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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA ® STANDARDS 

NFPA® codes, standards, recommended practices, and guides ("NFPA Standards"), of which the document 
contained herein is one, are developed through a consensus standards development process approved by the 
American National Standards Institute. This process bri ngs together volunteers representing varied viewpoints 
and interests to achieve consensus on fire and other safety issues. While 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 judgments contained in NFPA Standards. 

The NFPA disclaims liability for any personal injury, property, or other damages of any nature whatsoever, 
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, 
use of, or reliance on NFPA Stc--indards. The NFPA a lso makes no guaranty or warranty as to the accuracy or 
completeness of any information published herein. 

In issuing and making NFPA Standards available, the NFPA is not undertaking to render professional or other 
services for or on be half 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, as approp1iate, seek the advice of a competent professional in determining the exercise of 
reasonable care in any given circumstances. 

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents ofNFPA 
Standards. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with 
this document. Any certification or other statement of compliance with the requirements of th is document shall 
not be atuibutable to the NFPA and is solely the responsibility of the certifier or maker of the statement. 

~~~ 
See ALERT ,.,, 

ALERT: TI-llS STANDARD HAS BEEN MODIF1ED BY A TIA OR ERRATA 

Users of NFPA codes, standards, recommended practices, and guides ("NFPA Standards") should 
be aware that NFPA Standards may be amended from time to time through the issuance ofa Tentative 
Interim Amendment (TIA) or corrected by Errata. An official NFPA Standard at any point in time 
consists of the current edition of the document together with any TIAs and Errata then in effect. 

To determine whether an NFPA Standard has been amended through the issuance of TIAs or 
corrected by Errata, go to www.nfpa.org/ docinfo to choose from the list ofNFPA Standards or use the 
search feature to select the NFPA Standard number (e.g., NFPA 13) . The document information page 
provides up-to-date document-specific information as well as postings of all existing TIAs and Errata. 
It also includes the option to register for an "Alert" feature to receive an automatic email notification 
when new updates and other information are posted regarding the docume n t. 
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Updating of NFPA Standards 

Users ofNFPA codes, standards, recommended practices, and guides ("NFPA Standards") should be aware that 
these documents may be superseded at a ny time by the issuance of new editions or may be amended from time to 
time through the issuance of Tentative Interim Amendments or corrected by Errata. An official NFPA Standard at 
any point in time consists of the current edition of the document together with any Tentative Interim Amendments 
and any Errata then in effect. In order to determine whether a given document is the current edition and whether 
it has been amended through the issuance of Tentative Interim Amendments or corrected through the issuance of 
Errata, consult apprnpriate NFPA publications such as the National Fi re Codes® Subscription Service, visit the NFPA 
website at www.nfpa.org, or contact the NFPA at the address listed below. 

Interpretations of NFPA Standards 

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing the 
Development of NFPA Standards shall not be considered the official position of NFPA or any of its Committees and 
shall not be considered to be, nor be relied upon as, a Formal Interpretation. 
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2020 Edition 

This edition of NFPA 70, National Electrical Code, was prepared by the National Electrical Code 
Committee and acted on by NFPA at its June Association Technical Meeting held June 17-20, 2019, 
in San Antonio, TX. It was issued by the Standards Council on August 5, 2019, with an effective date 
of August 25, 2019, and supersedes all previous editions. 

This Code was issued with Tentative Interim Amendments (TIAs) that impacted provisions in 
210.52(C) (2), 240.67(C), 240.87(C), 725.121 (C), and Annex D3. For more information on TIAs, see 
www.nfpa.org/70 and Section 5 of the Regulations Governing the Development of NFPA Standards 
available at www.nfpa.org/ regs. 

This edition of NFPA 70was approved as an American National Standard on August 25, 2019. 

History and Development of the National Electrical Code® 

The National Fire Protection Association has acted as sponsor of the NationalElect1ical Code since 
1911. The original Code document was developed in 1897 as a result of the united efforts of various 
insurance, electrical, arch itectural, and all ied interests. 

In accordance with the Regulations Governing the Development of NFPA Standards, a National Elect1ical 
Code first draft report containing proposed amendments to the 2017 National E.1.ectrical Code was 
published by NFPA in July 2018. This report recorded the actions of the various code-making panels 
and the correlating committee of th e National Elecu·ical Code Committee on each public input and 
first revision that had been made to revise the 2017 Code. The report was published at 
www.nfpa.org/70. Following the close of the public comment period, the code-making panels met, 
acted on each comment, and created some second revisions, which were reported to the correlating 
committee. NFPA published the National Electrical Code second draft report in April 2019, which 
recorded the actions of the code-making panels and the cor relating committee on each public 
comment on the National Electrical Code Committee first draft report. The National Electrical Code 
first draft report and the National Electrical Code secon d draft report were presented to the 2019 June 
Association Technical Meeting for adoption. 

NFPA has an Electrical Section that provides particular opportunity for NFPA members interested 
in elecu·ical safety to become better informed and to conu·i bute to the development of the National 
Electrical Code and other NFPA electrical standards. At the Electrical Section codes and standards 
review session held at the 2019 NFPA Conference and Expo, section members had t he opportunity 
to discuss and review the report of the National Electrical Code Committee prior to the adoption of 
this edition of the Code by the association at its 2019 June Technical Meeting. 

This 55th edition su persedes all other previous editions, supplemen ts, and printings dated 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, and 2017. 

This Code is purely advisory as far as NFPA is concerned. It is made available for a wide variety of 
both public and private uses in the interest of life and property p rotection. These include both use in 
law and for regulatory purposes and use in private self~regulation and standardization activities such 
as insurance underwriting, building and facilities construction and management, and produ ct 
testing and ce rtification. 

NFPA 70, National Elecu;cal Code, NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, 
Quincy, Massachusetts 02169. 
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(AIL. Lo Lee M. Kraemer) 

Rhonda Parkhurst, Ciry of Palo AlLO, CA [E] 
(Ale. to James.J. Rogers) 

Robert W. Preus, National Renewable Energy Lab, CO [U] 
(Ale. to Robert H. Wills) 

Kent Whitfield, Underwriters Laboratories, CA [RT] 
(Ale. to Timod1y P. Zgonena) 

Leo Zieman, Florida Power & Light (Nextera Energy), FL [UT] 
(Ale. to Timod1y M. Croushore) 

Nonvoting 
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NATIONAL ELECTRICAL CODE 

Code-Making Panel No. 5 

Articles 200, 250 

Nathan Philips, Chair 
Integrated Electronic Systems, O R [IM) 

Rep. National Electrical ContracLOrs Association 

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

Joseph F. Andre, Steel Tube Institute, WA [M) 
Rep. Steel Tube Institute of North America 

Gary A. Beckstrand, Utah Electrical.JAT C, UT [L) 
Rep. Inte rnational Brotherhood of Electrical Workers 

Trevor N. Bowmer, Telcordia (Ericsson) , NJ [U ) 
Rep. Alliance fo r Telecommunications Industry Solutions 

David Brender, Copper Development Association, Inc., NY [M) 
Rep. Copper Development Association Inc. 

Paul Dobrowsky, Innovative Technology Services, NY [U) 
Rep. American Chemistry Council 

David A. Gerstetter, UL LLC, IL [RT) 

Larry Albert, Stanley Black And Decker, Nill [Ml 
(Alt. to.Joseph Harding) 

Derrick L. Atkins, Minneapolis Electrical J ATC, MN [L) 
(Alt. to Gary A. Beckstrand) 

Kenneth S. Crawford, Chemours Company, \VV [U) 
(AIL to Pau l Dobrowsky) 

Joseph P. DeGregoria, UL LLC, NY [RT) 
(AIL to David A. Gersteuer) 

Raymond Dunnigan , lntertek, NY [RT ) 
(Air. to Christine T. Porter) 

Ernestj. Gallo, Telcordia Technologies (Ericsson), NJ [U) 
(Voting Air.) 

Bobby J. Gray, Hoydar/ Buck, Inc., WA [IM) 
(Alt. to Nathan Phil ips) 

Buster Grissett, Mississippi Power Company, MS [UT) 
(AIL to Mike O'Meara) 

Robert A. Nelson, Canadian Standards Association, Canada [RT) 
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G. Scott Harding, F. B. Harding, Inc., MD [IM ) 
Rep. Independent Electrical Contractors, Inc. 

Joseph Harding, Power Tool Institute, O H [M) 

Daleep C. Mohla, DCM Electrical Consulting Services, Inc., TX [U] 
Rep. Institute of Electrical & Electron ics Enginee rs, Inc. 

Mike O'Meara, Arizona Public Service Company, AZ [UT) 
Rep. Electric Light & Power Group/ EEi 

William A. Pancake, III, CAP Government, FL [E) 
Rep. Inte rnational Association of Electrical Inspectors 

Christine T. Porter, Inrenek Testing Services, WA [RT) 

Nick Sasso, State of Wyoming, WY [El 

Gregory J. Steinman, Thomas & Betts Corporation, TN [M) 
Rep. National Electrical Manufacturers Association 

Alternates 

Raymond W. Homer, Allied Tube & Conduit, IL [Ml 
(Alt. to Joseph F. Andre) 

Ronald Lai, Burndy LLC, NH [M) 
(Alt. to Gregory.). Steinman) 

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

Richard M. O'Brien, IAEI, NV [E) 
(Alt. to William A. Pancake, III ) 

DavidJ. Picatti, Picatti Bros. Inc., OBA Industrial Service & Electric, 
WA [IM) 

(Alt. to G. Scott Harding) 

Phil Simmons, Simmons Electrical Services, WA [M) 
(Alt. to David Brender) 

Nonvoting 
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COMMITTEE PERSONNEL 

Code-Making Panel No. 6 

Articles310,311 , 320, 322,324, 326, 328, 330,332,334,336, 337, 338, 340, 382, 394, 396, 398, 399, 400, 402, 
Chapter 9, Tables 5 through 9, Annex B and Example D7 

Susan Newm an Scearce, Chair 
City of Humboldt, TN, TN [El 

Rep. Inte rnational Association of Electrical Inspectors 

Todd Crisman, IBEW Local 22J ATC, NE [L] 
Rep. Inte rnational Brothe rhood of Electrical Workers 

Joseph W. Cross, Eastman Chem ical Company, TN [U] 
Rep. American Chemistry Council 

Dennis A. Nielsen, Lawrence Be rkeley National Laboratory, CA [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc. 

Timothy Earl, GBH International, Ml [M] 
Rep. T he Vinyl Institute 

Christel K. Hunter, Cerro Wire, NV [M] 
Rep. The Aluminum Association, Inc. 

Gerald W. Kent, Kent Electric & Plumbing Systems, TX [IM] 
Rep. Independent Elecu·ical Contractors, Inc. 

Charles David Mercier, Somhwire Company, GA [M] 
Rep. National Electrical Manufacture rs Association 

David Carroll, Flo rida Power And Light, FL [UT] 
(Air. to Michael Thomas Porcaro) 

Chris J. Fahrenthold, Facili ty Solmions Group, TX [IM] 
(AIL to Gerald W. Kent) 

Samuel B. Friedman, General Cable Corporation, RI [M] 
(Alt. to Charles David Me rcie r) 

Hermanj. Hall, Austin, T X [M] 
(Alt. to Timothy Earl) 

Samuel R. La Dart, City of Memphis, TN [L] 
(AIL LO Todd Crisman ) 
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Michael Thomas Porcaro, National Grid, MA [UT] 
Rep. Electric Light & Powe r Group/ EEi 

Kenneth Riedl, Im enek Testi ng Services, NY [RT] 
Rep. Inrenek Testing Services 

Susan L. Stene, UL LLC, CA [RT] 

George A. Straniero, AFC Cable Systems, Inc., NJ [M] 
Rep. Copper Development Association Inc . 

Wesley L. Wheeler, National Electrical Conu·anors Association, MD 
[IM] 

Rep. National Electrical Contractors Associatio n 

Alternates 

Kelly Lamp, Idaho Chapter NECA, ID [IM] 
(A lt. to Wesley L. Wheeler) 

Borgia Noel, State of Wyoming Fire Marshal's Office, WY [El 
(A ir. to Susan Newman Scearce) 

Kevin T. Porter, Encore Wire Corporatio n , TX [M] 
(AIL to Christel K. Humer ) 

Mario Xer ri, UL LLC, NY [RT] 
(AIL to Susan L. Stene) 

Joseph S. Zimnoch, The Oko nite Company, NJ [M] 
(Alt. Lo George A. Straniero) 
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NATIONAL ELECTRICAL CODE 

Code-Making Panel No. 7 

Articles 545, 547,550, 551, 552,553, 555, 604, 675, and Annex D, Examples D11 and D12 

L. Keith Lofland, Chair 
Interna tio nal Associatio n of Electrical Inspectors (IAEI), TX [El 

Re p. Ime rnmio na l Associatio n of Electrical Inspectors 

Jorge L. Arocha, Flo rida Power & Ligh t, FL [UT] 
Rep. Ed ison Electric Institute 

Joseph R. Chandler, Independent Electrical Contractors-Da llas, TX 
[IM] 

Rep. Independent Electrical Contractors, Inc. 

Wade Elliott, Utili ty Services G rou p, Inc., WA [U] 
Rep. Natio nal Association of RV Parks & Campgro unds 

Robertj. Fick, Allia m Energy, WI [U] 
Rep. American Society of Agriculru ral & Biological Engineers 

Robert A. Garcia, Cavco Industries/ Fleetwood Homes, Inc., AZ [M] 

Bruce A. Hopkins, Recreatio n Vehicle Industry Associatio n, VA [Ml 

Ryan Hyer, Testing Eng ineers Internatio nal, UT [RT ] 

Thomas R. Lichtenstein, UL LLC, IL [RT] 

Doug Mulvaney, Kampgrounds of America, Inc., MT [U] 

Clifford Norto n , Bellingha m Marine Utilities, FL [ IM] 

Richard A. Paredes, IBEW Local 164 J ATC, NJ [L] 
Rep. Imernational Brothe rhood of Electrical Workers 

Stephen G. Rood, Legrand Nor th Am erica, NY [M] 
Rep. Natio nal Electrical Ma nufacturers Associatio n 

Dave Watson, Sou thwire, C A [M] 
Rep. The Aluminum Associatio n , Inc. 

Wesley L. Wheeler, National Electrical Contractors Associatio n, MD 
[IM] 

Rep. Natio nal Electrical Conu·actors Associatio n 

Michael L. Zieman, RADCO, CA [M] 
Rep. Ma nufactured Housing Insti tute 

Alternates 

Barry S. Bauman, Alliant Ene rgy, WI [U] 
(Alt. to Robert]. Fick) 

William Bruce Bowman, Fox Systems, Inc., CA [IM] 
(Alt. to J oseph R. Cha ndler) 

Byron Carroll , Carrol Woods Inc., NC [ U] 
(Alt. to Wade Elliott) 

Gerald D. Dix, Hampton Roads J oint Appre n ticesh ip Training 
Committee, VA [L] 

(Alt. to Richa rd A. Paredes) 

Dean C. Hunter, Minnesota Deparm1ent of Labor & Industry, MN 
[El 

(Alt. to L. Keith Lo fla nd) 
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Jeffrey Kreidler, Kampgrou nds of America Inc ., MT [U] 
(Alt. to Do ug Mulva ney) 

Mark C. Ode, UL LLC, AZ [RT] 
(Alt. to Tho mas R. Lich tenstein) 

Kent Perkins, Recreation Vehicle Industry Association , VA [M] 
(Alt. to Bruce A. Hopkins) 

Paulj. Reis, AFC Cable Systems, Inc., MA [M] 
(Alt. to Dave Watson ) 

Matthew J. Samojeden, Hubbell Incorporated, CT [M] 
(AIL to Stephe n C . Rood) 
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COMMITTEE PERSONNEL 

Code-Making Panel No. 8 

Articles342,344,348,350,352,353,354, 355,356,358,360,362, 366,368,370,372,374,376,378,380,384,386, 

388, 390, 392, Chapter 9, Tables 1 through 4, Example D13, and Annex C 

Doug Adams, MP Husky LLC, SC [M] 

Larry D. Cogburn, Chair 
Cogburn Bros., Inc., FL [IM] 

Rep. National Elecu-ical Contractors Association 

Richard E. Loyd , R & N Associates, AZ [M] 
Rep. Steel Tube Institute of North America Rep. Cable Bus Manufacture rs Association 

Richardj. Berman, UL LLC, IL [RT] 

David M. Campbell, AFC Cable Systems, Inc., MA [M] 
Rep. The Alumin um Association, Inc. 

Michael C. Martin, ExxonMobil Research & Engineering, TX [U] 
Rep. American Chemisuy Council 

Kenneth W. Hengst, 4C2 Electrical Specialists, TX [IM] 
Rep. Independent Elecu-ical Contractors, Inc. 

Pete Jackson, City of Bakersfield, Californ ia, CA [El 
Rep. Inte rnational Association of Electrical Inspectors 

David H. Kendall, Thomas & Betts Corporation, TN [M] 
Rep. The Vinyl Institute 

Paul W. Myers, Nutrien , OH [U] 
Rep. Institute of Elecu-ical & Electron ics Engineers, Inc. 

Donald R. Offerdahl, ln tertek Testing Services, ND [RT ] 

Rhett A. Roe, !BEW Local Un ion 26JATC, MD [L] 
Rep. Inte rnational Brotherhood of Electrical Workers 

Rodney J. West, Schneider Electric, OH [M] 
Rep. National Electrical Manufacturers Association 

Alternates 

Jay Burris, Wheatland Tube (Div. ofZekelman Indusu-ies), O H [Ml 
(Alt. LO Richard E. Loyd) 

Joel Uoey) Crider, AEP, O H [UT] 
(Voting Alt. ) 

Brian Deacy, Allied Tube Conduit Corporation , IL [M] 
(Alt. to David H. Kendall ) 

David A. Gerstetter , UL LLC, IL [RT] 
(AIL to Richard]. Berman) 

J. Grant Hammett, Colorado State Elecu-ical Board, CO [El 
(Alt. to Pete J ackson) 

Gary K. Johnson, Dow Corning Corporation, LA [U] 
(Alt. LO Michael C. Martin) 

Stephen P. Poholski, Newkirk Elecu-ic Associates, Inc., MI [IM] 
(Al t. to Larry D. Cogburn ) 

Dan Rodriguez, !BEW Local Un ion 332, CA [L] 
(Alt. LO Rhen A. Roe) 

Frederic F. Small, Hubbe ll Incorporated, CT [M ] 
(Alt. to Rodney J. West) 

Dan Suriyamongkol, Advanced Cable Bus, SC [M] 
(Alt. to Doug Adams) 

Raul L. Vasquez, Independent Electrical Contractors, TX [IM] 
(Alt. to Kenneth W. He ngst) 

Dave Wats on, Somlnvire, GA [Ml 
(Al t. to David M. Campbell) 

Nonvoting 

Stephen W. Douglas, QPS Evaluation Se1v ices Inc., Canada [SE] 
Rep. CSA/Canadia n Electrical Code Committee 
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NATIONAL ELECTRICAL CODE 

Code-Making Panel No. 9 

Articles 312,314,404,408,450, 490 

David G. Hwnphrey, Chair 
County of Henrico, Virginia, VA [El 

Rep. Imernmional Association of Electrical Inspectors 

Richard Anderson, Fluor Corporation, TX [U] 
Rep. Associated Bu ilders & Comractors 

Rodney D. Belisle, NECA-IBEW Electrical Training Trust, OR [L] 
Rep. Imernational Brotherhood of Electrical Workers 

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

Frederic P. Hartwell, Hartwell Electrical Services, Inc., l\lJA [SE] 

Kevin R. Miller, Intertek Testing Services, WA [RT] 

Robert D. Osborne, UL LLC, NC [RT ] 

Bradford D. Rupp, Allied Moulded Products, Inc., OH [M] 
Rep. National Electrical Manufacwrers Association 

Jeffrey A. Fecteau, Underwriters Laboratories LLC, AZ [RT] 
(AIL to Robert D. Osborne) 

Ken Filips, Bergelectric, O R [IM] 
(Air. to Carmon A. Colvin) 

Barry N. Hornberger, PECO Energy Company, PA [UT] 
(Alt. to Darrell M. Sumbera) 

Michael O'Connell, .Joint Apprentice & Training Committee of 
Greater Boston, MA [L] 

(Air. to Rodney D. Belisle) 
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Timothy Schultheis, T.S.B Inc., Schultheis Electric, PA [IM] 
Rep. National Electrical Contractors Association 

Paul B. Sullivan, DuPont, SC [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc. 

Darrell M. Sumbera, Centerpoint Energy, TX [UT] 
Rep. Edison Electric Institute 

Ralph H. Young, Eastman Chemical Company, TN [U] 
Rep. American Chemistry Council 

Alternates 

Ronnie H. Ridgeway, Siemens Industry, Inc., TX [M] 
(Alt. to Bradford D. Rupp) 

Pat Griffith Rose, City of Greensboro, NC [ El 
(Alt. to David G. Humphrey) 

Michael Simister, Imenek Testing Services, TX [RT] 
(Alt. to Kevin R. Miller) 
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COMMITTEE PERSONNEL 

Code-Making Panel No. 10 

Articles 215, 225, 230, 240, 242 

Julian R. Burns, Chair 
Quality Power Solutions, Inc., NC [IM) 

Rep. Independent Electrical Co ntractors, Inc. 

Paul D. Barnhart, UL LLC, NC [RT) 

Scott A. Blizard, American Electrical Testing Company, Inc., MA 
[IM) 

Rep. lnce rNational Electrical Testing Association 

James T. Dollard, J r. , !BEW Local Union 98, PA [L) 
Rep. Inte rnational Brotherhood of Electrical Workers 

Ed Koepke, Nidec Motor Corporation, MO [M) 

Kenne th]. Rempe, Siemens Industry Inc., GA [Ml 
Rep. National Electrical Ma nufacture rs Association 

Anthony Dawes, DTE Energy, Ml [UT) 
(Alt. to Christopher R. Vance) 

James Dorsey, Douglas Cou n ty Electrical lnspecto1; CO [El 
(Alt. to David A. Williams) 

KevinJ. Lippert, Eato n Corporation, PA [Ml 
(Alt. to Vincent]. Saporita) 

Richard E. Lofton, II, !BEW Local Union 280, OR [L) 
(Alt. to J ames T. Dolla rd, J r. ) 

Alan Manche, Schneide r Electric, KY [M) 
(Alt. to Kenneth]. Re mpe) 

David Morrissey, American Electrical Testing Company, Inc., MA 
[IM) 

(Alt. to Scott A. Blizard) 
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VincentJ. Saporita, Eaton's Bussmann Business, MO [M) 

Roy K Sparks, Ill, Eli Lilly and Company, I N [U) 
Rep. American Chemistry Council 

Steven E. Townsend, General Mowrs Company, Ml [U] 
Rep. Institute of Electrical & Electron ics Engineers, Inc. 

Christopher R. Vance, National Grid, NY [UT) 
Rep. Electric Light & Power Group/ EEi 

David A. Williams, Delta Charter Township, Ml [E) 
Rep. Inte rnational Association of Electrical Inspectors 

Alternates 

Nathan Philips, Integrated Electronic Systems, OR [IM) 
(Voting Alt.) 

Steve A. Struble, Freeman's Electric Service, Inc., SD [IM) 
(A lt. to J u lian R. Burns) 

Peter R. Walsh, Teaticket Technical Associates, LLC, MA [U) 
(A lt. to Steven E. Townsend) 

Danish Zia, UL LLC, NY [RT) 
(Alt. to PaLLI D. Barnhart) 
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NATIONAL ELECTRICAL CODE 

Code-Making Panel No. 11 

Articles 409, 430, 440, 460, 470, and Annex D, Example D8 

Luis M. Bas, l ntertek Testing Services, FL [RT] 

John E. Cabaniss, Easmrnn Chemical Company, TN [U] 
Rep. American Chemistry Council 

Terry D. Cole, Ha mer Electric, Inc., WA [IM] 
Rep. Indepe ndent Electrical Contractors, Inc. 

Zivorad Cosic, ABB Inc., WI [M] 

Robert G. Fahey, City of J anesville, WI [El 
Rep. International Associat ion of Electrical Inspectors 

Paul E. Guidry, Fluo r Enterprises, Inc., TX [U] 
Rep. Associated Builders & Contracto rs 

Stephen M. Jackson, Southern Company, GA [ UT] 
Rep. Electric Light & Power Group/ EEi 

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

Donald P. Deachin, DTE, MI [UT] 
(Alt. to Stephen M. J ackson) 

Eric Gesualdi, Shell Oil Company, TX [U] 
(Al t. to Arthur S. Neubauer) 

Charles A. Goetz, Siemens Industry, Inc., IL [M] 
(AIL to Ke ith Wate rs) 

Darryl Hill, Wichita ElectricalJATC/IBEW 271, KS [L] 
(AIL toJ ebedia hJ. Novak) 

Tim Hinson, Mille r Electric Company, FL [IM] 
(Vo ting Alt.) 
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Dirk R. F. Mueller, Chair 
UL LLC, Germany [RT ] 

Rep. UL LLC 

Arthur S. Ne ubauer, Arseal Technologies, GA [U] 
Rep. American Petroleum Institute 

JebediahJ. Novak, Cedar Rapids ElectricalJATC, LA [L] 
Rep. Inte rnatio nal Brot he rhood of Electrical Workers 

Joe Schomaker, Eaton, MO [M ] 

Arthur J. Smith, III, Waldem ar S. Nelson & Company, Inc. , LA [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc . 

