flOO 
700 
750 
1!00 
900 

1000 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI'RJC.-\1. COI>t: 

¥, 
(I%) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

v. 
(16) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

� 
(%1) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

I 
(%7) 

IY., 
(liS) 

IV. 
(41) 

CONDUCTORS 

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -

% 
(Sll) 

53 
44 
35 
II! 
15 

I I  
10 
9 
6 

:; 
4 
4 
3 

2 

0 
0 

I l l  
1!5 
63 
35 

74 
59 
46 

21! 

21 
16 
13 
I I  
I! 

7 
6 
5 
4 

3 
3 
2 
2 
I 

I 
I 
I 
I 
I 

I 

2V. 
(6ll) 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ll 
(78) 

1 19 
91! 
79 
41 
33 

26 
23 
20 
13 

I I  
10 
I! 
7 

:; 
:; 
4 
4 
3 

3 
2 
2 
2 
I 

I 
I 
I 
I 
I 

250 
192 
143 
79 

lflf> 
134 
104 
62 

41! 
36 

30 
26 
II! 

15 
13 
I I  
9 

7 
6 
6 
5 
4 

3 
3 
3 
3 
2 

2 

liV. 
(91) 

155 
121! 
104 
54 
43 

34 
30 
26 
1 7  

1 5  
13  
I I  
9 

7 
6 
5 
5 
4 

3 
3 
3 
3 
2 

2 
I 
I 
I 
I 

327 
251 
11!7 
104 

217 
175 
136 
!!I 

62 
46 

40 
34 
24 

20 
1 7  
14  
12 

10 
I! 
7 
7 
5 

4 
4 
4 
3 
3 

3 

4 
(lOll) 

197 
lf>.1 
132 
69 
55 

43 
31! 
33 
21 

19 
16 
14 
12 

9 
I! 
7 
6 
5 

4 
4 
4 
4 
3 

3 
2 
I 
I 
I 

415 
319 
231! 
132 

276 
22'.! 
173 
104 

79 
59 
51 
43 
30 

26 
2'.! 
II! 
15 

12 
I I  
9 
I! 
7 

6 
5 
5 
4 
4 

4 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 

CHAPTER 9  

5 
(129) 

303 
251 
203 
106 
1!5 

flf> 
!>8 
!.0 
33 

29 
25 
22 
II! 

14 
12 
I I  
10 
9 

7 
6 
6 
6 
5 

5 
3 
3 
3 
2 

631! 
490 
3f>5 
203 

424 
341 
2flf> 
159 

122 
91 
71! 
flf> 
46 

40 

34 
21! 
24 

19 
17 
15 
13 
I I  

9 
I! 
7 
7 
6 

6 

6 
(ISS) 

430 
357 
21!1! 
151 
121 

94 
1!3 
72 
47 

41 
36 
31 
26 

20 
17 
If> 
14 
12 

10 
9 
9 
I! 
7 

7 
5 
4 
4 
3 

907 
696 
519 
21!1! 

fl03 
41!5 
371! 
227 

1 73 
129 
1 1 1  
94 
flf> 

56 
41! 
40 

34 

27 
24 
21 
19 
If> 

13 
I I  
I I  
10 
9 

I! 

(rontimus) 
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CHAPTER 9 I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l3 Continued 

Conductor 'Ii'ade Size (Melric Designator) 
Size 

(AWG/ ¥, v. � I IV. IV. % !Y. ll 
Type kcmil) (I%) (16) (%1) (%7) (35) (41) (53) (63) (78) 

1250 - - - - - - I - I 
l:.oo - - - - - - I - I 
1750 - - - - - - I - I 
2000 - - - - - - 0 - I 

Tlllll'\, TIIWI'\, 14 - - - - - - 15\1 - 35\1 
TIIW�-2 12 - - - - - - 1 16 - 262 

10 - - - - - - 73 - 165 
8 - - - - - - 42 - 95 
6 - - - - - - 30 - f..S 

4 - - - - - - 1\1 - 42 
3 - - - - - - 16 - 36 
2 - - - - - - 13 - 30 
I - - - - - - 10 - 22 

l/0 - - - - - - 8 - 18 
2/0 - - - - - - 7 - 15 
3/0 - - - - - - 5 - 13 
4/0 - - - - - - 4 - 10 

250 - - - - - - 4 - 8 
300 - - - - - - 3 - 7 
350 - - - - - - 3 - 6 
400 - - - - - - 2 - 6 
:.oo - - - - - - I - 5 

r.oo - - - - - - I - 4 
700 - - - - - - I - 3 
750 - - - - - - I - 3 
800 - - - - - - I - 3 
\100 - - - - - - I - 3 

1000 - - - - - - I - 2 

FEP, FEPB, PFA, 14 - - - - - - 155 - 348 
PF.-\11, TFE 12 - - - - - - 1 13 - 254 

10 - - - - - - 81 - 182 
8 - - - - - - 46 - 104 

6 - - - - - - 33 - 74 
4 - - - - - - 23 - 52 
3 - - - - - - 1\1 - 43 
2 - - - - - - 16 - 36 

PFA, PF.-\11, TFE I - - - - - - 1 1  - 25 

PFA, PF.-\11, TFE, Z l/0 - - - - - - \1 - 20 
2/0 - - - - - - 7 - 17 
3/0 - - - - - - 6 - 14 
4/0 - - - - - - 5 - 1 1  

z 14 - - - - - - 186 - 41\1 
12 - - - - - - 132 - 297 
10 - - - - - - 81 - 182 
8 - - - - - - 51 - 1 15 
6 - - - - - - 36 - 81 

4 - - - - - - 24 - 55 
3 - - - - - - 18 - 40 
2 - - - - - - 15 - 34 
I - - - - - - 12 - 27 

XIIIIW, ZW, 14 - - - - - - 1 1 1  - 250 
XIIIIW-2, XIIII 12 - - - - - - 85 - 192 

10 - - - - - - 63 - 143 
8 - - - - - - 35 - 7\1 
6 - - - - - - 26 - 5\1 
4 - - - - - - 1\1 - 42 
3 - - - - - - 16 - 36 
2 - - - - - - 13 - 30 

liY. 4 5 6 
(91) (103) (129) (155) 

2 3 4 6 
1 2 4 6 
1 2 3 5 
1 1 3 4 

4f>8 5\15 915 1300 
342 434 fl67 948 
215 274 420 597 
124 t:.s 242 344 
89 1 14 175 248 

55 70 107 153 
46 59 91 129 
39 :.o 76 109 
29 37 57 80 

24 31 48 f..S 
20 26 40 56 
1 7  21 33 47 
14  18  27 39 

1 1  14 22 31 
10 12 19 27 
8 I I  1 7  24 
7 10 15 21 
6 8 12 18  

5 6 10 14  
4 6 9 12 
4 5 8 12 
4 5 8 1 1  
3 4 7 10 
3 4 6 9 

454 578 887 1261 
332 42'.! f>48 9'.!0 
238 30'.! 465 flf..O 
136 173 266 378 

97 123 189 269 
f..S 86 132 188 
56 72 1 10 157 
46 59 91 129 

32 41 63 90 

27 34 53 75 
22 28 43 62 
18  23 36 51 
15 19 29 42 

547 6\16 1069 1519 
388 4\14 759 1078 
238 30'.! 465 flf..O 
150 1\11 294 417 
105 134 206 293 

72 \12 142 201 
53 67 104 147 
44 :.o 86 122 
36 45 70 99 

327 415 638 907 
251 319 490 f>96 
187 238 365 519 
104 132 203 288 

77 \18 150 213 
56 71 109 155 
47 flO 92 131 
39 :.o 77 1 10 

(ronlimus) 
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I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l3 Continued 

Conductor Trade Size (Melric Designator) 
Size 

(AWG/ ¥, v. � I IV. IY. % !Y. 
Type kcmil) (I%) (16) (%1) (%7) (35) (41) (53) (63) 

XIIII\\', XIIIIW-2, I - - - - - - 10 -
XIIII 

l/0 - - - - - - 8 -
2/0 - - - - - - 7 -
3/0 - - - - - - 6 -
4/0 - - - - - - :; -
250 - - - - - - 4 -
300 - - - - - - 3 -
350 - - - - - - 3 -
400 - - - - - - 2 -
:.oo - - - - - - I -
600 - - - - - - I -
700 - - - - - - I -
750 - - - - - - I -
800 - - - - - - I -
900 - - - - - - I -

1000 - - - - - - I -
1250 - - - - - - I -
1:.00 - - - - - - I -
1750 - - - - - - I -
2000 - - - - - - 0 -

FIXTURE WIRES 

RFII-2, ffll-2, 18 - - - - - - 107 -
RFIIII-2 16 - - - - - - 90 -

Sf-2, Sff-2 18 - - - - - - 134 -
16 - - - - - - 1 1 1  -
14 - - - - - - 90 -

Sf-1, Sff-1 18 - - - - - - 238 -
RFII-1 ,  Tf, Tff, Xf, 18 - - - - - - 1 76 -

Xff 16 - - - - - - 142 -
Xf, Xff 14 - - - - - - 1 1 1  -
T�. TFF.'I 18 - - - - - - 281 -

16 - - - - - - 215 -
Pf, PFF, PGF, PGFF, 18 - - - - - - 267 -

PAF, PTF, PTFF, 16 - - - - - - 206 -
PAFF 14 - - - - - - 155 -

ZF, Zff, Zllf 18 - - - - - - 344 -
16 - - - - - - 254 -
14 - - - - - - 186 -

KF-2, KFF-2 18 - - - - - - 516 -
16 - - - - - - 3fJO -
14 - - - - - - 242 -
12 - - - - - - lfll! -
10 - - - - - - 1 1 1  -

KF-1, KFF-1 18 - - - - - - 596 -
16 - - - - - - 41!1 -
14 - - - - - - 281 -
12 - - - - - - 186 -
10 - - - - - - 122 -

Xf, Xff 12 - - - - - - 5!1 -
10 - - - - - - 46 -

l'otes: 
1. Thi• tahle is for concentric strdnded conductors only. For compact stranded conductors, Tahle C.I2(A) 
should he used. 

ll 
(78) 

22 

1!1 
16 
13 
I I  

!I 
7 
6 
6 
:; 

4 
3 
3 
3 
3 

2 
I 
I 
I 
I 

240 
202 

303 
250 
202 

536 

3!16 
31!1 

250 

633 
484 

f.OO 
464 
348 

774 
571 
41!1 

1 161 
810 
544 
378 
250 

1340 
941 
633 
41!1 
274 

134 
104 

liY. 
(91) 

29 

25 
20 
1 7  
14  

1 1  
10 
8 
8 
6 

5 
4 
4 
4 
3 

3 
2 
1 
1 
1 

313 
264 

395 
327 
264 

f>99 

516 
417 

327 

826 
631 

783 
fJ06 
454 

1010 
745 
547 

1515 
1057 
710 
494 
327 

1 748 
1228 
826 
547 
358 

175 
136 

2. Two-hour fire-rated RHH cable has ceramifiahle in•ulation, which has much larger diameters than other RHH \\ires. 
Consult manufdcturer's conduit fill tables. 
·Types RHH, RHW, and RHW-2 \\ithout outer cm·ering. 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GJ"RJC.-\1. COI>t: 

4 
(103) 

37 

31 
26 
2'.! 
18 

15 
12 
I I  
10 
8 

6 
6 
5 
5 
4 

4 
3 
3 
2 
1 

3!18 
336 

502 
415 
336 

889 

6:.0 
530 

415 

10:.0 
80'.! 

!1!16 
770 
578 

1284 
!147 
6!16 

1!126 
1344 
!103 
628 
415 

222'.! 
1562 
10:.0 
6!16 
455 

22'.! 
173 
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5 6 
(129) (155) 

58 82 

48 69 
40 57 
33 47 
27 39 

22 32 
19 28 
1 7  24 
15 22 
12 18  

10 14  
9 12 
8 12 
8 1 1  
7 10 

6 9 
5 7 
4 6 
4 5 
3 5 

612 869 
516 733 

772 1096 
638 907 
516 733 

1366 1940 

1009 1433 
814 1 157 

638 907 

1614 2'.!93 
1233 1751 

1530 2174 
1 183 1681 
887 1261 

1973 2802 
1455 2067 
1069 1519 

2959 4204 
2064 2933 
1387 1970 
965 1371 
638 907 

3414 4850 
2399 3408 
1614 2'.!93 
1069 1519 
f>99 993 

341 485 
266 378 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l3(A) Maximum Number of Conductors or FIXture WJreS in Type EB, PVC Conduit 
(Based on Chapter 9: Table I, Table 4, and Table 5A) 

Conductor Trade Size (Metric: Designator) 
Size 

(AWG/ � � � I ��. I� 2 2� ll ll� 4 5 6 
Type kcmil) (12) (16) (21) (27) (ll5) (41) (5ll) (6ll) (78) (91) (lOll) (129) (155) 

COMPACT CONDUCTORS 

Til\\', TIIW-2, TJJJJW s 30 f>8 89 1 13 li4 24i 
f> 23 52 f>9 Si 134 191 
4 li 39 51  r�� 100 143 
2 13 29 38 48 i4 105 
I 9 20 2f> 34 52 i4 

1/0 8 li 23 29 45 f>4 
2/0 f> 15 19 24 38 54 
3/0 5 12 If> 21 32 4f> 
4/0 4 10 14 li 2i 38 

250 3 8 I I  14 21 30 
300 3 i 9 12 19 2f> 
350 3 f> 8 I I  li 24 
400 2 f> i 10 15 21 
500 I 5 f> 8 12 IS 

f.OO 4 5 f> 10 14 
iOO 3 4 f> 9 13 
i50 3 4 5 s 12 
900 3 4 5 i 10 

1000 2 3 4 i 9 

Till IN, TIIWN, s 
TII\\'N-2 f> 34 ii 100 128 19f> 2i9 

4 21 4i f>2 i9 121 li2 
2 15 34 44 5i 8i 124 
I I I  25 33 42 r�� 93 

1/0 9 22 28 3f> 5f> i9 
2/0 8 18 23 30 4f> f>5 
3/0 f> 15 20 25 38 55 
4/0 5 12 If> 20 32 45 
250 4 10 13 If> 2.� 35 
300 4 8 I I  14 22 31 
350 3 i 9 12 19 2i 
400 3 f> 8 I I  li 24 
500 2 5 i 9 14 20 

f.OO 4 f> i I I  If> 
iOO 4 5 f> 10 14 
i50 4 5 f> 9 14 
900 3 4 5 s I I  

1000 3 3 4 i 10 

XIIII\\', XIIIIW-2 s 39 88 1 15 14f> 225 320 
f> 29 f>5 85 109 lf>i 238 
4 21 4i f>2 i9 121 li2 
2 15 34 44 5i 8i 124 
I I I  25 33 42 f>5 93 

1/0 9 22 28 3f> 5f> i9 
2/0 8 18 24 30 4i Hi 
3/0 f> 15 20 25 38 55 
4/0 5 12 If> 21 32 4f> 

250 4 10 13 li 2f> 3i 
300 4 8 I I  14 22 31 
350 3 i 10 12 19 28 
400 3 i 9 I I  li 25 
500 2 5 i 9 14 20 

f.OO 4 f> i I I  If> 
iOO 4 5 f> 10 14 
i50 3 5 f> 9 13 
900 3 4 5 8 I I  

1000 3 4 5 i 10 

Definition: l.o111pact .<lramling is the result of a manufacturing process where the stranded conductor is 
compres.'led to the extent that the interstices (void� between strand wires) are 'irtually eliminated. 
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I�FOR:VIATIVE ANKEX C CHAPTER 9 

Table C.l 4  Number of Type MC Cables Permitted in Cable Tray (3C Multiconductor MC Cable Non:Jacketed Assembly) 
(Based on fiU in accordance with 392.22, Table 392.22(A), column 1, ampacity in accordance with 392.80) 

Ventilated Thly Width [mm (iu.)l 
Conductor Conductor 
Insulation Size 50 100 150 200 300 400 450 500 600 750 900 Cable 

Type (AWG/kcmil) (2) (4) (6) (8) (12) (16) (18) (20) (24) (30) (36) Diameter 

THH:'\ 
14 13 27 41 55 82 1 10 124 138 Hi5 206 248 0.46 
12 10 20 31 11 62 83 93 101 121 160 192 0.53 
10 7 15 23 31 47 62 70 78 94 1 19 149 0.61 
8 ti 12 18 25 37 50 56 63 75 96 1 Hi 0.68 
ti 4 8 13 17 26 31 39 13 52 6ti 79 0.82 
4 2 5 8 11 17 23 26 29 35 15 55 0.99 
3 2 5 7 10 15 21 23 26 31 10 48 1 .05 
2 2 4 ti 9 13 18 20 22 27 34 41 1 . 1 :� 
1 2 4 ti 8 12 16 18 20 24 30 36 1 .2 

1/0 1 3 5 7 1 1  1 1  1 6  18 22 28 34 1 .25 
2/0 1 3 4 6 9 13 14 16 19 24 29 1.34 
3/0 1 2 3 5 7 10 1 1  13 15 20 24 1.49 
1/0 1 2 3 5 7 10 1 1  12 15 19 22 1 .57 
250 1 2 3 4 6 9 10 1 1  13 17 20 1 .74 
300 1 2 3 4 6 8 9 10 12 Hi 19 1 .86 
350 1 2 3 4 6 8 9 10 12 15 18 1 .96 
100 0 1 2 3 5 7 8 9 1 1  14 17 2. 1 1  
500 0 1 2 3 5 7 7 8 10 13 Hi 2.24 
600 0 1 2 3 1 6 7 8 9 12 15 2.38 
700 0 1 2 3 1 6 7 7 9 11 14 2.52 
750 0 1 2 2 1 5 ti 7 8 11 13 2.67 
800 0 1 2 2 1 5 ti 6 8 10 12 2.85 
900 0 1 1 2 3 5 5 6 7 10 12 2.99 

1000 0 I 1 2 3 1 5 6 7 9 1 1  3.25 
1'\ote: Single conductor diameters were obtained from Chapter 9, Tahle 5. 
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CHAPTER 9  1:-.rFOR�lATIVE ANJ\"EX C 

Table C.l5 Number of Type MC Cables Permitted in Cable Tray (4C Multiconductor MC Cable Non:Jacketed Assembly) (Based on 
fill in accordance with 392.22, Table 392.22(A), column I, ampacity in accordance with 392.80) 

Conductor Conductor Ventilated 'Ihly Width [mm (in.)] 

Insulation Size 50 100 150 200 225 300 400 450 500 600 750 900 Cable 
Type (AWG/kcmil) (2) (4) (6) (8) (9) (12) (16) (18) (20) (24) (30) (36) Diameter 

THH:'\ 
14 10 23 37 47 55 73 94 1 10 120 116 183 219 0.194 
12 8 18 28 37 13 57 73 85 93 1 14 142 171 0.5tl 
10 6 14 21 27 32 42 54 63 69 84 105 127 0.6.') 
8 5 11 17 22 25 33 43 50 55 67 84 100 0.73 
6 3 7 12 15 17 23 30 35 38 16 58 69 0.88 
4 2 5 8 10 11 15 19 23 25 30 38 45 1.09 
3 2 4 7 9 10 13 17 20 22 27 33 40 1 . 155 
2 2 3 5 7 8 1 1  1 4  16 18 21 27 32 1 .29 
1 I 3 5 6 7 10 12 15 16 19 24 29 1 .355 

1/0 1 3 5 6 7 9 12 14 15 19 24 28 1.375 
2/0 1 2 3 1 5 7 9 10 1 1  14 17 21 1 .608 
3/0 1 2 3 1 4 6 7 9 10 12 15 17 1.75 
4/0 1 2 3 1 4 6 8 9 10 12 15 18 1.97 
250 0 1 2 3 4 5 7 8 9 11 14 17 2.01 
300 0 1 2 3 3 5 7 7 8 10 13 15 2.255 
350 0 1 2 3 3 5 6 7 8 10 12 15 2.39 
100 0 1 2 3 3 4 6 7 8 9 12 11 2.16 
500 0 1 2 2 3 4 5 6 7 8 1 1  13 2.71 
600 0 1 2 2 3 4 5 6 6 8 10 12 2.92 
700 0 1 2 2 3 4 5 6 6 8 10 12 2.98 
750 0 I 1 2 2 3 4 5 5 7 8 10 3.34 
800 0 I 1 2 2 3 4 4 5 6 8 9 3.71 
900 0 1 1 2 2 3 4 4 5 6 7 9 3.98 

1000 0 0 1 1 2 2 3 4 1 5 7 8 4.15 
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1:-.IFOR:VlATIVE AN�EX C CHAPTER 9 

Table C.16 Number of Type TC Cables Permitted in Cable Tray (3C Multiconductor TC Cable Assembly) 
(Based on fill in accordance with 392.22, Table 392.22(A), column 1, ampacity in accordance with 392.80) 

Conductor Conductor Ventilated 'Iray Width [mm (in.)] 

Insulation Size 50 100 150 200 225 300 400 450 500 600 750 900 Cable 
Type (AWG/kcmil) (2) (4) (6) (8) (9) (12) (16) (18) (20) (24) (30) (56) Diameter 

THH:'\ 
14 12 26 11  52 61 81 101 122 133 162 203 213 0.169 
12 9 20 32 11 17 63 81 95 101 126 158 189 0.532 
10 7 15 21 30 35 17 60 71 77 94 1 18 141 0.61fi 
8 5 12 19 21 29 38 49 57 62 76 95 1 11 0.685 
6 1 9 13 17 20 26 34 40 43 53 66 79 0.821 
4 1 8 13 16 19 26 33 38 42 51 ti4 77 0.834 
3 3 7 1 1  11 Hi 22 28 32 35 13 54 65 0.910 
2 3 6 9 12 14 18 23 27 30 36 45 55 0.990 
1 2 4 6 8 10 13  17 19  21  26 32 39 1 .175 

1/0 2 4 6 8 9 12  15  18  20 24 30 36 1 .220 
2/0 1 3 5 7 8 10 13 16 17 21 26 31 1 .310 
3/0 1 3 4 6 7 9 12 13 15 18 22 27 1 .110 
4/0 1 2 3 5 5 7 10 1 1  12 15 19 23 1 .558 
250 1 2 3 1 5 6 9 10 11 13 17 20 1 .720 
300 1 2 3 1 4 6 8 9 10 12 15 18 1 .912 
350 1 2 3 1 4 6 8 9 10 12 15 18 1 .953 
400 0 1 2 3 4 5 7 8 9 11 14 17 2.099 
500 0 1 2 3 4 5 7 8 8 10 13 16 2.239 
600 0 1 2 3 3 4 6 7 8 9 12 11 2.133 
700 0 1 2 3 3 4 6 6 7 9 1 1  13 2.6til 
750 0 1 2 2 3 4 5 6 7 8 10 13 2.769 
800 0 1 2 2 3 4 5 6 6 8 10 12 2.988 
900 0 1 1 2 2 3 5 5 6 7 9 1 1  3.010 

1000 0 1 1 2 2 3 1 5 6 7 9 10 3.273 
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CHAPTER 9  I:"'FOR:'\IIATIVE AN.J\"EX C 

Table C.l7 Number of Type TC Cables Permitted in Cable Tray (4C Muldconductor TC Cable Assembly) 
(Based on fiU in accordance with 392.22, Table 392.22(A), column 1, ampacity in accordance with 392.80) 

Conductor Conductor 
Ventilated 'Ihly Width [mm (in.)] 

lusulation Size 50 100 150 200 225 300 400 450 500 600 750 900 Cable 
Type (AWG/kcnill) (2) (4) (6) (8) (9) (12) (16) (18) (20) (24) (50) (56) Diameter 

THH:--; 
14 1 1  24 37 48 56 74 95 I l l  122 118 186 223 0.19 
12 8 18 28 37 13 57 73 85 93 1 14 142 171 0.56 
10 6 14 21 27 32 42 54 63 69 84 105 127 o.a:; 

8 5 1 1  1 7  22 25 33 43 50 55 67 84 100 0.73 
6 3 7 12 15 17 23 30 35 38 16 58 69 0.88 
4 3 6 10 12 15 19 25 29 32 39 48 58 0.96 
3 2 5 8 1 1  12 1 6  2 1  2 5  2 7  33 41 49 1 .041 
2 2 4 7 9 10 1 4  18 2 1  23 28 34 41 1 .137 
1 1 3 5 7 8 1 0  13 15 1 7  2 1  26 31 1 .315 

1/0 1 3 5 6 7 1 0  1 2  14 16 19 24 29 1 .365 
2/0 1 3 4 5 6 8 10 1 2  1 3  16 20 21 1 .19 
3/0 1 2 3 1 5 7 9 10 1 1  14 1 7  21 1 .598 
4/0 2 2 3 1 5 6 9 10 1 1  1 3  1 7  20 1 .75 
250 1 2 3 1 4 6 8 9 10 12 15 18 1 .91 
300 0 1 2 3 4 5 7 8 9 1 1  14 1 7  2 .11  
350 0 1 2 3 4 5 7 8 9 1 1  1 3  16 2.HI 
100 0 1 2 3 3 5 6 7 8 10 1 2  1 5  2.35 
500 0 1 2 3 3 4 6 7 7 9 1 1  11 2.52 
600 0 1 2 2 3 4 5 6 7 8 1 1  13 2.71 
700 0 1 2 2 3 4 5 6 6 8 10 12 2.91 
750 0 1 1 2 2 3 5 5 6 7 9 1 1  3.02 
800 0 1 1 2 2 3 4 5 6 7 9 10 3.33 
900 0 1 1 2 2 3 4 4 5 6 8 9 3.69 

1000 0 0 1 1 2 2 3 4 1 5 7 8 4.02 
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I:'IIFOR.\<lATIVE ANJ'\EX C CHAPTER 9  

Table C. IS Number of Single Conductor Cables Permitted in Cable Tray 
(Based on fill in accordance with 392.22, Table 392.22(A), column I, ampacity in accordance with 392.80) 

Conductor Conductor Ventilated Tray Width [mm (in.) 1 

Insulation Size 50 100 150 200 225 300 400 450 500 600 750 900 Cable 
Type (AWG/kcmil) (2) (4) (6) (8) (9) (12) (16) (18) (20) (24) (50) (56) Diameter 

THH:'\ 
1/0 4 8 12 16 18 24 32 36 40 48 61 74 0.186 
2/0 3 7 1 1  11 16 22 29 33 37 44 56 67 0.532 
3/0 3 6 10 13 15 20 26 30 33 40 51 61 0.584 
4/0 3 6 9 12 14 1 8  24 27 30 36 46 56 0.642 
250 5 10 16 21 23 32 42 18 53 64 81 98 0.71 1 
300 4 9 13 18 20 27 37 11 46 55 70 84 0.766 
350 4 8 12 16 18 24 32 36 40 48 61 74 0.817 
100 3 7 10 11 16 21 29 32 36 43 55 66 0.864 
500 3 6 9 12 13 1 8  24 27 30 36 45 55 0.949 
600 2 4 7 9 10 1 4  1 9  22 24 29 37 14 1 .051 
700 2 4 6 8 9 1 2  17 19 21 25 32 39 1 .122 
750 2 4 6 8 9 1 2  If) 18 20 24 30 37 1 .156 
800 1 3 5 7 8 1 1 15 17 19 23 29 35 1 .188 
900 1 3 5 6 7 1 0  1 3  1 5  17 20 26 31 1 .252 

1000 1 3 4 6 7 9 12 13 15 18 22 27 1 .31 
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CHAPTER 9  I:'IIFOR.\<lATIVE ANJ'\EX C 

Table C.l9 Number of Single Conductor Cables Permitted in Cable Tray 
(Based on fill in accordance with 392.22, Table 392.22(A), column I, ampacity in accordance with 392.80) 

Conductor Conductor Ventilated 1hly Width [mm (in.) 1 

Insulation Size 50 100 150 200 225 300 400 450 500 600 750 900 Cable 
Type (AWG/kcmil) (2) (4) (6) (8) (9) (12) (16) (18) (20) (24) (30) (36) Diameter 

XHHW 
1/0 1 8 12 16 18 21 32 36 10 49 62 71 0.482 
2/0 3 7 1 1  14 17 22 29 33 37 44 56 68 0.528 
3/0 3 6 10 13 15 20 27 30 33 40 51 62 0.58 
4/0 3 6 9 12 12 18 24 27 30 37 47 56 0.638 
250 5 10 16 21 24 32 43 49 51 65 83 98 0.705 
300 1 9 11 18 20 28 37 42 17 56 71 85 0.76 
350 1 8 12 16 18 21 33 37 11 49 62 75 0.81 1 
400 3 7 1 1  14 16 22 29 33 36 44 56 67 0.858 
500 3 6 9 12 13 18 24 27 30 36 46 55 0.913 
600 2 4 7 9 10 11 19 22 21 29 37 11 1.053 
700 2 4 6 8 9 12 1 7  1 9  2 1  25 32 39 1.121 
750 2 4 6 8 9 12 16 18 20 24 30 37 1.158 
800 1 3 5 7 8 1 1  1 5  1 7  1 9  23 29 35 1.19 
900 1 3 5 6 7 10 13  15 17 20 26 31 1.251 

1000 1 3 1 6 7 9 1 2  1 3  1 5  1 8  22 27 1.312 
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I:'IIFOR.\<lATIVE ANJ'\EX C CHAPTER 9  

Table C.20 Number of Single Conductor Cables Permitted in Cable Tray 
(Based on fill in accordance with 392.22, Table 392.22(A), column 1, ampacity in accordance with 392.80) 

Conductor Conductor Ventilated 1hly Width [mm (in.) 1 
Insulation Size 50 100 150 200 225 300 400 450 500 600 750 900 Cable 

Type (AWG/kcmil) (2) (4) (6) (8) (9) (12) (16) (18) (20) (24) (30) (36) Diameter 

RHW 
1/0 3 7 1 1  14 16 22 29 33 37 44 56 67 0.532 
2/0 3 6 10 13 15 20 27 30 31 40 51 62 0.578 
3/0 3 6 9 12 14 18 24 28 31 37 47 57 0.6.� 
4/0 2 5 8 1 1  13 17 22 2-:> 28 34 43 52 0.688 
250 4 9 13 18 20 27 37 41 16 55 70 84 0.765 
300 1 8 12 16 17 21 32 36 10 18 61 73 0.82 
350 3 7 10 14 15 21 28 32 35 12 54 65 0.871 
400 3 6 9 12 14 19 25 28 32 38 49 58 0.918 
500 2 5 8 10 12 16 21 24 26 32 41 49 1.003 
600 2 4 6 8 9 13 17 19 21 26 33 10 1 .113 
700 1 3 5 7 8 1 1  15 17 19 23 29 35 1. 184 
750 1 3 5 7 8 10 14 16 18 21 27 33 1.218 
800 1 3 5 6 7 10 13 15 17 20 26 31 1 .25 
900 1 3 4 6 7 9 12 14 15 18 23 28 1.314 

1000 1 2 1 5 6 8 1 1  1 2  14 17 21 26 1.372 
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CHAPTER 9  INFORMATIVE A.'INEX D 

Informative Annex D Examples 

This infol'mative annex is 1wt a pm·t of the requiremrots of this NFPA 
documrol but is included fm· infonnatimwl pu,..poses only. 

Selection of Conductors. In the following examples, the 
results arc generally expressed in amperes (A) . To select 
conductor sizes, refer to the 0 through 2000 volt (V) ampacity 
tables of Article 310 and the rules of 310.14 that pertain to 
these tables. 

Voltage. For uniform application of Articles 210, 215, and 
220, a nominal voltage of 120, 120/240, 240, and 208Y/ l20 V is 
used in calculating the ampere load on the conductor. 

Fractions of an Ampere. Except where the calculations result 
in a major fraction of an ampere (0.5 or larger) , such fractions 
arc permitted to be dropped. 

Power Factor. Calculations in the follo"ing examples arc 
based, for convenience, on the ao;.�umption dtat all load"l have 
the same power factor (PF). 

Ranges. For the calculation of the range load"l in these exam
ples, Column C of Table 220.55 ha"l been used. For optional 
mcthod"l, sec Columns A and 8 of Table 220.55. Except where 
the calculations result in a major fraction of a kilowatt (0.5 or 
larger) , such fractions arc permitted to be dropped. 

SI Units. For metric conversions, 0.093 m2 = I ft2 and 
0.3048 m = 1 ft. 

Example Dl(a) One-Family Dwelling 

The dwelling ha"l a floor area of 1500 ft2, exclusive of an unfin
ished cellar not adaptable for future usc, unfinished attic, and 
open porches. Appliances arc a 1 2-kW range and a 5.5-kW, 240-
V dryer. Ao;."lumc range and dryer kW ratings equivalent to kVA 
ratings in accordance with 220.54 and 220.55. 

Calculated Load (see 220.40) 

General Lighting Load 1500 ft2 at 3 VA/ftl = 4500 VA 

Minimum Number of Branch Circuits Required [see 2JO.ll(A)} 

General Lighting Load: 4500 VA + 120 V = 38 A 

This requires three 1!>-A, 2-l\irc or two 20-A, 2-wirc circuit"l. 

Small-Appliance Load: Two 2-wirc, 20-A circuit"l bee 
2JO.ll(Cj( 1)} 

Laundry Load: One 2-wirc, 20-A circuit [see 2JO.ll(C)(2)} 

Bathroom Branch Circuit: One 2-wirc, 20-A circuit (no addi
tional load calculation is required for this circuit) bee 2JO.ll(C) 
(3)} 

70-834 

Minimum Size Feeder Required [w�e 220.40] 

C..eneral Lighting 
Small Appliance 
Laundry 

3000 VA at 100% 
9000 VA - 3000 VA = 6000 VA at 35% 

Range (.v.e Table 220.55) 

Dryer Load (see Table 220.54) 

:-.let C..alculated Load 

Total 

Net Load 

4,500 VA 
3,000 VA 
1,500 VA 

9,000 VA 
3,000 VA 
2,100 VA 

5,100 VA 
8,000 VA 
5,500 VA 

18,600 VA 

Net Calculated Load for 129/2-tO-V, 3-wire, single-phase service 
or feeder 

18,600 VA + 240 V = 78 A 

Sections 230.42(8) and 230.79 require senicc conductors 
and disconnecting means rated not less than 100 amperes. 

Calculation for Neutral for Feeder and Service 

Lighting and Small-Appliance Load 
Range: 8000 VA at 70% (.v.e 220.61) 

:Dryer: 5500 VA at 70% (.- 220.61) 

Calculated Load for Neutral 

14,550 VA + 240 V = 61 A 

Total 

Example Dl(b) One-Family Dwelling 

5,100 VA 
5,600 VA 
3,850 VA 

14,550 VA 

Ao;."lumc same conditions a"l Example No. D1 (a) , plus addition 
of one 6-A, 230-V, room air-conditioning unit and one 12-A, 
11!>-V, room air-conditioning unit,* one 8-A, 1 15-V, rated waste 
disposer, and one 10-A, 120-V, rated di"lhwashcr. Sec Article 430 
for general motors and Article 440, Part \11, for air
conditioning equipment. Motors have nameplate ratings of 
115  V and 230 V for usc on 120-V and 240-V nominal voltage 
systems. 

*(For feeder neutral, usc larger of the two appliances for 
unbalance.) 
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From Example D I  (a), feeder current is 78 A (3-wirc, 240 V). 

Line A Neutral Line B 

Amperes from Example D1 (a) 78 61 78 
One 230-V air conditioner 6 6 
One 1 1 5-V air conditioner and 12 12 10 

120-V di�hwa.�her 
One 1 1 5-V di�poser 8 8 
25% of aiH:onditioner (st't! 3 3 2 

440.33) 

Total amperes per conductor 99 81 104 

Therefore, the scnicc would he rated 110  A. 

Example D2(a) Optional Calculation for One-Family 

Dwelling, Heating Larger Than Air Conditioning 

(see 220.82) 
The dwelling ha.� a floor area of 1500 ft2, exclusive of an unfin
ished cellar not adaptable for future usc, unfinished attic, and 
open porches. It ha.o; a 12-kW range, a 2.!>-kW water heater, a 
1 .2-kW dishwasher, 9 kW of electric space heating installed in 
five rooms, a !>-kW clothes dryer, and a 6-A, 230-V, room air
conditioning unit. A"l.o;umc range, water heater, dishwasher, 
space heating, and clothes dryer kW ratings equivalent to kVA. 

Air Conditioner kVA Calculation 
6 A  X 230 V + 1 000 = 1.38 kVA 
This 1.38 kVA Litem I from 220.82(C)j is less dtan 40% of 
9 kVA of separately controlled electric heat Litem 6 from 
220.82(C) j ,  so the 1.38 kVA need not he included in the serv
ice calculation. 

General Load 

1500 ft� at 3 VA 
Two 20-A appliance outlet circuiL� at 1500 VA each 
Laundry circuit 
Range (at nameplate rating) 
Water heater 
Dishwa.�her 
Clothes dryer 

Total 

Application of Demand Factor [si'R 220.82(8)] 

First 10 k VA of general load at 100% 
Remainder of general load at 40% 

(19.7 kVA X 0.4) 

Total of general load 
9 kVA ofheat at 10% (9000 VA x 0.4) = 

Total 
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1,500 VA 
3,000 VA 
1,500 VA 

12,000 VA 
2,500 VA 
1,200 VA 
5,000 VA 

29,700 VA 

10,000 VA 
7,880 VA 

1 7,880 VA 
3,600 VA 

21,480 VA 

Calculated Load for Service Size 

21.48 kVA = 21,480 VA 

21,480 VA + 240 V = 90 A 

Therefore, the minimum scnicc rating would be 100 A in 
accordance "id1 230.42 and 230.79. 

Feeder Neutral Load in Accordance with 220.61 

1500 ft� at 3 VA 
·Ioree 20-A circuiL� at 1500 VA 

3000 VA at 100% 
9000 VA - 3000 VA = 6000 VA at 35% 

Range: 8 kVA at 70% 
Clothes drye1: 5 kVA at 70% 
Dishwa.�her 

Total 

Subtotal 

1,500 VA 
1,500 VA 

9,000 VA 
3,000 VA 
2,100 VA 

5,100 VA 
5,600 VA 
3,500 VA 
1,200 VA 

Total 15,400 VA 

Calculated Load for Neutral 

15,400 VA + 240 V= 64 A 

�pie D2(b) Optional Calculation for One-Family 

Dwelling, Air Conditioning Larger Than Heating 

[see 220.82(A) and 220.82(C)] 
The dwelling ha.� a floor area of 1500 ft2, exclusive of an unfin
ished cellar not adaptable for future usc, unfini�hcd attic, and 
open porches. It ha.� two 20-A small appliance circuits, one 20-A 
laundry circuit, two 4-kW wall-mounted ovens, one 5.1-kW 
counter-mounted cooking unit, a 4.5-kW water heater, a 1.2-k\\' 
dishwasher, a !>-kW combination dodtcs washer and drvcr, six 
7-A, 230-V room air-conditioning uniLo;, and a 1 .5-kW pcrma
ncndy installed bailiroom space heater. A.o;sumc wall-mounted 
ovens, counter-mounted cooking unit, water heater, dish
washer, and combination doilies washer and dryer kW ratings 
equivalent to kVA. 

Air Conditioning kVA Calculation 
Total amperes = 6 uniLo; x 7 A =  42 A 

42 A X 240 v + 1000 = 10.08 kVA (a."l.�umc PF = 1 .0) 

Load Included at 100% 
Air Conditioning: Included helow [.�I'R item 1 in 220.82(C)] 

Space Heater: Omit [.w ili'1TI 5 in 220.82(C)} 
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General Load 

1500 ft� at 3 VA 
Two 20-A small-appliance 
circuit� at 1500 VA each 

Laundry circuit 
Two ovens 
One cooking unit 
Water heater 
Dishwa�her 
wa�her/dryer 

First 10 kVA at lOO% 
Remainder at 40% 
(22.8 kVA X 0.4 X 1000) 

Air conditioning 

Total general load 

Subtotal general load 

4,500 VA 

3,000 VA 
1,500 VA 
8,000 VA 
5,100 VA 
4,500 VA 
1,200 VA 
5,000 VA 

32,800 VA 
10,000 VA 

9,120 VA 

19,120 VA 
10,080 VA 

lotal 29,200 VA 

Calculated Load for Service 

29,200 VA + 240 V = 122 A (service rating) 

Feeder Neutral Load, in accordance with 220.61 
A�sumc that the two 4-kVA wall-mounted ovens arc supplied by 
one branch circuit, dtc 5.1-kVA counter-mounted cooking unit 
by a separate circuit. 

1500 ft� at 3 VA 
lbree 20-A circuit� at 1500 VA 

3000 VA at 100% 
9000 VA - 3000 VA = 6000 VA at 35% 

Subtotal 

Subtotal 

4,500 VA 
4,500 VA 

9,000 VA 
3,000 VA 
2,100 VA 

5,100 VA 

Two 4-kVA ovens plus one 5.1-kVA cooking unit = 13.1 kVA 
Table 220.55 permit� 55% demand factor or 13.1 kVA x 0.55 = 
7.2 kVA feeder capacity. 

Subtotal from alxwe 
()\·ens and cooking unit: 7200 VA x 70% for neutral 

load 
Clothes wa�her/dryer: 5 kVA x 70% for neutml load 
Dishwa�her 

Calculated Load for Neutral 
14,840 VA + 240 V = 62 

"Iotal 

5,100 VA 
5,040 VA 

3,500 VA 
1,200 VA 

14,840 VA 

Example D2(c) Optional Calculation for One-Family 

Dwelling with Heat Pump (Single-Phase, 240/ 120-Volt 

Service) 

(see 220.82) 
The dwelling ha� a floor area of 2000 ft2, exclusive of an unfin
ished cellar not adaptable for future usc, unfinished attic, and 
open porches. It ha'i a 12-kW range, a 4.!>-kW water heater, a 
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1 .2-kW dishwasher, a !>-kW clothes dryer, and a 2Y:rton (24-A) 
heat pump l\ith 15 kW of backup heat. 

Heat Pump kVA Calculation 
24 A X 240 v + 1000 = 5.76 kVA 
This 5.76 kVA is less than 15 kVA of the backup heat; therefore, 
the heat pump load need not be included in dtc scnicc calcu
lation [st't' 220.82(C)]. 

General Load 

2000 ft� at 3 VA 
Two 20-A appliance outlet circuit� at 

1500 VA each 
Laundry circuit 
Range (at nameplate rating) 
Water heater 
Dishwa�her 
Qothes dryer 

First 10 kVA at lOO% 
Subtotal general load 

Remainder of general load at 40% 
(23,200 VA X 0.4) 

"lotal net general load 

Heat Pump and Supplementary Heat* 
240 V X 24 A =  5760 VA 

15 kW Electric Heat: 

6,000 VA 
3,000 VA 

1,500 VA 
12,000 VA 
4,500 VA 
1,200 VA 
5,000 VA 

33,200 VA 
10,000 VA 
9,280 VA 

19,280 VA 

5760 VA + (15,000 VA x 65%) = 5.76 kVA + 9.75 kVA = 
l5.!H kVA 

*If supplementary heat is not on at same time as heat pump, 
heat pump kVA need not be added to total. 

Totals 
Net general load 
Heat pump and supplementary heat 

Calculated Load for Service 

34.79 kVA X 1000 + 240 V= 145 A 

"Iotal 

19,280 VA 
15,510 VA 

34,790 VA 

Therefore, this dwelling unit would be permitted to be 
served by a 150-A scnicc. 

Example D3 Store Building 

A store 80 ft by 60 ft, or 4,800 ft2, ha'i 30 ft of show "indow. 
There arc a total of 80 duplex receptacles. The scnicc is 
120/240 V, single pha'iC 3-l\irc scnicc. Actual connected light
ing load is 7,000 VA, all of which for this example is considered 
continuous. All calculations arc rounclccl up or clown a'i permit
ted in 220.5(8). 
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Calculated Load (.w 220.40) 

Noncontinuous Loads 
Receptacle Load (.fee 220.47) 

80 receptacles at 180 VA 
10,000 VA at 100% 
11,400 VA - 10,000 VA = 1,400 VA at 50% 

11,400 VA 
10,000 VA 

2,200 VA 

Subtotal 12,200 VA 
Continuous Loads 
C..eneml Lighting* 
4,800 ft2 at 1.9 VA/ft2 
Show Window Lighting Load 
30 ft at 200 VA/ft / . ._ 220. 14(G )/ 

Out�ide Sign Circuit /see 220.14(1•)/ 

9,120 VA 

6,000 VA 
1,200 VA 

Subtotal 16,320 VA 
Subtotal from noncontinuou.� 12,200 VA 

Total noncontinuous loacl<� + 
continuous loacl<� = 28,520 VA 

*In the example, dtc actual cmmcctcd lighting load at 125% 
(7,000 VA x 1 .25 VA) is less than the load from Table 
220.42(A) , so dtc required minimum lighting load from Table 
220.42(A) is used in the calculation. Had the actual lighting 
load x 125% been greater dtan the value calculated from Table 
220.42(A) , the actual connected lighting load would have been 
used. 

Minimum Number of Branch Circuits Required 
General Lighting: Bmnch circuits need only be installed to 
supply the actual connected load [see 210.11(8)}. 

7,000 VA X 1.25 = 8,750 VA 

8,750 VA + 240 V = 36.45 A for 3-wirc, 120/240 V 

8,750 VA + 120 V = 72.92 A 

The lighting load would be permitted to be served by 2-wirc 
or 3-l\irc, 15- or 20-A circuits l\ith combined capacity equal to 
36 A or greater for 3-l\irc circuit<� or 73 A or greater for 2-wire 
circuit<�. The feeder capacity a<� well a<� the number of branch
circuit positions available for lighting drcuit'i in the panelboard 
must reflect dtc full calculated load o£ 9,120 VA. Lighting load'i 
from Table 220.42(A) alreadv include 125% for continuou.'i 
load. Sec note at bottom of Table 220.42(A) . 

ShowWmdow 

6,000 VA X 1.25 = 7,500 VA 

7,500 VA + 240 V = 31 .25 A for 3-l\irc, 120/240 V 

7,500 VA + 120 V = 62.5 A for 2-wire, 120 V 

The show window lighting is permitted to be served by 2-wirc 
or 3-l\irc circuit'i "id1 a capacity equal to 31 A or greater for 3-
wirc circuit'i or 63 A or greater for 2-wirc circuit'i. 

Receptacles required by 210.62 arc a'isumcd to be included 
in dtc receptacle load above if these receptacles do not supply 
the show window lighting load. 

Receptacles 
Receptacle Load: 

14,400 VA + 240 V = 60 A for 3-l\irc, 120/240 V 

14,400 VA + 120 V = 120 A for 2-wirc, 120 V 
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The receptacle load would be pcnnittcd to be served by 2-
"irc or 3-l\irc circuit'i with a capacity equal to 60 A or greater 
for 3-l\irc circuit'i or 120 A or greater for 2-l\irc circuit'i. 

Minimum Size Feeder (or Service) Overcurrent Protection 
(.we 215.3 m· 230. 90) 

Subtotal noncontinuous loacl'i 
Subtotal continuous loacl'i not from Table 

220.12(A) at 125% (7,200 VA x 1.25) (sign and 
show window) 

Subtotal of calculated continuous loacl'i with 125% 
already included 

12,200 VA 
9,000 VA 

9,120 VA 

lotal 30,320 VA 

30,320 VA + 240 V = 126 A 

The next higher standard size is 150 A (see 240.6). 

Minimum Size Feeders (or Service Conductors) Required [see 
215.2, 230.42(A)} 

. 

For 120/240 V, 3-wire &�rlitcm, 
30,320 VA + 240 V =

·
126 A Scnicc or feeder conductor is 

1 AWG Cu in accordance l\ith 215.3 and Table 310.16 (with 
75•c tcrmimitions). 

Example D3(a) Industrial Feeden in a Common 

Raceway 

An industrial multi-building facility ha'i it'i scnicc at the rear of 
it'i main building, and then prmidcs 480¥ /277-volt feeders to 
additional buildings behind the main building in order to 
segregate certain processes. The facility supplies it'i remote 
buildings through a partially enclosed acccs.'i corridor that 
cxtcnd'i from the main s"itchboard rcam-ard along a path that 
prmidcs convcniclll acccs.'i to scniccs l\ithin 15 m (50 ft) of 
each additional building supplied. Two building feeders share 
a common racc\\<ty for approximately 45 m (150 ft) and run in 
the acccs.'i corridor along with proccs.'i steam and control and 
communications cabling. The steam raises dtc ambiclll tcmpcr
aturc around the power mcc\\<ty to a'i much a'i 35•c. At a tee 
fitting, the indhidual building feeders then run to each of the 
two buildings involved. The feeder neutrals arc not connected 
to dtc cquipmclll grounding conductors in the remote build
ings. All distribution cquipmclll terminations arc listed a'i 
being suitable for 75•c connections. 
Each of the two buildings ha'i the follm\ing load'i: 

Lighting, 1 1 ,600 VA, comprised of electric-discharge lumin
aires connected at 277 V 

Receptacles, 22 12:>-volt, 20""mpcrc receptacles on general
purpose branch circuit'i, supplied by separately derived systcm'i 
in each of the buildings 

1 Air comprcs.'iOr, 460 volt, three pha'ic, 5 hp 

1 Grinder, 460 volt, three pha'ic, 1.5 hp 

3 Welders, AC transformer type (nameplate: 23 amperes, 
480 volt'i, 60 pcrcclll duty cycle) 

3 Industrial Proccs.'i Dryers, 480 volt, ducc pha'iC, 15 kW 
each (a'isumc continuous usc throughout certain shift'i) 
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Determine the ovcrcurrcnt protection and conductor size 
for the feeders in the common raceway, assuming the usc of 
XHHW-2 insulation (900C) : 

Calculated Load 11'\otc: For reasonable precision, volt-ampere 
calculations arc carried to three significant figures only; where 
load-; arc converted to amperes, the results arc rounded to the 
nearest ampere [see 220.5(B)Jl. 

Noncontinuous Loads 
Receptacle Load (.fee 220.47) 
22 receptacles at 180 VA 
Welder Load /.fN 630.11 (11 ), 

Table 630.11 (il)/ 
Each welder: 480V x 23A x 0.78 = 

8,610 VA 
All 3 welders /st't! 630.11(8)/ 

(demand factors 100%, 100%, 
85% respectively) 

8,610 VA + 8,610 VA + 7,320 VA = 

Subtotal, Noncontinuous Loads 

Motor Loads(.fee 430.24, 
"Jable 430.250) 

Air compressm: 7.6 A x 480 V x ..J3 = 
Grinder: 3 A x 480 V x ..J3 = 
Largest motor, additional 25%: 

3,960 VA 

24,500 VA 

28,500 VA 

6,310 VA 
2,490 VA 
1,580 VA 

Subtotal, Motor Loads 10,400 VA 
By u.<;ing 430.24, the motor Joa<L<; and the noncontinuous Joaclo; 

can be combined for the remaining calculation. 
Subtotal for load calculations, 

Noncontinuous Loads 38,900 VA 
Continuous Loads 
C.eneml Lighting 
3 lndu.<;uial Process Dryers 

Subtotal, Continuous Loads: 

Overcurrent protection (see 215.3) 

15 kW each 
1 1,600 VA 
45,000 VA 

56,600 VA 

The ovcrcurrcnt protective dc\-icc must accommodate 125% of 
the continuous load, plus dtc noncontit1uous load: 

C..ominuou.o; load 
Noncontinuous load 

Subtotal, actual load [actual load in amperes] 
£99,ooo vA .;. (18ov x v3> = 1 19 AJ 

(25% of56,600 VA) (Sw 215.3) 

Total VA 
C..onversion to amperes u.o;ing three significant 

figures: 109,700 VA I (480V x ..J3) = 132 A 
Minimum size overcurrent protective de\ice: 132 A 

56,600 VA 
38,900 VA 

95,500 VA 

14,200 VA 

109,700 VA 

Minimum standard size m·ercurrent protective de\ice (sw 240.6): 
150 amperes 

\\'here the ovcrcurrcnt protective device and its ao;.o;cmbly arc 
listed for opcmtion at 100 percent of ito; mting, a 125 ampere 
ovcrcurrcnt protective device would be permitted. However, 
ovcrcurrcnt protective dc\icc ao;.o;cmblics listed for 100 percent 
of their rating arc typically not available at the 125-amperc 
rating. (See 215.3 Exception.) 
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Ungrounded Feeder Conductors 
The conductors must indcpcndcndy meet requirement-; for ( 1)  
tcnninations, and (2) conditions of u.o;c throughout the race
way run. 

:\llinimum size conductor at the ovcrcurrcnt device termina
tion [see 110.14(C) and 215.2(A), using 75•c amJJacit_v column in 
Table 310.16]: l/0 AWG. 

Minimum size conductors in the raceway bao;cd on actual 
load [see A1·tick 100, AmJJacit_l', and 310.15(CJ(l) mul correction 
factors to Tabk 310.16]: 

95,500 VA .;. 0.7 .;. 0.96 = 112,000 VA 
[70% = 310.15(C) (l) ]  & [0.96 = C..orrection factors to Table 

310.16] 
C..onversion to amperes: 
112,000 VA .;. (480 v X ..J3) = 171 A 

1'\otc that the neutral conductors arc counted a"l currcnt
carl"}ing conductors [see 310:15(£)(3)} in this example becau.o;c 
the dio;chargc lighting bali substantial nonlinear content. This 
requires a 2/0 AWG conductor ba"lcd on the 9o•c column of 
Table 310.16. Therefore, the worst cao;c is given by the raceway 
conditions, and 2/0 AWG conductors must be used. If the util
ity corridor were at normal temperatures L (300C (86.F) J ,  and if 
the lighting at each building were supplied from the local sepa
rately derived system (thu.o; requiring no neutrals in the supply 
feeders)� the mccway result (95,500 VA + 0.8 = 1 19,000 VA; 
1 19,000 VA + (480 V x -/3) = 143 A, or a 1 AWG conductor @ 
90.C) could not be u.o;cd, becau.o;c the termination result 
(l/0 AWG) ba"lcd on dtc 75•c column of Table 310.16 would 
become the worst cao;c, requiring the larger conductor. 

In every cao;c, dtc ovcrcurrcnt protective dc\'icc shall prmidc 
ovcrcurrcnt protection for the feeder conductors in accord
ance v.ith their ampacity ao; prmidcd by this Code (fi'R 240.4). A 
9o•c 2/0 AWG conductor ha"l a Table 310.16 ampacity of 195 
amperes. Adjusting for the conditions of u.o;c (35•c ambient 
temperature, 8 currcnt-carf}ing conductors in the common 
raceway), 

195 A X 0.96 X 0.7 = 131 A 

The 150-amperc circuit breaker protect-; dtc 2/0 AWG 
feeder conductors, because 240.4(8) pcrmit"l the usc of the 
next higher standard size ovcrcurrcnt protective dc\icc. :-.lotc 
that the feeder layout precludes the application of 310.14(A) 
(2) Exception. 

Feeder Neutral Conductor (see 220.61) 

Because 210. 1 1 (8) docs not apply to these buildings, the 
load cannot be ao;."lumcd to be evenly distributed acros.o; phao;cs. 
Therefore the maximum imbalance must be ao;.o;umcd to be the 
full lighting load in dtis cao;c, or 1 1,600 VA. ( 1 1,600 VA + 277 V 
= 42 A.) The ability of the neutral-to-return fault current [see 
250.32(8) ExceJJtion No. 2] is not a factor in this calculation. 

Because the neutral runs between the main switchboard and 
the building panelboard, likely terminating on a busbar at both 
locations, and not on ovcrcurrcnt dc\'iccs, the effect-; of contin
uous loading can be disregarded in c\'aluating ito; terminations 
[see 215.2(A)(J) Exception No. 3]. That calculation is ( 1 1,600 VA 
+ 277 V = 42 A), to be C\'aluatcd under the 75•c column of 
Table 310.16. The minimum size of the neutral might seem to 
be 8 AWG, but that size would not be suflicicnt to be depended 
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upon in the event of a line-to-neutral fault [see 215.2(8), second 
pamgmp!t]. Therefore, because the minimum size equipment 
grounding conductor for a I50 ampere circuit wired with 
2/0 AWG conductors, ao; covered in Table 250.122, is 6 AWG, 
that is dtc minimum neutral size required for this feeder. 

Example D4(a) Multifamily Dwelling 

A multifamily dwelling hao; 40 dwelling units. 
Meters arc in two banks of 20 each "ith indhidual feeders to 
each dwelling unit. 
One-half of the dwelling unit-; arc equipped \\ith electric 
ranges not exceeding 12 kW each. A'i.o;umc range kW rating 
equivalent to kVA rating in accordance l\ith 220.55. Other half 
of ranges arc gao; ranges. 
Area of each dwelling unit is 840 ft2• 
Laundry fucilitics on premises arc al-ailablc to all tenant-;. Add 
no circuit to indhidual dwelling unit. 

Calculated Load for Each Dwelling Unit (see Article 220) 
General Lighting: 840 ft2 at 3 VA/ft2 = 2520 VA 
Special Appliance: Electric range (.5ee 220.55) = 8000 VA 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit ['il'e 2 JO. ll (A)} 
C.cncral Lighting Load: 2520 VA + I20 V = 21 A or two I5-A, 2-
"irc circuit-;; or two 20-A, 2-"irc circuit-; 
Small-Appliance Load: Two 2-l\irc circuit-; of I 2 AWG \\ire bee 
2/0.ll(Cj( I)] 
Range Circuit: 8000 VA + 240 V = 33 A or a circuit of two 
8 A\\'G conductors and one 10 AWG conductor in accordance 
"ith 2I0.19(C) 

Minimum Size Feeder Required for Each Dwelling Unit (see 
215.2) 

C..alculated Load (st't! ilrlick 220); 

Geneml Lighting 
Small Appliance (two 20-ampere circuit-;) 

Subtotal C..alculated Load (without mnges) 

Application of Demand Factor (st>.e Thble 220.4 5) 

First 3000 VA at 100% 
5520 VA - 3000 VA = 2520 VA at 35% 

Net Calculated Load (without mnges) 
Range Load 

Net C..alculated Load (with mnges) 

Size ofEach Feeder (see 215.2) 
For 120/240-V, 3-l\irc system (l\idtout mngcs) 
Net calculated load of 3882 VA + 240 V = 16 A 
For 120/240-V, 3-l\irc system (l\idt ranges) 
Net calculated load, 1 1  ,882 VA + 240 V = 50 A 
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2,520 VA 
3,000 VA 

5,520 VA 

3,000 VA 
882 VA 

3,882 VA 
8,000 VA 

1 1,882 VA 

D.8.6 Feeder Neutral 

Lighting and Small-Appliance Load 
Range Load: 8000 VA at 70% (st't! 220.61) 

(only for aparunenLo; with elecuic mnge) 
:-.let C..alculated Load (neuual) 

Calculated Load for Neutral 

9482 VA + 240 V= 39.5 A 

3,882 VA 
5,600 VA 

5,600 VA 
9,482 VA 

Minimum Size Feeders Required from Service Equipment to 
Meter Bank (For 20 Dwelling Units - 10 with Ranges) 

·lotal C..alculated Load: 
Lighting and Small Appliance 
20 uniLo; x 5520 V 

Application of Demand Factor 
First 3000 VA at 100% 
1 10,400 VA - 3000 VA = 107,100 VA at 35% 

:-.let C..alculated Load 
Range Load: 10 mnges (not m·er 12 kVA) (see Clll. C, 

"Jabk 220.55,25 kW) 

Net C..alculated Load (with ranges) 

1'\ct calculated load for 120/240-V, 3-wirc system, 

65,590 VA + 240 V = 273 A 

Feeder Neutral 

Lighting and Small-Appliance Load 
Range Load: 25,000 VA at 70% /.�t't! 220.61(/J)/ 

C..alculated Load (neuual) 

Calculated Load for Neutral 

58,090 VA + 240 V = 242 A 

Further Demand Factor [220.6J(B)] 

200 A at 100% 
212 A - 200 A = 12 A at 70% 

110,400 VA 

3,000 VA 
37,590 VA 

10,590 VA 
25,000 VA 

65,590 VA 

10,590 VA 
17,500 VA 

58,090 VA 

200 A 
29 A 

:'\et C..alculated Load (neutml) 229 A 

Minimum Size Main Feeders (or Service Conductors) Required 
(Less House Load) (For 40 Dwelling Units - 20 with Ranges) 

lotal C..alculated Load: 
Lighting and Small-Appliance Load 
40 uniLo; x 5520 V 220,800 VA 
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Application of Demand Factor (from Table 220.45) Calculated Load for Each Dwelling Unit (.w PaTt II and Pmt l/1 
of ATticle 220) 

First 3000 VA at 100% 
Next 120,000 VA - 3000 VA = 1 17,000 VA at 35% 
Remainder 220,800 VA - 120,000 VA = 100,800 VA 

at 25% 

:-.let C..alculated Load 
Range Load: 20 ranges (les.� than 12 kVA) 
(st't' Col. (;, 'J(Jble 220.55) 

:-.let C..alculated Load 
For 120/240-V, 3-wire system 

1'\ct calculated load of 104,150 VA + 240 V = 434 A 

Feeder Neutral 

Lighting and Small-Appliance Load 
Range: 35,000 VA at 70% f.v.e 220.6/(B)/ 

Calculated Load (neuu-al) 

93,650 VA + 240 V = 390 A 

Further Demand Factor [.w 220.61(8)] 

200 A at 100% 
390 A - 200 A =  190 A at 70% 

:'\et Calculated Load (neuu-al) 

3,000 VA 
10,950 VA 
25,200 VA 

69,150 VA 

35,000 VA 

101,150 VA 

69,150 VA 
21,500 VA 

93,650 VA 

200 A 
133 A 

333 A 

[See Table 310.16 through Table 310.21, and 310.15(8), (C), and 
(E).] 

Example D4(b) Optional Calculation for Multifamily 

Dwelling 

A multifamily dwelling equipped with electric cooking and 
space heating or air conditioning has 40 dV.'eJJing units. 

Meters arc in two banks of 20 each plus house metering and 
indi\idual feeders to each dwelling unit. 

Each dwelling unit is equipped with an electric range of 8-
kW nameplate rating, four 1.!>-kW separately controlled 240-V 
electric space heaters, and a 2.5-kW, 240-V electric \\<Iter heater. 
A'i.'mmc range, space heater, and water heater kW ratings equiv
alent to kVA. Calculate dtc load for the individual dwelling unit 
by the standard calculation (Part III of Article 220) . 

A common laundry facility is available to all tenants bee 
210.52(F), ExcefJtion No. 1]. 

Area of each dwelling unit is 840 ft2• 
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Gene1-al Lighting Load: 
810 ft2 at 3 VA/ft2 
Elecuic range 
Electric heat: 6 kVA (or air conditioning 

if larger) 

Electric \\<Iter heater 

2,520 VA 
8,000 VA 
6,000 VA 

2,500 VA 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit 
General Lighting Load: 2520 VA + 120 V = 21 A or two 15-A, 2-
"irc circuits, or two 20-A, 2-"irc circuit'i 
Small-Appliance Load: Two 2-"irc circuits of 12 AWG bee 
2JO.ll(C)( I)] 
Range Circuit (See Table 220.55, \..olumn B): 

8000 VA x 80% + 240 V = 27 A on a circuit of ilircc 

10 AWG conductors in aic�;n'dancc l\ith 210.19(C) 
Space Heating: 6000 VA + 240 V = 25 A :-.lumber of circuit'i (.�ee 
2JO.ll) 

Minimum Size F�er Required for Each Dwelling Unit (.�ee 
215.2) 

C..alculated Load (.�l'e llrlick 220): 
Gene1-al Lighting 
Small Appliance (two 20-A circuit�) 

Subtotal C..alculated Load (without range 
and space heating) 

Application of Demand Factor 

First 3000 VA at 100% 
5520 VA - 3000 VA = 2520 VA at 35% 

Range 

:-.let C..alculated Load 
(without range and space heating) 

Space Heating (.vr 220.51) 
Water Heater 

:'\et Calculated Load (for indi\idual dwelling unit) 

Size of Each Feeder 

For 120/240-V, 3-l\irc system, 

1'\ct calculated load of 18,782 VA + 240 V = 78 A 

2,520 VA 
3,000 VA 

5,520 VA 

3,000 VA 
882 VA 

3,882 VA 

6,400 VA 
6,000 VA 
2,500 VA 

18,782 VA 
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Feeder Neutral (�ee 220.61) 

Lighting and Small Appliance 
Range Load: 6400 VA at 70% f.-220.61(B)f 
Space and Water Heating (no neutral):  210 V 

3,882 VA 
1,480 VA 

O VA 

:'\et Calculated Load (neutral) 8,362 VA 

Further Demand Factor [see 220.6/(B)] 

First 200 A at 100% 
Balance: 271 A - 200 A = 71 A at 70% 

Total 

Feeder Neutral Load of Main Feeder (Less House Load) 

200 A 
50 A 

250 A 

Calculated Load for Neutral (For 40 Dwelling Units) 

8362 VA + 240 V = 35 A 

Minimum Size Feeder Required from Service Equipment to 
Meter Bank (For 20 Dwelling Units) 

Total Calculated Load: 
Lighting and Small-Appliance Load 
20 uniL� x 5520 V 

Water and Space Heating Load 
20 uniL� x 8500 V 

Range Load: 20 x 8000 V 

:-.let C..alculated Load (20 dwelling uniL�) 
Net C..alculated Load Csing Optional Calculation 

(st't' Table 220.84(8)) 
410,100 VA X 0.38 

167,352 VA + 240 V = 697 A 

110,400 VA 

170,000 VA 
160,000 VA 

410,400 VA 

167,352 VA 

Minimum Size Main Feeder Required (Less House Load) (For 
40 Dwelling Units) 

C..alculated Load: 
Lighting and Small-Appliance Load 
40 uniL� x 5520 V 

Water and Space Heating Load 
10 uniL� x 8500 V 

Range: 10 mnges x 8000 V 

:-.let C..alculated Load ( 40 dwelling units) 

220,800 VA 
310,000 VA 

320,000 VA 

880,800 VA 

Net C..alculatcd Load Using Optional C..alculation (!ii'R Table 
220.84(B)) 

880,800 VA X 0.28 = 246,624 VA 
246,624 VA + 240 V = 1028 A 

Feeder Neutral Load for Feeder from Service Equipment to 
Meter Bank (For 20 Dwelling Units) 

Lighting and Small-Appliance Load 
20 uniL� x 5520 V 

First 3000 VA at 100% 
1 10,100 VA - 3000 VA = 107,400 VA 

at 35% 

:-.let C..alculated Load 
20 ranges: 35,000 VA at 70% 

f.- "li1bk 220.55 and 220.61(8)f 

Total 

65,090 VA + 240 V = 271 A 

20'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL COI>t: 

110,400 VA 
3,000 VA 

37,590 VA 

10,590 VA 
21,500 VA 

65,090 VA 

Lighting and Small-Appliance Load 
40 uniL� x 5520 V 
First 3000 VA at 100% 
Next 120,000 VA - 3000 VA = 117,000 VA at 35% 
Remainder 220,800 VA - 120,000 VA = 100,800 VA at 

25% 

:-.let C..alculated Load 
40 ranges: 55,000 VA at 70% fsw "Jilble 220.55 and 

220.61(8)f 

Tolal 

107,650 VA +,240 V = 449 A 

Further Demand Factor [.w 220.6/(B)] 

First 200 A at 100% 
Balance: 449 - 200 A = 249 A at 70% 

220,800 VA 
3,000 VA 

10,950 VA 
25,200 VA 

69,150 VA 
38,500 VA 

107,650 VA 

200 A 
174 A 

Total 374 A 

Example D5(a) Multifamily Dwelling Served at 

208Y /120 Volts, Three Phase 

All conditions and calculations arc lhc same as for the multi
family dwelling LExamplc D4(a)J served at 120/240 V, single 
phase except a� follows: 

Scnicc to each dwelling unit would be two pha�c legs and 
neutral. 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit (�I'R 210.11) 
Range Circuit: 8000 VA + 208 V = 38 A or a circuit of two 
8 A\VG conductors and one 10 AWG conductor in accordance 
wilh 210.19(C) 

Minimum Size Feeder Required for Each Dwelling Unit (�ee 
215.2) 

For 120/208-V, 3-l\irc system (l\idtout ranges),  

Net calculated load of 3882 VA + 2 1cgs + 120 V /leg = 16 A 

For 120/208-V, 3-l\irc system (l\idt ranges), 

Net calculated load (range) of8000 VA + 208 V = 39 A 

Total load (range + lighting) = 39 A +  16 A =  55 A 

Reducing the neutral load on the feeder to each dwelling 
unit is not permitted [.�ee 220.6/(Cj( 1)}. 
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Minimum Size Feeders Required from Service Equipment to 
Meter Bank (For 20 Dwelling Units - 10 with Ranges) 

For 208¥/120-V, 3-phasc, 4-"irc system, 

Ranges: :Maximum numhcr hctwccn any two phase legs = 4 

2 X 4 = 8. 

Table 220.55 demand = 23,000 VA 

Per pha<>c demand = 23,000 VA + 2 = 1 1 ,500 VA 

Equivalent 3-phao;c load = 34,500 VA 

Net \..alculatcd Load (total): 

40,590 VA + 34,500 VA = 75,090 VA 

75,090 VA + (208 Vxl.732) = 208 A 

Feeder Neutral Size 

Net Calculated Lighting and Appliance Load & Equivalent 
Range Load: 

40,590 VA + (34,500 VA at 70%) = f>4,700 VA 

1'\ct \..alculatcd Neutral Load: 

64,700 VA + (208 Vxl.732) = 180 A 

Minimum Size Main Feeder (Less House Load) (For 40 Dwell
ing Units - 20 with Ranges) 

For 208¥/120-V, 3-pha<>e, 4-"irc system, 

Ranges: 

Maximum numhcr between any two phao;c legs = 7 

2 X 7 = 14. 

Table 220.55 demand = 29,000 VA 

Per pha<>c demand = 29,000 VA + 2 = 14,500 VA 

Equivalent 3-phao;c load = 43,500 VA 

Net \..alculatcd Load (total): 

69,150 VA + 43,500 VA = 1 12,650 VA 

1 12,650 VA + (208 Vxl .732) = 313 A 

Main Feeder Neutral Size: 

69,150 VA + (43,500 VA at 70%) = 99,600 VA 

99,600 VA + (208 Vxl.732) = 277 A 

Further Demand Factor (sP£ 220.61) 

200 A at 100% 
277 A - 200 A = 77 A at 70% 

200.0 A 
54 A 

Net Calculated Load (neutral) 254 A 

Example D5(b) Optional Calculation for Multifamily 

Dwelling Served at 208Y I 120 Volts, Three Phase 

All conditions and calculations arc the same a<> for Optional 
Calculation for the Multifamily Dwelling LExamplc D4(b)j 
served at 120/240 V, single pha<>c except a<> follows: 
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Sen-icc to each dwelling unit would be two pha<>c legs and 
neutral. 

Minimum Number of Branch Circuits Required for Each 
Dwelling Unit (�I'R 210.11) 

Range Circuit (�1'£ Table 220.55, Column B): 8000 VA at 80%+ 
208 V = 31 A or a circuit of two 8 AWG conductors and one 
10 AWG conductor in accordance with 210.19(C) 

Space Heating: 6000 VA + 208 V = 29 A 

Two 20-ampcrc, 2-polc circuit<> required, 12 AWG conductors 

Minimum Size Feeder Required for Each Dwelling Unit 

120/208-V, 3-wirc circuit 

1'\ct calculated load of 18,782 VA + 208 V = 90 A 

1'\ct calculated load (lighting line to neutral):  

3882 VA + 2 legs + 120 V per leg = 16.2 A 

Line to line = 14,900 VA + 208 V = 71.6 A 

Total load = 16.2 A +  71.6 A = 88 A 

Minimum Size Feeder Required for Service Equipment to 
Meter Bank (for 20 Dwelling Units) 

Net Calculated Load 

167,3o2 VA + (208 Vxl .732) = 465 A 

Feeder Neutral 

Load for Feeder from Service Equipment to Meter Bank (for 
20 Dwelling Units) 

Lighting and Small-Appliance Load 

20 unit<> x 5520 VA = 1 10,400 VA first 3000 VA at 100% = 
3000 VA 

l 1 0,400 VA - 3000 VA = 107,400 VA at 35% = 37,590 VA 

1'\ct \..alculatcd Load: 40,590 VA 

Minimum Size Main Feeder (Less House Load) (for 20 Dwell
ing Units - 20 Ranges) for 208Y /120-V, 3-Pbase, 4-Wu-e System 

Ranges: 

Maximum numhcr between any two phao;c legs = 7 

2 X 7 = 14 

Table 220.55 demand = 29,000 VA 

Per pha<>c demand = 29,000 VA + 2 = 14,500 VA 

Equivalent 3-phao;c load = 43,500 VA 

Net \..alculatcd 1'\cutral Load (total): 40,590 VA + 43,500 VA 
= 84,090 VA 

84,090 VA + (208 Vxl.732) = 234 A 

Minimum Size Service Required (Less House Load) (for 
40 Dwelling Units) (Assume Balanced Load) 

1'\ct \..alculatcd Load: 

246,624 VA + (208 Vxl .732) = 685 A 
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Feeder Neutral Load for Feeder from Service Equipment to 
Meter Bank (for 40 Dwelling Units) 

Lighting and Small-Appliance Load 

40 units x 5520 VA = 220,800 VA 

First 3000 VA at 100% = 3000 VA 

l'\cxt 120,000 VA - 3000 VA = 1 17,000 VA 

1 17,000 VA at 35% = 40,950 VA 

Remainder 220,800 VA - 120,000 VA = 100,800 VA at 25% = 
25,200 VA 

Net \..alculatcd Load: 69,150 VA 

Minimum Size Main Feeder (Less House Load) (for 40 Dwell
ing Units - 40 with Ranges) for 208Y/120-V, 3-Pbase, 4-WII'e 
System 

Ranges: 

:\llaximum number between any two phao;c legs = 14 

2 X 14 = 28 

Table 220.55 demand = 15,000 VA + (1000 VA x 28) 
43,000 VA per phao;c 

Demand = 43,000 VA + 2 = 21 ,500 VA 

Equivalcnt 3-phao;c load = 21 ,500 VA x 3 = 64,500 VA 

Neutral Load = 64,500 VA at 70% LScc Table 220.55 and 
220.61 (B) J :"'cutral Load = 45,150 VA 

1'\ct \..alculatcd 1'\cutral Load (total): 69,150 VA + 45,150 VA 
= 1 1 4,300 VA 

1 1 4,300 VA + (208 Vx1.  732) = 317 A 

Further Demand Factor [.w 220.6J(B)] 

200 A at 100% 200 A 
317 A - 200 A =  117  A at 70% 82 A 

Net Calculated Load (neutral) 282 A 

Example D6 Maximum Demand for Range Loads 

Table 220.55, Column C, applies to ranges not over 12 kW. The 
application of :"!ole 1 to ranges over 12 kW (and not over 
27 kW) and 1'\otc 2 to ranges over 8% kW (and not over 27 kW) 
is illustrated in the follm\ing two examples. 

A. Ranges All the Same Rating(�« Table 220.55, Note 1) 

Ao;sumc 24 ranges, each rated 16 kW. 

From Table 220.55, \..olumn C, dtc maximum demand for 24 
ranges of 12-kW rating is 39 kW. 16 kW exceeds 12 kW by 4. 

5% x 4 = 20% (5% incrcao;c for each kW in execs.-; of 12) 

39 kW x 20% = 7.8 kW incrcao;c 

39 + 7.8 = 46.8 kW (value to be used in selection of feeders) 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RJC.-\1. com: 

B. Ranges of Unequal Rating(�« Table 220.55, Note 2) 

Ao;sumc 5 ranges, each rated 1 1  kW; 2 ranges, each rated 
12 kW; 20 ranges, each rated 13.5 kW; 3 ranges, each rated 
18 kW. 

5 ranges 

2 mnges 
20 mnges 
3 mnges 

X 12 kW = 

X 12 kW = 
X 13.5 kW = 
X 18 kW = 

30 mnges, Total k W = 

60 kW (use 
12 kW for range 
rated les.o; than 12) 

21 kW 
270 kW 
51 kW 

408 kW 

408 + 30 mngcs = 13.6 kW (average to be used for calcula
tion) 

From Table 220.55, Column c, the demand for 30 ranges of 
12-kW rating is 15 kW + 30 (1 kW x 30 ranges) = 45 kW. 
1 3.6 kW exceeds 12 kW by 1.6 kW (usc 2 kW). 

5% x 2 = 10% (5% incrcao;c for each kW i n  execs.-; of 12 kW) 

45 kW x 10% • 4.5 kW incrcao;c 

45 kW + 4.5 kW = 49.5 kW (value to be u.o;cd in selection of 
feeders) 

EXample D7 Sizing of Service Conductors for 

Dwelling(s) 

Scnicc conductors and feeders for certain dwellings arc 
pcrmiucd to be sized in accordance "ith 310.12. 

With No Required Adjustment or Correction Factors. If a 
1 7!>-amperc scnicc rating is selected, a scnicc conductor is 
then sized ao; follows: 

1 75 amperes x 0.83 = 145.25 amperes per 310.12. 

If no odtcr adju.o;tmcnts or corrections arc required for the 
installation, then, in accordance l\ith Table 310.16, a 1/0 AWG 
Cu or a 3/0 AWG AI meet-; this rating at 75°C (167°F) . 

With Required Temperature Correction Factor. If a 1 75-
ampcrc scnicc rating is selected, a scnicc conductor is then 

1 75 amperes x 0.83 = 145.25 amperes per 310.12. 

If the conductors arc installed in an ambient temperature of 
38°C (l00°F), the conductor ampacity mu.o;t be multiplied by 
the appropriate correction factor in Table 310.15(8) ( 1 ) (1) .  In 
this cao;c, we "ill usc an XHHW-2 conductor, so we usc a correc
tion factor of 0.91 to find the minimum conductor ampacity 
and size: 

145.25/.91 = 159.6 amperes 

In accordance l\ith Table 310.16, a 2/0 AWG Cu or a 
4/0 AWG AI would be required. 

If no tcmpemturc correction or ampacity adjustment factors 
arc required, the follm\ing table includes conductor sizes 
calculated using the requirement-; in 310.12. This table is bao;cd 
on 75°C terminations and \\ithout any adjustment or correc
tion factors. 
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Conductor (AWG or kcmil) 

Aluminum or 
Service or Feeder Rating Copper-Clad 

(Amperes) Copper Aluminum 

100 4 2 
1 10 3 1 
125 2 l/0 
150 1 2/0 
175 1/0 3/0 
200 2/0 4/0 
225 3/0 250 
250 4/0 300 
300 250 350 
350 350 500 
400 400 600 

Example D8 Motor Circuit Conductors, Overload 

Protection, and Short-Circuit and Ground-Fault 

Protection 

(see 240.6, 430.6, 430.22, 430.23, 430.24, 430.32, 430.52, and 
430.62, Table 430.52(C)(J ), and Table 430.250) 

Determine the minimum required conductor ampacity, the 
motor overload protection, dtc branch-circuit short-circuit and 
ground-fault protection, and dtc feeder protection, for three 
induction-type motors on a 480-V, 3-phasc feeder, as follows: 

(a) One 25-hp, 460-V, 3-phasc, squirrel-cage motor, name
plate full-load current 32 A, Design 8, Service Factor 1.15 

(b) Two 30-hp, 460-V, 3-phasc, wound-rotor motors, name� 
plate primary full-load current 38 A, nameplate secondary full
load current 65 A, 40•c rise 

Conductor Ampacity The full-load current value used to deter
mine the minimum required conductor ampacity is obtained 
from Table 430.250{.w!e 430.6(A)} for the squirrel-cage motor 
and the primary of the wound-rotor moton. To obtain the 
minimum required conductor ampacity, dte full-load current is 
multiplied by 1.25 {.5t't' 430.22 mul 430.23(A)]. 

For dtc 2:>-hp motor, 

34 A X 1 .25 = 43 A 

For dtc 30-horsepowcr motors, 

40 A X 1 .25 = 50 A 

65 A X 1 .25 = 81 A 

Motor Overload Protection \\'here protected by a separate 
overload dc'l'icc, the motors arc required to have overload 
protection rated or set to trip at not more than 125% of the 
nameplate full-load current [see 430.6(A) and 430.32(A)( I)}. 

For dtc 2:>-hp motor, 

32 A X 1 .25 = 40.0 A 

For dtc 30-hp motors, 

38 A X 1 .25 = 48 A 

\\'here the separate overload dc'l'icc is an overload relay (not 
a fuse or circuit breaker), and dtc overload dc'l'icc selected at 
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125% is not sufficient to start dtc motor or carrv the load, the 
trip setting is permitted to be incrcao;cd in ac�ordancc with 
430.32(C). 

Branch-Circuit Short-Circuit and Ground-Fault Protection The 
selection of the rating of dtc protective device depend" on the 
type of motor and the protective dc'l'icc selected, in accordance 
with 430.52 and Table 430.52((;) (1) .  The following is for the 
25-hp squirrel-cage motor: 

(a) 1'\ontimc-Delay Fuse: The fuse rating is 300% x 34 A = 
102 A. The next larger standard fuse is 1 10 A bee 240.6 and 
430.52(C)( I), Exception No. I]. If the motor will not start "id1 a 
1 10-A nontimc-delay fu.o;c, the fu.o;c rating is permitted to be 
incrca'icd to 125 A becau.'ic dtis rating docs not exceed 400% 
{.5ee 430.52(C)( I), Exception No. 2(I )]. 

(b) Time-Delay Fuse: The fuse rating is 1 75% x 34 A = 
59.5 A. The next larger standard fuse is 60 A [see 240.6 and 
430.52(C)( I), Exception No. I]. If the motor will not start "id1 a 
60-A time-delay fu.'ic, dtc fuse rating is permitted to be 
incrca'icd to 70 A because thi.-1 rating docs not exceed 225% bee 
430.52(C)( I), ExcefJlion No. 2(2)]. 

The follm\ing is for dlc 30-hp wound-rotor motors: 

(a) 1'\ontimc-Dclay Fuse: The fu.'ic rating is 150% x 40 A =  
60 A. If the motor l\ill not start l\ith a 60-A non time-delay fuse, 
the fuse rating is permitted to be incrcao;cd to 150 A becau.o;c 
this rating docs not exceed 400% [see 430.52(C)(J ), ExcefJlion 
No. 2(1)]. 

(b) Time-Delay Fu.o;c: The fu.o;c rating is 150% x 40 A =  60 A. 
If the motor will not start l\ith a 60-A time-delay fuse, the fu.o;c 
rating is permitted to be incrcao;cd to 90 A because dtis rating 
docs not exceed 225% bee 430.52(C)( I), Exception No. 2(2)}. 

(c) Inverse Time Circuit Breaker: The breaker rating is 
150% x 40 A = 60 A. If the motor \\ill not start l\ith a 60-A 
breaker, the breaker rating is permitted to be incrca'icd to 
150 A because this rating docs not exceed 400% bi'R 430.52(C) 
(1), Exception No. 2(3)/onllolmfull-/oad C'ltl"lf!nls of IOO A m· ll':>s]. 

