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Forewords:

Just who is Phil Simmons, the author of this book, Electrical Grounding and Bonding?
I have known Phil for a long time. He has been involved in the electrical industry for many
years. Phil is one of the most knowledgeable individuals I know when it comes to the electri-
cal industry and the National Electrical Code® (NEC®).*

Phil’s credentials are endless. He has held many high-level positions. He was the
Executive Director of the International Association of Electrical Inspectors (IAEI), where he
orchestrated the writing, producing, editing, revising, and reviewing of many of the techni-
cal manuals available from the IAEI. As editor-in-chief of the JAEI News, he saw to it that
this bimonthly magazine became one of the finest technical publications available today. He
was Chief Electrical Inspector for the State of Washington. He has worked with many state
and national code officials.

Phil served as Acting Chairman of Code Making Panel 5 a few Code cycles back and
was responsible for the major reorganization of Article 250 in the NEC. Article 250 is all
about grounding and bonding.

Phil served on the Underwriters Laboratories Electrical Council and their Board of
Directors.

Phil has conducted numerous seminars for many large organizations, such as General
Motors, Ford Motor Company, Daimler/Chrysler, the University of Wisconsin, the Univer-
sity of Missouri, the U.S. Navy, and the U.S. Marines. He has conducted continuing edu-
cation seminars for electrical inspectors, electrical contractors, electricians, and electrical
apprentices.

Phil also is a master electrician and was an electrical contractor. When electrical instal-
lations and the NEC are discussed, he can say: “Been there . . . done that.” This tremendous
experience in the real world is the basis for his outstanding knowledge of the NEC.

In addition, Phil has made major contributions to efforts at standardization within the
electrical industry. Many of you may not be aware that Phil brought the IAEI Soares ground-
ing book up to date and contributed to the IAEI Analysis of the NEC, the Neon Sign Manual,
Ferm’s Fast Finder, and videos on the NEC. Over the years, he has served on the Code pan-
els at IAEI Section and Chapter meetings. He has conducted innumerable seminars under
the auspices of the National Fire Protection Association and the IAEL

As most of you know, the NEC is not the most “user-friendly” document. Some individ-
uals know the Code but find it difficult to teach others. Phil has the innate ability to explain
the NEC in words and diagrams that can be understood by everyone.

*National Electrical Code® and NEC® are registered trademarks of the National Fire Protection Association, Inc.,
Quincy, MA 02169.

xi
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FOREWORD

Phil has written textbooks and examinations and
has developed diagrams, PowerPoint presentations,
slides, and transparencies. All of this knowledge is
apparent in this excellent textbook on the difficult
subject of electrical grounding and bonding.

Like the three legs of a stool that provide its
stability, Phil’s expertise has three essential compo-
nents, each of which ensures the effectiveness of the
others. “Leg one” is the experience he has had in the

electrical field. “Leg two” is his incredible knowl-
edge of electrical codes and standards. “Leg three”
is his ability to share this wealth of experience and
knowledge with the reader of this book.

I congratulate Phil for a job well done in writing
this book. It will be an important addition to your
collection of electrical books.

Ray C. Mullin (71929-2018)

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



-
‘\‘

Prefate

Electricity follows the basic laws of physics, regardless of whether it is current flow over
ungrounded (“hot”) conductors, over grounded conductors (sometimes neutral conductors),
or in the grounding system. So, if we can understand basic circuit flow, we can understand
the requirements and performance rules for grounding and bonding of electrical systems
and equipment. You will find several of the illustrations in this book to be fairly basic and
uncomplicated. This complements the overall effort to make the rules for grounding and
bonding as easy to understand as possible and to take the concepts of grounding and bond-
ing back to the basics.

I want to mention here and applaud the efforts of Ronald P. O’Riley, who wrote a book
titled Electrical Grounding: Bringing Grounding Back to Earth, through the sixth edi-
tion. Mr. O’Riley is now deceased. Although this book is not based on or intended to be
a continuation of Mr. O’Riley’s efforts, our goals in presenting a book on grounding and
bonding of electrical systems are very similar. Quoting from the preface to Mr. O’Riley’s
sixth edition:

“The author’s wish is for this book to be a learning experience for members, and those
in training for a career in the electrical industry. It is the author’s hope that simplify-
ing, illustrating, reasoning through, and coordinating the grounding requirements, as
contained in Article 250 of the National Electrical Code®, will promote better under-
standing and use of the Code. This can result in safer, cleaner electrical installations and
maintenance. The first rule is to make it safe: the second is to make it work. Both can be
done. With this thought in mind, this book is directed at vocational instructors of elec-
tricity, electrical engineers, design engineers, construction electricians making installa-
tions in the field, maintenance electricians at factories or buildings, electrical inspectors,
and many other members of the electrical industry. It is also the author’s hope that the
apprentice or person preparing for a career in the electrical industry and studying the
National Electrical Code® will find the detailed explanations and accompanying dia-
grams in this book to be an interesting learning experience.”

