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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS
NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF 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 brings 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
Standards. The NFPA also 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 behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person or entity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as appropriate, 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 of NFPA 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 this document shall not be attributable to the NFPA
and is solely the responsibility of the certifier or maker of the statement.
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ALERT: THIS STANDARD HAS BEEN MODIFIED 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 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 Amendment and any Errata then in effect.

In order to determine whether an NFPA Standard has been amended through the issuance
of Tentative Interim Amendments or corrected by Errata, visit the “Codes & Standards” section on NFPA’s
website. There, the document information pages located at the “List of NFPA Codes & Standards” provide
up-to-date, document-specific information including any issued Tentative Interim Amendments and Errata.

To view the document information page for a specific NFPA Standard, go to
http://www.nfpa.org/docinfo to choose from the list of NFPA Standards or use the search feature to select
the NFPA Standard number (e.g., NFPA 101). The document information page includes postings of all
existing Tentative Interim Amendments 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 document.
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® STANDARDS

Updating of NFPA Standards

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Standards”) should be aware that
these documents may be superseded at any 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 appropriate NFPA publications such as the National Fire 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.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to,
or asserted in connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for
determining the validity of any such patent rights, as well as the risk of infringement of such rights, and the NFPA
disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA Standards.
NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of
patents in American National Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant
to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Standard may
require use of an invention covered by patent rights. NFPA takes no position as to the validity of any such
patent rights or as to whether such patent rights constitute or include essential patent claims under the
ANSI Patent Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of
willingness to grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to
applicants desiring to obtain such a license, copies of such filed statements can be obtained, on request, from
NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Standards should consult applicable federal, state, and local laws and regulations. NFPA does not,
by the publication of its codes, standards, recommended practices, and guides, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

NFPA Standards are copyrighted. They are made available for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of safe practices and methods. By making these documents available for use and adoption by public
authorities and private users, the NFPA does not waive any rights in copyright to these documents.

Use of NFPA Standards for regulatory purposes should be accomplished through adoption by reference. The term
“adoption by reference” means the citing of title, edition, and publishing information only. Any deletions, additions,
and changes desired by the adopting authority should be noted separately in the adopting instrument. In order
to assist NFPA in following the uses made of its documents, adopting authorities are requested to notify the NFPA
(Attention: Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning
adoption of NFPA Standards, contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Standards and all requests for information on NFPA
procedures governing its codes and standards development process, including information on the procedures for
requesting Formal Interpretations, for proposing Tentative Interim Amendments, and for proposing revisions to
NFPA standards during regular revision cycles, should be sent to NFPA headquarters, addressed to the attention
of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101; email:
stds_admin@nfpa.org

For more information about NFPA, visit the NFPA website at www.nfpa.org. All NFPA codes and standards can be
viewed at no cost at www.nfpa.org/docinfo.
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This edition of NIFPA 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 13-16, 2016,
in Las Vegas, NV. It was issued by the Standards Council on August 4, 2016, with an effective date of
August 24, 2016, and supersedes all previous editions.

This document has been amended by one or more Tentative Interim Amendments (TIAs) and/or
Errata. See “Codes & Standards” at www.nfpa.org for more information.

This edition of NFFPA 70 was approved as an American National Standard on August 24, 2016.

History and Development of the National Electrical Code ®

The National Fire Protection Association has acted as sponsor of the National Electrical Code since
1911. The original Code document was developed in 1897 as a result of the united efforts of various
insurance, electrical, architectural, and allied interests.

In accordance with the Regulations Governing the Development of NFPA Standards, a National
Electrical Code First Draft Report containing proposed amendments to the 2014 National Electrical
Code was published by NFPA in July 2015. This report recorded the actions of the various Code-
Making Panels and the Correlating Committee of the National Electrical Code Committee on each
public input and first revision that had been made to revise the 2014 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
2016, which recorded the actions of the Code-Making Panels and the Correlating 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 Second Draft Report were
presented to the 2016 June Association Technical Meeting for adoption.

NFPA has an Electrical Section that provides particular opportunity for NFPA members interested
in electrical safety to become better informed and to contribute 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 2016 NFPA Conference and Expo, Section members had the 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 2016 June Technical Session.

This 54th edition supersedes all other previous editions, supplements, 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,
and 2014.

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 protection. 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 product
testing and certification.

NFPA 70, National Electrical Code, NFPA, and National Fire Protection Association are registered trademarks of the National Fire Protection Association,

Quincy, Massachusetts, 02169
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Rep. Underwriters Laboratories Inc.

Kenneth W. Hengst, Walker Engineering, Inc., TX [IM]
Rep. Independent Electrical Contractors, Inc.

Pete Jackson, City of Bakersfield, California, CA [E]
Rep. International Association of Electrical Inspectors

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

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

Rachel Guenther, Thomas & Betts Corporation, TN [M]
(Alt. to David H. Kendall)

J- Grant Hammett, Colorado State Electrical Board, CO [E]

(Alt. to Pete Jackson)

Raymond W. Horner, Alliecd Tube & Conduit, IL [M]
(Alt. to Richard E. Loyd)

Gary K. Johnson, The Dow Chemical Company, LA [U]
(Alt. to Michael C. Martin)

Stephen W. Douglas, QPS Evaluation Services Inc., Canada [SE]

Rep. CSA/Canadian Electrical Code Committee
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Richard E. Loyd, R & N Associates, AZ [M]
Rep. Steel Tube Institute of North America

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

Paul W. Myers, PCS Nitrogen, OH [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.