Feeder Short-Circuit and Ground-Fault Protection (a) Exam
ple u.'iing nontimc-delay fuse. The rating of the feeder protec
tive dc'l'icc is ba'icd on the sum of the largest branch-circuit 
protective dc'l'icc for the specific type of device protecting the 
feeder. In the previous step above, the calculation for dtc 25 hp 
squirrel-cage motor rcsult'i in the largest branch-circuit protec
tive dc'l'icc: 300% x 34 A =  102 A (therefore the next largest 
standard size, 1 10 A, would be used) plu.'i the sum of the full
load currcnt'i of dtc other motors, or 1 10 A + 40 A + 40 A = 
190 A. The nearest standard fuse that docs not exceed this 
'l'<tluc is 1 75 A [see 240.6, Table 430.52(C)(l), and 430.62(A)}. 

(b) Example using inverse time circuit breaker. The largest 
branch-circuit protective device for the specific type of dc'l'icc 
protecting the feeder. The calculation for the 25-hp squirrel
cage motor results in the largest branch-circuit protective 
dc\icc, 250% x 34 A = 85. The next larger standard size is 90 A, 
plus dlc sum of the full-load currcnt'i of the other motors, or 
90 A + 40 A + 40 A = 1 70 A. The nearest standard inverse time 
circuit breaker that docs not exceed this 'l'<tluc is 150 A bee 
240.6, Table 430.52(C)( I), mul 430.62(A)}. 
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INFORMATIVE A.'INEX D CHAPTER 9  

Example D9 Feeder Ampacity Determination for Gener

ator Field Control 

[see 215.2, 430.24, 430.24 ExcefJtifm No. 1, 620.13, 620.14, 
620.61, mul Tabk 430.22(£) and 620.14] 

Determine the conductor ampacity for a 460-V 3-phao;c, 60-
Hz ac feeder supplying a group of six elevators. The 460-V ac 
drive motor nameplate rating of the largest MG set for one 
elc\-ator is 40 hp and 52 A, and the remaining elc\"ators each 
have a 30-hp, 40-A, ac drive motor rating for their �lG set-;. In 
addition to a motor controller, each elc'l'ator hao; a separate 
motion/operation controller rated 10 A continuous to operate 
microproccs.o;ors, relays, power supplies, and the elc\-ator car 
door operator. The MG scto; arc rated continuous. 

Conductor Ampacity Conductor ampacity is determined a-; 
follows: 

(a) In accordance with 620.13(D) and 620.61 (8) ( 1 ) ,  u.o;c 
Table 430.22(E), for intermittent duty (elc\"ators) .  For intermit
tent duty using a continuous rated motor, the percentage of 
nameplate current rating to be used is 140%. 

(b) For the 30-hp ac drive motor, 

140% X 40 A =  56 A 

(c) For the 40-hp ac drive motor, 

140% X 52 A =  73 A(I) 

(d) The total conductor ampacity is the sum of all the motor 
current-;: 

(1 motor x 73 A) + (5 motors x 56 A) = 353 A 

(c) In accordance with 620.14 and Table 620.14, the conduc
tor (feeder) ampacity would be pcnnittcd to be reduced by the 
u.o;c of a demand factor. \..onstant load-; arc not included (�ee 
620.14, Informational Note). For six elc\'ators, the demand factor 
is 0.79. The feeder diverse ampacity is, therefore, 0.79 x 353 A =  
279 A. 

(f) In accordance "ith 430.24 aJld 215.3, the controller 
continuous current is 125% x 10 A =  13 A 

(g) The total feeder ampacity is the sum of dtc diverse 
current and all the controller continuou.-; current. 

T. • .u� = 279 A +  (6 elc\"ators x 12.5 A) = 354 A 

(h) This ampacity would be pcnnittcd to be used to select 
the wire size. 

Sec Figure 09. 

Example D 10 Feeder Ampacity Determination for 

Adjustable Speed Drive Control [see 215.2, 430.24, 

620.13, 620.14, 620.61, and Table 430.22(E)] 

Determine the conductor ampacity for a 460-V, 3-phao;c, flO-Hz 
ac feeder supplying a group of six identical elc\-ators. The 
system is adjustable-speed SCR de drive. The power transform
ers arc external to the drive (motor controller) cabinet. Each 
elc\-ator ha-; a separate motion/operation controller connected 
to the load side of the main line disconnect s"itch rated 10 A 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

' o 
0 
o. 
0 
0 

: To additional elevator 
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Machine room 

FIGURE D9 Generator Field Control. 

continuous to operate microproccs.-;ors, relays, power supplies, 
and dtc elc\-ator car door operator. Each transformer is rated 
95 kVA with an efficiency of90%. 

Conductor Ampacity 

Conductor ampacity is determined ao; follows: 

(a) \..alculatc the nameplate rating of the transformer: 

I = 
.J3

95 kVA x 1000 = 133 A 
3 x 460 V x 0.90,>tt 

[DIO) 

(b) In accordance "ith 620.13(D) , for six elc'l'ators, the total 
conductor ampacity is the sum of all the current-;. 

6 elc\-ators x 133 A =  798 A 

(c) In accordance "ith 620.14 and Table 620.14, the conduc
tor (feeder) ampacity would be pcnnittcd to be reduced by the 
usc of a demand factor. \..onstant load-; arc not included (�ee 
620.13, lnformatifmal Note No. 2). For six elc\-ators, the demand 
factor is 0.79. The feeder diverse ampacity is, therefore, 0.79 x 

798 A =  630 A. 

(d) In accordance with 430.24 and 215.3, the controller 
continuous current is 125% x 10 A =  13 A. 

(c) The total feeder ;unpacity is the sum of the diverse 
current and all the controller constant current. 

/,,.u� = 630 A +  (6 elc\"ators x 12.5 A) = 705 A 
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CHAPTER 9  INFORMATIVE A.'INEX D 

(l) This ampacity would be permitted to be used to select 
the "ire size. 

Sec Figure D10. 

Example D 11 Mobile Home 

(see 550.18) 
A mobile home floor is 70 ft by 10 ft and has two small appli
ance circuits; a 1000-VA, 240-V heater; a 200-VA, 120-V exhaust 
fan; a 400-VA, 120-V dishwasher; and a 7000-VA electric range. 

Lighting and Small-Appliance Load 

Lighting (70 ft x 10 ft x 3 VA per ft2) 
Small-appliance (1500 VAx 2 circuit�) 
Laundry (1500 VA x 1 circuit) 

First 3000 VA at 100% 
Subtotal 

Remainder (6600 VA - 3000 VA = 3600 VA) x 35% 

4260 VA + 240 V = 17.75 A per leg 

To additional elevator 
...,.... .. ..,..._.,.. Operation 

room 
branch
circuit 
panel 

- - - - - -· 
Machine room 

controller 

To additional elevator 

Total 

FIGURE DIO Adjustable Speed Drive Control. 
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2,100 VA 
3,000 VA 
1,500 VA 

6,600 VA 
3,000 VA 
1,260 VA 

4,260 VA 

Amperes per Leg Leg A Leg B 

Lighting and appliances 18 18 
Heater ( 1000 VA + 240 V) 1 4 
Fan (200 VA x 125% + 120 V) 2 
Dishwa�her (400 VA + 120 V) 3 
Range (7000 VA x 0.8 + 240 V) 23 23 

lotal amperes per leg 47 48 

Ba�d on the higher current calculated for either leg, a mini
mum 50-A supply cord would be required. 

For SI unit�, 0.093 m2 = I ft2 and 0.3048 m = 1 ft. 

Example D 12 Park Trailer 

(see 552.47) 

A park trailer floor is 40 ft by 10 ft and ha� two small appli
ance circuit'i, a 1000-VA, 24�V heater, a 200-VA, 120-V exhaust 
fan, a 400-VA, 120-V dishwasher, and a 7000-VA electric range. 

Lighting and Small-Appliance Load 

Lighting ( 40 ft x 10 ft x 3 VA per ft2) 
Small-appliance (1500 VAx 2 circuit�) 
Laundry (1500 VA x 1 circuit) 

:First 3000 VA at 100% 
Subtotal 

:Remainder (5700 VA - 3000 VA = 2700 VA) x 35% 

lotal 
3915 VA+ 240 V = 16.44 A per leg 

Amperes per Leg Leg A 

Lighting and appliances 16 
Heater (1000 VA + 240 V) 4 
Fan (200 VA x 125% + 120 V) 2 
Dishwa�her (400 VA + 120 V) 
Range (7000 VA x 0.8 + 240 V) 23 

·lotals 45 

1,200 VA 
3,000 VA 
1,500 VA 

5,700 VA 
3,000 VA 

915 VA 

3,915 VA 

Leg B 

16 
4 

3 
23 

46 

Ba�d on the higher current calculated for either leg, a mini
mum 50-A supply cord would be required. 

For SI unit'i, 0.093 m2 = I ft2 and 0.3048 m = 1 ft. 

Example D 13 Cable Tray Calculations 

(See Ar-ticle 392) 

D.l3(a) Multiconductor Cables 4/0 AWG and Larger 

Use: NEC392.22(A) (1)  (a) 

\..able tray must have an inside width equal to or greater 
than the sum of the diameters (Sd) of the cables, which must 
be installed in a single layer. 
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INFORMATIVE A.'INEX D CHAPTER 9  

Example: Cable tray l\idth is obtained as follows: 

(N) SD = (OD) X (N) 
Cable Size 

Being Used 

(OD) 
Cable Outside 
Diameters (in.) 

Number of (Sum of the Cable 

3--conductor 
Type MC 
cable -
4/0 AWG 

1.57 

Cables Diameters) (in.) 

12 18.84 

The sum of the diameters (Sd) of all cables = 18.84 in., 
therefore a cable tray "ith an inside width of atleao;t l8.84 in. is 
required. 

Note: C..able outo;ide diameter is a nominal diameter from 
catalog data. 

D.l3(b) Multiconductor Cables Smaller Than 4/0 AWG 

Use: NEC392.22(A) (1 ) (b) 

The sum of the cros."l-Sectional area-; of all the cables to be 
installed in the cable tray must be equal to or les.o; than the 
allowable cable area for the trav l\idth, ao; indicated in Table 
392.22(A) ( l ) ,  C..olumn 1 .  

· 

Table D l3(b) from Table 392.22(A), Column I 

Inside Width of Cable Tray 
(in.) 

6 
9 

12 
18 
24 
30 
36 

Allowable Cable Area 
(in. f) 

7.0 
10.5 
14.0 
21.0 
28.0 
35.0 
42.0 

Example: Cable tray l\idth is obtained ao; follows: 

Cable Size Being 
Used 

4-conductor 
lype �IC cable 
- J AWG 

(A) 
Cable Cross

Sectional Area 
(in.2) 

1.1350 

(N) 
Number 
of Cables 

9 

Multiply (A) X (N) 
(Which Is a Total 

Cable Cross
Sectional Area in 

in.2) 

12.15 

The total cable cross-sectional area is 12.15 in.2• Using Table 
Dl3(b) above, the next higher allowable cable area must be 
used, which is 14.0 in.2• The table specifics that the cable tray 
inside l\idth for an allowable cable area of 14.0 in.2 is 1 2  in. 

1'\ote: Cable cros.o;-sectional area is a nominal area from cata
log data. 

D.l3(c) Single Conductor Cables l/0 AWG through 4/0 AWG 

Use: NEC392.22(B) ( 1 ) (d) 

20'.!3 t:clition :'\.-\:110:-1.-\1. t:l.t:GI"RIC.-\1. COI>t: 

C..able tray must have an inside "idth equal to or greater 
than the sum of the diameters (Sd) of the cables. The cables 
must be evenly distributed acros.o; the cable tray. 

Example: Cable tray l\idth is obtained ao; follows: 

Single 
Conductor 
Cable Size 

Being Used 

THH:'\ -
4/0 AWG 

(OD) 
Cable Outside 
Diameters (in.) 

0.642 

(N) 
Number of 

Cables 

18 

Sd = (OD) X (N) 
(Sum of the 

Cable 
Diameters) 

(in.) 

1 1 .556 

The sum of the diameters (Sd) of all cables = 1 1.56 in., 
therefore, a cable trav l\ith an inside l\idth of at leao;t 1 1.56 in. 
is required. 

· 

Note: Cable outo;ide diameter from Chapter 9, Table 5. 

D.l3(d) Single Conductoc Cables 250 kcmil through 900 kcmil 

Use: NEC392.22(B) ( 1 ) (b) 

The sum of the cros."l-Sectional area-; of all the cables to be 
installed in the cable tray must be equal to or les.o; than the 
allowable. cable area for the trav l\idth, ao; indicated in Table 
392.22(8) (1 ) ,  Column I .  

· 

Table D l3(d) from Table 392.22(8)(1), Column I 

Inside Width of Cable Tray 
(in.) 

6 
9 

12 
18 
24 
30 
36 

Allowable Cable Area 
(in. f) 

6.5 
9.5 

13.0 
19.5 
26.0 
32.5 
39.0 

Example: Cable tray l\idth is obtained ao; follows: 

Cable Size 
Being Used 

THHN -
500 kcmil 

(A) 
Cable Cross

Sectional Area 
(in.2) 

0.707 

(N) 
Number of 

Cables 

9 

Multiply (A) X (N) 
(Which Is a Total 

Cable Cross
Sectional Area in 

in.2) 
6.36 

The total cable cross-sectional area is 6.36 in.2• Using Table 
Dl3(d), the next higher allowable cable area must be used, 
which is 6.5 in.2• The table specifics that the cable tray inside 
width for an allowable cable area of 6.5 in.2 is 6 in. 

1'\ote: Single-conductor cable cross-sectional area from Chap
ter 9, Table 5. 
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Informative Annex E Types of Construction 

This informative annex is 1wt a pm·t of the requiremrots of this NFPA 
documrol but is induded for infonnatimwl pulfJOses only. 

Table E.1 contains the fire resistance rating, in hours, for 
Types I through V construction. The five different types of 
construction can be summarized briefly as follows (sec also 
Table E.2): 

Type I is a fire-resistive construction type. All structural 
clements and most interior clement-; arc required to be 
noncombustible. Interior, nonbcaring partitions arc permitted 
to be 1- or 2-hour rated. For nearly all occupancy types, Type I 
construction can be of unlimited height. 

Type II construction has three categories: fire-resistive, one
hour rated, and nonrated. The number of stories permitted for 
multifamily dwellings varies from two for nonrated and four for 
one-hour rated to 12 for fire-resistive construction. 

Type III construction has two categories: one-hour rated and 
nonrated. Both categories require the structural framework 
and exterior walls to be of noncombustible material. One-hour 
rated construction requires all interior partitions to be one-

hour rated. 1'\onratcd construction allows nonbearing interior 
partitions to be of nonrated construction. The maximum 
permitted number of stories for multifamily dwellings and 
other structures is two for nonrated and four for one-hour 
rated. 

Type IV construction includes traditional heavy timber 
construction and mas.o; timber construction. In heavy timber 
construction, the structural framework and the exterior walls 
arc required to be noncombustible except that wood members 
of certain minimum sizes arc allowed. In mas.o; timber construc
tion, structural clement-; of cros.'i-laminatcd timber (CLT) arc 
permitted. Allowable building height for mao;s timber is much 
higher than for heavy timber. 

Type V construction hao; two categories: one-hour rated and 
nonrated. One-hour rated con.'ltruction requires a minimum of 
one-hour rated construction throughout the building. Nonra
ted construction allows nonrated interior partitions with 
certain restrictions. The maximum permitted number of stories 
for multifamily dwellings and other structures is two for nonra
ted and three for on�hour rated. 

Table E. I Fire Resistance Ratings for Type I Through Type V Construction (hr) 
Type I '!ype U 

442 332 222 111  000 

Exterior Bearing Walls" 
Supporting more than one floor, columns, 4 3 2 I oh 

or other bearing walls 
Supporting one floor only 4 3 2 I oh 
Supporting a roof only 4 3 I I oh 
Interior Bearing Walls 
Supporting more than one floor, columns, 4 3 2 I 0 

or other bearing walls 
Supporting one floor only 3 2 2 I 0 
Supporting roof.<; only 3 2 I I 0 

ColUJDDS 
Supporting more than one floor, columns, 4 3 2 l 0 

or other bearing walls 
Supporting one floor only 3 2 2 l 0 
Supporting roof.<; only 3 2 l l 0 

Beams, Girders, Trusses, and Arches 
Supporting more than one floor, columns, 4 3 2 l 0 

or other bearing walls 
Supporting one floor only 2 2 2 l 0 
Supporting roof.<; only 2 2 l l 0 

Floor/Ceiling Assemblies 2 2 2 l 0 

Roof/Ceiling Assemblies 2 lY, l l 0 

Interior Nonbearing Walls 0 0 0 0 0 

Exterior Nonbearing Walls< oh oh oh oh oh 
- . .  Source: Table 1.2.1 .1  from Jv"fPA 5000, Buzldmg Construe/ton aud Safrty ('.od,., 2021 edmon. 

H: Hea\'Y timber members. 
"See 7.3.2.1 in NFPA 5000. 
�e Section 7.3 in NFPA 5000. 
'See 7.2.3.2.12, 7.2.4.2.3, and 7.2.5.6.8 in NFP.4 5000. 

Type m Type IV Type V 

211 200 2HH 1 1 1  000 

2 2 2 l oh 
2 2 2 l oh 
2 2 2 l oh 

l 0 2 l 0 

l 0 l l 0 
l 0 l l 0 

l 0 H l 0 

l 0 H l 0 
l 0 H l 0 

l 0 H l 0 

l 0 H l 0 
l 0 H l 0 

l 0 H l 0 

l 0 H l 0 

0 0 0 0 0 

oh oh oh oh oh 
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INFORMATIVE A.'INEX E CHAPTER 9  

Table E.2 Maximum Number of Stories for Types V, IV, and 
m Construction 

Construction 'I)'pe 

V Nomated 
V Nomated, Sptinklered 
V One-Hour Rated 
V One-Hour Rated, Sptinklered 
IV Heaw Timber 
IV Heavy Timber, Sprinklered 
IV Ma<�.o; Timber 
Ill :-.lonrated 
Ill :-.lonrated, Sptinklered 
Ill One-Hour Rated 
Ill One-Hour Rated, Sprinklered 

Maximum Number of 
Stories Permitted 

2 
3 
3 
1 
1 
5 
12 
2 
3 
1 
5 

Table L3 Cross-Reference of Bullding Construction Types 

NFPA 5000 I (442) I (532) II (222) II (Ill) 
CBC I FR II FR Il l hr 
B/:-.IBC JA J B  2A 2B 

II (000) 
11 :-.1 
2C 

In Table E. I the system of designating types of construction 
also includes a specific breakdown of the types of construction 
through the usc of arabic numbers. These arabic numbers 
follow the roman numeral notation where idcntif}ing a type of 
construction Lfor example, Type 1 (442) , Type 11( 1 1 1  ),  
Type III (200) J and indicate the fire resistance rating require
ments for certain structural clcmcnto; ao; follows: 

(1)  First arabic number - exterior bearing walls 
(2) Second arabic number - columns, beams, girders, 

tru.<�.o;cs and arches, supporting bearing walls, columns, or 
load-; from more than one floor 

(3) Third arabic number - floor construction 

Table [.3 provides a comparison of the types of construction 
for various model building codes. L5000: A.7.2.1.1J  

Ul (211) Ul (200) IV (2HH) v (Ill) v (000) 
111 1 hr 111 :-.1 IV HT V 1 hr V :'\  
3A 3B 4 5A 5B 

SBC I II IV 1 hr IV C:-.IP V 1 hr V C:-.IP Ill VI I hr VI C:-.IP 
IBC lA IB I lA JIB IliA 

*Mas.• timber in the 18C is Type IV A, IV 8, and IV C 
Source: Table A. i.2. 1.1 from NFP.4 5000, Buildhzr; l.nn.<lruclinn and Stijl'l)' Cnde, 2021 edition. 
C8C: Uniform Buildi•zr; I .ode. 
FR: Fire rated. 
I': Nonsprinklered. 
HT: Hea\'Y timber. 
8/NBC: National Building ('.odl'. 
S8C: Standard Building (' .odl'. 
CNP: Cnprotected. 
18C: lnlernatio11al Building Cnde. 
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Informative Annex F Availability and Reliability for Critical Operations Power Systems; and 
Development and Implementation of Functional Performance Tests (FPTs) for Critical Operations 

Power Systems 

This informative annex is 1wt a pm·t of the requirements of this NFPA 
document but is inrl1uled for infonnatimwlfmrJmses only. 

I. Availability and Reliability for Critical Operations Power 
Systems. Critical operations power systems may support facili
ties "idt a variety of objectives mat arc \-ital to public safety. 
Often mcsc o�cctives arc of such critical importance that 
system downtime is cosdy in terms of economic los.o;cs, los.'i of 
security, or los.'i of mis.'iion. For those reasons, dtc availability of 
the critical operations power system, me percentage of time 
that dtc system is in scnicc, is important to those facilities. 
Given a specified level of availability, me reliability and main
tainability requirement., arc dtcn derived ba'icd on dtat availa
bilil)' requirement. 

Availability. Availabilil)' is defined a'i the percentage of time 
that a system is available to perform it'i function(s). Availability 
is mca'iurcd in a variety of ways, including dtc follo"ing: 

Availability 
MTBF 

M1TF+ MTTR 

where: 
MTBF = mean time between failures 
MTTF = mean time to failure 
MTTR = mean time to repair 

[F. I) 

Sec Table F.1 for an example of how to establish required 
availability for critical operation power systems: 

Table F. I Availability for Critical Operation Power SY$tems 
Availability Hours of Downtime 

0.9 876 

0.99 87.6 

0.999 8.76 

0.9999 0.876 

0.99999 0.0876 

0.999999 0.00876 

0.9999999 0.000876 

l'ote: Ba.'<ed on a year of 8760 hours. 

Availability of a system in actual operations is determined by 
the follo"ing: 

(1)  The frequency of occurrence of failures. Failures may 
prevent the system from performing it'i function or may 
cau.o;c a degraded effect on system operation. Frequency 
of failures is dirccdy related to the system's level of relia
bilil)'. 

(2) The time required to restore operations following a 
system failure or me time required to perform maintc-

70-850 

nancc to prevent a failure. These times arc determined in 
part by the system's level of maintainabilil)'. 

(3) The logistics prmidcd to support maintenance of me 
system. The number and availability of spares, mainte
nance personnel, and other logistics resources (refueling, 
etc.) combined "im me system's level of maintainability 
determine me total dmmtimc follm\ing a system failure. 

Reliabilit_l'. Reliability is concerned l\ith the probability and 
frequency of failures (or lack of failures) .  A commonly used 
mca'iurc of rcliabilil)' for repairable systems is MTBF. The 
equivalent mca'iurc for nonrcpairablc items is MTTF. Reliabil
il)' is more accurately cxprcs.'iCd a'i a probability over a given 
duration of time, cycles, or other parameter. For example, me 
rcliabilil)' of a power planunjght be stated a'i 95 percent proba
bilil)' of no failure over a 1000-hour operating period while 
generating a certain level of power. Reliability is U.'iually defined 
in two ways (the electrical power industry ha'i historically not 
u.o;cd these definitions): 

(1)  The duration or probability of failure-free performance 
m�dcr stated conditions 

(2) The probabilil)' that an item can perform it'i intended 
function for a specified intcnal under stated conditions 
LFor nonrcdundant items, this is equivalent to me 
preceding definition ( I ) .  For redundant items, mis is 
equivalent to me definition of mis.'iion reliability.] 

MaintainabilitJ. Maintainability is a mca'iurc of how quickly 
and economically failures can be prevented through preventive 
maintenance, or system operation can be restored follo"ing 
failure through corrective maintenance. A commonly used 
mca'iurc of maintainability in tcnns of corrective maintenance 
is the mean time to repair (MTTR). Maintainabilil)' is not me 
same thing a'i maintenance. It is a design parameter, while 
maintenance consist'i of actions to correct or prevent a failure 
event. 

Improving Availabilit_l'. The appropriate mcmocl'i to usc for 
imprming availability depend on whether the facility is being 
designed or is already in usc. For both cao;cs, a reliability/availa
bilil)' analysis should be performed to determine the a\-ailabilil)' 
of me old system or proposed new system in order to a'iCcrtain 
the hours of downtime (sec me preceding table).  The AHJ or 
government agency should dictate how much dmmtimc is 
acceptable. 

Existing facilities: For a facility mat is being operated, two 
ba'iic methods arc available for improving availability when me 
current level of availability is unacceptable: (1)  Selectively 
adding redundant unit'i (e.g., generators, chillers, fuel supply) 
to eliminate sources of singl�point failure, and (2) optimizing 
maintenance using a rcliabilil)'-ccntcrcd maintenance (RCM) 
approach to minimize downtime. (Refer to :"'FPA 708-2019, 
RPcommended Practice for ElectJical Equipment Maintroanre.) A 
combination of the previous two methods can also be imple
mented. A mird very expensive mcmod is to redesign subsys
tems or to replace componcnt'i and subsystems l\ith higher 
rcliabilil)' items. ( RPfer to NFPA 708.) 
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New facilities: The opportunity for high availability and relia
bilil)' is greatest when designing a new facilil)'. By appl}'ing an 
effective rcliabilil)' strategy, designing for maintainability, and 
ensuring that manufacturing and commissioning do not nega
tively affect the inherent levels of reliability and maintainability, 
a highly available facility "ill result. The approach should be as 
follows: 
(1) Develnp and determine a J-eliabililJ' strategy (establish goals, 

develop a system model, design for rcliabilil)', conduct 
rcliabilil)' development testing, conduct rcliabilil)' accept
ance testing, design system delivery, maintain design relia
bilil)', maintain design reliability in operation). 

(2) Develnp a reliability Jnvgmm. This is the application of the 
rcliabilil)' strategy to a specific system, proccs.�, or func
tion. Each step in the preceding strategy requires the 
selection and usc of specific methods and tools. For 
example, various tools can be used to develop require
ments or c\aluatc potential failures. To derive require
ments, analytical models can be used, for example, 
qualil)' function development (a technique for deriving 
more detailed, lower-level requirements from one level to 
another, beginning with mis.�ion requirement�. i.e., 
customer ncccl�) . This model was developed a� part of the 
total qualil)' management movement. Parametric models 
can also be used to derive design values of rcliabilil)' from 
operational ''dues and vice versa. Analytical method� 
include but arc not limited to things such a� thermal anal
ysis, durabilil)' analysis, and predictions. Finally, one 
should evaluate pos.�iblc failures. A failure modes and 
effect� criticality analysis (F�lECA) and fault tree analysis 
(FTA) arc two mcthocl� for c\'aluating pos.�iblc failures. 
The mission facilil)' engineer should determine which 
method to usc or whether to usc both. 

(3) Tdentify 11'/iabi/ity 11'quinmumts. The entire effort for design
ing for rcliabilil)' begins "ith identifYing the mis.�ion · criti
cal facility's reliability requirement�. These requirement� 
arc stated in a variety of "'<�}'S, depending on the customer 
and the specific S}''Stcm. For a mission-critical facilil)', it 
would be the mis.�ion succcs.� probability. 

Informational :'\ote: For infonnation regarding power system 
reliability, see IEEE 3006.5-2014, Rn:mmnendll!l PrQI'tice for tile L!.•e 
of PmbabilitJ Method.• for C.nnducting a Rllli,.PiliiJ Analy.•is of lluius-
trial mui Commercial Pmoer Sptellt•. .· 

II. Development and Implementation of Functional Perform
ance Tests (FPTs) for Critical Operations Power Systems Devel
opment of FPT. 

(1) Submit Functional Performance Tests (FPTs). S\-'Stcm/ 
component test� or FPT.� arc developed from submitted draw
ings, systems operating document� (SODs) , and systems opera
tion and maintenance manuals (SO�l�L�) , including large 
component testing (i.e., transformers, cable, generators, UPS), 
and how component� operate a� part of tl1c total system. The 
commis.�ioning autl1ority develops tl1c test and cannot be the 
installation contractor (or subcontractor) . 
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A� the cquipmcnt/componcnt�/S}''Stcms arc installed, quality 
a"isurancc procedures arc administered to verify that compo
nent.., arc installed in accordance with minimum manufactur
ers' recommendations, safety codes, and acceptable installation 
practices. Quality a"isurancc discrepancies arc then identified 
and added to a Kcommis.�ioning action list" that must be recti
fied a"i part of the commissioning program. These items would 
usually be discus."iCd during commissioning meetings. Discrep
ancies arc usually identified initially by visual inspection. 

(2) Review FPTs. The tcst"i must be reviewed by the 
customer, electrical contractors, qualil)' a'i.�urancc personnel, 
maintenance personnel, and other key personnel (the commis
sioning team). Arca"i of concern include, among others, all 
functions of the system being tested, all major componcnt"i 
included, whether the test� reflect the S}''Stcm operating docu
ment�. and verification that the test� make sense. 

(3) Make Changes to FPTs as Required. The commis.�ioning 
authoril)' then implcmcnlll the corrections, questions 
answered, and additions, . 

(4) FPTs Approval. After the changes arc made to the FPT.�, 
they arc submitted to the commis.�ioning team. When it is 
acceptable, the customer or the designated apprmal authority 
approves the FPT.'i. It should be noted that even though the 
FPT is approved, problems that arise during the test (or area"i 
not covered) must be addrcs.�cd. 

Testing Implementation for FPTs. The final step in the 
successful commis.�ioning plan is testing and proper execution 
of S}'Stcm-intcgratcd test�. 

(1) Systems Ready to Operate. The FPT."i can be implemen
ted a'i \arious systems become operative (i.e., test for the gener
ator system) or when the entire system is installed. However, 
the final Mpull the plug" test is pcrfonncd only after all S}''Stcms 
arc completely installed. If the electrical contractor (or subcon
tractor) implcmcnt.'i the FPT.'i, a l\itness must initial each step 
of the test. The electrical contractor cannot employ the witncs.� 
directly or indirectly. 

(2) Perform Tests (FPTs). If the S\-'Stcm fails the test, the 
problem must be resolved and the cq�ipmcnt or system retes
ted or the testing rcquircmcnt."i re-analyzed until succcs.�ful 
tcst'i arc witnessed. Once the S}''Stcm or equipment pa"iscs test
ing, it is verified by a designated commissioning official. 

(3) Customer Receives System. Mtcr all test'i arc completed 
(including the Kpull the plug" test), the system is turned over to 
the customer. 

Informational l'ote: For information regarding reliability of cJit
ical operations power systems, see IEEE 3006.2-2016, Rn:omJlll'n
ded Practire for Evaluating tlv ReliabilitJ of Exi•ting lndu.•trial and 
C.o111111PrCial Pmow Sy•tems. 
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CHAPTER 9 INFORMATIVE A.'INEX G 

Informative Annex G Supervisory Control and Data Acquisition (SCADA) 

This infal'mative annex is 1wt a pm·t of the requirements of this NFPA 
document, but is included for infonnatimwl pu,..poses only. 

(A) General. Where provided, dtc general requirements in the 
follo"ing shall apply to SCADA systems: 

(1) The SC..ADA system for dtc COPS load-; shall be separate 
from the building management SC..ADA system. 

(2) 1'\o single point failure shall be able to disable me 
SC..ADA system. 

(3) The SCADA system shall be permitted to provide control 
and monitor electrical and mechanical utility systems 
related to mis.o;ion critical loaclo;, including, but not limi
ted to, the follo"ing: 
a. The fire alarm system 
b. The security system 
c. Power distribution 
d. Power generation 
c. HVAC and ventilation (damper position, airflow 

speed and direction) 
f. Load shedding 
g. Fuel levels or hours of operation 

(4) Before installing or employing a SC..ADA system, an oper
ations and maintenance analysis and risk ao;.o;cs.o;mcm 
shall be performed to provide me maintenance parame
ter data 

(5) A rcdundam system shall be prm-idcd in either warm or 
hot standby. 

(6) The controller shall be a programmable logic controller 
(PLC). 

(7) The SC..ADA system shall utilize open, not proprietary, 
protocols. 

(8) The SCADA system shall be able to ao;.o;css the damage 
and dctcnninc system imcgrity after the Mcvcm." 

(9) The monitor display shall provide graphical. user inter
face for all major components monitored and controlled 
by the SCADA system, with color schemes readily recog-
nized by dtc typical user. . 

(10) The SC..ADA system shall have the capability to provide 
storage of critical system parameters at a 1:>-minutc rate 
or more often when out-of-limit oonditions exist. 

( 1 1 )  The SCADA system shall ha\.-e a separate data storage 
facility not located in me same vicinity. 

(B) Power Supply. The SC..ADA system power supply shall 
comply with me following: 
(1)  The power supply shall be provided with a dircct-currclll 

station battery system, rated between 24 and 125 volts de, 
wim a 72-hour capacity. 

(2) The batteries of the SCADA system shall be separate from 
the batteries for odtcr electrical systems. 

(3) The power supply shall be provided wim a listed surge
protective dc\'icc (SPD). The SPD shall be installed at me 
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line-side terminals of me power supply in accordance 
wim Part II of Article 242, "im a direct low-impedance 
path to ground. Protected and unprotected circuit-; shall 
be physically separated to prevent coupling. 

(C) Security Against Hazards. Security against hazard-. shall be 
prm-idcd in accordance with me following: 
(1) Controlled physical acccs.o; by audtorizcd personnel to 

only me system operational controls and software shall be 
prm-idcd. 

(2) The SC..ADA system shall be protected against dust, dirt, 
water, and other contaminant-. by specifying enclosures 
appropriate for the cmironmcm. 

(3) Conduit and tubing shall not violate the integrity of me 
SC..ADA system enclosure. 

(4) The SCADA system shall be located in the same secure 
locations ao; the secured svstcms that mcv monitor and 
control. 

.· ' ' 

(5) The SC..ADA system shall be provided l\ith dry agent fire 
protection systems or double interlocked prcaction sprin
kler systems using cros.o;-zoncd detection, to minimize me 
threat of acCidental water discharge imo unprotected 
equipment. The fire protection systems shall be moni
tored by dtc fire alarm system in accordance wim 
NFPA 72-2019, National Fire Alal'm and Sigtmling Code. 

(6) The SC..ADA system shall not be connected to other 
network communications outo;idc me secure locations 
wimout encryption or u.o;c of fiber optics. 

(D) Maintenance and Testing. SC..ADA systems shall be main
tained and tested in accordance wim D(1) and 0(2). 

(1) Maintenance. The maintenance program for SC..ADA 
systems shall consist of dtc following component-;: 
(1)  A documented prcvcmivc maintenance program 
(2) C.oncurrcnt maintenance capabilities, to allow dtc testing, 

troubleshooting, repair, and/ or rcplaccmcm of a compe>
ncnt or subsystem while redundant componcnt(s) or 
subsystcm(s) arc scning dtc load 

(3) Retention of operational data - the deleted material 
goes well beyond requirement-. to ensure proper mainte
nance and operation 

(2) Testing. SC..ADA systems shall be tested periodically under 
actual or simulated contingency conditions. 

Informational l'ote :'\o. I :  Periodic system testing procedures 
can duplicate or he derived from the recommended functional 
pe•·formance testing procedures of indhidual component�, a.� 
prO\ided by the manufacturers. 

Informational l'ote l'o. 2: See NFPA 70S.2019, RHmnmmded 
PrtUtiu for Ev-t:lrical Equipmmt Maintenancl', for more information 
on maintenance and testing ofSC . .ADA. 

l'\ATJO:'\AL EJ..EGrRJC-\1. com: 20'.!3 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



1:"/FOR:\IATIVE Al'\:"'EX H CHAPTER 9  

Informative Annex H Administration and Enforcement 

Informative Antii'-X II i.� not a pm·t of tile 11'-f[Uirement� of this NFPA 
document and is included fm· infonnational purpo.'il's on�)'. Informative 
Annex II is intended to Jmroide a temJJlate and sample languagp for 
local Juri.�dictions adopting the National Electrical Cod!!'. 

80.1 Scope. The follo"ing functions arc covered: 

(1)  The inspection of electrical installations as covered by 
90.2 

(2) The investigation of fires caused by electrical installations 
(3) The rc,icw of construction plans, drawings, and specifica

tions for electrical systems 
(4) The design, alteration, modification, construction, main

tenance, and testing of electrical systems and cquipmcm 
(5) The regulation and comrol of electrical installations at 

special events including but not limited to exhibit-;, trade 
shows, amuscmcm parks, and other similar special occu
pancies 

80.2 Definitions. 
Authority Having jurisdiction. The organization, office, or incH
vidual responsible for enforcing the requirement-; of a code or 
standard, or for approving equipment, materials, an installa
tion, or a procedure. 

Chief Electrical Inspector. An electrical inspector who either 
is the authority ha\-ing jurisdiction or is designated by the 
authority having jurisdiction and is responsible for administer
ing dtc requirement-; of dtis Code. 

Electrical Inspector. An individual meeting the requirements 
of 80.27 and authorized to perform electrical inspections. 

80.3 Pwpose. The purpose of this article shall be to provide 
requirement-; for administration and cnforccmcm of the 
National Electl'ical Code. 

80.5 Adoption. Article 80 shall not apply urilcss specifically 
adopted by the local jurisdiction adopting the Natimwl Electrical 
Code. 

80.7 Tide. The tide of this ('..ode �hall be NFPA 70B', National 
Elect1ical ('..ode®, of the National Fire Protection A'l..o;ociation. The 
short tide of dtis Code shall be the l\'E�. 
80.9 Application. 

(A) New Installations. This Code applies to new installations. 
Buildings with construction permit-; dated after adoption of 
this Code shall comply with ito; requirement-;. 

(B) Existing Installations. Existing electrical installations that 
do not comply "ith the provisions of dtis Code shall be permit
ted to be continued in usc unless the authority having jurisdic
tion determines that the lack of confonnitv "id1 dtis Code 
present-; an immincm danger to occupant-;. \\'here changes arc 
required for correction of hazard-;, a rca.o;onablc amoum of 
time shall be given for compliance, depending on the degree 
of the hazard. 

(C) Additions, Alterations, or Repairs. Additions, alterations, 
or repairs to any building, structure, or premises shall conform 
to that required of a new building without requiring the exist
ing building to comply with all the requirement-; of this ('..ode. 
Additions, alterations, installations, or repairs shall not cause 
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an existing building to become unsafe or to adversely affect the 
performance of the building a.o; determined by the authority 
having jurisdiction. Electrical "iring added to an existing serv
ice, feeder, or branch circuit shall not result in an installation 
that violates the provisions of the Code in force at the time the 
additions arc made. 

80.11  Occupancy of Building or Structure. 

(A) New Construction. No newly constructed building shall be 
occupied in whole or in pan in \-iolation of the provisions of 
this Code. 

(B) Existing Buildings. Existing buildings that arc occupied at 
the time of adoption of this ('..ode shall be permitted to remain 
in usc provided the follo"ing conditions appl)� 

(1)  The occupancy claSsification remains unchanged. 
(2) There exists no tondition deemed hazardous to life or 

property that woulcl constitute an imminent danger. 

80.13 Authority. Vtbcrc used in this article, the term autlwrity 
having jurisdiCUo11 shall include the chief electrical inspector or 
other individuals designated by the governing body. This Code 
shall be administered and enforced by dtc authority ha,ing 
jurisciiction designated by the governing authority a.o; follows: 

(1) The authority having jurisdiction shall be permitted to 
render imcrprctations of this Code in order to provide 
clarification to ito; requirement-;, a.o; permitted by 90.4. 

(2) \\-ben dtc usc of any electrical equipment or ito; installa
tions is found to be dangerous to human life or prop
erty, dtc authority ha\-ing jurisdiction shall be 
empowered to have the premises disconnected from ito; 
source of electric supply, a.o; established by the Board. 
\\-ben such cquipmcm or installation ha.o; been so 
condemned or disconnected, a notice shall be placed 
thereon listing the causes for the condemnation, the 
disconnection, or both, and the penalty under 80.23 for 
the unlal\ful usc thereof. Written notice of such 
condemnation or disconnection and the causes therefor 
shall be given within 24 hours to the owners, the occu
pant, or both, of such building, structure, or premises. It 
shall be unlawful for any person to remove said notice, 
to reconnect the electrical equipment to ito; source of 
electric supply, or to usc or permit to be used electric 
power in any such electrical cquipmcm until such causes 
for the condemnation or disconnection have been 
remedied to the satisfaction of the inspection audtori
tics. 

(3) The authority having jurisdiction shall be permitted to 
delegate to other qualified individuals such powers a.o; 
ncccs.o;ary for dtc proper administration and cnforcc
mcm of this Code. 

(4) Police, fire, and other cnforccmcm agencies shall have 
authority to render ncccs.o;ary a.'l..o;istancc in dtc cnforcc
mcm of dtis Code when requested to do so by the author
ity havingjurisdiction. 

(5) The authority having jurisdiction shall be authorized to 
inspect, at all rca.o;onablc times, any building or premises 
for dangerous or hazardous conditions or cquipmcm a.o; 
set forth in this Code. The authority having jurisdiction 
shall be permitted to order any pcrson(s) to remove or 
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remedy such dangerous or hazardous condition or 
equipment. Any pcrson(s) failing to comply with such 
order shall be in violation of this Code. 

(6) Where the authority having jurisdiction deems that 
conditions hazardous to life and property exist, he or 
she shall be permitted to require that such hazardous 
conditions in \-iolation of this ('-ode be corrected. 

(7) To dtc full extent permitted by law, any authority having 
jurisdiction engaged in inspection work shall be audtor
izcd at all rcao;onablc times to enter and examine any 
building, structure, or premises for the purpose of 
making electrical inspections. Before entering a prem
ises, the authority ha\ing jurisdiction shall obtain the 
consent of the occupant thereof or obtain a court 
warrant authorizing entry for dtc purpose of inspection 
except in those instances where an emergency exist-;. Ao; 
used in this section, emergrmcy means circumstances that 
the authority having jurisdiction knows, or hao; rcao;on to 
believe, exist and that rcao;onably can constitute immedi
ate danger to persons or property. 

(8) Persons audtorizcd to enter and inspect buildings, struc
tures, and premises ao; herein set forth shall be identified 
by proper credentials is.o;ucd by this governing authority. 

(9) Persons shall not interfere "id1 an authority having juris
diction car!Jing out any duties or functions prescribed 
bv this \-ode. 

( 10) P�rsons shall not usc a badge, uniform, or other creden
tials to impersonate the authority ha\ingjurisdiction. 

( 1 1 )  The authority ha\ing jurisdiction shall be permitted to 
investigate the cause, origin, and circumstances of any 
fire, explosion, or other hazardous condition. 

(12) The authority ha\ing jurisdiction shall be permitted to 
require plans and specifications to ensure compliance 
with dtis Code. 

(13) \\'hcncvcr any installation subject to inspection prior to 
usc is covered or concealed "idtout having first been 
inspected, the audtority ha\ing jurisdiction shall be 
permitted to require that such work be cxpo!ICd for 
inspection. The authority having jurisdictioi'l shall be 
notified when the installation is ready for inspection and 
shall conduct the inspection "ithin _ days. 

( 14) The authority ha\ing jurisdiction shall be permitted to 
order the immediate C\-acuation. of any occupied build
ing deemed unsafe when such building hao; hazardous 
conditions that present imminent danger to building 
occupant-;. 

( 15) The authority ha\ing jurisdiction shall be permitted to 
"aivc specific requirement-; in this \..ode or permit alter
native mcdtodo; where it is a"l.o;urcd that cqui\-alcnt objec
tives can be achieved by establishing and maintaining 
effective safctv. Technical documentation shall be 
submitted to the authority havingjurisdiction to demon
strate equivalency and that the system, method, or 
dc\icc is approved for the intended purpose. 

(16) Each application for a waiver of a specific electrical 
requirement shall be filed with dtc authority having 
jurisdiction and shall be accompanied by such evidence, 
letters, statement-;, result-; of test-;, or other supporting 
infonnation ao; required to justify the request. The 
authority ha\ing jurisdiction shall keep a record of 
actions on such applications, and a signed copy of the 
authority ha\-ingjurisdiction's decision shall be prmidcd 
for dtc applicant. 
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80.15 Electrical Board. 

(A) Creation of the Electrical Board. There is hereby created 
the Electrical Board of the of , hereinafter 
designated ao; the Board. 

(B) Appoinbnents. Board members shall be appointed by the 
C.ovcrnor with the advice and consent of the Senate (or bv the 
:\llayor "ith the achicc and consent of the C..ouncil, or the equiv
alent) . 
(1) Members of the Board shall be chosen in a manner to 

reflect a balanced representation of indi\iduals or organi
zations. The Chair of the Board shall be elected by the 
Board membership. 

(2) The Chief Electrical Inspector in the jurisdiction adopt
ing this Article authorized in 80.15(B) (3) (a) shall be the 
nonvoting secrctal)' of the Board. Where the Chief Elec
trical Inspector of a local municipality serves a Board at a 
state level, he or she shall be permitted to serve ao; a 
voting member of the Board. 

(3) The board shall consi.'lt of not fewer than five voting 
members. Board members shall be selected from the 
following: 
a. Chief Electrical Inspector from a local government 

(for State Board onlv) 
b. An el�ctrical contra�tor operating in the jurisdiction 
c. A licensed profcs.o;ional engineer engaged primarily in 

. the design or maintenance of electrical installations 
d. · Ajourncyman electrician 

(4) Additional membership shall be selected from the follow
ing: 
a. A mao;tcr (supcf\'ising) electrician 
b. The Fire Marshal (or Fire Chief) 
c. A representative of the propcrty/cao;ualty insurance 

industry 
d. A representative of an electric power utility operating 

in the jurisdiction 
c. A representative of electrical manufacturers primarily 

and actively engaged in producing materials, fittings, 
dc\iccs, appliances, luminaires, or apparatus u.o;cd ao; 
part of or in connection "ith electrical installations 

f. A member of the labor organization that represent-; 
the primary electrical workforce 

g. A member from the public who is not affiliated with 
any other designated group 

h. A representative of a telecommunications utility oper-
ating in the jurisdiction 

(C) Terms. Of the members first appointed, __ shall be 
appointed for a term of 1 year, __ for a term of 2 years, 
__ for a term of 3 years, and __ for a term of 4 years, and 
thereafter each appointment shall be for a term of 4 years or 
until a successor is appointed. The Chair of the Board shall be 
appointed for a term not to exceed __ years. 

(D) Compensation. Each appointed member shall receive the 
sum of ___ dollars (S __ ) for each day during which the 
member attend-; a meeting of the Board and, in addition 
thereto, shall be reimbursed for direct lodging, travel, and 
meal expenses ao; covered by policies and procedures estab
lished by the jurisdiction. 

(E) Quorum. A quorum ao; established by the Board operating 
procedures shall be required to conduct Board business. The 
Board shall hold such meetings ao; ncccs.o;ary to carry out the 
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purposes of Article 80. The Chair or a majority of the memhers 
of the Board shall have dte authority to call meetings of the 
Board. 

(F) Duties. It shall he the duty of the Board to perform the 
follo"ing: 

(1) Adopt dte necessary rules and regulations to administer 
and enforce Article 80. 

(2) Establish qualifications of electrical inspectors. 
(3) Revoke or suspend the recognition of any inspector's 

certificate for the jurisdiction. 
(4) After advance notice of the public hearings and the 

execution of such hearings, a-; established by law, the 
Board is authorized to establish and update dte provi
sions for the safety of electrical installations to confonn to 
the currelll edition of the National Ekctriral ('Aide 
(1'\FPA 70) and odter nationally recognized safety stand
ard-; for electrical installations. 

(5) Establish procedures for recognition of electrical safety 
standard-; and acceptance of equipmem confonning to 
these standard-;. 

(G) Appeals. 

(1)  Review of Decisions. Any person, firm, or corporation may 
register an appeal with the Board for a re'l'iew of any deci
sion of the Chief Electrical Inspector or of any Electrical 
Inspector, provided that such appeal is made in "Titing 
within fifteen (15) days after such person, firm, or corpo
ration shall have been notified. Upon receipt of such 
appeal, said Board shall, if requested by dte person 
making the appeal, hold a public hearing and proceed to 
determine whether dte action of the Board, or of the 
Chief Electrical Inspector, or of the Electrical Inspector 
complies l\ith this law and, within fifteen (15) days after 
receipt of the appeal or after holding dte hearing, shall 
make a decision in accordance "id1 it-; findings. 

(2) \..onditicms. Any person shall he permitted to appeal a 
decision of the audtority having jurisdiction to dte Board 
when it is claimed that any one or more of the follo"ing 
conditions exist: 

a. The true iment of the codes or ordinances described 
in this \Aide ha-; been incorrccdy interpreted. 

b. The prmisions of the codes or ordinances do not fully 
apply. 

c. A decision is unrea-;onable or arbitrary a-; it applies to 
alternatives or new materials. 

(3) Sulmti'ision of APfx'al'i. A written appeal, oudining dte \Aide 
prmision from which relief is sought and the remedy 
proposed, shall be submitted to the audtority haling juris
diction within 15 calendar days of notification of liola
tion. 

(H) Meetings and Records. Meetings and record-; of the 
Board shall conform to the follm\ing: 

(1) Meetings of the Board shall he open to the public a-; 
required by law. 

(2) Record-; of meetings of the Board shall he available for 
re,iew during normal busines.-; hours, a-; required by law. 

80.17 Records and Reports. The audtority having jurisdiction 
shall retain record-; in accordance with 80.17(A) and (B). 

(A) Retention. The authority haling jurisdiction shall keep a 
record of all electrical inspections, including the date of such 
inspections and a summary of any violations found to exist, the 
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date of the ser'l'ices of notices, and a record of the final disposi
tion of all violations. All required record-; shall he maintained 
until dtcir usefulncs.-; ha-; heen served or a-; otherwise required 
by law. 

(B) Avallability. A record of examinations, approvals, and 
l-ariances gramed shall he maintained by the audtority haling 
jurisdiction and shall he available for public review a-; 
prescribed by law during normal busines.-; hours. 

80.19 Permits and Approvals. Permit-; and approvals shall 
conform to 80.19(A) through (H). 

(A) Application. 

(1)  Activity authorized by a permit is.-;ued under dtis ('Aide 
shall he conducted by dte pennittee or the permittee's 
agent-; or employees in compliance "ith all requirement-; 
of this Code applicable thereto and in accordance l\ith the 
approved plans and specifications. :"'o permit is.-;ued 
under dtis Code shall be interpreted to justify a violation 
of any prmision of this \..ode or any other applicable law 
or regulation. Any addition or alteration of approved 
plans or specifiCations shall he approved in adl-ance by 
the authority ha\ingjurisdiction, a-; e\idenced by the is.-;u
ance of a new or amended permit. 

(2) A copy of the permit shall he posted or othemisc readily 
accessible at each work site or carried by the permit 
holder a-; specified by the audtority haling jurisdiction. 

(B) · ContenL Permit-; shall be is.-;ued by dte authority haling 
jurisdiction and shall bear the name and signature of the 
authority ha'l'ing jurisdiction or that of the authority haling 
jurisdiction's designated representative. In addition, the permit 
shall indicate the following: 

(1)  Operation or acthities for which the permit is issued 
(2) Addres.-; or location where the operation or acthity is to 

be conducted 
(3) 1'\ame and addres.-; of the permittee 
(4) Permit number and date of is.-;uance 
(5) Period of validity of the permit 
(6) Inspection requirement-; 

(C) Issuance of Permits. The authority haling jurisdiction 
shall he authorized to establish and is.-;ue permit-;, certificates, 
notices, and apprmals, or orders pertaining to electrical safety 
hazard-; pursuant to 80.23, except that no permit shall he 
required to execute any of the cla-;scs of electrical work speci
fied in the following: 

(1 )  Installation or replacement of equipment such a-; lamps 
and of electric utilization equipmem approved for 
connection to suitable pennanendy installed receptacles 

(2) Rcplacemelll of flush or snap Sl\itches, fuses, lamp sock
et-;, and receptacles, and other minor maimenance and 
repair work, such a-; replacing worn cor<l-; and tightening 
connections on a wiring de,ice 

(3) The proces.-; of manufacturing, testing, ser'l'icing, or 
repairing electrical equipmem or apparatus 

(D) Annual Permits. In lieu of an indhidual permit for each 
installation or alteration, an annual permit shall, upon applica
tion, be is.-;ued to any person, firm, or corporation regularly 
emplo}'ing one or more employees for the installation, altera
tion, and maimenance of electrical equipmem in or on build
ings or premises owned or occupied by the applicam for the 
permit. Upon application, an electrical contractor a-; agent for 
the owner or tenant shall he is.-;ued an annual permit. The 
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applicant shall keep record<� of all work done, and dte record<� 
shall be transmitted periodically to me electrical inspector. 
(E) Fees. Any political subdh-ision mat hao; been. �rmidecl fo

_
r 

elecuical inspection in accordance "id1 dte proviSions of Aru
cle 80 mav establish fees mat shall be paid by the applicam for 
a penn it before the permit is is.o;uecl. 
(F) Inspection and Approvals. 

(1) Upon the completion of any installation of e�ectrical 
equipment that hao; been made under a permll other 
than an annual permit, it shall be the duty of the person, 
finn, or corporation making the installation to notify me 
Electrical Inspector ha\-ingjurisdiction, who shall inspect 
the work "ithin a reao;onable time. 

(2) Where the Inspector finds the installation to be in 
conformitv with me statutes of all applicable local ordi
nances aJ{cl all rules and regulations, the Inspector shall 
is.o;ue to the person, firm, or corporation making me 
installation a certificate of approval, l\idt duplicate copy 
for deliverv to the owner, authorizing dte connection to 
the supply' of elecuicity and shall send wriuen notic� of 
such audtorization to the supplier of electric sen1ce. 
\\-'hen a certificate of temporary approval is is.o;ued audtor
izing me connection of an installation, such certi�cates 
shall be is.o;uecl to expire at a time to be stated therem and 
shall be revocable bv the Electrical Inspector for cause. 

(3) \\-'hen anv portion ;,f the electrical installation within me 
jurisdicti;,n of an Electrical Inspector is to be hidden 
from view bv dte permanenl placemenl of part<; of me 
building, m� person, firm, or corporation installing me 
equipment shall notify me Electrical Ins�ec.tor, and me 
equipment shall not be concealed unul ll hao; been 
approved by the Electrical Inspector o�

. 
un�il __ _ days 

have elapsed from the time of such nouficauon, prm1ded 
that on large installations, where the concealment of 
equipment proceed<� continuously, dte pe�n, firm, or 
corporation installing the equipment shall gtve the Elec
trical Inspector due notice in ad\-'3nce, and inspections 
shall be made periodically during dte progress of me 
work. 

(4) At regular intervals, me Electrical Inspectm' having juris
diction shall visit all buildings and premises where work 
mav be clone under annual pernik<� and shall inspect all 
ele�trical equipmem installed under such permits since 
the date of the pre\-ious inspccti�n. The Electrical Inspec
tor shall issue a certificate of apprm'31 for such work ao; is 
found to be in conformicy with the pro\-isions of Arti
cle 80 and all applicable ordinances, orders, rules, and 
regulations, after papnento; of all required fees. 

(5) If, upon inspection, any installation is found not to be 
fullv in conformity l�ith the prmisions of Article 80, and 
all ·applicable ordinances, rules, and regulations, me 
Inspector making the inspection shall at once fom'3rd to 
the person, firm, or corporation making me installation a 
wriuen notice stating the defect<� that have been found to 
exist. 

(G) Revocation of Permits. Revocation of permit<� shall 
conform to the follo"ing: 
(1) The aumoritv having jurisdiction shall be permitted to 

revoke a penitit or apprm'31 is.o;ued if any violation of this 
\..ode is found upon inspection or in cao;e there have been 
any false statement<� or misrepresentations submitted in 
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the application or plans on which me permit or apprm'31 
was bao;cd. 

(2) Any auempt to defraud or omemise deliberately or 
kno"ingly design, install, senice, maintain, ope�te,_ sell, 
represenl for sale, falsify recorcl-., reports, or apphcauons, 
or other related acti\-itv in violation of the requirements 
prescribed by this Cork shall be a ."iolati�n of mis \'?de. 
Such violations shall be cause for 1mmed1ate suspensiOn 
or revocation of anv related licenses, certificates, or 
permit-. is.-.ued by mi; jurisdiction. In adcli_tio_n, any s�c� 
\-iolation shall be subject to any other crumnal or cml 
penalties ao; a\-'3ilable by me laws of mis jurisdiction: . 

(3) Revocation shall be constituted when the penmuee 1s 
dulv notified bv the aumoritv having jurisdiction. 

(4) An)' person who engages i� �ny busincs.-., ope�ti<_>n, or 
occupation, or uses any prem1ses, after me penmt Js.<�ued 
therefor ha-. been suspended or revoked pursuam to me 
prmisions of mis \..ode, and before su�h. suspended pen�it 
ha-. been reinstated or a new permll Js.-.ued, shall be m 
\-iolation of this \..ode. 

(5) A permit shall be predicated upon complia�lce "it� me 
requirement<� of thi� \..ode and shall consutute wnuen 
authoritv is.-.ued ·by .d1e aumority ha\-ing jurisdiction to 
install electrical equipment. Any permit is.-.ued under this 
Code shall riot take me place of any other license or 
permit r�quircd by other regulations or laws of mis juris
diction. 

(6) The authority having jurisdiction shall be permiuecl to 
require an inspection prior to the issuance of a penn it. . (7) A permit is.-.uecl under this \..ode shall conunue unul 
revoked or for the period of time designated on me 
permit. The permit shall be is.o;ued to one person or busi
nes.o; onlv and for me location or purpose described in me 
permit. Any change that affect<� any of the con�itions of 
the penn it shall require a new or amended permit. 

(H) Applications and Extensions. Applications and extensions 
of permits shall conform to the follm�ing: 
(1) The aumority having jurisdiction shall be permiuecl to 

gram an extension of me permit time period upon 
presentation by the permittee of a satisfac_t�l)' rea-.on. for 
failure to start or complete the work or acU\-lty authonzed 
by the permit. . 

(2) Applications for permits shall be. made to m� �u�o�Jty 
having jurisdiction on forms prm1decl by the JUflsdJcllo? and shall include me applicant's answers in full to inqm
ries set form on such fonns. Applications for permits shall 
be accompanied by such data a-. required by the aumority 
havingjurisdiction, such ao; plans and specifications, loca
tion, and so form. Fees shall be detenninecl ao; required 
bv local laws. 

(3) The authority ha\-ing jurisdiction shall review all applic�
tions submitted and is.o;ue permits ao; required. If an appli
cation for a permit is rejected by me audtority ha\-ing 
jurisdiction, the applicanl shall be ad\-isecl of me reao;ons 
for such rejection. Permits for activities requiring 
evidence of financial responsibility by me jurisdiction 
shall not be is.-.uecl unles.o; proof of required financial 
responsibility is furnished. 

80.21 Plans Review. Review of plans and specifications shall 
conform to 80.21 (A) mrough (C). 

l'\.-\TJO:'\AL EJ..EGJ"RJC-\1. com: 20'.!3 Edition 

Cop"rioht � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
1 � For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 
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(A) Authority. For new construction, modification, or rehabili
tation, the authority having jurisdiction shall be permitted to 
rcl"icw construction document'! and drawings. 

(B) Responsibility of the App6cant. It shall be the responsibil
ity of the applicant to ensure dtc following: 

(1)  The construction document'! include all of the electrical 
rcquiremcnl"l. 

(2) The construction document'! and dra"ings arc correct 
and in compliance "id1 the applicable codes and stand
ard'!. 

(C) Responsibility of the Authority Having Jurisdiction. It 
shall be dtc responsibility of the authority having jurisdiction to 
promulgate rules that cover the following: 

(1)  Review of construction document'! and dra"ings shall be 
completed l\ithin established time frames for the purpose 
of acceptance or to provide rca"lons for nonacceptance. 

(2) Review and approval by the authority haling jurisdiction 
shall not relieve the applicam of the responsibility of 
compliance with this \..ode. 

(3) Where field conditions necessitate any substantial change 
from the approved plan, the authority havingjurisdiction 
shall be pcnnittcd to require that the corrected plans be 
submitted for approval. 

80.23 Notice of Violations, Penalties. 1'\oticc of violations and 
penalties shall conform to 80.23(A) and (B). 

(A) Violations. 

(1) 

(2) 

\\'hcncvcr the authority having jurisdiction determines 
that there arc violations of this \..ode, a written notice shall 
be is."lucd to confirm such findings. 
Any order or notice is."lucd pursuant to this Code shall be 
served upon the owner, operator, occupant, or other 
person responsible for the condition or violation, either 
by personal service or mail or by delivering the same to, 
and leaving it with, some person of responsibility upon 
the premises. For unattended or abandoned locations, a 
copy of such order or notice shall be posted on the prem
ises in a conspicuous place at or ncar dtc entrance to 
such premises and the order or notice shall be mailed by 
registered or certified mail, "ilh return receipt requested, 
to the la"lt known addrcs."l of dtc owner, occupant, or 
both. 

(B) Penalties. 

(1)  Any person who fails to comply l\ith dtc prmisions of this 
('..ode or who fails to carry out an order made pursuant to 
this ('..ode or violates any condition attached to a permit, 
approval, or certificate shall be subject to the penalties 
established by dtis jurisdiction. 

(2) Failure to comply l\ith the time limit"l of an abatcmcm 
notice or other corrective notice is."lucd by the audtority 
haling jurisdiction shall result in each day that such l"iola
tion continues being regarded a"l a new and separate 
offense. 

(3) Any person, firm, or corporation who shall willfully 
l"iolatc any of the applicable prmisions of dtis article shall 
be guilty of a misdemeanor and, upon comiction dtcrcof, 
shall be punished by a fine of not lcs."l than __ dollars 
($ __ ) or more than ___ dollars ($ __ ) for each 
offense, together "id1 the cosl"l of prosecution, imprison
mcm, or both, for not lcs."l dtan ( ) 
days or more than ___ ( ___ ) days. 
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80.25 Connection to Electricity Supply. Connections to the 
electric supply shall conform to 80.25(A) through (E). 

(A) Authorization. Except where work is done under an 
annual permit and except a"l othcmisc prmidcd in 80.25, it 
shall be unlawful for any person, finn, or corporation to make 
connection to a supply of electricity or to supply electricity to 
any electrical equipment installation for which a permit is 
required or that ha"l been disconnected or ordered to be 
disconnected. 

(B) Special Consideration. By special permiS."llon of the 
authority hal"ingjurisdiction, temporary power shall be permit
ted to be supplied to dtc premises for specific ncccl"l of the 
construction project. The Board shall determine what ncccl"l 
arc permitted under dtis prO\ision. 

(C) Notification. If, within __ busincs."l days after the Elec
trical Inspector is notified of the completion of an installation 
of electric cquipmcm, other than a temporary approval instal
lation, the Electrical Inspector ha"l neither authorized connec
tion nor disapproved lhc: installation, the supplier of electricity 
is authorized to make connections and supply electricity to 
such installation. 

(D) Other Terrbories. If an installation or electric cquipmcm 
is located in any territory where an Electrical Inspector ha"l not 
been authorized or is not required to make inspections, the 
supplier of electricity is authorized to make connections and 
supply electricity to such installations. 

(E) Disconnection. Where a connection is made to an installa
tion lhat ha"l not been inspected, a"l oudincd in dtc preceding 
paragraphs of lhis section, the supplier of electricity shall 
immediately report such connection to the Chief Electrical 
Inspector. If, upon subsequcm inspection, it is found dtat the 
installation is not in conformity "ilh the prmisions of Article 
80, the Chief Electrical Inspector shall notify the person, firm, 
or corporation making the installation to rectify dtc dcfccl"l 
and, if such work is not completed l\ithin fifteen (15) busincs."l 
days or a longer period a"l may be specified by the Board, the 
Board shall have the aulhority to cause the disconnection of 
that portion of the installation that is not in conformity. 

80.27 Inspector's Qua6fications. 

(A) Certificate. All electrical inspectors shall be certified by a 
nationally recognized inspector certification program accepted 
by lhc Board. The certification program shall specifically qual
ify the inspector in electrical inspections. :"'o person shall be 
employed a"l an Electrical Inspector unlcs."l that person is the 
holder of an Electrical Inspector's certificate of qualification 
is."lucd by the Board, except that any person who on the date on 
which dtis law wcm imo effect was serving a"l a legally appoin
ted Electrical Inspector of shall, upon application 
and pa}1ncm of lhc prescribed fcc and without examination, 
be is."lucd a special certificate permitting him or her to 
continue to serve a"l an Electrical Inspector in the same terri
tory. 

(B) Experience. Electrical inspector applicanl"l shall demon
strate the following: 

( 1 )  Have a demonstrated knowledge of the standard materi
als and mcthod"l used in the installation of electric cquip
mcm 

(2) Be well versed in the approved mclhod"l of construction 
for safety to persons and property 
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(3) Be well versed in the statutes of relating to elec-
trical work and the Natimwl t.IPctrical ('..ode, ao; approved by 
the American National Standard-; Institute 

(4) Have had at lcao;t __ years' experience ao; an Electrical 
Inspector or __ years in the installation of electrical 
equipment. In lieu of such experience, dtc applicant shall 
be a graduate in electrical engineering or of a similar 
curriculum of a college or university considered by the 
Board ao; ha'"ing suitable requirement-; for graduation and 
shall have had two years' practical electrical experience. 

(C) Recertification. Electrical inspectors shall be recertified ao; 
established by prm-isions of the applicable certification 
program. 
(D) Revocation and Suspension of Authority. The Board shall 
have dtc authority to revoke an inspector's authority to conduct 
inspections within a jurisdiction. 
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80.29 Liability for Damages. Article 80 shall not be construed 
to affect the responsibility or liability of any party owning, 
designing, operating, controlling, or installing any electrical 
equipment for damages to persons or property caused by a 
defect therein, nor shall the __ or any of ito; employees be 
held ao; ao;suming any such liability by rcao;on of the inspection, 
rcinspection, or other examination authorized. 
80.31 Validity. If any section, subsection, sentence, clause, or 
phrao;c of Article 80 is for any rcao;on held to be unconstitu
tional, such decision shall not affect the validity of the remain-
ing portions of Article 80. 

· 

80.33 Repeal of Conflicting Acts. All acto; or part-; of acto; in 
conflict \\ith the provisions of Article 80 arc hereby repealed. 
80.35 Effective Date. Article 80 shall take effect ___ _ 

( ) days after ito; pao;sagc and publication. 

l'\.-\TJO:'\AL EJ..EGJ'RJC-\1. com: 20'.!3 Edition 

Copyright ;;;; NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 
For inquiries contact custserv@nfpa.org. To report unauthorized use. contact legal@nfpa.org. 



1:"/FOR.\.fATIVE Al'\:"'EX I CHAPTER 9  

Informative Annex I Recommended Tightening Torque Tables from UL Standard 486A-486B 

This informative annex is 1wt a pm·t of the requirements of this NFPA 
document, but is included for infonnatimwl purposes only. 

In the absence of connector or equipment manufacturer's 
recommended torque values, Table I. I ,  Table 1.2, and Table 1.3 
may be used to correctly tighten screw-type connections for 
power and lighting circuit-;*. Control and signal circuit-; may 
require different torque values, and the manufacturer should 
be contacted for guidance. 

*For proper termination of conductors, it is very important 
that field connections be properly tightened. In the absence of 
manufacturer's instructions on the equipment, the torque 
"'dues given in these tables arc recommended. Because it is 
normal for some relaxation to occur in service, checking 
torque values sometime after installation is not a reliable means 
of dctcnnining the values of torque applied at installation. 

Table 1.1 Tightening Torque for Screws 

TigbteoingTorque, N-m (lbf-io.) 

Slotted head No. 10 and larger" 

Test Conductor Installed in Connector Slot width 1.2 mm Slot width over 1.2 mm 
(0.047 in.) or less and (0.047 in.) or slot 

slot length 6.4 mm length over 6.4 mm 
AWG orkcmil mmr (� io.) or less (� io.) Split-bolt connectors Other connectors 

30-10 0.05-5.3 2.3 (20) 4.0 (35) 9.0 (80) 8.5 (75) 
8 8.4 2.8 (25) 4.5 (40) 9.0 (80) 8.5 (75) 

6-4 13.2-21.2 4.0 (35) 5.1 (45) 18.5 (165) 12.4 (1 10) 
3 26.7 4.0 (35) 5.6 (50) 31.1 (275) 16.9 (150) 
2 33.6 4.5 (40) 5.6 (50) 31.1 (275) 16.9 (150) 
1 42.1 - 5.6 (50) 31.1 (275) 16.9 (150) 

1/0-2/0 53.5-67.4 - 5.6 (50) 43.5 (385) 20.3 (180) 
3/0-4/0 85.0-107.2 - 5.6 (50) 56.5 (500) 28.2 (250) 
250-350 127-177 - 5.6 (50) 73.4 (650) 36.7 (325) 

400 203 - 5.6 (50) 93.2 (825) 36.7 (325) 
500 253 - 5.6 (50) 93.2 (825) 42.4 (375) 

600-750 301-380 - 5.6 (50) 113.0 (1000) 42.4 (375) 
800-1000 405-508 - 5.6 (50) 124.3 (1100) 56.5 (500) 
1250-2000 635-1010 - - 124.3 (1100) 67.8 (600) 

"For values of slot \\ldth or length not corresponding to those spectfied, select the largest torque value a.'i.'IOCtated Mth the conductor stze. Slot Mdth L• 
the nominal design value. Slot length shall he mea.'tlted at the bottom of the slot. 

Table 1.2 Tightening Torque for Slotted Head Screws Smaller Than No. 10 Intended for Use with 
8 AWG (8.4 mm2) or Smaller Conductors 

Slot Length of Screw" 

mm 
Les.o; than 4 

4 
4.8 
5.5 
6.1 
7.1 

Alxwe 7.1 

io. 

Les.• than %2 
!Y:i:z 
:x(; 
1.2 � 
%:z 

Al>ove %l 

TigbteoingTorque, N-m (lbf-io.) 

Slot width of screw smaller Slot width of screw 1.2 mm 
than 1.2 mm (0.047 in.)b (0.047 in.) and largerb 

0.79 (7) 1.0 (9) 
0.79 (7) 1.4 (12) 
0.79 (7) 1.4 (12) 
0.79 (7) 1.4 (12) 
1.0 (9) 1.4 (12) 

1.7 (15) 
2.3 (20) 

. . 
"For slot lengths of mtennedtate values, select torques penammg to next shorter slot lengths. Also, see 9. 1.9.6 
of t:L 486A-4868-2013, Wire l.nnnector.<, for screws "ith multiple tightening means. Slot length shall be mea..,. 
ured at the bottom of the slot. 
"Slot "idth i• the nominal design value. 
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Table L3 Tightening Torque for Screws with Recessed Allen or Square Drives 

Socket Width Across Flats" 

mm in. Tigbteniog Torque, N-m (lbf-in.) 

3.2 Y. 5.1 (45) 
4.0 %2 1 1.3 (100) 
4.8 %; 13.5 (120) 
5.5 1.2 16.9 (150) 
6.4 � 22.5 (200) 
7.9 !Y.t; 31.1 (275) 
9.5 Y. 42.4 (375) 

12.7 � 56.5 (500) 
14.3 %; 67.8 (600) 

"See 9.1 .9.6 of L"L 486:\-2003, Wire l.o1mn:/nrs aud So/dning I.ugs for U•e IIJith C.npper Cmzdur/tlrs, for screws \\ith 
multiple tightening means. 
With the pe1mis.•ion ofL"nderwriters Labordtories Inc., material is reproduced from UL 486A-4868-2013, Wire 
C.omm:/nr.<, which i• copyrighted hy L"nderwriters Laboratories Inc., Nonhbrook, Illinois. While use of thi• 
material ha• been anthmized, L"L shall not be responsible for the manner in which the information i• presen
ted, nor for any interpretations thereof. For more infonnation on L"L, or to purcha� standard•, �i•it their·. 
website at www.comm-2000.com or call 1-888-853-3!">03. 
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Informative Annexj ADA Standards for Accessible Design 

This infori'IUltive annex is 1wt a pa1·t of the requirements of this NFPA 
document, but is included for infonnatimwl pwposes only. 

The prmisions cited in Informative Anncxj arc imcndcd to 
a'isist the users of the Code in properly considering the various 
electrical design constraint., of other building systems and arc 
part of the 2010 ADA Standards for Accessible Design. They arc 
the same prmisions a'i those found in A:"'SI/ICC A1 17.1-2009, 
Accessibk and Usabk Buildings mul Facilities. 

J.l Protruding Objects. Protruding oi?jcct'i shall comply with 
Section j.2. 

J.2 Protrusion Limits. Objcct'i with leading edges more than 
f>85 mm (27 in.) and not more than 2030 mm (80 in.) above 
the finish floor or ground shall protrude a maximum of 
100 mm (4 in.) horizontally imo the circulation padt. (See Figure 

].2.) 

Exception: llmulmilf slwU be Jmmitted to Jllvtmde 1 I 5 mm 
(4/h in.) maximum. 

J.S Post-Mounted Objects. Freestanding oi?jccts moumcd on 
post'i or pylons shall overhang circulation padts 305 mm 
(12 in.) maximum where located 685 mm (27 in.) minimum 
and 2030 mm (80 in.) maximum above the finish floor or 
ground. \\'here a sign or other obstruction is mounted between 
post'i or pylons, and the clear distance between dtc post'i or 
pylons is greater than 305 mm ( 12 in.), the lowest edge of such 
sign or obstruction shall be 685 mm (27 in.) maximum. or 
2030 mm (80 in.) minimum above the finish floor or ground. 
(See Figm.,. ].3.) 

Exception: The sloping po1·tions of lw1ulmilf serving stai1:f and 
ramps slwU not be 11'qui11'd to romp{l" with &ction ].3. 

r;� s305 mm 
(S12 in.} 

685 mm-2030 mm 
(27 in.-80 in.} 

�--lliillll-· 
(a) 

I 
S685 m m 

.} (S27 in 

k 

FIGURE J.3 Post-Mounted Protruding Objects. 

211'.!3 t:clition :'\.-\:110:-IAI. t:l.t:GI"RJCAL com: 

" � 

X> 305 mm 
(> 1 2  in.} 

r.- s100 mm (s4 in.} 

FIGURE J.2 Liqdts of Protruding Objects. 

J.4 Verti� Clearance. Vertical clearance shall be 2030 mm 
(80 in.) high minimum. Guardrails or other barriers shall be 
prmidcd where the vertical clearance is lcs.'i than 2030 mm 
(80 in.) high. The leading edge of such guardrail or barrier 
shall be located 685 mm (27 in.) maximum above dtc finish 
floor or ground. (SI'R Figu1f'j.4.) 

Exception: Dom· closers and door stoJJs slwU be Jmmitted to be 
1 980 m111 (78 in.) minimum above tile jinifh Jlom· or ground. 

J.5 Required Clear Width. Protruding objcct'i shall not reduce 
the clear "idm required for accessible routes. 

" � 

X> 305 mm 
(> 12 in.} 

:<:20 
l 

30 mm 
(2: T 

(b) 
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FIGURE J.4 Vertical Cearance. 

J.6 Forward Reach. 

J.6.1 Unobstructed. Where a fom-ard reach is unobstructed, 
the high fom-arcl reach shall be 1220 mm (48 in.) maximum, 
and dte low forwarcl reach shall be 380 mm (15 in.) minimum 
above the finish floor or ground. (See Figurej.6.1.) 

J.6.2 Obstructed High Reach. \\'here a high forward reach is 
over an obstruction, dte dear floor space shall extend beneath 
the elemem for a distance not less dtan the required reach 
depd1 over dte obstruction. The high fom-ard reach shall be 
1220 mm (48 in.) maximum where the reach depth is 510 mm 
(20 in.) maximum. \\'here dte reach depth exceeds 510 mm 
(20 in.), the high fom-arcl reach shall be 1 120 mm (44 in.) 
maximum, and the reach depth shall be 635 mm (25 in.) maxi
mum. (See Figurej.6.2.) 

J.7 Side Reach. 

J.7.1 Unobstructed. Where a dear floor or ground space 
allows a parallel approach to an elemem, and dte side reach is 
unobstructed, dte high side reach shall be 1220 mm (48 in.) 
maximum, and the low side reach shall be 380 mm (15 in.) 
minimum above the finish floor or ground. (See Figw.,.]. 7.1.) 

Exception No. 1: An obstruction slmU be permitted betwem the clear 
Jlom· m· ground space and tile element whe11' the deJIIh of the obstruction 
is 25 5 mm ( 10 in.) maximum. 

· 

Exception No. 2: Operable pm·ts of fuel difjJnwm; slmU be permitted 
to be 1370 mm (54 in.) maximum, Jnea.nrml fivm the swface of the 
vehicular way wltel"l' fuel dispensers ant installed on exi.�ting curbs. 
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I 
s1220 mm 
($48 in.) 

FIGURE J.6.1 Unobstructed Forward Reach. 

(b) 
FIGURE J.6.2 Obstructed High Forward Reach. 

J.7.2 Obsuucted High Reach. \\"berc a dear floor or ground 
space allows a parallel approach to an elemem and dte high 
side reach is over an obstruction, the height of dte obstruction 
shall be 865 mm (34 in.) maximum, and the depth of the 
obstruction shall be 610 mm (24 in.) maximum. The high side 
reach shall be 1220 mm (48 in.) maximum for a reach depd1 of 
255 mm (10 in.) maximum. Where the reach depth exceecl'i 
255 mm (10 in.) ,  the high side reach shall be 1 1 70 mm (46 in.) 
maximum for a  reach depth of 610 mm (24 in.) maximum. (See 
Figure]. 7.2.) 

Exception No. 1: The top of wa.�hing machines and clothes dJ)'efs 
shaU be permitll'.d to be 915 mm (36 in.) maximum above the finish 
Jlom: 

Exception No. 2: Operable pm·ts of fuel disJII'IISI!IX slmU be permitted 
to be 1370 mm (54 in.) maximum, Jnea.mred fivm the .�wface of the 
vehicular way wltel"l' fuel dispense/'S ant installed on exi.�ting curbs. 
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I ·fr+ 
:>255 mm ($10 in.) -· 

I 
:>1 220 mm 

(:>48 in.) 

FIGURE J.7.1 Unobstructed Side Reach. 

(a) 

,f__ .,. >255 mm-:>61 0 m!!!....J 
(>1 0  in.-:>24 in.) 

(b) 
FIGURE J.7.2 Obstructed High Side Reach. 
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:> 1 1 70 mm 
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CHAPTER 9  11'\FOR\<lATIVE ANJ'\EX K 

Informative Annex K Use of Medical Electrical Equipment in Dwellings and Residential Board
and-Care Occupancies 

This infori'IUltive annex is 1wt a pm·t of the requiremmls of this NFPA 
documml, but is included for infonnatimwl pwposes only. 

In recent years there has been a significant incrca'ic in home 
or remote paticm use of electrical dcpcnclcm medical equip
ment, and it is "idelv considered that this trend will continue 
in the coming years. · Because of dtis trend, an investigation of 
the appropriate imcraction of this critical cquipmcm with 
/1/FPA 70, National E!Pctrical Code (NEC) installations, both exist
ing and new, should occur. 

Medical electrical equipment (�lEE) is equipment that ha'i 
an applied part that transfers or clctcct'i energy to and from a 
patient. This cquipmclll is prmidccl l\ith a single connection to 
electrical power and is intended for usc by the manufacturer, 
either by marking on equipment or in instructions, to be used 
for diagnosis, treatment, or monitoring of a paticm or for 
compensation or alleviation of disea'ic, injury, or disability. The 
environment for intended usc can be best described a'i a place 
where the patient lives or is present l\ithout continuous supcr
l-ision or aiel by profcs.'iional workers. The Social Security 
Administration for Medicare provides a definition for durable 
medical equipment (DME) that is broader than electrical: 
cquipmcm that is primarily used to serve a medical purpose 
and is appropriate for usc in the home. 

MEE is generally dhidcd into da'iscs relating to means of 
protection (MOP) . With Cla'i.'i I equipment, protection against 
electric shock relics on bonding of equipment "id1 an equip
ment grounding conductor. Cla'i.'i II equipment docs not rely 
on bonding of equipment a'i an MOP but instead relics on 
double or reinforced insulation a'i an MOP against electric 
shock. Cla'i.'i II equipment docs not have provisions for bonding 
of equipment or reliance upon installation conditions. For 
home use MEE, Cla'is I equipment induclcs an · cquipmcm 
grounding conductor and must be permanently installed. 

MEE cvaluatccl for compliance "id1 the ES f)()6()].J series of 
standards arc typically Cla'i.'i II cquipllle'nt unlcs.'i dtcy arc 
pcrmancndy connected to the building power. While dtcrc arc 
l-<uying applications and intended tL'iCs of medical equipment, 
one of the most critical is life suppornncclical cquipmcm. This 
cquipmcm is imcndccl to actively keep alive or resuscitate a 
patient. Due to dtc critical intent of this equipment, interaction 
"ith an NEC installation is critical. Reliable supply of power and 
understanding of availability of electrical power should there 
be an outage arc key parameters to consider. This t}'pc of medi
cal equipment is often supplied "id1 backup power appropriate 
for the intended use and critical nature of it'i function. Life 
support equipment should be on a circuit "id1 limited or no 
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other loacl'i to prevent overloading and unintended removal of 
power. It is recommended to supply this equipment "ith an 
individual branch circuit. If dtis is not a fca'iiblc option due to 
current installation conditions, it is rccommcndccl to conduct 
the follo"ing analysis and labeling: 
(1)  C..oncluct an analysis of the circuit intended to supply the 

life support equipment inducting all lighting or other 
oudct'i that arc on the circuit. 

(2) Follow dtc rules of 210.23(8) (2) limiting MEE load'i on 
this circuit to 50 percent or less. 

(3) Determine that adequate loading is available for the relia
ble supply of power to the life support equipment. 

(4) C..oncluct an analysis around the need for backup power 
given the availability of the patient to acccs.'i an alternate 
supply source should they lose primary power in the 
intended location of the equipment. This will be affected 
bv the distance to the next available option for electrical 
p�wcr, the mobility of the patient, or acccs.'i to others able 
to a'i.'iist. If there is a concern in this area, then backup 
power at .the primary location is suggested. 

(5) In the ab6cncc of an alarm integral to the MEE, provide 
an. audible alann that monitors the circuit supplying 
power · to the equipment and set'i off an alarm when 
power is lost at the outlet suppl}'ing the MEE. 

(6) Investigate electrical devices and componcnt'i in the 
premises wiring system to ensure that remote control or 
Sl\itching arc not allowed. Confirm continuity of power 
by energizing equipment, and run through a normal 
cycle of functions to ensure reliable supply of power. 

(7) Label all receptacles available to supply power to other 
load'i on dtc circuit. The labeling should react a'i follows 
or similar language l\ith the same intcm: 

WARNING - Power loss risk to life-support and medical 
equipment on same circuit. 

