Board of Building Standards

cLECTRICAL SAFETY INSPECTOR ADVISORY COMMITTEE MEETING

AGENDA
DATE: MAY 06, 2022
TIME: 10:00 AM
LOCATION: NO MEETING THIS MONTH

REQQUEST FOR RECOMMENDATIONS

Personnel Certification Applications
P-1 Barbour, James BI, ESI
Certification ID: 8785
Current certs: none
Staff notes: Appears to meet requirements for ESI: recommend approval
ESIAC Recommendations:
Committee recommendation:

pP-2 Francis, R Brandon ESI T
Certification ID# 8759
Current Certifications: RBI
Staff Notes: Holds RBI, working for Safebuilt, has all sponsor forms.
ESIAC Recommendations:
Committee Recommendation:

P-3 Kizer, Joshua ESI, EPE
Certification ID# 8810
Current Certifications: none
Staff Notes: OCILB Electrical Contractor, recommend approval.
ESIAC Recommendations:
Committee Recommendation:

P-4 Zinn Sr., Randall - ESI, PI, Ml
Certification 1D: 8801
Current Certifications: none
Staff Notes: Holds OCILB license in HVAC and refrigeration. Per application, has been
installing all components of refrigeration and mechanical systems for 24
years. Recommend approval.
ESIAC Recommendation:
Committee Recommendation:

Continuing Education Applications for Review
ER-1 Grounding and Bonding, 2020 NEC (Dayton Area Electrical JATC)
EPE, ESI, RBO, EPE (two 6-hour sessions)
Staff Notes:
ESIAC Recommendation:
Committee Recommendation:

614-644-2613
Ohio Board of Building Standards Timothy Galvin, Chairman Fax 614 -644-3147
6606 Tussing Road TTY/TDD 800-750-0750
Reynoldsburg, OH 43068-9009 An Equal Opportunity Employer and Service Provider com.ohio.gov




File Attachments for ltem:

P-1 Barbour, James B, ESI

Certification ID: 8785

Current certs: none

Staff notes: Appears to meet requirements for ESI: recommend approval
ESIAC Recommendations:

Committee recommendation:




Board of Building Standards

Barbour

Lost Ngme

James

First Name

secnoN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

88S Certification (D

{:] Building Official |:| Master Plans @ Building li] Electrical Safety D Fire Protection
Examiner Inspector Inspector Inspector
||:| Building Plans D Plumbing Plans [___| Mechanical D Electrical Plans |:| Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
D Plumbing D Mechanical D Non-Residential
Inspector Inspector Industrial Unit
Inspector

SECTION 2: LIsT ANY OHIO LICENSE, CERTIFICATE, OR REGISTRATION HELD

(Mark “T" If Trainee)

Description

Architectural Registration

‘P.E. Registration

P

Certificate Number

Date Received J

Res Non-Res
O O Bu-iiding Official Certification
O [} Plans Examiner Cerificalion
O ] Building Inshector Certification
] [0 [Mechanical Inspector

i Ceriification

1iBui!ding Plans Examiner Cerlification

Mechanical Plans Examiner Certification

Fire Protection Plans Examiner Cerlification

Eilectrical Plans Examiner Certification

Plumbing Ptans Examiner Certification

Fire Protection Inspecior Certification

Electrical Safety Inspector Certification

Plumbing Inspector Certification

Fire Safety Inspector Certificalion

Fire Prolection System Designer Certification

[Medical Gas Piping Inspector Certification

Ohio Board of Building Standards

4/1/2019

Form # 102




Board of Building Standards  application for Interim Certification.

Barbour James

Last Name First Name

SECTION 3: EMPLOYMENT/EDUCATION

Building Department Personnel

88S Certification IO

lFormal Education

Date Gradualed

Maysville High School {Diploma)

5/1989

ITT Technical Collage (Associatas)

2/2015

Related Vocational or Technical Training

Years' Experience

U.S. Military construction experience (MOS or other designation):

Years' Experience

Ptace of Employment:

Years' Employed

Muskingum Counly Buiiding Departiment

Less than 1

SECTION 4: APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION

Attach proof of certification by an ASSE recognized third-party certifier in accordance with

ASSE standard 6020.

SECTiON 5: OBC BUILDING INSPECTION EXPERIENCE PERFORMED FOR A BBS CERTIFIED BUILDING

DEPARTMENT
BBS Coertified Building BBS Certified Duties Date of Service,
Department Position/Title Length of Time
(MM/IDD/YY)
N/A
Ohio Board of Building Standards 4/1/2019 Form & 102




Board of Building Standards

application for interim Certification. Building Departiment Personnel

Barbour James

Last Name First Mo BR% Certification 1D
SECTION 6: ELECTRICAL SAFETY INSPECTOR (ESI) - SPECIFIC EXPERIENCE QUALIFICATIONS
Applicants for Electrical Safety Inspector Only Must Complete This ltem

Section 3783 of the Ohio Revised Code specifies that an applicant for a Certificate of
Competency as an Electrical Safety Inspector must meet on of the following to qualify to take
required examination. Please check the qualification that applies:

. [0 Have been a journeyman electrician or equivalent for four years, two of which were as an
electrician foreman, and have had two years' experience as a building department electrical
inspector trainee;

. [J Have been a journeyman electrician or equivalent for four years and have had three years'
experience as a building department electrical inspector trainee;

. [J Have had for four years’ experience as a building department electrical inspector trainee;
. W Have been a journeyman electrician or equivalent for six years,

.0 Am a graduate electrical engineer and registered in
Registration number:

. [ Applicant authorizes all testing organizations including ICC to provide test resuits to the
BBS.

the State of Ohio.

SECTION 7: EXPERIENCE (Do NoT SuBsTITUTE wiTH OTHER RESUMES).

Refer to Experience Requirements Listed in O.A.C. 4101:7-3-01 and O.R.C. 3783

Below, list the specific projects you worked on, and the specific work you performed, your
typical duties for each project, and dates of this work. You must demonstrate that you have
the required number of months (years) of actual, practical experience for the certification
requested (see matrix).

Provide letters from certified inspectors, employers, or contractors verifying your experience.
Submit copies of any certificates, diplomas, or licenses. Remove all personal information.

SECTION 7 CONT.: EXPERIENCE

P

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_ To _

Specific Type of Work Performed Telephone Number (MM/YY)
Example: Homer Steel and Trade July 2013-May 2014
Children’'s Hospital. Toledo 125 Anytown Slreet {10 months}
Structural steel work on addition My City, OH, 45454
Ciicuit City- Cotumbus, Ohlo (419)555-1212
Apprentice Electrician. Commercial Electrical Instali .

Installed condult, wire, lixures, devices. elc. X-F Electric

Bob Evans- Pickerington, Chio 1120 Ciaycraﬁ Rd.

Foreman Electrician, H

Commercial Electric Install. Oversaw/ran projecl from stan Gahanna ' Ohio 43230

o finish. Installed condult, wire, fixtures, devices, ete. Site | 614-575-2700

lighting, underground condull, service. Per NEC.

Bob Evans- Polaris, Columbus, Ohie. Foreman Electriclan. q

Comm‘:afclal Electric Install. Oversa|\2fran[project tron?stan A" These PTO]ECtS worked at X'F

10 finish, Installed conduit, wire, lixtures, devices. etc. Site | Electric.

lighting, underground conduit, service. Per NEC.

Various commercial projecls for X-F Electric as a Foreman

or Journeyman. Instatled fire alarm system, motor controls.

Instatled conduit, wire, fixtures, devices, etc. Site lighling

underground conduit, service Per NEC.
Total Experience on This Page (In Months): 12
Ohio Board of Building Standards 4/1/2019 Form # 102




Board of Building Standards
Barbour

Last Name

First Name

Application for interim Certification. Butlding Department Personnel

James

BBS Certification (D

List Each Construction Project AND
Specific Type of Work Performed

Name of Employer, Contact, Address,
Telephone Number

Project Time: From_ To _
(MMIYY)

Speedway Truck stop- Circlevitle,
Ohig. Foreman
Electrician.Commercial Electric Install.
Oversaw/ran project from start to
finish. Installed conduit, wire, fixtures,
devices, etc. Site lighting,
underground conduit, service. Per
NEC.

Various commercial projects for X-F
Electric as a Foreman or Journeyman.
installed fire alarm system, motor
controls. Installed conduit, wire,
fixtures, devices, etc. Site lighting,
underground conduit, service. Per
NEC.

Glenford Elementary School-
Glenford, Ohio. Worked as
journeyman. Installed fire alarm
system, motor controls. Installed
conduit, wire, fixtures, devices, etc.
Site lighting, underground conduit,
service. Per NEC.

Chiller North lce Hockey Rink- Lewis
Center, Ohio. Oversaw/ran project
from start to finish. Installed fire alarm
system, motor controls. Installed
conduit, wire, fixtures, devices, etc.
Site lighting, underground conduit,
service. Per NEC.

Refugee Rd. Apartments-
Pickerington Ohio. 4 Buildings 24
apartments in each. Oversaw/ran
project from start to finish. Installed
fire alarm system. Installed conduit,
wire, fixtures, devices, elc. Site
lighting, underground conduit, service.
Per NEC

X-F Electric

1120 Claycraft Rd.
Gahanna, Ohio 43230
614-575-2700

X-F Electric

1120 Claycraft Rd.
Gahanna, Ohio 43230
614-575-2700

X-F Electric

1120 Claycraft Rd.
Gahanna, Ohio 43230
614-575-2700

Titan Electric (the original)
Gahanna, Ohio 43230

Titan Electric (the original)
Gahanna, Ohio 43230

11/99 - 03/00 (5
Months)

03/00 - 06/03

06/03 - 11/03

04/2004 - 10/2004

10/2004 - 04/2005

Total Experience on This Page (In Months):

]

Ohio Board of Building Standards

4/1/2019

Form # 102




Board of Building Standards
Barbour

ast Name

First Name

Application for tnterim Certification, Building Department Personnel

James

BBS Certification {D

List Each Construction Project AND
, Specific Type of Work Performed

Name of Employer, Contact, Address,
Telephone Number

Project Time: From_ To _
{MM/YY)

Owner of company. Oversaw/ran
projects from start to finish.
Oversaw employees. Estimation.
Installed fire alarm system and
motor controls. Installed conduit,
wire, fixtures, devices, etc. Site
lighting, underground conduit,
service. Per NEC

Commercial Lighting- Grove City,
Ohio. Project Manager/
Estimator.Oversaw/ran projects
from start to finish. Oversaw
empioyees. Estimation.

Edgewood Electric- Columbus
Ohio. Project Manager/ Estimator.
Managed Columbus office.
Oversawi/ran projects from start to
finish. Oversaw employees.
Estimation.

Indco Electric- Sunbury Ohio.
Project Manager/ Field
Supervisor. Oversaw/ran projects
from start to finish. Oversaw
employees.

Ables Electric- Zanesville Ohio.
Project Manager/ Estimator.
Oversaw/ran projects from start to
finish. Oversaw employees.
Estimation

Premier Wiring Services
Zanesville, Ohio 43701

Commercial Lighting
1798 Killdeer Dr.

Grove City, Ohio 43123
614-653-2009

Edgewood Electric
939 Dudley Rd.
Edgewood, Ky. 41017
859-341-4433

Indco Electric

130 Stelzer Ct.
Sunbury, Ohio 43074
740-965-9212

Ables, Inc.

330 East Pike
Zanesville, Ohio 43701
740-453-6015

04/05 - 02/07

02/07 - 05/09

10/2010 - 03/2016

06/2016 - 02/2018

02/2018 - 07/2021

Total Experience on This Page (In Months):

175

Ohio Board of Building Standards

4/1/2019

Form # 102




Board of Building Standards
Barbour
Last Nome

List Each Construction ;r-o.j.ect AND
Spacific Type of Work Performed
Please note that | have worked on

and supervised many other
projects. I've worked in residential,
commercial, and industrial
settings. I've also acheieved an
Associates Degree in networking.
| started in the the trade in 1996
\with X-F Electric and worked my
|way up as an estimator/ project
manager. | hold a City of
| Zanesville Master Electrician
| License, State of Ohio Fire Alarms
| License, and an Ohio Electrical
Contractor License.

Ohio Board of Building Standards

|
|
!:
|

First Name

Name of.Employ“er, Co.n.tac.i,. .Addrass,.
Telephone Number

-

Total Experience ;n This Page tlnTVlc%lhs): .

4/1/2019

Application for Interim Certification, Building Department Personnet

James

BBS Certification ID
Projact Time: From_To _
{MMIYY)

05/96 - present ;

Form # 102




Board of Building Standards  appiication for tnterim Cerufication, Building Department Personnel
Barbour . James

Last Name First Nome 885 Certification

SECTION 8: PERSONAL HISTORY
1. Have you ever been convicted of any felony, or any crime involving moral turpitude?

TiYes [ No
if you answered “Yes" please explain below.
2. Have you served in the U.S. armed services? (If No, skip question 3) JYes @ No

3. IFYES, were you discharged under honorable conditions? Yes [ No
If you answered “No” please explain below:

I

SECTION 9: CERTIFICATION

1 certily the information cordamed i ivs appiicabon is true and complete. and | understand that providing fafse informalion
may be grounds for not granting certification or for immediate terminabion of certification at any point i the future. if granted
| authorize the investigation of all statements conlained herein and release all parties from all iability for any damage that

may resull from fumishing the same to Ohio Board of Buiding Standards.  Falsification is a violation of section
2921.13 of the Ohio Revised Code and is punishable as a misdemeanor of the first degree.

Signature of Apphcanﬁ«-)zzv i (:/2., 4;-2,‘_.

Subscribed and duly sworn before me according to law, by the above named applicant this

Morth Lizilgy PheaniA
day | of }\07C# inthe year 200 at ﬁ;ﬂgﬁg&l‘» County of
skt wy and State of C -

Notary Public;

“TEPHANIE L DAVIS
iary Publfe
State of Ohilo

My Comm. Expires

October 13, 2026

Ohio Board of Building Standards 4/1/2019 Form # 102
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City of Zanesville PROFESSIONAL LICENSE CERTIFICATE
401 Market Street
Zanesville, OH 43701
WWW LO2.0rg
(740)617-48%0

This License/Registration is not transferable

Issued To: JAMES BARBOUR
Mailing Address: 2225 PINKERTON LN
ZANESVILLE, OH 43701
License Number: ELECCNTR-0390-2019 License Type: Electncal Contractor
Issued Date: 11/26/2019 Classification; Master
Expiration Date: 12/31/2021 Fees Paid: ) $300007 ]

LN {f\ Lt //)ﬁ /

T T
} mirector of Public Safety

This License/Registration is valid for the dates stated above unless sooner revoked on proof of cause.

TO BE POSTED IN A CONSPICUOUS PLACE

11




Any changes in information must be submitted within 30 days to:

Bureau of Testing & Registration
PO BOX 529
Reynoldshurg, Ohio 43068
614-752-7126
614-995-4206 (fax)
webfmtr@com.state.oh.us

This license shall be carried on your person while performing the listed activities.

State of Ohio
Department of Commerce
Division of State Fire Marshal

FIRE PROTECTION LICENSE
JAMES P BARBOUR
54.25.3479
Expiration Date: 01/02/2023

o 67 5%

Signagure
This car be on your person while performing listed activities.

Ohio Depantment of Commerce
Division of State Fire Marshal
Bureau of Testing & Registration
8895 E Main Street, PO Box 529
Reynoldsburg, Ohio 43068

JAMES P BARBOUR

12




JAMES P BARBOUR
is duly registered and is entitled to the practice in the 5tate of
Ohlo. License categories are for Servicing, Testing, Repairing,

and Installing.
Fire Alarms / Detection

13




Department

of Commerce Mike DeWne
Shery! Maxfield

Division of industnal Compliance
Dhio Constructions ndustry
Licensing Board DGCILEB

i
i Mike DeVvine i Shervl Maxfiele
Gorzmns Electrical Director

CONTRACTOR'S LICENSE

BARBOUR, JAMES P

|

|

1

: Obio License = 37817 Expiration Date: 04/04/2023
| JAMES P BARBOUR

: PRO LIGHTING LLC

|

|

EMPLOYEE o
M/ﬁy Fo ) oanean lf:"‘f- <

- Y ] ) William Koester
e IR0 G0 L Administrative Chairpersc

I Board Secretan

e e mw mr wr mm o Em o Ee e Er Em o mm am mm Em e e ER Er Er Em Em M mr em mm am me e

This is YOUR license. Plan Approvals obtained with YOUR
license and posting of YOUR license indicates that YOU and
YOUR liability insurance are assuming all responsibility for
any projects performed under this license.

Mike DeWine Sheryl Maxfield
Governor Director

Electrical

CONTRACTOR’S LICENSE
JAMES P BARBOUR
PRO LIGHTING LLC

ALIS 9Of NO GIISOd A% LSNW ASNADTT

EMPLOYEE
Ohio License# 37817

Expiration Date: April 04, 2023

LICENSE MUST BE POSTED ON JOB SITE.

otta ot




File Attachments for ltem:

P-2 Francis, R Brandon ESI T

Certification ID# 8759

Current Certifications: RBI

Staff Notes: Holds RBI, working for Safebuilt, has all sponsor forms.
ESIAC Recommendations:

Committee Recommendation:

15




Board of Building Standards

Frcu\ ¢ Q

Last Name

Applicatien for Trainee Certification, Building Department Personnel

Ro\lﬂ\\

3759

First Name

SECTION 1: CHECK TRAINEE CERTIFICATION(S) BEING REQUESTED

BBS Certification 1D

] Master Plans |[] Building Plans [] Electrical Plans |[ ] Fire Protection [[_] Mechanical Plans
Examiner Examiner Examiner Plans Examiner Examiner
[ ] Plumbing Plans  {[_] Building [\ Electrical Safety |[] Fire Protection  |[_] Mechanical
Examiner Inspector Inspector inspector Inspector
[] Plumbing [] Non-Residential
Inspector Industrial Unit
Inspector

[] Res. Plans Examiner

] Res. Building Inspector

[] Res. Industrial Unit Inspector

] Res. Mechanical Inspector

SECTION 2: LIST ANY OHIO LICENSE, CERTIFICATE, OR REGISTRATION HELD

(Mark “T" If Trainee)

Description

Ce

rtificate Number

Date Received

Architectural Registration

P.E. Registration

=g

Building Plans Examiner Certification

Res Non-Res
| | Building Official Certification
| O Plans Examiner Certification
vd [] | Building Inspector Certification 75 q |31 ] 2007
M) [ Mechanical Inspector
Certification

Mechanical Plans Examiner Certification

Fire Protection Plans Examiner Certification

Electrical Plans Examiner Certification

Plumbing Plans Examiner Certification

Fire Protection Inspector Certification

Electrical Safety Inspector Certification

Plumbing Inspector Certification

Fire Safety Inspector Certification

Fire Protection System Designer Certification

Medical Gas Piping Inspector Certification

Section 3: Employment/Education

a. Formal Education

Date Graduated

Zane Stoate (Ascociate / EVect cal Ena

2019

Wrm\d- Stute ( o helor | ¢ ovmumrah o\r\(

20046

Ohio Board of Building Standards

Effective August 30, 2021

Form Number 154 — Trainee Application

16




Board of Building Standards
Ffan C‘r S

Last Name

Application for Trainee Certification, Building Department Personnel

f{ala\«

8751

First Name

BBS Certification ID

b. Related Vocational or Technical Training

Years' Experience

c. U.S. Military construction experience (MOS or other designation}:

Years' Experience

d. Place of Employment:

Years' Employed

3

C.'.-l-sg ot Neathn

SECTION 4: OBC/RCO BUILDING INSPECTION EXPERIENCE PERFORMED FOR A BBS CERTIFIED BUILDING DEPARTMENT

BBS Certified Building BBS Certified Duties Date of Service,
Department Position/Title Length of Time
{MM/DD/YY)

N/ ™

SECTION 5: EXPERIENCE (Do NOT SUBSTITUTE WITH OTHER RESUMES).
Refer to Experience Requirements Listed in 0.A.C. 4101:7-3-01 and O.R.C. 3783

Below, list the specific projects you worked on, and the specific work you performed, your
typical duties for each project, and dates of this work. You must demonstrate that you have
the required number of months (years) of actual, practical experience for the certification

requested (see matrix).

Provide letters from certified inspectors, employers, or contractors verifying your experience.
Submit copies of any certificates, diplomas, or licenses. Remove all personal information.

List Each Construction Project AND Name of Employer, Contact, Address, Project Time: From_ To _
Specific Type of Work Performed Telephone Number (MM/YY)
Example: Homer Steel and Trade July 2013-May 2014
Children's Hospital, Toledo 125 Anytown Street (10 months)
Structural steel work on addition My City, OH, 45454
(419)555-1212
Total Experience on This Page {In Months):
Ohio Board of Building Standards Effective August 30, 2021 Form Number 154 — Trainee Application

17




Board of Buildlng Standards Application for Trainee Certification, Building Department Personnel

Franc: S Ralph 3759

First Name BBS Cettification 1D

Last Name

SECTION 5 CONT.: EXPERIENCE

'Specifc Type of Work Pertormed e o etepnone Number o | e
AEP Cag Ena’.néfvihﬁ o€ hol§ -
a1y & 1381y| 8100 walte Py oy 15 014
CubStatlon( New Dlbony O Ciimonth ()
AsSet Mavagomatt| 1305 4

ot COno\u\CJrW,(/ eeavr | (y- et - 86

brealcerS  Sw Hchel

felay ¢ | p ofontial

K Curvrent TRnKoma S,

Deakted One -ling

bhammg \A(’ms

Clechvic DESemblicl

Total Experience on This Page (in Months): Tt

Ohio Board of Building Standards Effective August 30, 2021 Form Number 154 — Trainee Application




Board of BUildil‘lg Standards Application for Trainee Certification, Building Department Personnel

______ anch § ({alyp X751

Last Name First Name | BBS Certification ID

SECTION 6: PERSONAL HISTORY
1. Have you ever been convicted of any felony, or any crime involving moral turpitude?

If you answered “Yes” please explain below: [J Yes [ No
2. Have you served in the U.S. armed services? {If No, skip question 3) ] Yes [ No
3. If YES, were you discharged under honorable conditions? [JYes[] No

If you answered “Nc” please explain below:

SECTION 7: CERTIFICATION

I certify the information contained in this application is true and complete, and |
understand that providing false information may be grounds for not granting
certification or for immediate termination of certification at any point in the future,
if granted. | authorize the investigation of all statements contained herein and release
all parties from all liability for any damage that may result from furnishing the same
to Ohio Board of Building Standards. Falsification is a violation of section 2921.13 of
the Ohio Revised Code and is punishable as a misdemeanor of the first degree.

Signature of Applicant: 71—- ’_1\ .

Subscribed and duly sworn before me according to law, by the above named applicant this day l“ﬂ
of ' in the year 2022 at _ H<ath , County of _ L1 C¥.s oy and State

of Lﬂ.* % @ ;
Notary Public: $A_J _{irae "YW\ M

DENSE m TeuwsH

(onm Eypuwa- 5/!&/ 202"/

Ohio Board of Building Standards Effective August 30, 2021 Form Number 154 — Trainee Application
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Board of Building Standards Application for Trainee Certification, Bullding Department Personnel

Fron L Ralph €759

Last Name First Name ' BBS Cartification ID

SUPERVISOR CERTIFICATION OF TRAINEE
Please complete this certification and return it with the BBS Application for Trainee Certification.
Application for participation in a BBS trainee program is being made to the Board

of Building Standards. I, _Christopher T Wilson , trainee supervisor for the political

subdivision of  SafeBuilt , (unicipality, Township, County) hold

certification as a CBO,RBO, Bl, ES| Certification ID# 1643 effective
06/2024

until , and hereby consent and agree to supervise the work of

Ralph Francis pplicanyy a8 @ Building Department Trainee pursuant to

section 4101:7-3-01(F)(5)(b) of the Ohio Administrative Code.
Number of Trainees presently supervised (including this applicant):

X  One Two

Signature; ¢ Sheszt <2 7 D2EZor  Date, 04/07/2022

Ohio Board of Building Standards Effective August 30, 2021 Form Number 154 — Trainee Applicalion

20




Board of Bui!ding Standards Application for Trainee Certification, Building Department Personnel

Feonc: { ﬁ“'gh £759

Last Nama First Name BBS Certification 1D

BUILDING OFFICIAL CERTIFICATION OF
TRAINEE AND SUPERVISOR

Please complete this certification and return it with the BBS Application for Trainee Certification

Application for participation in a BBS Trainee program is being made to the Board

of Building Standards. I, ﬂ) fmaé S ﬂDFJ DA , Building Official for

the political subdivision of S 0/‘{‘-6(0(,0;' ’{' {Muuicipality, Township, County) O

hereby acknowledge that the applicant, Ei&,l ’Qb (ouedan Fune S , and the assigned

supervisor, C { h 1) (’ L 6} ",ﬁ WA} are full-time employees of the above

mentioned political subdivision.

Signature: 4/{//4(14’ | Jﬂl{)jﬂ,ﬁ)? Date:  4~G 22

Ohio Board of Building Standards Effective August 30, 2021 Form Number 154 — Trainee Application
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Board of Building Standards Application for Trainee Certification, Building Department Personnel

Last Name First Name BBS Certification ID
OPTIONAL ALTERNATIVE TRAINEE PROGRAM PLAN FORM

Building Official, Supervisor and Applicant shall complete and submit this form with BBS Application
Jor Trainee Certification only if Trainee Sponsor is proposing an aliernative trainee program in lieu of
the requirements of the traditional treinee program specified in OAC 4101:7-3-01 (F)(3)(e). No
Alternative Trainee Program may propose to waive examination reguirements or altendance at the
OBCA.

PROPOSED ALTERNATIVE PROGRAM PLAN DESCRIPTION
Attach additional pages if necessary and/or a letter describing the proposed program conditions.

Proposed Alternative Program Length:

Proposed Alternative Program Education Requirements:

Proposed Altemative Program Training & Supervision Requirements:

Explanation of how the Proposed Alternative Program provides equivalent level of training and
education based on the Applicant’s experience documented in the application:

Applicant Signature: Date:
Supervisor Signature: s T e Date; _ 04/07/2022
Building Official Signature: Date:

Ohio Board of Building Standards Effective August 30, 2021 Form Number 154 ~ Trainee Application
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OBC TRAINEE REQUIREMENTS FOR NON-RESIDENTIAL BUILDING DEPARTMENT PERSONNEL
(4101:7-3-01 Ohio Administrative Code)

TRAINEE TRAINEE EXPERIENCE REQUIREMENTS EXANM MODULE REMENTS PROFESSIONAL
CERTIFICATIONS 400%7-3-00FX5) NCPCCH ICC LICENSE REQ.
Expmination and Ohlo Code Acaderny
”m' u’m“ Gradate Ardttat or Engineer fron an HAAD, EAC-ABET, or similarly accredited university, | requirements for the retated certification mm; z‘:;:‘
TRAINEE Subemit copy of degres. to be completed within the sllotted time tra
of the trarvee el LAl
BIRLDANG 1. Traines spplicants shatl:
PLANS EXAMIRER | () Ba n grhuts Architact or Engliear from an NAAB, EAC-ABET, or similasty accredited
TRAMNEE Suberitt copy of degres, or
ELECTRICALPLANS | (b)Havs atheast one yaar of experience as:
EXAMINER (T} A full-tima Mmdu.hmmmmm phimbing intpactar, slectrianl
TRAINFE safety b In a cartifled non-residential bullding
[ FIRE PROTECTION | ﬂma&dthmmdmmﬂhmhmlbﬂudmd Exwninstion and Ohio Code Academy
PLANS EXAMAINER of health; or requirements for the refated cestification None Requfrad
TRAMEE MAM&-NMMM ol plars fal bullding { to he completed within the sllotted time
TECHANICAL e;"m p In 2 cortifed vesideretal bulding | of the trainee program.
PLANS EXAMINER mammaﬂww;mmm o of § desigh
TRANEE preparing construction unmdawdkdﬂuﬁaywhudmbulldmpc
PLUMEING structures within the scope of groups regufated by the Oblo bullding eadas.
PLANS EXAMINER | (c) Submit evidence of elighity to receive the education eredit pursuant to paragraph (FX6)
TRAINEE of yio17.3-01
BULDING e T e s
INSPECTOR asa PR Cod
cade adoptad for nonesh mumdmwmm Lt Academy
TRAINEE requiremants Tor the related certtfication
WECHANICAL """"*;" Bowrd - o | 1o be completed within the ahutted tme LR
NsPRTOR | M Sypee etlence of chghily toracelva he eredit pursentto paragraph (FN8) | o the tratnwe program.
§___Thames
1 Twro yars of experence In the incialistion of electricl systermns subjedt to npection under
ELECTRICAL SAFEYY | o bulidim coe adapted for bulldings within the scope of groups segulsted by the nies of E"'w' detion :mwu;?'”“&a'd’m""
INSPECTOR the Bogrd :"b. camplated Aty a; et Hone Required
TRAINEE 1.&?:ﬂuﬁdmofmmmmmeduaﬂmmewmtﬂxl)d of the
1. Three years of experl the Instaitall, imbin shiect tolnspection imder
PLUMBING el code sdpledfor bl g ki v scope o rowps regited by th eles o o i silogi e
INSPECTOR the Board tobe Rithn the allotted tme Hone Required
TRAINEE 2, Submit evidence of elgfbility to recetve the aducation credit puriuant to paragraph (FX6) compieted
of 490123 o of the traines program.

NOTE 1. Only experience directly related to buildings or structures within the scope of groups regulated by the
Chio Building Code Is acceptable for any class certification. THIS DOES NOT INCLUDE ONE-, TWO-, OR THREE-
FAMILY STRUCTURES.

NOTE 2. Trainee applicants may obtain credit for one year of the required experience through education
pursuant to 4101:7-3-01(F)(6) CAC. documentation must be submitted with the application.

NOTE 3. Tralnee applicants must be under the direct supervision of a person certified In the trainee's respective

field. Sponsor and Supervisor forms must be signed by the Building Official and the certified supervisor,
respectively. Submit with application.

NOTE 4. Enforcement, inspection, or plans examination experience must be performed (a) prior to 1984, for a
non-residential bullding department certifled by the board of bullding standards to exerclse enforcement
authority for buildings or structures within the scope of groups regulated by the rules of the board; (b} in an
agency or Jurisdiction outside the state of Ohio enforcing a model non-residential building code of a national
model code organization or a code adopted for the respective buildings or structures of the types regulated by
the rules of the board; or (c) certification by the department of commerce, division of Industrial compliance, as
a plumbing Inspector when application is made for board certification as a plumbing inspector. THIS DOES NOT
INCLUDE ONE-, TWO-, OR THREE-FAMILY STRUCTURES.

Ohio Board of Buliding Standards Effective August 30, 2021 Form Number 154 — Tralnee Application
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OBC TRAINEE REQUIREMENTS FOR NON-RESIDENTIAL BUILDING DEPARTMENT PERSONNEL

(4101:7-3-01 Ohlo Administrative Code)

NOTE 5. Treinee applicants must complete the Ohlo Buliding Code Academy during thelr Initial trainee

certification period.
Exceptions:

(a) Medical gas plping inspectors pursuant to paragraph (E)(20) of 410:7-3-01.

{b) Industrialized unit Inspectors.

(c) Plumbing Inspectors certified pursuant to Chapter 3703, of the Revised Code with five years of experlence
as fulktime employees of the Divislon of Industrial Compliance in the Ohio Dept. of Commerce or of county
boards of health who are seeking plumbing inspector certification.

(d) Individuals who have completed the Ohio Building Code Academy within thirty-six months immediately
preceding the date of recelpt of initial certification may attend “Code Administration and Skills Trainlng”
provided by the Board in liew of the Ohio Building Code Academy.

NOTE 6. For scheduling examinations, applicants may contact either: Prometric, 1360 Energy Lane, St. Paul MN
55108, (800) 864-5309, www.prometric.com for NCPCCl exams or, International Code Council, National
Certification Services, 900 Montclair Road, Birmingham, AL 35213, (888) 4227233, www.iccsafe.org.

NOTE 7. Module deseription:

NCPCC!
1A - Bullding 1+ 2 Family Dwetling
18 - Building Genera)
1C ~ Building Pian Review
2A - Elsctrical 1», 2Family Dweliing
2B - Elactrical Gsnoral
26 - Elwctrical Plan Review
3B = Fira Protection General
3C - Fire Protection Pian Review
4A - Muchanical 1+, 2&amlly Dwelling
48 - Machanical General
4C - Mochanical Plan Review
8A ~ Plumbing 1+ 2-Famlly Dwelling
4B = Plumbing Qenarat
3C - Plumbing Plan Review

Ohio Board of Building Standards

ICC
MK - Managsment
MG - Legal
8¢ - Building Codes and Standards
CA - Commarcial Fire Alarm Ingpector
CF ~ Commerclai 8prinklar Inapector
CP - Commercial Fire Sprinkter Plans Examiner
B4 - Residential Building hspactor
82 - Commarcial Building Inapector
B3 - Bullding Plan Examiner
E1 - Residantial Electrical Inspactor
E2 ~ Commarcial Electrical inspector
E3 - Electrical Plan Examiner

M1 - Residential Mechanical [napector
M2 - Gommercial Mechenical Inspecter
M3 = Mechanical Plan Examiner

Pt - Rasidentlal PFlumbing Inspsctor
P2 — Commercial Plumbing inspector
P3 - Plumbing Plan Examinar

Effective August 30, 2021

Form Number 154 — Traines Application
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RCO TRAINEE REQUIREMENTS FOR RESIDENTIAL BUILDING DEPARTMENT PERSONNEL
(4101:7-3-01 Ohio Administrative Code)

TRAINEE TRAINEE EXPERIENCE REQUIREMENTS. EXAM MODULE REQUIREMENTS PROFESSIONAL
CERTIFICATIONS 41013 39%FYs) NePca bricC LICENSE REQ.
umm#;uus 1, mﬁgiﬁﬁuauﬂnmwmm diract supervision of a design mm::ﬂﬂ;gm;m —
TRAINEE % Gne year of experience a5 a sidiied tradesman for work subject ta Inspection under a residential must be completed within the sllotted
or nonresidential code adopted for bultdings or structures regulated by the rules of the Board, time of the trainee program,
BUILDING Examination and Ohle Code Academy
Oh 1. One yenr of experience as a skilled tradesman for work subject to inspection under a residentia! requirements for the related certiication Nane Required
MECHANICAL or nopresidential cade adopted for bulldings or stuctures regulated by the rulas of the Board. | must be completed within the allotted
INSPECTOR TRAINEE time of the trainee program.

NOTE1.  Only experience directly related to buildings or structures regulated by the rules of the Board shall be
acceptable for any dass certification.

NOTE2. Trainee applicants for certification may obtain credit for one year of the required experience through
education pursuant to Section 4101:7-3-01(F)(6) of the Ohlo Administrative Code. Documentation must be
submitted with the application.

NOTE3. Trainee applicants must be under the direct supervision of a person certified in the trainee's respective
field. Sponsor and Supervisor forms must be signed by the Building Official and the certified supervisor,
respectively. Submit with application.

NOTE4. Enforcement, inspection, or plans examination experience must be performed (a) prior to May 27%, 2006,
for a residential bullding department exercising enforcement authority for bufldings or structures regulated
by an adopted model residential code, (b) for an agency or jurisdiction outside the state of Ohio enforcing
a model residential code of a haticnal model code organization for bulldings or structures regulated by the
Residential Code of Ohlo, or () by an employee of a certified building department who is the holder of a
BBS certification other than that for which application is being made.

NOTE5. Trainee applicants must complete the Ohio Bullding Code Academy during their initial trainee certification
period.

Exceptions:

(a) Medical gas piping inspectors pursuant to paragraph (E)(20) of 4101:73-01.