Donald R. Offerdahl, Intertek Testing Services, ND [RT]

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

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

Alternates

Stephen P. Poholski, Newkirk Electric Associates, Inc., MI [IM]
(Alt. to Larry D. Cogburn)

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

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

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

Dave Watson, Southwire, GA [M]
(Alt. to David M. Campbell)

Nonvoting
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CODE-MAKING PANEL NO. 9

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

David G. Humphrey, Chair
County of Henrico, Virginia, VA [E]
Rep. International Association of Electrical Inspectors

Rodney D. Belisle, NECA-IBEW Electrical Training Trust, OR [L]
Rep. International Brotherhood of Electrical Workers
Kevin J. Breen, Breen Electrical Contractors Inc., NY [IM]
Rep. Independent Electrical Contractors, Inc.
Billy Breitkreutz, Fluor Corporation, TX [U]
Rep. Associated Builders & Contractors
Wayne Brinkmeyer, Britain Electric Company, TX [IM]
Rep. National Electrical Contractors Association
Frederic P. Hartwell, Hartwell Electrical Services, Inc., MA [SE]

Barry N. Hornberger, PECO Energy Company, PA [UT]
Rep. Electric Light & Power Group/EEI

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

Robert D. Osborne, UL LL.C, NC [RT]

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

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

Alternates

Gregory A. Bowman, NABCO Electric, TN [IM]
(Alt. to Wayne Brinkmeyer)
Kenneth S. Crawford, Chemours Company, WV [U]
(Alt. to Ralph H. Young)
Ken Filips, Bergelectric, OR [IM]
(Alt. to Kevin ]. Breen)
L. Keith Lofland, International Association of Electrical Inspectors
(IAEI), TX [E]
(Alt. to David G. Humphrey)

70-18

Kenneth L. McKinney, Jr., UL LLC, NC [RT]
(Alt. to Robert D. Osborne)

Michael O'Connell, Joint Apprentice & Training Committee of
Greater Boston, MA [L]
(Alt. to Rodney D. Belisle)

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

David Santa Maria, Eversource Energy, CT [UT]
(Alt. to Barry N. Hornberger)
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CODE-MAKING PANEL NO. 10

Article 240

Julian R. Burns, Chair
Quality Power Solutions, Inc., NC [IM]
Rep. Independent Electrical Contractors, Inc.

Scott A. Blizard, American Electrical Testing Company, Inc., MA Robert J. Kauer, Building Inspection Underwriters, Inc., PA [E]
[IM] Rep. International Association of Electrical Inspectors

Rep. InterNational Electrical Testing Association Kenneth J. Rempe, Siemens Industry Inc., GA [M]
Dennis M. Darling, Stantec, Canada [U] Rep. National Electrical Manufacturers Association

Rep. Institute of Electrical & Electronics Engineers, Inc. Vincent J. Saporita, Eaton’s Bussmann Business, MO [M]
James T. Dollard, Jr., IBEW Local Union 98, PA [L] Richard Sobel, Quantum Electric Corporation, NY [IM]

Rep. International Brotherhood of Electrical Workers Rep. National Electrical Contractors Association
Carl Fredericks, The Dow Chemical Company, TX [U] Christopher R. Vance, National Grid, NY [UT]

Rep. American Chemistry Council Rep. Electric Light & Power Group/EEI
Jeffrey H. Hidaka, UL LLC, WA [RT]

Alternates

Christopher M. Jensen, North Logan City, UT [E] Bruce M. Rockwell, American Electrical Testing Company, Inc., NJ

(Alt. to Robert J. Kauer) [IM]
Kevin J. Lippert, Eaton Corporation, PA [M] (Alt. to Scott A. Blizard)

(Alt. to Vincent J. Saporita) Roy K. Sparks, III, Eli Lilly and Company, IN [U]
Richard E. Lofton, II, IBEW Local Union 280, OR [L] (Alt. to Carl Fredericks)

(Alt. to James T. Dollard, Jr.) Steve A. Struble, Freeman's Electric Service, Inc., SD [IM]
Alan Manche, Schneider Electric, KY [M] (Alt. to Julian R. Burns)

(Alt. to Kenneth J. Rempe) Steven E. Townsend, General Motors Company, MI [U]
Kathleen McKitish, Baltimore Gas & Electric, MD [UT] (Alt. to Dennis M. Darling)

(Alt. to Christopher R. Vance)
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Articles 409, 430, 440, 460, 470, Annex D, Example D8

John M. Thompson, Chair
UL LLC, NC [RT]

Luis M. Bas, Intertek Testing Services, FL. [RT]
Terry D. Cole, Hamer Electric, Inc., WA [IM]

Rep. Independent Electrical Contractors, Inc.
Zivorad Cosic, ABB Inc., WI [M]
Robert G. Fahey, City of Janesville, WI [E]

Rep. International Association of Electrical Inspectors
James M. Fahey, IBEW Local Union 103, MA [L]

Rep. International Brotherhood of Electrical Workers
Stanley J. Folz, Morse Electric Company, NV [IM]

Rep. National Electrical Contractors Association
Paul E. Guidry, Fluor Enterprises, Inc., TX [U]

Rep. Associated Builders & Contractors

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

John E. Cabaniss, Eastman Chemical Company, TN [U]
(Alt. to Charles L. Powell)

Seth J. Carlton, UL LLC, IL [RT]
(Alt. to John M. Thompson)

Gregory J. Clement, Fluor Enterprises, Inc., TX [U]
(Alt. to Paul E. Guidry)

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

Tim Hinson, Miller Electric Company, FL. [IM]
(Alt. to Stanley J. Folz)

Rodney B. Jones, Clackamas County, Oregon, OR [E]
(Alt. to Robert G. Fahey)
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Arthur S. Neubauer, Arseal Technologies, GA [U]
Rep. American Petroleum Institute
George J. Ockuly, Technical Marketing Consultants, MO [M]
Charles L. Powell, Eastman Chemical Company, TN [U]
Rep. American Chemistry Council
Arthur J. Smith, III, Waldemar S. Nelson & Company, Inc., LA [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.
Ron Widup, Shermco Industries, TX [IM]
Rep. InterNational Electrical Testing Association
James R. Wright, Siemens Industry, Inc., IL [M]
Rep. National Electrical Manufacturers Association

Alternates

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

Ed Larsen, Schneider Electric USA, TIA [M]
(Alt. to James R. Wright)

Jebediah J. Novak, Cedar Rapids Electrical JATC, IA [L]
(Alt. to James M. Fahey)

Vincent J. Saporita, Eaton’s Bussmann Business, MO [M]
(Alt. to George J. Ockuly)