DO NOT OVERLOAD 

\\'hen using medical equipment, it is critical to understand 
the conditions and cmironmcnt in which it will be used. I..ocat
ing the equipment in wet or damp locations or ncar other 
systems (e.g., water, ga'i, oxygen, sparks) can present hazarcl'i 
that need to be acldrcs.'iCcl in the installation. For wet and clamp 
locations, MEE "ill be marked for tL'iC in these locations with 
an ingrcs.'i protection IPXX (e.g., IP22) rating on the equip
ment. In the absence of IP21 or higher markings, the equip
ment should not be tL'iCd in wet or damp locations. If the 
cquipmcm is marked with an Umbrella (Keep Dry) li}'lnbol, it is 
limited to dry locations only. 
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Park tr.ailen, 552.JO(E)(3), 

552.20(D), 552.46(8), 
552.47, 5:.2.56(F), 552_?8 

Recreational whick"<, 551.20(0), 
551.41((;) Ex. I, 501.42, 
551.55(t"), 5:.l.57 

Sigllal tr.ansmi .. <ion hrto.-ecn, 517.82 
Small, 2JO.JJ (C)(l), 210.52(8), 

220.l">2(A), 550.12(8), 
550.18, !m2.46(8)(2), 
5ii2A7(A) 

Su�<.-ct 10 immersion, 422.41 
'Jcmtinals, identification 

of, 200.JO(E) 
AppDc:ators, 66.'">.7(A), 665.25 

Definition, ArL I 00 
Appro\'111, approftd 

Definition, ArL 100 
Equipment and materials, 90.4, 90.7, 

1 10.2, 500.8(8), 680.81, 
691.5, 705.6, 710.6, Annex H 
80.19 

An>-Cault circ:uit interrupters, 210.12 
Definition, ArL 100 
Protection, 440.6!i, 550.25 
Receptacle replacemenL•, 406.4(D) 

(4) 
Solar photm1>ltaic "J''l<ICm•. 690.1 1  

Arc-Oash hazard "WIII"IIiDg. II  0.16 
ArdDg parts. 240.41, 240.67 

Enclosure of, 1 10.18, 430.14(8), 
51 1.7(8)(1 ), 513.7(C), 
515.7(8), 516.7(8), 
517.61 (8)(2) 

Arc bamps, porlable 
Motion picture studios, 530.26(8) 
Stage t.-quipmenl, 520.61 

An>-welder motors, >«Welders, electric 
Arc welders, -Welders, ek-ctric 
Arenas, ArL 518, ArL 520 

Emergency lighting "J''l<tem, ArL 700 
Luminair<-"<. 4JO.JO(E) 

Armored c:able (Type AC), An. 320 
Acc<-ssihle aLlies, 320.23 
Ampacity, 320.80 
Bend., 320.24 

Box<"< and fitting.o, 320.40 
C..cmductor type, 320.104 
<'..c•n.•tnaction, 320-111 
Definition, ArL 100 
Equipment gmunding, 320.108 
Equipment gmunding conductor 

in.•tallation, 250.120(A) 
Expo.«.-d work, 320.15 
ln.•tallation, 320-11 
Marking, 320.120 
Suppon, 320.30 
Thmugh or par.allel to framing 

memhcn, 320.17 
US<"< nut pcrmitl<--d, 320.12 
US<"< pcnniued, 320.10 

Armories, An. 518 
Emergency lighting "J''l<tem, ArL 700 

Amy 
C..c>mmunication <}'l<tcm•. 800.113(1) 
Definition, ArL 100 

Array, sobar photovoltaic 
systems. 690.7 (C). 
690.12(A), 690.12(8), 
690.3J (F); su alsoS.>Iar 
photcn·uhaic S}�tcm, 

Arresters, surge, su Surge arn"<ters 
ArtificlaOy nuade bodies of water, >« 

Natur.al and artificialh· made 
hodi<"< of water, elecuiatl 
wiring and <..�uipmcnt fctr 

Askarels 
Definition, ArL 100 
'Jr.an.•furmers, 450.25 

Assembly oc:c:uplllldes, ArL 518 
Cla.'ISific:ations, 518.2 
Emergency lighting "J''l<tem, ArL 700 
Luminain"<, 4JO.JO(E) 
Supply, 518.5 
Thc-.atcn, audience arc-.a..., An. 520 
\\�ring methods, 518.4 

Assod.ced appantus 
Definition, ArL 100 
Gmunding of, 504.50(A) Jl'i, 

504.50(8) 
ln.•tallation, 504.10 
ll•ted, 504.4 
Marking, 500.8(C) (6), 505.9(C)(2) 

Ex. :'\o. I, 506.9(C)(2) t:x. 

Permitl<--d t.-quipmenl, 500.8(8)(2) 
Assoc:i.ced DOniDc:eodive field wiriDg 

apparatus 

Definition, ArL 100 
Marking, 500.8(C) (6) 

Atmospheric groups. >« HazardotL• 
(cla.'ISifit.-d) location.• 

AltacbmeDt fittillp. 210.8(A) t:x. 3, 
210.8(8) t:x. 6, 314.27(E), 
422.22, 422.33(A) 

Definition, ArL 100 
AltacbmeDt plugs (caps), su also 

HazardotL• (cla.<.<ifit.-d) 
location..; Receptad<"<, cord 
connectors? and attachment 
pill!,"' (caP") 

c .. on.,tnaction of? 406.7 
Definition, An. 100 
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tl�-xihle cord< on, 210.50(8), 
400.10(8), 400.24 

Gnmnding type. 406.10 
Polariu.-d, lcnninal 

identification, 200.10(8) 
Attics 

Annon.-d cable, 320.23 
Knob and lUbe, 394.23 
Ugbting muleiS requin.-d, 210.70((;) 
Metaklad cable, 330.23 
Nonmetallic �-xlcn<ion<, 382.12(1) 
Nonmelallic"healhed cable, 3."14.23 
Open \\iring, 398.23 
Sign lrdn<fonners in, 600.21 (t:) 

Audio signal processiug, amplification. 
aud reproduction 
equipment, An. 640 

Ace�-... 640.5, 640.46 
Conduit or whing, 640.23 
Definition, ArL I 00 
t:mironmemal pn>K'Ction, 640.44 
tl�-xihle cord<, lL<c or, 640.2 I. 640.42, 

640.45 
Gnmnding, 640.7 
Gnmping or conductors, 640.8 
Location<, 640.3 
Loud<pc-dkers, 640.25 

Definition, ArL I 00 
Maximum mupUI power 

Definition, ArL I 00 
Mechanical �-xecution of work, 640.6 
Pennanem in<lallation<, 646-11 

Ponahle and 1empor.1ry 
in<lallatim�<. 646-111 

Protection of ck�trical 
�-quipmenl, 640.4 

'11-dn<fonners, 640.9(1>) 
Definition, ArL I 00 

Und�-rwa1er, 680.27(A), 680.35(1>), 
680.43(G), 680.45(1>) 

Water, nc-.tr, 640.10 
\\�n.·ways, !;·uu�..-.. auxiliary 

!,''UUers, 640.24 
\\�ring melhocb, 640.9 
\\�ring or equipmenl rdcb, 640.22. 

640.43 
Audio system, 640.1 (A), 640.3, 640.10, 

640-11 

Definition, ArL I 00 
Auditoriums, An. 5 I 8, ArL 520 

Emergency lighting <)<'"K.,n, ArL 700 
Authority bavlugjurisdiclion. 90.4; ,_ 

also Appnn'al, appn,.'t.-d 
Definition, ArL 100, Ann�-x H 80.2 

Automatic 

Definition, ArL I 00 
Autolransformers, :r« '11-dn<fonn�..-. 

Awdllary gutters. An. 366 
Conductors 

Ampaciti� ... 366.2."1 
Clc-..r.utce, bare liw 

pariS, 366.100(t:) 
ln<UlaK-d, 366.58 
Number or, 366.22 

Cm�<U..tction s�-cification<, 366-111 

ll'>DEX 

Cowrs, 366.100(1>) 
Extcn.�on Jx..�·und 

�-qulpmenl, 366.10(<:) 
Gnmnding, 366.60 
Indoors 

ll<ting, 366.6(8) 
Marking, 366.120(8) 
u� .. penniu�-d. 366.10(A)( I), 

366.10(8)(2) 
ln<lallation, 366-11 

ll<ting, 366.6 
Marking, 366.120 
Metal 

Conductors, 366.22(A), 366.23(A) 
l>efinition, An. 100 
Securing and 

supporting, 366.30(A) 
u� .. penniu�-d. 366.10(A) 

Nonmetallic 

Conductors, 366.22(8), 366.23(8) 
l>efinition, An. 100 
Marking, 366.120 
Securing and 

supporting, 366.30(8) 
u� .. penniu�-d. 366.10(8) 

Outdoors 

ll<ting, 366.6(A) 
Marking, 366.120(A) 
u� .. penniu�-d. 366.10(A)( I), 

366.10(8) ( 1 )  
Sound n.-conling. mmilar 

�-quipmenl, 640.7(A), 640.24 
Splic� .. and tar-. 366.56 
Suppon, 366.30 
u� .. nol penniiK-d, 3f.CU2 
u� .. penniu�-d. 366.10 

-B-
Back-fed dnkes, 408.96(1>) 
Backfill. 300.5(F), 305.15(t:) 
Balconies, oulldoOr, receplades 

for, 210.52(t:)(3) 
BaJJast., eleclric disc:harge lamps 

Pn•�cction in fluon.-m:cnt 
fixnu-� ... 410.130(t:) 

Protection in rec�-..<cd HID 
fixnu-� ... 410.130(F) 

·· Bare conductors 

Ampaciti� ... 310.15(1>) 
Auxiliary gt111crs, 366.56(8) 
8onclingjollll�-rs, 250.194(A) 
Contact conducton. cr.tnt.-s and 

hoi<L<, 610-111 

l>cfinition, An. I 00 
t:quipmem gnnmding 

conductors, I 10.54(8), 225.4 
t:x., 250.118(1). 250.187(1>) 

Gnmnd�-d conductors, 225.4 t:x., 
230.22 t:x., 230.30(A) t:x., 
230.41. t:x. 

Ugbting <)<'"Icon< oper.1ting al 30 "'IL< 
or k-.s, 411. 7(C) 

Rac�·wa� ... 225.27, 230.30(A) t:x. 

Sizing conduiL< for, C.hap. 9 

t: nde'l,'l"ound conduiL<. j,'l"<>nnd�-d 
neulrdl, 230.30(A) t:x., 
230.41 t:x. 

Barriers, 3fJ8.234(8), 369.110 
Basements (ceO.....) 

Ugbting oulleiS requin.-d, 210.70((;) 
:'\onmelallic �-xlcn<ion<, 382.12(1) 
:'\onmelallic sbc-dlhed 

cable, 334.15(<:) 
Rcceptack .. in, 210.8(A) (5), 

210.52(G) 
Bathrooms, :r« also Ralhwbs 

8r.1nch circuiiS for, 210.1 I (C) (3) 
Definition, An. I 00 
l>i.<conn�-cting mc-dn<, 230. 70(A) (2) 
tix�-d ek-clric spac��heating 

equipment cahk-s, 424.44(t:) 
Ugbting oulleiS requin.-d, 210.70(A) 

(I). 210.70(8) 
0\-crcurrem d�'\ic�-.. 240.24(t:) 
Rcceptack .. in, 210.8(A) (I ), 210.8(8) 

(I). 210.52(1>), 406.9(0). 
550.12(t:). 550.13(1>) 
lhrougb (F), 55J.41(C); 
552.41 (t") 

Bathtubs 
Hydn>ma.'l<age, 6!10-\-11 

l>cfinition, An. 100 
tix�-d ek-ctric spac��heating 

equipment cahk-s, 424.44(t:) 
Llllllinaircs, 410.10(1>), 550.14(1>), 

. 551.53(8), 552.54(8) 
M.=ptack-s, 210.8(A)(IO), 406.9(C}, 

550.13(t"), 552.41 (F) 
S.•itch�-.. 404.4 (C) 

Balleries, >«also Stordj,'C baueri� .. 

Aircmft, 513.10 
Definition, An. I 00 
tluw, 706-V 

l>cfinition, An. I 00 
ln<tallation<, An. 480 
�larking, 480.7(F), 480.7(G) 
:'\ominal "'ltage, Table I 10.26(A) ( I), 

"lahle I 10.34(A) 
l>cfinition, An. I 00 

Scaled 

l>cfinition, An. I 00 
Vents, 480.11 (8) 

Stationary Slandb)·, ArL 480 
l>cfinition, An. I 00 

"lcnninal, -"lcnninal< 

Ballery cUrging equipment 

Aircmft hang.�r<, 513.10(8) 
Gar.1g� ... commercial, 51 I.IO(A) 

Ballery system, :r«Stordge hallcri� .. 

BeD dn:uits. :w.r Rcmotl.--contn•l� 
�'llllling, and po"-cr-limiK-d 
circuits 

Bends, 305.5, Chap. 9 "lahle 2; ,_ 

also.subhmd und" mtrin for 
•Jwific wiring sy•t�m 

Berths 
Definition, An. 100 

Bipolar cln:ulls, 690.7 (C). 690.31 ( t:) 
Definition, An. 100 

2023 Edition :'\A'J10:-IAI. t:l.t:GrRJCAJ. COI>t: 

Block (dty, town, or \'ilboge) 

Communication \\in�. protccti\-'C 
d�.,ic�-.. 805.90(A) 

l>cfinition, An. I 00 
:'\el""rk-po"-cr�-d broadband 

communication." system,. 
protection, 830.90(A) 

Boathouses Uld boat hoists, groUDd-
f ..... t dn:uit 
interrupters, 210.8(A) (9) 

Boalyolrds, '" �farinas, boal�-ard.<, 
Ooating huilclings, and 
docking f.�eiliti< .. 

Bodies, conduit, :r«CAmduil bodi< .. 

Bodies ofwaler 

Artificially made, An. 682 
l>cfinition, An. I 00 

:'\altlrdl, An. 682 
l>cfinition, An. I 00 

Boilers 

t:k-ctmck�l)-pc 

600 '"IL< or k.-.s, 424-VIII 
0\-cr 1000 miL<, 495-V 

R<.-.i<tanc��type, 424-VII 
Boadlng, 250-V 

Aj,'l"icuhurdl lnlilclings, 547.41, 547.44 
Aircmft hang.�r<, 513.16 
Bulk s1or.1ge planL<, 515.16 
Cable lrd}'"· 392.60 
Carni•-al.<, circtL�-s, f.Urs, and mmilar 

�.,"CnL<, 52.'j..IV 
C:-\'IV and rddio di<lrilnotion 

<)<'"leon<, 820.100 
Communication., circuiL� 800.100. 

800.106(8) 
Control panels, 409.60 
Cr.1n� .. and hoi.<L<, 610-VII 
l>cfinition, An. I 00 
t:k-ctmlytic cells, 6fJ8.30(t:) 
t:k'\"lltors, 620-IX 
t:quipolenlial plane, 547.44, 680.26, 

682.33 
tlexihle lnL< '}'"tem<, 371.120 
tlexihle melal cnndolil ("1}-pc 

FMC), 348.60 
Gar.1g� ... commercial, 51 1.16 
Gnmnding-1)-pc receptack-s, 250. I 46 
HazardotL< (cla...,.ified) location<, '" 

HazardotL< (cla...,.ified) 
location.'l 

Hc-dllh care f.�eiliti� ... 517.13(8), 
517.19(1>), 517.19(t:) 

Induction and dielectric healing 
eqolipmenl, 66.:;.26 

lmonnation K'Chnoi<'!,'Y 
eqolipmenl, 645.15 

lntcrconn<-�1<-� electric power 
production 
sourc�-., 705.1 1  (t:) 

lnlc� .. lcm boncling 
termination, 54.'">.27, 
770.100(8) 

l>cfinition, An. I 00 
lnlrin<ically safe <)<'"teon<, 504.60 
lnig-.1tion machin�-.. 675.14 
Uquidtigbl flexible melal cnndolil 

("1}-pc LHfC), 350.60 
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Loo"Ciy jointed rdC<-"Wa}"• 250.98 
Manufactur<.-d building.<. 54:..11  
Marina.< and boat}-anl<, 55!U 3 
Metal box<"<, 314.4 
Mobile hom<"<, 5:.0.16((;) 
Motion picture •tudios, :.30.4:.(t:) 
Motor rucl di<pcn.<ing 

fdciliti<"<, 514.16 
Natur.lllv and artificiallv made bodi<.-. 

' or W"dter, ek-cuical 
<--qwpment ror, 682-111 

Optical fibcr cabk-., 770.100, 
770.106(8) 

Other enclosun.-., 250.96 
Outside rdC<."\\-ay, 2.:;().102(t:) 
<h-er 250 •�•IL<, 250.97 
<h-er 1000 \1>IL<, 49:..74 
Pancllxmrm, 408.40, 517.14 
Park tr.tilen, 552.:. 7 
Piping "}"lcm< and expc.-cd •tructuraJ 

•1<--cl, 2r.o.I04 
Rac<-"\\ct}1i. s« Racl."Wd)� 
Radio and tck"\illion 

<--qwpment. 810.21. 810_?8 
Receptack-.. 2r.o.l46 
Recreational whick-.. 55J.5:.(A), 

551.:.5(8). :.51.56 
Rclocatable •tmctun."<, 54:..26, 545.27 
Scpar.1tcly dcrn·<--d "}"Stem<, 2:.0.30(A) 

(8), 250.30(8)(3), 
250.104(0) 

Scnice equipment. 250.92, 250.94 
Sign.< and outline lighting, 600.7(8), 

600.33(0) 
Sumtation.<, rene<"< and other metal 

•truclur<"< enck>lling, 2:.0.194 
S"imming pool<, su S\\imming pook 
·tunnel<, I I  0.:.4 
\\�nd ek-cLric "}'51<-"ln.<, 694-V 

Boadlugconcluctors, 517.19(0), 
54:..26. 547.44(8), 
551.:.6( C). 5:.2.:. 7 ( q. 
680.74(8). 770.100, 800.100, 
810.21. 810.58, Chap. 9, 
Notc 3 

Definition, ArL 100 
Boadlugjumpers. suJumpcn, 

lxmding 
Bored holes lhrougb studs, 

joisls, 300.4(A)( I )  
Bottom shields. 324.40(C) (2), 

324.100(8)(1) 
Definition, ArL 100 

Bowling .Ueys, An. 518 
Emergency lighting "}'51<-"ln, ArL 700 

Boxes (outlet, dmc:e, puU, ud 
jUDCiion), ArL 314. S« abo 
HazardotL< (cla.<llifi<.-d) 
luattion.'l 

Acc<"<llibility, 314.29, 314.72(0) 
AgriculturaJ hwlding.<. 547.22 
Ah<-Tnating<Urrcnt power 

di.<Lribution box, :.30.23(0) 
(',oncealed """'· 314.20 
(',onducton, number in box, 314.16 

t:nt<."ling boX<-"5, conduit lxKik"< or 
fining.<. 314.17 

70-868 

NATIONAL ELECTRICAL CODE 

(',on.<lntction •p<--cification.<, 314-IV 
(',own, 314.25. 314.28(C), 314.72(t:), 

314.101. 314.102 
CutnUt7 MPC.abincL'l, cutout hoxt.�. 

and mcl<-T socket cnclc�un.� 
Damp location.<, 314.1:. 
0<-"Pth, minimum, 314.24 
Dmp (thc-dtcn, etc.), 520.44, 520.46 

Definition, .-\rt. I 00 
t:nclosun.-., handhole, 314.29, 314.30 
till calculation.<, 314.16(8) 
tire pump•. 695.6(H), 695.6(1) 
tire n."<�ti\-c "}"tcm, 728.:.(t:) 
tl<M>r, ror receptacl<"<, 314.27(8) 
tltL<h-mounled in•tallation.<, 314.20 
Gmunding, 250.148, 250-VI 
Guuen, auxiliary, tL<cd a.<, 366.58(8) 
ln.omlating, sn 8oxt.-s, nonmetallic 
Junction, pull, ...,. Junction lx>X<-"< 
Ughting (luminair<"<) oulleL<, S« 

Ughting outleb 
Marking, 314.104 
Metal 

(',on.<lntction, 314.100, 314-IV 
Gmunding and lxmding, 314.4 
ln.<tallation, 314-11 
\\�r<.-w">" tL«.-d as pull 

lx>X<-"<, 376.23( B) 
Mobile hom<"<, 5:.0.15(1) 
Multioutlet as.<cmblk-. tL«.-d a.< pull 

lx>X<-"<, 380.23( B) 
N<-�•n trctn.,runncr cndosun.-s u'iCd 

a.<, 600.:.(0) (2) 
Net"'>rk·JN'""red broadband 

communiation.'l 
'}"1<-"ln<, 830.133(A) (I) 

Nonmetallic. 314.3, 314.103, 334.40 
Receptack"< in•talk-d in, 406.8(1':) 

(2) 
\\�rcw">" tL«.-d as pull 

lx>X<-"5, 378.23"(8) 
Not reqwred, 590.4((;) t:x. I 
Optical fiber c:abk-. in, 770.133(8) 
<h-er 1000 \'UIL.., 314-111 
Park tntik!n, 552.48, 5:.2.:.6( D) 
Plucging. su Plugging lx>X<"<, motion 

picture studios 
P�hle 

Rid<"<, tenb, and 
conet.-ssinn� 525.22 

Thc-.1tcn, 520.62 
Recreational whick-.. 551.47 
Repairing nuncomhtL<tible 

•nnac<"<, 314.21 
Reqwr<.-d location, 300.15 
Round, 314.2 
Securing and •uppc>rting, 300.11, 

314.23. 392.18(G) 
Snap 5\\itch<..� cn·cr 300 \"o)L"Ii. not 

gang<--d, 404.8(8) 
Solar phol<n.,ltaic "}"lcm<, 690.34 
Sunace extenllion.<, 314.22 
UntL«.-d upcnin�"'· clo"<-d, 1 10.12(A) 
Vertical rdC<."\\-ay rut�<. 300.19 
Volume calculation.<, 314.16(A) 
Wall ur ceiling, 314.27(A) 

Wet location.<, 314.1:. 
Bnmch circulls, .-\rt. 210 

Air conditione.-, +W--IV, 446-V11 
Applianc<"<, 21 0.2."1, 422-11 

(',aJculatim�<. 220-11 
Definition, ArL 100 
Small, 210. 1 l (C)(I)  

Arc-rault circuit-interruptcr 
protection, 210.12 

Audio <--qwpment, 640.10(A), 640.41, 
640.42(t:) 

Bathmom<, 210.li (C)(3) 
Brc-dkout a.<"Cmbly, :.20.68(A) (6) 

Definition, ArL 100 
BlL<Wd>" a.< hr-.1nch circ<ti ... 3fJ8.17 (C) 
(',aJculation orloa� • .  -\rt. 220, 220-11, 

Annex O 
(',ok>r e<Kie, 210.:. 
(',ommon are-.1, 210.2:.(8) 
C..ctnducton. minimum ampacity and 

•ize, 210.19 
Critical, 517.34, 517.44 

Definition, ArL 100 
Critical upcrdtion.< pcnver 

'}"leln.<, 708-11, 708.!10 
DC "}"tcm •uppJ>ing, 235,!1(<:) (2) 
Definition, ArL 100 
t:k-cLric •-chicle •u)>ply 

<--quipment. 625.40. 625.41, 
61$.47 . 

t:k-cuuplaring, 669.:. 
t:k"\'R"- dumhwaiten, <."<CalatoB, 

etc., 620.13 
Emergency lighting tran.rer 

'"itch, 700.25 
Definition, ArL 100 

Emergency "}"leln<, 700.12(H)(2), 
700.15. 700.17. 700.18, 
700.25 

t:ne'l,'Y management 
'}"leln.<, 750.30(C) 

tire alarm "}"tcm<, 760.41(8), 
760.121(8) 

tix<.-d ek-ctric •pac<.�heating 
<--qwpment. 424.4 

Boilen, 424.82 
Low-\·ol�>c <--quipmelll, 424.104 
Radiant hc-.1ting panel<, 424.95, 

424.96 
tix<.-d r<-"<i.<tance and ek-ctnKie 

indtL<trial pr<JC<-..< hc-.tting 
<--qwpment. 425.4, 
42:..22(A), 42:..22(0) 

t:k-ctnKI<-�1)-pc lx>ilen, 42:..82 
R<"<i.<latlc<-�type lx>ilcn, 425.72(0) 

GeneraJ-pUfJM"C 
Definition, ArL 100 

Gu<."<t mum< or •<til<"<, 210.6(A), 
210.17 

Hc-aJth care f.�eiliti<"<, 517.18(A), 
517.6."1(8). :.J7.63(C). 
517.73(A) 

lndi\idual 
Definition, ArL 100 
0\-crcurrent pmlectiun, 210.20 
Permi.'l<ihle l•>ad•. 210.22 
Rating or "CUing, 430.52 

Reqwred, 495.72. 600.5, 605.9(8), 
620.22 thmugh 620.25 

lmormation t<--chnulo�oy 
<--qwpment. 645.5 

lrrig-.1tion Jnachin<-"5, 675.9, 675.10 
hula ted pcnver "}'5leln<, 517.160 
Low-\·ol�>c •tL<pcnd<.-d ceiling pcnvcr 

di.<Lribution 
'}"leln.<, 393.21 (8) 

Marina.<, lx>al)..ro.. fl<>ating 
hwlding.<. ru•d 
d<JCk>-anl<, 555.34(8)(2). 
55:..37(0), 55:..:.3 

Mobile hom<"<, 5:.0.11. :.:.0.12 
M<Kiulardata cenlen, 646.7(8) 
Motion picture or tck"l-i.'\ion 

•tudiu•. 530.1 1  
Motor, un indi\idual hr-.1nch 

circuit. sa Moton 
Multiple, 210.7 
Mwtipk·-uutlet. 210.23. 210.24 
Multiwire, 210.4, 393.21(8), 700.19 

Definition, ArL 100 
Outside, .-Outside hr-.1nch circuib 

and r<. ... -dcn 
0\-crcurrent d<."\ice, 240.24(8)(2) 

Definition, ArL 100 
0\-crcurrent pmlectiun, 210.20, 

24:..26. 250.32(8)(2). 
250.32(C)(2), 520.52 

<h-er 1000 miL<. 235-11, 24:..26 
Park tr.tilen, 552.42, 552.46 
Patient h<--d k>cation, 517.18(A), 

517.19(A) 
Permi.'l<ihle l•>ad•. 210.22. 210.23 
Pien, 682.15(B) 
Ratin�"'· 210-11 
Recreational whick-.. 551.42 
ReqwremenL< ror, 210.24, Table 

210.24(1 ), "Jllble 210.24(2) 
Selection currenl, 440.4(C) 

Definition, ArL 100 
Shore pcnver, :..'J5.33(A)(3) 
Small-appliance, 210. 1 l (C) (I) 
Sp<--cial-purp<.-c multi-circuit cable 

'}"leln.<, 530.22(F) 
Definition, ArL 100 

S"imming J"M>l<, 680.23(F) 
"laP' rrom, 210.19(C), "lllble 

210.24(1 ), "Jllble 210.24(2), 
240.4(t:) 

Thnmgh luminain.-., 410.64(C) 
Voltage limitation.<, 210.6 
X-rdy <--quipmenl, 517-V, 660.4, 

6f.0.6(A) 
Bnmch-drcult selection curreDt 

Definition, ArL 100 
Marking un nameplate, 440.4(<:) 

Broadbaud (commuulcalion 
systems). ArL 800 

Definition, ArL 100 
ln.<tallation, 770.133 
P<x>l< and rountain.<, nc-M, 680.9(C) 
Scpardtion, 725.136, 726.136, 760.136 

BulldiDg 
Definition, ArL 100 

:-1.-\TIO:'\AI. t:l.t:GI'RJC-\1. COOt: 2023 t:ditiun 
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ll'>DEX 

•ir.<t flnnr nf, 362.10 

BuUdiDg componenls 

Bonding, 545.1 1  

Definition, Art. I 00 

lntcrcnnn<.-ctinn.•, 545.13, 550.15(K), 
551.47(0), 552.48(:'\) 

BuUdiDg system 

Definition, Art. I 00 

BuUdiDg wire, >«Conductors 
Bulkhead 

Definition, Art. I 00 

Bulk stonge plauts, An 515. S« also 
HazardntL• (cla.'lllified) 
location.'li 

Cla.u l lncatinn.'<, 515.3 

Ga.•oline di.•pcn.'ling, 515.10 

Gmunding and bonding, 515.16 

Scaling, 515.9 

Und<."'l,'l"nund "iring, 515.8 

\\�ring and eqttipment, 515.4, 515.7 

BuUswikhes 

Definition, Art. I 00 

Burgbtr alarm systems, S« Rcmnt<.� 
control, Mb'llaling, and 
pmver-limit<.-d circuiL• 

Busbotrs 

Definition, Art. I 00 

lndtL•trial control panels, 409.102 

lntcrconn<-�1<-� electric power 
production 
•ourc<."<, 705.12(B) 

Motor control centers, 430.97 

Portable di.•nribution or tcnninatinn 
lx>X<."•, 525.22(B) 

Suppnn 
Definition, Art. I 00 

S...itcbboard•, 408.3, 408.51 

Busbiup 
Cord, luminaire, 410.84 

t:k-c<rical nonmetallic tubing, 362.46 

•iber, 320.40 

•ire alann "}"tcm•, 760.3ij) 

(:Cnerdtnrs, 445.16 

High den.'lity poi�"Ctbylene 
cnndttit, 353.46 

ln.•ulat<.-d, 300.4(G) 

l..ampbnlder< at�<�eb<.-d tn fk"Xible 
cord, 410.62(A) 

Securing fitting. or 
rdC<."W"d�"5, 300.4(G) 

lntcnn<.-diatc metal cnndttit, 342.46 

Motors, 430.13 

Outlet lx>X<"<, cnndttit bodi<."<, and 
nutlet fitting., 314.102 

Reinforced thcnmJ.'ietting n.-Mn 
cnndttit, 355.46 

Rigid metal cnndttit, 344.46 
Rigid pol)-.inyl cbk>ride 

cnndttit, 352.46 

Snow-melting and deicing 
<-qttipment, 426.22(C) 

Und<."'l,'I"<>Und in•tallatinn.•, 300.5(H) 

U<c in lieu of lx>x nr tenninal 
fining, 300.16(B) 

Busways, An 368 

Banier<, fire, 368.234(B) 

Br.1ncb<.-s fmm, 368.56 

Connection.'<, 368.238 

Cnn.•mtctinn, 368-111 

J>c-dd end• closed, 368.58 

Definition, Art. I 00 

J>rdi•�•. 368.236 

t:xten.'linn thmugb wall• and 
floors, 368.10(C) 

•. <."t.-der nr br.1ncb circuib, 368.17 

Gmunding, 368.60 

<h"Cr 1000 miL•, 368.260 

ln.•tallatinn, 368-11 

l..uminair<.-s connected to, 41 0.36( F) 

Manufactur<.-d "iring 
·�"t<."ln.•, 604.100(A)(4) 

Marking, 368.120, 368.320 

<h"Crcurrent pmtection, 368.17 

<h"Cr I 000 miL•, 368-IV 
Reduction in.UC, 368.17(B) 

Seal•, .-apor, 368.234(A) 

Stor.tgc haucry, disconn<..�tion 
mean.'<, 480.7(1::) 

Suppnn, 368.30 

"lcnninatinn.'<, 368.238 

Under I 000 miL•, 368.240 

Tbnmgb wall• and floor<, 368.10((;) 

U-..-s not pcnnitt<.-d, 3fJ8.12 

U-..-s pcnniued, 368.10 

Ventilated enclc,.ur<."<, 368.237 

Bypotss isot.tion switda, 700.5(B), 
701.5(B), 708.24(B) 

Definition, Art. I 00 

Cabinels, cutout boxes, aDd meter 
socket enclosures, An. 312 

Con.•mtctinn •p<.-cificatiom, 312-11 

l>-.1mp and wet location.•, 512.2 

J>cfinitinn, Art. I 00 

J>cflectinn of conductors, 312.6 

ln.•ulatinn at bu•bing., 300.4(G) 

�farking, 230.66(B) 

Pc,.iti<m in wall•, 312.3 

.· S..itcb encln•ur<.-s, •plic<."<, tap<, 312.8 

UQn.«.-d opcninb'l<, 1 10.12(A) 

Win�bending •pace at 
t<.-rminal'<, 312.6(B) 

Wiring <pace, •ide nr hack, 312.9 

Cable beDding, S« type nf cable 
Cablehus, Art. 370 

Conductor<, 370.20 

Ampacity, 370.80 

<h"Crcurrent pmtection, 370.23 

"lcnninatinn.'<, 370.20(B), 370.42(2) 

Con.•mtctinn •p<.-cification.•, 371}...111 

J>cfinitinn, Art. I 00 

Equipment gmunding conductor 
in.•tallatinn, 250.120(A) 

•iuinb"" 370.42 

Gmunding, 370.60 

ln.•tallatinn, 371}...11 

�farking, 370.120 

Securing and •uppc>rting, 370.30 
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Suppnn and extcn.'lion through w·..tl• 
and flnnr<, 370.18 

t:-..-s not pcnnitt<.-d, 370.12 

t:-..-s pcnniued, 370.10 

Cable cODDectors 

Definition, Art. I 00 

HazardntL• (cla.'lllified) 
lncati<>n.•, 501.141 (B) 

Ponable audio it�•tallation.'<, 640.41 

"lbc-dtcr, 520.67 

Cable eud 6ttinp, c:lutJtcing from cable 
lo kaoiHmd-tube, 300.16(A) 

Cable joint 

Definition, Art. I 00 

Cable �eDt system, 625.17((;), 
626.23, 626.25(B)(3) 

Definition, Art. I 00 

Cable routing llliRIDbly 
Communication." 5\"Stcm'li. 800.26, 

800.1 10, Soo.l l3, 800.154, 
800.182, 830.133(A) (I), 
840.170(1>) 

. 

Definition, Art. I 00 

•·ault-managcd po..,..,r 
cabk-s, 722.3(K) 

Cables 
Abandon<."<!, 640.6(8) 

(A:nnmuni�tion:oi. 800.25 

J>cfittition, Art. I 00 

.; .... ata..,n. 760.25 

opucat fiber, 770.25 

Rcmot<.�nntrol, Mb'llaling, and 
pmver-limit<.-d 
circuib, 722.25 

Adju.'\uncnt factnn for more than 
thrt..� CUITCDl<Mf}illg 
conductors in, Table 8.2( I I )  

Aerial, ... Aerial cabk-s 
Altcrnati\'C gcncrctl-

purpc"C, 722.179(A)( 4) 

Annnred (TypeAC), suArmor�-d 
cable ("1}-pc AC) 

Border lighL•, thc-dter, 520.44((;) 

Bundk-d, 700.11 ((;) 

J>cfinitinn, Art. I 00 

Cable trd�"· it�•tallation in, '"Cable 
trd)1i 

t:nder carpet, 722.179(A)( 10) 

J>cfinitinn, Art. I 00 

CA"IV, 800.133, An. 820 

Circuit int<.-grity, 722.135(•"). 
722.179(A)(7), 760.24(B), 
760.53(8)(2), 760.154, 
760.176(F) 

J>cfinitinn, Art. I 00 

Coaxial, 800.133, Art. 820, 840.1 1N, 
840.93((;), 840.101 (A) 

J>cfinitinn, Art. I 00 

Continuity, 300.12 

··<..,.t<xm, 610.13(C) 

J>cfinitinn, Art. I 00 

nu cable a.ucmblk-s ("1}-pc •"C>. ,_ 
•lat cable a.ucmblk-s ("1}-pc 
•"C> 

•lat conductor ("1}-pc •·cq, ""•lat 
conductor cable ("1}-pc FCC) 

•lexible, S« Cnnl•, •lexible 

Generdl·purpu<c, 722.179(A)(3) 

J>cfinitinn, Art. I 00 

Gmupcd, 620.21 (A) 

J>cfinitinn, Art. I 00 

Hc-.1ting, Art. 424 

lndtL•trial mobile, Art. 337 

J>cfinitinn, Art. I 00 

ln.•tallatinn in cable trd)"· -c.able 
trd)1i 

ln.•talk-d in gnxn·�-s. 300.4( •. ) 
ln.•trumentatinn tr.1y ("1}-pc lTC), -

ln'litntmcntation trd\. cable 
("1}-pc lTC) 

• 

lnk.l,Tdted g"dS <pacer cable ("1}-pc 
ICh'i), >�!t! lnt<.-grdt<.-d g.t.• 
•pacer cable ("1}-pc ICh'i) 

lntcrconn<..�ting, 645.5 

Umited-l"<c, 722.179(A)(5) 

J>cfinitinn, Art. I 00 

�fanufactur<.-d "iring 
"}"5teln.•, 604.100(,\) 

�icdinm '"ltagc cable ("1}-pc MV), -
�icdinm '"ltagc cable ("1}-pc 
�iV) 

�ictal·dad cable ("1}-pc �iC), -
�ictal·dad cable ("1}-pc �iC) 

�ictallic conductor, Art. 100 

�iinerdl·in.•ulat<.-d metai-Mc-dtbed 
("1}-pc Ml), S« �iinerdl
in.•ulat<.-d metakheathed 
cable ("1}-pc Ml) 

�iulticonductnr cabk-s, identification 
of conductors in, 250.119((;) 

Xonmctallic t.�tcn..Unn, srr 

Xonmctallic t.�tcn..Unn.'l 
:'\nnmetallic"heath<.-d ("1}-pc.-s l'i�i. 

:'\MC, and l'i�iS), >« 
:'\nnmetallic"heath<.-d cable 
("1}-pc.-s NM, :'\MC, and 
:'\MS) 

:'\nnmetallic under�:mund cnndttit 
\\ith conductnn. S« 
:'\nnmetallic under�:mund 
conduit with conductors 

Optical fiber, '"Optical fiber cabk-s 
Other t}")><."" nf, >l!f!"}"5teln.•, e.g. 

Community antenna 
tclc.."\i.Unn and rctdin 
di.•<ributinn ( C..\TV) "}"5teln< 

Plenum, 722.179(A) (I) 

J>cfinitinn, An. 100 

Point nf entr.u1ce, 550.10W), 800.48 

J>cfinitinn, An. 100 

Ponable, S« C.onl•, flexible 
Ponable po..,"Cr cabk"<, marinas and 

lx>atyards, 555.34(A)(2), 
555.34(8)(3) 

Ponable po..,"Cr f<."<.-der, '"also 0\"Cr 
2000 \1>lb 

J>cfinitinn, An. 100 

Power and cnntrol trdy cable ("1}-pc 
TC), ""Pmver and control 
trd)" cable ("1}-pc TC) 

Prc-.t.ucmblcd in nonmetallic 
conduit, srr Xonmctallic 
under.,<n>und cnndttit "'ith 
conductors 
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Protection ag.Un.•t physical 
damage, 300.4, 530.22(E), 
530.46 

Ri.'Cr, 722.179(A)(2) 
Definition, ArL I 00 

Scaling, 501.15(1>), 501.15(E), 
505.16(,\) (2). 505.16(B) (5) 
through (B)(7), 505.16((;) 
(2) 

Sccur<.-d, 300.11,  314.17(8) 
Scnicc. Mr abo Scnicc..'"Cntrctncc 

cable fl}l'< .. SE and USE) 
Definition, ArL I 00 

Scnie<.'"Cntr.mce fl)l'< .. SE and 
USE), ""Scnict.'"Cntr.mce 
cable fl}l'< .. SE and USE) 

Splict. .. in box<.-.. 300.15 
Suppon, I JO.J2(C}, 392.18(G) 
Thnmgh studs,joi.•L•. r.tfters, 300.4 
•thl•-cling, elt."\"ator, 620.1 1  (B), 

620.12(A), 620-V 
·trunk, 520.68(1>) 

Definition, ArL I 00 
., .. ,,.fer, 520.69 

Definition, ArL I 00 
·type P, >« •t}l"' P cable 
Und<.."J'b'f<JUnd, 2."'D-III, 300.5, 305.15, 

770.47 
Und<.."J'b'f<JUnd f<..-..-d<..-r and hr.mch 

cin:uit .l}pc t:F, S« 
Und<.."J'b'f<JUnd f<..-..-d<..-r and 
hr.mch<ircuit cable fl}l'C 
UF) 

Vehicle supply equipment. 625.17, 
626.23 through 626.25 

Welding, 6."'D-JV 
Cable sheaths, 250.120(A), 300.6, 

305.11,  An. 334 
Definition, ArL I 00 

Cable suspeasion. 300.19 
Cable terminations, ArL 315 

Definition, ArL I 00 
Cable trays. ArL 392 

Acc<..-..ibility, 392.18(E), 392.18(F) 
Ampacity. 320.80(B). 392.80 
Bend•. 392.18(A) 
Bonding, 392.60 
Bu.m<..-d conduit and whing, 392.46 
('..able and conductor 

in.•tallation, 392.20 
('..able fiU, 392.22 
Cla.u 2 and Clas• 3 circuiL.., 722.3(E) 
Cla.u 4 circuiL•. 726.136(G) 
Cla.u l circuiL.., 724.3(E) 
C .. ommunication., circuiL'l in7 800.110. 

800.113(H) 
C..c>JL•mtction spt.-cification..., 392-111 
C..c>\-crs, 392.18(C) 
Definition, ArL I 00 
Equipment grounding conductor 

in.•tallation, 250.120(A) 
Expo.<cd, 392.18(E) 
tire aJann ""tcm 

co�ductors, 760.5J (C), 
760.133, 760.139 

tire r<.. .. isti\-c "}'"tcm, 728.5(1>) 
Gmunding, 392.60 

70-870 
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ln.•tallation, 392-11 
Marking, 392.18(H) 
Maximum numb<..-r of cahk .. 

in, Tabk .. C.l4 through C.20 
Nel\mrk·p<>"'-crt.-d broadband 

cctmmunicatictn.'l 
5}-'St<.. .. n.•. 830.133(A) (I) 

Optical fiber cabk-.. 770.133 
<h-er 1000 miL., cahlt. .. r.tted. 392.20 
<h-er 2000 miL., cahlt. .. 

r.tu.-d, 392.80(8) 
Photm,Jtaic "}'"Lcm•. 690.31 (C)(2) 
Plenum•. 300.22((;) (2) 
Securing and supp<>rting, 392.30 
Splict. .. , cable, 392.56 
Supp<>n for r.tc<.."\\'a�'S, cabk. ... box...-.. 

and conduit 
hodit. .. , 392.18(G) 

Thnmgh panition.• and 
, ........ 392.18(1>) 

u ..... nul pcnnill<..-d, 392.12 
u ..... pcnniu<..-d, 2."10.44, 392.10 
Ventilat<..-d, 392.22 
\\�ring methods, 392.JO(A), ·Jable 

392.10(,\) 
Calculali0115, Ann<..-x I>; >«also l..c>ads 

Camping trailer, >«also Recreational 
whick .. (camping lrdii<..Ts, 
motor homt.�. park trclilcn. 
lr.t\·el tr.tilers, mtck 
campers) 

Definition, An. I 00 
Caauabls oU equipmeut aDd 

systems. An. 512 
Booth.., 512.3(B), 512.20(C) 
Equipment, 512-111 
tlammahle g.t.-... .. c>r •<�p<>rs, 512.3 
Marking, 512.32 
\\�ring, 512-11 

Canopies 

Box< .. and fittings, 314.1!5 
U\-c parts, t.-xpo.'ll.-d, 410.5 
Luminair<.. .. fixlur<.. .. 

C..cmductors, space fur, 410.20 
(' .• 0\'Cf 

At box< .. ; 410.22 
Cnmbu.•tihle fini.•h<..-.. an·ering 

r<.-quired ber...-cen canopy 
and box, 410.23 

eap.dtors. An. 460. '" also Hazardou.• 
(cla..Wfi<..-d) location.• 

Enclosing and guarding, 460.3 
Induction and diclecllic 

hc-.tting, 66.'i.24 
ln.•tallation, An. 460 
Motors, 430.27, 460.9 
I 000 mlts and under, 460-11 

C..cmductors, 460.8 
Gmunding, 460.10 
Marking, 460.12 
Mean.• uf di.�harge, 460.6 
0\-cn:urrent pmlectiun, 460.8(8) 
Rating or �uing or motor overload 

dt..,ice, 460.9 
<h-er I 000 miL., 460-111 

Gmunding, 460.27 

Identification, 460.26 
Mean.• f<>r di.�e. 460.28 
0\'t.TCUrrent pmlectiun, 460.25 
s ... itching. 460.24 

Pha.'C com-cners, 455.23 
Safe zone, 460.25(1>) 

Definition, ArL I 00 
X-r.ty t.-quipmenl, 517.76, 660-111 

Caps. ,_ Auachment plugs 
Cand\'1115, circuses, fairs, ..... similar 

eveals, An. 525 
c .. onductor ()\"erhead clearctnce� 525.5 
Gmunding and bonding, 525-IV 

Equipment bonding, 525.30 
Equipment gmunding, 525.31, 

525.32 
(;n•unding conductor continuity 

a.'\.'iUrtlnCe� 525.32 
Opcr.tlors, 525.21 (A) 

Definition, ArL I 00 
Pmver «>urct.-.. 525-11 

Multiple sourc<.. .. uf supply. 525.l l·· 

Scnic<..-.. 525.10 
Protection of ek�trical 

t.-quipment. 525.6, !\2!\.2."1 
\\�ring methods, 525--lil 

C..cmct.-..iun..., 525,21 
Gmund.f.tuh circuit·inlerrupler 

protecliun. 52.:;.23 
Punahle

.
·di."ribution or tenninal 

bmu . .-, 525.22 
Rides, !\25.21 
·tcnL•. 525.21 

Oa1riclge fuses, 246-VJ 
Disconn<..-ctiun, 240.40 

CATV S)'liteiiiS, ..,. ('A>mmunily antenna 
tek�i�on and rctdiu 
di.•llibution ( C..\TV) ')'Sietn.• 

Crillug faus, 680.22(B), 680.43(B) 
Supp<>n, 314.27((;), 422.18 

Cell 
(' .. cllula.r metal floor r.tc<.."\\<1�" 

Definition, ArL I 00 
Ek-ctmlytic, sa t:Jectrol}-,ic cell• 
Fuel, ArL 100; ...,. also Fuel cell 

��leiU'i 
lntcrcell conn<..-clors, 480.-t(B) 

Definition, ArL I 00 
lntcrtier connectors, 480.4(B) 

Definition, ArL I 00 
Rae<..·way 

Definition, ArL I 00 
Scaled, 480.11 (B) 

Definition, ArL I 00 
Solar 

Definition, ArL I 00 
Stor.tge haueri< ... 480.4, 480.1 1  (B) 

Definition, ArL I 00 
Cellus, sa Ba.'Cments 
Cell lille, electrolytic cells. >« 

Ek-ctn>l),iC cells 
Cellubtr concrete Door 

nceways. ArL 372 
Ampacily of conductors, 372.23 

C' .• unnection tu cabineL'i and other 
enclosur<..-.. 372.18(B) 

J>iscmuinued oulleL•. 372.58 
Header, 372.18(,\) 
ln.•tallation, 372-11 
Junction hc>Xt. .. , 372.18(C) 
Markers, 372.18(E) 
Number or conductors, 372.22 
Size of conductors, 372.20 
Splic< .. and taps, 372.56 
u ..... nul pcnnill<..-d, 372.12 

Cellubtr-' Door nceways. ArL 374 
Ampacily of conductors, 374.23 
C' .• unnection tu cabineL'i and 

extcn�on fn•m 
cells. 374.18(A) 

C..c•n.•mtction, 374-111 
Definition, ArL I 00 
J>iscmuinued oulleL•. 374.58 
lnscn•. 374.18((;) 
ln.•tallation, 374-11 

Junction hc>Xt. .. , 374.18(B) 
Markers, 374.18(1>) 
Number or conductors, 374.22 
Size of conductors, 374.20 
Splic< .. and taps, 374.56 
u ..... nul pcnnill<..-d, 374.12 

a.airlifts, '" t:lt."\"ators, dummv-.Utcrs, 
t.-.calalurs, mcning walks, 
platfonn lift.•. and stainv-.ty 
chairlifts 

� controUers 

Definition, ArL I 00 
Enef!,>y stor.tge "}''Stetn.•. 706.33 
Solar photcn,Jtaic "}'"Lcm•. 690.72 

a..q;er power conwrlers 

Definition, ArL I 00 
Child c:are fllcillty 

Definition, ArL I 00 
·tampcr-r<.. .. i.•tant receptack .. 

in, 406.12(3) 
Chun:hes, An. 518 
CiDder fiU 

Ek-cllical metallic tubing, 358.JO(C) 
High den.'lity p<>l�-cthylene 

conduit, 353.10(3) 
lntcnn<..-diatc or rigid metal conduits 

and elt."Ctrical metallic 
tubing, in or 
under, 342.JO(C). 344.JO(C) 

Nonmetallic undcf!,<n>und conduit 
with conductors, 354.10(3) 

Reinforcing thennosetting n.-sin 
conduit, 355.10(C) 

Rigid p<>l),inyl chk>ride 
conduit, 352.10(1>) 

Cin:uJt breakers, An. 240. >«also 
Hazardou.• (cla.uified) 
location.'l 

Acct.-..ibility and grouping, 404.8(A) 
Adju.•table 

Definition, ArL I 00 
�'ficuhur.tl buildings, 547.29 
Arc enei'!,'Y r<..-duclion, 240.87 
Circuits m-er 1000 miL•. 245.21 (A), 

495.45, 495.46 
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ll'>DEX 

Damp or wet location.<, in, 404.4 
Definition, ArL I 00 
Disconn<..�tinn of gn•und<..� 

cin:uits, 404.2(B), 514.11 (A) 
Enclosures, 404.3 
tix�-d ek-ctric heating �"<)uipment for 

pipelin�"< and 
,.�.._...,L,, 427.55(A) 

tix�-d rc5i.•tance and ek-ctmde 
indtL•trial pr<JC�.._, hc-.tting 
�"<)uipmenl, supply 
conductors, 425.21 

(:Cnerdl, I I  0. 9, 240-1 
Indicating, 240.81, 404.7, 422.35, 

425.21 
ln.•Umtan�·otL• trip, 695.3(H) 

Definition, ArL I 00 
lm"Cr<c time, 240.6(A), 430.53, 

430.83(A), 430.1 1 1  (B)(2) 
Definition, ArL I 00 

Markings, 240.83, 240.86(A) 
Mobile hom�"<. 550.1 1  (C) 
NonadjtL•table, 455.7 

Definition, ArL I 00 
Ch"t."J"CUrrent pmtection, 235.408, 

240-1, 240-VII 
(:Cner.ttors, 445.12 
Motors, 250.122(D), 430.52, 430.58, 

430. 1 1 1, 430.206(C) (I) 
"lrdll.•fonners, 450.3 

<h"t."T 1000 \1>IL<, 245.21 
Panclboanb, 408-111, 408.54, 

408.55(A) t:x.l 
Rating 

tixed·trip cin:uit 
breakers, 240.6(A), 
240.83((;), 240.86 

Motor br.tnch circuits, 430.58 
Scnice di.'<Connecting mean.<, 230.70, 

235.405 
Scnicc cn·crcurrcnt 

protection, 230.90, 230.91 
S\loitcb�"<, tL'<C a.•, 240.83(D), 404.1 1, 

410.HI (A) 
Circuit cllrec:tory, JNU>elbouds, 408.4 
Circuit intq;rity cables 

Definition, ArL I 00 
tire aJann "}"tem•. 760.24(B), 

760.53(B)(2), 760.154, 
760.176(F) 

Pmver-limitL-d circuit<, 722.179(A)(7) 
Circuit interrupters, pvtmd-fault, -

Gnmnd-f.tuh circuit 
interrupters 

Circuits 

Abandon�"<! supply circuits, 645.5(G) 
An�"<lhetizing location.•, 517.63 
Br.tncb, S« B.-..nch circuit• 
Buf!,.Jar alann, >« Rcmot�--control, 

s4,'11aling, and pmver-limitL-d 
circuits 

C..cntrcal station, S« tire aJann system., 
c .. ommunication. S« 

C .. ommunication., circuiL'l 
c .. ontrol, sa C.ontnJ) circuiL"l 
Different inlrin.'lically safe, 504.30(B) 

Definition, ArL I 00 

t:k-clrical circuit pmt�-ctiw 
S}"t�"tn, 250.120(A) IX, 
300.19(B) 

Definition, Art. I 00 
tire alann, ,_tire aJann "}"St�"tn.• 
Fuel cell <}"Stein.•, ,_Fuel cell <}"Stem• 
Gnmnding, An. 250 
Impedance, 1 10.10 
Information IL-cbnolo�;y 

�"<)uipmenl, 645.5 
lntcrconn<-�1<..� electric power 

production sourc<..� 705.28 
lnlrin.'lically safe, 504.30 
lm"CM�"T input and output 

cin:uits, 690.1, 690.8(A) (I)  
Definition, Art. I 00 

._�.._, than 50 '"IL<, 
b'l"ounding, 250.20(A) 

Modular data centers, 646.6 thmugh 
646.8, 646.17, 646.20 

Motor, 430-11 
Motor control, 430-\'1, 725.3(C) 
Num�"T of, in enclosur�"<. 90.8(B) 
Output, :«<Output circuits 
<h"Cr 600 "'It•, su <h"t."T 600 '"It• 
<h"Cr I 000 miL<, S« <n·er I 000 mlts 
Pbot<n,Jtaic "}"tem•. 690.6, 690-11 

lm"CM�"T circuit•, 690.6 
Output circuit<, 690.1, 690.6(B), 

690.7 1hrougb 690.9, 690.31 
PV string circuits, 690.7(A), 

690.8(D) 
Definition, Art. I 00 

PV "}"tem DC circuit, 690.7, 690.9, 
690.11,  690.31, 690.41, 
690.42 

Definition, Art. I 00 
Pmver-limitL-d, >« Rcmotc-cuntrol, 

s4,'11aling, and JlUIR"T-IimitL-d 
circuits 

Pn ... �i.�� 
comnnutiauion.<, 840.170(B 
) 

Definitiun, Art. 100 
ProtectlJI'S n ... -quircd, communication.'l 

cin:uits, 800.100, 800.106, 
805.90, 805.170, 830.90 

Rclnnt<..'"Control, S« Rcmoll."'Contn•l. 
s4,'11aling, and pmver-limitL-d 
circuits 

Signal, S« RcmoiL--contml, signaling, 
and pmver-limiK-d circuit• 

Source circuits, 690.1, 690.7 lhmugh 
690.9, 690.31 

Definition, Art. I 00 
"Jckl,'l'.tph, >« Communications 

circuits 
"1Cicphnne7 Mr C.ommunication!l 

circuits 
Tbenn<JC<mple, 722.135(G) 
U ndef1,'1'ound7 srr Communication., 

circuits 
Ungnmnded, 210.10, 215.7 
\\�nd ek-clric "}"5te>n.•, 694-11, 

694.30(C) 
Circuses, saC.arni\-..1.•, circtL�"<. fairs, 

and Mmilar t."\'CDt!l 
Clamp 60, boxes, 3H.I6(B)(2) 
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Clamps, grouucl, 250.10, 250.70 
Class I, 2, S, lllld 4 circuits, >« RemuK� 

control, <ib'Jlaling, and 
pmver-limitL-d circuit• 

Class I, U, md W locatious, >« 
HazardotL• (cla.-"'fied) 
location., 

CleaD surfaces, grotmdiDg conductor 
conaec:lious, 2.:;().12 

ClearaDCes, sa also t:nclosuR..; Space 
Antenna.•. 810.13, 810.18, 810.54 
C'AJnducton 

Buildings, on, 230.9 
Open, outside br.tnch circuit• and 

r� ... -dcrs, 225.18, 225.19 
<h"Crhc-.td scnice, 230.24, 230.26, 

551.79 
t:k"\>ltors, dumlm..Uters, �"5calators, 

etc., 620.5 
tix�-d rc5i.•tance and ek-ctmde 

indtL•trial pr<JC�.._, hc-.tting 
�"<)uipmenl, supply 
conductors, 425.13 

u,.., pans 
Auxiliary· gtllters, 366.100(1!:) 
Circuits <A"Cr I 000 10hs, I i 0-111 

LUillinair�"<, 410.1 16; 410.136 
Nct\lo,rk-p<>\lo"C� bn>adband 

cctmmunicatictn., 
sr-m=•n.•. 830.44 

S"imming p<><•L•. 680.9 
S\loitebbuard•, 408.5, 408.18 
\\rutd ek-clric "}"5te>n.•, 694.7(G) 

Cllmbillg ......,.,, line conductors on 
poles, 225.14(B) 

Clothes closets 

Definition, ArL I 00 
Heating, 424.38(<:) 
LUillinair�"<, 410.16 
0\"Cn:urrelll d�"\ic�"<, 240.24(0) 
Stor.tge space, Hg. 410.16(A) 

Clothes closet stonge spue, 410.16 
Definition, ArL I 00 

Clothes dryers 
C..alculatimL• fur, 220.54 
F<."t.-der demand factors, "Jllhlc 220.54, 

220.82(B) 
Gmunding, 250.1 14, 250.140 
Mobile hom�"<. 550.15(1::), 550.16(A), 

550.16(B)(3) 
Clotbing IDllllufactw"iug 

CO/ALR 

plauts, 500.5(D), An. 503, 
An. 506. :«< also Hv.ardutL• 
(cla.-"'fi�-d) I<JCation.• 

Receptacl�"<, 406.3(<:) 
S"itcb�"<, 404.14(C) 

CoUector riup, 495.64, 675.11 
Definition, An. 100 

CoUectors, cnmes lllld hoists, 610.22 
Color code 

Br.mcb circuits, 210.5 
C .. onductors, 310.6, 410.69, 

504.80((;), 647.4(C) 
t:xtr.t-hanl·tL.age cabk"<, 520.44(<:) 

(3) 

Gnmnd�-d conductor, 200.6, 200.7, 
400.22, 520.54(1) (I)  

Gnmnding conductor, 250.119, 
310.6, 400.23, 520.44(<:)(3) 

lsulat�-d p<nver "}"Ste>n.•, 517.160(,\) 
(5) 

Ungnmnded, 210.5(C), 215.12((;), 
310.6(C) 

Higher '"ltage to ground 
Scn..Uti\-'C ek�tntnic 

�"<)uipmenl, 647A(C) 
Scnict.'"entr.tnce 

conductors, 230.56 
Combustible dusts, An. 502, 

ArL 506; :«< also Hv.ardutL• 
(cla.-"'fi�-d) I<JCation.• 

Definition, ArL I 00 
Combustible gas detection 

systems, 500.7(K), 505.8(1) 
Definition, ArL I 00 

. Combustible-Uquicl produc:ed 
vapors, su Hv.ardotL• 
(cla.-"'fi�-d) I<JCation.• 

Conunen:ial gu"Olgft. >« Gar.tg�"<, 
commercial 

Common grouucllng electrode, 2.:;().58 
Common neutral 

F�"t.-ders, 215.4 
Conununic:ations circuits, An. 805; s<r 

n/soC .. nmmunicatinn., 
�}�leln,; Cctmmunity 
antenna tclt."l-i�on and r.tdin 
di.•lrihution ( C.o\:IY) 5\"Ste>n.•; 
Premi.��Jl<'""R-d · 

broadband cctmmunicati<tn 
�}�leln,; Radio and tclt."\i!linn 
�"<)uipment 

Bonding, 800.100, 800.106(B), 805.93 
C..able suhstiwtiun, 805.154 
Definition, An. 100 
t: .. '<Cntial ek"Cirical 

S}"5teln.•, 517.33(D), 
517.43(D) 

Gmunding, 805.93 
Umited-p<>wcr circuit•, 725.60(A) 
ll•ting of equipmenl, 805.18, 805-V 
Protection, 805-111 

D�"\ic�"<, 805.90 
Gmunding, 800.100, 800.106(A) 
Mobile hom�"<. gnmnding and 

bonding at, 800.106 
Primary proiL"Ciors, 800.100, 

800.106, 805.50, 805.90, 
805.170(A), 830.90 

Secondary protectors, 805.90(D), 
805.170(B) 

Rac�·wa}"· 722.3(L), 800.1 10, 800.113, 
800.154, 800.182, 
840.170(D) 

Definition, An. 100 
Undef!,'I"<JUnd circuits emering 

buildings, 805.47 
Conununic:ations equipment, 645.3(t"), 

646.3(F}, 800.171, 830.179, 
840-VI 

Definition, An. 100 
Conununic:ations senice pnmders 

Definition, An. 100 
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Ccmummic:ations systems, An. 800; S« 
n/soC .. ommunication.'l 
circuits 

Ahandon<.-d cabk-s, 800.25 
Definition, An. I 00 

Acc<.-.s lo ek-cuical 
<--quipmenl, 800.21 

8uildingo, wilhin, 800.100(8), 800-1\' 
('..able marking, 800.179, 800.182 
('..able muting a.'<'<Cmblk-s, 800.182 
Critical opcr.ttion.< power 

'}"leln.<, 708.14 
Gmunding, 800-111 
Hc-.tllh care f.tciliti< .. , 517.33( I>), 

517.43(1>), 517-VI 
ln.<l<lllation, 800-1\' 
Ughming conduclon, 800.53 
ll<ting of equipmenl, 800.1 13(A), 

800.179, 800-V 
Mechanical execution of work, 800.24 
Mobile hom< .. , 800.106 
Motion picture and tck"l-i.Uon 

•wdio•, 530.5(8) 
Multif.tmily dwdlingo, 800.1 13(K) 
On<.� and nm-familv 

d"'-cUingo, SOO.I I3(L) 
0\-cmc-.td \\ir< .. and cabk-s, 800.44 
'1}-p<. .. of cable, 800.179 

Ccmummity Ulleaualelnision aDd 
radio distribution (CA1V) 
systems, An. 820; su a/so 
Radio and lck'\illion 
<--quipmenl 

C..abk .. 
\\�lhin buildingo, 820-V 
ll<ting, 820.154 

Definition, An. I 00 
Ene'l,')' limitation.<, 820.15 
Gmunding, 820-1\' 

C..abk-., 820.93, 820.100 
Equipment, 820.103 

ln.<l<lllation of cabk .. and 
<--quipmenl, 820-V 

Prolection, 820-111, 820.100 
Compotct strmdiDg 

Definition, An. I 00 
Compressed stnDdiDg 

Definition, An. I 00 
Compressors, refrigeration, An. 440 
Compuler rooms, S« lnfonnation 

1<.-chnolo�,'Y equipmenl 
Concealed 

Definition, An. I 00 
Ek-ctrical melllllic lubing, 358.10(A) 
Ek-ctrical nonmel<lllic 

mbing, 362.10(4) 
tixed indu.<trial pn>c<.-.s duel 

hc-.tter.<, 425.45 
Knob-and-whc \\iring, S« KnoiHind

tubc \\iring 
Low-ml"'b'C •u.<pcnd<.-d ceiling power 

di.<tribution 
'}"leln.<, 393.12(4) 

Metal "'ir<.·wa}"S, 376.10(4) 
Nonmetallic cxtcn..Unn.'l, srr 

Nonmetallic cxtcn..Unn.'l 
Surface melal r.tc<.·wa}"· 386.12(5) 
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Ccntc:eDtric Jawc:kouls, su KnocknuiS 
Ccntc:eDtric strmdiDg 

Definition, Art. I 00 
Concrete 

Boxt.-s 
Enclosur<-s, 314.23(G) 
tlu.<h-mounled in•l<lllation.< 

of, 314.19, 314.20 
(' .. cllular concrete floor 

r.tc<.'\V'd}"· Art. 372 
l>ir<--ct-buri<.-d cable, conduil, or 

rc&ct."\Y"d\"5, ccn·cr 
r<--qui..:meniS, 'labk .. 
300.5(A) 

Ek-ctrical me Iaiiie lubing in, 358.10, 
358.42 

Ek-ctrical nonmelllllic IUbing 
in, 362.10 

Ek-ctn>d<-.. enca.«.-d in, 2.?0.50 Ex., 
250.52(A)(3), 250.66(8), 
250.68, 250.70 

tlcxible mellll conduil, 348.12(6) 
Hc-cating cablt.-s, in.•n.allation in 

concrele floon of, 424.44 
High den.<ity pol}-clhylene conduil 

in, 353.10 
lnlcnn<.-dialc mellll conduit, 342.10, 

342.42(A) 
Uquidtigbl flexible melllllic 

conduil, 374.18(A) 
Uquidtigbl flexible nonmelllllic 

conduil, 356.10(7), 356.42, 
374.18(,\) 

Metal r.te<.'\V'd}" and <--quipmenl 
in, 300.6(A)(3), 300.6(8) 

Min<.-r.tl-in.<ulal<-"<1, metakhealhed 
cable in, 332.10(6) 

Nonmelallic"healhed cable 
in, 334.10(8)(3), 334.12, 
334.15(8) 

Nonmelallic undcr�:mund amduit 
wilh conduclors. S!l4.10(2) 

Rigid metal conduil, 3'14.10, 
344.42(A) 

Rigid pol),inyl chk>ride 
cundnil, !152.10 

U nderfln<>r r.tcl.·wa}"· 390.10 
U nd<-"1,..-..und f<."t.-dcr and br.tnch

circuil cable, 1ypc 
UF, 340.12(8) 

WalL<, cabineiS it�<llllled in, 312.3 
Conductive surfaces, exposed, 410.42, 

6f.S.30 
Definition, Art. I 00 

Conductor 611 

Audio •yslemii, 640.23(A) 
Auxiliat)· gn11cn, 366.22 
8c>X<"5, 314.16(8) (1), 314.16(8)(5) 
('..able lr.t}"· 392.22 
(' .. cllular concrete floor 

r.tc<.'\V'd}"· 372.22 
(' .. cllular mellll floor r.tc<.·wa}"S, 374.22 
(' .. onlrol circuiL<, 517.74(A) 
Ek-ctrical melllllic lubing, 358.22 
Ek-ctrical nonmelllllic IUbing, 362.22 
Ek'\-ator.<, 620.32, 620.33 
tixlure \\ire, 402.7 
tlcxible mellll conduil, 348.22 

tl<.-xible melllllic wbing, 360.22 
Gcner.tl in.<lllllationii, 300.17 
Hazardou.< (cla.<llified) location.<, 

'Caling fi<tingo, 501.15(C) 
(6), 505.16(1>)(5) 

High den.<ity pol}-clhylene 
conduil, 353.22 

lnlcrm<.-diatc mel<ll conduit, 342.22 
Uquidtigbl flexible mellll 

conduil, 350.22 
Uquidtigbl flexible nonmelllllic 

conduil, 356.22 
Maximum pcrmi11<--d, 300.17 
Nonmetallic undcr�:mund conduit 

wilh conduclon, 354.100(1>) 
Oullel lx>X<"S, eiC., 314.16 
Reinforcing thcnnosctting rt.�n 

conduil, 355.22 
Rigid metal conduil, 344.22 
Rigid pul),inyl chk>ride 

conduil, 352.22 
Sign.<, 600.31 (C) 
Strul-lype channel r.tc<.-...-ay, 384.22_ ·· 

Surface r.tc<.'\\'li}"S, 386.22, 388,22 
Tbc-.tlcrs, 520.6 
Und<.-rfloor r.tc<.'\\'ll}"· 390.22 
\\�r< ...... ) .. , 376.22, 378.22 

Conductors, s<r also Cord!!; flexible; 
•ixtun: \1\in..-s 

Aluminum, 2!10.120(8) 
Ampacitics,:llibk .. 315.60(C)(2), 

SI5.60(C)(4), 315.60(C)(6), 
!115.60(C)(8), 315.60(C) 
(10), 315.60(C) (I2), 
315.60(C)( 14), 315.60(C) 
(16), 315.60(C) (I8), 
315.60(C)(20) 

Propcni< .. of, Chap. 9, 'lable 8 
Ampaciti< .. , 310.14 1hrough 310.21, 

'lable 315.60(C)(I ), Annex 
8, 'labk .. 8.2( 1) lhmugb 8. 
2(10) 

Amu.'<Cmenl allr.tction.<, 522.20 
lhrough 522.24 

Application.< and in.<ulation.< r.tl<--d 
600 '"It<, 'llthle 310.4(1) 

Armored cable, Type AC, S« 
Armored cable ('l}pc AC) 

Bare� sn Bare conductors 
Bending r.tdius, 305_:; 
Bcmding, -Bcmding conduclors 
Bc>X< .. and fittingo,junction, 314.16, 

314.17 
8r.tncb circuiiS, An. 210. ,_ also 

8r.tncb circuiiS 
8undk-d, in lhc-.tlcrs, elc., 700.11 (C) 

Definition, An. I 00 
8uri<--d, 310.10(E) 
8tL•iWa)'5. S« 8tL'i\V'cl}"5 
C..abineiS and culoul bon-s, 312.5 

lhrough 312.7 
C..ablebtL<, s« C..ablebtL< 
C..alculatim�<, exampk-s, Annex I> 
C..apacil<>n, 460.8 
C..cllular concrete floor rctc<-�ct� S« 

(' .. cllular concrete floor 
rctct."\Y"d}"5 

(' .. cllular mellll floor r.tc<.'\\-ays, ,_ 
(' .. cllular mellll floor r.tc<.'\\-ays 

Circuil 
c .. ommunication.,. Art. 800 
(' .. onlrol, heallh care 

f.teiliti< .. , 517.74 
tire alarm, An. 760 
Signal. rcmoll."'Control. pcnvcr

limiled, An. 725 
(' .. ombinatim�<. Chap. 9, 'lablc I 
(' .. oncealed knob-and-tube, s<r Knob

and-lube wiring 
(' .. onduil or wbing, number 

in, 342.22, 344.22, 348.22, 
350.22, 352.22, 353.22, 
354.22, 356.22, 358.22, 
360.22, 362.22, Chap. 9 
'labk-s, Annex C 

(' .. ooling of electric 
<--quipmenl, 1 10.13(8) 

Copper, 1 10.5, 505.18(A), 760.49(C) 
Ampaciti< .. , 'labk .. 315.60(C)( 1), 

315.60(C)(3), 315.60(C)(5), 
315.60(C)(7), 315.60(C)(9), 
315.60(C) (II ), 315.60(C) 
(13), 315.60(C) (I5), 
315.60(C)(I7), 315.60(C) 
(19), 8.2(1) throuj,-h 8. 
2(10) 

Propcni< .. , Chap. 9, ·table 8 
(' .. oppcr..:lad aluminum 

Definition, An. I 00 
Equipment1,'1'ounding 

conduclor.<, 250.120(8) 
(' .. ord<, flexible, sl!f! (' .. ord<, flexible 
C .. orrosivc condition.� sn Corrosive 

conditions 
(' .. owred, 310.15(1>), 310.21 

Definition, An. I 00 
Cr.tne and hoi.<L<, 610-11,610-111, 

610.41 
Damp location.<, 310.10(8) 
Deflection of 

Auxiliat)· gu11crs, 366.58(A) 
C..abineiS and culoul bon-s, 312.6 

l>ifferelll '}"tcm<, 300.3(C) 
l>imen.<im�< of, Chap. 9, 'lablc 4 
Dry location.<, 310.10(A) and (8) 
Ek-ctrical melllllic lubing, >« 

Ek-ctrical melllllic lubing 
Ek-ctrical nonmelllllic IUbing, S« 

Ek-ctrical nonmelllllic 
mbing 

Ek'\-ator.<, dumh\\-aiter.<, <.-.calalon, 
elc., 620-ll lhrougb 620-1\' 

Enclosure, gnmnding, 250-1\' 
(;n•unding ck�tnKic 

conduclor.<, 250.64(1>), 
250.64(E) 

Equipmelll gnmnding, ,_ 
Equipmelll gnmnding 
conductors 

F<."t.-der, An. 215, 530.7 
tire alarm '}"tcm<, 760.3, 760.48, 

760.49, 760.130 
tire pumpii, 695.6 
tixed r<-.i.<tance and ek-ctmde 

indu.<trial pr<JC<-..< hc-.tting 
<--quipmenl, •upply 
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conductors, 42!U I, 
425.22(D), 425.22(E) 

tixture \\in.-s, An. 402 
Gaug�.,. (AWG), gen�-r.tl 

pr<J\i,.;.m . .., 1 10.6 
Gener.tl \\iring, ArL 310 
Gcncrcuon, size, +l?. l 3 
(;n•und<-�. Mr Grounded cnnducton 
(;n•und<..� p•wcr system., in 

an�.,.thetizing 
location..., 517.6.'1 

(;n•unding, s«(;rounding 
conductors 

(;n•unding ck�tnKic, s«(;rounding 
ck-ctrodc conductors 

Gmupcd, 520.54(<:), 620.21 (A), 
620.44, 640.8, 650.6, 
690.31(8)(3) 

Definition, ArL I 00 
Identification, 23.:;.5, 235.212, 310.6, 

400.52, 410.69 
Induction and diclecuic heating 

�-qttipment, ampacity of 
<upply, 665.10 

lndtL•uial control panel<, 409.20 
ln.•tallation, 310-111 

Other "}"tem.., \\ith, 300.8 
ln.•ulatL-d, An. 310 

At btL•hing<, 4 AWG and 
larg�..-, 300.4(G) 

Con.'ltntction and 
application, 400.44(8) 

Definition, ArL I 00 
Ek-.-ators, dumbwaiters, �-,calator<, 

etc., 620.1 1  
tire aJann "}"tcm•, 760.49(8) 
tixtun..,., 410.52, 410.117(A) 
Gmund�-d conductors, 200.2(A), 

551.54(C), 552.55(<:) 
HazardotL• (cla....;fied) 

location..., 501.20, 505.18(8) 
Identification, 310.6, 310.8, 410.69 
Low-mhab"' <tL•pcnd�-d ceiling 

pcnvcr di'ltribution 
"}-.tetn.•, 393.14(8) 

Medium �,ltage conductors, 315.10 
Motion picture pr<��-ctor<, 540.14 
Outside br.mch circuiL• and 

f�-....tcrs. 225.4 
Park tr.Uiers, 552.55(C) 
Portable power f�-..-ders, 400.44(A) 
Reinforced thcnmJ.'ietting n.-:Un 

condttit, 355.10(1) 
Scnice conductor<, 230.22, 

230.30(A), 230.41 
Splic�.,. andjoinL•, 1 10.14(8), 

400.13, 530.22(8), 590.4(G) 
S"itcbboard•, 408.19 
·lnc-.ttcrs, 520.42 
·lniclm�-..• of in.•ulation, Table 

310.4(2) 
lntcrconn<..-ct<-� electric power 

production 
<ourc�-., 705.1 1  (8) 

lnuitL'<ically <afe, 504.30, 504.50 
Length in lx•x�.,., 300.14 
Length in <urge pmtL-cti\'C 

d�.,;c�-., 242.28 

ll'>DEX 

Ughtning md•, <pacing from, 800.53 
Uquidtight flexible metal 

condttit, su Uquidtight 
fkxihle metal condttit 

Uquidtight flexible nonmetallic 
condttit, su Uquidtight 
fkxihle nonmetallic condttit 

Low-mllab'C <tL•pcnd�-d ceiling power 
di•uihution <}-.tcm•, 393.10 

Marking, 400.52 
Material, 310.3(8) 
Metal·dad cable, S« Metal-clad cable 
Metal "iR"\\>1}"<, 376.56(8) (5) 
Min�-r.tl·in.•ulatL-d metal..mc-.tthed 

cable, -Miner.tl-in.•ulatL-d 
metal-5hc-.tth�-d cable ("1}-pc 
Ml) 

Minimum <ize, 230-"11, 230.42, 
310.3(A), 517.74(8), 620.12, 
650.6(A), 660.9, 760.49(A), 
760.142 

Modular data center<, <upply 
conductors, 646.6, 646.9(D) 

Motion picture pr<��-ctor<, 540.13 
Motor cin:uiL•, 430.6, 430-11 
Multioutlet as.<cmbl\·, ,_ Multioutlet 

a.'l<cmhly · 

Multiple, 250.102(<:), 250.122(F}, 
300.5(1) Ex. I, 300.20, 
310.10(G), 392.20(C), 
520.27(A)(2) 

N�-utr.tl, S« :'\eutr.tl 
Nonmetallic t.�tcn.Unn'l, srr 

Nonmetallic t.�tcn.Unn'l 
Nonmetallic <hc-.tthed cable, ·l}pt."' 

NM, :'\MC, and NMS, >« 
Nonmetallic-5heathed cable 
fi}J><."' NM, :'\MC, and 
NMS) 

Number of, in, ....,cAmductor fiU 
Org-.tn..., 650.6, 650.7 
Outdoor •n·crhc-ctd conductol"5 o\'Cr 

I 000 '"lt<. An. 395 
Outlet lx>xcs, kmpcr.tture 

limit<, 410.21 
Outside \\iring, An. 225 
Ovi-n:urrcnt pmtection, 240.4 

cihlehtL• conductor<, 370.2."1 
•ix�-d n.-,l•tance and ek-ctmde 

indtL•trial pr<>e�-..• hc-.tting 
�-qttipment, 425.72(E), 
425.72(t") 

Gmund�-d conductor<, 230.90(8), 
240.22 

Scnic<-'"entr.tncc 
conductors, 230.90, 230.91, 
235.408 

0\-crhc-.td "Cnice, S«Owrhc-.td 
�nice cnnductol"5 

0\-cr I 000 miL.., 231>-111 
Outdoor cn·erhc-.td 

conductors, Art. 395 
Par.tlleled, 250.30(A)(3), 250.102((;), 

250.122(F), 250.186(A) (2), 
250.186(8)(2), 300.3(8)(1), 
300.5(1) Ex. I, 300.20, 
310.10(G), 366.20, 376.20, 
392.20(C), 520.27(A) (2), 
530.10(8), 620.12(A)(4); >« 

also Flat cable a."""mbiK.-, 
("1}-pc ··q 

Pendant fixtur<.,., 410.54 
Propcni<.,. of, Chap. 9, Table 8 
RaCl."\\CI}1i• number or cnnductol"5 

in, su Conductor fill 
Radio and tck-.i<ion �-quipment and 

antenna "}-.tem.., 810.13, 
810.16(A), 810.17, An. 820 

Raihv-.ty, pcJ\\-cr and light from, II  0.19 
Recreational .-chicle <ite f�-..-der 

circuit, 551.73, 551.80 
Rcmnt<-'<ontrol circui� An. 725 
Rigid metal condttit, su Rigid metal 

conduit 
Same cin:ttit, 300.5(1) 
Selection of, exampk-s, Ann�-x D 
Scnice, S« also 0\-crhead "Cnice 

conductors; ScniCl .. "-Ciltrdllcc 
cable fl}l'<"' SE and USE); 
Scnic<-"-Cntr.tncc conductors 

Definition.•, An. I 00 
Undefb'found "Cnice, 300.!\(D)!3) 

Scnic<-"-Cntr.tncc. :w.r Scnia.�ntr.tncc 
conductors 

Signal cin:uits, An. 7!&, An. 760 
Sign.• and outline lighting, 600.31, 

600.32, 600.33 
Single, 392.l0(8) (I), 392.20(D), 

.392.80 
Siz�-., 110.6, 540.13, 810.16(A), Table 

. 810.16(A), 810.17, 810.52, 
810.53, Chap. 9, .lltbk-, 5 
and 5A; ...., afso•ubhmd: 
Minimum <ize 

Splic�-d, 230.33, 230.46 
Srr.tnoc-d, 310.3(C), Chap.9, ·lltblc 10 
Support of, J JO.I2(C), 300.19 
Surface r.tc�"\\-ay, >«Strut·t)-pc 

channel r.tc�"''""�� Surfuce 
metal rctC<-"\\"3}"5; 'Surfucc 
nonmetallic r.tc<--u-ays 

S"itcbboard• and 
panellx>ards, 408.3(A), 
408.19, 520.53(E), 520.54 

·ntp, 210.19(D) Ex. I, 240.4(E), 
240.21, 240.92, 250.30(A) 
(6), 410.117(<:), 430.28, 
430.53(D) (2) 

Definition, ArL I 00 
·lcmpcr.tturc, limitation.• 

of, 310.14(A)(3), 338.10(8) 
(3) 

·lnc-.ttcr<, ponablc <tage 
�-qttipment, 520.68 

·1unncL•, I I  0.53, 110.54 
Underfloor r.tc�"\\-ay, -Underfloor 

rctct."\Y"d}"5 
U ndefb'f<JUnd f�"t.-dcr and br.tnch

circuit cable, S« 
Undefb'f<JUnd f�-..-dcr and 
br.tnch-cin:uit cable ("1}-pc 
UF) 

Undefb'f<JUnd "Cnice, 300.5(D)(3) 
Definition, ArL I 00 

Ungmunded 
Di<conn�-ction of, 2."10. 70 
Flat conductor<, nonmetallic 

�-xtcn.'lion<, 382.104(A) 

2023 Edition :'\.-\:110:-IAI. EI.EGrRJCAJ .. CODE 

Gmunding "Cpar.ttely deriwd 
"}-.tetn.•, 250.30(8) 

Identification, 210.5(<:), 215.12(<:), 
235.5(C}, 235.212(<:) 

Lampholder<, 410.93 
Multiple br.tnch circttiL.., 210.7 
0\-crcurrent pmtection, 240.15 
Scnic�-., 230.90(A) 
·lap�-d from gmunoc-d 

"}-.tem, 210.10 
Welder<, ek-cuic 

Ampacity of<upply, 630.11, 630.31 
0\-crcurrent pmtection, 6."10.12(8), 

630.32(8) 
Wet lc>eation..., 225.4, 310.10(C) 
\\�n.""'"'"· ,_ \\1r<"\Y"d�'5, metal; 

. \\�n.""'"l"· nc;nmetallic 
X-r.ty �-quipment, 517-V, 660.6 

through 6f.0.9 
Coudttit bodies, ..., abo Be•�.,. (outlet, 

d�.,ice, pull, and junction) 
Definition, ArL I 00 
Marking, 314.104 
Number of conductors, 314.16(C) 
0\-cr I 000 miL.., 314-111 
Pull and junction box, 314.28 
Short r.tditL•, 314.16((;)(3) 
Support 

Cable tr.t}-., 392.18(G) 
By reinforcing thcnnuscuing n."Sin 

condttit, 355.10(H) 
By Jib<id nonmetallic 

condttit, 352.10(1) 
Coudttit 611, >«also Conductor fill 

Equipment gmunding 
conductors, Chap. 9, :'\ote 3 

Gmunding conductor, 310.15(t") 
Coudttit Dipples, Chap. 9, Note 4 
Coudttits 

8c•x�.,. <upporting, 314.23(H) (2) 
Conductor<, number in, Chap. 9, 

·lahle I, Ann�-x C, ·labl�.,. Cl 
through CI3(A) 

Dimen.'<imL•, Chap. 9, ·lltblc 4 
Ek-cuical metallic tubing, ...., 

Ek-cuical metallic tubing 
Ek-cuical nonmetallic tubing, S« 

Ek-cuical nonmetallic 
tubing 

tlcxihle metal, su tlexihle metal 
conduit 

High den.'lity pol}-cthylene conduit 
("1}-pc HOPE), ,_High 
den.'lity pc>l}-cthylene condttit 
("1}-pc HOPE) 

lntcnn�-diatc metal, sa Intermediate 
metal conduit 

Uquidtight flexible metal, su 

Uquidtight flexible metal 
conduit 

Uquidtight flexible nonmetallic, >« 
Uquidtight flexible 
nonmetallic c•mduit 

Metallic, b'f<JUnding run.• 7.5 m (25 
ft), 250.86 Ex. I 

Number of fixture \\ir<.,. in, 402.7 
Outside wiring, 225.10 
Rigid metal, su Rigid metal condttit 
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Rigid pol)'\inyl chk>ride, ""'Rij,<id 
polpinyl chloride conduit 

COIIIIedions 

Aluminum, copJX--r 
conductors, 110.14 

Bu.<W.t>"· 368.238 

C..cllular metal floor rctc<-·ways to 
cahineiS and 
extcn<ion<, 374.18(A) 

Ek-cuic •'Chicle supply 
�-quipmenl, 625.+1 

E._'<Cntial ek-ctrical '>"te>n•. 517.32, 
517.35, 517.43, 517.44 

tix�-d ek-ctric spac��heating 
�-quipmenl, 424.-t.:;(q, 
424.99(B)(2) 

Fuel ccll 5)'"51<-1n'l to other 
cin:uiiS, 692-VI 

Gmunding conductor, 250-111, 250-
VI 

High·imJX--dance !,'founded neutr.tl 
<}"telll, 250.187((;) 

lnK1,'lity of, 1 10.12(B) 

lntcrconn�-cK-d pm•'Cr pmduction 
sourc�-.. 705.1 1 (<:) 

Multiple circuit connection<, 
j,'T<JUnding, 250.1+1 

Splic�-.. 1 10.14(B) 

S"'itch�-.. 404.2 

"lcmpcr.twre limitation•. 1 10.14((;). 
1 10.40 

"lcrminal<. 1 10.14(A), 1 10.14(D) 

X-r.ty i•�•tallation•. 517.71 

COIIIIedors 

Armored cable, 320.40 

Box�-.. 314.17 

Brc-.tkout a-.cmbly, 520.68(A) (6) 

Definition, An. I 00 

C..abineiS and cutout bon-s. 312.5(C) 

('..able 

Definition, An. I 00 

Thc-.ttcr, 520.67 

(' .. onnector <1rip, 520.44, 520.46 

Definition, An. I 00 

Definition, An. I 00 

Ek-cuical metallic tubing, 358.42 

Ek-cuic •'Chicle, 625.17(B), 625.50 

Definition, An. I 00 

tl�-xihle metal conduit. 348.42 

lntcrcell, 480.4(B) 

Definition, An. I 00 

lntcrm�-diatc metal conduit, 342.42 

lntcrtier, 480.4(B) 

Definition, An. I 00 

Uquidtight fk-xihle metal 
conduit. 350.42 

Uquidtight fk-xihle nonmetallic 
conduit. 356.42 

Load, 393.40(A) 

Definition, An. I 00 

Low-\·oltaj,'C su.•pcnd�-d ceiling p<>W<."T 
di.•uibution 
<}"te>n•. 393.40(A) 

Definition, An. I 00 

Pendant. 393.40(A) 

Definition, An. I 00 

70-874 
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Pmver f�-..-d. 393.40(A) 

Definition, Art. 100 

Pr.-..•ure («>lderk-..•). 250.8(3), 
250.70 

Definition, Art. 100 

Rail to r.til 

Definition, Art. 100 

Rigid metal conduit. 3+1.42 

Singl��p<>le scpar.thle, 520.53((;), 
520.54(1). 525.22(D). 530.10 

Definition, Art. 100 

Solar photcn,ltaic '>"tcm•. 690.32, 
690.33 

Ccntslant-vohage geaentors, An. 445 

Ow:rcurrcnt pn•tcctinn 
for, 445.12(A) 

Ccntstnu:tion, dosed, 545.4(B), 
545.9(B) 

Definition, Art. 100 

Ccntstnu:tion, types of, Annex E 

Ccntstnu:tion siles 
A.uurcd �-quipment gnmnding 

conductor 
prngr.tm, 590.6(B)(2) 

Exten<ion curd <ciS, 590.6(A), 
590.6(B)(2) 

Gmund-f.tult protection, 590.6 

Conlainer, storage baltery, 480.8, 
480.10(C) 

Definition, Art. I 00 

Continuity 

Ek-cuical 

('..able tr.t}"· 392.60(A) 

Equipment gmunding 
conductors, 250.124 

Gmund�-d conductors, 200.2(B) 

Guuers. auxiliary, 366.100(A) 

Metal r.tu"'""'" and 
cabk-.: 250.92(B), 250.96, 
250.97, 300.10 

\\�rcw">"· 376.100(A) 

Gmunding, metal buxes. gnmnding
type r�-cepblck"<, 250.148 

Mechanical 

Guue� a11xiliary, 366.100(A) 

Rae<.-wa}-. and cahk-s. 300.10, 300.12 

Conductors, 300.13 

(;n•und<-� conductor of 
multrnirc circuiL•. 300.13(B) 

\\�rcw">"· 376.100(A) 

Continuous duty 

Definition, Art. 100 

Motu� S« Motu� C.ontinunu, duty 

Continuous iDdustrial processes 

(' .. oordination, ek-ctrical 
<} .. t�"ln, 240.12 

Gmund-f.tult protection, 230.95 t:x. 
Orderly shutdown, 430.44 

Pmver "'"-' hv.ard, 240.-t(A) 

Continuous loou:J 

Application<, 210.19(A), 210.20(A), 
215.2(A), 235.20(A) 

Definition, Art. I 00 

Control. .- nlso HiWirdou.• (clauifi�-d) 
location.'l 

Definition, Art. 100 

Remote 

Circuits, S« Rcmnl<-'<nntrol, 
<ij,'llaling, and p<nver-limiK-d 
circuits 

Induction and diclecuic heating 
�-quipmenl, 66.:;. 7 

X-r.ty �-quipmenl, 517-V, 660-11 

Control cin:uits, 230.82(7), 430-VI 

A.mu.'<Cment allr.tction<, 522-11, 522-
111 

Definition, An. 100 

Control drawiug. 504.10(A) 

Definition, An. 100 

ControUers, su nlso Hazardou.• 
(clauifi�-d) location• 

t\j,'licultur.tl buildings, 547.29 

Air..:unditioning and refriger.tting 
�-quipmenl, 440.5, 440-V 

C..a.'<C<, grounding, 250.1 12(D) 

Charge controllers 

Definition, An. I 00 

Enefb'Y stor.tge 5}-.te>n•. 706.33 

Solar photcn,ltaic <}"tcm•. 690. 7'.i 
Definition, An. 100 

Di>'Crsion load controllers, 694.7((:) 
Definition, An. I 00 

Enclosure<, gnmnding, 2!Wl.I I2(D) 

tire pump.<, 695.1t 695.H(D), 
695.H(E) 

Motion, 610.51 (B), tig. 1>9, Hg. 1>10 

Definition, An. 100 

Motor, -Motor contmllers 

OJX--r.ttion, 620.22(A), 620.51 (C)( I). 
Annex D. Ex. 1>9, tig. 1>9, 
tig. l>IO 

Definition, An. 100 

Ratin!."'" 4.'10.83 

Rt.-si.'\tors and reactors? Mr Rt..��ton 
and rc-ctetnn 

Control pmels, - lndu.•uial control 
panel• 

Control room 
Br.tnch circuits, lighting and 

r�-ceptacl�-.. 620.23 

Definition, An. 100 

\\�ring, 620.21 (A) (3), 620.37 

Control "''"""' 

Br.tnch circuits, lighting and 
r�-ceptacl�-.. 620.23 

Definition, An. I 00 

\\�ring, 620.21 (A) (3), 620.37 

Control sys1emS. _,Lso Micn>j,'lid 
control <}"telm (MCS) 

Definition, An. 100 

Permanent amusement 
allr.tction<, An. 522 

Conwnieuce outlets, ""' R<.-ceptack"< 

Conwrsion lable, AC conductor 
resistances and 
rndances, Chap. 9, Table 9 

Conwrters, - also l>Crt<>-l>C 
con\'CMcn; t:lcctronic pcnvcr 
con\'CMcn; Phase convcrtcn 

Charger pcnver 

Definition, An. 100 

Voltage, 551.20, 552.20 

Conwrting device, 6f>.:;.5, 6f>.:;.20 

Definition, An. I 00 

Cooking unit, counter-mounted. .-nlso 
<h'C>�•. w.tll-mounK-d; 
Ran�-. 

