Board of Building Standards

ELECTRICAL SAFETY INSPECTOR ADVISORY COMMITTEE
REQUEST FOR RECOMMENDATIONS

DATE: MARCH 15, 2024
TIME: 10:00 AM
LOCATION: NO MEETING THIS MONTH

Personnel Certification Applications
P-1 Benson, John - ESI
Certification ID: 96
Current Certifications: None
Staff notes - Additional information on electrical experience submitted, please review.
ESIAC Recommendations:
Committee Recommendation:

Continuing Education Applications for Review
ER-1 Appliances (2023 NEC) (Independent Electrical Contractors of Greater Cincinnati)
All certifications (4 hours)
Staff Notes: Number of slides is small for a four-hour course because of the math.
ESIAC Recommendations:
Committee Recommendation:

ER-2 Box Fill (2023 NEC) (Independent Electrical Contractors of Greater Cincinnati)
All certifications (4 hours)
Staff Notes:
ESIAC Recommendations:
Committee Recommendation:

ER-3 Conductor Types, Ampacities, and Correction Factors (2023 NEC) (Independent
Electrical Contractors of Greater Cincinnati)
All certifications (4 hours)
Staff Notes:
ESIAC Recommendations:
Committee Recommendation:

ER-4 Dwelling Circuit Requirements (2023 NEC) (Independent Electrical Contractors of
Greater Cincinnati)
All certifications (4 hours)
Staff Notes:
ESIAC Recommendations:
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




ER-5 Grounding and Bonding (2023 NEC) (Independent Electrical Contractors of Greater
Cincinnati)
All certifications (4 hours)
Staff Notes:
ESIAC Recommendations:
Committee Recommendation:

ER-6 Practical NEC 2023 Training (Pool LLC)
All certifications (10 hours)
Staff Notes: Title amended with permission of the provider.
ESIAC Recommendations:
Committee Recommendation:

ER-7 Voltage Drop (2023 NEC) (Independent Electrical Contractors of Greater Cincinnati)
All certifications (4 hours)
Staff Notes: Number of slides is small for a four-hour course because of the math.
ESIAC Recommendations:
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 Benson, John - ESI

Certification ID: 96

Current Certifications: None

Staff notes - Additional information on electrical experience submitted, please review.
ESIAC Recommendations:

Committee Recommendation:




Board of Building Standards
gaf Use af

Last Name

& &+{

First Name

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

72¢

88S Certification 1D

Building Official [ ] master Plans ] Building E Electrical Safety | Fire Protection
R 2o Examiner Inspector Inspector Inspector
(] Building Plans  |[_] Plumbing Plans |[_] Mechanical [_] Electrical Plans |[_] Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
|:] Plumbing |:| Mechanical D 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
X ! L [Building Official Certification 76 20077 20/%
O {1 |Plans Examiner Certification 20{0
K %)  |Building Inspector Certification
O O Mechanical Inspector -
Certification

Building Plans Examiner 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 2?4 /76 7
Fire Protection System Designer Certification ' )
|Medical Ges-Piping-trspactor Certification = /0553 Z0/S
PACKEw  CorTiamron =
Ohio Board of Building Standards 4/1/2019 Form # 102




Board of Building Standards

Application for Interim Certification, Building Department Personnel

?ﬁfUSM/' hf;ﬁﬁx
Last Name First Name 8BS Certification 1D
SECTION 3: EMPLOYMENT/EDUCATION
Formal Education Date Graduated
UM 1 SCHro 7b
[t BENT Y UM 1 E7 TS 7 -75
Related Vocatibnai or Technical Training Years’ Experience
| FUETR(Cat Soudre|ma  Yor.” Zo YeZ22s
BaciLEcon) CEATIFrl #re VA 7.

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

Years’ E&perience

Place of Employment:

Years' Employed

CiTY ©F Zauesdils ‘tg (w2
Perray S TR M (o 28 pres

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)
B Rries? L5 BZ X3 Buacrup ron- B | Zoo/—
Z2o2/

L FD /

Frre SamsTy oS~

Ohio Board of Building Standards 4/1/2019

,ﬁga&w7

Form # 102




Board of Building Standards

Bt S0~

Last Ngme

Application for Interim Certification, Building Department Personnel

il ; ?é_

First Name B8S 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:

. Fﬁave been a journeyman electrician or equivalent for four years, two of which were as an
lectrician foreman, and have had two years’ experience as a building department electrical

inspector trainee;

'[ﬁHave 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;
. B-Have been a journeyman electrician or equivalent for six years;

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

. d Applicant authorizes all testing organizations including ICC to provide test resulis to the
BBS.

in the State of Ohio.

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

Refer to Experience Requirements Listed in Q.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

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 §
t/ o/ Mﬂm{c.c-'f S 7.
~28+6K . 04T P06 |

1 pu
?Ff@* aeﬂ-S‘f"\ _@o ?glflﬂ Corns?.Co

(onSTaucT o~ 1< i P.0. B 61

<+ (o 2o, O ysTeq
Total Experience on This Page (In Months):
Ohio Board of Building Standards 4/1/2019 Form # 102




Board of Building Standards
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" Last Name

First Name

Application for Interim Certification, Building Department Personnel

BB Certification 1D

List Each Construction Project AND
Specific Type of Work Performed

Name of Employer, Contact, Address,
Telephone Number

BUILD s InppTeres

2 &, B WD e

Ve B MTER OE
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Ohio Board of Building Standards

- - .
Total Experience on This Page (In Months): |

4/1/2019

Project Time: From_ To _

(MM/YY)

7778 - 2013

Q013 To MESod

Form & 102




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

PEAS oo L, 26

Last Name First Name BBS Certification ID

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

O Yes [®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. If YES, were you discharged under honorable conditions? (JYes [X] No

If you answered “No” please explain below:

SECTION 9: CERTIFICATION

I certify the informatiop 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 liabifity 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 zz} tdemeanor of the first degree.
Signature of Applica .

Subscribed and duly sworn before me according to law, by the above named applicant this
day {5 of E}mw in the year 204 _ at Husk»mw , County of
Hl,lﬁdb’muﬁxﬂ and State of Oﬁ 0 .

Notary Pubilic:

\\"’.{KRl A'L- ."S:""'p

e\\\ !’/ %™, KRISTA D. BONNETT
bt T B o, NOTARY PUBLIC
FOR THE
STATE OF OHIO
< My Commissjon Expires

lio faoab T

"uuunl'

W
i

.
“"Nuul"'

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




INTERNATIONAL
CODE
COUNCIL®

INTERNATIONAL CODE COUNCIL
JOHN BENSON

The International Code Council attests that the individual named on this certificate has satisfactorily
demonstrated knowledge as required by the Intemational Code Cournicil by successfully completing the prescribed
written examination based on codes and standards then in effect, and is hereby issued this certification as:

Commercial Building Inspector

Given this day April 29, 2023
Certificate No. 8417098

Stuart Tom, P.E., CBO, FIAE
President, Board of Directors

T

Dominic Sims, CBO CERTIFIED
Chief Executive Officer E2eed

This certificate is the property a}h}‘ ._amf musrbe refurned to ICC in the event of suspension or revocation of the certificate.




Jones, Amx

From: John Benson <John.Benson@coz.org>
Sent: Wednesday, February 28, 2024 10:13 AM
To: Jones, Amy

Subject: Emailing: certificate-B2-8417098
Attachments: certificate-B2-8417098.pdf

Amy,

We are currently renewing our Tyler Energov Data hase and everything is mixed up as to locations in the system. Once we
find numbers and certificates ,| will send them.

| thought | detailed my electrical experience but if not, a synopsis of my past is this: When | got out of college in 1978 |
worked at Brockway Glass in the labor pool with Mill Rights. | was assigned to work with Electricians, Carpenters, Block
layers, Machinists or wherever | was needed for the plant. | was hired by the city in 1981 at the fire department. | worked
and operated a construction company on my days off with up to 14 employees and multiple Sub contractors and did
custom homes and commercial work till 2001, | was the Building Department Superintendent for the City from 2001 till
2013. We maintained the 28 buildings for the city including all electrical systems. | got my Journeyman license in 2009
along with my NCCER certificate. | taught Electricity | & Il for Adults at Mid-East Career and Technology Center here in
Zanesville . | previously have had my Backflow Certification through the state. Once we are back online | will attempt to
send your validation.

John Benson
City of Zanesville

Your message is ready to be sent with the following file or link attachments.

certificate-B2-8417098

Note: To protect against computer viruses, e-mail programs may prevent sending or receiving certain types of file
attachments. Check your e-mail security settings to determine how attachments are handled.

CAUTION: This is an external email and may not be safe. If the email looks suspicious, please do not click links or open
attachments and forward the email to csc@ohio.gov <mailto:csc@ohio.gov> or click the Phish Alert Button if available.

10




NCCER N

The Standard for Developing Craft Professionals

This is to certify that

John Benson

has fulfilled the requirements to serve as a

Electrical
Instructor

in NCCER's standardized training curriculum
this Twenty-first day of September, 2012

a2 € Dbt

Donald E. Whyte
President, NCCER
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LORENAS

Council-Mayor Government
Don Mason, Mayor

THE CITY OF

Zanesville

401 Market Street « Zanesville, Ohio 43701
Phone (740) 455-0646 « Fax (740) 455-0642
E-mail « buildingcode@coz.org

Department of Public Safety
Division of Building and Code Enforcement

License/Registration

This Certifies that JOHN BENSON

JOHN BENSON
5205 BELLVIEW DR

ZANESVILLE OH, 43701

Is granted a License/Registration to work in the City of Zanesville corporate limits as an

JOURNEYMAN ELECTRICIAN

For a period from 12/29/2023 to 12/31/2024, unless sooner revoked on proof of

cause. This License/Registration is not transferable.

12/29/2023

License or Registration #92

IMANANINW

For Safety wr

Laminate for Wallet

CITY OF ZANESVILLE
LICENSE / REGISTRATION

JOHN BENSON
JOURNEYMAN ELECTRICIAN
LIC#926
EXPIRES: 12/31/2024

0N
FOR SAFET CTOR

12
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INTERNATIONAL
CODE
COUNCIL®

INTERNATIONAL CODE COUNCIL
JOHN BENSON

The Intemational Code Council attests that the individual named on this certificate has satisfactorly
demonstrated knowledge as required by the Intemational Code Council by successfully completing the prescribed
written examination based on codes and standards then in effect, and is hereby issued this certification as:

Commercial Building Inspector

: Given this day April 29, 2023

Certificate No. 8417098
Michael Wich, CBO
President, Board of Directors

TS

Dominic Sims, CBO
Chief Executive Officer

This certificate is the praperty of ICC and must be returned to ICC in the event of suspension or revocalion of the certificate.
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Board of Building Standards

6606 Tussing Road, P.0. Box 4009

Reynoldsburg, Ohic 43068-9009
{614) 644-2613 Fax (614) 644-3147
dic bbsi@com state oh.us
voww com ohio.govidico/BBS aspx

APPLICATION
FOR

CERTIFICATION OF —
BUILDING DEPARTMENT i
PERSONNEL

This application is hereby submitted to
the Board of Building Standards
pursuant to the provisions of Section
3781.10 of the Ohio Revised and
Section 103 of the OBC.

S UA

B BLI\IJO

D Building Official
Master Plns. Ex. Trainee [ ] Bldg. Insp. Trainee
Electrical Plans Examiner
Plumbing Plans Examiner

2. SPECIFIC CERTIFICATE(S) BEING REQUESTED: (Please check appropriate box(s) for certification being sought.)
Master Plans Examiner Building Insp. F\ Mechanical Insp.

fed .
Plumbing Insp.
| Plumbing Insp.Trainee

- ‘ Fire Protection Insp.
Mech. Insp. Trainee D Com, 1U Inspector

Electrical Safery Inspector Electrical Safety Inspector Trainee

Medical Gas Inspector

Interim A

Description

. on File; All Interim Regmnts. Completed — Seek Full Cenlification (Complete hems 3.9, 10,11 and Code Acadenty and Exam. Results)

3 LIST ANY OHIO LICENSE CERTIFICATE, OR REGISTRATION: {mark “T" if trainee):
e e T OR RECISTRATION: (mark “T”if traineey.
Certificate Number

Date Received

Architectural Registration

P.E. Registration

Building Official Cert.

Master Plans Examiner Cert.

Building Inspecior Cert, o5 P Pitic EEEYTE
Electrical Plans Examiner Cert. !
Plumbing Plans Examiner Cert.
Fire Protection Inspector Cert, 507y Rracc 34 260 g
I4

Mechanical Inspector Cert.

Eiectrical Safetv Inspector Cert.
L _Plumbing Inspector Cert.

Fire Saferv Inspector Cert.

Fire Protection Svs. Designer Cert.

Medical Gas Piping Inspector
4. EMPLOYMENT/EDUCATION: In the space below hist the Certified Building

Department(s) bv which applicant is emploved.

a. Formal Education:

Date Graduated

ES 7 Sl HgH SCuel /(2 7¢
L{BERTY [1adl¥. 76 - 7%
b. Related Vocational or Related Technical Training: Years Experience
MLCER Preerniese. T ¢ T 25

.__THeouenh C OZ.
¢. OBC Building Code Experience (certified OBC enforcement/administration, etc.) Years Experience

HME HELD s qTogm CERTS . years 75"

PrstT”

d. Place of Employment C Ty pF 2 hmegsiloy Years Employed

Firm

325

Building Departmen

5. - APPLICANTS REQUESTING BUILDING OFFICIAL, PLANS EXAMIN
Attach proof of certification by one of the model code organizations or other agency approved by the Board of Building Standards.

- APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION:
Attach proof of cenification by an ASSE recognized third-party certifier in accordance with ASSE standard 6020,

ER, OR INSPECTOR CERTIFICATIONS:

Form 1525

BBS 215180

14
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Board of Building Standards
APPLICATION FOR CERTIFICATION oF BUILDING DEPARTMENT PERSONNEL

Page 3 (You may make additional copies of this page if necessary.)

diplomas, or licenses received.

8. EXPERIENCE (CONT.): Refer to Experience Requirements Listed in 410t 1-1-01 OAC and 3783 ORC (D0 NOT SUBSTITUTE WITH OTHER RESUMES).
State the specific duties and type of work performed for sach position listed. Give ouly information which relates directly to the information you
provide. Provide letters from certified inspectors, employers, or contractors verifying your experience. Submit copies of any certificates,

List Each Construction Project AND
Specific Type of Work Performed

OBC
Group

Name of Employer, Address,
Telephone Number

Project Time: From_To_
(MM/DD/YY)

guwaign 8PENuTI

D bs

DPesie st + Puno ‘
LiGpTr (owreleianl
PrpwerT $ bCore

WTH  CusTom Homes

mp,Hpa.EP»E‘NT o
Bee TorOed
H/ae
FLeanicatly

PLUMB NG

g ﬂSo—nﬁy
CarpenTiY

EXCA VAT O

RO wpameer  BF

AL
+ Sb\PPL'nU

n CLS T~
ove L0 S

o spec. Henes

“Pema Cns (..

INC LR

Twrsd CEY ConThAcTON

SWB CpThA cTONS

Petaa (onst (o
w09 Betdigw Da

TRMTS., H Y370/

S sLVE0 K5
Paesioen T 0 F

MUK inds-n(p Howe
BuiLpens ASSC .
/387 T (P9y

19%/
To

20U ¢

TOTAL EXPERIENCE ON THIS PAGE (IN MONTHS):

290

NOTE: Only experience DIRECTLY related to buildings or structures within the scope of the groups regulated by the Ohio
Building Codes shall be acceptable for credit for any certification, pursuant to rule 4101:1-1-01. ONLY ELECTRICAL

SAFETY INSPECTORS MAY LIST 1-,2-, or 3-FAMILY EXPERIENCE.

Form 1523

BBS 215180

15




Board of Building Stands

APPLICATION FOR CERTIFICATION OF BUILDING DEPARTMENT PERSONNEL
Page 4

=

:"' /
Srapy of ot

9.  OFFENSES:

Have you ever been convicted of any felony or crime involving moral turpitude? YES D NO
If you answered “Yes™ above, please explain below:

10. CERTIFICATION:

[ solemaly swear or affinn that the answers 1 have made to each and alt of the questions in this application are complete and true
1o the best of my knowledge and belief 1 hereby waive all provisions of law forbidding colleges or universities that 1 have
attended. or past employers, from disclosing any knowledge or information which they thereby acquired relevant to my
employment and 1 hereby consent that they may disclose such knowledge or information to the 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: . Y
Subscribed and dul befi di law, by the ab d appli h'("
ubscribed and duly swomn before me according tod\g ‘y pena ‘S‘\:e kriaf\]-e S%_pp icant t ls__q_day
of&fdﬁ in the year&@\ L\ a Zgneswile County of NUSKl ngum
A p—
and State of @\\\O .
Mari Nykile .
Notary Public Notary Public M\M\(ﬂd
 Ohio C
Muskingum County \J
My Commission Expires
May 20, 2017

Form 1523 BBS 215180




Board of Building Standards

OHIO BUILDING CODE ACADEMY

- Certificate of Completion
This is to certify that:

John B. Benson

SUCCESSFULLY COMPLETED THE REQUIREMENTS FOR THE OHIO BUILDING CODE ACADEMY
ON APRIL 25, 2008, FOR THE BUILDING INSPECTOR CERTIFICATION

Al O HAlA

GERALD O. HOLLAND CERTIFICATE # 465
CHAIRMAN

17




Department
of Commerce

Division of Industrial C
Mike Dewine, Governor
Sheryl Maxfield, Director

¥

JOHN B BENSON Personnel ID #: 96
2/28/2024

At its meeting on 2/28/2024, the Board of Building Standards approved your interim certification as indicated on the enclosed
certification ID card below.

The expiration date(s) for your interim certification(s) is (are) as indicated below on the ID card.

You must complete the conditions of your interim certification during the interim certification period stated on your [D card. The
specific examination and Ohio Building Code Academy, if applicable, requirements are summarized in the attached form and can also
be found in Ohio Administrative Code Chapter 4101:1-1-01 for commercial certifications and Ohio Administrative Code Chapter
4101:8-1-01 for residential certifications.

Please refer to your personnel [.D. number (shown on the ID card below) on any correspondence and on all certificates of continuing
education forwarded to the Board’s office related to your certification. If you have any questions, please contact the Board for
assistance at 614-644-2613.

Sincerely,
BOARD OF BUILDING STANDARDS

Regive. 2 ot

Regina S. Hanshaw
Executive Secretary

Personnel |ID #: 96 Mike DeWine
GOVERNOR
Residential Building Official-Int 2/28/2026

Timothy Galvin
CHAIRMAN

BOARD OF BUILDING STANDARDS

This is te certify that: JOHN B BENSON has met the requirements
of the OAC and is hereby centified as indicated.