Electrical Grounding and Bonding is based on my many years of experience in teaching
subjects related to the NEC, field experience in the electrical construction industry, and as-
sociation with the International Association of Electrical Inspectors (IAEI).

Other than the Introduction, which includes an explanation of many definitions appli-
cable to electrical grounding and bonding along with a brief review of electrical theory, this
book is organized by section number of the NEC. For example, if you’re interested in learn-
ing about requirements for a grounding electrode system, you can follow the rule from the
NEC Section 250.50 to an identical code reference in this book.

xiii
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PREFACE

Other features of the organization of this book Phil has served the International Association

are as follows: of Electrical Inspectors (IAEI) in the following
1. The requirement from the NEC is included. capacities:

Note that in most cases, the requirement o Secretary-treasurer of the Puget Sound Chapter

is paraphrased rather than being a direct o Secretary-treasurer of the Northwestern Section

uote.
d e International President in 1987

Executive Director (1990-1995)
Codes and Standards Coordinator (1995-1999)

2. The requirement is discussed and
explained.

3. An illustration of the requirement is

provided. e Editor of JAEI News

4. Where appropriate, there is an explanation Phil is a licensed master electrician and former
of how to comply with the rules, such as electrical contractor in the State of Washington. He
determining the appropriate size system also was a licensed journeyman electrician in the
bonding conductor. states of Alaska and Montana. He was chief electri-

cal inspector for the State of Washington from 1984
to 1990, after serving as an electrical plans examiner
and field electrical inspector.

Phil has had extensive experience for several
years in preparing and presenting training at many
locations on the following and additional subjects:

B ABOUT THE AUTHOR

e Update to the National Electrical Code

Electrical Systems in One- and Two-Family
Dwellings

Grounding and Bonding of Electrical Systems

Wiring for Hazardous Locations

Motors and Transformers

e Electrical Safety in Employee Workplaces

Phil is author of several technical articles that
have been published in the JAEI News. He is also the
author and illustrator of several technical books on
electrical codes and safety, including these:

e 1AEI Analysis of the National Electrical Code

o Ferm’s Fast Finder Index

Electrical Systems in One- and Two-Family
Phil Simmons is owner of Simmons Electrical Ser- Dwellings

vices. The firm SpeCia]izeS in training, ertlng and IAEI Soares Book on Grounding OfElectrical
illustrating of technical publications related to the Systems

felectrlcgl industry, 1nspef:t1ng complt?x electrical NJATC Significant Changes in the National
installations, and consulting on electrical systems .
Electrical Code

and safety.
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Beginning with the 2011 NEC, Phil was co-
author, with Ray Mullin, of Electrical Wiring
Commercial and Electrical Wiring Residential.
Both are published by Cengage Learning. After
Mr. Mullin’s passing in 2018, Phil continues as au-
thor of these titles.

Phil has served the National Fire Protection
Association (NFPA) in several capacities, including
the following:

e Standards Council (six years)

e National Electrical Code Technical Correlating
Committee

e Code Making Panel (CMP)-17, Chairman of
CMP-19, CMP-1, Acting Chair of CMP-5, and
CMP-5 member

e Chair of the NFPA Electrical Section
e Electrical Codes Coalition Committee

e Instructor at NFPA’s NEC, Electrical Safety
in the Workplace (NFPA 70E), and related
seminars

Phil is a past member of the Underwriters Labo-
ratories Electrical Council and is a past UL Trustee.
He is a member of the Standards Technical Panel
for Grounding and Bonding Equipment. He is also a
retired member of the International Brotherhood of
Electrical Workers.

Phil has passed the electrical inspector
certification examinations for One- and Two-Family,
General, and Plan Review. He served for several
years on the Educational Testing Service Electrical
Advisory Committee for national electrical inspector
certification examinations. He also served on the
joint IAEI/NFPA Electrical Inspector Certification
Examination development committee.

B NEVVW TO THIS
EDITION

e New and Updated Artwork. Revisions of
many diagrams and figures have been made to
improve clarity and ease of understanding. Sev-
eral new illustrations have also been added.

e National Electric Code 2020. All Code require-
ments have been updated to the 2020 edition of
the NEC.

PREFACE

e Revised Learning Objectives. The Objectives
have been fine-tuned for easier readability.

e New MindTap Features. The accompany-
ing MindTap product has been enhanced with
newly created videos and flashcards.

B SUPPLEMENT
PACKAGE

Instructor Companion Website

The Instructor Companion Website, found on cen-
gage.com, offers the following components to help
minimize instructor preparation time and engage
students:

o PowerPoint® lecture slides outline the impor-
tant concepts covered in each chapter. Exten-
sively illustrated with photos, tables, and
diagrams from the book, the presentations
enhance classroom instruction. The slides allow
instructors to tailor the course to meet the needs
of the individual class.

e An Image Gallery that offers a database of
hundreds of images in the text. These can easily
be imported into the PowerPoint® presentation.

e Instructor’s Guide in Microsoft Word enables
instructors to view and print answers to review
questions contained in the book.