(b) Residential industrialized unit inspectors,

(c) Plumbing inspectors certified pursuant to Chapter 3703. of the Revised Code with five years of
experience as fulltime employees of the Division of Industrial Compliance in the Ohio Dept. of
Commerce or of county boards of health who are seeking plumbing inspector certification.

(d) Individuals who have completed the Ohio Bullding Code Academy within thirty-six months immediately
preceding the date of recelpt of initial certification may attend “Code Administration and Skills Tralning”
provided by the Board In lieu of the Ohlo Building Code Academy.

NOTEG6. For scheduling examinations, applicants may contact either; Prometric, 1360 Energy Lane, St. Paul MN 55108,
(800) 864-5309, www.prometric.com for NCPCCI exams or, Intemational Code Council, National
Certification Services, 9oo Montclair Road, Birmingham, AL 35213, (888) 4227233, www.iccsafe.org.

NOTE7. Module description:

NCPCCE: ICC:

Ohie Board of Building Standards

1A - Building 1, 2 -Famlly Dwelling
2A - Electrical 1-, 2-Family Dwelling
4A - Mechanical 1-, 2-Family Dwelling
5A - Plumbing 1-, 2-Family Dwelling

Timothy Galvin, Chairman

6606 Tussing Road
Reynoldsburg, OH 43088-9009
Date Updated 6/10/2021

An Equal Opportunity Employer and Service Provider

Bt - Resldential Bullding Inspector

E1 - Residentia! Electrical Inspector
M1 - Residentfal Mechanical inspector
P1 - Residential Plumbing Inspector

614-644-2613
Fax 614 -644-3147
TTY/TDD 800-750-0750

com.chio.gov/dicalbbs
Form Nurnber 154
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File Attachments for ltem:

P-3 Kizer, Joshua ESI, EPE
Certification ID# 8810

Current Certifications: none

Staff Notes: OCILB Electrical Contractor, recommend approval.

ESIAC Recommendations:

Committee Recommendation:

27




Board of Building Standards

K rz2e€é.

Last Name

VosrIA

First Name

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

BBS Certification ID

D Building Official I:l Master Plans |:| Building Electrical Safety E] Fire Protection
Examiner Inspector Inspector Inspector
|:| Building Plans |:| Plumbing Plans E’ Mechanical Electrical Plans |:] Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
|:| Plumbing |:| Mechanical |:| Non-Residential
Inspector Inspector Industrial Unit
Inspector

SECTION 2: LIST ANY OHIO LICENSE, CERTIFICATE, OR REGISTRATION HELD

(Mark “T" if Trainee)

Description

Certificate Number

Date Received

Architectural Registration

P.E. Registration

Res Non-Res

O O Building Official Certification

O O Plans Examiner Certification

O O Building Inspector Certification

a [ |Mechanical Inspector
Certification

Building Plans Examiner Certification

Mechanical Plans Examiner Certification

Fire Protection Plans Examiner Cerification

Electrical Plans Examiner Certification

Plumbing Plans Examiner Certification

Fire Protection Inspector Certification

Electrical Safety Inspector Certification

Plumbing Inspector Certification

Fire Safety Inspector Certification

Fire Protection System Designer Certification

Medical Gas Piping Inspector Certification

Ohio Board of Building Standards

4/1/2019

Form # 102
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Board of Building Standards Application for Interim Certification, Building Department Personnel

Kizge UbSHUA

Last Name First Name

SECTION 3: EMPLOYMENT/EDUCATION

BBS Certification ID

Formal Education Date Graduated
A Electrierl. Mech 7ech /07— 7
AS Egectrica | Logineering Tech v Sl e Sl A2
Related Vocational or Technical Trglnlng g Years' Experience
ZBEW _Fpp shipo o)
OCILB $lectrical [onfrestse Lt 47950
U.S. Military construction experience (MOS or other designation): Years' Experience
pMovy Lomstrvctions €lectrmore o @
Place of Employment: Years’ Employed
KTH Ve cthriaieapo g
Mrzee $leectiric )

SECTION 4: APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION
Attach proof of certification by an ASSE recognized third-party certifier in accordance with

ASSE standard 6020.

SECTION §: OBC BUILDING INSPECTION EXPERIENCE PERFORMED FOR A BBS CERTIFIED BUILDING

DEPARTMENT
BBS Certified Building BBS Certified Duties Date of Service,
Department Position/Title Length of Time
(MM/DD/YY)
29
Ohio Board of Building Standards 4/1/2019 Form # 102



Board of Building Standards Application for Interim Certification, Building Department Personnel

L ee Jogeio e

Last Name First Name BBS Certification iD

SECTION 6: ELECTRICAL SAFETY INSPECTOR (ESI) - SPECIFIC EXPERIENCE QUALIFICATIONS
Applicants for Electrical Safety Inspector Only Must Complete This Item

Section 3783 of the Ohio Revised Code specifies that an applicant for a Certificate of
Competency as an Electrical Safety Inspector must meet on of the following to qualify to take
required examination. Please check the qualification that applies:

. @l Have been a journeyman electrician or equivalent for four years, two of which were as an
electrician foreman, and have had two years’ experience as a building department electrical
inspector trainee;

. [JHave been a journeyman electrician or equivalent for four years and have had three years'
experience as a building department electrical inspector trainee;

. O Have had for four years’ experience as a building department electrical inspector trainee;
. i Have been a journeyman electrician or equivalent for six years;

.00 Am a graduate electrical engineer and registered in the State of Ohio.
Registration number:

. B Applicant authorizes all testing organizations including ICC to provide test resuits to the
BBS.

SECTION 7: EXPERIENCE (Do NOT SUBSTITUTE WITH OTHER RESUMES).

Refer to Experience Requirements Listed in O.A.C. 4101:7-3-01 and O.R.C. 3783

Below, list the specific projects you worked on, and the specific work you performed, your
typical duties for each project, and dates of this work. You must demonstrate that you have
the required number of months (years) of actual, practical experience for the certification
requested (see matrix).

Provide letters from certified inspectors, employers, or contractors verifying your experience.
Submit copies of any certificates, diplomas, or licenses. Remove all personal information.
SECTION 7 CONT.: EXPERIENCE

S¢ Part> ort U

Kiree €feetric Kieed €lectric
Ouore €. 2%l (oncordh Pic 7 \{caf‘S
Pesiolent ) Comnr / Teclwstael Ucbeanoe Ot 4307 &

¢ leefvee

List Each Construction Project AND Name of Employer, Contact, Address, Project Time: From_ To _
Specific Type of Work Performed Telephone Number (MMFYY)
Example: Homer Steel and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Stfreet (10 months)
Structural steel work on addition My City, OH, 45454 +
(419)555-1212 J v[\/ 7013 = Preser
. q Yeors
,Lnolusf'rrc\-( gleciric B 04&-—235’
307 Z

Fep 2016 Fresr

Total Experience on This Page (In Months): /55

Ohio Board of Building Standards 4/1/2019 Form # 102
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Board of Building Standards Application for Interim Certification, Building Department Personnel

Wizeq

\EOSC\ WS

Last Name

First Name

BBS Certification 1D

Name of Emptoyer, Contact, Address,

Project Time: From_ To _

TReW
ZVectviaw

Y A
Constrection  Electricon

List Each Construction Project AND
Specific Type of Work Performed Telephone Number (MMIYY)
Trolosfvied Crewves HUo[ (rarewes) Bl 20montls

oprinafielof oH HSSOZ

Fask gleetric
€2) 3. RBrood T
Neso Orlesng LA DY

NIA
V9 Navy

Joly 01/ Jan 12
?D mom

July 03/ JelyoA
72 MoWHkS

Total Experience on This Page {In Months):

e 122

Ohio Board of Building Standards

4/1/2019

31

Form # 102



Board of Building Standards Application for Interim Certification, Building Department Personnel

iz JosHu A

Last Name First Narne BBS Certification 1D

SECTION 8: PERSONAL HISTORY
1. Have you ever been convicted of any felony, or any crime involving moral turpitude?

(0 Yes & No
If you answered “Yes” please explain below:

2. Have you served in the U.S. armed services? (If No, skip question 3) B Yes [] No
3. f YES, were you discharged under honorable conditions? # Yes [ No

If you answered “No” please explain below:

SECTION 9: CERTIFICATION

I certify the information contained in this application is true and complete, and | understand that providing false informafion
may he grounds for not granting certification or for immediate termination of certification at any point in the future, if granted.
| authorize the investigation of alf statements contained herein and release all parties from all liability for any damage that

may resuit from furishing the same to Ohio Board of Building Standards. Falsification is a violation of section
2921.13 of the Ohio Revised Code and is punishable as a misdemeanor of the first degree.

Signature of Applicant: ﬂ —

Subscribed and duly sworn before me according to law, by the above named applicant this

Iv4
day 3™ of MARCYT inthe year 2022 at _ Gy JI2Z1 T County of
OHPMPAY 5 8) and State of O H1 O

Notary Public: | &U@Lﬂ(a}/ ‘I%,u,_

0

é BEVERLY FRY
NOTARY PUBLIC, STATE OF OHIO
{ sy Commission Expres 61182024

Ohio Board of Building Standards 4/1/2019 Form # 102



File Attachments for ltem:

P-4 Zinn Sr., Randall - ESI, PI, Ml
Certification ID: 8801
Current Certifications: none

Staff Notes: Holds OCILB license in HVAC and refrigeration. Per application, has been
installing all components of refrigeration and mechanical systems for 24 years. Recommend
approval.

ESIAC Recommendation:

Committee Recommendation:

33




Board of Building Standards
Binins 4o

Last Name

First Name

SecTION 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

i l/

BBS Certification 1D

I:I Building Official [:l Master Plans D Building Floctrical Safety D Fire Protection
Examiner Inspector inspector Inspector
D Building Plans [:I Plumbing Plans D Mechanical [:l Electrical Plans I:I Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
Plumbing Mechanical |:| Non-Residential
Inspector Inspector Industrial Unit
Inspector

SECTION 2: LisT ANY OHIO LICENSE, CERTIFICATE, OR REGISTRATION HELD
(Mark “T" If Trainee)

Description Certificate Number Date Received
IArchitectural Registration
P.E. Registration

Res Non-Res

O (0  |Building Officiai Certification P

O [0  |Plans Examiner Cetification

O [J [Building Inspector Certification

O 1 |Mechanical Inspector

Certification

Building Plans Examiner Certification
Mechanical Plans Examiner Certification
Fire Protection Plans Examiner Cenrtification
Electrical Plans Examiner Certification
Plumbing Plans Examiner Certification

Fire Protection Inspector Certification
Electrical Safety inspector Certification
Plumbing Inspector Ceriification

Fire Safety inspector Certification

Fire Protection System Designer Certification
Medical Gas Piping Inspector Certification

Ohio Board of Buildine Standards

Crrr 3 1N

a1 hma




Board of Building Standards

Application for Interim Certification, Building Department Personnel

B ﬁ,&{g /4
Last Name First Name BBS Certification 1D
SECTION 3: EMPLOYMENT/EDUCATION
Formal Education Date Graduated

Related Vocational or Technical Training

Years' Experience

MY ac-~ L Electorra

L trm brriir

A4

U.S. Military construction experience (MOS or other designation):

Years' Experience

Place of Employment: Years' Employed
el Meréwura /8
Z /v ﬂt"f’h 7 fr),a A

SECTION 4: APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION
Attach proof of certification by an ASSE recognized third-party certifier in accordance with

ASSE standard 6020.

SECTION 5: OBC BUILDING INSPECTION EXPERIENCE PERFORMED FOR A BBS CERTIFIED BUILDING

DEPARTMENT
BBS Certified Building BBS Certified Duties Date of Service,
Department Position/Title Length of Time
(MM/DD/YY)
- 'f-’-' .
.—’// |
L~
.

Ohio Board of Building Standards

4/1/2019
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3.
4.
5.

Board of Building Standards  application for Interim Certification, Building Department Personnel

Z/nin/ Koyl ¥

Last Name First Name BBS Certification ID

SECTION 6: ELECTRICAL SAFETY INSPECTOR (ESI) - SPECIFIC EXPERIENCE QUALIFICATIONS
Applicants for Electrical Safety Inspector Only Must Complete This ltem

Section 3783 of the Ohio Revised Code specifies that an applicant for a Certificate of
Competency as an Electrical Safety Inspector must meet on of the following to qualify to take
required examination. Please check the qualification that applies:

. [0 Have been a journeyman electrician or equivalent for four years, two of which were as an

electrician foreman, and have had two years’ experience as a building department electrical
inspector trainee;

. [ Have been a joumeyman electrician or equivalent for four years and have had three years’

experience as a building department electrical inspector trainee;
(1 Have had for four years' experience as a building department electrical inspector trainee;
& Have been a joumeyman electrician or equivalent for six years;

{J Am a graduate electrical engineer and registered in the State of Ohio.
Registration number:

. [ Applicant authorizes all testing organizations including ICC to provide test results to the

BBS.

SECTION 7: EXPERIENCE (DO NOT SUBSTITUTE WITH OTHER RESUMES). )

Refer to Experience Requirements Listed in O.A.C. 4101.7-3-01 and O.R.C. 3783

Below, list the specific projects you worked on, and the specific work you performed, your
typical duties for each project, and dates of this work. You must demonstrate that you have
the required number of months (years) of actual, practical experience for the certification
requested (see matrix).

Provide letters from certified inspectors, employers, or contractors verifying your experience.
Submit copies of any certificates, diplomas, or licenses. Remove alf personal information.
SECTION 7 CONT.: EXPERIENCE

(419)555-1212

List Each Construction Project AND Name of Employer, Contact, Address, Project Time: From_ To _
Spaecific Type of Work Performed Telephone Number (MM/YY)
Example: Horner Steel and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Street (10 months)
Structural steel work on addition My City, OH, 45454

Total Experlence on This Page (In Months):

Ohio Board of Building Standards 4/1/2019 Form # 107
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l#..Ohio Department Commerce - OCILB OCILB - Ohio Construction Industry Licensing Board

Lookup Detail View

Name and Address

Name

RANDALL P ZINN

Mail Address

4168 Sequoia Dr

Medina, OH 44256-9044

Public Address

4168 Sequoia Dr
Medina, OH 44256-9044

Registration Information

Credential |License Type

HV.44990 |[HVAC

Issue Date | Expiration Date

07/04/2021 | 07/03/2022

Status | Reason | Company

ACTIVE |ACTIVE [ZINN MECHANICAL LLC

RE.44990 | Refrigeration

07/04/2021 | 07/03/2022

ACTIVE |ACTIVE [ZINN MECHANICAL LLC

Continuing Education

Course Name

GENERAC INSTALLATION &
MAINTENANCE TRAINING

Course
Type

CODE

Course
Number

1530122

Course
Hours

4.00

Course
Date Provider

11/17/2021 | WOLFF BROS
SUPPLY INC

Renewal Requirements

Formatted Credential | Insurance Expiration Date

RE.44990 02/09/2017

CE Requirements Completed | Estimated Amount Due

No

$0.00

Generated on: 4/20/2022 12:31:59 PM

38




Board of Building Standards  application for Interim Certification, Buitding Department Personnel

Rimar %a‘.ﬁé y/ 4

Last Name First Name BBS Certification 1D

SECTION 8: PERSONAL HISTORY
. Have you ever been convicted of any felony, or any crime involving moral turpitude?

[JYes & No

If you answered “Yes” please explain below:
. Have you served in the U.S. armed services? (If No, skip question 3) [JYes i No
. If YES, were you discharged under honorable conditions? JYes [J No

If you answered “No” please explain below:

SECTION 9: CERTIFICATION

I certify the information contained in this application is true and complete, and I understand that providing false information
may be grounds for not granting certification or for immediate termination of cerlification at any point in the future, if granted.
| authornize the investigation of all stalements contained herein and release all parties from all liability for any damage that

may result from furnishing the same to Ohio Board of Building Standards. Falsification is a violation of section
2921.13 of the Ohio Revised Code and is punishable as a misdemeanor of the first degree.

Signature of Applicant: ﬁ. M /[ \ /

Subscribed and duly sworn before me according to law, by the above named applicant this

day < \ of M AR inthe year 20 22 at Ml@m}.}( , County of

MEDINA and Stateof & Uﬂ 2 . /p /
Notary Public: / Z
7~ {

NEAL WOZNIAK
Notary Public, State of Chio
My Commission Expires
September 22, 2025
COMMISSION: 2015-RE-545898

Ohio Board of Building Standards a/1/72019 Enrm # 107
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File Attachments for ltem:

ER-1 Grounding and Bonding, 2020 NEC (Dayton Area Electrical JATC)
EPE, ESI, RBO, EPE (two 6-hour sessions)

Staff Notes:

ESIAC Recommendation:

Committee Recommendation:
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Board of Building Standards
6606 Tussing Road, P.O. Box 4009

Reynoldsburg, Ohio 43068-9009
(614) 644-2613 Fax: (614) 644-3147
dic.bbs@com.state.oh.us
www.com state.oh.us/diz/dicbbs.him

APPLICATION

Continuing Education COURSE SUBMITTER:

Course Approval

Course Submitter: 4/’4 éﬂn:{ Henderse

(Contact Name)

Continuing education programs approved for Organization: Devtan Obis  Ares Llectngst  $ATC
education credit by the Ohio Board of L5 r tQrgenization/Company)
Building Standards may be wused for | Address: 5 Pof rAve

(Inchude Room Number, Suite, etc.)

compliance with certification requirements City: Deyron State: o /7 Zip: Vig 4
[4

related to code enforcement, plan review, and
inspection responsibilities. The credit is to be | E-Mail: _AMG’J’M@ L BEWB2 org

used to renew the certifications issued by the Telephone: #37 - 2¢# 2052 Fax: 182 - 26 Y - 7053

Ohio Board of Building Standards pursuant to

section 3781.10(E) ORC. Course Sponsor: QQ for OHip Areg fFlectria/ T4IC

COURSE INFORMATION:

Course Title: 6"“'«-’4: éndf 601@ Brised oa _The 200 /7EC Pt Jf Pov

New Course Submittal: ]Z/ Update Course: [ _] Prior Approval Number:

Purpose and Objective: “T© Proyele  Cardinvy fofveere o CEST, Pesicless's/ ons

Larimimr fadf efeenioic Pliss €A Mo Dereset , Pouracgmen Elecprociar  Sop

Elcctriear Covpras oy, To  XImpovae Enoenfug &) Aurecscim ael [echrvs

€ J0ite- cadoesp.dy OF Pope Gawediy o boolid

Number of Instructional Contact Hours that can be obtained upon completion: /L

If Multi-Session, Number of Instructional Contact Hours Per Session: (2

Program Applicable for the Following Participants:

Building Official D Master Plans Examiner D Building Inspector D Fire Protection Inspector D Mechanical Inspector D

Building Plans Exam, D Plumbing Inspector

Plumbing Plans Exam, % Non-Res IU Inspector D

Electrical Plans Exam.
Mechanical Plans Exam.
F'yc‘ Protect. Plans Exam. L

[

Res Building Official m Res Plans Examiner I] / Res Building Inspector I:I Res Mechanical Inspector D Res 1U Inspector

L

Electrical Safety Inspeciors E ,((

Lacation of ESI Course: {p $30 Poe A« Z%!‘ﬁ, oW (fﬂ Date(s) of ESI Course(s): 7/7 / 7 //6

SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted: Cgeﬁck
Course Submitter: Name of contact person and their certification numbers, organization, address, fax, phone v g

Organization sponsoring or requesting the program (if any) v
Course Title: Name of course (related to content) v 4
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed s
Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 hr, 1 hr, 3.5 hrs) v P
Participants; Check off each certification for which credit is requested (for which course relates to certification) .//
Content of Program: Include collated agenda, time schedule, course outline; list specific sections of code, references, and topics covered /A
Course Materials: Collated workbooks, handouts, hard copy or electronic versions of program is available v/
Instructor(s) Info.: Resume of professionalfeducational qualifications & teaching/training experience/BBS certifications V4
Test Materials: /]
Completed Application: By v
, I:IVEP :

NOTE: The Board does NOT grant retroactive approval for coursesw;‘?sente prior to approval date.

Fotm 1316 APR 1 3 2022 BBS 81028110

BOARD OF BUILDING "
STANDARDS




Grounding and Bonding based on the 2020 NEC -
Part1

Saturday 8:00 a.m.-—3:00 p.m.

8:00 a.m. -9:30 a.m.
= Chapter 1 Introduction to Grounding
= Chapter 2 Circuit Basics and Overcurrent Protection

9:30 a.m. —9:45 a.m.
®* Break

9:45 a.m. - 11:30 a.m.
» Chapter 3 Code Arrangement and Application

11:30-12:00 p.m.
" lunch

12:00 p.m. -1:30 p.m.
" Chapter 4 Grounding Electrodes and the Grounding
Electrode System

1:30 p.m. - 1:45 p.m.
* Break

1:45 p.m. - 3:00 p.m.
» Chapter 5 Requirements for service and grounded
conductors
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Grounding and Bonding based on the 2020 NEC -
Part 2

Saturday 8:00a.m.-3:00 p.m.

8:00 a.m. —-9:30 p.m.
= Chapter 6 Grounding Electrode Conductors

9:30 a.m. - 9:45 a.m.
= Break

9:45 a.m. - 11:30 a.m.
" Chapter 7 Bonding Requirements

11:30 a.m. -12:00 p.m.
® Lunch

12:00 p.m. - 1:30 p.m.
Chapter 8 Equipment Grounding Conductors

1:30 p.m. - 1:45 p.m.
= Break

1:45 p.m. - 3:00 p.m.
s Chapter 9 Grounding Electrical Equipment
» Chapter 10 Isolated Grounding Circuits and Receptacles
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Instructor Qualifications

Edwin Lemaster

Ed has been in the electrical field since the mid 70’s at which time he entered and
completed a four-year apprenticeship with the IREW Local 82. In 1992 he tested
for and was subsequently certified by the State of Ohio as an Electrical Safety
Inspector, Later, that same year he joined the International Association of
Electrical Inspectors. In January of 1994, Ed began working for the City of

. Hamilton as an electrical inspector. Since that time he has tested for and received
certificates as a Building Inspector Class I and Residential Building Official. In
1995 Ed joined Montgomery County as a Building and Electrical Inspector, where
he is still currently employed. Ed continues to be an instructor for the National
Electrical Contractors Association and the Dayton Electrical JATC.

Address

5426 Honeyleaf Way
Dayton, Ohio 45424
1-937-233-3613
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. . APPLIED
Grounding and | Tel-tefiTih Vel
Bonding | celisiiiel

Grounding Electrode
Conductors

Chapter 8

« Introduction

» Where service equipment and other equipment and systems
required to be grounded are installed on the premises, a path
to the ground (Earth) must be established.

+ The grounding electrode conductor provides the conductive
path to ground for grounded electrical systems and other
equipment that must be grounded as required by the NEC.

©2020 eecirica! trainng AUANCE. Grounxing wed Bondig - Chigter 6 2

Chapter 8

« Introduction (continued)

« There are specific installation requirements that apply to
grounding electrode conductor installations.

« These requirements relate to how this conductor must
perform and how it must be protected from possible damage.

02020 lectical nini ALLANCE Grounsog and Booding - Chapter & 3

Chapter 8

« Objectives
« Understand the purpose of the grounding electrode
conductor.

« Determine the grounding electrode conductor connection
locations at a service.

* Recognize the materials permitted for a grounding electrode
conductor.

© 2020 eleciress rainog ALLIANCE. Grouxsog and Bonding - Chapter 6 “

Chapter 8

+ Objectives

+ Understand requirements for grounding electrode conductor
installations and determine minimum sizes required for
grounding electrode conductors.

« Understand the requirements for grounding electrode
conductor connections.

* Understand the requirements for protecting grounding
electrode conductors from physical damage and the effects
of magnetic fields.

2020 clctical ricing ALLANCE Groundiag sng Bondng - Chapter & 5

Chapter 8

+ The Path to Ground (Earth)

« This conductive path is known as a grounding electrode
conductor primarily because one end of this conductor is
typically connected to a grounding electrode or other
conductive object that completes a path to the Earth.

« Grounding electrode conductors provide the connection to
the Earth and the object or system conductor that is required
to be connected to the ground.

©2020 eecirical vareiag ALLIANCE Grounding snd Bonding - Chapter § s
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Chapter 8

* The Path to Ground (Earth)
« These conductors are conductive bodies that extend the
ground connections indicated in the definition of the term
grounded (grounding).

2020 electical mining ALLIANCE Grounsng and Bonding - Chapter 6 7

92020 elctrical raniog AULANCE.

« The Path to Ground (Earth)

Chapter 8

Groundng sed Bondng - Chapter 6 8

Chapter 8

« Article 100 Definition

< Grounding Electrode Conductor. A conductor used to connect
the system grounded conductor or the equipment to a
grounding electrode or to a point on the grounding electrode
system.

©2020 electical training ALLINCE Grouning and Bonding - Chapter & ]

Chapter 8

« Purpose of Grounding Electrode Conductors

.

2020 electricas raiing ALUANCE

Grounding electrode conductors provide a conductive path to
the ground (Earth) from systems and equipment that are
required to be grounded or are otherwise grounded by
choice.

This conductor serves to establish and maintain an equal
potential between the Earth and the equipment or system
conductor being grounded, or as close to the same potential
as electrically possible.

Groundng snd Bondog - Chagter § 1

Chapter 8

+ Connection to Earth

Grounded system
and equiprient

Chapter 8

« Current in Grounding Electrode Conductors

©2020 electical taining ALLIANCE

The ground (Earth) is part of electrical circuits or equipment
that is grounded.

Current will be present in a circuit as long as the circuit is
complete.

Current will also be present in all paths available between the
source and point of use or ground-fault condition.

The amount of current present in each path is directly related
to the amount of impedance in each path.

Grounsg and Bonding - Chapler 6 2
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Chapter 8