Regire &l

Executive Secretary

Ohio Board of Building Standards Timothy Galvin, Chairman 614 | 644 2613

6606 Tussing Road Fax 614 | 644 3147

PO Box 4009 TTY/TDD 800 | 750 0750

Reynoldsburg, OH 43068-9009 U.S.A. An Equal Opportunity Employer and Service www.com.ohio.gov
Provider

18




File Attachments for ltem:

ER-1 Appliances (2023 NEC) (Independent Electrical Contractors of Greater Cincinnati)
All certifications (4 hours)

Staff Notes: Number of slides is small for a four-hour course because of the math.
ESIAC Recommendation:

Committee Recommendation:

19




Department
of Commerce

Ohio

Mike DeWine, Governor Sheryl Maxfield, Dircctor

Jon Husted, L. Governor Board of BUl|d|ng Standards

Application for Continuing Education Course Approval
Provider Information:
Name: MCK//\ @//ﬂ J
Organization: LEC _oF Greater Cincinnafr
Address:_ 586 Jinss Run Drive Cincimnati , oH 45332

E-mail: W collins ©%iec-cin Cy + Com Telephone:_S73-5YR -OY2 0
Website: [ec-cin oy . Com

Conference Sponsor (if applicable) Conference Email:

Check here if Course Renewal: Prior course number (i.e. BBS2018-429)

Renewals will only be granted for identical content and certifications, within the current code cycle.
Attach a copy of prior course approval letter for confirmation. No further information is required.

New Course Informagion:
Course title: /r pol7a\les
. (U~ [ oAl
Course instructor: Sean  (lark ,
Course description:___ ey en,  Arbicle Y22 of +he WEC. We il Cevier
~ L ai o e ¥R b axé o~ " Lo J ¥ SRERPEeS R A
reguirerents For dishumshers . diSpesals, water heaters . ¢ eN ] V4 /

Va /;l SySTEeMS /‘cﬂﬂ 25 (/a" yvels . ’L/x«: ‘ [:/2// a’/f;'o Ce rif / /L 7"'6" k}lc [eaA
el ;5 eA Y ?’i/ ,Tj/ }i/c' Seyvile ’ See.,

Instructional hours per session: Y Number of Sessions: 1

Course Date(s) and Location: T E2— [ C oF (vecter  Cincianal

Special Content:

Code Administration: [X] Conference Course:
Existing Buildings: Conference Name:
Electrical Instruction: Conference location:
Plumbing Instruction:

Course to be offered online? l I On Demand__D_ Webinar D

Course Website:
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation):

Course applicable for the following certifications

Residential Certifications Only: Commercial Certifications: IZI
Administrative Course, All Certifications:

Application materials included:

Course Outline or Course Learning Objectives

N Presentation Materials/Slides (not required for roundtable courses)
Assessment Materials (for online courses)

Presenter Bio

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov

20
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Special Equipment
Chapter 6

Appliances
422, 220

Special Equipment

= Chapter 6

= Equipment that are not your everyday
items but you will come across from time
to time
= Not receptacles, switches, panels, light fixtures

= Not the structure themselves

Most sections are small (except pools)

Special Equipment

= Chapter 6 — not many questions
= Examples

= Signs

s Elevators

= Welders

= Pools

Use the index!

Special Equipment

A hot tub installed indoors shall have at least
one 125-volt, 15 or 20 ampere receptacle on a
general purpose branch circuit located not less
than ___ feet from, and not exceeding ___
feet from, the inside wall of the hot tub:

A. 3,8 B. 6,10
C. 6,12 D. 8,20

Special Equipment

A hot tub installed indoors shall have at least
one 125-volt, 15 or 20 ampere receptacle on a
general purpose branch circuit located not less
than feet from, and not exceeding

feet from, the inside wall of the hot tub.

A 3,8 B. 6,10
C. 612 D. 8,20

680.43(A)

Special Equipment

= Branch circuits that supply neon tubing
installations shall be rated not to exceed
amps:

A. 15 B. 20
C. 30 D. 40

21




Special Equipment

Branch circuits that supply neon tubing
installations shall be rated not to exceed
amps.

A. 15 B. 20
C. 30 D. 40

600.5 (B)(1)

Appliances

m 422
= Infrared heating appliances (heat lamps)
= Non motor appliance — water heater
= Central Vac
= Dishwasher
» Trash compactor
= Range hoods
= You won't find specific appliances in index!

= Not the big appliances — Ranges and Dryers

Appliances

m 424, 426, 427

= Deals with heating equipment
= Minimal questions

Appliances

= The length of cord of a trash compactor is
allowed to be:

Appliances

The length of cord of a trash compactor is
allowed to be:

A. 2 feet
C. 6 feet

B. 3 feet
D. Any of these

422.16 (B) (2) (2)

A. 2 feet B. 3 feet
C. 6 feet D. Any of these
Table 220.54 Demand Faetors for Household Electric
Clothes Dryers
P— et o
Number of Demand Factu
Dryers {Pereent)
1= 106%
5 5%
6 73%
7 63%
8 6070
) 35%
10 30%
1 +7%
1222 % = 47 - {number of dryers - 114
35%
2442 % = 38 ~ |05 x (number of deyers - 23]

43 and over 5%
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Dryer

= Dryers are calculated at the greater of
= 5,000 W
= The nameplate rating

Demand factors can be applied from 220.54

Ex: I have 5 — 4,500 W Dryers, what is the service
demand?

5,000 (minimum required) x 5 x .85 = 21,250 W
This is only for service,
branch is computed separately

Electric Ranges

= 220.55
= For dwelling with no additional information
= Use 8,000 W
= If you know the kW use the appropriate column
= Column C is already in KW
= Column A and B are percentages

Electric Ranges
What is the demand factor for 6 — 10kW ranges?

Number of appliances = 6
The ranges would fall into Column C
21 kW would be the demand factor

Electric Ranges
What is the demand factor for 5 — 7 kW ranges?

5 x 7,000W (given) = 35,000W
35,000W x 45% = 15,750W

If the ranges exceed 12 kW or if the ranges fall
into different columns — see me later or D.6 in
the examples in the back of the book

Electric Ranges

= What is the demand factor for 12 — 2kW
ranges?

s What is the demand factor for 7 - 11 kW
ranges?
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Electric Ranges

= What is the demand factor for 12 —2kW ranges?|
a Use column A
= Your percentage will be 45%
w12 x 2 kW = 24 kW
m 24kW x 45% (.45) = 10.8 kW or 10,800W (VA)
= What's the demand factor for 7 -11 kW ranges?
= Use column C

= 22 kW
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Ranges — article 220.55
Calculating the service load for range(s)

Dryers — article 220.54
Calculating the service load for dryer(s)

Article 422

In Sink Waste Disposals
Dishwashers

Range Hoods

Central Vacuums

Water Heaters
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Sean Clark
901 Beechmeadow Ln. Cincinnati, Ohio 45238

(H)513/347-9054 (C)513/800-4450
sclark@ohiovalleyelectric.com

A licensed electrician with over twenty years of experience in installing, maintaining, and repairing
electrical wiring, equipment, and fixtures, ensuring that work is in accordance with relevant codes, fire
alarm installations, electrical control systems, and high voltage terminations. A licensed electrician with
three years teaching experience in first and second year electrical.

Summary of Qualifications

e More than twenty years experience.

e Three years experience in teaching first and second year electrical.

e Thorough knowledge of electrical systems including planning additions and modifications on secondary

circuits. Controls and low voltage wiring

¢ Able to read commercial electrical blueprints and apply NEC through the full range of commercial and

industrial maintenance and construction work.

e Can use appropriate tools and diagnostic equipment to repair, install, replace, and test electrical
circuits, equipment and appliances.

¢ Excellent ability to diagnose and repair electrical controls, industrial motor control centers, and

programmable logic controllers.

e Strong desire to study and comprehend new technology.

¢ In-depth ability to make mathematical computations.

e Considerable ability to explain instructions and guidelines to others effectively.

e Able to assign work to employees., prioritize the work of others and organize and coordinate the work

of the unit. For subs and Primes.

Professional Experience

Ohio Valley Electrical Services 2011-Present
ABC Electrical Teacher 2010-2013
Beacon Electrical Contractors 2007-2011
Ohio Valley Electrical Services 1993-2007

Electrical Superintendant/Foreman/Instructor

e First and Second year electrical instructor

e Supervision of all electrical installations of as many as 50 electricians to assure that work was
done safely, efficiently, properly and within time allowed.

e Trained multiple employees in all aspects of electrical work to be able to identify an employee's
strengths and weaknesses to better utilize their skills. Traced out short circuits in wiring, using
test meter.

e Coordinated and implemented electrical projects within a variety of environments including plants,
hospitals, schools, retail stores, public facilities, waste water treatment plants industrial buildings;
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projects include both new construction and underground electrical wiring as well as renovation
within existing buildings. Parking Garages and Fed Ex Ground Facilities.

Assemble, install, test, and maintain electrical or electronic wiring, equipment, appliances,
apparatus, and fixtures, using hand tools and power tools.

Connect wires to circuit breakers, transformers, or other components.

Construct and fabricate parts, using hand tools and specifications.

Diagnose malfunctioning systems, apparatus, and components, using test equipment and hand
tools, to locate the cause of a breakdown and correct the problem.

Inspect electrical systems, equipment, and components to identify hazards, defects, and the need
for adjustment or repair, and to ensure compliance with codes.

Plan layout and installation of electrical wiring, equipment and fixtures, based on job
specifications and local codes.

Test electrical systems and continuity of circuits in electrical wiring, equipment, and fixtures, using
testing devices such as ohmmeters, voltmeters, and oscilloscopes, to ensure compatibility and
safety of system.

Perform business management duties such as maintaining records and files, preparing reports
and ordering supplies and equipment.

Education & Certifications
Master Electrician License-State of Kentucky

Journeyman Electrician's License-Hamilton, Ohio
Fire Alarm License-State of Ohio
Certified in high voltage terminations and splices
Lift, Lull, Bobcat, and Boom/scissors lift licenses
OSHA-30 card
Certified in first aid and CPR training
Certified NCCER Core Curricula Instructor
Certified NCCER Electrical Instructor
Completed 4 year apprenticeship program
1 Year Pre-apprentice school (ABC)

High School Diploma (1991)

ARCH FLASH SAFETY TRAINING

PROJECTS-SUPERVISED
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$4.5mil.-MASON HIGH SCHOOL ADDITION
$250.000-3CDC-5™ RACE PARKING GARAGE
$250.000-AVONEDALE APT. COMPLEX
$100.000-MAHOGANYS AT THE BANK-
1.2mil. -PATHEON CHEMICALS
$450.000- FED EX GROUND ADDITION
$250.000-LIBERTY WAY PROJECT
$500.000-GE AT THE BANKS

$100.000 - SYCAMORE SCHOOLS/POWER/CONTROL-
$50.000 - NKU RETROFIT

$250.000- UC POWER PLANT ADDITION
$75.000 - 580BLD/ CHEMED, RETROFIT
$4.0mil - DHL- CONVEYERS/SHELL

$90.000- DOUBLE TREE AIRPORT

$2.5mil- TWIN LAKES OF MONTGOMERY

$45.000- STEINMART ANDERSON

And many small T&M jobs.

All on time and under budget
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File Attachments for ltem:

ER-2 Box Fill (2023 NEC) (Independent Electrical Contractors of Greater Cincinnati)
All certifications (4 hours)

Staff Notes:

ESIAC Recommendation:

Committee Recommendation:
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Department
of Commerce

Ohio

Mike DeWine. Governor Sheryl Maxfield, Director

Jon Husted, Lt. Governor Board of Building Standards

Application for Continuing Education Course Approval
Provider Information: ,
Name: Wevin” Coffips
Organization: |EC _oF  Greater Cincinnafr
Address__ 586 Winss Run Drive Cucinnati , oH 45332

E-mail: K collons @ iec-cin Cy ¢ Com Telephone:_S/3-5Y2 -O Y20
Website: [ec-Cinty. Com

Conference Sponsor (if applicable) Conference Email:

Check here if Course Renewal: Prior course number (i.e. BBS2018-429)

Renewals will only be granted for identical content and certifications, within the current code cycle.
Attach a copy of prior course approval letter for confirmation. No further information is required.

New Course Information:

L :
Course title: }’) ix /://
Course instructor: S¢an _ (Clark A
Course description: Review Artrele 314 of He NEC. We wiff calcalate
. T i f} ~ - o~ - p N 4
’[L /j < Vi ‘/[,0 [ £ (5 ex _as  well 45 7"/5 & Mini MU 51 Zc e ;/ uj/e ﬁ-’/ Z RS e f
' 7 7 . ~ 7~ 7 e »,
o /1 b /,v‘ cF cenducters . Size o/~ Crlucfors aan /// // evies / C.///-"I/)S
o~ P 4 = i / . /s *
Cent-tineed  /n Fhe Ecx
Instructional hours per session: 4 Number of Sessions: 1

Course Date(s) and Location: T 0 - TEC cf Grester  Cincranal’

Special Content:

Code Administration: Conference Course:
Existing Buildings: Conference Name:
Electrical Instruction: Conference location:
Plumbing Instruction:

Course to be offered online? I | On DemandD_ Webinar D

Course Website:
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation):

Course applicable for the following certifications

Residential Certifications Only: Commercial Certifications: IXI
Administrative Course, All Certifications:

Application materials included:

Course Outline or Course Learning Objectives

Presentation Materials/Slides (not required for roundtable courses)
Assessment Materials (for online courses)

Presenter Bio

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov

Ohio Board of Building Standards 10/7/2022 Form No. 216



Box Fill
314.16

Box Fill

= 314.16(A) & (B)

Box fill
= 314.16 (A) — simpler chart — metal boxes

= 314.16 (B) - needed when wire sizes are
different and factors other than
conductors are involved (clamps, devices)

= If conductors are #4 and larger shall also
comply with 314.28 (see 314.16)

= 314.17 (C) Non metallic boxes
= Exception — within 8” of the box

Box fill

» How many #12 can fit into a 3x2x2 device box?

= How many #8 can fit into a 4 x 2 1/8 round
box?
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Box fill

= How many #12 can fit into a 3x2x2 device box?
=4

s How many #8 can fit into a4 x 2 1/8 round
box?
a7
= Make sure boxes match exactly.

Box Fill - 314.16 (B)

Wires passing through count once

Fixture wires smaller than #14 do not count

Internal clamp — counted once no matter how many —
based on largest conductor in box

= External connectors do not count

Support fittings — counted once no matter how many
— based on largest conductor size

Devices or equipment yoke — count twice for each one
based on largest wire size going to device

Equipment grounds — No matter how many grounds,
only 1 (based on largest ground) shall be counted

= Equipment ground calculation has been revised in 2020.

Box Fill

I have a raceway coming from a panel and terminating into a box.
In the box I have
2 - #8's passing straight through
A #12 ungrounded and grounded conductor landing on a
receptacle and then leaving the box to pick up other
receptacles.
A #14 ungrounded and grounded conductor enter the box.
The “hot” lands on the line side of a switch. A “hot” then
leaves the switch heading toward a light. The neutral is spliced
and heads towards the light.
A #10 ground enters the box. It is spliced with a #14 and
#12. The #14 heads off toward the light, the #12 heads off to
the other receptacles.
The cables heading toward the other receptacle and the lights
have external clamps.

Q

#8 conductors (hots and neutrals)

Box Fill

m 2 - #8's pass straight through
= The volume allowance for a #8 is 3 in cubed

B2Xx3=6
= This is your volume of your number #8's
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#12 conductors (hots and neutrals)

Box Fill

m 2 - #12's enter the box and 2 leave the
box. This is not going straight through.

= Therefore you have 4 - #12 conductors

= Each #12 has a volume of 2.25 in. cubed
= Therefore 4 x 2.25 =9

#14 conductors (hots and neutrals)

Box Fill

= 2 - #14's enter the box and 2 leave the
box. Since the neutral is spliced, this is not
going straight through.

= You have 4 - #14 conductors
= 4 x 2.00 = 8 inches cubed

Devices

Box Fill

n This takes care of your hots and neutrals.
Devices
#12's land on the receptacle

For a device, you take double the allowance of
the largest conductor landed on the devices

2 x2.25(#12) = 4.5
#14's land on the switch
2 x2.00 (#14) = 4.0
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Grounds

Box Fill

= Grounds

= You only need to take the largest size
s Thereis 2 - #10's, 1 - #12and 1 - #14
1x2.5 (#10)=25

Internal clamps and external connectors

Box Fill

a Clamps

= You have two external clamps
= NO ALLOWANCE REQUIRED

= Had this been internal clamps you would
have taken 1 x 3.00. No matter how
many internal clamps you have, take 1 x
the largest conductor in the box.

Box Fill

= Therefore
6 (# 8's passing through)
9 (#12's hots and neutrals on receptacle)
8 (#14's hots and neutrals on switch)
4.5 (receptacle - #12's on it)
4 (switch - #14's on it)

+ 2.5 (grounds - based on 1 - #10)
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Box Fill

34 Cubic Inches are needed.

= You could legally have a 4 11/16 x 2 1/8
square box contain the conductors/devices.

= No 4 square is big enough — maxes at 30.3

Box fill

= What is the minimum size square box is
needed for

s 4 - #14 phase conductors

= 3 - #12 phase conductors

= 2 - #10 phase conductors

= 2 - #10 equipment ground

= 2 - #12 equipment grounds
» 1 device attached to the #12
» 2 external clamps

= 2 internal clamps:

Box fill

= What is the minimum size square box is needed for
= 4 - #14 phase conductors = 4 x 2.00 = 8
= 3 - #12 phase conductors = 3 x 2.25 = 6.75
m 2 - #10 phase conductors = 2 x 2.50 = 5.00
= 2 - #10ground = 1 x 2.50 = 2.50 (only 1 needed)
m 2 - #12 grounds = 0 (#10 ground accounted for)
= 1 device = 2 x 2.25 = 4.50
= (twice the largest conductor attached to device)
= 2 external clamps = 0 = no allowance needed
= 2 internal clamps = 1 x 2.50 = 2.50

8.00 + 6.75 + 5.00 + 2.50 + 4.50 + 2.50 =29.25

Box fill
29.25 Cubic Inches

Go to box volume
make sure to look up correct box type
(round, square, device, masonry)

4 11/16 x 1 /2" has a 29.5 allowance.

411/16 x 2 1/8" and 4 x 2 1/8” would be legal
but would not be correct

= Pick minimum size needed.

= Do not pick largest box so that you are covered.

Box fill

= If box has #4 or larger, use 314.28
= Refers to this article in 314.16
u Straight Pulls
= Angle or U Pulls

If conductors are pulled straight through a
box, multiply the largest raceway by 8.
The product will be the minimum length of
the box to the opposite wall.

Box fill

Ex: A 3" conduit contains #10, #8 and #2
conductors. There is a pull box in the
middle of a straight run which has the 3”
conduit entering and leaving on opposite
walls would require at LEAST a 24"x24"
box (3” x 8) across.
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Box fill

= A box will angle or U bends

= (anything not straight through)
» Take the largest conduit on ONE side and multiply
it by 6.
= Add any additional conduits ON THE SAME SIDE
to it.

u This is the minimum dimension to the opposite
wall of the box.

= Technically must be done to all 4 sides.

Box fill

Ex: A pull box contains 1/0, #3's and #12's has:
1-2",3-1"and 2 — 3" conduit on the left side.
1-2", 3 - 1" on the bottom.

2 — 1" on the right.

Box fill

1-2",3-1"and 2 - 34" conduit on the left side.
1-2",3- 1" on the bottom

2 —1” on the right.

n Left side:
1 - 2" (largest size) = 2" x 6 = 12"
127+ 1"+ 1"+ 1"+ 34" + 34" =16 "

Box fill

1-2",3-1"and 2 — 34" conduit on the left side.
1-2",3 - 1" on the bottom
2 — 1" on the right.

= Bottom:
1-2"(largest size) = 2" x 6 = 12"
127+ 1"+ 1"+ 1"+ = 15"

Box fill

1-2",3-1"and 2 — 34" conduit on the left side.
1-2", 3- 1" on the bottom
2 — 1" on the right.