Br.tnch circuits, 210.19(C). 
210.23(D). 220.1 1 ((;). 
220.55 

Definition, An. I 00 

F�-..-ders, calculation of 
load, 220.82(B) 

Gmunding, 250.140 

Cooling ofequipmen1, 1 10.13(B) 

Coordination, electrical systems, 240.12 

F�-..-ders, 517.17(B) 

0\-crcurrcnt pnttccti\-'C 
d�-.ic�-.. 240.1 1  

Critical upcr.ttion• pcnver 
5}-.teln•, 708.54 

Hc-.tlth care f.tciliti�-.. 517.31 (G) 

ltlfonnatictn tt.-chn<tlo�o,•y 
�-quipmenl, 645.27 

L�-g.tlly n.-quircd standby 
5}-.teln•, 701.32 

Sclectiw, 620.62, 645.27, 695.3(C) 
(3). 700.32, 701.32 

Definition, An. I 00 

Copper-dad aluminum conductors 

Definition, An. 100 

Equipmenl1,'T<JUnding 
conductors, 250.120(B) 

Copper conductors. .- Conductors, 
copper 

Cord connectors, 626.25(B) (5); '" nlso 
Receptack-s. curd 
connccton7 and attachment 
plugs (caps) 

Definition, An. 100 

Cords, ""' at.o Hv.arduu.• (clas.<ifi�-d) 
locatic•n." 

Audio <ij,'llal prc>e�-..'<ing, 
amplification, and 
repmductinn equipment 
p<>wer supply cont., 640.21, 
640.42 

Ek-cuic-<li.�harge 
luminain.-., 410.62(C) (I) 

tlcxihle, An. 400, 422.16 

Air conditioner, 440.64 

Ampaciti�-.. "lahk-. 400.5(A) (I)  
through 400.5(A)(3) 

An�"<thetizing location•. 517.61 (A) 

Audio <ij,'llal prc>e�-..'<ing, 
amplification, and 
rcpnKiuctic•n 
�-quipment, 640.21, 640.42, 
640.45 

Bending r.tdii, minimum, 400.34 

C..cJJ�•tmction s�-cificatinn<, 400-11 

Definition, An. 100 

Ek-cuifi�-d truck parking space 
supply 
�-quipmenl, 626.2.:;(B)(2), 
626.32(C) 

Equipment gmunding conductors 

Identification, 400.23 

<h'Cr 600 •�•IL<. 400."11 (B), 400.32, 
400.33 

Size of, 250.122(E) 
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ll'>DEX 

tiuinb"" 400.35 
HazardotL• (cla.'lllified) 

location.•, 505.17, 506.17 
ldentifi<..-d conducton 

\\ithin, 200.6(C), 
250.119(0), 400.22, 400.23 

ln.•ulation, 'lahle 400.-t, 400.21 (B) 
lntcrconn<-�1<-� electric pcnvt..T 

production 
<ourc<..-s, 705.25(B) 

l.ahcl'i, 400.20 
l.ampholden, in.•ulating 

bt.-hing<, 410.62(A) 
Manufactur<..-d "iring 

·�-.tetn.•, 604.100(A) (3) 
Marking, 400.6 
Modular data center equipment 

enclo•ur<...,., 646.9 
Motion picture pr<�<..-cton, 540.15 
Office fumi.•hing, 605.9(A) 
OutleL• 

(' .. own, 3H.25(C) 
Reqttir<..-d, 210.50(B) 

<h-..-rcurrent pmtection, 240.5, 
400.16 

<h-..-r 600 •�•IL'i, 401}..111 
<h-..-r 1000 \1>IL•, 495.4, 'lahlc 495.4 
Pull at joints and tenninal•, 400.14 
Repair of, hard «.nice, 400.13 
Showca.-... .. , w·.tll ca.-....,., 410.59 
Solar photm1>ltaic •ign.'i, 600.34 (C) 
Solar photm1>ltaic 

·�-.tetn.•, 690.31 (C) (4) 
Splic<.,. and tap<, 400.13, 400.36, 

530.22 
C..c>J�•tntction <it<"<, 590.-t(G) 

S1agc equipment, 
ponahle, 520.68(A) (I)  

S...imming pool'i, fountait�•. and 
•imilar in.•tallation.•, 680.8, 
680.21 (A)(2), 680.23(B) (3), 
680.35(A), 680.42(A), 
680.55(B), 680.56 

'1}-p<.-s, 400.-t, 'I able 400.4 
u ...... not pcnnill<..-d, 400.12 
u ...... pcnniued, 400.10 
\\�nd ek-cuic �-.t<..'ln.•, 694.30(B) 

Heater, '!able 400.-t 
Pmver-<�upply 

Definition, ArL 100 
t:k-cuifi<..-d truck parking 

•pace, 626.25(B), 626.32 
lnfonnation, 645.5(B) 
Mobile home, 550.10 
Office fumi.•hing<, 605.9(A) 
Park tr.Uier, 552.43(B), 552.44 
Recreational whicle, 551.31, 551.46 
Vehicle •upply 

<..-qttipmenl, 625.17(.-\), 
625.17(C) 

Solar photm1>ltaic •ign.'i, 600.34 (C) 
Submer<ihle or floating eqttipmenl, 

for bodi<..,. of\v-.tler, 682.14 
'lin.'CI 

<h-..-rcurrent pmtection, 400.16 
'1}-p<.-s, ·table 400.4 

Cord sets, S« also t:xten.'lion cord <ciS 

Definition, .-\rt. I 00 
Correction factors, ambient 

tempenllnre, 310.15(B), 
'lahle 310.15(B) ( l ) ( l  ), 
'lahle 310.15(B) ( l ) (2), 
'lahle 400.51 (A) (2) 

Corrosion proleclion, >« Prot<.-ction, 
corrosion 

Corroslw conditions 

A.,'liculturaJ httilding<, \\iring 
in, 547.24 

Annored cable, 320.12(4) 
BlL�inb'l<, 430.13 1:'\ 
C..ahlehiL•, 370.1 0( 3) 
Cla.u 2 and Clas.• 3 cabk.,., 722.3U) 
c .. onducton and conductor 

in.•ulation, 300.6, 310.10(t'), 
505.18(B) 

High den.'lity poi�"Cthylene 
condttit, 353.10(2) 

Rigid pol),inyl chk>ride 
condttit, 352.10(C) 

Deterior.tting agents, 110.11 
t:k-cuical nonmetallic 

tubing, 362.10(3) 
tire alann �-.tem•, 760.3(C) 
Flat cable a.ucmhlk.,., 322.12(1) 
Flat conductor cable, 324.12(2), 

324.101 
Low-mll3b'C •tL•pend<..-d cdling power 

di.•uihution 
·� .. l<..'ln.•, 393.12(2) 

LUIIlinair<...,. in•talk-d in, 410.10(B) 
Metal "ir<.."\\-a�-s, 376.12(2) 
Min<..-r.d·in.•ulat<.-d, metal-<lheathed 

cable, 332.10(10) 
Nonmetallic"healh<..-d 

cable, 334.10(B)( I),  
334.12(B) ( I )  

Nonmetallic \\ir<.."\\-a�-.. 378.10(2) 
Open \\iring on in.•ILiator.<, 398.15(B) 
Reinforcing thcQnosctting rt.-sin 

conduit, 355.10(B) 
Surface metal r.tc<.."\\-a�-.. 386.12(3) 
U ndefj,'IUnnd f<.."t.-dcr and hr.tnch

circuil cable, 340.10(3) 
Corroslw ea\'ironmeal, 680.7, 680. H, 

680.23(t') ( l )  
Definition, .-\rt. I 00 

Counlertops, 550.13(0) 
Definition, .-\rt. I 00 

Counlertops, outlets, 210.52(A) (4), 
210.52((;), 400.5(t:) 

Coupliup 

t:k-cuical metallic tubing, 358.42 
tire rc<i<ti\"C �-.tem, 728.5(C) 
tlcxihle metal condttit, 348.42 
lntenn<..-diate metal condttit, 342.42 
Uquidtight flexible metal 

condttit, 350.42 
Uquidtight flexible nonmetallic 

condttit, 356.42 
Rigid metal condttit, 344.42 
Running lhrc-dd• at, 342.42(B), 

344.42(B) 
Threaded and threadk-._,, 250.92(B) 

Coft llgbtiug, space for, 410.18 

2023 Edition :'\.-\:110:-IAI. t:l.t:GI'RJCAI. COOt: 
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Auxiliary· gutten, 366.100(0) 
Box<.,. and fitting<, 314.25, 3H.28(C), 

314.72(t:), 314.101, 314.102 
('..able, 6.:;().6(0) 
('..able tr.t�-.. 392.18(C) 
Faceplak..,., >« Faceplat<..,. 

Luminair<..� fixtun.�. outlet hoxt.� 
for, 410.22, 410.23 

P<x>l C<A"C< clectricallv 
oi>crdt<.-d, GS0.27(B) 

Definition, ArL 100 
Srrut·l)-pc channel 

rdc<..'\V".t�-.. 384.100((;) 
\\'ir<.. ...... > .. , 376.56(B)(4), 376.100(0) 

Cnmes, ArL 610; sa also Hoi.•L• 

Bonding, 610-Vll 
C..<>nducton, 610-111 
C..<>ntrol, 610-Vl 
Definition, ArL 100 
Di<conn<..-cting mean.•, 430.112 t:x.., 

610-IV 
t:k-crmlytic cell•, 6fJ8.32 
tlexihle cord'i, 400.10(.-\) (5) 
Gmunding, 250.112(1!.), 250.116(1 ), 

610-Vll 
HazardotL• (clal.'lifi<..-d) 

locarinn.•, 503.155, 610.3(A) 
Marinas and hoat�-ard•, 555.8 
�t•non and cnntrullcn. 

· · di.'iCnnnccting 
mean.'i, 430.112 t:x. 

Nameplat<...,., 610.H(G) 
0\"Crcurrenr pmtection, 610-V, 

610.53 
\\'iring, 610-11 

Critical bnmch, 517.31 (A), 517.32, 
517.34 

Definition, ArL 100 
Critical operations data 

system, 645.10(B) 
Definition, ArL 100 

Critical operations power systems, ArL 
708, Annex F 

A•-ailahility and reliability for, Annex 
F Pan l 

Circuit \\iring and eqttipmenl, 708-11 
C..<>tmni .. ioning, 708.8 

Definition, ArL 100 
Definition, ArL 100 
0<..'\dopmenl and implemenlation of 

functional perfonnance 1<.,.15 
(FI'll<), Annex F l'..n II 

Emergency operdtim�• plan, 708.64 
Gmunding, 708.20(C) 
0\"Crcurrenr pmtection, 708-IV 
Phy,.ical <ccuril)·, 708.5 
Pcnvcr snurn.-s and cnnnt."Ctinn. 708-

111 
Ri.-" as.-...-...menl, 708.4 
s� .. tem perfonnance and 

anaJy,.i.•, 708-V 

·n ... ting and maintenance, 708.6, 
708.8 

Cross sectional lll'nS 
C..<>nducton, Chap. 9, 'lahk.,. 5 

through 8 

C..cmdttiL•, Chap. 9, '!able 4 
Current-arryiug capou:ilies, '" 

Ampaciti< .. 

Current.funiliDg cmm:urreat proleclion 
devices, S« also Circttit 
hredkcn; FtL'C< 

Definition, ArL 100 
Curtain machines, theaters, 520.48 
Cutout bases, >« FtL'Choldcn 

Cutout boxes, - auoC.ahineL•, cutout 
boX<.,., and meter <ockcl 
cndosur<..� 

Definition, ArL 100 
Cutouts, 245.21, 250.124(B) 

Definition, ArL 100 

-D-

Dltmpers (flue), control 

Critical oper.ttion.• pmver 
�-.tetn.•, 708.20(t) (4) 

tix<..-d •!age <..-quipmenr, •moke 
wnrilator c<mm>l, 520.49 

'lr<�n.•former \-aults, wntilating 
opening<, 450.45(t:) 

Dltmp or wet locatioas, 1 10.11. s<r aho 
\Vet locatiun.o; 

A.,'licuhuraJ httilding<, 547.23 
Annored cable, 320.12 
B<>x<.,. attd fitting<, 314.15 
BtL"'"> .. , 3fJ8.12(0) 
Cabinets and cutout box<...,., 312.2 
Cahlci>J.-, 370.10(3) 
Cla.u 2 attd Clas.• 3 cabk.,., 722.3U) 
Conducton, type<, 310.10(B), 

310.10(C) 
Definition, Art. 100 
t:k-cuical nonmelatlic 

wbing, 362.10(4), 362.10(8) 
t:k-cuic <igt�• and outline 

lighting, 600.10((;), 
600.42(G), 600.42(H) (2) 

t:quipmenr nwr 1000 mlts, 495.3(B) 
tire alann �-.tem•, 760.3(C) 
tix<..-d ek-ctric •pac��heating 

eqttipmenl, 424.12(B) 
tix<..-d rc<i.•tance attd ek-crmde 

indtL•trial pr<JC<.._, heating 
eqttipmenl, •upply 
conductor.<, 425.12(B) 

tlat conductor cable, 324.10(t:), 
324.12(1) 

Gmund..fdult circuit-
interrupten, 210.8(B) (8) 

l..ampholden, 410.96 
uJ\\·-\·ollab"' •tL•pend<..-d ceiling pmvcr 

di.•uihution 
�-.tetn.•, 393.12(1) 

LUIIlinair<...,., 410.10(A) 
�icraklad cable, 330.10(A) 
�fineraJ-in.•ulat<.-d, meral-<lheathed 

cable, 332.10(3) 
:'\onmetallic"heath<..-d 

cable, 334.10(B)( I), 
334.12(B)(4) 

Open \\iring, 398.15(B) 
0\-crcurrcnt pn•tccticm, 

encl<,.ure, 240.32 
Panclhnanb, 408.37 
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Receplllck-s, 210.8(..\)(12), 400.9 

Reinforcing thcnnosctting rt.�n 
conduit. 35!UO(D), 
355.10(E) 

Rigid pol)'\inyl chk>ride 
conduit. 352.10(E) 

S"itchboard•. 408.16 

S"itch�-., 404.4 

OIIIU:e balls. An. 518 

o-centers, modular, -�iodular 
dalll centcn 

o- proc:essiugsystems. -
lnfonnation 1<.-chnolo�;y 
�-qttipment 

DC combiners. 600.3-t(A), 690.4(B) 

Definition, ArL I 00 

DC systems. 250-VIII; sa abol>irect 
current micnJgrid �"Stem." 

Br.mch circuiL<, identification 
or. 210.5(<:)(2> 

Gnmnding, 250.162, 250.164 

Luminair�-s, in•tallation of, 410.134 

Solar phot<J\1Jitaic "}"tcm•. ""'Solar 
phutcn·ultaic system, 

DCto-DC c:onwrters, 690. 7(B), 
690.8(A)(I), 690.15, 
690.-ti(B), 706.30(A)(5), 
706.33(C) 

Circuits 
Definition, ArL I 00 

Definition, ArL I 00 

Dead ends 

BtL"'">"• 368.58 

Flat cable a.-.cmhlk-s, 322.40(A) 

"�"-""">"· 376.58, 378.58 

Dead front, l l0.26(A)(I) 

Definition, ArL I 00 

ln.o\tnamcnL"l7 mete� and rcla\-s 
on, 250.17-t(B) 

' 

Park tr.Uien, 552.45(C) 
Recreational whick-., 551.45(C) 

Working •pac:� .. about, 1 10.26(A)( I)  

Dec:b, receptacles for, 210.52(E) (3) 

Definitions, ArL 100 

Deflec:tion of conductors 

Auxiliary gtlltcn, 366.58(A) 

C..abinets and cutout bon-s, 312.6 

Deicing OtstaD.tions, -tix�-d omdoor 
clt.-ctric deicing and snow
melting �-quipment 

Delta breakers. 408.36( C) 
DeJta.<:oDDec:ted 

Gnmnding :<cpar.llely deriwd 
·�'Ste>n•. 250.30(A) (3) 

ldenlif)ing high-k-g, 3-pha.'C •upply. 
4-\\ire, 110.15, 2."10.56, 
408.3(E) (I), 408.3(F)( I), 
409.102 

Demand fllc:tor, .-nbol<>ado 

Definition, An. 100 

Dealal offices. 400.12 

Definition, An.IOO 
Deslpated critical operations ..-ea. su 

a/so Critical npcrcation., 
pcnvcr 5)'"5tclmi 

Definition, An. 100 

70-876 

NATIONAL ELECTRICAL CODE 

Detached buildiup, oil-insulaled 
transformers iD. 450.26 Ex. 5 

Deteriorating .gents. I I  0.1 1 

De\'ic:e, .- abo Receplllck-.; Switch� .. 
Definition, An. I 00 

De\'ic:e or equipment liD for 
boxes, 3H.I6(B)(4) 

Diagnms 
AdjtL'Illble •pL't.-d dm-c control, Hg. 

D.IO 

Autotrdll.,ronncr cn·craarrent 
protection, Hg. 450.-t(A) 

('..able i>L•tallation dimen'lion•. 
Ull�'ll,'I1JIIRd, tigo. B.2(1) 
through B.2( 4) for tL'C "ilh 
'lahk'" B.2(5) throuj,-h B. 
2(10) 

('..able •uhotiwtion hicr.m:hy 
c .. ummunicatinn., system,. tig. 

805.154 

C .. ummunit\" antenna TV and rddin 
di.•trlbution •}'Stcm•. tig. 
820.154 

c .. ummunicatinn., S}'Stcm. bonding 
conductor in, F>g. Ill: 
800.100(B)(I), F>g. Ill: 
800.100(B)(2) 

F�'t.-der.<, 215.5 

Gcner.uor field control, F>g. D.9 

HazardotL• (cla.-.ified) loottion• 
adjacelll to di.•pcn'Cn, tig. 
5H.3, tig. 5H.3(B) 

Marine terminal hancUing flammable 
liqttid•. tig. 515.3 

Mobile hom� ... r�-ceptade and 
auac:hment ph>g. F>g. 
550.10(C) 

Motor feeder and br.mch 
circuits, tig. 430.1 

Park tr.Uicn, R-ceplllck .. and 
auac:hment ph1j,'5, Hg. 
552.44(C)(I) 

Recreational whick-., rr..-cptack .. and 
auac:hmcnt ph1j,'5, Hg. 
551.46((;)(1) 

Remote control. �'llaling, and p<m-cr 
limite<\ circuits, eta. .. 2 and 
3. circuits, 1:'\ F>g. 725.60 

Scnica. tig. 230.1 

Solar ph;>t<n,ltaic "}"tcm•. 
identification of 
comp<>nenL•. tig. 690.1 

Spr.ty application, dipping, coating, 
and priming, tig. 516.4, tig. 
516.5(D) (I). tig. 516.5(D) 
(2). tig. 516.5(D)(4). tig. 
516.5(D)(5), tig. 516.18, 
tigo. 516.29(1) lhrm>gh (4) 

S"imming p<><>L.., clc-.tr.tnce from p<x>l 
•ttucltJr� ... tig. 680.9(A) 

Dielec:tric: bnting. S« abo Induction 
and diek'Ciric hc-.tting 
�-qttipment 

Definition, Art. I 00 

Different systems, conductors in same 
enclosure, 300.3(C). 
722.179(A)(I5), 725.136(B), 
760.48, 810.18(C) 

Dimensions 

(' .. onducton, Chap. 9, 'lahk .. 5 
through 8 

(' .. ondttiL• and tubing, Chap. 9, 'lllble 
4 

DiDuDers 

Emergency lighting circuiL<, 700.23 

Solid.,.lllt��l)-pc, 520.25(C) 

A.'!<Cmbly occ:upanck-s, 518.5(C) 

Pha.'C.CA>ntrol, 520.27(B), 
520.540)(2) 

Definition, ArL I 00 

Sine Wa•-c. 520.27(B), 520.540)(2) 

Definition, ArL I 00 

Smgc 0\\itchboard, 520.25 

S"itcbe., 404.9(B), 40-t.H(t'); s<ralso 
Snap ""itch� .. 

Dip tanks, An. 516 
Direct buri.t 

Ampaciti� ... modifiottion or. 310.16 

c .. orrosion pn•tection 
Aluminum mellll 

�-qttipment. 300.6(B) 

F�'ITotL• metal eqttipment. 300.6(A) 
(3) 

Ek-clrical nonmelllllic 
tubing, 362.12(4) 

tl�-xihlc metallic whing, 360.12( 4) 

(;nnmding conductor .· 

connection, 2!i0.68(A) Ex. I, 
250.70 

High dcn'lil)· polyo:lhylene 
condUit, ·rable 305.5(A), 
35!1.10(4) 

lnk.1,'11W!d lfdS •pacer cable, 326.10 

lntcrmL-diatc mellll condttit, 'lllbk .. 
300.5(A), 'lllble 305.3, '!able 
305.5(A) 

Uquidtight flexible metal 
condttit. 350.10(3), 350.120 

Uquidtight flexible nonmetallic 
condttit. 356.10(4), 
356.10(7) 

Metal-dad cable, 330.10(A) (5), 
330.12(2) 

Nonmetallic undcf!,<nnmd conduit 
with conducton, 354.10(1) 

Optical fiber cabk-s, 770.47(B) 

<h-er I 000 miL" 305.15 

<h-er 2000 miL" 315.36 

Premi.��Jl<'""'n.-d broadband 
communication? optical 
fiber otbk .. f<>r, 840.47 

Reinforced thcnmJ.'ietting n.-Mn 
condttit. 'lllble 305.3, 'lllble 
305.5(A) 

Rigid mellll condttit. 'lab!<-. 300.5(A), 
'lllhle 305.3, 'table 305.5(A), 
34-t.IO(B) 

Rigid p<>l)'\inyl chk>ride 
condttit. 'lllble 305.3, 'lllble 
305.5(A), 352.10(H) 

Bulk �tor.tgc planL.., 515.8 

Und�'ll,'�'otmd f�"t.-dcr and hr.tnch
drcuit othle, 340.10(1) 

Und�'ll,'l'otmd :<cnice 
cable, 230.30(A) Ex .• 'labl� .. 
300.5(A), 310.10(E) 

Und<-T�,.Ffolmd scn;cl.--cntr.tnce 
conductor.<, 230.41 Ex. 

Dlsc:oDDeeting JDeliDS, .-nbo 
0\-crcurrent pn•tection 

Agticulnmll httilding.o, 547.41, 547.42 

Air-conditioning and refrigercating 
�-qttipment. 440-11, 440.63 

Applianc� ... 422-111 

Bnmch circuiL<, multiwire, 210.4(B) 

C..apaciton, 460.8(C) 

C..arni•-al.•. drctL�-s, fain, and oimilar 
�wnts, 52.">.21 (A) 

Cr.tn�-s, 430.112 Ex., 610-IV 

Definition, ArL I 00 

Ek�tric deicing? snow-melting 
�-qttipment. 426.50 

Ek-clric pipeline, n-.. 'Ct hc-.tting 
�-qttipment. 427.55 

Ek-clric •pace heating 
�-qttipment. 424-111 

Ek-clric •-chicle charging ·�'Stem 
�-qttipment. 625.43 

Ek-ctmlylic cell., 6f.S.I3 

.t:k-ctmplating "}"tcm•. 669.8 

.t:k"\'dtor.<, 620-VI, 620.91 (C) 

Emergency "}"te>n•. 700.16(D) 

Enef!.'Y •tor.tge "}'Ste>n•. 706-11 

tire pump., 695.-t(B) 

tix�-d ek-ctric heating �-quipment for 
pipclin� .. and n-.. 'CL•. 427.55 

tix�-d outd<x>r ek-clric deicing and 
•now-melting 
�-qttipment. 426.50 

tix�-d n.-.i.•mnce and ek-ctmde 
indtL•trial pr<>e�-.., hc-.tting 
�-qttipment. •upply 
conductor.<, 425.19, 425.6.:; 

Fuel cell "}"te>n•. :ur Fuel cell "}'"tem• 
.. .. � ... 240.40 

Gcnerdtoro, 445.18 

Health care faciliti� ... 517.17(B), 
517.17((;). 517.72 

ldentifiottion, 110.22, 230.70(B), 
620.51(D) 

Induction and dielectric heating 
�-qttipment. 66.:;.12 

lndtL•lrial control panelo, 409.30 

lndtL•lrial machinery, 670.-t(B) 

lnfonnation 1<.-chnol<>j,'Y 
�-qttipment. 645.4( I), 645.10 

lntcrconn<-�1<-� electric power 
production 
�ourc�-s, 705.1 1  (D), 705.20 

lnig-.1tion 1nachin�-s, 675.8 

L�-g.tlly n.-quired •lllndby 
·�'Ste>n•. 701.12(G) 

L<>ekahle, 1 10.25 

Low-mllllj,'C •tL•pcnd�-d ceiling pmvcr 
di.•lribution •}'Stcm•. 393.21 

LuminaiR-s, 410.71, 410.Hl (A) 

Marina.• and h<>at�"3rd•. 555.36 

Mobile hom� ... 550.11  

Moton and controllen, 430.75, 
430.95, 430-IX, 430.128, 
430.208 

Naltlr.tllv and artificiallv made h<Kik .. '
ohv-.tter, el�-cuicat 
�-qttipment for, 682.H 

Outside hr.1nch circuits and 
r� ... -dc,., 225-''11 ,  225.41. 
235.339, 235.352 

<h-er 1000 miL" 240.67(B), 368.239 

:-1.-\TIO:'\AL ELEGJ'RIC·\L CODE 2023 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



Mobile and punable 
�-quipment. 495.61 (D) 

Parking space, 626.22(0), 626.24(C), 
626.31 

Pha.'IC cun\"cner<, 455.8, 455.20 
P<x>L•, spa<, and hut tum, 680.13, 

680.57(0) 
Punahle equipment. 517.17(C) 
Rcccptack� cord conn<..�tnn and 

all<tehment pl"b"' 
(caps), 422.33, 440.6."1 

Recreational \"Chicle parks, 551.77(B) 
Recreational \"Chick-., 551.45(C) 
Rclucatable stmctun."<, 545.24(A) 
Scn:<itiw ek-ctnmic equipment. 

lighting 
�-quipment. 647.8(A) 

Scpar.tlc building un .'lame 
premi.�"<. 250.32(0) 

Scnic�-., 230-VI, 250.64(0) 
(' .. unnectiun.'i, ahc-.td uf, 230.82 
Emergency, 230.8/i 
<h-er 1000 \1>ll'i, 235.339, 23ii.352, 

235.405, 235.406 
Shore power comu..-ction.� 555.36 
Sign.• and uulline lighting, 600.6, 

680.57(0) 
Solar phutu\1JIIaic <ign.'i, 600.34(1::), 

691.9 
Solar phutu\1JIIaic .'l}"<lcm•, 690-111 
Stage :miiChbuard, 520.27(A)(3) 
Standby .'l}"<lem•, optional, 702.12 
Stur.tge ban�"li�"<. 480.7 
S"itching d�"\ic�-., uwr 1000 

mils, 368.239 
Definition, An. 100 

"Jcmpor.u-y circuil'i, 590.4(1::) 
"Ji-dn.•funner<, 450.14 
"lunneL•. 1 10.58 
Welder<, 630.13, 6."10.33 
\\�nd ek-ctric .'I}"<K"ln.•, 694-111 
X-r.ty equipmenl, 517.72, 660.5, 

6f.0.24 
Discontinued outlets, "" Oullel•, 

di.'iContinucd 
Dissimilar metals, S« �ictaL•, di..mmilar 
Distribution fNIDdboards, S« 

Pancllx>ard< 
Distribution point, 547.40 

Definition, An. 100 
Diversion � conlroUer, 706.33(8) 

Definition, An. 100 
Diversion loed, 694.7(C) 

Definition, An. 100 
Diversion loed coDiroUer, 694. 7(C) 

Definition, An. 100 
DodciDg facilities, commercial ud 

noncommerciiiJ, S« also 
Marina.•, lx>atyards, floating 
building<, and ducking 
f.tciliti� .. 

Definition, An. 100 
Doors 

Auton�atic, 517.33(H) 
Tr.tn.•funner \<lUlls, 4.'i0.43 

ll'>DEX 

Dormitory unils 

Arc-fault circuit-interruplcr 
protection, 2JO_J2(C) 

Definition, ArliOO 
Oullel'i, 210_60 

Double illsw.ted 

Applianc�"< and tool<, 250.1 H t:x., 
422.16(B) ( I )  t:x., 422_J6(B) 
(2) t:x. 

P<X>I pump<, 680.21 (B), 680.31 
Double lodcnuls, ,_ Luclmul•, double, 

required 
Dnliluoge 

Bu..w.tys, 368.236 
t:quipmem, 501.15(•). 505.16(1::) 
Oil-i•�•ulated uutd<x>r 

tf'.tn.<former<, 450.27 
Rae�-.. .. �-.. 225.22, 230.53 
"Ji-dn.•furmen<�ulls, 4.'i0.46 

Dressing rooms 
Motion picture studi<JS, 530-JV 
Thc-.tlcr<, 521}..-VJ 

Drip loops 
c .. onducton entering 

building<, 230.52, 230.54(F), 
398.15(B) 

Scnice hc-.td•, 2."10.54(F) 
Driveways 

Clc-.trdllce of conductor<, 225.18 
0\-crhc-.td <cnice 

conductor<, 230.24(B) 
Drop 

Sen ice 
(' .. onnection.'i, <cnice hc-.td, 230.54 
Definition, Arl 100 

Vuhage and mils 

(' .. onductor<, 310.14(A) ( I )  IN No. I 
Scn:Qti\-'C ck-ctn•nic 

�-quipment. 647.4(0) 
Dryers, clothes, ,_<'.loth�"< dn-cr< 
Dry location, UO:i I; ,_ also Damp or 

wet loGttion.'l 
Armored cable, 320_10(3) 
C..<>ootJCIO.r<, typt."<. 3JO.JO(A), 

3JO.JO(B) 
··odinition, Arl 100 
,t:k-ctrical nonmetallic 

tubing, 362_10(4) 
t:k-ctric <igt�• and outline 

lighting, 600.42(H)(I) 
Punable ur mobile, 600.10(0) 

Flexible hu.• .'I}"Stem'i, 371.18(0) 
Flexible metallic tubing, 31\0_10(1) 
Low-ml"'b'C su.•pcnd�-d cdling power 

di.•trihution 
.'1}-.t�"ln.•. 393_10(2) 

Metal-clad cable, 330.JO(A) (JO) 
Min�.,...tl-in.•ulaK-d, metal-sheathed 

cable, 332_10(3) 
Nonmetallic exlen.<iun.•, 382.JO(B) 
Open \\iring, 398.15(A) 
Reinforcing thcnnosctting rt.�n 

conduit. 355.10(1::) 
Rigid )X>I),inyl chk>ride 

conduit. 352.10(F) 

Surface r.tc�-...,.�.., 386.10( I),  
388.10(1) 

S"itchb<>ard•, 408.20 
U ndefb'I"OUnd f�"t.-dcr and branch

circuit cable, 340_10(3) 
Dr}'-type tnmsformers, 4.'i0_8(B), 

450.21, 450_22 
Dual-vollage motor, locked-rotor 

ntiug. 430.7(B)(3) 
Duct beaters, Installation of, 424--VI 
Ducts 

Bonding, 550.16(C)(3), 551.51\(F), 
552.57(.") 

t:k-ctrical, Tabl�"< 3J5_60(C) ( I I )  
through 315.60(C)( 14), 
Annex B, "!able B_2(5) 

Definition, An. 100 
Hx�-d indu.•trial proc�"« hc-.tler< 

in, 425--V 
Luminair�"< in, 4JO_JO(C) 
Wiring in, 300.21, 300_22, 722.3, 

724.3(C), 725.3(B), 
760.3(B), 760_53(B) (l); 
770.26, 800_J J3(B); "fabk's 
800.15-l(a) through (c), •;g. 
B.3 

Dumbwlliters, S<r! t:J�-t<m<, 
dumbmlit£n, �"<calator<, 
m<ning walks, platfonn lifiS, 
and.·slainV".ty chairlifiS 

Dust-ignilioaproof, 500_7(B), 502-15, 
506.8(A) 

Definition, An. I 00 
o-, combustible, - also Hazardou.• 

(cla..mfi�-d) location.• 
Definition, An. 100 

Dusttipt. 500_7(C), 500_8(C)(6), 
506.8(0) 

Definition, An. 100 
Duty, types 

C'AJntinuntL'l. S« also Moton. 
c .• ontinuntL'i duty 

Definition, An. 100 
lnlcrmillent duty, 430.22(1::), 430.33 

Definition, An. 100 
Periodic, 430_22(1::) 

Definition, An. 100 
Periodic duty, 430.33 
Short-Lime duty, 430.22(1::), 430_24(4) 

t:x_ 1, 430.33 
Definition, An. 100 

V;�l")ing dury, 430_22(1::), 430.24 t:x. I,  
430.33 

Definition, An. 100 
Dutycyde, -'ding. 630.31, 'lable 

630.3J (A) 
DweWup, >« also Applianc�-s; Box�"<; 

(;n•unding, and similar 
general catcgorit.� 

Arc-fault cin:uit-interruplcr 
protection, 210.12(B), 
210.12(C) 

Br.tnciH:in:uit \1Jitag�"<. 210.6(A) 
C..ctmmunicatictn.'l 

cin:uiiS, 800.113(G), 
800.113(K), 800.1 13(1.) 

t:ne'l,')" stor.tge .'1}-.tetn.•, 706.20(B) 
Farm, <cnic�-., 220.102(A), 220.103 

2023 Edition :'\.-\:110:-IAI. t:J.t:GJ"RJCAL COOt: 

F�"t.-der l<>ad, calculation.• 
for, 220.16(A), 220.82 
through 220Jt'i, Annex D 

Gmund-f.tuh cin:uit imemtpter 
protection, 210.8(A) 

Ughting oulleiS requiR-d, 210.70(A) 
Luminain.-., 4JO_J35, 410.140(B), 

410.197(0); s<r also 
Luminain.� 

Medical ek-ctrical equipment 
in, Annex K 

Multif.tmily, 210.52(1::)(2), 220.84, 
422.34(A), 424.19(C) (J), 
800.113(K) 

Definition, An. 100 
On��family, 2J0_52(t:) ( l ), 225.39(C), 

230.79(C), 422.34(C), 
424.19(C)(3), 445.19(C), 
800.113 

Definition, An. 100 
Pancllx>ard< a.• <cnic�-., 408.36 t:x. 2 
Receplacl�"< 

Cin:uiiS, 2JO_JJ  (C) 
Oullel'i, 210.52 
"lampcr-n"<i.•tant. 406.12 

"1\l.,,..family, 2J0_52(t:)( I), 422.34(B), 
424.19(C)(2), 445.19(C), 
800.113 

Definition, An. 100 
Unit, 210.8(A), 2JO_JJ(C), 2JO_J2(B), 

210.25(A) 
Definition, An. 100 

-E-

Eccentric kuoc:kouts, -Knockoul• 
Effective groUDcl-fault c:urreut 

path, 250.4(A), 250.118(A), 
610.61 

Definition, Arl 100 
Elbows, metal, prolec:tion from 

corrosion, 300.6 
Electrical dn:uit protectiw S)'liteiD 

Communication S}-.Lem•, 800.179(1::) 
Definition, Arl 100 
Emergency .'1}-.tetn.•, 700_10(0) (2), 

708.JO(C)(2), 708.14 
Fault-n�anagcd JX'"-cr 

circuiiS, 722.13/i(•). 
722.179(A)(7) 

•ire alarm .'1}-.Lem•, 760_J76(F) 
•ire pump<, 695.6(A) (2), 695_6(H) 

Electrical datum plaDe, 555.3 
Definition, Arl 100 

Electrical ducts, su Duel• 
Electrical Inspector 

Chief 
Definition, Annex H 80.2 

Definition, Annex H 80.2 
Electrical life support 

equipment, 517.45(B) 
Definition, Arl 100 

Electrically connected. 668.3(B) 
Definition, Arl 100 

Electrically openled pool covers, sa 
Coven 

Electrical metaDic tubing (Type 
EM'I), An. 358 
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Bend•, 358.24, Chap. 9, 'lllble 2 
(' .. onnecton and couplin�'l<, 358.42 
c ..... �.lnlction <p<.-cificatio� ... 358-111 
Definition, ArL I 00 
l>ime�'<io�•. Chap. 9, 'lllblc 4 
Expa�'lion fiuinS", 300.7(8) 1:'\ :'\o. I 
Gmunding, 358.60 
l�•tallation, 358-11 
ll•ting, 358.6 
Marking, 358. I 20 
Maximum number of conductoP and 

fixture \\in."< in, 'labk"< Cl 
and CIA 

Number of conductor<, 358.22, Chap. 

9, '1able I 
Reaming and threading, 358.28 
Securing and <upporting, 314.23(E) 

Ex., 358.30 
Size, 3.:;8.20 
Splic<"< and tap<, 358.56 
U«"< not pcrmill<..-d, 358.12 
u-. .. pcrmiued, 3.:;8.1 0 

Electrical uoise, 64 7 .3; s<r also Sct�'<itiw 
ck�tronic t.-quipmcnt 

Electrical uoumelalllc tubillg (Type 
ENT), ArL 362 

Bend•, 362.24, Chap. 9, 'lllble 2 
8u.min�.,., 362.46 
c ..... �.lnlction <p<.-cificatio� ... 362-111 
Definition, ArL I 00 
l>ime�'<io�•. Chap. 9, 'lllblc 4 
Gmunding, 362.60 
l�•tallation, 362-11 

Joinl.., 362.48 
ll•ting, 362.6 
Marking, 362.120 
Maximum number of conductoP and 

fixture \\in."< in, 'labk"< C2 
and C2A 

Number of conductor<, 362.22, Chap. 

9, '1able I 
Securing and <upporting, 362.30 
Size, 362.20 
Splic<"< and tap<, 362.56 
'lcmpcr.nure Jimitatio�•. 362.10(10) 
Thnmgh metal frdming 

memben, 300.4(8) 
'liimming, 362.28 
U«"< not pcrmill<..-d, 362.12 
u-. .. pcrmiued, 362.10 

Electrical reslstlmce tnce beatlug 
"60079-30-1", 500.7(P), 
505.80), 506.80) 

Definition, ArL I 00 
Electri<><llscbarge lighliDg, ArL 410 

C..cmnection ofluminair<.."<, 410.24, 
410.62(C) 

Definition, ArL I 00 
Emergency <ystel�•. 700.16(C) 
Hazardou.• (cla...Ufied) Clas• I 

locatio�.., 501.130(8) (6) 
Lamp auxiliary equipment, 410.104 
Marking, 410.146 
1000 \1>lts or k ... , 410-XII 
<h-er 1000 \1>IL.., 410-XJJJ 
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Sigt�• and outline lighting, An. 600 

Electric healing equipment, fixed, su 

tix<..-d ek-ctric heating 
<..-quipmenl for pipclin<.."< and 
n..__.,L•; tix...-d ek-ctric <pac<..� 
heating <..-quipmem; tix<..-d 
outd<Mtr ck�tric deicing and 
<n<JW·melting equipment 

Electric power production aud 
distribution network, 705.50, 
710.1 

Definition, An. 100 
Electric power production sources, >« 

(icncrtttoP; lntcrcomu..�tt.-d 
ek-ctric po\\-cr pmduction 
�ourct.-s; Solar photnvnltaic 
<}-.l<..'l�•; \\�nd ek-ctric 
��l<-1n' 

Electric sigas, '"Si�•. electric 
Electric supply slalious 

Definition, An. 100 
l.arg<..'<lcale ,..,Jar photomhaic 

<} ........ � •• ArL 691 
Electric wbide power export 

equipment (EVPE), 625.48, 
625.60 

Definition, An. 100 
Electric wbide power tnmsfer 

system, ArL 625 
<'..c•nl• atld cabk-., 'lllble 400.4, 625.17 
Di<conn<..-cting mea�•. 625.43 
Equipmem cm�•truction, 625-11 
l�•tallation, 625-111 
lntcrdctiw "}'!Item, 625.48 
ll•ted, 625Jj 
Load management, 625.41 

Definition, An. 100 
Location, 625.50 
Output cable I<> the ek-ctric 

whicle, 625.17(C) (2) 
Definition, An. 100 

Output cable I<> the primary 
pad, 625.17(C)(2), 
625.102(0) . 

Definition, An. J.OO 
Pe..,..mncl pm�ction "}'Siem, 625.22, 

�,54, 625.60(D) 
Deftnilion, An. I 00 

Primary <ource, I<JA• of, 625.46 
Rating, 625.42 
Ventilation, 625.52 
Vohag<.."<, 625.4 
\\�rck"<S power lrd�.Cer 

<..-quipmenl, 625-IV 
Electric wbides, 625.1 

Definition, An. 100 
Electric wbide supply equipment 

Definition, An. 100 
Equipmem connection, 625.44, 

625.52(8)(4) 
Fa.•tcned in place, 62.'U7(C)(2), 

625.44(8) 
Definition, An. 100 

tix<..-d in place, 625.44(C) 
Definition, An. 100 

lntcrdctiw "}'!Item.., 62.?.48 
lntcrconn<..�ting cabling 

<} ........ � •• 625.17(D) 

Location, 625.50 
0\-crcurrem pmlection, 625.41 
Portable equipment, 625.17(<:) (I)  

Definition, ArL I 00 
Electric welders, sa Welden, electric 
Electrified truck pukiDg 

spaces, ArL 626 

Definition, ArL I 00 
Generdl rcquiremenL•, 626.4 
Supply equipment, 626-lll 
'11-d�•pon rcfrigcrdted unit, 626-IV 
\\�ring "}-.tcm•, 626-11 

Definition, ArL I 00 
Electrode iDdustrial process bealiDg 

equipment, >« Hx<..-d 
r<..�stancc and electrode 
indu.•trial pr<>e<.._, hc-dting 
<..-quipmenl 

Electrodes, growu:IIDg, 250.64(t"); S<r! 

also (;rounding ck�tnKlc 
conductors 

Aluminum, 250.52(8) (2) 
C..c>mmon, 250.58 
C..cmcrel<..�nca.'Cd, 250.50 t:x� 

250.52(A)(3), 250.66(8); 
250.68(,\) t:x.l, �.70 

Definition, ArL I 00 
Ga.• piping as, 250.;;2(B)( I)  
lntrit�'<ically <afe appardUL', 504.50(C) 
Metal frdme nf building a.•, 2.?0.30(A) 

(8), 250.52(A) (2), 
250.611((;) 

Metal water piping "}'Siem, 250.30(A) 
(4), 250.30(A) (8), 2.?0.52(A) 
(I), 250.68(C) 

Scpardtcly dcrn·ed "}"tem.., 250.30(A) 
(4), 250.30(8)(2), 250.30(C) 

S}'5tcm i�•tallation, 250.53 
\\�nd ek-ctric "}'!llel�•. 694.40(8) 

Electrolytes, 480.9 
Definition, ArL I 00 
tl<JW hauery ene�'Y "}'Stem.., 706-V 

Electrolylic cells, An. 668 
AuachmenL• and auxiliary 

<..-quipmenl, 668.3(C) (4) 
Definition, ArL I 00 

Auxiliary· nonelectric 
connection.' 668.31 

C..cll line conductor<, 668.12 
C..cll lin<.."< 

Definition, ArL I 00 
C..cll line working wne, 668.10 

Definition, ArL I 00 
Crdn<"< and hoi.•L.., 6fJ8.32 
DC cell line pn>e<"<.' pmver 

<upply, 668.11 
Definition, ArL I 00 
Di<conn<..-cting mea�•. 668.13 
Enclosun.-., 668.40 
tix<..-d ek-clrical <..-quipmelll, 6fJ8.30 
Gmunding, 668.15 
Portable electrical 

<..-quipmenl, 668.20, 668.21, 
6fJ8.30 

Shunting mc-d�.., 668.14 
Electroaic:ally actuated fuse, 240.67(8), 

'lable 450.3(A) :'\ole 4 

Definition, ArL I 00 
Electroaic:ally protected 

motors, 430.7(A) (I6), 
430.32(,\) (2), 430.32(8) (2) 

Definition, ArL I 00 
Electroaic computer/data processiDg 

equipment, >« lnf<>rmation 
1<..-chnology equipment 

Electroaic lighliDg control 
swltcbes, 404.22 

Electroaic power conwrters, 690.4(F), 
690.8(A)(2) 

Definition, ArL I 00 
Electroplating systems, ArL 669 

Bntnch-circuit conductnn. 669.5 
Di<conn<..-cting mea�•. 669.8 
0\-crcurrem pmlection, 669.9 
Wanting �'11.,, 6f>9. 7 
\\�ring methods, 669.6 

Electrostatic equipment, spnylng aud 
detnringpalnt, 516.6(E), 
516.10 

Elevators, dumbwaiters, escalators, 
moving walks, platform Hfts, 
aud stairway 
cbairlifts, An. 620 

C..abk"< 
tlcxible, 'lllble 400.4, 400.10(A) (4), 

620.21 
'lb.-cling, 620.11 (8), 620.12(A), 

620-V 
Cleamnc<"<, ""rking, 620.5 
C..cmducton, 620-ll thrnu�-h 620-IV 
Disconn<..�ting mean., and 

control, 620-VI, 620.91 (C) 
Emergency and <tandhy pmver 

<}-.lei�•. 620-X 
E._'Cntial ek-ctrical 

<}-.lei�•. 517.33(G), 
517.43(t") 

Gmunding, 250.112(E), 250.116, 
250.136, 620-IX 

U\-c pans, 620.4 
Machine r<M>m, 620-Vlll 
0\-crcurrem pmlection, 620-VII 
Voltage limitalio�•. 620.3 
\\�ring, 620-lll 
Working cleardnC<"<, 620.5 

Emer;ency lighlillg control 
devices, 700.11, 700.16(8), 
700.24, 700.27 

Definition, ArL I 00 
Emer;ency power supply (EPS) 

Definition, ArL I 00 
Emer;ency power supply systems 

(EPSS), 700.10(D)(4) 
Definition, ArL I 00 

Emer;ency systems, Art. 700; .w also 
Exit<, emergency lighting 
for; 1.<..-g.tlly r<..-quircd <tandb)· 
<}-.lei�•; Optional <lattdb)· 
��lCin'li 

C..apacity and rdting, 700.4 
Circuits for lighting and l"""'<'r, 700-

IV, 700-V 
Circuit \\iring, 700-11 
C..cmnectio�• at <cnic<"<, 230.82 
C..cmtrnl, 700-V 
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ll'>DEX 

Definition, ArL I 00 
Ek"\-ator<, dumbwaiters. �-scalators, 

etc., 620-X 
Gmunding, 700.7(8) 
lntcrconn<-�1<-� electric pcnvt..T 

production •ourc�-.. 70:..13 
0\'t.-rcurrem pmtection, 700.10(8), 

1:'\ tig. 700.10(8) (1). ll'i tig. 
700.10(8)(2), 700-VI 

Scnice di.'IConnecting 
mean.<, 230.72(8) 

Scnic�-.. 230.2(A) (2) 
Signal"' 700.6 
Sign.•. 700.7 
Snurc�-. ofpmver, 700.3(F), 700-111 

Normal/emergency, 700.23 
Definition, ArL I 00 

"lht• and maintenance, 700.3 
"lhln.•fer �-quipment, 700.5 
\\�ring, 700.JO,Il'i tig. 700.10(8) (1 ), 

1:'\ tig. 700.10(8) (2) 
Emuael, coatiug or 

Gcncrctl <..�uipmcnt7 indoor u� 
only, 300.6(A) (I)  

Metal box�-.. 314.100(A) 
Rcmu\-;ng for �,rrounding 

connection.<, 2:.0.96(A) 
Rigid metal condltil, 3+1.10(A)(3) 

Encapsulation "m". 505.8(G), 506.8(E) 
Definition, ArL I 00 

Enclosed 

Definition, ArL I 00 
Outlet and d�.,ice bo�-.. 314.24 
0\'t.-rcurrem d�"\ic�-.. 23:..408(8) 
Scnice equipment. 230.62 

Enclosed-break, :.00. 7(R) 
Definition, ArL I 00 

Enclosures, su also HazardolL• 
(cla..Wfi�-d) location.• 

AC and DC conductors in 
...me, 300.3(C) (I) 

Arcing parL<. 1 10.18, 51:..7(8), 
516.7(8) 

Bonding, 2:.0. 96 
BlL"<W.t>"· 368.237 
C..abineb and cutout bon-s. 312.7 

through 312.9, 312.JOI(D) 
Circuib in, number of, 90.8(8) 
c..-.. n�-.. hoi.� I"C"i.•tor<, 610.3(8) 
Definition, ArL I 00 
Ek-ctmlytic cell., 6fJ8. 40 
Ek"\-ator<, dumbwaiters. �-scalators, 

etc., 620.4, 620-VIII 
Enll"'.tnc�-.. I J0.33(A) 
Exit<, 300.2:. 
tire alarm circltit• and 

conductors. 760.48, 
760.49(A), 760.:.3(A) ( I). 
760.130(8) (1). 760.133, 
760.139 

Gmunding, 2:.0.64(D), 2:.0.64(E), 
250-IV 

Handhole enck"'ur�-.. 314.29, 314-"10, 
314-111 

Definition, ArL I 00 

High·illlen.'lity di.'ICbarge lamp 
auxiliarv 
�-qltipm�nl, 410.104(A) 

Indoor lL'IC, for, "lllble 1 10.28 
Induction and dielectric 

hc-.tting, 665.20 
lndlL•lrial control panek, 409.100 
ln.•laJJatiOJ�· o\'Cr JOOO ,,Jt<, I J0.3J 
lnlrin.'<icaJJy we ">"K"ln.•, 504.J0(C), 

504.30(A)(2), :.04.:.0(A) 
Low-ml'-"b'C •lL•pcnd�-d cdling power 

di.•lrihution 
">'St�-.n.•. 393.40(8) 

Membr.tne 
Definition, An. I 00 
Spr.ty application opcl"'.ttion• 

in, :.H>-JV 
Modular data centers, 646. 7(C), 

646.9 
Multi-circuit cable outlet 

Definition, An. I 00 
N<-�•n trctn.'\fonncr, a.'\ pull 

bo�-.. 600.5(D) (2) 
Outdoor lL'IC, for, "Jable 110.28 
0\-cn:urrem pmtection, 235.408(8), 

240-111, 312.8 
Panclboards, 408.38 
Pr�-..•urized enclo•ure "p", 505.8(8), 

506.8(H) 
Definition, An. I 00 

Protection by enclo•ure "t", :.06.8(G) 
Definition, An. I 00 

Radio �-quipment, 810.71 (A) 
Rt.-si.'\tol"5 and reactors cn·cr I 000 

miL<. 470.20(8) 
Scpar.ttion within, Cla.u 4 

cin:uib, 726.136 
Sig.�•. 600.8, 600.42(H) 
S"itcb�-.. 312.8, 404.3, 404.12, 404.30, 

450.8(C) 
"1}-p<.-s. 110.28 
Unde'l,'l"ound, ll0.59; >«also 

Manhi>k-.; Vault• 

EDergized 
Definilioll, An. 100 

. Uk.ely to become 
lkfinition, An. 100 

EDergized parts, :r« also l.iw pan.• 
tire pump"' 695.12(D) 
Motu� motor circuit.,. ttnd 

controlk-rs. 430-XJI 
Energy �eat S)'lileiiiS, An. T:>O 

Alternate po\\-cr JK>Urc�-.. 750.20 
Definition.•. An. I 00 
ticld marking., T:>0.30(C)(4) 
Load man.agemenl, 220.70, /:>0.30 

Energy stonge S)'51eDIS. An. 706 
Charge control, 706.33 
Circuit reqltirement•. 706-lV 
C' .• onncction to oth<..T cncq,ry 

<ourc�-.. 706.16 
Definition.•. An. I 00 
Dir�-ctory, 706.21 
Disconn�-cting mc-.tn.•. 706-11 
tlow hauery ">"tem•. 706-V 
Hc-.tllh care f.tciliti�-.. 517.30(8) (4) 
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ln.•tallation requirement•. 706-111 
Multiple ">"tem• in llingle 

bltilding, 706.6 
NameplaK-., 706.30(.-\)(1) 
Olher ">"tem<, 706-VJ 
0\-cn:urrem pmtection, 706.31 

Enforcement or Code, 90.4, Annex H 
Engineeriugsupenision, 310.14(8), 

64:..25 
Entertalnment devices 

Definition, ArL I 00 
Equipment, S« alsosp.rific typn of 

rquipmmt 

Appnn'al, S« Appruv.tl, approwd 
(' .. ooling of, 1 10.13(8) 
Definition, ArL I 00 
Examination of, 90.7, 110.3 
Grounding, 2;;(1-VJ 
ln.•tallation, gener.tl 

prCJ\illion.<, ArL 110 
More than 1000 mlb, An. 49:. .· 

�tnunting� :w.r Mounting or 
�-qltipment 

Scalable 
Definition, ArL I 00 

Scnice, S« Scn.it.: �uipmelll 
Signal, S« also Audio llignal 

proc�-..'ling. amplification, 
.and reproduction 
eqUipment; Signaling 

. circuits 
Ddinition, ArL 100 

Equipment boncliugjumpers. >« 
Jumpers, bonding 

Equipment bnmch, 517.31 (A), :.17.35, 
517.40 IN No. 2, 517.42(A), 
517.43, 517.44 

Definition, An. 100 
Equipment grounding conductor 611 

aud boxes. 314.16(8) (5) 
Equipment grounding conductors 

�'l"icultur.tl bwlding.. 547.27 
Armored cable ("1)-pc AC) a.•. 320.108 
('..able tr.t}'S a.•. 392.10(8) (1), 392.60 
C..apacitor ca.'IC" conn�-cK-d to, 460.10, 

460.27 
C..arnival.•. circlL�"<, f.Urs, �-qltipment 

at, :.25.30, 52:..31, 525.32 
c .. ommunil\' antenna tck"l-i.Uon and 

r.tdio di.•tribution 
'>'Stein.•. 820.100 t:x. 

(' .. onnection.• at outlet•. 250.146, 
250.148, 400.33 

Definition, An. 100 
F<.-..-ders. 235.206 
tire alarm '>'Stem•. 760.3(:'\) 
tire =j,.ti\-c cable ">"tem<, 728.60 
tix�-d ould<K>r ek-clric deicing and 

<now-melting 
�-qltipmenl, 426.44 

HazardolL• (cla.uified) 
location.<, :.01.30(8), 
502.30(8). :.03.30(8) 

Hc-.tllh care f.teiliti�-.. 517.13, 
517.19(E). 517.19(G) 

Identification, 210.5(8), 235.5(8), 
250.119, 310.6, 400.23, 

520.44(C)(3), 722.3(N), 
724.30). 725.3(D) 

Information K-cbnolo�;y 
�-qltipmenl, 645.5(E)(2), 
64:..15 

ln.•lallation, 215.6, 2:.0.120, 250.130 
lnlrin.'<icaJJy we appar.tUL' conn�-ct�-d 

to, :.04.50(A) 
LuminaiR"<, 410.40, 410.42, 410.44 
Marina.•. boal)-ards. floating 

bltilding., and docking 
f.tciliti�-.. 5:.5.37, :.55.56(8) 

M�-..<cnger-<�upporK-d 
wiring, 396.30(C) 

Metal-clad cable ("1}-pc �fC) 
..... 330.108 

Mineral·in.•ulaK-d melal-<lbc-.tthed 
cable ("1)-pc Ml) a.•. 3."12.108 

Mobile hom�-.. 5:.0.16(8) 
Motion picture and tck"l-iorion 

<wdio•, 530.5, 530.8 
M•nnr control ccntcn. 430.96 
Motor terminal hmL'Iing., 430.12(E) 
Nonmetallie <hc-.tlhed ("l}pc N�fS) 

cable a.<, 334.108 
Panclboards, 408.40 
Par.tllcl, 3JO.IO(G)(5) 
Park tr.Uien, interior 

�-qltipmenl, 5:.2.56(8) 
Portable cabk-. 0\'Cr 600 

miL<. 400.31 (8), 400.32, 
400.33 

Portable cabk-. 0\'Cr 2000 
miL<. 400.44(C). 400.46 

Receptack-. and cord 
connectors, 406.3(E)( I), 
406.4, 406.10 

Recreational whick-., 551.54, 5:.1.:.5 
Rt.-si.'\tor and reactor ca.'iCS/ cnclcl.'\Urt.� 

connecK-d to, 470.21 
Scn:Qti\-'C ck�tn•nic 

�-qltipmenl, 647.6(8) 
Sig.�• and outline lighting, 600.7(A) 
Sizing, 250.122, 2:.0.190(C)(3) 
Snap ""itch�-.. b'Cner.tl-u.<c, 404.9(8) 
Snlar pbotm1>1laic ">"tem•. 690.43 

through 690.47 
Spa.• and tub., 680.8(8) 
S"imming pool<, 680.8(8), 680.23(8) 

(3). 680.23(8)(4). 680.23(t") 
(2). 680.23(t) (3) 

S"itchboard, <tage, 520.51 
S\\itch cndo"un.� connected 

to, 404.12 
S"itcbgc-.tr and control a.ucmbJK.-. 

fl"'.tm�-. conn�-cK-d to, 49:..37 
S}"tem• and circltit• m-er I 000 

miL<. 2:.0.190(C) 
"lcmpor.try i•�•tallation.•. :.90.4(D), 

590.4(F}, 590.4(G) Ex. 1, 
590.6(A) t:x., 590.6(8)(2) 

·tunneL•. 1 10.:.4(8) 
"1}-pc P cable ""· 337.108 
"l}pt."" R"Co�;nized. 2:.0.118, 2:.0.120, 

250.134 
Undell,'l"<mnd r�-..-dcr and b..-.tnch

cin:uit cable, 340.108 
\\�nd ek-clric ">"te1n.•. 694.40 
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Equipment prolec:tion level, 505.9(<:) 
(2), 506.9(C) (2) 

Definition, ArL I 00 

Equipment racks, 640.21 (E), 640.22, 
640.42, 640.43 

Definition, ArL I 00 

EquipoleDlilll plane, 547.44, 680.26, 
682.33 

Definition, ArL I 00 
Esc:al.lors, su Ek-v.ttors, dumbw.Uter<, 

<.-.calator<, m<ning "-alks, 
platfonn lilt.•, and <lainv.ty 
chairlift< 

Essential electric:al systems, health care 
fOidlities, S« Hc-.thh care 
f.tcilitk• 

Examples (calc:uJ.tious), Annex I> 
Exhaust duc:ts, >«l>uct< 

Exit eadosures, 300.25 
Exils, emergency lighting 

for, 517.33(A), 517.3."1(8), 
517.43(A), 517.43(8), 
646.16, 646.17, 700.16 

Exit signs, 517.33(8), 517.43(8) 
Expaasionjoinls (fittings), 250.98, 

300.7(8), 352.44, 355.44, 
366.44, 368.244, 424.98(8), 
424.99(8)( I), 426.20(E), 
426.21 (C), 426.22(1>), 
427.16 

Explanatory matm.J, IN, 90.5(C) 

Explosionproof equipment, 500.7(A), 
501.10(8)(4), 502.5, 
505.16(8)(2) 

Definition, An. 100 

Explosive atmospheres, gases, Uquicls, 
dusts, iguitlble fibers/ 
llyiDp, aDd lint, -
HazardotL' (cla...Ufied) 
locatic•n." 

Exposed, - also Endo<ur<"< 

Cable tr.ty<, 392.18(E) 
Conductiw <urf.tc<"<, 410.42, 6fJ8.30 

Definition, An. 100 

Definition, An. 100 

Deicing and <now·mclting 
<-quipmenl, 426.21 

Ek-ctrical metallic tubing, 358.10(A) 
HazardotL' (cla...Ufied) 

location.'<, 501.2.'">, 502.2.<;, 
503.25, 505.19 

U\"c pans, 1 10.26 
Definition, An. 100 

Luminaire part<, 410.5, 410.42 
Metal ..,in.·wa�"5, 376.10(1) 

Nonmetallic <"Xtcn.'lion.•, 382.10(8) 

Receptacle lenninal'<, 406.5(1) 
Recreational whicle <ite <upply 

<-quipmenl, 551.76(8) 
Structur.tl metal, 

�'l"ounding, 250.52(A)(2) 

"li-.tn.•fonner<, 450.8(<:) 
\\�ring methods 

Definition, An. 100 

Open \\iring on in.•ulator<, 398.15 
Exteusion cord sets 

On con.'iruction <it<"<, 590.6(A), 
590.6(8)(2) 

70-880 
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0\-cn:urrent pmtection, 240.5 

"lcmpor.try i•�•tallation.•, 590.4U), 
590.6(A), 590.6(8)(2) 

ExteusiODS 

Auxilial)· gutters, 366.10(C) 

Cellular metal floor 
r.JC<"W.ty<, 374.18(A) 

nat cable a.'5Cmblk-., 322.40(1>) 

Ughting �"51<."111.' opcr.tting at 30 "'IL• 
or k'!\.� conductors 
for, 41 1.6(A) 

Nonmetallic, su :'\on metallic 
t.�tcn..Unn!l 

Surface, box<"< and fining<, 314.22 
Surface r.Jc<.·wa�"5, 386.10(4), 

388.10(2) 

\\�r<"\lla>"· 376.70, 378.1 0( 4), 378.70 
Extemdy operable 

Definition, Art. I 00 

l>i<conn<.-ction d<.,iC<"<, 368.17 (C), 
404.3(A), 410.141 (A), 600.6 

-F-

Faceplates 

Gmunding, 404.9(8), 406.6(8), 
550.15(1>) 

�faterial, 404.9(C), 406.6 
�finimum lhickn<"<.'<"< f<>r, 404.9(C}, 

406.6(A) 
�fobile hom<"<, 550.15(1>) 

�founting <urf.tc<"<, ag.Un.•t, 404.9(A), 
406.9(1>) 

Fairs, :r«C.ami\"al.'i, circu-.-., fair<, and 
similar l."\"CDL"l 

FliiiS, celliDg, suC.ciling f.tn.• 

Farm builcliDgs, feeder 
calculatiODS, 220.102. su n/so · 

�'l"icuhur.tl buildings 

FasleDed in place, 625.17(C)(2), 
625.44(8) 

l>cfinition, Art. I 00 

Fault current, 1 10.24(A) 
Av.Uiable, •ig. 100.1, 1 10.24 

l>cfinition, ArL lOO 
l>cfinitiun, Art. ·I 00 

Fault-........ged power, An. 724, 
ArL 725, ArL 726; S« also 
RcmoJ<.o.control, <i�'Jlaling, 
and puwer-limit<.-d circuiL• 

C:abk-., An. 722 

l>cfinition, An. 100 

Fault protection dmce, 830.44(.")(3) 
Ex., 830.47(A) Ex. 

l>cfinition, An. 100 
Fault-tolerut exleJ"ul control 

dn:uits, 695.14(A) 
l>cfinition, An. 100 

Feeder assembly, mobile 
homes, 550.10(A) 

l>cfinition, An. 100 
Feeders, An. 215, An. 220 

Ampaciti<"<, 310.12(<:) 
Bu. ...... >"· 3fJ8.17 
Calculation ofloads, su Lnad.• 
Critical opcr.ttion.• power 

�"5letn.•, 708-11, 708.52(8) 

OC <>"tcm <upp!>ing, 235.212(C) (2) 

l>cfinition, Art. I 00 

Ek-ctric whicle <upply 
equipment, 625.41, 625.47 

Ek-.-ator<. dumbwaiter<, <.-.calator<, 
etc., 620.13, 620.37(<:) 

Emergencp�.,.letn.•, IN •ig. 700.10(8) 
(I), IN .ig. 700.10(8)(2), 
700.10(1>) 

Ene�oy management 
">"letn.•, 750.30(C) 

Equipment gmunding 
conductor<, 235.206, 
250.122(G) 

··ann buildin�'5, for, 220.102 
•ire pump<, 695.3, 695.4(8) (1), 

695.5(C), 695.6(A) (2) 

Gnmnd-f.tuh circuit imemtpler<, 
... ith, 215.9 

Gmunding mc-.u�•. 215.6 
Hc-.tlth care f.tciliti<"<, 220-VI 

Identification, 225.37, 230.2(E), 
235.212, 235.352(.) 

lntcrconn<.-cJ<.-d electric power 
production 
«>Urc<"<, 705.12(A) 

Kitchen equipmelll, 
commercial, 220.56 

l.nad.•, S<r! u>ad.•, f<."t."<ier< 

�farina.•, boaty.mi'l, flnotting 
buildiqgs, >111d docking 
f.tcilitiC'I, !26-VII, 555.6, 
5!10.34(8) (2), 555.3.<;(8), 
115!>.�7(C), 555_:;1 thnmgh 
5!">5.53 

�fubile hom<"< and parks, 5.'j0.10(A), 
550-111 

Modular data cenler<, 646.6(8)(2), 
646.7(8), 646.8 

�futoiS, 430-11 

Oul<ide, >« Oul<ide br.tnch circuiL• 
and f<."t.-dcr< 

0\-cn:urrelll pmtectiun, 215.3, 
215.18, 235.203, 245.26 

Acc<."«ibility, 240.24(A) 

�futor, 430-V 
<h-er 1000 miL•, 235-111, 245.26 

Park tr.Uier<, 552.43(A) 
Piers, 682.15(8) 
Recreational whicle <it<"<, 551.73, 

551.80 
Rclucatable <tntctun."<, 545.22(A) 
R<"<taur.tnL•, 220.88 
Sch•x•L•, 220.86 

Scnic<"<, 220-111 
Stage 5\\itchboard, 520.27 
·tap<, 240.21 (B), 240.92, 430.28, 

646.6(8)(2) 
X-r.ty equipmelll, 660.6(8) 

Feed-through coDductors, 312.10 I (I>) 
Feuces, groUDcling aDd bondiDg 

of, 250.194, 691.11 
Ferrous metals, :r« also Rigid metal 

conduit ("1}-pc R.\fC) 
lnducl.-d currenL"l in cnclo�ur<..� or 

ntct."\Yctys, 300.20 
Protection from corro<ion, 300.6(A) 

Festoon upting, 610.13(<:) 

Conductor <ize, 225.6(8) 

l>cfinition, Art. I 00 

ln.•ulation, 225.4 
Portable <tage equipment, 520.6.<; 

fiber blllihinp, AC cable euds, 320.40 

fibers/llyinp, lint 

Combu.•tible, ArL 500 

l>cfinition, Art. I 00 
lgnitible, An. 503, ArL 506; su n/so 

Hazardou.• (cla.,.ified) 
location.'l 

l>cfinition, Art. I 00 

field naluation body (FEB) 

l>cfinition, Art. I 00 

fiddt.bded 

l>cfinition, Art. I 00 
lntcr.tctiw im·ertcr<, 705.6 

Photomltaic equipment, 690.4(8), 
690.12(8)(2), 691.5(2) 

Scnice equipment, 230.66 
St.md akme ">"<letn.•, 710.6 

Wind ek-ctric ">"<letn.•, 694.7(8), 
694.7(.") 

Ftgures, :r«l>iagr.tm• 

films, motion picture, >« Pn!iectiun 
nMtm'l, motion picture 

Fmish ntting, 334.10(3), 362.10, 
518.4(1>) 

l>cfinition, 362.10(2) 1:'\ 
Ftre alarms, 230.82(5), 230.94 Ex. 4; S« 

also Joire alann system, 

Ftre alarm sysmns, An. 760 

Abandun<.-d cabk-., 760.25 

l>cfinition, An. 100 
Ace<"« tu ei<"CUical 

equipment, 760.21 
Cabk-., 760.3, 760.48, 760.176, 

760.179 

Circuit< 

l>cfinition, An. 100 
Extending b<"}'�md one 

building, 760.32 
Connection.• at <cnic<"<, 230.82(5), 

230.94 Ex. 4 
Critical upcr.ttion.• power 

">"letn.•, ArL 708 

Gmunding, 250.112(1) 

Hc-.tlth care f.tciliti<"<, 517.33(<:), 
517.43((;), 517-VI 

Identification, 760.30 

ln.•tallation, 760.32 
u>catiun, 760.3 

�fcchanical <"Xecutiun uf "�>rk, 760.24 

:'\on-puwer-limit<.-d circuiL•, 700-11 
Cable marking, 760.176 

Conductor<, 760.49(8) 

Different circuiL'l in �me 
rac<.·w.ty, etc., 722.179(A) 
(15), 760.48 

Number or cunductol"5 in 
nact."\Ycty, etc., and 
der.tting, 760.51 

l>cfinition, An. 100 
ll•ting, 760.176 

�farking, 760.176 

�fulticunductor cable, 760.53 
Optical fiber cabk-., 760.3(E) 

:-1.-\TIO:'\Al. EI..EGI'RIC-\1. CODE 2023 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



0\'t.-rcurrent pmtectiun, 760.43, 
760.45 

P•nvcr source rl..�uircmcnts. 760.41 
RequiremenL•, 760.35(A) 
\\�ring method, 760.46, 760.53(A) 

Pmver-limiu.-d circuiL•, 700-111 
('..able marking.<, 760.179 
Circuit marking.<, 760.124 
C..ctnducton 

Scpar.ttion, 760.136 
Size, 760.142 
Suppon, 760.143 

Definition, An. I 00 
ln•�<�llation, 760.133, 760.139 
un��type fire deu.-ctor<, 760.14:. 
ll•ting, 760.179 
Marking, 760.179 
0\'t.-rcurrent pmtectiun, Chap. 9, 

"labk-. 12(A) and 12(B) 
Pmver •ourc�-s, 760.121 
RequiremenL•, 760.35(B) 
\\�ring methods and material• 

Load •ide, 760.130 
Supply mde, 760.127 

Fu-e pumps, An. 695 
(' .. onnection at :<cnic�-., 230.72(A) 

Ex., 230.72(B), 230.82(5), 
230.9-t t:x. 4 

(' .. ontinuity of p<J\\'t.T, 695.4 
(' .. ontrol "iring, 695.14 
Emergency pmver •upply, An. 700 
Equipment luc-.ttion, 69:..12 
Gmunding, 250.1 12(L), 250.112(M) 
ll•ting, 695.6(H), 695.10 
On-«ite 5l<Utdb)· gener.ttor, 695.3(B) 

(2), 695.3(1>), 695.4(B), 
695.6(C) t:x. 2 

Definition, An. I 00 
0\'t..TCUrrcnt pnttcctinn. scnicc 

�-quipmenl, 230.90(A) Ex. 4 
P•nvcr sourct.-s to ck�ric mntor

driwn, 695.3 
Pmver "iring, 695.6 
Scnic�-., 230.2(A)(I ), 230.90(A) t:x. 

4 
Su�-ni:<cd connection, 695.4 
"li-dn•funner.<, 695.5 
Voltage drop, 695.7 

ru-e-resistive cable systems, 722.13�(1'), 
722.179(A)(7), An. 728 

Definition, An. I 00 
Equipment gmunding 

conductors, 728.60 
ln•�<tllation, 728.:. 
Marking, 728.120 
Suppon, 722.3(H) 

ru-e spread 

Pn ... "\'Cntion of. wiring 
method•, 300.21, 725-"l(A), 
760.3(A), 770.26, 800.26 

Ftre-<�topped putitioas, 300.21; - also 
tirewaiL• 

Fu-ewds, wiriDg tbrou;b, 300.21 
Fittiugs, An. 314; - a&oCbap. 3, 

\\�ring Method.• and 
Mau.-rial.• 

ll'>DEX 

(' .. onduit bodi<-., 314.16 
(' .. ord'<, flexible, 400.35 
Definition, An. I 00 
Expan.oUnn. ur Expan.,ion joinL"l 

(fittinj,'5) 
Flat cable a.'!<Cmblk-., in•talled 

with, 322.40(C) 
ln•ulation, 300.4(G) 
lnU.1,T.tU.-d lr"" 5p3cer cable, 326.40 

Ftxed electric heatiug equipment for 
pipeiiDes aucl 
vessels,An. 427 

(' .. ontinuotL• luad, 427.4 
(' .. ontrol and protection, 427-\'11 

(' .. ontroL•, 427.:.6 
J>t.conn�-cting mc-.tn•, 427.:.5 
0\-crcurrent pmtectiun, 427.5 7 

Impedance hc-.tting, 427-IV, 
500.7(Ql, 505.8(0) 

Definition, An. I 00 
Gmunding, 427.29 
Induced cun-cnL•, 427.28 
holation tr.tnsf<>rmer, 427.26 
Per.<onncl prou.-ction, 427.25 
Secondary conductc>r llizing, 427.30 
Voltage limil<ltion•, 427.27 

Induction hc-.tting, 427-V 
Definition, An. I 00 
Induced cun-cnt, 427.37 
Per.<onncl prou.-ction, 427.36 

ln•tallation, 427-11 
(:Cner.tl, 427 .I 0 
Identification, 427.13 
Tbemtal pmu.-ction, 427.12 
U:<c, 427.11 

R�..;."ance heating clemenL'I, 427-111 
Definition, An. I 00 
Ek-ctrical cunn�-ction.•, 427.19 
Equipment pmtectiun, 427.22 
Expan<iun and cuntr.tetiun, 427.16 
tlcxur.tl capability, 427.17 
Gmundo:d conducti\·e 

"'"'.Cring, 427.23 
1\ta�ng, 427.20 
Nut in direct cunl<let, 427.1:. 
Pmver •upply lc-.td•, 427.18 
SccuR-d, 427.14 

Skin �if�-ct bc-.tting, 427-VI, 
500.7(0), 50:..8(N), 
506.8(N) 

(' .. onductor ampacity, 427.45 
Definition, An. I 00 
Gmunding, 427.48 
Pull box�-., 427.46 
Single conductor in 

encJc.,.ure, 427.47 
Ftxed electric spou:Hieatiug 

equipment, An. 424 
Br.tncb circuits fur, 424.4 

Boik-rs, 424.82 
LcJ\\·-mll<lj,'C �-quipment, 424.104 
Radiant bc-.tting paneL'<, 424.95, 

424.96 
C..abk-., 42-t-V 

Arc-.t r.-.trictimL•, 424.38 

(' .. ciling.< 
Clc-.tr.utc�-., 424.36 
tini.•hed, 424.42 

Clc-.tr.utc�-., \\iring 
(' .. ciling.<, 424.36 
Other o��-cts, upeninj,'5, 424.39 

(' .. mL•truction, 424.34 
ln•�<tllation 

In concrete or poun ... -d ma.•;on11· 
floor.<, 424.44 

Nonheating lc-.td.•, 424.43 
Marking, 424.3:. 
Splic�-., 424.40, 424.41 (I>) 
"lhL• and in•�-ctiun•, 424.46 

C..ontrol and protection, 424--111 
(' .. ontrollers, 424.20(A) 
J>t.conn�-cting mc-.tn•, 424.19 

througlt 424.21, 424.6.:; 
Indicating, 424.21 

0\-crcurrent pmtectiun, 424.22, 
424.72, 424.82 

Duct bc-.tter<, 424--VI 
Airflow, 424.59 
(' .. onden.ation, 424.62 
Disconn<..�ting ml.� 

locatio..; 424.6.:; 
Ek"\-aU.-d in.let tcmper.tture, 424.60 
Fan circuii interlock, 424.6."1 
Identification, 424.58 
loSiallation, 424.61, 424.66 
Uutit controL'<, 424.64 

Ek-ctmck�l)pc boiler.<, 424-V111 
ln•�<tllation, 42-t-11 

Location 
Damp or wet location•, 424.12(B) 
Exp<'-"Cd to ph}'llical 

damage, 424.12(A) 
LcJ\\·-mll<lj,'C �-quipment, 424.103 
Spacing, combtL•tible 

material•, 424.13 
Supply conducton, 424.11 

ll•ted, 424.6 
Load, 220.51, 220.82((;), 220.83 
LcJ\\·-mll<lj,'C, 42-t-X 
Marking, 424--lV 

Boilers, 424.86 
C..abk-., 424.35, 424.47 
Hc-.tting clements, 424.29 
NameplaK-., 220.82((;), 424.28 
Radiant bc-.tting paneL• and heating 

panel :<cL•, 424.92 
0\-crcurrent pmtection for, 424.22, 

424.72, 424.82 
Radiant bc-.tting paneL• and heating 

panel :<cL•, 424--IX, 
427.23(B) 

Clc-.tr.utc�-., \\iring 
(' .. ciling.<, 424.9-t 
WaiL•, 424.95 

(' .. onnection, 424.96 
Definition, An. I 00 
ln•�<tllation, 424.93, 424.98, 424.99 
Marking.<, 424.92 
Nonheating lc-.td.•, 424.97 

R�..;."rutc��type boiler.<, 42-t-\'11 
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Ftxed equipment, grotmciiDg, 250.110, 
250.112, 250.134, 250.136, 
250.190 

Ek-ctric •pac��eating 
�-quipmenl, 424.4-'j(F), 
424.99(B)(6) 

Patient care arc-.L'<, ;; 17.13 
Ftxed in piKe, 62:..4-t(C) 

Definition, An. I 00 
Ftxed outdoor electric deicing md 

mow-melting 
equipment, An. 426 

Br.tncb circuits for, 210.19(1>) t:x. I 
(' .. onnection'<, 426.24 
(' .. ontinuotL• load, 426.-t 
(' .. ontrol and protection, 42&-VI 
(' .. ord-and-plug<omR-ctcd, 426.50(B), 

426.:.-t 
J>t.conn�-cting mc-.tn•, 426.50 
Gmund-f.tult circuit 

interrupter.<, 210.8(A) Ex. I 
Gmunding, 426.22(A), 426.27, 

426.44 
Identification of, 426.13 
Impedance hc-.tting, 42&-IV 

Definition, An. I 00 
Induced cun-cnL•, 426.33 
holation tr.utsf<>rmer, 426.31 
Pcr.<nnncl proK-ction, 426.30 
Vol�<tge limil<ltion•, 426.32 

ln•tallation, 426-11 
Marking, 426.2:. 
Nonheating lc-.td.•, in•tallation 

of, 426.22, 426.23 
Protection 

(' .. orrc>5ion, 426.26, 426.43 
Exp<'-"Cd �-quipment, nonhc-.tting 

lc-.td• for, 426.23(B) 
Gmund f.tult, 426.28 
Tbemtal, 426.12 

R�..;."ance heating clemenL•, 42&-111 
Definition, An. I 00 
Em�-dded, 426.20 
Exp<'-"Cd, 426.21 

Skin elf�-ct bc-.tting, 42&-V 
(' .. onductor ampacity, 426.40 
Definition, An. I 00 
Pull box�-., 426.41 
Single conductor in 

encJc.,.ure, 426.42 
Tbermc.•tats for, 426.51 
U:<c of, 426.11 

Ftxed resistauce md electrode 
industrial process heatiug 
equipment, An. 425 

Boiler.< 
Ek-ctmck�l)pc, 425-\'11 
R�..;."anc��t}pc, 42.?--VI 

(' .. ontrol and protection, 425-111, 
42:..6.:; 

Duct bc-.tter<, 425-V 
ln•tallation, 425-11 
Marking, 425-IV 

c .. onducton7 (J\'Crcurrcnt pn•tccti\-'C 
d�-.ic�-., 425.72(E), 
42:..72(F) 

70-881 
Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading. or printing. 