Carl Timothy Wall, Alabama Power Company, AL [UT]
(Alt. to Stephen M. Jackson)

Bobby A. Walton, Intertek, TX [RT]
(Alt. to Luis M. Bas)
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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

Frank Anthony Belio, International Union of Elevator Constructors,

CA [L]
Jeffrey W. Blain, Schindler Elevator Corporation, NY [M]
Rep. National Elevator Industry Inc.
(VL to 610, 620, 630)
Thomas R. Brown, Intertek Testing Services, NY [RT]
James L. Brown, DTE Energy, MI [UT]
Rep. Electric Light & Power Group/EEI
Philip Clark, City of Southfield, MI [E]
Rep. International Association of Electrical Inspectors
Karl M. Cunningham, Alcoa, Inc., PA [M]
Rep. The Aluminum Association, Inc.
(VL to 610, 625, 630, 645, 660, 665, 668, 669, 685)
Joel Goergen, Cisco Systems, Inc., CA [M]
Jeffrey L. Holmes, IBEW Local Union 1 JATC, MO [L]
Rep. International Brotherhood of Electrical Workers
Angelo G. Horiates, Navy Crane Center, VA [U]
(VL to 610)
Robert E. Johnson, ITE Safety, MA [U]
Rep. Information Technology Industry Council
(VL to 640, 645, 647, 685)

Stanley Kaufman, CableSafe, Inc./OFS, GA [M]
Rep. Society of the Plastics Industry, Inc.
(VL to 640, 645, 646, 650)
John R. Kovacik, UL LLC, IL [RT]
Todd F. Lottmann, Easton’s Bussmann Business, MO [M]
Rep. National Electrical Manufacturers Association
Jeffrey S. Menig, General Motors Company, MI [U]
Rep. SAE Hybrid/EV Technical Standards Committee
Duke W. Schamel, Electrical Service Solutions, Inc., CA [IM]
Rep. Independent Electrical Contractors, Inc.
Arthur E. Schlueter, Jr., A. E. Schlueter Pipe Organ Company, GA
M
: ]Rep. American Pipe Organ Builders
(VL to 640, 650)

Robert C. Turner, Inductotherm Corporation, PA [M]
(VL to 610, 630, 665, 668, 669)

Alternates

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

William B. Crist, Jr., IES Residential Inc., TX [IM]
(Alt. to Duke W. Schamel)

Vincent Della Croce, eti Conformity Services, FL [L]
(Alt. to Jeffrey L. Holmes)

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

(VL to 610)
(Alt. to Angelo G. Horiates)

Jacob Haney, General Cable Corporation, IN [M]
(VL to 610, 625, 630, 645, 660, 665, 668, 669, 685)
(Alt. to Karl M. Cunningham)

John D. (Doug) Henderson, ThyssenKrupp Elevator Manufacturing

Inc., TN [M]

(VL to 610, 620, 630)
(Alt. to Jeffrey W. Blain)

Todd R. Konieczny, Intertek Testing Services, MA [RT]
(Alt. to Thomas R. Brown)

Michael Owen, White Electrical, TN [IM]
(Alt. to Scott Cline)

Joseph F. Prisco, IBM Corporation, MN [U]
(VL to 640, 645, 647, 685)
(Alt. to Robert E. Johnson)

Emad Tabatabaei, Inductotherm Corporation, NJ [M]
(VL to 610, 630, 665, 668, 669)
(Alt. to Robert C. Turner)

James E. Tarchinski, General Motors Company, MI [U]
(Alt. to Jeffrey S. Menig)

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

Phillip J. Yehl, City of Peoria, IL [E]
(Alt. to Philip Clark)

Nonvoting

Andre R. Cartal, Yardley, PA [E]
(Member Emeritus)
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Articles 445, 455, 480, 695, 700, 701, 702, 706, 708, 712, 750, Annex F, and Annex G

Linda J. Little, Chair
IBEW Local 1 Electricians JATC, MO [L]

Martin D. Adams, Adams Electric, Inc., CO [IM]

Rep. National Electrical Contractors Association
George M. Brandon, One World Technologies, SC [M]

Rep. Portable Generator Manufacturers’ Association
Daniel J. Caron, Bard, Rao + Athanas Consulting Engineers, LLC,
MA [SE]

Timothy M. Croushore, FirstEnergy Technologies, PA [UT]

Rep. Electric Light & Power Group/EEI
Richard D. Currin, Jr., North Carolina State University, NC [U]

Rep. American Society of Agricultural & Biological Engineers
Neil A. Czarnecki, Reliance Controls Corporation, WI [M]

Rep. National Electrical Manufacturers Association
James E. Degnan, Stantec, WA [U]

Rep. American Society for Healthcare Engineering
Steven F. Froemming, City of Franklin, WI [E]

Rep. International Association of Electrical Inspectors

Ronald A. Keenan, M. C. Dean, Inc., VA [IM]
Rep. Independent Electrical Contractors, Inc.

Daniel R. Neeser, Eaton’s Bussmann Division, MO [M]
Mark C. Ode, UL LLC, AZ [RT]
Shawn Paulsen, CSA Group, Canada [RT]

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

Michael L. Savage, Sr., City of Rio Rancho, NM [E]

Mario C. Spina, Verizon Wireless, OH [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
David Tobias, Jr., Intertek Testing Services, OH [RT]
Kendall M. Waterman, Draka Cableteq, MA [M]

Rep. Copper Development Association Inc.