= Right side:
1-1" (largest size) =1"x6 = 6"
6” + 1”= 7Il

Box fill

= From Left side — 16 2" across
= From Bottom — 12" up
= From Right side — 7" across

= Smallest pull box would be 16 12".
= If in field, would just round up.
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Box Fill —314.16 (A) and (B)
Number of conductors of the same size in different boxes.

Number of conductors of different sizes in different boxes.

Other factors in determining box fill

Wire spliced/running straight through
Clamps

Internal/External
Devices

Grounds (Regular/Isolated)
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Sean Clark
901 Beechmeadow Ln. Cincinnati, Ohio 45238

(H)513/347-9054 (C)513/800-4450
sclark@ohiovalleyelectric.com

A licensed electrician with over twenty years of experience in installing, maintaining, and repairing
electrical wiring, equipment, and fixtures, ensuring that work is in accordance with relevant codes, fire
alarm installations, electrical control systems, and high voltage terminations. A licensed electrician with
three years teaching experience in first and second year electrical.

Summary of Qualifications

e More than twenty years experience.

e Three years experience in teaching first and second year electrical.

e Thorough knowledge of electrical systems including planning additions and modifications on secondary

circuits. Controls and low voltage wiring

¢ Able to read commercial electrical blueprints and apply NEC through the full range of commercial and

industrial maintenance and construction work.

e Can use appropriate tools and diagnostic equipment to repair, install, replace, and test electrical
circuits, equipment and appliances.

¢ Excellent ability to diagnose and repair electrical controls, industrial motor control centers, and

programmable logic controllers.

e Strong desire to study and comprehend new technology.

¢ In-depth ability to make mathematical computations.

e Considerable ability to explain instructions and guidelines to others effectively.

e Able to assign work to employees., prioritize the work of others and organize and coordinate the work

of the unit. For subs and Primes.

Professional Experience

Ohio Valley Electrical Services 2011-Present
ABC Electrical Teacher 2010-2013
Beacon Electrical Contractors 2007-2011
Ohio Valley Electrical Services 1993-2007

Electrical Superintendant/Foreman/Instructor

e First and Second year electrical instructor

e Supervision of all electrical installations of as many as 50 electricians to assure that work was
done safely, efficiently, properly and within time allowed.

e Trained multiple employees in all aspects of electrical work to be able to identify an employee's
strengths and weaknesses to better utilize their skills. Traced out short circuits in wiring, using
test meter.

e Coordinated and implemented electrical projects within a variety of environments including plants,
hospitals, schools, retail stores, public facilities, waste water treatment plants industrial buildings;
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projects include both new construction and underground electrical wiring as well as renovation
within existing buildings. Parking Garages and Fed Ex Ground Facilities.

Assemble, install, test, and maintain electrical or electronic wiring, equipment, appliances,
apparatus, and fixtures, using hand tools and power tools.

Connect wires to circuit breakers, transformers, or other components.

Construct and fabricate parts, using hand tools and specifications.

Diagnose malfunctioning systems, apparatus, and components, using test equipment and hand
tools, to locate the cause of a breakdown and correct the problem.

Inspect electrical systems, equipment, and components to identify hazards, defects, and the need
for adjustment or repair, and to ensure compliance with codes.

Plan layout and installation of electrical wiring, equipment and fixtures, based on job
specifications and local codes.

Test electrical systems and continuity of circuits in electrical wiring, equipment, and fixtures, using
testing devices such as ohmmeters, voltmeters, and oscilloscopes, to ensure compatibility and
safety of system.

Perform business management duties such as maintaining records and files, preparing reports
and ordering supplies and equipment.

Education & Certifications
Master Electrician License-State of Kentucky

Journeyman Electrician's License-Hamilton, Ohio
Fire Alarm License-State of Ohio
Certified in high voltage terminations and splices
Lift, Lull, Bobcat, and Boom/scissors lift licenses
OSHA-30 card
Certified in first aid and CPR training
Certified NCCER Core Curricula Instructor
Certified NCCER Electrical Instructor
Completed 4 year apprenticeship program
1 Year Pre-apprentice school (ABC)

High School Diploma (1991)

ARCH FLASH SAFETY TRAINING

PROJECTS-SUPERVISED
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$4.5mil.-MASON HIGH SCHOOL ADDITION
$250.000-3CDC-5™ RACE PARKING GARAGE
$250.000-AVONEDALE APT. COMPLEX
$100.000-MAHOGANYS AT THE BANK-
1.2mil. -PATHEON CHEMICALS
$450.000- FED EX GROUND ADDITION
$250.000-LIBERTY WAY PROJECT
$500.000-GE AT THE BANKS

$100.000 - SYCAMORE SCHOOLS/POWER/CONTROL-
$50.000 - NKU RETROFIT

$250.000- UC POWER PLANT ADDITION
$75.000 - 580BLD/ CHEMED, RETROFIT
$4.0mil - DHL- CONVEYERS/SHELL

$90.000- DOUBLE TREE AIRPORT

$2.5mil- TWIN LAKES OF MONTGOMERY

$45.000- STEINMART ANDERSON

And many small T&M jobs.

All on time and under budget
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File Attachments for ltem:

ER-3 Conductor Types, Ampacities, and Correction Factors (2023 NEC) (Independent Electrical
Contractors of Greater Cincinnati)

All certifications (4 hours)
Staff Notes:
ESIAC Recommendation:

Committee Recommendation:
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Department
of Commerce

Ohio

Mike DeWine, Governar Sheryl Maxfield. Director

Jon Husted, Lt. Gavernor Board Of BUI]dlng Standards

Application for Continuing Education Course Approval

Provider Informatlon

Name: J (’l///\ &///I J A

Organization: LEC _oF Greater Cincinnafr

Address: S8 Kass Run Drive Cocimnat7; , o H 453332

E-mail: K Collons @ iec-cin Cy + Com Telephone:_S73-5Y2 -CY2 0
Website: [ec-cinty. Com

Conference Sponsor (if applicable) Conference Email:

Check here if Course Renewal: Prior course number (i.e. BBS2018-429)

Renewals will only be granted for identical content and certifications, within the current code cycle.
Attach a copy of prior course approval letter for confirmation. No further information is required.

New Course Information: ‘ ,

Course title: LonducTor , V,O//s AM pac [fres ¢ Cofree 7’1/9,1'1 f/d 1 fors

Course instructor: Sean (I w K '

Course description:__evsci drkicle 3j0 of #he MEC, We wif Aiscuss  where
[‘////"" [ t 7L)_z ¢S O f/ {c Ao ,1/ ua%‘é’/ 5 _ayg 4 4q //r; we z// 4 /)r./".'" a //13 i/ C£/> f:/(. iwd //

N a’) :/,' i ’ rC dm 8l i / L8 ’/,'jg a4 (e /bx( e/ 5{511)’6474/ o A4 /f’/ff” £ '/;(”:/(X,Q €/ 7"&!/{"
andd »‘"}; uA & fJA/ e oA uc 'tli'f-‘ /N A (ea L”/Vl i 7"- :

Instructional hours per session: L/ Number of Sessmns 1

Course Date(s) and Location:__ TED - JEC of (Glcatry Loncinne

Special Content: __

Code Administration: Conference Course:

Existing Buildings: Conference Name:

Electrical Instruction: Conference location:

Plumbing Instruction:

Course to be offered online? I I On DemandD_ Webinar D

Course Website:
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation):

Course applicable for the following certifications

Residential Certifications Only: Commercial Certifications: IZ'
Administrative Course, All Certifications:

Application materials included:

Course Outline or Course Learning Objectives

Presentation Materials/Slides (not required for roundtable courses)
Assessment Materials (for online courses)

Presenter Bio

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov

Ohio Board of Building Standards 10/7/2022 Form No. 216
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Ampacities Ampacities
Article 310.15 & 16 »310.15(B)(16)

Ampacities

= How many amps is Al THW-2 #4 good for?
a Go to right half of the chart (Aluminum conductors)
= Find THW - 2 in the categories at the top
= Use the 90 degree C column
= Find #4 on the far right side
= Find where that column and the #4 row cross.

= 75 amps

Ampacities

= Copper vs. Aluminum

= Use wire insulations

= DONT WORRY ABOUT LUG RATING

How many amps are each of the following
good for:

= 3/0 RHW AL

s #3 UF Cu

= 4/0 RHW-2 Cu




Ampacities

= Copper vs. Aluminum

s Use wire insulations

= DON'T WORRY ABOUT LUG RATING

How many amps are each of the following
good for

= 3/0 RHW AL - 155

s #3 UF Cu - 85

= 4/0 RHW-2 Cu - 260

Ambient temperature —
310.15(B)(2)(a)

| v

Ambient temperature

= Outside temperature, this is different than
temperature rating of wire
= Celsius on left — Fahrenheit on right
= Make sure to answer in correct temperature
» Ex: Use the same example we had before
u Al THW-2 #4 in 77 degree C ambient temperature
= Take your initial amps that you found (75 amps)
= Apply the ambient temperature factor (.41)
= It will be in the same column as the initial amp finding
= Find the ambient temperature on the edge of the chart
= Could be left side (C) or right side (F)
= Multiply the amps by the ambient temperature correction
factor

s 75 x .41 = 30.75 amps

Ambient temperature

= Determine the ampere rating for each of the
following conductors:

= 3/0 RHW Al in 42 C ambient temperature
= #3 UF Cu in 90 F ambient temperature
m 4/0 RHW-2 Cu in 75 F ambient temperature

Ambient temperature

Determine the ampere rating for each of the
following conductors

= 3/0 RHW Al in 42 C ambient temperature
= 127.1 amps - correction factor of .82

s #3 UF Cu in 90 F ambient temperature
u 77.35 amps - correction factor of .91

u 4/0 RHW-2 Cu in 75 F ambient temperature
= 270.4 amps - correction factor of 1.04

You can exceed the rating of 310.15(B)(16)
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Adjustment factors - derating

» 310.15(B)(3)(a)

Tabyke 310,500 i) Adjostment Facturs for More Than
anductoe

Three Curvent-Carrying Candy a Raceway or Cable

Number of
Conductors*

"Number of condactons is the il sumber of conductors in the race-
way o cuble whusted i accordance with 319 15BYS) amd (61,

Adjustment factors - derating

s Based on number of current carrying conductors

= HAS NOTHING TO DO WITH TYPE OR SIZE OF
CONDUIT

s 4 - #18 conductors in 6” Rigid would still be derated

= Ex: Use the same wire as before.

» What is the ampacity of 11 - Al THW-2 #4

= Take initial ampacity (75 amps)

= Use 310.15 (B)(3)(c) to apply the correction factor
= 10 - 20 has a factor of 50% (.5)

m 75x.5 = 37.5 = 38 Amps

Adjustment factors - derating

Determine the ampere rating for each of the
following conductors:

= 5-3/0 RHW Al
m 21 - #3 UF Cu
= 8 - 4/0 RHW-2 Cu

Adjustment factors - derating

= Determine the ampere rating for each of the
following conductors

= 5-3/0RHW Al
= 124 amps — derate at 80%

s 21-#3 UF Cu

= 38.25 amps — derate at 45%
= Have to round down to 38 amps — decimal below .5

= 8 -4/0 RHW-2 Cu
= 182 amps — derate at 70%

Combining factors for derating

= If taking into account ambient temperature
and correction factor (derating) you must
apply BOTH not the greatest of the two.

= Ex: 11 - AITHW-2 #4 in 77 degree C ambient
temperature
= 75 amps (off 310.15(B)(16))
= .41 (ambient temp)
= .5 (derating chart, 310.15 (B)(3)(a)
= 75x.41 x.5 = 15.375 = 15 amps

= Each conductor is only good for 15 amps

Combining factors for derating

= Determine the ampere rating for each
of the following conductors:

= 5-3/0 RHW Al in 42 C ambient temperature
= 21 - #3 UF Cu in 90 F ambient temperature
= 8 -4/0 RHW-2 Cu in 75 F ambient temperature
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Combining factors

= Determine the ampere rating for each of
the following conductors

= 5-3/0 RHW Al in 42 C ambient temperature
= 155x.82 x .8 = 101.68 = 102 amps

= 21 - #3 UF Cu in 90 F ambient temperature
= 85x .91 x .45 = 34.8075 = 35 amps

= 8 - 4/0 RHW-2 Cu in 75 F ambient temperature
= 260 x 1.04 x .7 = 189.28 = 189 amps

Dwelling Service Chart
310.15(B)(7)

= 83% Rule
= Only for dwelling purposes
= 100 amps through 400 amps
= Must feed entire load
= Single phase or single phase from a 3 phase
system

Rephrased — Same Values

s 83% Rule
= Take rating of service and multiply by .83 (83%)
= Ex. 200 amp service

= 200 x .83 = 166

= Refer to 310.15(B)(16) — Main Ampacity Chart
= Find conductors rated for at least 166 amps
= Unless noted, use 75 degree column and copper

Dwelling Service Chart
310.15(B)(7) — page 800

Table 310.15(BX7) Conductor Types and Sizey for
l_.‘(vllﬂ-\'ul(. 3-Wire, Single-Pliase Duellbig Services and
Feeders. Conductur Types RHH, RHW., RUIW-2, THHN,
THRW, THW, THW-2, THIVN, THWN-2, XHHW,
XHHW-2, SE, USF, USE-2 ’

Conductor (AWG or kemil)

Alsminum or

Service or Feeder Copper-Clad
Ratiog (Amperes) Copper ,\{:.?r:imnu
100 ' :
19 3 |
125 2 4
] i b
175 14 i
200 0 ol
i An 250
250 W ko
30 250 150
330 iso 500
400 A 800

Dwelling Service

What size copper conductors are needed for a
150 amp residential single phase service?

46




Dwelling Service

What size copper conductors are needed for a
150 amp residential single phase service?

150 x .83 = 124.5 amps

#1 is good for 130 amps

Table 310.15(BX7) Conductor Types and Sizes for
1207240-olt, 3-Wire, Single-Phase Dwdlling Services and
Iimlun. Conductor Types RHH, RIW, RHW.2, THHN,
THHW, THW, THW-3, THWX, THWN-2, XHHW,
XHHW-2, SE, USE, USE-2 '

Conductor (AWG or kemil)

Servceor Fesder Copperhod
Rating (Ampervs) Copper Ahsminum
100 4
no 3 I
125 2 (|
150 | 20
175 1 2]
({4 20 0
25 30 230
23 40 3
30 "0 3
350 0 s(:g
460 460 600

Ampacities

= 310.15(B)(16) vs. 310.15 (B)(7)
u 310.15 (B)(7) is for 120/240, 3 wire, single
phase dwelling services and feeders
= Ex. Houses, apartments
= Feeders is a bit deceptive
= Notice the difference in ampacities!
= 200 amp Dwelling feeder is permitted to be
4/0 AL
=On 310.16 if you needed 200 amps on Al wire,
you would need 250 kemil
= Only refer to 310.15 (B)(7) when all stipulations are given.

Conductor Properties

= 310.4 (A)
= Gives trade name and type letter

a Maximum operating temperature
» Conductors may have different operating
temperatures in different environments

u See type ZW
= Insulation
= Outer covering

Conductor Properties

= 310.4 (A)
= Which conductor is good for switchboard
and switchgear wiring only?

s A ZW C. MTw
= B. SA D. TBS
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= 310.4
= Which

Conductor Properties

(A)

conductor is good for switchboard

and switchgear wiring only?

n A ZW C. MTW

= B. SA

D. TBS
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Box and conduit fill — derating
9/17/09
5-8 PM

5P.M.

Box Fill
By applying 310.14, you need to know how many conductors you can legally fit
in a metal or plastic box. Devices and supports can also affect your calculation

6 P.M.

Sizing conduits
By using tables 4 and 5 in the NEC you can calculate the total area of the
conductors you are running as well as the allowable space inside of different types
and sizes of conduits

7 P.M.

Derating ampacities
310.15 (b)(2) lessens the ampacity allowed for conductors once you have put
more than 4 conductors in a raceway. We will look at common derating factors
and apply them to normal construction applications.
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Sean Clark
901 Beechmeadow Ln. Cincinnati, Ohio 45238

(H)513/347-9054 (C)513/800-4450
sclark@ohiovalleyelectric.com

A licensed electrician with over twenty years of experience in installing, maintaining, and repairing
electrical wiring, equipment, and fixtures, ensuring that work is in accordance with relevant codes, fire
alarm installations, electrical control systems, and high voltage terminations. A licensed electrician with
three years teaching experience in first and second year electrical.

Summary of Qualifications

e More than twenty years experience.

e Three years experience in teaching first and second year electrical.

e Thorough knowledge of electrical systems including planning additions and modifications on secondary

circuits. Controls and low voltage wiring

¢ Able to read commercial electrical blueprints and apply NEC through the full range of commercial and

industrial maintenance and construction work.

e Can use appropriate tools and diagnostic equipment to repair, install, replace, and test electrical
circuits, equipment and appliances.

¢ Excellent ability to diagnose and repair electrical controls, industrial motor control centers, and

programmable logic controllers.

e Strong desire to study and comprehend new technology.

¢ In-depth ability to make mathematical computations.

e Considerable ability to explain instructions and guidelines to others effectively.

e Able to assign work to employees., prioritize the work of others and organize and coordinate the work

of the unit. For subs and Primes.

Professional Experience

Ohio Valley Electrical Services 2011-Present
ABC Electrical Teacher 2010-2013
Beacon Electrical Contractors 2007-2011
Ohio Valley Electrical Services 1993-2007

Electrical Superintendant/Foreman/Instructor

e First and Second year electrical instructor

e Supervision of all electrical installations of as many as 50 electricians to assure that work was
done safely, efficiently, properly and within time allowed.

e Trained multiple employees in all aspects of electrical work to be able to identify an employee's
strengths and weaknesses to better utilize their skills. Traced out short circuits in wiring, using
test meter.

e Coordinated and implemented electrical projects within a variety of environments including plants,
hospitals, schools, retail stores, public facilities, waste water treatment plants industrial buildings;
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projects include both new construction and underground electrical wiring as well as renovation
within existing buildings. Parking Garages and Fed Ex Ground Facilities.

Assemble, install, test, and maintain electrical or electronic wiring, equipment, appliances,
apparatus, and fixtures, using hand tools and power tools.

Connect wires to circuit breakers, transformers, or other components.

Construct and fabricate parts, using hand tools and specifications.

Diagnose malfunctioning systems, apparatus, and components, using test equipment and hand
tools, to locate the cause of a breakdown and correct the problem.

Inspect electrical systems, equipment, and components to identify hazards, defects, and the need
for adjustment or repair, and to ensure compliance with codes.

Plan layout and installation of electrical wiring, equipment and fixtures, based on job
specifications and local codes.

Test electrical systems and continuity of circuits in electrical wiring, equipment, and fixtures, using
testing devices such as ohmmeters, voltmeters, and oscilloscopes, to ensure compatibility and
safety of system.

Perform business management duties such as maintaining records and files, preparing reports
and ordering supplies and equipment.