Keith Waters, Schneider Electric, KY [Ml 
Rep. National Electrical Manufacturers Association 

Ron Widup, Shermco Industries, TX [IM] 
Rep. lnterNatio nal Electrical Testing Association 

Alternates 

Chester Kelly, Dupo nt Chestnut Run Plaza, DE [U] 
(Alt. to John E. Cabaniss) 

Tim LaLonde, Haskin Electric, Inc., WA [IM] 
(Alt. to Terry D. Cole) 

Charles Littlefield, Goochland County, VA [E] 
(Alt. to Robert G. Fahey) 

VincentJ. Saporita, Eato n 's Bussmann Business, MO [M] 
(Alt. to Joe Schomaker) 

Steven E. Townsend, General Motors Compa ny, MI [U] 
(Alt. to Arthur J. Smith, III) 

Bobby A. Walton, lnte rte k, TX [ RT] 
(Alt. to Luis M. Bas) 
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COMMITTEE PERSONNEL 

Code-Making Panel No. 12 

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

and D10 

Scott Cline, Chair 
McMurtrey Electric, Inc., CA [IM] 

Rep. National Electrical Contractors Association 

Joseph M. Bablo, UL LLC, IL [RT] 

Frank Anthony Belio, Inte rnational Union of Elevator Constructors, 
CA [L] 

J effrey W. Blain, Schindler Elevator Corporation, NJ [Ml 
Rep. National Elevator Industry Inc. 

Philip Clark, City of Southfield, Ml [E] 
Rep. Inte rnational Association of Electrical Inspectors 

Karl M. Cunningham, Alcoa, Corporation, PA [M] 
Rep. The Aluminum Associatio n, Inc. 

Joel Goergen, Cisco Systems, Inc., CA [M] 

Jody B. Greenwood, Navy Crane Center, VA [U] 

J effrey L. Holmes, IBEW Local Unio n l J ATC, MO [L] 
Rep. International Brothe rhood of Electrical Wo rkers 

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

Mark S.Joiner, Office State Fire Marshal, LA [El 

Stanley Kaufman, CableSafe, lnc./ OFS, GA [M] 
Rep. Plastics Industry Association ( Plastics) 

Todd R. Konieczny, lnte rte k Testing Services, MA [RT] 
Rep. lnte rtek Testing Se,v ices 

Todd F. Lottmann, Eaton•s Bussmann Business, PA [M ] 
Rep. National Electrical Manufacturers Association 

Karl Reighard, Delmarva Power and Light, MD [UT] 
Rep. Edison Electric Institute 

Edward E. Rodriguez, Walke r Enginee ring, Inc., TX [IM] 
Rep. Inde pe ndent Electrical Contractors, Inc. 

James E. Tarchinski, Gene ral Motors Company, MI [U] 
Rep. SAE Hybrid/ EV Technical Standards Committee 

Robert C. Turner, Inductotherm Corporation, PA [M] 

Alternates 

Rocco DeLuca, Jr., City And County Of Broomfield, CO [El 
(AIL to Philip Clark) 

Jacob Haney, Ge ne ral Cable Corporation, IN [M] 
(AIL to Karl M. Cunningham) 

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

P eter Sedor, I nte rtek, MA [ RT] 
(Alt. to Todd R. Konieczny) 

John D. (Do ug) Henderson, ThyssenKrupp Elevator Manufacturing 
Inc., TN [M] 

Richard R. Shawbell, Jr. , Florida East Coast ElectricalJATC, FL [L] 
(Alt. to J effrey L. Holmes) 

(Alt. toJ effreyW. Blain) 

John R. Kovacik, UL LLC, IL [RT] 
(Alt. to.Joseph M. Bablo) 

Richard (Tony) O'Brien, Cisco Systems, Inc., CA [Ml 
(Alt. to.Joel Goergen) 

Mike O'Meara, Arizona Public Ser vice Company, AZ [UT] 
(Alt. to Karl Reighard) 

Andre R. Cartal, Yardley, PA [E] 
(Member Emeriws) 
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David B. Stump, Independent Electrica l Contractors, TX [IM] 
(Alt. to Edward E. Rodriguez) 

Emad Tabatabaei, lnductotherm Corpo ratio n , f\!J [M] 
(Alt. to Robert C. Turner ) 

Frank Tse, Leviton Manufacturing Company, Inc., NY [M] 
(Alt. to Todd F. Lomnann) 

Nonvoting 
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NATIONAL ELECTRICAL CODE 

Code-Making Panel No. 13 

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

LindaJ. Little, Chair 
!BEW Local l ElectriciansJ ATC, MO [L] 

Martin D. Adams, Adams Electric, Inc., CO [IM] 
Rep. National Electrical Contractors Association 

Steve Baldwin, lntertek, CA [RT] 
Rep. lntertek Testing Services 

Gregj. Ball, Tesla, CA [M] 
Krista McDonald Biason, HCA Architects and Engineers, MN [U] 

Rep. American Society for Healthcare Engineering 

Daniel J. Caron, Bard, Rao + Athan as Consulting Engineers, LLC, 
MA[SE] 

Richard D. Currin, Jr., North Carolina State University, NC [U] 
Rep. American Society of Agricultural & Biological Engineers 

Neil A. Czarnecki, Reliance Controls Corporation, WI [Ml 
Rep. National Electrical Manufacturers Association 

Steven F. Froemming, City of Franklin, WI [ E] 
Rep. International Associat ion of Electrical Inspectors 

Robert E. Jordan , Alabama Power Company, AL [UT] 
Rep. Electric Ligh t & Power Group/ EEi 

Lawrence S. Ayer, Biz Com Electric, Inc., OH [IM] 
(Voting AIL) 

Barry S. Bauman, Allianc Energy, WI [U] 
(AIL to Richard D. Currin, J r.) 

Glenn Brown, GJL Engineering, PA [U] 
(AIL to Krista McDonald Biason) 

William P. Cantor, TPI Corporation, PA [U ] 
(AIL to Mario C. Spina) 

James S. Conrad, RSCC Wire & Cable, CT [M ] 
(Alt. to Kendall M. Waterman) 

Timothy Crnko, Eaton's Bussmann Business, MO [M] 
(Alt. to Danie l R. Neeser) 

James T. Dollard, Jr., !BEW Local Union 98, PA [L] 
(Alt. to Linda.). Linle) 

Laurie B. Florence, UL LLC, IL [RT] 
(Alt. to j ohn R. Kovacik) 

Travis Foster, Shell Oil Company, TX [U] 
(AIL to Arnoldo L. Rodriguez) 

Richard Garbark, BCE, MD [UT] 
(AIL to Robert E.Jordan) 
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John R. Kovacik, UL LLC, IL [RT] 

Greg Marchand, Briggs & Stranon, WI [M] 
Rep. Portable Generator Manufacturers' Associmion 

Daniel R. Neeser, Eaton's Bussmann Division, MO [M] 

Shawn Paulsen, CSA Group, Canada [RT] 

Arnoldo L. Rodriguez, LyondellBasell Industries, TX [U] 
Rep. American Chemistry Council 

Michael L. Savage, Sr., Marion County Building Safety, FL [El 

Mario C. Spina, Verizon Wireless, OH [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc. 

Kendall M. Waterman, Draka Cableteq, MA [M] 
Rep. Copper Development Association Inc. 

James R. Whlte, Shermco Industries, Inc., T X [IM] 
Rep. lnterNational Electrical Testing Association 

Timothy P. Windey, Cummins Power Generation, MN [M] 

Alternates 

Jan Gromadzki, Tesla, CA [M] 
(Alt. to Greg j. Ball) 

Jeff Jonas, Generac Power Systems, Inc., Wl [M] 
(Voting Alt.) 

Chad Kennedy, Schneider EleClric, SC [M] 
(Alt. to Neil A. Czarnecki) 

Raymond Richard Prucha, Bard, Rao + Anthanas Consulting 
Engineers, LLC, NY [SE] 

(Alt. to Danielj. Caron) 

Daniel Schlepp, Wacker Neuson, WI [M] 
(Alt. to Greg Marchand) 

Rich Scroggins, Cummins Power Generation, MN [M] 
(Alt. to Timothy P. Windey) 

Richard Tice, VEC, Inc., OH [IM] 
(AIL to Martin D. Adams) 

Anton Tomasin, City Of Rochester Hills, MI [El 
(Alt. to Steven F. Froemming) 

Michael Wilson, CSA Group, Canada [RT] 
(Alt. to Shawn Paulsen) 
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COMMITTEE PERSONNEL 

Code-Making Panel No. 14 

Articles 500, 501,502,503, 504, 505, 506, 510, 511, 513, 514, 515, 516 

Michael W. Smith, Chair 
Schaeffer Electric Compan y, MO [IM] 

Rep. National Electrical Comractors Association 

Donald W. Ankele, UL LLC, IL [RT ] 

StevenJ. Blais, Appleton Group, IL [Ml 
Rep. National Electrical Manufacturers Association 

Corey Cahill, U.S. Coast Guard, DC [El 
Mark A. Chrysler, City of San Diego, CA [E] 

Rep. lme rnational Association of Electrical Inspectors 

William T. Fiske, lntertek Testing Services, NY [RT ] 

Mark Goodman, Mark Goodman Electrical Consu lting, CA [U] 
Rep. American Petrole um Institute 

William G. Lawrence,Jr. , FM Global, I\IIA [I] 

L. Evans Massey, Baldor Electric Company, SC [Ml 
Rep. Instrume ntation, Systems, & Automation Society 

William E. McBride, CONAM Construction Company, AK [U] 
Rep. Institute of Electrical & Electro nics Engineers, Inc. 

Miltail Bantic, l ntertek, TX [RT] 
(AIL to William T. Fiske) 

Jeremy Neagle, U.S. Bureau of Alcohol, Tobacco, Fi rearms & 
Explosives, MD [U] 

Thomas L. Pottschmidt, Indianapolis Power & Light, IN [UT] 
Rep. Edison Electric Institute 

Lowell Reith, Inte rstates Construction Services, Inc., KS [IM] 
Rep. lndependem Electrical Contraetors, Inc. 

John L. Simmons, Florida East CoastJATC, FL [L] 
Rep. lme rnational Brotherhood of Electrical Workers 

Fred K. Walker, U.S. Department Of The Air Force, FL [E] 

David B. Wechsler, Consultant, TX [U] 
Rep. American Chemistry Council 

Mark C. Wirfs, R & W Engineering, Inc., OR [U] 
Rep. Grain Elevator and Processing Society 

Alternates 

Paul T. Kelly, UL LLC, IL [RT] 
(Alt. to Do nald W. Ankele) 

Dave Burns, Shell P&T: l nnovation/ R&D, TX [U] 
(AIL to Mark Goodma n) 

Haywood Kines, Prince William County Building Development, VA 
[El 

Cory Co le, Hame r Electric, Inc., WA [IM] 
(Alt. to Lowell Reith) 

Thomas E. Dllltne, Long Island Joint Apprenticeship & Training 
Committee, NY [L] 

(AIL to.John L. Simm o ns) 

Andrew Hernandez, AstraZeneca Pharmaceuticals, DE [U] 
(Alt. to William E. Mc Bride) 

Richard A. Holub, The DuPont Company, Inc., DE [U] 
(Alt. to David B. Wechsle r) 

Michael E. Aaron, Wiss Ja nney Elstner Associates, Inc., IL [SE] 
Rep. TC on Airport Facilities 
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(Alt. to Ma rk A. Chrysler) 

Edmund R. Leubner, Eaton's Crouse-Hinds Business, NY [M] 
(Alt. to Steven J. Blais) 

Eddie Ramirez, FM Global, MA [I] 
(Alt. to William G. Lawrence, J r. ) 

Ted H. Schnaare, Rosemount Incorporated, MN [Ml 
(A lt. LO L. Evans Massey) 

Nonvoting 

Timothy J. Pope, Canadian Standards Association, Ca nada [RT] 
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Code-Making Panel No. 15 

Articles 517, 518,520,522,525,530,540 

Lawrence E. Todd, Chair 
lntertek Testing Services, KY [RT] 

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

David A. Dagenais, Partners/ Wentworth-Douglass Hospital, NH [U ] 
Rep. NFPA Health Care Section 

Matthew B. Dozier, !Design Services, TN [U] 
Rep. lnsticme of Electrical & Electronics Engineers, Inc. 

Joe L. DuPriest, City of St. Cloud, FL [ E] 
Rep. International Association of Elec crical lnspeccors 

KennethJ. Gilbert, Florida Power & Light Company, FL [UT] 
Rep. Electric Light & Power Group/ EEi 

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

Mitchell K. Hefter, Signify, TX [IM] 
Rep. Illuminating Engineering Society of North America 

Kim Jones, Funtastic Shows, OR [U] 
Rep. Outdoor Amuseme nt Business Association, Inc. 

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

Gary J. Krupa, U.S. Departme nt of Vete rans Affairs, NE [U] 

Kevin T. Porter, Encore Wire Corporation, TX [M] 
Rep. The Aluminum Association, Inc. 

Brian E. Rock, Hubbell Incorporated, CT [M ] 
Rep. National Electrical Manufacturers Association 

James C. Seabury III, Enterprise Electric, LLC, TN [IM] 
Rep. Independent Electrical Concractors, Inc. 

Bruce D. Shelly, Shelly Electric Company, Inc., PA [IM] 
Rep. National Electrical Concractors Association 

Michael D. Skinner, CBS Smdio Cente1; CA [U] 
Rep. Alliance of Motion Picture and Television Producers 

Steven R. Terry, Electronic Theatre Controls Inc., NY [M] 
Rep. U.S. Institute for Theacre Technology, Inc. 

Alternates 

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

Gary A. Beckstrand, Utah Electrical.JATC, UT [L] 
(Voting Alt. ) 

David M. Campbell, AFC Cable Systems, Inc., lvlA [M] 
(Alt. to Kevin T. Porter) 

Carmon A. Colvin, Bright Future Electric, LLC, AL [IM] 
(Alt. to J ames C. Seabury III ) 

Connor Wright Frazier, HCA Architects And Engineers, MN [U] 
(Alt. to Chad E. Beebe) 

Samuel B. Friedman, General Cable Corporation, RI [M] 
(Alt. to Brian E. Rock) 

EdwardJoseph, Underwriters Laboratories Inc., NY [RT] 
(Alt. to Pamela Gwynn) 

Jay Y. Kogoma, lntertek Testing Services, CA [RT] 
(Alt. to Lawrence E. Todd) 
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Frank Novitzki , U.S. Departme nt of Veterans Affairs, VA [U] 
(Alt. to Gary J. Krupa) 

Don Rabel, Mid-West Electric Company, TX [I M] 
(Alt. to Bruce D. Shelly) 

Douglas Rheinheimer, Paramount Picm res, CA [U] 
(Alt. to Michael D. Skinner) 

Alan M. Rowe, Inte rnational Alliance of Theatrical Stage 
Employees, CA [L] 

(Alt. to Edwin S. Kramer) 

Clinton Bret Stoddard, City of Rexburg, ID [El 
(Alt. to Joe L. Du Priest) 

Walter N. Vernon, IV, Mazzetti, CA [SE] 
(Voting Alt.) 

R. Duane Wilson, Geo rge C. lzenour Associates, Inc., NM [IM ] 
(Alt. lO Mitchell K. Hefte r ) 
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Code-Making Panel No. 16 

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

Thomas E. Moore, Chair 
City of Beachwood, O H [E] 

Rep. lmernational Association of Electrical Inspectors 

George Bish, Amazon/ Ring Protect Inc., NC [IM ] 
Rep. Satellite Broadcasting & Communications Association 

James E. Brunssen, Telcordia Technologies (Ericsson), NJ [U] 
Rep. Alliance for Te lecommunications Industry Solutions 

Terry C. Coleman, Electrical Training Alliance, TN [L] 
Rep. Inte rnational Brotherhood of Electrical Workers 

Robert Davies, Davies Electric Company, CA [IM] 
Rep. National Electrical Comractors Association 

Fred C. Dawson, Chemours, Canada [U] 
Rep. American Chemistry Council 

Gerald Lee Dorna, Belden Wire & Cable Co., IN [M] 
Rep. Insulated Cable Engineers Associatio n, Inc. 

Robert W.Jensen, dbi-Telecommunicatio n Infrastrucmre Design, 
TX [M] 

Rep. Building Industry Consulting Services Internatio nal 

Steven C.Johnson, J ohnson Te lecom, LLC, TX [UT] 
Rep. Sociecy of Cable Telecommunicatio ns Engineers (SCTE) 

Rendell K. Bourg, National Fire Protection Company Inc., HI [M] 
(Alt. to Tho mas]. Parrish ) 

Trevor N. Bowmer, Telcordia (Ericsson), NJ [U] 
(Alt. to .James E. Brunssen) 

Larry Chan, City of New Orleans, LA [El 
(AIL to Thomas E. Moore) 

Timothy D. Cooke, Times Fiber Communicatio ns, Inc., VA [UT] 
(Alt. co Steven C. Johnson) 

RandolphJ. Ivans, UL LLC, NY [RT] 
(Alt. co Anthony Tassone) 

John A. Kacperski, P2S Engineering, Inc ., CA [M] 
(Alt. LO Robert \~1.Je nsen) 

Stanley Kaufman, CableSafe, Inc ./ O FS, GA [M] 
(Alt. Lo Gerald Lee Do rna) 
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Williamj. McCoy, Telco Sales, Inc., TX [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc. 

Michael F. Murphy, lntertek Testing Services, MA [RT] 

111omasJ. Parrish, Telgian Corporation, Ml [Ml 
Rep. Automatic Fire Alarm Association, Inc. 

Roy Pollack, Comcast Xfinicy Home, FL [UT] 
Rep. Electro nic Secu rity Association 

Luigi G. Prezioso, M. C. Dean, Inc., VA [IM] 
Rep. Independent Electrical Contractors, Inc. 

Rodger Reiswig,J ohnson Contro ls, FL [M] 
Rep. National EleCLrical Manufacmrers Association 

Masood Shariff, Commscope, "!J [M ] 
Rep. Telecommunicatio ns Industry Association 

Anthony Tassone, UL LLC, NY [RT] 
Rep. UL LLC 

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

Alternates 

Eric Lawrence, Berk-Tek, A Nexans Compan y, PA [M ] 
(Alt. to Masood Shariff) 

Diana M. Lettkeman, Dish Network Service, LLC, CO [IM] 
(Alt. to George Bish ) 

Christopher Rawson, International Brotherhood of Electrical 
Workers-Technical Institute (IBEW), IL [L] 

(Alt. LO Terry C. Coleman) 

David B. Schrembeck, DBS Communications, Inc., OH [IM] 
(Alt. to Luigi G. Prezioso) 

Carl R. Wetterhan, Genera l Cable Industries, Inc., KY [M] 
(Alt. co Rodge r Re iswig) 
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Code-Making Panel No. 17 

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

Donald R. Cook, Chair 
She lby County De pa rtme nt of Develo pment Ser vices, AL [El 

Re p. Ime rnmio na l Associatio n of Electrical Inspectors 

Thomas V. Blewitt, UL LLC, NY [RT ] 

Jerry Lee Daniel, Texas Depar tme m of Licensing Regulatio n, TX 
[El 

E. P. Hamilton, Ill, E. P. Hamilto n & Associates, Inc., TX [Ml 
Rep. Associatio n of Pool & Spa Professio nals 

Emmanuel (Lee) DeWayne Jones, Georg ia Power Company, GA 
[UT] 

Rep. Electric Ligh t & Power Gro up/ EEi 
Brian Myers, !BEW Local Unio n 98, PA [L] 

Rep. Inte rnatio nal Brothe rhood of Electrical Wo rke rs 

Timothy R. O'Brien, Chula Vista Electric, CA [IM] 
Rep. Nationa l Electrical Contractors Association 

Dennis Michael Querry, Trinity River Au thority, TX [IM) 
Re p. Independen t Electrical Contractors, Inc. 

Chester L. Sandberg, C L Sandberg & Associates, LLC, CA [U) 
Rep. Institute of Electrical & Electro nics Engineers, Inc . 

Kenneth M. Shell , nVent Therma l Ma nagem ent, CA [M) 
Rep. Coppe r Develo pm ent Associatio n Inc. 

Kam Fai Siu, lntertek Testing Services, Ho ng Ko ng [RT) 
Rep. lntertek Testing Services 

Peter C. Swim, Whirlpool Corporatio n, Ml [M) 
Rep. Air-Cond itioning, H eating, & Refrigeratio n Insti tllle 

Marcelo E. Valdes, GE Energy Industrial Solutio ns, NC [M) 
Rep. Natio nal Electrical Ma nufacturers Associatio n 

Matt B. Williams, Associatio n of Ho rne Applia nce Manufaccure rs 
(AHAM ), DC [M) 

Rep. Association of Ho rne Appliance Ma nufactu re rs 

Alternates 

Paul W. Abernathy, Encore Wire Corporatio n, TX [M) 
(Alt. to Ke nneth M. She ll ) 

Ryan Andrew, Alaska J oint Electrical Apprenticeship a nd Tra ining 
Trust, AK [L) 

(Alt. to Brian Myers) 

Bernie Donnie Bell, Gulf Power Company, FL [UT) 
(Alt. to Emma nuel (Lee) DeWayne J o nes) 

Masud Chowdhury, Associatio n of Horne Applia nce Manufacturers 
(AHAM), VA [M) 

(Alt. to Matt B. Williams) 

Chris Faucette, State of North Carolina, NC [El 
(Al t. to Do na ld R. Cook) 

Stephen R. Kuscsik, Underwri te rs Laboratories Inc., I L [RT) 
(Alt. to T homas \I. Blewitt) 

Armando M. Lozano, MSF Electric, Inc., TX [IM) 
(Alt. to De nnis Michael Que rry) 

Stephen Macey, Watkins Manufacturing Corporatio n, CA [M] 
(Alt. to E. P. Hamilton, 111 ) 

Bernard Poton, lntertek, TX [RT] 
(Alt. to Kam Fai Siu) 

Larry Reichle, Texas Depanmem Of Licensing Regulmio n, TX [El 
(Alt. to J erry Lee Daniel) 

Svetlana Ulemek, Hubbel/Burndy LLC, N H [M) 
(Alt. to Ma rcelo E. Valdes) 

Thomas H. Wood, Cecil B. Wood, Inc., IL [ IM] 
(Alt. to Timothy R. O ' Brie n ) 

Nonvoting 

Andrew M. Trotta, U.S. Co nsumer Product Safety Commissio n, MD Douglas A. Lee, U.S. Consume r Product Safety Commissio n , MD 
[Cl [Cl 

Rep. U.S. Co nsume r Product Safety Commissio n Rep. U.S. Consumer Product Safety Commissio n 
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COMMITTEE PERSONNEL 

Code-Making Panel No. 18 

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

Bobby J. Gray, Chair 
Hoydar/ Buck, Inc., WA [IM] 

Rep. National Electrical Contractors Associatio n 

Ron D. Alley, Northern New Mexico IEC, NM [IM] 
Rep. Independent Electrical Contractors, Inc. 

Frederick L. Carpenter, Acui ty Brands Lighting, GA [M] 
Rep. National Electrical Manufacturers Association 

KurtJ. Clemente, Clark Nexsen, Inc., VA [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc. 

Paul Costello, NECA and I BEW Local 90 JATC, CT [L] 
Rep. Inte rnatio nal Brotherhood of Electrical Workers 

Hakim Hasan, lntertek, GA [RT] 

Jack E. Jamison, Jr., Mille r Eng ineering, Inc., WV [El 
Rep. Inte rnational Association of Electrical Inspectors 

Donald Berlin, lnrermatic Inc., IL [M] 
(AIL to Michael S. O' Boyle) 

Juan M. Caamano, UL LLC, NY [RT] 
(Alt. to C harles S. Kurte n ) 

Charles S. Kurten, UL LLC, NY [RT] 

William Ross McCorcle, American Ele CLric Power, O K [UT] 
Rep. Electric Light & Power Group/ EEi 

Michael S. O'Boyle, Philips Lightolier, lVlA [M ] 
Rep. American Lighting Association 

Wesley J. Wilkens, Persona, Inc., SD [M] 
Rep. Inte rnational Sign Association 

Randall K Wright, RKW Consulting, PA [SE] 

Alternates 

Robert Setaro, lntertek, GA [RT] 
(Alt. to Hakim Hasan ) 

Frank Tse, Leviton Manufacturing Compan y, Inc., NY [Ml 
(Alt. to Fre derick L. Carpenrer) 

Mark Coshal, JES Commercial of San Anronio, TX [IM] 
(Alt. to Ro n D. Alley) 

Daniel Van Sickle, III, Electrical Training Alliance ofj acksonville, 
FL [L] 

Gabriel A. Griffin, Clear Sign and Design Inc., CA [M] 
(Alt. to Wesley J. Wilkens) 

Richard Hollander, City of Tucson, AZ [El 
(AIL to J ack E.Jamison,Jr.) 

(Alt. to Paul Costello ) 

Paul Yesbeck, ACU Sign Corporation, FL [IM] 
(Alt. to Bobby J. Gray) 

Committee Scope: This Committee shall have primary responsibi lity for documents on 
minim izing the risk of electricity as a source of electric shock and as a pote ntial ignition 
source of fires and explosions. It shall a lso be responsib le for text to minimize the 
propagation of fire and explosio ns due to electrical installations. 
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Barry Chase, Senior Engineer 
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Christopher Coache, Senio r Electrical Eng ineer 

Erik Hohengasser, Technical Lead , Elecu-ical 
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ARTICLE 90- INTRODUCTION 90.2 

NFPA 70 

National Electrical Code 

2020 Edition 

I!vfPORTANI' 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.njpa.org/ disclaimers 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 cycles. 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
tive Interim Amendments (T/As). An official NFPA Standard at any 
point in time consists of the current edition of the document, together 
with all TIAs and Errata in effect. To verify that this document is the 
current edition or to determine if it has been amended by TIAs or 
Errata, please consult the National Fire Codes® Subscription Service 
or the "List of NFPA Codes & Standards" at www.nfpa.org/docinfo. 
In addition fQ IlAs and Errata, the document information pages also 
include the option t-0 sign up for alerts for individual documents and 
fQ be involved in the development of the next edition. 