James R. White, Shermco Industries, Inc., TX [IM]
Rep. InterNational Electrical Testing Association

Herbert V. Whittall, Electrical Generating Systems Association, FL.
(M]

Rep. Electrical Generating Systems Association
Timothy P. Windey, Cummins Power Generation, MN [M]

Alternates

Lawrence S. Ayer, Biz Com Electric, Inc., OH [IM]
(Alt. to Ronald A. Keenan)
Barry S. Bauman, Alliant Energy, WI [U]
(Alt. to Richard D. Currin, Jr.)
Krista McDonald Biason, HGA Architects and Engineers, MN [U]
(Alt. to James E. Degnan)
William P. Cantor, TPI Corporation, PA [U]
(Alt. 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 Daniel R. Neeser)
Herbert H. Daugherty, Electric Generating Systems Association, FL.
M
[ ](Alt. to Herbert V. Whittall)
James T. Dollard, Jr., IBEW Local Union 98, PA [L]
(Alt. to Linda J. Little)
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Lawrence W. Forshner, Bard, Rao + Athanas Consulting Engineers,
LLC, MA [SE]
(Alt. to Daniel J. Caron)
Travis Foster, Shell Oil Company, TX [U]
(Alt. to Arnoldo L. Rodriguez)
Robert E. Jordan, Alabama Power Company, AL [UT]
(Alt. to Timothy M. Croushore)
Chad Kennedy, Schneider Electric, SC [M]
(Alt. to Neil A. Czarnecki)
John R. Kovacik, UL LLC, IL [RT]
(Alt. to Mark C. Ode)
Greg Marchand, Briggs & Stratton, [M]
(Alt. to George M. Brandon)
Rich Scroggins, Cummins Power Generation, MN [M]
(Alt. to Timothy P. Windey)
Michael Wilson, CSA Group, Canada [RT]
(Alt. to Shawn Paulsen)
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CODE-MAKING PANEL NO. 14

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

Robert A. Jones, Chair
Independent Electrical Contractors, Inc., TX [IM]
Rep. Independent Electrical Contractors, Inc.

Harold G. Alexander, American Electric Power Company, OH [UT] William G. Lawrence, Jr., FM Global, MA [I]
Rep. Electric Light & Power Group/EEI L. Evans Massey, Baldor Electric Company, SC [M]
Donald W. Ankele, UL LLC, IL [RT] Rep. Instrumentation, Systems, & Automation Society
Marc J. Bernsen, National Electrical Contractors Association, ID William E. McBride, Northern Electric Company, AK [U]
[IM] Rep. Institute of Electrical & Electronics Engineers, Inc.
Rep. National Electrical Contractors Association Jeremy Neagle, U.S. Bureau of Alcohol, Tobacco, Firearms &
Steven J. Blais, Appleton Group, IL [M] Explosives, MD [U]
Rep. National Electrical Manufacturers Association Ryan Parks, Intertek Testing Services, TX [RT]
Corey Cabhill, U.S. Coast Guard, DC [E] John L. Simmons, Florida Fast Coast JATC, FL [L]
Mark Goodman, Mark Goodman Electrical Consulting, CA [U] Rep. International Brotherhood of Electrical Workers
Rep. American Petroleum Institute David B. Wechsler, Consultant, TX [U]
Haywood Kines, Prince William County Building Development, VA Rep. American Chemistry Council
(E] Mark C. Wirfs, R & W Engineering, Inc., OR [U]
Rep. International Association of Electrical Inspectors Rep. Grain Elevator and Processing Society
Alternates
Dave Burns, Shell P&T: Innovation/R&D, TX [U] Edmund R. Leubner, Eaton’s Crouse-Hinds Business, NY [M]
(Alt. to Mark Goodman) (Alt. to Steven J. Blais)
Larry W. Burns, Burns Electric, Inc., TX [IM] Arkady Levi, Exelon Power, MD [UT]
(Alt. to Robert A. Jones) (Alt. to Harold G. Alexander)
Thomas E. Dunne, Long Island Joint Apprenticeship & Training Eddie Ramirez, FM Global, MA [I]
Committee, NY [L] (Alt. to William G. Lawrence, Jr.)
(Alt. to John L. Simmons) Ted H. Schnaare, Rosemount Incorporated, MN [M]
Mitch Feininger, North Dakota State Electrical Board, ND [E] (Alt. to L. Evans Massey)
(Alt. to Haywood Kines) Steven C. Trapp, Christenson Electric Inc., OR [IM]
Andrew Hernandez, AstraZeneca Pharmaceuticals, DE [U] (Alt. to Marc J. Bernsen)
(Alt. to William E. McBride) Wesley Van Hill, Intertek Testing Services, AB [RT]
Richard A. Holub, The DuPont Company, Inc., DE [U] (Alt. to Ryan Parks)

(Alt. to David B. Wechsler)

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

Nonvoting
Michael E. Aaron, JENSEN HUGHES, IL [SE] Timothy J. Pope, Canadian Standards Association, Canada [RT]
Rep. TC on Airport Facilities Eduardo N. Solano, Estudio Ingeniero Solano S.A., Argentina [SE]
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CODE-MAKING PANEL NO. 15

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

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

Chad E. Beebe, ASHE - AHA, WA [U]
David A. Dagenais, Wentworth-Douglass Hospital, NH [U]
Rep. NFPA Health Care Section
Matthew B. Dozier, IDesign Services, TN [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.
Joe L. DuPriest, Orange County Public Schools, FL [E]
Rep. International Association of Electrical Inspectors
Kenneth J. Gilbert, Florida Power & Light Company, FL. [UT]
Rep. Electric Light & Power Group/EEI
Mitchell K. Hefter, Philips Lighting, TX [IM]
Rep. Illuminating Engineering Society of North America
(VL to 518, 520, 525, 530, 540)

Kim Jones, Funtastic Shows, OR [U]
Rep. Outdoor Amusement Business Association, Inc.
(VL to 525)
Edwin S. Kramer, Radio City Music Hall, NY [L]
Rep. International Alliance of Theatrical Stage Employees
(VL to 518, 520, 525, 530, 540)

Gary J. Krupa, U.S. Department of Veterans Affairs, NE [U]

Gary A. Beckstrand, Utah Electrical JATC, UT [L]
(Alt. to Stephen M. Lipster)

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

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

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

Pamela Gwynn, UL LLC, NC [RT]
(Alt. to Donald J. Talka)

Don W. Jhonson, Interior Electric, Inc., FL. [IM]
(Alt. to Bruce D. Shelly)

Jay Y. Kogoma, Intertek Testing Services, CA [RT]
(Alt. to Lawrence E. Todd)