For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



Duct hc-dl<-"1"5, 425.58 

t:k-ctmd��l)pc boiler<, 425.81, 
425.86 

R�-.i.'iaJtc��type boiler<, 425.71 
Ftxtures, S«Luminain.-. 
Ftxture wires, An. 402 

Ampaciti�-.. 402.5 

(;n•und<..� conductors? 
identi6cation, 402.8 

Marking, 402.9 
Minimum me, 402.6 

Number in conduiL< or tubing, 402.7 
0\'t.-rcurrent pmtection, 240.5, 402.12 
'1}-p<.-.. 402.3 
u.._.,. not pcrmitt<--d, 402.11 

u.._.,. pcrmiued, 402.10 
Flameproof "d". 505.8(A) 

De6nition, ArL 100 

Flame spread. -tire ")>read 
Flammable anesthetics, >«also 

An<..-sthct.izing locatinn.'l 
De6nition, ArL 100 

Flammable pses. >« HiWirdou.< 
(cla.<Si6�-d) location.< 

FlammabiHiquld produced \'llpors, ,_ 

Hazardou.< (cla.<Si6ed) 
locatic•n.' 

Flammable liquids. ,_ Hazardou.< 
(cla.<Si6�-d) location.< 

Fla&bers, time swikhes, etc •• 404.5. 
600.6(B) 

Flat cable assemblies (Type 
FC), An. 322 

Box�-. aJtd 6tting.o, 322.40 
Br.1nclxircuit r'dting, 322.10(1) 
(' .. onductor in.<ulatim�< for, 322.1 12 

(' .. onductor <ize, 322.104 
c ..... �<tntction, 322-111 
Dc-dd end<, 322.40(A) 
De6nition, An. 100 

t:xtet�<ions from, 322.40(D) 
tiuin�:" for, 322.40(C) 
ldenti6cation of b'"mnded 

conductor, 322.120(B) 
ln.<l<lllation, 322-11 
Luminaire hanger<, 322.40(B) 
Marking, 322.120 
Number of conductor< in, 322.100 

Size of conductor< in, 322.104 
Splic�-.. 322.56 
Suppon, 322.30 
'terminal block 

identi6cation, 322.120(C) 
u.._.,. not pcrmitt<--d, 322.12 

u.._.,. pcrmiued, 322.10 
Flat conductor cable (Type 

FCC), An. 324 

Br.1nciH:ircuit r'dting, 324.10(B) 
c�blc cnnnt.'Clinn., and 

end<, 324.40(A) 
c ..... �<tntction, 324-111 

c .. unductor 
identi6cation, 324.120(B) 

ln.<ulation, 324.112 

Marking.o, 324.120(A) 

70-882 

NATIONAL ELECTRICAL CODE 

Recepl<lck-. and hou.<ing.o, 324.42 

Shield<, 324.100(B) 

'Ji-dn.<ition a.<.<cmhlk-., 324.56(B) 
De6nition,An. 100 

De6nition,An. 100 
Gmunding, 324.60 

1n.<1allation, 324-11 
Ahef'dtion.<, 324.56(A) 
Box�-. aJtd 6tting.o, 324.40 
c�blc cnnnt.'Clinn., and in.,ulating 

end<, 324.40(A) 
c .. unncction.'l to other 

<}"St�'ln.<, 324.40(D) 

CnJA<ing.o, 324.18 
tl<M>r CO\'t.-ring.o, 324.41 

He-died fl<M>r<, 324.10(F) 
Metal shield connector<, 324.40(t:) 
Recepl<lck-. and hou.<ing.o, 324.42 

Shield<, 324.40((;). 324.40(t:) 

Suppon, 324.30 
S}"Stcm hcib"'l. 324.10(G) 

1n.<ulating end<, 324.40(A) 
De6nition,An. 100 

ll<ting requiremenl<, 324.6 
Metal shield connection.<, 324.40(t:) 

De6nition,An. 100 
PolarWttion, 324.40(B) 

Splic�-. and taps, 324.56 
System, 

Ahef'dtion.<, 324.56(A) 
De6nition,An. 100 

S}"Stcm< alter'dtion.<, 324.56(A) 
u.._.,. not pcrmitt<--d, 324.12 
u.._.,. pcnniu�-d. 324.10 

Flatiroas 

Signals, 422.42 

Strutd< for, 422.45 
'lcmpcrdtuR--Iimiting mc-.utS, 422.42 

Flexible bus systems. An .. 371 
Bonding, 371.120 
(' .. on.<lntction spccifkation.<, 371-111 
De6nition, Art. 100 

Gmunding, 371.120 
1n.<1allatiun, 371-11 
Marking; 371.120 
0\�n:urrent pmtection, 371.17 

u.._.,. not pcrmitt<--d, 371.12 
u.._.,. pcnniu�-d. 371.10 

Flexible cords, Sl!f! (' .. ord<, flexible 
Flexible iDsuJated bus. 371.120(C) 

De6nition, An. 100 

Flexible metal coDduit (Type 
FMC), An. 348 

Bend<, 348.24, Chap. 9, 'Jllble 2 

(' .. ouplinb"' aJtd conn�-ctors, 348.42 
De6nition, An. 100 

l>imen.<im�<. Chap. 9, 'Jablc 4 
Gmunding aJtd bonding, 348.60 

1n.<1allation, 348-11 
Uquidlight. Sl!f! Uquidlight flexible 

metal conduit 
ll<ting, 348.6 

Maximum number of cnnductnP and 
6xture \\in.-. in, 'Jahk-. C'l 
and C3A 

Number of conductors, ('.hap. 9, 
'Jahle 1 

Number of conductor< in, 348.22 

Securing aJtd supporting, 348.30 
Size, 348.20 
Splic�-. and taps, 348.56 

'Jiimming, 348.28 

u.._.,. not pcrmitt<--d, 348.12 

u.._.,. pcrmiued, 348.10 
Flexible metallic tubiug 

Bend<, Chap. 9, 'lllhle 2 
Number of conductors, ('.hap. 9, 

'Jahle 1 
Flexible metallic tubiug (Type 

FMT), An. 360 
Bend<, 360.24 
c ..... �<lntction •pcci6cation.<, 360-111 
De6nition, ArL I 00 
Gmunding, 360.60 

1n.<l<lllation, 360-11 
ll<ting, 360.6 

Marking, 360.120 
Number of conductol'$; 34i0.22 

Siz�-.. 360.20 

Splic�-. and taps, 360.56 
u.._.,. not pcrmin.:d, 3f.O.I2 

u ..... pcrmiucd, ·360.10 
Floatiug bailclugs. .w �farina.<, 

boatyards. floating buikling.o, 
and docking fdcilitk-. 

Floor pockets, 520.46 
l'loo�Sy su also L'nderflcx•r rctct."\Y"d}'S 

Bu.<W">" lhrough, 368.10(C)(2) 
C..ablehiL< suppon and exten.<ion 

through, 370.18 

Flat conductor cable ('l}pc t'CC) in/ 
on, 324.10(C) 

tl<M>r CO\'Cring.o, 324.41 
Hc-.1tcd fl<x>r<, 324.10(F) 

1n.<ulating end<, 324.41 

Ma.o;.onry or concrete floors? 
in.<lallation of hc-.1ting cabk-. 
in, 424.44 

Radiant hc-.1ting panel<, it�<tallation 
of, 424-IX 

Recepl<lck-., 210.52(A) (3), 
250.146(C). 314.27(B) 

Surface metal rctct."\\CI}1i 
Exten:rion thn•ugh 

fi<NJf!<, 386.10(4) 
Under rdi.<cd fi<M>r<, 386.10(3) 

Surface nonmelallic 
rdc�'\V'd}"· 388.10(2) 

Flue clltmper coalrol, -Damper< 
(flue), contml 

Fluorescent luminaires, 410-XII 
Autotmn.<former< in halla.<L<, 410.138 
Auxiliary· �-quipment, 410.137 
Balla.<t pn>t�-ction 

r�-quired, 410.130(t:) 

Circuit breaker< u.�-d to 
<\\itch, 240.83(D) 

Load calculation.<, br.utclt 
circuits, 21 0.2."1 

Rac�·wa}"· 410.64 
Snap <\\itch�-. f<>r, 404.14(A) 
Surfact."-mount<-� or 

R"C�-..cd, 410.16(B), 
410.16(D) 

Thennal pmK-ction, 410.130(t:) 

Fluoroscopic equipment, S« X·rdy 
�-quipment 

F1yiDp, ipitible, ArL 503, ArL 506; S« 
also HiWirdou.< (cla.<.<ifk-d) 
location.o;. 

flywheel ESS, 706.51 

De6nition, ArL I 00 

Footllcbts, !beaters, 520.43 
De6nition, ArL I 00 

Di.<appcaring, 520.43(C) 
Formal iDteopretatioDS, 90.6 

Forming shells, underwater pool . 
luminaires, 680.23(B). 
680.24. 680.26(B) (4). 
680.27(A)(3) 

De6nition, ArL I 00 
Fountains, -s..imming p<M>L<, 

founl<lins, aJtd similar 
in.<l<lllation.< 

Foyers, receptacles iD. 210.52(1) 
Fl'llllle, recreational veblde, 551.20(C), 

551.56(B) t:x. 

De6nition, An. 100 

Free air, 310.21 

Ampaciti�-. of conductor< in, 310.17, 
·table 310.17, 310.19, ·table 
310.19, 'Jahle 310.21 

De6nition, An. 100 

Fuel ceD systems, An. 692 

Circuit rcquiremenL<, 692-11 
(' .. onnection at <cnic�-.. 230.82( 6) 

C .• onnection to other circuit.,? 692-VI 
'11-dn.<fer 5\\itch, 692.61 

Critical opcrdtion.< power 
<}"Stein.<, 708.20(H) 

De6nition, An. 100 

Di.<conn�-cting mc-dn.<, 692-111 

All conductor<, 692.13 
S..itch <>r circuit breaker, 692.17 

Hc-dllh care f.�eiliti�-.. 517.30(B) (3) 
Marking, 692-V 

Fuel cell P''''''" S<>urc�-.. 692.50 
Fuel shutoff, 692.51 
Stored ene'l.'Y· 692.52 

<h"Crcurrent protection, 692.9 
\\�ring methods, 692-IV 

Fuel dispeasiDg fOidlities, s<r �fotor 
fuel di<pct�<ing f.1ciliti�-. 

FuJJ.Ioad CWTeDI motors 

Alternating current 

Singk�pha.<c, 'table 430.248 
Thre��phasc, 'Jahle 430.250 
..... ,�pha.<c, ·table 430.249 

Dir�'CI current. 'lllhle 430.247 
FUI'DIICeS, 422.12 
FURbolders 

C..anridge fu.�-., 240-VI 

<h"Cr 1000 mils. 245.21 (B) 
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Plug ru..._ .. , 240-V 
Rating, motor controller<, 430.90 
Size, motor hr.tnch circuit 

protection, 430.5 7 
"l}'pe S, 240.53, 240.54 

Fuses 

C..anridge, 240-VI 
l>i.<conn<.-ction, 240.40 

C .. ommunication., circuiL'l, pnJI<..�ton 
for, 805.90(A)(2) 

Definition, ArL I 00 
l>i.<conn<.-cting mc-dn.•. 240.40 
Distribution cutouts, 245.21 (C) 
t:k-ctmnically actuau.-d, 240.67(8), 

"lllhle 450.3(A) :'\ole 4 
Definition, ArL I 00 

t:nclusun. ... 240-111 
t:nef!,'Y stor..ge .,-.teln.•. 706.31 (t:) 
t:xpulo<ion, 245.21 (C) 

Definition, ArL I 00 
Gcncrctton, con.,tant

mhage, 445.12(A) 
Gmup i•�•llllllltion of 

motor<, 430.53(C) 
Loation in circuit. 240.21 
Loation on pr<."lni"<.-s, 240.24 
Markings, 240.60(C) 
Motor hr.1nch circuit 

protection, 430-IV 
Motor m-crlmul pmtection, 430.4 t:x., 

430.28 t:x., 430.206(C) (I) 
Multiple, >«Multiple f,...._ .. 
Nenmrk-p<m-cr<.-d broadband 

cummunication.'l circuiL'l, 
protector< fi>r, 830.90(A) (2) 

<h-er 100(h1>IL•. 245.21 (8) 
In par.lllel, not pcnniU<.-d, 240.8, 

404.27 
Plug, t:di,..m-ba.<c type, 240-V 
Potential (\1>ltage) 

lrdn..Conner<, 450.3(C) 
Pmver, 245.21 (B) 

Definition, ArL I 00 
Non\·cnl<-� 

Definition, ArL I 00 
Venu.-d 

Definition, ArL I 00 
Ratinb"'· 240.6 
Scnice equipment. 230.95(B) 
Scnic<.-s •n·er 1000 mlts, 235.408 
Sl\itch<..-s, arrcUtgcmcnt on 

panelboards with, 408.39 
"l}'pc s. 240.53, 240.54 
\\�nd ek-ctric ., .. , ... ., .... , 694.26 

Future expausion and 
conwnience, 90.8(A) 

-G
G...-ages, coJIIIIIeJdal. An. !i l l  

Bauery charging 
equipment. !i i i.IO(A) 

Cla.'ISification oflocation.•. 511.3 
l>cfinition, ArL 100 
t:k-ctric •-chicle charging, 511.10(B) 
El<.."\ctton, dumhwaitcn, <..-scalators, 

etc., 620.38 

ll'>DEX 

Equipment, 511.4, 511.7 
Gmund-fdWI circuit-intermpler 

protection, 210.8(B) (IO), 
511.12 

Gmunding, 250.112(F) 
Gmunding and bonding, 511.16 
Lnation.•. 511.4 
�fajor repair, 511.3 

l>cfinition, ArL I 00 
�finor repair, 51 1.3 

l>cfinition, ArL I 00 
Portable equipment. 511.16(8) (1) 

l>cfinition, ArL I 00 
Scaling, 51 1.9 
Sp<.-cilll equipment. 511.10 
Ventillltion, 511.3(<:) thmugh 

51 1.3(t:). "lahle 511.3(C). 
"lahle 511.3(1>) 

Wiring, 51 1.4, 511.7 
GIIHS, :«< HazardoJL• (cla.'ISifi<.-d) 

location.'l 
GMOJine bulk stonge plants, S« Bulk 

stor"b"' plllnL•; Hv.ardoJL• 
(cla.'ISifi<.-d) location.• 

GMOJine cllspeaslng and service 
statioas, S« �fotor fuel 
di•pcn.'ling f.�eiliti< .. 

Gauges (AWG), conductors, 110.6 
Genenl provisions, ins1allation of 

wiring and 
equipment, An. 110 

Genenl requirements for wiring 
methods. ArL 300. :r« also 
Wiring meth•uls 

Box<.-s, conduit bodi<-s, or fittings, 
where requir<.-d, 300.15 

Changing rdc<.·way or cable to upen 
-..iring, 300.16 

Conductor<, 300.3 
Different .,-.tcm•. 300.3( C) 
ln.•llllllltion \\ith ulbcr 

., .. , .... 0,'1; 300.8 
ln.•ulllu.-d fillings, 300.4(G) 
:'\umho<r lind siu.-s of, in 

rac<."V""} ... 300.17 
S�ppori.ing of conductors in 

· wrtical rdc<.·wa}-.. 300.19 
l!xhaJL<t and •-cntilllting dueL•. 

-..iring, 300.22 
t:xpan.'lionjoinL•. rdc<.·wa�-.. 300.7(B) 
··ree length of wire at outlets, 

junction lind <witch 
p<>ints, 300. H 

Induced cun-cnL• in ferroJL• metal 
enclosur<.-s, 300.20 

�fcchanial and ek-ctriOJI continuin·. 
conductors, r.tc<-�"a)'1i. · 

abk-., 300.10, 300.12, 
300.13 

<h-er 1000 miL•. 1 1 0-111, An. 305 
Protection agdi11.'t 

Corrosion. 300.6 
Phy,.iOJI �"'· 300.4 

Rac<.·way i•�•talllltiuns, 300.18 
Rac<."\\-a�-. and ahk-s -..ith other 

., .. , .. .,n•. 300.8 

Rac<."\\-a�-. and fittings, metric 
d<.-signator and lrdde 
size, 300.1 (C) 

Rac<-�"a\-1i ao; a mc-.tn.'l of ' 
•upp<>n, 300.1 1  (C) 

Rac<."\\-a�-. exp<><cd tu different 
tempcrdtun.-s, 300.7 

Rac<-�"a)'1i in wet location.o; above 
grdde, 300.9 

Scaling, rdC<."\\-a�-.. change in 
tempcrdture, 300.7(A) 

Securing lind supporting, 300.11 
Spread of fire ur products of 

combJL<tion, 300.21 
"lcmpcrdture limitation.•. 310.H(A) 

(3) 
"lbrnugh stud:<,jui.•L•. r..Cter<, 300.4 
t:nder.,'l"ound installation.•. 300.5, 

305.15 
Voltage limitation.•. 300.2 
\\1ring in dueL•. plenum•. air

handling spac<.-s, 300.22 
Genenl-use snap switches, S« Snap 

5\\itcht.-s · 

Genenting capacity, 
inverters, 690.7(A); 
690.8(A�. 691.4 

Definition, ArL 100 
Genenting station 

Definition, ArL 100 
Genentois, ,.\n. 445 

Bushing<. 445.16 
Conductor, ampacity of, 445.13 
C:ritiOJI upcrdtion.• power 

.,-.1e1n•. 708.20(•) 
Definition, ArL 100 
Di.<conn<.-cting mc-dn.•. 445.18 
t:mergencys�-.te1n•. 700.12(1>) 
t:.'l<cntial el<.-ctrial <\'Sieln•. task 

illuminatio�. 517.33(t:), 
517.43(t:) 

Gmund-fdwt circuit 
intcrmptcr<, 445.20 

Gmunding, 250.34, 250.35 
Guard• fur attendants, 445.15 
HazardoJL• (cla.'ISified) 

location.•. 501.125, 502.125, 
503.125, 505.16(t:)(2). 
505.22 

Hc-dlth care f.�eiliti< ... 517.30(8), 
517.33(t:), 517.33(F), 517.41 

lntcrccmn<.-ct<.-d electric power 
production sourc<--s. 705.� 
705.30(B) 

L<.-g-.1lly required standby 
.,-.1e1n•. 701.12(D) 

ll•ting, 44:..6 
l.ncatiun, 445.10 
�farking, 44:..11 
�lotion picture and tck"l-i.Uon 

studios, 530.43, 530.45(F) 
0\-crcurrent pmtectiun, 445.12 
Portable, 250.34, 702.12, 708.20(F) 
Protection of li\-c parts, 445.14 
Recreational whick-s, 551.30 
Stllndb)· .,-.tcm•. An. 701, ArL 702 
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•ire pump, oiHite, 695.3(8) (2), 
69:..3(1>). 695.4(8), 
69:..6(C) t:x. 2 

"lcnni1tal hoJL•inb"'· 445.17 
Germicidal irnu:lialion l.....m.lres, 41 O

X VII 
ln.•talllltion, 410.193, 410.197((;) 

Goosenecks, service cables, 230.54 
Grid bus rail. 393.100(B) 

l>cfinition, ArL I 00 
Grooves, cables and rueways inslalled 

in, 300.4(.") 
Ground 

l>cfinition, ArL I 00 
Voltage to, 230.56 

l>cfinition, ArL I 00 
Ground clamps, 250.10, 250.70 
Grounded 

l>cfinition, ArL I 00 
•·unctionally, 690.41, 690.47(A) 

l>cfinition, ArL I 00 
Solidly, 1 10.5-t(A) 

l>cfinition, ArL I 00 
Grounded conductors, :r« also l'ieutrdl 

Alternating current .,-.tcm•. 250.24 
through 250.26 

ldentifiation, 200.6, 200.7, 
210.5(A) 

Continuity of, 300.13(B) 
l>cfinition, ArL I 00 
Different .,-.tcm•. 200.6(D) 
t:k-ctrncl<.�l)-pc boiler<, •n·er I 000 

•�•Its, 495.72(t:) 
t:ner.,'Y stur..ge .,-.teln•. 706.30(C) 
Jola1 conductors. nonmetallic 

extcn.'liuns, 382.104(B) 
•. ,...._ .. in, 430.36 
ln.•ulllu.-d, 200.2(A), 551.54(C), 

552.55(C) 
�finimum r.1ting and <ize, 215.2(8) 
�fubile hom< ... 550.16(A) 
�futor cuntroller<, 430.85 
0\-crcurrent pmtectiun, 230.90(B), 

240.22 
Panelhuards, tenninatiun in, 408.41 
Park tr.Uier<, 552.55(C) 
Recreational whick-s, 551.54 (C) 
Recreational whicle site :<upply 

equipment. 5:. I. 76( I>) 
Scpar.1tcly dcri•'t.-d S)'Siem•. 250.30(A) 
Scnic<--s 

Disconn<-�tion of. 230.75 
Gmund-fdwt circuit 

conductor, 250.186(A) 
0\-crcurrent pmtectiun, 230.90(B) 

Singl<.�pha.<c d-..-cllings, 310.12(D) 
S..itch<.-s, di�unn<.-ction, 404.2(B) 
t::<c and idcmificatiun, ArL 200 

Ground fault. 250.188, 315.10(C)(I ), 
700.6(1>). 701.6(1>) 

l>cfinition, ArL I 00 
Ground-fault c:in:uit inln'nlplers 

Ace<."""'")" building<. d\\-clling 
units, 210.8(A)(2) 

A.,'licuhurdl buildings, 547.28 
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Aircr..rt hang...,., 513.12 
Applianc< .. , 210.8(D), 422.5 
Bathtum, hydnnnas."'l>"'· 680.71 
C..amiv.tl.•. circu-.-., f.Urs, and <imilar 

<"\"CnL•, 52.'>.23 
Definition, An I 00 
Ek-ctrically operdted pool 

CUIICI"S, 680.27(B) (2) 
Ek-ctric <ign.•. portable or 

mobile, 600.10((;) (2) 
Ek-ctric •-chicle charging 

<}"tetn•. 625.54, 625.60(D) 
Ek-ctrifi<..-<1 truck parking <pace <upply 

<"<Jitipment. 626.24(D) 
Ek"\"lltor<, dumbwaiter<, <..-.calators, 

etc., 620.6 
tixed ek-ctric <pac<�heating 

<"<Jitipment. 424.4-t(E), 
424.45(E), 424.99(B)(5) 

Fountain'i, 680.51 (A) 
Gardg< .. 

(' .. omm<.."TCial, 511.12 
1>\\-clling uniL•, 210.8(A)(2) 

Generdlor<, 445.20 
Motion picture and tck"l-iorion 

<tudios, 530.44 
Natur.lllv and artificiallv made bodi< .. 

'of w·dter, ek-cuical 
<"<Jitipment for, 682.15 

Permitt<..-d IL'<"S, 210.8, 215.9 
Receptaci<.."S, 210.8 

Applianc< .. , 210.8(D) 
Bathnx•m• in <h\-clling 

units, 210.8(A) ( I )  
Bathnx•m• in other than d\lo-clling 

units, 210.8(B)( I )  
c .• on.,tnaction mtt."S, at. 590.6 
Equipment reqltiring 

scnicing, 210.8(E) 
Fountain'i, 680.57(B), 680.58 
Gardg< .. , in d\lo-clling units, 210.8(A) 

(2) 
Hc-.llth care fdciliti< .. , 517.20(A), 

517.21 
KitchelL' in <h\-clling 

units, 210.8(A) (6) 
Marina.•, hoal)"llr<i<, floating 

hltildings, and docking 
fdciliti< .. , 555.35 

Mobile hom<,., 550.13(B), 
550.32(E) 

Outdoor, 210.8(A)(3), 210.8(B) (6), 
210.8(F) 

Park tr.Uiers, 552.41 (C) 
P<x>L•. 680.5, 680.22(A) (4), 

680.22(B)(4), 680.32, 
680.62(E) 

Recreational \"Chick-., 551.40(C), 
551.41((;) 

Replac<.."lnent, 406.4(D) 
Reqltired, 210.8 
Rooftops in other than d\lo-clling 

units, 210.8(B) 
Scn:Qti\-'C ck�tn•nic 

<"<Jitipment. 647.7(A) 
Spa.• and hot tubs, 680.43(A), 

680.44 
Recreational \"Chick-., 551.71 (F) 

70-884 
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Relocatable <tructun. .. , 545.28 
Sp<.."Cial purpose, 410.184, 680.5, 

680.22, 680.32, 680.43(A) 
(2), 680.44 

Definition, Art. I 00 
S"'imming JXK>L•. su Sl\imming 

JXX>L•. f<mntains, and <imilar 
in•tallation• 

Grouud-£ault current path, 2.'>0.4(A), 
250.35, 250.109, 250.118 

Definition, Art. I 00 
Grouud-£ault detectoNuterrupcer, de 

(GIDI), 690.41 (B), 690A2 
Definition, Art. I 00 

Grouud-£ault protection 

(' .. onnection• at <cnic< .. , 230.82 
Crdn< .. and hoi.•L'i, 610.42 
Critical operdtion• JX>Wer 

<}"t<.."ln•. 708.52 
D<..icing and �nnw-melting 

<"<Jitipment. 426.28 
Emergency<)-.t<.."ln•. 700.31 
Equipment. 210.13, 215.10, 240.13 

Definition, Art. I 00 
tire pumps, 695.6(G) 
tloating huildin!."'· 555.53 
Hc-.llth care fdCiliti< .. , 517.17 
Leg.llly R."<JUired <tandby 

<}"t<.."ln•. 701.31 
Marina.• and boal)'"llnl•. 555.35, 

555.53 
Motors, 430-IV, 430-V 
Personnel, su Gmund-f.1uh circltit 

intcmtptcr< 
Pipeline hc-dl<.."r<, 427.22 
Scnice di.�onnecting mc-dn'i, 230.95 
Solar photm1>haic ")"5tcm•. 690.41 (B) 
"lcm)X>r.!fY itL•tallation•. 590.6 

GrouucliDg, Art. 250 
AC <}"t<.."ln•. 250.20, 250.24 thnmgh 

250.26 
Agricultur.ll hltildings, 047.41 
Air..:onditioning units, 250.1 H 
An<.. .. theti7.ing k>cation•. 517.62 
Antenllll, 810.15, 810.21, 810.58, 

8J0:71 (B) 
Appliane< .. , 250.114 
Audio <ij,'llal proc<.. ... '<ing, 

amplification, and 
rcpnKiuctinn 
<"<Jitipment. 640.7 

Bonding, -Bonding 
Bulk <tordge planL•, 515.16 
BIL"<Wd>"• 368.60 

0\-cr I 000 miL'i, 368.260 
C..ablehtL•, 370.60 
C..apacitors, 460.10, 460.27 
CA"IV <}"tcm•. 820.93, 820-IV 
Circuits, 250-1 

L<.._, than 50 '"IL'i, 2.'>0.20(A) 
Cloth< .. dryers, 250.1 H, 250.140 
Cloth< .. \V".t.•hers, 250.1 H 
c .. ommunication., 5\"Stcm,. 800.49, 

800.1 06( . .\). 800-111 
(' .. ontinuity, 250.96 
(' .. ontrol, rddio <"<JUipment, 810.71(B) 

(' .. ontrol panels, 409.60 
Crdn<,. and hoi.•L'i, 610-V11 
DC <}"tcm•. 250.162, 250.164 
Definition, An I 00 
Deicing, saun\·-mclting 

<}"tetn•. 426.22(A), 426.27, 
426.44 

Dish\V".t.<dters, 250.1 H 
Ek-ctric •-chick .. , wirek-.. )X>\Io"Cr 

tr<tn.Fer <"<Jitipment. 625.101 
Ek-ctn>de <}"tern, 250-111 
Ek"\"lltor<, 250.1 12(E), 250.116, 

250.136, 620-IX 
Enclosun. .. , 2.'>0.64(D), 2.'>0.64(E), 

250-IV 
Equipment. cord-and-plug

connect<-<1, 250.114 
tire alarm <}"tcm•. 250.112(1) 
tixed <..-quipment, 2.'>0.1 10, 250.1 12, 

250.134, 250.136 
Ek-ctric spac<..�eating 

<"<Jitipment. 424.-t.:;(F), 
424.99(B)(6) 

Patient care arc-.t.•, 517.13 
tixed indtL•trial pn>e<..-.. electtod.,. 

type IK>iler<, 425.8!i 
tixtun. .. , lampholder<, ·· 

etc., 410.155(B), 410-V 
tl<..-xihle hiL• <)"te...S, 371.120 
Fountain'i, 680.!H(A), 680.55 
Freezer<, 250.1 14 
Gard�, c<nnmercial, 511.16 
Generators, 250.34 
HazardotL• (cla..,Ufied) 

. locati<>n'i, 501.30, 502.30, 
503.30, 506.30 

Hc-.llth care fdciliti< .. , 517.13, 517.19 
High den<ity )X>I�-cthylene 

condltit, 353.60 
Induction and dielectric heating 

<"<Jitipment. 66.?--11 
lnfonnation 1<-chnol<'!,')" 

<"<Jitipment. 645.14, 645.15 
lntcrconn<-�1<-� electric power 

production 
<ourc< .. , 705.1 1 (E) 

lntriJL'<ically safe <)'"5tetn•. 504.50 
lrrig-.1tion machin<.."S, 675.1 1  (C), 

675.12, 675.13 
Uqnidtight flexible nonmetallic 

condltit ("1}-pc 
U�C), 356.60 

Manufactur<..-d buildings, 545.1 1  
Marina.•. IJ<>al)"llr<i<, fl<>ating 

hltildings, and docking 
fdciliti< .. , 555.54 

Metal IK>X<,., 314.4, 314.100(D) 
Metal enclo<nr<.. .. f<>r 

conductors, 250.80, 250.86 
Metal fdceplat< .. , 404.9(B), 406.6(B) 
Metal <iding, 250.116 1:'\ 
Method<, 250-VII 
Mobile hom<,., 550.16 
Motion picture <tudios, 530.45 
Motor fuel di.•pen<ing 

fdciliti< .. , 514.16 
Motor< and controller<, 250-VI, 

430.12(E), 430.96, 430-Xlll 

Natur.lllv and artificiallv made IJ<>di< .. 
'of\V"dter, ek-cuical 
<"<Jitipment for, 682-111 

Nonek-ctrical <"<Jitipment. 250.116 
Org.�n., 6.<;0.5 
0\-cr 1000 miL'i, 250-X, 305.10, 

495.37 
PaneiiJ<>ard<, 408.40, 517.19(E) 
Patient care spac<.."S, 517.13 
Patient care •icinity, 517 .19( D) 
Portable equipment. 2.'>0.1 14 
Radio and tck"\i<ion 

<"<Jitipment. 810.7, 810.15, 
810.20((;), 810.21, 810.58, 
810.71(B) 

Rang< .. and <imilar 
applianc<.."S, 2.'>0.1 14, 250.140 

Receptaci<.."S, 2.'>0.146, 400.4, 517.13, 
517.19(H) 

Recreational \"Chick-., 551.54, 551.55, 
551.76 

kefrigerdtor<, 250.1 H 
Rei<JC"dtable <tmctun.,., f<.."t.-dcr< 

in, 545.22(D) 
Rt.-si'\tol"5 and reactors •n·cr 1000 

mlts, 470.21 
Scn'<itiw ek-ctnmic eqltipment. 647.6 
Scpardtc buildin!."'· 250.32 
Scpar.1tcly dcrn·ed 

<}"tetn•. 250.21 (A), 2.'>0.30 
Sign• and outline lighting, 600.7(A), 

600.24(B), 600.33(D) 
Solar photm1>ltaic <ign.•. 600.34(D) 
Spa.• and tubs, 680.8(B), 680.43(F) 
Spr.1y application, dipping, coating, 

and printing 
pr<>e<.._,.,., 516.10(A)(6), 
516.16 

Sumtation•. 250.191, 250.194 
S"'imming JXK>L•. 680.8(B), 680.23(B) 

(3), 680.23(B)(4), 680.23(t") 
(2), 680.24(D), 680.24(t) 

S\loitchiJ<>ard•. 250.1 12(A), 408.22 
S\loitch<..-., 404.9(B), 404.12 
s�.,.tcm•. 250-1, 250-11. 645. H 
Thc-dtcrs and <imilar l<>eations, 520.81 
"lhols, motor operdte<l. 250.114 
"li-dn•former<, 450.5, 450.6(C), 450.10 
Welders, ek-ctric, 630.15 
\\�nd ek-ctric <)'"5tetn•. 694-V 
X-rdy <.."<JUipment, 517.78, 660-IV 

GrouucliDg conductors, 2.?0-111, 250-
VI; s<r also Equipment 
�o,rrounding cnnducton; 
(;n•unding ck�tnKic 
conductors 

Eanh a.•. 250.4(B)(4), 250.54 
Enclosun. .. , 2.'>0-IV 
•la• conductors? nonmetallic 

<"Xtcn<ions, 382.10-t(C) 
Identification, multicctnductor 

cable, 250.119 
Impedance, 250.24(D)(4), 250.36, 

250.187 
Definition, An I 00 

ln•tallation, 250.64, 250.120 
Material, 250.62 
0�<..-ctionahle current uwr, 250.6 
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Siz< .. , 250.122 
GrouucliDg eledrocle coDduc:tors, >« 

also Ek-ctn>ck .. , gnmnding 

C .• ommuniattion., circuiL'l, 800.49, 
800.100 

(' .. onnection to ek-ctn>d< .. , 251}.-1, 
250-111 

Definition, ArL I 00 
ln<l<lllation, 250.64 
lntcl"'}"tcm, ccmn<..-cting, 250.94 
Ma1<..'1ial, 250.62 
Optical fiber cabk .. , 770.100 
Radio and tck'\iMon 

<-quipmenl, 810.21, 810_?8 
Scpar.ttcly dcrn·ed <)"tem<, 250.30 
Sizing, 250.30(A)(6)(a), 250.66, 

250.166 
Solar photm1>ltaic <)"lcm<, 690.47 
SUJg<�proi<..'Cti\'c d<...,iC<'S, 242.32, 

242.56 
S}"tcm< and circuiL< mcr I 000 

mlts, 250.190(B) 
\\�nd ek-ctric <)"l<..'ln<, 694.40(B) 

GrouucliDg eledrocles, >« Ek-ctn>d< .. , 
�,rrounding 

GrouucliDg point 

Patient <-quipment, 517.19(1>) 
Definition, ArL I 00 

Reference, 517.19, 517.82(B), 
517.160(A)(2) 

Definition, ArL I 00 
Grouudlng-type attadmtent 

plup. 406.10 
Grouud ring, 250.52(A)(4), 2.?0.53(F), 

250.66((;), 250.166(E) 
Grouped cables or 

conductors, 520.54(<:), 
620.21 (A), 620.44, 640.8, 
650.6, 690.31 (B) (3) 

Definition, ArL I 00 
Grouping, switdtes, dn:ult 

breakers, 404.8. _,also 
Acc<..-.Mble 

Grouping of cllsc:OJUteCts, 230.72 
Group lns1allation, motors, sa Motnn, 

b'fOUp<-d 
Guarded, 110.27, 230.62, 450.8, 495.33 

Definition, An. 100 
Guarding, guards. >« alsoEnckJSur<"' 

C..abk"' 

C..c>axial, 820.100(B) 
Flat conductor cable ('l}pc 

FCC), 324.40((;), 324.40(E), 
324.100(B) 

Definition, An. 100 
0\cr 1000 \1>lts, requiremenL< 

for, 305.10 
Pomhle, 400.32 

Circuit breaker hancU<.. .. , 240.4 I (B) 
Cla.u 4 f.tult-managed power 

<}"letn<, 726.130((;) 
C..cmducton, coni<ICI, 610.21 (A) 
C' .• OilUCCl(JJ"S, �olar ph•JlOVtJJtaic 

<}"letn<, 690.33(B) 
Ek'\'lltors, dumbwaiters, <..-scalaton, 

etc., 620.71 
Gener.ttors, 445.15 

ll'>DEX 

Gmunding, 250.190(<:) (2) 
Induction and dielectric heating 

<-quipmenl, 66.?-11 
lntrin'<icaiJy We appar.tUL<, cable 

<hiekl< f<>r, 504.50(B) 
l..amp<, thc-.ttcn, clr<..-..ing room<, 

etc., 520.44(A), 520.47, 
520.65, 520.72 

U\'c parts, I I  0.27 
Ek'\'lltors, dumhwail<...,.., <..-scalaton, 

etc., 620.5(B) 
Manhok-., tunnel<, and 

\'liUits, I I  0. 78 
Luminair<..-., agricuhur.ll 

building<, 547.31 (B) 
Motion picture <Indios, 530.12 
Moton and motor controllcn, 430-

XII 

0\cr 600 '"IL<, 40()_'12, 590.7 
0\cr 1000 miL<, 1 10.33(A), 110.34 
0\cr 2000 miL<, 315.44, 400.45 
Scnice equipment, carni\'lll<, 

circu«..-., and lain, 525.10(A) 
'li-dn<formers, 450.8 
Ventilation opening<, 1 10.78 
X-r.ty in<tallation<, 517.78, 6ft0-IV 

Guest rooms or suites 
Arc-fawt circuit-interrupter 

protection, 210.12(1>) 
Br.tnciH:ircuit ml�<�g<'S, 210.6(A) 
C..c>oking <-quipment, hr.tnch circuits 

for, 210.17 
Definition, Art. I 00 
Outlel<, 210.60, 210.70(B), 220.44 
0\crcurrent d<..'\iC<'S, 240.24(E) 
'lllmpcr-rt .. i.<tant receptack .. 

in, 406.12(2) 
Gutters, IIIIXililll'y, sa Auxiliary gun<...,.. 

-H-
Habltable rooms, 210. 70(A) ( I),  

210.70(B) 
Definition, An. 100 

Hallwa)w, outlets, 210.52(H) 
Haadbole eitdosures, _, End .. <ur< .. , 

Handhole enckJSur<"' 

lbuprs, alrc:raft, s<r Aircr.tft hang-.tn 

Hazard current 
Definition, Art. I 00 
Fault, 517.160(B) 

J>cfinition, Art. I 00 
Monitor, 517.160(B) 

J>cfinition, Art. I 00 
'lhl<ll, 517.160(B) 

J>cfinition, Art. I 00 
Hazardous areas, S« Hazanlou.'l 

(cla.<Mfi<..-d) location< 

Hazardous atmospheres, An. 500 
Cla.u l location<, 500.5(B) 
Cla.u ll loOJtion<, 500.5(<:) 
Cla.u lll loOJtion<, 500_:;())) 
Gmup• A tl\mugh G, 500.6 

Hazardous (classified) locatioas, 
Classes I, U, aDd Ul, 
Divlsioas I aDd 
2, An. 500.; s« also 

Hazardot<< (cla.<Mfied) 
location<, Cla.u I, Zone 0, I,  
and 2 location< 

Aircr.tft hang...,., 513.3 
An<.. .. tl\elizing location<, 517.60(A), 

517.61 
Bulk <lor.tge planL<, 515.3 
C..annahi< oil equipmenl and 

5)-�lcln'l, S« C.annabi., oil 
equipment and <)"lcm< 

Cla.u l, _, Hazardot<< (cla.<Mfi<..-d) 
location<, Cla.u I 

Cla.u I, Zone 0, I, and 2, >« 
Hazardot<< (cla.<Mfied) 
location<, Cla.u I, Zone 0, I,  
and 2 location< 

Cla.u ll, _, Hazardot<< (cla.<Mfi<..-d) 
location<, Cla.u II 

Cla.u lll, s« Ha....-dot<< (cla.<Mfi<..-d) 
location<, Cla.u Ill 

C..ombt<<tihle g-o�.< det<..-ction 
<)"lem, 500.7(K) 

l>t<<t·ib'llitionpmof, 500.7(B) 
l>t<<L<, exploM\'C, Art. 502 
l>t<<Uight, 500.7(<:) 
Equipment, 500.8 

Appnn'lll f<>r cl;lss and 
prnpcrtk.� r.ll0.8(B) 

�brking, 500.11(C) 
Optical fib<..- cable, 500.8(F) 
SuitabiliJY, 500.8(A) 
'u.iuperawrc marking, 500.8 (D) 

·111reading, 500.8(E) 
Equipment <uitablc for, 'lllble 13 
Explo<ion pr<M>fequipmenl, 500.7(A) 
tibers/ll>inb"'· lim, highly 

combt<<tihle 
material, ArL 503, An. 506 

Flammable liquid<, Art. 500, An. 501 
Gar.tg< .. , commercial, 511.3, 511.4 
Ga.<c<, flammable, ArL 500, An. 501 
Ga.o;.oline �nice �tation.'ioy sa Motor 

fuel di.<pct�'<ing f.tciliti<"' 

Gener.tl, 500.4 
Gmup das.'<ification.<, 500.6 
Hoi.<L<, 503.155 
Inhalation ant.�thctizing 

location<, sa An<.. .. tl\elizing 
loattion.o;. 

lntrit�'<ic ...Cety, 500.7(E). >« also 
lntrit�'<ically we <)"teln< 

Material gnmp<, 500.6 
Protection techniqu<"S, 500.7 
Vapon, flammable, Art. 500, ArL 501 

Hazardous (dasslfied) locatioas, Class 
I, 500.5(B), 500.6(A), 
ArL 501; :«< also Hv.ardot<< 
(cla.<Mfi<..-d) location<, CJa.'IS<"' 
I, II, and Ill, l>i•i.<ion< I and 
2; Hv.ardot<< (das.<ifk-d) 
location<, Cla.u I, Zone 0, I,  
and 2 lnottion< 

Bonding, 501.30(B), 504.60 
Circuit breakers, 501.115, 501.J3.:;(B) 

(3) 
C'AJntrol tr.tn.'iolhnncn and 

r<-.i<ton, 501.105(B) (3), 
501.120 
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Cr.tn<"' and hoi.<L<, 610.3(A) ( I )  
l>r.til"'b'C of equipment, 501.15(F) 
Equipment <uitablc for, 'lllble 13 
Expc>.<cd part.<, 501.25 
Fk-xihle cord<, 501.140 
Ft<« ... 501.115, 501.135(B)(3) 
Gmunding, 501.30 
Hermetically <caled, 500. 7U) 
Luminair<..-., 501.130 
Metal-dad cahk-., 330.130 
Metcn, in<trumenL<, and 

rcla}"· 501.105 
Motor controllers, 501.115 
Motors and gener.tton, 501.125 
Nonincendiw circuit, 500.7 (F) 
Nonincendiw component, 500. 7(H) 
Nonincendiw equipment, 500.7(G) 
Oil immenion, 500.7(1) 
Prnc<'<-< <c-.tling, 501.17 
Recepl<lck .. and attachment 

piJlb"'· 501.145 
Scaling, 500.7(T), 501.15, 501.17 
Signaling, alann, rcmnlt.'"Control, and 

communiation.o;. 
<}"letn<, 501.150 

Sutge pn>k.'Ction, 501.35 
S"itch<'S, 501.1 15, 501.130(B)(5), 

501.135(B)(3) 
'li-dn<formers and capacitors, 501.100 
Utilization equipment, 501.135 
\\�ring metl\od<, 501.10 
Zone 0, I, and 2 location.<, >« 

Hazardot<< (cla.uified) 
location<, Cla.u I, Zone 0, I,  
and 2 location< 

Zone equipment, 501.5 
Hazardous (classified) locatioas, Class 

I, Zone 0, I, aDd 2 
loc:atioas, ArL 505 

Cla.<Mfication oflncation<, 505.5 
Zone 0, 505.5(B) (I) 
Zone I,  505.5(B)(2) 
Zone 2, 505.5(B)(3) 

c .. onducton ttnd conductor 
in<ulator, 505.18 

Documentation, 505.-1 
Equipment cm�<truction, 505.9 

ll<ting, 505.9(B) 
Marking, 505.9(<:) 
Optical fiber cable, 505.9(t') 
Suitability, 505.9(A) 
'lcmpcr.tture, 505.9(0) 
Threading, 505.9(E) 

Equipment for tL<c in, 505.20 
Equipment <uitablc for, 'lllble 13 
Expc>.<cd part.<, 505.19 
Fk-xihle cord<, 505.17 
Material gnmp<, 505.6 

Gmup IL-\, 505.6(C) 
Gmup JIB, 505.6(B) 
Gmup IJC, 505.6(A) 

Prnc<'<-< <c-.tling, 505.26 
Protection techniqu<"S, 505.8 

C..c>mbt<<tihle g-o�.< det<..-ction 
<}"lelll, 505.8(1) 
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Encap.mlalion "m", 505.8(G), 
506.8(E) 

Definition, ArL I 00 
tlamepmof"d", 50:>.8(A) 

Definition, ArL I 00 
Jncrc-.L'K.-d wen- "e", 505.8(t), 

50:>.22 
. 

Definition, ArL I 00 
Jntrit�<ic ..Uety "i", 50:>.8(C), 

506.8(C), 506.8(1) 
Definition, ArL I 00 

Uquid immer:<ion "o", 505.8(E) 
Definition, ArL I 00 

Pmvder filling "q", 50511(H) 
Definition, ArL I 00 

Purged aud pr�.,..urized, :.00. 7 (I>), 
501.125(A), 505.8(B) 

Definition, ArL I 00 
'l}pc of prou.'Clion "n", 505.8(1>) 

Definition, ArL I 00 
Reference •lllndard•, 505.4 
Scaling 

l>r.Unaj,'C and, 505.16 
Pr<>e�-.s. 505.26 

S�-cial pr�-caulion, 50:>. 7 
\\�ring methods, 505.15 
Zone equipment, t"tg. 505.9(C)(2) 

Hazardous (classified) locatioas, Class 
U, 500.:>(C), ArL 502; sa also 
HazardotL• (cla...Ufied) 
location.•, Cia._ .. I, II, and 
111, l>hi•ion.• I and 2 

Bonding, 502.30(B) 
Circuit breaken, 502.115 
Crdn� .. aud hoi.•L•, 610.3(A)(2) 
Equipment •uitablc for, 'lllble 13 
Exp<""d pan•. 502.25 
tl�-xihle cord•, 502.140 
........... 502.115 
Gmunding, 502.30 
Luminair� ... 502.130 
Motor controllen, 502.115 
Moton and generdton, 502.125 
Receplllck .. and atlllchment 

plug., 502.145 
Scaling, 502.1 :> 
Signaling, alann, remoK-.:ontrol, aud 

communication.'l system,. 
mct<..TS, in.'\tnuncnts. and 
rela}"· 502.150 

Sutge prou.-clion, 502.35 
S\loitch� ... 502.115 
'lrdn.•fonnen and capaciton, 502.100 
Utilization equipment. 502.135 
Ventilating piping, 502.128 
\\�ring methods, 502.10 
Zone 20, 2J, and 22 1ocation.• for 

flamtnahle dtL•L•, fihcn/ 
fl)inl>"'· An. 506 

Zone equipment, 502.6 
Hazardous (classified) locatioas, Class 

w. 500.5(1>), ArL 503; 
also HazardotL• (cla.'<•ifi�-d) 
location.•, Cia._ .. I, II, and 
111, l>hi•ion.• I and 2 

Bonding, 503.30(B) 
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Circuit breaken, 503.115 
c .. ontrol tr.tn.,Jhnncn and 

r�-.i•ton, 503.120 
Crdn� .. attd hoi.•L•, 503.1:>5, 610.3(A) 

(3) 
Equipment •uitablc for, 'lllble 13 
Exp<""d pan•. 503.25 
tlcxihle cord•, 50.''1.140 
........... 503.115 
Gmunding, 503.30 
Luminair� ... 503.130 
Motor controllen, 503.115 
Moton aud generdton, 503.125 
Receplllck .. and atlllchment 

plug., 503.145 
Signaling, alann, remoK-.:ontrol, attd 

local loud'PCak-r 
intcrcommunicatinn.'l, 503.1 
50 

Stor..ge hauery charj,<ing 
�-quipment. 503.160 

S\loitch� ... 503.1 15 
'lrdn.•fonnen and capaciton, 503.100 
Utilization equipment. 503.135 
Ventilation piping, 503.128 
\\�ring methods, 503.10 
Zone 20, 21, and 22 location.• for 

flatnmahle dtL•L•, fihcn/ 
fl)inl>"'· An. 506 

Zone equipment, 503.6 
Hazardous (classified) locatioas, Zone 

20, 21, ud 22, An. 506 
Bonding, 506.30 
Cla.'ISificalion oflocation.•, 506.5 
Documentation, 50f)..j 
Equipment in.•tallalion, 506.20 

Manufacturer'• 
in.•truction.•, 506.20( E) 

'lcmpcrdwre, 506.20(F) 
Equipment r�-quiremenL•, 506.9 

ll•ting, 506.9(B) 
Marking, 506.9(C) · 
Suitability, 506.9(A) 
'lcmpcr .. ture,_ 506.9(1>) 
Threading, 506.9(E) 

Equipment •uitablc for, 'lllble 13 
tlcxib!e cord•, 506.17 
Crounding, 506.30 
Material gmur-. 506.6 
Protection techniqu� ... 506.8 

l>tL•t-ignitionpmof, 506.8(A) 
l>tL•Uight. 506.8(1>) 
Encar-ulalion, 506.8(E) 
Enclosure, 506.8(G) 
lntrin.<ic ..Uety, 506.8(C), 506.8(1) 
Nonincendiw �-quipment. 506.8(F) 
Pr�-..•urized, 506.8(B), 506.8(H) 

l>efinilion, An. 100 
Reference •lllndard•, 506.4 
Scaling, 506.16 
S�-cial pr�-caulion.•, 506.7 
\\�ring methods, 506.15 
Zone equipment, 506.9(C)(2) 

""""""' 
(' .. cllular concrete floor 

rdc�'\Y'd)'S, 372.18(A) 
(' .. cllular metal floor rdc�·wa}"· 374.56 
Definition, ArL I 00 

Hnllb care facilities, An. 517 
c .. ommunication.'l. sif,rnaling S}�tcm'l, 

dalll <\"Stem•. k.,.. than 120 
mhs, itominal, 517-VJ 

Othel'lhan-palielll care 
area.•. :>17.81 

Signal tr.tnsmission bctwt .. -cn 
appliattc� ... 517.82 

Definition, ArL I 00 
E:<.'Cntial ci�'Clrical <)"Stetn.•. 517-111 

Ambulatory hc-dlth care 
celllen, 517.4.:; 

Clinia, m�-dical and dental offic� ... 
and other health care 
facilili� ... 517.45 

c .. onncction.'l 
Alternate power ,...mrce, 517.35 
Equipment hrdUch, 517.43, 

517.44 
Life ..Uety hr.1nch, :>17.43 

Critical hr.1nch, 517.32 
Definition, ArL I 00 
Equipment hrdU\=h, 51'i.44 
Hospital•, 517.29(A) 1:'\ l'io. I 
Life ..Uety bf-.onch, :>17.32, 517.33 
Nuning hum� .. and limiu.-d care 

facilili� ... 517.42 
Power •uurc� ... :>17-"10, 517.3:>, 

517.41, 517.45(E) 
llequiremenL•, 517.31 
'l}pc 1, 517.29 
'l}pc 2, 517.40 

F�'t.-der load calculation.•, 220.1 10 
Go11crning body, 517.18(C), 

517.34(A) 
Definition, ArL I 00 

Inhalation ant.-sthctizing 
location.•, 517-IV 

Cla.'ISificalion, :>17.60 
(;n•und<-� p•wcr system, in 

an� .. thetixing 
location.•, 517.6.'1 

Gmunding, 517.62 
Une i"•lalion monitor, :>J7.160(B) 
Low-\·ollllj,'C �-quipmem and 

in.•trumenL•, 517.64 
\\�ring and equipment, :>17.61 

'"•lated power <)'5tetn.•, 517-VII 
An� .. thetixing location.•, 517.6."1(E) 
C..aK'!,'f>ry I •pac� ... 517.19(F}, 

517.19(G) 
Circuits, 517.64(C) 
Definition, ArL I 00 
E:<.'Cntial ci�'Clrical 

•}'Stetn.•, 517.31 (C) (2) 
Gmunding, 517.19(G) 
ln.•lllllation, 517.160(A) 
Low-\·ollllj,'C �-quipment. 517.64(B), 

517.64(C) 
Wet pr<>eedure k>eatim�•. 517 .20( B) 
X-r.1y i•�•tallalion, :>17.76 

Pmver "'nrc� ... ;; 17-"11 (F) 
\\�ring and pmteclion, :> 17-11 

An� .. thetixing location.•, 517.61 
Applicability, 517.10 
C..aK'!,'f>ry I •pac� ... 517.19 
C..aK'!,'f>ry 2 •pac� ... 517.18 
E:<.'Cntial cl�'Clrical 

•}'Stetn.•, 517.31 (C) 
tix�-d ek-ctrical �-quipmem and 

�o,rrounding of 
�-ceplllcl� ... 517.13 

Gmund.fduh circuit-interrupter 
protection, :>17.20(A), 
517.21 

Gmund.fduh protection, :>17.17 
Gmunding, 517.13 
Panclhoard lxmding, 517.14, 

517.19(E) 
Receplllck .. , 517.13, 517.16, 517.19, 

517.31 (E), 517.42(E) 
Wet l<>ealion.•, 517.20 
\\�ring methods, :>17.12 

X-r.ty in.,tallatinn.'l, 51 7-\' 
c .. onncction to supply 

circuit. 517.71 
c .. ontrol circuit cnnductnl"5, 517.74 
l>i.'IConn�-cling mean.•, 517.72 
Guarding and grounding, 517.78 
0\-crcurrent pmteclion, :> 17.73 
Rating ohupply conducton, 517.73 
Trcul:,rnnncrs and 

capacito.-., ;; 17.76 
Hnllb care mlcropid 

system. 517.30(B)(:>) 
Definition, ArL I 00 

Heater cords, Table 400.4 
Heat geaeratiug equipment. >« 

Induction and dielectric 
healing �-quipment 

Heatiug, S« also Hc-dling ')'5tetn.•; 
Induction and dielectric 
healing �-quipment 

Dielectric, An. 6('.,:; 

Definition, ArL I 00 
Induction, 30:>.6, 427-V, ArL 66!i 

Definition, ArL I 00 
Heatiug, walllatiDg ud air 

coadiliouing (HVAC) 
systems, An. 708 

Heatiug appllauces, ArL 422; sa also 
lnfr.�r�-d lamp indtL•trial 
healing applianc�-.; Water 
beaten 

Heatiug cables, ArL 424 
Heatiug elemeuts 

Marking, 422.61 
Rt.-si.•nancc, sn tixt.-d ck�tric heating 

�-quipment fur pipclin� .. and 
\"t.'!\.�L"; tiXt.-d outd•H•r 
clt.�tric deicing and snow
melting �-quipment 

Heatiug equipmt!DI 

C..clllrdl, 422.12 
Definition, An. 100 
tix�-d. >« tix�-d electric heating 

�-quipment fur pipclin� .. and 
n-..'CL•; tiX<.-d ek-ctric •pac�� 
healing �-quipment; tix�-d 
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outd<Mtr ck�tric deicing and 
<now-melting equipment 

Induction and dicleclric, >« 
Induction and dicleclric 
healing �-quipmem 

OuiSide, 550.20(B) 

Receplllcle oulleiS, 210.6."l(A), 
235.6."1(,\) 

S...imming pool<, su S\\imming 
p<x>l<, f<mntain<, and <imilar 
in.'ltallation., 

Heatiug panels, 424-IX; >« also •ix�-d 
ek-clric <pac��hc-.uing 
�-quipment 

Definition, ArL I 00 

Heatiug panels lllld healiug panel sets, 
nodilmt, s<r •in-d ek-clric 
<pac��healing �-quipment, 
Radiam hc-.11ing panel< and 
healing panel <cL< 

Heatiug panel sets, 424-IX 

Definition, ArL I 00 

Heatiug systems 

Definition, ArL I 00 

Impedance, >« Hx�-d electric healing 
�-quipment for pipclin�-. and 
\"t.'!\.�L,; }iXt.-d outdoor 
clt.�tric deicing and snow
melting �-quipmem 

Induction, >« Induction healing 
�1ilCin'li 

Skin elf�-ct, s<r •in-d ek-clric hc-dting 
�-quipment for pipclin�-. and 
\"t.'!\.�L,; }iXt.-d outdoor 
clt.�tric deicing and snow
melting �-quipmem 

H.-y-duty lampholders 

Br.1nch circuiiS, 210.21 (A), 
210.23(D), "lllhle 210.24(1 ), 
"lllhle 210.24(2) 

Unit k>ad<, 220.14(t:) 

Henaetic:ally sealed, 500.7 U> 

Definition, ArL I 00 

Hermetic refrigenmt motor
compressors, >« also Air
cunditicming and 
refrigerdting �-quipment 

Ampacity and rdting, 440.6(A) 

Definition, An. 100 

Marking, 440.4 

Rating and inlerrupting 
capacity, 440.12(A) 

High deasity polyethylene coaduit 
(Type HDPE), An. 353 

Bend<, 353.24, Chap. 9, Table 2 
Bu.<hinb"'· 353.46 

(' .. m�<tntclion <pccification.<, 353--111 

Definition, An. 100 

Gmunding, 353.60 

ln.<lllllation, 353--11 

Joinl<, 3.?3.48 

ll<ling, 353.6 

Marking, 353.120 

Number of conductor<, 353.22, Chap. 
9, -lable I 

Size, 3.?3.20 

Splic�-. and taJ"', 353.56 

Trimming end<, 353.28 

ll'>DEX 

U nde'l,'l"ound in<tallalim�<. 'I able 
305.5(A) 

U�-. not pcrmitK-d, 353.12 

u�-. pcnniued, 3.?3.10 

High-impedllllce grounded neutral 
systems, 250.20(D), 
250.30(A)(3), 250.36, 
250.186(A)(4), 250.187 

Hoists, An. 610. s«alsoCr.ut�-. 

Bonding, 610-\'11 

(' .. onductor<, conlllet, 610-111 

(' .. ontrol, 610-VI 
t:k-ctmlylic cell<, 6fJ8.32 

.-Jexihle hu.«y<tem<, 371.12 

.-Jexihle cord<, 400.10(A)(5) 

Gmunding, 250.1 12(t:), 250.116(1), 
610-VII 

Hazardou.< (cla.«ifi�-d) 
location.<, 503.155 

Marina.< and h<>al}-ard<, 555.8, 555.35 

Moton and cnntrollcn. 
di.'iConnccting 
mean.<, 430.112 Ex., 610-IV 

NameplaK-<, 610.H(G) 

0\-crcurrem pmteclion, 610-V, 
610.53 

\\�ring, 610-11 

Hoistways 
Bu.<\\-ay• in, 368.12(B) 

C..ahlehtL< in, 370.12( I)  

Cia.« 2 and Clas.< 3 cabk-. 
in, 722.13.?(D) 

Definition, ArL 100 

.-Jexihle metal conduit, 348.20(A) 

M�-<.<cnger-<�upp<>rK-d \\iring, 396.12 

Surface rdc�"""Y"· 386.12(4), 
388.12(4) 

\\�ring in, 620.21 (A)( I), 620.37, 
760.53(A)(3), 760.136(.') 

Hoods, nmge, cord411d-plug
cODDeCied, 4�.16(B)(4) 

Hoods for COIIIIIIIen:ial cooldDg, 
tipthtgiD, 410.10(C) 

Horticulbu1111icJtliDg, 41 O-X VI 

Gmuod-f.mlt circuit 
intcmtptcr, 410.184 

Grounding, 410.182 

ln.<tallation, 410.174 

Location.< not pcrmin�-d. 410.176 

Hospitals, >« also Hc-.tlllt care facilitk-< 
Definition, ArL 100 

Eo.<cntial ek-ctrical <}"t�"ln.<, 517.29(A) 
1:'\ :'\o. l 

Patient care space. Mr Patient care 
<pace 

P<ychialric 
Definition, ArL I 00 

Receplllck-., 406.12, 517.34(,\) 

Host signs, 600.35(A) 

Definition, ArL I 00 

Hotels lUld motels 

Brctnch-circuit \'nltag<..� J,FU<..-st nx•m." 
and <uit�-., 210.6(A) 

Ughting outleiS rcquin-d, 210.70(B) 

Ow:rcurrent d<.."\ic<..� J,FU<..-st nx•m." and 
•ui•�-.. 240.24(E) 

Receplllcle oulleiS, gu�-.t mom< and 
•ui•�-.. 210.60, 210.70(B), 
220.44 

Hot tubs, >«Spa.<, hot tub<, and 
immersion pc:•ol, 

Houseboals, su �iarinas, h<>al)...-.1<, 
fl<>ating building<, and 
docking faciliti<-< 

HVAC systems. An. 708 

Hydromarisage bathtubs, 680-Vll 
Definition, ArL I 00 

-1-

Identification, sa also ('.olor code; 
�iarking< 

i\b'l"icuhur.tl building di<trihution 
p<>inL<, 547.43 

Box�-. (outlet, d�-.ice, pull, and 
junction), 314.104 

Br.1nch circuiiS, 210.5, 235.5 

Identified 

Definition, ArL I 00 

Equipment, <uilllhility of, 500;8(A), 
505.9(A), 506.9(A) 

W....u...tion, su also Ub-hling; 
Luminair<..� . 

Bauery "}-"tem \Wrking 
<pac�-.. 480.10(G) 

�fean.< of e&.n_.._,, 517.33(A), 
517.43(,\) 

�f<><l!Jiar dam cenler<, 646.15 

la.k, 517.34 
Definition, ArL 100 

Working •pac�-.. 518.6 

t:mmersible llf'PiiaDc:es, 422.41 

t:mmersion heaters, cord-alld-plug
CODDeCted, 422.44 

t:mmersion pools, sa Swimming p<K>l<, 
f<mnlllin<, and <imilar 
in.,tallation., 

lmpedaDce grounded systems 
Definition, An. 100 

lmpedaDce healiug systems, sa Hxed 
ek-clric hc-dting equipment 
fi>r pipclin�-. and \'t.-..cl<; 
Joix<..-d outdcx•r cl<..�tric 
deicing and snc•w-mclting 
equipment 

IN, explllllatory material, 90.5(C) 

IDClllldesceDt lamps, ArL 410. '" also 
Hazardou.< (cla.«ifi�-d) 
location., 

Guard< 
Aircr.tft hang....,., 513.7(C) 

'(beater dn-..<ing r<xnn.<, 520.72 

Lamp "'"tlllge, n>arking on lumina ire 
(fixture), 410.122 

�tedium and mob'lll ha.�-., 410.100 

Sigt�< \\illt lampholder< for, 600.4(C) 

Increased safety "e", 505.8(•) 
Definition, An. 100 

�fotor< and generdtor<, 505.22 

IDdepeDdent 

Circuits rur emergency 
lighting, 700.17 

Suppc:•n'7 �nic<..-s, over 
building<, 230.29 
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Wiring, emergency 
circuiiS, 700.1 0( B) 

X-r.1y comml, 660.24 

IDdMdual branch circuits, >« Br.1nch 
circuiiS, indi\idual 

Induced curreDis, metal 
em:losures, 300.20 

Induction lllld dieleclric heatiDg 
equipment, An. 665 

Ampacil)• of <upply 
conductor<, 665.10 

Di<conn�-cling mean.<, 66.?.12 

Guarding, b'l"<mnding, and 
labeling, 66.?--11 

Acc<.."SS tn interior 
equipment, 66.?.22 

Capacitor<, 665.24 

Compc:•ncnt 
intcrconn<..�tion7 6f-,_;!J.J9 

Control panel<, 66.'i.21 

Enclosure<, 66.?.20 

Gmunding and h<mding, 665.26 

�iarking, 6f>.?.27 

Shielding, 665.25 

Wanting label< or <ign.<, 66.?.23 

Output ciraliL<, 665.5 

Rcmole contn•l. 66_;!).7 

Induction healiug systems, 66.?.1; su 

also Induction and dielectric 
healing �-quipmem 

l>cfinition, ArL I 00 

•ix�-d �-quipment fi>r pipclin�-. and 
,.._.._<cl<, 427-V 

Induction melliDg, >« also Induction 
and diel�-ctric hc-dling 
equipment 

l>cfinition, ArL I 00 

Inductive loads 

Sigt�<. 600.6(B) 

S...itch�-.. 1}-pc<. rdtinb"'· 404.14 

Industrial CODlrol panels, ArL 409 

Arc-fla.<h hazard ... -aming, 1 10.16 

Bonding, 409.60 

Conductors 
Bu.<har<, 409.102 

�finimum <ize and ampacity, 409.20 

Con.<lrltclion <pccificalion.<, 409--111 

l>cfinition, ArL I 00 

Di<conn�-cling mean.<, 409.30 

Enclosure<, 409.100 

Gmunding, 409.60 

ln.<tallation, 409-11 

�iarking, 409.110 

0\-crcurrem pmteclion, 409.21 

Scnice equipment, 409.108 

Spacing, minimum, 409.106 

Wiring <pace in, 409.104 

Industrial equipment Jimllecl.power 
circulls, 725.60(A) 

Industrial iDstallmon, supervised 
l>cfinition, ArL I 00 

0\-crcurrem pmteclion, 240-VIII 

Industrial macbinery, An. 670 

l>cfinition, An. 100 

Di<conn�-cting mean.<, 670.4(B) 
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Nam<--plaK.,., 670.3 
Supply conducton and m-..-n:urrent 

protection, 670.4 
Industrial process heatiug equipmeot, 

fixed, s<r tin-d resistance 
and ek-ctmde indtL•trial 
pr<JC<.,.. heating <--quipment 

In£ormatiolllll aotes, expbmatory 
auoterW, 90.5(C) 

In£ormatioa techaology 
equipmeol, Art. 645 

Cla.u 2 and Clas.• 3 circuiL•, power 
•ource ror, 725.60(A) 

Definition, ArL I 00 
Disconn<--cting mean.•, 645.4(1), 

645.10 
t:ngin<--..-ring •upeni•ion, 645.25 
Gmunding, 645.14, 645.15 
Health care raciliti<-., 517-VI 
Marking, 645.16 
Pmver di."ribution uniL•, 645.17 
Sclccti\-'C cnonlination� 645.27 
Sp<--cial n.-quirements ror iruonnation 

t<--chnology equipment 
room•, 645.4 

Supply circuits and interconnecting 
cabk-., 645.5 

Uninterruptible power •uppli<-. 
(t:PS), 645.1 1  

In£ormatioa techaology equipmeol 
rooms 

Definition, ArL I 00 
Sp<--cial n.-quirements, 645.4 
Z<m<-.,., 645.10(A)(3) 

Definition, ArL I 00 
Informative umexes, 90.5(D), Annex<-. 

A through K 
ln£nred lamp iDduslrial heatiDg 

appliaaces, 422.48, 425.14 
Br.mch circuits, 210.23(D), 

422.11 ((;), 424.-t(A) 
<h-..-n:urrelll pmtection, 422.1 1  (C) 

lnhalalioa aaeslbeliziag localioas, '" 
An<..-sthctizing location.'l 

lnhereally safe optical radlalioa "op 
is", 500.7(L), 505.8(K), 
506.8(K) 

Definition, ArL I 00 
lnaerducl, 770.111  

Definition, ArL I 00 
laserls 

(' .. cllular metal Ooor 
rdC<-"\V"d}'5, 374.18(C) 

Und<--rlloor rdc<-·Wa}"· 390.75 
In sight £rom 

Air-conditioning or refrigcrdting 
<--quipment, 440. H 

Definition, ArL I 00 
Duct hcaK"I'5, 424.6.'i 
t:k-ctric-<li�hargc 

lighting, 410.141 (8) 
tix<--d ck-ctric •pac<-�heating 

<--quipment, 424.19(A) 
lmg.1tion machin<-.,., 675.8(8) 
Motol'5, motor controllcn, 430.102 
Room air conditioners? +10.63 
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Jaslitulioas, emergem:y 
Jichliag, Art. 700 

laslruclioas, 110.3(8) 
laslrumeolalioa 1ny cable (Type 

ITC), Art. 335, 722.3(F) 
Ampacity, 33.'">.8 
Bend•, 335.10 
(' .. on.•truction, 335.6 
Definition, Art. I 00 
Marking, 335.7 
0\-crcurrelll pmtection, 335.9 
u..._ .. not pcrmitK-d, 335.5 
u..._ .. penniU<--d, 3."15.4 

laslrumeols, meters, relays 
Gmunding, 250-IX 
HazardoiL' (cla.uified) 

location, 501.105, 502.1 50 
Luw-ml�oc. 517.64 

laslrumeol lnlls£ormen, 
growu:Uag. 230.82(4), 250-
IX 

Jasulaled bus pipe (IBP) 

Ampacity, 369.80 
Definition, Art. I 00 
u..._ .. not pcrmitK-d, 31">9.12 
u..._ .. penniU<--d, 369.10 

Jasulaled bus pipe systems, ArL 369 
(' .. on.•truction •p<--cification.•, 369-1 
Definition, Art. I 00 
ln.•tallation, 369-11 
Marking, 369.120 

msw.tioa 

C .. unductnn7 srr Conductors? 
in.•ulaK-d 

Double, s« Double it�•ulat<--d 
t:quipmelll, 1 10.3(A)(4) 
FaceplaK-., 400.6(C) 
tixture \\ire, 402.3 IN, "lllble 402.3 
tlcxible cord'i, "lllblc 400.4. 400.21 (B) 
Heating cabl<-., 424.3§, 424.42 
Luminaire and buapholder 

parts, 410.52, 410.56 
Thennal iWIUiariori 

Armored cable it�•talk-d 
in, 320.80(A) 

Lwninair.._.,., in•talk-d 
ncar, 410.116(B) 

Scnic<-�lllrdnce cahk.,. in.•talk-d 
in, 338.10(B)(4) 

Jasulalors 

Nonamorbcm, 230.27, 394.30(A) 
Open \\iring, ..... Open "iring on 

in.•mlaton 
Outdoor •n·erhead 

conductol'5, 395.30(C) 
Integrated eleclrical systems, ArL 685 

DC '}'5tcm grounding, 68.'">.12 
Orderly •hutduwn, liS.'i-11 
Ow:rcurrcnt pn•tcctinn7 location 

or, 685.10 
Ungnmnded comml circuiL•, 68.'">.14 

Integrated gu spacer cable (Type 
IGS), An. 326 

(' .. on.•truction, 326-111 
(' .. onducton, 326.104 

(' .. onduit, 326.116 
ln.•ulation, 326.112 
Marking, 326.120 

Definition, ArL I 00 
ln.•tallation, 326-11 

Ampacity, 326.80 
Bending rddiiL'i, 326.24 
Bend,, 326.26 
tiuin�.,., 326.40 
u..._ .. not pcrmitt<--d, 326.12 
u..._ .. pcrmiued, 326.10 

Interactive iaverlers, 705. 70(3) 1:'\ 
Definition, ArL I 00 
t:nef!,')" •tor..gc '}'5tetn.•, 706.16((;), 

706.33(B)(3) 
Multimode im'Crtcl'5, 705.70(3) IN 
Utility-intcr.tcti\·c in\'CMcrs 

t:nefb')" •tor..gc '}'5tetn.•, 706.16(t) 
Interactive mode, 705.6 1:'\ l'io. I, 

705.50 
Definition, ArL I 00 

Interactive systems. '""ho Utility-
intcrctcth·c in\·cncrs 

t:nefb')" •tor..gc '}'5tetn.•, 706.16 
Fuel cell '}'5tctn.•, 692-VI 
\\�nd ek-ctric '}'5tctn.•, 694.60 

lnlercoDuauDicalioas systeias. '" 
C .. ommuoic:ation.'l circuiL'l; 
Hazatdutl' (cla...Ufied) 
lcication.'l 

lnlercolllleded dectric: power 
procluclioa sources, An. 705 

Dir�-ctnry, 705.10 
Disconn<--cting mean.•, 705.1 l (D), 

705.20 
Emergency management ��tcm.'l 

(t:MS), 705.13 
t:quipmelll apprm-..1, 705.6 
Fuel cell '}'5tcm in.•tallation, 692.-t(C) 
Gcnerdton, 705.6, 705.30(B) 
Gmund..f.1uh protection, 705.32 
Lo.u or primary •ource, 705.40 
<h-..-n:urrelll pmtection, 705.1 1  (F), 

705.30 
P•nvcr control system.'\. 705.12 
P•nvcr source output 

conductol'5, 705.1 1, 705.12 
Definition, ArL I 00 

S}'5tcm in.•tallation, 705.8 
Unhala.nc<--d intcrconn<--ction, 705.45 
Utility-intcr.tcti\·c in\'CMcrs 

t:nefb')" •tor..gc '}'5tetn.•, 706.16(t) 
\\�ring methods, 705.25 

lntermediale metal c:oaduil nype 
IMC), Art. 342 

Bend•, 342.24, Chap. 9, "lllble 2 
BIL•hing.<. 342.46 
C' .• onductors nUL'\idc of 

building, 230.6(5) 
C.o�>t�•trttction, 342-111 
C.o�mplin�"' and conn<--ctol'5, 342.42 
Definition, ArL I 00 
l>imen.•ion.•, Chap. 9, "lllblc 4 
Dis<imilar meta ... 342.14 
t:xpan.'lion fiuing., 300.7(B) 1:'\ :'\o. I 

ln.•tallation, 342-11 
ll•ting, 342.6 
Marking, 342.120 
Maximum number of cnnductnP and 

fixture \\in.-. in, "labl<-. ('A 
and C4A 

Number or conducto1'5, 342.22, Chap. 
9, "!able I 

Reaming and threading, 342.28 
Securing and •upporting, 314.23(t:) 

t:x., 314.23(t) t:x. No. I, 
342.30 

Size, 342.20 
Splic<-. and tap<, 342.56 
Undefb'l"<mnd in•tallatiot�•. "!able 

305.3, "lablc 305.5(A), 
305.15((;) 

u..._ .. penniU<--d, 342.10 
lntermilleDI duty 

Definition, ArL I 00 
Moiol'5, 430.22(t:), 430.33 

lnterpretalioas, formal, 90.6 
lnlerrupler switches, 245.21 (t:), 495.42, 

495.44 
Definition, ArL I 00 

lnlerrupliag raliag. 1 10.9, 240.60(C) 
(3), 240.83((;) 

Definition, ArL I 00 
lnlersyslem boadiag 

lenaiaalioa, 545.27, 
770.100(8) 

Definition, ArL I 00 
lnlriasically safe apparatus 

Bonding, 504.60(A) 
('..able •hield• ror, 504.50(B) 
Definition, ArL I 00 
Gmunding, 504.50(A) 
ln.•tallation, 504.10, 504.20 
ll•ted, 504.4, 505.20(A) 
Marking, 505.9(C) (2) IN No. 3 
Permitt<--d <--quipment, 500.8(8)(2) 
Scaling, 504.70 t:x. 

lnlriasically safe dn:uils, 504.30 
Definition, ArL I 00 

lnlriasically safe systems. An. 504 
Bonding, 504.60 
C.o�mducton, <cpardtion or, 504.30 
Definition, ArL I 00 
t:nclusu...,., 504.30(A)(2), 504.50(A) 
t:quipmelll in.•tallation, 504.10, 

506.8(C), 506.8(1) 
t:quipmelll li.•ting, 504.4 
Gmunding, 504.50 
Identification, 504.80 
Scaling, 504.70 
Scpardtion of intrin•ically we 

conductol'5, 504.30 
\\�ring methods, 504.20 

lnlriasic: safety "i", 505.8(C), 506.8(C), 
506.8(1) 

Definition, ArL I 00 
lnlroduclioa, Art. 90 
lnwsive proc:edure 

Definition, ArL I 00 
lnwrters, '"abo lntcrdctiw im·ertcn 
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ll'>DEX 

Definition, ArL I 00 
Input circuit, 706.30(A)(3) 

Definition, ArL I 00 
lntcrctcti\--c. sa also lntcr.tcti,·c 

invcncn 
Definition, ArL I 00 

Multimodc, 70:..70(3) Ill: 
Definition, ArL I 00 

Output circuit, 706.30(A)(2) 
Definition, ArL I 00 

Solar photm1>ltaic "}"tcm•. 690.6, 
690.8(A)( I). 690.9(A), 
690.12(A), 690.1:., 
690.31 (B), 690.47(A)(2) 

Stand-alone, 710.12 
Definition, ArL I 00 

Utilization output circuit, 706.30(A) 
(4) 

Definition, ArL I 00 
\\�nd ck-ctric "}"l<."ln•. 694.12(A) 

Irous. >« t1atimn• 
Irrigation uuu:bbtes, ArL 675 

Bonding, 675.14 
C..cnt<.-r pi\1>1, 675-11 

Definition, ArL I 00 
(' .. ollcctor ring.o, 67!U I 
(' .. onductors, 675.5, 675.9 
Current r.tting.o, cqun-alcnl, 675.7 
Definition, ArL I 00 
Disconn<..�ting mean.,. 675.8 
Gmunding, 675.1 1  (C). 675.12, 

67:..13 
lrrig-dtion able, 675.4 
Ugbming pmt<.-ction, 67:..1:. 
Marking, 67:..6 
Motors on br.tnch circttit, 67:..10 
Supply •uurcc, more than one, 675.16 

Jslaud mode, 705.40, 705.50, 710.1 
Definition, ArL I 00 
lntcrconn<.-ct<.-d "}"tcm•. 705-111 

Isolated 

Arcing pan.•. 1 10.18 
Circuib, h>w \1>ltagc, 517.6-t(C) 
Definition, ArL I 00 
t:k-ctmlytic cell•. portable 

t.-qttipmcnl, 668.20(B) 
Equipment gmunding 

conductor, 2.:;().146(D) 
Hc-dllh care fdcility p<>Wt.-r 

"�"tctn•. 517-VII 
C..al<.l,'<>ry I •pac<.-s, 517.19(F), 

517.19(G) 
Definition, ArL I 00 
t: .. <cntial ck-ctrical 

"�"lctn•. 517.31 (C) (2) 
Gmunding, 517.19(G) 
ln•tallation, 517.160(A) 
Wet pmccdurc k>catim�•. 517.20(B) 

Pha.<c in.,allation•. 300.:.(1) t:x. 2 
Scn'<itiw ck-ctnmic cqttipmcnl, 

b'round 
r<.-ccptack-., 647.7(B) 

lsolatiugmeaus, over IOOO vohs, 495.22 
lsolatiug swilches, s<r S\\itch<-., 

i.ow•lating 

Isolation by elewtion 

Circuib 0\'t.T 1000 \1>IL•, 1 10.34(t:) 
Circuib under 1000 "'IL•. 1 10.27(A) 
Rt.-si.'\tol"5 and reactors •n·cr I 000 

mlts. 470.20(B) 
Isolation equipmeot, systems 

(motors), 430.109(A)(7) 
Definition, Art. I 00 

Isolation trausformer, su 

Trcul:\ronncrs, Isolation 

:J-
Joints, >«also Splict.-s and taps 

t:k-ctrical nonmetallic tubing, 362.48 
Expan..Unn, srr Expan.'\ion joinL'\ 
(;n•unding ck�tnKic 

conductor, 250.64(C) 
High dcn'<ity p<>I�'Cthylcnc 

condttit. 353.48 
ln•ulating, fixtur<.-s, 410.31\(D) 
ln•ulation of, 1 10.14(B) 
Reinforced th<..TJtuJ.'IiCtting n.-Mn 

condttit. 355.48 
Rigid p<>l),inyl chk>ridc 

condttit. 352.48 
Str.tin at. 400.14 

Joists 

Air-handling, •pace, 300.22(C) t:x. 
Armored cable, 320.15, 320.23(A) 
(' .. onccalcd knob-and-tube 

"iring, 394.23 
t:k-ctric •pace heating 

cab�<-., 424.41(1), 424.41ij) 
Holt.-s through or nntcht.-s 

in, 300.4(A) 
Nonmetallic •hc-dthcd 

cable, 334.15(C) 
Open \\iring. cn,..'<ing. 398.lo(C) 
Pardllcl to frdming mcmlx.-rs. atbk-s 

and rdct.·ways. 300.4(D) 
Jumpers, bondiug.2.:;f).J68 

C..ablc tr.t�"· S9l!.60(C) 
(' .. ommwtication.• circttiL., SOO.IOO(D) 
c .. onununil\" antenna tck"l-i'\ion and 

r'ddio di.•tribution 
"}"l<."ln•. 820.100 t:x. 

l!:quipmcnt, 250.98, 250.102, 
310.10(G) (6), :.J7.13(B) 

l>cfinition, An. I 00 
Gcncrdtors, 250.35(B) 
Higb·imp<-dancc b'l"oundcd n<.-utrdl 

"}"lt."ln, 250.31\(t:). 
250.36(G) 

Expan..Unn joinL'l, tclt.-scoping m..."Ction.'l 
ufrdct.·w·.t�'5, 250.98 

(;n•unding ck�tnKic 
"}"lt."ln, 250.53(C), 
250.6-t(t"). 250.68 

Gmunding-typc reccptad<"5, 250.146 
HazardoJL• (cla..,.ificd) 

location•. 250.100, 
501.30(B), 502.30(B)( I), 
503.30(B) 

Hc-dllh care fdciliti<-., 517.13(B), 
517.19(D). 517.19(t:) 

Main, 250.24(C), 250.28 
l>cfinition, An. I 00 

2023 t:clition :'\.-\:110:-IAI. t:l.t:GJ"RICAL CODt: 

Wire or htL•har. ""· 250.24(A) (4) 
Metal, •tmcturdl, 250.104(C) 
Optical fiber cabk-., 770.JOO(D) 
Panclboards, 408.3(C) 
Piping "}"tcm•. 250.104 
Radio and tck"\ision 

cqttipmcnl, 810.21 U> 
Scpar.ttcly dcm·cd 

"}"lctn•. 250.30(A), 
250.30(B)(3) 

Scnicc equipment. 250.28, 
250.92(B). 250.102((;). 
250.186 

Solar photm1>ltaic "}"tcm•. 690.43(B) 
Supply.,.jdc, 250.30(A) (2), 250.30(B) 

(3) 
l>cfinition, An. I 00 

S"itchbuard•. 408.3(C) 
s� .. 1cm, 250.28, 250.30(A) 

l>cfinition, An. I 00 
Junclion boxes, >«also Box<.-.; Pull 

bon� 
.· 

Acc<.-..ibility, 314.29 
C..cllular concrete floor 

rdct.·w·"�"· 372.18(C) 
C..cllular metal floor 

rdct."\v-..,5. 3'14.18(B) 
C..owrs, 314.28(C), 314.72(t:) 
Deicing aod mow-melting 

Cllbk-., 426.22(F), 426.24(B) 
Fomitain•; 680.52 
Mucor controllers and 

di.<eonnccts, 430.JO(A) 
Nnnhcating cable lead., 424.43 
�"r 1000 miL•. 314-111 
Scn:Uti\-'C ck�tn•nic 

cqttipmcnl, 647.4(B) 
Scpar.ttion from motors, 430.24:.(B) 
Size 

Conductors 4 AWG and 
larger, 314.16, 314.28(A) 

Conductors 6 AWG and 
•mallcr, 314.16(C)(I)  

Co•�•tmction •pt.-cificatiun•. 314-IV 
Supp<>n, 314.23 
s .. imming p<>ol .. 680.23(C) (2). 