Cengage Learning Testing Powered by Cognero
is a flexible, online system that allows you to:

¢ Author, edit, and manage test bank content.
e Create multiple test versions in an instant.

e Deliver tests from your LMS, your classroom,
or wherever you want.

MindTap for Electrical Grounding
and Bonding

MindTap is a personalized teaching experience with
relevant assignments that guide students to analyze,
apply, and improve thinking, allowing you to mea-
sure skills and outcomes with ease.

e Personalized Teaching: Becomes your own with
a Learning Path that is built with key student
objectives. Control what students see and when
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they see it; match your syllabus exactly by taxonomy from basic knowledge and compre-
hiding, rearranging, or adding your own content. hension to analysis and application.

e Guide Students: Goes beyond the traditional e Measure Skills and Outcomes: Analytics and
“lift and shift” model by creating a unique reports provide a snapshot of class progress,
learning path of relevant readings, multimedia, time on task, engagement, and completion
and activities that move students up the learning rates.
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]

B CHANGES TO ARTICLES 100
AND 250 AND CHAPTER 5 FOR
THE 2020 EDITION

Once again, many changes were made to the portions of the NEC Code for which Code
Panel 5 is responsible as well as those articles in Chapter 5 that we cover in this book.
The most significant changes are shown in the following table.

Changes to the 2020 NEC 1 1]

Significant Changes for Articles 100, 250, and Chapter 5 of the 2020 NEC

Section

Change

100: Grounding Conductor,

Equipment (EGC)

The equipment grounding conductor serves as part of an effective ground-fault return
path.

250.30

Multiple power sources of the same type that are connected in parallel to form one
system that supplies premises wiring are considered as a single separately derived
system.

250.30(A)(1)(b) Exception

The system bonding jumper is permitted to be installed at paralleling switchgear,
switchboards, or other paralleling connection point for separately derived systems
consisting of multiple sources that are connected in parallel.

250.30(A)(6)(b) Exception

If the only grounding electrodes that are present are of the types covered in 250.66(A),
(B), or (C), the common grounding electrode conductor is not required to be larger than
the largest grounding electrode conductor required by those sections for the type of
grounding electrode that is used.

250.34

Vehicle-mounted and trailer-mounted generators are added to this section.

250.53(A)(4) and (5)

Section 250.53(G) in the 2017 NEC was removed to become 250.53(A)(4) in the 2020 NEC
and 250.53(H) in the 2017 NEC was moved to become 250.53(A)(5) in the 2020 NEC.

250.53(C)

Rebar (concrete-encased grounding electrode) is not permitted to be used as a conductor
to interconnect grounding electrodes of the grounding electrode system.

250.64(A)

The restrictions on the installation and connection of aluminum or copper-clad aluminum
grounding electrode conductors have been organized in a list format and significantly
revised.

250.68(C)(3)

The requirements for the use of reinforcing steel to serve as an extension or grounding
electrode conductor to the rebartype concrete-encased grounding electrode have been ex-
tensively revised. Rebar (concrete-encased grounding electrode) is not permitted to be used
as a conductor to interconnect grounding electrodes of the grounding electrode system.

250.104(A)(1)

The bonding conductor to metal water pipe is not required to be larger than 3/0 cop-
per or 250 kemil aluminum or copper-clad aluminum. ldentical changes were made to
250.104(C), (D)(1), and (D)(2).

(Continues)

Xix
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CHANGES TO THE NEC

Changes to the 2020 NEC :

(Continued)

Section Change

250.109 Metal enclosures are permitted to be used to connect bonding jumpers or equipment
grounding conductors together and to become part of an effective ground-fault current path.

250.120(B) The restrictions on the installation and connection of aluminum or copper-clad aluminum
equipment grounding conductors have been organized in a list format and significantly
revised.

250.121 The requirement that a metal frame of a building or structure not be used as an equip-
ment grounding conductor has been moved here from 250.136(A).

250.122(B) When increasing the size of equipment grounding conductors to correspond to the
increase in size of ungrounded conductors of the circuit, the previous requirements to
comply with 310.15(B) (more than 3 current-carrying conductors) and 310.15(C) (elevated
ambient temperatures) have been deleted.

250.122(F) Requirements for equipment grounding conductors that are installed or connected in
parallel have been revised. Revisions include for conductors that are installed in race-
ways, auxiliary gutters, or cable trays, as well as for multiconductor cables.

250.134 This section that requires grounding of equipment that is fastened in place or connected
by permanent wiring methods has been extensively revised editorially.

250.146 This section covers connecting receptacle grounding terminals to an equipment ground-
ing conductor and has been extensively revised editorially.