Education & Certifications
Master Electrician License-State of Kentucky

Journeyman Electrician's License-Hamilton, Ohio
Fire Alarm License-State of Ohio
Certified in high voltage terminations and splices
Lift, Lull, Bobcat, and Boom/scissors lift licenses
OSHA-30 card
Certified in first aid and CPR training
Certified NCCER Core Curricula Instructor
Certified NCCER Electrical Instructor
Completed 4 year apprenticeship program
1 Year Pre-apprentice school (ABC)

High School Diploma (1991)

ARCH FLASH SAFETY TRAINING

PROJECTS-SUPERVISED
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$4.5mil.-MASON HIGH SCHOOL ADDITION
$250.000-3CDC-5™ RACE PARKING GARAGE
$250.000-AVONEDALE APT. COMPLEX
$100.000-MAHOGANYS AT THE BANK-
1.2mil. -PATHEON CHEMICALS
$450.000- FED EX GROUND ADDITION
$250.000-LIBERTY WAY PROJECT
$500.000-GE AT THE BANKS

$100.000 - SYCAMORE SCHOOLS/POWER/CONTROL-
$50.000 - NKU RETROFIT

$250.000- UC POWER PLANT ADDITION
$75.000 - 580BLD/ CHEMED, RETROFIT
$4.0mil - DHL- CONVEYERS/SHELL

$90.000- DOUBLE TREE AIRPORT

$2.5mil- TWIN LAKES OF MONTGOMERY

$45.000- STEINMART ANDERSON

And many small T&M jobs.

All on time and under budget
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File Attachments for ltem:

ER-4 Dwelling Circuit Requirements (2023 NEC) (Independent Electrical Contractors of Greater
Cincinnati)

All certifications (4 hours)
Staff Notes:
ESIAC Recommendation:

Committee Recommendation:
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Department
of Commerce

Ohio

Mike DeWine, Governor Sheryl Maxfield, Director

Jon Husted, Lt, Governor Board of BUIldIng Standards

Application for Continuing Education Course Approval
Provider Information:
Name: Wevin Glfias
Organization: lEC _oF  Greater Cincinnafr
Address: 588 Winss Run_ Drive Cacimnati , o H Y5333

E-mail: K ColVors @Q/"C’c— CINCY + Com Telephone:_S)3-5Y2 -OY2 0
Website: [ec-Cinty. Com

Conference Sponsor (if applicable) Conference Email:

Check here if Course Renewal: Prior course number (i.e. BBS2018-429)

Renewals will only be granted for identical content and certifications, within the current code cycle.
Attach a copy of prior course approval letter for confirmation. No further information is required.

New Course Information:

Course title: I)'::,/c‘. ng ( jfg m } ﬁ Cquill A Aen ll/ 5

Course instructor: Scan  Clark

Course description:___Keview Articl, 210 of H+he NEC. e w2l o iscusSs

[CLCEp r’ C l € ¢ S/ fLC/1 /o ‘Crfl f; ‘en feqijre A Aen rs n_a /.7/ i'.-/fff ling _as

Lt /] ' 78S .‘“L".'L'/ u",c.’ C/rlui ‘/”V}/ in_ g (f/pr ("///f/?;) 7

Instructional hours per session: Y Number of Sessions: 1

Course Date(s) and Location: 3 /c)é/ 2U-  |FC of _ﬁf,m ter  Cncinnaftl

Special Content: _

Code Administration: Conference Course:

Existing Buildings: Conference Name:

Electrical Instruction: Conference location:

Plumbing Instruction:

Course to be offered online? I | On Demand_D_ Webinar D

Course Website:
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation):

Course applicable for the following certifications

Residential Certifications Only: Commercial Certifications: IZI
Administrative Course, All Certifications:

Application materials included:

Course Outline or Course Learning Objectives

N Presentation Materials/Slides (not required for roundtable courses)
Assessment Materials (for online courses)

Presenter Bio

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov
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RESIDENTIAL N.E.C.
REQUIREMENTS

2/19/2024

Services - general
@ 230.2 - Only one service per building

a Several exceptions - unlikely to apply to dwellings
= Too large
* Different voltages
* Different rate schedules

Services - general

@ Must be suitable for service entrance equipment
s Bonding ground and neutral
* Only one time
s Main breaker must be secured in place
* Wording is back fed devices - 408.36(D)
= Height of main breaker 6’7" to top - 404.8(A)

SUITABLE
FOR SERVICE
ENTRANC

-E
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2/19/2024

Services - Clearances

= 230.24 (B) Vertical Clearance

@ Voltages are one phase to ground
= 10 feet
o Pedestrian only, 150 volts to ground
= 12 feet
= Not subject to truck traffic, 300 volts to ground
= 15 feet
o Same as 12, over 300 volts to ground
= 18 feet
= Over public streets, subject to truck traffic
= 247 feet
= Over railroad tracks

(B) Vertical Clearance for Overhiead Service Conduc-

tors. Overbead service conductors, where not in excess of

600 vulis, nominal. shall have the following mininmim

clearance from final grade

1) 30 m 10 fo — at the electrical service entrance 1o
buildings, also at the fowest pomt of the dap toop of
the building clectrical emrance, amd above sreas or
sulewaiks
frosm final
ovethead service conductorns supported on and cabled
together with a grounded bare messenger where the
voltage docs not exceed 150 volts o gmund

cessible only w pedestrians, measered
ade or other accessibbe surface only for

(2) L7 m (12 ) — over residential property and drive-
ways, and those commercial areas not subject 1o truck
traffic where the voltage does not exceed 300 volis t
ground

G145 m U8 1) — for those areas histed in the 3,7-m
A2 classification  where  the voltage  exceeds
300 vokts to groumd

5.5 m (18 1) — over public strects, afleys. roads, park

reas subject 10 truck traffic, driveways on other
sidential property, and other land such as culti-
zing, foresl and prchagd

Services - Clearances

@ 230.9 - Clearances on buildings
= Open conductors - 3 feet from attainable locations
* Exception - above a window
s Vertical Clearance - platforms, etc.
s Roofs
* 8 feet - normal roofs - maintained for 3 feet in all directions
* Exception 1 - pedestrian traffic (patio, etc.)
+ Then normal clearances
= Exception 2 - only 3 feet needed
* Less than 300 volts
* 4/12slope
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Services - Conductor Installation

@ 230.50 (1) - Underground protection against
physical damage when emerging from grade

= Rigid metal, IMC, Schedule 80 PVC, EMT

2/19/2024

225.27 Raceway Seal

A raceway seal is required at outside underground branch circuit and feeder
raceways entering a building

- Where a raceway enters a building
or structure from an underground
distribution system, it shall be
seaied in accordance with 300.5(G)

- Spare or unused raceways shail
also be sealed

- Sealants shall be
y identified for use
with the cable
insulation, shield or
other components
Courtesy of
Gardaer Bender

Services - Conductor Installation

m Overhead conductors

@ 230.51 (A) - mounting supports
= 12” from “ends”
= 30” intervals

= 230.54 (C)
= Service heads above point of attachment
= If impracticable - has to be less than 2 feet
= 230.54 (F)
= Drip loops - Duke requires 3’ minimum
= Neutral needs to be bare - Duke requirement

Services - Underground

@ 300.5 Underground Installations
= (D)(1) Emerging from grade
o 8 feet above
= 18 inches below
= (D)(3) Service conductors
o If not in concrete and buried 18 inches or more
* Warning ribbon - 12 inches above conductors
= (F) Backfill - clean
= (J) Earth Movement - “S” loops
If conduit enters building from outside, it must be sealed
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Services - Conductor Installation

® 225.17 (A) Mast Support -

® Hubs must be identified for use with service
equipment.

m Can't attach conductors to a mast above a
coupling if no support above it (floating
coupling)

@ Same in section 230 (services)

230.29 Supports over Buildings. Service conduclors passing over a roof
shall be securely supported by substantial structures. For a grounded
system, where the substantial structure is metal, it shall be bonded by

means of a bonding jumper and listed connector to the grounded overhead
service conductor. Where practicable, such supports shall be independent

of the building.

Service - size & metering

@ 230.79 (C) - 100 amp for one family dwelling
= 230.79 (D) - 60 amp - others

@ Meter must be placed outside unless approved
by Duke

@ Meter height 4 %2’ - 54’ to center - Duke

2/19/2024
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Table 310.15(B)(6) Conductor Types and Sizes for
120/240-Nolt, 3-Wire, Single-Phase Dwelling Services and
Feeders. Conductor Types RHH, RHW, RHW-2, THHN,
THHW, THW, N-2, XHHW,
XHHW-2, SE, USE, USE-2

Conductor (AWG or kemil)

Aluminum or
Copper-Clad Service or Feeder

Copper Aluminum Rating (Amperes)

4 2 0
3 1 110
b ] 125
i 20 150
1.0 30 175

20 40 200

30 250 23

40 300 230

250 350

30 500

400 600

2/19/2024

After many cycles of debate, the provisions for sizing dwelling unit service (and
main power feeder) was expanded to allow for 208Y/120-volt single-phase
systems.

Keep in mind this is only for the single-phase component of a three phase
208/120 volt system.

s Many users liked the simplified residential dwelling ampacity table and this was
added back to the Annex D7. (Previous Table 310.15(B)(7) in 2014 ).

Explanatory language added to address the permitted application of correction
or adjustment factors required by 310.15(B){2}(a) (Temperature Correction
Factors) or 310.15(B){3){a) (More Than Three Current-Carrying Conductors)
applied to the ampacity associated with the temperature rating of the
conductors

New informational note added with direction to 240.6{A) for service ratings
based on standard ampacity ratings for application of 310.15(B)(7)

(7) 420/240-Volt; Single-Phase Dwelling Services and Feeders.

For one-family dwellings and the individual dwelling units of two-family and
multifamily dwellings, service and feeder conductors supplied by a single-
phase, 120/240-volt system shall be permitted to be sized in accordance
with 310.15(B)(7)(1) through (4).

Single-phase feeders from a 208Y/120 volt system shall be permitted to
use 310.15(B)(7)(1) through (4).

For a service rated 100 through 400 A amperes, the service conductors
supplying the entire load associated with a one-family dwelling, or the
service conductors supplying the entire load associated with an individual
dwelling unit in a two-family or multifamily dwelling, shall be permitted to
have an ampacity not less than 83 percent of the service rating...

Continued on next slide.. o

(=

310.15(B)(7) Dwelling Unit Services and Feederg

1 $1andNT snice

Services - Disconnecting Means

@ 230.70 (1) - Readily accessible location
= Nearest point of entrance
= No six foot rule

= Service conductor protection
* Not necessarily panel

= Don’t putin:

= Bathrooms

= 240.24(F)
= Vicinity of easily ignitable material - clothes closets
° Located above steps

Services - Disconnecting Means

@ 230.70 (1) - Readily accessible location
= Working clearance

a 3 feet depth - 120/240 volt - 110.26

= Equipment may not extend 6” beyond the front
= Be careful of trough
* Meters are exempt

s Width - panel width or 30”
+ Can infringe upon other panel space

= Headroom - 6'6” or ceiling (whichever is greater)
= Existing dwellings (service changes) exempt from 6’6" if

panel is 200 amps or less
= Door opens 90 degrees
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Exception: This requirement shall not apply to service panelboards with
provisions for more than one service disconnect within a single enclosure as

408.3(A)(2) Barriers at Service Panelboards

Barriers required in all service panelboards, switchboards, and switchgear
such that no uninsulated, ungrounded service busbar or service terminal
is exposed to inadvertent contact by persons or maintenance equipment
while servicing load terminations

Schneider Electrc

P

itted in 408.36, Exceptions No. 1, 2, and 3

e New requirement to provide barrier in all service panelboards such that
no uninsulated, ungrounded service busbar or service terminal be
exposed to inadvertent contact by persons

Helps with arc-flash concern and lowers incident energy if energized
work performed on load side of main.

* Requirement came from Canadian Electrical Code.

An exception was also added eliminating the barriers at panelboards
installed to comply with the requirements of 408.36, Ex. No. 1,2, and 3

o Exceptions to 408.36 address the “six means of disconnect” rules and
the old “split-bus” panelboards that could be present

rec

2/19/2024

110.26(A)(3), Ex. No. 2 Height of Working Space @

Il R ——— ™
! ! Meters permitted to extend
i I " into the required working

space for electrical equipment

Violation if
equipment
infringes on
required
working space

more than 150 ! |
mm (6 in.)

| 180 mm (6 in.}
| | maximum
+ intrusion into
i « warking space

N i e T P, ™

60




Services - Disconnecting Means

@ 230.70 (1) - Readily accessible location

o [llumination - must be Lit
= No automatic devices unless able to be overridden
e Dedicated equipment space

* 6 feetabove equipment

* Also applies outdoors

= Up - On, Down - Off - 404.7

2/19/2024

110.26(D) Illumination About Electrical Equipment {3

« lllumination required

« Additional luminaire not
required where space is
illuminated by adjacent
light source

+ Lighting sources for
working spaces about
electrical equipment
cannat be controiled by
automatic means only

llumination shall be provided for all working spaces about service equipment,
switchboards, panelboards, or moter control centers installed indoors

G 11
——ed

w

Service - Panel

m 230.71
= Six switch rule
= Intersystem bonding
= Marking of circuits - not arbitrary
= Handle ties required on shared neutral
* Red and black conductor in cable must have common trip.
= Tie wrap neutral with circuit conductors

= Not needed if you can tell in panel
= same cable, distinct size, etc.
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Grounding - 250.52

® Metal Frames of buildings
@ Concrete Encased Electrodes - footer
u 20 feet / #4
= Listed connector
@ Rod and Pipe
= Supplemental - #6
= You probably don’t need it.
= Only if metal underground water pipe
= Only if no other means available
@ Other Local metal underground systems
=@ Do not ground metal underground gas piping
systems

o Third item added to the list of objects that are prohibited from being
used as a grounding electrode at 250.52(B) (cont.)

® Items that shall not be used as a grounding electrode include:
— Underground gas piping systems
— An aluminum electrode

~ Structures and structural reinforcing steel of an in-ground
swimming pool

TEC

The provisions of 680.26 for equipotential bonding are to reduce voltage gradients
(difference of voltage potential between two conducting objects), not to establish a
grounding electrode system for a building or structure

The structures and structural
reinforcing steel of an in-ground
swimming pool as described in
680.26(B){1) and (B)(2) are
prohibited from being used as a
grounding electrode

5 C
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Grounding - sizing

@ 250.66

@ Grounding electrode conductor (water pipe)
= Contact with earth for at least 10 feet

= Hit within 5 feet of entrance

= Jump the meter

Based on largest ungrounded conductor, not
ampacity

Typical - if pulling normal conductors

100 amp - #2 Al conductor - #8 Cu ground
150 amp - 2/0 Al conductor - #6 Cu ground
200 amp - 4/0 Al conductor - #4 Cu ground

O]

B O EE

2/19/2024

Cables - Underground

@ 300.5 Underground Installations
= (B) Wet locations - Contains Letter W
= (C) Under a building - raceway

If conduit enters building from outside, it must be sealed

m Can’t run Romex in conduit to enclosure
= Sleeve OK
= Must have a connector

o Low voltage lighting is at voltage levels at 50 volts or below which is less
a safety hazard.

e Conflicts is resolved between manufacture instructions that in many
cases allows for a reduced wiring depth on the secondary of a
transformer than what is required in Table 300.5.

o Added new footnotes to Table 300.5 allowing reduced depths for listed

low-voltage lighting system and for pool and spa lighting when included
as part of a listed low-voltage lighting system.

r1EC

Table 300.5 Minimum C. 15 1000 Voits, Nominal, Burial in Millimeiers (inches)
Cotemn 5 Grests
4 e focContrdof |
{ irptonnd |
| ot Choun Raind 120
o 1bea | Comm 0 b | g T Ve | Lo g
[ s bt Bwia Wihout  GRCiRetection snd | SRSV |
Conductors | ke Motad o iy oo
S [ T
Approved Racowsys Protection of 20 =
mpren e
Location of Wiring Mothod or
Cirwit
wm n m omm @ omm
i bcations net paclnd b W 150 O O
I trenuls balow S0 mem (2 1) thick cona ete of equivalent 150 1w 150 6 300 12 150 3 150 6
[
Undor s building ° [l o o o o o o o o
Under misimum of 102 e (4 i) thich concrete saterlr Lo i 100 4 100 4 150 3 150 &
han 152 mm (6 in) bevond the sndarg cund atafaticn T e 4 1w .
Undes streeds. highuays. 10395, abeys, diivewars, and
by 00 w0 24 | e0 2 | e w0
Dna- 20 two-famiy dvaling dlvemys and outoot
e . s om 40w a0 w0 w2 s ow
s a0 e | o a8 | e w2 s s

*A lessar dapth shail bo pormitted whars specifed I the Installation instructions of a listed law-voitage lighting system.

*Adepth of 150 mm (6 in, shall be parmitted for pool, spa, and fountain [ighting, installed in a nonmetaliic raceway, limited ta net more than 30

Yolts where part of togs

1EC
Ay
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Cables - General

300.4 - Bored Holes
1 ¥4 from edge
1/16" protector plate ~ also notched studs

300.4 - NM through metal framing members
must have grommets completely around

300.22 (B) - Plenums

Bundles of cables run through holes
derating

NM Cable

@ 334.12 (B)(4) Uses not permitted
= Wet or damp locations

= Allowed to use in garages (attached and detached),
accessory and storage buildings

@ 334.15 (C) Unfinished basements under joists
= Two - #6 AWG
= Three - #8 AWG
» Running boards or bored holes

@ 334.30 Securing and supporting

w127/ 4V
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NM Cable Support

@ 334.30 (A)

= Horizontal Runs through Holes and Notches
@ 314.17 (C) Nonmetallic boxes

= ¥,” sheath in box

= 8” if cable not supported by box
@ Unsupported Cables

= Fishing

= 41/ for fixture within an accessible ceiling

S P Tt -
¥

Boxes - general

Boxes must have backs for electrical
Not needed but allowed for data
Divider for double gang box

Close all unused openings

B E&E & @

All boxes must have covers and be accessible
= Doorbell transformers in basements

@ Weatherproof boxes/bell boxes

= Wet and damp locations

Boxes - fixtures

@ Ceiling fan boxes must be listed
= 70 Ibs max
= Must show max weight if above 35 lbs
= Weight stamped inside of box - 2014
= If running 3 wire to ceiling box it must be rated for a
fan - if a fan is possible
@ Vertical surface outlets (wall sconce)
= 6 Ibs. or less- can use device box
= Not allowed for ceiling mount

314.27(C) Boxes at Ceiling Fan Outlets OI

Al single or multi-family dwellings, s . separately switched, ungrounded
conductors at ¢ g-mounted outiet boxes {in a location acceptable for a
ceiling fan) raguire outiet box or system listed for sole support of a celling-
suspended (paddie) fan

1473 With Ground |
e I 8

Spare, separately switched,
ungrounded conductar
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Circuits required

@ Small appliance circuit - 20 amp
= 2 for counters, can also hit dining room
= No other receptacles

= Not more than one kitchen is allowed
e Definition of a kitchen

@ Laundry circuit - 20 amp
= Typically washing machine

@ Bathroom circuit - 20 amp
= All bath receptacles OR
= All circuits in ONE bathroom
= NOT BOTH

2/19/2024

N (4) Garage Branch Circuits. In addition lo the number of branch circuils
required by other parts of this section, at least one 120-volt, 20-ampere
branch circuit shall be installed to supply receptacle outlets in attached
garages an in detached garages with electric power. This circuit shall have
no other outlets.

Exception: This circuit shall be permitted to supply readily accessible
outdoor receptacle outlets.

Circuits required

= 2,200 square foot house with 400 square foot
room addition, 600 square foot garage.

@ Total of 2,600 square feet (no garage)
@ 2,600x3=7,800VA

® You need 7,800 total volt amps of lighting,
general receptacles

@ 7,800 VA/120 V = 65 amps
@ 65amps/15 amp breakers=4.3

® You would have to have AT LEAST 5 - 15amp
breakers for lighting, general recepts. Etc.