90. I Purpose. 

ARTICLE90 
Introduction 

(A) Practical Safeguarding. The purpose of this Code is the 
practical safeguarding o f persons and property from hazards 
arising from the use of electricity. This Code is not intended as a 
design specification or an instruction manual for untrained 
persons. 

(B) Adequacy. This Code contains prov1s1ons that are consid­
ered necessary for safety. Compliance therewith and proper 
main tenance result in an installation that is essentially free 
from hazard but not necessarily efficient, convenient, or 
adequate for good service or future expansion of electrical use. 

Informational Note: Hazards often occur because of overloading 
of wiring systems by methods or usage not in conformity with 
this Code. This occurs because initial wiring did not provide for 
increases in the use of electricity. An initial adequate installation 
and reasonable provisions for system changes provide for future 
increases in the use of elecu-icity. 
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(C) Relation to Other International Standards. The require­
ments in this Code address the fundamental principles of 
protection for safety contained in Section 131 of Internationa l 
Electrotechnical Commission Standard 60364-1, E/,ectrical Instal­
lations of Buildings. 

Informational Note: IEC 60364-1, Section 131, contains fimda­
mental principles of protection for safety that encompass protec• 
tion against elecu-ic shock, protection against thermal effects, 
protection against overcurrent, protection against fault currents, 
and protection against overvoltage. All of these potential 
hazards are addressed by the requirements in this Code. 

90.2 Scope. 

(A) Covered. This Code covers the installation a nd removal of 
elecu·ical conductors, equipment, and raceways; signaling and 
communications conductors, equipment, and raceways; and 
optical fiber cables for the following: 

(1) Public and private premises, including buildings, so-uc­
tures, mobile homes. recreational vehicles, and floating 
buildings 

(2) Yards, lots, parking lots, carnivals, and industrial substa­
tions 

(3) Installations of conductors and equipment that connect 
to the supply of e lectricity 

( 4) Installations used by the e lectric utility, such as office 
buildings, warehouses, garages, machine shops, and 
recreational buildings, that are not an integral part of a 
generating plant, substation , or contro l center 

(5) Installations supplying sho1·e power to ships and water­
craft in marinas a n d boatyards, including monitoring of 
leakage current 

(6) Installations used to export electric power from vehicles 
to premises wiring or for bidirectional current flow 

(B) Not Covered. This Code does not cover the following: 

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

Informational Note: Although the scope of this Code indicates 
that the Codi! does not cover installations in ships, portions of 
this Code are incorporated by reference into Title 46, Code of 
Federal Regulations, Parts 110-113. 

(2) Installations underground in mines and self-propelled 
mobile surface mining machinery and its attendant elec­
trical trailing cable 

(3) Installations of railways fo1· generation, transformation, 
transmission, energy storage, or d isu·ibution of power 
used exclusively for operation of rolling stock or install a­
tions used exclusively for signaling an d communications 
purposes 

(4) Installations of communications equipment under the 
exclusive conu-ol of communications utilities located 
outdoors or in building spaces used exclusively for such 
installations 
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(5) Installations under the exclusive control of an electric 
utility where such installations 

a . Consist of service drops or service laterals, and associ­
ated metering, or 

b. Are on property owned or leased by the electric utility 
for the purpose of communications, metering, gener­
ation, control, transformation, transmission, energy 
storage, or disu·ibution of electric energy, or 

c. Are located in legally established easements or rights­
of-way, or 

d . Are located by othe1· written agreements e ither desig­
nated by or recognized by public service commissions, 
utility commissions, or other regulatory agencies 
having jurisdiction for such installations. These writ­
ten agreements shall be limited to installations for the 
purpose of communications, metering, generation, 
control, transformation, transmission, energy storage, 
or distribution of electl"ic energy where legally estab­
lished easements or rights-of-way cannot be obtained. 
These installations shall be limited to federal lands, 
Native American 1·eservations through the U.S. 
Department of the Interior Bureau of Indian Affairs, 
military bases, lands controlled by port authorities 
and state agencies and departments, and lands owned 
by railroads. 

Informational Note to (4) and (5): Examples of utilities may 
include those emilies that are typically designated or recognized 
by governmental law or regulation by public service/ utility 
commissions and that install, operate, and maintain electric 
supply (such as generation, transmission, or distribmion 
systems) or communications systems (such as telephone, CATV, 
l mernet, satellite, or data services) . Utilities may be subject Lo 
compliance with codes and standards covering their regulated 
activities as adopted under governmental law or regulation. 
Additional information can be found through consultation with 
the appropriate governmental bodies, such as state regulatory 
commissions, the Federal Energy Regu latory Commission, and 
the Federal Communications Commission. 

(C) Special Permission. The authority having jurisdiction for 
enforcing this Code may grant exception for the installation of 
conductors and equipment that are not under the exclusive 
control of the e lectric utilities and are used to connect the elec­
tric utili ty supply system to the service conductors of the prem­
ises served, provided such installations are outside a building or 
strucntre, or terminate inside at a readily accessible location 
nearest the point of entrance of the service conductors. 

90.3 Code Arrangement. This Code is divided into the intro­
duction and nine chapters, as 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 requirements in Chapters 1 
through 7. 

Chapter 8 covers communications systems and is not subject 
to the requirements of Chapters I through 7 except where the 
requirements ar e specifically referenced in Chapter 8. 

Chapter 9 consists of tables that are applicable as referenced. 

Informative annexes a re not part of the requirements of this 
Code but are included for informational purposes o nly. 
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Chapter 1 - General 

Chapter 2- Wiring and Protection 

Chapter 3- Wiring Methods and Materials 

Applies generally 
to all electrical 

installations 

Chapter 4 - Equipment for General Use 

Supplements or modifies 
Chapters 1 through 7 { 

I Chapter 5 - Special Occupancies I 
I Chapter 6 - Special Equipment I 
I Chapter 7 - Special Conditions I 

Chapter 8 is not subject 
to the requirements of 

I · • I} Chapters 1 through 7 except 
Chapter 8- Commu111cat1ons Systems where the requirements are 

specifically referenced in 
Chapter 8. 

I Chapter 9 - Tables I} Applicable as referenced 

Informative Annex A through } Informational only; 
Informative Annex J not mandatory 

FIGURE 90.3 Code Arrangement. 

90.4 Enforcement. This Code is intended to be suitable for 
mandatory application by governmental bodies that exercise 
legal jurisdiction over electrical installations, including signal­
ing and communications systems, and for u se by insurance 
inspectors. The authority having jurisdiction for enforcement 
of the Corle has the respon sibility for making interpretations of 
the rules, for deciding on the approval of equipment and mate­
rials, and for granting the special permission contemplated in a 
number of the rules. 

By special permission, the authority having jurisdiction may 
waive specific requirements in this Corle or permit alternative 
methods where it is assured that equivalent objectives can be 
achieved by establishing and maintaining effective safety. 

This Code may require new products, consu·uctions, or mate­
rials that may not yet be available at the time the Code is adop­
ted. In such event, the authority having jurisdiction may permit 
the use of the products, constructions, or materials that comply 
with the most recent previous edition of this Code adopted by 
the jurisdiction. 

90.5 Mandatory Rules, Permissive Rules, and Explanatory 
Material. 

(A) Mandatory Rules. Mandatory rules of this Corle are those 
that identify actions that are specifically required or prohibited 
and are characterized by the use of the terms shall or shall not. 

(B) Permissive Rules. Permissive rules of this Corle are those 
that identify actions th at are allowed but not required, are 
normally used to describe options or alternative methods, and 
are characterized by the use of the terms shall be permitted or 
shall not be required. 

NATIONAL ELECTRJCAL CODE 2020 Edition 



ARTICLE 90- INTRODUCTION 90.9 

(C) Explanatory Material. Explanato1y material, such as refer­
ences to o ther standards, references to related sectio ns of this 
Code, or information related to a Code rule, is included in t his 
Code in the form of informational notes. Such notes are infor­
mational only and are not enforceable as requirements of this 
Code. 

Brackets containing section references to another NFPA 
document are for informational purposes only and are provi­
ded as a guide to indicate the source of the extracted text. 
These bracketed references immediately follow the extracted 
text. 

Informational Note: The fo rmat and language used in this Code 
follows guidelines established by N FPA and published in the 
NEC Styli! Manual. Copies of this manual can be obrained from 
NFPA. 

(D) Informative Annexes. Nonmandatory information relative 
to the use of the NEC is provided in informative annexes. Infor­
mative annexes are not part of the enforceable requirements of 
the NEC, but are included for information purposes only. 

90.6 Formal Interpretations. To promote uniformity of inter­
pretation and application of this Code, formal interpretation 
procedures have been established and a re found in the NFPA 
Regulations Govern ing Committee Projects. 

90. 7 Examination of Equipment for Safety. For specific ite ms 
of equipment and mate1·ials referred to in this Code, examina­
tions for safety made under standard conditions provide a basis 
for approval where the record is made ge nerally available 
through promulgation by organizations prope rly equipped and 
qualified for experimental testing, inspections of the run of 
goods at factories, and service-value determination th rough 
field inspections. This avoids the necessity for repetition of 
examinations by different examiners, frequently with inade­
quate facilities for such work, a nd the confusion that would 
result from conflicting re ports on the suitability of devices and 
materials examined for a g iven purpose. 

I t is the intent of this Code that factory-installed internal 
wiring or the construction of equipment need not be inspected 
at the time of installation of the equipment, except to detect 
a lterations or damage, if the equipme nt has been listed by a 
qualified electrical testing laboratory that is recognized as 
having the facilities described in the preceding paragraph and 
th at requ ires suitability for installation in accordance with this 
Code. Suitability shall be determined by application of require­
ments that are compatible with this Code. 

Informational Note No. 1: See requirements in 110.3. 

Informational Note No. 2: Listed is defined in Article 100. 

Informational Note No . 3: Informative Annex A conrains a list of 
product safety standards that are compatible with th is Code. 

90.8 Wiring Planning. 

(A) Future Expansion and Convenience. Plans and specifica­
tions th at provide ample s pace in raceways, spare raceways, and 
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additional spaces allow for future increases in electric power 
and communications circuits. Disu·ibution centers located in 
readily accessible locations provide convenience and safety of 
operation. 

(B) Number of Circuits in Enclosures. It is elsewh ere provided 
in this Code that the number of circuits confined in a single 
enclosure be varyingly restricted. Limiting th e number of 
circuits in a single enclosure minimizes the effects from a short 
circuit or ground fault. 

90.9 Units of Measurement. 

(A) Measurement System of Preference. For the purpose of 
this Code, metric units of measurement are in accordance with 
the modernized metric system known as the International 
System of Units (SI) . 

(B) Dual System of Units. SI units shall appear first, a nd inch­
pound units shall immediate ly follow in parentheses. Conver­
sion from inch-pound units to SI units shall be based on hard 
conversio n except as provided in 90.9 (C) . 

(C) Permitted Uses of Soft Conversion. The cases g iven in 
90.9(C) (1) through (C) ( 4) sha ll not be required to use hard 
conversion and shall be permitted to use soft conversion. 

(1) Trade Sizes. Where th e actua l measured size of a product 
is not the same as the nominal size, trade size designators shall 
be used rather than dimensions. Trade practices shall be 
followed in al I cases . 

(2) Extracted Material. Where material is extracted from 
another standard, the context of the orig inal material shall not 
be compromised or violated. Any editing of th e extracted text 
shall be confined to making the style con sisten t with that of the 
NEC. 

(3) Industry Practice. Where ind ustry practice is to express 
units in inch-pound uni ts, the inclusion of SI units shall not be 
required. 

(4) Safety. Where a n egative im pact on safety would result, 
soft conversion shall be used. 

(D) Compliance. Conversion fro m inch-pound uni ts to SI 
units shall be permitted to be an approximate conversion. 
Compliance with the numbers shown in either the SI system or 
the inch-pound system shall constitu te compliance with this 
Code. 

Informational Note No. l : Hard conve rsion is considered a 
change in d imensions o r properties of an item into new sizes 
that might o r might not be interchangeable with the sizes used 
in che original measuremenL Soft conversion is considered a 
direct mathematical conversion and involves a change in d1e 
description of an existing measurement but not in the actual 
dimensio n. 

Informational Note No. 2: SI conversions are based on IEEE/ 
ASTM SI 10-1997, Standard for the Use of the Intemalional Syswm of 
Unils (SI): The Modern Metric System. 

70-31 



CHAPTER! AITTICLE l 00- DEFINITIONS 

Chapter 1 General 

ARTICLE 100 
Definitions 

Scope. This article contains only those definitions essential 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 standards. In general, only 
those terms that are used in two or more articles are defined in 
Article 100. Definitions are also found in XXX.2 sections of 
other articles. 

Part I of this article contains definitions intended to apply 
wherever the terms are used throughout this Code. Part II 
contains definitio ns applicable to installations and equipment 
operating at over 1000 volts, nominal. Part III contains defini­
tions applicable to Hazardous (Classified) Locations. 

Part I. General 

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

Accessible (as applied to wiring methods). Capable of being 
removed or exposed without damaging the building structure 
or finish or not permanently closed in by the structure or finish 
of the building. (CMP-1) 

Accessible, Readily (Readily Accessible). Capable of being 
reached quickly for operation, renewal, or inspections without 
requiring those to whom ready access is requisite to take 
actions such as to use tools (other than keys), to climb over or 
under, to remove obstacles, or to resort to portable ladders, 
and so fo rth. (CMP-1) 

Informational Note: Use of keys is a common practice under 
controlled or supe rvised conditions and a common alternative 
to the ready access requirements under such supervised condi­
tions as provided elsewhe re in the NEC. 

Adjustable Speed Drive. Power conversion equipment that 
provides a means of adjusting the speed of an electric mo tor. 
(CMP-11 ) 

In formational Note: A variab le frequency drive is o ne type of 
electronic adjustable speed drive that controls the rotational 
speed of a n ac electric motor by controlling th e frequency and 
voltage of die electrical power supplied to the motor. 

Adjustable Speed Drive System. A combination of an adjusta­
ble speed drive, its associated motor(s), and auxiliary equip­
ment. (CMP-11) 

Ampacity. The maximum cu rre nt, in amperes, that a conduc­
tor can carry continuously under the conditions of use without 
exceeding its tempe rature rating. (CMP-6) 

Appliance. Utilization equipment, generally other than indus­
trial , that is normally built in standa rdized sizes or types and is 
installed or connected as a unit to perform one or more fi.mc­
tions such as clothes washing, air-conditioning, food mixing, 
deep frying, and so forth . (CMP-17) 
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Approved. Acceptable to the authority having jurisdiction. 
(CMP-1) 

Arc-Fault Circuit Interrupter (AFCI). A device intended to 
provide protection from the effects of arc faults by recogn izing 
characteristics unique to arcing and by functioning to de­
energize the circuit when an a rc fault is detected. (CMP-2) 

Askarel. A generic term for a group of nonflammable synthetic 
chlorinated hydrocarbons used as electrical insulating media . 
(CMP-9) 

In formational Note: Askare ls of various compositional types are 
used. Under arcing conditions, the gases produced, while 
consisting predominandy of no ncombustible hyd rogen chlo r­
ide, can include var ying amounts of combustible gases, depend­
ing on the askarel type. 

Attachment Fitting. A device that, by insertion into a locking 
support and mounting receptacle, establishes a connection 
between the conductors of th e attach ed utilizatio n equipment 
and the branch-circu it conductors connected to the locking 
support and mounting receptacle. (CMP-18) 

Informational Note: An attachment fitting is different from an 
attachment plug because no cord is associated with the fitting. 
An attachment fitting in combination with a locking support 
and mounting receptacle secures the associated utilization 
equipment in place and suppor ts its weight. 

Attachment Plug (Plug Cap) (Plug). A device that, by insertion 
in a receptacle, establishes a connection between the conduc­
tors of the attached flexible cord and the conductors connec­
ted permanently to the receptacle. (CMP-18) 

Authority Having Jurisdiction (AFq). An organization, office, 
or individual responsible for enforcing the requirements of a 
code or standard, or for approving equipment, materials, an 
installation, or a procedure . ( CMP-1) 

Informational Note: The phrase "autho ri ty having jurisdiction," 
or its acronym AHJ , is used in NFPA documents in a broad 
ma nne r, since jurisdictions and approval agencies var y, as do 
d1eir responsibilities. Where public safety is primary, the author­
ity having j urisdiction may be a federal , state, local, o r 01.her 
regio nal department or individual such as a fire chief; fire 
marshal; chief of a fire prevention bureau, labor department, or 
health department; building official; electrical inspector; o r 
othe rs having statutory authority. For insurance purposes, an 
insurance inspectio n department, ratin g bureau, or other insur­
a nce company representative may be the aud1o ri ty having juris­
diction. In many circumstances, the p roperty owner o r his o r 
he r designated agent assumes the role of the amhority having 
jurisdictio n; at government installations, the commanding offi­
cer o r deparm1ental official may be the amhority havingjurisdic­
tion. 

Automatic. Performing a function without the necessity of 
human intervention. (CMP-1) 

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

Battery System. Interconnected battery subsystems consisting 
of one or more storage batte ries and b attery chargers, and can 
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include inverters, converters, and associated electrical equip­
ment. (CMP-13) 

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

Bonding Conductor or Jumper. A reliable conductor to ensure 
the required electrical conductivity between meta l parts 
required to be electrically connected. (CMP-5) 

Bonding Jumper, Equipment. The connection between two or 
more portions of the equipment grounding conductor. 
(CMP-5) 

Bonding Jumper, Main. The connection between the groun­
ded circuit conductor and the equipment grounding conduc­
tor, or the supply-side bonding jumper, or both, at the service . 
(CMP-5) 

Bonding Jumper, Supply-Side. A conductor installed on t he 
supply side of a service or within a service equipment enclo­
sure(s), or for a separately derived system, that ensures the 
required electrical condu ctivity between metal parts required 
to be electrically connected. (CMP-5) 

Bonding Jumper, System. The connection between th e groun­
ded c ircuit conductor and the supply-side bonding jumper, or 
the equipment grounding conductor, or both , at a separately 
derived system. (CMP-5) 

Branch Circuit. The circuit conductors between the final over­
current device protecting the c ircuit and the outlet (s) . 
(CMP-2) 

Branch Circuit, Appliance. A branch circuit that supplies 
energy to one or more o utlets to which appliances are to be 
connected and that has no permanently connected luminaires 
that are not a part ofan appliance. (CMP-2) 

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

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

Branch Circuit, Multiwire. A branch circuit that consists of two 
or more ungrounded conductors that have a voltage between 
them, and a grounded conductor that has equal voltage 
bel:W'een it and each ungrounded conductor of the circuit and 
that is connected to the neuu·al or grounded conductor of the 
system. (CMP-2) 

Building. A su·ucture that stands alone or that is separated 
from adjoining structures by fire walls. (CMP-1) 

Cabinet. An enclosure that is designed for e ither surface 
mounting or flush mounting and is provided with a frame, mat, 
or trim in which a swingi ng door or doors are or can be hung. 
(CMP-9) 

Cable, Coaxial. A cylindrical assembly composed of a conduc­
tor centered inside a metallic tube or shield, separated by a 
dielectric materia l, and u sually covered by an insulating jacket. 
(CMP-16) 

Cable, Optical Fiber. A factory assembly or field assembly of 
one or more optical fibers having an overall covering. 
(CMP-16) 
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Informational Note: A field-assembled optical fiber cable is an 
assembly of one or more optical fibers within a jacket. The 
jackeL, wiLhom optical fibers, is in srnlled in a manner similar Lo 
conduit or raceway. Once the j acket is inscalled, the optical 
fibers are inserted into the jacket, completing the cable assem­
bly. 

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

Cable, Optical Fiber, Conductive. A factory assembly of one or 
more optical fibers having a n overall covering and containing 
non-current-carrying conductive member(s) such as metallic 
su·ength member(s), metallic vapor barrier(s), metallic armor, 
or me tallic sheath. (CMP-16) 

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

Cable Routing Assembly. A single channel o r connected multi­
ple channels, as well as associated fittings, forming a su·uctura l 
syste m that is used to support and route communications wires 
and cables, optical fiber cables, data cables associated with 
information technology and communications equipment, 
Class 2, Class 3, and Type PLTC cables, and power-limited fire 
alarm cables in plenum, riser, and general-purpose applica­
tions. (CMP-16) 

Charge Controller. Equipment that conu·ols de voltage or de 
current, or both , and that is used to charge a battery or other 
energy storage device . (CMP-13) 

Circuit Breaker. A device des igned to open and close a circuit 
by nonautomatic mea ns and to open the circuit automatically 
on a predetermined overcurrent without damage to itself when 
properly applied within its rating. (CMP-10) 

Informational Note: The automatic opening means can be inte­
gral, direct acting with the circu it breaker, or remote from the 
circuit breaker. 

Adjustable (as applied to circuit breakers). A qualifying term indi­
cating that the c ircuit breaker can be set to trip at various 
values of current, time, or both, within a predetermined range. 

Instantaneom Trip (as applied lo circuit breakers). A qualifying 
term indicating that no delay is purposely introduced in the 
tripping action of the c ircuit breaker. 

Inverse Time (as applied to circuit breakers). A qualifying term indi­
cating that there is purposely introduced a delay in the tripping 
action of the circuit breaker, which delay decreases as the 
magnitude of the current increases. 

Nonadjustab/,e (as applied to circuit breakers). A qualifying term 
indicating that the circuit breaker does not have any adjust­
ment to alter the value of the current at which it wi II trip or the 
time required for its operation. 

Setting (of circuit breakers). The value of current, time, or both, at 
which an adjustable c ircuit breaker is set to trip. 

Circuit Integrity (Cl) Cable. Cable(s) used for remote-control, 
signaling, or power-limited system s that supply critical circuits 
to en sure survivability for continued circuit operation for a 
specified time under fire conditions. (CMP-3) 
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Class 1 Circuit. The portion of the wiring system between the 
load side of the overcurrent device or power-li mited supply and 
the connected equipment. (CMP-3) 

In formational Note: See 725.4 l for voltage and power limita­
tions of Class l circuits. 

Class 2 Circuit. The portion of the wiring system between the 
load side of a Class 2 power source and the connected equip­
ment. Due to its power limitations, a C lass 2 circuit considers 
safety from a fire initiation standpoint and provides acceptable 
protection from electric shock. (CMP-3) 

Class 3 Circuit. The portion of the wiring system between the 
load side of a Class 3 power source and the connected equip­
ment. Due to its power limitations, a C lass 3 circuit considers 
safety from a fire initiation standpoint. Since higher levels of 
voltage and current than for Class 2 are permitted, additional 
safeguards are specified to provide protection from an electric 
shock hazard that could be encountered. (CMP-3) 

Clothes Closet. A nonhabitable room or space intended 
primarily for storage of garments and apparel. (CMP-1) 

Communications Equipment. The electronic equipment that 
performs the telecommunications operations for the u·ansmis­
sion of audio, video, and data, and includes power equipment 
(e.g., de converters, inverters, and batteries), technical support 
equipment (e .g., computers), and conductors dedicated solely 
to the operation of the equipment. (CMP-16) 

Informational Note: As the telecommunications network transi­
tions to a more data-centric network, computers, routers, serv­
ers, and their powering equipment, are becoming essential to 
the transmission of audio, video, and data and are finding 
increasing application in communications equipment installa­
tions. 

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

Informational Note: Wires in concealed raceways are considered 
concealed, even though they may become accessible by with­
drawing them. 

Conductor, Bare. A conductor having no covering or electrical 
insulation whatsoever. (CMP-6) 

Conductor, Covered. A conductor encased within material of 
composition or thickness that is not recogn ized by this Code as 
e lectrical insulation. (CMP-6) 

Conductor, Insulated. A conductor encased within material of 
composition and thickness that is recognized by this Code as 
elecu·ical insulation. (CMP-6) 

Conduit Body. A separate portion of a conduit or tubing 
system that provides access through a removable cover(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 as FS and FD or larger cast or sheet metal boxes 
are not classified as conduit bodies. (CMP-9) 

Connector, Pressure (Solderless). A device that establishes a 
connection between two or more conductors or between one 
or more conductors and a terminal by means of mechan ical 
pressure and without the use of solder. (CMP-1) 

Continuous Load. A load where the maximum current is 
expected to continue for 3 hours or more. (CMP-2) 
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Control Circuit. The circuit of a control apparanis or system 
that carries the elecu·ic signals directing the performance of 
the controller but does not carry the main power current. 
(CMP-11) 

Controller. A device or group of devices that serves to govern, 
in some predetermined manner, the elecu·ic power delivered 
to the apparatus to which it is connected. (CMP-1) 

Cooking Unit, Counter-Mounted. A cooking appliance 
designed for mounting in or on a counter and consisting of 
one or more heating elements, internal wiring, and built-in or 
mountable controls. (CMP-2) 

Coordination, Selective (Selective Coordination). Localization 
of an overcurrent condition to restrict outages to the circuit or 
equipment affected, accomplished by the selection and installa­
tion of overcurrent protective devices and their ratings or 
settings for the full range of available overcurrents, from over­
load to the available fault current, and for the foll range of 
overcurrent protective device opening times associated with 
those overcurrents. (CMP-10) 

Copper-Clad Aluminum Conductors. Conductors drawn from 
a copper-clad aluminum rod, ,vith the copper metallurgically 
bonded to an aluminum core, where the copper forms a mini­
mum of 10 percent of the cross-sectional area of a solid 
conductor or each strand of a stranded conductor. (CMP-6) 

Cutout Box. An enclosure designed for surface mounting that 
has swinging doors or covers secured directly to and telescop­
ing ,vith the walls of the enclosure. (CMP-9) 

DC-to-DC Converter. A device that can provide an output de 
voltage and current at a higher or lower value than the input 
de voltage and current. (CMP-4) 

Dead Front. Without live parts exposed to a person on the 
operating side of the equipment. (CMP-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 the system under consideration . (CMP-2) 

Device. A unit of an electrical system, other tha n a conductor, 
that carries or controls electric energy as its principal function. 