Frank Novitzki, U.S. Department of Veterans Affairs, VA [U]
(Alt. to Gary J. Krupa)
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Stephen M. Lipster, The Electrical Trades Center, OH [L]
Rep. International Brotherhood of Electrical Workers
Hugh O. Nash, Jr., Nash-Consult, TN [SE]
Rep. TC on Electrical Systems
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 Contractors, Inc.
Bruce D. Shelly, Shelly Electric Company, Inc., PA [IM]
Rep. National Electrical Contractors Association
Michael D. Skinner, CBS Studio Center, CA [U]
Rep. Alliance of Motion Picture and Television Producers
(VL to 518, 520, 525, 530, 540)
Donald J. Talka, UL LLC, NY [RT]
Kenneth E. Vannice, Portland, OR [M]

Rep. U.S. Institute for Theatre Technology, Inc.
(VL to 518, 520, 525, 530, 540)

Alternates

Douglas Rheinheimer, Paramount Pictures, CA [U]
(VL to 518, 520, 525, 530, 540)
(Alt. to Michael D. Skinner)
Alan M. Rowe, International Alliance of Theatrical Stage
Employees, CA [L]
(VL to 518, 520, 525, 530, 540)
(Alt. to Edwin S. Kramer)
Clinton Bret Stoddard, City of Rexburg, ID [E]
(Alt. to Joe L. DuPriest)
Steven R. Terry, Electronic Theatre Controls Inc., NY [M]
(VL to 518, 520, 525, 530, 540)
(Alt. to Kenneth E. Vannice)
R. Duane Wilson, George C. Izenour Associates, Inc., NM [IM]
(VL to 518, 520, 525, 530, 540)
(Alt. to Mitchell K. Hefter)
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CODE-MAKING PANEL NO. 16

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

Thomas E. Moore, Chair
City of Beachwood, OH [E]
Rep. International Association of Electrical Inspectors

George Bish, MasTec, NC [IM] Jack McNamara, Bosch Security Systems, NY [M]

Rep. Satellite Broadcasting & Communications Association Rep. National Electrical Manufacturers Association
James E. Brunssen, Telcordia Technologies (Ericsson), NJ [U] Michael F. Murphy, Intertek Testing Services, MA [RT]

Rep. Alliance for Telecommunications Industry Solutions Harold C. Ohde, IBEW 134/ Electrical Joint Apprenticeship
Fred C. Dawson, Chemours, Canada [U] Training & Trust, IL [L]

Rep. American Chemistry Council Rep. International Brotherhood of Electrical Workers
Gerald Lee Dorna, Belden Wire & Cable Co., IN [M] Thomas J. Parrish, Telgian Corporation, MI [M]

Rep. Insulated Cable Engineers Association Inc Rep. Automatic Fire Alarm Association, Inc.
Randolph J. Ivans, UL LLC, NY [RT] W. Douglas Pirkle, Pirkle Electric Company, Inc., GA [IM]
Robert W. Jensen, dbi-Telecommunication Infrastructure Design, Rep. National Electrical Contractors Association
TX [M] Luigi G. Prezioso, M. C. Dean, Inc., VA [IM]

Rep. Building Industry Consulting Services International Rep. Independent Electrical Contractors, Inc.

Steven C. Johnson, Johnson Telecom, LLC, CA [UT] Leo Zieman, Florida Power & Light (Nextera Energy), FL [UT]

Rep. National Cable & Telecommunications Association Rep. Electric Light & Power Group/EEI

William J. McCoy, Telco Sales, Inc., TX [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.

Alternates

Rendell K. Bourg, National Fire Protection Company Inc., HI [M] Stanley Kaufman, CableSafe, Inc./OFS, GA [M]
(Alt. to Thomas J. Parrish) (Alt. to Gerald Lee Dorna)

Trevor N. Bowmer, Telcordia (Ericsson), NJ [U] Eric Lawrence, Berk-Tek, A Nexans Company, PA [M]
(Alt. to James E. Brunssen) (Voting Alt. to TIA rep)

Larry Chan, City of New Orleans, LA [E] David M. Lettkeman, Dish Network Service, LLC, CO [IM]
(Alt. to Thomas E. Moore) (Alt. to George Bish)

Terry C. Coleman, Electrical Training Alliance, TN [L] Rodger Reiswig, Tyco/SimplexGrinnell, FL. [M]
(Alt. to Harold C. Ohde) (Alt. to Jack McNamara)

Timothy D. Cooke, Times Fiber Communications, Inc., VA [UT] David B. Schrembeck, DBS Communications, Inc., OH [IM]
(Alt. to Steven C. Johnson) (Alt. to Luigi G. Prezioso)

John A. Kacperski, Tele Design Services, CA [M] Anthony Tassone, UL LLC, NY [RT]
(Alt. to Robert W. Jensen) (Alt. to Randolph J. Ivans)

2017 Edition NATIONAL ELECTRICAL CODE 70 -25

LIBERTY EXHIBIT 1020, Page 28



NATIONAL ELECTRICAL CODE

CODE-MAKING PANEL NO. 17

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

Donald R. Cook, Chair
Shelby County Department of Development Services, AL [E]
Rep. International Association of Electrical Inspectors