250.148 This section covers continuity of equipment grounding conductors and has been revised
editorially.

517.13(B) Grounding requirements for metal faceplates are revised from an exception to a rule.

517.16 Requirements for isolated ground receptacles have been clarified for both inside and
outside the patient care vicinity.

517.17(D) Requirements for testing the ground-fault protection of equipment system are revised to
require that the testing be performed by a qualified person(s).

517.21 Requirements for ground-fault protection for personnel are significantly revised.

5475(G) Ground-fault circuit-interrupter protection is required to comply with 210.8(B) but is lim-
ited in specific locations to 125-volt, 15- and 20-ampere receptacles.

550.32(E) Receptacles located outside a mobile or manufactured home are required to be provided
with GFCI protection in accordance with 210.8(A). Receptacles that provide power to a
mobile or manufactured home in accordance with 550.10 are not required to have GFCI
protection.

555.1 Floating buildings are now covered in Article 555 because previous Article 553 has been

combined with Article 555.

555.35(A)(1)

Receptacles providing shore power to vessels are required to have ground-fault protec-
tion of equipment (GFPE) not exceeding 30 milliamperes.

555.35(A)(2)

GFCI protection for personnel is required for 125-volt, single-phase, 15- and 20-ampere
receptacles for other than shore power.

555.35(A)(3)

Feeders and branch circuit conductors that are installed on docking facilities are required
to have ground-fault protection of equipment set to open at currents not exceeding
100 milliamperes.
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Introduction to Grounding
and Bonding

OBJECTIVES

After studying this Introduction, the reader will be able to

¢ recall the importance of using accepted definitions of
terms applicable to grounding and bonding.

e explain the importance of providing a low-impedance
path of proper capacity to ensure the operation of
overcurrent protective devices.

e explain the various components of the grounding and
bonding system.

e summarize Ohm'’s law and basic electrical theory.

e explain electric shock hazards and the effect of electricity
on the human body.
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Introduction to Grounding and Bonding

B THE MYSTERY

Over the years, the subject of grounding electrical
systems, circuits, and equipment has been among the
most misunderstood of topics related to electricity.
Great debates were held around the turn of the twen-
tieth century over whether electrical systems were
safer if they were grounded or if they were left un-
grounded. (This was also the era of debate between
Thomas Edison and George Westinghouse over
whether direct current [dc] was more economical and
safer than alternating current [ac]. We all recognize
ac distribution systems were adopted as the de facto
standard primarily because of the ease of increasing
or reducing voltages by means of a transformer.)

Article 250 of the National Electrical Code®
(NEC®) contains the general requirements for when
systems are required to be grounded, those systems
that are permitted but not required to be grounded,
and systems that are required to be ungrounded.
These requirements apply generally throughout the
NEC. Section 90.3 of the NEC tells how the NEC is
organized. We will have additional discussion about
the organization of the NEC later in this chapter.
NEC Chapters I through 4 apply generally. Article
250 is part of Chapter 2. Other requirements in NEC
Chapters 5, 6, and 7 can and do amend or modify
the general requirements in NEC Chapter 2. A list of
those electrical systems or circuits that are not per-
mitted to be grounded is contained in NEC 250.22.

Section 250.3 includes a reference to Table
250.3 where you will find a list of many locations in
the NEC that have specific requirements related to
grounding and bonding of circuits or electrical sys-
tems. Locations, occupancies, or systems included
in this Table vary from Agricultural Buildings to
Floating Buildings, and Health Care Facilities to
Swimming Pools and X-ray Equipment.

Generally, lower voltage systems such as those
that operate at 50 volts to ground or less, are not
required to be grounded. Several safety standards
including those of the Occupational Safety and
Health Administration (OSHA) use 50 volts as
the minimum voltage beyond which systems are
considered to be an electric shock hazard.

Grounded and ungrounded systems behave
differently. Generally, the first ground fault on
the grounded system will cause an overcurrent
device to operate and remove the faulted circuit

from operation. This will remove any shock hazard
that might have been present. Ungrounded systems
will typically tolerate the first ground fault which
will simply ground the system. But if the equipment
containing the ungrounded circuit conductors is
properly grounded and bonded, the equipment will
not present a shock hazard. A second ground fault
on an ungrounded system, if it occurs on a different
phase from the first ground fault, becomes a phase-
to-phase fault. If an adequate and Code-compliant
effective ground-fault current path is present and the
overcurrent protection is functioning correctly, the
overcurrent device will operate to remove the phase-
to-phase or phase-to-ground fault.

With regard to these grounding issues, the
requirements in the NEC has ended the debate over
whether grounded or ungrounded systems are safer.