« Current in GEC

Usitity souree

Currentistow
~~~~~ due to the bigh impedance
inEarth's path

2070 leciicsl ianing ALLANCE Grounsry and Bondng - Chapter § i

Chapter 8

« Current in Grounding Electrode Conductors

« The amount of current the grounding electrode conductor
carries during normal operation and under abnormal
conditions such as ground faults is kept low because of the
high impedance in that path through the Earth.

©2020 slectrical nining ALUANCE Grounding s Bondg - Chapte 6 "

Chapter 8

« Current in GEC

ility source

Current is low
¥ -« -~ - due to the high lmpedance
in s path

92020 clectical aining ALLANCE Groudng and Bondng - Chapter & 15

Chapter 8

< Grounding Electrode Conductor Material

« Grounding electrode conductors are required to be made of
copper, copper-clad aluminum, or aluminum.

« Copper-clad aluminum was used years ago in limited
amounts as an effort to reduce electrical materiat costs
during wartime periods but is less common in electrical
installations today.

« Copper-clad conductors are manufactured with a thin copper
coating over an aluminum conductor core.

©2020 electrical Usicing ALLIANCE Geountng 0n Banding - Chapler 6 1%

Chapter 8

» Aluminum Grounding Electrode Conductors

+ The Code includes installation and sizing requirements for
aluminum and copper-clad aluminum grounding electrode
conductors.

« One such installation restriction is the prohibition of
terminating aluminum grounding electrode conductors within
18 inches of the Earth outside.

* Section 250.64(A)(2) relaxes the 18-inch restriction where an
aluminum or copper-clad aluminum grounding electrode
conductor is terminated within an enclosure that is suitable
for the environment.

2020 lectrical Uaining ALLANCE Grounding end Bondn - Chagter 6 7

Chapter 8

+ Aluminum GEC Restrictions

Grouading electiode

©2020 eectica sinng ALLANCE Grounang end Bondng - Chaster & "
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Chapter 8

+ Sizing Grounding Electrode
Conductors
» Sizing grounding electrode
conductors is covered in
250.66.

* The size of a grounding
electrode conductor for a
service or separately
derived system is based on
the size of the largest
ungrounded supply
conductor.

©2020 eeciriea! raining ALLUANCE. Grountg apd Bondig - Chapter & Ll

Chapter 8

+ Sizing Grounded Electrode Conductors

« The grounding electrode conductor is never sized based on
an overcurrent protective device of a service or system.

« Table 250.66 is generally used to size grounding electrode
conductors for AC systems.

« Section 250.166 is used for sizing grounding electrode
conductors for DC systems.

« Sections 250.66(A), (B), and (C) are sizing provisions that
can be applied where the grounding electrode conductor
connection is to rod or pipe type electrodes, concrete-
encased electrodes, or to ground ring electrodes and does
not extend to other types of electrodes that would require
larger size GECs.

©2020 electrical raniog ALLIANCE Graunng and Bondag » Chagter & 20

Chapter 8

« Section 250.66(A) — Rod, Pipe, or Plate Electrodes

Chapter 8

+ Section 250.66(B) ~ Concrete-Encased Electrodes

A grounding electrode conductor
comnected to a singlerod, pipe,
of plate electrode does not
have to befarger than 3 6AWG
copper condctor

Agrounding electiade
conductor MM toa

does not have to befarger than
24 AWG copper conductor

©2020 lectical raicing ALLANCE. Grountng and Bondng - Chapler & 2

©202 eiectical g ALLIANCE Grouding and Bondog - Craptes & 2

Chapter 8

* Section 250.66(C) — Ground Rings

Agmau&sgdm:r;u;m
<onnected 1o 2 ground sing{s)
electrode does not have to be
larger than the size of the ring

The sing has to completely drcle
the building or structure

Aground ring sust be at feast
2806 coppr

02020 electical taiing ALLUNCE Geounding s Bonding - Chapter & B

Chapter 8

+ Using NEC Table 250.66

« To use Table 250.66, first the size must be determined (in
AWG or kemil) of the largest ungrounded supply conductor or
equivalent area for parallel conductors.

* Then the range should be located of conductor sizes that the
supply conductor falls within, in vertical columns 1 or 2
depending on whether they are copper or aluminum.

« Last, vertical columns 3 or 4 should be looked at, depending
on whether the conductor is copper or aluminum, to
determine the grounding electrode conductor size.

©2020 elecirical raning ALLUNCE Groundg nd Bondog - Chapter § E
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Chapter 8

‘Tabie 250,08 Qrounding Eieclinde Conducior for
ARermating-Current Sysierns

o gt
St e Largent Ugroonted
Sarvice-Tntrisce Goductor o Siz of Groonding
Lgureabent henx tor Puaratiet Eictrete Coatuctor
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2020 lestical trining ALLANCE Grounding and Bonding - Chapter 6 2

Chapter 8

« Example Using Table 250.66
» The size of the largest ungrounded AC service-entrance
conductor is 900 kcmil copper [(3) parallel 300 kemil
conductors per phase].

* Whatis the minimum size required for a copper grounding
electrode conductor?

« Note: The grounding electrode in this example is a metal in-
ground support structure.

©2020 eleckicat baking ALLIANCE Groudng and Bonding - Chaptes § %

Chapter 8

Yable 250.86 Grounding Efectrode Conductor for
Alsrnating-Current Systerns {in part without notes)

Size of Largest Ungrounded
Servico-Entrance Conductor or Size of Grounding
Equivalent Area for
Coaductors {(AWG ] kensif) (AWG kemit)

02020 eleckical raing ALLANCE Grounding and Bondng - Chapter & E g

Chapter 8

+ DC System Grounding Electrode Conductors

« The connection point of the grounding electrode conductor
for a DC system is covered in Section 250.164.

« If the DC source is not located on the premises, the
grounding electrode conductor connection shall be made at
one or more supply stations.

» The grounding electrode conductor connection is not
permitted to be made at individual services or at any point on
the premises wiring if the source is not located on the
premises. [NEC 250.164]

©72070 electrical nining ALLIANCE Grouning and Bonding - Crater 6 23

Chapter 8

« DC System Grounding Electrode Conductors

« If the DC system (source) is located on the premises, the
grounding electrode conductor connection has to be made at
one of the following locations:

1. At the source

2. At the first system disconnecting means or overcurrent
protective device

3. By other means that provides equivalent protection and
utilizes listed and identified equipment

[NEC 250.164(B)]

©2020 electrical nining ALLIAKCE. Grounding and Bonding - Chapler § »

Chapter 8

« DC System Grounding Electrode Conductors
« The minimum-size grounding electrode conductor for a DC
system is generally required to be not less than the sizes
indicated in 250.166(A) and (B).

When the DC system consists of a three-wire balancer set or
a balancer winding with overcurrent protection, the grounding
electrode conductor must be no smaller than the neutral
conductor and can never be smaller than 8 AWG copper or 6
AWG aluminum.

©2020 eectricat raing ALLANCE. Grouning end Borsding - Chapter § E3
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Chapter 8

« DC System Grounding Electrode Conductors

< When the DC system is other than as described in
250.166(A), the grounding electrode conductor cannot be
smaller than the largest conductor supplied by the system
and can never be smaller than 8 AWG copper or 6 AWG
aluminum.

« DC grounding electrode conductors must meet the sizing
requirements in 250.166 but do not have to be larger than the
sizes in Table 250.66.

« The provisions of 250.66(A),(B), or (C) can be applied where
the grounding electrode conductor is a connection to the
types of electrodes covered in those sections.

©2020 eiectrical rsining ALLIHCE Grounding and Bonding - Chapler & 0

Chapter 8

« DC Grounding Electrode Conductor Size

250.14648

ok STt
epndiictns and act
than 8 B (W or S ARG AL

©2020 elezical ainiog ALLANCE Grounding and Bonding - Chagter § 32

Chapter 8

* Grounding Electrode Conductor Installation

= Specific rules apply to installations of the grounding electrode
conductor.

» No identification requirement for grounding electrode
conductors exists, but identifying using the color green is not
prohibited.

« They can be insulated covered or bare, but they are not
required to be identified using the color green or green with
yellow stripes as is required for the EGC.

©2020 seckical rinitg ALLIANCE. Grounding and Bondng - Chapter 6 3

Chapter 8

» Grounding Electrode Conductor Installation

« The installation requirements for grounding electrode
conductors in the NEC deal with sizing requirements,
connections, protection of the conductor from physical
damage, and protection from the effects of magnetic fields.

« Although not specifically required by the NEC, the grounding
electrode conductors should be installed avoiding sharp
bends when possible and connected directly to grounding
electrodes.

< This requirement is included in the NEC for grounding
electrode conductors of communications systems in
Chapters 7 and 8.

©2020 siectrica! reniog ALLIANCE Groungg and Bondng - Chapter § u

Chapter 8

= Securing and Protecting from Physical Damage

* When grounding electrode conductors are installed exposed,
they are required to be securely fastened to the surface on
which they are placed.

« If a grounding electrode conductor is installed in a conduit or
other armor, the conduit or armor has to be secured to the
surface.

« Grounding electrode conductors in sizes 4 AWG or larger
must be protected where installed in locations that expose
them to physical damage.

+ Protection can be provided by installation in a raceway or
armor.

©2020 electical iainog ALLACE. Grounding end Bonding - Chapter 6 »

Chapter 8

+ Protect GEC from Physical Damage

©2020 cectrical baining ALLANCE Groundng snd Bondy - Chapler & *
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Chapter 8

« Securing and Protecting from Physical Damage
« The Code also recognizes that if grounding electrode
conductors that are 6 AWG or larger are installed such that
they are not exposed to potential physical damage, they can
be run without being placed in a raceway or armor if they are
securely fastened.

« Grounding electrode conductors also can be installed on or
run through wood or other framing members.

« Physical protection in this case is usually inherently provided
by this location within the construction framing.

2020 etectrical trmiing ALLIANCE Grounding end Bondog - Chapter 6 3

Chapter 8

« GEC in Continuous Lengths
« Grounding electrode conductors are generally required to be
installed in a continuous length without a splice or joint
unless splices are made using irreversible compression
connectors or the exothermic welding process.

« The irreversible compression connectors have to be listed as
grounding and bonding equipment.

« Busbars are also permitted to be connected together in order
to form grounding electrode conductors.

©2020 elctrieal rining ALLIANCE. Grownding 80 Bonden - Chagter 6 )

Chapter 8

« No Splices Permitted (generally)

Service
equipment
Exothermic neversitie
o3 . ~Compressign
: v oF
“.' \
o -

‘\
"+~ « - Grounding electrode conductor

©72020 ectics! training ALLUANCE Groungng and Bonving - Chagler 6 3

Chapter 8

« Methods of Installing Grounding Electrode Conductors
- Individual grounding electrode conductors can be installed
from each electrode to the service.

« Agrounding electrode conductor can also be run to one or
more electrodes and bonding jumpers can interconnect the
rest of the electrodes to form the grounding electrode
system.

©2020 eectricat triet) ALLIANCE Grounctng and Bontng - Chapter & “o

Chapter 8

+ GECs to Individual Electrodes

8 Service
Equipment

individual grounding

- -~ electrode conductors
.~ instalied according to
Section 258.64(FX2)

J
{
'

'
3

individuat grounding electrodes present

©2020 electicsl Ininkys ALLANCE Grounting and Boasog - Chapter & a

Chapter 8

« Methods of Installing Grounding Electrode Conductors
* When muitiple grounding electrodes form a system of
electrodes, the size required for the grounding electrode
conductor has to be for the largest grounding electrode
conductor connected in the system.

- For example, if a grounding electrode conductor is installed
from a service to a concrete-encased electrode and a
bonding jumper is installed from the concrete-encased
electrode to a water pipe electrode, then both would have to
be sized using Table 250.66 based on the requirement for
connection to the water pipe.

92020 lectricat tririog ALLIANCE Grounsng ant oo - Chepter 6 2
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Chapter 8

« Size GEC Using Table 250.66

©2020 sectical raiviog ALLANCE Grounding and Bondng - Crapler € “

Chapter 8

« Methods of Installing Grounding Electrode Conductors
= Grounding electrode conductors are permitted to be run to
any electrode in the grounding electrode system if the other
grounding electrodes are connected using bonding jumpers
as indicated in 250.64(F).

< The bonding jumpers must be installed in accordance with
250.53(C), which indicates that sizing must be per 250.66
and the connections have to be made according to the
requirements in 250.70.

©2020 elecica raiog ALLANCE Grouncing and Bondiog - Chaget “

Chapter 8

« Methods of Installing Grounding Electrode Conductors

« Another method of interconnecting grounding electrodes to
form the grounding electrode system is to connect the
grounding electrode conductor(s) and bonding jumper(s)
from each electrode to a copper or aluminum busbar.

« The busbar must be at least % in. thick x 2 in. wide and be
long enough for the number of conductors that must be
connected.

» The connections to the busbar must be listed and the busbar
must be securely fastened to the structure in an accessible
location.

©2020 elecirical rsisivg ALUANCE Groutoy nd Bondny - Chiagler & s

Chapter 8

+ GEC Connections to Busbar

© 2020 sleckical buining ALUANCE Groundog and Bonding - Chagter § i

Chapter 8
» Connection to a Common Busbar
Service
fquipment
© 2020 eectricsl training ALLARCE Grounding and Boading - Chapter 6 %
Chapter 8

« Connection Point for Grounding Electrode Conductors
« Asingle grounding electrode conductor is permitted to be run
to grounding electrode system. It is usually connected at the
service equipment enclosure.

< Typically, a specific termination means is provided in
assemblies such as switchboards, panelboards, motor
control centers, and other equipment that is suitable for use
as service equipment.

« This connection is permitted within the listed enclosure even
though it is closer than 18 inches to the earth. See Section
250.64(A)(3).

D070 secirical traiing ALUAKCE Grounding and Bonding - Chapter § “
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Chapter 8

« Single GEC to Electrode System

Ground damps fos
mote thap one E6C
must be dentified 220

forthatuse

o

©2020 electrieal rining ALLIANCE Groundng wxd Bonding - Chapter § 49

Chapter 8

©32020 eecrica vanng ALLANCE. Grouxiog and Bondog - Chapte & 0

Chapter 8

« Methods of Connection at Service Disconnecting Means

« Agrounding electrode conductor can be connected to a
single service disconnecting means enclosure.

« Individual grounding electrode conductors can be connected
to a service equipment enclosure containing up to six
disconnects.

« Individual grounding electrode conductors can be installed
from separate service disconnects to the grounding electrode
system.

« A common grounding electrode conductor can be installed
and taps to separate service disconnects can be installed.

©2020 electicat miving ALLANCE Grounang end Bonding - Chapter 6 5

Chapter 8

« Single Disconnecting Means
« Asingle grounding electrode conductor can be installed from
the grounded conductor terminal bus in the equipment to the
grounding electrode system.

« This method can be used for a single service disconnect, or
separate grounding electrode conductors can be installed
from each service disconnect to the grounding electrode
system.

«+ Individual grounding electrode conductors can be installed to
each electrode in the grounding electrode system.

2020 siectical baining ALLANCE Grounting and Bondig - Chagter & 52

Chapter 8

+ Size GEC Using Table 250.66

©2020 sectical rainiog ALLANCE Grounding and Bonddog - Chaptes & )

Chapter 8

« Single Disconnecting Means
< The minimum size of the grounding electrode conductor is
determined by using Table 250.66.

« Sizing is based on the size of the largest ungrounded service
conductor.

« Remember that 250.66 permits smaller sizes to be used for
certain types of electrodes.

© 2020 elctrca! rining ALUANCE Groundg and Bonding - Chapier 6 £
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Chapter 8

« Connections to Electrodes

Service eguipment

©2020 siectical bmiing ALLIAKCE Grounding end Bondng - Chagter & 55

Chapter 8

« Service Disconnecting Means in Separate Enclosures
« The common grounding electrode conductor is typically used
where multiple service disconnecting means are installed in
separate enclosures as permitted by 230.71(A).

« In these types of installations, a single, large common
grounding electrode conductor installed and has multiple
grounding electrode conductor taps are connected to the
common grounding electrode conductor.

2020 ecticat Uaiciog ALLANCE Geounding ond Bonsg - Cosples 6 5

Chapter 8

« GEC Tap Conductors

© 2020 eiocincal ining ALLIANCE Groundsng and Bonding - Chapter & 57

Chapter 8

+ Service Disconnecting Means in Separate Enclosures
« The term common grounding electrode conductor implies a
GEC and is not permitted to have any splices or joints as
described in the general rule in 250.64(D)(1).

« The term grounding electrode conductor tap is not a defined
term in the NEC and is therefore not subject to this same
restriction.
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Chapter 8

« Service Disconnecting Means in Separate Enclosures

« Grounding electrode conductor tap connections to a common
grounding electrode conductor must be made by exothermic
welding listed grounding and bonding connections.

«  Aminimum % in. wide x 2 in. thick aluminum or copper
busbar may be used with exothermic or listed connections.

©2020 electical bainiog ALLANCE. Grounany and Bonding - Chapter & £

Chapter 8

« Common GEC
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Chapter 8

= Connections to the Common GEC

* The minimum size of the common grounding electrode
conductor is based on the sum of the circular mil area of the
largest ungrounded service-entrance conductor(s).

« Grounding electrode conductor taps must be connected to a
common grounding electrode conductor in a manner so that
the common grounding electrode conductor remains without
a splice.

© 2020 iectical ririog ALLANCE Greunsing and Bonding - Chapter &

Chapter 8

« Size of Common GEC
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Chapter 8

« Sizing Grounding Electrode Conductor Taps

« Grounding electrode tap conductors must be sized using
Table 250.66.

» Sizing is based on the size of the largest ungrounded service
conductor serving each service disconnecting means
enclosure.
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Chapter 8

« Sizing Grounding Electrode Conductor Taps
« Example: Common grounding electrode conductor is 3/0
AWG copper and each service disconnect is supplied with
4/0 AWG copper service-entrance conductors.

« The minimum size grounding electrode conductor tap to each
disconnect is 2 AWG copper based on Table 250.66.

©2020 electical aiving ALLANCE Geoudg end Bonding - Chasker 6 o

Chapter 8

« Sizing GEC Tap Conductors

e * .
5 3

Grounding electrode conductor taps

Requived cupplementsl
et nat shaveny
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Chapter 8

« Grounding Electrode
Conductor Taps
« Grounding electrode
conductors for individual
separate service
disconnecting means
enclosures.

« Common grounding
electrode conductor from
the grounding electrode
and connected using
grounding electrode
conductor taps.
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Chapter 8

« Individual Grounding Electrode Conductors
« The grounding electrode conductors can also be run
individually from each grouped service disconnect to the
grounding electrode system.

« Each GEC size in this case is based on the size of the
largest ungrounded service conductor serving each service
disconnecting means enclosure.
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Chapter 8

« Effectiveness of the Grounding Path
« Section 250.68 generally requires that connections to a
grounding electrode be accessible.

+ Exceptions to 250.68 that address conditions that relax this
grounding electrode conductor connection accessibility
requirement as follows:

— Buried connections, such as those used for rods, pipes,
or plate electrodes
— Encased connections to concrete-encased electrodes

©2020 eectcs! raniog ALLWHCE (Geounding end Bonding - Chapter & 3

Chapter 8

+ Effectiveness of the Grounding Path

- Exothermic welding is used as the connection means or if
the connections are made by irreversible compression
connectors to fireproofed structural metal

©2020 cectnical trining ALLIANCE. Grounding and Bonding - Chapter § &

Chapter 8

* GEC Connections to be Accessible
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Chapter 8

« Encapsulation in Fireproofing Permitted
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Chapter 8

« Integrity of Grounding Connection
« To ensure the grounding path for a metal piping system
grounding electrode, bonding must be provided around any
insulated joints and around equipment that is likely to be
disconnected or removed for repairs or replacement.

« Bonding jumpers must be of sufficient length to permit
removal of such equipment while retaining the integrity of the
grounding path.

« Size the bonding jumper using Table 250.66 (same size as
the required grounding electrode conductor).

2020 eectrical runing ALLANCE Grounding and Bendog - Chapter 6 2
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Chapter 8

» Bonding Jumpers Required

©2020 clectical traniog ALLIANCE. Grounding and Bonding - Chapler & 7

Chapter 8

= Grounding Electrode Conductor Connection Locations

» The grounding electrode conductor connection to water pipe
electrode must be made within 5 feet of the water pipe point
of entry at the building or structure served.

92020 siectical traking ALUANCE Grounding and Bonding - Chapter & 2

Chapter 8

» GEC Connection Locations
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Chapter 8

« GEC Connection Locations
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Chapter 8

« Grounding Electrode Conductor Connection Locations
« Section 250.68(C)(1) also prohibits the use of that portion of
the interior metal water piping system that extends more than
5 feet beyond the point of entrance into the building to be
used as a conductor to interconnect grounding electrodes.

©2020 elcical triving ALLANCE Grounsig s Bongng - Chapter & g

Chapter 8

« Grounding Electrode Conductor Connection Locations
« By exception, the grounding electrode conductor connection
or connections of bonding jumpers of the grounding electrode
system are permitted at locations farther than 5 feet from
where the water piping enters the building or structure under
the following specific conditions:

1. Conditions of maintenance and supervision ensure that
qualified persons service the installation.

2. The entire length of the piping is exposed other than where
it passes perpendicularly through walls or floors.

©2020 siectrical rning ALUANCE Groundag and Bonding - Chegter 6 i3
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Chapter 8

.

©2020 ectrical baining ALUANCE

Chapter 8

Conductive Paths to Electrodes

.

Section 250.68(C) includes provisions that recognize the
conductive paths (building steel and metal water piping
systems) that are ultimately connected to grounding
electrodes but that are not electrodes by definition.

Interior metal water piping located not more than 5 feet from
the point of entrance to the building or structure shall be
permitted as a conductor to interconnect electrodes that are
part of the grounding electrodes system.

Grouning and Bonding - Chiepter 6 &

Chapter 8

» Conductive Paths to Electrodes

« A structural metal building frame shall be permitted to be
used as a conductor to interconnect electrodes that are part
of the grounding electrode system.

+ A structural metal building frame shall also be permitted to be
used as a grounding electrode conductor.

©2020 clecticat Lainin ALWNCE Groundng and Bonding - Chapter 6 8

Chapter 8
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Chapter 8

» Structural Metal Building Frame

©2020 electical raiving ALLIANCE

Chapter 8

Concrete-Encased CEC Connection

A concrete-encased electrode of the wire type or of the rebar
type installed in accordance with 250.52(A)(3) shall be
permitted to be extended to an accessible location above the
concrete.

The rebar extension must not be in contact with the earth
without corrosion protection. See Section 250.68(C)(3)(c)

Installing a length of rebar that turns up vertically and
emerges above the concrete is common and provides an
accessible connection means to concrete-encased
electrodes.

Groundog and Bonding - Chapler & %
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Chapter 8

« GEC Connections

« Section 250.70 indicates that grounding electrode conductors
or bonding jumpers of the grounding electrode system can be
made using one of the following methods:

1. Listed lugs

2. Exothermic welding processes
3. Listed pressure connectors

4. Listed clamps

5. Or other listed means

©2020 elecincal traning ALLANCE Groundng aad Bondng - Chapler & &

« GEC Connections

Chapter 8
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Chapter 8

* GEC Connections
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« GEC Connections
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Chapter 8

Chapter 8

« Listed GEC Connections

Courtesy of ABB
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« Listed Direct Burial GEC Connections

Chapter 8
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Courtesy of ABB
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Chapter 8

* Grounded Electrode Conductor Connections

« Grounding or bonding clamps must be listed as grounding
and bonding equipment and are typically suitable for
connecting only one conductor.

« More than one grounding electrode conductor is permitted to
be used with a single clamp where the clamp is identified for
multiple conductors.
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Chapter 8

+ One GEC Conductor Per Clamp
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Chapter 8

» Communications Grounding Electrode Connections
+ Listed grounding clamps for grounding electrode conductors
used with communications systems or other limited energy
systems are available in a strap-type configuration for indoor
use only.

» These types of grounding electrode conductor connections
are not permitted for use with power system grounding
electrode conductors.

+ These clamps must be listed and must have a rigid metal
base and strap that encircles the piping system and is not
likely to stretch after installation.

©2070 seckical raining ALLANCE Grounsng snd Bonding - Chapter & £

Chapter 8

« Ground Clamp for Communications Systems

Courtesy of ABB
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Chapter 8

+ Protection of Ground Clamps
« Grounding clamps are required to be protected from physicai
damage unless the fittings (clamps) are approved for use
without additional protection.

« Buried connections to ground rods provide sufficient
protection.

2020 eectrica! traing ALUANCE. Groundng and Bondng - Chagter & %

Chapter 8

« Protection of Ground Clamps

Protection can be provided by wood,
metal, ot other effective means

Approved means acceptable to the AHY

©2020 sectfical rairing ALLANCE Grouncton and Bonding - Chagter 6 3
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Chapter 8

* Magnetic Field Concerns

* Where a grounding electrode conductor is installed in a
ferrous metal raceway, the raceway must be electrically
continuous from the point of attachment to the cabinet or
equipment to the grounding electrode and must be securely
fastened to the ground clamp or fitting.

« Ferrous metal conduits and tubing have a magnetic property
that reacts to rising and falling magnetic fields present in AC
systemns.

« During a ground fault event, the current in a grounding
electrode conductor can be relatively high for the duration of
the event.

©2020 clectics trining ALLUNCE Grout and Banding - Chapter 6 £l

Chapter 8

« Magnetic Field Concerns

< The strength of the magnetic field will increase in direct
proportion to the amount of current in the conductor.

« In many cases the magnetic lines of force in the conductor
are induced into the conduit enclosing the grounding
electrode conductor.

« The magnetic lines of force can surpass the saturation point
of the steel raceway.

©2020 slectical rainiog ALLANCE Grouncing and Bending - Chapler § 8

Chapter 8

» The Choke Effect

»  Where the grounding electrode conductor exits, the conduit,
the magnetic lines of force generated by the fault current in
the conductor will be induced on the end of the conduit
creating a saturation point that exceeds the capacity of the
conduit.

* The steel conduit in this instance is acting like a steel core of
a coil fo concentrate the magnetic lines of force resulting in
what the industry refers to as a choke effect.

» Specific bonding requirements are necessary for ferrous
metal raceways that contain grounding electrode conductors.

©2020 slectricas traiing ALLIANCE Grounsg end Bonding - Chapler & £

Chapter 8

* Enclosures for Grounding Electrode Conductors Bonding Ferrous
Metal
« Ferrous metal enclosures for grounding electrode conductors
that are not physically continuous from cabinets or equipment
to the grounding electrode must be made electrically
continuous by bonding each end of the raceway to the
contained grounding electrode conductor.

» The method required for bonding each end of the raceway
must be one of those provided in Sections 250.92(B)(2)
through (B)(4).

© 2020 cicirics! inining ALLIANCE Groundiog and Bondng - Chapter & 100

Chapter 8

= Bonding GEC to Ferrous Metal Conduit

Grounding
ectrod:
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Chapter 8

« Bonding GEC to Ferrous Metal Conduit
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Chapter 8

» Enclosures for Grounding Electrode Conductors Bonding Ferrous
Metal

« One method is to use bonding bushings at each end of the
raceway.

« Another method is to use bonding fittings that are
manufactured specifically for this purpose.

+ In this case the hub-type fitting is installed on the end(s) of
the conduit or tubing, and it includes a conductor clamp for
completing an effective bonding connection between the hub
and the grounding electrode conductor.

©2020 loctncal riring ALLIANCE Grouning and Bondng - Chater 6 104

Chapter 8

+ Bonding GEC to Ferrous Metal Conduit

Y
conductor - Ferrous metal racewag- <

B .

s
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Chapter 8

+ Listed Clamps

Courtesy of ABB
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Chapter 8

» Conduit Fill for GEC

« The conduit and tubing fill percentage restrictions in Table 1,
Chapter 9 of the NEC apply to conductors installed in
raceways.

+ If a single conductor (grounding electrode conductor in this
case) is installed in conduit or tubing, the percentage of fill
must not generally not exceed 53%.

+ Note 2 of the Chapter 9 Tables exempt raceways used to
provide physical protection.

©2020 electicel riciog ALLUNCE Grounding 8nd Bonding - Chapler & 1o

Chapter 8

= Single GEC in Conduit or Tubing

Table } Parcentage of Cross Section of Conduit and Tublag
for Conductors

Rumberof Conductors A Comductor Types

1 53
2 3
Over2 40

53% 3%

Reproduction of Table 1, Chapter 9 {without notes to tables)
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Chapter 8

* Summary

This conductor performs grounding function and maintains
the connection to the Earth for systems and equipment.

The grounding electrode conductor does not perform as an
effective ground-fault current path.

Grounding electrode conductors are generally sized using
Table 250.66.

Grounding electrode conductors can be copper, aluminum, or
copper-clad aluminum.

Grounding electrode conductor connections are generally
required to be accessible.

92020 clecical raining ALLANCE Grounding and Bonding - Chapter 6 18
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Chapter 7

« Introduction

« Bonding is the process of connecting conductive parts or
equipment together.

» Section 250.4 contains important performance criteria that
clearly describes what electrical bonding is intended to
accomplish.

« Bonding methods and sizing of equipment bonding jumpers
are covered in Part V of Article 250 along with requirements
for bonding piping systems, structural metal building frames,
and other conductive parts within or attached to buildings or
structures.

« Electrical bonding requires connections that must be effective
to ensure that optimal performance is achieved at any point
in the electrical system.

Grounding and
Bonding

Bonding Requirements

02020 siectnical tsining ALUANCE Groundng end Bonding - Chapter 7 2

Chapter 7 Chapter 7
« Objectives + Objectives (continued)
+ Understand the NEC definitions related to electrical bonding * Understand the difference between supply-side and load-side
requirements. bonding requirements and establish appropriate sizes for

supply-side bonding jumpers and load-side bonding jumpers.

« Understand the requirements for bonding on the supply side
of the service disconnecting means. « Understand the importance of bonding in the effective
ground-fault current path.

« Determine where equipment bonding jumpers are required.
« Determine the requirements for bonding metal piping
systems and structural metal building framing.

2020 seckical triniog ALLIANCE Grousng and Boncing - Chepler 7 3 2020 cloctrical trining ALUANCE Grourxing and Bonding - Chapter 7 4

Chapter 7 Chapter 7

« Bonding for Continuity and Conductivity

« Article 100 Definitions

« Bonded (Bonding). Connected to establish electrical
continuity and conductivity.

« Bonding Conductor or Jumper. A reliable conductor to ensure
the required electrical conductivity between metal parts
required to be electrically connected.

= Bonding Jumper, Equipment. The connection between two or
more portions of the equipment grounding conductor.
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Chapter 7

« Article 100 Definitions

« Bonding Jumper, Main. The connection between the
grounded circuit conductor and the equipment grounding
conductor, or the supply-side bonding jumper, or both, at the
service.

« Bonding Jumper, Supply-Side. A conductor installed on the
supply side of a service or within a service equipment
enclosure(s), or for a separately derived system, that ensures
the required electrical conductivity between metal parts
required to be electrically connected.

2020 eoctrical training ALUANCE Grounsng nd Bondng - Chapter 7 v
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Chapter 7

« Article 100 Definitions

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

« Service Point. The point of connection between the facilities
of the serving utility and the premises wiring.

©2020 lectrical traeen) ALLIANCE Grougng an Bontg - Chaptes 7 o

Chapter 7

» Bonding Performance Criteria
» Section 250.4 consists of subdivisions (A) and (B).

« Section 250.4(A) provides grounding and bonding
performance criteria for grounded systems and associated
equipment.

« Section 250.4(B) provides grounding and bonding
performance criteria for ungrounded systems and associated
equipment.

© 2020 clectrical rining ALLANCE Groudg end Bondng - Chapter 7 s

Chapter 7

« Bonding Performance Criteria (continued)

« The goals of bonding are the same for grounded systems as
for ungrounded systems.

« Bonding must be effective and perform properly during
ground-fault conditions.

« Each fitting, bushing, connector, coupling, and so forth must
be made up tight to keep impedance low.

« Loose fittings and poorly installed wiring methods that are not
supported properly can impair bonding connections.

©2020 electical wrning ALLANCE Groundg ang Bonding - Chapter 7 "

Chapter 7
+ Grounded and Ungrounded Systems
Grounded wye system Ungrounded delta system
©2020 eloctrical irmining ALLIANCE Grounding and Bonding - Chapter T 10
Chapter 7

« Electrical Workmanship

« The effectiveness of all bonding connections is directly
related to workmanship.

+ Good workmanship is essential in electrical construction.

« Loose fittings and poorly installed wiring methods that are not
supported properly can impair bonding connections in
metallic wiring methods installed for services, feeders, and
branch circuits.

» See NECA 1 Standard for Good Workmanship in Electrical
Construction.
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Chapter 7

« Tighten Locknuts and Fittings

©:2020 lectical bainiog ALLIANCE Grouxing and Bondng - Chagter 7 o

Tighten Locknuts and Fittings

Chapter 7

Chapter 7

« Maintaining Continuity
+ The primary objective of bonding is to make two conductive
objects become one electrically.

« Conductive parts of an electrical system together puts the
parts at the same or nearly the same potential.

« Section 250.90 provides a general requirement to bond
where necessary to ensure electrical continuity and the
capacity to conduct safely any imposed fault current.

©2020 clocrcat Uaiing ALLIANCE Geouning 87 Boading - Chapter 7 15

+ Tighten Locknuts and Fittings

Chapter 7

Chapter 7

+ Bonding Jumper Installation
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Chapter 7

equipment honding jumper
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Chapter 7

« Bonding Connections (Wire-Type Conductors)
» For equipment grounding conductors, bonding conductors,
and jumpers to perform effectively, thorough, tight
connections must be made.

« Section 250.8 provides the acceptable methods of making
grounding and bonding connections and applies generally to
connections for wire-type conductors.

« Any loose or improper bonding connections in the effective
ground-fault current path can compromise the performance
of the electrical safety system (the grounding and bonding
circuits).

©2020 slecialtrining ALLIAKCE Groundiog and Bonciog - Chaer 7 n

« Methods of Bonding Connections
« Several methods and various devices provide many choices
for grounding and bonding connections.

Chapter 7

* The type of connection made is usually determined based on

the equipment type and location in the system.

©2020 electical riniog ALLANCE Grouncsng and Bonding - Chapter 7

« Equipment Grounding Terminal Bars

Chapter 7
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Chapter 7
« Listed Pressure Connectors
Listed wi re bie for groundi
and bonding connections.
© 2020 electrical training ALLIANCE Groundng erd Bonding - Chapter 7 2t
Chapter 7

« Listed Pressure Connectors

and

connectors are avaiiable and listed for use in
electrical connections, and they can also be listed
as grounding and bonding equipment.

©2020 electizal raiing ALLANCE Grouning and Bontng - Chepter 7 2

« Exothermic Welding

Chapter 7

and bonding connections. They are not required to be
listed, but th befe
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Chapter 7

» Cleaning Coated Surfaces

+ For effective electrical connections, the joint or termination
must offer little to no opposition in the electrical circuit.

« Section 250.12 of the NEC addresses cleaning of surfaces.

» Coated electrical products such as painted enclosures and
coated raceways can introduce additional impedance in the
grounding and bonding system.

« Coated or painted surfaces must be cleaned to remove
coatings such as paint, lacquer, and enamel from threads
and contact surfaces.

©2020 eloctical eiriog ALLIANCE Grounding and Bondng - Chapler 7 2
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Chapter 7

+ Bonding Jumper and Bonding Conductor Length
+ The defined term bonding conductor or jumper addresses
two concepts that accomplish the same purpose: to ensure
electrical conductivity and continuity between metal parts.

» Bonding jumpers are generally understood to be a relatively
short bonding means while bonding conductors have
generally been understood to be a conductor length
exceeding that of a jumper.

« No bonding jumper length is specified in the NEC.

©2020 clectrcs! raing ALLANCE. Groungag snd Bondng - Chapter T 7

Chapter 7
» Grounding Screws and Terminals
Hetatbailding frame
Machine beused tsuchzs
e N S
d. i that.
2020 st oy ALUANCE Groning and Bonaig - Craste 7 =
Chapter 7

» Fastening Pressure Lugs to Enclosures

©2020 electieal taining ALLANCE

Grounding and Bondng - Chapker 7 2

Chapter 7

+ Fastening Conduit to Enclosures

©2020 electical kmining ALLIANCE
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Chapter 7

« Equipment Bonding Jumpers (Function and Purpose)

« Bonding jumpers are connections between two conductive
objects that establish continuity and conductivity.

« An example of an equipment bonding jumper installation is
when it is used to connect two sections of EMT that are
attached to a nonmetallic enclosure.

« Another example of an equipment bonding jumper installation
is the connection between a grounded metal outlet box and a
grounding-type receptacle.

©2020 electical iy ALLANCE Ground nd Bondng - Chapter 7 £
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Chapter 7

« Equipment Bonding Jumper

Honmetallichox

- - -Equipment bonding jumper
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Chapter 7

« Equipment Bonding Jumper

©2020 electrical riniog ALLANCE Groungng ang Bonsn - Chapler 7 32

Chapter 7

+ Equipment Bonding Jumper
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Chapter 7

« Sizing Equipment Bonding Jumpers
» The Code includes two general sizing requirements for
equipment bonding jumpers in services.

« Section 250.102(C) provides the minimum requirements
for sizing supply-side bonding jumpers (those located on
the supply side of an overcurrent device).

« Section 250.102(D) provides the minimum requirements
for sizing equipment bonding jumpers on the load side of
an overcurrent device.
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Chapter 7

« Service Bonding Rules (Supply Side)

» The conductors from the service point to the service
disconnect are usually not protected at their ampacity.

* In this case, the supply-side bonding rules in 250.102(C)
apply.

« Sizing bonding jumpers on the supply side of the service
overcurrent protective devices is accomplished using Table
250.102(C)(1) (or the 12.5% rule for larger services).

= Sizing is based on the size of the largest ungrounded supply
conductor(s) supplying the service disconnecting means.

©2020 lectrical rsning ALUANCE Grounding s Bonctng - Chapter 7 3

Chapter 7

« Supply-Side Bonding Jumper
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Chapter 7

« Bonding Rules (Load-Side)
« Equipment bonding jumpers for a feeder supplying a
panelboard from the service disconnecting means enclosure
are on the load-side of an overcurrent protective device.

= In this case the (load-side) equipment bonding jumper is
sized in accordance with 250.102(D) using Table 250.122
based on the rating of the overcurrent protective device for
the feeder circuit.
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Chapter 7

« Service Bonding Rules
» Section 250.92 provides rules related to bonding methods for
enclosures, raceways, and other normally non—current-
carrying metal parts at the service and on the supply side of
the service disconnecting means and overcurrent protective
device.