(CMP-1) 

Disconnecting Means. A device, or grnup of devices, or other 
means by which the conductors of a circuit can be disconnec­
ted from their source of supply. (CMP-1) 

Dormitory Unit. A building or a space in a building in wh ich 
group sleeping accommodations are provided for more than 
16 persons who are not members of the same fam ily in one 
room, or a series of closely associated rooms, under joint occu­
pancy and single management, with or without meals, but ,vith­
out individual cooking facilit ies. (CMP 2) 

Duty, Continuous. Operation at a substantially constant load 
for an indefinitely long time. (CMP-1) 

Duty, Intermittent. Operation for a lternate intervals of (1) 
load and no load; or (2) load and rest; or (3) load, no load, 
and rest. (CMP-1) 

Duty, Periodic. Intermittent operation in which the load 
conditions are regularly recurrent. (CMP-1) 

Duty, Short-Time. Operation at a substantially constant load 
for a short and definite, specified time. (CMP-1) 
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Duty, Varying. Operation at loads, and for intervals of t ime, 
both of which may be subject to wide variation. (CMP-1) 

Dwelling, One-Family. A building that consists solely of one 
dwelling unit. (CMP-1) 

Dwelling, Two-Family. A building that consists solely of two 
dwelling units. (CMP-1) 

Dwelling, Multifamily. A building th at contains three or more 
dwelli ng units. (CMP-1) 

Dwelling Unit. A single unit, providing complete and inde­
pendent living faci lities for one or more persons, including 
permanent provisions for living, sleeping, cooking, and san ita­
tion . (CMP-2) 

Effective Ground-Fault Current Path. An intentionally 
constructed, low-impedance e lectrically conductive path 
designed and intended to carry current under ground-fault 
conditions from the point of a ground fault on a wiring system 
to the electrical supply source and that facilitates the operation 
of the overcurrent protective device or ground-fault detectors . 
(CMP-5) 

Electric Power Production and Distribution Network. Power 
production, distribution, and utilization equipment and facili­
ties, such as elecu·ic utility systems that are connected to prem­
ises wiring and are external to and not controlled by an 
interactive system. (CMP-13) 

Electric Sign. A fixed, stationary, or portable self-contained, 
electrically operated and/ or electrically illuminated utilization 
equipment with words or symbols designed to convey informa­
tion or attract attention . (CMP-18) 

Electric Vehicle (EV). An automotive-type veh icle for on-road 
use, such as passenger automobiles, buses, trucks, van s, neigh­
borhood electric vehicles, electric motorcycles, and the like , 
primarily powered by an electric motor that draws current from 
a rechargeable storage battery, fuel cell, photovoltaic array, or 
othe r source of e lecu-ic current. Plug-in h ybrid e lectric vehicles 
(PHEV) are elecu·ic veh icles having a second source of motive 
power. Off~road, self~propelled electric mobile equipment, such 
as industrial trucks, hoists, lifts, transports, golf carts, airli ne 
ground support equipment, tractors, boats, and the like, are 
not considered e lectric vehicles. (CMP-12) 

Electrical Circuit Protective System A system consisting of 
components and materials intended for installation as protec­
tion for specific electrical wiring systems with respect to the 
disruption of electrical circuit integrity upon exterior fire expo­
sure. (CMP-16) 

Electrical Datum Plane. A specified distance above a water 
level above which electrical equipment can be installed and 
electrical connections can be made . (CMP-7) 

Electric-Discharge Lighting. Systems of illumination utilizing 
fluorescent lamps, high-intensity discharge (HID) lamps, or 
neon tubing. (CMP-18) 

Electronically Actuated Fuse. An overcurrent protective device 
that generally consists of a control module that provides 
current-sensing, electronically derived t ime-current character­
istics, energy to initiate tripping, and an interrupting module 
that interrupts current when an overcurrent occurs. Such fuses 
may or may not operate in a current-limiting fash ion, depend­
ing on the type of control selected. (CMP-10) 
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Enclosed. Surrounded by a case, housing, fence, or wall (s) that 
prevents persons from accidentally contacting energized parts. 
(CMP-1) 

Enclosure. The case or housing of apparatus, or the fence or 
walls surrounding an installation to prevent personnel from 
accidentally con tacting energized parts or to protect the equip­
ment from physical damage. (CMP-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) 

Equipment. A ge neral term, including fittings, devices, appli­
ances, luminaires, apparatus, machinery, and the like used as a 
pa.rt of, or in connection with , an el ecu·ical installation. 
(CMP-1) 

Equipotential Plane. Accessible conductive parts bo nded 
together to reduce voltage gradients in a design ated area. 
(CMP-17) 

Exposed (as applied to live parts). Capable of being inadver­
tently touched or approached nearer than a safe dista nce by a 
person. (CMP-1) 

Informationa l Note: This term applies to parts that are not suita­
bly guarded, isolated, or insulated. 

Exposed (as applied to wiring methods). On or attach ed to the 
surface or behind panels designed to allow access. (CMP-1) 

Externally Operable. Capable of being operated without 
exposing the operator to contact with live parts. (CMP-1) 

Fault Current. The current delivered at a point on the syste m 
during a short-circuit condition. (CMP-10) 

Fault Current, Available (Available Fault Current). The largest 
amount of curre nt capable of be ing delivered at a point on the 
system during a short-circuit condition. (CMP-10) 

Informational Note: A shon-circuit can occur during abnormal 
conditions such as a fat~t between circu it conductors or a 
ground faulL See Informational Note Figure 100.1. 

Feeder. All circuit conductors between the service equipment, 
the source of a separately derived system, or oth er power 
supply source and the final bra n ch-circuit overcurrent device. 
(CMP-10) 

Festoon Lighting. A string of outdoor lights that is suspended 
between two points. (CMP-18) 

Field Evaluation Body (FEB). An organization or part of an 
organization that performs field evaluations of elecu-ical or 
other equipment. [790, 20181 (CMP-1) 

Informational Note: NFPA 790-2018, Standard for Compe!en.cy of 
Third-Party Field Evaluation Bodies, provides guide Ii nes for estab­
lishing the qualification and competency of a body performing 
field evaluations of electrical products and assembles with elec­
trical components. 

Field Labeled (as applied to evaluated products). Equip ment 
or materials to which has been attached a label, symbol, or 
other identify ing mark of a n FEB indicating the equi pment or 
materials were evaluated and found to comply with require­
ments as described in an accompanying field evaluation report. 
[790, 20181 (CMP-1) 
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Supply source: ac or de 

Available fault current 

Equipment with a short-circuit 
current rating 

Equipment 

I I 
I I 

: OCPD: 
Overcurrent protective device _ _,_ _ __.~' : 

with an interrupting rating 1 1 

Available fault current~ 

Load 

Informational Note Figure 100.1 Available Fault Current. 

Fitting. An accessory such as a locknut, bushing, or other part 
of a wiring system that is intended primarily to perform a 
mechanical rather than an electrical function . (CMP-1) 

Free Air (as applied to conductors). Open or ventilated envi­
ronment that a llows for heat dissipation and air flow around an 
installed conductor. (CMP-6) 

Fuel Cell. An e lecu·ochemical system that consumes fuel to 
produce an electric current. In such cells, the main chemical 
reaction used for producing electric power is not combustion. 
However, there may be sources of combustion used within the 
overall cell system, such as reformers/fuel processors. (CMP-4) 

Fuel Cell System. The complete aggregate of equipment used 
to convert chemical fuel into usable elecu·icity and typically 
consisting of a reformer, stack, power inverter, and auxiliary 
equipment. (CMP-4) 

Garage. A building or portion of a building in which one or 
more self-propelled vehicles can be kept for use, sale, storage, 
rental, repair, exhibition, or demonstration purposes. (CMP-1) 

Informational Note: For commercial garages, repair and stor­
age, see Article 51 I. 

Generating Capacity, Inverter. The sum of parallel-connected 
inverter maximum continuous output power at 40°C in watts or 
kilowatts. (CMP-4) 

Ground. The earth. (CMP-5) 

Ground Fault. An unintentional, e lectrically conductive 
connection benveen an ungrounded conductor of an electrical 
circuit and the normally non-current-carrying conductors, 
metallic enclosures, metallic raceways, metallic equipment, or 
earth. (CMP-5) 
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Grounded (Grounding). Connected (connecting) to ground 
or to a conductive body that extends the ground connection. 
(CMP-5) 

Grounded, Solidly. Connected to ground without inserting any 
resistor or impedance device . (CMP-5) 

Grounded Conductor. A system or c ircuit conductor that is 
intentionally grounded. (CMP-5) 

Informational Note: Although an equipment grounding 
conductor is grounded, it is not considered a grounded conduc­
tor. 

Ground-Fault Circuit Interrupter (GFCI). A device intended 
for the protection of personnel that functions to de-energize a 
circu it or portion thereof within an established period of time 
when a ground-fault current exceeds the values established for 
a Class A device. (CMP-2) 

Informational Note: Class A ground-fault circuit interrupters 
trip when the ground-fault current is 6 mA or higher and do not 
trip when the ground-fault current is less than 4 mA. For funher 
information, see UL 943, Slandard for Ground-Faull Circuil fnler­
ruf!lers. 

Ground-Fault Current Path. An electrically conductive path 
from the point of a ground fault on a wiring system through 
normally non-current-carrying conductors, grounded conduc­
tors, equipment, or the earth to the electrical supply source. 
(CMP-5) 

Informational Note: Examples of ground-fault current paths are 
any combination of equipment grounding conductors, metallic 
raceways, metallic cable sheaths, electrical equipment, and any 
other eleClrically conductive material such as metal, water, and 
gas piping; steel framing members; stucco mesh; metal ducting; 
reinforcing steel; shields of communications cables; grounded 
conductors; and the earth itself. 

Ground-Fault Protection of Equipment. A system intended to 
provide protection of equipment from damaging line-to­
ground fault currents by operating to cause a disconnecting 
means to open all ungrounded conductors of the faulted 
circuit. This protection is provided at current levels less than 
those required to protect conductors from damage through 
the operation of a supply circuit overcurrent device. (CMP-5) 

Grounding Conductor, Equipment (EGC). A conductive 
path(s) that is part of an effective ground-fault current path 
and connects normally non-current-carrying metal parts of 
equipment together and to the system grounded conductor or 
to the grounding electrode conductor, or both. (CMP-5) 

I nformational Note No. 1: It is recognized that the equipment 
grounding conductor also performs bonding. 

Informational Note No. 2: See 250.118 for a list of acceptable 
equipmem grounding conductors. 

Grounding Electrode. A conducting object through which a 
direct connection to earth is established. (CMP-5) 

Grounding Electrode Conductor. A conductor used to connect 
the system grounded conductor or the equipment to a ground­
ing elecu·ode or to a point on the grounding e lectrode system. 
(CMP-5) 

Guarded. Covered, shielded, fenced, enclosed, or otherwise 
protected by means of suitable covers, casings, barriers, rails, 
screens, mats, or platforms to remove the likelihood of 
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approach o r contact by person s or objects to a poin t of danger. 
(CMP-1) 

Guest Room. An accommodation combini ng living, sleeping, 
sanitary, and storage fac ilities within a compartment. (CMP-2) 

Guest Suite. An accommodation with two or more con tiguous 
rooms comprising a compartment, wit h or without doors 
between such rooms, that provides living, sleeping, sanitary, 
and sto rage facilities. (CMP-2) 

Habitable Room. A room in a building for living, sleeping, 
eating, or cooking, but exclud ing bathrooms, toilet rooms, clos­
ets, hallways, storage or utility spaces, an d similar areas . 
(CMP-2) 

Handhole Enclosure. An e nclosure for use in u ndergrou nd 
systems, provided with a n o pen o r closed bottom , a nd sized to 
a llow personnel to reach into , but not en ter, for the purpose of 
installing, o perating, or maintaining equi pment or wiring or 
both . (CMP-9) 

Hermetic Refrigerant Motor-Compressor. A combinatio n 
consisting of a compressor a nd motor, both o f which a re 
enclosed in the same housing, with no exte rnal sh aft or shaft 
seals, with the motor operating in the refrigerant. (CMP-11) 

Hoistway. Any shafi:way, hatchway, well hole, or oth er vertical 
opening or space in wh ich an e levator o r du mbwaiter is 
designed to ope rate. (CMP-12) 

Hybrid System. A system comprised of multiple power sources . 
These power sou rces could include ph otovoltaic, wind, m icro­
hydro generators, e ngine-driven generators, and others, but do 
not include e lectric power production and d istributio n 
network system s. Energy storage system s such as batteries, 
flywheels, or su pe rconducting magnetic sto rage equipment do 
not constitute a powe r sou rce for th e purpose of this defini­
tion. The energy regenernted by a n overhauling (descen d ing) 
elevator does not constitute a powe r sou rce for the pu rpose of 
this definition. (CMP-4) 

Identified (as applied to equipment). Recognizable as suitable 
for th e specific pu rpose , function, u se, e nvi ron men t, applica­
tion, and so forth , where described in a partic ula r Code require­
ment. (CMP-1) 

Informational Note: Some examples of ways to determine suita­
b ili ty of equipment fo r a specific purpose, envi ronmenc, or 
application include investigations by a qualified testing labora­
tory (listing and labeling), an inspection agency, or other organ­
izations concerned with product evaluation. 

In Sight From (Within Sight From, Within Sight). Where t his 
Code specifies that one equipme nt shall be "in sigh t from ," 
"within sight from ," or "wit hin sigh t of," and so forth , another 
equipment, the specified equi pment is to be visible and not 
more than 15 m (50 ft) d istant from the oth e r. (CMP-1) 

Industrial Control Panel. An assembly of two or more compo­
nents consisting of one of the following: ( l ) power circuit 
co mponents only, such as moto r controllers, ove rload relays, 
fosed d isconnect switches, and c ircui t breakers; (2) control 
ci rcuit components o nly, such as push buttons, p ilot lights, 
selector switches, t imers, switches, a nd conu·ol relays; (3) a 
combinatio n of power and control circuit components. T h ese 
compone nts, with associated wiring a nd terminals, are moun­
ted on, or con tained within, an enclosu re or mounted on a 
subpanel. 
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The industrial control panel does not include t he controlled 
equi pmen t. ( CMP-11 ) 

Information Technology Equipment (ITE). Equip ment and 
syste ms rated 1000 volts or less, normally found in offices or 
o ther business establish ments and similar e nvironments classi­
fied as ordinary locations, tha t are used for creation and 
manipulation of data, voice, video , and similar signals that are 
not commu n ications equipment as defined in Part I of Article 
100 a nd do n ot process commun ications circuits as defi ned in 
805.2. (CMP-12) 

Informational Note: For information on listing requiremencs for 
both information technology equipmenc and communications 
equipment, see UL 609.50-1-2014, Information Technology Equij>­
rnenl - Safety - Part 1: General Requirements or UL 62368-1-2014, 
Audio/Video Information and Communication Technology Equijnnenl 
Part 1: Safely Requi,wumls. 

Information Technology Equipment Room. A room with in th e 
information technology equi pment area th at contains th e 
information technology equipment. [75:3.3.14) (CMP-12) 

Innerduct. A nonmetallic raceway placed within a larger race­
way. (CMP-16) 

Interactive Inverter. An inverter inte nded for use in paralle l 
with power source(s) such as an electric u tility to supply 
commo n loads a nd capable of delivering power to the u tility. 
(CMP-13) 

Interactive System. An elecu-ic power production system that is 
operating in parallel wit h and capable of delivering energy to 
an electric p rimary source supply system. (CMP-4) 

Interrupting Rating. The high est cu rrent at rated voltage th at 
a device is identified to interrupt under stan dard test cond i­
t ions. (CMP-10) 

Informational Note: Equipment intended to in terrupt current at 
other than fault levels may have its interrupting rating implied 
in other ratings, such as horsepower or locked rotor current. 

Intersystem Bonding Termination. A device that provides a 
means for connecting intersystem bonding conductors for 
commu n ications systems to the ground ing electrode system. 
(CMP-16) 

Inverter. Equipment that changes de to ac. (CMP-4) 

Inverter Input Circuit. Con ductors connected to th e de input 
of an inverter. (CMP-13) 

Inverter Output Circuit. Conductors connected to the 
ac ou tput of an inverter. (CMP-13) 

Inverter, Multimode. Equip ment h aving the capabilities of 
both the interactive inverter a n d the stand-alo ne inverter. 
(CMP-4) 

Island Mode. The operation al mode for stand-alon e power 
production equipment or a n isolated microgrid, or for a multi­
mode inverter or an interconnected microgrid th at is d iscon­
nected from a n electric power produc tion a nd d istribution 
network or other primary power sou rce. (CMP-4) 

Informational Note: Isolated m icrogrids are distinguished from 
interconnected microgrids, which are addressed in Article 705. 

Isolated (as applied to location). Not readily accessible to 
persons u nless special means for access are used. (CMP-1) 
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Kitchen. An area with a sink and permanent provisions for 
food preparation and cooking. (CMP-2) 

Labeled. Equipment or materials to which has been attached a 
label, symbol, or other identifying mark of an organization that 
is acceptable to the authority having jurisd iction and 
concerned with product evaluation, that maintains periodic 
inspection of production of labeled equipment or materials, 
and by whose labeling the manufacturer indicates compliance 
with appropriate standards or performance in a specified 
manner. (CMP-1) 

Informational Note: If a listed product is of such a size, shape, 
material, or surface texture t hat i t is not possible to apply legibly 
the complete label to the product, the co mplete 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, o r clothes dryer. (CMP-2) 

Lighting Outlet. An outlet intended for the direct connection 
ofa lampholder or lumina ire . (CMP-18) 

Lighting Track (Track Lighting). A manufactured assembly 
designed to support and energize luminaires that are capable 
of being readily repositioned on the u·ack. I ts length can be 
altered by the addition or subtraction of sectio ns of track. 
(CMP-18) 

Listed. Equipment, materials, or services included in a list 
published by a n organization that is acceptable to the authority 
having jurisdiction and concerned with evaluation of products 
or services, that maintains periodic inspection of production of 
listed equipment or materials or periodic evaluation of services, 
and whose listing states that e ither the equipment, material, or 
service meets appropriate designated standards or has bee n 
tested and found suitable for a specified purpose. (CMP-1) 

Info rmatio nal Note: The means fo r identifyi ng listed equipment 
may vary fo r each o rganizatio n concerned with p roduct evalua­
tion, some of which do not recognize equipment as listed unless 
it is a lso labeled. Use of the system employed by the listing 
organization a llows the authoricy havingjurisdiction to identify a 
listed p roduct. 

Live Parts. Energized conductive components. (CMP-1) 

Location, Damp . Locations protected from weather and not 
subject to saturation with water or other liquids but subject to 
moderate degrees of moisture. (CMP-1) 

Informational Note: Examples of such locations include partially 
protected locations under canopies, marquees, roofed open 
porches, and like locations, and interio r locations subject to 
moderate degrees of moisture, such as some basements, some 
barns, and some cold-storage warehouses. 

Location, Dry. A location not normally subject to dampness or 
wetness. A location classified as dry may be temporarily subject 
to dampness or wetness, as in the case of a building under 
construction . (CMP-1) 

Location, Wet. Installations underground or in concrete slabs 
or masonry in direct con tact with the earth; in locations subject 
to saturation with water or other liquids, suc h as ve hicle wash­
ing areas; and in unprotected locations exposed to weather. 
(CMP-1) 

Luminaire. A complete lighting unit cons1sung of a l ight 
source such as a lamp or lamps, together with the parts 
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designed to position the light source and connect it to the 
power supply. It may also include parts to p rotect the light 
source or the ballast or to distribute the light. A lampholder 
itself is not a luminaire . (CMP-18) 

Messenger or Messenger Wire. A wire that is run along with or 
integral with a cable o r conductor to provide mechanical 
support for the cable o r conductor. (CMP-6) 

Motor Control Center. An assembly of one or more enclosed 
sections having a common power bus and princ ipally contain­
ing motor contro l units. (CMP-11) 

Multioutlet Assembly. A type of surface, flush , or freestanding 
raceway designed to ho ld conducto rs and receptacles, assem­
bled in the fie ld or at the factory. (CMP-18) 

Neutral Conductor. The conductor connected to the neutral 
point of a system that is intended to cany current under 
normal condi tions. (CMP-5) 

Neutral Point. The common point on a wye-connection in a 
polyphase system or midpoint o n a single-phase, 3-wire syste m , 
or midpo int of a single-phase portion of a ~phase delta system, 
or a midpoint ofa 3-wire, direct-current syste m. (CMP-5) 

Informational Note: At the neutral poim of the system, the 
vectoria l su m of the nominal voltages from all other p hases 
within the system that utilize the neutral, with respect to the 
neutral po int, is zero potential. 

Nonautomatic. Requiring human interve ntion to pe1form a 
function. (CMP-1) 

Nonlinear Load. A load where the wave shape of the steady­
state current does not follow the ,vave shape of the appl ied volt­
age. (CMP-1) 

I nformational Note: Electron ic equipment, e lectronic/ electric­
discharge lighting, adjustable-speed drive systems, and similar 
equipment may be nonlinear loads. 

Outlet. A point on the wiring system at which cu rrent is taken 
to supply utilization equipme nt. (CMP-1) 

Outline Lighting. An arrangement of incandescent lamps, 
electric-discharge lighting, or other electrically powered light 
sources to outline o r call attention to certa in features such as 
the shape of a building or the decoration of a window. 
(CMP-18) 

Overcurrent. Any cu rrent in excess of the rated current of 
equipment o r the ampacity of a conductor. It may result from 
overload, short c ircu it, or ground fault. (CMP-10) 

Informational Note: A current in excess of rating may be accom­
modated by certain equipment and conductors for a given set of 
conditions. The refore, the rules for overcurrent protection are 
specific for panicular situations. 

Overcurrent Protective Device, Branch-Circuit. A device capa­
ble of providing protection for service, feeder, and branch 
c ircuits and equipment over the full range of overcu rrents 
be tween its rated current and its inte rrnpting rating. Such devi­
ces are provided with interrupting ratings appropriate for the 
intended use but n o less than 5000 amperes. (CMP-10) 

Overcurrent Protective Device, Supplementary. A device inten­
ded to provide limited overcurrent protection for specific 
applications and utilization equipment such as luminaires and 
applia nces. Th is lim ited protection is in addition to the protec-
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tion provided in the required branch circuit by the branch­
circuit overcurrent protective device. (CMP-10) 

Overload. Operation of equipment in excess of normal, foll­
load rating, o r of a conductor in excess of its ampacity that, 
when it persists for a sufficient length of time, would cause 
damage or dangerous overheating. A fault, such as a short 
circuit or ground fault, is not a n overload. (CMP-10) 

Panelboard. A single panel or group of panel units designed 
for assembly in the form of a single panel, including buses and 
automatic overcurrent devices, and equipped with or without 
switches for the control of light, heat, or power circuits; 
designed to be placed in a cabinet or cutout box placed in or 
against a wall, partition, or other support; and accessible only 
from the front. (CMP-9) 

Photovoltaic (PV) System. The total components, circuits, and 
equipment up to and including the PV system disconnecting 
means that, in combination, convert solar energy into electric 
energy. (CMP-4) 

Pier. A strucntre extending over the water and supported on a 
fixed foundation (fixed pier), or on flotation (floating pier), 
that provides access to the water. (303:3.3.17] (CMP-7) 

Pier, Fixed. Pier constructed on a permanent, fixed founda­
tion , such as on piles, that permanently establishes the eleva­
tion of the structure deck with respect to land. [303:3.3 .17.21 
(CMP-7) 

Pier, Floating. Pier designed with inherent flotation capability 
that allows the structure to float on the water surface and rise 
and fall with water level changes. [303:3.3.17.31 (CMP-7) 

Plenum. A compartment or chamber to which one or more air 
ducts are connected and that forms part of the air d istribution 
system. (CMP-3) 

Power Outlet. An enclosed assembly that may include recepta­
cles, circuit breakers, foseholders, fused switches, buses, and 
,van-hour meter mounting means; intended to supply and 
control power to mobile homes, recreational vehicles, park 
trailers, or boats or to serve as a means for d istributing power 
required to operate mobile or temporarily installed equipme nt. 
(CMP-7) 

Power Production Equipment. Electrical generating equip­
ment supplied by any source other than a utility service, up to 
the source system disconnecting means. (CMP-4) 

Informational Note: Examples of power p roduction equ ipment 
include such items as generators, solar photovoltaic systems, and 
fuel cell systems. 

Power-Limited Tray Cable (PLTC). A factory assembly of two 
or more insulated condu ctors rated at 300 volts, with o r with­
out associated bare or insulated equipment grounding conduc­
tors, under a nonmetallic jacket. (CMP-3) 

Premises Wiring (System). Interior and exterior wiring, includ­
ing power, lighting, conu-ol, and signal circuit wiring together 
with all the ir associated h a rdware, fittings, and wiring devices, 
both permanently and temporarily installed . This includes 
(a) wiring from the service po int or power source to the outlets 
or (b ) wiring from and including the power source to the 
outlets where there is no service point. 
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Such wiring does not include wiring internal to appliances, 
1 uminaires, motors, conu·ollers, motor control centers, and 
similarequipment. (CMP-1) 

Informationa l Note: Power sources include, but are not limited 
to, interconnected or stand-alone batteries, solar photovoltaic 
systems, other distributed generation systems, or generators. 

Prime Mover. The m achine that supplies the mechanical 
horsepower to a generator. (CMP-13) 

Qualified Person. One who has ski lls and knowledge re lated to 
the construction and operation of the electrical equipment and 
installations and has received safety training to recognize and 
avoid the hazards involved. (CMP-1) 

Informational Note: Refer to NFPA 70£-2018, Standard for Electri­
cal Safely in lhe Worl,J;lace, for electrical safety training require­
ments. 

Raceway. An enclosed channe l designed expressly for holding 
wires, cables, or busbars, with additional functions as permitted 
in this Code. (CMP-8) 

Informational Note: A raceway is identified with in specific arti­
cle definitions. 