Speaking the Same Language

There are several reasons for the confusion
about grounding and bonding of electrical systems
and equipment. Inconsistent use of terms related to
grounding and bonding no doubt plays a major role.
Heated debates are often held about grounding when
the parties may not clearly understand the definition
of the term being used to describe a component of the
grounding system. Use of terms that are closely related
may add to the confusion. What does grounded mean?
Does bonded mean the same thing as grounded? If a
piece of equipment is grounded, is it also bonded? Can
something be grounded and not be bonded? Conversely,
can something be bonded and not be grounded?

Consider a grounding-type receptacle located on
the twenty-seventh floor of an office building: Is the
receptacle still grounded even though the grounding
electrode connection to the service equipment from
which it is supplied is located many stories below?
The NEC definition of grounded is Connected (con-
necting) to ground or to a conductive body that extends
the ground connection.* Is the grounding terminal of
the receptacle in fact connected to earth? If so, how?
What “extends the connection to ground or earth” to
other parts of the electrical system?

Answers to these and other questions about
grounding and bonding are explored and explained
throughout this book.

*Source: NFPA 70-2020
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B» DEFINITIONS

Let’s look at some definitions next. An excellent
grasp of the terms that are used in the NEC, as
well as in this book, is essential for understanding
the subject of grounding and bonding of electrical
systems for safety. Unless noted otherwise, all defi-
nitions are from the NEC and are reprinted with per-
mission from NFPA 70-2020.

As we look at these definitions, we find sev-
eral have been changed in recent editions of the
NEC. The NEC Correlating Committee created a
Task Group that was directed to review the use of
terms related to grounding and bonding. The Task
Group met several times between the 2005 and 2008
NEC revision cycles and reviewed the use of terms
throughout the NEC. Many improper uses of exist-
ing terms were found. In addition, it was determined
that several terms related to grounding and bonding
were not clear or required revision for clarity. This
review resulted in proposals and comments from the
Task Group for many sections in the NEC, including
for Article 250. In these proposals and comments,
the Task Group made an effort to be more prescrip-
tive (state what is required) in a Code rule and to
rely less on defined terms. These changes make the
requirements on grounding and bonding easier to
understand and the NEC more user-friendly.

For the 2011 edition of the NEC, this work
continued with a focus on getting the requirements
related to grounding and bonding in Chapter 8 of the
NEC harmonized with the definitions in Article 100
as well as with Article 250.

Ground (NEC Article 100). The earth.*

Discussion: The definition of this term was
changed to its simplest form during the processing
of the 2008 NEC. Coordinating changes were made
throughout the NEC. Although electrical codes in
other countries may use the terms earthed or con-
nected to earth, as equivalent to ground or grounded,
the Code-Making Panel responsible for NEC rules
on grounding and bonding has not accepted propos-
als to include those terms.

It is recognized that the earth consists of many
different types of soil, from sandy loam to rock. The
photo in Figure I-1 shows several types of soil, from

*Source: NFPA 70-2020
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FIGURE I-1 The earth is made up of many
different types of soil.

what appears to be soil that is clear of rocks, to solid
rock. Obviously, the ability to make an electrical con-
nection to organic matter like “dirt” can vary from
being fairly easily accomplished to almost impossible.

Soil resistivity is determined largely by its content
of electrolytes, which consist of moisture, minerals,
and dissolved salts. Soil resistivity also is determined
by its ability to retain moisture. Soil with high organic
content, such as black dirt, is usually a good con-
ductor because it retains a higher moisture level and
thus electrolyte level. Sandy soils, which drain faster,
tend to have a much lower moisture content and elec-
trolyte level. As a result, they tend to have a higher
resistance. Solid rock and volcanic ash contain or
retain virtually no moisture and have high resistivity.

The resistance of soil varies from an average of
2370 ohm-centimeters for ashes, cinders, brine, or
waste, to 94,000 ohm-centimeters for gravel, sand,
and stones with little clay or loam. As a result, the
earth’s ability to carry current varies widely. See an
additional explanation of the resistance of several
types of soil in Appendix C in this book, as well as a
guide for determining soil electrical resistance.

As discussed in several locations in this text,
electrical connections to earth are not made for
the purpose of carrying neutral or fault current.
Primarily, earth connections are made for dissipat-
ing overvoltages from lightning or mishaps caused
by contact between electric utility system higher-
voltage lines and lower-voltage lines.
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FIGURE I-2 Electrical systems are grounded at their transformer by the electric utility, at the service, and

at or near the source of a separately derived system.

As shown in Figure I-2, to ground the electri-
cal system, it is connected to earth by one or more
grounding electrodes. Very often, electrical equip-
ment is also connected to ground or is grounded
in the same manner. Often a metallic object like a
ground rod is used to attempt to make an electrical
connection to organic matter—to dirt!