« During ground-fault conditions, these metal enclosures and
raceways carry high levels of fault current for the duration of
time it takes for the overcurrent protective device on the
primary side of the utility transformer to open the circuit.

« Bonding connections must be effective and comply with
Sections 250.92(A) and (B).

©2020 sectical baiving ALLUANCE Geounding wnd Bondng - Chaples 7 3

Chapter 7
+ Load-Side Bonding Jumper
©2020 slectrical training ALLIANCE Grounding and Bonding - Chapter 7 £
Chapter 7

« Parts Required to be Bonded
« The following metal parts of equipment containing service
conductors are required to be bonded together:

1. Raceways

2. Cable tray

3. Cable bus frames

4. Auxiliary gutters

5. Service cable armor or sheath

« Enclosures such as meter enclosures, panelboards,
switchboards, boxes, and so forth, interposed in the service
raceway installation and must be bonded together.

©2020 electicat traning ALLANCE Groussting and Bonng - Craptes 7 ©

Chapter 7

« Service Bonding Rules
« Bonding requirements for metallic parts on the supply side of
the service disconnect are more restrictive and result in more
robust or strengthened bonding installations.

* The methods for bonding at the service equipment are
outlined in Section 250.92(B)(1) through (4).

.

Section 250.92(B)(1) recognizes the grounded conductor for
a bonding means.
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Chapter 7

+ Service Bonding Methods
« Use of the grounded conductor for bonding enclosures
together.

= Connections using threaded couplings or listed threaded
hubs on enclosures if made up tight.

« Threadless couplings or connectors for metal raceways and
metal-clad cables (where made up tight).

« Other listed devices such as bonding-type locknuts or
bonding bushings.

©2020 electical raining ALLANCE Grounding and Bonding - Cragter 7 «
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- 250.92(B)(1) through (4)

3/7/2022

Chapter 7

« 250.92(B)(1) through (4)

/2020 eiactrical g ALLWNCE Grouncing end Bonang - Chapter 7 “
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Chapter 7

« Service Bonding Concems

« |t is important to bond around any compromised entries to
enclosures, such as reducing washers and oversized,
concentric, or eccentric knockouts.

» Standard locknuts, on both sides of the enclosure, are
acceptable for making the mechanical connection of the
service raceway to the enclosure, but they are not suitable
for the heavier bonding prescribed in Section 250.92.

Section 250.12 provides a general requirement to remove
coatings such as paint that could impair the bonding
connection.
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Chapter 7

« Bonding for Circuits Over 250 Volts

+ Where concentric, eccentric, or oversized knockouts are
encountered in the installation, the bonding requirements in
250.97 apply, if the circuit voltage exceeds 250 volts phase-
to-ground.

+ The exception to Section 250.97 relaxes this bonding
requirement for installations where oversized, concentric, or
eccentric knockouts are not encountered or where a box or
enclosure with concentric or eccentric knockouts is listed and
provides a reliable bonding connection.

2020 elecirical raining ALLIANCE Geouning and Boadg - Chasher 7 “

Chapter 7

« Bonding for Circuits Over 250 Volts

« If additional bonding is required, one of the following methods
can be used to establish an effective bonding connection:

1. Threadless couplings and connectors for cables with metal
sheaths

2. Two locknuts, on RMC or intermediate metal conduit—one
inside and one outside of boxes and cabinets

3. Fittings with shoulders that seat firmly against the box or
cabinet, such as EMT connectors, flexible metal conduit
connectors, and cable connectors, with one locknut on the
inside of boxes and cabinets

4. Listed fittings

©2020 cectncal baining ALUANCE. Geoutng end Bondng - Chepter 7 @

Chapter 7

» Reducing Washers for Bonding

« Listed reducing washers are suitable for bonding when they
meet listing requirements.

« Listed metal reducing washers are considered suitable for
grounding in circuits over and under 250 volts when installed
according to the NEC.

+ Generally, all concentric or eccentric rings must be removed
and painted, or coatings must be removed so metal-to-metal
contact is achieved when using reducing washers for
bonding purposes.

» See UL Product 1Q Category (QCRV) for additional
information.

©2020 electical riring ALLANGE Groundog end Bongng - Chapter 7 “
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* Reducing Washers
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Chapter 7

« Boxes with Concentric or Eccentric Knockouts
« Bonding around punched concentric or eccentric knockouts
is not required in all cases if the box or enclosure containing
the pre-punched concentric or eccentric knockouts has been
tested and is listed as suitable for bonding.

« Listed metal outlet boxes are suitable for bonding in circuits
above or below 250 volts to ground without the use of
additional bonding equipment.

« Be sure that metal-to-metal contact is made according to
NEC Section 250.12

©2020 electical riring ALLANCE Grounding and Bonding - Chapler 7 £

Chapter 7

« Concentric and Eccentric Knockouts
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Chapter 7

« Supply-Side Bonding Jumpers (Wire Types)
+ Wire-type bonding jumpers are installed on the supply-side of
the service disconnecting means and must be sized
according to 250.102(C)(1).

» Use Table 250.102(C)(1) or the 12.5% rule for larger
services.

» Wire-type bonding jumpers can be installed from conduits
individually or in a series loop (daisy chain) connecting
muitiple conduits using a single supply-side bonding jumper.

92020 cactics! braving ALUANCE. Groundor; and Booding - Chapter 7 2

Chapter 7

» Supply-Side Bonding Jumpers

Chapter 7

» Supply-Side Bonding Jumpers
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Chapter 7

* General Equipment Bonding (Load Side)

« Electrical bonding is also required on the load side of the
service disconnect.

» Bonding functions occur from the point of delivery at the
service equipment to the final outlets in the branch circuits.

» The feeder and branch circuit equipment grounding
conductor(s), either a wire type or raceway, perform both
bonding and grounding functions.

©2020 siectrical ining ALLANCE Groundor 20d Bondng - Chapter 7 5
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« EGC Performs Bonding

Chapter 7
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Groundg and Bondog - Clapler 7

Chapter 7

* Installing Bonding Jumpers (Load Side)
» Equipment bonding jumpers must be copper or other
corrosion-resistant material.

» Bonding jumpers can be a bus, wire, or other suitable
conductor.

» Bonding jumper connections must meet the provisions in
Section 250.8.

« Feeder and branch circuit equipment bonding jumper sizes
are established using Table 250.122.
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« Bonding Jumper Installation
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Chapter 7

Chapter 7

« Bonding Jumper Installation
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« Bonding Jumper Installation

Chapter 7
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« Equipment Bonding Jumper Installation

3/7/2022

Equipment
bmdng‘ jumper
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Chapter 7

+ Expansion, Expansion-Deflection, Deflection Fittings and Loose
Joined Metal Fittings

« Equipment bonding jumpers are often installed around
expansion, expansion-deflection, deflection fittings and loose
joined metal fittings conduit fittings to maintain required
continuity.

« Follow the manufacturer’s installation instructions.

« if flexible metal conduit or liquidtight flexible metal conduit is
installed around building expansion joints, equipment
bonding jumpers must be installed.
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+ Bond Around Expansion Fittings

manufactucer’s nstailation Instructions.
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Chapter 7

< Listed Expansion Fitting With Jumper

Courtesy of ABB
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Chapter 7

« Bonding Metal Piping Systems

= Section 250.104 provides requirements for bonding metal

piping systems.

Section 250.104(A) addresses bonding metal water piping

systems.

Section 250.104(A) applies to potable water piping systems,

sprinkler system piping, and chilled water system piping.

+ Section 250.104(B) addresses bonding other metal piping
systems such as air piping, gas piping, and others.

+ Bonding connections are generally required to be accessible.

.
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Chapter 7

+ Metal Water Piping System
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» Bonding Metal Water Piping Systems
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Chapter 7

.
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Chapter 7

« Bonding Connection Location and Sizing

« The NEC requires metallic water piping systems to be
bonded to one of the following:
* The service equipment enclosure
« The grounded conductor at the service
« The grounding electrode conductor where it is of
sufficient size
* One or more of the grounding electrodes of the building
grounding electrode system
« The bonding jumper must not be smaller than the values
listed in Table 250.102(C)(1) except that it does not have to
be larger than 3/0 copper or 250 kemil aluminum or copper
clad aluminum.
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Chapter 7

+ Bonding Metal Piping in Multiple Occupancy Buildings

+ In muiltiple occupancy buildings, if the metal piping system for
each individual occupancy is metallically isolated from all
other occupancies by use of nonmetallic water piping, the
metal water piping system or systems for each occupancy
are permitted to be bonded to the equipment grounding
terminal bus of the panelboard or switchboard enclosure that
supplies the individual occupancy.

« The bonding jumper is permitted to be sized using Table
250.122 based on the rating of the overcurrent device for the
feeder supplying each individual occupancy.

02020 electrical vainiog ALLIANCE Grouxing and Bonding - Chiapter 7 70

Chapter 7

« 250.104(A)(2) Multiple Occupancies

aRpancy metal
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Chapter 7

« Multiple Buildings or Structures Supplied by a Feeder or Branch
Circuit
« The bonding jumpers shall be sized in accordance with Table
250.102(1), using the size of the feeder or branch circuit
conductors that supply the building.

« The bonding jumper is not required to be larger than the
largest ungrounded feeder or branch circuit conductor
supplying the building or structure.

©2020 eectrical tiving ALLIANCE Geounvtng and Bondn - Chagter 7 ”
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Chapter 7

« Size Bonding Jumper Per Table 250.102(C)(1)

2020 elcirical niniog ALUANCE Geouing nd Bonding - Chepter 7 7
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Chapter 7

« Bonding Other Metal Piping Systems

©2020 eectrcal traning ALLIANCE.

The requirements for bonding metal piping systems other
than metal water piping systems are provided in Section
250.104(B).

The Code requires bonding only if these other metal piping
systems are likely fo become energized.

Likely to become energized is described in the NEC Style
Manual as the failure of insulation on.

Grounsng nd Bonkey - Chapter 7 i

Chapter 7

« Bonding Other Metal Piping Systems

« The bonding jumper is required to be installed and connected
to one of the following:

« The equipment grounding conductor that is likely to
energize the piping system

« The service equipment enclosure

* The grounded conductor at the service

« The grounding electrode conductor if large enough

* Any grounding electrode in the grounding electrode
system

©2020 electrical rining ALLANCE Groundg and Bonang - Chapter T 75

Chapter 7

+ Bonding Other Metal Piping Systems

.

©2020 octrical trainiog ALLIANCE

At a minimum, other metal piping systems, including metal
gas piping systems, are required to be bonded using a
branch circuit equipment grounding conductor sized in
accordance with Table 250.122 if they are likely to become
energized.

Geounving ang Bonding - Chaptes 7 13

Chapter 7

« Bonding Metal Gas Piping Systems

Grounctng nd Banng - Chagier 7 n
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Chapter 7

+ Bonding Other Metal Piping Systems
Example:

©2020 iectical traicing ALLANCE

« If the branch circuit supplying a gas-fired furnace is
protected by a 30- ampere overcurrent protective device,
then the 10 AWG equipment grounding conductor of the
30-ampere branch circuit can serve as the bonding
means.

« In these cases the branch circuit supplying the appliance
is viewed as the circuit likely to energize the piping
system.

Grounding and Bondiy - Chapter 7 i
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Chapter 7

« Bonding Other Metal Piping Systems

» The National Fuel Gas Code (NFPA 54) includes additional
requirements for bonding metal gas piping systems.

« Manufacturers of corrugated stainless-steel tubing (CSST)
gas piping provide instructions for more restrictive bonding
requirements than those contained in the NEC.

© 2020 oloctical trining ALLANCE Grouning and Bonding - Chapter 7 ™
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.
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Gas Piping for Furnace

Chapter 7

Chapter 7

* Gas Piping for Furnace
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Chapter 7

Bonding Structural Metal Building Frames

« Exposed structural metal that does not qualify as an
electrode, is interconnected to form a building frame, and is
not already intentionally grounded or bonded is required to be
bonded to the electrical supply service of the building or
structure.

« This requirement also applies only when the structural metal
building framing is likely to become energized.

« Size the bonding jumper(s) using Table 250.102(C)(1) except
it does not have to be larger than 3/0 copper or 250 kcmil
aluminum or copper clad aluminum.

Grounding and Bondng - Chaster 7 &2
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« Bonding Metal Building Frames
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Chapter 7

Interconnected Metal Building Frame
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Chapter 7

+ Bonding Jumper Connection
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Chapter 7

« Bonding Lightning Protection Systems
» Section 250.106 of the NEC requires that the ground
terminals of a lightning protection system be bonded to the
building or structure grounding electrode system.

« This ensures that any rise or fall of potential on conductive
objects in or on the building or structure will occur at the
same potential and reduce flashover possibilities.

2020 eectrical eining ALLANCE
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Chapter 7

* Summary

« Bonding is the process of connecting conductive parts or
equipment together to establish electrical continuity and
conductivity.

« Effective bonding results in conductive parts being connected
together in a manner that functions electrically to provide
safety for the overall electrical system.

« There are strengthened bonding requirement for the supply
side of the service disconnecting means.

« There are specific sizing rules for wire-type bonding jumpers
on the supply-side of the service and the load side of the
service.

©2020 electrical rining ALLANCE. Grounding end Bondng - Chapter 7 w
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Equipment Grounding
Conductors

Chapter 8

« Introduction

©2020 cectical tnining ALLUANCE

The equipment grounding conductor (EGC) is another
important component in the grounding and bonding system.

EGCs are typically installed with feeders and branch circuits
of electrical systems.

They perform grounding, bonding, and serve as effective
ground-fault current paths.

Groundng and Bonding - Chisgter 8 2

Chapter 8

 Introduction (continued)
« EGCs are electrically conductive paths that extend the
ground (Earth) connection to equipment that is required to be
grounded.

« The performance of EGCs is directly related to the integrity of
this conductive path that is ensured through good
workmanship.

©2020 sioctical Iriving ALLUNCE Grounding and Bonding - Chapier & 3

Chapter 8

» Objectives

©2020 elckical rairiog ALLIANCE.

Understand the definition of the term equipment grounding
conductor (EGC).

Identify the types of equipment grounding conductors
recognized by the NEC.

Understand the purpose and performance of the equipment
grounding conductor in the electrical system.

Determine the requirements for identification and
connections of equipment grounding conductors.
Understand installation requirements and determine
minimum sizes for wire-type equipment grounding
conductors.

Grounding #nd Bondng - Chapter .

Chapter 8

« Article 100 Definition

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

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

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

©2020 elecrical Ininiog ALLANCE
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Chapter 8

+ Article 100 Definitions

©2020 eieckrical aining ALLARCE.

Grounded (Grounding). Connected (connecting) to ground or
to a conductive body that extends the ground connection.

Effective Ground-Fault Current Path. An intentionaily
constructed, low impedance electrically conductive path
designed and intended to carry current under ground-fault
conditions from the point of a ground fault on a wiring system
to the electrical supply source and that facilitates the
operation of the overcurrent protective device or ground-fault
detectors on high-impedance grounded systems.

Grownding and Boodg - Chapter & 5
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* Part Vi of Article 250

« The general requirements
for equipment grounding
conductors are provided in
Part VI of NEC Article 250.

« These rules cover types,
identification, installation,
and sizing of EGCs.

+ EGCs can be in the form of
a wire-type conductor or
other types as provided in
250.118.

©2020 lectical raining ALLIANCE Growdog nd Bondng - Chapler &

Chapter 8
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« Types of EGCs

©2020 eleckical rsiniog ALLANCE
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Chapter 8

« Performance of Equipment Grounding Conductors
» The EGC performs three important functions in the electrical
safety system.

1. EGCs are intended to provide a path that connects
equipment to ground (the Earth), thereby performing
grounding functions.

2. EGCs perform bonding functions by connecting equipment
together and to ground.

3. EGCs perform as effective ground-fault current paths to
facilitate overcurrent device operation during ground fault
conditions.

©2020 cloctrical raining ALLIANCE. Groudag and Bondng - Chaster &

Chapter 8

+ EGC Performs Grounding

Chapter 8

© 2070 cectrical taéning ALLIANCE
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« EGC Performs Bonding

Chapter 8
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« EGC Provides a Fault Current Path

Chapter 8

Source

Servite
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Chapter 8

« Equipment Grounding Conductor Material

» Section 250.118 indicates EGCs can be made of copper,
aluminum, or copper-clad aluminum material.

» These conductor materials can be in the form of a wire
(stranded or solid) or busbar of any shape, and they can be
insulated, covered, or bare.

« An equipment grounding conductor can be a wire type or can
be the wiring method, such as a metal rigid conduit or the
armor of Type AC cable.

£2020 electical raiing ALLINCE Grounding snd Boning - Chapter & 3
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Chapter 8

« Types of Equipment Grounding Conductors

» Section 250.118 provides a list of acceptable equipment
grounding conductors.

« Acopper, aluminum, or copper-clad aluminum conductor
{(wire)

» Rigid metal conduit (RMC) or Intermediate metal conduit
(IMC)

« Electrical metallic tubing (EMT)

« Armor of Type AC cable, as provided in Section 320.108

* Metal-clad cable (Type MC) as provided in 250.118(10)

©2020 eleckical baining ALLIANCE Groundn e Bonding - Crapter 8 "

Chapter 8

» EMT as EGC Proper Supports
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Chapter 8

« Types of Equipment Grounding Conductors

» Section 250.118 provides a list of acceptable equipment
grounding conductors (continued)

« The copper sheath of mineral-insulated, metal-sheathed
cable Type MI

« Cable trays, as permitted 392.10 and 392.60

« Cable bus framework, as permitted in 370.3

< Other listed electrically continuous metal raceways and
listed auxiliary gutters

« Surface metal raceways listed for grounding

©2020 electres! trainiog ALLANCE Groundg and Bording - Crapter 8 s

Chapter 8

« Types of Equipment Grounding Conductors

« Section 250.118 provides a list of acceptable equipment
grounding conductors (continued)

= Flexible metallic tubing is recognized as an equipment
grounding conductor in accordance with the conditions of
250.118(7).

= Listed flexible metal conduit is recognized as an
equipment grounding conductor if it meets all of the
conditions in 250.118(5).

- Listed liquidtight flexible metal conduit is recognized as
an equipment grounding conductor if it meets all of the
conditions in 250.118(6).

©2020 slectncal iy ALLANCE ‘Grounding and Bonding - Chapler 8 "

Chapter 8

« Listed Flexible Metal Conduit
« Listed FMC permitted as an EGC if all the following are met:

+ Listed fittings are installed
+ The size does not exceed 1-% inch trade size
= 20-A maximum OCPD protecting the contained circuit

« The combined length of FMC, LFMC, and FMT in the
same ground-fault current path does not exceed 6 feet

©32020 eiciical ruiing ALLANCE Growdng end Boing - Chapter 8 1
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Chapter 8

« Listed Flexible Metal Conduit (continued)

» If used to connect equipment in which flexibility is necessary
to minimize the fransmission of vibration from equipment or
to provide flexibility for equipment that requires movement
after installation, an EGC must be installed.

©2020 eiectrical bairvog ALLIANCE. Geouning end Bonsng - Chapter 8 »

Chapter 8

« Listed Flexible Metal Conduit

22020 electical taking ALLIANCE Grousdng and Bondng - Chagier 8 20

Chapter 8

* Wire-Type EGC Required

©2020 eectrical rainng ALLANCE Groundog e Bonding - Chapter & 2

Chapter 8

« Listed Liquidtight Flexible Metal Conduit
« Listed LFMC permitted as an EGC if all the following are met:

Listed fittings are installed

= For % in. through % in. sizes, a 20-A maximum OCPD
protects the contained circuit conductors

» For % in. through 1% in. sizes, a 60-A maximum OCPD
protects the contained circuit conductors

+ The combined length of FMC, LFMC, and FMT in the

same ground-fault current path does not exceed 6 feet

02020 electical reeing ALLUNCE Groundso nd Bordng - Chapler 8 22

Chapter 8

+ Listed Liquidtight Flexible Metal Conduit (continued)

« If used to connect equipment in which flexibility is necessary
to minimize the transmission of vibration from equipment or
to provide flexibility for equipment that requires movement
after installation, an EGC must be installed.

©2020 slectical nining ALLUANCE Grouncing nd Bonding - Chapler & EY

Chapter 8

« Listed LFMC Secured
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82




3/7/2022

Chapter 8

« Listed LFMC Movement Anticipated
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Chapter 8

« Listed LFMC Standard

LFMC qualifies as an E6C
where flexibility is not
necessary after instatlation

©2020 electrical baiting ALLANCE. Groudog nd Banding - Chapter & %

Chapter 8

+ Listed LFMC Requires EGC due to vibration
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Chapter 8

+ Metal-Clad Cable — Type MC
« Type MC is suitable as an EGC in accordance with any of the
following:

« It contains an insulated or uninsulated EGC in
compliance with 250.118(1)

« The combined metallic sheath and uninsulated
equipment grounding/bonding conductor of interfocked
metal-tape-type MC cable that is listed and identified as
an EGC

« The metallic sheath or the combined metallic sheath and
EGCs of the smooth or corrugated-tube—type MC cable
that is listed and identified as an EGC

©2020 sieckienl rairing ALLIANCE Grounding and Bonding - Chapter 8 E)

Chapter 8

« Types of MC Cable

Smooth-tube
ype
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Chapter 8

 Interlocking Metal Tape-Type MC Cable

©2020 sectical runing ALLANCE. Grousding sod Boncing - Chspter 8 E
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MC Cable Sheath as Suitable EGC

Chapter 8
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Chapter 8

AC Cable Suitable as EGC

Listed fittings
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Chapter 8

Equipment Grounding Conductor Installation

.

Section 250.120 provides installation requirements for EGCs
of all types.

» The fittings and terminations used with the wiring method

chosen have to be suitable for use with the type of wiring
method installed.

« For example, fittings (connectors, couplings, and locknuts, for

example) used with EMT have to be listed for use with EMT,
as required by 358.6.

©2020 electicl iing ALLIANCE Grounding mnd Bonding - Chepter §
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« Armored-Clad Cable — Type AC

+ Section 250.118(8) recognizes the armor sheath of armored-
clad (Type AC) cables as an EGC.

« The cable armor qualifies as an EGC because of the

bare internal bonding strip that is in intimate contact with
the armor from fitting to fitting.

The combination of the internal bonding strip in the
assembly, together with the interlocking metal-tape~type

armor, are suitable as an effective ground-fault current
path.

©2020 electical vaiing ALUANCE ‘Grounetosg ang Bondg - Chagtes &
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Chapter 8
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Chapter 8

« Workmanship is Important

« All connections have to be made tight using suitable tools.
« This requirement relates to the workmanship requirement in
110.12.

« ltis important to tighten fittings because of the functions they
are expected to perform both in normal operation and during
abnormal conditions such as ground faults.

« Loose fittings such as set-screw couplings, connectors, and
locknuts introduce impedance into the ground-fault current
path and could affect quick operation of overcurrent devices.

©2020 etcreal trining ALLANCE. Grending and Bonding - Chapter 8
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Chapter 8
« National Electrical Installation Standards (NEIS)
ANSH-NECA-101
;—n;;m Steet Conduits Ha!iona} Electrical
(Rogid, 150, EMT) instaliation Stendard (NEIS)
Developed by Nationat
Electrical Contractors
Association (NECA}

Standard for installing Steel
Conduit {Rigid, IMC, EMT)

Defines good workmanship
as required by NEC Section
110.12
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Chapter 8

Securing and Supporting Wiring Methods

» Chapter 3 of the Code includes requirements for securing
and supporting conduit and other raceways that are included
in 250.118 as EGCs.

+ The integrity of the effective ground-fault current path
established by the wiring method itself depends on effective,
code-compliant support and securing of the raceway or cabie
system.

« Workmanship is important for many reasons.

Grounding end Bonding - Chapter & 38

Chapter 8

» Secured EMT as EGC

©2020 eectrical traniy ALLIANCE. Grouncing snd Bondng - Chagter 6 E

Chapter 8

Tighten Fittings and Locknuts

2020 sectical training ALLIANCE
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Chapter 8

= Protection from Physical Damage

« Aluminum or copper-clad aluminum EGCs are not permitted
to be terminated within 18 inches of the Earth.

« These conductor types are more vulnerable to the effects of
corrosion and deterioration than copper conductors.

Section 260.120(C) indicates that EGCs smaller than 6 AWG
are required to be protected from physical damage by a
raceway or cable armor.

» This damage protection rule is relaxed for EGCs installed in
hollow spaces of walls or partitions that protect them from
physical damage.

©2020 lecirical riniog ALLIANCE Grounding nd Bonding - Chapter B «
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Chapter 8

Installation with Circuit Conductors

+ Sections 300.3(B) and 250.134(2) provide important

information about installing EGCs with AC circuits.

« One of the most important requirements is to keep the EGC

as close as possible to its associated circuit conductors.

« This keeps the impedance values as low as possible during

normal operation and during ground fault conditions.

Groundng and Bondng - Chapter 8 @
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« Install EGC with Circuit Conductors
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Aliconductors
| of Aldnuitsmustbe

Indudes the grounded
conductor & the EGC
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Chapter 8

+ EGC Connections

« Connections of grounding and bonding conductors are
covered in 250.8.

« The list of connection means is provided to clarify how EGCs
must be terminated.

+ The connections must be tight, and if the EGC is of the wire
type, installers must torque connections at terminal lugs to
manufacturer specifications. [NEC 110.14(D)]

©2020 electricel aining ALLANCE Grouning end Bording - Chapter 8 “

Chapter 8

*» lIrreversible Compression Lugs
« Compression lug connectors
are required to be installed
using the tool and die as
specified by the manufacturer.

+ The lugs must be connected to
the equipment grounding
terminal bar and tightened to
manufacturer specifications.

©2020 lectical raning ALLIANCE Grounding and Bonding - Chapter 8 4

Chapter 8
* EGC Connections
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Chapter 8

« EGC Identification

= The Code provides specific identification requirements for
EGCs of the wire type.

« EGCs can be insulated, covered, or bare.

+ Identification requirements for EGCs are provided in Section
250.119.

« If awire-type EGC is insulated or covered, the insulation or
covering is required to have a continuous outer finish that is
either green or green with one or more yellow stripes.

©2020 elecrieal vaining ALLACE. Grouesng and Bondg - Chapter 8 a7

Chapter 8

+ EGC Identification
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« EGC ldentification

» The identification for sizes 4 AWG and larger must encircle
the conductor and is required to be accomplished by one of
the following:

1. Stripping the insulation or covering from the entire
exposed length

2. Coloring the insulation or covering green at the termination

3. Marking the insulation with green tape or green adhesive
labels at terminations

©2070 vleciics! iainng ALLIANCE Grounding and Bondig - Chapter & 4
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« EGC identification Sizes 4 AWG and Larger

Chapter 8
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Chapter 8

» Muiti-Conductor Cables
+ Section 250.119 recognizes a bare conductor as an EGC.

« An example is the bare EGC often included in nonmetallic
sheathed cable or Type SE cable assemblies.

« If the conductor is insulated or covered, the insulation or
covering is required to have a continuous outer finish that is
either green or green with one or more yellow stripes.

©2020 elecieal raining ALLUANCE. Ground nd Bondog - Chapler & 5t

Chapter 8

+ Exception for Multi-Conductor Cables

.
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One or more insulated conductors in a multi-conductor cable,
at the time of installation, are permitted to be identified as
EGCs at each end and at every point where the conductors
are accessible by any one of the following methods:

1. Stripping the insulation from the entire exposed length
2. Coloring the exposed insulation green

3. Marking the exposed insulation with green tape or
green adhesive labels

Grounding and Bondig - Chapler 8 52

Chapter 8

« EGC Sizing Criteria
« Sizing requirements for EGCs of the wire type are found in
250.122 and Table 250.122 of the NEC.

» The minimum sizes are provided in Table 250.122.

« Animportant note follows Table 250.122 and provides an
appropriate reference to 250.4.

« The T values (short-time rating or withstand rating) of the
EGC sizes are between 13 and 28 times their nominal
continuous rating based on 1 ampere for every 42.25 circular
mils of conductor. [Insulated Cable Engineers Association
(ICEA)

©2020 sectical rsiniog ALLANCE
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Chapter 8

« Equipment Grounding Conductor Sizing

© 2020 slctcal trining ALLIANCE

In addition to the engineering basics of the effective ground-
fault current path, the minimum sizing rules in the NEC for
EGCs are also important.

The driving text of 250.122 indicates that the minimum size
required for wire-type EGCs is not to be less than the values
in Table 250.122.

The equipment grounding conductor is not required to be
larger than circuit conductors supplying the equipment.

Grouncsor ana Boncing - Chapler & 5

87




3/7/2022

Chapter 8 Chapter 8

+ Sizing for Wire-Type EGCs

« Using Table 250.122
« Using Table 250.122 requires knowing the rating of the
overcurrent device protecting the branch circuit or feeder.

« Once this value is known, the rating or a rating that does not
exceed the value in the left column of the table should be
found.

« Follow across the table horizontally from left to right to
determine the minimum size EGC expressed in AWG or
circular mils.

« The appropriate column for aluminum as compared with
copper EGCs should be used.
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« Using Table 250.122 « Examples Using Table 250.122
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= Increases in Size of Wire-Type EGC

* Increases in Size of Wire-Type EGC

» EGCs are required to be increased in size proportionate to
any increase of associated ungrounded conductors from the
minimum size that has sufficient ampacity for the intended
installation.

« If the ungrounded circuit conductors are increased in size for
any reason other than as required in 310.15(B) or (C) the
wire-type EGCs must be increased proportionately.

« Use NEC Table 8 in Chapter 9 to calculate proportionate
increases in sizes of equipment grounding conductors.
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Chapter 8

+ Example of Proportionate Size Adjustment
* The 400-ampere feeder (420 allowable ampacity) is generally
installed using 600 kemil copper circuit conductors and a 3
AWG copper EGC.

« For voltage drop reasons, the 600 kemil conductor has to be
increased in size from 600 kemil to two paralleled 400 kemil
copper conductors for each ungrounded phase conductor
and the neutral conductor.

« The equipment grounding conductor (if of the wire type) must
be increased in size in proportion to the increase of the size
of ungrounded conductors for the circuit.

©2020 electrical rsining ALUANCE Grountng and Bondng - Chapler & 6
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Chapter 8

« Proportionate Size Adjustment Example

« The adjusted size (800 kcmil) is divided by the originally
required size (600 kemil) to determine a multiplier.

800 =600 = 1.3 (multiplier)

« The circular mil value of a 3 AWG conductor is 52620 as
provided in NEC Table 8, Chapter 9.

« Take the value 52620 cm and multiply by 1.3 to come up with
68406 circular mils.

52620 x 1.3 = 68406 circular mils

©2020 electrical baining ALLANCE Groundaory ant Boncing - Chapler & 52

Chapter 8

« Example of Proportionate Size Adjustment
« The next higher circular mil value in NEC Table 8 is 83690.

« The new minimum size required for this EGC is a 1 AWG
copper based on the proportionate adjustment.

+ ltis always best to perform this simple calculation to verify
that the adjusted size of the EGC meets or exceeds the
minimum requirements.
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Chapter 8

« Multiple Circuits in Raceway or Cable Tray
* When multiple circuits are installed in a single raceway,
cable, or cable tray, a single EGC is permitted.

+ The sizing requirement is based on the rating of the largest
overcurrent protective device ahead of any circuit in the
raceway, cable, or cable tray.

+ When EGCs are installed in cable tray, they have to meet the
requirements in 250.122 and 392.10(B)(1)(c).

©2020 tiectrical trairing ALLANCE Grouang nd Bondog - Chapler & o
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« Multiple Circuits in Raceway
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Chapter 8

« EGCs for Parallel Runs

« Installing feeders or circuits in parallel requires compliance
with 310.10(G), which means the conductors must be the
same length, same material, and same size; have the same
insulation; and be terminated in the same manner.

« When the entire parallel arrangement of conductors is
installed in a single raceway, cable, or cable tray, a single
EGC is permitted to be installed.

« The metallic raceway or cable tray could also qualify as an
EGC in accordance with 250.118.
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« EGCs for Parallel Runs

Chapter 8

Cireult conductors - - -
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Chapter 8

« EGCs for Parallel Runs
« Section 250.122(F) indicates where conductors are run in
parallel, in separate raceways or cables, any wire-type EGCs
are also required to be run in parallel in each respective
raceway or cable.

< In this type of installation, each EGC installed in parallel is
required to be sized using Table 250.122 based on the rating
of the fuse or circuit breaker protecting the entire parallel set.

©2020 lectrical taking ALLANCE. Grouxsng end Bonding - Chagter 8

« EGCs for Parallel Runs

Chapter 8
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Chapter 8

« EGC in Cable Tray
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+ EGCs for Parallel Runs

Chapter 8
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Chapter 8
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Chapter 8

« Sizing Example for Parallel Installations
« Example 1: A 4,000-ampere feeder is installed in 10 PVC
conduits in a parallel arrangement, each containing four 750
copper conductors. What is the minimum size copper EGC
required in each conduit?

»  Answer: A 500 kcmil copper EGC is required in each raceway
based on the 4,000-ampere overcurrent device in
accordance with Table 250.122.

2020 elocrica! traning ALLANCE Grounang and Bondig - Chaplec 8 ™

Chapter 8
« Example Sizing EGCs for Parallel Run
©2020 eiectrical training ALLIANCE Groundng end Bonding « Chapler 8 n
Chapter 8

+ Sizing Example for Parallel Installations
+ Example 2: If an 800-ampere feeder is installed in two
raceways in a parallel arrangement, each containing four 750
copper conductors, what is the minimum size wire-type EGC
for this circuit?

* Answer: A 1/0 AWG copper EGC is required in each raceway.

* 2020 slctrical raining ALLUNCE Grouning and Bonding - Chapter 8 5

Chapter 8

« Cable Assemblies in Parallel

« If cable assemblies are installed in large-capacity parallel
circuits, it is necessary to verify that the EGC in each of the
individual cables of the parallel set is sized as required by
Table 250.122, based on the size of the fuse or circuit
breaker protecting the entire parallel circuit.

« Installing cable assemblies in parallel arrangements may
necessitate a special order that includes sizing the EGC
within the cable assembly.

« Each EGC of the wire type in parallel runs must be full size
(based on Table 250.122) in each raceway or cable.

©2020 eectrics] rainiog ALLIAKCE. Grouwdng and Bondng - Chapter & 76

Chapter 8

« Cable Assemblies in Parallel (continued)

+ Section 250.122(F)(2)(2) in the 2017 NEC is recognition of
multiple MC cables installed in parallel with standard size EGCs
in each.

« This altemative recognizes that a single standard size EGC in
each cable can be connected in paralle! at each end and
connected to a full-size EGC sized based on the OPCD for the
entire circuit.

« The single full size EGC shall be sized in accordance with
250.122.

©2020 decirical rsining ALLUNCE Grounding and Bondng - Chaptes & kg

Chapter 8

« Cable Assemblies in Parallel

©2020 sectricat trainng ALUANCE
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« EGCs for Motor Circuits

« Sizing requirements for EGCs in motor circuits are provided
in 250.122(D).

« The basic requirement is that the EGC (wire-type) be sized
not smaller than determined by 250.122(A) based on the
rating of the branch-circuit short circuit and ground-fault
protective device of the motor circuit.

« The branch-circuit short-circuit ground fault protective device
is usually sized larger to camry the starting current of the
motor, which affects the size of a wire-type EGC.

02020 slectical brwring ALLIANCE ‘Geoundng snd Bondng - Chapter 8 7
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Chapter 8

+ EGC for Motor Circuits

Hator controlier

Branch dreuit
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Chapter 8

« EGCs for Motor Circuits

+ When an instantaneous trip circuit breaker or motor short
circuit protector is selected as the overcurrent protective
device for a motor circuit, a wire-type EGC is required to be
sized no smaller than provided in 250.122(A) using the
maximum rating of a dual element time-delay fuse selected for
branch-circuit short-circuit and ground-fault protection in
accordance with 430.52(C)(1) Exception No.1.

©2020 ecticsl trairing ALLIAHCE. Grounig end Bondng - Chptes 8 5

Chapter 8

+ EGCs with Feeder Taps

* The minimum size EGC with feeder tap conductors must not
be smaller than the size required based on the rating of the
overcurrent protection for the feeder to which the tap is
connected.

» For example, a 400-ampere feeder that is tapped by two 200-
ampere feeders would require a 3 AWG copper EGC in each
of the feeder tap raceways.

« Metallic raceways that are suitable equipment grounding
conductors according to 250.118, are not required to contain a
wire-type equipment grounding conductor.

©2020 eiectrical rsving ALLANCE Groung end Bonding - Chapter 8 2

Chapter 8

« EGCs with Feeder Taps

400-ampere ,"
feeder -~~~

200-ampere
feeder taps - -~

\

Equipment
Groun
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Chapter 8

» Current in Equipment Grounding Conductors
» In normal operation, no current should be present in the EGC.

« Equipment grounding conductors should only carry current
during abnormal events like a ground fault.

= Equipment grounding conductors, with the exception of wire-
type EGCs, are generally prohibited from being used as
grounding electrode conductors. [See NEC 250.121 and
Exception]

« Installation rules and sizing requirements for grounding
electrode conductors are different than those for equipment
grounding conductors.

©2020 sfocical traivng ALUANCE Grounding and Bondng - Chspter & o
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« 250.121 Restricted Use of EGC

* An EGC is restricted from use as both the equipment
grounding conductor and the grounding electrode conductor
simuitaneously unless it meets the following conditions:

« The EGC complies with the applicable requirements in
Parts II, Ill, and VI of Article 250 including sizing and all
installation requirements.

« The EGC is installed to comply with 250.6(A), which
addresses objectionable current.

©2020 electical airing ALLIANCE
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Chapter 8

+ 250.121 Exception

Note: Drawing from NJATC 2014 NEC Signfficant Changes

Service Panetbosrd

Saparately Derived
Systern
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Chapter 8

* Summary