Raceway, Communications. An enclosed channel of n onmetal­
lic materials designed expressly for holding communications 
wires and cables; optical fiber cables; data cables associated 
with information technology and communications equipment; 
Class 2, Class 3, and Type PLTC cables; and power-limited fire 
alarm cables in ple num, riser, and general-purpose applica­
tions. (CMP-16) 

Rainproof. Constructed, protected, o r treated so as to prevent 
rain from interfering with the successfol operation of the appa­
ranis under specified test conditions. (CM P-1) 

Raintight. Constructed or protected so that exposure to a beat­
ing rain will not result in the entrance of water unde r specified 
test conditions. (CMP-1) 

Receptacle. A contact device installed at the outlet for the 
connection of a n attachment plug, or for the d irect connection 
of elecu·ical u tilization equipment designed to ma te with the 
corresponding contact device. A single receptacle is a single 
contact device with no other contact device on the same yoke 
or strap. A multiple receptacle is two or more contact devices 
on the same yoke or strap. (CMP-18) 

Informational Note: A duplex receptacle is an example of a 
multiple receptacle that has two receptacles on the same yoke or 
strap. 

Receptacle Outlet. An outlet where one or more receptacles 
are installed. (CMP-18) 

Reconditioned. Electromechanical system s, equipment, appa­
ratus, or components th at are restored to operating cond itions. 
This process differs from n ormal servicing of equipment that 
remains within a facility, or replacement of listed equipment on 
a one-to-one basis. (CMP-10) 

Informational Note: The term reconditioned is frequently referred 
to as rebuill, nf urbished, or ,wwnufactwrd. 

Remote-Control Circuit. Any electrical circuit that controls any 
other circuit through a relay or an equivalent device . (CMP-3) 
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Retrofit Kit. A general term for a complete subassembly of 
parts and devices for field conversion of utilizatio n equipment. 
(CMP-18) 

Sealable Equipment. Equipment enclosed in a case or cabinet 
that is provided with a means of sealing or locking so that live 
parts cannot be made accessible without opening the enclo­
sure. (CMP-1) 

Informational Note: The equ ipment may or may not be opera­
ble without opening the e nclosure. 

Separately Derived System. An electrical source, other than a 
service, having no direct connection(s) to circuit conductors of 
any o ther electrical source other than those established by 
grounding and bonding connections. (CMP-5) 

Service. The conductors and equipment connecting the serv­
ing utili ty to the wiring system of the premises served . 
(CMP-10) 

Service Cable. Service conductors made up in the form of a 
cable. (CMP-10) 

Service Conductors. The conductors from the service point to 
the service disconnecting mea ns. (CMP-10) 

Service Conductors, Overhead. The overhead conductors 
between the service point and the first point of connection to 
the service-entrance conductors at the building or other struc­
ture . (CMP-10) 

Service Conductors, Underground. The underground conduc­
tors between the service point and the first point of connection 
to the service-entrance conductors in a terminal box, meter, or 
other enclosure, inside or outside the building wall. (CMP-10) 

Informational Note: Where the re is no termina l box, meter, or 
other enclosure, the point of connection is conside red to be the 
point of e n trance of the service conductors into the building. 

Service Drop. The overhead conductors between the serving 
utility and the service point. (CMP-10) 

Service-Entrance Conductors, Overhead System. The service 
conductors between the terminals of the service equipment 
and a point usually outside the building, clear of building walls, 
where joined by tap or splice to the se rvice drop or overhead 
service conductors. (CMP-10) 

Service-Entrance Conductors, Underground System. The serv­
ice conductors between the terminals of the service equipment 
and the point of connection to the service lateral or un der­
ground service conductors. (CMP-10) 

Informational Note: Where service equ ipment is located outside 
the building walls, d1ere may be no service-entrance conductors 
o r they may be entire ly omside the bu ilding. 

Service Equipment. The necessary equipment, consisting of a 
circuit breaker(s) or switch(es) and fuse(s) and their accesso­
ries, connected to the serving utility and intended to constitute 
the ma in control and disconnect of the serving utility. 
(CMP-10) 

Service Lateral. T he underground conductors between the 
utility electric supply system and the service point. (CMP-10) 

Service Point. The point of connection betv, een the facilities 
of the serving utili ty and the premises wiring. (CMP-10) 
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I nformational Note: The service point can be described as die 
point of demarcation between where the serving utility ends and 
the premises wiring begins. The serving utility generally specifies 
the location of the service point based on the conditions of serv­
ice. 

Short-Circuit Current Rating. The prospective symmetrical 
fau lt current at a nominal voltage to wh ich an apparatus or 
syste m is able to be connected without sustaining damage 
exceeding defined acceptance criteria. (CMP-10) 

Show Window. Any window, including windows above doors, 
used or designed to be used for the display of goods or advertis­
ing material, whether it is fully or partly enclosed or entirely 
open at the rea r and whether o r n ot it h as a platfo r m ra ised 
higher than the street floor leve l. (CMP-2) 

Signaling Circuit. Any electr ical circuit that ene rgizes signaling 
equipment. (CMP-3) 

Single-Pole Separable Connector. A device that is installed at 
the ends of portable, flexible, single-conductor cable that is 
used to establish connection or disconnection between two 
cables or one cable and a s ingle-pole, panel-mounted separable 
connector. (CMP-18) 

Special Permission. The written consent of the authority 
having jurisdictio n. (CMP-1) 

Stand-Alone System. A syste m that is capable of supplying 
power independent of an electric power production and distri­
bution network. (CMP-4) 

Structure. That which is built or consu·ucted, other than 
equ ipment. (CMP-1) 

Surge Arrester. A protective device for limiting surge voltages 
by d ischarging or bypassing surge current; it also prevents 
continued flow of follow current while remaining capable of 
repeating these functio ns. (CMP-10) 

Surge-Protective Device (SPD). A protective device for limiting 
u·ansient voltages by d iverting or limiting surge current; it also 
prevents continued flow of follow current while remaining 
capable of re peating these fonctions and is designated as 
follows: 

Type l: Permanently connected SPDs intended for installa­
t ion between the secondary of the service transformer and the 
line side of the service disconnect ove1·current device. 

Type 2: Permanently connected SPDs intended for installa­
tion on the load side of the service disconnect overcurrent 
device, including SPDs located at the branch panel. 

Type 3: Point of utilization SPDs. 

Type 4: Component SPDs, includ ing discrete components, as 
well as asse mblies. (CMP-10) 

Informational Note: Fo r furd1er informatio n o n Type I , Type 2, 
Type 3, and Type 4 SPDs, see UL 1449, Standard for Surge Prowc­
live Devices. 

Switch, Bypass Isolation. A manual, nonautomatic, or auto­
matic operated device used in conjunction with a transfer 
switch to provide a means of directly connecting load conduc­
tors to a power source and of d isconnecting the transfer switch. 
(CMP-13) 

Switch, General-Use. A switch intended for use in general 
distribution and bra nch circuits. It is rated in amperes, and it is 
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capable of interrupting its rated current at its rated voltage . 
(CMP-9) 

Switch, General-Use Snap. A form of general-use switch 
constructed so that it can be installed in device boxes or on box 
covers, or otherwise used in conjunction with wiring systems 
recognized by this Code. (CMP-9) 

Switch, Isolating. A switch intended for isolating an electrical 
circuit from the source of power. It has no interrupting rating, 
and it is intended to be operated only after the circuit has been 
opened by some other means. (CMP-9) 

Switch, Motor-Circuit. A switch rated in horsepower that is 
capable of interrupting the maximum operating ove rload 
current of a motor of the same horsepower rating as the switch 
at the rated voltage . (CMP-11) 

Switch, Transfer. An auto matic o r nonautomatic device for 
transferring one or more load conductor connections from 
one power source to another. (CMP-13) 

Switchboard. A large single panel, frame, or assembly of panels 
on which are mounted on the face, back, or both, switches, 
overcurrent and other protective devices, buses, and usually 
instruments . These assemblies are generally accessible from the 
rear as well as from the front and are not intended to be 
installed in cabinets. (CMP-9) 

Switchgear. An assembly completely enclosed on all sides and 
top with sheet metal (except for ventilating open ings and 
inspection windows) and containing primary power circuit 
switching, interrupting devices, or both, with buses and 
connections. The assembly may include control and auxiliary 
devices. Access to the interior of the enclosure is provided by 
doors, removable covers, or both. (CMP-9) 

Informational Note: All switchgear subject to NEC requiremenlS 
is metal enclosed. Switchgear rated below 1000 \I or less may be 
identified as "low-voltage power circuit breaker switchgear." 
Switchgear rated over 1000 \I may be identified as "metal­
enclosed switchgear" or "metal-clad switchgear." Switchgear is 
available in non-arc-resistant or arc-resistant constructions. 

Thermal Protector (as applied to motors). A protective device 
for assembly as an integral part of a motor or motor­
compressor that, when properly applied, protects the motor 
against dangerous overheating due to overload and failure to 
start. ( CMP-11 ) 

Informational Note: The thermal protector may consist of one 
or more sensing elemenlS integral with the motor or motor­
compressor and an external control device. 

Thermally Protected (as applied to motors). A motor or 
motor-compressor that is provided with a thermal protector. 
(CMP-11 ) 

Ungrounded. Not connected to ground or to a conductive 
body that extends the ground connection. (CMP-5) 

Uninterruptible Power Supply. A power supply used to provide 
alternating current power to a load for some period of time in 
the event ofa power fa ilure. (CMP-13) 

Informational Note: In addition, it may provide a more constant 
vo ltage and frequency supply to the load, reducing the efleclS of 
vo ltage and frequency variations. 
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Utilization Equipment. Equipment that utilizes electric energy 
for electronic, electromechanical, chemical, h eating, lig hting, 
or similar purposes. (CMP-1) 

Voltage (of a circuit). The greatest root-mean-square (rms) 
(effective) d ifference of potential bet\veen any t\vo conductors 
of the circuit concerned. (CMP-1) 

Informational Note: Some systems, such as 3-phase 4-wire, 
single-phase 3-wire, and 3-wire direct current, may have various 
circuits of various voltages. 

Voltage, Nominal. A nominal value assigned to a circuit or 
syste m for the purpose of conven iently designating its voltage 
class (e.g., 120/ 240 vol ts, 480Y/ 277 volts, 600 volts) . (CMP-1) 

Informational Note No. 1: The actual voltage at which a circuit 
operates can vary from the nominal within a range that permits 
satisfactory operation of equipment. 

Informationa l Note No. 2: See ANSI C84.l-2011, Vollage Ratings 
for t:kclric Power Syslems and t.quijmuml (60 Hz). 

Informational Note No. 3: Certain battery unilS may be consid­
ered to be rated at nominal 48 volts de, but may have a charging 
float voltage up to 58 volts. In de applications, 60 volts is used to 
cover the entire range of float voltages. 

Voltage to Ground. For grounded circuits, the voltage between 
the g iven conductor and that point or conductor of the circuit 
that is grounded; for ungrounded circuits, the greatest voltage 
between the g iven conductor and any other conductor of the 
circuit. (CMP-1) 

Vl'atertight. Con structed so that moistu re will not enter the 
enclosure unde r specified test conditions. (CMP-1) 

Weatherproof. Con su·ucted or protected so that exposure to 
the weather will not interfere with successful operation. 
(CMP-1) 

Informational Note: Rainproof, raintight, or watertight equip­
ment can fulfill the requiremenlS for weatherproof where vary­
ing ,-veather conditions other than wetness, such as snow, ice, 
dust, or ten1perature extremes, are not a factor. 

Part II. Over 1000 Volts, Nominal 

Electronically Actuated Fuse. An overcurrent protective device 
that generally consists of a control module that provides 
current sensing, electronically derived time-current character­
istics, e ne rgy to initiate tripping, and a n interrupting module 
that interrupts current when an overcurrent occurs. Electroni­
cally actuated fuses may or may not operate in a current­
limiting fashion, depending o n the type of control selected. 
(CMP-10) 

Fuse. An overcurrent protective device with a circuit-opening 
fusible part that is heated and severed by the passage of over­
current throug h it. (CMP-10) 

Informational Note: A fuse comprises a ll the parts that form a 
unit capable of performing the p1·escribed functions. It may or 
may not be the complete device necessary to connect it into an 
electrical circuit. 

Controlled Vented Power Fuse. A fuse with provision for control­
ling discharge circuit interruption such that no solid materia l 
may be exhausted into the surrounding atm osphere. 

Informational Note: The fi.1se is designed so that discharged 
gases will not igni te or damage insulation in the path of the 
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discharge or propagate a flashover lO or between grounded 
members or conduction members in the path of the discharge 
where the distance between the vent and such insulation or 
conduction members conforms to manufacwrer's recommenda­
tions. 

Expulsion Fuse Unit (l!.xpulsion Fuse). A vented fuse unit in which 
the expulsion effect of gases produced by the arc and lining of 
the fuseholder, e ither alone or aided by a spring, extinguishes 
the arc. 

Nonvented Power Fuse. A fuse without intentional provision for 
the escape of arc gases, liquids, or solid particles to the atmos­
phere during c ircuit interruption . 

Power Fuse Unit. A vented, nonvented, 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. 

Vented Power Fuse. A fuse with provision for the escape of arc 
gases, liquids, or solid particles to the surrounding atmosphere 
during c ircuit interruption. 

Multiple Fuse. An assembly of t\vo or more single-pole fuses . 
(CMP-10) 

Substation. An assemblage of equipment (e.g., switches, inter­
rupting devices, c ircuit breakers, buses, and transformers) 
through which electric energy is passed for the purpose of 
distribution, switching, or modifying its characteristics. 
(CMP-9) 

Switching Device. A device designed to close, open, or both, 
one or more electrical circuits. (CMP-1) 

Circuit Breake1: A switching device capable of making, carrying, 
and interrupting currents under normal c ircuit conditions, and 
a lso of making, carrying for a specified t ime , and interrupting 
currents under specified abnormal c ircuit conditions, such as 
those of short c ircuit. 

Cutout. An assembly of a fuse support with either a fuseholder, 
fuse carrier, or d isconnecting blade. The foseholder or fi.tse 
carrier may include a conducting e lement (fuse link) or may 
act as the d isconnecting blade by the inclusion of a nonfosible 
member. 

Disconnecting Means. A device, group of devices, or other means 
whereby the conductors of a circuit can be disconnected from 
their source of supply. 

Disconnecting ( or Isolating) Suritch (Disconnectm; lsolatm). A 
mechanical switching device used for isolating a circuit or 
equipment from a source of power. 

Interrupter Switch. A switch capable of making, carrying, and 
interrupting specified currents. 

Oil Cutout (Oil-Filled Cutout). A cutout in wh ich all or part of the 
fuse support and its fuse link or disconnecting blade is moun­
ted in oil with complete immersion of the contacts and the fusi­
ble portion of the conducting element (fuse link) so that a rc 
interruption by severing of the fuse link or by opening of the 
contacts will occur under oil. 

Oil Switch. A switch having contacts that operate under o il (or 
askarel or other suitable liquid) . 

Regulator Bypass Switch. A specific device or combination of 
devices designed to bypass a regulator. 
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Part III. Hazardous (Classified) Locations (CMP-14). 

Aircraft Painting Hangar. An aircraft hangar constructed for 
the express purpose of spray/ coating/ dipping applications and 
provided with dedicated ventilation supply and exhaust. 

Associated Apparatus. Apparatus in which the circuits are not 
necessarily intrinsically safe themselves but that affects the 
energy in the intrinsically safe c ircui ts and is relied on to main­
tain intrinsic safety. Such apparatus is one of the following: 

(l) Electrical apparatus that has an a lternative type of protec­
tion for use in the appropriate h azardous ( classified) 
location 

(2) Electrical apparatus not so pro tected that shall not be 
used within a hazardous (classified) location 

Informational Note No. I: Associated apparatus has idemified 
imrinsically safe connections for imrinsically safe apparatus and 
also may have connections for nonintrinsically safe apparatus. 

Informational Note No. 2: An example ofassocimed apparatus is 
an intrinsic safety barrier, which is a network designed lO limit 
the energy (voltage and currem) available lo the protected 
circuit in the hazardous (classified) location, under specified 
fault conditions. 

Associated Nonincendive Field Wrring Apparatus. Apparams 
in which the circuits are not necessarily n onincendive them­
selves but that affect the energy in nonincendive field wiring 
circuits and are relied upon to maintain nonincendive energy 
levels. Such apparatus are one of the following: 

(1) Electrical apparatus that has an a lternative type of protec­
tion for use in the appropriate hazardous (classified) 
location 

(2) Electrical apparatus not so pro tected that shall not be 
used in a hazardous ( classified) location 

Informational Note: Associated nonincendive field wiring appa­
ratus has designated associated nonincendive field wiring appa­
raLUs connections for nonincendive fi eld wiring apparams and 
may also have connections for other electrical apparams. 

Combustible Dust. Dust particles that are 500 microns or 
smaller (i.e ., material passing a U .S. No. 35 Standard Sieve as 
defined in ASTM El 1-2015, Standard Specification for Woven Wire 
Test Sieve Cloth and Test Sieves), and present a fire or explosion 
h azard when dispersed and ignited in a ir. 

Informational Note: See ASTM El226-2012a, Standard Test 
Method for t:xplosibility of Dust Clouds, or ISO 6184-1, t:xjJlosion 
j)rotection syswms - Part 1: Determination of exj)losion indices of 
combustible dusts in ai,; for procedures for determining the explo­
sib ility of dusts. 

Combustible Gas Detection System. A protection technique 
utilizing stationary gas detectors in ind ustrial establishments. 

Control Drawing. A drawing or other document provided by 
the manufacturer of the intrinsically safe or associated appara­
tus, or of the non incendive fi eld wirin g apparatus or associated 
nonincendive field \viring a pparan1s, that details the allowed 
interconnections bet\veen the inu·insically safe and associated 
apparatus or bet\veen the nonincendive fie ld wiring apparams 
or associated nonincendive field wiring apparatus. 

Cord Connector. A fitting intended to term inate a cord to a 
box or similar device and reduce the strain at points of termi­
nation and may include an explosionproof, a dust­
ignitionproof, or a flameproof seal. 
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Different Intrinsically Safe Circuits. Inu·insically safe circuits in 
which the possible interconnections have not been evaluated 
and identified as intrinsically safe. 

Dust-Ignitionproof. Equipment enclosed in a manner that 
excludes dusts and does not permit arcs, sparks, or heat other­
wise ge nerated or liberated inside of the enclosure to cause 
ignition of exterior accumulations or atmospheric suspensions 
of a specified dust on or in the vicinity of the enclosure. 

Informational Note No. l: For further information on dust­
ignitionproof enclosures, see ANSI/ UL 1203-2015, Explosion­
Proof and Dust-Ignition-Proof t:leclrical Equifimenl for Hazardous 
(Classified) Locations. 

Informational Note No. 2: Dust-ignitionproof enclosures are 
sometimes additionally marked Type 9 per NEl\llA 250-2014, 
Enclosures/or Electrical Equijmienl. 

Dusttight. Enclosures constructed so that dust wi ll not enter 
under specified test conditions. 

Informational Note No. 1: For further information, see 
ANSI/ UL 121201-2017, Nonincendive t :leclrical Equijmienl for Use 
in Class I and II, Division 2 and Class III, Divisions 1 and 2 H azard­
ous (Classified) L ocations. 

Informational Note No. 2: Enclosure Types 3, 3X, 3S, 3SX, 4, 
4X, 5, 6, 6P, 12, 12K, and 13, per NEMA 250-2014, Enclosures for 
Electrical Equijmienl and ANSI/ UL 50£-2015, EncloS1.tres for Electri­
cal Equijmienl, Environnienlal Considerations, are considered dust­
tight. 

Electrical Resistance Trace Heating "60079-30-1 " . Type of 
protection for the purpose of producing hea t on the principle 
of elecu·ical resistance and typically composed of one or more 
metallic conductors and/ or an elecu·ically conductive material , 
suitably electrically insulated and protected. 

Informational Note: See ANSI/ UL 60079-30-1-2017, fat1losive 
Atmospheres - Part 30-l: l~leclrical Resistance Trace Healing -
General and Testing Requirements. 

Encapsulation "m". Type of protection where e lecu·ical parts 
that could ignite an explosive atmosphere by either sparking or 
heating are enclosed in a compound in such a way that this 
explosive atmosphere cannot be ign ited. 

Informational Note: See ANSI/ UL 60079-IS-2015, Explosive 
atmosj1heres - Part 18: Equijmtenl protection IJy encaj1sulation "m ". 

Explosionproof Equipment. Equipment enclosed in a case that 
is capable of withstanding an explosion of a spec ified gas or 
vapor that may occur within it and of preventing the ignition of 
a specified gas or vapor surrounding the e nclosure by sparks, 
flashes, o r explosion of the gas or vapor within, and that oper­
ates at such an external temperature that a surrounding fla m­
mable atmosphere will not be ignited thereby. (CMP-14) 

Informational Note No. I: For further information, see ANSI/ 
UL 1203-2015, Exf1losion-Proof and Dust-Ignition-Proof Electrical 
Equijirnent for Use in Hazardous (Classified) Locations. 

Informational Note No. 2: Explosion proof enclosures are some­
times additionally marked Type 7 per N EMA 250-2014, Enclosures 
for Electrical Equipment. 

Flameproof "d". Type of protection where the enclosure will 
withstand an internal explosion of a flammable mixture that 
has penetrated into the interior, without suffering damage and 
,vithout causing ignition, through any joints o r strucniral ope n­
ings in the enclosure of an external explosive gas atmosphere 
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consisting of one or more of the gases or vapors for which it is 
designed. 

Informational Note: See ANSI/UL 60079-1-2015, Explosive Atmos­
fiheres - Part I: Equipment Protection IJy Flameproof Enclosw~s "d ". 

Hermetically Sealed. Equipment sealed against the enu·ance 
of an external atmosphere where the seal is made by fusion , for 
example, soldering, brazing, welding, or the fusion of glass to 
metal. 

Informational Note: For further information, see ANSI/ 
ISA-12.12.01-2013, Nonincendive Electrical Equifmient for Use in 
Class I and II, Division 2, and Class II I, Divisions I and 2 Hazardous 
(Classi,fied) L ocations. 

Increased Safety "e". Type of prntection applied to elecu·ical 
equipment that does not produce arcs or sparks in normal serv­
ice and under specified abnormal conditions, in which addi­
tional measures are applied so as to give increased security 
against the possibility of excessive temperanires and of the 
occurrence of arcs and sparks. 

Informational Note: See ANSI/UL 60079-7- 20 17, Explosive 
Atmosphei~s - Part 7: Equipment P rotection iJy Increased Safety "e ". 

Inherently Safe Optical Radiation "op is" . Type of pro tection 
to minimize the risk of ignition in explosive atmospheres from 
optical radiation where visible or infrared radiation is incapa­
ble of producing sufficient energy under normal o r specified 
fault conditions to ignite a specific explosive atmosphere. 

Informational Note: See ANSI/UL 60079-2&-2017, Explosive 
Atmospheirs - Pa.rt 28: Protection of Equijmient and 1im1smission 
Systems Using O/ilical Radiation. 

Intrinsic Safety "i". Type of protection where a ny spark or 
thermal effect is incapable of causing igniti on of a mixture of 
flammable or combustible mater ial in ai r under prescribed test 
conditions. 

Informational Note: See UL 913-2015, Intrinsically Safe Afijiamlus 
and Associated AjJ/ia.ratus for Use in Class I, II, and Ill, D ivision 1 
Hazardous (Classified) Locations; and ANSI/ UL 60079-11-2013, 
Explosive Atnwsfilie,rs - Pa.rt II: Equipnienl protection iJy int·1i11sic 
safely "i". 

Intrinsically Safe Apparatus. Apparan1s in which all the circu its 
are inu·insically safe. 

Intrinsically Safe Circuit. A circuit in which any spark or ther­
mal effect is incapable of causing ignition of a mixture of fla m­
mable or combus tible m aterial in air unde r prescribed test 
conditions. 

Informational Note: Test cond it ions are described in ANSI/ 
UL 913-2013, Standard for Safety, I ntrinsically Safe Af1paralus and 
Associated Ajijiaralus for Use in Class I, II, and I II, Division I, 
Ha.za,·dous (Classified) L ocalio11s. 

Intrinsically Safe System. An assembly of interconnected 
intrinsically safe apparatus, associated apparatus, a nd intercon­
necting cables, in that those parts of the system that may be 
u sed in hazardous (classified) locations are intrinsically safe 
circuits. 

Informational Note: An intrinsically safe system may include 
more t han one intrinsically safe circuit. 

Limited Finishing Workstation. An apparatus that is capable of 
confining the vapors, mists, residues, dusts, o r deposits that are 
generated by a spray application process but does no t meet the 

70--43 



CHAPTER! AITTICLE l 00- DEFINITIONS 

requirements of a spray booth or spray room, as herein 
defined. [33:3.3.18.l l 

Informational Nore: See Section 14.3 of NFPA 33, Standard for 
Sj1my Aj,j,lication Usi11g Flammable or Combustible Materials, for limi­
ted finishing workstations. 

Liquid Immersion "o". Type of protection where electrical 
equipment is immersed in a protective liquid in such a way that 
an explosive atmosphere that may be above the liquid or 
outside the enclosure cannot be ignited. 

Informational Nore: See ANSI/ UL 60079-6-2016, Ex-plosiveAtnws­
pheres - Part 6: Eqztijmumt Jn·otection by liquid immersion "o ". 

Major Repair Garage. A building or portions of a building 
where major repairs, such as engine overhauls, painting, body 
and fender work, and repairs that require draining of the 
motor ve hicle fuel tank are performed on motor vehicles, 
including associated floor space used for offices, parking, or 
showrooms. [30A:3.3.12.l ] 

Membrane Enclosure. A temporary enclosure used for the 
spraying of workpieces that cannot be moved into a spray 
booth where open spraying is not practical due to the proxim­
ity to other operations, finish quality, or concerns such as the 
collection of overspray. 

Informational Note: See Chaprer 18 of NFPA 33-2016, Standard 
for Spray Application Using Flammable or Combustible Materials, for 
information on rhe construction and use of membrane enclo­
sures. 

Minor Repair Garage. A building or portions of a building 
used for lubrication, inspection, and minor automotive mainte­
nance work, such as engine tune-ups, replacement of parts, 
fluid changes (e.g., oil, antifreeze, transmission fluid, brake 
fluid, air-condition ing refrigerants), brake system repairs, tire 
rotation, and similar routine maintenance work, including 
associated floor space used for offices, parking, or showrooms. 