Thomas V. Blewitt, UL LLC, NY [RT] Ronald F. Schapp, Intertek Testing Services, OH [RT]
E. P. Hamilton, III, E. P. Hamilton & Associates, Inc., TX [M] Kenneth M. Shell, Pentair Thermal Management, CA [M]
Rep. Association of Pool & Spa Professionals Rep. Copper Development Association Inc.
(VL to 680) (VL to 426, 427)
Randal Hunter, Eaton Bussmann, NV [M] Peter C. Swim, Whirlpool Corporation, MI [M]
Rep. National Electrical Manufacturers Association Rep. Air-Conditioning, Heating, & Refrigeration Institute
Don W. Jhonson, Interior Electric, Inc., FL. [IM] (VL to 422, 424)
Rep. National Electrical Contractors Association Matt B. Williams, Association of Home Appliance Manufacturers,
Rachel E. Krepps, Baltimore Gas & Electric Company, MD [UT] DC [M]
Rep. Electric Light & Power Group/EEI Rep. Association of Home Appliance Manufacturers
Dennis Michael Querry, Trinity River Authority, TX [IM] (VL to 422, 424)
Rep. Independent Electrical Contractors, Inc. Randy J. Yasenchflk, IBEW Local Union 607, .PA [L]
Chester L. Sandberg, Shell Exploration & Production Inc., CA [U] Rep. International Brotherhood of Electrical Workers
Rep. Institute of Electrical & Electronics Engineers, Inc.
Alternates
Paul W. Abernathy, Encore Wire Corporation, TX [M] Wayne E. Morris, Association of Home Appliance Manufacturers,
(VL to 426, 427) DC [M]
(Alt. to Kenneth M. Shell) (VL to 422, 424)
Bernie Donnie Bell, Gulf Power Company, FL [UT] (Alt. to Matt B. Williams)
(Alt. to Rachel E. Krepps) Brian Myers, IBEW Local Union 98, PA [L]
Peter E. Bowers, Satellite Electric Company, Inc., MD [IM] (Alt. to Randy J. Yasenchak)
(Alt. to Dennis Michael Querry) Gary L. Siggins, UL LLC, CA [RT]
Ira “Lee” Douglas, Murfreesboro, TN [E] (Alt. to Thomas V. Blewitt)
(Alt. to Donald R. Cook) Kam Fai Siu, Intertek Testing Services, Hong Kong [RT]
Stephen Macey, Watkins Manufacturing Corporation, CA [M] (Alt. to Ronald F. Schapp)
(VL to 680) Marcelo E. Valdes, GE Energy Industrial Solutions, CT [M]
(Alt. to E. P. Hamilton, III) (Alt. to Randal Hunter)
Nonvoting
Andrew M. Trotta, U.S. Consumer Product Safety Commission, MD Douglas A. Lee, U.S. Consumer Product Safety Commission, MD
[C] [C]
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COMMITTEE PERSONNEL

CODE-MAKING PANEL NO. 18

Articles 393, 406, 411, 600, 605

Bobby J. Gray, Chair
Hoydar/Buck, Inc., WA [IM]
Rep. National Electrical Contractors Association

Ron D. Alley, Northern New Mexico IEC, NM [IM] Charles S. Kurten, UL LLC, NY [RT]
Rep. Independent Electrical Contractors, Inc. William Ross McCorcle, American Electric Power, OK [UT]
Frederick L. Carpenter, Acuity Brands Lighting, GA [M] Rep. Electric Light & Power Group/EEI
Rep. National Electrical Manufacturers Association Michael S. O'Boyle, Philips Lightolier, MA [M]
Kurt J. Clemente, Clark Nexsen, Inc., VA [U] Rep. American Lighting Association
Rep. Institute of Electrical & Electronics Engineers, Inc. (VL to 410, 411)
Paul Costello, NECA and IBEW Local 90 JATC, CT [L] Wesley J. Wilkens, Persona, Inc., SD [M]
Rep. International Brotherhood of Electrical Workers Rep. International Sign Association
Hakim Hasan, Intertek, GA [RT] (VL to 600)
Jack E. Jamison, Jr., Miller Engineering, Inc., WV [E] Randall K. Wright, RKW Consulting, PA [SE]
Rep. International Association of Electrical Inspectors
Alternates
Donald Berlin, Intermatic Inc., IL [M] Richard Hollander, City of Tucson, AZ [E]
(VL to 410, 411) (Alt. to Jack E. Jamison, Jr.)
(Alt. to Michael S. O'Boyle) Jesse Sprinkle, IBEW Local 461, IL [L]
Steve Campolo, Leviton Manufacturing Company, Inc., NY [M] (Alt. to Paul Costello)
(Alt. to Frederick L. Carpenter) Paul Yesbeck, Acu Sign Corporation, FL [IM]
Joseph R. Chandler, Independent Electrical Contractors-Dallas, TX (Alt. to Bobby J. Gray)
IM
: (]Alt. to Ron D. Alley)
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CODE-MAKING PANEL NO. 19

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

Ron B. Chilton, Chair
North Carolina Department of Insurance, NC [E]
Rep. International Association of Electrical Inspectors

Aisha Bajwa, General Cable Corporation, CA [M] Thomas R. Lichtenstein, UL LLC, IL [RT]
Rep. The Aluminum Association, Inc. Doug Mulvaney, Kampgrounds of America, Inc., MT [U]
Barry S. Bauman, Alliant Energy, WI [U] (VL to 550, 551, 552, 555)
Rep. American Society of Agricultural & Biological Engineers Richard A. Paredes, IBEW Local 164 JATC, NJ [L]
Wade Elliott, Utility Services Group, Inc., WA [U] Rep. International Brotherhood of Electrical Workers
Rep. National Association of RV Parks & Campgrounds Darrell M. Sumbera, Centerpoint Energy, TX [UT]
(VL to 550, 551, 552) Rep. Electric Light & Power Group/EEI
Robert A. Garcia, Cavco Industries/Fleetwood Homes, Inc., AZ [M] Wesley L. Wheeler, National Electrical Contractors Association, MD
John P. Goodsell, Hubbell Incorporated, CT [M] [IM]
Rep. National Electrical Manufacturers Association Rep. National Electrical Contractors Association
Bruce A. Hopkins, Recreation Vehicle Industry Association, VA [M] Michael L. Zieman, RADCO, CA [M]
(VL to 550, 551, 552) Rep. Manufactured Housing Institute
Ryan Hyer, Testing Engineers International, UT [RT] (VL to 545, 550, 551, 552)
David W. Johnson, CenTex IEC, TX [IM] Donald W. Zipse, Zipse Electrical Forensics, LLC, PA [U]
Rep. Independent Electrical Contractors, Inc. Rep. Institute of Electrical & Electronics Engineers, Inc.
Alternates
William Bruce Bowman, Fox Systems, Inc., GA [IM] Kent Perkins, Recreation Vehicle Industry Association, VA [M]
(Alt. to David W. Johnson) (VL to 550, 551, 552)
Garry D. Cole, Shelby/Mansfield KOA, OH [U] (Alt. to Bruce A. Hopkins)
(VL to 550, 551, 552) Thomas L. Pottschmidt, Indianapolis Power & Light, IN [UT]
(Alt. to Wade Elliott) (Alt. to Darrell M. Sumbera)
Gerald D. Dix, Hampton Roads Joint Apprenticeship Training Paul J. Reis, AFC Cable Systems, Inc., MA [M]
Committee, VA [L] (Alt. to Aisha Bajwa)
(Alt. to Richard A. Paredes) Stephen G. Rood, Legrand North America, NY [M]
Chris Fairlee, Kampgrounds of America, Inc., MT [U] (Alt. to John P. Goodsell)
(VL to 550, 551, 552, 555) Eugene W. Wirth, UL LLC, WA [RT]
(Alt. to Doug Mulvaney) (Alt. to Thomas R. Lichtenstein)