« Equipment grounding conductors perform grounding, bonding,
and they facilitate overcurrent device operation while
performing as an effective ground-fault current path.

+ The types of acceptable equipment grounding conductors are
provided in 250.118.

« Equipment grounding conductors must be installed in
accordance with 250.120 and sized according to Section
250.122.
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Chapter 9

+ Introduction

©2020 eciricat raning ALLANCE

Grounding of equipment is accomplished by a direct
connection to ground (Earth), or by connection to a
conducting body that extends the grounding connection, or
both.

Specific NEC rules apply to fixed equipment that must be
grounded with very few exceptions.

Grouning and Bonding - Chapter 9 2

Chapter 9

+ Introduction (continued)

« Auxiliary grounding electrodes are addressed in the NEC as
optional, but where installed, they must meet specific
requirements but are not permitted as the only grounding
means for equipment.

+ Grounded conductors are permitted for grounding equipment
such as appliances but only in existing installations.

02020 siecirical ining ALLIANCE Groundng nd Bonding - Chapler 9 3

Chapter 9

« Objectives

©2020 electiea traiving ALLANCE

Understand the reasons for grounding electrical equipment.
Identify the methods of equipment grounding for feeders and
branch circuits and specific conditions that provide
exemptions from grounding equipment.

Understand the methods for installing equipment grounding
conductors for devices such as receptacles and switches.
Understand the requirements to isolate neutrals from ground
and grounded metal parts.

Determine the requirements for auxiliary grounding
electrodes installed for equipment.

Grounding end Bonding - Chapter 9 n

Chapter 8

« Purpose of Grounding Equipment

« Grounding is necessary to establish an Earth reference
(connection) for connected systems and equipment.

» Grounding equipment places it as close to Earth as possible,
thereby minimizing shock hazard possibilities.

« Grounding also limits the voltage to ground during line surge
events, fightning events, and unintentional contact with
higher-voltage lines.

2020 eoctrical rasing ALUANCE. Grounding snd Bondng - Chapter & 5

Chapter 9

» Equipment Grounding
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Chapter 9

« General Grounding Rules for Equipment

« Part VI of NEC Article 250 provides requirements for
grounding equipment that is fastened in place or connected
by permanent wiring methods (fixed).

« There are a few alternatives to grounding addressed in
250.1(6) such as isolation, insulation, and guards.

« If the equipment operates at more than 150 volts to ground, it
is generally required to be grounded by connection to an
equipment grounding conductor (EGC).

02020 electical trsining ALUANCE Groundg and Bonding - Chapter 7

Chapter 8

« Equipment Grounding (Motor)

480-volt drcuit

The motor is grounded by a connection
2o the 6C {wire type) thatls
nunwith the! bmd‘v drcuit conductors

480-volt, 3-phase motor
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Chapter 9

« Equipment Grounding (Heater)

Equipment sudh as electric space heater

st

“s. Branch dreuit induding EGC
connected to elactrical equipment

Panetboard
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Chapter 9

+ Wire-Type EGC Size
« The minimum sizes for wire-type equipment grounding
conductors are provided in Table 250.122.

« This sizing method requires using the rating of the
overcurrent protective device (fuse or circuit breaker) for the
circuit supplying the equipment.
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Chapter 9

« Size EGC Based on Table 250.122
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Chapter 8

» General Rules for Grounding Equipment

« If the equipment is within 8 feet vertically or 5 feet
horizontally of ground or grounded metal objects that are
subject to contact by people, it must be grounded.

« There is a condition that relaxes the grounding requirement
by isolation or elevation.

< If the equipment is 10 feet above the ground and not subject
to contact by people, grounding is optional if the location is
not wet or damp.

©2020 leciical raining ALUANCE. Groundg and Bonding - Chapter 9 2
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Chapter 9

+ General Rules for Grounding Equipment

« When the equipment is in a wet or damp location and is not
isolated, the equipment generally has to be grounded.

« When electrical equipment is in a hazardous (classified)
location, it is required to be grounded as covered in Articles
500 through 517.

« When equipment is supplied by metal raceways, metal-
sheathed or metal-clad cables, or another wiring method that
provides an EGC, the equipment has to be grounded by
connection to the EGC.
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Chapter 9

« General Rules for Grounding Equipment

« Three exceptions follow the grounding requirements provided
in 250.110.

« One exception relaxes the grounding requirement for frames
of electrically heated appliances that are permanently and
effectively insulated from ground.

= This is a case in which insulation is used as a substitute for
grounding and offers equal and effective safety, such as
double-insulated tools.

© 2020 eectrical trainiog ALLIANCE Grouxtng #nd Bondto - Chapter 3 "
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Chapter 9

Exception by Elevation
« Another exception from the

grounding requirement is for
distribution apparatuses such
as transformers and capacitor
enclosure cases mounted on
wood poles and elevated to a
height that exceeds 8 feet
above ground.

+ A pole-mounted transformer is
shown in the photo to the right.
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Chapter 9

» General Rules for Grounding Equipment
= Section 250.112 provides a list of specific equipment that is
connected by permanent wiring and is required to be
grounded by connection to an EGC.

» Switchgear and switchboard frames and structures
+ Enclosures for motor controllers

+ Electric signs

« Luminaires (lighting fixtures)

©2020 electrical aining ALLANCE Geounding and Bonding - Chapier 9 ®

Chapter 9

+ General Rules for Grounding Equipment (continued)

= Section 250.112 provides a list of specific equipment that is
connected by permanent wiring and is required to be
grounded by connection to an EGC.

« Elevators and cranes

« Motion picture projection equipment
+ Skid-mounted equipment

< Pipe organs

« Motor frames

©2020 slcical raining ALLIANCE Grounding and Boncio - Chapter 9 ”

Chapter 9

» Pipe Organ
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Chapter 9

* Motor Frames

« Section 430.242 requires
motor frames to be grounded
by connection to an EGC.

+ The equipment grounding
conductor connection can be
inside the motor terminal
housing or on the outside as
indicated in 430.12(E).

©2020 slectrical rining ALUANCE Groundg and Boncing - Chapter 9 18
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« Motor Controllers

« Enclosures for motor
controllers must be grounded
uniess attached to ungrounded
portable equipment.

» Note the provisions for
connecting equipment
grounding conductors are an
integral part of this control
enclosure. [NEC 409.60]
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Chapter 9

« Elevators and Cranes

+ Electrical equipment for elevators and cranes is required to
be grounded by connection to the EGC of the supply circuit.

« Section 610.60 provides the equipment grounding
requirements for cranes and hoists.

« Part IX of Article 620 provides the equipment grounding and
bonding requirements for elevators and similar equipment.

02020 eioctical rming ALLIANCE Groundog and Bonding - Chapler 9 2

+ Elevators and Cranes
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Chapter 9

« Elevators and Cranes
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« Electric Signs and Outline Lighting
* Electric signs, outline lighting,
and associated equipment are
all required to be grounded by
connection to an EGC as
provided in 600.7.

» See the specific requirements in
600.7(B) for bonding metal parts
associated with high voltage
secondary circuits of neon
lighting systems.

©2020 lectical baining ALLANCE Grousing and Boning - Chaptor 9

Chapter 9
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Chapter 9

* General Rules for Grounding Equipment

« Equipment supplied by Class 1 circuits shall be grounded
unless the equipment operates at less than 50 volts.

« Equipment supplied by Class 1 power-limited circuits, by
Class 2 and Class 3 remote-control and signaling circuits,
and by fire alarm circuits must be grounded only when
system grounding is required by Part Il or Part Vill of Article
250.

+ In other words, if the supply system is grounded, the
equipment it supplies has to be grounded.

92020 electrical tainiog ALLANCE. ‘Groaing end Bondng - Chagier 9 *
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Chapter 9

+ General Rules for Grounding Equipment

» Section 250.112 provides a list of specific equipment that is
connected by permanent wiring and is required to be
grounded by connection to an EGC.

— Motor frames

Garages, theaters, and motion picture studios

— Remote-control, signaling, and fire alarm circuits

— Motor-operated water pumps and metal well casings
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Chapter 9

* Grounding Luminaires
+ Luminaires (lighting fixtures) are
required to be grounded as
provided in Part V of Article 410.

* Luminaires are generally
equipped with provisions to
connect an equipment
grounding conductor as
required in product standards.

2020 clectieat ieing ALLIANCE Grounsng and Bonding - Capter 9 7

Chapter 9

« Motor-Operated Water Pumps
* Motor-operated water pumps,
including the submersible type,
are required to be grounded by
connection to an EGC.

« When a submersible pump is
used in a metal well casing, the
well casing must be connected
to the pump circuit EGC.
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Chapter 9

+ Conductor Enclosure and Raceway Grounding
« Section 250.86 provides grounding requirements for metal
raceways and enclosures other than those for service
conductors.

« The general requirement in 250.86 is that these metal
enclosures be grounded by connecting them to an EGC.

« There are three exceptions to these general grounding
requirements.
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Chapter 9

« Exception for Knob-and-Tube Extensions

« The first exception is for metal enclosures and raceways
used for conductors that extend existing installations of old
knob-and-tube systems and nonmetallic sheathed cable
systems installations.

« Four conditions must be met to qualify for the exemption from
grounding metal enclosures and raceways with these
extensions. [NEC 250.86 Exception 1(1) through (4)]
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Chapter 9

= Short Sections of Metal Raceways
» Another exception is for short sections of metal raceway or
metal enclosures used for support or to provide protection
from physical damage for cable assemblies.

« An example of a short section of metal not required to be
grounded would be a length of conduit used to provide
physical protection for UF cable emerging from the ground at
a pole.

©2020 sectrics! baining ALLANCE Grounging snd Bondng - Chaples 8 El
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Chapter 9

« Concrete-Encased Metal Components
+ There is an exception for metal components such as metal
elbows that are isolated from public contact by a minimum of
not less than 18 inches when buried or encased in not less
than two inches of concrete are not required to be grounded.
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Chapter 9
» Short Sections of Metal Raceways
T Lo UForothercable
Short fength of metal conduit
“ " "used for protection
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Chapter 9

« Concrete-Encased Metal Components Such as Metal Elbows

Metal elbowor N

metal component r
K po Renmetal{:: raceway
3

+
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Chapter 9

+ Methods of Grounding Equipment (Part VII of
Article 250)

« As the feeder and branch circuit wiring is installed on the job
site, EGCs are being installed as required.

« Section 215.6 requires EGCs to be provided with feeder
conductors if they supply branch circuits that require EGCs.

+ Because most equipment is required to be grounded, as
required by 250.110 and 250.112, nearly all feeders and
branch circuits have an EGC installed with the circuit
conductors.
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Chapter 9

« Feeders and Branch Circuits

» The requirements of 250.134 indicate that if equipment such
as raceways and other enclosures are required to be
grounded, then a method in 250.134(1) or (2) must be used.

« Equipment grounding can be accomplished by connection to
any EGC type, which could be a wire, raceway, or other type
mentioned in the listed items contained in 250.118.
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Chapter 9

« EGC with Feeders and Branch Circuits

« If the feeder and branch circuits connected at a panelboard
enclosure are all installed using rigid metal conduit (RMC) or
intermediate metal conduit (IMC), wire-type EGCs are not
required.

= In this case, the connection between the feeder EGC and the
EGCs of the branch circuits is accomplished through the
metal panelboard enclosure.

2020 eecticaltricing ALLARCE Grouning and Bondiog - Chapter 9 £

Chapter @
« 215.6 EGC Required (Generally)
Panelhoards
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Paneboard

©2020 electrics! rang ALLANCE. Grounsong and Bonding - Chapter & 3

Chapter 9

« Equipment Grounding Terminal Bars
« Section 408.40 requires an equipment grounding terminal bar
in panelboards if nonmetallic raceways or cables are used, or
where separate EGCs of the wire type are installed.

« The equipment grounding terminal bar is typically an
accessory feature provided by the panelboard manufacturer.

« This terminal bar may be installed on the panelboard or its
enclosure.

« Aterminal bar assembly kit must include instructions for
installation and panelboard or enclosure markings.
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Chapter 9

« Equipment Grounding Terminal Bars

: . PHC
Panelboard onload side of sarvice senduit
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Chapter 9

« Equipment Grounding Terminal Bar
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Chapter 9

* IG Terminal Bar Required

© 2020 electnical rining ALLIANCE Groundin and Bonding - Chapter 9 “

= Panelboard Grounding Terminal Bar

02020

The installation and use of an
equipment grounding terminal
bar for EGCs is driven by
panelboards used with
nonmetallic raceway or cable or
when separate EGCs (wire
types) are installed with the
circuits.

The terminal bar may be
installed on the panelboard or
its enclosure.

ehectical riniog ALLIANCE. Grounirg and Bonding - Chapler &

Chapter 9

Chapter 9

* Isolate Grounded Conductor from Ground

« Sections 250.24(A)(5) and 250.142(B) provide clear direction
on the requirement to isolate and separate the grounded
conductors (neutrals) from equipment grounding conductors
and other ground connections.

» The exceptions to this general restriction are for meter
enclosures and the frames of existing ranges or dryers in
which the grounded conductor can be used for grounding the
equipment. [NEC 250.140]

©2020 electrical raining ALLIANCE. Grouxing and Bondng - Chapter 9 “

« Isolate Grounded Conductor from Ground

Chapter 9

Paneiboard on load side of service

©2020 cectical raining ALLIANCE Growding s0d Bonang - Chagler 9

Chapter 9

» EGC Connections

» Section 250.120 provides the general requirements for
equipment grounding conductor connections.

Sections 250.146 and 250.148 provide the requirements for
attachment of EGCs at outlets and other boxes.

« Equipment grounding conductor connections can be
accomplished through a receptacle or by a direct (hard-
wired) connection.

©2020 electical baining ALLIANCE. Groundiog ang Bondng - Chaplor 9 g

EGC Connections

Chapter 9
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Chapter 9

« Receptacle Grounding Connections
« Section 406.4(C) requires that branch circuit wiring methods
provide an EGC to which the EGC terminal of receptacles is
to be connected.

= Section 250.146 generally requires an equipment bonding
jumper to be installed from a grounded metal box to the
grounding terminal on a grounding-type receptacle.

= The equipment bonding jumper must be sized from Table
250.122 based on the rating of the fuse or circuit breaker
protecting the branch circuit.

©2020 electical tniring ALLIANCE Grounding and Bonding - Chagter 9 “©
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Chapter 8

« Receptacle Grounding Connections

« Section 250.146(A) through (D) offers alternatives to this
general requirement.

« Section 250.146(A) addresses surface metal boxes only.

« If the grounded metal box is mounted on the surface and
there is direct metal-to-metal contact between the mounting
strap of the device and the grounding metal box, the
equipment bonding jumper is not required.

« The requirement includes removal of at least one of the 6-32
insulated screw retaining washers.

©2020 cocical traning ALLIANCE.

Groundg and Bondng - Chapter 9 5t

Chapter 9

« Receptacle Grounding Connections
« An equipment bonding jumper is not required for surface box
and cover combinations in which the receptacle cover has
provisions to securely fasten the receptacle with rivets,
thread locking screws, or a screw and nut combination and
the cover has a flat, non-raised portion that seats firmly
against the grounded metal box.

« This receptacle grounding connection alternative applies only
to surface mounted boxes.

©7020 electieal buining ALUANCE Grounding and Bonesng - Chastee 9 E3

Chapter 9

« Receptacle Grounding Connections
Grounding type
receptade
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Chapter @
« Receptacle Grounding Connections
© 2020 electricel training ALLIANCE Grourding and Bonding - Crapter 3 52

Chapter 8

« Surface Box Receptacle Covers

©2020 eieciical rining ALLANCE

Grouding end Bonding - Chapter 9
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Chapter 9

< Self-Grounding Receptacles
* Another alternative to installing an equipment bonding jumper
from the receptacle to the grounded metal box is when self-
grounding receptacles are installed.

* These types of receptacles have a spring tension device that
maintains an effective bonding connection between the 6-32
device mounting screw and the grounded metal box.

©2020 eiectical baining ALUANCE Groundeg end Bondng - Chapler 8 55
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Chapter 9

« Listed Floor Boxes

« Listed floor boxes that provide satisfactory grounding
continuity between the grounding-type receptacle and the
grounded metal portion of the assembly do not require an
equipment bonding jumper for the receptacle grounding
connection. [NEC 250.146(C)]

©2020 sectical rining ALUANCE Groundng and Bondng - Chapter 9 5

Chapter 9
 Self-Grounding Receptacles
© 2020 electrical training ALLANCE Grounding and Bonding - Chapter & %
Chapter 9

+ Listed Floor Boxes

Courtesy of ABB
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Chapter 9

« Isolated Ground Receptacles
* Section 250.146(D) relaxes the equipment bonding jumper
requirement where an insulated EGC is connected to a
receptacle that is designed specifically to isolate the
grounding terminal and mounting strap from the grounding
metal box.

* These receptacles are referred to in the NEC as isolated
ground receptacles.

©2020 electcat rnening ALLIANGE Groungiag ang Boning - Chapter 9 %

Chapter 9

+ Isolated Ground Receptacles
= In these types of installations, the insulated EGC is run with
the circuit conductors but does not connect to the metal box
where the receptacle is installed.

« Another EGC or the metal raceway (often referred to as the
dirty ground) is connected to the box to accomplish the
grounding required for the metal box and plate.

Installing an IG circuit and IG receptacle does not relieve the
requirement for grounding metal boxes and or metallic
portions of the branch circuit supplying the IG receptacle.

©2020 electrical lniring ALUANCE Grouning nd Bonding - Chapter 9 ©
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Chapter 9

« [solated Ground Receptacles
» The isolated (insulated) EGC used with isolated grounding
(1G) receptacles is permitted to pass through boxes,
wireways, panelboards, and other enclosures so as to
terminate at the grounding point for the applicable service or
separately derived system.

« The rule is permissive, meaning the isolated/insulated EGC
is permitted to pass through these enclosures to connect to
the applicable source or service grounding point.

©2020 electical sining ALLIANCE Grounig e Bonding - Chapter & &
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Chapter 9

Isolated Ground Receptacles
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Chapter 9
« Isolated Ground Receptacles

tsolated

groundingtype

receptacie

Insulated
condugtor s EGC
{Section 256.118{1}}
© 2020 ewectrical raining ALLIANCE Grounding and Bonding - Chapter 9 62
Chapter 9

» EGC Continuity

» When EGCs are spliced within a box or connected to
equipment such as devices that are secured to the box, all
EGCs associated with any of the circuit conductors are
required to be connected to the box or within the box with
suitable devices such as a grounding screw, listed grounding
clip, or other equipment listed for accomplishing this
grounding connection.

+ EGC connections in outlet boxes must be made such that the
removal of a device such as a receptacle, switch, or
luminaire does not interfere with the grounding connection or
continuity. [NEC 250.148(8)]

©2020 sleckrical baining ALLANCE Grouning end Slondng - Chagter 9 o

Chapter 9

+ EGC Continuity

EGlswith
branch cireaits
o condatars it shown}

Sutietor
Funtion box

Chapter @

« EGC Continuity
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Chapter 9

« EGC Continuity
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EGC with
branch dircuts
il cvdctors ot shows)
i

¢

* fquipment bonding
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Chapter 9

EGC Continuity
* When EGCs are spliced
together in a box, the
connections or splices have to
meet the requirements in
110.14(B), except insulation of
the splice is not required.

« Connection to the box can be
accomplished using a suitable
device such as a listed ground
clip or grounding screw.

©2020 cectical trainiog ALLIANCE Grouncioy) nd Bondsng - Chaptee 9 o

Chapter 9

« Grounding Snap Switches
« Section 404.9(B) provides specific grounding requirements
for snap switches.

« The grounding rules for switches are similar to those for
receptacles because both of these types of equipment
(devices) have a mounting strap or yoke.

* An EGC must be connected fo the switch mounting strap so
that the grounding is extended to a metal faceplate even if a
nonmetallic faceplate is initially installed.

©2020 electical trining ALUANCE Grouning end Boncing - Cragter 3 i

Chapter 9
« EGC Continuity
©2000 cctiat iiog ALLANCE oo an Bonio - Chapter 8 o
Chapter 9
« Grounding Snap Switches
©2020 etectrical tralning ALLANCE Grounding snd Bondng - Chapter 9 i

Chapter 9

+ Grounding Snap Switches

« The mounting yoke of a snap switch can serve as an
effective ground-fault current path under the following
conditions:

1. The switch is mounted with metal screws to a metal box
or metal cover that is connected to an EGC orto a
nonmetallic box with integral means for connecting to an
EGC.

2. An EGC or equipment bonding jumper is connected to an
equipment grounding termination of the snap switch.

©2020 iectrical raining ALLANCE Groutn and Bonding - Chapler 9 7
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Chapter 9

« Wiring Device Terminal Identification

« The grounding terminal connection on devices must be
identified by one of the following methods:

1. A green screw with a hexagon head that is not easily
removed from the device

2. A green hexagonal nut that is not easily removed

3. A green pressure wire connector

4. If the connection point for the EGC to the device is not
visible, then the EGC entrance hole has to be marked with
the words green or ground, the letters G or GR, a grounding
symbol, or otherwise identified by a distinctive green color.

©2020 eloctics traiing ALLIANCE Grounctng and Bandng - Chaster 9 n
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Chapter 9

» Wiring Device Terminal Identification (continued)

» The installer does not have to provide this identification on
devices because it is provided by the manufacturer.

©2020 efocrica! rsiiog ALLIANCE Groundng snd Sonding - Chapter 9 "

Chapter 9

« Wiring Device Terminal Identification

If connection point for the
EGCis notvisible, mark with
one of the following:

+ A distinctive green color ;
- A grounding symbol, such as ‘S;:

CE

~ThelettersGor GR
« The words Greenor Ground

©2020 electical g ALLINCE Grounding and Sondng - Chaster i3

Chapter 9

= Attachment Plug and Receptacle Continuity

* EGC continuity is established through receptacles and
attachment plugs.

« These are referred to in the NEC as separable connections.

« Section 250.124 requires separable connections to provide
for a “first-make, last-break” connection of the equipment
grounding conductor.

© 2070 sectrical traring ALUANCE Grounding and Bondng - Chapter 9 7

Chapter 8

« EGC Connections at Services

« Section 250.130(A) addresses premises wiring that is
supplied by grounded systems.

« This rule requires that the EGCs be connected to the
grounded conductor and the grounding electrode conductor
at the service.

» When the wiring system is supplied by a service that is
ungrounded, the connection of the EGCs has to be made to
the enclosure and grounding electrode conductor at the
service.

©2020 siectical triring ALLANCE Groundng and Boadng - Chapter 9 ”

Chapter 8

« Service Supplied by Grounded System

©2020 clectrical raining ALLIANCE. Grounding and Bonding - Chagter 9 8
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Chapter 9

+ Receptacle Replacements
« Section 406.4(D)(1) indicates that grounding-type
receptacles are required to be replaced only with grounding-
type receptacles.

« Anon-grounding-type receptacle can be replaced with
another non-grounding-type receptacle.

« Non-grounding-types are not permitted as replacements
when the outlet provides an equipment grounding conductor.

2020 electrcs! rwving ALLANCE Groundg ans Bonding - Chapter 9 @

Chapter 8
+ Service Supplied by Ungrounded System
© 2020 eioctrical training ALLIANCE Grounding end Bonding - Chagter 9 b3
Chapter 9

« Non-Grounding Receptacle Replacements

Ho grosndieg ey noweebex
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Chapter 9

* Replacing Non-Grounding-Type Receptacles
» The second alternative allows a ground-fault circuit-
interrupter (GFCI) receptacle device to replace a non-
grounding-type receptacle.

If this alternative is chosen, the GFCI device has to be
marked “No Equipment Ground.”

Using this altemative, an EGC is not permitted to be installed
from the GFCI receptacle device to any outlet downstream
supplied by the GFCI replacement.

©2020 electical triring ALUANCE Grouxgog and Bonding - Chapler 9 82

Chapter 9
+ Replacing Non-Grounding-Type Receptacles
Oid non-grovading Replacement with GF (!
type receptacie receptade device
© 2020 eiecticsl training ALLANCE Grounding and Bonding - Chapter § o

Chapter 9

« Replacing Non-Grounding-Type Receptacles
« The third alternative allows grounding-type receptacles to be
installed as replacements for non-grounding-types on the
load side of the GFCI replacement in the circuit, provided
each grounding-type receptacle on the load side of the GFCI
device is marked “No Equipment Ground.”

« An EGC is not permitted to be connected between the GFClI
replacement and the grounding-type receptacles installed on
the load side of the GFC! downstream.

03020 el traiing ALUANCE Groundng and Bonding - Chapter § .
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Chapter 9

« Replacing Non-Grounding-Type Receptacles

3/7/2022

Grounding-type receptade
permitted onload side of GFQ
MarkHO EQUIPHENT GR0UHD"
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Chapter 9

+ Installing a Separate EGC
« Section 250.130(C) includes some criteria that can be
applied for replacements using grounding-type receptacles if
an EGC does not exist at the outlet.

* An EGC is permitted to be installed separately from the
existing branch circuit wiring already in place within the
building walls, ceilings, or other inaccessible locations.

972020 cecirical training ALLINCE Groundng and Bonding - Chapter & 3

Chapter 9

« Installing a Separate EGC

Ko grounding means in eutletber
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Chapter 9

« Grounding Appliances with EGC
+ The frames of wall-mounted ovens, counter-mounted cooking
units, ranges, dryers, and associated outlet or junction boxes
are required to be connected to an EGC and must include an
insulated grounded circuit conductor if it is needed for the
load, according to Sections 250.140 and 250.142.

©2020 slectical tuking ALLIANCE Geoundng and Bandg - Chapter 9 &

Chapter 9
« Grounding Appliances with EGC
{Section 259,140}
© 2020 elecirical raining ALLIANCE Grounding and Bonding - Chapter 9 &

Chapter 9

» Existing Installations

« The grounded conductor to be used for grounding in existing
three-wire circuits supplying this type of equipment, but only
under the following (4) conditions:

1. The supply circuit is 120/240-volt, single-phase, 3-wire; or
208Y/120-volt derived from a 3-phase, 4-wire, wye-
connected system.

2. The grounded conductor is not smaller than 10 AWG
copper or 8 AWG aluminum.

©2020 ieckical traniog ALLANCE Groundop and Bondng - Chaster 9 %
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Chapter 9

« Existing Installations (continued)

3. The grounded conductor is insulated, or the grounded
conductor is uninsulated and part of a Type SE service
entrance cable and the branch circuit originates at the
service equipment.

4. Grounding contacts of receptacles fumished as part of the
equipment are bonded to the equipment. [NEC 250.140
Exception]

» Branch circuits installed for new appliance installations are
required to provide an EGC sized in accordance with Table
250.122 for grounding the non-current-carrying metal parts.

©7020 cieatrical iining ALUANCE Grounng ng Bonding - Chapter 9 2
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Chapter 9

* 250.140 Exception

©2020 siectical raining ALUANCE Grounding #nd Bonding - Chapler 9 92

Chapter 9

« Auxiliary Grounded Electrodes

= Section 250.54 indicates that it is permissible to connect one
or more grounding electrodes to the EGCs specified in
250.118.

« Auxiliary grounding electrodes should never be used as the
only equipment grounding means.

« Auxiliary grounding electrodes for equipment must meet the
provisions in 250.54 and satisfy the provisions in 250.4(A)(5)
or 250.4(B)(4).

« The Earth is never permitted as an effective path for ground-
fault current.

©2020 elechical raining ALLIANCE Grouxiog and Banding - Chapter & 3

Chapter 9

* Auxiliary Grounding Electrodes

©.2020 ectical rining ALUANCE Grouning and Bonses - Cragter ®

Chapter 9
« Auxiliary Grounding Electrodes
Bectrical equipment
ormachine
-~ - - Aupifiary grounding efectrode
© 2020 eiectiical training ALLIANCE Grounding end Bonding - Chaptes 9 s

Chapter 9

« Grounding Non-Electrical Equipment

« The metal parts of some non-electrical equipment are
required to be connected to an EGC.

» For example, the frames and tracks of electrically operated
cranes and hoists must be grounded by connection to an
EGC installed with the circuit supplying the equipment.

© 7070 ehectrcal raiing ALLANCE Groungg end Bondng - Glispler 9 %
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Chapter 9

< Equipment Grounded by Secure Metal Supports
« There are installations in which a support frame can provide
the equipment grounding required by the NEC.

* The EGC, if of the wire type, must be sized based on the
requirements in Table 250.122.

« Section 250.136 recognizes these types of installations as
meeting the minimum requirements for grounding equipment.

©2020 clectrical raning ALLACE.

Grouretng en Bondng - Chepler 9 a7
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Chapter 9

« Equipment Considered
Grounded

« Acommon frame that
supports multiple motors
can be grounded by a
single EGC that grounds
all the motors mounted to
the common metal frame
or rack.

©2020 electrical raning ALLANCE Groundng snd Bondng - Chapter 9 )

Chapter 9

« Equipment Considered Grounded

©2020 lectical riniog ALLIANCE. Groundng and Bonding - Chapler 9 %

Chapter 9

* Use of Grounded Conductor for Grounding

« The grounded conductor is generally not permitted to be
connected to ground on the load side of the service
grounding point or the load side of the grounding point of a
separately derived system. [NEC 250.24(A)(5) and
250.30(A)]

.

Section 250.142 includes a few conditions in which the
grounded conductor is permitted to be used for grounding
equipment, but these are restrictive conditions.

©2020 iectrical tralning ALLIANCE Grouxiog snd Bonding - Chapter 9 100

Chapter 9

= Use of Grounded Conductor for Grounding

» On the supply side or within the enclosure of the service, a
grounded (usually the neutral) conductor can be used for
grounding non—current—carmying metal parts of equipment,
raceways, and other enclosures.

+ The grounded conductor can be used for grounding
equipment at locations on the supply side or within the
enclosure of the main disconnecting means for separate
buildings, as provided in 250.32(B)(1) Exception No. 1, and
at locations on the supply side or within the enclosure of the
main disconnecting means or overcurrent devices of a
separately derived system, as permitted by 250.30(A)(1).
[NEC 250.142(A)]

©2020 electieal trpeing ALLANCE Groundig and Bonding - Chapter 9 101

Chapter 9

« Grounding Equipment (Supply Side)

Groundng and Bondng « Chapter 9 102
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Chapter 9
* Summary
« Parts VI and VIi of Article 250 include the general .
requirements for equipment grounding and there are a few Groundlng and
substitutes for grounding such as isolation, insulation, or H
guarding. Bondlng

+ Equipment grounding conductor installations must meet the
requirements in 250.120.

« Connecting equipment to ground can be accomplished using
an auxiliary electrode in addition to the required EGC.

« Load-side grounding connections are generally not permitted
for the grounded conductor (usually a neutral) as specified in
250.24(A)(5) and 250.30(A).

Grounding Electrical
Equipment

©2020 electical baning ALANCE. Groundng and Boving - Chapter 0
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Chapter 10

* [ntroduction

« Clean power is the key objective when designing and
installing electrical systems for electronic equipment.

+ The term clean power is not defined in the Code; neither are
the terms isolated ground or quiet ground.

« There are wiring techniques that can be used to achieve
optimal performance in equipment grounding circuits for
electronic equipment while maintaining compliance with the
NEC safety regulations.

« Wiring isolated grounding circuits and receptacies for
information technology equipment must never compromise
safety in the grounding and bonding system.

Grounding and
Bonding

Isolated/Insulated Grounding
Circuits and Receptacles

©2020 lectical tuiniog ALLANCE. Grountog ant Boring - Chapter 10 2

Chapter 10 Chapter 10

« Objectives » Objectives

+ Understand installation requirements for isolated equipment
grounding conductors and isolated grounding receptacles.

« Identify provisions in the NEC that address objectionable
current in the grounding and bonding system.

« Understand sources of electromagnetic interference (EMI)

that can affect normal operation of electronic equipment. + Determine specific grounding requirements that apply to

information technology equipment and rooms and

understand the purpose of signal reference structures (grids).
« Understand various alternatives for reducing objectionable

current and noise (EM) in the grounding circuits and review
use of surge protective devices (SPDs).

©2020 electrica trairing ALLUANCE Groundag and Boncing - Chapter 10 3 ©2020 lectical aining ALLANCE ‘Groundosg and Bondsng - Chapler 10 4

Chapter 10 Chapter 10

« Information Technology Equipment

» Electromagnetic Interference (EMI) in Grounding Circuits

= Electronic equipment can react negatively to electromagnetic
interference (EMI) in the grounding circuit.

« The term sensitive electronics refers to equipment that is
vulnerable EMI or circulating currents, typically at low current
levels.

< Objectionable current and ground loops are not defined in the
Code, but in the IT world, these terms refer to circulating
currents through various grounding paths.

< The cutrent in these paths is thought to be moving in circular
fashion or over multiple paths while returning to the source.

« This circular movement of current is more commonly called a
ground loop.

©2020 eloctical rining ALUANCE Grouning end Bonding - Chapter 10 5 ©2020 sectrical raining ALLIANCE. Geouning an3 Bonding - Chapter 10 6
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Chapter 10 Chapter 10
« Circulating Currents in Multiple Paths
« Practical Solutions
o « Some practical solutions for dealing with EMI and circulating
e currents associated with information technology systems are

as follows:

s
eV o
E
A 4
Ad
b A4

1. Single point grounding and use of a single power supply
system (PDU) and signal reference grids.

2. Modems, which are normally used as interfaces with
telephone circuits.

3. Fiber optic transmission over completely non-conducting
paths or optical isolators.

4. Interface devices (surge arresters and surge protection
devices).

F
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Chapter 10 Chapter 10

+ Power Distribution Units (PDUs)

* High Frequency Effects (Resonance)

Branch direuits with an isofated EGC * Another challenge in IT room installations or with electronic
equipment is the high-frequency effects in grounding circuits.

Pawer distibution unit

* Resonance can occur when the length of a conductor and
the frequency of alternating current are in tune.

* Avoiding resonance at high frequency is important and more
challenging for IT equipment because of the higher
frequencies in today’s digital signaling circuits.

Signal reference structure (Section 645,15

©2020 elecrica! iring ALUANCE Groundng and Bondng - Chagter 10 s ©2020 siectrica! niring ALLIANCE Grounsng ng Bonding - Chapter 10 10

Chapter 10 Chapter 10

* Power Distribution Units (PDUs) for IT Rooms
T — * Purpose of Isolated Grounding Circuits and Receptacles
A i . N 9 P .
v * Isolated grounding circuits and receptacles are installed to
reduce EMI that can interfere with data systems and
equipment.

* This type of circuit design can reduce or minimize
electromagnetic interference (EMI) on the equipment
grounding circuits by insulating the conductive paths and
reducing the grounding circuit to a single insulated path that
extends back to the source grounding point, usually at a
service or separately derived system.
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Chapter 10

« Isolated Grounding Receptacles

« Isolated grounding receptacles
installed in a branch circuit include
an isolated, insulated EGC
installed in accordance with
250.146(D).

« |G receptacles are required to be
identified using an orange triangle
on the face of the receptacle.

» The receptacle grounding means
is isolated from the mounting strap
of the device.

Courtesy of Pass and Seymour Legrand

©2020 electrical nining ALLIANCE. Geounding and Borgng - Chspter 10 3

Chapter 10

« Minimizing Electromagnetic Interference (EM)

©2070 siecicel rsking ALLANCE Grownding s Borsvg - Chapter 10 "

Chapter 10

» Wiring IG Receptacles

©2020 elecical training ALLIANCE Geounding 8nd Bonaing - Chater 10 15

Chapter 10

+ Objectionable Current

+ The NEC addresses objectionable current in 250.6 and
provides some altematives to reduce objectionable current.

« Current that introduces electromagnetic interference or data
errors in electronic equipment is not considered objectionable
current, as addressed in 250.6.

« Objectionable currents in grounding circuits are often a result
of improper neutral-to-ground connections.

©2020 lectes! rainog ALLANCE. Grouncing #d Bonding - Chapter 10 1

Chapter 10

+ Objectionable Current (continued)
« Remedial alternatives for eliminating or minimizing
objectionable currents are addressed in 250.6(B).

* The altemnatives provided in 250.6 do not allow for the
removal of safety equipment grounding in compliance with
NEC minimums.

Growding and Bondog - Chasler 10 7

©2020 electriesl Inining ALLANCE

Chapter 10

* Normal Current Path(s)

Noneutrah-to-ground contections othes
than at the point of systens grovnding

omplance vith Sections 250.241A45}
and 2503084
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Chapter 10

+ Remedial Solutions

« Disconnection of one or more, but not all, grounding
connections.

» Change of the location of the grounding connections.

« Interruption of the continuity of the conductor or conductive
path causing objectionable current.

.

Other remedial action approved by the authority having
jurisdiction (AHJ) [NEC 250.6(B)].

©2020 eectrical riniog ALLANCE Grousg and Bonding - Chapter 10 2

Chapter 10
» Objectionable Current
Source Fguipment {oad

:‘ Neutral-to-ground conssections other

“thanat the point of system grounding

Objectionable arertinthe equipment

3nd equipment grounding drault
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Chapter 10

« Power Quality System Grounding Analysis
+ When a building power quality analysis is performed, it
should always include a thorough analysis of the building
grounding and bonding system.

Generally, there should be no neutral-to-ground connections
on the load side of the service grounding point or on the load
side of the grounding point for a separately derived system
[250.24(A)(5) and 250.30(A)].

« Load-side neutral-to-ground connections can cause current
in the EGC circuit(s) and in other conductive paths connected
to the source.

©2020 eleciical raining ALLIANCE. Geoundng and Bondng - Chapler 10 2

Chapter 10

« lIsolated Grounding Circuits

« When isolated/insulated EGCs are installed with the branch
circuit, there are two EGC paths.

« The first path is the required EGC for safety; the next path is
the desired isolated/insulated EGC for performance.

.

The first path can be metallic conduit, tubing, cable armor,
and so forth as recognized in 250.118.

.

However, the second path must always be an insulated
conductor of the wire type identified by the color green or
green with one or more yellow stripes.

©2020 iectical aining ALLANCE Grouxsg an Bonding - Chagter 10 2

Chapter 10
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Chapter 10

+ Isolated Ground Receptacle Wiring
» Isolated ground receptacles are manufactured with a
grounding terminal that is deliberately isolated from the
mounting strap of the device.

« Isolated grounding-type receptacles must be marked with an
orange triangle on the face of the receptacle.

©2020 sectical training ALLANCE Grourcsng and Booding - Chagter 10 2
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« |G Receptacie Identification
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Chapter 10

« lIsolated Ground Receptacle Wiring Rules
« Section 250.146(D) includes the permissive text that allows
an insulated EGC to pass through panelboards and other