[30A:3.3. l 2.2l 

Mobile Equipment. Equipment with elecu-ical compone n ts 
suitable to be moved only with mechanical a ids or is provided 
with wheels for movement by person (s) or powered devices. 

Motor Fuel Dispensing Facility. That portion of a property 
where motor fuels are stored and d ispensed from fixed equip­
ment into the fuel tanks of motor vehicles or marine craft or 
into approved containe rs, including all equipment used in 
connection therewith . [30A:3.3.l l l 

Informational Nore: Refer ro Articles 510 and 511 with respect 
to elecrrical wiring and equipmem for orher areas used as lubri­
toriun1s, service rooms, repair rooms, offices, salesrooms, 
compressor rooms, and similar locations. 

Nonincendive Circuit. A ci1-cuit, other than field wiring, in 
wh ich any arc or thermal effect produced under intended 
operating conditions of the equi pment, is not capable, under 
specified test conditions, of igniting the flammable gas-air, 
vapor-air, or dust-air mixture. 

In formational Note: Conditions are described in ANSI/ 
ISA-12.12.01-2013, Nonincendive Electrical Equipment for Use in 
Class I and 11, Division 2, and Class Ill, Divisions I and 2 Hazanlous 
( Classifu:d) Locations. 

Nonincendive Component. A component having contacts for 
making or breaking an incendive circuit and the contacting 
mechanism is constrncted so that the component is incapable 
of igniting the specified flammable gas-air or vapor-air 
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mixture. The housing of a nonincendive component is not 
intended to exclude the flammable atmosphere or contain an 
explosion. 

Informational Nore: For further information, see ANSI/ 
ISA-12. 12.01-2013, Nonincendive Electrical Eqztipnu:nt for Use in 
Class I and II, Division 2, and Class Ill, Divisio11s I and 2 Hazardous 
(Classified) Locations. 

Nonincendive Equipment. Equipment having e lectrical/elec­
tronic circuiu·y th at is incapable, under normal operating 
con ditions, of causing ignition of a specified flammable gas-air, 
vapor-air, or dust-air mixture due to a rcing or thermal means. 

In formational Nore: For further information, see ANSI/ 
I SA-12 .1 2.01 -2013, Nonincendive t.1ectrical t,·qztifmu:nt for Use in 
Class I and 11, Division 2, and Class 111, Divisions 1 and 2 Hazardous 
(Classified) Locations. 

Nonincendive Field Wiring. Wir ing that enters or leaves an 
equipment enclosure and, under normal operating conditions 
of the equipment, is not capable, due to arcing or thermal 
effects, of igniting the flammable gas-air, vapor-air, or dust-air 
m ixmre. Normal operation includes opening, shorting, or 
grounding the field wiring. 

Nonincendive Field Wiring Apparatus. Apparams intended to 
be connected to nonincendive field wi ring. 

Informational Nore: For further information, see ANSI/ 
ISA-12.12.01-2013, Nonincendive Electrical Equifmu:nt for Use in 
Class I and II, Division 2, and Class I 11, Divisio11s I and 2 Hazardous 
(Classified) Locations. 

Oil Immersion. Electrical equipment immersed in a protective 
liquid in such a way th at an explosive atmosphere that may be 
above the liquid or outside the enclosure cannot be ignited. 

Optical Radiation. Electromagnetic radiation at wavelengths in 
vacuum between the region of u·ans ition to X-rays and the 
region of u·ansition to radio waves, that is approximately 
between 1 nm and 1000 µm . 

Informational Note: For additional information on types of 
protection rhat can be applied [O minimize rhe risk of ignition 
in explosive atmospheres from optical radiation in the wave­
length range from 380 nm Lo I O µm, see ANSI/ UL 
60079-28--2017, Explosive Atmospheres - Part 28: Protection of Equip­
ment and Trcmsmission Systems Using Optical Radiation. 

Optical System With Interlock "op sh". Type of protection to 
m inimize the risk of ign ition in exp los ive atmospheres from 
optical radiation wh ere visible or in frared radiation is confined 
inside optical fiber or other transmission medium with inter­
lock cut-off provided to reliably reduce the unconfined beam 
strength to safe levels within a specified time in case the 
confinement fai ls and the radiation becomes unconfined. 

Informational Note: See ANSI/UL 60079-28--2017, fatJlosive 
AtnwsfJheres - Part 28: Pmteclion of Equifmu:nt and Transmission 
Systems Using Optical Radiation. 

Outdoor Spray Area. A spray area that is outside the confines 
of a building or that has a canopy or roof that does not limit 
the d issipation of the heat of a fire 01- d ispersion of flammable 
vapors and does not restrict fire-fighting access and conu·ol. 
For the purpose of this standard, an outdoor spray area can be 
u·eated as an unenclosed spray area. [33:3.3.2.3.l J 

Portable Equipment. Equipme nt with electrical components 
suitable to be moved by a single pe1·son without mechanical 
aids. 
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Powder Filling "q". Type of protection where electrical parts 
capable of igniting an explosive atmosphere are fixed in posi­
tion and completely surrounded by fi lli ng material (glass or 
quartz powder) to prevent the ignition ofan external explosive 
atmosphere. 

Informational Note: See ANSI/ UL 60079-5-2016, Exfilosive Atmos­
pheres - Parl 5: Eq,.,ifmum.l proleclion fry fiowder filling "q ". 

Pressurized. The process of supplying an enclosure with a 
protective gas with or without continuous flow, at sufficient 
pressure to prevent the entrance of combustible dust or igniti­
ble fibers/ flyings. 

Pressurized Enclosure "p". Type of protection for electrical 
equipment that uses the technique of guarding against the 
ingress of the external aunosphere, which may be explosive, 
into an enclosure by maintaining a protective gas therein at a 
pressure above that of the external atmosphere. 

Informational Note: See ANSI/ UL-60079-2-2017, Explosive Atmos­
pheres - Part 2: Eqttipmenl protection fry pressurized enclosures "Ji''. 

Process Seal. A seal betvveen electrical systems and flammable 
or combustible process fluids where a failure could allow the 
migration of process fluids into the premises' wiring system. 

Protected Optical Fiber Cable. Optical fiber cable protected 
from releasing optical radiation into the atmosphere during 
normal operating conditions and foreseeable malfunctions by 
additional armoring, conduit, cable tray, or raceway. 

Informational Note: See ANSI/ UL 60079-28--2017, Expl-Osive 
Atmospheres - Parl 28: Protection of Equijmtenl and 1iw1smission 
Systems Using Optical Radiation. 

Protected Optical Radiation "op pr". Type of protection to 
minimize the risk of ignition in explosive atmospheres from 
optical radiation where visible or infrared radiation is confined 
inside optical fiber or other u·ansmission medium under 
normal constructions or constructions with additional mechan­
ical protection based on the assumption that th ere is no escape 
of radiation from the confinement. 

Informational Note: See ANSI/ UL 60079-28--2017, Explosive 
Almosj1heres - Part 28: Protection of tquijm,enl and Transmission 
Systems Using Optical Radiation. 

Protection by Enclosure "t". Type of protection for explosive 
dust atmospheres where electrical equipment is provided with 
an enclosure providi ng dust ingress protection and a means to 
limit surface temperatures. 

Informational Note: For additional information, see ANSI/ 
UL 60079-31-2015, Exfilosive Atmospheres - Part 31: Equipment 
Dust Ignition Protection fry Enclosure "l ". 

Purged and Pressurized. The process of ( 1) purging, supplying 
an enclosure with a protective gas at a sufficient flow and posi­
tive pressure to reduce the concentration of any flammable gas 
or vapor initially present to an acceptable level; and (2) pres­
surization, supplying an enclosure with a protective gas with or 
without continuous flow at sufficient pressure to prevent the 
entrance of a flammable gas or vapor, a combustible dust, or an 
ignitible fiber. 

Informational Note: For further information, see ANSI/ NFPA 
496-2013, Purged and Pmssurized Enclosm~s for Electrical Equipment. 

Simple Apparatus. An electrical component or combination of 
components of simple constrnction with well-defined elecu·ical 
parameters that does not generate more than 1.5 volts, 100 mA, 
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and 25 mW, or a passive component that does not dissipate 
more than 1.3 watts and is compatible with the intrinsic safety 
of the ci rcuit in wh ich it is used. 

Informational Note No. I: The following apparatus are exam­
ples of simple apparatus: 

( l) Passive components; for example, switches, instrument 
connectors, plugs and sockets, junction boxes, resistance 
temperature devices, and simple semiconduetor devices 
such as LEDs 

(2) Sources of stored energy consisting of sing le components 
in simple circuits with well-defined parameters; for exam­
ple, capacitors or inductors, whose values are considered 
when determining the overall safety of the system 

(3) Sources of generated energy; for example, thermocouples 
and photocells, that do not generate more than 1.5 volts, 
100 mA, and 25 mW 

Informational Note No. 2: For further information, refer to 
ANSI/ UL 913-2013, Intrinsically Safe Afijiaralus and Associali!d 
Afifiamlusfor Use in Class I, II, Ill, Division 1, Hazardous (Classified) 
Locations; and ANSI/UL 60079-11-2013, Explosive Atnwsphems -
Part 11: Eq,.,ipmenl Protection fry Intrinsic Safely "i. " 

Spray Area. Any fully enclosed, partly enclosed, or unenclosed 
area in which dangerous quantities of flammable or combusti­
ble vapors, mists, residues, dusts, or deposits are present due to 
the operation of spray processes, including (1) any area in the 
direct path of a spray application process; (2) the interior of a 
spray booth, spray room, or limited finishing workstation, as 
herein defined; (3) the interior of any exh aust plenum, elimi­
nator section, or scrubber section; ( 4) the interior of any 
exhaust duct or exhaust stack leading from a spray application 
process; (5) the interior of any a ir recirculation path up to and 
including recirculation particul ate filters; (6) any solvent 
concentrator (pollution abatement) unit or solvent recovery 
(distillation) unit; and (7) the inside of a membrane enclosure. 
The following are n ot part of the spray area: (1) fresh air make­
up units; (2) air supply ducts and air supply plenums; (3) recir­
culation air supply ducts downstream of recirculation 
particulate filters; and (4) exhaust ducts from solvent concen­
trator (pollution abatement) units. [33:3.3.2.31 

Informational Note: Unenclosed spray areas are locations 
outside of buildings or are localized operations within a larger 
room or space. Such are normally provided with some local 
vapor extraction/ ventilation system. In automated operations, 
the area limi ts are the maximum area in the direct path of spray 
operations. In manual operations, the area limi ts are the maxi­
mum area of spray when aimed at 90 degrees to the application 
surface. 

Spray Booth. A power-ventilated enclosure for a spray applica­
tion operation or process that confines and limits the escape of 
the material being sprayed, including vapors, mists, dusts, and 
residues that are produced by the spraying operation and 
conducts or d irects these materials to an exhaust system. 
[33:3.3.1 5 l 

Informational Note: A spray booth is an enclosure or insert 
within a larger room used for spray/ coating/ dipping applica­
tions. A spray booth can be fully enclosed or have open front or 
face and can include separate conveyor entrance and exit. The 
spray booth is provided with a dedicated ventilation exhaust 
with supply air from the larger room or from a dedicated air 
supply. 

Spray Room. A power-ventilated fully enclosed room used 
exclusively for open spraying of flammable or combustible 
materials. [33:3.3 .161 
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Type of Protection "n". Type of protection where electrical 
equipment, in normal operation, is not capable of igniting a 
surrounding explosive gas atmosphere and a fault capable of 
causing ignition is not likely to occur. 

Informational Note: See ANSI/ UL 60079-15-2013, Explodve 
Atmospheres - Parl 15: Equipnum.l Proleclion !Jy Type of Proleclion 
"n". 

Unclassified Locations. Locations determined to be neither 
Class I, Division 1; Class I, Division 2; Zone 0; Zone 1; Zone 2; 
Class II, Division I ; Class II, Division 2; Class III, Division I; 
Class III, Division 2; Zone 20; Zone 21; Zone 22; nor any combi­
nation thereof. 

Unenclosed Spray Area. Any spray area that is not confined by 
a limited finishing workstation, spray booth, or spray room, as 
herein defined. [33:3.3.2.3.21 

Ventilated. Provided with a means to permit circulation of air 
sufficient to remove an excess of heat, fumes, or vapors . 

Volatile Flammable Liquid. A flammable liquid having a flash 
point below 38°C (100°F), or a flammable liquid whose 
temperature is above its flash point, or a Class II combustible 
liquid that has a vapor pressure not exceeding 276 kPa 
(40 psia) at 38°C (100°F) and whose temperanire is above its 
flash point. 

ARTICLE 110 
Requirements for Electrical Installations 

Part I. General 

110.1 Scope. This article covers general requirements for the 
examination and approval, installation and use, access to and 
spaces about electrical conductors and equipment; enclosures 
intended for personnel entry; and nmnel installations. 

Informational Note: See Informative Annex J for information 
regarding ADA accessibility design. 

110.2 Approval. The conductors and equipment required or 
permitted by this Code shall be acceptable only if approved. 

Informational Note: See 90.7, Examination of EquipmenL for 
Safety, and 110.3, Examination, Identification, Installation, and 
Use of Equipment. See definitions of Aj)j)roved, ldenlified, Labeled, 
and Liswd. 

110.3 Examination, Identification, Installation, Use, and List­
ing (Product Certification) of Equipment. 

(A) Examination. In judging equipment, considerations such 
as the following shall be evaluated: 

(1) Suitability for installation and use in conformity with this 
Code 

Informational Note No. I: EquipmenL may be new, recondi­
tioned, refurbished, or remanufacrnred. 

Informational Note No. 2: Suitability of equipmenL use may be 
idenLified by a description ma rked on or provided with a prod­
uct ro identify the suitability of the product for a specific 
purpose, environment, or application. Special conditions of use 
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or other limitations and other pertinent information may be 
marked on the equipment, included in the product instructions, 
or included in the appropriate listing and labeling information. 
Suitabili ty of equipment may be evidenced by listing or labeling. 

(2) Mechanical strength and durability, including, for parts 
designed to enclose and protect oth er equipment, the 
adequacy of the protection th us provided 

(3) Wire-bending and connection space 
(4) Electrical insulation 
(5) Heating effects under normal conditions of use and also 

under abnormal conditions likely to arise in service 
(6) Arcing effects 
(7) Classification by type, size, voltage, current capacity, and 

speci fie use 
(8) Other factors that contribute to the practical safeguard­

ing of persons using or likely to come in contact with the 
equipment 

(B) Installation and Use. Equipment that is listed, labeled, or 
both shall be installed and u sed in accordance with any instruc­
tions included in the listing or labeling. 

(C) Listing. Product testing, evaluation, and listing (product 
certification ) shall be performed by recognized qualified elec­
trical testing laboratories and shall be in accordance with appli­
cable product standards recognized as achieving equivalent 
and effective safety for equipment installed to comply with this 
Code. 

Informational Note: The Occupational Safety and Health 
Administration (OSHA) recognizes qualified electrical testing 
laboratories d,at perform evaluations, resting, and certification 
of certain products to ensure that they meet the requirements of 
bod, the construction and general industry OSHA e lectrical 
standards. If the listing (product certification) is done under a 
qualified electrical testing laboratory program, this listing mark 
signifies that the tested and certified product complies with the 
requirements of one or more appropriate product safety test 
standards. 

110.4 Voltages. Throughout this Code, the voltage con sidered 
shall be that at which the ci rcuit operates. The voltage rating of 
electrical equipment shall not be less than the 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 unless other­
wise provided in this Code. Where the conductor material is not 
specified, the sizes given in this Code shall apply to copper 
conductors. V.'here other materials are used, the size shall be 
changed accordingly. 

110.6 Conductor Sizes. Conductor sizes are expressed in 
American Wire Gage (AWG) or in circular mils. 

110.7 Wiring Integrity. Completed wiring installations shall be 
free from short c ircuits, ground faults, or any connections to 
ground other than as required or pe,,mitted elsewhere in this 
Code. 

110.8 Wiring Methods. Only wiring meth ods recognized as 
suitable are included in this Code. The recognized methods of 
wiring shall be permitted to be installed in any type of building 
or occupancy, except as otherwise provided in this Code. 

110.9 Interrupting Rating. Equipment intended to interrupt 
current at fault levels shall have an interrupting rating at nomi­
nal circuit voltage at least equal to the current that is available 
at the line terminals of the equipment. 
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Equipment intended to interrupt current at other than fault 
levels shall have an interrupting rating at nominal circuit volt­
age at least equal to the current that must be interrupted. 

110.10 Circuit Impedance, Short-Circuit Current Ratings, and 
Other Characteristics. The overcurrent protective devices, the 
total impedance, the equipment short-circuit current ratings, 
and other characteristics of the circuit to be protected shall be 
selected and coordinated to permit the circuit protective devi­
ces used to clear a fault to do so without extensive damage to 
the elecu·ical equipment of the circuit. This fault shall be 
assumed to be either between two or more of the circuit 
conductors or between any circuit conductor and the equip­
ment grounding conductor(s) permitted in 250.118. Listed 
equipment applied in accordance with their listing shall be 
considered to meet the requirements of this section. 

110.11 Deteriorating Agents. Unless identified for use in the 
operating environment, no conductors or equipment shall be 
located in damp or wet locations; where exposed to gases, 
fomes, vapors, liquids, or other agents that have a deteriorating 
effect on the conductors or equipment; or where exposed to 
excessive temperatures. 

Informational Note No. I: See 300.6 for protection against 
corrosion. 

Informational Note No. 2: Some cleaning and lubricating 
compounds can cause severe deterioration of many plastic mate­
rials used for insulating and structural applications in equip­
ment. 

Equipment not identified for outdoor use and equipment 
identified only for indoor use, such as "dry locations," "indoor 
use only," "damp locations," or enclosure Types 1, 2, 5, 12, 12K, 
and/ or 13, shall be protected against damage from the weather 
during construction. 

Informational Note No. 3: See Table 110.28 for appropriate 
enclosure-type designations. 

Informational Note No. 4: Minimum Aood provisions are provi­
ded in NFPA 5000-2015 Buildi11g Conslruclion and Safety Code, the 
International Building Code ( !BC), and the International Residentu,/ 
Code for One- and Tw(}-Fa11tily Dwellings ( !RC). 

110.12 Mechanical Execution of Work. Electrical equipment 
shall be installed in a neat and workmanlike manner. 

Informational Note: Accepted industry practices are described 
in ANSI/ NECA 1-2015, Standard/or Good Workmanship in 1'1ectri­
cal Construction, and other ANSI-approved installation standards. 

(A) Unused Openings. Unused openings, other than those 
intended for the operation of equipment, those intended for 
mounting purposes, or those permitted as part of the design 
for listed equipment, shall be closed to afford protection 
substantially equivalent to the wall of the equipment. vVhere 
metallic plugs or plates are used with nonmetallic enclosures, 
they shall be recessed at least 6 mm ( V., in.) from the outer 
surface of the enclosure. 

(B) Integrity of Electrical Equipment and Connections. Inter­
nal parts of electrical equipment, including busbars, wiring 
terminals, insulators, and other surfaces, shall not be damaged 
or contaminated by foreign materials such as paint, plaster, 
cleaners, abrasives, or corrosive residues. There shall be no 
damaged parts that may adversely affect safe operation or 
mechanical strength of the equipment such as parts that are 
broken ; bent; cut; or deteriorated by corrosion, chemical 
action, or overheating. 
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(C) Cables and Conductors. Cables and conductors insta lled 
exposed on the surfaces of ceilings and sidewalls shall be 
supported by the building structure in such a manner that the 
cables and conductors will not be damaged by normal building 
u se. Such cables and conductors shall be secured by hardware 
including straps, staples, cable ties, hangers, or similar fittings 
designed and installed so as not to damage the cable. The 
installation shall also conform with 300.4 and 300.11. Nonme­
tallic cable ties and other nonmetallic cable accessories used to 
secure and support cables in other spaces used for environ­
mental a ir (plenums) shall be listed as having low smoke and 
heat release properties. 

Informational Note No. I: Accepted industry practices are 
described in ANSI/ NECA/ FOA 301-2009, Standard for lnslalling 
and Testing Rber 0/1tic Cables, and other ANSI-approved installa­
tion standards. 

Informational Note No. 2: See 4.3 .11.2.6.5 and 4.3.11.5.5.6 of 
NFPA 90A-2018, Standard for the inslallalion of Air-Conditioning 
and Venlilaling Systems, for discrete combustible com pone ms 
installed in accordance with 300.22(C). 

Informational Note No. 3: Paint, plaster, cleaners, abrasives, 
corrosive residues, or other contar11inants 111ay result in an unde­
termined a lteration of optical fiber cable properties. 

110.13 Mounting and Cooling of Equipment. 

(A) Mounting. Electrical equipment shall be firmly secured to 
the surface on which it is mounted. Wooden plugs driven into 
holes in masonry, concrete, plaster, or similar materials shall 
not be used. 

(B) Cooling. Electrical equipment that depends on the natu­
ral circulation of air and convection principles for cooling of 
exposed surfaces shall be installed so that room a irflow over 
such surfaces is not prevented by walls or by adjacent insta lled 
equipment. For equipment designed for floor mounting, clear­
ance between top surfaces and a<!jacent surfaces shall be provi­
ded to dissipate rising warm a ir. 

Electrical equipment provided with ventilating openings 
shall be installed so that walls or oth er obstructions do not 
prevent the free circulation of air th rough the equipment. 

110.14 Electrical Connections. Because of d ifferent 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 
intermixed in a terminal or splic ing connector where physical 
contact occurs between dissimila1· conductors (such as copper 
and aluminum or aluminum and coppe1~clad a luminum), 
unless the device is identified fo1· the purpose and conditions 
of use. Materials such as solder, fluxes, inhibitors, and 
compounds, where employed, shall be suitable for the use and 
shall be of a type that wil l not adversely affect the conductors, 
installation, or equipment. 

Connectors and terminals for conductors more finely stran­
ded than Class B and Class C stranding as shown in Chapter 9, 
Table 10, shall be identified for the specific conductor class or 
classes. 
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(A) Terminals. Connection of conductors to terminal parts 
shall ensure a thoroughly good connection without damaging 
the conductors and shall be made by means of pressure 
connectors (including set-screw type), solder lugs, or splices to 
flex ible leads. Connection by means of wire-binding screws or 
studs and nuts that have upturned lugs or the equivalent shall 
be permitted for IO 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 use or by brazing, welding, or 
soldering with a fusible meta l or alloy. Soldered splices shall 
first be spliced or joined so as to be mechanically and electri­
cally secure without solder and then be soldered. All splices 
and joints and the free ends of conductors shall be covered 
with an insulation equivalent to that of the conductors or with 
an identified insulating device . 

Wire connectors or splicing means installed on conductors 
for direct burial shall be listed for such use. 

(C) Temperature Limitations. The temperature rating associ­
ated with the ampacity of a conductor shall be selected and 
coordinated so as not to exceed the lowest temperan1re rating 
of any con nected termination, conductor, or device. Conduc­
tors with temperature ratings higher than specified for termi­
nations shall be permitted to be used fo r ampacity adjustment, 
correction, or both. 

(1) Equipment Provisions. The determination of termination 
provisions of equipment shall be based on II0.14(C) (l)(a) or 
(C)(l)(b) . Unless the equipment is listed and marked other­
wise, conductor ampacities u sed in determining equipment 
termination provisions shall be based on Table 310.16 as appro­
priately modified by 310.12. 

(a) Termination provisions of equipment for circuits 
rated 100 amperes or less, or marked for 14 AWG through 
I AWG conductors, shall be used only for one of the following: 

(I) Conductors rated 60°C (l 40°F) . 
(2) Conductors with higher temperature ratings, provided 

the ampacity of such conductors is determined based on 
the 60°C (140°F) ampacity of the conductor size used. 

(3) Conductors with higher temperature ratings if the equip­
ment is listed and identified for use with such conductors. 

( 4) For motors marked with design letters 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 does not exceed the 75°C (167°F) 
ampacity. 

(b) Termination proV1s1ons of equipment for circuits 
rated over 100 amperes, or marked for conductors larger than 
1 AWG, shall be used only for one of the following: 

(1) Conductors rated 75°C (167°F) 
(2) Conductors with higher temperature ratings, provided 

the ampacity of such conductors does not exceed the 
75°C (167°F) ampacity of the conductor size used, or up 
to their ampacity if the equipment is listed and identified 
for use with such conductors 

(2) Separate Connector Provisions. Separately installed pres­
sure connectors shall be used with conductors at the ampacities 
not exceeding the ampacity at the listed and identified temper­
ature rating of the connector. 
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I nformational Nore: With respect ro 110.14(C) (1) and (C) (2), 
equipment markings or listing information may additionally 
restrict the sizing and tempera LU re ratings of connected conduc­
LOrs. 

(D) Terminal Connection Torque. Tightening torque values 
for terminal connections shall be as indicated on equipment or 
in installation instructions pro,~ded by the manufacturer. An 
approved means shall be used to achieve the indicated torque 
value. 

I nformational Nore No. 1: Examples of approved means of 
achieving rhe indicated torque values include torque rools or 
devices such as shear bolLS or breakaway-style devices with visual 
indicators diar demonstrate that the proper torque has been 
applied. 

I nformational Nore No . 2: The equipment manufacturer can be 
comacred if numeric torque values are nor indicated on rhe 
equipment or if the installation instructions are nor available. 
Informative Annex I of UL Standard 486A486B, Standard for 
Safety-Wire Connectors, provides torque values in rhe absence of 
manufacturer's recommendations. 

Informational Nore No. 3: Additional information for torquing 
threaded connections and terminations can be found in Section 
8.11 of NFPA 708-2019, Recommended Praclice for Electrical Equijr 
menl Maintenance. 

110.15 High-Leg Marking. On a 4-wire, del ta-connected system 
where the midpoint of one phase winding is grounded, only 
the conductor or busbar having the higher phase voltage to 
ground shall be durably and permanently marked by an outer 
finish that is orange in color or by other effective means. Such 
identification shall be placed at each point on the system where 
a connection is made if the grounded conductor is also 
present. 