Robert J. Fick, Alliant Energy, WI [U]

(Alt. to Barry S. Bauman)
Dean C. Hunter, Minnesota Department of Labor & Industry, MN
[E]

(Alt. to Ron B. Chilton)

Committee Scope: This Committee shall have primary responsibility for documents on
minimizing the risk of electricity as a source of electric shock and as a potential ignition

source of fires and explosions. It shall also be responsible for text to minimize the
propagation of fire and explosions due to electrical installations.
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COMMITTEE PERSONNEL

NFPA Electrical Engineering Division Technical Staff

William Burke, Division Manager Richard J. Roux, Senior Electrical Specialist
Mark W. Earley, Chief Electrical Engineer Kimberly L. Shea, Project Administrator
Mark Cloutier, Senior Electrical Engineer Derek Vigstol, Senior Electrical Specialist
Christopher Coache, Senior Electrical Engineer Mary Warren, Technical Administrator

Carol Henderson, Technical Administrator
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90.1 ARTICLE 90 — INTRODUCTION

NFPA 70

National Electrical Code
2017 Edition

IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards.” They can also be viewed
at www.nfpa.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 cycle through the issuance of Tenta-
tive Interim Amendments (TIAs). 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 to TIAs and Errata, the document information pages also
include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

This 2017 edition includes the following usability features as
aids to the user. Changes other than editorial are indicated
with gray shading within sections. An entire figure caption with
gray shading indicates a change to an existing figure. New
sections, tables, and figures are indicated by a bold, italic N in
a gray box to the left of the new material. An N next to an Arti-
cle title indicates that the entire Article is new. Where one or
more complete paragraphs have been deleted, the deletion is
indicated by a bullet (®) between the paragraphs that remain.

ARTICLE 90
Introduction

90.1 Purpose.

(A) Practical Safeguarding. The purpose of this Code is the
practical safeguarding of 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 provisions that are consid-
ered necessary for safety. Compliance therewith and proper
maintenance 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 electricity.
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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 International
Electrotechnical Commission Standard 60364-1, Electrical Instal-
lations of Buildings.

Informational Note: IEC 60364-1, Section 131, contains funda-
mental principles of protection for safety that encompass protec-
tion against electric 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 and removal of
electrical conductors, equipment, and raceways; signaling and
communications conductors, equipment, and raceways; and
optical fiber cables and raceways for the following:

(1) Public and private premises, including buildings, struc-
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 electricity

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

(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 automotive vehicles
other than mobile homes and recreational vehicles

Informational Note: Although the scope of this Code indicates
that the Code 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 for generation, transformation,
transmission, energy storage, or distribution of power
used exclusively for operation of rolling stock or installa-
tions used exclusively for signaling and communications
purposes

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

(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 distribution of electric energy, or

c. Are located in legally established easements or rights-
of-way, or
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ARTICLE 90 — INTRODUCTION 90.5

d. Are located by other written agreements either 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 electric energy where legally estab-
lished easements or rights-of-way cannot be obtained.
These installations shall be limited to federal lands,
Native American reservations 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 entities 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 distribution
systems) or communications systems (such as telephone, CATV,
Internet, satellite, or data services). Utilities may be subject to
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 Regulatory 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 electric utilities and are used to connect the elec-
tric utility supply system to the service conductors of the prem-
ises served, provided such installations are outside a building or
structure, 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 1 through 7 except where the
requirements are specifically referenced in Chapter 8.

Chapter 9 consists of tables that are applicable as referenced.

Informative annexes are not part of the requirements of this
Code but are included for informational purposes only.

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 use by insurance
inspectors. The authority having jurisdiction for enforcement
of the Code has the responsibility 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 Code or permit alternative
methods where it is assured that equivalent objectives can be
achieved by establishing and maintaining effective safety.

2017 Edition NATIONAL ELECTRICAL CODE
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| Chapter 1 — General |

| Chapter 2 — Wiring and Protection | Applies generally
~ to all electrical

installations

| Chapter 3 — Wiring Methods and Materials |

| Chapter 4 — Equipment for General Use |

-

| Chapter 5 — Special Occupancies|

Supplements or modifies

Chapters 1 through 7 | Chapter 6 — Special Equipment |

| Chapter 7 — Special Conditions |

Chapter 8 is not subject

to the requirements of
Chapters 1 through 7 except
where the requirements are
specifically referenced in
Chapter 8.

Applicable as referenced

| Chapter 8 — Communications Systems |

| Chapter 9 — Tables

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

FIGURE 90.3 Code Arrangement.

This Code may require new products, constructions, 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 Code 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 Code are those
that identify actions that 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.

(C) Explanatory Material. Explanatory material, such as refer-
ences to other standards, references to related sections of this
Code, or information related to a Code rule, is included in this
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 format and language used in this Code
follows guidelines established by NFPA and published in the
NEC Style Manual. Copies of this manual can be obtained from
NFPA.

(D) Informative Annexes. Nonmandatory information rela-
tive to the use of the NEC is provided in informative annexes.
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90.6 ARTICLE 90 — INTRODUCTION

Informative annexes are not part of the enforceable require-
ments of the NEC, but are included for information purposes
only.