enclosures without connecting to them, as long as they are
terminated at the point of grounding of the circuit.

= The point of grounding is either usually at the service
equipment or at a source of a separately derived system,
which could be a transformer or PDU in an IT room.

« In the completed wiring installation, two separate EGC paths

are present from the outlet to the source grounding point.

©2020 electrical baining ALLANCE Grouning and Bondng - Chepter 10 2
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* Routing of IG Conductor

Chapter 10

« Routing of IG Conductor

©2020 cloctcat rainivg ALLIANCE. Groundig and Bardng - Chapter 10 2
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« Panelboards and Isolated Grounding Circuits
* In some designs, an isolated grounding terminal bar is
installed in the panelboard for connecting all
isolatedfinsulated EGCs from IG branch circuits.

» In such designs, typically two separate EGCs are run with the
feeder to the panelboard.

* One EGC serves as the normal EGC and connects directly to
the enclosure; the other serves as the isolated/insulated EGC
and is isolated from the panelboard enclosure.

©2020 eloctical training ALUANCE.

Chapter 10

« G Terminal Bar in Panelboard

Grounding and Boodng - Chapter 10 »
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« Isolated Equipment Grounding
Conductors
* |G conductors are often
terminated in equipment that
has an insulated EG terminal
bar for this purpose.

« Normal wire-type equipment
grounding conductors are
generally identified as green.

|G conductors are generally
identified as green with one or
more yellow stripes. [NEC
250.119]

©2020 electieal raining ALLANCE Grousng and Bondny - Crapter 10 »
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« IG Routed to Transformer

©2020 dlectical ring ALLIANCE Grounding and Bonding - Chapter 10 2
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« Isolated Grounding Circuits for Equipment
« Section 250.96(B) indicates that when a reduction of
electrical noise on grounding circuits is desired, an
equipment (typically IT equipment) enclosure is permitted to
be supplied by a branch circuit containing an insulated EGC
that is isolated from metal raceways by using a listed
nonmetallic raceway fittings (PVC fittings).

« The fitting removes the connection of a metallic raceway that
may carry electromagnetic interference.

2020 ceckica! ririog ALLIAHCE Groundi nd Bondig - Chaster 10 u

Chapter 10
+ Two EG Paths to Source
02020 ciectical trsining ALLIANCE Grounding 8 Bonding - Chapler 10 Y
Chapter 10

« 250.96 |G Conductor

PR {primary not showa}
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Equipment is grounded by an insulated £6C
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= |G Circuits in Health Care Facilities

+ Branch circuits serving patient care spaces must meet the
equipment grounding requirements in 517.13(A) and (B).

+ Isolated ground receptacles and equipment grounding may
be required or installed in other than a patient care vicinity of
health care facilities.

« The isolated EGC cannot be counted as one of the two
grounding paths required by 517.13 because this path does
not provide a functional benefit of being in parallel with the
metal raceway or cable system for the branch circuit.

©.2020 eleckicat raning ALLANCE Grounding 80 Bosdiog - Crapter 10 38
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+ |G Circuits in Health Care Facilities

« The NEC no longer permits the installation of IG circuits and
receptacles in patient care vicinities of health care facilities
as restricted by 517.16(A).

+ NFPA99 Standard for Health Care Facilities and the NEC
sfill address installations of isolated grounding circuits and
receptacles.

» NFPA 99 also requires periodic testing of grounding systems,
which includes installations of isolated grounding receptacles
and circuits in health care facilities.

©2020 ciecticaltrairing ALLIANCE Groureing and Bonding - Chegter 10 7
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* Auxiliary Grounding Electrodes
« When isolated/insulated circuits are installed, there is often a
desire to install a separate supplemental connection to the
Earth at the equipment iocation.

« Installation of auxiliary grounding electrodes does not refieve
the requirement for connection of an EGC.

« ltisinstalled in addition to the required EGC for the branch
circuit.

» When an auxiliary grounding electrode is installed, both the
EGC and the grounding electrode conductor to the electrode
must be connected to the equipment.

2020 cechical raining ALLIANCE. Grounding and Bonding - Chapter 10 £

Chapter 10
« IG Circuits in Health Care Facilities
Path3
{Section 2301403}
Holonger peemitted in patient care locations {Section 517.16]
© 2020 electrical training ALLANCE Grounding end Bonding - Chagter 10 £
Chapter 10

< Auxiliary Grounding Electrodes

POU {primary not shewn}
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« Grounding and Bonding in Information Technology Centers

« Section 645.15 includes specific grounding requirements for
equipment in an information technology room.

« The primary requirement is that all non-current-carrying metal
parts of such equipment be connected to the EGC of the
supply branch circuit or feeder in accordance with Article 250.

* There is an exemption from the grounding requirement, but
only where the IT equipment is double-insulated.

2020 cleckical bairing ALLIANCE. Grouxang and Bondig - Chapter 10 “
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* Grounding and Bonding in Information Technology Centers

» To minimize possible differences in potential in the grounding
systems for power circuits supplying IT equipment, itis
common for these centers to be equipped with a single PDU
or multiple PDUs.

©2020 lectical aicing ALLUANCE Groanding and Bonding - Chater 10 2
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» Power Distribution Units (PDUs)

« The PDUs that are used for IT
equipment are permitted to
include multiple panelboards
within a single cabinet, provided
that the PDU is utilization
equipment listed for IT
application.

= A PDU typically is equipped with
a separately derived system to
supply the IT equipment.

2020 siectical aiving ALLINCE Groundnyy e Bonding - Chapler 10 3
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- Signal Reference Structures (Grids)

+ The IT term signal reference grid refers to a common
conductive structure such as a computer floor, copper
interconnected sheet strips, or a copper mesh grid installed
under the raised IT room floor.

« This grid provides an effective equipotential bonding structure
to which ail equipment can be connected.

« All equipment in the room, including equipment that is
mounted to the wall, should be connected to the grid.

« The signal reference structure must be connected to the
EGC in the supply branch circuit for the IT equipment.

©2020 lectical baining ALLANCE ‘Groundng and Bosding - Chapter 10 “

Chapter 10

+ Signal Reference Grids
« [T equipment is connected to
the signal reference grid to
equalize the potential
between components.

+ In some designs, the floor
panels and frame are an
integral part of the signal
reference structure.

« These grids minimize
differences of potential in [T
room installations.

Courtesy of Hargar
Lightning and Grounding

©2020 electical traing ALUANGE Grounding and Boning - Chapler 10 45

Chapter 10

« Signal Reference Grids
+ Sometimes support
structures for the raised
floor are part of the signal
reference structure.

.

Listed products are
available for constructing
a signal reference grid in
an [T room.

Courtesy of Hargar
Lightning and Grounding
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+ Signal Reference Grid Components

Courtesy of Hargar Lightning and Grounding
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Chapter 10

+ Surge Protection (SPDs)
= Surge protection is often desired for IT equipment
installations for providing a greater degree of protection
against line surges.

« Installations of surge protective devices (SPDs) are covered
by the NEC but are not required by the NEC.

« If surge protection is installed, it has to comply with the
applicable provisions in Article 242.

» Specific equipment grounding requirements are often
provided by the SPD manufacturer.

©2020 esctrics baivng ALLANCE Grountng ang Bondng - Chapter 10 @
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« Surge Protection (SPDs)

©2020 elctrical raving ALUANCE Groundng end Boncing - Chapter 10 @
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Chapter 10

Grounding SPDs

« Grounding conductor
connections to surge
protection devices must meet
the requirements in Part il of
Article 250.

+ When the grounding
conductor is installed in a
ferrous metal raceway, it must
comply with 250.64(E).

« Follow the instructions
provided by the manufacturer.

Grouning ead Boning - Chaptes 10 %

Chapter 10

» Listing and Markings on SPDs

©2020 ecticaltrining ALLIANCE. Groundng nd Bonding - Chepter 10 5
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Grounding SPDs
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Chapter 10

Grounding Connections for SPDs

©2020 eectrical trainiog ALLUANCE

Groundng and Bonding - Cheptes 10 £
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Chapter 10

Summary

» The minimum requirements for installing isolated grounding
circuits and receptacles are covered by the NEC.

+ The NEC includes some alternative equipment grounding
techniques that are often applied in IT system designs to
address concems related to normal operation of electronic
equipment.

» Various common techniques are applied to achieve optimal
performance in the IT grounding system while meeting
minimum safety requirements of the NEC, simultaneously.

Gronding snd Bonng - Chapter 10 %
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+ Objectives

« Recognize and understand key grounding and bonding
terms.

« Understand the role of the Earth in the electrical grounding
system.

« Understand the purpose of electrical grounding and bonding,
and define fundamental grounding concepts for systems and
equipment.

Introduction

« Basic grounding and bonding concepts and the related
performance provisions contained in the National Electrical
Code® (NEC®) are knowledge areas Electrical Workers must be
familiar with.

« Grounding and bonding are essential for safe electrical
installations and systems.

» Mastering the subject of grounding and bonding requires
understanding of what is intended to be accomplished by
electrical grounding and bonding.

= This chapter reviews basic grounding and bonding concepts.

3/7/2022
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= Grounding and Bonding for Safety
« The NEC provides minimum safety requirements that are
intended to protect persons and property from hazards
associated with the use of electricity.
- Grounding and bonding are necessary for safe electrical
installations.

« One function compliments and supports the other
simultaneously.

» When non-current-carrying parts of equipment are bonded
together and connected to ground, bonding and grounding
are accomplished, enhancing safety in electrical systems.

Introduction

« Objectives (continued)

« Understand fundamentals related to bonding and connecting
conductive parts and equipment to establish electrical
continuity and conductivity.

« Understand grounding and bonding concepts that perform
simultaneously in electrical wiring systems.

« Understand performance requirements for electrical
grounding and bonding and application of the NEC rules.

« Recognize that if there is no connection to ground (the
Earth), there is no grounding.

introduction

« Earth In The Circuit
« Grounding electrical equipment is the most popular and
effective method of building safety into electrical systems, at
least in the United States.
« When an electrical system or electrical equipment is
grounded, the earth is included in the electrical circuit.
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« Earth In The Circuit (continued)

» Grounded electrical systems and equipment offer the
advantage of circuit protection by causing fuses or circuit

: A Agrounding electrode conductor
breakers to operate in a phase-to-ground fault condition.

is a conductive body extending
the ground connection.

+ Equipment and systems that are grounded are connected to
the earth through a grounding electrode.

"™~~~ Grounding Electrode

introduction g  Chapte : Introduction

The term ground is defined as “the Earth” « Article 100 Definition(s)
» Grounding and Bonding terms are all defined in Article 100 of
the NEC.
« The term Ground is simply defined in the NEC as “The
earth.”
Z{;‘if :;h v’;,.f ;’g? \cf’r?é'm, * The term Grounded (Grounding) is defined in the NEC as
cairying conductor. “Connected (connecting) to ground or to a conductive body

that extends the ground connection.

» Examples of conductive bodies that extend the ground
connection are equipment grounding conductors and
grounding electrode conductors.

The Earth is included in an slectrical grounding circuit.

introduction introduction

+ Grounding Concepts * Grounding Concepts (continued)
* The function of grounding involves a connection to this planet * Electrical systems that are grounded are also connected to
— Earth. the Earth usually through a system of grounding electrodes.
 Buildings are required to be constructed on a solid foundation « The grounding electrode system is the foundation of the
that supports the weight of the building or structure. electrical system and grounded equipment.

* Without a connection to the Earth, there is no grounding.
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« Bonding Concepts

« When two conductive objects such as metal boxes or other
enclosures are connected by metal conduit, bonding is
accomplished.

« Bonding can also be accomplished by connecting metal parts
together using wire-type bonding jumpers.

* When bonding is accomplished in power system installations,
electrical continuity and conductivity is created between
conductive materials and equipment.

3/7/2022
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EMT connectors
and locknuts provide
effective honding.

introduction

 Article 100 Definition

« Bonded (Bonding). Connected to establish electricai
continuity and conductivity.

« Note: The definition uses the word connected indicating that
connections are an integral function of bonding.

Introduction

* Minimizing Shock Hazards

« Grounding and bonding reduces potential differences
between conductive parts and the Earth.

« The grounding and bonding process thereby reduce potential
shock hazards.

« The NEC places significant emphasis on establishing an
effective ground-fault current path.

« The purpose of this path is to facilitate overcurrent device
operation and quickly remove faulted conditions from the
system.
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Equipment at Equipment Above
Earth potential Earth potential

P s

Grounded Ungrounded

Introduction

introduction

* Minimizing Shock Hazards (continued)
* Ground fault current returns to the source through muitiple
conductive paths such as:

1. through the equipment grounding conductor (EGC);

2. through conductive material other than the electrical
system ground (metal, water pipes, and so forth);

3. through a person; or
4. through a combination of these ground return paths.

3/7/2022

Source {Conductive Equipment
" e
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 Path for Current through the Body

< Three conditions are required to result in an electrical shock:

1. There must be a contact point on the body for entry of
the circuit current.

2. The current must exit through a second contact point.
3. There must be a voltage to force the current across the
human body.
= The body can take on the same voltage potential as an
electrical circuit if isolated from other current return paths.

introduction

¢ Path for Current through the Body
« Current can travel in a series circuit through the human body.

» Current can travel in a parallel circuit through the human
body.

introduction

Three conditions are required to produce electric shock:

Yoltage to drive current
through the body
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» Safe Work Practices and Shock Protection
» Protection from shock and other electrical hazards is
achieved by establishing an electrically safe work
conditioning in accordance with NFPA 70E® Standard for
Electrical Safety in the Workplace.

= Requirements for lockout/tagout are provided in Article 120 of
NFPA 70E.

Introduction

Introduction
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« Severity of Electric Shock

» How serious the electrical shock injury generally depends on
the:

1. amount of current (amperes);
2. duration (time) the current is present; and
3. path the current takes through the body.
« The circuit frequency can also affect the severity of shock a
person receives.
« The amount of damage is influenced by factors such as
moisture levels, temperatures, and where on the body there
is contact with the circuit.

Hand to foot Hand to hand Foot to foot

Introduction

« Current Takes all Paths Availabie

« For current to be present in a circuit, the circuit must be
complete.

 In series contact, the person is the only current path and the
equipment grounding conductor (EGC) is not involved in the
circuit.

= Current will take any/all paths available to return to its
source.

= Electrical shock can occur when the human body is in series
with electrical current or when it is in parallel with the current
returning to the source.
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Series Path

Paratiel Paths

Introduction

« Series Circuit Through the Human Body
« Aperson can become involved in an electrical circuit or
provide a pathway for current in a circuit in one of two ways:
he or she might be (1) in series contact with the electrical
circuit or (2) in parallel contact with the circuit.

* Electrical injury is usually more severe when the human body
is in series with the electrical circuit.

3/7/2022
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Th dith

Voitage to drive cutrent
thiough the body

Contact point 1

Contact point 2

Introduction

« Parallel Circuit Through the Body
* In parallel circuit contact, the victim becomes a path in
parallel with the EGC or other conductive path(s).

Introduction

Introduction

« Parallel Circuit Through the Body (continued)
< In such parallel contact situations, the effectiveness of the
EGC can sometimes prevent electrocution, depending on:
1. whether or not the ground-fault current reaches the
instantaneous trip level of the overcurrent protective
device (which is relatively high—greater than 15
amperes);
2. how fast the overcurrent device reacts;
the voltage level from faulted enclosure to ground; and
4. the impedance of the grounding paths (composed of
connections, contacts, and the equipment grounding
conductors).

w
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* Grounding and Bonding Concepts Together

* Grounding and bonding circuits are safety circuits for
electrical services, feeders, and branch circuits in today’s
wiring systems.

* Electrical systems are grounded to limit potentials (voltages)
imposed by lightning, line surges, or unintentional contact
with higher-voltage lines.

* Grounding electrical systems also stabilizes voltages during
normal operation.

« Electrical equipment is grounded to establish the same or
close to the same potential between the equipment and the
ground (Earth).

introduction
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Simplified diagram. Overcurrent
protective devices not shown.
System grounding limits
yoltages imposed by:
~ Lightning
| - Line suiges
. - Unintentional contact
with higher-voltage lines

introduction

< Purpose of Bonding

« When electrically conductive parts are effectively bonded
together, electrical continuity and conductivity are
established.

* Animportant part of the grounding and bonding scheme is
constructing an effective ground-fault current path.

« Care must be taken to ensure that good electrical
connections are made for all the conductors including but not
limited to the service grounding scheme.

* Good workmanship in Electrical Construction is important
(See 110.12)
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» Performance Code Language
« Section 250.4 provides general provisions that indicate how
grounding and bonding of electrical systems and equipment
are intended to perform.
» Section 250.4(A) provides performance provisions for
grounded systems.
» Section 250.4(B) provides performance provisions for
ungrounded systems.
*+ Grounding and bonding are required for both grounded and
ungrounded electrical wiring systems.

Introduction

Simplified diagram. Overcurrent protective devices not shown.

— Ungrounded

Grounded system and

system and
equipment
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* Grounded Electrical Systems
* When an electrical system or source is grounded, a voltage-
to-ground reference is ished for the system’s
ungrounded conductors.

« The grounded conductor of the system is forced to take on
the same potential as the ground (Earth).

introduction

~= Ground potential
-~ - - Potential above ground

Introduction
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-
3-phase, 4-wire

introduction

* Grounding Equipment
* Grounding of electrical equipment involves connecting
equipment to the ground (Earth), either directly or through a
conductive body that extends the connection to the ground.

« A conductive body extending the ground connection can be a
bonding conductor, a grounding electrode conductor, or an
equipment grounding conductor.
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< Bonding Equipment (continued)
= Once this connection process is complete, the two
conductive parts become one electrically and are considered
bonded together.

* Bonding establishes little or no potential differences between
conductive parts, which result in the continuity aspect of a
bonding function.

Introduction

« Bonding Conductive Materials

* The Code provides bonding requirements for conductive
materials foreign to the electrical equipment and materials.

« Examples of such conductive materials within buildings or
structures are structural building steel and metal piping
systems.

« The bonding required by Section 250.4(A)(4) is intended to
establish a connection to the ground from the bonded
material, thus minimizing possible potentials above ground
on these materials should they come in contact with electrical
circuits.

3/7/2022

introduction

* Bonding Equipment
= Bonding is the process of connecting two or more conductive
parts together. These conductive objects are referred to by
the NEC as normally non-current-carrying conductive parts in
the electrical installation.

* As an example, when a length of metal conduit is attached to
a metal box with two locknuts, the function of bonding is
occurring.

Introduction

Bonding occurs at
‘the connection of conduits
tometal boxes

Continuity is estabiished
through the metal box

introduction
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 Effective Ground-Fault Current Path
* The effective ground-fault current path is covered in Section
250.4(A)(5).
* The path for current must be electrically continuous.
« This path must also be low impedance.
= This path also must be capable of carrying the maximum
fault current likely to be imposed.

« The Earth is not permitted as an effective ground-fault
current path.

introduction

introduction
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Normal Current Path

Ytility source

e

Introduction

* Ungrounded Electrical Systems

 Section 250.4(B) provides general performance requirements
that apply to systems that are not grounded.

= Ungrounded systems do not include a conductor that is
intentionally grounded.

= The ungrounded conductors operate without a solid voltage-
to-ground reference.

Introduction

Ungrownded system

Grounding is required
forenclosures and
Taceways containing
ungrounded systen
components & condictors
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« Leakage Capacitance
* When the supply conductors from ungrounded AC systems
are installed in grounded metal raceways and enclosures, the
effects of capacitance coupling are present, creating a
potential (voltage) difference between them.

 This potential difference can appear as voltage-to-ground
readings but is the result of leakage capacitance.

Introduction

Simplified diagram. Overcurrent protective devices not shown,

Unground

Ground or grounded parts

introduction

* Bonding Requirements (continued)
< Just as for grounded systems, bonding is required for
electrical equipment installed in an ungrounded system and
for other conductive materials such as metal water piping and
structural metal building frames.

Introduction

« Leakage Capacitance (continued)

* An example of an ungrounded AC system is a 3-phase, 3-
wire closed delta system.

« The system shown in the next slide and in Figure 1-23 of the
textbook is a single-phase ungrounded system, but leakage
capacitance is present in either system.

3/7/2022
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+ Bonding Requirements

* Electrically conductive materials that are likely to become
energized shall be connected (bonded) together and to the
supply system grounded equipment in a manner that creates
a low-impedance path for ground-fault current that is capable
of carrying the maximum fault current likely to be imposed on
it.

Introduction

« Article 100 Definition
* Ground Fault Current Path. An electrically conductive path
from the point of a ground fault on a wiring system through
normally non—current-carrying conductors, grounded
conductors, equipment, or the earth to the electrical supply
source.
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* Ground Detection Systems Required
* The NEC requires a ground detection system so when a
phase-to-ground fault event happens on an ungrounded

system an indication is provided.

+ This alerts qualified persons of this condition so that they can
fix the problem before a second phase-to-ground event on
another phase develops.

Introduction

introduction

* Summary
* Electrical grounding and bonding are actions that happen
simultaneously and provide essential safety for persons and
property.

» The performance criteria of these important electrical
functions are simple, yet to many they seem complex.

= Grounding involves connecting electrical systems and
equipment to the Earth.

3/7/2022
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Summary (continued)

« Bonding simply means connecting equipment together
electrically.

It is the process of establishing and maintaining effective
continuity and conductive connections between metallic
parts.

= The electrical safety system is heavily reliant upon effective
grounding and bonding of equipment and systems.

Grounding and
Bonding

Introduction to
Grounding
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Grounding and
Bonding

Circuit Basics and
Overcurrent Protection

Chapter 2

* Introduction

« Electrical circuits and systems operate normally when circuits
are complete, intact, and without fault conditions.

« If an electrical circuit is not complete, there can be no current
present in that circuit.

« This means both normal circuits and safety circuits of
electrical systems are necessary for supplying utilization
equipment.

©2020 elcrice! raiing ALLIANGE Groutng and Bonding - Chapter 2 2

Chapter 2

« Introduction (continued)
» Electrical grounding and bonding should be thought of as
electrical safety circuits.

* The operation of overcurrent protective devices is directly
related to the effective ground-fault current path installed as
part of the overall electrical safety system.

02020 eleckical uiing ALIANCE Groundng and Bonding - Chapter 2 3

Chapter 2

« Objectives
* Understand the relationship between normal electrical
circuits and grounding and bonding circuits in an electrical
system.

+ Understand and apply circuit fundamentals to grounding and
bonding and relate these concepts to effective overcurrent
device operation.

+ Understand voltage, current, resistance, and impedance in
electrical circuits and how to apply Ohm'’s Law to electrical
circuits.

©2020 eleckical Faining ALIANGE Grounding and Bonding - Chapter 2 .

Chapter 2

« Objectives (continued)
« Know the importance of adequate equipment short-circuit
current ratings and proper selection of circuit breakers and
fuses with adequate interrupting ratings.

* Understand the importance of conductor insulation integrity,
equipment grounding conductor capacity, and not exceeding
the maximum withstand ratings of electrical conductors.

©2020 elockical vainiog ALLIANCE

Groundsng an Bonding - Chapter 2 s

Chapter 2

» Circuit Fundamentals

« Electrical wiring systems include multiple circuits in the form
of feeders and branch circuits.

* The safety system is the grounding and bonding installed
with branch circuits and feeders.

« There is an important relationship between the grounding
and bonding systems and overcurrent protection provided in
the electric system.

= Current is only present in complete circuits.

©2020 eleckical bainiog ALUANGE

Groundng and Bondog - Chagter 2 6
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« Components of Electrical Circuits
Current can only be present if voltage is applied
and the electrical drcuit is complete
This dreult Is not complete, so there s ne current
. ' Lead

Setrce Voltage Overcurrent
i Protection

Controf

©2020 eleckcal Faining ALLIANCE Grounding and Bonding - Chapter 2 7

Chapter 2

+ Ohm's Law

» George Simon Ohm discovered the relationship between
voltage, resistance, and current and developed Ohm's law.

» Avoltis the unit of electrical pressure or electromotive
force in a circuit.

* Anohm is the unit of electrical resistance in a circuit.

« Anampere is the unit of measure for the current in a
circuit.

©2020 eloctical aning ALLIANCE Grouxsng and Boncing - Chapter 2 s

Chapter 2

« Ohm’s Law (continued)
« Finding values of voltage, current, and resistance in a circuit
is accomplished using two of the known values.

2020 elocsical vaining ALUANCE Groundng and Bondng - Chagler 2 9

Chapter 2

« Voltage (Electromotive Force)
+ The voltage of a circuit forces the electrons of a circuit
through wires or other conductive circuit components.
= The letter E used in Ohm’s Law represents the voltage of the
circuit.

« The higher the voltage (electromotive force), the more easily
current is forced through the circuit.

« Voltage can be present in the circuit and no current will be
present if the circuit is not completed or closed.

©2020 sochical ¥ainng ALLIANCE Grounsng and Boncing - Chepter 2 "

Chapter 2
* Basic Ohm’s Law
Voltage
- -
- > - ~
Current Resistance
© 2020 eleckical faining ALLIANCE ‘Grounding end Bonding - Chapter 2 10
Chapter 2

« Voltage in a Circuit

Sobee Voltage

©2020 elacreal roining ALLANCE Groundng mad Bonding - Chapter 2 ?
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* Ohms (Resistance)

« Electrical resistance in a circuit is the amount of resistance
that allows 1 ampere of current when 1 volt is applied in the
circuit.

< The letter R is used to represent resistance in Ohm'’s Law.

« Smaller conductors offer greater resistance in a circuit while
larger conductors offer less resistance.

« This basic analogy does not consider any foad resistance
present in the circuit.

« Resistance is the opposition to current in a circuit.

©2020 slockica! Fainiog ALLIANCE. Groundng s Boncing - Chapter 2 "
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Chapter 2

» Resistance in a Circuit
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Chapter 2

* Amperes (Current)

* The current in a circuit is represented in Ohm’s Law by the
letter I which stands for the intensity of current in the circuit.

« The amount of current in a DC circuit is directly proportional
to the voltage applied in the circuit, and the current is
inversely proportional to the resistance in the circuit.

2020 elackcal raining ALIANCE Grounding end Bonding - Chapler 2 18

Chapter 2

» Current in a Circuit

Overcunent
Protection

, Conto} Closed -~

Currentis present when

The currentin %
I Bt
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Chapter 2

« Applying Ohm's Law

E=1XR
(Voltage = Current X Resistance)

Volt:
I= %(Current = ———9}3—%—?*>

Resistance

E Voltage

R = —{ Resistance = G -3

I Current
[ i s i e 2 .

Chapter 2
* Applying Ohm's Law
R,_:ﬁ 1:—2— E=IXR
I
=4A X600

_ 480V _ 120V ,

~ WA w00 || T2V

=128 = 3 A

Use of equations to find resistance, amps, and voltage.
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Chapter 2 Chapter 2
* Applying Basic Ohm's Law * Watts Wheel
Watts Veltage
Tofind voitage, the formula s: Tofind h fais: T the formita is;
E=IXR I= E R= E Current Resistance
R
2020 eleckical Faining ALUANCE Grounding eod Bonding - Chapter 2. 19 2 2020 elockical Yaining ALLIANCE Grounding end Bording - Chagter 2 2
Chapter 2 Chapter 2
+ Solving for Power (Watts) = Solving for Amperes with Watt's Wheel
W=]XE
(Power = Current X Voltage) W
W= IR I'= E
{Power = Current X Current X Resistance)
2 5000 W
W=R 277V
Voltage
Power = Voltage X ————3— o
( ¥ ™ Resistance 18.05 A
© 2020 eleckical baining ALUAKCE Grounding 8nd Bonding - Chapter 2 2t ©2020 eleckical raining ALLANCE Grownding end Bonding - Chapler 2 2
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* Opposition of Current in an AC Circuit
« Opposition to Current in Circuits
* The total opposition to current in a DC circuit is primarily
resistance. \/—-;‘——«————*—;
* In an AC circuit, the total opposition to current is known as Z= R+ (XL - Xc)'
the impedance of the circuit.
+ The impedance of an AC circuit includes resistance, inductive Where
reactance, a.nd capacitive reactar-\ce. ‘ ' 7= impedan ce
* The letter Z is used to represent impedance in electrical N
equations. . R = resistance
X, = inductive reactance
X = capacitive reactance
02000 abcreol aiing ALLANCE Gecetng 04 Bk - Chaper 2 » 02000 sectialvaniog ALLIANCE Grueriog s Bondog - Chagler 2 u
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ection Chapter 2

« Conductors of AC Circuits
+ Sections 300.3(B) and 250.134(2) of the NEC require all
conductors of an AC circuit must be run together in the same
raceway, cable, or trench.

= Any grounded conductor or equipment grounding conductor
must also be run with the AC circuit conductors.

*+ This keeps the impedance as low as possible during normal
operation and during a ground fault condition.

02020 elockical Fainig ALUANCE Grounding and Boning - Chagter 2

« AC Circuit Conductors Together

Chapter 2

... Feeder and branch drauit conductos, _.*
induding EGLs, are instalied together

©2020 eleckics! baining AUIAKCE. Grounding and Bonding - Chaptar 2

Chapter 2

* Normal and Fault Current in Circuits
+ Current is present only in circuits that are complete.

« This concept applies to normal current and fault current in
any circuit.

+ Grounding and bonding circuits are the protective circuits of
electrical wiring systems.

« Without complete and functional grounding and bonding in
electrical circuits, the protective safety system is
compromised.

©2020 cleckical Feining ALLIANCE Grouning and Bonding - Chapler 2 7

Chapter 2

* Normal and Fault Current in Circuits
« Current will always return to the source.

* Current will take all available paths to return to the source.
+ The current will divide over all available paths.

The amount of current in any path is related to the amount of
impedance (opposition to current) in that particular path.

©2020 eiocrical yaing ALLANCE Grouretng end Bondng - Chapler 2

Chapter 2
< No Current in Open Circuits
Soweedelase  precment
S Prerection
2020 ket paing ALLIANGE ooy an Bk - Chapter 2 »
Chapter 2

+ Current Path(s) Circuits

Overcurrent
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Chapter 2

* Overcurrent Protection Basics

< Akey feature of protecting persons and property from
electrical hazards is proper application of overcurrent
protection (fuses and breakers).

« Overcurrent devices must have adequate normal current
ratings and adequate interrupting current ratings.

» Ashort circuit current rating is the amount of current a
component or equipment can withstand without resulting in
extensive damage to the equipment or system.

« See NEC Sections 110.9 and 110.10.

© 2020 eloctical raining ALUANGE Grouding und Bonding - Chapler 2 2
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Chapter 2

« Article 100 Definitions

« Fault Current. The current delivered at a point on the system
during a short-circuit condition.

* Fault Current, Available (Available Fault Current). The largest
amount of current capable of being delivered at a point on
the system during a short-circuit condition.

© 2020 elecyical baining ALLANCE Grouning and Bondog - Chapler 2 32

Chapter 2

 Article 100 Definitions

 Interrupting Rating. The highest current at rated voltage that
a device is intended to interrupt under standard test
conditions.

* Ground Fault. An unintentional, electrically conductive
connection between an ungrounded conductor of an
electrical circuit and the normally non—current-carrying
conductors, metallic enclosures, metallic raceways, metallic
equipment, or earth.

©2020 eleckics! Fsinng ALUANCE Groundng a0d Bonding - Chapter 2 3

Chapter 2
« Interrupting Ratings
© 2020 edecical raining ALUANCE Grounding and Bonding - Chapter 2 3
Chapter 2
« Ground-Fault Condition
Ground fault condition Slagle
,- - line-to-ground
Soutce ¢ faultevent

Chapter 2

« Ground-Fault Condition

Ground fasht events open - ~ Sround Fault
- overamrent devices |
Source I . ioad

2020 eloctical baining ALLIANCE

Grounng and Bondog - Chapter 2 s

©2020 clecical Faining ALLIANCE

Groundg and Bondng - Chapter 2 %

139




02020 cleckicat vaiving ALUANCE

Chapter 2

« Short Circuit

* A short circuit is not defined in the NEC but can be described

as an unintentional conducting connection between two or
more ungrounded conductors of the circuit or between any

ungrounded conductor and the grounded conductor of the
circuit.

* Aground fault is a type of short circuit condition except the

short is to ground or grounded parts.

An overload (low-level overcurrent condition) is not
considered a short circuit or ground fauit.

Grounsng and Bonding - Chapter 2 £
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Chapter 2

* Line to Ground Fault and Short-Circuit Condition

Shott druit condition Line-to-ground

L= faultevent

©2020 esectical vaining ALLIANCE Groundng and Boning - Chapter 2 »

Chapter 2

* Amperes Operate Overcurrent Devices
» Overcurrent devices operate based on the level of current
through the device.
* The amount of current that will cause an overcurrent device

to open is inversely proportional to the amount of time it
takes.

In other words, the higher the current, the quicker the
overcurrent device operates.

Annex C in the textbook provides information about
calculating available fault current.

©2020 ekectical vuining ALLIAKCE Grouxtng end Bonding - Chapler 2 P

« Tim

©2020 elocwicel aing ALLIANCE

Chapter 2
* Ground-Fault and Short-Circuit Condition
2020 eleckical Faking ALLIANCE Grounding and Bonding - Chapler 2 £l
Chapter 2

e and Current

Two concems in electrical equipment and conductor
overcurrent protection are how much current the equipment
and conductors handle and for how long.

Manufacturers of circuit breakers and fuses provide important
information related to their operating time and current
characteristics.

The time/current curve charts indicate how long it takes for
an overcurrent device to open.

The time is shown vertically in the graphs and the current is
shown horizontally.

Gromnding and Bonckng - Chapler 2 gl

Chapter 2
+ Current and Time
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Chapter 2

» Circuit Breaker Time-Current Graphs

« For circuit breakers, the vertical line in the graph represents
the instantaneous trip point.

» The region to the left of this line is the overload region, and
the region to the right is the short circuit (or instantaneous)
region.

» The width of the time current curve indicates the
manufacturing tolerance; that is, the circuit breaker clears
within that band.

©2070 electical knining ALLIANCE Growdy sod Bonding - Chapter 2 o
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Chapter 2

« Time current graph for a 20-
ampere circuit breaker.

* The time is on the left of the
graph (vertical).

* The current level is across
the bottom.

+ For smaller breakers the
instantaneous trip levels are
reached sooner than larger
breakers.

anerns e s o

Courtesy of Schneider Electric Square D
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Chapter 2

« Time current graph for a 100-
ampere circuit breaker.

« The time is on the left of the
graph (vertical).

« The current level is across
the bottom.

= The amount of time for the
breaker to react is greater for
larger breakers.

Courtesy of Schneider Electric Square D
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Chapter 2

* Fuse Time-Current Graphs

» The operating characteristics of fuses differ slightly from
those of circuit breakers.

* In afuse time current curve, the time is also shown on the
vertical axis and the amount of current is provided along the
horizontal axis.

* Atime-current curve for fuses is different in appearance
specifically in the short circuit region due to the current-
limiting ability of the fuse.

©2020 eloctical raining ALUANCE ‘Grounding and Bondg - Chagler 2 4

Chapter 2

T B SRS

Courtesy of Eaton
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Chapter 2
+ The time is on the left of the P
graph (vertical). hd
« The current level is across [oTr— |
the bottom. bl \%
B
« Fora Class RK1 fuse, a %t
current of 200 amperes will i ]
open the 20 Afuse in 1.7 H
seconds and the 50 A fuse in §
55 seconds. -\%
Courtesy of Eaton
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» The time is on the left of the
graph (vertical).

« The current level is across
the bottom.

» The fuse time cumrent curves
show various Class RK1 fuse
ampere ratings that help
determine the clearing times
based on the levels of
current.

Courtesy of Eaton
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Chapter 2

= Safety By Design
» Overcurrent protection is required to protect conductors and
equipment from extensive damage.

= NEC 110.10 provides the requirement that addresses this
concern.

* Another method of achieving additional safety in electrical
systems is to reduce let-through current so that incident
energy is less during a short circuit or ground-fault event.

» Current-limiting overcurrent devices can provide such
protection.

2020 clocricel Faining ALUANCE Grounsag and Bonding - Chepler 2 50

Chapter 2

« Article 100 Definition (NFPA 70E)

* Incident Energy. The amount of energy impressed on a
surface, a certain distance from the source, generated during
an electrical arc event. One of the units used to measure
incident energy is calories per centimeter squared (cal/cm?).

02020 slecticat raining ALLIANCE Grouncing nd Bonctg - Chaptes 2 5

Chapter 2

* 240.2 Definition

* Current-Limiting Overcurrent Protective Device. A device
that, when interrupting currents in its current-limiting range,
reduces the current flowing in the faulted circuit to a
magnitude substantially less than that obtainable in the same
circuit if the device were replaced with a solid conductor
having comparable impedance.

« The definition also appears in Article 100 of NFPA 70E.

©2020 clociical Faining ALLANCE Grounciog and Bondig - Chapter 2 52

Chapter 2

+ Protecting Conductor Insulation

« The Code requires conductors and completed wiring
installations to be free from short circuits, ground faults, or