What Is the Electrical System? Although the
term electrical system is not defined in the NEC,
this is the source voltage and current usually pres-
ent at the electrical service as supplied by the elec-
tric utility. Perhaps more scientifically, the electrical
system is often the source of electromotive force,
the strength or intensity of which is measured in
volts. Even though the actual production of electri-
cal energy by the electric utility usually takes place
some distance from the premises served, we consider
the connection to the electric utility transformer(s)
as connecting to or the transformer providing the

electrical system. (See the definitions of service and
premises wiring system in Article 100 of the NEC.)
Another example of an electrical system is the
supply voltage and current from a separately derived
system. Some of these systems are power produc-
tion sources or equipment that usually are located
on the premises. These systems include but are not
limited to a battery (or bank of batteries), transform-
ers, generators, solar photovoltaic systems, wind-
driven generators, and fuel cells. Granted, electrical
energy is not “produced” by the transformer as it is
by a generator, solar photovoltaic system, or fuel
cell. The transformer simply increases or decreases
voltage, depending on the ratio of the primary to the
secondary windings. A transformer (depending on
how it is connected) is either a separately derived
or a non-separately derived system. For discussion
of grounding and bonding, we also consider a sepa-
rately derived system to be an “electrical system.”
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Additional discussion on the subject and
purposes of connecting the electrical system to
ground can be found in this book at 250.4(A).
A discussion on the purposes of grounding
electrical equipment can be found in this book at
250.4(A)(2) for grounded systems and at 250.4(B)(1)
for ungrounded systems.

Grounded (Grounding) (NEC Article 100). Con-
nected (connecting) to ground or to a conductive
body that extends the ground connection.*

Discussion: Figure I-2 illustrates the concept of
grounding electrical systems and equipment. The
phrase “connected to ground” is not defined. It
is generally accepted that equipment or systems
are connected to ground (earth) through one or
more grounding electrodes that make a satisfac-
tory earth connection. The requirements for con-
necting a service and separately derived system
to a grounding electrode (system) are found in
Part II of Article 250. The requirements for install-
ing or creating a grounding electrode system are
found in Part III of Article 250. The reasons for
grounding electrical systems are found in 250.4(A)
(1), where the performance goals of grounding
electrical systems are stated. The purpose of con-
necting equipment to earth is found in 250.4(A)
(2) for grounded systems and in 250.4(B)(1) for
ungrounded systems.

Likewise, the phrase “a conductive body that
extends the earth connection” is not defined. Al-
though this phrase can perhaps have more than one
meaning, for our purposes it means the following:
a metallic conductive element, such as a raceway,
cable, wire, or enclosure, that extends from the point
where an earth connection is made at one or more
grounding electrodes to another point on the electri-
cal system where equipment such as a switchboard,
panelboard, junction or pull box, or grounding-type
receptacle is properly connected to it.

As shown in Figure I-3, this equipment, even if
located on an upper floor of a multistory building, is
considered to be grounded or connected to earth. It
should be fairly easy to follow this grounding path
through one or many points or connections to the

*Source: NFPA 70-2020
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FIGURE I-3 Grounded by conductive body that
extends the earth connection.

grounding electrode (system). The extension of the
connection to the earth is provided by:

¢ the grounding electrode conductor from the
grounding electrode to the service equipment

¢ the main bonding jumper from the neutral bar to
the equipment grounding conductor terminal bar

¢ the equipment grounding conductor to the pan-
elboard (may be any of those recognized or per-
mitted by 250.118)

e the equipment grounding conductor in the
branch circuit to the receptacle

Requirements for providing an “effective ground-
fault current path” are contained in 250.4 as well.

What does the word equipment mean here? This
term as defined in Article 100 of the NEC includes
essentially anything and everything that is used in an
electrical installation: fittings, devices, appliances,
luminaires, apparatus (switchboards, panelboards,
and motor control centers), and so forth.
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As defined in Article 100, grounding electrodes
are used to make the electrical connection to earth.
Consider the metal support structure of a building. If
a metal structural column such as a piling is driven
into the earth for 10 ft (3.0 m) or more, it qualifies as
a grounding electrode as described in 250.52(A)(2).
The portion of the metal column that extends above
the earth is permitted to serve as a grounding elec-
trode conductor. See 250.68(C)(2). A structural
metal grounding electrode often extends many sto-
ries above the point where it is either bonded to a
concrete-encased grounding electrode or itself
makes an earth connection. Separately derived sys-
tems can then use the structural metal as a ground-
ing electrode conductor even though located many
stories above grade level. Metal water pipe ground-
ing electrodes are also recognized as “extending the
earth connection” for certain occupancies where
continuity of the water pipe can be verified. Exten-
sive discussion of the rules for grounding separately
derived systems is found in 250.30 in this book.