680.24 
s .. itch cndo•ur<.-s, 1 10.59, 404.3(B) 
Undcrlloor r.tct.·wa�-.. 390.74 

Kitchen 
Arc-fault circuit·intcrruptcr 

protection, 210.12(B) 
Definition, ArL I 00 
tixt.-d ck-ctric •pac<�hcating 

t.-qttipmcnt athk-s, 424.44(t:) 
Rcccptacl<.-. in, 210.8(A)(6), 210.52 

Kitchen equipment, 
cOIIIIIIei"CW. 220.56, 
422.11  (t") (2) 

Kaife swilches 
Bun cuntacL•. 404.6(C) 
C..onncction, 404.6(C) 
C..o•�•tmction •pt.-cificatiun•. 404-11 
t:nclnsur<.-., 404.3(A) t:x. I 

Gcncrdi-JL<c, 404.13(C) 
lntcrrupt cun'Cnt, 404.13(B) 
holating, 404.13(A) 
Motor-circuit. 404.13(D) 
Pu.'<itinn, cncl<>5<.-d and open 

typt.-s, 404.6 
Ratinb"" 404.14 
60()..,,1 .. 404.26 

KaoiHad-tube wiriug. An. 394 
Acc<.-..iblc attic., 394.23 
ClcardllC<"5, 394.19 
(' .. onductors, 394.104 
(' .. on•tmction, 394-111 
Definition, ArL I 00 
Dt."\iC<."S, 394.42 
ln•tallation, 394-11 
Securing and •upporting, 394.30 
Splic<-. and taps, 394.:.6 
Thnmgh or pardllcl to fr<lllling 

members, 394.17 
u,....,. nut permillt.-d, 394.12 
u,....,. penniucd, 394.10 

Kaoclwuts 

Bonding 
�'Cr 250 ��>IL .. 250.97 t:x. 
Scnicc equipment. 250.92(B) 

Opening.o to be d<>5ed, 110.12(A), 
314.17(A) 

-L-
Labeled 

Definition, ArL I 00 
Labels required. >«Warning Mb'll.' 

(label•). at t.-qttipmcnt 
Lacquers md painls 

Application, An. 516 
Atm<"')>hcr<-., !iOO.:.(B), 500.6(A), 

ArL 501, ArL 505 
Lampholders 

Brdnch circuib •uppl�ing, 210.23(D) 
(' .. ombJL•tihlc material, ncar, 410.97 
Damp or wet location•. 410.10(A), 

410.96 
Doubk�p<>lc :uvitchcd. 410.93 
Hc-d�-y-duty, >« Hca\1·-duty 

lamphuldcrs 
ln•tallation, 41G-V111 
Mogul ba.<c, 210.6(C)(4), 410.100 
Outdoor, 225.24 
Outlet box<.-., 314.27(A) 
Pcndanl 

Balhnx•m•. 410.JO(D) 
Cloth<-. dc.<cL•, 410.16(C) 
Not in thcalcr dn.-ssing 

f(MJRl.'l, 520. 7J 
Scr<.-w-5hcll typ<.-. fur lamp.• 

only, 410.90 
Supp<>n, 314.23(t) 
Un•\\itcht.-d "'"r cmnbJL•tihlc 

material, 410.12 
Lamps. An. 410. ,_ also Luminair<.-.; 

HazardoJL• (cla..,.ificd) 
location.'l 

Arc, portable, :.20.61, 530.26(B) 
Auxiliary· cqnipmcnl, 41 G.-IX 
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Back.•lage (hare bulb), 520.47 
Cloth<"S cl<.,eL•, in, 410.16 
t:k-ctric di.�hargc, 410.62((;), 

410.104, 411}.-XJI, 411}.-XIII 
Joluon.-sccnt7 srr tluon.-sccnt 

luminain.-s 

Guard•, -Guarding, guard.• 

lncand<.-scent, S«)ncand<.-scem 
lam)" 

lnfr.tr<-d, ...,Jnfrdn.-d lamp indu.•lrial 
healing applianc<."S 

Motion picture pr<!i<-ctors, 540.14, 
540.20 

Motion picture �tudios 

S�age, por1<1hle, 530.26 
Outdoor, location, 22.:;.25 
Pendant conductors, 410.54 
Por1<1hle, S« Por1<1hle luminain."S 

Stand, 520.68(A)(3) 
Definition, ArL I 00 

Thea ten 

Border and proscenium, 520.44 
l>n.-..•ing mmn•, lamp 

b'Ual'd•. 520.72 
F<."St<x>n'<, 520.65 
FootlighiS, 520.43 
S�age, arc lamp for, 520.61 
S"itchboard•, pilot 

lighiS, 520.53(A) 
Wat�age marking, flu.•h and rec<.-..'Cd 

luminain."S, 410.122 
Laundry 

Arc-fault cin:uit-interruptcr 
protection, 210.12(B) 

Circuit load, 220 .. :;2(B) 
OulleL• 

Dwelling, 210.1J (C)(2), 210.50(C), 
210.52(t) 

Mobile hom<."S, 550.13(1>) (7) 
Receplack-s, 210.8(A)( I I )  

Laundry ....,., 210.8(A)(II),  210.12(B), 
210.52(t), 550.12(C), 
550.13(1>)(7), 550.18 

Definition, ArL I 00 
l..eakage-<:urrt detector-

interrupter, 440.6.:; 
Definition, ArL I 00 

LED ligblillg, An. 410 
Cloth<"S ci"'CL,, 410.16 
(' .. onneclion ofluminair<.-s, 410.24, 

410.62((;) 
F<.-..-der and hrdnch<ircuiL'<, 410.68 
Luminaire rdling, 410.80(B) 
Mounting, 410.136, 410.137(B) 
Sign illumination <)"tem• 

Definition, ArL I 00 
Th<.-nnal in•ulalion 

in•tallalion, 410.116(B) 
l..eglllly required slalldby 

systems, An. 701 
C..apacity and r.11ing, 70 I. 4 
Circuit \\iring, 701-11 
Definition, ArL I 00 
Gmund.fduh protection, 701.31 
Gmunding, 701.7(B) 
0\'t.TCUrrenl pmteclion, 701-IV 
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Signals, 701.6 
SigtL,, 701.7 
Sourc<."S or pmver, 701-111 
"lhL• and maintenance, 701.3 
"lrdn•fer <.-quipment, 701.5 
\\�ring, 701.10 

Lmgtbs 
Br.1ncb<."S fmm hu."''""Y"· 368.56(B) 
(' .. onduit hudi<"S, 314.71 
t:k-ctrical metallic tubing, 358.120 
t:k-ctrical nonmetallic 

tubing, 362.120 
t:nclusun.-s, handhole, 314.71 
Free cnnducton at outlcL'l and 

'"itch<.-s, 300.14, 424.43, 
426.23(,\) 

High den'lity poi�'Cthylene conduit, 
marking, 353.120 

lntcnn<.-diatc metal conduit, 342.120 
Uquidlight flexible nonmetallic 

conduit, 356.120 
Open \\iring in nonmetallic fl<.-xihle 

tubing, 398.15(A) 
Pull and junction box..-s, 314.28, 

314.71 
Reinforced th<..TJtuJ.'IiCtting n.-Mn 

conduit, 355.120 
Rigid metal conduit, 344.120 
Rigid pol),inyl chk>ride conduit, 

marking, 352.120 
Spac<.--healing cable, nonhc-dling 

lc-dd•. 424.34 
Surface metal rdc<.·wa� ... 386.120 
Surface nonmetallic 

rdc<."\\"d}"· 388.120 
"Ill)", 210.19(A) t:x. I, 240.21 

Motor hr.1nch circtlit, 430.53(1>) 
Motor fe<.-ders, 430.28 

Life safety bnmch 

l>efinilion,An. 100 
b'Cnlial ek-ctrical <)"I<."UI.'i, 517.26, 

517.31 (AJ, 517.32, 517.3.'1. 
517.40 IN N1>. 2. 517.42(A), 
517.43, f>l7.44 

Life support equipment, 
electrical, 517.45(B) 

l>efiniliun, An. 100 
Lift, pool. ..., Pool lift, electrically 

· 
JXIIVer<.-d 

Llgblillg 
Batl<.-ry-pmvered lighting 

uniiS, 517.6.'l(A) 
l>efinilion,An. 100 

Br.1nch circuit<, calculation of 
load, 220.1l (B) 

(' .. o\'C, 410.18 
1><.-cordti\'C, 411}.-XV, 590.3(B), 

590.40) t:x., 590.5 
Emergency, An. 700; s<r also t:xiL•, 

emergency lighting for 

t:xiL'<, s<r t:xiL•, emergency lighting 

F<.-..-ders, calculation ofload, 220.42, 
220.45, 221}...1\' 

F<..-st•x•n7 S« F<..-st•x•n lighting 

tixtun.-s. s« Luminain.-s 

Mobile hom<."S and manufactur<.-d 
hom<.-s, 550.12(A) 

Modular data centers, 64&-111 
OulleL'<, S« Ughting oulleL• 

Outline, sa Outline lighting 

Park tr.lik-n, 552.46(B)( I), 552.47 
Scn'liti•'C ek-ctnmic <.-quipmenl, 647.8 
S"imming pool'<, .w S..imming 

JXX>l•. f<mntains, and llimilar 
in.•uallation., 

s� .. tcm•. '"Ughting <)"tem'<, 30 '"liS 
or k'!\.'l 

"li-dck, s« Ughling trdCk 

Llgblillg assembly, c......._cl-plug
cODDeCted, 680.33 

Definition, ArL I 00 
Llgblillg hoist, s�age, 520.40 

Definition, ArL I 00 
Llgblillgoudets, 210.70, 314.27(A), 

410.31\(A), 411}...111 
Definition, ArL I 00 

Llgblillg systems, SO volls or 
less, An. 411 

Br.1nch circuit, 411.8 
Location r<.-quiremeniS, 411.6 
Secondary circuit<, 411.7 
Vul�age limilation•, 411.3 

Llgblillg l:nlck, 411}.-XJV .· 

C .. otL•mtclion r<.-quirements, 410.155 
Definition, ArL I 00 
Fa.•tcning, 410.154 
Hea•-y-dutY, 410:153 
ln•lallation, 4i0.150 
Load cakulatimL•, 220.41\(B) 

LipiDing proteclion systems, s<r Surge 
(lightning) prnk.-clion 

IJcblning (surge) ..........ms, -surge 
aiTt.":\lcn 

Ligbls, S« also Lam)"; Ughling; 
Luminairt.� 

Border, 520.44 
('..able• fur, theatcn, 520.44(C) 
Definition, An. 100 

Fmm r.Uhv-dy c•mductors, 110.19 
Scenery·, theaters, hall'<, 520.63 
Strip, 520.64 

Definition, An. 100 
Linlited care fOidlilies, su also Health 

care facilitk"S 
Definition, An. 100 
t: .. 'Cnlial ek-ctrical <)"te•n•, 517.40, 

517.42 
Linlited 6nishing 

workstations, 516.5(1>)(5) 
Definition, An. 100 

Linlited power (LP) cables, 722.179(A) 
(9) 

Line isolation monitor, 517.160(B) 
Definition, An. 100 

Lint, flyings. An. 503, An. 506 

Liquid immersion "o", 505.8(t:) 
Definition, An. 100 

Liquidtipt llnible metal conduit 
(Type LFMC), An. 350 

Bend•, 350.24, Chap. 9, "lllhle 2 
C .. otL•tmclion •p<.-cificatiun'<, 351}...111 
(' .. ouplinb"' and cunn<.-ctors, 350.42 

Definition, ArL I 00 
l>imen'limL•, Chap. 9, "lllhlc 4 
Gmunding and bonding, 350.60 
ln•tallation, 351}.-JI 
ll•ting, 350.6 
Marking, 350.120 
Maximum number of cnnductnP and 

fixture \\in. .. , "lllhl< .. ('.8 and 
(' .. SA 

Number of conductors, ('.hap. 9, 
"lllhle I 

Number of cunductoro and 
cahi<"S, 350.22 

Securing and •up)X>rling, 350.30 
Size, 3.:;o.20 
Splic<"S and ta)", 350.56 
"liimming, 350.28 
u-.. .. nut pcnnill<.-d, 3.<;0.12 
u-.. .. pcnniu<-d, 3.:;o.10 

Uquidticbt llnible nomnetallic conduit 
(Type LFNC), An. 356 

Bend•, 356.24, Chap. 9, "lllhle 2 
(' .. on•m•clion •p<.-cificaliun'<, 3!if>-lll 

(' .. ouplinb"' and cunn<.-ctors, 356.42 

Definition, ArL I 00 
l>imen'limL•, Chap. 9, "lllhlc 4 
Gmunding and bonding, 356.60 
ln•tallation, 35&-11 
ll•ting, 356.6 
Marking, 356.120 
Maximum number of cnnductnP and 

fixture \\in. .. , "lllhl< .. c.:; 
through C7A 

Number or cnnducton or 
cahi<"S, 356.22 

Securing and •up)X>rling, 350.30, 
356.30 

Size, 3.?6.20 
Splic<"S and ta)", 356.56 
"liimming, 356.28 
u-.. .. nut pcnnill<.-d, 3.%.12 
u-.. .. pcnniU<-d, 3.:;6.10 

Listed 
Definition, ArL I 00 

Live parts, S« also t:nclo•un."S; 
t:nergiz<.-d parL..; Guarding, 

b'Ual'd' 
Arc-flam hazard warning, 1 10.16 
C..apacitors, 460.3(B) 
Definition, ArL I 00 
t:k"\>ltor<, dumh\\..Uter<, <.-scalators, 

etc., 620.4 
EXJXJOCd, II  0.26 
Generdtors, pmt<.-cliun, 445.14 
Guarding, S« Guarding, guard• 

Lampholden, 410.5, 410.142 
Lamp tcnninal<, 410.142 
Ughting ·� .. te1n•, ek-ctric 

di.�harge, 410.130(B), 
410.140(C) 

Luminair<."S and hun)", 410.5, 
410.140(C) 

Metal "ir<.·wa�"l<, 376.56(B) (4) 
Motion picture and tck"l-i.Uon 

•wdio•, 530.12 
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<h'<-T IOO(h,ll<, 495.24, 495.32, 
495.33, 495.35 

Swr..gc hau<.-ri<-., 480.10(8) 
S"itchboard• and ""itchge-.u-, 408.20 
"Jhln.•funncrs, guarding, 4.:;().11(C) 
In wnncl<, 1 10.56 

Loads 

Applianc<-., hntL'Chuld cooking, 
demand table, 220.55 

Br.mch circuil< 
C..alculatim�•. An. 220 
Maximum, 210.25 
Pcnni.'l'<ihlc, 210.22 1hrnugh 210.24, 

235.22, 235.23 
Br.mch circuil<, calculation.•. Ann<.-x 

D 
Cla.u 4 circuiL•. 726.122 
C .. ontinuoa"· S«C.ontinuuu" load 
Demand 

Cloth<-. dryers, 220.54 
HotL'Chold cooking 

applianc<.-., 210.21 (8)(4), 
220.55 

Emcrgcncy �1\lcln'l. 700.15 
Encq,•y management 5)'"5tcln'l. 

managed by, 750.30 
Fann, 220-V 
F<.-..-dcrs, calculation.• for, 215.2(A), 

Arl 220, Ann<.-x D 
t:k-ctrifk-d truck parking <pace 

<.-quipmcnl, 626.1 1  
Marina.•. hc>al)'>lnl<, fl<>ating 

building<. and docking 
f.Kiliti< ... 555.6 

Mobile home J>arb, 550.31 
Mobile hom<-., 550.111 

lnducli\'c 
Sign.•. 600.6(8) 
S"itch<."<. typ<.-.. rdling<. 404.14 

Marina.•. hc>al)'>lnl<, fl<>ating 
building<. and docking 
f.Kiliti< ... 555.6 

Mobile home J>arb, 550.31 
Mobile hom<-., 550.111 
Motors, conductors, 430-11 
Nonlinear, 220.61 (C) 

Definition, Arl I 00 
Recreational whick-., 551.31 
Scnicc, calculation.• for, An. 220 
S1age <.-quipmelll, circuit 

l•>ad•. 520.41 
Loc:alioas 

Air-conditioning or refrigcrdting 
<.-quipmcnl, di.�onn<.-cting 
mean.•. 440.14 

Audio <ib'll31 proe<-..'<ing, 
amplification, and 
r<..1JnKiuctinn 
<.-quipmcnl, 640.3 

C .. ommunication.'l circuiL'l, pnJI<..�ti\'c 
d<..,iC<."<, 805.90(8) 

Cr.1nc and hui.•t di.�onnccting 
mean.•. 61 (}..JV 

Damp or wet, srr Damp or wet 
location.'l 

Dry, >«Dry location 

ll'>DEX 

t:k-ctric di.�hargc lighting 
tr.tn.od"onncn, cn·cr I 000 
mil<, 410.144 

Ek�cuor motor di.'iConn<..�ting 
mean.•. 620.51 (C) 

t: .. 'Cnlial ek-ctrical "'"l<."ln, health care 
f.Kiliti< ... 5i 7.30(C). 
517.41 (8) 

Forei1,rn pipt.� acct.-s.,orit.�. 
lrdn..ronncr '"ull•, 450.47 

Generdtors, 445.10 
(;n•unding cnnnt.�ion.'l at 

ek-ctrod<."<, 2.:;().68 
HazardotL<, S« abo HazardotL• 

(cla..mfi<.-d) location.• 
Definition, An. I 00 

lntrin.'<icalh· .We 
<...juipmcnl, 504.10(8) 

Lamp<, ould<M>rs, 225.25 
Luminair<."<. 41(}..11 
Mobile homt.� disconn<..�ting mt.�dll., 

and hrdnch-circuit prnlcctiw 
<.-quipmcnl, 550.11  (A) 

Motion picture pr<!it.�tion 
<.-quipmcnl, MO. I I  

Motor di.�•mn<.-cting mean.•. 430.102 
Motor fc<.-dcr lap<, 430.211 t:x. 

Motors, 430.14 
Optical fiber cabk-., 505.9(F) 
Oullel hc>x<-. ancl conduit 

hc>X< ... 314.29 
0\-crcurrelll d<."\iC<."<. 24(}..11 
0\-crhe-dd <cnice, 230.54 
Panclhc>ard<, damp ur ""''· 408.37 
Recreational \"chicle di.'iConnccting 

mean.• and di.•trihutiun 
panclhc>anl, 551.45(8) 

Remote, 530.3(8), 530-11 
Definition, An. I 00 

R<-.i.•tors and reactors, 470.10 
Scnice di.�onnccling 

mean.•, 230.70(A), 230.72(A) 
t:x. 

Scnicc U\"crcurrent 
prntcction, 230.91,  2."10.92 

Sigi-.s, clcctric, 600.9, 600.10, 600.21,  
600.33(A), "Jllble 600.33(A) 
(I), 600.42(G), 600.42(H) 

Sign 5\\itch<-., 600.6(A) 
Splic<-. and tap< 

Auxilial)· g\lllcrs, 366.56 
\\�r<.""'">"· 376.56, 3711.56 

Sutgc arr<.-.ters, 242.22 
Sutgc prok.-cti\·e d<."\ic<-., 242.46 
S"imming J">ol junction box and 

tr.tn.od"onncr 
encl•.,.ur<."<, 680.24 

S"itchb<>ard•. 408.16, 4011.17. 408.20 
S"itch<.-. in damp or wei 

location.<, 404.4 
System gn•unding connection.'\, 250-

11 
"Ji-dn.•funners and '"ull<, 450.13 
Ventilation opening." for tr.tn.od"onncr 

'"ull<, 450.45(A) 
Wet, sa Wet kJCati<JJ�•; Damp ur ""'' 

location.'\ 

l..oc:ked rotor motor curreut 

('..ode lcttcrs, 430.7(8), ·table 
430.7(8) 

C..om-cr<iun, ·table 430.251 (A), ·table 
430.251(8) 

Hcnnctic rcfrigcr.tnt motor
compr<."<S<>rs, 440A(A) 

l..oc:knuts, double, required 
HazardotL• (cla..mfiecl) 

location.<, 501.30(8), 
502.30(8)( I), 503.30(8), 
506.30(8) 

Mobile hom<-., 550.15(t") 
Owr 250 •�•ll• to b'Tound. 250.97 t:x. 
Recreational whick-., 551.47(8) 

� rating. 517.72(A), 517.73(A), 
6f.0.5, 660.6 

Definition, Arl I 00 
Loudspeakers 

Definition, Arl I 00 
In fin...--n.-si.'\tanl con.'\tntctiun. 640.25 
Pennanelll in.•lallation.•. 640.2f(.B), 

640.25 
Protection of, 640.4 
"lcmJN>rdfY in.•lallatiuns; 640.42(8) 

l..ow-voltage dn:uitll, -..Uo Rcmut<.� 
control;oif.'ll31ing, and 
JNilVer�imitccl circuil• 

C..onlacl limit 
Definition. Arl I 00 

Modular data cenlcrs, 646.20(A) 
Park tr.Uiers, 552.10 

l..ow-voltage fixed electric space-heatiug 
equipmeat, 424-X 

l..ow-voltage 1lgbling systems. -
Ughting <}"letn•. 30 \·oil< or 
k-... 

l..ow-voltage suspended ceiling pcnver 
distribution systems. An. 393 

C..oncluctor <iz<-. and 1)-p<. ... 393.100 
C..onncclurs, 393.40(A) 
C..ot�•truction <p<.-cificatiun.<, 393-111 
Definition.•. An. I 00 
Di<conn<.-cting me-dn.•. 393.21 
t:nclosur<.-., 393.40(8) 
Gmunding, 393.60, 393.61 
ln•lallation, 393-11 
ll•ting, 393.6 
Owrcurrelll pmlcctiun, 393.45(A) 
Securing and <UpJN>rling, 393.30 
Splic<-., 393.56 
U«.-. nul pcnnill<.-d, 393.12 
U«.-. pcnniucd, 393.10 

Lup 
C..onncction to lcnninal•. 1 10.14(A) 
ll•t<.-d type at cl<.-ctr<HI<-., 250.70 

Luminaires, An. 410. :«< abo HazardntL• 
(cla..mfi<.-d) location.• 

AdjtL•tablc, 410.62(8) 
�'licuhurdl building<. 547.31 
Autnlrdll.'\fctnncn 

Balla.•L• <uppl>ing fluor<.-.celll 
luminair<.-., 410.1311 

Supply circuil<, 210.9, 215.1 1 
Auxilial)· <.-quipmelll, 410.137 
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Balhtum, ne-.u-, 4IO.IO(D). 
550.14(0), 551.53(8) 

Box<-., canopi<-., pan<, 41 (}..Ill 
Br.1nch circuil<, 368.17(C). 

410.24(A), 410.68 
(' .. ompulatiun ur, 210.19(D) t:x. I, 

220.1 1 (8). 220.14(D) 
Vuhag<."<. 210.6, 410.130 

Cloth<-. clc.'Cl,, 410.16 
Definition, Arl I 00 

(' .. ombtL•tihle material, ncar, 410. 1 1 ,  
410.12. 410.23, 410.70, 
410. 1 1 6(A), 410.136 

C..c•n.•truction, 410.155, 41(}.-VII, 41(}... 
XI 

<'..c•rd•. flexible, ..,.,c ... ,nt., tl<.-xihle 
Damp, we� or corrosive 

location.<, 410.10(A), 
410.10(8). 410.10(D)(2). 
410.30(8) ( 1 )  

D<.-cordliw lib"'ting, 41(}.-XV 
Definition, Arl I 00 
Di<ccmn<.-cting me-dn.•. 410.71 
Dry·niche, 680.23(C) 

Definition, Arl I 00 
Duel• ur hood•. in, 410.1 0( C) 
t:metgencv baucn·-

<..q•uipp<.-d, 700.12(H) 
Definition, Arl I 00 

t:metgencv dirccllv 
c;,-;,trolk-d, 700.24 

Definition, Arl I 00 
t:metgency :<>"letn•. 700.12(H), 

700.24 
Flat cable a.ucmhli<-., luminaire 

hangers in<lalk-d 
with, 322.40(8) 

tluon.-sccnt, srr Joluon.-sccnt 
Juminain.-s 

tltL.b, 41(}.-X, 41(}.-XI 
Foulllain.<, 680.51 
Germicidal irrddiation, 41(}.-XVII 
Gmunding, 41(}..\' 
Honiculturdl lighting, 41(}.-XVI 
Indoor •J"•n•. mix<.-d·tL'C, and all-

purpo<c raciliti<.-.. lL'C 
in, 410.10(t:) 

ln.•p<.-ction, 410.8 
ll•ting, 410.6 
u,-., pariS, 410.5 
Location, 41(}..11 
Marina.•. hc>al)'>lnl<, flc>ating 

building<. ancl clocking 
f.Kiliti< ... 555.311 

Marking, 410.80(A) 
Mounting, 410.136 
No-niche, 680.23(D), 680.24, 

680.26(8)(4) 
Definition, Arl I 00 

Oullel hc>x<-., 314.27(A) 
Oullel• r�-quircd, s<r Ughting uullel< 
0\-crcurrcnt pnttcctinn, \\in.-s and 

cord•. 240.5 
Park tr.Uiers, 552.10(G), 552.20(0), 

552.54, 552.59 
Pulari.,tiun, 410.51, 410.82 
Punahle, S« Portable luminair<.-. 
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Purpn.«.�buih, 530.24 

Definition, ArL I 00 

Raet.'\\-a�'S, 410.30(B), 410.36(E), 
410.6-t 

Rating, 410.80 

Rec<.-..'<Cd, >« R<-c<....._-d luminair<.-. 

R<.-crcational whick-., 5!H.20(D), 
5!H.53 

Scn:Uti\-'C ck�trnnic 
<-quipmenl, 6-t7.8(B) 

Showers, nc-.u-, 410.10(D), 550.H(D), 
551.53(B) 

Show "indo\\'5, 410.14 

Spr.ty application, dipping, coating, 
and printing 
pr<JC<'"-"'-.. , 516.6((;), 
516.6(D), 516.37 

Strip lights, 520.6-t 

Definition, ArL I 00 

Suppon, 314.23(.), 355.12(B), 
358.12, 362.12(2), 410-1\', 
501.130(A)(4) 

S...imming pooL<, spa.<, and similar 
in.<l>lllatiot�<. 680.22(B), 
680.23, 680.26(B)(4), 
680.33, 680.43(B), 680.51, 
680.62<n 680.72 

Wet-niche, 680.23(B) 

Definition, ArL I 00 

Wet or damp l<>eation.<, in, 410.10(A), 
410.10(D) (2), 410.30(B)(I) 

\\�ring, 410-VI 

Lwalnaire stud construction, 410.36(<:) 

-M-

Machine rooms 
Br.mch circuits, lighting and 

n.-ceptack-., 620.23 

l>cfinition, An. 100 

Guanling equipment, 620.71 

Remote, 620.51 (C) 

l>cfinition, An. 100 

Wiring, 620.21 (A)(3), 620.37 

Machinery space 

Br.tnch circuits, lighting and 
n.-ceptack-., 620.23 

l>cfinition, An. 100 

Remote, 620.51 (C) 

l>cfinition, An. 100 

Wiring, 620.21 (A)(3), 620.37 

Machine tools, s<r lndtL<trial machinery 

Maadalory rules, penaissiw rules, aDd 
explllllatory material, 90.5 

Manholes, 110-V 

Acc<.-.s, 110.75 

Cowrs, 1 10.75(D) 

Dimen.<ion.<, 1 10.75(A) 

L->eation, 110.75(C) 

�farking, 1 10.75(E) 

ObslniCtion.<, 1 10.75(B) 

Conductors 

Bending space for, 110.74 

Cia.« I, in.<tallation, 725.136( •. ) 
Cia.« 2, 3 in.<l>lllation, 72.:;.136( •. ) 
Cia.« 4 in.<tallation, 726.136( •. ) 
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Control circuiL< in.<talk-d 
in, 522.24(B)(3) 

•ix<.-d Jadd<.-rs, 1 10.79 

Ventilation, 110.77, 1 10.78 

Work space, 110.72, 110.73 

Manufactured buUcliags aDd 
relocalable 
stnu:tures, An. 545 

Bonding and gmumling, 545.1 1  

Box<.-., 545.9 

Component intcrconnt.�ion.'l. 545.13 

l>cfinition, An. I 00 

Gn•unding ck�tnKic 
conductor, 545.12 

Prott.-ction of conducton and 
equipment, 545.8 

Receptacle or "'itch with integr.tl 
enclosure, 545.10 

Scnict."'Cntr.tncc conducton. 545.5. 
545.6 

Scnice equipment, 545.7 

Supply conductors, 545.5 

Wiring methods, 545.4 

Manufactured homes, s« also Mobile 
hom<.-.; R<-crc-.ttional \'chick-. 

l>cfinition, An. I 00 

Manufactured phase 

l>cfinition, An. I 00 

�farking, 455.6(B) 

Manufactured wiriDg systems, ArL 604 

Con.<tmction, 604.100 

l>cfinition, An. I 00 

ln.<l>lllation, 604.7 

ll<ting n.-quiremenL<, 604.6 

�farkings, 604.100(B) 

C«.-. not pcrmill<.-d, 604.12 

C«.-. pcnnill<.-d, 604.10 

Mariuas, boatyards, OoaliDg buUdiilp, 
Uld dockiug 
fOidlities, ArL 555 

Boa�-ards 
l>cfinition, An. 100 

Circuit brcaken, 555.32 

Conn<.-ctiun.<, 5$5.30, 555.36 

Cr.m�-s, ;;.:;5.8 

l>cfiniliun, An. 100 

Discnnn<.-cting mc-dn.<, 555.36 

DiMribution S}�tcm, 555.5 

Ek-ctrical datum plane 
di.<tanc<.-., 555.3 

Enclnsun.-., 5.'>5.31 

Equipmelll gmunding 
conductors, 555.37 

•lammable liquids at, Hg. 515.3 

•loating buildings, 555-111 

l>cfinition, An. I 00 

Gmund-fauh circuit 
intcrmptcrs, 555.35 

Gmund-fauh prot<.-ction, 555.35, 
555.53 

Gn•unding, 555.54 

Hoi.<ts, 55.').8, 555.35 

L-101d calculation.<, 555.6 

L-uninair<.-s, 555.38 

�farina power outleL<, 555.32 

l>cfinition, An. I 00 

�farina.<, b<Jal)-ards, and docking 
fuciliti<.-., 555-11 

�faximum •�•ltage, pier power 
di.'ltribution S}'SU.�'l. 555.5 

�iotor fuel di.<pcn.<ing station.<, 514.3, 
.ig. 515.3, 55.'U 1 

Panclb<Jards, 555.32 

Raihv-.ty5, 555.8 

Rcceplack-s, 555.6, 555.33 

Repair faciliti<-., 5.')5.12 

Scnice conductors, 555.50, 555.52 

Scnice equipment, l<>eation, 555.4 

S...itches, 555.32 
·1rcan:dhnncrs, 555.7 

Wiring methods and 
in.<l>lllation, 555.34, 
682.15(B) 

MarlciDp, 110.21, 400.52; su a/so 
Identification; subhc-.td 
�fa riling und" mtrin for 
sfwific wiring and l!tJuipmmt 

Cia.« 4 circuits, 726.124 

Critical npcrcllion.'l power �1\��� 
.· 

"iring, 708.10(A) 

Disconn<.-cting mc-dn.<, II 0.22, 
230.70(B), 620-'ll (D) 

Scnice di.<eonn<.-cts, 250.2(E) 

Emergency circuilil and 
�'St<.'lllS, 700.10(A) 

··<.-..-ders, 215.12,'235.212 

.icl<htppli<.-d hazard, 1 10.21 (B) 

•ix<.-d electric spac<.�heating 
equipment, 424.4.:;(A), 
424.58, 424.99(A) 

}ix<.-d n.-..i.<tance and ek-ctmde 
indtL<trial pr<JC<'"-< heating 
equipment 

Duct hc-dters, 425.58 

R<-..i.<tattc<.�typc boilers, 425.71 

•1<.-xihle cord<, identifi<.-d conductors 
"ithin, 200.6( C), 
250.119(D), 400.22, 400.23 

Gmund<.-d conductors, ArL 200, 
400.22, 402.8 

Gmunding-polc, 406.10(B) 

High-k-g, 1 10.15, 408.3(.')(1) 

lntrit�<ically safe �'5tems, 504.80 

�fanufacturer, 1 10.21 (A) 

�i<.-dium '"ltagc conductors, 315.14 
through 315.17 

Scn.<iti•-c ek-ctric equipment 
conductors, 6-17.4(<:) 

Scnice di.<eonn<.-cting 
mean.<, 230. 70(B) 

S...itchboard< and 
panclb<Jards, 408.3(F), 408.4 

Cngmunded conductors, 210.5(C.), 
215.12((;) 

Wiring d<.'\ice tcnninals, 250.126, 
504.80 

Meaas of egress 

Bauery r<><>m<, 480.10(E) 

Hc-.tlth care fuciliti<-., 517.33, 
517.43(A), 517.43(B) 

Jllumination, 517.33(A), 517.43(A) 

Mecblmlcal execution of work, II  0.12, 
640.6, 722.24, 724.24, 

725.24, 760.24, 770.24, 
800.24 

Medical offices, 406.12 

l>cfinition, An. I 00 

Medium voltage conduclors, cable, 
cable joinls, aDd cable 
lerlllinations, ArL 315; sa 
also Owr 2000 '"IL< 

Ampaciti<.-., 315-1\' 

Con.<tmction, 315-11 

l>cfinition, An. I 00 

Dir<.-ct burial, 315.36 

Identification, 315.14 thr<>Ugh 315.17 

ln.<l>lllation, 315-111 

ln.<ulation, 315.10 

ll<ting, 315.6 

Shielding, 315.44 

Size, 315.12(A) 

Suppon, 315.40 

t;,.... pcnniu<.-d, 315.32 

Meetiug rooms 
OutleL<, 21 0.6.:; 

Membnme euc:Josures 

l>cfinition, An. 100 

Spr.1y application opcrdtion.< in, 51&-
1\' 

MesseageHUpported wiriug, ArL 396 

l>cfinition, An. I 00 

Gmunding, 396.60 

ln.<l>lllation, 396-11 

�i<.-s.'<Cnger suppon, 396.30 

Splic<-. and taps, 396.56 

C«.-. not pcrmill<.-d, 396.12 

C«.-. pcnniu<.-d, 396.10 

Messeagerwire, 310.20, 'Jlthlc 310.20 

l>cfinition, An. I 00 

Metal-dad cable (Type MC), An. 330 

Acc<.-.sible attics, 330.23 

Ampacity, 330.80 

Bend<, 330.24 

Conductors, 3."10.104 

Con.<tmction sp<.-cification.<, 330-111 

l>cfinition, An. I 00 

Equipmelll gmunding 
conductor, 330.108 

HazardotL< (cla.uified) 
location.<, 330.130 

ln.<l>lllation, 330-11 

ln.<ulation, 330.112 

Shc-.tth, 330.116 

Single conductors, 330.10(A)( 12), 
330.31, 330.80(B) 

Suppon, 330.30 

'Jbmugh or par.tllcl to fr.�ming 
members, 330.17 

C«.-. not pcrmill<.-d, 330.12 

C«.-. pcnniu<.-d, 3."10.1 0 

MetakDclosed switcbgnr, Sl!f! 

S...itchgc-.u-, metaknci<JS<.-d 

Metal frame of bulldiDg 

Bonding, 250.104, 250.194 

Gmunding el<.-ctmde, 2.:;Q.30(A) (8), 
250.52(A)(2), 250.68(<:) 

Metal gutters, s« Auxilial)· gtlltcrs 

Metal oudet boxes, '"Box<-., mew 
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ll'>DEX 

Metals 

c .. orrosion. proll.�tion ag,ain.,� S« 

Protection? C.om•sinn 
Di.<similar, 1 10.14, 344.14 
F<.'ITotL•, 300.6(A), 300.20 

Metal sicliug, growu:llllgof, 250.1 1 6 1:'\ 
Metal wireways, S« Wir<.'\\-a�-.. metal 
Metal workillg IIIIU:biDe tools lllld 

Meters 

plastic IIUidlinery, -
lndtL•Irial machinery 

c .. onncction and location at 
<cnic<.-., 230.82, 230.94 Ex. 5 

Gmunding of c:asc.-., 250.174, 250.176 
(;n•unding to grounded circuit 

conductor, 2.:;().142(8) Ex. 2 
HazardotL• (cla...Ufied) 

location.<, 501.105, 502.150 
Recreational whicle Mte, 551.78(8) 

Meter soc:ket enclosures, >« C..ahinet•, 
cutout boxt.� and meter 
�ock.ct cnclosun.-s 

Metric equlwlents 

Rac<.'\\-a�-.. trdde <in-., 300.1 (C) 
Metric unils of mnsurement, 90.9 
Mic:ropicl, S« also Hc-dllhc:arc 

mic:n'!,'lid "}-.tern 
Definition, Art. I 00 

Mic:ropid control S)'liteiiiS (MCS), 705-
11; S« also l>irect current 
mic:n'!,'lid "}-.tem• 

Definition, Art. I 00 
Emergenc:y "}-.tetn.•, 700.12(G) 
L<.-gdlly n.-quired <tandhy 

"}-.tetn.•, 701.12(H) 
Mic:ropid iuten:oDDect dmc:es, 705.70 

Definition, Art. I 00 
Miueral-illsulated metakheadted cable 

(Type Ml), An. 332 
Ampacity, 332.80 
Bend•. 332.24 
B<>x<-. rutd fitting<, 332.40 
(' .. onductor<, 3."12.104 
(' .. mL•tmction <p<.-cific:atinn.<, 332-111 
Definition, Art. I 00 
Equipment1,'1'ounding 

conductor<, 332.108 
ln.•tallation, 332-11 
ln.•ulation, 332.1 1 2  
Sbc-dth, 332.116 
Single c:onductnr<, 332.31, 332.80(8) 
Support, 332.30 
'lcnninal <cal•. 332.40(8) 
Thnmgh or pardllcl to fr.�ming 

member<, 300.4, 332.17 
U«.-. nut pcnnill<.-d, 332.12 
U«.-. pcnniued, 3."12.10 

Mixer 

Definition, Art. I 00 
MobUe equlpmeut 

Definition, Art. I 00 
Gmunding, higlt mltage, 2.:;().188 

MobUe home Jot, 550.30, 550.31 
Definition, Art. I 00 

MobUe home pub, Art. 550 
Definition, Art. I 00 

Di<tribution "}"tern, 550.30 
Ek-cuic:al wiring "}"tern 

Definition, An. I 00 
F<.'t.-der rutd <cnic:e demaJtd 

fdCtnr<, 550.18, 550-111, 
'lahle 550.31 

Mobile home <cnice 
<.-quipment, 550.32 

Scnice equipment, 550.1,  5.:;().16, 
550.32 

Definition, An. I 00 
MobUe homes, An. 550. sa also P..trk 

tr.tik-n; R<.-crc-dtional 
whick-. 

Applianc<.-., 550.12(8), 550.12(D), 
550.14, 550.15U), 550.18 

Arc-fault circuit-interrupter 
protection, 550.25 

8r.1nclxircuit pmt<.-cti\.-c 
<.-quipment, 550.11  

8r.1nch circuits, 550. 1 1 ,  550.12 
C..alculation.• oftoads, 550.18 
C .. ommunication., circuiL� 800.106 
Definition, An. I 00 
Di<c:onn<.-cting mc-.1n.•, 550.1 1  
Expandable and dual unit•, 

wiring, 5.:;().19 
F<.'t.-der, 5.:;().33 
Gcnerdl requirement•, 550.4 
Gmund-f.1uh circuit 

intcmtptcr, 550.13(8) 
Gmunding, 550.16 
ln.•ulat<.-d neutrdl n.-quir<.-d, 550.16(A) 

(I)  
Luminair<.-., 550.14, 550.20 
Multiple «.-ction, wiring, 550.19 
Nameplat<.-., 550. J J (D) 
Optical fiber cabk-., 770.106 
Outdoor nutlets. luminairn. air-

C<M>Iing equipment, 550.20 
Pmver <upply, 550.10 
Receptacle l.lllllets, 550.13 
Scnicc equipment, 550.32 

De6nition;An. 100 
·n:am.g. 550.17 

.· \V'trlng melhnd< rutd 
material<, 550.15 

MobUe X-ny equlpmeut, 660.4(8), 
6f.0.21 

Definition, An. I 00 
Modular data c:eaters, An. 646 

Definition, An. I 00 
Enclosun.-., cont.• and cahl<.-. for 

connecting, 646.9 
Equipment, 646--11 
ticld-wiring compartment•, 646.8 
Ugltting, 64&-111 
Nameplat<.-., 646.5 
0\-crcurrent pmtection, 646.6( 8) 
Shon<ircuit current r.1ting, 646.7 
Supply conductor<, 646.6 
Work.'P"ce, 646-JV 

Modules, sobtr pbotovoltaic: 
systems. 690. 7(A), 690.32, 
690.43(A), 690.47(8); S« also 
AC m<>dul<.-. rutd "}"tem<, 

2023 Edition :'\.o\:110:-IAI. El.t:GI'RJCAL CODE 

�nlar ph<Jiovnltaic 5)'"5tcm,; 
Solar photm1>ltaic "}"tem• 

Definition, An. I 00 
Mogul bae lampbolders, 210.6(C) (4), 

410.100 
Momentary rating, 6f.0.5, 660.6 

Definition, An. I 00 
Maximum l"'"'"'r 

(definition), Art. 100 
Moultors 

Definition, An. I 00 
Une i"'>lalion, 517.160(8) 

Definition, An. I 00 
Monopole circ:uils, 690.7(C), 690.31 (E) 

Definition, An. I 00 
Mononlls, 555.8, An. 610 

Definition, An. I 00 
Moorings 

Definition, An. I 00 
Motion plc:ture lllld telnisiou 

studios, An. 530 
B<mding, 530.4.:;(E) 
C..ommunic:ation.•, <ij,'ll31ing,'.dara, and 

fire alann "}"tcin.., 5."10.5(8) 
Definition.•, Art. I 00 . 
Dn.-..•ing romn.., 530--IV 
F<.'t.-der conducllors, <izing, 530.7 
Gmund-f.1uk circuit-inlerrupter 

((:FCI), 530.44 
Gnnillding, 530.45 
LaJnpa, JN>nable arc, 530.26(8) 
LM parts, 530.12 
Luminair<.'S, JN>nable, 530.26 
0\-crcurrent pmtection, 530.23, 

530.42 
Portable equipment, 530-11 

Definition, An. I 00 
Pn>duction \-chid<-. 3lld 

tr.tiler<, 530.45 
Receptack-. and plug<, 530.9 
Sub<tation.<, 530-V 
Wiring 

PerntaJtent, 530.5 
Portable, 530.22 

Motion plc:ture projection rooms, :r« 
Prc�ctinn r<Mtm� motion 
picture 

Motion plc:ture theaters, S« 'lltc-dler< 
Motor<in:ult switches, 404.7, 

404.13(D), 430.109(A) (I), 
430.1 JO(A) Ex., 430.J IO(C) 
(2) Ex. 

Definition, An. I 00 
Motor control c:euters, 430-VIII 

Arc-fla.<h hazard ... -aming, 1 10.16 
Definition, Art. I 00 
Guanling liw pan<, 1 10.27 
lllumination at, 1 10.26(D) 
Working <pac<.-. about, 1 10.26 

Motor c:outroUers, 430-V11 
Definition, Art. I 00 
Di<conn<.-cting mc-.1n.•, 430.75, 430-

IX, 430.208 
Ek-cuic:ally opcrdted 1""'1 

C<>Wr<, 680.27(8) (I)  

HazardotL• (cta. .. ified) 
location.<, 501.1 15, 502.1 15, 
503.1 1 5  

Marking, 430.8 
Pcnvcr con\·crsiun 

<.-quipmenl, 430.131 
'1\mneL•. II 0.55 

Motor fuel dispeDsiDg 
fOidlities, An. 514. sa also 
HazardotL• (cta. .. ified) 
location.'l 

Circuit di.<eonn<.'CL•, 514.11 
Cla...Ufication orloc:ation.<, 514.3 
Definition, An. I 00 
Equipment, 514.4, 514.7 
Gmunding rutd bonding, 514.16 
Maintenance and <en-icing, 514.13 
Marina.•. IN>al)-ards, and docking 

fdCiliti<.-., 555.1 1  
Scaling, 514.9 
Undell,'l'<mnd "iring, 514.8 
\\�ring, 514.4, 514.7, 514.8 

Moto�or arc welders, >« 

Welder<, ek-cuic 
Motor homes, >« akio Mobile hom<.-.; 

Recreational \"chick� 
Definition, An. I 00 

Motors, An. 430 
AdjtL•table <p<.'l.-d dm-c 3lld driw 

"}-.tctn.•, 430.88, 430-X 
Definition.•, Art. I 00 

Air<onditioning uniL<, An. 440 
Applianct.�. m<Jinr�rivcn. :w.r 

Applianc<.-. 
8r.1nch circuits, 430-11 

AdjtL•table <p<.'l.-d dm-c 
"}-.tctn.•, 430.130, 430.131 

(' .. ombination l<>ads, 430.54, 430.131 
Definition, An. I 00 
0\-crload protection, 430-111 
Shon<ircuit and gmund-f.1uh 

protection, 430-IV, 430.130 
·lap<, 430.28, 430.53(D) 
'Jhrque motor<, 430.52(D) 

8tL<bing, 430.13 
C..apacilor<, 430.27, 460.9 
Circuit conductor<, 430-11 
C..c>dc letter<, 'Jllble 430.7(8) 
C..cmductor<, 430-11 

AdjtL•table <p<.'l.-d dm-c 
"}-.tctn.•, 430.122 

Ampaciti<.-., 430.6 
C..c>mbination l<>ads, 430.25 
Din ... tt-cuiTcnt motor-n ... "Ctificr 

<upplk-d, 430.22(A) 
Equipment gmunding 

conductor<, 250.122(D), 
430.245((;) 

F<.'t.-der demand fdCtor, 430.26 
lntenniUenl duty, 430.22(E) 
Motor aJtd other l<>ads, 430.24 
&·wrdl motor<, 430.24 
Single motor, 430.22 
Small motor<, 430.22(G) 
Wound rotor «.-condary, 430.23 
Wyt.-..lart. delta-run, 430.22(C) 
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(' .. ontinuotL< duty, 430.32 

(' .. ontroii<.T r.1ting, 430.83(0) 

0\'t.Timtd protection, 430.32(A), 
430.32(C) 

Wound·n>lor "<.-condary, 430.23 

(' .. ontrol circuiL<. 4!ID-VI 

(' .. ord-and·plug<onn<.-cted, 430.1 09( F) 
Currclll, full load, :r« Full·k>ad 

current mnton 
Cunain, thc-dtcr, 520.48 

Di.<conn<.-cting mean.<, 430.75, 430.95, 
4!ID-IX. 430.128, 430.208 

t:k-ctronically prok.-ct<.-d, 430.7(A) 
( 16), 430.32(A) (2), 
430.32(8)(2) 

Definition, ArL 100 

F<.-..-dcrs 
('..aJculation of load. 220.50, 220-IV 

Demand factor, 430.26 

Full-l<>ad currclll, >« Full·load 
current mnton 

FtL<choldcr, mzc of, 430.57 

(:Cncrdl, 4!ID-I 

Gmund.f.1uh protection, 4!ID-IV, 
4!ID-V 

Gmunding, 250-VI, 430.12(t:), 
430.96, 4!ID-XIII 

Gmup<.-d, 430.24, 430.42, 430.53, 
430.87, 430.112 t:x. 

Guard< for attendants, 430.233 

HazardotL< (cla.<.<ificd) 
location.<, 501.125, 502.125, 
503.125, 505.16(t:)(2). 
505.22 

High< .. t rdt<.-d or •n>alk .. t 
r.11<.-d, 430.17 

lndtL<Irial machincry, ArL 670 

lntermiucnt duty, 430.22(t:), 430.33 

Uquid<, pn>k.-ction from, 430.11  

U\'c parts. prot<.-ction of, 4!ID-XII 

Location, 430.14 

Maintenance, 430.14(A) 

Marking, 430.7 

Motor control centers, 430.98 

·lcrminaJ., 430.9(A) 

Motor control centers, 430-VIII 

Muhi<p<"t.-d, >« Multi<p<"t.-d moton 
0\'t..TCUrrcnt pn•tcctinn 

8r.1nch circuit-. 430-IV 

c .. ombin<-� nvcrcurrcnt 
protection, 430.55 

(' .. ontrol circuiL<. 430.72 

t:quipmclll grounding 
conductor-. 250.122(0) 

Motor control ccntcn. 430.94 

Motor feeders, 430-V 

0\'t.T I 000 \1>IL<, 430.206 

0\'t.Thc-dting, dtL<t 
accumulation.<, 430.16 

0\'t.TI<>ad protection, 4!ID-III, 430.55, 
430.124. 430.206, 460.9 

0\'t.TI<>ad unit-. ·lablc 430.37 

0\'t.-Mcmp<TdiUre prok."Clion, 430.126 

0\'t.T 1000 \1>IL<, 430-XI 

Part \\inding, Mr P.clrl-\\inding moton 
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P•nvcr con\·crsiun 
<.-quipmcnt. 430.131 

Rating or �uing orhrcanch<ircuit 
<hon..:ircuit and ground
fault prot<.-ctiw 
d<..,ic<..., ·lablc 430.52(C) (I) 

R<. .. taning, autmnatic. 430.43 

Shon..:ircuit prot<.-ction, 430-IV, 430-
V, 430.130 

Sp<-..-d limitatim�<. 430.89 

Starting, <hunting, 430.35 

S..imming pool<, fountain.<, and 
<imilar in.<tallation.<, 680.21, 
680.27(8)( I)  

System isolation 
<.-quipmcnt. 430.109(A)(7) 

Definition, .-\n. I 00 

·lahk.., 430-XIV 

·lap<. 430.28, 430.53(0) 

·lcnninal hotL<in�'5, 430.12, 
430.245(A) 

·lcnninaJ., 430.9 

"lhrquc mnton 
8r.1nch circuit-. 430.52(0) 

(' .. ontrollcr r.1ting, 430.83(0) 

Di.<conn<.-cting mean.<, 430.109(G), 
430.110(8) 

Ultin>ate uip currcm, 430.32(A) (2) 

Ventilation, 430.14(A), 430.16 

\\�ring diagr.un, •ig. 430.1 

\\�ring <pace in cnclo•un. ... 430.10 

Mountiug of equipment. 1 10.13, 
314.23, 404.9(A), 404.10, 
410-IV 

Mcmugwalks. ,_ t:J<..,<IIors, 
dUIIlb"';titcrs, <.-scalators, 
m<ning \\"dlks, platform lifts, 
and •tainv-.1y chairlifts 

Mullimode inverters. 705. 70(3) 1110 
Definition, .-\n. I 00 

Multioudet llliSI!IIlbly, .-\n. 380 
C..alculation of load, 220.14(H) 
Definition, .-\n. I 00 

Dcflcck.-d in•uhucd 
conductor.. 380.23(A) 

ln.<tallarion, 380-11 

ln.<ulii�o.-d conductors, 380.23 

Metal, through dry partition.<, 380.76 

Pull lx>X< ... lL<c a.<, 380.23(8) 

u,... .. not permill<.-d, 380.12 

u,... .. pennill<.-d, 380.10 

Multiple bnmch dn:ulls, 210.7 

Multiple dn:ult COIIIleCtioas, 
growu:IIDg. 250.H4 

Multiple coDductors (coDductors in 
panllel), su Conducton, 
multiple 

Multiple fuses (fuses in paallel), 240.8, 
404.27 

Multispeed motors 

8r.1nch circuit-. 430.22(8) 

Lockcd-n>lor codc leu<...-., 430.7(8) 
(I)  

Marking, 430.7(8)(1) 

0\-crl<>ad protection, 430.52(C)(4) 

Multiwire bnmch dn:ulls, 210.4 

Definition, .-\n. I 00 

-N

Nacelle, 694.40(A) 

Definition, ArL 100 

Nma� �MUwdundnnuri�f� 
•Jwific wiri11g n11d l!tJuipmml 

Natunl lllld artifidally IIUide boclles of 
water, electrical 'Wiring lllld 
equipmeat for, ArL 682 

Gmunding and lxmding, 682-111 

ln.<tallation, 682-11 

Neat aDd worlaJumlike 
installmOD, 110.12. 722.24. 
724.24. 725.24. 760.24. 
770.24. 800.24 

Neon tubing, 600.5(C)(I ), 600.32, 
600.41 

Definition, ArL 100 

Network interface UDits. 800.3(A), 
800.106, 830.1, 830.90(8) 

Definition, ArL 100 

Network-powered broou:lbaDd 
c:OIIIIIUIDications 
systems. An. 830 

Building<. 830-11, 830.93(A) 

('..able< outside or 
entering, :u:•:nlbMml: Cabk .. 
ouL.Udc and cni.C!ring 
huil<ling< 

ln.<tallation mctliod.< "ithin, 830-V 
Undeq:rmmd circuits 

entering, ._ubhmd: 
Uoc�toq:round circuits 
enrering huildin�"' 

Cables outside and cmcring 
huil<ling<. 830-11, 8.'10.93 

Aerial cabk ... 830.44 

Bct"'t.-cn building<. 830.44(t:) 

On buildin�'5, 830.44(F) 

Clcar.utcc fmm 
�'foUnd, 830.44(8) 

•inal •pan.<. 830.44(0) 

<h-er pool<, 830.44(C) 

On pok.., 8."10.44(A) 

t:n<rdncc cabk.., 830.40 

L<m·-powcr circuits, 830.40(8) 

M<.-dium-powcr 
circuits, 830.40(A) 

Cable type., 830.179 

Definition, ArL 100 

Gmunding method<, 830-IV 

ll<ting, 8.'10-VI 

L<m·-powcr cabk-s, 830.133(A)(I ), 
830.179(C) 

�farking, 830.179 

�i<.-dium-pmvcr "iring, 830.133(A) 
(1), 830.179(8) 

Pmvcr limitation.<, 830.15 

Protection, 830-111 

Gmunding of metallic 
member<, 830.93 

Physical �"'· pmtcction 
ag.Un<�. 830.44(n (3). 
830.47(A) 

Primarv ck"Clrical 
protection, 830.90 

t:nd<.T�,'T<>Und circuits cmcring 
huil<ling<. 830.47 

P<x>L<, under, 830.47(8) 

Network lerminals, 840.101, 
840.170(A) 

Definition, ArL 100 

Neutral? Mr abo (;n,undcd conductnn 
Bare, 230.22 t:x., 230.30(A) t:x., 

230.41 t:x. 
BlL<way<, <n·cr I 000 \1>lts, 368.258 

Caruidgc fu«. .. and 
fu<choldcrs, 240.60(A) (2) 

Common, f<.-..-dcr-. 215.4 

Conductor, 310.15(t:), 518.5(C), 
·lahk .. 8.2(1) thrnu�-h 8. 
2(10) 

Definition, ArL 100 

Continuity of, 300.13(8) 

Dir<"Cl current gcncrdtors, 445.12(0), 
445.13 

t:l<.-ctmd<.�l)-pc lx>ilcrs, <n·cr I 000 
mit-. 495.72(0), 495.72(t:) 

t:nc�'Y •tor..gc <}''Stetn.<, 706.30(C) 

•a'dcr and <cnicc load. 220.61, 
220.82(A), Ann<.-x D 

•loating building-. conductors 
in7 555.55 

(;n•unding of 
AC <}''Stetn.<, 250.4, 250.24. 250.26, 

250.36 

DC <}'"tem<, 250.4, 2.:;().162(8) 

High·mltage <}''Stem•. 250.182 
through 250.187 

Identification, An. 200 

ln.<tallation, 200.4 

lntcrconn<-�1<-� electric power 
production 
<ourc<.., 705.28(C) 

�k<.<cngcr <uppon<.-d 
wiring, 396.30(8) 

�iultiplc circuiL<, 200.4 ( 8) 

�iultiwire hr.1nch circuits, 210.4 (C). 
240.15(8)(1)  

Poim, 240.15(8)(3), 240.50(A)(2) 

Definition, ArL 100 

Dir<"Cl current 
gcncrdtors, 445.12(0) 

Rang<. .. and dryers, 
�'T<>Unding, 210.19(C) t:x. 2 

Recreational \·chicle di<tribution 
·�'Stem, 551.5-t(C), 
551.72(0) 

S..itchboard, •tage, 520.27(A)(2), 
520.27(8). 520.53(8). 
520.54()) 

t:ngnmndcd conductors, tapp<-d 
fmm grounded 
·�'Stetn.<, 210.10, 215.7 

t:nin.<ulak.-d, where permill<.-d, 230.22 
t:x., 230.30(A) t:x., 230.41 
t:x. 

Neutral systems 

High·imp<Tiancc �'T<>Und<.-d, "" High· 
impedance gnmndcd 
ncutrctl ��tcm!l 

<h-er 1000 miL<, 200.2(A), 250.182, 
250.184, 250.186(A) (4), 
250.187 

N"JCbtdubs, An. 518 

Nipples, coDduit. Chap. 9, l'iote 4 

Noise, su t:I<."Clrical noi.<c 

:-IATIO:'\AI. t:l.t:GrRJC-\1 .. COOt: 2023 Edition 

Copyright � NFPA. For exclusive use on NFPA Free Access platform. Not for distribution. downloading, or printing. 
For inquiries contact custserv:fYnfpa.org. To report unauthoriLed use. contact legal;!:ynfpa.org. 



ll'>DEX 

No1111111omatic 

Definition, ArL I 00 
Nonconductiw optical fiber 

cables, snOptical fiber 
cables 

Nonelectrical equipment, 
growu:lblg. 250.1 1 6  

Nongro� receplades, 
repbocemeals, 250.130((;), 
406.4(1>) (2) 

Nonillceaclift dn:uils, 500.7(t) 

Definition, ArL I 00 
Nonillceaclift componeat. 500.7(H) 

Definition, ArL I 00 
Nonillceaclift equipment. 500.7(G), 

506.8(F) 
Definition, ArL I 00 

Nonillceaclift field wiriug. 50J.JO(B) 
(3). 501.105(B)(6), 
502.10(B)(3). 502.150(B) 
(5), 503.10(A)(4), 504.30(A) 
( I )  

Definition, ArL I 00 
Nonillceaclift field wiriDg 

apparatus, 500.8(C) (6) 
Definition, ArL I 00 

Nonlinear loads, 210.4(A) IN, 
220.61 ((;). 310.15(t:), 
400.5(A), 450.3 1:'\ 2, 450.9 
l:'\ :'\o. 2 

Definition, ArL I 00 
Nonmetallic boxes. su B<•x<.,., 

nonmetallic 
Nonmetallic conduit. >« Liquidtight 

fk-xihle nonmetallic conduit; 
Nonmetallic undell,<nJUnd 
conduit with conduct••n 

Nonmetallic exteasions. An. 382 
Bend•. 382.24 
B<•x<.,. and fitting.o, 382.40 
Concealable, 382.15(B) 

Bend•. 382.24(B) 
Definition, An. 100 
Flat conducton, 382.104 
ll•ting, 382.6 
Securing and 

<upponing, 382.30(B) 
U«"< penniued, 382.10 

Cm�•tmction <p<-cification.•. 382-111 
Definition, An. 100 
1><."\iC<.-,, 382.42 
t:xpo«-d, 382.10(B), 382.15 
Flat conducton, 382.104 
ln.•tallation, 382-11 
ln.•ulation, 382.1 1 2  
ll•ting n.-quiremenl<, 382.6 
Marking, 382.120 
Securing and <upporting, 382.30 
Splic<"< and tap<, 382.56 
U«"< nol pennin<.-d, 382.12 
U«"< penniued, 382.10 

NonmetaJJic.<lbeatb cable (Types 
NM, NMC, md 
NMS), An. 334 

Acc<.-..ihle auia, 334.23 
Ampacity, 334.80 
Bend•. 334.24 

Box<.,. and fitting.o, 334.40 
Conducton, 3."14.104 
Con.•tmction, 334-111 
l>efinition, An. 100 
D<..�iet.� nfin.•mlating 

material, 3."14.40(B) 
1><."\iC<.-, "ith inl<.-grdJ 

enelo<ur<..,., 3."14.40((;) 
t:xpo«-d work, 3."14.15 
ln.•tallation, 334-11 
ln.•ulation, 334.112 
ll•ted. 334.6 
Nonmetallic oullct box<..,., 3."14.40(A) 
Shc-.tth, 334.116 
Support, 334.30 
Thnmgh or pardllcl to fr<lllling 

membcn, 300.4, 334.17 
Unfini•h<.-d ba<cmenL•. 334.15(C) 
U«"< not pennill<.-d, 334.12 
U«"< penniued, 3."14.10 

Nonmetallic unclerpvuncl conduit with 
conductors (Type 
NUVC), An. 354 

Bend•. 354.24, Chap. 9, "lllble 2 
Bu.•hinb"" 354.46 
Conductor l<-TIIlination.,. 354.50 
Con.•tntction <p<-cification.•. 354-111 
l>efinition, An. 100 
Gmunding, 354.60 
ln.•tallation, 354-11 
JoinL•. 354.48 
ll•ting, 354.6 
Marking, 354.120 
Number of conductor<, 354.22, Chllp. 

9, "1able I 
Size, 3.'>4.20 
Splic<"< and tap<, 344.56 
"liimming, 354.28 
U«"< not pennill<.-d, S.'i-4.12 
U«"< penniued, ll54.10 

Nonmetallic �. >« \\1r<."\v-.tys, 
nonmetallic 

NoD-p--wDited fire alarm dn:uils . 
(NPLFA), >«tire aJann 
<}'SI<."In•. Non-powcr-limit<.-d 
circuits 

NensparkiDg, 500. 7(S) 
l>efinition, An. 100 

Noatamperable 

Circuit breaken, 240.82 
"1}-pc s fu.-..-,, 240.54(1>) 

Normal blgb-water lem, 551.3 
l>efinition, An. 100 

Number of services, 230.2 
l>isconn<.-cting mean.•. 230.71, 

250.64(1>) 
Scnic<..'"Cntr.tncc conductor 

<cL•, 230.40 
Nurses' statioas, 517.34(A) 

l>efinition, An. 100 
Nursiug homes, '"abo Health care 

faciliti<"< 
l>efinition, An. 100 
t::<.'Cntial ek-cuical <)"l<."ln•. 517.40, 

517.42 

2023 Edition :'\.-\:110:-IAI. t:l.t:GJ"RJCAL COI>t: 

-0-
0ccu.-cy, ligbtiag loads. 220.14 
Office furaisbiugs. An. 605 

Definition, An. I 00 
Ugltting acc<.-..ork.,., 605.6 
Partition.•. 605.3 

tix<.-d·l)pc. 605.7 
Fre<..,.t<mtling l)pc. 605.8, 605.9 
lntcrconn<..�tion.,. 605.5 

\\1n.·wa>"· 605.4 
011-fiUed cutouls, 245.21 (I>) 

Definition, An. I 00 
011-fiUed equipment. 495.3(A); >«abo 

"li"-ctn.,fnnncrs, oil-in.,ulat<-"<1 
OU immersion, 500.7(1) 

Definition, An. I 00 
OIJ.msulated tnmsformers, >« 

"li"-ctn.,fnnncrs 
OIH!ite power procluctioa 

faciBty, 695.3(A) (2) 
Definition, An. I 00 

OIH!ite standby geaerators, 6\Q:�(B) 
(2). 695.3(1>). 69!\.4(8). 
695.6(C) t:x. 2 

Definition, An. I 00 
Opeaiags ia equipmeat to be 

d� J 10.12(A), 312.5(A), 
314.17(A) 

Open wiril!c oa iasulalors, An. 398 
Acc<.:.Uhle auia, 398.23 
Clearanc<.,., 398.19 
C'.cmducton, l)")ll."" penniU<.-d, 398.104 
c ... �.lntction <p<-cification.•. 398-111 
Definition, An. 100 
1><."\iC<.-,, 398.42 
t:xp.�.«.-d work, 398.15 
tlexihle nonmetallic 

wbing, 398.15(A) 
ln.•tallation, 398-11 
Securing and <upporting, 398.30 
"lbnmgh or pardllcl to fr<lllling 

membcn, 398.17 
l:«"< not pennill<.-d, 398.12 
l:«"< penniued, 398.10 

Operable, exteraally 
Definition, An. 100 
l>isconn<.-clion d<.-.ic<..,., 368.17((;), 

404.3(A), 410.141 (A), 600.6 
Operatiag cte.ices. 620.61 (A) 

Definition, An. 100 
Operatiag rooms, hospital, 517-IV 

Emergency lighting <}"lem, An. 700 
Rcceptack.,., 517.19(C) 

Optical fiber cables. Art. 770 
Ahandon<.-d cable, 770.25 

l>cfinition, An. 100 
Ace<..,.. to ek"Clrical 

equipment. 770.21 
\\1thin bttiltling.o, 770.100, 770-V 
Ccmducti\·e cable, 770.48(A) 

l>cfinition, An. 100 
Definition, An. 100 
ticl<ht.�mhk-d, 722.179(A) (I2) 
tire aJann ")'Stcm•. 760.3(t:) 

Gmunding, 770-IV, 770.1 14, 770.180, 
840.93(B) 

Hybrid cable, 770.3(C) 
l>cfinition, An. I 00 

Information 1<.-chnolo�;y 
equipment. 645.5(t:)(3) 

ln.•tallation, 770-V 
ll•ting, 770-VI, 840.170(B) 
Location, 505.9(F) 
�iccltanical <.-xecution of "�•rk, 770.24 
:'\oncunducti\'c cable, 770.48 

l>cfinition, An. I 00 
Outside and entering builtling.o, 770-

11 
Premi-..-...powcn.-d broadband 

cctmmunicatictn 
<}'Sietn.•. ArL 840 

Protecll.-d, An. 100 
Protection, 770-JJJ 
Rac<.·way<}"tem, 770.26, 770.133 
t:nde'l,'I"OUnd, 770.47 

Optical aetwork termJaaJ 
(ONT), 840.93(C) 

Optical .....n.tioa. 500.8(G) 
l>cfinition, An. I 00 
Equipment, 505.9(G), 506.9(G) 

Optical system with iaterlock "op 
sb", 500.7(l'i), 505.8(M), 
506.8(M) 

l>cfinition, An. I 00 
Optioaal staadby S)'llleiiiS. An. 702 

Capacity and r.tting, 702.4 
Circuit \\iring, 702-11 
l>cfinition, An. I 00 
Gmunding, 702.7(B), 702.1 I 
Ponahle gener.ttor b'111Unding, 702.11 
Signal<, 702.6 
Sigt�•. 702.7 
"li-.tn.•fer equipmenl, 702.5 

Orgaas 

t:k-ctmnic, An. 640 
l>cfinition, An. I 00 

Pipe, An. 6.1j() 
Cnnducton, 6.?0.6 
l>cfinition, An. I 00 
Gmunding, 250.1 1 2(B), 6.?0.5 
ln.•tallation of conducton, 650.7 
0\-crcurrent pmlection, 6.?0.8 
Source of ene'l.'Y· 6.?0.4 

Pipe org-dn <ountling appar.tm•. fi.lj().9 
t:x. 

l>cfinition, An. I 00 
Outdoor overhead conduclors owr 

1000 'VOlts. An. 395 
l>cfinition, An. I 00 
Support, 395.30 
l:«"< penniU<-d, 395.10 

Outdoor receplades. 210.8(A) (3), 
210.8(B)(6), 210.8(F), 
210.52(t:), 406.9, 680.22(A), 
680.32 

Outdoor spray area. 516.18(2) ll'i I, 
"lahle 516.18 

l>cfinition, An. I 00 
Outlet boxes. '"Box<"< 

70-895 
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Outlet box hoods, 314.15, 406.9, 625.56 
Definition, ArL I 00 

Outlels 

Appliance, 210.50(<:) 
C .• ommunication., circuiL'l, 805.156 
Definition, ArL I 00 
Discontinued 

(' .. cllular concrete Ooor 
rdc�'\V'd}"· 372.58 

(' .. cllular mew Ooor 
rdc�'\V'd}"· 374.58 

Und�...Ooor rdc�·wa}"· 390.57 
Hc-ctting, air-conditioning� and 

r<..i'rigcrcttictn 
�-qttipment. 210.6."l(A), 
550.12(D) 

Laundry, ..,Laundry 
Ughting, s<r Ughting outlets 

Load.•, 220.14 
Marina, 555.32, 555.33(A) (I) 
Meeting rooms, 210.6."> 
Multioutlet as.'Cmbh·, '"Muhioutlet 

a.'l'Cmhly · 

Outdoor, 550.20, 551.53((;), 
552.41(E), 552.54(<:), 
552.59 

Pmver, 518.5, 555.32 
Definition, ArL I 00 

Receptacle, 210.50 
Definition, ArL I 00 
Dwellings, wh�-rc reqttir�-d. 210.52 
(;u<..�t ntom,. gttt.-:\1 �uit<..-s, and 

donnitori� ... 210.60 
Meeting n>oms, 210.6."> 

Reqttir�-d. 210-111 
Supply f�"t.-d-through, 530.10(<:) 

Outlet spacillg, dwdiDg baseboanl 
heaters, 210.:;2 

Outline ligbtiug, An. 600. s<r also Signs 
Bonding, 600. 7(B), 600."13(D) 
Br.1nch circuits, 220.14(F), 600.5 
Definition.•, An. I 00 
Grounding, conductor size, 600.7(A), 

600.24(B), 600.33(D) 
Output dn:uils 

Amplifi� ..... 640.9(<:) 
He-cat gcncrcuing cquipmcn� 66.?.5 
lntcrconn<-�1<-� electric power 

production S<>Urc� ... 705.11,  
705.12 

ln\'Cner, 690.6(B), 690.8(A) (I), 
690.3J (B) (I), 694.12(A)(2), 
706.30(A)(2) 

Definition, ArL I 00 
Solar phol<>\1>haic '}'5tcm•. 690.1, 

690.6(B), 690.7 thnmgh 
690.9, 690.31 

\\�nd turhin�.,.. 69-t.JO(A), 694.12(A), 
694.30((;) 

Output power, 694.12(A)(I) 
Definition, ArL I 00 

Outside bnmch dn:uils aud 
feeders, An. 225 

('..aJculation of load 
Br.1nch circuits, 220-11 
F�'t.-ders, 220-111 

70-896 

NATIONAL ELECTRICAL CODE 

Circuit entering, t.�ting, or attached 
to httildings, 225.11 

C..ctnducton 
Clc-drdllCe 

From huildinl>"'· 225.19, 235.361 
From !,'l'ound, 225.18, 235.360 

(' .. o\'Cring, 225.4 
Size, 225.6, 23.:;.306 

Disconn�-ction, 225.31, 22.">.41, 
235.339, 235.352 

Marina.•. hc>al)....-ds, O<>ating 
httildings, and docking 
f.�eiliti� ... 555.3-t(B) (2) 

More than one httilding or 
structure, 225-11 

Ace�.,.. to occupanL•, 225.35 
Acc<.."SS to n\-crcurrcnt pntl<..�tivc 

d�.,;c� ... 225.40 
Disconn<..�l 

C..ctn:\tntction, 225.38 
Disconn�-cting mc-.1n.•, 225.31 
Grouping of, 225.34 
Location of, 225.31 (B) 
Maximum num�-r. 225.33 
Rating of, 225.39 
Suitable for scnice 

�-qttipment. 225.36 
Identification, 22.:;.37, 230.2(E) 
Number of supplk.,., 22.:;.30 

Outdoor Jampholders, 225.24, 22.:;.25 
Outdoor lamps, loc-dtion of, 225.25 
<h-er I 000 miL•, 235-111 
Ph}'5ical damaj,'C, protection 

ag-.Un•t. 225.20 
Point ofattachmelll, 225.16(A) 
Spacing, open conductors, 225.14 
Suppon 

Ma.•L•, 225.17 
Open conductors, 225.12 
<h-er buildinl>"'· 22.:;.15 

Vegetation, 225.26 
\\�ring on bttildings. 22.">.1 0 

Outside of bulldiDp 
Scpar.1tcl)· dcrn·ed '}"tem•. 250.30(C) 
Scni�.,. C;>J�<ider�-d. 230.6 

Oftas, ...U-mouuted, su also Cooking 
uni� cuuntcr-mnuntt.-d; 
Rang<.-. 