Circuits required

@ Lighting and general purpose receptacles
= All lighting
= Bedroom receptacles
= Living room/rec room/ etc. receptacles
= Hallway
= Outdoor
= Garage

Circuits required

@ Take square footage of house
= Measure on the outside
= Do not include
= Garages
o Open porches/decks
= Space not adaptable for future use /crawl spaces
@ Multiply by 3 (VA)
® Divide by 120 (your voltage)
= Divide by breaker size (typically 15)

Circuits required

@ How many general purpose receptacles are
you allowed to put ona 15 amp circuit?
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Circuits required

@ How many general purpose receptacles are
you allowed to put ona 15 amp circuit?

No Limit

(2) Wall Space. As used in this section, a wall space shall include
the following:

(1) Any space 600 mm (2 ft) or more in width (including space
measured around corners) and unbroken along the floor line
by doorways and similar openings, fireplaces, and fixed
cabinets that do not have countertops or similar work surfaces

(2) The space occupied by fixed panels in walls, excluding sliding
panels

(3) The space afforded by fixed room dividers, such as free-
standing bar-type counters or railings

2/19/2024

Required receptacles

@ Kitchens (wall space), family rooms, dining
rooms, parlor, bedroom, recreation room, etc.
= 6 foot rule
= 2 foot or wider wall sections

a sections broken by doors, fireplaces, etc
= Fixed door panels apply
= Railings apply
= Floor receptacles - less than 18” off the wall
o Wall receptacles - less than 5 %2’ above the floor

Changes have been made to clarify = e
that countertops must be included o
when calculating wall space.

Kitchen type cabinets, bar area
countertops, and home office 14
counters are all considered wall ‘s . ARt

space. _ \

Key term is “fixed cabinets”. $

At rough-in inspection, inspector
should verify blueprints to see
where cabinets are located to
clarify areas that are not
considered wall space.

Required receptacles

@ Do not count as part of required receptacles
s Part of a luminaire or appliance
= Controlled by a wall switch
= Unless half switched
= In cabinets or cupboards
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Required receptacles

= Islands
= At least one if greater than 24" and 12"

= Can count as two separate spaces is broken by sink, range,
etc.

* Not considered broken if more than 12” of counter behind.
= Peninsula
a At least one if greater than 24" and 12"
* Measured from wall
o Same rules as islands

0 getraL
o S Y

MBS 3 P e
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Required receptacles

= Kitchens countertops
o 2’ rule
= Spaces are broken by sinks, ranges, etc.
* Does not apply if sink is:
* Straight sink is more than 12” off back wall
+ Corner sink is more than 18” off back wall
° Any space wider than 12
s Must be 20” or less above countertop

(3) Peninsular Countertop Spaces. At least one receptacle outlet
shall be installed at each peninsular countertop long dimension
space with a long dimension of 600 mm (24 in.) or greater and a
short dimension of 300 mm (12 in.) or greater. A peninsular
countertop is measured from the connected perpendicular wall.

14 ¢

Required receptacles

= Kitchens
= For physically impaired or flat counter (no backsplash)
* Can be located below counter if less than 12"

* Doesn’t apply if counter extends 6 or more inches over base

a Kitchen counter receptacles can not face up
* Not permitted anywhere

2014 NEC

Peninsular countertop long
dimension is measured from
the “connecting edge”

2017 NEC

Peninsular countertop long
dimension is measured from
the “connected perpendicular
wall"
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Required receptacles

@ Appliance receptacles within 6" of appliance
= Laundry equipment
= Refrigerator

@ At least one receptacle in laundry

@ Bathrooms
= Atleast one - within 3’ of outer edge of each basin
= Can be located not less than 12” below counter.
= Listed receptacles may be used (pop up)

210.52(C)(5) and 210.52(D)

@ Dwelling Unit Receptacle Outlet Locations:

= Listed receptacle outlet assemblies are now permitted to
be installed on or in kitchen and bathroom countertops to
serve as the required countertop receptacles

s Receptacle outlets must be located on, or above the
countertop

= Applies to countertops in bathrooms, kitchens, pantries,
breakfast rooms, dining rooms, and similar areas of
dwelling units

= Receptacles shall not be installed in a face-up position in
countertops or similar work surfaces [406.5(E)]
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Required receptacles

= Outdoors
s One in front and back
* Not more than 6 1/2’ above grade
* All covers in use covers
* Extra Duty
* Clear “bubble” covers no longer allowed
= Balconies, Decks, Porches
= One required if
* Accessible from inside the dwelling
* Any size, 20 square foot reference removed in 2011
e If required, it must be
* Accessible from the balcony
* Less than 6 %' above surface

Required receptacles

= HVAC equipment
© Within 25’ of HVAC or refrigeration equipment

= Receptacles can perform double duty

= Receptacles must be readily accessible from grade level
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210.52(I) Foyers

“ o 5 ®
» |
- =25m+ j
o = { @n ‘ < Dining
= Living ] Foyer Area
. Area ] S
- [» =37m i
| 720
- g 1. @
Hallway
@ e Kitchen

Fayers that are not part of a hallway having an area that is greater than
5.6 m' (60 R%) are required to have a receptacle(s) located in each wall
space 900 mm (3 ) or more in width

Required receptacles

= Hallways
© Need only one if hallway is 10" or longer
s Passing through a door constitutes new area

= Foyers
= Need at least one in each wall space 3 feet or wider
* Does not fall under the 6 foot rule
o Applies if foyer is 60 or more square feet

Required receptacles

= Garage

= Receptacles for specific equipment do not count towards
required receptacles.
« Central Vac, Garage door

o Circuit must be dedicated in garage - 210.52 (G)(1)
= Same rule applies for detached garage - if it has power
* Separate circuit for attached and detached?

a One receptacle for each car space - 210.52 (G)(1)

® Vehicle charging circuit must be dedicated - 210.17
* Only if installed.
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(G) Basements, Garages, and Accessory Buildings. For one- and two-
family dwellings, at least one receptacle outlet shall be installed in the areas
specified in 210.52(G) (1) through (3). These receptacles required for
specific equipment.

(1) Garages. In each attached garage and in each detached garage with
electric power, at least one receptacle outlet shall be installed in each

vehicle bay and not more than 1.7 m (5-1/2 ft) above the floor.
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—

Required receptacles

= Basement
= One receptacle needed in addition to receptacle required for
specific equipment
* Central Vac, Sump pump

= Each separate section is required to have a receptacle
« Storage room
+ Partially finished basement

Built-in Dishwashers that are cord-and-plug-connected are now required
to have receptacle outlet located in space adjacent to the space
occupied by the dishwasher.

Length of dishwasher cord was increased from 4 ft to 6.5 ft, “measured
from the face of the attachment plug to the plane of the rear of the
appliance”.

Trash compactor cord is still required to be between 3 and 4 ft.

Trash compactor receptacle is required to be located in adjacent space
as well.
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422.16(B)(2) Built-in Dishwashers

Receptacle outlet for cord-and-plug connected built-in dishwasher required to
be located in the space adjacent to the space containing the dishwasher only
with the length of a cord for a built-in dishwasher lengthened from 1.2 m (4 ft) to
20m(s-1/2f)

Required receptacles

= Accessory Building(s) - (detached garage, shed, etc.)
* Not required to run electric to any of these buildings
* If you do run electric power, you must install a receptacle
* Can't do lighting only

= Only 1 branch circuit allowed to be run to building
* Multi-wire branch circuit counts as one circuit.
= If more circuits are needed, run feeder to subpanel.

210.52(G) Accessory Buildings with Power @

Dweelling Unit Detachad Garage Accessory
Building

210.52(G) - Basements, Garages, and Accessory Buildings

Al least one 125-volt, 15- and 20-ampere receptacie outlet, in addition to
those for specific equipment, shall be installed in each basement, in each
attached garage, and in each detached garage or accessory building with
electric power

GFCI Receptacles

= Required
= Dwelling Units - 15 and 20 amp, 120 volt
* Bathrooms
* Garages-*
* Outdoors
* Crawl spaces
* Unfinished basements *
* Kitchens - where the recepts are installed to serve countertops
* Boathouses

* Accessory buildings with floor at or below grade not intended as
habitable (storage, work areas)

e *Do not need if used for fire alarm and/or burglar alarm systems
= Must be READILY ACCESSIBLE

210.8 Ground-Fault Circuit-Interrupters 0]

¢ All GFCIs for personnel must be installed in a readily accessibie location
* This applies to 210.8(A), {B), and (C)
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GFCI Receptacles

Required
Dwelling Units - 15 and 20 amp, 120 volt

* Within 6 feet of bathtub or shower stall
* Eliminated loop hole

* All sinks - took out kitchen sink reference
+ Could affect disposals, microwave and fridge

* Laundry areas
* Define “area”

* Dishwashers - 210.8(D)

2/19/2024

210.8 Ground-Fault Circuit Tupter P ion for P Ground-

fault circuit-interrupter protection for personnel shall be provided as required in
210.8(A) through (E). The ground-fault circuit interrupter shall be installed in a
readily accessible location

Informational Note No. 1: See 215.9 for ground-fault circuit-interrupter
protection for personnel on feeders

Infarmational Note No. 2: See 422.5(A) for GFCI requirements for
appliances.

For the purposes of this section, when determining distance from
receptacles the distance shall be measured as the shortest path the cord of
an appliance cof to the receptacle would follow without piercing a
floor, wall, ceiling, or fixed barrier, or passing through a door, doorway, or
window.

rr

TOP RSIDE
EDGE OF

RECEPTACLE -/

(A) Dwellings ...

(7) Sinks — where receptacles are installed within 1.8 m (6 ft) from
the top inside edge of the bowl of the sink......

(B) Other than Dwelling Units....

(5) Sinks — where receptacles are installed within 1.8 m (6 ft) from
the top inside edge of the bowl of the sink....

rEC

'Insidiérajig’e ‘
|of sink 1

N (E) Crawl Space Lighting Outlets. GFCI protection shall be provided for
lighting outlets not exceeding 120 volts installed in crawl spaces.

Applies to ALL crawl spaces, BOTH dwelling unit and non-
dweliing units afike!
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Arc Fault Receptacles

= Dwelling units - 15 and 20 amp, 120 volt
s 21012 (A)
= Pretty much every place that doesn’t require GFCI

= Locations that don’t require arc fault protection
o Bathroom
s Qutside
o Unfinished basement
o Garage

210.12(A) Ex. No. 1 Outlet Type AFCI %)

Main rule at 210.12(A) requires AFCI combination-type protection installed
to provide protection of the entire branch circuit

Branch-circuit

i
| panelboard
| /
l,./ .. =1 "
‘ No length _ o 2l *
fimitaion, ™y AFCI outlet device
installed at first outlet

Ex. No. 1: If RMC, IMC, EMT, Type MC or steel armored Type AC cables
meeting the requirements of 250.118 and metal outlet and junction boxes
are installed for the portion of the branch circuit between the branch-circuit
overcurrent device and the first outlet, it shall be permitted to install a
outlet branch-circuit Type AFCI at the first outlet to provide protection for
the remaining portion of the branch circuit.
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Arc Fault Receptacles

= Dwelling units - 15 and 20 amp, 120 volt
= 210.12(A)

= Verbiage includes the word “devices”
= Could affect garage lighting, outdoor lighting

o Can bypass breaker and use first outlet box if metal box and
fed by metal raceway or cable.

e Four exceptions were added to this section which covers replacement of
receptacles in areas that 210.12(A) and (B) now requires to have AFCI
protection.

— AFCl is not required when replacing a non-grounding receptacle and
no ground exists.
- AFCl is not required when there is not equipment ground.

- A listed combination type arc-fault circuit-interrupter circuit
breaker is not commercially available.

— GFCI/AFCI dual function receptacles are not commercially available.
o Exception to 210.12(B) permits existing branch circuit conductors to be

modified or extended up to 1.8 m (6 ft) without AFCI protection where
no additional outlets or devices are installed

rEC

210.12(B) AFCI - Extensions or Modifications ()|

. Existing branch f New outlet

circuit No. ¢ added ~

{No extension , (extended) S
or modification)! from branch
: circuit No. 2

Listed outlet branch-circuit AFCI
at the first receptacie outlet of
extended branch circuit No. 2

In any of the areas specifiad in 210.12(A}, where branch-circuit wirin
modified, replaced or extended, the branch circuit shall be protect

¢ combination AFCI located at the origin of the branch

)
(2) A listed outlet branch-circuit AFCI located at the first receptacle outlet of
the existing branch circuit

o Arc Fault replaces are not necessary if the Exception to 210.12(8)
applies.

o This exception permits existing branch circuit conductors to be modified
or extended up to 1.8 m (6 ft) without AFCI protection where no
additional outlets or devices are installed.

t¢
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406.4(D)(4) Replacement Receptacles (AFCI)

Where a receptacle outlet is located in any areas specified in 210.12(A)
or (B), a replacement receptacle at this outlet must be AFCI protected

|
|

Ex. No. 1: AFCI protection not required where all of the following apply:

(1) Replacement complies with 406.4(D)(2)(b) (two-wire system-GFCl)

(2) Impracticable to provide an EGC as provided by 250.130(C)

(3) Listed combination type AFCI circuit breaker not commercially available
(4) GCFI/AFCI dual function receptacles not commercially available

Ex. No. 2: Exception at 210.12(B) shall not apply to replacement of receptacles
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406.4(D)(4) Replacement Receptacles (AFCI)

Where a receptacle outlet is located in any areas specified in 210.12(A)
or (B), a replacement receptacle at this outlet must be AFCI protected

Ex. No. 2: Exception at 210.12(B) shall not apply to replacement of receptacles

[210.12(8B), Ex.: AFCI protection not required where the extension of the
existing conductors is not more than 1.8 m (6 ft.) and does not include any
additional outfets or devices]

Required switches

= At least one wall switch controlled lighting outlet in each
habitable room
@ Qutlet is not the same as a receptacle

* Overhead light

* Wall sconce
= Sensors are allowed if manual override available
[t may be a receptacle instead of a lighting outlet
(overhead light) except for
o Kitchen
= Bathroom
= Garage

Required switches

= Hallways - at least one switch
= Storage or equipment spaces
o Attics, under floor spaces, utility rooms, basements
o At least one switch
* Switch near point of entry
* Lighting outlet near equipment needing servicing
= Stairs
o One at each level if there are 6 or more risers
© One at each level if it is an entryway
= Exterior of exterior doors with grade level access
o Coach lights
a Does not include a vehicle door (garage door)

Required switches

= 2011 required a neutral to be in most switch boxes
o Hoped to reduce having ground used as conductor

= Rules loosened up a little in 2014
e Neutral not needed if:
* Switch does not serve a habitable room or bathroom
* Hallway
* Closets
* Multiple switching (3 ways and 4 ways)
+ Only need where switch location covers the area
« Integral switches
= Door jam switch
= Also kept other exceptions:
= Raceways
s Access to switch box at later time
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(C) Switches Controlling Lighting Loads. The grounded circuit conductor for the
controlled lighting circuit shall be installed at the location where switches control
lighting loads that are supplied by a grounded general-purpose branch circuit
serving bathrooms, hallways, stairways, or rooms suitable for human habitation or
occupancy as defined in the applicable building code. Where multiple switch
locations control the same lighting load such that the entire floor area of the room
or space is visible from the single or combined switch locations, the grounded
circuit conductor shall only be required at one location.

404.2(C) Grounded Conductor at Switch
Locations

A grounded conductor is generally required to be installed and connected
to the switching device at locations where switches control lighting loads
that are supplied by a grounded general-purpose branch circuit

Grounded is generally NOT required at the following locations:

Where multiple switch locations control the same lighting load such that
the entire floor area of the room or space is visible from the single or
combined switch locations, the grounded circuit conductor shall only be
required at one location

e All electronic lighting control switches are required to be listed. As of
Jan. 1, 2020, electronic lighting control switches (with exceptions) will
not be permitted to introduce current on the equipment-grounding
conductor during normal operation.

e Manufacturers will only make devices that place current on the
equipment-grounding conductor during normal operation for

replacement/retrofit.

e New exception places limits to electronic switches to the following
levels.

~ Branch circuit (S)

~ Or feeder (25)
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404.2(C) Grounded Conductor at Switch Locations
A grounded conductor is generally required to be installed and connected to the switching device at
locations where switches control lighting loads that are supplied by a grounded general purpose-

branch circuit.

Grounded conductor is generally NOT required at the following locations:

f
i3

Switch for non-
habitation type room or
occupancies as defined

by applicable building
codes

Lighting controlled by Where a switch controls
automatic means a receptacle load

Required switches

s Switch loops required to be:
° Down on white
o Back on black

= Must phase white conductor with phase color
= Tape
© Paint
o Marker

= Not as relevant with neutral requirements
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Switch Loop

— \J_ﬁ_!l) 14/21

h! 14

White wire

i Ground wires not 1 T
included in diagram J
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Devices- General

» Tamper resistant receptacles
o Required for all 120 volt, 15 and 20 amp receptacles

« Not required 5 ¥z feet off the floor and below or dedicated for
appliance.

= Weather resistant receptacles
o Required for all outdoor receptacles
= Extra Duty Covers
= Must be used in all wet locations
o Can not be old gasket type
« CO/ALR
= Listed for both copper and aluminum wire

Replacement receptacles must be brought up to code regarding
tamper and weather resistant. There is also provisions for
bringing the circuit up to arc fault standards.

406.12 Tamper-Resistant Receptacles

Tamper-resistant receptacles
not required for receptacles:
- located more than 1.7 m
(5% ttj above floor
- that are part of a luminaire
or appliance
- located within dedicated
space for appliances {?

- tr;:lil?ax:erﬂent nongrounding Réfoaator

In all areas specified in 210.52, all neniocking type 125-volt, 15- and
20-ampere receptacles required to be listed tamper-resistant receptacles

Arc-fault circuit-interrupter protection s required for replacement receptacie
outlets where a receptacle outlet is supplied by a branch circuit that requires
AFCI protection elsewhere in the Code {uffective date January 1, 2014}

Replacement receptacle outlet can be protected by a listed outlet branch
circuit type AFCI receptacle or a listed combination type AFCI circuit breaker
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406.4(D)(5) Receptacle Replacement Ql
Tamper-Resistant Receptacles

Existing
outlet
to be

replaced

Listed tamper-resistant receptacles are required for repiacement receptacie
outlets where a receptacle outlet is required to be tamper-resistant else-
where in the Code

See 406.12, 406.13, and 406.14 for tamper-resistant receptacle requirements

406.4(D)(5) Replacement with Tamper Resistant

(5) Tamper-Resistant Receptacles. Listed tamper-resistant
receptacles shall be provided where replacements are made at
receptacle outlets that are required to be tamper-resistant elsewhere
in this Code, except where a non-grounding receptacle is replaced
with another non-grounding receptacle.

EXISTING OUTLET
REPLACED ~

o New Text has been added to clarify the when USB Charging ports are
integral to a 125-volt, 15- or 20- amp receptacle the Class 2 circuitry
necessary for the USB charging is integral to the receptacle.

o Receptacle shall be listed.

e Certain Class 2 power supplies and output connector(s) are intended to
be secured and directly connected to a duplex receptacle. This is not
permitted according to the new text.
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o Tamper-resistant receptacles are presently not manufactured in a
nongrounding type, two-prong receptacle

o Therefore, when replacing receptacles, tamper-resistant receptacles are
required for all replacements in those areas required by the code unless
a non-grounding receptacle is replaced with another non-grounding
receptacle type.