A system or equipment can be grounded (con-
nected to ground or earth) and not be in compliance
with Code rules. Figure I-4 shows a branch circuit
that is extended to a metal pole that supports a park-
ing lot luminaire. An equipment grounding con-
ductor is not run with the circuit. A ground rod is
installed at the pole to ground the metal pole and the
luminaire. According to the definition of grounded,
the metal pole and luminaire are in fact grounded

Lighting standard
connected to
ground rod only.
VIOLATION

FIGURE I-4 Grounded improperly.

because the installation is literally “connected to
earth” as specified in the definition. However, the
pole and the luminaire are not grounded properly
and cannot be considered to be in compliance with
Code rules because an effective ground-fault current
path as required by 250.4(A)(5) and 250.4(B)(4) has
not been provided. As seen in 250.4(A)(5), the earth
is not permitted to be used as the sole (only) equip-
ment grounding conductor, and as a result is not con-
sidered to be an effective ground-fault current path.

Therefore, when we use the word grounded, we
imply that a connection is being made to the earth or
to a conductive body that extends the earth connec-
tion in compliance with the applicable rules.

Effectively Grounded. This term was deleted dur-
ing the processing of the 2008 NEC. The Code Panel
concluded the term was vague and unenforceable. The
term was thought to be an effort to add emphasis on
the quality of grounding connections, not unlike be-
ing “very grounded.” Section 250.4 contains perfor-
mance goals for grounding and bonding. The sections
of Article 250 following 250.4 contain “prescriptive”
rules that provide the how-to requirements for install-
ing grounding and bonding conductors, systems, and
equipment.

Bonding (Bonded) (NEC Article 100). Con-
nected to establish electrical continuity and conduc-
tivity.*

Discussion: The term bonded is used as the
past tense of bonding. Bonding is a verb meaning
the ongoing action of connecting objects. Bonded
means two or more objects have been connected.
This is another term related to grounding and bond-
ing that was revised during processing of the 2008
NEC. Bonding implies a present action and bonded
represents equipment that has been connected to-
gether. The phrase about having adequate capacity
was removed, because several sections of Article
250 provide the minimum size of conductor required
to provide adequate capacity to carry fault current.

Although there is more than one type of bond-
ing, bonding in its simplest form means connecting
metallic parts together. The conductor and connec-
tions provide the path or complete the path for fault
current to flow (see Figure I-5).

*Source: NFPA 70-2020
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Eccentric knockouts

Conduit is bonded
to enclosure by
bonding jumper

Concentric knockouts

FIGURE I-5 Bonded, NEC Article 100.

Imagine a conduit connection to a panelboard or
metal wireway for which a low-impedance connec-
tion cannot be ensured because of a painted surface
or concentric or eccentric knockouts. A bonding
jumper can be placed around the connection to en-
sure the continuity of the grounding path from the
conduit to the enclosure.

Another essential element of bonding is the size
of the bonding jumper. Though the concept of sizing
has been removed from the definition, the bonding

Introduction to Grounding and Bonding

conductor must be large enough to “conduct safely
any current likely to be imposed.” Obviously, a bond-
ing jumper is of little value if it is so small that it
melts while carrying fault current. Specific require-
ments are found in the NEC for bonding of service
equipment, for bonding other equipment to provide
the ground-fault path, for bonding in hazardous lo-
cations as well as in other applications. The proper
sizing and connections of the bonding jumper are
discussed in this book at the applicable NEC section.

As can be observed in Figure I-6, a conduit or
equipment grounding conductor in a metal-clad (Type
MC) cable bonds metallic enclosures together. It can
also be observed that once bonded to an enclosure that
is connected to earth (grounded), the bonding conduc-
tors extend the earth connection to the connected en-
closures. Because the bonding conductor serves dual
purposes—that of connecting equipment together as
well as extending the grounding connection—we can
conclude that the functions of grounding and bonding
become inseparable. The bonding conductor extends
the ground connection, and the equipment grounding
conductor connects metallic components together.
Note as well that the definition of equipment ground-
ing conductor has been revised to recognize the dual
action of grounding and bonding.

Panelboard bonded (and
grounded) by conduit and
bonding jumpers if needed

j]oooooooo

Transformer bonded (and
grounded) by equipment
grounding conductor

FIGURE 1-6 Bonding with wiring methods and equipment grounding conductor.
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Another type of bonding is equipotential bond-
ing. The term equipotential bonding is not defined in
the NEC, but the concept is that a bonding conduc-
tor is installed and connected between equipment so
there is no shock hazard if a person or animal con-
tacts both equipment at the same time. This equipo-
tential bonding attempts to keep the equipment at the
same voltage level even if a line-to-ground fault has
occurred in one of the pieces of equipment. A voltage
will be impressed on the equipment due to voltage
drop of the circuit until the overcurrent device opens.

Equipotential bonding requirements appear in at
least four locations in the NEC. Equipotential bond-
ing is used in patient care areas of health care facili-
ties, though the term is not used in Article 517; in
Article 680 for swimming pools and related equip-
ment; in Article 682 for certain metal equipment
near natural and artificially made bodies of water;
and in Article 547 for agricultural buildings. Equi-
potential bonding is done to keep the potential (volt-
age) equalized so far as practicable, so there is no
shock hazard to people or animals that have contact
with more than one conducting surface or are im-
mersed in water. In this book, the words bonded and
bonding are not used to mean equipotential bonding
unless stated otherwise.