110.16 Arc-Flash Hazard Warning. 

(A) General. Electr ical equipment, such as switchboards, 
switchgear, panel boards, industrial control panels, meter socket 
enclosures, and motor control centers, that is in other than 
dwelling units, and is likely to requi re examination, adjust­
ment, servicing, or maintenance while energized, shall be field 
or factory marked to warn qualified persons of potential elec­
tric arc flash hazards. The marking shall meet the requirements 
in 110.21 (B) and shall be located so as to be clearly visible to 
quali fied persons before examination, adjustment, servicing, or 
maintenance of the equipment. 

(B) Service Equipment. In other than dwelling units, in addi­
tion to the requirements in II0.16(A), a permanent label shall 
be field or factory applied to service equipment rated 
1200 amps or more. The label sh all meet the requirements of 
II0.21 (B) and contain the following information: 

(I ) Nominal system voltage 
(2) Available fault current at the service overcurrent protec­

tive devices 
(3) The clearing time of se rvice overcurrent protective devi­

ces based on the available fault current at the service 
equipment 

(4) The date the labe l was applied 

Exception: Service equiprnent labeling shall not be required if an arc 
flash label is applied in accordance with acceptable industry practice. 

Informational Note No. 1: NFPA 70£.2018, Standard/or Electrical 
Safety in the WorkJ;lace, provides guidance, such as determ ining 
severity of potential exposure, planning safe work practices, arc 
flash labeling, and selecting personal protective equipment 
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Informational Note No. 2: ANSI 2535.4-2011, Product Safely Signs 
and Labels, provides guidelines for the design of safecy signs and 
labels for application LO products. 

Informational Nore No. 3: Acceptable industry practices for 
equipment labeling are d escribed in NFPA 70£-2018, Standard for 
Electrical Safety in the \!Vorkplace. This standard provides specific 
criteria for developing arc-flash labels for equipment that 
provides nominal system voltage, incident energy levels, arc-flash 
boundaries, minimum required levels of personal protective 
equipment, and so ford1 . 

110.18 Arcing Parts. Parts of electrical equipmen t that in ordi­
nary operation produce arcs, sparks, flames, or molten metal 
shall be e nclosed or separated and isolated from all combusti­
ble material. 

Informational Nore: For hazardous (classified) locations, see 
Anicles 500 rnrough 517. For motors, see 430.14. 

110.19 Light and Power from Railway Conductors. Circuits for 
lighting and power shall not be connected to any syste m that 
contains u·olley wires with a ground return. 

Exception: Such circuit connections shall be permitted in car houses, 
power houses, or passenger and freight stations operated in connection 
with elect1ic railways. 

110.21 Marking. 

(A) Equipment Markings. 

(1) General. The manufacturer's name, trademark, or other 
descriptive marking by which the organization responsible for 
the product can be identified shall be placed on all electrical 
equipment. Other markings that indicate voltage, current, 
wattage, or other ratings shall be provided as specified else­
where in this Code. T he marking or label shall be of sufficient 
durability to withstand the environment involved. 

(2) Reconditioned Equipment. Reconditioned equipment 
shall be marked with the name, trademark, or other descriptive 
marking by which the organization responsible for recondition­
ing the e lectrical equipment can be identified, along with the 
date of the reconditioning. 

Reconditioned equipment shall be identified as "recondi­
tioned" and the original listing mark removed. Approval of the 
reconditioned equipment shall not be based solely on the 
equipment's orig inal listing. 

Exception: In industrial occupancies, where conditions of maintenance 
and supervision ensure that only qualifi.ed persons service the equip­
ment, the markings indicated in 110.21 (A)(2) shall not be required for 
equipment that is reconditioned by the owner or operator as part of a 
regular equipment maintenance program. 

Informational Nore No. 1: Industry standards are available for 
application of reconditioned and refurbished equipment. 

Informational Nore No. 2: The term 1rcondilioned may be inter­
changeable with the terms rebuill, nfurbished, or remanufaclund. 

Informational Note No. 3: The original listing mark may include 
the mark of the certifying body and not die entire equipment 
label. 

(B) Field-Applied Hazard Markings. \l\lhere caution, warning, 
or danger signs or labels are required by this Code, the labels 
shall meet the following requirements: 

(1) The marking shall warn of the hazards using effective 
words, colors, symbo ls, or any combination thereof. 
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Informational Note: ANSI 2535.4-2011, Product Safely Signs and 
Labels, provides guidelines for suitable font sizes, words, colors, 
symbols, and location requirements for labels. 

(2) The label s hall be permanently affixed to the equipment 
or wiring method and shall n ot be handwritten. 

i'.xception to (2 ): Portions of labels or markings that are variable, or 
that could be subject to changes, shall be permitted to be handwritten 
and shall be legi,ble. 

(3) The label shall be of sufficie nt durability to withstand the 
environment involved. 

Informational Note: ANSI 2535.4-2011, Pmduct Safety Signs and 
Labels, provides guidelines for the des ign and durabilicy of safety 
signs and labels for application LO e lectrical equipment. 

110.22 Identification of Disconnecting Means. 

(A) General. Each disconnecting means sha ll be legibly 
marked to indicate its purpose unl ess located and arranged so 
the purpose is evident. In other than one- or two-family dwell­
ings, the marking shall include th e identification of the circuit 
source that supplies the d isconnecting means. The marking 
shall be of sufficient durability to withstand the environ ment 
involved. 

(B) Engineered Series Combination Systems. Equipment 
enclosu res for circuit breakers o r foses applied in compliance 
with series combination ratings selected under engineering 
supervision in accordance with 240.86(A) shall be legibly 
marked in the field as directed by the engineer to indicate the 
equipment has been applied with a series combination rating. 
The marking shall meet the requirements in 110.21(B) and 
shall be readily visible and state the following: 

CAUTION - ENGINEERED SERIES COMBINATION 
SYSTEM RATED AMPERES. IDENTIFIED REPLACE-

MENT COMPONENTS REQUIRED. 

(C) Tested Series Combination Systems. Equipment enclo­
sures for circuit breakers or foses applied in compliance with 
the series combination ratings marked on the equipment by 
the manufacturer in accordance with 240.86(B) sh all be legibly 
marked in the fie ld to indicate the equipment has been applied 
with a series combination rating. The marking shall meet the 
requirements in 110.21 (B) and shall be readily visible and state 
the following: 

CAUTION - SERIES COMBINATION SYSTEM RATED 
AMPERES. IDENTIFIED REPLACEMENT COMPONENTS 

REQUIRED. 

Informational Note: See IEEE 3004.5-2014 Recommended Practice 
for lhe Afijilicalion of Low-Vollage Circuil Breakers in Industrial and 
Commercial Power Systems, for further information on series tested 
sys rems. 

110.23 Current Transformers. Unused current transformers 
associated with potentially energized circuits shall be short­
circuited. 

110.24 Available Fault Current. 

(A) Field Marking. Service equipment at other than dwelling 
units shall be legibly marked in the field with the available fault 
current. The fie ld marking(s) shall include the date the fault­
cu rrent calculation was performed and be of suffic ient durabil­
ity to withstand the environment involved. The calculation shall 
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be documented and made available to those authorized to 
design, install, inspect, mainta in , or operate the system. 

Informational Note No. 1: The available fault-current mark­
ing(s) addressed in 110.24 is related to required short-circuit 
current and interrupting ratings of equipment. NFPA 70£.2018, 
Standard for Electrical Safety in the Workplace, provides assistance in 
determining the severity of potential exposure, planning safe 
work practices, and selecting personal protective equipment. 

Informational Note No. 2: Values of available fau lt current for 
use in determining appropriate minimum short-circuit current 
and interrupting ratings of service equipment are available from 
electric utilities in published or other forms. 

(B) Modifications. When modifications to the e lectrical instal­
lation occur that affect the available fault cu rrent at the service, 
the available fault current sh all be verified or recalculated as 
necessary to ensure the service equipment ratings are sufficient 
for the available fault current at the line terminals of the equip­
ment. The required field marking(s) in l 10.24(A) shall be 
adjusted to reflect the new level of available fault current. 

Exception: The field marking requirements in 110.24(A) and 
l 10.24(B) shall not be required in industrial installations where condi­
tions of maintenance and supervision ensure that only qualified 
persons service the equipment. 

110.25 Lockable Disconnecting Means. If a d isconnecting 
means is required to be lockable open e lsewhere in this Code, it 
shall be capable of being locked in the open position. T he 
provisions for locking shal l remain in place with or without the 
lock installed. 

Exception: Locking provisions for a cord-and-plug connection shall not 
be required to remain in place without the lock installed. 

Part II. 1000 Volts, Nominal, or Less 

110.26 Spaces About Electrical Equipment. Access and work­
ing space shall be provided and maintained about all e lectrical 
equipment to permit ready and safe operation and mainte­
nance of such equipment. 

(A) Working Space. Working space for equipment operating at 
1000 volts, nominal, or less to ground and likely to require 
examination, adjustment, servicing, or maintenance while 
energized shall comply with the dimensions of I I0 .26(A) ( I ), 
(A) (2), (A) (3), and (A) ( 4) or as required or permitted else­
where in this Code. 

Informational Note: NFPA 70£.2018, Standard for Electrical Safety 
in the Worilplace, provides guidance, such as determ in ing severi ty 
of potential exposure, plann ing safe work practices including 
establishing an electrically safe work condition, arc fl ash label­
ing, and selecting personal protective equipment. 

(1) Depth of Working Space. The depth of the working space 
in the direction of live parts sh all not be less than that specified 
in Table l 10.26(A) (1) unless t he requirements of l 10.26(A) (1 ) 
(a), (A)(l)(b), or (A)( l )(c) are met. Distances shall be meas­
ured from the exposed live parts or from the enclosure or 
opening if the live parts are enclosed. 

(a) Dead-Front Assemblies. Working space shall not be 
required in the back or sides of asse mblies, such as dead-front 
switchboards, switchgear, or motor control cente rs, where all 
connections and all renewable or adjustable parts, such as fuses 
or switches, are accessible from locations o ther than the back 
or sides. Wh ere rear access is 1·equired to work on none lectrical 
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parts on the back of enclosed equipment, a minimum horizon­
tal working space of762 mm (30 in. ) shall be provided. 

(b ) Low Voftage. By special permission, smaller working 
spaces sh all be permitted where all exposed live parts ope rate 
at not greater than 30 volts rms, 42 volts peak, o r 60 vol ts de. 

(c) J,,xisting Buildings. In existing buildings wh ere electri­
cal equipment is be ing replaced, Condition 2 working clear­
ance shall be permitted between dead-front switchboards, 
switchgear, panelboards, or motor control centers located 
ac ross the a isle from each other where cond itions of ma inte­
nance and supervision ensure that written procedures have 
been adopted to prohibi t equipment on both sides of the a isle 
from be ing open at the same time and qualified persons who 
are authorized will service the installation. 

(2) Width of Working Space. The width of the working space 
in front of the electrical equipment shall be the width of the 
equipment or 762 mm (30 in. ), whichever is greater. In all 
cases, the work space shall permit at least a 90 degree opening 
of equipment doors or hinged panels. 

(3) Height of Working Space. The work space shall be clear 
and extend from the grade, floor, or platform to a height of 
2.0 m (6½ ft) or the height of the equipment, whichever is 
greater. Within the height requiremen ts of this section , other 
equipment or support structures, such as concrete pads, associ­
ated with the electrical installation a nd located a bove or below 
the elecu·ical equipmen t shall be permitted to extend not more 
than 150 mm (6 in.) beyond the front of th e electrical equip­
ment. 

Exception No. 1: On balle1y systems mounted on open racks, the top 
cl.earance shall comply with 480. JO(D ). 

Exception No. 2: In existing dwelling-units, service equipment or panel­
boards that do not exceed 200 amperes shall be permilled in spaces 
where the height of the wo1king space is less than 2. 0 m ( 61/2 ft). 

Exception No. 3: Meters that are installed in meter sockets shall be 
permitted to extend beyond the other equipment. The meter socket shall 
be required to follow the mles of this section. 

Table 110.26(A)(l ) Working Spaces 

Nominal 
Voltage to 
Ground 

0-150 
151-600 

601-1 000 

Minimum Clear Distance 

Condition 1 Condition 2 Condition 3 

900 mm (3 ft) 
900 mm (3 ft) 
900 mm (3 ft) 

900111111 (3 ft ) 
1.0 m (3 ft 6 in.) 

l.2 m (4 fi:) 

900 111111 (3 f t) 
1.2 111 ( 4 ft) 
l.5 m (5 ft) 

Note: Where the conditions are as follows: 
Condition I - Exposed live pans on one side of the working space and 
no live or grounded parts on the othe r side of the working space, o r 
exposed live parn on both sides of the working space that are 
effectively guarded by insulating mate rials. 
Condition 2- Exposed live parts on one side of the working space and 
grounded pans on the other side of the working space. Concrete, 
brick, or ti le walls shall be considered as grounded. 
Condition 3- Exposed live parts on both sides of the working space. 
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ARTICLE 110-REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 110.26 

(4) Limited Access. ' "'here equipment operating at 1000 volts, 
nominal, or less 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 with limited access, all of the following shall apply: 

( 1) Where equipment is installed above a lay-in ceiling, there 
shall be an opening not smaller than 559 mm x 559 mm 
(22 in. x 22 in.), or in a crawl space, there shall be an 
accessible opening not smaller than 559 mm x 762 mm 
(22 in. x 30 in. ) . 

(2) The width of the working space shall be the width of the 
equipment enclosure or a minimum of 762 mm (30 in.), 
whichever is greater. 

(3) All enclosure doors or hinged panels shall be capable of 
opening a min imum of 90 degrees. 

( 4) The space in front of the enclosure shall com ply with the 
depth requirements of Table 110.26(A)(l ) . The maxi· 
mum height of the working space shall be the height 
necessary to install the equipment in the limited space. A 
horizontal ceiling structural member or access panel shall 
be permitted in th is space. 

(5) Separation from High-Voltage Equipment. Where switches, 
cutouts, or other equipment operating at 1000 volts, nominal, 
or less are installed in a vault, room, or enclosure where there 
are exposed live parts or exposed wiring operating over 
1000 volts, nominal, the h igh-voltage equipment shall be effec­
tively separated from the space occupied by the low-voltage 
equipment by a suitable partition, fence, or screen. 

(B) Clear Spaces. Working space required by this section shall 
not be used for storage. When normally enclosed live parts are 
exposed for inspection or servicing, the working space, if in a 
passageway or general open space, shall be suitably guarded. 

(C) Entrance to and Egress from Working Space. 

(1) Minimum Required. At least one entrance of sufficient 
area shall be provided to give access to and egress from work­
ing space about electrical equipment. 

(2) Large Equipment. For large equipment that contains over­
current devices, switching devices, or control devices, there 
shall be one entrance to and egress from the required working 
space not less than 610 mm (24 in.) wide and 2.0 m (6½ ft) 
high at each end of the working space. This requirement shall 
apply to either of the following conditions: 

( 1) For equipment rated 1200 amperes or more and over 1.8 
m (6 ft) wide 

(2) For service disconnecting means installed in accordance 
with 230.71 where th e combined ampere rating is 1200 
amperes or more and over 1.8 m (6 ft) wide 

Open equipment doors shall not impede the entry to or 
egress from the working space. 

A single entrance to and egress from the required working 
space shall be permitted where either of the conditions in 
110.26(C)(2) (a) or (C) (2)(b) is met. 

(a) Unobstructed l!.gress. Where the location permits a 
continuous and unobstructed way of egress travel, a single 
entrance to the working space sha ll be permitted. 

(b) Extra Working Space. Where the depth of the working 
space is twice that required by 110.26(A) (1), a single entrance 
shall be permitted. It shall be located such that the distance 
from the equipment to the nearest edge of the entrance is not 
less than the minimum clear d istance specified in Table 
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110.26(A) (1) for equipment operating at that voltage and in 
that cond ition. 

(3) Personnel Doors. Where equipment rated 800 amperes or 
more that contains overcurrent devices, switching devices, or 
control devices is installed and there is a personnel cloor(s) 
intended for entrance to and egress from the working space 
less than 7.6 m (25 ft ) from the nearest edge of the working 
space, th e cloor(s) shall open in the direction of egress and be 
equipped with listed panic hardware or listed fire exit hard­
ware . 

Informational Note: For information on panic hardware, see UL 
305, Slandm·d For Safety Fm· Panic Hardware. For fire exit hard­
ware, see UL 30.5, Standard For Panic Hard.ware, and U L IOC, 
Standard. for Safety for Positive Pressure File Tests of Door Assemblies. 

(D) Illumination. Illumination shall be provided for all work­
ing spaces about service equipment, switchboards, switchgear, 
panelboards, or motor conu·ol centers installed indoors. 
Control by automatic means shall not be permitted to control 
all illumination within the working space. Addit ional lighting 
outlets shall not be required where the work space is illumina­
ted by an adjacent ligh t source or as permitted by 210.70(A) 
(1), Exception No. l ,forswitched receptacles. 

(E) Dedicated Equipment Space. All switchboards, switchgear, 
panelboards, and motor control centers shall be located in 
dedicated spaces and protected from damage. 

Exception: Control equipment that by its ve1y nature or because of other 
rules of the Code must be adjacent Lo or within sight of its operating 
machinery shall be per-milled in those locations. 

(1) Indoor. Indoor installations shall comply with l l0.26(E) 
(l)(a) through (E)(l)(d) . 

(a) Dedicated Electrical Space. The space equal to the width 
and depth of the equipment and extending from the floor to a 
height of 1.8 m (6 ft) above the equipment or to the su·uctural 
ceiling, whichever is lower, shall be dedicated to the electrical 
installation. No piping, ducts, leak protection apparatus, or 
other equipment foreign to the e lectrical installation shall be 
located in this zone. 

Exception: Suspended ceilings with removable panels shall be permilled 
within the I. 8-m (6ft) zone. 

(b) Fm·eign Systems. T he area above the dedicated space 
required by 110.26(E)( l ) (a) sh all be per mitted to contain 
foreign systems, provided protection is installed to avoid 
damage to the e lectrical equipment from condensatio n, leaks, 
or breaks in such foreign systems. 

(c) Sprinkler Protection. Sprinkler protection shall be 
permitted for the dedicated space where th e piping complies 
with this section. 

(cl) Suspended Ceilings. A d1·opped, suspended, or similar 
ceiling that does not acid su·ength to the building structure 
shall not be considered a su·ucniral ce iling. 

(2) Outdoor. Outdoor installations shall comply with 
110.26(E) (2) (a) through (E )(2)(c) . 

(a) Installation Requirements. Outdoor elecu·ical equip­
ment shall be the following: 

( 1) Installed in identified enclosures 
(2) Protected from acciclenta.l contact by unauthorized 

personnel or by vehicular traffic 
(3) Protected from accidental spillage or lea kage from p iping 

systems 
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(b) Work Space. The working clearance space shall 
include the zone described in 110.26(A). No arch itecniral 
appurtenance or other equipment shall be located in this zone. 

(c) Dedicated Equipment Space. 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 the electrical installation. No piping or other equip­
ment foreign to the electrical installation shall be located in 
this zone. 

Exception: Structural overhangs or roof extensions shall be permitted in 
this zone. 

(F) Locked Electrical Equipment Rooms or Enclosures. Elec­
trical equipment rooms or enclosures housing electrical appa­
ratus that are controlled by a lock(s) shall be considered 
accessible to qualified persons. 

110.27 Guarding of Live Parts. 

(A) Live Parts Guarded Against Accidental Contact. Except as 
elsewhere required or permitted by this Code, live parts of elec­
trical equipment operating at 50 to 1000 volts, nominal s ha ll 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 that 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 parts. Any openings in such parti­
tions or screens shall be sized and located so that persons 
are not likely to come into accidental contact with th e live 
parts or to bring conducting objects into contact with 
them. 

(3) By locatio n on a balcony, galle ry, or platform elevated and 
arranged so as to exclude unqualified persons . 

(4) By elevation above the floor or other working surface as 
follows: 

a . A minimum of 2.5 m (8 ft) for 50 volts to 300 volts 
between ungrounded conductors 

b . A minimum of 2.6 m (8 ft 6 in. ) for 301 volts to 
600 volts between ungrounded conductors 

c. A minimum of 2.62 m (8 ft 7 in.) for 601 volts to 
1000 volts between ungrounded conductors 

(B) Prevent Physical Damage. In locations where e lectrical 
equipment is likely to be exposed to physical damage, enclo­
sures or guards shall be so arranged and of such su·eng th as to 
prevent such damage. 

(C) Warning Signs. Entrances to rooms and other guarded 
locations that contain exposed live parts shall be marked with 
conspicuous warning signs forbidding unqualified persons to 
enter. The marking shall meet the requirements in 110.21 (B) . 

Informational Note: For motors, see 430.232 and 430.233. For 
over 1000 volts, see 110.34. 

110.28 Enclosure Types. Enclosures (other than surrounding 
fences or walls covered in 110 .31) of switchboards, switchgear, 
panelboards, industrial control panels, motor control centers, 
meter sockets, enclosed switches, transfer switches, power 
outlets, circuit breakers, adjustable-speed drive systems, pullout 
switches, portable power distribution equipment, termination 
boxes, general-purpose transformers, fire pump controllers, 
fire pump motors, and motor conu·ollers, rated not over 
1000 volts nominal and intended for such locations, shall be 
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marked with an enclosure-type number as shown in Table 
ll0.28. 

Table ll0.28 shall be used for selecting these enclosures for 
use in specific locations other than hazardous (classified) loca­
tions. The enclosures are not intended to protect against 
conditions such as condensation, icing, corrosion, or contami­
nation that may occur within the enclosure or enter via the 
raceway or unsealed openings. 

Part III. Over 1000 Volts, Nominal 

110.30 General. Conductors and equipment used on circuits 
over 1000 volts, nominal, shall comply with Part I of this article 
and with 110.30 through ll0.41 , which supplement or modify 
Part I. In no case shall this part apply to equipment on the 
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, access to which is controlled by a lock(s) 
or other approved means, shall be considered to be accessible 
to qualified persons only. The type of enclosure used in a given 
case shall be designed and constructed according to the nature 
and degree of the hazard(s) associated with the installation. 

For installations other than equipment as described in 
110.31 (D), a wall, screen, or fence shall be used to enclose an 
outdoor electrical installation to deter access by persons who 
are not qualified. A fence shall not be less than 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 (1 ft) or more extension utilizing three or more 
strands of barbed wire or equivalent. The distance from the 
fence to live parts shall be not less th an given in Ta ble 110.31. 

Informational Note: See Article 450 for construction require­
ments for transformer vaults. 

(A) Electrical Vaults. vVhere an electrical vault is required or 
specified for conductors and equipment ll0.31 (A) (1) to 
(A) (5) shall apply. 

(I) Walls and Roof. The walls and roof shall be constructed of 
materials that have adequate strucniral strength for the condi­
tions, with a minimum fire rating of 3 hours. For th e purpose 
of this section, studs and wallboard consu·uction shall not be 
permitted. 

(2) Floors. The floors of vaults in contact with the earth shall 
be of concrete that is not less than 102 mm (4 in .) thick, but 
where the vault is con structed with a vacant space or other 
stories below it, the floor shall have adequate structural 
strength for the load imposed on it and a minimum fire resist­
ance of 3 hours. 

(3) Doors. Each doorway leading into a vault from the build­
ing interior shall be provided with a tight-fitting door that has a 
minimum fire rating of 3 hours. The authority having jurisdic­
tion shall be permitted to require such a door for an exterior 
wall opening where conditions warrant. 

Exception to ( I), (2 ), and ( 3): Where the vault is protected with auto­
matic sprinkler, water spray, carbon dioxide, or halon, construction 
with a 1-hour rating shall be permitted. 
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Table 110.28 F.nclosure Selection 

Provides a Degree of Protection 
Against the Following 

Environmental Conditions 

Incidental contact with the 
e nclosed equipment 

Rain, snow, and sleet 
Sleet* 
v\/indblown dust 
Hosedown 
Corrosive agents 
Temporary subme rsion 
Prolonged submersion 

Provides a Degree of Protection 
Against the Following 

Environmental Conditions 

Inciden tal contact with the 
enclosed equipment 

Falli ng d irt 
Falling liquids and light 

splashing 
Circulating dust, lint, fibers, 

and flyings 
Settling airborne dust, lint, 

fibers, and flyings 
Hosedown and splashing wate r 
O il and coolant seepage 
Oil or coolant spraying and 

splashing 
Corrosive agents 
Temporary subme rsion 
Prolonged submersion 

3 

X 

X 

X 

X 

X 

*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 

3X 

X 

X 

X 

X 

4X 

X 

X 
X 

X 

X 

X 

X 

For Outdoor Use 

Enclosure Type Number 

3RX 

X 

X 

X 

3SX 

X 

X 
X 
X 

X 

For Indoor Use 

Enclosure Type Ntunber 

5 

X 

X 
X 

X 

6 

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 Note No. 1: The term rainlighl is typically used in co,~unction with Enclosure Types 3, 3S, 3SX, 3X, 4, 4X, 6, and 6P. The term rainproof 
is typically used in conjunction with Enclosure Types 3R and 3 RX. The term walerlighl is typically used in conju nctio n with Enclosure Types 4, 4X, 6, 
a nd 6 P. The term d,ip1ight is typically used in conjunction with Enclosure Types 2, 5, 12, 12K, and 13. The term dus1tight is typically used in 
conjunction with Enclosure Types 3, 3S, 3SX, 3X, 4, 4X, 5, 6, 6P, 12, 12K, and 13. 
Informational Note No. 2: Ingress protection (IP) ratings may be found in ANSI/ I EC 60529, Degmes of Prowction Provided by Enclosums. IP ratings are 
not a substitute for Enclosure Type ratings. 
Informational Note No. 3: Dusttight e nclosures are suitable for use in hazardous locations in accordance with 502.l O(B) ( 4), 503.l O(A) (2), and 
506.15(C)(9) . 