406.4(D)(6) Receptacle Replacement GF
Weather-Resistant Receptacles

Listed weather-resistant r tacles are required for replacement receptacle
outlets where a receptacie outlet is required to be weather-resistant else-
where in the Code

See 406.9(A) and 406.3(B) for weather-resistant receptacle requirements
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¢ New requirements were added pertaining to receptacle faceplates with
integral night lights and/or USB chargers

o These faceplates must be listed and constructed such that the night
light and/or Class 2 circuitry is “integral with the flush device cover
plate”

¢ Plug-in night light/covers that is not “integral with the flush device cover
plate,” but simply designed to be plugged directly into a receptacle
outlet presents a problem

e The ease in removing these night light-type covers from the receptacle
outlet increases its safety hazard
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406.6(D) Receptacle Faceplate (Cover

Pl In | Night Light and/or USB
harger.

A flush device cover plate that additionally

provides a night light and/or Class 2 output

connector(s) shall be listed and constructed e
such that the night light and/or Class 2 :
circuitry is integral with the flush device

cover plate.

Required lighting

= Lighting fixtures
o Bathtub and shower
* No part of fixture shall be located within
* 8 vertically from top of bathtub rim or shower thresh hold
= 3’ horizontally from edge of fixture

= If located within this zone, must be marked for damp/wet
location (can light, weatherproof trim)

Required lighting

o Clothes closets
* Open lamps not allowed

= Zone extends from edge of shelf to ceiling

* 12" clearance for surface mounted incandescent lamp completely
enclosed

* 6” clearance for surface mount fluorescent, or recessed light.
= LED lights allowed if completely enclosed or listed for closets

o White can - 3” from insulation,
o Metal can - insulation can come in contact
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410.16 Luminaires in Clothes Closets 3]

r Surface incandescent, LED, or Recessed incandescent,

| fluorescent with completely /7 LED, or fluorescent

{ enclosed lighl scurces /
N - Surface fluorescent only
R R
o %
¥ ¥ sheif
Y 150 mm> i
~ 300 mm adidy ¥ W m -
?“\\ (12in.) < (6in.) 300 mm =
{ . (12in)
150 mm (6 in.) for S T8

fluorescent luminaires

300 mm (12 in.} for Storage area

incandescent or LED 1.8 m (8 ft) or highest rod
luminaires Minimum 600 mm (24 in.) wide

Surface-mounted fluorescent or LED luminaires permitted to be ——
installed within the cioset storage space where identified for this use

were added to 410.186 o clearly permit surface-mounted

es in clothes closets

Pools/Hot tubs/Jacuzzis

= Dwelling Pools

* Atleast one receptacle located between 6'-20" from inside edge of
pool shall be provided

* Located 6’6" or less above grade level
* Must be GFCI protected

+ Pool pump must be GFCI protected
= 120 or 240 volt

* Must have insulated ground throughout circuit for light fixtures

* Receptacle for hydro massage tub must be within one foot of the
opening of the access panel with its face in direct view.

Smoke Detectors

o Must have one on each floor
o If placed on ceiling, keep off wall by at least 12”
e If placed on wall, mount between 4” and 12" of ceiling

= Every bedroom and common hallway is required to have one
@ Must be interconnected (3 wire)

= Do not place near kitchen, bathroom, garage, utility room
unless it is rated for it. Could use rate of rise or heat detector
instead

= Do not put near register vents or ceiling fans.
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Disconnecting Means

= Needed for appliances/motors
* Insight and within 50
= Commeon disconnects

* Furnace Central Vac
+ Dishwasher AC unit
« Oven Dryer

o Can be switch or receptacle
s AC unit does not have to be fused - if breaker is correct

s MUST SIMULTANEOUS DISCONNECT ALL PHASE
CONDUCTORS OF AN APPLIANCE

Pools/Hot tubs/Jacuzzis

o Dwelling hot tub
= Receptacle required between 6 and 10 feet
* Must be GFCI protected
= Power to hot tub must be GFCI protected

o Lighting outlets, paddle fans, etc.
* If not GFCI protected
* Located at least 12 feet above maximum water level

» If GFCI protected
* Located at least 7 foot 6 above maximum water level

a Specialty fixtures may be allowed lower clearance if GFCI
protected.
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Dwelling requirements

Required receptacles
6 foot rule — no point along the wall may be more than 6 feet from a receptacle
2 foot walls — the minimum size wall that is required to have receptacles
Kitchen countertops — no point along these walls can be more than 2 feet away
from a receptacle
Appliance receptacles — at least one within 6 feet.
Bathrooms — one per bathroom required
Outside — receptacles are required at the front and back of the house
Hallways — 10 foot or more require receptacles
Garages with power — at least one required

Services
Minimum size
Location

Lighting
Switched outlets required

Clearances
Underground burial depths
Overhead conductor minimum heights
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Sean Clark
901 Beechmeadow Ln. Cincinnati, Ohio 45238

(H)513/347-9054 (C)513/800-4450
sclark@ohiovalleyelectric.com

A licensed electrician with over twenty years of experience in installing, maintaining, and repairing
electrical wiring, equipment, and fixtures, ensuring that work is in accordance with relevant codes, fire
alarm installations, electrical control systems, and high voltage terminations. A licensed electrician with
three years teaching experience in first and second year electrical.

Summary of Qualifications

e More than twenty years experience.

e Three years experience in teaching first and second year electrical.

e Thorough knowledge of electrical systems including planning additions and modifications on secondary

circuits. Controls and low voltage wiring

¢ Able to read commercial electrical blueprints and apply NEC through the full range of commercial and

industrial maintenance and construction work.

e Can use appropriate tools and diagnostic equipment to repair, install, replace, and test electrical
circuits, equipment and appliances.

¢ Excellent ability to diagnose and repair electrical controls, industrial motor control centers, and

programmable logic controllers.

e Strong desire to study and comprehend new technology.

¢ In-depth ability to make mathematical computations.

e Considerable ability to explain instructions and guidelines to others effectively.

e Able to assign work to employees., prioritize the work of others and organize and coordinate the work

of the unit. For subs and Primes.

Professional Experience

Ohio Valley Electrical Services 2011-Present
ABC Electrical Teacher 2010-2013
Beacon Electrical Contractors 2007-2011
Ohio Valley Electrical Services 1993-2007

Electrical Superintendant/Foreman/Instructor

e First and Second year electrical instructor

e Supervision of all electrical installations of as many as 50 electricians to assure that work was
done safely, efficiently, properly and within time allowed.

e Trained multiple employees in all aspects of electrical work to be able to identify an employee's
strengths and weaknesses to better utilize their skills. Traced out short circuits in wiring, using
test meter.

e Coordinated and implemented electrical projects within a variety of environments including plants,
hospitals, schools, retail stores, public facilities, waste water treatment plants industrial buildings;
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projects include both new construction and underground electrical wiring as well as renovation
within existing buildings. Parking Garages and Fed Ex Ground Facilities.

Assemble, install, test, and maintain electrical or electronic wiring, equipment, appliances,
apparatus, and fixtures, using hand tools and power tools.

Connect wires to circuit breakers, transformers, or other components.

Construct and fabricate parts, using hand tools and specifications.

Diagnose malfunctioning systems, apparatus, and components, using test equipment and hand
tools, to locate the cause of a breakdown and correct the problem.

Inspect electrical systems, equipment, and components to identify hazards, defects, and the need
for adjustment or repair, and to ensure compliance with codes.

Plan layout and installation of electrical wiring, equipment and fixtures, based on job
specifications and local codes.

Test electrical systems and continuity of circuits in electrical wiring, equipment, and fixtures, using
testing devices such as ohmmeters, voltmeters, and oscilloscopes, to ensure compatibility and
safety of system.

Perform business management duties such as maintaining records and files, preparing reports
and ordering supplies and equipment.

Education & Certifications
Master Electrician License-State of Kentucky

Journeyman Electrician's License-Hamilton, Ohio
Fire Alarm License-State of Ohio
Certified in high voltage terminations and splices
Lift, Lull, Bobcat, and Boom/scissors lift licenses
OSHA-30 card
Certified in first aid and CPR training
Certified NCCER Core Curricula Instructor
Certified NCCER Electrical Instructor
Completed 4 year apprenticeship program
1 Year Pre-apprentice school (ABC)

High School Diploma (1991)

ARCH FLASH SAFETY TRAINING

PROJECTS-SUPERVISED
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$4.5mil.-MASON HIGH SCHOOL ADDITION
$250.000-3CDC-5™ RACE PARKING GARAGE
$250.000-AVONEDALE APT. COMPLEX
$100.000-MAHOGANYS AT THE BANK-
1.2mil. -PATHEON CHEMICALS
$450.000- FED EX GROUND ADDITION
$250.000-LIBERTY WAY PROJECT
$500.000-GE AT THE BANKS

$100.000 - SYCAMORE SCHOOLS/POWER/CONTROL-
$50.000 - NKU RETROFIT

$250.000- UC POWER PLANT ADDITION
$75.000 - 580BLD/ CHEMED, RETROFIT
$4.0mil - DHL- CONVEYERS/SHELL

$90.000- DOUBLE TREE AIRPORT

$2.5mil- TWIN LAKES OF MONTGOMERY

$45.000- STEINMART ANDERSON

And many small T&M jobs.

All on time and under budget
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File Attachments for ltem:

ER-5 Grounding and Bonding (2023 NEC) (Independent Electrical Contractors of Greater
Cincinnati)

All certifications (4 hours)
Staff Notes:
ESIAC Recommendation:

Committee Recommendation:
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Department
of Commerce

Ohio

Mike DeWine, Governor Sheryl Maxfield, Director

Jon Husted, Lt Governor Board of Building Standards

Application for Continuing Education Course Approval
Provider Informatmn
Name: Hevin (//ﬂ J
Organization: lEC _oF Greater Cincinnatr
Address: 586 Wings Run Drive Circinnafr , o H Y5332

E-mail: K Collins @ iec-cn Cy ¢ Com Telephone:_5/3-5Y2 -O Y20
Website: [ec-Cinty. Com

Conference Sponsor (if applicable) Conference Email:

Check here if Course Renewal:___ Prior course number (i.e. BBS2018-429)

Renewals will only be granted for identical content and certifications, within the current code cycle.
Attach a copy of prior course approval letter for confirmation. No further information is required.

New Course Information:

Course title: C,(/ L( zu 4 2 Bu,m /¢
Course instructor: Sean C/l/mu 7
.. = — pe=

Course description: Keview Article 850 of the AEC, buc will oA cuss

S Bl s a A N . / J R ~

O/ ed el ﬁ,‘///b'/\//{//l 4 Cler T{V'L”z.,/i’_’S , WA a (‘ 4/€ /:9{./ L(,,.’/,;'i/ 24 r 7/ /fofl 1

f’z suctuyed y Z /14 the (FEC , / Fereatr Fyoes oF éu‘u /»‘( AT

A ' ’ ,/ 1) i £, 4 / / ; P
’7 A VAZSIAT 1 {oNs ‘AL 4/ 2 ,  TAL | el 4 ‘////'( c/- TNE Aan ¢& /l A '-' M o (//t'ﬁl <

Instructional hours per session: A Number of Sessmns =~ " 4
Course Date(s) and Location: 3//2} AU- 1EC cF Greafrre  Cincmnnals

Special Content:

Code Administration: Conference Course:
Existing Buildings: Conference Name:
Electrical Instruction: Conference location:
Plumbing Instruction:

Course to be offered online? I | On Demand_D_ Webinar E ]

Course Website:
Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation):

Course applicable for the following certifications

Residential Certifications Only: Commercial Certifications: |X|
Administrative Course, All Certifications:

Application materials included:

Course Outline or Course Learning Objectives

N Presentation Materials/Slides (not required for roundtable courses)
Assessment Materials (for online courses)

Presenter Bio

Please submit application and materials in .pdf format to: michael.lane@com.ohio.gov or BBS@com.ohio.gov
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Grounding

=250.66
2250.02(C)(1)
2250.122
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Grounding

= 250.66/250.102(C)(1) vs. 250.122

= .66 is before first overcurrent protection

device. (SERVICE)

= .122 based on the size of overcurrent
protection device in circuit

From Utility

250.66

250.102(C)(1)

Grounding

Branch Circuit

Branch Circuit

Branch Circuit

250.122
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Grounding electrode(s)

= Based on 250.66

= Water pipe, steel, ground rod, footer ground
(concrete encased electrode), ground ring,
ground plate are all grounding electrodes. All are
sized off this chart.
= Additional code articles do not require ground
rod conductor larger than 6, footer larger than
4 and ground ring larger than 2.

= Could be smaller if you have a smaller service.

s If you have it, you got to land it.
= Ground rods are seldom needed.

Grounding electrode(s)

= Based on 250.66

= Grounding electrode conductors MAX OUT
= 3/0 Cu or 250 Al is the largest required

= Based on size of TOTAL area of ONE phase
= Add all of the conductors of the same phase (hots)
= Has nothing to do with service size
= Make sure to read chart carefully
» 3/0, 350, 600 and 1100 appear twice
= One row will say through
= One row will say over

Grounding Electrode Conductor

= Example
= I have 1 set of 3/0 Cu feeding a 200 amp
service. Size the grounding electrode to the
building steel, water pipe, ground rod and the
concrete encased electrode:

Size of Grounding Flectrode
Conductor (AW Giemily

tuminum or Aluatia
Cupper-Clad Copper-Clad
Copper Numinism Copper Alusningn'

Grounding Electrode Conductor

= Example

a I have 1 set of 3/0 Cu feeding a 200 amp
service. Size the grounding electrode to the
building steel, water pipe, ground rod and the
concrete encased electrode

= Find 3/0 on 250.66 — read across

= Water pipe - #4 Cu or #2 Al

u Steel - #4 Cuor #2 Al

= Ground rod #6, Concrete encased #4

MAKE SURE TO ANSWER IN
CORRECT CONDUCTOR TYPE

Grounding Electrode Conductor

» Example (parallel sets)

u I have 4 sets of 350 kemil Cu feeding a 1200
amp service. Size the grounding electrode to
the building steel, water pipe, ground rod and
the concrete encased electrode:
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Table 250,66 Grounding Electrude Canducior fur
Alterwati wrrent Systems

Size of Grounding Flectrody
Condutor (AW GAamil

Alussinum o7 Ausminum or

Copper-Clad Copper-Ciad

Copper Aluminum Copper Aluinum®

2 or smudler 1S

through theough 900
“h

Over 60 Over %0 ] 40
through Unough 1750

Grounding Electrode Conductor

a Example (parallel sets)

= I have 4 sets of 350 kemil Cu feeding a 1200
amp service. Size the grounding electrode to
the building steel, water pipe, ground rod and
the concrete encased electrode

= 4 x 350,000 = 1,400,000 or 1,400 kcmil
= 1,400 kcmil exceeds 250.66

= Water pipe — 3/0 Cu or 250 kcmil Al
= Steel — 3/0 Cu or 250 kcmil Al

= Rod - #6, Concrete encased - #4

Grounding Electrode Conductor

= Example
m I have 2 sets of 250 kemil Cu feeding a 500
amp service. Size the grounding electrode to
the building steel, water pipe, ground rod and
the concrete encased electrode:

Table 25066 Grounding Flectrade Conductor fur
AlternatingCurrent Systems

Size of Gruunding Flecteode
Conductor (AW Gremily

Cupper-Clad
\iuminam Capper

dtoe 10 or smaller 8 6

tsuigh theosgh K00
«0

Over )

Grounding Electrode Conductor

= Example

n I have 2 sets of 250 kemil Cu feeding a 500
amp service. Size the grounding electrode to
the building steel, water pipe, ground rod and
the concrete encased electrode

= 2 x 250,000 = 500,000 or 500 kcmil

= Water pipe — 1/0 Cu or 3/0 kcmil Al
= Steel — 1/0 Cu or 3/0 kcmil Al

= Rod - #6, Concrete encased - #4

I

Grounding
Main bonding jumper (MBJ)
= New chart — 250.102(C)(1) — almost same as 250.66
» Bonds the grounded conductor (neutral) to
the grounding conductor (ground)
= Only done once per service
w Also transformers/treat like a new service
= Size the same as grounding electrode
= Only difference is it does not max out
u Read directly off chart until you are over 1100
kemil Cu or 250 Al.
Grounding electrode conductor and MBJ will be the
same size unless conductors exceed 250.66.

89




Grounding - Main Bonding Jumper

= Once the total of a phase exceeds
250.102(C)(1) THEN use 12 2%

= Take 12 2% of kemil and size it from Table 8
in back of code book

DO NOT USE 12 2%
AUTOMATICALLY ON THE MBJ

Grounding — Main Bonding Jumper

= Example

= I have 4 sets of 350MCM Cu feeding a 1200
amp service. Size the Cu main bonding

jumper,

Grounding — Main Bonding Jumper

= Example

= I have 4 sets of 350 kemil Cu feeding a 1200
amp service. Size the main bonding jumper.

= 4 x 350,000 = 1,400,000 or 1,400 kcmil
= 1400 kcmil exceeds chart
= 1,400,000 x .125 (12 %2%) = 175,000.

= The main bonding jumper must be AT LEAST
175,000 circular mills
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Grounding — Main Bonding Jumper

= Refer to Table 8 conductor properties
= 3/0is 167,800 circular mills
= 4/0 is 211,600 circular mills
= Parallel 4/0 - sizing
= 4/0 Cu is the size of the main bonding jumper.
= You can not round this number up no matter how
close it is.
» Conductors 250 kemil and larger are already labeled
in circular mill
= Ex. If you needed 311,000 kcmil, you would need
350MCM.

Grounding — Main Bonding Jumper

= Example

= I have 2 sets of 350MCM Cu feeding a 600
amp service. Size the Cu main bonding

jumper:

Grounding — Main Bonding Jumper

= Example

= I have 2 sets of 350 kemil Cu feeding a 600
amp service. Size the main bonding jumper.

= 2 x 350,000 = 700,000 or 700 kcmil

= 700 kemil does not exceed the chart
= The main bonding jumper is:

= 2/0 Cu or 4/0 Al

Grounding
» 250.122 — Equipment grounding conductor

= Based on the size of overcurrent protection
device in circuit

Table 250,022 Minisouea Size Equiparent Groonding
Comductors for Groundiag Racenay sl Equipment

i

91




Grounding

= 250.122
= Must go up if in between sizes

» What size Cu is the equipment grounding
conductor on a 60 amp circuit?

= What size Cu is the equipment grounding
conductor on a 90 amp circuit?

Tobls 290023 Misieaum Sice Gquipasnt Grounding
Cumductacs for Groeading Equipmest

Ratw
Actona
Device fa Cipeois A
of Fauipment, Condult,
et Not I
(Amge Copper

Grounding

m 250.122
= Must go up if in between sizes

= What size Cu is the equipment grounding
conductor on a 60 amp circuit? - #10 Cu

= What size Cu is the equipment grounding
conductor on a 90 amp circuit? - #8 Cu

Grounding

= 250.122

= If you have multiple circuits in a raceway, you
base it on the largest overcurrent device
= Only one equipment ground needed in a raceway
= Unless you have a isolated ground also.