any ground connections other than as required or permitted
by the NEC. [NEC 110.7]

« Conductor insulation prevents the flow of electricity between
points of different potential in an electrical system.

« Failure of the insulation system is one of the most common
causes of problems in electrical installations, in both high-
voltage and low-voltage systems.

©2020 elecrical Fuining AULIANCE Groundng and Bondeg - Chapter 2 E

Chapter 2

+ Protecting Conductor Insulation
+ Common causes of insulation failures are heat, moisture, dirt,
and physical damage occurring during and after conductor
installation.

» Insulation can fail due to chemical effects, exposure to
sunlight, and excessive voltage stresses.

* Insulation integrity must be maintained during overcurrent
conditions.

« Test instruments (meg-ohm meters) are available for verifying
conductor insulation integrity prior to energizing electrical
circuits and equipment.

©2020 eiectical aining ALLANCE Grouiog and Bonding - Chapter 2 5
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Chapter 2

+ Conductor Insulation Test Equipment

3/7/2022

Mogohmmeter odst 15508

Hand-Held Megohmmater Mode} 1587

Courtesy of Fluke
5
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Chapter 2

« Protecting Conductor Insulation
« The greater the overcurrent is, the less time a conductor can
safely withstand the current.

« Agood set of guidelines addressing conductor insulation
abilities has been established through engineering research
by the Insulated Cable Engineers Association (ICEA).

©2020 eiecical baiving ALUANCE Grounding and Boriy - Chapter 2 %

Chapter 2

* Protecting Conductor Insulation

+ The short circuit current, conductor cross-sectional area, and
overcurrent protective devices in the circuit should be applied
in a manner that does not exceed the maximum short circuit
times in the ICEA chart.

+ Wire-type EGCs must be selected and applied in system
designs in a manner that does not leave them vulnerable to
high current levels for periods that exceed their withstand
ratings.

©2020 lochicat kaining ALUIANCE Grouredg snd Bonding - Chapter 2 s

» Conductor Withstand Ratings

* The ICEA Short-Circuit Current
Withstand Chart provides
information about the
maximum current handling
capabilities for various sizes of
insulated conductors over a
duration of time (cycles).

« This is based on the 5-second
conductor withstand formulas
developed by the ICEA.

Courtesy of ICEA
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Chapter 2

« Conductor Withstand Ratings

« The ICEA demonstrated that for every 42.25 circular mils of
area, an insulated conductor can safely carry 1 ampere for 5
seconds.

* The measure of heat energy developed in a circuit during a
short circuit or ground fault event is characterized in formulas
as I2t.

= This formula is simply the current (i) squared multiplied by
the time (t), in seconds.

e Using Table 8 in Chapter 9 of the NEC, one can easily
calculate the 5-second withstand rating of a conductor.

©2020 elecical yaining ALUANCE Grounng end Bondng - Chapter 2 El

Chapter 2

* Protecting Equipment Grounding Conductors

« EGCs must be installed in systems within their withstand
capabilities.

» Design criteria must consider the size of wire-type EGCs,
their withstand ratings, the magnitude of ground-fault
currents, and the operating (time-current) characteristics of
the overcurrent protective devices.

Protective devices that do not operate fast enough might
leave EGCs vulnerable to severe damage during a ground-
fault event.

D2020 clocticef vaining ALUANCE Grounsng nd Boncing - Chapter 2 ©
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Chapter 2

* Equipment Grounding Conductor Capacity

= NEC Table 250.122 provides minimum sizes for wire-type
equipment grounding conductors.

Sections 250.4(A)(5) and 250.4(B)(4) provide performance
criteria for EGCs.

* A mandatory note at the bottom of NEC Table 250.122 refers
to those sections.

©.2020 eloctical ¥aining ALLIARGE. Groundog and Bonsng - Chapter 2 6t
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Chapter 2

« Equipment Grounding Conductor Capacity

= The minimum sizes required for wire-type EGCs must be
able to effectively perform during ground-fault conditions.

» They must be able to withstand the fault current for the
amount of time it takes the overcurrent device to open.

* They must perform as an effective ground-fault current path
to facilitate overcurrent device operation and not be damaged
doing so.

* See NEC 110.10, 250.4(A)(5) and 250.4(B)(4).

©2020 ehscrcal vassing ALLIANCE Groundng and Bandg - Chapler 2 &

Chapter 2

* Summary

« For current to be present in a circuit, the circuit must be
complete and current will always return to its source.

» For an effective ground-fault current path to provide the
intended protective function, electrical circuit characteristics
must be carefully analyzed and applied in systems.

02020 eloctical vuining ALUANCE ‘Grounding nd Bonding - Chapter 2 o

Chapter 2
» Conductor Withstand Ratings
Wite-type E6C instaled in #¥C
conduit supplying a paneiboard
O 2029 einckrical vaining ALLIANCE Groundity end Bonding - Chapler 2 )
Chapter 2

» Summary (continued)

« The total circuit impedance, overcurrent protective devices,
component short circuit current ratings, and other circuit
characteristics must be selected and coordinated so that the
circuit protective devices can effectively respond and operate
during a ground-fault or short circuit event.

Overcurrent devices must prevent extensive damage to the
electrical equipment or conductors, including the EGCs.

©2020 electical rainkng ALLANGE Grounding end Bondos - Chapier 2 &
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Chapter 3

« Introduction

= The purpose of the NEC is the practical safeguarding of
persons and property from hazards that arise from the use of
electricity.

» The NEC provides the minimum safety requirements,
meaning that it is the least that must be done for compliance.

©2020 elcrice! yaining ALLANCE Grourcing and Bonding - Chapler 3 2

Chapter 3

* Introduction (continued)

* An important part of electrical construction is proper
application of Code rules to installations and systems.

« Itis important to understand all general NEC requirements
and know when and how these rules are modified due to
special occupancies, special or unigue conditions, and
special equipment.

02020 elschrical raining ALLIANGE Grounding and Bonding - Chepter 3 3

Chapter 3
« Objectives
» Understand the purpose of the NEC and the arrangement of
Article 250.

< Understand key defined grounding and bonding terms in
Article 100.

« Determine key requirements in the NEC that relate
specifically to electrical grounding and bonding.

02020 ehectical ¥aining ALIANCE Grousin and Bonding - Chapter 3 4

Chapter 3

* Objectives (continued)

» Distinguish performance requirements from prescriptive
requirements in the NEC.

* Understand how Chapters 5 though 7 of the NEC can modify
or amend the general requirements in the NEC.

* Understand the NEC tables related to grounding and bonding
conductor sizing.

©2020 elsctical rainng ALUANCE Groundng snd Banding - Chapter 3 5

Chapter 3

» Purpose of the Code

©2020 electical bainiog ALUANCE

Grounding # Bonding - Chapler 3 5
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Chapter 3

* Building a Solid Foundation

* NEC knowledge is essential to proper application of
requirements in electrical design and installations.

* This chapter reviews the arrangement of the NEC and
provides guidelines on how to effectively and accurately
apply requirements to grounding and bonding systems.

©2020 elackical vaiing ALUANCE Grouneing s Bonding - Chapter 3 7
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Chapter 3

 Building a Solid Foundation (continued)
* Asolid foundation of NEC knowledge is essential to
understanding and meeting minimum safety rules related to
electrical grounding and bonding.

« The foundation of a grounding system is the grounding
electrode system.

©2020 eischicel Fainog ALLIANCE Grouning and Bonding - Chapter 3 i

Chapter 3

« Foundation of Electrical Systems

©2020 slacyical Fuining ALUANCE Grounang end Bonding - Chapler 3 9

Chapter 3

« NEC Arrangement and Application

* Article 90 serves as the introduction and provides essential
information about how NEC rules apply to electrical
installations.

+ Chapters 1 through 4 of the NEC have general application
and apply to all electrical installations.

+ Chapters 5, 6, and 7 include rules for special occupancies,
special equipment, and other special conditions.

« Chapters 5, 6, and 7 modify or amend the general
requirements in Chapters 1 through 7.

©2020 elsctical raining ALLIANCE. Groundng et Bondog - Chagter 3 0

Chapter 3

» NEC Arrangement and Application (continued)
= Chapter 8 is not subject to the general requirements of the
other chapters except where the other rules are referenced
from within Chapter 8.

« Chapter 9 of the NEC includes tables that are used in
applying the other requirements of the Code.

* The annexes in the NEC are informative Annexes and are
not mandatory requirements.

©2020 eleckical Faining ALUANCE Grounding snd Bonding - Chagter 3 "

Chapter 3
* 90.3 Arrangement
Applies generally o all
Mathods and Materials| ™ edecirical instafiations

Chapter 8 not subject to the requirements of Chapters 1
through 7 except where the requirements are spacificatly
referencad

in Chapter 8,
[CRAPTERS~Tables_____ | —Applicableas
{REC Arnaves ] - information anly
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Chapter 3

+ Sample Chapter 5 Modification
+ Section 250.118 list items (5) and (6) recognize listed flexible
metal conduit and liquidtight flexible metal conduit as
equipment grounding conductors under specific conditions
without having to install a wire-type EGC or bonding jumper.

» Section 501.30(B) specifically restricts flexible metal conduit
and liquidtight flexible metal conduit from being used as an
EGC and bonding means.
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Chapter 3

« Bonding in Hazardous Locations

Flexibe metal
conduit

Wire-type equipment
bonding jumper required

instalied inside or sutside
of the raceway

tiquidtight flexible
metal conduit
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Chapter 3

* Enforcement and Approvals
» The authority having jurisdiction (AHJ) is defined in Article
100 as a person or organization that is responsible for
enforcing the Code and issuing approvals of installations and
equipment covered by the NEC.

» The AHJ (inspector) is also responsible for interpreting the
requirements and granting special permission as provided in
some of the rules.

D020 oleckice! Faining ALLIANCE Groundng and Bondng - Chapkes 3 15
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Chapter 3

« Authority Having Jurisdiction

Grounding and Bondog - Chapter 3 i

Chapter 3

+ Requirements

+ To effectively apply the requirements in the NEC, the
difference between mandatory requirements, permissive, and
informational provisions must be understood.

= The mandatory requirements in the Code are characterized
by the use of shall or shall not.

Example:
Section 250.68(A) Accessibility. All mechanical
elements used to terminate a grounding electrode

conductor or bonding jumper to a grounding electrode shall
be accessible.

©2020 eioctical rainhg ALUIANCE Grounding and Bonding - Chasler 3 ”

Chapter 3

* Exceptions

©2020 elscical faining ALLIAKCE

Exceptions in the NEC modify only the rule they immediately
follow unless stated differently in the exception.
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Chapter 3

« Exceptions (continued)

* Example:
+ 250.68(A) Accessibility. All mechanical elements used to
terminate a grounding electrode conductor or bonding
jumper to a grounding electrode shall be accessible.

+ Exception No. 1: An encased or buried connection to a
concrete-encased, driven, or buried grounding electrode
shall not be required to be accessible.

©2020 slecrica! raining ALLIANCE. Groundg ang Bonckg - Chapter 3 £l
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Chapter 3

« Applying Exceptions to Rules
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Chapter 3

» Mandatory Exceptions

« There are also mandatory exceptions that use the terms shall
or shall not.

+ An example of a mandatory exception follows Section
230.95.

* Mandatory exceptions have to be followed if the installation is
covered in the exception.

© 2020 elscrical raining ALLIANCE. Groundng and Bonding - Chapter 3 2

Chapter 3

« Explanatory Information

* Explanatory material is provided in the form of informational
notes.

« The informational notes are for user guidance and are not
enforceable as requirements.

» Often, informational notes clarify the requirement that
precedes the note.

+ Examples of informational notes are references to other
standards, references to related sections of the Code, or
information related to a rule.

©2020 electical Faining ALUANCE Groundng ang Bonang - Chapter 3 2

Chapter 3

« Permissive Code Language

» Permissive provisions in the NEC are characterized by the
use of phrases such as shall be permitted or shall not be
required,

« Permissive rules are options or alternative methods of
achieving equivalent safety; they are generally not
requirements.

« The qualifying feature of permissive rules often involves
determination by the AHJ as indicated in Section 90.4.

©2020 elachcal raining ALUANCE

Groundng snd Bonding - Chapler 3 ES

Chapter 3

* Pemmissive Code Language (continued)
+ Informational notes should not be confused with notes to
tables which are mandatory requirements.

» Examples of mandatory notes that apply to tables can be
found following Table 300.5 and Table 250.122.

©2020 eisctical vaning ALLIANCE Grounding snd Bondag - Chapler 3 2
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Chapter 3

+ Use of Defined Terms
« Defined terms help clarify the meaning of a rule in which they
appear.

* Article 100 contains all defined words and terms related to
grounding and bonding.

.

Section 250.2 no longer contains any definitions.

» Examples of grounding and bonding words and terms are
“grounded (grounding)”, “bonded (bonding)” and the term
“effective ground-fault current path.”

©2020 elockical Faining ALLANCE Grounding 8nd Bono - Chapler 3 £

Chapter 3
* Notes to Tables
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Chapter 3

« Effective Ground-Fault Current Path

Gvercurrent
Souice Protective Device

Equlpment

ground-fault
current path
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Chapter 3

* Use of Defined Terms
+ Defined terms help clarify the meaning of a rule in which the
term appears.
+ To fully understand how the NEC applies to grounding and
bonding systems, a clear method or language of
communication has to be established.

+ Slang words and phrases mean different things to many.
+ Using the defined words and terms in the NEC promotes
accurate, effective NEC application.
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« Code Language of Communication
« Example 1 incorrect:

* Agrounding conductor is required to be grounded to the
equipment grounding terminal bar of a panelboard.

* Example 2 correct:
» The equipment grounding conductor (EGC) is required to
be connected to the equipment grounding terminal bar of
the panelboard.
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« Code-Making Panel Responsibilities
* In the 2020 edition of the Code there are 19 NEC technical
“subcommittees” that are referred to as Code-Making panels.

« Code-Making Panel 5 is responsible for definitions of terms
related to grounding and bonding and for Articles 200 and
250.
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« NEC Article 100

= Article 100 in the NEC provides the definitions of common
terms related to grounding and bonding.

Within the NEC, the definitions are usually presented in the
simplest form.

* The rule in which a defined term is used often indicates what
is intended to be accomplished.

* The intended meaning of a rule is supported by a definition(s)
of the term(s) used in the rule.
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Chapter 3

+ Article 100 Definitions

« Bonded (Bonding). Connected to establish electrical
continuity and conductivity.

« Bonding Conductor or Jumper. A reliable conductor to ensure
the required electrical conductivity between metal parts
required to be electrically connected.

« Bonding Jumper, Equipment. The connection between two or
more portions of the equipment grounding conductor.
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Chapter 3

« Bonding and Bonding Jumpers

©2070 chsckical Faining ALUANGE Grounding et Bondag - Chapler 3 3

Chapter 3

+ Equipment Bonding Jumper
+ An equipment bonding jumper is usually a short conductor
that establishes a connection between two or more portions
of an EGC.

For example, if an expansion, deflection-expansion, or
deflection fitting is used across a structural steel expansion
joint in a building, an equipment bonding jumper is often
installed to ensure bonding across the special fitting that is
designed to expand and contract as the building moves.
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« Equipment Bonding Jumpers
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Chapter 3

= Article 100 Definitions

« Bonding Jumper, Main. The connection between the
grounded circuit conductor and the equipment grounding
conductor at the service.

+ This definition clarifies that a main bonding jumper is installed
only in the service disconnecting means enclosure.

« Main bonding jumpers are made of copper or other
corrosion-resistant material and can be a wire, bus, screw, or
similar suitable conductor.
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+ Main Bonding Jumper

3/7/2022

titity

Main bonding jumper - - =~
Grounding efectrode- < .

\__Equipment grounding
=7 terminat bar
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Chapter 3

« Article 100 Definition
» Ground. The earth.

* The term ground
simply means the
Earth.

« When this term is
used in the NEC, the
planet Earth is what is
implied.
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» Article 100 Definitions

* Grounded (Grounding). Connected (connecting) to ground or
to a conductive body that extends the ground connection.

* Grounded, Solidly. Connected to ground without inserting any
resistor or impedance device.
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» Extending the Ground Connection

Chapter 3
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» Grounded System and Equipment

Grounded system
andequipment "S>

« Solid and Impedance Grounding

Chapter 3
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Sodidly Grounded System grounded
System -~ through impedance - ~

©2020 slockical Faking ALUANCE Geounding and Bonng - Chapler 3

151




3/7/2022

Chapter 3 Chapter 3
« Grounded System and Equipment
« Article 100 Definitions
+ Grounded Conductor. A system or circuit conductor that is Corner-grounded 5’“9‘?‘9’3359,
intentionally grounded. system two-wire system

* Most neutral conductors are grounded, but not all grounded
conductors are neutral conductors.

» For example, a corner-grounded system has a grounded
phase conductor that is not a neutral conductor and the
system has no neutral point.

+ See the definitions of the terms neutral conductor and neutral
point for additional information.
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« Equipment Grounding Conductor (EGC)
+ Article 100 Definitions

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

+ Informational Note No. 1: It is recognized that the equipment

grounding conductor also performs bonding. Equipment Grounding

----- - Conductor (EGC)

» Informational Note No. 2: See 250.118 for a list of acceptable
equipment grounding conductors.
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« Grounding Electrode

+ Article 100 Definitions

= Grounding Electrode. A conducting object through which a
direct connection to earth is established.

Grounding Electrode Conductor. A conductor used to connect
the system grounded conductor or the equipment to a
grounding electrode or to a point on the grounding electrode
system.
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« Article 100 Definition

» Bonding Jumper, System. The connection between the
grounded circuit conductor, and the supply-side bonding
jumper, or the equipment grounding conductor, or both, at a
separately derived system.
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* Grounding Electrode Conductor

Separately Detlved System
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» Article 100 Definition

* Effective Ground-Fault Current Path. An intentionally
constructed, low impedance electrically conductive path
designed and intended to camry current during ground-fault
conditions from the point of a ground fault on a wiring system
to the electrical supply source and that facilitates the
operation of the overcurrent protective device or ground-fault
detectors on high-impedance grounded systems.
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« Effective Ground-Fault Current Path

Py o4 Ae 3 0 £aifi iy p i f
an overcitrent protective device in the dreuit
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Chapter 3

 Article 100 Definition

* Ground-Fault Current Path. An electrically conductive path
from the point of a ground fault on a wiring system through
normally non- current-carrying conductors, grounded
conductors, equipment, or the earth to the electrical supply
source.
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Chapter 3

= Article 100 Definition

« Bonding Jumper, Supply-Side. The conductor installed on the
supply side of a service or within a service equipment
enclosure(s), or for a separately derived system, that ensures
the required electrical conductivity between metal parts
required to be electrically connected.
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* Article 200 Use and Identification of Grounded Conductors

« Article 200 of the NEC covers use and identification of
grounded conductors.

* In general, grounded conductors are required to be identified
using the colors white or gray.
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* Article 200 Use and Identification of Grounded Conductors
(continued)

+ Conductors in sizes 4 AWG and larger can be identified by a
continuous white or gray insulation color or by three
continuous white stripes along the entire length of a
conductor insulation any color other than green; altemnatively,
a distinctive white or gray marking can be used at the
conductor terminations.
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White insufation

Gray insulation

White o5 gray marking
atterminations

Three continuous
white or gray stripes
along the entive fength
of the conductor
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« Article 250 Arrangement and Use
« Part l—General

+ Part ll—System Grounding

« Part ll—Grounding Electrode System and Grounding
Electrode Conductor

« Part IV—Enclosure, Raceway, and Service Cable
Connections

* Part V—Bonding
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= Article 250 — Arrangement and Use (continued)

* Part VI—Equipment Grounding and Equipment Grounding
Conductors

« Part Vll—Methods of Equipment Grounding Conductor
Connections

« Part Vlii—Direct-Current Systems
* Part IX—Instruments, Meters, and Relays
« Part X—Grounding of Systems and Circuits of Over 1 kV
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« Figure 250.1
« Figure 250.4 provides a E._;j
convenient roadmap of oy
Article 250. .
+ This figure also indicates e
which parts cover - pom—
grounding and which parts fimcorend

cover bonding and the
relationship between the
parts of the article.
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* NEC Table 250.66

« Table 250.66 is titted Grounding Electrode Conductor for
Altemating-Current Systems.

.

Table 250.66 is aiso used for sizing other conductors in the
grounding and bonding scheme.

* When used for sizing a grounding electrode conductor, the
maximum size required is 3/0 copper or 250 kemil aluminum
or copper-clad aluminum conductor.
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« Table 250.66

Tabie 250. ng for
Aftornating-Currort Systems {in pact without nates)
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) )
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Repeoduction of NEC Teble 250,55 fin pastf
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« NEC Table 250.102(C)(1)

« Table 250.102(C)(1) is used for sizing supply side bonding
jumpers, grounded conductors (minimum), or main bonding
jumpers/system bonding jumpers, the minimum sizes in the
table apply.

= There is one exception: When the size of the largest
ungrounded service conductor or largest derived system
phase conductor exceeds 1,100 kcmil copper or 1,750 kemil
aluminum, then the 12.5% rule must be applied.
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< NEC Table 250.102(C)(1) (continued)

« The 12.5% rule does not apply to grounding electrode
conductor sizing or sizing bonding jumpers of the grounding
electrode systern.
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« NEC Table 250.122

+ Equipment Grounding Conductors for Grounding Raceway
and Equipment.

« The key feature of this table is the determination of minimum
sizes of wire-type EGCs based on overcurrent device sizes.

« Factors, such as voltage drop and high available fault

currents, can affect the minimum sizes required for wire-type
EGCs.
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* NEC Table 250.122 (continued)

« The note at the bottom of Table 250.122 provides a valuable
reminder that designs must meet the minimum sizes in the
table, but in some cases, the size needs to be larger to
ensure that an effective path for ground-fault current is
achieved.
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« Examples Using NEC Table 250.122

* A 1,000-ampere feeder requires a wire-type EGC not smaller
than 2/0 AWG copper or 4/0 AWG aluminum or copper-clad
aluminum.

* An 80-ampere feeder requires a copper wire-type EGC not
smaller than 8 AWG.

* A400-ampere feeder requires an aluminum wire-type EGC
not smaller than 1 AWG.

+ Try other sizing examples to ensure effective use of this
table.
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* Table 250.122

Table 256,122 Minimum Size Equipment Grounding
i way and {in pact)
TRating ou Setton of
Actomatis Gvecttrant Bies (WG of kem)
of Equipmant, Conduit, Aloosinum.
o2, Hos Excending Coppencisg
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« Table 250.122
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« Grounding Symbols

« The NEC includes a grounding symbol in the Informational
Note Figures in Sections 250.126 and 406.9.

» These figures are in the form of informational notes because
it is understood that there are other methods of identifying
equipment grounding terminals on devices such as
receptacles and switches.

* The grounding symbol is also often used on construction
plans to indicate a grounding electrode system. The symbol
should not be taken as an indication of a grounding rod-type
electrode, but as a grounding electrode system.
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+ Informational Note Figure 250.126

informational Note Grounding Symbol
Figure 250.126 without Circle:

+

fnformational Note Figure 250,126 provides an example of a
symbol used 1o identify the grounding tesmination point for an
equipment grounding condugtor.
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« Special Occupancies, Conditions, and Equipment

= Section 90.3 indicates that Chapters 5, 6, and 7 of the NEC
modify or supplement the general provisions in Chapters 1
through 7.

+ Often the grounding and bonding rules in these later chapters
are more restrictive than the general requirements.

+ All general rules in Chapters 1 through 4 apply in addition to
any maodifications required by Chapters 5, 6, or 7.

= The following provides examples of more restrictive
grounding and bonding requirements in Chapters 5, 6, and 7.
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« Example Modification NEC Chapter 5

« Sections 517.13(A) and (B) address branch circuits serving
patient care spaces and requires two separate EGC paths in
the form of (1) a suitable metallic raceway or cable armor and
(2) a contained insulated copper EGC.

» This more restrictive requirement provides two EGC paths for
redundancy to ensure there is effective grounding and
bonding and ensure overcurrent protective device operation
in the event of a ground fault on circuits serving these
locations.
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+ Example Modification NEC Chapter 5

+ This is a modification of the general equipment grounding
requirements contained in Part VI of Article 250.

» These modifications are more restrictive than the general
rules and must be applied to branch circuit serving patient
care spaces in health care facilities.
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» Two EGCs in Patient Care Spaces

Path 1{S1R33A)

Path 21512138}
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« Example Modification NEC Chapter 6
= Section 600.7(B)(7) permits a bonding conductor larger than
or equal to 14 AWG copper for neon transformers that are
supplied by 20- or 30-ampere branch circuits.

« Normally these bonding conductors would be based on the
rating of the fuse or circuit breaker protecting the branch
circuit supplying the equipment, which would be 12 AWG or
10 AWG copper, respectively.
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+ Example Modification NEC Chapter 6

« Transformer secondary circuits supplying the luminous
tube(s) are high voltage resulting in secondary currents that
are only in the milliamp range.

« In addition to the low current on the secondary side, these
circuits for sign and outline lighting systems are required to
be equipped with transformers that provide secondary-circuit
ground-fault protection.
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« Example Modification NEC Chapter 6
* The 14 AWG copper bonding conductor is required to keep
conductive parts on the secondary side of such systems at or
as close to ground (Earth) potential as possible.
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« Example Modification NEC Chapter 7
+ Section 770.100 requires noncurrent-carrying conductive
members of optical fiber cables to be grounded by the
methods specified in 770.100.

* This modifies the general rules in Article 250.

+ Section 770.100 provides specific installation and sizing
requirements for grounding and bonding systems for fiber
optic installations.
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« Bonding Conductor for Neon Signs
Feversepan
drannelsign
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* Chapter 8 Communications Systems
« Chapter 8 covers communications systems installations and
equipment.

* This NEC chapter is not subject to the requirements in
Chapters 1 through 7 except where the rules are referenced
from Chapter 8.
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Chapter 3

* Chapter 8 Communications Systems

 Section 800.100(A)(3) indicates that the bonding conductor
or grounding electrode conductor for communications
systems and equipment shall not be smaller than a 14 AWG
copper conductor.

« This is a modification to the normal use of Table 250.66 for
sizing grounding electrode conductors for electrical services
or separately derived systems.

+ Article 800 provides the specific sizing and installation rules
for grounding electrode conductors installed for
communications systems.
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Chapter 3

« Summary
= Athorough working knowledge of the NEC is essential to fully
understand electrical grounding and bonding and how the
rules apply to installations and systems.
* It is equally important to understand defined terms related to
grounding and bonding and the arrangement of NEC Article
250.

* Grounding and bonding terms are all defined in Article 100 of
the NEC.

« Proper use and application of the NEC is essential for
students of the Code and for seasoned professionals as well.
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Chapter 4

« Introduction

* When a construction project begins, one of the first steps in
the process is to install a footing and foundation system to
support the building or structure.

« Because footings effectively connect the building to the Earth
and provide a foundation of support, they often provide
excellent grounding electrodes for electrical services and for
systems installed later during construction.

» The NEC® requires that all grounding electrodes at each
building or structure served to be connected together to form
a grounding electrode system.
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Chapter 4

+ Objectives

* Understand what constitutes a grounding electrode by
definition and understand the purpose served by grounding
electrodes.

+ Determine the requirements for a grounding electrode
system at a building or structure supplied by electrical
services or feeders.

« Identify grounding electrodes that are inherent to the
construction of a building or structure.
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Chapter 4

« Objectives (continued)
« Identify the types of grounding electrodes acceptable in
accordance with the NEC.

+ Determine proper installation requirements for grounding
electrodes that must be installed.

* Understand the role of a lightning protection system in
relation to a grounding electrode system for the power
service or system of a building.

© 2020 eloctcal vaining ALUANGE Groundng and Bonding - Chapter ¢ .

Chapter 4

« Grounding Electrode System

Multiple grounding electzodes honded
Together form

Grounding Electrode System
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Chapter 4

« Electrical System Foundation

+ Buildings or structures must have a solid footing or
foundation on which they are built.

+ As the footing and foundation along with various other
underground systems are installed during the early phases of
construction, grounding electrodes are often concurrently
established because they are inherent to the construction
process; they are part of the building.

+ Grounding electrodes connect electrical equipment and
systems to ground (Earth).

©2020 cleckicel baivng ALUANCE Groutng sod Bonding - Chapter ¢ B

160




Chapter 4

« Article 100 Definition

+ Grounding Electrode. A conducting object through which a
direct connection to Earth is established.

* Key components of the definition are:
+ Must be a conductive object
* Must establish a direct connection to Earth

« Agrounding electrode not only establishes the connection to
ground, but it also maintains this connection.
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« Purpose and Performance of Electrodes
* The purpose of a grounding electrode is to function as the
connection between grounded electrical systems and
equipment and the Earth.

» The objective is to establish and maintain a connection to
Earth.

« The Code does not provide details about the effectiveness or
resistance of a grounding electrode or grounding electrode
system, other than for a single rod, pipe, or plate electrode.

« The NEC does not address end-of-life or life expectancy
issues related to grounding electrodes.
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Chapter 4

« Purpose and Performance of Electrodes

+ Grounding electrode connections to the Earth vary in
resistance.

+ The connection to the Earth is better when the ground is
moist or wet and tends to be less effective in dry or rock soil
conditions.

+ The resistance between the Earth and a grounding electrode
varies depending on geographical location; seasonal
conditions; mineral content of the soil; and other influencing
factors, such as ambient temperatures and Earth
temperatures.
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« Grounding Electrode
Grounding
Hectrode ~~ |
Conductor
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Chapter 4
+ Connection to Earth
Grounded tystem
and equipment
Grounding
EHectrode -~ |
Conducter
_Grounding
" Hectrode
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* Purpose and Performance of Electrodes

+ Grounding electrode performance is essential as long as
electrical services and systems are energized.

* Grounding electrodes have little or no effect in facilitating
overcurrent protective device operation.

+ The Earth is not suitable as an effective ground-fault current
path.
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< Grounding Electrode System Requirements
« The Code provides rules that state which electrodes have to
be used for grounding electrode systems.
» Grounding electrodes and the grounding electrode system
are covered in Part lll of Article 250.

Section 250.50 outlines the general requirement that all
grounding electrodes at a building or structure be used to
form a grounding electrode system.

« The grounding electrodes addressed in 250.52(A) include
those that are inherent to building construction and
electrodes that workers must install.
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+ Grounding Electrode System
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Chapter 4

« Grounding Electrode System Requirements

« Asystem of multiple grounding electrodes performs better
than a single grounding electrode.

« All grounding electrodes at a building or structure must be
interconnected to function as a system (network) of
electrodes for the life of the building or structure.
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Chapter 4

+ Establishing a Grounding Electrode System

» There is a bonding requirement in 250.50 that is an important
aspect of how the grounding electrode system should be
developed on the construction project.

« Section 250.53(C) addresses bonding jumpers or conductors
that are used to connect grounding electrodes together to
form a grounding electrode system.
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« System of Electrodes
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Chapter 4

« Establishing a Grounding Electrode System
» The bonding jumpers used to form a grounding electrode
system must meet the installation requirements in 250.64
and must be sized using 250.66.

» The connections must meet the rules for grounding electrode
conductor connections in 250.70.
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« Bonding Electrodes Together
Single System
electrode of electrodes
Grounding elecirode
- - weonducons. - |

©2020 ehoctics! baining ALLIANCE Groungog snd Bonding - Chapter 4 1

3/7/2022

Chapter 4

« Mandatory Grounding Electrodes

» The NEC offers no option to choose among the grounding
electrodes for convenience or any other reason—if the
electrodes are present, they must be used in the system.

« Where there are no grounding electrodes inherent to the
construction of a building and the building is supplied with
electrical power, a grounding electrode must be installed.

= There are a few choices for installing a grounding electrode
such as rod, pipe, or plate electrodes; ground rings; or other
listed electrodes.
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Chapter 4

« Types of Grounding Electrodes

« The types of grounding electrodes recognized in the NEC are
provided in 250.52(A).

 This section provides the details and descriptions of each
grounding electrode recognized for use.

+ The list of grounding electrodes in 250.52(A) provides
guidance for installers as to the electrode content for the
entire grounding electrode system.

+ Specific installation requirements for grounding electrodes
are provided in 250.53.
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Chapter 4

* Underground Water Pipe Electrodes

« The underground metal water pipe electrode is described in
250.52(A)(1).

* A metal water pipe electrode must have a minimum of 10 feet
of metal underground water piping in direct contact with the
Earth.

* No burial depth is required in this description of a metal water
pipe electrode, only that direct contact with the earth is
established.
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« Water Pipe Electrode

©2020 elochical sainiog ALLIARCE Grouxgag wnd Bondng + Chapter 4 5

Chapter 4

« Underground Water Pipe Electrodes

* The Code includes a requirement for any metal water pipe
electrode to be supplemented by another grounding
electrode.

« The idea is to have a backup in case the original water pipe
electrode were to be removed or replaced with a nonmetallic
pipe, thus eliminating the grounding connection for electricat
services and systems at the building or structure served.

» The supplemental electrode can be any of those provided in
250.52(A)(2) through (8) but is often a ground rod(s).
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Chapter 4

+ Supplemental Grounding Electrode(s)
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Chapter 4

* Underground Water Pipe Electrodes
« The connection of a supplemental grounding electrode for a
metal underground water pipe electrode must generally be
made to one of the following:

« Agrounding electrode conductor

« Agrounded service conductor

« Anonflexible grounded service raceway
* Any grounded service enclosure

« As provided in 250.32(B)
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* Metal In-Ground Support Structures

* Section 250.52(A)(2) indicates that a metal in-ground support
structure must meet specific criteria to qualify as a grounding
electrode as follows:

* At least one metal in-ground support structure that is in
direct contact with the Earth for 10 feet or more, with or
without concrete encasement.
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* Metal In-Ground Support Structure Electrode(s)
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+ Concrete-Encased Electrodes

+ Concrete-encased electrodes are described in 250.52(A)(3).
* If multiple separate concrete-encased electrodes are present,
250.50 requires at least one concrete-encased electrode,
described in 250.52(A)(3), be included in the grounding

electrode system for buildings or structures.

+ Concrete-encased electrodes can be installed vertically or
horizontally as long as a minimum of 20 feet is in contact with
the earth.
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* Concrete-Encased Electrode(s)

20 feetminimum of 1/2 inch or harger
concrete encased steet refnfarcing rods

20&&01‘(5\(!6 orfarger copper {bare}
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Chapter 4

« Concrete-Encased Electrodes

« Concrete-encased electrodes are bare or zinc galvanized or
other electrically conductive coated steel reinforcing bars or
rods of not less than % in. in diameter, installed in one
continuous 20-foot length, or if in muitiple pieces connected
together by the usual steel tie wires, exothermic welding,
welding, or other effective means to create a 20-foot or
greater length.
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Chapter 4

« Concrete-Encased Electrodes

* Aconcrete-encased electrode can also be constructed using
20 feet or more of bare copper not smaller than 4 AWG.

= Note that the 20 feet of conductive rods or bare wire used in
a concrete-encased electrode only establishes the
connection to the concrete.
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» Concrete-Encased Electrode(s)
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+ Concrete-Encased Electrodes

« The concrete-encased electrode has proven that it offers
optimal performance and longevity.

= The footing or foundation of any building will typically be
present as long as the building is.

* Annex A of the textbook provides information about Herbert
G. Ufer and how this work and his finding evolved into the