Br.1nch circuits, 210.19(C), 
210.23(D), 220. J J (C), 
220.55, '!able 220.55 

(' .. onnection.•, 422.16(B)(3) 
D�'lnand factors and kmd•, 'Jable 

220.55 
F�'t.-ders, calculation of 

l<>ad, 220.82(B) 
Gmunding, 250.140 
Receptacle outlets, 550.13(D) 

Oftr 600 volls 

Circuit breakers, ... Circttit brc-dh.'l'5 

(' .. onductor application.• and 
in.•mlation., r.tted 600 
mlts, 'I able 310.4( I)  

Ponahle cabk-., 400.30, 400.36 
S"itch� ... knife, 404.26 
'lcmpordlJ, An. 590 

Oftn:urreat 

Definition, ArL I 00 
Oftn:urreat dnic:es, ""' also 

0\-crcurrent pn•tection 
Br.1nch circuit. 240.24 ( 8) (2) 

Definition, ArL I 00 
Enclosed, 2."15.408(B), 312.8 
Standard, 240.6 

Oftn:urreat protection, ArL 240 
Aj,'liculturdl httildings, 547.41, 547.42 
Air..:onditioning and refrigerdting 

�-qttipment. 440-111 
Amu'Cment allrdction.•, 522.23 
Applianc�-.. 422.11 
A..scmbly occupanck-., 518.5(A) (I) 
Auxiliary· gmtcrs, 366.56(D) 
Br.1nch circuits, 210.20, 2."15.20, 240.4, 

245.26, 250.32(B)(2), 
250.32(C)(2), 520.52, 
545.24(B) 

Bu"'''a>"'· 368.17 
C..apacitors, 460.8(8), 460.25 
Circuit breakers, 240-VJI 
Circuits, remote control, M�o,"'l�ng, 

and power-limiK-d 

Cla.u 2 and Clas.• 3 "}'51.elm, Chap. 
9, 'Jabk-. II  (A) and II  (B) 

C..c•mmtutication." StXtcm,. :w.r 

C..cJIJU�unication." circuiL,, 
p�ot�tion 

C..c•nductots. Jtr.Conducton 
(' .. ords, flexible and tinsel, 240.5, 

400.16 
C.c>rd scL•, exten.'<ion, 240.5 
C..rnn�-. and hoi.•L•, 610-V 
Critical opcrdtion.• power 

S}'5tetn.•, 708-JV 
Current-limiting, 505.7(t'), 

706.31 (D), 724.40(B) 
Definition, ArL I 00 

Discmm�-cting and guarding, 240-JV 
Ek-ctric pipeline, ,-�-..'CI hc-.1ting 

�-qttipment. 427.57 
Ek-ctric spac�'-heating 

�-qttipment. 424.22 
Ek-ctric •-chicle charging 

S}'5tetn.•, 625.41, 625.60((;) 
Ek-ctmplating '}"tcm•. 669.9 
Ek'\-ators, dumbwaiters, �'Scalators, 

etc., 620-VJI 
Emergency '}'5tetn.•, 700.JO(B), ll'i 

tig. 700.JO(B) (I), I:'\ Hg. 
700.JO(B)(2), 700-VI 

Enclosun-., 235.408(B), 240-111, 
312.8 

Energy stor..ge '}'5tetn.•, 706.31 
Exciters, 445.12(A) 
F�'t.-ders, 215.3, 215.18, 235.20."1, 

245.26, 250.32(B)(2), 
250.32(C)(2) 

F�'t.-der taps, 240.21 (B), 240.92, 
430.28 

tire alarm '}"tcm•. 760.43, 760.45, 
Chap. 9, 'Jabk-. 12(A) and 
12(B) 

tire pump.•. 230.90(A) Ex. 4, 
695.3(C)(3), 695.3(H), 
695.4(B), 695.5(B) 

tix�-d n-.i.•tance and ek-ctn>de 
indu•trial pr<IC�.._, hc-.1ting 
�-qttipment 

Ek-ctn>d��l)-pc boilers, 425.82 
R�-.i. .. anc��type boilers, 425.72 
Supply conductors, 425.19(A), 

425.22((;) 
tixture \\in-., 240.5, 402.12 
tlcxihle �· '}'5tem•. 371.17 
tlcxihle cord.•, ... C..c•rd.•, flexible 

Fuel cell systetn.•, 692.9 
Fu�-. and ftL'Cholders, 240.8, 240-V, 

240-VJ, 404.27 
Gcnerdtors, 445.12 
Hc-.tlth care f.�eiliti�-.. 517.17(B), 

517.3J (G) 
Jndu•trial control panels, 409.21 
Jndu•trial in.•UIIlatim�•. 

supeni.�-d, 240-\'111 
Jndu•trial machinery, 670.3(B), 

670.4(C) 
ln.•trumentation tr.1y cable ('1}-pc 

JTC), 335.9 
lnK'!,'I"dK-d ek-ctrical '}'5tem•, 685.10 
lntcrconn<-�1<-� electric power 

production 
sourc�-.. 705.1 1  (F), 705.30 

L�-g-.tlly n-quin-d standby 
S}'5tetn.•. 701-IV 

Ughting tr.1ck, 410.153 
Lc>ad intcmtptcrs, 245.21 (E) 

Location, 230.91, 230.92, 240.92, 
240-11 

Low-\·oltaj,'C stL•pend�-d ceiling power 
di.•tribution 
S}'5tetn.•, 393.45(A) 

Mobile home, 550.11 
Modular data centers, 646.6(B) 
Motion picture and Lek"l-i'\ion 

swdios, 530.42 
Molo1"5, S« M•Jio1"5 

Multiple fu�-. and circttit brc-.1kcrs 
(in par.tllcl), 240.8, 404.27 

Occupant acc�'SS to, 240.24(B) 
Org-..... ,, 6.<;0.8 
Outside hr.1nch circuiL• and 

r� ... -dcrs, 225.42 
<h-er I 000 miL•, I I  0.52, 235.20, 

ArL 245, 460.25, 495.62 
Panclboards, 408.36. 408.52, 408.54, 

408.55(A) Ex. I 
Par.tllcled fu�-. and circuit 

hrc-.tkcrs, 240.8, 404.27 
Park tr.Uiers, 552.JO(E) 
Pha.'C com-cners, 455.7 
Portable di."1ribU1ion or Lennination 

he•"'-"'· rid�-.. tcnL•, and 
conc�-..ions, 525.22(C) 

Recreational whicle parks, 551.74 
Recreational whick'S, 551.43, 

551.45((;) 
Remol<..'<ontrol circuits, ·table 

240.4(G) 
Scn..Uti\-'C ck�tn•nic 

�-qttipment. 647.-t(A) 
Scnic<-� 

Equipment. J JO.J6(B), 230-VII 
<h-er I 000 miL•, 235.408 
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ll'>DEX 

'lcmpor.u-y in.•tallatiun.•, 590.8(B) 
Solar photm1>ltaic "}"tem•, 690.9 
Stor..ge haU<.-ry prime mcn·ers, 480.6 
Supcni5cd indtL•Irial 

in.•UIIIatim�•. 240-VIII 
Suppk·menlary, 240.10 

Definition, ArL I 00 
"ICk"\iMon studio."• sa Motion picture 

and tclt."l-i.'\inn studios 

'lcmpor.u-y in.•tallatiun.•, 590.8 
Thc-.1ters 

Punahk-.. conductors 
for, 520.68(C) 

S�<tge 5\\itchboard•, 520.21 (3), 
520.25(,\), 520.50((;), 
520.52 

'11-dn.•funners, 450.3, 450.4(A), 
450.5(A) (2), 450.5(B)(2), 
450.6(B) 

Vertical po.Utiun, enclusun."<, 240.33 
Welders, ek-cuic, 630.12, 630.32 
\\�nd ek-cuic "}"l<."ln.•, 694.12(B), 

694.15 
X-r.1y equipmenl, 517.73, 660.6 

Overhead gautry, 626.23 
Definition, ArL I 00 

Overhead service conductors, 231}.-IJ, 
800.44 

Clc-drdltC<"<, 230.24, 230.26, 551.79 
Definition, ArL I 00 
Jn.•mlation or ccn·cring. 230.22 
Location, 230.54 
Mean.• of attachmenl. 230.27 
Minimum <ize, 230.23 
Perini of atl<tchment. 230.26, 230.28 
Suppon• uwr building.<, 230.29 

Overhead sp811S, 225.6(,\) 
Oftrload 

Definition, ArL I 00 
Protection, S« also 0\-crcurrcnt 

protection 

Crdn<"< and hui.•L.., 610.43 
tire pumps, 695.6(C) 
Moton, motor circuit.,. and 

controllers, 431}.-111, 430.55, 
430.206(B), 460.9, 610.43, 
620.61 (B) 

Oftrvoltage protection, -Surge 
arr<."<lers; Surge (lightning) 
protection 

Oftr 1000 volts 

Ampacity, 310.15 
Bending, 305.5 
Bonding, 495.74 
Box<."<, pull and junction, 314-111 
Br.1nch circuil<, 23.?-11 
BlL""">"· 368-IV 
C..apacitors, 400-111 
Circuit conductors, 1 10.36 
Circuit inlerrupting d<.'\iC<"<, 245.21 
C .. onductors, 1 11}...111, 305.9 
C .. onduit bodi<."<, 314-111 
Distribution cutoul<, 245.21 (C) 
Ek-cuic di.�hargc lighting, 411}-XIII 
Ek-ctn>ck�l)pc boilers, 495-V 

Bonding, 495.74 

Br.1nch circuit 
requiremenl<, 495.72 

Ek-cuical supply "}"tern, 495.71 
Pr<.-..•ure and t<."lnpcrdture limit 

control, 495.73 
Ek'\'3tion of unj,'tlarded liw 

parl<, 1 10.34(E) 
EnclcJSCd P""'" ...,;tchgc-.�r and 

indlL•trial control 
a.'l'Cmhlk-.. 495-111 

Acc<."<Mbility of enefj,.jz<.-d 
parl<, 495.3.:; 

Arrctngcmcnt of d<-"\ict.� in 
a.'l'Cmhlk-.. 495.31 

Circuit breaker lucking, 495.46 
Circuit breakers-

interk>eb, 495.4.:; 
Clc-..rdllce for cable conductors 

entering enclosure, 495.34 
I><M>r <top< and ccn"Cr plat<"<, 495.38 
t'lL'Cd interrupter 5\\itch<"<, 495.44 
Ga.• di..ro;uge fmm interrupting 

d<..,iC<"<, 495.39 
Gmunding, 495.37 
Guarding, 495.32, 495.33 
ln.•p<.-ction ..,;ndcm-., 495.40 
lnterlc>eb - interrupter 

'"itch<"<, 495.42, 495.4.:; 
Location or indtL'\trial control 

<-quipmenl, 495.41 
Scnice equipment, 495.47 
Ston.-d enef!.'Y fur opening, 495.43 

Enclosure fur electrical 
in.•�<tllation.•, 1 10.31 

Enclusun."<, handhole, 314-111 
Equipment, ArL 495 
F<."t.-ders, 235-111 
FlL'<"< and ftL'Chulders, 245.U(B) 
Gmunding, 495.37 
Hc-ctdromn alxn'C wurlting 

<paC<"<, JJ0.!\2 
Illumination nhmrking 

<paU'S, 110.34(1>) 
lnd<M>r iml.allation.•, 110.31 
ln.•ulali<>ll shielding, 305.10 

.. Isolating mean.., 495.22 
Lvad internapters, 245.21 (E) 

Metal clad cable, 330.1 12(B) 
Mobile and p<>nable 

<-quipmenl, 495-IV 
C .. ollectur ring.<, 495.64 
Enclusun."<, 495.63 
High·mlt;tge cabk"< fur main p<m"Cr 

supply, 495.66 
<h"Crcurrent pmtectiun, 495.62 
Pcnvcr cable cnnnt.�ion.'\ to mobile 

machin<"<, 495.6.:; 
Moi.'\Wrc, m<..�hanical pn•tcctinn, 

meUII-5hc-dlh<.-d 
cabl<."<, 300.11 

OiJ.filled <-quipment and 
cutout., 245.21 (I>), 495.3(A) 

Outdoor in.•UIIIatim�•. 1 10.31 
Outdoor cn·erhc-dd 

conductors, An. 395 
Ou!Mde hr.1nch circuit• and 

ft."t.-d<..,.., 235-IV 
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0\"Crcurrent pmtectiun, I I  0.52, 
235.20, An. 245, 460.25, 
495.62 

Protection of <-quipment, 1 10.34(t') 
R<"<i.•tors and reactors, 471}..111 
Scpar.1tion, 495.24, 'lable 495.24 
Scnic<"<, 235-V 
Substation.'\, S« Substation.'\ 

'lcmpc•r.u-y, An. 590 
'lunncl ia�•�<�llation, 111}-IV 
Vult;tge r<-gulaturs, 495.23 
Wiring methods, 230.43, 'lable 305.3, 

ArL 305 
Oftr 2000 volts, 4(11}-IV 

Ampacity, 392.80(B), 400.51 
C..oa�•lrlaction <p<-cificatiun..., 400.44 
Equipment gmunding 

conductors, 400.44(C), 
400.46 

Marking, 400.52 
'l}pc."<, 400.50, 'lable 400.50 
U«."< nut pcrmill<.-d, 400.43 
U«."< pcrmiued, 400.42 

-P-
Pllllelbolll'ds, An. 4n8 

Arc-fla.•h hazard "11ming, II 0.16 
Bonding, 408.40. 517.14, 517.19(E) 
Circuit diA!ctury, 408.4 
Damp or \vet location.., 408.37 
Ddwition, ArL I 00 
Distribution, 550.10(B), 550.11,  

551.45. 551.54(B), 552.45, 
552.55(B) 

Enclc>S<.-d, 110.26, 1 10.28 
J>cfinition, An. I 00 

Enclosure, 408.38, 545.22(C), 545.26 
(:Cnerdl, 408.30 
(;n•undt.� conductor 

termination.•, 408.4 I 

Gmunding, 408.40, 517.19(E) 
ln.•�<tllation, 1 10.26(E) 
Marking, 408.58 
0\"Crcurrent pmtectiun, 408.36, 

408.52, 408.54, 408.55(A) 
t:x.l 

Ratinl>"'· 408.6 
Relative arrdllgcmcnt of �i\\itcht.� and 

r.. ...... 408.39 
Replacemenl, 408.9 
Scn:Uti\-'C ck�tn•nic 

equipment, 647.4(,\) 
Scnice equipment, 408.3(C), 408.36 

t:x. I, 408.36 Ex. 2 
Spacing, minimum, 408.56 
Suppc>n for hlL•hars and 

conductors, 408.3 
Win.�bcnding space, 408.55 
Working <pac<"< about, 1 10.26 

Panolleled 

Ahemate sourc<."<, ArL 70.:; 
Circuit breakers and faL'<"<, 240.8, 

404.27 
C'AJnducton, srr Conductors, 

pardllcled 

Ek'\'3tors, dumbwaiters, <.'5calators, 
etc., 620.12(,\)(4) 

Pmver production sourc<."<, An. 705 
Part< tnllers, An. 552. :«< also Mobile 

hnmt.-s; Rt.-cn.�dtinnal vchicks 

Appliance acc<....Ubility and 
f.L•tening, 552.58 

Bonding, 552.57 
Br.1nch circuil<, 552.42, 552.46 
C..alculation.•, 552.47 
c .. ombination ck-ctrical 

"}"lean.•, 552.20 
C .. onductors and box<."<, 552.48, 

552.49 
c .. onncction or tcnninal'\ and 

<plic<"<, 552.51 
C .. ord, r..:;2.43(B), 552.44 
Definition, ArL I 00 
Distribution panclhoard, 552.45, 

552.55(B) 
Gmund<.-d conductors, 552.50 
Gmund-f.1uh circuit 

interrupters, 552.41 (C) 

Gmunding, 552.55, 552.56 
Lcm·-mll<lj,'C "}"tem•, 552.10, 

552.60(B) 
Luminair<."<, 552.10(G), 552.20(1>), 

552.54, 552.59 
NominaJ I2(). or 120/240-,,.Jt 

"}"lean.•, 552.60(,\), 552-IV 
Outdoor uutlel<, fixtun."<, 

equipment, 552.41 (E). 
552.5-t(C), 552_:;9 

Pmver supply, 552.43 
Recepl<lcle outlel< requir<.-d, 552.53 
Recepl<lcl<"<, 551.20(F}, 552.20(t), 

552.41. 552.48(K), 
552.48(L) 

S...itch<"<, 552.52 
'IO...L.., fdctory, 552.60 
\\�ring methods, 552.48 

Parts, s<r <p<."Cific type such a.• J.i\·e 
parl< 

Part·windiDg motors, 430.4 
(' .. ode letter lll<lrking.<, 430.7(B)(5) 
C .. onductors, 430.22(1>) 
Definition, ArL I 00 

p"""""F tnmsportation 
fotdlities, 406.4 (G) 

Definition, ArL I 00 
Path, groUDd-fault c:urreDt, 250.4(B)(4) 
Patieut bed location, 517.18, 517.19 

Definition, ArL I 00 
Patieut c:aJ'eoftlated electrical 

equipmeut, 517.6, 517.13 
Definition, ArL I 00 

Patieut care space, 517.13, 517-"W(A), 
517.80; s<r alsv Hc-.1hh care 
f.�eiliti<."< 

C..at<1,>t>ri<"< 

Cat<-gury 1, 517.19, 517.29, 517.34, 
517.40, 517.45(C) 

J>cfinition, An. 100 
C..at<1,>t>ry 2, 517.18, 517.29(A), 

517.34, 517.40, 517.45(1>) 
J>cfinition, An. 100 

C..at<1,>t>ry 3, 517.29(A) 
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Definition, ArL I 00 
C..ale!,'<>l")' 4, 517.29(A) 

Definition, ArL I 00 
Definition, ArL I 00 

Patieut care �ciuity, 517.16(A) 
Definition, ArL I 00 

Pediatric locations. 517.18(<:) 
Peuclant conductors, lamps. 410.54 
Peuclanls 

Aircr..rt hangdl'5, 513.7(8), 513.16(8) 
(I)  

An�"Sthetizing location.•. 517.61(8)(3) 
t:x. 2, 517.61(C) (I) t:x. 

Bathmom•. 410.10(1>) 
Cloth�.,. d"<cL•, 410.16((;) 
(' .. onnecton, cord, 210.50(A) 
l>n-..•ing romn.•. thC".tler, 520.71 
tl�-xible cord, 314.25(<:). Table 400.4, 

400.10(A)(I) 
Gar.tg�.,.. commercial, 511.7(A)(2), 

51 1.16(8)( I)  
HazardotL• (cla.'lllifi�-d) 

location..., 501.130(A) (3), 
501.130(8)(3), 502.130(A) 
(3). 502.130(8) (4). 
503.130(C). 511.7(A)(2) 

Mobile hom�.,.. 550.H(C) 
Pnf0111U111Ce otrea. An. 520 

Definition, ArL I 00 
Periodic duty. 430.22(t:). 430.24 t:x. 1. 

430.33 
Definition, ArL I 00 

PerJ�U�Dent plaque or directory, 225.37, 
230.2(t:), 235.352(F), 
705.10, 706.21 

Permission, special. 90.2(F) 
Definition, ArL I 00 

Permissiw ndes. 90.5(8) 
Person, qualified 

Definition, ArL I 00 
1"'-e converters. ArL 455 

C..apaciton, 4,:;5.23 
(' .. onducton, 4,:;5.6 
c .. onncction or mngk'j>hasc 

load•. 455.9 
Definition, ArL I 00 
l>iscmm�-cting mean.•. 455.8, 45.:;.20 
Equipment gmunding 

connection� 455.5 
Marking, 455.4 
0\-crcurrent pmtection, 455.7 
Pmver inlerruption, 455.22 
Rotary, 455.4, 455-11 

Definition, ArL I 00 
Stan-up. 455.21 
Static. 455.20 

Definition, ArL I 00 
'lcrminal botL'Iinj,'5, 455.10 
'1}1"-"" of, 455-11 

Pboto'VOitalc powered sips. 600.34 
AC moduJ�.,. and "'"lem.., >« AC 

moduk.,. �d "'"lem.., ,..,Jar 
photcn·ultaic S};;tcm" 

Definition, ArL I 00 
Ek�tnJnic power convcncn. :w.r 

Ek�tnmic power convcncn 

70-898 

NATIONAL ELECTRICAL CODE 

Pboto'VOitalc systems. su Solar 
photo\'nhaic S}�tcm., 

Pbylical clauutge. su Protection, 
pb}"ical damaj,'C 

Piers, >« alsa\lariuas, boatyards, 
ftoaliDg buildiDp, ud 
dockiag facilities 

l>efinition, An. 100 
tix�-d. 5H.3(C) (2) 

l>efinition, An. 100 
tloating, 5H.3(C)(2) 

l>efinition, An. 100 
Pipe electrocles. 250.30(A)(4), 

250.30(A)(8), 250.52(A)(I ), 
250.52(A)(5), 250.53, 
250.66(A), 250.68((;), 
250.70 

Pipe beating 

Mobile home, 550.13(t:) 
Park tr.Uicr, 552.41 (I>) 

Pipelines. >«also tix�-d electric heating 
�-quipmenl for pipclin�.,. and 
,.t.'!\.�L, 

l>efinition, An. 100 
Pipe orpus. -Orgdn. ... pipe 
Pipiugsystems. boucllug. 250.104 
l'lltnls 

Bulk <lor.tge, An. 515 
Cleaning and dyeing, 500.5(8)( I), 

Art. 501, ArL 505 
Clothing manufdcwring, 500.5(1>), 

Art. 503, ArL 506 
PJ.te electrodes. 250.:;2(A)(7), 250.53, 

250.66(A) 
PJ.tform lifCS. su t:l�'\-.ator<, 

dumb•raiten, �.,.caJaton, 
m<ning w·.tlb, platform lift<, 
and <tainV'd)' chairlift< 

Plenums 
l>efinition, An. 100 
\\�ring in, 300.22, 722.3(G) 

c .. ommunication., Qn:ui� ··ablt.-s 
800.154(a) lhrough (c), 
800.179(A). 800.182(A) 

tire alarm ")Uem•. 760.3(8), 
760.53(8)(2) 

Non-poi.-cr-limiK-d fire alarm 
circuit<, 760.53(8)(2) 

Remote conln>l, <ij,'llaling, and 
pmver-limiK-d 
circuit<, 724.3((;). 725.3(8) 

Plucgiug boxes, motion picture 
studios, 530.23(C) 

l>efinition, An. 100 
Plugs, atlsdunent, s<r Auachment 

plug< 
Point of eutraDce, 550.10(F), 800.48 

l>efinition, An. 100 
Polarization 

Applianc�.,.. 422.40 
Br.mcb circuils, 23.:;.5(C)(2) 
(' .. onnection..., 200.11 
th.-den o\'Cr 1000 \1JIL•. 235.212(<:) 

(2) 
Luminair�-.. 410.51 
Plug<. R-ceptack-., and 

connecton, 200.10(8) 
Portable luminair<"S, 410.82 

Receptacle adapten, 406.10(8)(3) 
Scn'W-<iheU·t)-pc Jampholdcr<, 410.51 

Poles 

(' .. ommunication.• \\iring, 800.4-t(A) 
Nel\mrk·Jli>"''Cr�-d broadband 

cctmmunicatictn.'l 
cahl�.,.. 830.4-t(A) 

C..ctnducton 
Climbing <pace 

prO\ioc-d, 225.14(8) 
Protection ag.Un.•t ph}"ical 

damage, 225.20 
Optical fihcr cabk-., 770.4-t(A) 
Sign.• on, 600.5(1>)(3) 
SnpJll>rting Juminair�-.. 410.30(8) 
\\�nd turhin�""""PJll>rled by. 694.7(F) 

Pool ccmm�, >« Cuwn 
Pool lift, electrically powered, 681}..\111 

Definition, ArL I 00 
Pools, >« also Swimming Jl'M>L•. 

fountain<, and <imilar 
in.•uallation., 

Definition, ArL I 00 
Porches, receplades for, 2IO.:;l!(l!){5) 
Portable equipmeut 

Audio <ij,'llal pr<>e�-..'<ing. 
amplification, and 
rcpnKiu�tinn 
�-quipmo!!lt, 640-111 

Definition, An. 100 
Definition; .*<n. I 00 
l>isconn�"Cting mean.•. 517.17 (C) 
Double in<ulation, 250.1 H t:x. 

J!k:ctric •-chicle <upply equipment 
(t:VSt:), 625.17(C)(I ), 
625.44(A) 

Definition, ArL I 00 
t:k-ctrulytic cell<, 6fJ8.20, 668.21, 

6fJ8.30 
(:Cner.ator<, 250.34, 708.20(F) 
Gmunding, 250.1 14, 250.138 

(' .. onductor <ize, 250.122, 'lllble 
250.122 

High·\1>ltage equipment. 250.188, 
250.190 

Sign.•. 600.3, 600.7(A)( I)  t:x., 
600.9(8). 600.10 

Stage and <Wdio, 520.5(C), 520-V, 
530-11 

X-r<�y. 660.4(8), 660.21 
Definition, ArL I 00 

Portable 1wnina1res. 410.82, 513.10(t:) 
(1), 515.7(C) 

Arc lamp<, 520.61, 530.26(8) 
tl�-xible conl• for, 'lllble 400.4, 400.10 
HazardotL• (cla.'lllifi�-d) 

location..., 501.130(8)(4), 
502.130(8)(1). 503.130(1>). 
511.4(8)(2). 516.6(1>) 

U\-c paris, 410.5 
Motion picture <Indios, in, 530.26 
Show "'indows, <hmvca.�-.. 400.15 t:x. 

2 
Spr.ty application, dipping, coating, 

and printing 
pr<>e�-..�-.. 516.6(1>) 

Stage �-quipment. 520.68(A)(4), 
530.26 

Portable power distribution 
unit. 520.62, 525.22 

Definition, ArL I 00 
Portable structures, 52.">.6, 525.11  

Cleardllce to, 525.5(8) 
Definition, ArL I 00 
l>isconn�-cting mean.•. 525.21 (A) 
t:quipmelll bonding, 525.30 
Portable "iring, 525.21 (8) 

Portable swltdlboards, theater 
stages. 520-IV 

Portable wiring 

Motion picture <Indios, 530.22 
'lcnL• and conc�.,..ion.•. 525.21 (8) 

Positiw-pressure wnlilation, 500.5(8) 
(2), 501.125(A) 

Powder filling "q". 505.8(H) 
Definition, ArL I 00 

Power, emergency systems, '" 
Emergency ��lclmi 

Power and control tny cable (T)'pl! 
TC), ArL 336 

Ampacity. 336.80 
Bend•. 336.24 
(' .. onducton, 3."16.1 04 
(' .. on.•tmction ·�-cification..., 33f>-111 

Definition, ArL I 00 
ln.•tallation, 336-11 
Jacket, 336.116 
Marking, 336.120 
SnpJll>n, 336.10(7) 
U�-, not pcrmitK-d, 336.12 
u�.,. pcnniued, 3."16.10 

Power distribution blocks, 376.56( 8) 
Power-limited circuils, '" RcmoK� 

control, <ij,'llaling, and 
Jllnver-limiK-d circuit< 

Power-limited control 
circuits. 522.10(A) 

Power-limited lire alarm circuit 
(PLFA), su tire a1ann 
�"Slcln'l7 Powcr-limill..� 
circuits 

Power-limited tny cable (Type 
PLTC), 722.179(A)(6) 

Cla.u I, l>i\i<ion 2 
location..., 501.10(8)( I) 

Definition, Art. I 00 
Power oudels, >« OulleL• 
Power production equlpmeut. su also 

Fuel cell <}"teln.<; 
GcncrtttnP; Solar 
photcn1>ltaic <}"lem•; Wind 
clt.�tric S}�tcm'\ 

Definition, Art. I 00 
Power production sources. ,_ 

lntcrconnl..�ll..� electric 
pcnvcr production �ouret.� 

Power source 
Alternale, 424.101 (8), 517.30, 

517.31 (F), 517.3.:;, 
517.45(t:), 551.33, 700.3(F), 
750.20; s<r also Critical 
opcrtttion.'\ power �1\lcm'\; 
GcncrtttnP 

Definition, Art. I 00 
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ll'>DEX 

Emergency <y<te>n•, 700.3(F), 701}..111 
Fault-managed I"'"'" 

<}-.te>n•, 726.121 
Photcn..,Jtaic, identification or, 690.56 
Primary �ourcc 

Definition, ArL I 00 
Lc><:< or, 625.46, 705.40 
P•nvcr production �ouret.� 

oper.uing in par.lllcl 
with, An. 705 

Power supply 
Definition, ArL I 00 
Emergency 

Definition, ArL I 00 
lmonnation tt-chnolo�;y 

�-qttipmenl, 645.5 
Low-mlta�;c stL'pend�-d ceiling pcnvcr 

di•uibution <}-.tcm•, An. 393 
Definition, ArL I 00 

Mobile hom�-.. 550.10 
Rclocatable <tmcUJn..,., 545.22 
Supeni<ory ccmtml and data 

acqui•ition (SCAJ>A), Annex 
G 

Definition, ArL I 00 
Power 

Ek-cuifi�-d tmck parking 
<pac�.,., 626.25 

Recreational whick-, 551.44, 551.46, 
551.5-t(A) 

Definition, ArL I 00 
Preassembled cable in ncmmetallic 

conduit, S« :'\onmetallic 
undcr�;nnmd condttit "'ith 
conductors 

Premises, 90.2(C) 
Definition, ArL I 00 

Premises commtntications 
cln:ults, 840.170( 8) 

Definition, ArL I 00 
Premise5-powere 

Broadband cummunication.'l 
<}-.te>n•, ArL 800, Art. 840 

Definition, ArL I 00 
Premise5-powere b........_d 

c:OIDIIUIDication 
systems, An. 840 

C..abk-. out<ide and emering 
httilding<, 840-11 

Gnmnding, 840.93, 846-IV 
ll•ting, 840-V11 
Prcmi."t.� powering of 

cummunication.'l equipment 
•n·cr cummunication.'l 
cabk-., 846-VI 

Protection, 846-111 
Und�'Jl,'I'Oimd circuit< emering 

httilding<, 840.47 
Premises wiring (system), 200.3, 242-11, 

242-111, An. 625 
Definition, ArL I 00 

Pressure controls 
Ek-ctmck�l)pc boiler<, cn·er 1000 

mlts, 495.73 
tixed indtt•uial pmc�-.. clectrock� 

t}pc boiler<, 425.84 
tixed indtt•uial pmc�-.. r�-.i•tanc�� 

t}pc boiler<, 425.74 

Pressure (solderless) 
connec:lors, 250.8(3), 250.70 

Definition, Art. I 00 
Pressurlzied, >«also Purged and 

prt.'!\.,urizcd 
Definition, Art. I 00 

Pre.elllion or fire spread, Sl!f! tire 
<prc-.ul 

Primary pad, 62.'U01, 625.102 
Definition, Art. I 00 

Prime lll<mml 
Batt<-Ti<-� ovcrcurrcnt 

protection, 480.6 
Definition, Art. I 00 
GcncrcttnP, cm<....gcncy 

<hutdmm, 445.19 
Prinling processes, ArL 516 
Process seal, 500.8(8) (4), 501.17, 

505.26 
Definition, Art. I 00 

Production areas 
Definition, Art. I 00 
Ponahle equipment in, 530-11 

Product safety standiJrds, Annex A 
Projection rooms, motion 

picture, Art. 540 
Prc!iector<, nonpmr�-..ional, 546--111 

Definition, Art. I 00 
ll•ting, 540.32 
Prc!iection room.., 540.31 

Prc!iector<, pror�-..•ional l)pc, 540-11 
(' .. onductor <ize, 540.13 
c .. onductors on hot 

�-quipmenl, 540.14 
Definition, Art. I 00 
tlcxihle conl.., 540.15 
ll•ting, 540.20 
Location or �-quipment, !HO.II  
Marking, 540.21 
Pre� ector rcMtiJ.l, MO.l 0 
Work •pac�. 540.12 

Prosceuium 
Definition, .� 100 
Lighting, 520.41, 520.42, 520.44, 

520.64 
� optical racn.tion "op 

pr", 500.7(M), 505.8(L), 
506.8(L) 

J>efinition, An. 100 
Protection 

(' .. ombtt•tihle material, 
applianc�-, 422.17 

c .. ommunication., 5\"Stcm,. !WI 

C .. ommunication., circuiL, 
c .. ommunin· antenna tek"l-i,ion and 

rcadio di.,tributic•n 
<}-.te>n•, 820.93, 820.100(8) 

c .. orrosion 
Aluminum metal 

�-quipment, 300.6(8) 
Box�-, metal, 312.100(A), 

314.72(A), 314.100(A) 
('..able tr.t}-., 392.10(1>), 392.100((;) 
(' .. onductor<, 310.10(F) 
Deicing� sau•w-mclting 

�-quipment, 426.26, 426.43 
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Ek-cuical metallic 
tubing, 358.10(8) 

Flat conductor cable, 324.101 
Gener.ll equipmelll, 300.6 
lntcrm�-diatc metal 

conduit, 342.10(8) and (I>) 
Metal-dad cable, 330.12(2), 

330.116 
Metal equipment, 300.6(A), 

300.6(8), 312.100(A) 
Miner.tl-in•ulatt-d metal-<dtc-.tthed 

cable, 332.12(2) 
Mobile home P'"''" •upply 

conl•, 550.10(H) 
P<nver and control tr.t\' 

cable, 336.10(S) 
Rigid metal conduit, 344.10(8) and 

(D) 
Stor.tge haueri�-.. 480.-t(A) 
Strut-1)-pc channel 

r.tc�'\V'.t}-., 384.100(8) 
Underfloor r.tc�·wa�-., 390.12 .· 

tlexihJe btLH)-.tem ... 371.18(8) . 

Gmund fimlt, -Ground-JlWIL · 
protection 

Gmund fimlt circuit intermptcr, Sl!f! 

Gnmnd-lltuit circuit 
intcrmpu.-n 

HazardotL• (cla....;fi�d) 
location.., 500. 7, 505.8, 506.8 

Uqnid•, �otor<, 430.11  
U\'e Pans, 445.14, 450.8(C) 
Ltuninair<..� and lamp!'. conductors 

and in•ulation ror, 410.56 
Marina.•, bt>atyanls, and docking 

raciliti�-. . ... iring, 555.34(8) 
(4) 

Mobile home P'"''" •upply 
conl•, 550.10(G), 550.10(H) 

Motor <J\'Crlc>ad, 430-111, 430.55, 
430.206(8) 

Motor cn'Cnemper.tture, 430.126 
0\'Crcurrelll, sa <n·ercurrcnt 

protection 
0\'Crlc>ad, S« <n·erk>ad 
Park tr.tiler<, wiring, 552.1 0( C) (I ) , 

552.48 
Ph}-.ical dama�:c 

�'liculmr.tl building< 
Luminair�-, 547.31 (8) 
\\�ring, 547.26 

Annored cable, 320.12, 320.15 
Audio •ib'Jlal proe<-..•ing, 

amplification, and 
repnKiuction 
�-quipmenl, 640.4.? 

Bttm-a)-., 368.12(A) 
c�binets. cutout hoxt.� and meter 

:<ockct enclusun.-, 312.5 
(' .. onductor<, 2."15.20(8), 250.64(8), 

300.4, 305.15((;) 
C..c•mmunicatic•n." 

<}-.te>n•, SOO.IOO(A) (6) 
Net..,,rk-p<>wcred brc>adband 

cc•mmunicatic•n." 
cable, 830.44(F)(3), 
830.47(A) 

Optical fiber cabk-, 770.100(A) 
(6) 

Radio and tck'\i<ion n.-cei\ing 
<tation, 810.21 (I>) 

(' .. onl.., flexible, 400.12(7), 400.17, 
640.45 

Critical opcr.ttion• pcnver 
<}-.te>n•, 708.10(C) (I) 

Ek-cuical metallic 
tubing, 358.10(E) 

Ek-cuical nonmetallic 
tubing, 362.12(8) 

Ek-cuic <ig>t•, 600.33((;), 600.41 (I>) 
Emergency <)-.tem, 517.31 (C)(3) 
tire alarm .,-.tcm•, 760.130(8) (1) 
tixed n..,.i•tance and ek-ctn>de 

indtL•trial proe<-.., hc-.tting 
�-quipmenl, 425.12(A) 

Flat cable a.-.cmhlk-, 322.10(3) 
tlcxihle metal conduit, 348.12(7) 
tlcxihle metallic mhing, 360.12(5) 
lmonnation tt-chnolo�;y equipment 

cabl�-.. 645.5(0) 
lntcnn�-diatc metal 

condttil, 342.10(E) 
lnig-dtion 1nachin�-, 668.30(E) 
Lamp<, ek-ctric di:<charge 

lighting, 410.145 
Ugltting tr.tck, 410.150(C)( I)  
Uquidtight flexible metal 

condttil, 350.12 
Uquidtight flexible nonmetallic 

condttil, 356.12(1) 
u,.., parts, 110.27(8) 
Low-mlta�;c <tL•pend�-d ceiling 

pcnver di,tribution 
<}-.te>n•, 393.12(3) 

LuminaiR-, 410.10(E), 501.130(A) 
(2), 501.130(8)(2), 
502.130(A)(2), 502.130(8) 
(3) 

M�-s...,nger-<�upp<>�-d 
wiring, 396.12 

Metal-dad cable, 300.11, 330.12 
Miner.tl-in•ulatt-d metal-<dtc-dthed 

cable, 332.10(10), 332.12(1) 
Multioutlet as.'Cmbly, 380.12(2) 
Nonmetallic"healhed 

cable, 334.15(8) 
Open conductor< and 

cabl�-.. 230.50(8)(2) 
Open \\iring, 398.15(A), 398.15((;) 
Org-.m.., 6.<;0.9 
0\'Crcurrelll d�'\ic�-, 240.24((;), 

240.30(A) 
Park trdiler "iring, 552.10(C) (I), 

552.48UJ 
P<nver and control tr.t\' 

cable, 336.JO(i), 336.12(1) 
Rae�.,-..� ... 300.5(0) (4), 305.15(C) 
Recreational whicle park 

undcll,'Rilllld br.tnch 
circuit< and 
r� ... -dc.,., 551.80(8) 

Recreational whicle "iring, 551.47 
Reinforcing thennosetting rt.-sin 

condttil, 355.12(C) 
R�.,.i-.or< and reactor<, 470.20(A) 
Rigid metal condttil, 344.10(E) 
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Rigid pol)'\inyl chk>ride 
conduit, 352.10(K), 
352.12(C) 

Scnie<."-Cntr.mce cable, 3."18.12(A) 
(I)  

Scnic<.."'entr.tncc 
conductors, 230.50 

Scnie< . ...Jatcrdl conductors, 230.32 
Spac<.'-heating <}"tem<, 424.12(A) 
Surface rdc<.·wa�'5, 386.12( I), 

388.12(2) 
S"imming pool<, junction 

boX<.-., 680.24(<:) 
'11-dn.<fonners, 450.8(A) 
'lunneL<, 1 10.51 (8) 
'l}pc P cable, 3."17.12(1) 
UF cable, 340.12(10) 
Und<.'Jl,'found in•tallation.<, 230.32, 

230.50(A), 300.5(1>) and U> 
\\�n.·way•. 376.12( I), 378.12( I)  

Sp<.-cial "•", 500.7(U), 505.8(Ql, 
506.8(P) 

Definition, Art. I 00 
Th<.-nnal pmt<.-ction, ...,. Thennally 

protect<.-d (thennal 
protection) 

'l}pc of prot<.'Ciion "n", 505.8(1>) 
Definition, Art. I 00 

Protective dnices, ...,. Arc-fault cin:uit 
intcrmptcrs; Cin:uit 
brc-dkcrs; Fu.«.-.; Ground
fdult cin:uit intcmtpt<.-rs; 
0\-crcurrcnt pnttcctinn 

Protective equipmeut, >«Guaniing, 
b......-d.• 

Protectors, commuaications 
systems, -
C .. ommunication., circuiL'l 

Public address systems, Art. 640 
Public assembly pbtces. s<r A.<.<cmbly 

occupanci<..� 
Pull boxes, ...,. nlm Box<-.; Junction 

lx>X<. .. 
Acc<.-..ibility, 314.29 
c ..... �<tmction •p<.-cification.<, 314.72, 

314-IV 
Guuers, auxiliary, u.<cd a.<, 366.58(8) 
Multioutlet as.<cmbli<-. u.«.-d 

a.<, 380.23(8) 
Nonmetallic wirl.�CI}1i tLq-d 

a.<, 378.23(8) 
<h-er I000 \1>lto, 314-111 
Siz<-. 

4 AWG and larger 
conductors, 314.28(A) 

6 AWG and •maller 
conductors, 314.16(<:) (1) 

<h-er 1000 \1>lto, 314.71 
Pumps, s«nlw tire pumP" 

Energy storctgc 5)-1ilcln'l7 flow 
battery, 706.44 

(;n•unding, water 

P<K>I 

pumpo, 2.?0.1 12(L), 
250.112(M) 

Double in•ulated, 680.21 (8), 
680.31 

Motor replacemento, 680.21 (I>) 
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Stordble p<K>L<, 680.31 
Purged lllld preosurized. 500.7(1>), 

501.125(A), 505.8(8) 
Definition, Art. I 00 

-Q-
Qudfied person 

J>cfinition, Art. I 00 

-R-

Raceways 

Adju.<<ment factors for more than 
thr<..� CUITCDl-catT}iDg 
conductors in, Table 8.2( II)  

Ampaciti<-. of conductors in, 310.16, 
'lllble 310.16, 310.18, 'lllble 
310.18 

Bonding, 250-V, 501.30(8), 
502.30(8)( I), 503.30(8) 

BtL•iWa)�. S« 8tL'i\V'cl}"5 
C..abk-. tr"Y"· •upp<>rt<.-d by, 392.18(G) 
(' .. cllular concrete floor, ""(' .. cllular 

concrete fi<MJI' r.tCl."Wa)1i 
(' .. cllular metal floor, ""C.dlular 

metal fi<MJI' rctCl."Wa)1i 
Cla.u 2 and 3 circuiL<, 722.3(A) 
Cla.u l circuiL<, 724.3(F) 
c .. ommunication.,. S« 

C .. ommunication., circuiL'l 
C..<mductoro in <cnice, 230.7 
C..<mtinuity, 300.10, 300.12 
C..<Jid<, flexible, in.<talk-d in, 400.17 
Definition, Art. I 00 
l>rdina�;c, 225.22, 230.53 
t:l<.-cuical metallic tubing ('1}-pe 

t:l\fr), s<r t:I<.'Cirical metallic. 
tubing ('l}pc t:�H) 

t:k-cuical nonmetallic tubing (l)pe 
t:Nn, ...,. t:Jectrical 
nonmetallic tubing {l}pc 
t:Nn 

Emcrgcnn· circuib 
i�d<.-pcnd.;.,l, 700.10(1>) 

Equipment grounding conductor 
in.<tal!¥ion, 250.120(A) 

t:xpami<mjninL<, 250.98, 300.7(8), 
. !l!i2.44 

t:�-d-to different 
t<.'lnpcrdtUr<.'5, 300.7 

lire alarm <}"tcm<, 760.3, 760.48, 
760.130(8)(1), 760.136(C) 

tire r<.-.ioth'C �"tern, 728.5(C) 
tix<.-d outd<K>r ek-cuic deicing and 

�now-melting 
<.-quipmenl, 426.22 

tlcxible metal conduit ('l}pc 
t'MC), '" tl<.-xible metal 
conduit ('l}pc t'MC) 

tlcxible metallic tubing ('l}pc 
t'MT), su tlcxible metallic 
tubing ('l}pc nn) 

Gmunding, 250.132, 250-IV 
Shun <cctiono, 2.?0.86 t:x. 2, 

250.132 
Induced currcnL<, 300.20 
ln.<talk-d in gnK>n-., 300.4(F) 
ln.<ulaling btL<hingo, 300.4(G), 

300.16(8) 

lntcnn<.-diatc metal conduit ('l}pc 
DfC), s« lntcnn<.-diatc 
metal conduit ('l}pc IMC) 

lnuit�<ically .We �"tem•, 504.50(,\) 
Uquidtight flexible metal conduit 

fl}pc t.nfq, ,_ 

Uquidtight flexible metal 
conduit ('l}pc LnfC) 

Uquidtight flexible nonmetallic 
conduit ('l}pc LF:'\C), '" 
Uquidtight flexible 
nonmetallic conduit ('l}pc 
U':'\C) 

Luminair<.-. (fixtun.-.) 
Pol<.-. u.«.-d a.< rdC<.'\\-ay, 410.30(8), 

410.64 
Suppon<.-d by rdc<.'\\-ay 

fiuingo, 410.36(t:) 
Manufactur<.-d "iring 

·�"tetn<, 604.100(,\) (5) 
Net"'>rk-p<>"'Cr�-d broadband 

communication." 
·�"tetn<, 830.133(A) (I) 

Number of conductors, 300.17; ...,. .· 

also C..<mductor fill 
Optic-dl fiber cable, 770.26, 770.133 
Rcmnt<-'"Control7 �iJ,"'laling, and 

p<nver-limit<.,J circuit cabk-., 
in.<tallation, 7!5.136(<:), 
725.139 

Rigid metal cunduit ('l}pc R.\fC), s« 
Rigid .-tal conduit ('l}pc 
RMC) 

Rigid polpin�f conduit fl}pc 
I'VC), ...,. Rib<id p<>l)'\inyl 
chloride conduit ('l}pc 
PVC) 

Seal, 225.27, 230.8, 300.7(A), 
305.15(t') 

Sccur<.-d, 300.11 (A) 
Scnicc, Mr Scnicc r.tct.·wa)1i 
Slmt-t}-pc channel, ..... Smtt-t}pc 

channel rctct."\V'cl}" 
Supp<>n for nonelccuical 

<.-quipmenl, 300.11  (C) 
Supp<>rting conductors, 

\'ertical, 300.19 
Supp<>n of, 392.18(G) 
Surface metal, s«Surface metal 

rctct."\Y"d}"5 
Surface nonmetallic, -surface 

nonmetallic r.tct.�-ays 
UndcrflfMtr, :w.r l'ndcrfi<Mtr rdCt..'Wa)OS 
Undefb'I'<JUnd, 300.5, 305.15 
\\�n."""'"· ...,. Wir�'\V'd\'5, metal; 

• \\�r<.'\\'ll)"· n<;nmetallic 
\\�ring, <.-xtcrior •urfdc<-. of 

building., 225.22 
Radillllt heating Jlllllels lllld radiant 

heating sels, >« tix<.-d 
ek-cuic spac<.�hc-dling 
<.-quipment 

Radio lUld television 
equipment, Art. 810 . ...,. ,lw 
c .. ummunity antenna 
tcll."\i'linn and rctdiu 
di.<uibution (C..\TV) <}"tetn< 

Amateur trdltsmitting and n ... -cci\-ing 
statim�<. 810-111 

Antenna lead-in pn>t<.-ctors, 810.6 

C..<>mmunity telc•i.<ion antenna, 810.4 
Interior in.,taUatinn - tnuL,mitting 

<tali<>l�<. 810-IV 
Noi"C suppr<.-.s<>rs, 810.5 
Rccci\ing t.-quipmcnt - antenna 

·�"tetn<, 810-11 
Radlognpbic equipment, '"X-r.1y 

<.-quipment 
Rail, 393.30(8) 

Definition, Art. I 00 
Railway conductors, pcnver lllld 

Jichl, 110.19 
Rainproof, 300.6(A)(2) 

Definition, Art. I 00 
Raintipt. 300.6(A)(2) 

Definition, Art. I 00 
Ranges. 422.16(8)(3), 422.33(8); 

also C..cMtking unit, cnuntcr
mount<.-d; 0\'Cno, \\-aU
mnuntt.-d 

Br.inch cin:uito, 210.19(<:), 
210.23(1>), 220.1 1 (C) 

('..aJculation of load, 220.55, 'lllblc 
220.55 

C..<mductoro, 210.19(C) 
F<."t.-ders, calculation of 

load, 220.82(8) 
Gmunding, 250.140 
H<K>ds, cor<htnd-plug 

connect<.-d, 422.16(8) (4) 
Load.<, demand fdctoro 

and. 210.21 (8)(4), 'lllble 
220.55 

Mobile hom<-., 550.15(E), 550.16(A), 
550.16(8)(3) 

Receptacle outlets, 550.13(1>) 
Rated load current, 440.4(,\) 

Definition, Art. I 00 
Rated output pcnver, 724.40 

Definition, Art. I 00 
Rated pcnver, 694.12(A)(3) 

Definition, An. 100 
Reactors, Mr Rt..�stnn and re-ctctnn 
Readily ou:cessible, ...,. nlw Acc<.-..<ible 

Definition, An. 100 
Reaming, ends of metal 

conduits, 342.28, 344.28, 
358.28 

Re-bar electrodes, 250.50 t:x., 
250.52(A)(3), 250.68(<:) (3) 

Recelwrs, Oass4, 726.122, 726.124(8) 
Definition, An. 100 

Receptacles, cord connectors, lUld 
attachment plup 
(caps), Art. 406 

t\b'ficulturdl building., 547.29 
Air-c•mditioning ••r refrigcrdting 

<.-quipment, 440.55, 440.63 
An<.-.thetizing location.<, 517.64(t') 
8r.1nch cin:uito, 210.21 (8), 210.52 
C..<mfigurdtiun.<, 550.10((;), 

551.46((;), 552.44(<:) 
Critical br.1nch, 517.34(A) 
Critical upcrdtion.< p<JWCr 

·�"tetn<, 708.10(A)(2) 
Definition, An. 100 
J>i.<conn<.-cting mc-dn.<, 422.33, 440.63 
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ll'>DEX 

Ek-ctric •'Chicle charging 
"}"te•n•, 51 1.10(8), 62.:;.56, 
625.60 

Ek-ctrifk-d truck parking •poce •upply 
�-quipmenl, 626.24(8), 
626.25(8)(4), 626.31 (<:), 
626.32 

Ek'\'dlor.<, dumbwaiter.<, �-scalato,.., 
etc., 620.22(A), 620.24 

Facepla� ... 406.6, 406.9(1>) 
Jol<...,Oblc cord." cnmu..�ing inlct.'l to 

R-ceptack .. , 'IOO.IO(A) ( l l )  
Gmunding type, 250.130(C), 

250.H6, 406.4(A), 406.10, 
406.11 ,  !H7.13,517.19(H) 

Hazardon• (cla.••ified) 
location•, 501.145, 502.145, 
503.H5 

Heahh care facilili� ... 517.13, 517.18, 
517.19, 517.31 (E), 
517.3-t(A), 517A2(E), 
517.61 (A)(5) 

ln•ula�-d grounded 
terminal•, 250.146(1>) 

lrrig-.Jiion machin� ... 675.17 
J5olated j,'I'OUnd, 5J7.J6 
ManufacwR-d "iring 

"}"te•n•, 60-t.JOO(C) 
Marina.•, boal)......t., floating 

buildings, and 
dockyard•, 555.6, :;.:;5.33 

Maximum cord-and·plug..:omR-cted 
load to, 210.21 (8)(2), '!able 
210.21 (8)(2) 

Minimum r.Jiings, 406.3(8) 
Mobile hom� ... 550.10((;), 550.13 
Modular data celller �-quipment 

enclo•ur� ... 646.12 
Motion picture and tck"l-i'\ion 

•mdio•, 530.9 
Motor.<, 430.109(F) 
Mounting, 406.5, 406.9(1>) 
N<>nj,'l'ounding·type, 

R-placement, 250.130(<:), 
406.4(1>)(2) 

Noninterchangeable, 406.-t(t'), 406.8 
Nonmetallic �-xten'lion•, 382.42 
Office fumi.•hings, 605.9 
Outdoor, su Outd<M>r r�-ceptack .. 

OutleL•, 210.50 
J>efinilion, ArL I 00 
1>\\'CIIings, wh�-rc requir�-d. 210.52 
(;u<..�t ntom'l. gttt.-:\1 �uit<..-s. and 

donnitori� ... 210.60 
Load.•, 220.14 
Meeting n>om•, 210.6.:; 

Park tr.tilen, 552.20(t'), 552.41, 
552.4-t(C), 552.48, 552.53 

Portable di.•nribution or tcnninatinn 
boX<. .. , rid� ... tenL•, and 
conc�-..ion•, 525.22(C) 

Ratin�o,rs rur variou.'l size 
circuits, 210.21 (8)(3), 'I able 
210.21 (8)(3) 

Recreational whick .. , 551.20(F}, 
551.41, 551.46, 551.47(P) 
(I), 551.52, 551.55(F), 
551.72((;) 

Replac�'lnelll, 406.4(1>) 

Selected, hc-dlth care 
facilili� ... 517.3-t(A) 

J>efinilion, Art. I 00 
Scn:Uti\-'C ck�tntnic 

�-quipmenl, 647.4(1>)(2), 
647.7 

Showca.� ... w·dll ca.� ... 410.59(8) 
Show "indo\\-., in, 210.62 
Submer.<ible or floating equipment, 

for bodi<. .. of\v-.Jter, 682. H 
S"imming p<>ol•, 680.21 (A)(2), 

680.22(A), 680.22(8)(5), 
680.31, 680.32, 680.34, 
680.35(A), 680A3(A), 
680.62(E), 680.84 

'lampcr-n .. i.•tant, 406.12 
Child care faciliti< .. , 406.12(3) 
1>\\'CIIing uniL•, 406.12( I )  

Gu� .. t mom• and •uit� ... 406.12(2) 
ReplacemenL•, 406.4(1>)(5) 

'Jcmp<>r.JrY i•�•tallalion•, 590.4(1>), 
590.6(A) 

'Jcnninal•, identification, 200.10(8) 
Theaters, 520.45 
Vohag� .. bet\\'Cen adjacent 

d�.,ic� ... 406.5Ul 
Wc-.Jth�-r-r�-.i•tant, 406.4(1>)(6), 

406.9(A) 
Wcij,•lll-5upp<>rling ceiling, 210.8(A), 

210.8(8), 3H.27(E) 
J>efinilion, Art. I 00 

\\�nd ek-ctric "}"te•n•, •mall, 694.7(E) 
Recessed lumiaalres, 411}.-X, 411}.-XJ 

Cleardl1c� ... in•tallalion, 410.1 16 
(' .. on•tmclion, 411}.-XJ 
'lcmpcr.Jmr� ... 410.1 15 
\\�ring, 410.117 

Recoadllioaed equipment 

Appnn·ed, 1 10.20(<:) 
J>efinilion, Art. I 00 
Equipment pmhibitcd fmm 

R-condnioning, 240.2, 350.2, 
408.!, 410.2 

ln•lallation, 1 10.20 
lnsulaled bn• pipe "}"t�'ln•, 369.2 

.Listed, J J0.20(A) 
Marking, 1 10.21 (A) (2) 
Menor.<, 430.2 
0\'Crcurrent pmteclion d�.,ic� ... 245.2 
S"itchboard•, 408.2 
S"itch� ... 404.16 

Reconlillg systems, Art. 640 
Recreatio.W wblcle parks, 551-VI 

('..aJcula�-d load, 551.73 
l>�'lnand factor.<, 'Jable 551.73(A) 

J>efinilion•, An. 100 
J>t.conn�-cling mean•, 551.77(8) 
J>t<tribution '}"tern, 551.72 
Gmunding, 551.76 
Outdoor equipment, pmt�-clion 

of, 551.78 
0\-crcurrcnt pnttcctinn. 551.74 
0\-crht.�dd conductnn. clcardllcc 

for, 551.79 
Receptack .. , 551.71,551.81 
U ndell,'T<>Und "iring, 551.80 
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Recreatio.W wbicles (c:ampiug tnl1ers, 
motor homes, park trallers, 
trawl trallers, truck 
campers), ArL 551 

Alternate power source 
r� .. triclion•, 551.33 

Applianc� ... 551.20(1>), 551.41 (C) t:x. 
I, 551.42, 551.5.:;(t), 551.57 

Auachment plugs, 551.20(t'), 
551.46((;) 

B<mding, 551.55(A), 551.55(8), 
551.56 

8r.1nch circuits, 551 A2, 551.43 
C'AJmbination ek�trical S}�lem.'l, 55 I

II 

C..onducto,.., 551.48 
C'AJnnection.'l 

Gmunding, 551.54, 551.55 
Pmver •up ply, 551.46 
Splic� .. and terminat., 551.50 

J>efinilion, ArL I 00 
J>t<tribution panclboard, 551 A5. 
Expandable uniL•, 

connection, 551A7'(P) · 
Gener.Jior in•lallalion• •

. 
!iQ\_30 

Gmund-f.Juh circuit-. 
intemapi<.-r, 5SI.40(C), 
551.-ti (C), 551.71 (F) 

Gmunding, 651.54, 551.55 
Gmunding c:unductor "Piic� ... :;.:; 1.50 
ldelilificalion of j,'R>Unded 

· conductor, :;.:;) .49 
Lwninair� ... 551.20(1>), 551.53 
Menor.<, 551.51 (A)(2) 
Multiple •upply •ource, 551.31 
Other P"''"r M>Urc� ... 551-111 
Outlet box� ... 551.48 
0\-crcurrent pnttection 

8r.1nch circuit, :;.:; I A3 
J>t<tribution panclboard, 551A5(C) 
P•nver souret.-s, other, 551.3 I 

Receptack .. , 551.20(F), 551.41, 
551.52, 551.72(C) 

Site •upply equipment, :;.:;1.44, 
551.46, 551.54(A) 

J>efinilion, ArL I 00 
Supply •ource 1 20-mh or 120/246-

,·olt 5)1\lem, 55 I -IV 
S"itch� ... 551.51 
S}"tem mltag� ... 551-IV 
'lags, label•, and marking, 551.46(1>) 
"J(."SL'l, f.tctOI)", 551-\' 
Wiring methods, 551.47 

Recreatio.W wbicle site 

J>efinilion, ArL I 00 
Supply equipment, 551.71, 551.77 

J>efinilion, ArL I 00 
Gmunding, 551.76 
Marking, 551.77(F) 

Recreatio.W wbicle staud, 551. 77(A) 
J>efinilion, ArL I 00 

Refrigention compressor motors Uld 
c:oatrols, An. 440 

Refrigention equipment, >«Air
conditioning and 
refriger.Jiing �-quipment 

Refrigerators, grounding, 250.1 14 
Reg�Utor bypass switc:b, owr I 000 

volts, 495.23 
J>efinilion, ArL I 00 

ReinfoKed tbermosetting resin conduit 
(Type RTRC), 'lable 305.3, 
'Jable 305.5(A), ArL 355 

Bend•, 355.24, Chap. 9, 'Jable 2 
8n..,inl>"'· 355.46 
(' .. on•tmclion ·�-cificalion•, 35!>-111 
J>efinilion, ArL I 00 
Expan'lion linings, 300.7(8) 1:'\ :'\o. I 

(;n•unding, 355.60 
ln•lallalion, 355-11 

JoinL• and �-xpan•ion linin!."'· 355.44, 
355.48 

ll•ling, 355.6 
Marking, 355.120 
Number of conduaor.<, 355.22, Chap. 

9, 'Jable I 

Securing and •upp<>rling, 314.23(E) 
Ex., 355.30 

Size, 3,:;5.20 
Splic� .. and taJl", 355.56 
'liimming, 355.28 
U� .. not permitK-d, 3.'i5.J2 
u� .. penniued, 3,:;5.10 

Relays 
Automatic load control, 700.26 

J>efinilion, ArL I 00 
Emergency "}"te•n•, 700.23, 700.26 
Hazardon• (cla.-.ified) 

location•, 501.105, 502.150 
<h-crload, motor nl--crcurrcnt 

protection, 430.40 
Rl."VCJ"Sl."'CUITent. 

tr.Jn.Cormer.<, 450.6(8) 
Reloc:lllable struc:tures, >«also 

ManufacwR-d buildings and 
relocatable •tructun .. 

J>efinilion, ArL I 00 
Remote control 

Circuits, s« Remot<..'-Control. 
•ij,'llaling, and p<nver-limiK-d 
circuits 

Disconn<..�l control 

J>efinilion, ArL I 00 
Ene'l,')' •tor..ge "}"te•n•, 706.15(8) 
lnfonnati••n k.-chn••lo�o,•y 

�-quipmenl, 645.10(A) 
J>efinilion, ArL I 00 

Ofinduclion and diek"Ctric healing 
�-quipmenl, 66,:;.7 

S"itch� ... 517.63(1>) 
Remote 

Ahandon�-d cabk .. , 722.25 
J>efinilion, ArL I 00 

Ace�-.. to ek"Ctrical 
�-quipmenl, 722.21, 724.21, 
725.21 

Cla.u I circuiL•, 724.30 
Circuits ... �ending bl.")''ftnd one 

building, 724.52 
(' .. onducto,.., 724.49 

Different circuiL•, 724.48 
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Extending bt.·ynnd one 
building, 724.52 

ln•ulation, 724.49(B) 
Number in rdc<.·wa�" and cable 

1r.1y•, 724.3(A) 
0\'t.-rcurrent pmlection, 724.43, 

724.45 
Size and lL<c, 724.49(A) 

Definition, An. I 00 
0\'t.-rcurrent pmlection, 724.43, 

724.45 
\\�ring methods, 724.46 

Cla.u 2 and Clas• 3 circuil.., 725-11 
Circuits t.�cnding bt.·ynnd one 

building, 724.52 
Definition, An. I 00 
ln•�<�llation, 722.3 tbmugb 722.135 
lntcrconn<..�tion of power 

•upplk-., 725.60(B) 
ll•ting, 722-11 
Location•, 722.3U), 722.135 
Marking, 722.179, 72,:;.60(C) 
0\'t.-rcurrent pmlection, Chap. 9, 

'labk-. I I  (A) and I I  (B) 
Pmver and data 

trdn'llli.uion, 725.144, 'lahle 
725.144 

Pmver ll<>urc<.-., 724.40(B), 
725.60(A), Chap. 9, 'lllbk-. 
I I  (A) and (B) 

Scpar.1tion, 725.136 
'1}-p<.-.. 722.179 
\\�ring methods 

Load •ide, 725.130 
Supplpide, 72.:;.127 

('..able •uhstiwtion•, 722.135(E) 
Cla.u 4 circuiL•, 726-11 

Ampaciti<-., 726.144 
(' .. onnecton, 726.130 
C..<JJ�•tmction, 722.179(A) (I6) 
Definition, An. I 00 
I><."\ ice, An. I 00 
Enclosure-., 726.136(E) 
•·ault manag<."lnem, 726.121 (A) 
HazardolL' (cla.uified) 

location.., 726.10 
Identification, 726.124 
ln•�<�llation, 726.136, 726.139 
ll•ting, 726-111 
Load.•, 726.122 
Pmver ll<>urc<-., 726.121 
Pmver �'51<."ln, An. 726 

Definition, An. I 00 
Scpar.1tion, 726.136 
'lcrminaJ., 726.130 
u ... -. not pcrmin<.-d, 726.12 

Definition, An. I 00 
HazardolL' (cla.uified) 

location.., 722.10 
Identification, 724.30, 725.30 
Location•, 722.135, 722.179(A) ( I I )  
Mechanical <.-xecution of 

work, 722.24, 724.24, 725.24 
Moto"'- 430-VI 
0\'t.-rcurrent pmlection, 'lllble 

240.4(G), 724.43, 724.45, 

70-902 
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Chap. 9, 'lllbk-. I I  (A) and 
I I (B) 

Safety..:ontml <.-quipmenl, 722.31, 
724.31, 725.31 

u ... -. not pcrmin<.-d, 722.12 
Requlremeols for electrical 

iDstallmoDS, An. I I  0 
Raideolial oc:cupmades, >« Dwelling.< 
Raistam:e 

AC n.-.i.•�<�nce and rc-dCiance, 
cahl<-., Chap. 9, 'lllblc 9 

C..<mductor propcnk-., Chap. 9, 'I able 
II 

Hc-dting <.-quipmenl, >« Hx<.-d electric 
hc-.1ting <.-quipment for 
pipclin<.-. and n-..<cL•; •ix<.-d 
rt.-sistancc and electrode 
indtL•trial proe<-.., hc-.1ting 
<.-quipmenl 

Welden, 630-111 
Resistors aud reactors, An. 470 

C..<>mbtL•tible mat<.-rial, on, 
nc-M, 470.11,  470.20(C) 

C..<mductor in•ulation, 470.12 
HazardolL' (cla.uified) Clas• II 

location.., 502.120 
Location, 470.10 
1000 \1Jits and under, 470-11 
<h-er 1000 miL.., 470-111 

Gmunding, 470.21 
Oil-filled rcacton, 470.22 

Space liCpardtion, 470.1 1  
Rataunmts, senice or feeder 

load, 220.1111 
Restricted iDdustrW 

eoviroument, 501.10, 
501.125(A), 502.10(A), 
502.1-W(A), 502.150(B) (5), 
503.10, 505.11, 505.11(1), 
505.15, 505.17(A), 
506.15(A) 

l>efinition,An. 100 
Retrofit ldls, 600.4(B) 

l>efinition,An. 100 
(:Cnerdl lL<c, 600.35 

Definition, An. I 00 
Sign •po.:cific; 600.35 

l>efioiti<m, An. 100 
Rewrse polarity protection (t.dtfeed 

protection) 

Definition, .-\n. I 00 
Low-\·oll<lj,'C •tL•pcnd<.-d ceiling power 

di.•trihution 
·�-.l<."ln•, 393.45(C) 

� 
c .. on.,tnaction 

•pccification•, 430.82(C) 
S�<�g<-. and •mdio•, 540.1 1  (A), 540.20 

Ride devices 

Definition, .-\n. I 00 
Ripl -'  conduit (Type 

RMC), An. 344 
Bend•, 344.24, Chap. 9, 'lllble 2 
BlL•hin!."" 344.46 
Cinder fill, 344.10(C) 
C .. onducton nuL'\idc of 

building, 230.6(5) 
C..<>n•tntction •p<-cification.., 3+1-111 

C..<mplin!.'" and conn<.-cto"'- 344.42 
Definition, An. I 00 
l>imen•ion•, Chap. 9, 'lllblc 4 
l>i.'ISimilar meta"'- 344.14 
Expan'lion fining.<, 300.7(B) 1:'\ :'\o. I 
··<..,...oiL,, 300.6(A) 
Gmunding, 344.60 
ln•�<�llation, 344-11 
ll•ting, 344.6 
Marking, 344.120 
Maximum number of conductoP and 

fixture \\in.-. in, 'labk-. C9 
and C9(A) 

Number of conducto"'- 344.22, Chap. 
9, '1\tble I 

Reaming and thrc-dding, 344.211 
Securing and •upporting, 314.23(E) 

Ex., 314.23(.) Ex. No. I, 
344.30 

Size, 3H.20 
Splic<-. and taps, 344.56 
Und<."ll.'l'ound in•�<�llation•, 'lable 

305.3, 'lable 305.5(A), 
305.15(C) 

u ... -. pcrmined, 344.10 
Wet location.., 344.10(1)) 

Ripl polyWiyl chloride eonduit (Type 
PVC), An. 352 

Bend•, 352.24, Chap. 9, 'lllble 2 
BlL•bing._ 352.� 
c ..... �•tntctiOn •p<-cificatiun ... 352-111 
J>efiDition, An. 100 
l>imensiun•, Chap. 9, 'lllblc 4 
EJcpan'liun fining.<, 300.7(B) 1:'\ :'\u. I, 

352.44, 'lahle 352.4-I(A) 
ExpoliCd, 3,:;2.10(G) 
Gmunding, 352.60 
ln•�<�llatiun, 352-11 

Joinl.., 3,:;2.48 
ll•ting, 352.6 
Marking, 352.120 
Maximum number of cnnductoP and 

fixture \\in.-. in, 'labk-. CIO 
through CI2(A) 

Number of c<mductc>"'- 352.22, Chap. 
9, '1\tble I 

Sch�-dulc 110, 300.5(1>)(4), 'lable 
305.3, 'lable 305.5(A) 

Securing and •upporting, 314.23(E) 
Ex., 352.30, 'lable 352.30(B) 

Size, 3.:;2.20 
Splic<-. and taps, 352.56 
'liimming end•, 352.28 
u ... -. nul pcrmin<.-d, 352.12 
u ... -. pcrmined, 3.:;2.1 0 

Road show CODIIeCiion pomel, 520.50 
Rod electrodes, 250.52(A) (5), 250.53, 

250.66(A), 250.70 
Roof clecldDg 

C..abk-. and rdc�·wa\'5 in•talled 
under, 300.-t(E) 

Luminair<.-. in•�<�lk-d in ur 
under, 410.10(F) 

Room air coDdltioners, >«Air 
conditinncP. mom 

Rooms, motion picture projection, S« 
Projection r<Mtm' motion 
picwre 

Rooms, pressurized "p", 505.11(P), 
506.8(0) 

Definition, An. I 00 
Rotary-phase conwt1ers, 455.4, 455-11 

Definition, An. I 00 
Rules, permissive, go_:;( B) 
RumtiDg tbrnds, 342.42(B), 344.42(B) 

Safety, examination of equipment 
for, 90.7 

Safety circuits, 409.70, 670.6 
J>cfinitiun, An. I 00 

Screws, tlgbteDiDg torque tables, Ann<-x 
I 

Screw shells 

Elcctric.<Ji.<eharge luminain.-. and 
LEI> luminairc-., 410.62(C) 
(2) 

Identification 
Polarity, 200.10, 410.51 
'lcnnittal., 200.1 o 

Lampholden, 410.126 
Scn'<itiw ek-ctmnic equipment 

luminain.-., 647.8(C) 
Sealable equipment 

J>cfinitiun, An. I 00 
SealiDg, """lro HazardntL• (cla.uifi<.-d) 

location.'l 
BlLm'3)-., '"P'" ..,.dl• f<>r, 368.234(A) 
Conduit �-.tetn•, 501.15, 502.15, 

505.16, 506.16 
lntrit�'<ically .We �'51etn•, 504.70 
Rac<."\\'3Y ..,. .. 1, undeJ'!,'I'OUnd 

liCnice, 230.8 
'lcmpcrdmre chang<.-., 300.7(A) 

J>cfinition, An. 100 
Hermetically, 500.7U) 
Rac<."\\'3�-.. 225.27, 230.11, 300.7(A), 

305.15( •. ) 
Seating....,., receptacles ill, 406.5(H) 
Secondary lies, lrllllsformers, 450.6 
Security S)'ll1eiiiS, An. 708 
Selective coordillation, ,_ 

Coordination, ek-ctrical 
5)-�lCin'li 

Sensitive electroDic equipment, An. 647 
Gmunding, 647.6 
Ughting equipment, 647.8 
Rccepl<lck-., 647.7 
Singk�pba.<c •upply !<)-.lem, 647.3 
'lbrc<.�phalle •upply �-.1<."111, 647.5 
Wiring method., 647.4 

Sep......,.e power supply cable 
assembly, 626.2.:;, 626.32 

J>cfinition, An. 100 
Sepuately derived systems, 250.21 (A), 

250.211(1>), 250.30, 
250.35(A) 

J>cfinition, An. 100 
.h.-den or hr.1ncb circuits, building.</ 

-.ruclur<-. •upplied by 
Gmund<.-d �'51etn•, 250.32(B)(2) 
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Ungnmnded "}"tcm•, 250.32(<:)(2) 
Gmunding ek-ctmde 

conductors, 250.169 
Metal piping and frdm< .. , bonding 

of, 250.104(1>) 
Portable generdtors, 702.1 1  (A) 
Surge prnll.-cth·c d<..�iet.�. connection 

of, 242.14(C) 
Service cables, -nho Scnic<'"Cntrdnce 

cable ('1}-p<. .. St: and USt:) 
Definition, ArL I 00 

Service conductors, S« Conductors, 
�nice 

Service drops 

(' .. onnection.•, "<.-nice hc-dd, 230.54 
Definition, ArL I 00 

Service-entraDce cable (Types SE lllld 
USE), ArL 338 

Bend•, 338.24 
Brdnch circuits or fet.-d<.T5, 338.10(8) 
c ..... �•tmction, 338-lll 
Definition, ArL I 00 
ln.•tallation, 338-ll 
ln.•tallation method•, for hmnch 

circuits and 
ft.'t.-dcrs, 338.10(8) (4) 

Marking, 338.120 
Scnic<.."'Cntr.tncc 

conductors, 338.10(A) 
Scnic<.'"Cntrdnce conductors, 230-IV 
Suppon, 338.10(8)(4), 338.12(A)(3) 
u,.., .. not permitt<.-d, 338.12 
u,.., .. permitted, 3."18.1 0 

Service-entraDce conductor 
lllllelllbly, 338.100 

Definition, ArL I 00 
Service-entraDce conductors, 230-IV 

C..ahk .. t�<cd a.•, 338.10(A) 
(' .. onductor <cL•, number of, 230.40 
(' .. m�'<idert.-d ouL•ide of httiJding, 230.6 
Definition, ArL I 00 
l>tlcmm<.-cting mean.•, 230-VI 
Drip loops, 230.52 
ln.•ulation, 230.41 
Mounting support.•, 230.51 
0\'t.TCUrrent pmtection, 230.90 

through 230.92, 23.">.408 
<h't.mc-dd '?"tcm, 230.28(A>. 230.40, 

230.54 
Definition, ArL I 00 

<h't.T 1000 \1>IL'i, 231>-V 
Ph}"ical damaj,'C, 230.50 
Scnice head, 230.54 
Size, 230.42 
Splic< .. , 230.46 
Und<."l,'found, 300.5(1>) (3), 

338.12(8) 
Definition, ArL I 00 

\\�ring methods, 230.43 
Service-entraDce equipment, S« Scnice 

<'qttipment 
Service equipment, 230-V 

Arc·fla.m hazard "'"ming, 1 10.16(8) 
Definition, ArL I 00 
l>tlcmm<.-cting mean.•, 230-VI 

ll'>DEX 

(' .. onnection.•, supply side, 230.82 
(' .. onnection.• to terminal•, 230.81 
t:k-c<rically op<.Tdted, 230.94 t:x. 6 
(;n•und<-� conductor, 

di.<eonnection of, 230.75 
Gmund.fdult, prok.'Ction at, 230.95, 

705.32 
(;n•unding ck-ctnKic conductor 

in.•tallation, 250.64(1>) 
Indicating, 230.77 
Location, 230.70(A) 
Marking, 230.70(8) 
Maximu1n numlx..T of di."<=nnnt.'Cl."· 

six switch rule, 230.71 
Multiple occupancy 

httildings, 230.72((;) 
<h-er 1000 miL'i, 235.405, 23.">.406 
Rating, 230.79, 230.80 
Simultant.·m•• openings, 230.74 
Six "'itch rule, 230.71 (8) 
Suitable for IL<c, 230.70((;) 

(;n•und-f.tuh circuit conductor 
brought to, 250.186 

Guarding, 230.62 
lndtL•<rial control panels a.•, 409.108 
Marina.•, hoal)'ards, floating 

httildings, and docking 
faciliti< .. , 555.4 

Marking, 230.66 
Mobile hom< .. / manufactured 

hom< .. , 550.32 
Modular data centers, 646.6(8)( I), 

646.7(A), 646.8 
Motor control centers a.•, 430.95 
0\-crcurrent pmtection, 230-Vll 

Acct.-.sibility, 240.24(A) 
Arc·fla.m hazard "'"ming 

label, 1 10.16(8) 
Location, 230.91, 230.92 
<h-er I 000 miL'i, 2:'1:.. 408 
Rclati\.-c location, 230.94 
Spt.-cific circliiL•, 230.93 
Ungrounded 

conductors, 230.90(A) 
OYer I 000 miL• 

0\-crcurrent pmtection, 235.408 
S...itchgc-M, 495.47 

Panclhoards, 408-lll 
Receptack .. in area of, 210.63 

Service lateral 

Definition, Art. I 00 
Ph}"ical damaj,'C, pmtection 

ag.Unst, 230.32 
Scnic<..'"Cntr.tncc conductor set 

supplk-d by, 230.40 
S}"tcm gnmnding 

connection.•, 250.24(A) (I ), 
250.24(.'), 250.64(1>) (1)  

Service loads, calculatioDS, An. 220, 
Annex I> 

Service poiDis, 250.186 
Definition, Art. I 00 

Service raceways 

(' .. onductors, others permitted 
in, 230.7 

l>r.Unal>"'· 230.53 

Scnice head, 230.54 
U nde'l,'f<mnd, 230-lll 

Sernces, Art. 230 
Definition, ArL I 00 
Farm, 220-V 
Gmund.fdult protection, 230.95 
ln.•ulation, 230.22 
Ma.•L•, <cnice, 230.28 
Number, 230.2 

l>tlcmm<.-cting mean.•, 230.71, 
250.64(1>) 

Scnic<.."'Cntr.tncc conductor 
<cL•, 230.40 

0\-crltc-dd supply, 230-ll 
0\-cr 1000 miL'i, 231>-V 
Scpardtc <cnice 

t:mergency "}"tetn.•, 700.12(F) 
L<-gdlly n.'quired standby 

"}"tetn.•, 701.12(F) 
Supply to one httilding not through 

another, 230.3 
'1\m or more huildinl>"'· 250.32 
U nde'l,'f<mnd, 230-lll 

Service statious, gasoline, ..,. Motor 
fuel di.•pc•�'<ing Caciliti< .. 

Sernciug. 1 10.17, 23.'\.63, 680.23(8) (6), 
680.51 (F) 

Definition, An. I 00 
Sbieldiug, · S« Guarding, !,'liard• 
Shorellae, 682.11,  682.14(8) 

l>dlnition, ArL 100 
Shore power, 555.6, 555.33(A), 5.">5.35, 

555.36 
Definition, ArL I 00 

Short-dn:ult current rating, 110.10 
Definition, ArL I 00 
Flexible hiL• "}"tem•, 371.40 
lndtL•<rial control panels, 409.22 
lndtL•<rial machinery, 670.5 
Modular data centers, 646.7 
Surge prok.-cti\·e dt.'\ic< .. , 242.8 
S.•itchboard• and panclhoard•, 408.6 

Short circuils, 430-IV, 430-V, 440-lll 
Definition, ArL I 00 

Short-lime duty, 430.22(t:), 430.24(4) 
t:x. I, 430.33 

Definition, Art. I 00 
Showaoses, wall cases, 410.59 
Shower......,.,.., >«Bathtubs 
Show 'Windows 

Definition, Art. I 00 
Flexible cord•, 400.15 
LUIIlinair<-.. 410.14 

Brdnch circuits, 220.14(G) 
Ft.'t.-ders, 220.46(A) 

Ree<-ptack-.. 210.62, 314.27(8) t:x. 

Sidelighls, borders, lllld 
proscealum, 520.44 

SigDal equipment, s<r also Audio signal 
prnc<"S.'Iing, amplification, 
and repmduction 
<'qttipment; Signaling 
circuits 

Definition, Art. I 00 

2023 t:clition :'\.-\:110:-IAI. t:l.t:Gl'RICAI. COI>t: 

SigaaliDg circuils, s<r also Hre alarm 
��lcln'\; Rcmnl<..'<nntroL 
sij,'Jlaling, and pmver-limit<.-d 
circuits 

Critical operdtion.• power 
"}"tetn.•, 708.14 

Definition, ArL I 00 
Health care faciliti< .. , 517-VI 
ln.•tallation rcquiremenL•, ArL 72.">, 

ArL 760 
SigaaliDg systems, 530.5(8), An. 708 
Sigaals for heated applilmces, 422.42 
Sip body, 600.6(A), 600.21, 600.34(8) 

Definition, ArL I 00 

Sigas 
t:k-c<ric, ArL 600 

Balla.•L•, trdn..Cormers, and 
clt.-ctronic power 
supplk .. , 600.21 throuj,-h 
600.24 

Bonding, 600.7(8), 600_"13(1>) 
Brdnch circuits, 220.14(F), 600.5 
Definition, ArL I 00 
l>tlconn<.-cL•, 600.6 
Enclosures, 600.8 
•icld-in.<talled <ccondarv 

wiring, 600.12 
' 

•icld-in.<talled skeleton 
tubing, 600-l l  

Applicability, neon "<.-condary 
circuit conducton. 600.30 

Gmunding, 250.1 12(G), 600.7(A), 
600.24(8), 600.33(1>) 

ll•ting, 600.3 
Location, 600.9, 600.10, 600.21, 

600.33(A), 'lllhle 600.33(A) 
(I), 600.42(G), 600.42(H) 

Markings, 600.4, 600.5(8), 
600.35((;) 

Photm,Jtaic p<J\\-cred sij,'ll, 600.34 
Definition, ArL I 00 

Portable or mobile, 600.10 
Section sij,'ll.•, 600.3, 600.7(8) (1)  

t:x. 
Definition, ArL I 00 

Exit, health care facilitk-.. 517.33(8), 
517.43(8) 

Mandat<.-d standby, 701. 7(A) 
Outline lighting, ArL 600 
Standby, 702.7 
Wanting, s<rWaming sign.• (label•). 

at <'qttipment 
Simple apparatus, 504.4 t:x. 

Definition, ArL I 00 
ln.•tallation, 501.10(8)(3), 502.10(8) 

(3), 503.10(A) (4), 504.10, 
505.15(C) (I) (7), 506.15(C) 
(8) 

Marking, 500.8(C) (6), 505.9(C)(2) 
t:x. :'\o. 2 

Site-isolaliDg devices, 547.4 I (A) 
Definition, ArL I 00 

Skeleton tubing, 600.6, 600.7(A) (I ), 
600-ll 

Definition, ArL I 00 
Slips, 220.120 

Definition, ArL I 00 
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Smoke wolilator control, stage, 520.49 
SIUip switches 

AC gcnerdl tL<c, 404.14 
Acc<-.sibiliry, gmuping, 404.8(A) 
Ek-ctric-<li.<eharge lighting, 410.139 
Enclosures, 404.3(A) t:x. I 
Gcner.ll-tL<c, 225.36, 404.7, 404.8((;), 

404.9, 404.10, 404.13(C), 
404.14, 430.83(C), 430.109 

Definition, ArL I 00 
Gmunding, 404.9(8) 
Motors, 430.83(C), 430.109((;), 

430.109(G) 
Mounting, 404.10 
Multipole, 404.8(C) 
Ratinb'li, 404.14 

Saow meltiug, >« tiX<.-d outdoor 
ck-ctric deicing and snow
melting <-quipment 

Solar ceO 

Definition, ArL I 00 
Solar pbolowltaic systems, An. 690 

C..abt<-., 690.31 (C) 
Circuit Mzing and current, 690.8 
C .. onncction to supply Mdc of S<...T\icc 

di.<eonnecl, 230.82(6) 
DC combiner, 600.34(A), 690.4(8) 

Definition, ArL I 00 
DC'rt<>-DC com'Cner<, >«DG-1<>-DC 

COil\'CMl.TS 
Definition, ArL I 00 
Di.<Conn1..-cting mean.•, 690-111, 691.9 
Gmund-f.1ull protection, 690.41 (8) 
l..atg<--=ile, An. 691 
Marking, 690.13(8), 690.31 (8) (2), 

690.31 (D) (2) 
0\'t.-rcurrent pmtection, 690.9 
Rapid shutdown of "}-.tem• on 

building., 690.12 
Voltage, 690.7 
\\�ring methods, 691}.-IV 

Solderless (pressure) 
cODDectors, 250.8(3), 250.70 

Definition, ArL I 00 
Solidly growu:led, 430.83(E), 495.71 

Definition, ArL I 00 
Photm1>llaic .,-.tem•, 690.31 (8)(2), 

690.31 (E), 690.41' 690.42, 
690.47 

Solidly, 1 10.5-t(A) 
Sound recordiug equipment, An. 640 
Space 

C..abinets and cutout box...-s, 312.7, 
312.9, 312.101 

Climbing space, line conductor< on 
pok-s, 225.14(8) 

Definition, ArL I 00 
Ughming rod•, conductor 

cndosun ... -s7 
<-quipmenl, 250.60 

Outside hr.1nch circuiL• and 
r ....... -dc..., 22!U4 

0\'t.-r 1000 \1>IL•, scpardtion, 1 10.32 
through 1 10.34 

Working, >«Working space 

70-904 
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Space beatiug, fixed, - tixed ek-ctric 
spac<�heating �..-quipmenl 

SpaciDg between bare metal 
parts, 408.56, Table 408.56 

Spas, bot tubs, aDd immersion 
pools, 681}.-IV 

Definition, An. 100 
Immersion pool, 681}...111, 681}..1V 

Definition, An. 100 
Indoor itL•taDation.'<, 680.43 
Outdoor in.•tallatimL•, 680.42 
Packag1..-d therdpcutic wh a..scmbly 

Definition, An. 100 
tlcxihle connection.'<, 680.42(A) 
Protection, 680.44 
\\�ring, 680.42((;), 680.43 t:x. 3 

Sclf..:ontained spa or hot iUb, 681}.-IV 
Definition, An. 100 

Stordhle, 681}..111 
Definition, An. 100 

Special permission, 90.2(F) 
Definition, An. 100 

Spider (cable spUciDg block) 
Definition, An. 100 

Spill down, 706.51 
Definition, An. 100 

Spt.sb pads, 680.50 
Definition, An. 100 

Splices and taps 
Antenna.•,810.14 
Auxilial)· gutters, 366.56 
C..abinets and cutout box...-s, 312.8 
('..able trd}-.. in, 392.56 
(' .. cllular concrete floor 

rdCI.."W"d}-., 372.56 
(' .. cllular metal floor rdCI.."Wa}'5, 374.56 
(' .. oncealed lmol>-and-tubc, 394.!16 
(' .. onduil bodi<-s, 300.15, 3H.I6(C)(2) 
(' .. on.•lmction si1<'5, 590.4(G) 
Ddcing and snow-mdiing, 426.22(8), 

426.24(8) 
Ek-ctrical metallic mbing, 358.56 
Ek-ctrical mm�tallic tubing, 362.56 
Equipment gmunding 

conductors, 250.122(G) 
tire n:sisti\'C "}-.tern, 728.5(H) 
."Ia! cable a.<semhlk-s, 322.56 
l'lat conduclor cable, 324.56 
tlcxihle cord• and cahk-s, 400.13, 

400.36, 530.22(A), 
530.22(8), 590.4(G) 

tlcxihle metal conduit, 348.56 
tlcxihle metallic tubing, 360.56 
(:Cner.ll pn.,i•ion.'<, 1 10.14 
HazardotL• (cla. .. ified) Clas• I 

localion.•, 501.15(C) (4) 
High den.'lity poi}'Cihylene 

conduit, 353.56 
lntenn1..-diate metal conduit, 342.56 
Uquidtighl flexible metal 

conduit, 350.56 
Uquidtighl flexible nonmetallic 

conduit, 356.56 
Low-mll3boc stL•pcndl..-d cdling power 

di.•tribution S}-.tem•, 393.56 

Luminair1..-s, 410.56(C), 410.56(D) 
1\ks.<cnger-«uppon...-d wiring, 396.56 
Nonmetallic I.."Xten.'lion.•, 382.56 
Nonmetallic undcr.,<nJUnd conduit 

wilh conduclor<, 354.56 
Reinforced thcnmJ.'ietting n.-Mn 

conduit, 355.56 
Rigid metal conduit, 344.:;6 
Rigid pol)'\inyl chk>ride 

conduit, 352.56 
Scrvic1..�ntr.1nce conduclor<, 230.46 
Spac1..�eating cahk-s, 424.40, 

424.41(D) 
Stml-lype channel rdc<·Wa)-., 384.56 
Surface rdc1..·ways, 386.56, 388.56 
Und1..-rlloor rdCI.."Wa}-.. 390.56 
Undl.."ll.'l"ound, 300.5(E), 305.15(D) 
\\�re\lla)-., 376.56, 378.56 

Spray application, dipping, coatiug, and 
priDiiDg processes, An. 516 

Cla.<sification orlocalion.•, 516.5, 
516.18, 516.29 

Equipment, 516.5(A) (3), 516.6, 
516.7, 516.10, 516.38(8) 

Gmunding, 516.16 
Membr.ute enckJSur<-s,.!il6-IV 
Open container<, 516-11 
Printing, dipping,.and coating 

prna.._,., !">16-V 
Pn>e<-s.<e-., 516-lp 
\\�ring, 516..6, 516.7, 516.38(A) 

Spray..-ea 

Definition, ArL I 00 
Outdoor, 516.18 

Definition, ArL I 00 
Unenclosed, 516.5(D) 

Definition, ArL I 00 
Spray booths, 500.5(8)( 1), 516.5 

Definition, ArL I 00 
Spray rooms, 516.:;(D) 

Definition, ArL I 00 
Spread of fire or producls of 

combuslion, '" tire sprc-dd 
Stage effect (special effect), 520.66, 

530.22(8) 
Definition, ArL I 00 

Stage equipmenl, theaters 

Definition, ArL I 00 
tixed, 521}..111 
Ughting hoi..,, 520.40 

Definition, ArL I 00 
Ponahlc, 520.5(C), 521}.-V 

Stage properly 

Definition, ArL I 00 
Stage set 

Definition, ArL I 00 
Ughting, 530.22(A), 530.26 

Stairway cbairlifts, ,_ Ek"l-alor<, 
dumb•railer<, 1..-scalalor:<, 
m•ning w·.llks, platfonn lirts, 
and stainv-.1y chairlifts 

Stand-alone systems, An. 710 
Definition, ArL I 00 
Ener.,oy stor..ge 5}-.tetn.•, 706.16(t), 

706.21(8) 

\\�nd ek-ctric 5}-.tetn.•, 694.12(A)(3) 
Standby systems, sa Emergency 

S}"letn.•; u-g.llly r1..-quired 
standby 5}-.tetn.•; Optional 
�tandhy systcJno; 

Stali<>pbase conwrter, 455.20 
Definition, ArL I 00 

Steel, structural, bonding, 2.?0.1 04 
Steel siding, 250.116 1:'\ 
Storage, dry stack 

Definition, ArL I 00 
Storage batteries, ArL 480 

Acc<-.sibiliry, 480.-t(D) 
Aircrdft hangdr<, 513.10(8) 
Charging l.."qllipment, 503.160 
(' .. ontainer, 480.8, 480.10((;) 

Definition, ArL I 00 
Critical opcrdtion.• power 

S}"letn.•, 708.20(E), 
708.20(t")(4) 

Di.<Cmtnl..-cting mean.•, 480.7 
Emergency !<)-.leJn.•, 700.12(C)(4), 

700.12(D) (2), 700.12(H) 
Equipment supplk-d from, 480.3 
tire pump.'<, 695.12(C) 
Gar.1g�-s. 511.10 
ln.•ulation, 480.8 
L1..-g.llly n.-quired standby 

S}"letn.•, 701.12(C) (4), 
701.12(D) (2) 

Location.•, 480.10 
0\-crcurrcnt pn•tcctinn for prime 

m•n·er:<, 480.6 
Sound n.-cording 

l.."quipmenl, 640.9(8) 
Suppon, 480.9 
"lcnnination.'<, 480.4 
Vents, 480.11 

Storecknergy power supply system 
(SEPSS), 700.10(D) (4), 
700.12(E), 701.12(E) 

Definition, ArL I 00 
StriJce lerllliulion cte.ices, ,_ also 

Surge arrt.":\lcP 
A.• a gmund, 250.60 

Structural metal, '" �ictal frdme of 
building 

Structures 

Definition, An. 100 
Pnnahle, ,_ Ponable stmctur1..-s 
Reh>eatable, An. 545 

Strut-type channel raceway, An. 384 
C..<JJL•Imction sp�..-cificalinn.•, 384-111 
Definition, An. 100 
Gmunding, 384.60 
ln.•tallation, 384-11 
ll•ting n.-quiremenls, 384.6 
Marking, 384.120 
Number or conductors, 384.22 
Securing and supporting, 384.30 
Size of conductor<, 384.21 
Splic<-s and taJl", 384.56 
US<-s nul pcnni111..-d, 384.12 
US<-s pcnniued, 384.10 

Subassembly, 6..?0.6(D) 
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Definition, ArL I 00 
Submersible equipment. 680.51 
Substalioas, 495.48 

Definition, ArL I 00 
Gmunding <ystem at. 250.191, 

250.194 
Motion picture and tck"l-iorion 

<Wdios, 530-V 
Portable, 530-IV 

Definition, ArL I 00 
Supervision, eap.eeriug. 310.14(B), 

645.25 
Supervisory control and dam 

acquisition (SCADA), Ann�-x 
G 

Definition, ArL I 00 
Support llftll5, 530-111 

Definition, ArL I 00 
Support fittinp fill, boxes. 3H.I6(B) 

(3) 
Supports, SI!P>Ubhmds St.-curing and 

<upporting a11d Support 
u"d" mtrin for •P«ifir roiri11g 
arJd<quipmml 

Suppressors, radio noise, 810.5 
Surface metal rueways. ArL 386 

C' .• umbination r.tCl."Wd)�. 386.70 
C .. or�•tntction <pccification.•. 38f>-lll 
Definition, ArL I 00 
Gmunding, 386.60 
ln.•tallation, 38&-11 
ll•ting requiR"lnenL•. 386.6 
Marking, 386.120 
Number or cnnductol"5 or 

cahk ... 386.22 
Securing and supporting, 386.30 
Size of conductors, 386.21 
Splic� .. and laJl". 386.56 
U� .. nol pcnniiK-d, 386.12 
u� .. pcnniued, 386.10 

Surface n011111eta0ic raceways. Art. 388 
C' .• umbination r.tCl."Wtl)�. 388.70 
C .. or�•lmction <pccificalion.•. 388-111 
Definition, An. 100 
Gmunding, 388.60 
ln.•tallation, 388-11 
ll•ting requiremenls, 388.6 
Marking, 388.120 
Number or cnnductol"5 or cablt.� 

in, 388.22 
Securing and supporting, 388.30 
Size of conductors, 388.21 
Splic� .. and laJl". 388.56 
U� .. nol pcnniiK-d, 388.12 
u� .. pcnniued, 388.10 

Surfaces, exposed conducthe, 410.42, 
6fJ8.30 

Definition, An. 100 
Sur;e ..-resters. An. 242, 250.106 

(' .. onductor routing, 242.48 
(' .. onnection.• at :<cnic� ... 230.82( 4) 
Definition, An. 100 
tire pumJl". 695.15 
Gmunding, 242.42, 242.52, 242.56, 

250.60 

lnfonnation tcchnolo�;y 
�-quipment. 645.18 

lntcrconn�-ction.•. 242.54 
Location, 242.46 
Num�-r R-quired, 242.44 
Selection, 242.42 
Scnic�-s •n·er 1000 mhs, 235.409, 

242-111 
TrcUl.'lmitting �tatinn.'l. ttntcnna 

di.<eharge uniL<. 810.57 
U� .. nol pcnniiK-d, 242.40 

Sur;e (liptning) 
protection, Art. 242; SI!P aho 
Surgl."-protcctivc dl."l-ic<..-s 

c .. ummunicatinn circuit 
conductors. 800.53 

(' .. onnection.• at :<cnic� ... 230.82(4) 
Critical opcr.ttion.• power 

<}"l�"ln•. 708.20(D) 
Emergency <)"l�"ln•. 700.8 
F�-..-ders. 215.18 
Gmunding, 250.106 
Hazardott• (cla.<Sified) 

location.•. 501.3.'">, 502.3.'"> 
Hoi'\tW'd\"5 and machine 'room•. 620.37(B) 
lndtt•lrial machinery, 670.6 
lnig-dtion machin�-s. 675.15 
Outside hl".tnch circuiL• and 

f�-..� ..... 225.42 
Scnice equipment. 230.67 

�protecthe cte.ices, 242-11, 
501.35, 502.35, 694.7(D) 

(' .. onductor routing. 242.24, 242.48 
Definition, Art. I 00 
ln.•tallation, 242.13 1hmugh 242.16 
ll•ting, 242.6 
Location, 242.22, 242.46 
Num�-r R-quired, 242.20 
<h-er 1000 miL•. 242-Jn 
Short circuit cu.,-ent r.tting, 242.8 
u� .. nol �Tmillcd, 242.12. 242.40 

Suspended ceiling grid. 300.1 1 (B), 
893:30, 410.36(B); >«aho 
Low-mlta�;c stt•pcnd�-d 
cdling po\\-cr di.•llihution 
��l<-1n' 

Definition, Art. I 00 
.·Swimming pools, fountains, and similar 

iDstallatioDS, An. 680 
Bonding, 680.7, 680.2."l(B)(5), 

680.26. 680.42(B). 
680.43(D). 680.54(B). 
680.57(E), 680.62(B), 
680.62((;). 680.74. 680.83 

C..ciling fan.•. 680.22(B), 680.43(B) 
(' .. ord-and-plug«>DIR"Clcd 

�-quipment. 680.8, 680.21 (A) 
(2). 680.22(B)(5), 680.31, 
680.35(A), 680.42(A) (2), 
680.56 

D�-ck area hc-.tting, 680.27((;) 
Definition, Art. I 00 
tix�-d �-quipmenl, 680.8, 680.56, 

680.57(C)(I), 680.62(D) 
Definition, Art. I 00 

Fountain.•. 600.7(B) (8), 681}-V 
Definition, Art. I 00 

2023 Edition :'\.o\:110:-IAI. EI.EGJ"RJCAL CODE 

Gmund..f.tuh circuit 
intcmtptcrs, 680.5 

Fountain.•. 680.51 (A) 
Hydmma.'l<age bathtubs. 680.71 
Junction box.. .. for, 680.24 
Luminair�-s. 680.22(B), 680.23(A) 

(3). 680.23(t) (3). 
680.24(B), 680.24(D) 

Motors, 680.21 (C) 
P•X>I ccn-crs. 680.27 (B) (2) 
Receptack-s, 680.5, 680.22(A)(4), 

680.32, 680.43(B)( I). 
680.44, 680.57(B). 680.58. 
680.62(E) 

Sign.•. 680.57(B) 
Spa.., hol lubs. 680.43(B)(I), 

680.44 
Stol".thle p<x>l �-quipment, 

for, 680.31, 680.32, 
680.33(B), 680.35(A) 

Therapeutic p<x>ls, 680.62(A), 
680.62(E) 

\\�ring to, 680.24(B) 
Gmunding, 680.7, 680.8(B); 

680.23(B)(3). 690.23(B)(4). 
680.23(t')(2). 680..24(D). 
680.24(t'). 680 .. 43(F), 
680.54(..\J, 680.5.'">. 
680.57(E). 680.62(D) 

Hc-dtcr.< and healing �-quipmem 
D�-ck .:rea hc-.tting, 680.27((;) 
Pool waier healer.<, 680.10 

Hydroma.'l.age bathtubs. 681}..VJJ 
Immersion pcx>ls, 681}..111 

Definition, ArL I 00 
Junction box.. .. and 

enclosuR-s, 680.23(C)(2), 
680.24. 680.52 

LifL•. ek'Clrically p<>wered, 681}..VIII 
Definition, ArL I 00 

Ughting, 41 1.6(B), 680.22(B), 
680.23, 680.26(B)(4). 
680.33, 680.43(B). 680.51, 
680.62(t'). 680.72 

Thmugh·wdll, 680.23(E), 680.23(F) 
(2) 

Definition, ArL I 00 
Low-mlta�;c contact limit. 680.22(E), 

680.23(A)(8), 680.43(F) Ex. 
Definition, ArL I 00 
Hc-dtcr, 680.28 
Luminair�-s. 680.22(B)(6), 

680.22(B)(7), 680.23(A) (3), 
680.24(A) (2), 680.33, 
680.35(E) 

Motors, 680.21 (C) Ex. 
p,XJ! ccn-crs. 680.27 (B) ( I ) Ex. 