Bonding Conductor or Jumper (NEC Article 100).
A reliable conductor to ensure the required electri-
cal conductivity between metal parts required to be
electrically connected.*

Discussion: A bonding conductor or jumper is
a conductor, made of copper or aluminum, used to
ensure electrical conductivity between metal parts
that must be electrically connected (see Figure 1-7).
Obviously, a bonding jumper is used to comply with
the requirement for bonding equipment or complet-
ing the path for current to flow. For some installa-
tions, the NEC requires the bonding jumper to be
copper; for others, an aluminum conductor is per-
mitted to be used. The NEC specifies the minimum
size of copper or aluminum conductor permitted for
the particular application. In every case, the conduc-
tor must be large enough to safely carry the fault
current imposed on it without becoming so hot the
connectors or conductors are damaged.

It is also obvious that a piece of conduit or other
metal raceway functions as a bonding conductor.

External bonding jumper routed
with raceway and generally not
more than 6 ft long

FIGURE I-7 Bonding conductor or jumper,
Article 100.

When properly connected to each metallic enclo-
sure, the metallic raceway connects or bonds the
metal enclosures together. In reality, the connection
of the conduit to the first enclosure bonds the con-
duit to the enclosure. The connection of the metal
conduit to the second enclosure makes a bonding
connection. Thus, the metal enclosures are con-
nected together, or bonded, by the proper connec-
tion of the metal raceway between them.

As previously discussed, if the first or second
metal enclosure is grounded, the bonding conductor
also extends the earth connection to the other enclo-
sure or equipment.

Equipment Bonding Jumper (Bonding Jumper,
Equipment) (NEC Article 100). The connec-
tion between two or more portions of the equipment
grounding conductor. *

Discussion: Equipment bonding jumpers are used
to complete the path provided by the equipment
grounding conductors should it be impaired in any
way such as a suspect connection of conduit or EMT
to an enclosure (see Figures I-5 and [-7). Equipment
grounding conductors are permitted to consist of
conduit or metallic tubing, in addition to the wire-
type conductors. A list of acceptable equipment

*Source: NFPA 70-2020
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grounding conductors is found in NEC 250.118. An
equipment bonding jumper sometimes is needed to
provide a reliable and low-impedance connection
between conduit fittings, or between conduit and
enclosure. An equipment bonding jumper should
be installed if the integrity of connection of the
equipment grounding conductor, be it conduit or
otherwise, is not assured or is suspect in any way.
Remember, we need to provide the effective ground-
fault return path.

Equipment grounding conductors and bonding
jumpers are permitted to be installed outside a race-
way or cable assembly in certain situations. These
equipment grounding or bonding jumpers generally
are limited to not more than 6 ft (1.8 m) in length and
must be routed with the raceway; an example is shown
in Figure I-7. See 250.102(E), 250.130(C), and
250.134(B). Bonding jumpers are permitted to be lon-
ger than 6 ft (1.8 m) for outside installations on poles.

For conduit and metallic tubing installations,
a single loose locknut, connector, or coupling
connection will interrupt the ground-fault return
path, creating a shock hazard if a ground fault occurs
beyond the loose connection. (This cautionary note
is not intended as a criticism of properly made
conduit or metallic tubing installations.) As can be
seen in Figure I-8, a ground fault on the downstream
side of a loose conduit connection will create a
shock hazard, as equipment on the load side of the
fault will rise to the voltage of the system. This
voltage will appear across the point of the loose
connection. As an example, this is identical to
measuring the voltage across a switch. You will find
system voltage across a switch that is open.

From
480Y/277-V
system

Fault to
conduit

connection

FIGURE 1-8 Incomplete path.

Introduction to Grounding and Bonding

Main Bonding Jumper (Bonding Jumper, Main)
(NEC Article 100). The connection between
the grounded-circuit conductor and the equipment
grounding conductor, or the supply-side bonding
conductor, or both, at the service.*

Discussion: Article 250 has specific requirements
for the size of the main bonding jumper. As with other
bonding jumpers, the main bonding jumper must be
large enough not to melt while carrying current. The
main bonding jumper is located within the service
equipment or the service disconnecting means and is
permitted to be a wire, a bus, or a screw (see Figure 1-9).
It is identical in function to the system bonding jumper
that is located in separately derived systems. The main
bonding jumper and the system bonding jumper are

*Source: NFPA 70-2020
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<| Main bonding jumper:

~| * connects neutral to service enclosure.

e connects service enclosure to grounding electrode.

e transfers ground-fault current to neutral for return
to source.

FIGURE I-9 Main bonding jumper, NEC Article 100.
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