NEC requirements for concrete-encased electrodes.
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= Ground Ring Electrodes
*» Ground ring electrodes are described in 250.52(A)(4).

+ The ground ring electrodes are not inherent in the
construction of a building; they must be installed.

* Aground ring electrode must circle the entire building or
structure and be not less than 20 feet long.

= The minimum size for a ground ring electrode is 2 AWG
copper.
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« Ground Ring Electrode(s)
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* Rod and Pipe Electrodes

* Rod and pipe electrodes are described in 250.52(A)(5) and
are required to be at least 8 feet in length.

« Pipe or conduit used as grounding electrodes must not be
smaller than metric designator 21 (trade size %).

+ If the electrode is made of steel, it must have an outer
surface that is galvanized or otherwise metal coated for
corrosion protection.
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Chapter 4

* Rod and Pipe Electrodes (continued)

« Stainless steel grounding electrodes and copper- or zinc-
coated steel electrodes have to be at least 15.87 mm (%
inch) in diameter, unless they are listed by a qualified
electrical testing laboratory and are sized not less than 12.70
mm (Y2 inch) in diameter.
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* Rod, Pipe, and Plate Electrode(s)

Chapter 4
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« Plate Electrodes
* Plate electrodes are described in 250.52(A)(7).

« Aplate electrode must have not less than 2 square feet of
surface contact between the plate and the soil. A 1-foot
square plate with two sides in contact with the Earth
accomplishes this.

Plate electrodes made of bare or conductively coated iron or
steel must be at least % inch in thickness.

Plate electrodes of nonferrous metal such as copper or brass
must be at least 0.06 inch in thickness.
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« Plate Electrode(s)

Chapter 4

Hot fess than 2 square fest must
e in contact with the Earth,

tron or steel plates must
be atieast 1/4 inch thick,

Copper or brass plates must
be atdeast 0.06 inch thick.
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+ Other Electrodes

+ The Code recognizes local metal underground systems or
structures as grounding electrodes in 250.52(A)(8).

« Examples of these types of electrodes are metal piping
systems, conductive underground tanks, and underground
metal well casings that are not bonded to a metal water pipe.

+ The underground metal system or structure must meet the
criteria for a grounding electrode and establish as direct
connection to Earth.

» Note that anti-corrosion coatings can prevent direct contact.
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Chapter 4

« Grounding Electrode Installations

« Section 250.53 provides grounding electrode installation
rules that apply to those electrodes that are installed.

» Electrodes inherent to constructed buildings or structures are
established through the construction of the building or
structure.

Electrodes that are installed include rods, pipes, plates,
ground rings, and other listed electrodes.
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* Rod, Pipe and Plate Installation

« Rod, pipe and plate electrode installation is covered in
250.53(A).

* Arod, pipe, or plate electrode must be supplemented by an
additional electrode of any type specified in 250.52(A)(2)
through (A)(8).

* An exception permits using a single rod, pipe, or plate
grounding electrode when the single electrode has a
resistance to Earth of 25 ohms or less.

« The resistance of a single rod, pipe, or plate electrode can be
determined through earth resistance testing.
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* Rod or Pipe Electrode Installation

30 inches
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= Soil Resistivity
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Chapter 4

« Soil Resistivity

« The overall resistivity has a lot to do with the connection to
the Earth.

* Resistivity values differ from location to location.

* In some areas of the world, the soil is rich with mineral
content and stays relatively moist throughout the year,
keeping the resistivity values low.

« This provides for low resistivity values between the grounding
electrode and the surrounding Earth.
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Chapter 4

« Soil Resistivity
* One common solution is to increase the size or length of the
grounding electrode.
« Rod or pipe electrodes can be installed deeper into the Earth,
which tends to lower the resistance of the grounding
electrode connection to the Earth.

+ Special grounding electrode couplings are available for
lengthening rod-type electrodes.

Installing multiple grounding electrodes is another effective
method of lowering the resistance in the grounding electrode
connection to Earth.
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Chapter 4

» Treating the Soil
« Another effective method
for lowering the Earth
resistance is to treat the
soil with suitable
chemicals.

.

Special listed chemical
electrodes are available
for this use.

Cauey of Hryer ghtning and Groding
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Chapter 4

+ Earth Resistance Testing
« Earth resistance testing applies the basic principles of Ohm'’s
Law.

« Ground resistance can be measured using separate voltage
supply, a voltage meter, and an ammeter.

« There are instruments and equipment available that provide
electrode-testing functions in a single unit.
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Chapter 4

« Earth Resistance Testing
= One common method of Earth resistance testing is the three-
point method, sometimes called the “fall-of-potential” or
three-terminal grounding resistance testing method.

« This method uses two test electrodes in addition to the
electrode being tested.

+ This test method is also commonly referred to as the 62%
test method.

The first step is to ensure that the electrode being tested is
not connected to the building electrode system.
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Chapter 4

« Ground Resistance Testing
* One test electrode should be installed approximately 100 feet
from the electrode under test.

« The second test electrode should be installed approximately
62 feet from the electrode under test.

« The two test electrodes should be in line with the electrode
under test.

« The test leads of the resistance tester need to be connected
to the grounding electrode under test and the other
temporary testing electrodes.
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Chapter 4

+ Ground Resistance Testing

» The Earth resistance reading should be measured and
recorded.

« Then the test electrode should be moved in the middle one
waly or the other in 10-foot increments until the resistivity
values are basically the same.

« This means the plateau area of the test has been
determined.

= Always follow the specific instructions provided by the test
instrument manufacturer.
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Chapter 4

« Earth Resistance Testing
» There are clamp-on test
instruments that can
provide ground
resistance readings.

+ These instruments
incorporate a transmitter
and receiver and are
designed to measure
circuit current, resistance,
and leakage current.

Courtesy of Fluke
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Chapter 4

« Plate Installation

« When installing plate electrodes, the installation has to
provide a depth of not less than 2; feet.

+ The connection between the plate and the grounding
electrode conductor will have to be buried in the soil, which
drives the requirement that the connection means be listed
as suitable for direct burial applications.

» The connection means also must be compatible with the
plate metal and the grounding electrode conductor.

» Some plate electrodes are available with a lead already
connected by means of exothermic welding.
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Chapter 4

+ Plate Electrode Connections
« Exothermic welding
connections are often
used to connect
grounding electrode
conductors to plate
electrodes.

« Other types of
connections should be
listed for direct burial

Chapter 4

* Exothermic Welding Connections

+ Grounding electrode conductor
connections to a rod, pipe, or plate
electrode is by the exothermic
welding process.

« The welding process fuses two
metals together to become one
electrically providing an effective
electrical connection.

« Follow the manufacturer's
installation instructions and use
protective equipment for safety.

© 2020 olectcal raining ALLIANCE Geowning and Bonding - Chapter 4 5
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+ Electrode Spacing Reguirements

» Ifrod, pipe, or plate electrodes are installed, each electrode
must be spaced a minimum 6 feet from another electrode of
another grounding electrode system.

+ The purpose of the spacing requirement is to reduce the
effects of overlapping spheres of influence associated with
each electrode.

+ The paralleling efficiency of rods is increased by spacing
them twice the length of the longest rod as indicated in the
informational note to 250.53(A)(3).

» This is not an NEC requirement.
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» Spacing Between Electrodes

Ground damps for
more than one GEC
" nuistbeidentified
forthatuse

©2020 eloctica! vaining ALLIANCE

Chapter 4

= Supplementing Water Pipe Electrodes
= Section 250.53(D) indicates that metal underground water
pipe electrodes be supplemented by an additional electrode
of a type specified in 250.52(A)(2) through (A)(8).

« Acommon practice in the field is to install a ground rod to
serve as the required supplemental electrode.

* When the supplemental electrode is a rod, pipe, or plate
type, the installation has to meet the provisions in 250.53(A),
meaning two such electrodes have to be installed unless a
single electrode has a resistance of 25 ohms or less.
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* Supplemental Electrode(s)

3/7/2022

Twa ground rods tn
ametal water pipe electrode a3 required
by Section 250.53(D)(2)
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Chapter 4

* Supplemental Electrode(s)

does notexceed 25 ohms
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Chapter 4

* Auxiliary Grounding Electrodes

* Auxiliary electrodes are those that are installed by choice and
not to meet a requirement in the NEC.

* Auxiliary grounding electrodes are sometimes specified by
electrical equipment manufacturers, electrical designers, and
facility owners.

* It should be understood that the auxiliary grounding electrode
is a connection to the Earth that is usually in close proximity
to the equipment it supplements.

+ Section 250.54 addresses auxiliary grounding electrodes.
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Chapter 4

« Auxiliary Grounding Electrodes
< Animportant aspect of the auxiliary grounding electrode
installation is that it is connected to equipment that is also
connected to an equipment grounding conductor (EGC).

= Agood example of commonly installed auxiliary electrodes is
when grounding electrodes are installed at lighting pole
bases in parking lots.
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* Auxiliary Grounding Electrode(s)
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* Auxiliary Grounding Electrode(s)

Equipment grounding £

conductor of branch - - -

drauit or feeder
equpmen
ormachine
- ==~ Auxiliary grounding electrode
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Chapter 4

« Not Permitted as Grounding Electrodes

« Some conductive materials are not compatible with the Earth
and are vulnerable to corrosion and deterioration.

 Section 250.52(B) provides restrictions for using aluminum
materials and metal gas piping systems as grounding
electrodes.

* Metal gas piping systems are required to be bonded in
accordance to 250.104(B), where likely to become energized.
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Chapter 4

« Not Permitted as Grounding Electrodes
* The structures and structural reinforcing steel for in-ground
pools as described in 680.26(B)(1) and (B)(2) are not
permitted as grounding electrodes.
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Chapter 4

« Grounding Electrodes and Utility Services

* When an AC system or service is connected to a grounding
electrode in or at a building or structure, the NEC requires
the same electrode be used for grounding conductor
enclosures and equipment installed at that building or
structure.

« When more than one service, feeder, or branch circuit
supplies a building, they must be connected to the same
grounding electrode(s).

« This requirement is satisfied by bonding two or more
grounding electrodes or grounding electrode systems
together as specified in 250.50 and 250.58.
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« Two Services on One Building

Service 1

Connect twoservicesto
the same ground
iy o

(omimon grounding electrode

Chapter 4

* Two Services on One Building

Servica Service 2 )

Bonding jumper

©2020 elocris! Fuinng ALLANCE Grounding and Bonding - Chapler 4 7

©2020 slecrica! aining ALIANGE Groundi and Bonding - Chapter 4 n

171




Chapter 4

 Lightning Protection System Grounding Electrodes

= Section 250.60 restricts using a lightning protection system
as a grounding electrode for electrical power systems.

= The requirement to bond the two systems together must be
adhered to, as required in 250.106.

< This rule specifies that the grounding electrode system
(grounding network) of the lightning protection system be
bonded to the electrical service grounding electrode system.
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* Lightning Protection Electrode Network

Strike terminals

aotshown

&mfﬁag

Setvice

= Ground terminals. o
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Chapter 4

* Summary

« Grounding electrodes provide a direct Earth connection and
are ineffective in facilitating overcurrent device operation.

* All grounding electrodes present at a building or structure
served have to be included in the grounding electrode
system.
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« Summary (continued)

« Grounding electrodes connect systems and equipment to the
Earth and function to maintain those conductive parts at or as
close to Earth as possible.

« The grounding network of lightning protection systems must
be bonded to the grounding electrode system used for the
electrical service serving the building or structure.
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Grounding and
Bonding

Requirements for Grounded
Conductors at Services

Chapter 5

* Introduction

« Premises wiring systems are typically supplied from a serving
utility through conductors and equipment that make up an
electrical service.

» Service equipment is required to be listed for service use and
is made up of equipment enclosures that contain switches,
overcurrent protective devices, and other accessories.

+ The service equipment is where the service conductors
supplying the building or structure are connected.

« The first point of grounding and bonding for a premises wiring
system typically occurs at or within the service equipment.
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Chapter 5

« Objectives

« Understand the roles of the grounded conductor at the
service equipment.

« Determine the required grounding electrode conductor
connection location(s) at the service equipment and outside
the building or structure served.

« Understand the installation and sizing requirements for the
grounded conductor at services supplied by grounded
systems.
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Chapter 5

» Objectives (continued)
* Understand the physical characteristics and minimum sizing
requirements for main bonding jumpers in service equipment.

« Understand the purpose of, and location of the grounded
conductor disconnecting means (neutral disconnecting link)
in service equipment enclosures.

Understand grounding requirements for equipment installed
on the supply side of the service disconnect and not supplied
by a utility source.
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Chapter 5

« Grounded Utility Supply Systems

* Premises wiring systems are
generally supplied by utility
systems that are grounded.

+ Where the service is
supplied from a grounded
system, the service
conductors routed to the
premises wiring equipment
and systems must include a
conductor that is grounded.

02020 slechcal Faming ALUANCE Grounding end Bonddng - Chepter 5 s

Chapter 5

« Article 100 Definitions

« Service. The conductors and equipment connecting the
serving utility to the wiring system of the premises served.

+ Service Conductors. The conductors from the service point to
the service disconnecting means.

©2020 eloctical vaining ALUANCE
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Chapter 5

« Article 100 Definition

« Service Equipment. The necessary equipment, usually
consisting of a circuit breaker(s) or switch(es) and fuse(s)
and their accessories, connected to the serving utility and
intended to constitute the main control and disconnect of the
serving utility.

« Grounded Conductor. A system or circuit conductor that is
intentionally grounded.
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Chapter 5

+ First Line of Defense

« The grounded system is typically a pad-mounted transformer
or one or more transformers mounted on a utility pole.

« This is the usual location for the first system grounding
connection of the system supplying the premises.

» The connection to ground is established either at the
transformer pad or at the base of the pole.
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+ Grounded Utility System

Grounded utility system
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Chapter 5

+ Pole-Mounted Transformer

« The grounding connection
for a pole-mounted
transformer is a first line of
defense or protection for
premises wiring systems
served by grounded utility
sources.

* Asingle-phase, 3-wire
grounded supply system is
shown as a pole-mounted
transformer.
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« Pole-Mounted Transformer
Bank

« The grounding connection
for a pole-mounted
transformer is a first line of
defense or protection for
premises wiring systems
served by grounded utility
sources.

« AB3-phase, 4-wire grounded
supply system is shown as a
pole-mounted transformer
bank.
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« Grounding Scheme for Services

< The grounding requirements on the load side of the service
point are usually the responsibility of the electrical contractor
and are accomplished when installing the service equipment.

« Iinstallers must verify that the service equipment is marked
indicating it is either “suitable for use as service equipment”
or “suitable for use only as service equipment.” [NEC 230.66]
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Chapter 5

« Grounding Electrode at Outside Location

©2020 leckical vaining ALUANCE. Groundng and Bondig - Chster § 1

3/7/2022

Chapter 5

+ Grounding Connection Location

« The NEC requires a grounding connection to be made at an
accessible point anywhere from the load side of the overhead
or underground service conductors, or the service drop or
lateral up to the service equipment enclosure.

+ The grounding connection is typically made within the service
equipment enclosure.

+ The conductor used to accomplish the grounding is the
grounding electrode conductor.

« Equipment that is suitable for use as service equipment is
equipped with provisions for connecting a grounding
electrode conductor.
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+ Accessible Connection Location(s)
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Chapter 5

» Four Conductors at the Service

« For a service supplied by a grounded system, there are four
conductors connected together in the service equipment.

(1) The grounded conductor

(2) The main bonding jumper

(3) The grounding electrode conductor
(4) The equipment grounding conductor

« For a service supplied by an ungrounded system, there is no
grounded conductor.
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Chapter 5

« Four Conductors at the Service
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Chapter 5

« Grounded Conductor Routing and Connections

« The grounded conductor is required to be routed to the
service equipment and connected to the equipment
enclosure. [NEC 250.24(C)]

« This rule is one of paramount importance in the grounding
and bonding scheme for service equipment.

« This requirement applies to services operating at 1,000 volts
or less.

+ The connection of the grounded conductor to the service
equipment enclosure is generally established through a main
bonding jumper.
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« Grounded Conductor Brought to Service
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The grounded conductor
ottt nn to each service
disconnecting means
endosure and must be
bended to each service
disconnecting means

. enclosure.
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Chapter 5

« Main Bonding Jumper
= The main bonding jumper requirement applies to each
service disconnecting means on the premises served,
whether the service disconnecting means is a single main or
is a group of service disconnects as permitted in 230.71.

 If up to six service disconnects are installed in separate
enclosures, a main bonding jumper is required in each
separate enclosure.

+ Section 230.71(B)(4) provides a requirement for listed
service equipment that includes up to six service disconnects
in a single enclosure that are in separate compartments.
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Chapter 5

+ Main Bonding Jumper(s) Required

Chapter 5

« One Main Bonding Jumper
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Asingle main bonding jumper
is permitted ina listed
service equipment assembly
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Chapter 5

« Main Bonding Jumpers in Service Equipment

« The term main bonding jumper is defined in Article 100 as the
connection between the grounded conductor and the
equipment grounding conductor at the service.

« The definition makes it clear that this connection is made
only at the service disconnecting means.

« Main bonding jumpers must be copper, aluminum, copper-
clad aluminum, or other corrosion resistant material and can
be in the form of a screw, bus, wire, or other suitable
conductor.

« Where the main bonding jumper is a screw it must be
identified by using the color green.

©2020 sleckical Fsining ALIANCE
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« Main Bonding Jumper Properties

~,_  Connection betwesn the
=~ ~ grounded conductor
and
- - -~ ~-the EGCat the service
canbe awire, bus, erew,
orothersuitable condactor
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+ Bus Main Bonding Jumper
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Chapter 5

« Screw Main Bonding Jumper
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Chapter 5

* Main Bonding Jumper ~ Wire-Type
» The size for wire-type main
bonding jumpers in each

enclosure must be in
accordance with 250.28(D)(1),
based on the size of the largest
ungrounded service conductor
serving that individual
enclosure.

* Use Table 250.102(C)(1) or the
12.5% rule as required for this
sizing requirement.

02020 eisstice! taining ALLIANCE Groundng end Bonding - Chapter 5 B

Chapter 5

» MBJ Sizing Examples (Wire-Type)
1. Service size: 400 amperes with aluminum service-entrance
conductor sized at 750 kemil aluminum:

— Main bonding jumper 3/0 AWG aluminum minimum
~ Main bonding jumper 1/0 AWG copper minimum

2. Service size: 800 amperes with copper service-
entrance conductor size (2) 600-kcmil conductors or one
1200-kemil conductor:

— Main bonding jumper 250 kcmil aluminum (minimum)
— Main bonding jumper 3/0 AWG copper {minimum)

©2020 cleckica ruiniog ALLIANCE Grounsiog a0d Bongng - Chager 5 »

Chapter 5

« Listed Service Equipment

= Main bonding jumpers supplied with listed service equipment,
such as switchboards and panelboards, can be installed
without calculation of size.

« The manufacturer has buiit the equipment to meet or exceed
the requirements in the applicable product safety standards,
which includes grounding and bonding provisions.

© 200 sleckical yaining ALLANCE Groundng wnd Bondny - Chapler & 3

Chapter 5

« Dual-Fed Service Equipment

»  When service equipment in a single enclosure or a group of
separate enclosures is fed from two sources (dual-fed
service), the grounding electrode conductor connection is
permitted to be by a single grounding electrode conductor.

» Service equipment arranged in this fashion is typically
equipped with a tie breaker.

» The single grounding electrode conductor connection is
permitted to be made at the tie point of the grounded
conductor terminal bars supplied by separate power sources.

©2020 eleciical raining ALUANCE Grounsog end Bondog - Chapter 5 »
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Chapter 5

« Dual-Fed Service Equipment
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©2020 elockical Faining ALUANCE Geoundng and Banding - Chapter 5 3

Chapter 5

« Minimizing Impedance in Grounded Service Conductors

« The grounded conductor for an AC service must be routed
with its associated ungrounded conductors.

» This is a general requirement in the NEC, as covered in
Section 300.3(B).

» Routing the grounded conductor with the ungrounded phase
conductors keeps the impedance of the circuit as low as
possible during normal operation and during abnormal events
such as ground fauits or short circuits.

©2020 eleccal Faining ALUANCE Grousiong and Bondng - Chaptec 5 2

Chapter 5

« Routing of Grounded Conductor

Service disconnect

©2020 ekckical raning ALLANCE. Grouding end Bondng - Chaples 5 3

Chapter 5

« Grounded Conductor Routing
« The grounded conductor must
be routed to the service
disconnect means enclosure.

» Often there is a utility meter
enclosure to which the
grounded (usually the neutral)
conductor is connected.

D070 eheckal baining ALLIANCE Grouxtog and Bonding - Chamter 5 1

Chapter 5

+ Functions (Purposes) of the Grounded Service Conductor

+ The grounded conductor at the service provides two
essential functions for the premises wiring system.

« Firstitis a current-carrying conductor for the load supplied
(typically carrying the maximum unbalanced line-to-neutral
current).

+ The grounded conductor of a service is usually a neutral
conductor, but it may also be a phase conductor depending
on the type of system.

« The grounded neutral conductors typically carry the
maximum unbalanced neutral current to the system neutral
point.

©2020 siecrical Faining ALLUANCE Grounding and Bonding - Chapler 5 »

Chapter 5

« Function(s) of Grounded Conductor

Utifity sostrce

© 2020 eiectricel Fuiing ALUANCE Grounding and Bonding - Chapter § £
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Chapter §

« Functions (Purposes) of the Grounded Service Conductor
» The second essential function of the grounded conductor is
to perform as an effective ground-fault current path during
ground-fault events at the service or at any point on the load
side of the service equipment.

+ The grounded conductor at the service is used for the
intentionally constructed, low-impedance, effective ground-
fault current path addressed in Section 250.4(A)(5).

©3020 elockical kaiiog ALLIAKCE Groundng and Bonding - Chapter 5 3
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Chapter 5

« Function(s) of Grounded Conductor

Unitity source

©2020 efockical buining ALLANCE

Groudng and Bondng - Chapler 5 £

Chapter 5

« Article 100 Definitions

« Neutral Conductor. The conductor connected to the neutral
point of a system that is intended to carry current under
normal conditions.

Neutral Point. The common point on a wye-connection in a
poly-phase system or midpoint on a single-phase, 3-wire
system, or midpoint of a single-phase portion of a 3-phase
delta system, or a midpoint of a 3-wire, direct-current system.

©2020 clecrical roining ALUANCE Groundiag and Bonding - Chapter 5 £

Chapter 5

« Neutral Conductor and Neutral Point

©2020 elocrical Faining ALLIANCE

Groutr and Bondg - Chapter 5 “©

Chapter 5

+ Neutral Conductor and Neutral Point

©2020 elockice! raining ALUANCE

Chapter 5

« Grounded Conductor Sizing Requirements

The grounded service conductor is generally a current-
carrying conductor during normal conditions but during
abnormal conditions, it must be capable of carrying fault
current.

.

.

©2020 elscticel raining ALLANCE.

Therefore, it must meet minimum sizing requirements to
ensure adequate capacity to serve both functions.

The neutral conductor for services or feeders must have
adequate capacity for the load served, as indicated in
Section 220.61.

Groundng nd Bonddng - Chapter 5 <
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Chapter 5

* Minimum Size Examples
+ Table 250.102(C)(1) is also used to determine the minimum
size required for service grounded conductors.

« This rule applies whether there is a load on the neutral or not.

* The grounded conductor be smaller than specified in Table
250.102(C)(1).

« Example: 400-ampere service with 600 kcmil copper
ungrounded service-entrance conductors requires a
minimum 1/0 CU or 3/0 AL grounded conductor.

©2020 eleckical basming ALUANCE Grounsng erd Bonging - Chapter 5 “
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» Sizing Examples

Chapter 5

Size of Largest Minimum Size of Minimum Size of
gg;dumr {Copper) {Copper} ° (A!uminum‘;
1 AWG 3 4
410 AWG 2 1o
500 kemit 1o 30
750 kemit 210 410

The size : are using
MEC Table 250,102(CX 1}, Use the 12.5% rule for larger services.

©2020 elockics! rainio ALLANCE

Grountng end Bondng - Chapter &

Chapter 5

* 12.5% Rule Size Examples
« The 12.5% rule must be used for sizing the grounded
conductor where the size of the largest ungrounded service
conductor exceeds 1,100-kemil copper or 1,750-kemil
aluminum or copper clad aluminum.

= Example: 800-ampere service with 1,200 kemil copper
ungrounded service-entrance conductors (parallel 600 kcmil
copper) requires a minimum 150 kemit (caiculated value) or
rounded up to 3/0 AWG copper.

2020 sicckical vaining ALLANCE Grounding snd Bonding - Chspter § 4

Chapter 5
« Sizing Examples
Size of Lamest Minimum Size of
Sa < Vaiue C
Conductor {Copper) {Coppet} (Copper)
1200 kemil 150 kemil 310 AWG
1800 komil 225 komil 250 kemit
25800 kemit 312,500 cm 350 kemit
3000 kemit 375 kemit 400 kemif
The 12.5% rule must be used for sizing the grounded conductor
where tha size of the largast i
exceeds 1100 kemit copper or 1750 komil sluminum

©2020 eleckical yaioing ALLIANCE

Groundag end Bondng - Chepler 5

Chapter 5

+ Comer-Grounded System
« If a 3-phase, 3-wire, comer-grounded deita service is
supplied, the grounded conductor must be sized the same as
the ungrounded service-entrance conductors.

« No line-to-neutral loads are served by corner-grounded
systems.

« Size the grounded conductor the same size as the
ungrounded conductors supplying the service.

2020 elschical Faining ALUANCE Grounsng end Bonging - Chapter 5 a

« Ungrounded Systems

Chapter 5

Comer-grounded system

©2020 elcical vaining ALUANCE

Groundng and Bonding - Chapter 5
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Chapter 5

« Rules for Parallel Conductors

« The general requirements for conductors installed in parallel
are provided in Section 310.10(G) of the NEC.

» Conductors in parallel generally must be:

+ The same size

* The same length

« The same conductor material

* They must have the same insulation type
« Terminated in the same manner

+ Not smaller than 1/0 (generally)

©2020 elockical vaining ALUANCE Grounding and Bondng - Chapter 5 o
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Chapter 5

« Parallel Conductor Requirements

Conductors fn paraliet must:

1.Be the same fength
2.8eofthesame
condutor material
3.Have the same type
of fnsulation
4.Beteiminated in the
same manney
5,8e the samesize
6. Rotbe smatler than 1/0
{in general}

©2020 elciicat vaining ALUANCE Grounxsng and Bonding - Chapter 5 £l

Chapter 5

« Sizing Grounded Conductors for Parallel Installations
« The minimum size grounded service conductor in parallel

arrangements is based on the total circular mil area of all the
ungrounded service conductors in parallel.

+ Once the total circular mil area is determined for the largest
ungrounded service-entrance conductor, Table 250.102(C)(1)
is then used to determine the minimum size grounded
service conductor required to be installed in each conduit.

+ Grounded conductors installed in parallel arrangements must
generally not be smaller than 1/0.

2020 elockics! Faining ALUANCE Ground and Bontng - Chapter & £

Chapter 5

+ Grounded Conductor Sizing for
Parallel Installations

+ The 12.5% requirement applies to
parallel service conductor
arrangements that are larger than
1,100-kemil copper or 1,750-kcmil
aluminum or copper-clad aluminum
and is used to determine the
minimum-size grounded conductor.

« Use the total circular mil area of the
largest ungrounded service-entrance §
conductor and multiply by 12.5%.

* Use Table 8 Chapter 9

©2020 leckicat Faising ALUANCE Groundng end Bording - Chiapler 5 52

Chapter 5

©2020 etscvical Faking ALLIANCE. Grouning and Bonding - Chapler § 53

Chapter 5

« Grounded Conductor (Load Side Use)

+ Section 250.24(A)(5) restricts load-side grounding
connections to the grounded conductor; essentially
connections on the load side of the service disconnecting
means are not permitted.

« The same restriction is included for separately derived
systems, as provided in Section 250.30(A).

« The informational notes following Sections 250.24(A)(5) and
250.30(A) indicate a few installations for which using the
grounded conductor for grounding is permitted.

©2020 electical vaining ALUANCE. Groundng ard Bonding - Chaster 5 5
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Chapter 5

« lIsolate Neutrals from Ground

3/7/2022

Isolate Neutrals from Ground

v
Heutral bis isolated
from grounding bus

Chapter 5

Pawethaard on load side of service

2020 eleckical aining ALLIANCE Groungng #nd Bondoy - Chapter 5. 3

Chapter 5

» Grounded Conductor Identification

« ldentification requirements apply specifically to grounded
conductors, whether they are grounded neutral conductors or
grounded phase conductors.

* NEC Article 200 provides the identification requirements for
grounded conductors.

= Grounded conductors in sizes 6 AWG and smaller must be
generally identified using the colors white or gray.

* Under certain conditions, the grounded conductor at a
service could be a bare conductor, such as in service-
entrance cables.

©2020 elsckical $aiiog ALLANCE. Grounding snd Bordog - Chepter § s

Grounded Conductor Identification

Chapter 5

Chapter 5

« ldentifying Sizes 4 AWG and Larger

» Grounded conductors in sizes 4 AWG and larger are
permitted to be identified using any of the following methods:

1. A continuous white or gray outer finish

2. Three continuous white or gray stripes along its entire
length on other than green insulation

3. A distinctive white or gray marking at terminations that
encircles the conductor

Identifying Sizes 4 AWG and Larger

Chapter 5

White or gray marking

slong the entire length

©2020 eiecica! swiniog ALUANCE Groundng and Bonding - Chapter 5 5
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Chapter 5

« lIdentifying Sizes 4 AWG and Larger

©2020 slociice! ¥aining ALLANCE

Groundag ond Bonding - Chapler 5 o
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Chapter 5

+ Requirements for Service Equipment (Listing)

» Service equipment must be listed and identified for use as
service equipment.
» These requirements are found in 230.66.

Equipment that is suitable for use as service equipment has

been manufactured and evaluated to meet product safety

standards.

+ Some equipment that could carry the identification as
suitable for service use are switchboards, enclosed switches,
panelboards, motor control centers, and power outlets,
among others.

©2020 seckia! waiing ALUANCE Grounding ans Boning - Chapter 5 3

Chapter 5

* Applicable Product Standards

« Examples of equipment that is listed as suitable for
use as service equipment are as follows:

Switchboards UL 891 Deadfront Switchboards
Panelboards UL 67 Panelboards

Service power outlets UL 231 Power Outlets

Enclosed switches UL 98 Enclosed Switches

Motor control centers UL 845 Motor Control Centers

©2020 eiechica! rainiog ALUANCE Groonng ang Bonng - Chapler 5 )

Chapter 5

» Suitable for Use as Service Equipment

The service disconnectis
equipped with banding and
grotinding provisions, induding
« -~ amain bonding jumper
Canbeinstaliedin the
service or feeder position

©2020 eloctics! Fakning ALLIANCE. Groundg nd Bonding - Chapler 5 o

Chapter 5

= Suitable for Use as Service Equipment

©2020 lecical rining ALUANCE

Groudng sad Borcing - Chagter § 65

Chapter 5

« Suitable for Use as Service Equipment

©2020 elosical Faiving ALLIANCE Groundng and Bonsng - Cregler § &
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Chapter 5

+ Suitable for Use Only as Service Equipment

The service disconnect
s
bonding and grou: provisions,
butthe wmded‘:gndwmr
Is factory honded fo the endosure

Ginbeinstatled onfyin
the service position

©2020 ehockical Faining ALLUANCE

Grouning end Bonding - Chapter 5 &
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Chapter 5

« Suitable for Use Only as Service Equipment

92020 eisc¥ical baiving ALLANCE Grounding and Bondog - Chapter 5 68

Chapter 5

« Suitable for Use Only as Service
Equipment
« Equipment that is suitable for

use only as service equipment
has the bus for the grounded
conductor connected directly
to the service equipment
enclosure.

« No main bonding jumper is
present.

©2020 ekscrical vaining ALLANCE Groundog sad Bondng - Chapler § 6

Chapter 5

« Grounded Conductor (Neutral) Disconnect Requirement for
Services

« Animportant requirement for service equipment is that
provisions for disconnecting the grounded conductor (usually
a neutral) are required by 230.75.

« Listed service equipment includes such provisions either in
the form of a busbar or terminal.

» This means of disconnect is typically identified as a neutral
disconnect link.

* The means of disconnect can be the terminal lug where the
grounded conductor terminates in the service disconnecting
means enclosure.

©2020 clectcal bainig ALLIANCE. Grounding an Booding - Crspter 5 i

Chapter 5

* Neutral Disconnect at Service

©2020 eloctical Faining ALUANCE

Groundng and Bondng - Chapter § n

Chapter 5

+ Requirements in Product Standards

« The product standard requires that the enclosure identify
which vertical section the grounded conductor (neutral)
disconnect link and main bonding jumper are located.

+ This requirement is especially important in multi-section
service switchboards.

©2020 etecrical raining ALUANCE Grounding end Bondng - Chipter 5 ”
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Chapter 5

» Switchboard Labeling Requirements

2020 clocyical raining ALLANCE Grounding and Bondng - Chapler 5 n
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Chapter 5

+ Neutral Disconnect Link

Heutral disconnecting
meansisrequired in
the service equipment

The neatrat disconnect

Itis provided in listed
service switchboards

©2020 slocrcal Faining ALUANCE Grourcing and Bonding - Chepter 5 i

Chapter 5

« Services Supplied by Ungrounded Systems

» The NEC includes rules for services supplied by ungrounded
utility sources in Section 250.24(E).

= Aithough the system is not grounded, grounding and bonding
requirements are included for metallic raceways and
enclosures that contain conductors and equipment used with
ungrounded systems.

« The metal service equipment enclosure must have a
grounding electrode conductor connection to a grounding
electrode or grounding electrode system as provided in Part
It of Article 250.

©2020 elockical Faining ALLIANCE Groundiog and Bonding - Chapier i3

Chapter 5

« Services Supplied by Ungrounded Systems
« The grounding electrode conductor size is determined by
using Table 250.66, which bases sizing on the size of the
largest ungrounded service-entrance conductor.

« The general performance requirements for ungrounded
systems are covered in Section 250.4(B), which provides all
grounding and bonding functions except for system
grounding.

« No system conductor is solidly connected to ground.

©2020 ciockical raising ALUANGE Grounding and Bonding - Crapler 5 6

Chapter 5

« Services Supplied by Ungrounded Systems

Ungrounded utility system Service equipment

©2020 esechca! baining ALLANCE Grouning and Bonding - Chapter § ”

Chapter 5

« Ground Detection is Required

+ Ground detection is required for ungrounded systems as
indicated in 250.21(A) and (B).

* The ground detection sensing devices must be installed as
close as practicable to the service or source.

+ This requirement ensures that ground detection monitoring
remains active even if feeder or branch circuits are
disconnected.

©2020 eloctncal aining ALLIANCE Grouniy and Bonding - Chapter 5 ™

185




Chapter 5

« Marking Ungrounded Systems

+ Equipment enclosures for ungrounded systems must be
marked as ungrounded systems. [NEC 250.21(C)]

« Section 408.3(F)(2) requires switchboards and panelboards
containing ungrounded electrical systems to be legibly and
permanently field marked to indicate it is supplied by an
ungrounded system.

« This marking must be suitable for the environment in which it
is installed.

©2020 elochical Funing ALLIANCE Groursng and Bonding - Crapter 5 ”
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Chapter 5

« Marking Ungrounded Systems

© 2020 elockcal bnining ALLIANCE Grounding end Bonding - Chapter 5 &

Chapter 5

« Grounding Service Raceways and Enclosures
« Section 250.80 provides requirements for grounding metal
raceways and enclosures for service conductors and
equipment.

= They must be connected to the grounded system conductor if
the service is supplied by a grounded electrical supply
system.

< If supplied by an ungrounded system, they must be
connected directly to a grounding electrode.

©2020 shockical koining ALUANCE Groundiog and Boncing - Chapter 5 s

Chapter 5

« Exception for Metal Components
« The Code relaxes the requirement (by exception) for
grounding metal components installed in a run of
underground nonmetallic raceway where the metal
component is isolated from possible contact by a minimum
cover of 18 inches to any part of the elbow. [NEC 250.80
Exception]

« Common metal components could include metallic fittings
and metal elbows.

©2020 olsctial haining ALUANGE Grounxing ang Bonding - Chapter 5 oz

Chapter 5

« Exception for Metal Components (such as elbows)

Bl YoService Equipment

218 minfmim

©2020 slociical veinng ALUANCE

Chapter 5

« Summary
« Agrounded conductor is required to be routed with the
ungrounded service-entrance conductors, brought to each
service disconnecting means enclosure, and connected to
the enclosure.

« Grounded (often neutral) service conductors at the service
cannot be smaller than that of the required grounding
electrode conductor.

« The grounded conductor minimum size is determined based
on the load served using Section 220.61; at a minimum it is
sized using Table 250.102(C)(1) or the 12.5% rule as
required for larger services.

» Equipment used as service equipment is required to be listed
and identified for such use.

© 2020 etockical ¥aining ALUANCE Grounding end Bonding - Chspter 5 £
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Grounding and
Bonding

Requirements for Grounded
Conductors at Services
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