Informational Note No. 4: Dusttight e nclosures are suitable for use in unclassified locatio ns and in Class 11, Di,~sion 2; Class Ill ; and Zone 22 
hazardous (classified) locations. 

(4) Locks. Doors shall be equipped with locks, and doors shall 
be kept locked, with access allowed only to qualified persons. 
Personnel doors shall open in the direction of egress and be 
equipped with listed pan ic hardware or listed fire exit hard­
ware. 

(5) Transformers. ,i\7here a tra nsformer is installed in a vault 
as required by Article 450, the vault shall be constructed in 
accordance with the requirements of Part III of Article 450. 

Informational Note No. I: For additional information, see 
ANSI/ ASTM E 119-2018a, Method for Fire Tes IS of Building Conslnic­
tion and Materials, and N FPA 80-2019, Slandard for Fi>~ Doors and 
Other Opening Pro/Relives. 

Informational Note No. 2: A typical 3-hour construction is 
150 mm (6 in.) thick reinforced concrete. 
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Table 110.31 Minimum Distance from Fence to Live Parts 

Nominal Voltage 

1001-13,799 
13,800-230,000 
Over 230,000 

Minimtun Distance to Live Parts 

m 

3.05 
4.57 
5.49 

ft 

IO 
15 
18 

Note: For clearances of conductors fo r specifi c system voltages and 
typical BIL ratings, see ANSI/ IEEE C2-2017, Nalional Electrical Safety 
Code. 
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(B) Indoor Installations. 

(1) In Places Accessible to Unqualified Persons. Indoor elec­
trical installa tions that are accessible to unqualified persons 
shall be made with metal-enclosed equipment. Switchgear, 
transformers, pull boxes, connection boxes, and other similar 
associated equipment shall be marked with appropriate caution 
signs. Openings in ven tilated dry-type transformers or similar 
openings in other equipment shall be designed so that foreign 
o bjects inserted through these openings are deflected from 
energized parts. 

(2) In Places Accessible to Qualified Persons Only. Indoor 
electrical installations considered accessible only to qualified 
persons in accordance with this section shall comply with 
110.34, 110.36, and 490.24. 

(C) Outdoor Installations. 

(1) In Places Accessible to Unqualified Persons. Outdoor elec­
trical installations that are open to unqualified persons shall 
comply with Parts I, II, and III of Article 225. 

(2) In Places Accessible to Qualified Persons Only. Outdoor 
electrical installations that have exposed live parts shall be 
accessible to qualified persons only in accordance with the first 
paragraph of this section and sh all comply with 110.34, 110.36, 
and 490.24. 

(D) Enclosed Equipment Accessible to Unqualified Persons. 
Ventilating or similar openings in equipment shal l be designed 
such that foreign objects inserted through these openings are 
deflected from energized parts. vVhere exposed to physical 
damage from veh icular traffic, suitable guards shall be provi­
ded. Equipment located outdoors and accessible to unqualified 
persons sha ll be designed such t hat exposed nuts or bolts 
cannot be readily removed, permitting access to live parts. 
v\lhere equipment is accessible to unqualified persons and the 
bottom of the enclosure is less than 2.5 m (8 ft) above the floor 
or grade level, the enclosure door or hinged cover shall be kept 
locked. Doors and covers of enclosures used sole ly as pull 
boxes, splice boxes, or junction boxes shall be locked, bolted, 
or screwed on. Underground box covers that weigh over 
45.4 kg (100 lb) shall be considered as meeting this require­
ment. 

110.32 Work Space About Equipment. Sufficient space s hall be 
provided and maintained about electrical equipment to permit 
ready and safe operation and maintenance of such equipment. 
,~'here energized parts are exposed, the minimum clear work 
space shall be not less than 2.0 m (6½ ft) high (measured verti­
cally from the floor or platform) and the width of the equip­
ment or 914 mm (3 ft) wide (measured parallel to the 
equipment), whichever is g reater. The depth shall be as 
required in 110.34(A) . In all cases, the work space shall permit 
at least a 90-degree opening of doors or hinged pan els. Within 
the height requirements of this section, oth er equipment that 
is associated with the e lectrical installation and is located above 
or below the electrical equipment shall be permitted to extend 
not more than 150 mm (6 in. ) beyond the front of the e lecu·i­
cal equi pment. Working space required by this section sh all not 
be used for storage. When normally enclosed live parts are 
exposed for inspection or servicing, the working space, if in a 
passageway or general open space, shall be suitably guarded. 
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110.33 Entrance to Enclosures and Access to Working Space. 

(A) Entrance. At least one entrance to enclosu res for electrical 
installations as described in 110.31 not less than 610 mm 
(24 in. ) wide and 2.0 m (6½ ft) high shall be provided to g ive 
access to th e working space about electrical equipment. 

(1) Large Equipment. On switchgear and control pane ls 
exceeding 1.8 m (6 ft) in width , there shall be one enu·ance at 
each end of the equipment. A single entrance to the required 
working space shall be permitted wh ere e ither of the condi­
tions in ll0.33(A)( l )(a) or (A)( l )(b ) is met. 

(a) Unobstructed Exit. Where the location permits a 
continuous and unobstructed way of exit travel, a single 
enu·ance to the working space shall be per mitted . 

(b ) l!.xtra Working Space. ,~ere the depth of the working 
space is twice that required by l 10.34(A), a single entrance 
shall be permitted. It shall be located so that the d istance from 
the equipment to the nearest edge of the entrance is not less 
than the minimum clear distance specified in Table l 10.34(A) 
for equipment operating at that voltage and in that condition. 

(2) Guarding. ,~'here bare energized parts at any voltage or 
insulated energ ized parts above 1000 volts, nominal, are loca­
ted adjacent to such entrance, they sha ll be suitably guarded. 

(3) Personnel Doors. Where there are personnel doors inten­
ded for entrance to and egress from the working space less 
than 7.6 m (25 ft) from the nearest edge of the working space, 
the doors shall open in th e direction of egress and be equipped 
with listed panic hardware or listed fire exit hardware. 

(B) Access. Permanent ladders or stairways shall be provided 
to give safe access to the working space around elecu·ical equip­
ment installed on platforms, balcon ies, o r mezzanine floors or 
in attic or roof rooms or spaces. 

110.34 Work Space and Guarding. 

(A) Working Space. Except as elsewhere required or permitted 
in this Code, equipment like ly to requi re examination, adjust­
ment, servicing, or maintenance while energized shall have 
clear working space in the d irection of access to live parts of 
the e lectrical equipment and shall be not less than specified in 
Table 110.34(A) . Distances sha ll be measured from the live 
parts, if su ch are exposed, or from the enclosure front or open­
ing if such are enclosed. 

Exception: Working space shall not be required in back of equipment 
such as switchgear or control assemblies where there are no renewable or 
adjustable parts (such as fuses or switches) on the back and where all 
connections are accessible fivm locations other than the back. Where rear 
access is required to work on nonelectrical parts on the back of enclosed 
equipment, a minimum working space of 762 mm (30 in.) hori.zontally 
shall be p1vvided. 

(B) Separation from Low-Voltage Equipment. Where switches, 
cutouts, or other equipment operating at 1000 vol ts, nominal, 
or less are installed in a vault, room , or enclosure wh ere there 
are exposed live parts or exposed wiring operating at over 
1000 volts, nominal, the high-voltage equipment shall be effec­
tively separated from the space occupied by the low-voltage 
equipment by a suitable partition, fence, or screen. 

Exception: Switches or other equipment operating at 1000 volts, nomi­
nal, or less and serving only equipment within the high-voltage vault, 
room, or enclosure shall be permitted to be installed in the high-voltage 
vault, 1vom, or enclosure without a partition, fence, or screen if accessi­
ble to qualified persons only. 
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Table 110.34(A) Minimum Depth of Clear Working Space at 
Electrical Equipment 

Nominal 
Voltage 

to Ground 

l00l - 2500V 
250l - 9000V 

9001-25,000 V 
25,001 V-75 kV 

Above 75 kV 

Minimum Clear Distance 

Condition l 

900 mm (3 ft) 
l.2 m (4 ft) 
1.5 m (5ft) 
l.8 m (6 ft) 
2.5 m (8 ft) 

Condition 2 

l.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 f t) 
3.0 m (JO ft) 
3.7 m (12 ft) 

Nore: Where the conditions are as follows: 
(1) Condition I - Exposed live pans on one side of 1.he working space 
and no live or grounded parts on the other side of the working space, 
or exposed live parts on both sides of the working space that are 
effectively guarded by insulating materials. 
(2) Condition 2 - Exposed live parts on one side of the working space 
and grounded pans on 1.he mher side of 1.he working space. Concre1.e, 
brick, or tile walls shall be considered as grounded. 
(3) Condition 3 - Exposed live parts on both sides of the working 
space. 

(C) Locked Rooms or Enclosures. T he entrance to all build­
ings, vaults, rooms, or enclosu res contain ing exposed live parts 
or exposed conductors operating at over 1000 volts, nominal, 
shall be kept locked unless such entrances are under the obser­
vation of a qual ified person at all times. 

Permanent and conspicuous danger signs shall be provided . 
The dange r sign shall meet th e requirements in 110.21 (B) and 
shall read as follows: 

DANGER - HIGH VOLTAGE - KEEP O UT 

(D) Illumination. Illumination shall be provided for all work­
ing spaces about e lectrical equipme nt. Control by automatic 
means only shall not be permitted. The lighting outlets shall be 
arranged so that persons changing lamps or making repairs on 
the ligh ting system are not e ndangered by live parts or o ther 
equipm ent. 

T he points of conu·ol shall be located so that persons a re no t 
likely to come in contact with a ny live part or m oving part of 
th e equipment while turning on th e ligh ts. 

(E) Elevation of Unguarded Live Parts. Unguarded live parts 
a bove working space shall be maintained at elevations not less 
than required by Ta ble 11 0.34 (E) . 

Table 110.34(E) Elevation of Unguarded Live Parts Above 
Working Space 

Elevation Nominal Voltage __________________ ~ 
Between Phases 

1001-7500 V 
7501-35,000 V 

Over 35 kV 

m 

2.7 
2.9 

Add 9.5 mm per kV 
above 35 kV 

2020 Edition NATIONAL ELECTRJCAL CODE 

ft 

9 
9ft 6 in. 

Add 0.37 in . per kV 
above 35 kV 

(F) Protection of Service Equipment, Switchgear, and Indus­
trial Control Assemblies. Pipes or ducts fo reign to the elecu·i­
cal installation and requiring pe1·iodic ma intenance or wh ose 
malfunction would endanger th e operation of the elecu·ical 
system shall not be located in the vic ini ty o f the service equip­
ment, switchgear, or industrial control assemblies. Protection 
shall be provided where necessary to avoid damage from 
condensation leaks a nd b reaks in su ch foreign systems. Piping 
and oth er facili ties shall no t be considered foreign if provided 
for fi re protection of th e electrical installation . 

110.36 Circuit Conductors. Circuit con ductors shall be permit­
ted to be installed in raceways; in cable trays; as metal-clad 
cable Type MC; as bare wire, cable, a n d busbars; or as Type MV 
cables o r conductors as provided in 300.37, 300.39, 300.40, and 
300.50. Bare live conductors sha ll comply with 490.24. 

I nsulators, togeth er with the ir mounting and conductor 
attachmen ts, where used as su pports for wires, single-conductor 
cables, or busbars, shall be capable o f safely withsta nding th e 
maximum magnetic forces that would prevail if two or more 
conductors of a c ircui t were subjected to short-circuit curre nt. 

Exposed runs of insulated wires and cables that have a bare 
lead sheath or a braided o uter covering sh all be su pported in a 
manner designed to prevent physical damage to the b raid or 
sheath. Supports for lead-covered cables shall be designed to 
prevent electrolysis of the sheath. 

110.40 Temperature Limitations at Terminations. Conducto rs 
shall be permitted to be termi nated based on the 90°C (]94°F) 
temperature rating and ampacity as g iven in Table 311.60(C) 
(67) through Table 311.60(C) (86), unl ess o therwise identified. 

110.41 Inspections and Tests. 

(A) Pre-energization and Operating Tests. v\Th ere requi red 
elsewhere in th is Code, the complete e lectrical system desig n, 
includ ing settings fo r protective, switching, and con u·ol 
circuits, shall be prepared in advan ce and made availa ble on 
request to th e authority having j urisdiction a nd shall be tested 
when fi rst installed on-site. 

(B) Test Report. A test report covering th e results of the tests 
requi red in 110.41 (A) sh all be available to the authority having 
jurisdiction prio r to energization a n d made available to those 
au thorized to install, operate, test, and ma intain the system. 

Part IV. Tunnel Installations over 1000 Volts, Nominal 

110.51 General. 

(A) Covered. This part shall apply to the installation and use 
of high-voltage power d istribution and utilization equip ment 
that is portable, mobile, or both, such as substatio ns, trailers, 
cars, mobile shovels, d ragli nes, hoists, drills, dredges, compres­
sors, pumps, conveyors, underground excavators, and the like. 

(B) Other Articles. The req ui rem ents of this part shall be 
additional to, or am endatory of, those prescribed in Articles 
100 through 490 of this Code. 

(C) Protection Against Physical Damage. Conductors and 
cables in tunnels shall be located above the tunnel floor an d so 
placed or guarded to protect t hem from p hysical damage. 
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110.52 ARTIC LE HO - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 

110.52 Overcurrent Protection. Motor-operated equipment 
shall be protected from overcurrent in accordance with Parts 
III, IV, and V of Article 430. Tran sformers shall be protected 
from overcurrent in accordance with 450.3. 

110.53 Conductors. High-vol tage conductors in tunnels shall 
be installed in metal conduit or other metal raceway, Type MC 
cable, or other approved multiconductor cable. Multiconduc­
tor portable cable shall be permitted to supply mobile equip­
ment. 

110.54 Bonding and Equipment Grounding Conductors. 

(A) Grounded and Bonded. All non-current-carrying metal 
parts of e lectrical equipment and all metal raceways and cable 
sheaths shall be solidly grounded and bonded to al l metal pipes 
and ra ils at the portal and at intervals n ot exceeding 300 m 
(1000 ft) throughout the nmnel. 

(B) Equipment Grounding Conductors. An equipment 
grounding conductor shall be run with circuit conductors 
inside the metal raceway or inside the multiconductor cable 
jacket. The equipment grounding conductor shall be permit­
ted to be insulated or bare. 

110.55 Transformers, Switches, and Electrical Equipment. All 
transformers, switches, motor controllers, motors, rectifiers, 
and other equipment installed belowground shall be protected 
from physical damage by location or gua rding. 

110.56 Energized Parts. Bare terminals of transformers, 
switches, motor controllers, and other equipment shall be 
enclosed to prevent accidental contact with energized parts. 

110.57 Ventilation System Controls. Electrical controls for the 
ventilation system shall be arranged so that the airflow can be 
reversed. 

110.58 Disconnecting Means. A switch or circuit b reaker that 
simultaneously opens all ungrounded conductors of the circuit 
shall be instal led with in sigh t of each transformer or motor 
location for d isconnecting the transformer or motor. The 
switch or circuit breaker for a transformer shall h ave an 
ampere rating not less than the ampacit:y of the transformer 
supply conductors. The switc h or c ircuit breaker for a motor 
shall comply with the applicable requirements of Article 430. 

110.59 Enclosures. Enclosures for use in tunnels shall be drip­
proof, weatherproof, or submersible as required by the envi­
ronmental conditions. Switch or contactor enclosures shall not 
be used as junction boxes or as raceways for conductors feed­
ing through or tapping off to other switches, unless the enclo­
sures comply with 312.8 . 

Part V. Manholes and Other Electrical Enclosures Intended 
for Personne l Entry 

110.70 General. Electrical enclosures intended for personnel 
entry and specifically fabricated fo r this purpose shall be of 
sufficient size to provide safe work space about electrical equip­
ment with live parts that is likely to require examination, adjust­
ment, se rvicing, or maintenance while energized. Such 
e nclosures sh all have sufficient size to permit ready installation 
or withdrawal of the conductors employed without damage to 
the conductors or to their insulation . They shall comply with 
this part. 
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1'.xception: l-Wiere electrical enclosures covered by Part V of this article 
are part of an industrial wiring system vperating under conditions of 
maintenance and supervision that ensure that only qualified persons 
monitor and supervise the system, they shall be permitted to be designed 
and installed in accordance with apprvpriate enginee1ing practice. ff 
required by the authO'lity having jU1isdiction, design documentation 
shall be provided. 

110.71 Strength. Manholes, vaults, and their means of access 
shall be designed under qualified engineering supervision and 
shall withstand all loads likely to be imposed on the strucnires. 

Informational Note: See ANSI C2-2007, National Electrical Safety 
Code, for additional information on the loading that can be 
expected to bear on underground enclosures. 

110.72 Cabling Work Space. A clear work space not less than 
900 mm (3 ft) wide shall be provided where cables are located 
on both sides, and not less th an 750 mm (2½ ft) where cables 
are only on o ne side . The vertical headroom shall be not less 
than 1.8 m (6 ft) u nless the opening is within 300 mm (1 ft), 
measured horizontally, of the adjacent interior side wall of the 
enclosu re. 

1'.xception: A manhole containing only one or more of the following 
shall be permitted to have one of the horizontal work space dimensions 
reduced to 600 mm (2 ft) where the other horizontal clear work space is 
increased so the sum of the two dimensions is not less than 1.8 m (6 ft): 

( 1) Optical fiber cables as covered in Article 770 
(2) Powet0 limited fire alarm circuits supplied in accordance with 

760.121 
( 3) Class 2 or Class 3 remote-control and signaling circuits, or both, 

supplied in accordance with 725.121 

110.73 Equipment Work Space. \'\/here electrical equipment 
with live parts that is likely to require examination, adjustment, 
servicing, o r maintenance while en ergized is installed in a 
manhole, vault, or other enclosure designed for personne l 
access, the work space and associated requirements in ll0.26 
shall be met for installation s o perati ng at 1000 volts or less. 
Where the installation is over 1000 volts, the work space and 
associated requirements in ll0.34 shall be met. A manhole 
access cover that weig hs over 45.4 kg (100 lb) shall be consid­
ered as meeting the requirements of l 10.34(C) . 

110.74 Conductor Installation. Conductors instal led in 
manholes and other enclosures intended for personnel enU)' 
shall be cabled, racked up, or arranged in an approved manner 
that provides ready and safe access for persons to enter for 
installation and maintenance. The installation shall comply 
with ll0.74(A) or l 10.74(B), as applicable. 

(A) 1000 Volts, Nominal, or Less. W ire bending space for 
conductors operating at 1000 volts or less sh all be provided in 
accordance with the requirements of 314.28. 

(B) Over 1000 Volts, Nominal. Conductors operating at over 
1000 volts shall be provided with bending space in acco rdance 
with 314.71 (A) and (B), as applicable. 

Exception: l-Wiere 314. 71(B) applies, each row or column of ducts on 
one wall of the enclosure shall be calculated individually, and the 
single row or column that provides the maximum distance shall be 
used. 

110.75 Access to Manholes. 

(A) Dimensions. Rectan gular access openings sh all not be less 
than 650 mm x 550 mm (26 in. x 22 in .) . Rou nd access open-
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ARTICLE 110 - REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 110.79 

ings in a manhole shall be not less than 650 mm (26 in. ) in 
diameter. 

Exception: A manhole that has a fixed ladder that does not obstruct the 
opening or that contains only one or more of the following shall be 
permitted to reduce the minimum cover diameter to 600 mm (2 ft): 

( 1) Optical fiber cables as covered in Article 770 
(2) Power-limited fire alarm circuits supplied in accordance with 

760.121 
(3) Class 2 or Class 3 remote-control and signaling circuits, or both, 

supplied in accordance with 725.121 

(B) Obstructions. Man ho le o penings shall be free of protru­
sions t hat could injure personnel or prevent ready egress. 

(C) Location. Manhole openings for personnel shall be loca­
ted where they are not directly above e lectrica l equipment or 
conductors in the enclosure . v\'here this is not practicable, 
e ither a protective barrier or a fixed ladder shall be provided. 

(D) Covers. Covers shall be over 45 kg (100 lb) or othenvise 
designed to require the use of tools to open. They shall be 
designed or restra ined so they cannot fall into the manhole or 
protrude sufficiently to contact electrical conductors or equip­
ment within the manhole. 

(E) Marking. Manhole covers shall have an identifying mark 
or logo that prominen tly indicates their func tion, such as "elec­
tric." 
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110. 76 Access to Vaults and Tunnels. 

(A) Location. Access openings for personnel shall be located 
where they are not directly above electrical equipment or 
conductors in the enclosure . Other openings shall be permit­
ted over equipment to facilitate installation , maintenance, or 
replacement of equipment. 

(B) Locks. In addition to compliance with the requirements of 
110.34, if applicable , access openings for personn el sha ll be 
arranged such that a person on the inside can ex it when the 
access door is locked from the outside, or in the case of 
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 ou tside . 

110.77 Ventilation. \~There manholes, tunnels, and vaults have 
communicating openings into enclosed areas used by th e 
public, ventilation to open a ir shall be provided wherever prac­
ticable. 

110.78 Guarding. Where conductors or equipment, or both, 
could be contacted by objects fal ling or being pushed through 
a ventilating grating, both condu ctors and live parts sh all be 
protected in accordance with th e requirements of l 10.27(A) 
(2) or 110.31 (B)(l), depending on the voltage . 

110.79 Fixed Ladders. Fixed ladders sh all be corrosion resist­
ant. 
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CHAPTER2 ARTICLE 200- USE AND IDENTIFICATION OF GROUNDED CONDUCTORS 

Chapter 2 Wiring and Protection 

ARTICLE 200 
Use and Identification of Grounded 

Conductors 

200.1 Scope. This article provides requirements for the follow­
ing: 

(1) Identification of terminals 
(2) Grounded conductors in premises wiring systems 
(3) Identification of grounded conductors 

Informational Note: See Article 100 for definitions of Grounded 
Conductor, t,quipment Grounding Conductor, and Grounding Ekctrode 
Conductor. 

200.2 General. Grounded conductors shall comply with 
200.2 (A) and (B) . 

(A) Insulation. The grounded conductor, if insulated, shall 
have insulation that is ( I) suitable, other than color, for any 
ungrounded conductor of the same c ircuit for systems of 
1000 volts or less, or impedance grounded neutral systems of 
over 1000 vol ts, or (2) rated not less than 600 volts for solidly 
grounded neutral systems of over 1000 volts as described in 
250. l 84(A) . 

(B) Continuity. The continuity of a grounded conductor shall 
not depend on a connection to a metallic enclosure, raceway, 
or cable armor. 

Informational Note: See 300.13 (B) for the continuity of groun­
ded conductors used in rnultiwire branch circuits. 

200.3 Connection to Grounded System. Grounded conductors 
of premises wiring systems shall be e lectrically connected to the 
supply system grounded conductor to e nsure a common, 
continuous grounded system. For the purpose of this section, 
electrically connected shall mean making a direct e lectrical 
connection capable of carrying current, as d istinguished from 
induced currents. 

Exception: Listed interactive inverters identified for use in distributed 
res&urce generation systems such as photovoltaic and fuel cell power 
systems shall be permitted lo be connected to premises wiring without a 
grounded conductor if the connected premises wiring or utility system 
includes a grounded wnduclm: 

200.4 Neutral Conductors. Neutral conductors shall be 
installed in accordance with 200.4(A) and (B) . 

(A) Installation. Neutral 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 unless specifically permitted elsewhere in this Code. 

(B) Multiple Circuits. Where more than one neutral conduc­
tor associated with different c ircuits is in an enclosure, groun­
ded circuit conductors of each circuit shall be identified or 
grouped to correspond with the ungrounded circ uit conduc­
tor(s) by wire markers, cable ties, or similar mean s in at least 
one location within the enclosure. 
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Exception No. 1: The requirement for gmuping or identifying shall not 
apply if the branch-circuit or feeder conductors enter from a cable or a 
raceway uniqite to the circuit that makes the g,·O'llping obvious. 

Exception No. 2: The requirement for grO'llping or identifiing shall nol 
apply where &ranch-circuit conditctors pass through a box or conduit 
body without a loop as described in 314.16(B)(l) or without a splice or 
termination. 

200.6 Means of Identifying Grounded Conductors. 

(A) Sizes 6 AWG or Smaller. An insulated grounded conduc­
tor of 6 AWG or smaller shall be identified by one of the follow­
ing means: 

(1) The insulated conductor shall h ave a continuous white 
outer finish. 

(2) The insulated conductor shall have a continuous gray 
outer finish. 

(3) The insulated conductor shall have three continuous 
white o r gray stripes along the conductor's entire length 
on o ther than green insulation. 

(4) Insulated conductors that have their outer covering 
finished to show a white or gray color but have colored 
tracer threads in the braid identifying the source of 
manufacture are acceptable means of identification . 

(5) A single-conductor, sunlight-resistant, outdoor-rated cable 
u sed as a solidly grounded conductor in photovoltaic 
power systems, as permitted by 690.41, shall be identified 
at the time of installation by markings at terminations in 
accordance with 200.6(A) (1) through (A) (4) . 

(6) The grounded conductor of a mine ral-insulated, metal­
sheathed cable (Type MI) shall be identified at the time 
of installation by distinctive marking at its terminations. 

(7) Fixnire wire shall comply with the requirements for 
grounded conductor identification as specified in 402.8 . 

(8) For aerial cable, the identification shall comply with one 
of the methods in 200.6(A)( l ) through (A)(5), or by 
means of a ridge located on the exterior of the cable so as 
to identify it. 

(B) Sizes 4 AWG or Larger. An insulated grounded conductor 
4 AWG or larger shall be identified by one of the following 
means: 

(1) A continuous white outer finish . 
(2) A continuous gray outer finish . 
(3) Three continuous wh ite or gray stripes alo ng the conduc­

tor's entire length on other than green insulatio n. 
(4) At the time of installation, by a distinctive white or gray 

marking at its terminations. Th is marking shall encircle 
the conductor or insulation. 

(C) Flexible Cords. An insulated conductor that is intended 
for use as a grounded conductor, where contained within a 
flexible cord, shall be identified by a white or gray outer finish 
or by methods permitted by 400.22. 
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