Grounding

= 250.122

= What size Cu is the equipment grounding
conductor in a raceway that contains:

» 2 — 40 amp circuits
= 1 — 30 amp circuit
m 3 — 20 amp circuits

Grounding

= 250.122

= What size Cu is the equipment grounding
conductor in a raceway that contains:

= 2 — 40 amp circuits
= 1 — 30 amp circuit
= 3 — 20 amp circuits

» #10 — based on a 40 amp circuit
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Grounding — Bonding Jumpers

Load side

If you have multiple conduits for one circuit
(parallel), you can not run the equipment grounding
conductor in parallel.
The equipment grounding conductor must be sized
in accordance with 250.122 in EACH conduit.

Grounding — Bonding Jumpers

250.122

250.66
250.102(C)(1)

Grounding — Bonding Jumpers

Line side of service:
Conduits must have bonding locknuts
Conduits must have bonding bushings if holes are
non-concentric

Grounding — Bonding Jumpers

Line side of service:
If not using largest knock out or holes are too
large, you must use bonding bushing.

Sized in accordance with 250.102(C)(1)
does not max out.
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Grounding — Bonding Jumpers

Line side of service:

If individual jumpers are run from each conduit to
ground bar, size per conductors in that ONE conduit.

Grounding — Bonding Jumpers

Line side of service:

Ex. Two sets of 500 kcmil Cu. Each conduit
contains 500 kcmil. Table 250.102(C) — 1/0 Cu

Grounding — Bonding Jumpers

Line side of service:

If one jumper is used to run through all conduits,
size per total of all conductors (one phase)

Grounding — Bonding Jumpers

Line side of service:

4 sets of 350 kcmil. >
4 x 350 kemil = 1,400,000 cmil q "' '
1,400 kcmil exceed chart - ﬂ
1,400 kemil x .125 (12 2 %) = 175,000 cmil

Go to table 8 — 4/0

Grounding — Bonding Jumpers

Line side of service:
6 conduits feed a service.
Each conduit contains 4/0 phase conductors.

The holes were drilled too large
Size the bonding jumper if run separate
Size the bonding jumper if run continuous through:

Grounding — Bonding Jumpers

Line side of service:
6 conduits feed a service.
Each conduit contains 4/0 phase conductors.

Separate
4/0 Cu — 250.102 (C) - #2
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Grounding — Bonding Jumpers

Line side of service:
6 conduits feed a service.
Each conduit contains 4/0 phase conductors.

Continuous

4/0Cux 6 = 211,600 x 6 = 1,269,600 (1,269.6 kcmil)
Exceeds 1,100 kcmil

1,269,600 x .125 = 158,700 — 3/0

Grounding — Bonding Jumpers

Load side
Follow the rules of 250.122
A quazite box has two rigid 90’s (in and
out). The circuit running through the
conduit is a 30 amp circuit.

Place bonding bushings on each conduit. Attach a
#10 bonding jumper (250.122)

Grounding — Bonding Jumpers

Load side

If you have multiple conduits (parallel), the
bonding jumper must be sized to the breaker.

If you run individual jumpers from the conduits to
the ground bar or if you run one continuous through
all the conduits, the size will BE THE SAME.

This is different than the load side.

Grounding

m 250.122
= If you oversize phase conductors due to voltage
drop, you also need to oversize ground
proportionally
= 250.122 (B)
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Grounding

= 250.122 (B)

= Oversizing conductors
= Voltage Drop
= Pole lights
= Out buildings

Grounding

= Oversizing equipment grounding conductors
You have a remote building with a 200 amp sub
panel inside of it. Because of voltage drop, you will
need to pull 350 kemil conductors.

Grounding

» Oversizing equipment grounding conductors
You need to set up a ratio with the following info:

Size of ungrounded conductors (code)
Size of equipment grounding conductor (code)
Size of ungrounded conductors (field)

Grounding

= Oversizing equipment grounding conductors

You have a remote building with a 200 amp sub
panel inside of it. Because of voltage drop, you will
need to pull 350 kemil conductors.

Size of ungrounded conductors (code)
3/0 - 310.15(B)(16)

Grounding

= Oversizing equipment grounding conductors

You have a remote building with a 200 amp sub
panel inside of it. Because of voltage drop, you will
need to pull 350 kemil conductors.

Size of equipment grounding conductor (code)
#6 — 250.122
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Grounding

= Oversizing equipment grounding conductors
You have a remote building with a 200 amp sub

panel inside of it. Because of voltage drop, you will
need to pull 350 kcmil conductors.

Size of ungrounded conductors (field)
350 kemil

Grounding

= 167,800 x ?
?= 54,7318

350,000 x 26,240

Go back to table 8

Grounding

= Will need to use table 8

Phase Ground
Actual 350 kemil = ?
Code 3/0 #6

Grounding
= Will need to use table 8
Phase Ground
Actual 350,000 = 2 .
Code 167,800 (3/0) 26,240 (#6)
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Grounding

350,000 x 26,240 = 167,800 x ?

?= 54,7318

Go back to table 8
#2 (66,360)

Grounding

You have been cordially invited to Greg Hyland’s
palatial estate. His guard shack on the east
wing (1 of 4) is located approximately 2,000 feet
away from the main road. Head security officer
Gil Hyland demanded that his guard shack be
supplied with a 60 amp panel since he likes to
smelt copper in his spare time. #1's were run to
the guard shack. What size equipment ground?

Grounding

= Will need to use table 8

Grounding

= Will need to use table 8

Phase Ground
Actual #1 = ?
Code #6 #10
Grounding
83,690 x 10,380 = 26,240 x ?
? = 33,143.9

#4 (41,470)

Phase Ground
Actual 83,690 (#1) = ?2 .
Code 26,240 (#6) 10,380 (#10)
Grounding

Conductors
unprotected until they
ll:roticte?u by land on main
rea |e(;_/ sein breaker/line side of
panel/disconnect disconnect

250.122 250.66
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Grounding

Purpose of Grounding
Grounding Terminology

Different Types of grounding electrodes
Steel
Water Pipe
Ground Rod
Concrete Encased Electrodes
Ground Ring
Ground Plates

Sizing the grounding electrode — 250.66

Sizing the Main bonding jumper — 250.102(C)(1)
12 %% rule

Sizing the equipment ground — 250.122
Sizing the equipment ground conductor when oversizing the phase conductors.
Bonding requirements — Both on line side and load side.
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Sean Clark
901 Beechmeadow Ln. Cincinnati, Ohio 45238

(H)513/347-9054 (C)513/800-4450
sclark@ohiovalleyelectric.com

A licensed electrician with over twenty years of experience in installing, maintaining, and repairing
electrical wiring, equipment, and fixtures, ensuring that work is in accordance with relevant codes, fire
alarm installations, electrical control systems, and high voltage terminations. A licensed electrician with
three years teaching experience in first and second year electrical.

Summary of Qualifications

e More than twenty years experience.

e Three years experience in teaching first and second year electrical.

e Thorough knowledge of electrical systems including planning additions and modifications on secondary

circuits. Controls and low voltage wiring

¢ Able to read commercial electrical blueprints and apply NEC through the full range of commercial and

industrial maintenance and construction work.

e Can use appropriate tools and diagnostic equipment to repair, install, replace, and test electrical
circuits, equipment and appliances.

¢ Excellent ability to diagnose and repair electrical controls, industrial motor control centers, and

programmable logic controllers.

e Strong desire to study and comprehend new technology.

¢ In-depth ability to make mathematical computations.

e Considerable ability to explain instructions and guidelines to others effectively.

e Able to assign work to employees., prioritize the work of others and organize and coordinate the work

of the unit. For subs and Primes.

Professional Experience

Ohio Valley Electrical Services 2011-Present
ABC Electrical Teacher 2010-2013
Beacon Electrical Contractors 2007-2011
Ohio Valley Electrical Services 1993-2007

Electrical Superintendant/Foreman/Instructor

e First and Second year electrical instructor

e Supervision of all electrical installations of as many as 50 electricians to assure that work was
done safely, efficiently, properly and within time allowed.

e Trained multiple employees in all aspects of electrical work to be able to identify an employee's
strengths and weaknesses to better utilize their skills. Traced out short circuits in wiring, using
test meter.

e Coordinated and implemented electrical projects within a variety of environments including plants,
hospitals, schools, retail stores, public facilities, waste water treatment plants industrial buildings;
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projects include both new construction and underground electrical wiring as well as renovation
within existing buildings. Parking Garages and Fed Ex Ground Facilities.

Assemble, install, test, and maintain electrical or electronic wiring, equipment, appliances,
apparatus, and fixtures, using hand tools and power tools.

Connect wires to circuit breakers, transformers, or other components.

Construct and fabricate parts, using hand tools and specifications.

Diagnose malfunctioning systems, apparatus, and components, using test equipment and hand
tools, to locate the cause of a breakdown and correct the problem.

Inspect electrical systems, equipment, and components to identify hazards, defects, and the need
for adjustment or repair, and to ensure compliance with codes.

Plan layout and installation of electrical wiring, equipment and fixtures, based on job
specifications and local codes.

Test electrical systems and continuity of circuits in electrical wiring, equipment, and fixtures, using
testing devices such as ohmmeters, voltmeters, and oscilloscopes, to ensure compatibility and
safety of system.

Perform business management duties such as maintaining records and files, preparing reports
and ordering supplies and equipment.

Education & Certifications
Master Electrician License-State of Kentucky

Journeyman Electrician's License-Hamilton, Ohio
Fire Alarm License-State of Ohio
Certified in high voltage terminations and splices
Lift, Lull, Bobcat, and Boom/scissors lift licenses
OSHA-30 card
Certified in first aid and CPR training
Certified NCCER Core Curricula Instructor
Certified NCCER Electrical Instructor
Completed 4 year apprenticeship program
1 Year Pre-apprentice school (ABC)

High School Diploma (1991)

ARCH FLASH SAFETY TRAINING

PROJECTS-SUPERVISED
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$4.5mil.-MASON HIGH SCHOOL ADDITION
$250.000-3CDC-5™ RACE PARKING GARAGE
$250.000-AVONEDALE APT. COMPLEX
$100.000-MAHOGANYS AT THE BANK-
1.2mil. -PATHEON CHEMICALS
$450.000- FED EX GROUND ADDITION
$250.000-LIBERTY WAY PROJECT
$500.000-GE AT THE BANKS

$100.000 - SYCAMORE SCHOOLS/POWER/CONTROL-
$50.000 - NKU RETROFIT

$250.000- UC POWER PLANT ADDITION
$75.000 - 580BLD/ CHEMED, RETROFIT
$4.0mil - DHL- CONVEYERS/SHELL

$90.000- DOUBLE TREE AIRPORT

$2.5mil- TWIN LAKES OF MONTGOMERY

$45.000- STEINMART ANDERSON

And many small T&M jobs.

All on time and under budget
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File Attachments for ltem:

ER-6 Practical NEC 2023 Training (Pool LLC)

All certifications (10 hours)

Staff Notes: Title amended with permission of the provider.

ESIAC Recommendation:

Committee Recommendation:
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APPLICATION

Continuing Education
Course Approval

Continuing education programs approved for
education credit by the Ohio Board of

Building Standards

may be wused for

compliance with certification requirements

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

Reynoldsburg, Ohio 43068-9009
(614) 644-2613 Fax: (614) 644-3147
dic bbsizicom.state.oh.

us

Wwww,com state_oh us/dic/dicbbs htm

COURSE SUBMITTER: Timothy Pool, LLC

Course Submitter; Timothy Pool

{Contact Name)

Organization: Timothy Pool, LLC

(Orgamzation/Company)

Address: 36605 Garretts Cove

{Inthade Room Number, Suite, &1c.)

related to code enforcement, plan review, and = State: Ohio Zip: 44095
inspection responsibilities. The creditis to be | E-Mail: timpooi@sbeglobal net
o Board o Buiding Santars posont s | Telephone: orrarzz Fax:
section 3781.10(E) ORC. Course Sponsor:
U ORI,
Course Title; Practical NEC 2024 Training
New Course Submittal: |:| Update Course: Li_l Prior Approval Number: BBS2023-074

Purpose and Objective: To provide practical National Electrical Code training necessary to ensure safety and compliance of electrical

installations and lo provide better inspection services by Building Officials and Safety Inspectors

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

10 hours

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

Building Official [Il]

Master Plans Examiner [ |
Building Plans Exam. |_]
Plumbing Plans Exam, I:I
Electrical Plans Exam. I:l
Mechanical Plans Exam. [:]
Fire Protect. Plans Exam.I:I

Program Applicable for the Following Participants:

Building Inspector @ Fire Protection Inspector D

Res Building Official [_] Res Plans Examiner [_|

Mechanical Inspector D
Plumbing Inspector El
Non-Res 1U Inspector |:|

Electrical Safety Inspectors
Location of ESI Course: 33851 Curtis Blvd #216, Eastlake, Ohio 44095

Date(s) of ESI Course(s): April 6, 2024

SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted: Cgi;k

Course Submitter: Name of contact person and their certification numbersgganizalion, address, fax, phone X
Organization sponsoring or requesting the program (if any) X
Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed x
Contact Hours: Indicate instructional time and credit requested in hours {e.g.: 0.5 hr. 1 hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested {for which course relates to certification) X
Content of Program: Include collated agenda, time schedule, course outline; list specific sections of code, references, and topics covered | X
Course Materials: Collated workbooks, handouts. hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials: NIA
Completed Application: X
NOTE: The Board does NOT grant retroactive approval for courses presented prior to apﬁm
FEB 9.2 2073
Foomi: 1526 BBS 81028110

BOARD OF BUILDING

STANDARNS
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PRESENTER BIO: Timothy G Pooal, PE, ESI, RCDD

*Principal
*Director of Engineering

Mr. Timothy Pool, PE has over 30 years’ experience as an Electrical
Engineer and Electrical Project Manager in total design of building
electrical systems, information technology systems, and
industrial/control systems design. As a Partner in the firm and the
Director of Engineering for Tec, Inc. Engineering and Design, Mr. Pool s in
responsible charge of all aspects of power distribution, short circuit and
arc flash studies, commercial and industrial power and control systems,
and quality control review.

Mr. Pool continues to serve as the Project Manager on many projects
completing the electrical engineering design for many large companies
including Avery Dennison, Lincoln Electric, First Energy, ODOT, and
Lubrizol. As Project Manager his responsibility is to coordinate the
engineering team effort with respect to the overall project goals,
coordinate the schedule and budget, obtain, and disseminate pertinent
project information and act as the coordination person for the other
design team members.

Another outstanding asset is Mr. Pool’s knowledge and instruction on the
National Electrical Code, National Fire Alarm Code and Electrical Safety
in the Workplace. Considered an expert in the industry, Mr. Pool provides
class training and guidance to the electrical industry and many electrical
contracting firms throughout Northeast Ohio. Mr. Pool's method of
presentation and practical application of the material make him stand
out as one of the premier presenters in the electrical industry.

107







PRACTICAL NEC 2023 TRAINING

Presented by
Timothy Pool, P.E.

Tec Inc, Engineering and Design
33851 Curtis Blvd #216, Eastlake, Ohio 44095

Instructor: Timothy Pool, P.E.
April 8, 2024 timpool@sbcglobal.net
7:00 AM to 5:00 PM 440-477-8722

Outline of Material to be Covered
Chapter 1: General (30 minutes)

« Definitions and Requirements of Electrical Installations (20 minutes)
Temperature Limitations of Equipment and Terminations (25 minutes}
Short Circuit Current Identification (10 minutes)

Equipment space, Working space and guarding (25 minutes)
Equipment Room Requirements (10 minutes)

Chapter 2: Wiring and Protection (135 minutes)
e Use and Identification of Grounded Neutral Conductors (15 minutes)
GFCI| Requirements (20 minutes)
AFCIi Outlet protection Requirements (15 minutes)
Services (20 minutes)
Arc Energy Reduction (15 minutes)
Overcurrent Protection (30 minutes)
Overvoltage Protection (20 minutes)

Chapter 3: Wiring Methods and Materials (85 minutes)
¢ Wiring Methods — Protection from Damage (15 Minutes)
e Cabinets and enclosures (25 minutes)
e Qutlet, Device, Pull and Junction Boxes (25 minutes)
¢ Auxiliary Gutters (20 minutes)

Chapter 4: Equipment for General Use (80 minutes)
« Switches (15 minutes)
+ Receptacles and Cord Connectors (30 minutes)
e Switchboards and Panelboards (15 minutes)
e Generators (20 minutes)

Chapter 5: Special Occupancies (70 minutes)
e Marinas, Boatyards and Commercial Docking Facilities (35 minutes)
s Temporary Installation changes (35 minutes)

(Outline Continued on next page)

109




Chapter 6: Special Equipment (70 minutes)
¢ Splash Pad and Pool Inspections (30 minutes)
¢ Fire Pumps (40 minutes)

Chapter 7: Special Conditions (70 minutes)

* Emergency Systems (Life Safety, Legally Required and Optional) (30 minutes)
Wiring requirements (Transfer Switch) of emergency systems (15 minutes)
Selective coordination of emergency systems (15 minutes)

Emergency System Documentation (10 minutes)

Since all students are encouraged to ask questions and seek help in understanding the rules, the
material shown and the schedule for its presentation may be aitered to fit the time period available for
each class session.
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Practical National Electrical Code
Training

New Class Location!

Tec, Inc Engineering and Design

Presanted by
Mr. Timothy Pool

Intro and Code Update Status

NEC® in Effect NEC® Update Process In Progress .
1/1/2024 1/1/2024
]
iozouzc* 26 020 NEC* Update Proceas Underway - 1
FOAT HECE - 31 Curyent Update Process Completed - 33
J00R MECT - 3 _|See MEC® In Eifect Map for Updsted Editlon]
= | = s - = ”
V. |
@ Summary @
The Ohio Board of Building Standards meeting on |
January 26, 2024, approved adoption of the 2023 NEC
for Commercial and Residential Construction effective . . -
March 1, 2024. Ohio Residential Code
Any permit submitted after March 1, 2024, will need Exceptions: 240-volt GFC!
to comply with the 2023 National Electrical Code. Protection
Inspections for projects started before March 1, 2024,
will be on the 2017 NEC, projects started after March
1, 2024, will be on the 2023 NEC.
Update Status in Ohio - . i
Is a building permit required to
The Ohio Residential Code covers 1, . . " :
2 ana 3 family dwellings. replace a circuit breaker in a dwelling
unit if it is the same size and type?
Wherever the National Electrical
Code references 1 and 2 family
dwellings, the Ohio Residential 1. Yes
Code also applies those rulesto 3
family homes. 2. No
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9 10
Ohio Residential Code Section 3401 @ Ohio Residential Code Section 3401
102.10 Electrical Work. Approval {Permitting) shall not be required for the 1. Modify Section 210.8(A) to read:
f°"°"’f""3: ) . NEC 2024 Adicle  {A) Dwelling units. Ali 125-volt, single phase,
1. Listed cord-and-plug connected temporary decorative lighting. 210.8(A) includes 15- and 20-ampere receptacles installed in
2. Reinstallation of attachment plug receptacles but not the outlets thereof. 240-volt locations specified in 210.8{A){1) through
3. Replacement of branch circuit overcurrent devices of the required receplacles. (A){12) are to have ground-fault circuit-
capacit on. ,f ein the same'locatlon X _ interrupter protection for personnel.
4. Electrical wiring, devices, appliances, apparatus, or equipment operating However, see
at less than 25 volts and not capable of supplying more than 50 watts of specliic appllance
energy- Arficle 210.8(D) on
5. Repairs and Maintenance: Approval shall not be required for minor repair Next Slide
work, including the replacement of lamps or the connection of approved
portable electrical equipment to approved permanently installed
receptacles.
11 : L 1Y

Article 210.8(D) GFCI
210.8{D) Specific Appliances,
GFCI protection shall be provided for the branch circuit or outlet
supplying the following appliances rated 150 volts or less to ground
and 60 amperes of less, single- or 3-phase:
{1} Automotive vacuum machines
(2} Drinking water coolers and bottle fill stations
(3} High-pressure spray washing machines
{4) Tire inflation machines
(5) Vending machines
{6) Sump pumps
{7) Dishwashers (Ohio Removed Exception} |
(8) Electric ranges
{9} Wall-mounted ovens J
{10} Counter-moutited cooking units
(11) Clothes dryers
{12) Microwave ovens

Chio did nof exempt any
of these items for
residential,

Removed the ability 1o
have lactory installed
integral GFCI protection.,
See old 422.5(B)

Units

~ 13
nec Article 210.8 GFCI

210.8 Ground-Fault Circuit-Interrupter Protection for
Personnel.

A listed Class A GFCI shall provide protection in accordance
with 210.8{A) through {F). The GFCi shall be instalied in a
readily accessible location.