90.6 Formal Interpretations. To promote uniformity of inter-
pretation and application of the provisions of this Code, formal
interpretation procedures have been established and are found
in the NFPA Regulations Governing Committee Projects.

90.7 Examination of Equipment for Safety. For specific items
of equipment and materials referred to in this Code, examina-
tions for safety made under standard conditions provide a basis
for approval where the record is made generally available
through promulgation by organizations properly equipped and
qualified for experimental testing, inspections of the run of
goods at factories, and service-value determination through
field inspections. This avoids the necessity for repetition of
examinations by different examiners, frequently with inade-
quate facilities for such work, and the confusion that would
result from conflicting reports on the suitability of devices and
materials examined for a given purpose.

It 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
alterations or damage, if the equipment has been listed by a
qualified electrical testing laboratory that is recognized as
having the facilities described in the preceding paragraph and
that requires 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 contains a list of
product safety standards that are compatible with this Code .

90.8 Wiring Planning.

(A) Future Expansion and Convenience. Plans and specifica-
tions that provide ample space in raceways, spare raceways, and
additional spaces allow for future increases in electric power
and communications circuits. Distribution centers located in
readily accessible locations provide convenience and safety of
operation.

(B) Number of Circuits in Enclosures. It is elsewhere provi-
ded in this Code that the number of circuits confined in a single
enclosure be varyingly restricted. Limiting the number of
circuits in a single enclosure minimizes the effects from a short
circuit or ground fault.
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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, and inch-
pound units shall immediately follow in parentheses. Conver-
sion from inch-pound units to SI units shall be based on hard
conversion except as provided in 90.9(C).

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

(1) Trade Sizes. Where the actual 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 all cases.

(2) Extracted Material. Where material is extracted from
another standard, the context of the original material shall not
be compromised or violated. Any editing of the extracted text
shall be confined to making the style consistent with that of the
NEC.

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

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

(D) Compliance. Conversion from inch-pound units 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 constitute compliance with this
Code.

Informational Note No. 1: Hard conversion is considered a
change in dimensions or properties of an item into new sizes
that might or might not be interchangeable with the sizes used
in the original measurement. Soft conversion is considered a
direct mathematical conversion and involves a change in the
description of an existing measurement but not in the actual
dimension.

Informational Note No. 2: SI conversions are based on IEEE/
ASTM SI 10-1997, Standard for the Use of the International System of
Units (SI): The Modern Metric System.
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ARTICLE 110 — REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 110.3

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 material
may be exhausted into the surrounding atmosphere.

Informational Note: The fuse is designed so that discharged
gases will not ignite or damage insulation in the path of the
discharge or propagate a flashover to 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 manufacturer’s recommenda-
tions.

Expulsion Fuse Unit (Expulsion Fuse). A vented fuse unit in which
the expulsion effect of gases produced by the arc and lining of
the fuseholder, either 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 circuit 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 circuit interruption.

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

Substation. An assemblage of equipment (e.g., switches, inter-
rupting devices, circuit 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 Breaker. A switching device capable of making, carrying,
and interrupting currents under normal circuit conditions, and
also of making, carrying for a specified time, and interrupting
currents under specified abnormal circuit conditions, such as
those of short circuit.

Cutout. An assembly of a fuse support with either a fuseholder,
fuse carrier, or disconnecting blade. The fuseholder or fuse
carrier may include a conducting element (fuse link) or may
act as the disconnecting blade by the inclusion of a nonfusible
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) Switch (Disconnector, Isolator). 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 (Oul-Filled Cutout). A cutout in which 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 arc
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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 oil (or
askarel or other suitable liquid).

Regulator Bypass Switch. A specific device or combination of
devices designed to bypass a regulator.

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 tunnel installations.

Informational Note: See Informative Annex ] 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 Equipment for
Safety, and 110.3, Examination, Identification, Installation, and
Use of Equipment. See definitions of Approved, Identified, Labeled,
and Listed.

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 the
provisions of this Code

Informational Note No. 1: Equipment may be new, recondi-
tioned, refurbished, or remanufactured.

Informational Note No. 2: Suitability of equipment use may be
identified by a description marked on or provided with a prod-
uct to identify the suitability of the product for a specific
purpose, environment, or application. Special conditions of use
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.
Suitability of equipment may be evidenced by listing or labeling.

(2) Mechanical strength and durability, including, for parts
designed to enclose and protect other equipment, the
adequacy of the protection thus 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
specific use

(8) Other factors that contribute to the practical safeguard-
ing of persons using or likely to come in contact with the
equipment

70-43
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110.3 ARTICLE 110 — REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

(B) Installation and Use. Listed or labeled equipment shall be
installed and used in accordance with any instructions included
in the listing or labeling.

N (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 that perform evaluations, testing, and certification
of certain products to ensure that they meet the requirements of
both the construction and general industry OSHA electrical
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 considered
shall be that at which the circuit 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 normally used to carry current
shall be of copper or aluminum unless otherwise provided in
this Code. Where the conductor material is not specified, the
sizes given in this Code shall apply to copper conductors. Where
other materials are used, the size shall be changed accordingly.

Informational Note: For copper-clad aluminum conductors, see
310.15.

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 circuits, ground faults, or any connections to
ground other than as required or permitted elsewhere in this
Code.

110.8 Wiring Methods. Only wiring methods 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.

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 electrical 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.

70 -44

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,
fumes, vapors, liquids, or other agents that have a deteriorating
effect on the conductors or equipment; or where exposed to
excessive temperatures.

Informational Note No. 1: 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 flood provisions are provi-
ded in NFPA 5000-2015 Building Construction and Safety Code, the
International Building Code (IBC), and the International Residential
Code for One- and Two-Family Dwellings (IRC).

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 for Good Workmanship in Electri-
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. Where
metallic plugs or plates are used with nonmetallic enclosures,
they shall be recessed at least 6 mm (% 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.

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 airflow over
such surfaces is not prevented by walls or by adjacent installed
equipment. For equipment designed for floor mounting, clear-
ance between top surfaces and adjacent surfaces shall be provi-
ded to dissipate rising warm air.
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