Maximum W.tler lewl, 680.9, 
680.22(B). 680.23, 680.26. 
680.43(B)( I)  

Definition, ArL I 00 
0\-crhc-.td conductor 

cJc-drdllC<"S, 680.9 
Pcrmanemly in.•talk-d, 681}..11 

Definition, ArL I 00 
Portable equipment 

Definition, ArL I 00 
Hc-dtcrs, 680.35((;). 680.45(C)(2) 

Immersion p<x>ls, 680.35 
PumJl". 680.35(B), 680.45(B) 
Sig.�•. electric, 680.57((;)(2) 
Thel".tpcutic p<x>ls and tubs, 680.60 

Receptack-s, location and 
protection, 680.21 (A) (2), 
680.22(A), 680.22(B)(5), 
680.32, 680.34, 680.43(A), 
680.62(E), 680.84 

Spa.., hoi tubs. and immersion 
p<x•L•. 681}...111, 681}..1\' 

SpJa.m pad•. 680.50 
Definition, ArL I 00 

Stationary equipment. 680.8, 
680.57(C)(I) 

Definition, ArL I 00 
Storable, 681}..111 

Definition, ArL I 00 
S"itch�-s and S\\ilching 

d�.,ic�-s. 680.22(C), 680.41, 
680.84 

Thel".tpcutic p<x>ls and tubs, 681}-VI 
'li-dn.•fonner.<, 680.23(A)(2), 

680.24(B) 
Underwater luminaiR-s, 680.23, 

680.26(B)(4). 680.3.'1, 
680.43(B)(2) 

Swltdaboards. Art. 408 
Arc-fla.m hazard warning. 1 10.16 
Clc-drdllC< ... 1 10.26, 408.5, 408.18 
(' .. ombtt•tihle material, location 

rclati\-c to, 408.17 
(' .. onductor in.•ulation, 408.19 
c .. on.,tnaction spccificatinn.'l7 .j()8....J\' 
Damp or wei location.•. 408.16 
Definition, ArL I 00 
Dry location, 408.20 
Ea.•ily ib'llitablc materials, 

nc-M, 408.17 
(;n•unding frcUnt.� ttnd 

<truclur< ... 250.112(A) 
Gmunding in.•trumenL., 408.22 
Illumination, 1 10.26(D) 
ln.•tallation, ind<x>r and 

ould<x>r, 1 10.26 
Jn.'litntmcnL"l7 mete� and rcla\-s 

on, 250.174 ' 

Location, 408.16, 408.17, 408.20 
Portable, lhc-.ttcr stagt.-s, 520-IV 
Stage, 520-11, 520-IV 

tix�-d 

Definition, ArL I 00 
Portable 

Definition, ArL I 00 
Supp<>rt, h•••hars. conductors, 408.3 
Working •pac�-s about, 1 10.26 

Swltdaes. An. 404. - also  Hazardott• 
(cla..Wfi�-d) location.•; 
<pccific typ<.-s of S\\ilch�-s 

Acc<-ssihility and grouping, 404.8 
�'licuhur.tl buildings, 547.29 
Applianc� ... 422.34, 422-'15 
Bypa.'l• isolation, 700.5(B), 701.5(B), 

708.24(B) 
C..apacitor.<, 460.24 
Circuit breakers tt�-d as, 240.83(D) 

70-905 
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c ..... �•tmction •p<.-cification.'i, 404-11 

1><."\ic<.-., 240.83(1>), 368.239 
1><."\ic<.-., o\"<:f 1000 '"IL•, 240.67, 

368.239 
Definition, An. I 00 

Dimmer. :w.r Dimmers 
Disconn<..�ting mc-ctn., 

Applianc<-., 422-111 
Definition, An. I 00 
Identification, 110.22 
Moto"' and comrolle..,., 430-JX 
Scnic<.-., 230-VJ 

t:k-ctmnic lighting comrol 
"'itch, 404.22 

Emergency �1\lcln'l. 700-\' 
X-r.ty <--qnipmenl, 517.72, 660-11 

t:nclosun.-., in.•tallation in, 404.3, 
404.12, 404.30, 450.8(<:) 

tix<.-d ek-ctric hc-.ttiug <--qnipmelll for 
pipelin<--. and 
n-..'CL•, 427.55(A) 

tix<.-d outd<x>r ek-clric d<.-icing and 
•n•nv·mclting 
<--quipmenl, 426.51 (I>) 

tix<.-d n.-.i.'iance and ek-ctnxle 
ind«•trial pr<>e<.._, hc-.tting 
<--quipmenl, •npply 
conducto..,., 42!U9(C), 
425.21 

Gener.ti-«'C, An. 404 
Definition, An. I 00 

Indicating, 404.7, 422.35, 424.21, 
425.21 

t.olating, 501.115(B)(2) 
C..apacito..,., 0\'Cr 600 

miL•, 460.24(B) 
Definition, An. I 00 
Moto"' <A'Cr 100 HP, 430.109(t:) 
OuL'Iide hr.tnch circuiL• and 

f<."t.-dc ... , 235-"151 
Scnic<.-., <A'Cr 1000 '"IL•, 235.351, 

235.404 
Solar phot<n.,Jtaic 

'}'Stein.•, 690.15(B), 691.9 
Knife, >«Knife ""itch<-. 
Manually oper.thle, Art. 404 
Mntor-circui� sa Motor-circuit 

�;tcht.-s 
Motor controlle..,., 430-VII 
Oil, owr I()()() ,.,JL'i, 430.111 (B)(3) 

Definition, An. I 00 
Panellx>arm, 408.36(A), 408.39 
Park traile..,., 552.10(t") 
Regulator hypa...,., <A'Cr I 000 

miL•, 495.23 
Remot<-"-Control, 517.63(1>) 
Scnice, 230-VI 
Sign.•, outline lighting, 600.6 
Snap, S« Snap ""itch<-. 
Solar phot<n.,Jtaic "}"tcm•, 690.15(B) 
Stage lighting and elf<.-cL• 

control, 530.12(B) 
S..imming p<x•L•, founlai•�•. and 

•imilar 

70-906 

in.•tallatim�•. 680.22((;), 
680.43(C) 

NATIONAL ELECTRICAL CODE 

Thc-.tlcr dr<-..'<ing r<x>Jn.•, 520.73, 
520.74 

"li-.tn.•fer, sa "li-.tn..Fer :uvitch<-. 
"1\mneL•, I I  0.55 
Unit 

Applianc<-., 422.34, 422-"15 
tix<.-d n.-.i.•tance and ek-ctnxle 

ind«•trial pr<>e<.._, hc-.tting 
<--quipmenl, •npply 
conducto..,., 425.19(C) 

X-r.ty <--qnipmeut, 517.72, 660-11 

Swltdlgnr, _.-eadosed, 110.33(A), 
1 10.3-t(t"), 235.41 1, 
250.112(A), 495-111 

Definition, Art. I 00 

-T

Tables, Chap. 9, Annex C 
AC n.-.i.•tance and rc-.tetance 

cabk-., Chap. 9, "lllblc 9 
Ampaciti< .. 

Amu.o;cmcnt aur.tction 
conducto..,., Table 522.22 

Cable i•�•lllated, o\'Cr 2000 
•�•IL•, "lahle 400.51 (A)( I )  to 
400.51 (A)(3) 

Single in.•ulated aluminum 
din.-clly hurk-d, "lllble 
315.60(C) ( 16) 

Single in.•ulated copper directly 
hurk-d, "lllhle 315.60(C)( 15) 

'lbret..--cnnductor alwninum in 
L'«>lalcd conduit in air, "lllhle 
315.60(C) ( 10) 

'lbret..--cnnductor alwninum 
L'«>lalcd in air, "lllhle 
315.60(C) (6) 

"lbre<."<<mductor copper cable in 
i.'«>latcd conduit in air, "lahlc 
315.60(C) (9) 

"lbre<."<<mductor copper i.'l<>lated 
in air, "lahle 315.60(C:)(5) 

"lbree mngk"<undtlctor 
aluminum m undcr�:mund 
ek-clrical dueL•, "I able 
3l5.60(C)( 12) 

"111.-..c singk"<<mductor copper in 
und<.'Jl,<n>nnd electrical 
dueL•, "lllhle 315.60(C) ( I I )  

·n.ree tripk-xed •ingle in.•ulatcd 
aluminwn conductol"5, 
din.-clly hurk-d, "lllble 
315.60(C)(20) 

"lbree tripk-xed •ingle in.•ulatcd 
copper conducto..,., directly 
hurk-d, "lllhle 315.60(C)( 19) 

"liiplexed or three aluminum 
cabled din.-ctl\· 
hurk-d: "lllhle ili5.60(C)( 18) 

"liiplexed or three copper cahk-d, 
din.-clly hurk-d, "lllble 
315.60(C) (I7) 

"liiplexed or three mngk� 
conductor aluminwn in 
L'«>lalcd conduit in air, "lllhle 
315.60(C) (8) 

"liiplexed or three mngk� 
conductor aluminwn in 
und<.'Jl,<n>nnd electrical 
dueL•, "lllhle 315.60(C) (H) 

"liiplexed or three mngk� 
conductor copper in isolat<-� 
conduit in air, "I able 
315.60(C)(7) 

"liiplexed or three mngk� 
conductor copper in 
undcll,<n>nnd electrical 
dueL•, "lllhle 315.60(C) (I3) 

Conductor, single in:nalated, 
L'«>lalcd in air, m·er 2000 
\-·nlL'l 

Aluminum, "lahle 315.60(C)(4) 
Copper, "lahle 315.60(C) (3) 

Conductor, single in.'lulated, 
lriplexed in air, uwr 2000 
\-'O)L'l 

Aluminum, "lahle 315.60(C)(2) 
Copper, "lahle 315.60(C) ( I )  

Cr.tnc and hoi'lt motor 
conducto..,., "lllhle 610.14(A) 

tixture \\ire, "lllhle 402.5 
tkxihle cord, "lllhl<-. 400_:;(A) (I) 

through 400.5(A) (3), "lllhle .· 
495.4 

Gener.tl conducto..,., 0 through 
2000 \ .. lb 

. 

�iulticonductor cahk-s, '>P"' TC, 
�iC, and �U iii rr..,e 
air, Annex B,1llhle B.2(3) 

"Jbret..--conducb:tr cable in r.tct."\Y"d\-" 
in free air, Annex B, "lahle B. 
2(1 ) 

"lbrec insulat<--d condueto"' in 
cable in undell,<n>nnd 
ck-clrical dueL•, Annex B, 
"lahle B.2(6) 

"lbree mngle in.•ulatcd 
conducto"' din.-cllv hurk-d 
in c-.tnh, type.-. L"t:' 
t:St:, Annex B, "lllhle B. 
2(10) 

"lbree mngle in.•ulatcd 
conductors in non�rn��,'lletic 
undcll,<n>nnd electrical 
dueL•, Annex B, "lllble B.2(5) 

"lbree mngle in.•ulatcd 
conductors in undcfl,'ntund 
ek-clrical dueL•, Annex B, 
"lahle B.2(7) 

"lbree tripk-xed •ingle in.•ulatcd 
conducto"' din.-cllv hurk-d 
in c-.tnh (UF and USt: 
cabk-.), Annex B, "lllhle B. 
2(9) 

"1\m or three in.•wat<.-d 
conductors cabled \\ithin an 
cn·er.tU cm·ering directly 
huri<.-d in eanh, Ann<.-x B, 
"lahle B.2(8) 

Rcmole contn>l, ,Ugnaling, and 
p<nver-limitcd eta. .... 2 and 
Cla.u 3 circuiL•, "lahle 
725.144 

\\"ound-nnor St.-condarit.�. ·nahle 
430.23(C) 

Bare metal pan•, •pacing. betw<-cn 
""'itchhoard and 
panelhoanl, "lllhle 408.56 

Br.tnch-circuit requircmenl'i, "lllble 
210.24(1 ), "lllhle 210.24(2) 

Bulk •tor.tge planL•, ek-clrical arc-.t 
cla.uification.•, "lllhle 515.3 

<'..able marking., "I able 722.179( B), 
760.176(G) 

C..abk-. in.•talled in building., "lllble 
722.135(B) 

C..abk-. in.•talled under r.ti.'Cd 
Ocx'"'· "lahle 645.10(B) 

C..ahle •nmtiwtion.•, "lllble 
722.135(t:), 760.154(A), 
805.154, 820.154, 830.154 

C..ahle tr.tys 
Cable fiU, "lahk-. 392.22(A) (I), 

392.22(A)(5), 392.22(A)(6) 
�iaximum number of cahk-. 

in, "lllhk-. C.l4 through C.20 
\\�ring methom, "lllhle 392.10(A) 

C.alculation of feeder load• by 
occupanck-., "lllhle 
220.42(A) 

C..c>axial cahk-., ,.,. .. and permiued 
•nmtiwtion.•, "lllhle 820.154 

Cc:n.nmunication.'l circuiL'l 
Application.• in huildinb"' of, "lllhk-. 

800.154(a) through (c) 
C..ahle marking, "lahle 800.182(a) 
C..ahle •nmtiwtion, 805.154 

C..ctnductors 
Adja•unent facto"' for more titan 

thrt.� CUITent-caJT}ing 
conducto..,., "lllhle B.2( I I) 

Clc-ctrdllct.-s, conducton entering 
h••• enclosun.-., "I able 408.5 

Clc-.tr.tnc<-., 'Cnic<-., "lahle 
230.51(C) 

C..cmduit and tubing fill for, Annex 
c ·lahk-. 

Cr.tn<-. and hoi.•L'i, "lllbk-. 610. H(A) 
through 610.14(t:)(3) 

l>eOection, minimum bending 
�pace in cabineL'l. cutout 
lx•>«-.. , "lahl<-. 312.6(Al, 
"lllhle 312.6(B)(2) 

Dimen..Uon.'l 
Compact aluminum building 

\viring, ('.hap. 9, "lllhle 5A 
Compact copper and aluminum 

building "iring, Chap. 9, 
"lllhle 5A 

ln.•ulatcd conducto..,., and fixture 
\vir<.-., Chap. 9, "lllhle 5 

Rubber, thermoplastic· 
cuwr<-d, Chap. 9, "lllhle 5 

tixturc \\in.-., ('.hap. 9, "lllhle 5 
tkxihle cord• and cahk-., 

typ<.-., "lllhle 400.4 
(;n,unding, �ize 

For AC <--qnipment, "lllble 250.122 
For grounded "}"tem•, "lllhle 

250.66 
Hazardo«• (cla...,.ified) l<>eation.•, 

eta....._-. I, II, and Ill, 
l>i\-i.'lion.• I and 2 

Cla.uification of maximum 
•urface temper.tture, "lahle 
500.8(C)(4) 

Hazardo«• (cla...,.ified) l<>eation.•, 
Cla.u I, Z<m<-. 0, I,  and 2 

Cla.uification of maximum 
•urface temper.tture of 
Gmup II <--qnipmenl, "lllhle 
505.9(1>) 
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ll'>DEX 

Ga.< das.<i6cation b'�""UJl", 'Jllble 
505.9(C)(I)  

Minimum disumce of 
obnnaction., from 
fl<um .. -pnx>f flange 
openings, 'Jahle 505.7(1>) 

Maximum number in, Annex C 
·tahk-. 

t:k-ctrical melllllic tubing. 'Jahk-. 
CJ and CJ (A) 

t:k-ctrical nunmelallic 
tubing. 'Jabk-. C2 and C2(A) 

tl�-xihle mellll cundui1, -.abk-. Cl 
and C3(A) 

lnlcrm�-dialc melal 
conduil, -.abk-. ('A and 
C4(A) 

Uquidlighl fk-xihle mellll 
conduil, -.abk-. C8 and 
C..S(A) 

Uquidlighl fk-xihle nonmelllllic 
conduil, -.abk-. C.'i ilinmgh 
C6(A) 

Rigid meral conduil, -.abk-. C9 
and C9(A) 

Rigid nonmelllllic cunduil, ·tabk-. 
CJO ilinmgh CJ2(A) 

Metal box�-.. number in, -.able 
314.16(A) 

0\-cmc-.td dc-.tr.tnc�-.. ""imming 
p<x>L<, 'Jahle 680.9(A) 

Propeni<-., Chap. 9, -.able 8 
Supp<>n, ,·enical r.tc�""'">"· 'Jahle 

300.19(A) 
Volume required per 

conductor, ·table 314 .. 16(8) 
( I )  

c .. onduit or wbing 

c .. ombination of conducton. 
percent aw.t 611, Chap. 9, 
·table I 

(' .. onduil and IUbing 611, f<>r 
conductors and fixture 
wir�-.. Ann�-x C 'Jabk-. 

J>imen.<inn.<, Chap. 9, 'Jllble 4 
t:xpan.<iun char.tclcristics, ·table 

352.44(A) 
tl�-xihle mellll ( tr.tde size, ·table 

348.22 
Number of conductors in, Annex C 

·tahk-. 

PVC rib..jd nunmelallic, expan.<i<>n 
char.tCicristics, ·table 
352.44(A) 

Supp<>n<, 'lllble 344.30(8), ·table 
352.30(8) 

(' .. m�<lntction, lyp<.-. of, Annex t: 
·tahk-. 

C..cx>king applianc�-.. �·mand factors 
and load<, 'Jllbk-. 220.55, 
·table 220.56 

J>ucL<. wiring in, 'Jahk-. 800.154(a) 
through (c) 

Farm load. meiliod for 
computing. 'Jllbk-. 
220.102(8), 'Jllble 220.103 

tixlure \\in-., 'table 402-"1 
C..cmduil and IUbing 611 for, Annex 

c ·tahk-. 

Maximum num�-r in 

t:k-ctrical melllllic tubing. 'Jahk-. 
CJ and CI (A) 

t:k-ctrical nunmelllllic 
mbing. 'Jabl�-. C2 and C2(A) 

tlcxihle mellll cundui1, 'Jabk-. C"l 
and C3(A) 

ln1cnn�-dia1c mellll 
conduil, 'Jabk-. ('A and 
C4(A) 

Uquidtighl flexible mellll 
conduil, 'Jabk-. C8 and 
C..S(A) 

Uquidtighl flexible nonmelllllic 
conduil, 'Jabk-. C.'i ilinmgh 
C7(A) 

Rigid meral conduil, 'Jabk-. C9 
and C9(A) 

Rigid p<>J>,inyl chk>ride 
conduil, 'Jabk-. CIO ilinmgh 
CJ3(A) 

Healili care faciliti� ... demand 
factors, ·table 220.1 1  0(1 ) 
and (2) 

Ho�<chold doili�-. rif>-crs, demand 
load<, 'Jllble 220.54 

Ho�<chold r.tng�-. and simimr 
c<x>king applianc� ... d�'lnand 
factors and l<>ad.<, 'Jahle 
220.55 

U\-c pans, scpar.tlion 

Minimum di!itancc fnJm fence to 
Jiw pan<. ·table 1 10.31 

<h-er I 000 miL< 

Air scpar.tlinn. 'table 495.24 
t:b .. tion, 'Jahle 1 10.34(t:) 
Working space. •table JJ0.34(A) 

Working dear.tnc� ... 'Jahle 
1 10.26(A) (I)  

Marina.<, hoal)..m., floating 
buildings, and docking 
faciliti� ... d<•mand 
factors, .·lhbtc 220.120 

Medium .,,Jiage conductors 

Application IUld in.<ulatiun r.tk.-d 
2001 mil• and high�-r. 'Jahle 
�15.JO(A) 

Thickn�-..< of in.<ulation fur 
non.<hiclded solid dielectric 
in.<ulak.-d conductors, 'Jllble 
315.10(8) 

Thiclm�-..< of in.<ulation fur shielded 
solid diek-clric in.<ulak.-d 
conductors, 'lable 315.JO(C) 

Mobile home park demand 
factors, ·table 550.31 

Motor fuel di.<pcn.<ing faciliti�-. 

C�u l ineation.<, 'table 514.3( 8 )( I )  
t:k-ctrical �-quipmem c�ui6ed 

area.<, ·table 514.3(8)(2) 
Moton 

c .. onductor rcuing factors for power 
r�-.isturs, 'Jllble 430.29 

l>ul)· cycle scnice. 'table 430.22(t:) 
FuiJ..Ioad currenL<, 'Jahk-. 430.247 

through 430.250 
Locked·n>tor, code Jeners, 'Jahle 

430.7(8) 

2023 Edition :'\.-\:110:-IAJ. t:J.t:GJ'RJCAJ .. COJ>t: 

Lockcd-nnor current 
con\'Cninn. ]abtt.-s 
430.251 (A) and (8) 

Maximum r.tting or selling, br.tnch
circuit pnn<..�tivc 
d�.,;c�-.. ·table 430.52(C) (I)  

Maximum rdting or setting. control 
circuit o\-crcurrent 
protecti,·e d�"\ice, 'Jahle 
430.72(8)(2) 

Minimum spacings ben.-cen bare 
li\·c part.� motor control 
cenlers, 'Jahle 430.97(1>) 

Number and localiun. owrload 
units, 'Jahle 430.37 

Oilier ankl< ... ·table 430.5 
Sccondan· ampacitv 'Jllble 

43il.23(C) • •  

'lcrminal, spacing and 
ho�<ing. 'Jahk .. 430.12(8), 
430.12(C) (J), 430.12(C) (2) 

Multif.tmily d\\-cllings, optional 
calculation demand 
factors, 'Jllble 220.84(Bj 

Ncl\mrk·p<>"'-cred brnadbal!d 
communication.' system., 

('..able suhstiwtinn. 'Jllblc 8."10.154 
C..c>\'Cr rcquirem�'lllll, Table 

830.47(A) 
Umilatinna, ·table 830.15 

Optional calculalinn.<, ilirce or more 
11!ultifamily units, 'table 
220.84(8) 

0\�rrcnt pn•tcctinn 

Oilier ankl< ... ·table 240.3 
Porrahle P''"'-cr feeder cabk-. 

ln.<ulation ilikkn�-... 'Jabk-. 
400.44(8)( 1 )  ilimugh 
400.44(8)(4) 

'l}p<.-.. ·table 400.50 
Pcnver-limik.-d 6re alarm circuiL<, 

application.< in buildings 
of. 'lable 760.154 

Radio and 'IV equipmenl, anlcnna 
sizt.� 

Amateur slation.<, 'I able 810.52 
Recei\ing slalion.<, 'Jllble 8JO.J6(A) 

Rating f.tctors for p<>\\-cr 
r�-.istnrs, ·table 430.29 

Recreational whicle park dc1nand 
factors, 'Jllble 551.73(A) 

Reinforced thcnmJ.'ietting n.�in 
condui� S<..-curing and 
supp<>rting, 'Jahle 355.30(8) 

R� .. taur.tnl<, optional meiliod load 
calculation, 'Jahle 220.88 

Sch<x>L<, optional method load 
calculation, 'Jahle 220.86 

Sen ... -., lightening torque 
labk ... Annex I 

Secondary conductor rdting factnn. 
cr.tn�-. and hni.<L<. 'Jllble 
610.14(8) 

S�"Ci6c-purp<JOC calculalinn 
referenc�-.. ·table 220.3 

Supp<>n scnic�-.. ·table 230.51 (C) 
'11-.tn.<fnnners, m�-dium and hib"' 

mirage. 'Jabl� .. 450.3(A). 
450.3(8) 

Undcfb't"ound \\;ring, minimum 
cnwr, 'Jllbk-. 300.5(A). 'table 
305.5(A) 

\\�n�bcnding space, 
minimum, ·tabk-. 312.6(A). 
·table 312.6(8)(2) 

Tuaperai>Wty 

Circuit breakers, 
nonlamper.tble. 240.82 

'l}pc S fu� ... 
nonlamper.tble. 240.54(1>) 

TIIJDflftPIVOf receptacles, s<r 

Receplack-. 

T..,.., """lro Splic�-. and laJl" 
8r.tnch circuil, 210.19(C) 
8�"'">"· 368.17 (C) 
Cr.tn�-. and hni.<L<. 610.42(8), 

6J0.53(A) 
t:quipmem gmunding 

conductors, 250.122(G) 
F�"t.-ders, su Feeders, laps 

(;n•unding ck-ctnKic 
conductors, 250.64(D)( I )  

lntcrconn<..-ct<-� electric power 
production 
snurc�-.. 705.12(A) 

LuminaiR-., 410.117(C) 
Modular clara centers, 646.6(8)(2) 
0\-crcurrem pmlectinn, 240.21, 

240.92. 368.17(C) 
Scpar.tlcly dcrn·ed system<, 250.30(A) 

(6) 
Tal< Wwaination, 517.34(A) 

J>e6nition, An. I 00 
Tedmical power S)'51eiD. 640.7 (C). 

640.21 (t:). 640.23(8) 
J>e6nition, An. I 00 

TelecOIIIIIIllllicatioas equipmeut. s« 

C .. ommunication., circuiL'l 

Telegraph systems, >« 

C .. ommunication., circuiL'l 

Telephone exclumges. dn:uit 
load. 220.14 t:x. 

Telephone systems. >« 

C .. ommunication., circuiL'l 

Telnision md radio distribution 
� S« Community 
antenna tck"l-i,ion and r.tdi•• 
di.<tribution (C'.o\:JY) '>"leln.< 

Telnision equipment, s<r Radin and 
tclt...�i,i•m equipment 

Telnision studios, An. 520, An. 530 
Temperature controls 

t:k-ctnxk�l)pc boilers, cn·er 1000 
milS, 495.73 

tixed ek-clric heating �-quipmem for 
pipelin�-. and ,·�-..<cL<, 427.56 

tixed ek-clric space-healing 
�-quipment 

t:lcctnxlc-l)pc boilers, 424.83 
R�-.i.<tanc��t}pc boilers, 424.73 

tixed ould<K>r ek-ctric deicing and 
snow-melting 
�-quipmenl, 426.51 

tixed n-.i.<rance and ek-ctnxle 
ind�<trial pr<IC�-..< hc-.tling 
�-quipment 

J>ucl heaters, 425.64 
t:k-ctnxl��l)pc boilers, 425.83 

70-907 
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R<.-.l.<tanc<.�type boiler<, 425.73 
Motor (J\'t..Ticmpcr.tturc 

protection, 430.126 
Temperature llmitatioas 

(' .. onductor<, 310.14(A)(3), 338.10(B) 
(3) 

tixt.-d outdcx•r clt.-ctric ddcing and 
<now·mclting 
<"<Juipment. 426.21 (B) 

Nonmetallic rctct."\Y"d}"5 and 
IUbing, -.ubhmd UIJd" 
"'trin for •JNrifir mcnlKIJ or 
lubiJJg IJ/1' 

In nutlet box<..� for Juminair<..� 
(fixture<), 410.21 

Scnic<.�ntr.mce cable, 3."18.10(B)(3) 
Temporary iDs1allatioas, An. 590 

All wiring in.•tallation.<, 590.2 
Audio <)-:<tem<, 646-111 
Br.mch circuit<, 590.4(C) 
Di<conn<.-cting mean.•. 590.4(E) 
Equipmelll for, An. 590 

Definition, An. 100 
Ft."t.-der<, 590.4(B) 
Gmund-f.mh protection, 590.6 
Guarding •n·er 600 "'IL•. 590.7 
Lamp protection, 590.4(F) 
0\"t."J"CUrrelll pmtectiw dt."\iC<"<, 590.8 
Protection from accidental 

damage, 590.4(H) 
Receptack"<, 590.4(D), 590.6 
Scnic<"<, 590.4(A) 
Splic<"<, 590.4(G) 
"lcrmination.• at d<."\iC<"<. 590.4(1) 
"lime con.•tr.tint<, 590.3 

Tenalnal bouslup 

Gener.uor, 44.'>.17 
Motor, 430.12 

Gmunding thnough, 430.245(A) 
Pha.<c com"t."fler<, 455.10 

Tenalnals 

Bauery, 480.4(<:). 480.10(D) 
Definition, An. 100 

(' .. onnection.• to, 110.14, 250.8, 250.68 
Ek-cuic di.<ehargc tubing, <ign.<. 

etc., 600.42(B) 
Identification 

Flat conductor cable, 322.120(C) 
Motor<, commller<, 430.9(A) 
Polarity, 200.9 through 200.11  
\\�ring dt."\ice, 250.126 

Portable di•nribution or tcnninatinn 
boX<."<, 525.22(B) 

Receptacl<"<. 406.5(1) 
Tesls 

Arc cncq,ry reduction 
<)'-:<tem, 240.67(C), 
240.87(C) 

Critical opcr.ttion.• power 
<)'-:<tetn.•. 708.6, 708.52(C) 

Emergency �1\lcln'l? 700.3 
tix<-d indn.•uial pn>e<"« duct 

healer<, 425.45 
Gnmnd-f.tuh protection, 230.95(C) 
ln•mlation rcsi'\tancc7 space ht.�cuing 

cahl<"<, 424.46 

70-908 
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1..<.-g.tlly required <tandby 
<}":<t<."ln.•. 701.3 

Mobile hom<."<, 550.17 
Park tr.tiler<, 552.60 
Recreational whick"<, 551.60 

'lbealers, An. 520; :«< also A.'l<cmhly 
nccupanci<..� 

Br.mch circuit<, 520.9 
c .. onducton7 number in 

rc&ct."\Y"d}; 520.6 
Dn.-..•ing nmm, 520-VI 
Ek-cuical nonmetallic 

mbing, 362.12(6) 
Emergency <)-:<t<."ln.•. An. 700 

Gmunding, 520-\'11 
tix<.-d ek-ctric 

<"<Juipment. 250.112(F) 
Portable equipment. 520.10 
Rigid pol),inyl chkoride 

conduit, 352.12(E) 
Stage equipment 

tix<.-d, 520-11 
Portable, 520-V 

S"itchboard 
tix<.-d, 520-11 
Portable, 520-IV 

\\�ring method<, 520.5 
Therapeutic pools aud tubs. 681}.-Vt 

Thenaal devices 

0\-crcurrelll pmtection, 240.9 
Thenaally protected (thenaal 

protectiou) 

Definition, Art. 100 
tixtun."<, r<"C<"<.«.-d, 410.115(B) 
tluorc<cent lamp balla.•t< in 

luminain."<, 410.130(E) 
J..uminair<"<. rec<.-..<cd, 410.115(B) 

Thenaal protec:tor 

Definition, Art. 100 
Motor, 430.32(A) (2), 430.3!(B) (2) 

Thenaal reslsthity, B.2 
Definition, Art. 100 

Ttghteuiug 1onpt bibles, Ann<">< I 
Tools 

Double in<ulated, 2.?0.1 14 t:x. 
Mellll ,.,.,rlting machine, ,_ 

lndn.•trial machinery 
Mmor·<>pcr.tt<-d, hand·hcld, 

!,'T<mnding, 250.114 
Top shields, 324.40(C)(I ), 324.100(B) 

(I)  
Definition, Art. 100 

Tower, wiDcl electric system, 694.7(F), 
694.40(B) 

Definition, Art. 100 
'liack tiptiug. ,_ Ughting tr.tek 
'lhms£er swltdtes 

Critical opcr.ttion.• power 
<}":<t<."ln.•. 708.24 

Definition, Art. 100 
Emergency lighting, hr.tnch

circuit. 700.2.:; 
Definition, Art. 100 

Emergency ��l<..1n'l7 700.5 
E._<cntial ek-ctrical 

<)'-:<t<."ln.•. 517.31 (B), 

517.31 (t"). 517.3.'l(E). 517.40 
1:'\ :'\o. 2, 517.42 

tire pump.<, 695.12(A), 695.14(F) 
Fuel cell <}":<tetn.•. 692.61 
1..<-g.tlly required <tandby 

<)'-:<tetn.•. 701.5 
Meter-mounted, 230.82, 702.5(B) 

Definition, An. 100 
Optional <tandhy <)-:<tem<, 702.5 

Tnms£ormers, An. 450. ur n/so  
Hazardon.• (cla..,Ufied) 
location'l 

Amn.<cment allr.tction.<, 522.10(A) 
(I), 522.10(B)(I) 

A.•karcl-in.•ulatcd, 450.25 
Audio, su Audio <ij,'llal pr<oc<.-..'<ing, 

amplification, and 
repmduction equipment 

Autotr.tn.•former<, 430.109(D), 450.4 
Audio, 640.9(D) 

Definition, An. 100 
Balla.<� for lighting unit<, 410.138 
Br.mch circuit<, 210.9, 23.:;.9 
Dimmer<, 520.25(B) 
Ft."t.-der<, 215.11 
Gmunding, 450.5 
Motor <tarting, 430..8'l!(B), 

430.109(D) . 

Park tr.tilers. 3!1UO(E) 
c .. ontrol trdn.Uonncr in controller 

elidus.;re, 430.75(B) 
Definitiun, An. I 00 
Di<conn<.-cting mean.•. 450.14 
DJY·typc. 450.8(B), 450.10(A), 

450.21. 450.22 
l,;k-cuic di.<ehargc lighting <)-:<tcm• 

More tban 1000 mit<, 411}.-XIII 
1000 '"''" or k"«, 411}.-XIJ 

Ek"\"lltor<, dumbwaiter<, <.-.calator<, 
etc., 620.13(C) 

tire pump.<, 695.5 
Gmunding, 450.5, 4-?0.6(C). 450.10 
Guarding, 450.8 
Hazardon.• (cla..,Ufied) Clas.• ll 

location� cnnt.rnl 
tr.tn..Cormer< at, 502.120 

ln.•tallation, 451}..11 
ln.•trument, j,'I"OUn<ling, 251}..1X 

(' .. onnection.• at <cnic<"<, 230.82(4) 
Jntcrconn<-�1<-� electric power 

production 
<ourc<."<, 705.30(F) 

l<olation 
Definition, An. I 00 
Ek�tric deicing, snow-melting 

<"<Juipment. 426.31 
Ek-cuic pipeline, \"<.-..<cl hc-.tting 

<"<Juipment. 427.26 
Ek-ctnolytic cells. portable 

<"<Juipment. 668.20(B) 
Health care f.tciliti<"<, 517.19(G), 

517.20(B). 517.63(E). 
517.64(B). 517.64(C). 
517.76, 517.160(A)(4) 

J.. .. -.. ... oammahle liquid
in.•ulall.-d, 450.23 

J..cocation, acc<."«ihility, 450.13 

Marking, 450.11 
Modification or, 450.28 
Modular data center equipment 

encJ<.,.Ur<"<. 646.11 
Motor control circuit, 430.72(C) 
Nonflammable Ouid-in.•ulated, 4-?0.24 
Oil-i•�•ulated 

lndoor<, 450.26 
Outdoor<, 450.27 

0\-crcurrelll pmtection, 450.3, 
450.4(A), 450.5(A)(2), 
450.5(B)(2). 450.6(B) 

Par.tllcl opcr.ttion, 450.7 
Pmver-limit<-d and <ignaling circuit<, 

remote comrol, 724.40(A) 
Remote control circuiL'l 

for, 724.40(A) 
Secondary tk"<. 450.6 
Sign• and outline lighting, 600.21, 

600.23, 600.24 
Sol�r photo\10ltaic <)-:<tcm•. 690.9(D) 
S"imming pool<, fountain.•. and 

•imilar 
in.•tallation.•. 680.23(A) (2), 
680.24(B) 

"lcnninal "iring <pace, 450.12 
"1\tnneL•. II 0.55 
·1\\'tH\inding, underwater 

lighting, 680.23(A) (2) 
Unu.'K...� current trctn.,rnnncrs, short-

circuiting or, I I  0.23 
VauiL<. 451}..111 
Ventilation, 450.9 
\\�nd ek-cuic <}":<tetn.•. 694.15(B) 
X-r.ty equipment, 517.76, 661}..111 

'lhms£ormer vaults. 451}..111 
Doonv-">"• 450.43 
Dr.titlaj,'C, 450.46 
l..cocation, 450.41 
Stor.tge, 450.48 
Ventilation opening<. 450.45 
WaiL•. roof.•. and floor<, 450.42 
Water pip<"< and acc<-..•ori<"<, 450.47 

Thmsmitters, Oass 4, 726.1, 726.121. 
726.124(A) 

Definition, An. 100 
Thmsmittiug statioas, radio aud 

telnision, 811}..111 
Thmsportable x-ray 

equipmeat, 660.4(B) 
Definition, An. 100 

Thmsport re£rigerated uait, 626-IV 
Definition, An. 100 

'Iiavel trailer, >«nlw Park tr.tiler<; 
Recreational Vehicl<"< 

Definition, An. I 00 
'lftes, lumiuaires (tiptiug 6xtures) 

supported by. 410.36(G) 
'lhack camper. >« Recreational whick"< 

Definition, An. 100 
'lhack coupler 

Definition, An. 100 
'lhack f1utged surFace iulet, 626.25(B) 

Definition, An. 100 
'lhacks 

Definition, An. 100 
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t:k-ctrifk-d, parking <pac<..-s, >« 
t:k-ctrifk-d truck parking 
�paCt."5 

Tubiug, S« also ConduiL• 

t:k-ctrical melllllic, >« t:k-ctrical 
melllllic whing 

t:k-ctrical nonmetallic, >« Electrical 
nonmelllllic IUbing 

tl<..-xihle melllllic, An. 300. sa tl<..-xible 
melllllic whing 

N<..·on, 600.5(C) (J), 600.32, 
600.41; str alsoSkeletun 
mbing 

Definition, An. I 00 
Tuuuels 

Acc<..-.s, II  0. 76 
ln•tallation• owr 1000 ,,JL•, 

nominal, J JI}..JV 

Ventilation, 110.57, 1 10.77, 1 10.78 
'IV, >«Radio and lek"\i'liun eqotipment 

Two-fer, 520.69 
Definition, An. I 00 

Type P cable, An. 337 
Ampacity, 337.80 
Bend•, 337.24 
(' .. ondnctors, 3."17 .I 04 
(' .. mL•tmction, 337-111 
t:quipmem gnnmding 

conductor, 337.108 
ln•tallation, 337-11 
ln•ulation, 337.112 

Jacket, 337.115 
Marking, 337.120 
Suppon, 337.30 
u.._ .. nut pcnnill<..-<1, 337.12 
u.._ .. pcnnined, 3."17 .I 0 

-U-

Uuclassified Jocatious, 240.21 (H), 
501.10(B)(3), 501.15, 
502.JO(B), 503.10, 504.20, 
505.15(C)(I), 50!U6, 
514.3(A), 517.60(B), 
517.61 (C) .. , 517.63 

l>cfinition, An. 100 
Uuderfloor rou:eways, An. 390 

Conductors 

Ampacity, 390.23 
Number in rdc<..·way, 390.22 
Size of, 390.20 

Conncctinn.'l to cahincL,. wed I 
outlets, 390.76 

Cowring, 390.15 
l>cad end•, 390.73 
l>cfinition, An. 100 
Di<continued oulleL•, 390.57 
ln'Cn•, 390.75 
ln•tallation, 390-11 
Junction boX<. .. , 390.74 
Laid in <tr.Ught lin< .. , 390.70 
�farkers, 390.71 
Splic< .. and laJl", junction 

hoX<. .. , 390.56 
c.._ .. nut pcnnill<..-<1, 390.12 
c ..... pcnniued, 390.10 

ll'>DEX 

UuclergroUDd dn:uils, 
cOIIUIUIDication, 805.47 

UuclergroUDd em:Josures, 1 10.59; 
also Manhok-s; VaodL• 

UuclergroUDd feeder aud bnmciH:in:ult 
cable (Type UF), An. 340 

Ampacity, 340.80 
Bending r.1diu'<, 340.24 
Conductors, 340.104 
Con•tmction <p<..-cificatiun•, 341}..111 
l>cfinition, An. I 00 
t:quipmem gnnmding 

conductor, 340.108 
ln•lllllation, 341}..11 
ln•ulation, 340.112 
ll•ting, 340.6 
Shc-dth, 340.116 
c.._ .. nut pcnnill<..-<1, 340.12 
c ..... pcnniued, 340.10 

UuclergroUDd OtstaU.tioDS, :«< 

Manhok-s; '1\mncL•; VauiL• 

UuclergroUDd senice 
conductors, 300.5(D) (3) 

l>cfinition, An. I 00 
UuclergroUDd senice-enlntltce cable 

(USE), :«< Scnic<..--cntrdnce 
cable ('1)-pc. .. St: and USt:) 

UuclergroUDd wiriug, 300.5; SN: also 
Hazardou• (cla. .. ified) 
locatic•n.o; 

Aircmft hangdf<, 513.8 
Ampaciti<.. .. , 310.16 
Bulk <tordge planL'<, 515.8 
Buri<..-d conductors, '1}-p<.. .. USt:, 

UF, 340.JO 
Conductor typt .. � in 

rdC<.."\Yd}"• 310.10(t:) 
Dry and damp lucatimL•. 3JO.JO(B) 
t:anh mowment and, 300.50) 

tlexihle melllllic mhiug, 300.12(4) 
High den'lity pol�th)iene 

conduit, 353.10(4) 
lntcnn<..-diatc metal 

condotit, 342.10(B) and (C) 
Uquidtight flexible mellll 

condotit, 350.10(3) 
Liquidtight flexible nonmelllllic 

condotit, 356.10(4), 
356.10(7) 

�iinimum cn\'Cr 
requirements, 300.5(A) 

�futor fuel di.•pcn•ing f.1ciliti<..-s, 514.8 
Optical fiber cabk-s, 770.47 
0\-cr I 000 miL•, 305.15 
0\-cr 2000 miL•, 315.36 
Pmtection of, 300.5(D), 300.5ij) 
Rac<.."\\'ll}"· <cnice, 250.84 
Recreational whicle parb, 551.80 
Rcinf••rcing thcnnosctting rt.�in 

condotit, 355.10(G) 
Rigid metal condotit, 344.10 
Rigid nonmetallic undcfb'IT>Und 

condotit, An. 354 
Rigid p<>l}'in}i chk•ride 

condotit, 352.10(H) 
Scnice cable, 250.84 
Scnic<..-s, 231}..111 

·s· t.x•P"· 300.:;m IN 
Splic< .. and laJl", 300.5(1::), 305.15(D) 
S.•imming pool'<, 680.11 
Wet location•, 310.10(C) 

UueDdosed spray area. 516.5(D) (I), 
tig. 516.5(D) (I)  

Definition, An. I 00 
Ungrouuded. - also Conductors, 

ungrounded 

Definition, An. I 00 
Scpardtcly dcri•-..-<1 <}"tem'<, 250.32(<:) 

(2) 
Uuiuterruptible power supplies 

(UPS), 640.9(B), 645.11, 
700.12(1::), 701.12(1::), 
708.20(G) 

Definition, An. I 00 
Uuit equipment, emergency md 

staDdby systems, 701.12(1) 
Definition, An. I 00 

Unused openiugs 

(lusure of, 1 10.12(A), 408.7, 
500.8(1::) (3), 505.9(t:)(3), 
506.9(1::) (3) 

.· 

UtBity-interactive 
inverters, ............,live 
inverters 

Utillzatioa equi�t 
Aircmft hangdf<, ponable utilization 

.<..'qttipment in, 513.10(t:)(2) 
Boxes 

Minimum depth uf, 314.24 
Outlet, 314.24(B), 314.27(D) 

Br.mch circuits, pcnni.'ISible 
load.•, 210.23 

Bulk <tordge planL'<, 515.7 (C) 
Cla.u 4, 726.122, 726.124(B) 

Definition, An. I 00 
Definition, An. I 00 

-V-

\Wve actuator motor (VAM) 
assemblies, 430.102(A) t:x. 3 

Definition, An. I 00 
�pors, flltmmable tiquid-produced, -

Hazardou• (cla.'ISified) 
location.'l 

\Vying duty, 430.22(1::), 430.24 Ex. I, 
430.33 

Definition, An. 100 
�nils, 1 11}.-V 

Acc<..-.s, 110.76 
Capacitors, 460.3(A) 
Scnice u.-cr 1000 mlts, 1 10.31, 

235.412 
'Jr..n•funners, 230.6(3), 451}..111 
Ventilation, II  0. 77, I I  0. 78 

Vehicles, S« t:k-ctric \-chick .. ; 
Recreational whick-s 

Veutilated 

BtL""")' encln•ur< .. , 3fJ8.238 
Cable trd}"· 392.22 
Definition, An. 100 

Veutilatingduels, wiring. 300.21, 300.22 
Veutilating piping for motors, 

etc., 502.128, 503.128 

2023 t:clition :'\.-\:110:-IAI. t:l.t:GJ'RJCAL com: 

Veutilation 

Aircmft hangdf<, 513.3(D) 
S..nery location•, 480.10(A) 
Critical upcrdtion• )XJ\Yer 

<}"tetn•, 708.20(t) (4), 
708.21 

t:k-ctric whicle charging <}"tem 
eqotipment. 625.52, ')able 
625.52(B)( I ) (  I), 'table 
625.52(B)( I )(2) 

t:ne'l,')' •tur..ge <}'5letn•, 706.20(A) 
t:quipmem, gener.d, I IO.I3(B) 
Gar.1g� ... commercial, 511.3(C) 

through 511.3(1::) 
�fanhok-s, ltlnnel'<, and 

VdU)ts, 110.57, 1 10.77, 1 10.78 
�futor fuel di.•pcn•ing f.1ciliti<..-s, 

lubrication and �nice 
nMtm.'l - \\ithout 
di.•pcn'ling, ·table 514.3(B) 
(I), 'lllhle 514.3(B)(2) 

�futors, 430.14(A), 430.16 
Printing, dipping, and coating 

proc<..-....-s, 516.36 
'lr..n•funner<, 450. 9, 450.45 

Vessels, S« also tixed ek"Ctric heating 
eqotipment fur pipclin<..-s and 
"'-":\.'CL" 

l>cfinition, An. I 00 
Vot.tile flltmmable tiquids, 500.5(B), 

51 1.1, 515.10, 626.3(A) 
l>cfinition, An. I 00 

Voltage md volls 

Bnmch circuits, limiL•, 210.6 
(�rcuit 

l>cfinition, An. I 00 
Drop 

Conductors, 3JO.H(A)( I)  ll'i No. I 
Scn:Util-'C ck�tntnic 

eqotipment. 647.4(D) 
t:k-ctric di."hargc lighting, 4JI}..X11, 

4JI}..X111 
Encq,•y stnrctgc 5)'"5tcln'l. maximum 

•�•ltage, 706.9 
Gener.d prmi'lion'<, II  0.4 
Gnmnd, tu, 230.56 

l>cfinition, An. I 00 
High 

l>cfinition, An. I 00 
Spr.1y application arc-d.•, 516.10 

Umitatiun•, el<.."\"dtors, dumbwaiters, 
t.-scalatnn. m•ning 
w.db, 620.3 

Low, S« also Ughting <}'5tcm•, 30 
volts or lt.'!\.'\; l..cJ\\'-\-'ftltagc 
circuits; Low-voltage 
•u•pcnded ceiling po"-cr 
di.'\tribution system.'\ 

l>cfinition, An. I 00 
tix<..-d ek-ctric <pac<..�heating 

eqotipment. 424-X 
�farking, 240.83(1::) 
:'\ominal, 'lllhle 1 10.26(A) (I), ')able 

110.34(A) 
l>cfinition, An. I 00 

0\-cr 600 •�•IL'i, su 0\-cr 600 ,,JL• 

0\-cr I 000 miL•, S« 0.-cr I 000 '"Its 

Photcn"ltaic <}'5lcm, 690.7 
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Pier power di•tribution <)"lem<, 
maximum mll>lgc fur, 555.5 

RecepUtck.,., \1>l�>�g�.,. bct\R-cn 
adjacent, 406.5ij) 

Sl.imming pool un�'f\\'dter 
Juminain..,., 680.23(A)(4) 

\\�nd ek-ctric "J'"I<.'ln<, 
maximum, 694.10, 694.66 

Definition, ArL I 00 
\\�ring methods, 300.2 

Voltage conwrters, 551.20, 552.20 

-W-

Wading pools, .-Sl.imming pool<, 
founl>lin•. and ,Umilar 
in.'ltallation., 

W.U cases, 410.59 
W.U-mounled owas, ...,.o...,n<, \\WI· 

mnuntt.-d 
w.rumg signs (t.bels), .. 

equipment, 1 10.21(8) 
Aircr..rt hang...,., 513.7(F), 513.10 
Arc-fla.'lb hazard warning, I 10.16 
Conduit and cable 5\�tcm.'l. acct.'!\., 

point to co�ductinns 
in, 305.12 

Ek-ctmplating, 669.7 
Ek-ctm.<tatic hand 

•pr.t}ing, 516.JO(A) (8) 
Ek'\>ltor.<, dumlm..Uter.<, ��lor.<, 

etc., 620.3(A), 620.52(8), 
620.6.:; 

Emergencp�.,.leln<, 700.7(8) 
Enef!,'Y •tur.tge "J'"Ieln<, 706.15((;) 
Fuel cell "J'"I<.'ln<, 692.17, 692.52 
Guarding ufliw part<, I J0.27(C) 
Induction and dielectric 

heating, 665.23 
L�-g-.tlly required •tandby 

'�"leln<, 701.7(8) 
Lockl.-d n:Mtm or enclosure \\ith live 

pans owr 1000 
mit.<, 110.34(C), 495.25(A), 
495.44(8), 495.63, 495.6.:; 

Manufactur<.-d hom<..,., 550.32(8) 
Marina.<, boal)....-ds, and docking 

faciliti�.,.. 555.10 
Mobile hom�.,.. 550.20(8), 550.32(8), 

550.32(G) 
Optional •�>�ndby <)"lem<, 702. 7(8) 
Park trailer.< 

Air-conditioning 
�-quipmenl, 552.-tS(P), 
552.59(8) 

Ek-ctrical entr.tnce, 552.44(1>) 
Heating �-quipmenl, 552.59(8) 
Pr�·wiring, circuit.<, 552.48(Q) 

Photm1>ltaic "J'"Icm.<, 690.13(8) 
Recreational whick.,., 551.46(1>), 

551.47(Q) througlt (S) 
Scn.<itiw ek-ctmnic equipment, 

r<.-ceptacl�.,.. 647.7(A) 
Solar photm1>ltaic "J'"Icm<, 690.31 (I>) 

(2) 
Stand-alone <)"lem•. 710.15(C) 
Sumtation.<, 495.48(8) 
Sl.itchboard< ur panel•, 408.3(t'), 

520.53((;) 
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'lr.tn.<furmer.<, 450.8(1>) 
Welder.<, ek-ctric, 630.42((;) 
Wind ek-ctric "J'"Ieln<, 694.22(A) 

Water, natunl aDd artifidally made 
bodies of, s<r :'\atur.tl and 
anificiallv made bodi�.,. of 
W"dlcr. ck:arical wiring and 
�-quipmenl fur 

Water heaters, 422.1 1 (t') (3), 422.13 
Control<, 422.47 
Protection, 422.11 (F)(3) 

Water pipe 
Bonding (metal), 250.104 
Connection.<, 250.68 
A< ._'founding ek-ctmde, 250.52(A) 

(I), 250.53(1>) 
Watertight. 305.15(1>), 406.9(1>), 

426.41, 427.46, 600.9(1>) 
l>cfinition, An. I 00 

�atherproof, 1 10.59, 406.9(A) 
l>cfinition, An. I 00 

�lders, electric, An. 6."10 

Arc, li.'ID-11 
R<.-.i.<tance, li.'ID-111 
Welding cable, 630-1\' 

� locatious, '""/so Damp or \\'CI 
location.'l 

Auxiliary gutter.<, 366.6(A) (2) 
Conductor.<, typ<..,., 310.10((;) 
Control circuit< in, 522.28 
l>cfinition, An. I 00 
Ek-ctrical mel>lllic tubing, 358.10(1>) 
Ek-ctrical nonmetallic 

tubing, 362.10(8) 
Ek-ctric Mgt�< and outline 

lighting, 600.9(1>), 
600.21 (C), 600.33(A) (3), 
600.42(G), 600.42(H)(2) 

Enameled equipment, 300.6(A) ( I j 
tlat conductor cable, 324.12(1) 
tl<.-xihle bu.< <}"tern., 371.18(E) 
tl<.-xihle metal cundJiil, 348.12( I )  
Guuer.<, m�-ct metal 

auxiliary, 366.10(A)(2) 
Health nn: faclliti�.,.. 517.20 
lntcrim.'Cliatc metal 

conduit, 342.10(1>) 
bunpholder.< in, 410.96 
Luminair<..,. in, 410.10(A), 410.10(1>) 

(2), 410.30(8)( I), 552.5-t(C) 
�k .. <cnger-<�upp<>rk-d 

wiring, 396.10(8) 
�ktal-dad cable, 330.10(A) 
�ktal "ir<.·wa�"· 376.10(3) 
�fin<.-r.tl-in.<ulaK-d, metal-<lheathed 

cable, 332.10(3) 
�fuunting of equipment, 300.6(1>) 
:'\onmetallic wir<.·wa�"· 378.10(3) 
0\'Cr I 000 miL<, unde..,'f<>Und 

in.<Utllation.<, 305.15 
Pcnvcr and cuntrol tr.ty 

cable, 336.10(8) 
Pmver-limiK-d cabk.,., 722.179(A) ( I I )  
Rac<..�ct}1i 

Ah<n·e gr.tde location•. in.<talled 
in, 300.9 

Exterior •urfac�.,. of buildin.,.,., 
on, 225.22 

Recreational whicle parb, 551.78(A) 
Reinforcing thcnnosctting rt.-sin 

conduit, 355.10(1>) 
Rigid metal conduit, 344.10(1>) 
Rigid p<>l�'in�f chk>ride 

conduit, 352.10(E) 
Shore p<nver r<.-ceptack.,., 555.33(A) 

( I )  
t:nd<.'Jl.'found f<."t.-dcr and hr.tnch

circuit cable, 340.10(3) 
t:nd<.'Jl,'f<>Und location.< a.<, 300.5(8) 

� proc:edure locatioDS 

Health care faciliti�.,.. 517.20 
Definition, ArL I 00 

Wharves, su also �farinas, h<tan....-ds, 
floating building., ..;,d 
docking faciliti<.,. 

l>cfinition, An. I 00 
Wmd electric systems. ArL 694 

Circuit requirement<, 694-11 
Connection to other sourct.�. �\11 
l>i.<conn<.-cting mean.<, 694-lll 

Gmunding, 694-V 

Guy "ir�.,.. 694.40(8)(4) 
ln.<Utllation, 694.7, 694.28, 694.62 
�farking., 694.22(.(;) (2), 694-\'1 
�faximum •�•ltage, 694.10, 694.66 

l>efiniti<NJ, ArL 100 
0\'Crcufi'Cnt pmtectiun, 694.12(8), 

694.15 
Stand-elune <)"lem•. 694.12(A) (3) 
Wiring methods, 694-IV 

WiDdows, show, .-Show "ind"'"" 
Wmd turbilles, .- also  \\�nd ek-ctric 

5)-�lCIU'i 
l>cfinition, An. I 00 
ln.<tructim�< for di<ahling 

turbine, 694.56 
Output circuit<, 694.10(A), 694.12(A) 

(I), 694.30((;) 
Definition, ArL I 00 

Shutdown, 694.23 
Wu-ed luminaire sectiODS, 410.137((;) 
Wu-eless power lrallsfer 

l>cfinition, An. I 00 
Wu-eless power lrallsfer 

equipment, 62.:;.41, 62.:;.44, 
625-IV 

l>cfinition, An. I 00 
Wu-es, '" also  Conductor.<; Cord<; 

•ixture \\in.-s 
In concrete f<MJtin�,;rs, 

cl�-ctr<Kk.,., 2.:;o.52(A) (3) 
l>cfinition, An. 100 

Wu-eways, metal, An. 376 
Ampaciti� ... 376.22 
Bend<, 376.56(8)(3) 
Cot�<lmction •p<.-cification.<, 376-111 
l>cad end<, 376.58 
l>cfinition, An. 100 
l>cfleck-d in.<ulated, 376.23(A) 
t:xlet�<ion.<, 376.70 
ln.<Utllation, 376-11 
ln.<UlaK-d conductor.<, 376.23 

�farking, 376.120 
:'\umber of conductor.<, 376.22 
P<nver di<trihution blucb, 376.56(8) 
Securing and •upp<>rting, 376.30 
Size of conductor.<, 376.21 
Splic�.,. and taP', 376.56 
t:�.,. not pcrmill<.-d, 376.12 
t:�.,. pcnniu�-d. 376.10 

Wu-eways, nODJDetallic, An. 378 
Con.<tmction •p<.-cification.<, 378-111 
l>cad end<, 378.58 
l>cfinition, An. I 00 
l>cflecK-d in•ulat�-d. 378.23(A) 
t:xpan.<ion fiuin.,.,., 378.44 
t:xlen.<ion•. 378.10(4), 378.70 
Gmunding, 378.60 
ln.<tallation, 378-11 
ln.<UlaK-d conductor.<, 378.23 
ll<ting n.-quircmenL<, 378.6 
t.farking, 378.120 
:'\umber of conductor.<, 378.22 
Securing and •upp<>rting, 378.30 
Size of conductor.<, 378.21 
Splic�.,. and taP', 378.56 
t:�.,. not pcrmill<.-d, 378.12 
t:�.,. pcnniu�-d. 378.10 

Wuiug inlegrity, 1 10.7 
Wuiug methods, 1 10.8, An. 300 

Cannahi• oil equipment and 
'�"leln<, 512-11 

DueL<, 300.21, 300.22 
t:xit enclo.<ur<..,., 300.25 
Exp<>.<cd 

Definition, ArL I 00 
Open \\iring on in.<ulator.<, 398.15 

Fuel cell "J'"Ieln<, 692-IV 
C.cncrctl requircmcnL'l for, s« 

(icncrctl requircmcnL'l for 
wiring method.' 

HazardoJL< (cla.<.<ified) 
location.'l, senubh,ad umln 
mtrin for sp.rifir luwmfous 
Wt:ntion irnmlwd 

Health care faciliti�.,.. 517-11, 
517.31 (C), 517.61 

lntrin.<icaJJy we "J'"Ieln<, 504.20 
�fanufactur<.-d hom<..,., 550.10 
�fohile home parks, 550.10 
�fohile hom�.,.. 550.10 
Planning, 90.8 
Solar photm1>ltaic ( PV) "J'"Iem<, 690-

1\' 
·acmporclf'Y, :w.r ·Jcmpor.uy 

in.<Utllation.< 
'lbeatcr.<, 520.5 
Wind ek-ctric "J'"Ieln<, 694-IV 

Wilbin slgbl from, .-In ,Ught fmm 
\\Wtiugspace, .-nlsoAcc�.,.. and 

working space 
About electrical equipment, I I  0.26, 

1 10.32 lhmugh 110.34, 
1 10.72, 1 10.73 

Adjacent to li\'C pans (circuit< owr 
1000 \1>11.<), 1 10.32 througlt 
1 10.34 
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A.'ISCmbly occupanci<"<, 5111.6 

Bauery "}"St<-'ln•. 4110.10((;) through 
(G) 

Energy 5tor.age "}"Stein•. 706.20(C) 

tix<.-d n.-si.•tance and ek-ctmde 
indJL•Irial pr<JC<.._, hc-.Jting 
<--quipmenl, 425.10(8) 

JUumination at, 1 10.26(1>), 
1 10.34(1>) 

Manhok"<, 1 10.72, 1 10.73 

Modular data centers, 64&-IV 

Motion picture pr<!i<--ctors, 540.12 

Recreational whick"S llite supply 
<--quipmenl, 551. n(E) 

S"itchboard•, 1 10.26, 408.18 

\\�nd ek-ctric "}'l<teJn•. 694.7(G) 

\\Wknumlllce m.atlalion, 110.12, 
722.24, 724.24, 725.24, 
760.24, 770.24, 800.24 

\\WI< swfKe, 210.11 (C)(3), 210.52, 
406.5 

Definition, Art. I 00 

-X

X..-ay equipmeat, 517-V, A.rt. 660 

Control, 517.74, 660-11 

2023 Edition :'\.o\:110:-IAL ELt:GJ'RJCAL CODE 

ll'>DEX 

Guarding and grounding, 517.78, 
660-IV 

Mobile, 660.4(8), 660.21 

Definition, A.rt. I 00 

Portable, 660.4(8), 660.21 

Definition, A.rt. I 00 

'lr.Jn•ronners and capacitors, 517.76, 
660-111 

'lr.Jn•ponablc, 660.4(8) 

Definition, A.rt. I 00 

-Z. 

Zone 0, I, ud 2 Jocatious, -
HazardoJL• (cla.«ifi<.-d) 
location•. Cla.u I, Zone 0, I, 
and 2 I<JCations 

Zone 20, 2J, IIIId 22, S« Hazardous 
(clasllified) I<JCation•. Zone 
20, 21, and 22 

Zones, information technology 
equipmealrooms, 645.10(A) 
(3) 

Definition, A.rt. I 00 
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Sequence of Events for the Standards 
Development Process 

Once the curnmt edition i� published, a Standard is opened for 
Public Input. 

Step 1 - Input Stage 

• Input accepted from the public or other committees for 
considercttion to develop the First Drctft 

• Technical Committee holds First Draft Meeting to re\ise 
Standard (23 weeks); Technical Committee(s) with Cor
relating Committee ( 1 0  week.'!) 

• Technical Committee ballot'! on First Draft (12 week.'!); 
Technical Committee(s) with Correlating Committee 
( I I  week.'!) 

• Correlating Committee First Draft Meeting (9 week.'!) 
• Correlating Committee ballot'! on First Draft (5 week.'!) 
• First Draft Report posted on the document information 

page 

Step 2 - Comment Stage 

• Public Comment'! accepted on First Drctft (10 week.'!) fol
lo\\-ing posting of First Drctft Report 

• If Standard does not receive Public Comment'! and the 
Technical Committee chooses not to hold a Second Drctft 
meeting, the Standard becomes a Consent Standard and 
is sent directly to the Standards Council for issuance (see 
Step 4) or 

• Technical Committee holds Second Draft Meeting 
(21 week.'!); Technical Committee(s) \\ith Correlating 
Committee (7 week.'!) 

• Technical Committee ballot'! on Second Draft ( 1 1  week.'!); 
Technical Committee(s) with Correlating Committee 
( 1 0  week.'!) 

• Correlating Committee Second Drctft Meeting (9 weeks) 
• Correlating Committee ballot'! on Second Draft 

(8 week.'!) 
• Second Drctft Report posted on the document informa

tion page 

Step 3 - NFPA Technical Meeting 

• :'llotice of Intent to Make a Motion (.1\TIMAM) accepted 
(5 week.'!) following the posting ofSecond Draft Report 

• :'lliTMAMs are re\iewed and v-alid motions are certified 
by the Motions Committee for prf!sentation at the 1'\FPA 
Technical Meeting 

• :'llFPA membership meet'! each june at the :'llFPA Techni
cal Meeting to act on Standards "'ith "Certified Amend
ing Motions" (certified NITMAMs) 

• Committee(s) vote on any successful amendment'! to the 
Technical Committee Report'! made by the NFPA mem
bership at the NFPA Technical Meeting 

Step 4 - Council Appeals and Issuance of Standard 

• :'llotification of intent to file an appeal to the Standards 
Council on Technical Meeting action must be filed within 
20 days of the NFPA Technical Meeting 

• Standards Council decides, based on all e\-idence, 
whether to is.'lue the standard or to take other action 

Notes: 

1 .  Time pe1iods are approximate; refer to published sched
ules for actual dates. 

2. Annual re'l'ision cvcle document'! "'ith certified amend
ing motions take �pproximately 101 week.'! to complete. 

3. Fall re\ision cycle documents recei'l'ing certified amend-
ing motions take approximately 141 week.'! to complete. 

Committee Membership 
Classijicafionsl•2•3•4 

The follo\\-ing cla'lsifications apply to Committee members 
and represent their principal interest in the acti\ity of the 
Committee. 

1 .  M Manufacturer: A representative of a maker or mar
keter of a product, a'lsembly, or �-ystem, or portion 
thereof, that is affected by the standard. 

2. t: llw�r: A representative of an entity that is sul�ect to 
the prmisions of the standard or that voluntarily 
uses the standard. 

3. IM Installer/Maintainer: A representative of an entity that 
is in the busines.'l of installing or maintaining a prod
uct, a'lsembly, or system affected by the standard. 

4. L Labor: A labor representative or employee concerned 
with safety in the workplace. 

5. RT Applied &semrii/Testing Laboralmy: A representative 
of an independent testing laboratory or indepen
dent applied research organization that promulgates 
and/ or enforces staildards. 

6. E Enfmring Authmity: A representative of an agem:y or 
an organization that promulgates and/ or enforces 
standards. 

7. I Insurance: A representative of an insurance company, 
broker, agent, bureau, or inspection agency. 

8. C Consumer: A person who is or represent'! the ultimate 
purcha'ler of a product, �-ystem, or senice affected by 
the standard, but who is not included in (2) . 

9. SE special Expert: A person not representing ( 1) through 
(8) and who has special expertise in the scope of the 
standard or portion thereof. 

1'\0TE 1 :  "Standard" connotes code, standard, recom
mended practice, or guide. 

1'\0TE 2: A representative includes an employee. 

1'\0TE 3: \\'hile these clas.'lifications "'ill be used by the 
Standards Council to achieve a balance for Technical Com
mittees, the Standards Council may determine that new 
cla'lsifications of member or unique interest'! need repre
sentation in order to foster the best possible Committee 
deliberations on any pn�ect. In this connection, the Stan
dards Council may make such appointment'! as it deems 
appropliate in the public interest, such a'l the clas.'lification 
of"t:tilities" in the National Electrical Code Committee. 

1'\0TE 4: Representatives of subsidia1ies of any group are 
generally considered to have the same cla.'lsification a'l the 
parent organization. 
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Submitting Public Input I Public Comment Through the Online Submission System 

Following publication of the current edition of an NFPA standard, the development of the next edition 
begins and the standard is open for Public Input. 

Submit a Public Input 

NFPA accept'> Public Input on document'> through our online submission system at www.nfpa.org. To use 
the online submission system: 

• Choose a document from the List of NFPA codes & standards or filter by Development Stage for 
"codes accepting public input." 

• Once you are on the document page, select the "Next Edition" tab. 
• Choose the link "The next edition of this standard is now open for Public Input." You will be asked 

to sign in or create a free online account with NFPA before using this system. 
• Follow the online instructions to submit your Public Input (see "'·ww.nfpa.org/publicinput for de

tailed instructions) .  
• Once a Public Input is saved o r  submitted i n  the system, it can be located on the "My Profile" page 

by selecting the "My Public Inputs/Comment'I/NITMA.\1s" section. 

Submit a Public Comment 

Once the First Draft Report becomes available there is a Public Comment period. Any ol:!jections or fur
ther related changes to the content of the First Draft must be submitted at the Comment Stage. To sub
mit a Public Comment follow the same steps a'> previously explained for the submission of Public Input. 

Other Resources Available on the Document Information Pages 

Header: View document title and scope, access to our codes and standard'> or NFCSS subscription, and 
sign up to receive email alert'>. 

Current&Prior 
Ed�oons 

Tecmicat 
Committee 

Research current and previous edition information. 

Follow the committee's progress in the processing of a standard in its next re\ision cycle. 

View current committee rosters or apply to a committee. 

For members, officials, and AI-IJs to submit standanlo; questions to :"'FPA staff. Our Technical 
Ask aTechnocat Questions Senice pro\-ides a convenient w·ay to receive timely and consistent technical ao;sistance 

.___Qu_es_bo_• _ _, when you need to know more alxmt :"'FPA standards relevant to your work. 

Purchase Products 
&Trairoog 

Provides links to available articles and rese-arch and statistical report'! related to our standanl'l. 

Discover and purchase the latest product'! and u-aining. 

View related publications, u-aining, and other resources available for purchao;e. 
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Iriformation on the NFPA Standards Development Process 

I. Appficable Regulations. The primary rules governing the proccs.'iing of NFPA standards (codes, standard'i, 
recommended practices, and guides) arc dtc NFPA Reguhltions Governing the Develofrm£nt ofNFPA Standards (Regs). Other 
applicable rules include 1'\FPA Bymws, :"'FPA Technical Mt't'ting \..onvention Rules, NFPA Guide fm· the Cmulttct of Participants in 
the NFPA Standanls Development Pmress, and the NFPA Reguhltions \n�veming Petitions to the Board of Directors fivm Decisions of 
the Sta1ulard� \..ounriL Most of these rules and regulations arc contained in the NFPA Standards Directm)'· For copies of the 
Dhectm)', contact Codes and Standard'i Administration at :"'FPA headquarters; all these clocumcnt'i arc also available on dtc 
NFPA website at "www.nfpa.org/rcgs." 

The follm\ing is general information on the 1'\FPA proccs.'i. All participant'i, however, should refer to dlc actual rules and 
regulations for a full understanding of this proccs.'i and for the criteria dlat govern participation. 

II. Technical Committee Report. The Technical Committee Report is defined a'i "dlc Report of dlc responsible 
\..ommittcc(s) , in accordance l\ith the Regulations, in preparation of a new or rc'l'iscd 1'\FPA Standard." The Technical 
\..ommittcc Report is in two part'i and consist'i of dtc First Draft Report and dtc Second Draft Report. (Sec Regs at 
Section 1 .4.) 

ill. Step 1: First Draft Report. The First Draft Report is defined a'i "Part one of dtc Technical Committee Report, which 
clocumcnt'i dlc Input Stage." The First Draft Report consist'i of the First Draft, Public Input, Committee Input, Committee 
and Correlating Committee Statcmcnt'i, Correlating :"'otcs, and Ballot Statcmcnt'i. (Sec Regs at 4.2.5.2 and Section 4.3.) 
Any o�cction to an action in dtc First Draft Report must be raised dlrough dlc filing of an appropriate Comment for 
consideration in dtc Second Draft Report or the objection will be considered resolved. LScc Regs at 4.3.1 (b) .J 

IV. Step 2: Second Draft Report. The Second Draft Report is defined a'i "Part two of the Technical Committee Report, 
which clocumcnt'i dlc Comment Stage." The Second Draft Report consist'i of the Sccond Draft, Public Commcnt'i widl 
corresponding Committee Actions and Committee Statcmcnt'i, Correlating 1'\otes and dldr respective \..ommittcc 
Statcmcnt'i, Committee Commcnt'i, Correlating Revisions, and Ballot Statcmcnt'i. (Sec Regs at 4.2.5.2 and Section 4.4.) 
The First Draft Report and the Second Draft Report togcdlcr constitute the Tccl:mical Committee Report. Any out'itanding 
o�cction follm\ing dtc Second Draft Report must be raised through an appropriate Amending Motion at dtc NFPA 
Technical Meeting or dlc objection will be considered resolved. LScc Regs at 4.4.1 (b) .J 

V. Step 3a: Action at NFPA Technical Meeting. Follo"ing dlc publication of dtc Second Draft Report, there is a period 
during which dlose wishing to make proper Amending Motions on me Technical \..ommittcc Rcport'i must signal their 
intention by submitting a Notice of Intent to Make a Motion (NITMJU..l). (Sec Regs at 4.5.2.) Standarcl'i that receive 
notice of proper Amending Motions (f'..crtificd Amending Motions) will be presented for action at the annual June 1'\FPA 
Technical Meeting. At dlc meeting, dlc :"'FPA membership can consider and act on these f'..crtificcl Amending Motions a'i 
well a'i Follow-up Amending Motions, dlat is, motions that become ncccs.'iary a'i a result of a prclious succcs.'iful Amending 
Motion. (Sec 4.5.3.2 dlrough 4.5.3.6 and Table I ,  Colum11S 1-3 of Regs for a summary of dlc available Amending Motions 
and who may make dlcm.) Any out'itanding objection foUowing action at an NFPA Technical Meeting (and any furdlcr 
Technical Committee consideration follm\ing successful Amending Motions, sec Regs at 4.5.3. 7 through 4.6.5) must be 
raised dlrough an appeal to dlc Standard'i Council or it will be considered to be resolved. 

VI. Step 3b: Documents Forwarded Directly to the Council. \\'here no 1'\ITMA..\1 is received and certified in accordance 
"idl dtc Technical Meeting \..onvention Rules, dle standard is fom-ardcd clirccdy to the Standard'i Council for action on 
is.'iuancc. Objections arc deemed to be rcsol"cd for dlcse documcnt'i. (Sec Regs at 4.5.2.5.) 

VII. Step 4a: Council Appeals. Anyone can appeal to dlc Standard'i Council concerning procedural or substantive matters 
related to dlc development, content, or L'i.'iuancc of any document of dlc :"'FPA or on matters wimin dtc purview of dlc 
audtority ofdlc Council, a'i established by dlc Bymws and a'i clctcrminccl by dlc Board of Directors. Such appeals must be in 
written fonn and filed l\idt d1c Secretary of dlc Stanclard'i Council (sec Regs at Section 1.6) . Time constraint'i for filing an 
appeal must be in accordance v.idl 1.6.2 of dtc Regs. Objections arc deemed to be resolved if not pursued at dlis level. 

vm. Step 4b: Document Issuance. The Stanclard'i Council is the is.'iucr of all documcnt'i (sec Article 8 of Byhlws) . The 
C..ouncil act'i on dlc is.'iuancc of a document presented for action at an 1'\FPA Technical Meeting l\ithin 75 days from dlc 
elate of dlc recommendation from the :"'FPA Technical Meeting, unlcs.'i dlis period L'i extended by dlc Council (sec Regs at 
4. 7 .2). For documcnt'i fon,-ardccl clirecdv to dtc Standard'i Council, dtc Council act'i on the is.'iuancc of dlc document at it'i 
next schcclulccl meeting, or at such odtc

.
r meeting a'i dlc Council may determine (sec Regs at 4.5.2.5 and 4.7.4) . 

IX. Petitions to the Board of Directors. The Standard'i Council ha'i been delegated dtc responsibility for the 
administration of dlc codes and standarcl'i development proccs.'i and dlc is.'iuancc of documcnt'i. However, where 
extraordinary circumstances requiring the intervention of dlc Board of Directors exist, dlc Board of Directors may take 
any action ncccs.'iary to fulfill it'i obligations to preserve the integrity of the codes and standarcl'i development proccs.'i 
and to protect the intcrcst'i of the :"'FPA. The rules for petitioning me Board of Directors can be found in dlc Reguhltions 
\,oveming Petitifms to the Board of Dirl'ctors from DPci�ions of the Sta1ulard� \..ounril and in Section I .  7 of the Regs. 
X. For More Information. The program for the :"'FPA Technical Meeting (a'i well a'i dtc NFPA website a'i information 
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  و فشار مثبت ( اگزاست ،تهویه  ،آتش نشانی  ) مدرس ، طراح و مشاور سیستم های

دارای صلاحیت سازمان آتش نشانی

اخذ تاییده از سازمان آتش نشانی

در ایران دود اولین هند بوک سیستم اطفاء حریق و مدیریت      
Handbook of Smoke Control Engineering 

Sprinkler ,FM200,CO2,Foamگازی و فوم  ،طراحی سیستم های اطفا آبی 

  NFPA20نشانی مطابق تست و راه اندازی پمپ های آتش  ،انتخاب ، طراحی  

آسانسور وآتریوم ها -طراحی سیستم  های اگزاست و تهویه پارکینگ ، فشار مثبت راه پله       

 Contam نرم افزار کانتم 

Pyrosim ,Pathfinder نرم افزار پایروسیم و پاس فیدر   

 Autosprink نرم افزار اتواسپرینک   

Sodeca Quick Fan & RF Damper نرم افزار انتخاب فن، دمپرهاي دود و  آتش  

اطلاعات بیشتر کد روبرو را اسکن کنیددریافت برای 

البرز گوهردشت خ12 شرقی پ8 ط اول  واحد 2 
22واحد

02634411758 

00989123280127 

www.fire-gas.com 

instagram/firegascom                   t.me/fire_gas                              info@fire-gas.com                      youtube/firegas2447

Aparat/fire-gas.com

https://instagram.com/firegascom?igshid=ZDdkNTZiNTM=
https://t.me/fire_gas
mailto:info@fire-gas.com
https://www.youtube.com/@firegas2447
http://fire-gas.com