Class A GFCl only works
©on 120 volis to ground.
New Special purpose
Ciass B works on higher
than 150 volts to ground
and 20 milllamps
ISPGFCI) see definitions.

Informational Note: See 215.9 for GFCI protection on
feeders.

For the purposes of this section, the distance from
receptacles shall be measured as the shortest path

the power supply cord connected to the receptacle would
follow without piercing a floor, wall, ceiling, or fixed barrier.

Articin 210.52(CH Y}

Article 210.8 Ground-Fault Circuit- 14

Interrupter Protection
The circuitry and components of a typical Class A GFC).

Class A GFCl operates at 5 mA

~ Article 210.8 Ground-Fault Circuit- 15
nec .
A\ Interrupter Protection

Class B GFCI (Special Purpose) operates at 20 mA

16
@ Article 210.8 GFCI

Eurrentlevel i millampetes | Probable sbect on the humsa body

1mA Tingling 3eraations and & changs ia pert eption levels.

A subtie ahock, The individusl is able 10 1et g0 of the object. intense

bGn |iwoluntady spasms rmight ead te inury,

[A peintul shock. Lots of mucufir control, Glien referned 1o ot &

516 mA firwazing current whecw the individual CANNOL 4aparste from tha
|wiectncal younce.
17.99 wA Tatreme pain, fung farfure, strong muscular contradtions. Inabifity to
[separate from slectnicsl source. fospibly farsl,
|severety ab heanbest. Extreme A 2 ¢
100,1000 1 [damage oecur, Likely resulting in death.
21,000 A T 3004 Dedting. intemal Sard are strvanely damuged and exirema)

bums, Probable desth
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17

Is a receptacle installed in a finished
basement below grade required to be
GFCI?

1. Yes
2. No

ipacing obove a

18

Article 210.8 GFCI
2\ 210.8{A) Dwelling Units.
All 125-volt through 250-volt receptacles [Modified by
Chio to remove 250-vaolt receptacles) installed in the
_following locations and supplied by single-phase branch
| arcuits rated 150 volts or less to ground shall have
ground-fault circuit-interrupter protection for personnel
1) Bathrooms
2) Garages and accessory buildings at or below grade
non-habitable limited to storage areas, work areas
and similar. {Modified by Ohio to remove garage door
opener from GFCI requirement if single receptacle)

counter per Article 3) OCutdoors
210524011}

4) Craw! Spaces at or below grade

5) Basements {Modified by Chio to remove exception
and require Sump Pump on GFCI)

19

Article 210.8 GFCI

2\ 210.8(A) GFCI Dwelling Units

Continued Lecations include

8) Kitchens — Removed only whers installed to serve
countertop surfaces — now implies all kitchen
receptacles.

7) Areas with sinks and permanent provisions for food
preparation, beverage preparation, or cooking.

8) Sinks - within 6 feet of the inside edge of the bow!

9) Boathouses

10) Bathtubs and shower stalls — where the receplacle s
installed within &' of the outside edge

11) Laundry areas - everywhere in the room (even the
celing}

12} Indoor damp and wet locations (patios / mud rooms,
elc ) (2020 NEC addition)

Ohio Residential Code Section 3401

2. Modify Section 210.8{A){2) to read:

Garages, and also accessory buildings that
have a floor located at or below grade
level not intended as habitable rooms and
limited to storage areas, work areas, and
areas of similar use except for the
receptacle located to serve a garage door
opener when the device is a single

. receptacle and located in the ceiling. {Ohio
added highlighted text)

Garage Door
Receplacle s
not permitted
to be duplex if
Hsnotona
GFCI.

Ohio Residential Code
Exception: Garage Door Opener
GFCI Protection

i

Ohio Residential Code
Removed Exception for Sump
Pump and Dishwasher GFCI
Protection

Ohio Residential Code Section 3401

Section 210.8{A)(5) exceptions were removed!
1. Now 120-volt receptacles serving Sump
Pumps in finished or unfinished basements
are required to have GFCI protection.

"2
Ohio Residential Code Section 3401

Section 210.8{D) was not remaoved from the residential code,
This article requires GFCI on all dishwasher branch circuits (both
hard-wired or cord and plug). Remember the GFC! must be
readily accessible!

- .
. =

j 4
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Ohio Residential Code
Exception for Outdoor Outlet
GFCI

26
Article 210.8(F)

3. Modify Section 210.8(F) to read:
(F} Qutdoor Qutlets. All outdoor outlets for dwellings, other than

@3

What Is an those covered in 210.8(A), Exception No. 1 {snow melting), garoges
outtet vs. a with floor level at or below grade, accessory buildings and
receptacle?  poothouses, where the outlets are supplied by single-phase branch

circuits rated 150 volts or less to ground, and 50 amperes or less,
are to be provided with ground-fault circuit-interrupter protection
for personnel.

If equipment supplied by an outlet covered under the requirements
of this section is replaced, the outlet is to be supplied with GFCI
protection.

Exception No. 1; GFCl protection is not required on lighting outlets
other than those covered in 210.8(C) (crawl space)

Exception No. 2: GFCI protection is not required for listed HVAC
equipment.

27
@ ,co%  Article 210.8(F)
8 902 210.8(F) Outdeor Outlets.

For dwellings, all cutdoor outlets, other than those covered in 210.8{A)

The 2023 code Exception No, 1 (snow melting), including outlets installed in the
recognized this following locatians, and supplied by single-phase branch circuits rated
issue and 150 volts or less ta ground, 50 amperes or less, shall be provided with
exempted GFC) protection:
HVAC GFCl il [1) Garages that have floors located at or below grade level
2026 {2) Accessory buildings

{3) Boathouses

If equipment supplied by an outlet covered under the requirements of

| this section is replaced, the outlet shall be supplied with GFC|
protecticn,

Exception No. I: GFCI protection sholl not be required on lighting outlets
other than those covered in 210.8(C} {Craw! Spaces).

Exception No. 2: GFCI protection shall not be required for listed HVAC
equipment. This exception shall expire September 1, 2026.

28

A contractor installed a 60 amp, 2 pole
GFCli in the main panel to feed a sub-
panel in the detached garage. Are
GFCl type receptacles also required?

1. Yes
2. No

~ 29
nec Article 215.9
X
215.9 Ground-Fault Circuit-Interrupter
: 60A GFCI Protection for Personnel. OhiO Residgntial Code
Feeders shall be permitted to be protected i RIS
by a listed ground-fault circuit interrupter Exception for Service and Feeder surge
installed in a readily accessible location in td
lieu of the provisions for such interrupters Protectlon
as specified in 210.8 and 590.6(A).
All chts in Sub
Panel are
considered
GFCi protected
p ~ 31] |
nec Surge Protection @ N Article 230.67 Surge Protection
2023
. Not Required
4. Modify Section 215.18(A) to read: N 230.67 Surge Protection. in Ohio
Ghio '::mwed {A} Surge-Protection Device. Where provided as part of (A) Surge-Protective Device.
re qu,r:mem feeder supplied distribution equipment, surge-protection All services supplying the following occupancies
and sim devices (SPD} are to be installed in accordance with this shall be provided with a surge protection device
hery (SPD)
sald where section.
p’°‘s":r:‘: the {1) Dwelling units
profection 5. Modify Section 230.67(A) to read: (2) Dormitory units
l EUISI* ‘;EI {A) Surge-Protection Device. Where provided as part of the {3} Guest rooms and guest suites of hotels and
02c :' deun:e service entrance equipment, surge-protection devices (SPD) motels
with this are to be installed in accordance with this section. (4) Areas of nursing homes and limited-care
secfion. facilities used exclusively as patient sleeping rooms
informational Note: See 517.10{B)(2)

32
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the service equipment of shall be located immediately
adjacent thereto.

Exception: The SPD shall not be required to be located
ot the service equipment as required in 230.67{B} if
located at each next level distribution equipment
downstream toward the lood.

Not Required

~ — 3
Article 230.67 .

N 230.67(B) Location. The SPD shall be an integral part of 1

242.9 Indicating. There

s also a new
requirement that surge
protective devices
(SPDs) provide an
indication that they are
functioning properly.

in Ohio
Article 230.85
Emergency Disconnect on Residential
Services

New in 2023
NEC

Article 230.67

230.67(C) Surge Protection.
Must be Type 1 or 2

230.67(D) Replacement. Where the
service equipment is replaced, all of the
requirements of this section shall apply.

230.67(E) Ratings.

SPDs shall have a nominal discharge
current rating (In) of not less than 10kA.

Not Required
in Ohio

36
N Article 230 Services

230.85 Emergency Disconnects.

For one- and two-family dwelling units, an
emergency disconnecting means shall be
installed.

230.85(A) General.

230.85({A)(1) Location.

The disconnecting means shall be installed in
a readily accessible outdoor location on or
within sight of the dwelling unit.

Excepfion: Where the requirements

of 225.41 (Feeder Emergency Disconnect) are
met, this section shall not apply.

37
Article 230 Services

230.85{A)(2) Rating.

The disconnecting means shall have a
short-circuit current rating equal to or
greater than the available fault current.
230.85(A)(3) Grouping.

If more than one disconnecting means is
provided, they shall be grouped.

31
Article 230 Services

230.85(B) Disconnects.

Each disconnect shall be one of the
following:

(1) Service disconnect (fused)

{2) A meter disconnect integral to the meter
mounting equipment not marked as suitable
only for use as service equipment installed ir
accordance with 230.82

@

230.85(B) Disconnects.

(3) Other listed disconnect switch or circuit
breaker that is marked suitable for use as service
equipment, but not marked as suitable only for
use as service equipment, installed on the supply
side of each service disconnect (non-fused)
Informational Note 1; Conductors between the
emergency disconnect and the service disconnect
in 230.85(2) and 230.85(3) are service
conductors.

Informational Note 2: Equipment marked
“Suitable only for use as service equipment”
includes the factory marking “Service
Disconnect”.

New in 2023
NEC

New in 2023
NEC

New in 2023
NEC New in 2023
NEC
_ .
39 4
Article 230 Services Article 230 Services

230.85(C) Replacement.

Where service equipment is replaced, all of the
requirements of this section shall apply.
Exception: Where only meter sockets, service
entrance conductors, or related raceways and
fittings are replaced, the requirements of this
section shall not apply
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41
@ Article 230 Services
Hire] 230.85(D) Identification of Other Isolation
Disconnects.

Where equipment for isolation of other energy
source systems is not located adjacent to the
emergency disconnect required by this section, a
plague or directory identifying the location of all
equipment for isolation of other energy sources
shall be located adjacent to the disconnecting
means required by this section.

42 |

CUEE]

What color is the label on the
emergency disconnect on a dwelling
unit?
1. Black text on White Background

2. Red text on White Background
3. White text on Red Background

NewNi2C2023 Informational Note: See 445.18, 480.7, 705.20,
and 706.15 for examples of other energy source “
system isolation means. i
) —— = e — I
43 44
@ Article 230 Services @ Article 230 Services
e 230.85(E) Marking. U] 230.85(E) Marking.
New in 230.85(E)(1) Marking Text. 230.85(E){(1) Marking Text.
2023 NEC The disconnecting means shall marked as (3) Other listed disconnect switches or circuit
follows: breakers on the supply side of each service
(1) Service disconnect disconnect that are marked suitable for use as
service equipment and marked as follows:
(2) Meter disconnects installed in accordance
with 230.82(3) and marked as follows:
New in 2023
DISCONNECT, NOT SERVICE EQUIPMEN NEC
_\ as| | ) T
nec Article 230 Services , @ |
i [ru
230.85(E)(2) Marking Location and Size.
Markings shall comply with 110.21(8) and both of
the following;
(1) The marking or labels shall be located on the ~ ;
outside front of the disconnect enclosure with Article 210.11
red background and white text. _ Small Appliance Branch Circuits
(2) The letters shall be at least 13 mm (¥, in.) : £
high.
New in 2023 !
NEC
J ; sl
~ 47 48
nec 210.11 Branch Circuits Required. 210.11 Branch Circuits Required.
2073

210.11 Branch Circuits Required.

{C) Dwelling Units. (1) Small-Appliance Branch
Circuits. In addition to the number of branch
circuits required by other parts of this section, two
or more 20-ampere small-appliance branch circuits
shall be provided for all receptacle outlets
specified by 210.52(B). {Kitchen, pantry, breakfast
room, dining room or similar area)

210.11 Branch Circuits Required.

(C) Dwelling Units. {2} Laundry Branch Circuits. In
addition to the number of branch circuits required
by other parts of this section, at least one
additional 20-ampere branch circuit shall be
provided to supply the laundry receptacle outlet(s)
required by 210.52(F). This circuit shall have no
other outlets,
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49
210.11 Branch Circuits Required.

210.11 Branch Circuits Required.

(C) Dwelling Units. (3} Bathroom
Branch Circuits. In addition to the
number of branch circuits required by
other parts of this section, one or
more 120-volt, 20-ampere branch
circuit shall be provided to supply the
bathroom{s} receptacle outlet{s}
required by 210.52(D} and any
countertop and similar work surface
receptacle outlets. Such circuits shall
have no cther outlets.

The garage circuit can feed the
dwelling unit outdoor GFCI
receptacles.

1. True
2. False

210.52{G)(1) requires
one receptacle in each
vehicle bay not more
than 1.7 m{5 12 ft}
abo

{Page 288)

51
210.11 Branch Circuits Required.

210.11 Branch Circuits Required.

{C)(4) Garage Branch Circuits. In addition to the
number of branch circuits required by other parts
of this section, at least one 120-volt, 20-ampere
branch circuit shall be installed to supply
receptacle outlets required by 210.52(G}{1) for
attached garages and in detached garages with
electric power, This circuit shall have no other
outlets.

Exception: This circuit shall be permitted to outdoor
receptacle outlets.

Exception for other receptacles in single bay garage

wve the floor.

52

Article 210.52
Dwelling Unit Receptacle Outlets

210.52 Dwelling Unit Receptacle 53

Outlets.
210.52 Dwelling Unit Receptacle Outlets.

-;-—.\ [A) General Provisions. In every kitchen, family
Fgalid room, dining room, living room, parlor, library,
": . "]‘ den, sunroom, bedroom, recreation room, or
1 '_' similar room or area of dwelling units, receptacle
i outlets shall be installed in accordance with the

general provisions specified in 210.52(A}(1)
through (A)(4).

{A)(1) Spacing. Receptacles shall be installed such
that no point measured horizontally along the floor
line of any wall space is more than 1.8 m (6 ft}
from a receptacle outiet.

210.52 Dwelling Unit Receptacle >
Outlets.

210.52({A)(2) Wall Space. As used in this section, a

wall space shall include the following:

(1) Any space 600 mm {2 ft) or more in width

(including space measured around corners) and

unbroken along the floor line by doorways and

similar openings, fireplaces, and fixed cabinets that

do not have countertops or similar work surfaces

{2) The space occupied by fixed panels in walls,

excluding sliding panels

(3) The space afforded by fixed room dividers, such

as freestanding bar-type counters or railings

Article 210.52 Dwelling Unit Receptacle®
Outlets.

Typical room plan view of the locaticn of dwelling unit
receptacles meeting the requirements of 210.52(A}.

s i
i & o l
| o l“i
]:ﬂ ﬁ:dﬁ:”
) =

i
o e

Article 210.52 Dwelling Unit Receptaclé
Outlets

210.52{A){2)(1) fixed cabinets that do not have
countertops or similar work surfaces are not
considered wall space.

BUILT IN CABINET WITH
QUT WORK SURFACE NOT
CONSIDERED WALL SPACE

BUILT [N CABINET WITH
WORK SURFACE
CONSIDERED WALL SPACE
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210.52 Dwelling Unit Receptacle >’

Outlets.
210.52({A)(3) Floor Receptacles. Receptacle outlets
in or on floors shall not be counted as part of the
required number of receptacle outlets unless
located within 450 mm (18 in.) of the wall.

4065 Recentacle Mosnimg

1) Recepuscles in Seating Arcas and (ther Simitar Surfaces.
B seating anean o smilor samfaces, wovepeackes diah o e
irotalle in a fceup psation unless e naeplace s am of e

Bulbiming:

TL0 Bantial an istemnbh listerl e fuaimos paset distribe
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£ an G ekl firmsnigy

W Lbavd seither Wikt avewible o cemmennp
Appli athons i as o GECEsecepiin ke asemlils for counies
o appliats s
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210.52 Dwelling Unit Receptacle 5
Outlets.
210.52({B)(1) {(B) Small Appliances.
(1) Receptacle Outlets Served. in the kitchen,
pantry, breakfast room, dining room, or similar
area of a dwelling unit, the two or more 20-ampere
small-appliance branch circuits required by
210.21(C}{1) shall serve all wall and floor
receptacle outlets covered by 210.52(A}, all
countertop outlets covered by 210.52(C), and
receptacle outlets for refrigeration equipment.
(2) No Other Qutlets. The two or more small-
appliance branch circuits specified in 210.52(B)(1)
shall have no other outlets.

@J

Article 210.52 Dwelling Unit Receptacle®
Outlets

& 210.52(B)(3} Kitchen Receptacle Requirements.
Receptacles installed in a kitchen to serve
countertop surfaces shall be supplied by not

b fewer than two small-appliance branch circuits,

T either or both of which shall also be permitted to
supply receptacle outlets in the same kitchen and
in other rooms specified in 210.52(B){1). (kitchen,
pantry, breakfast room, dining room or similar).
Additional small-appliance branch circuits shall be
permitted to supply receptacle outlets in the
kitchen and other rooms specified in 210.52(B){(1).
No small-appliance branch circuit shall serve
more than one kitchen.

Article 210.52 Dwelling Unit Receptaclé®
Outlets

210.52(C) Countertops and Work Surfaces.

In kitchens, pantries, breakfast rooms, dining rooms,
and similar areas of dwelling units, receptacle
outlets for countertop and work surfaces that are
300 mm (12 in.) or wider shall be installed in
accordance with 210.52(C)(1) through (C}{3} and
shall not be considered as the receptacle outlets
required by 210.52(A} {General).

For the purposes of this section, where using
multioutlet assemblies, each 300 mem {12 in.) of
multioutlet assembly containing two or more
receptacles installed in individual or continuous
lengths shall be considered to be one receptacle
outlet.

N
nec

Article 210.52 Dwelling Unit Receptaclé*
Outlets

210.52{C} includes “Countertops and Work
Surfaces” in Kitchen areas

Article 210.52 Dwelling Unit Receptack®
Outlets

210.52(C}{1) Wall Spaces. Receptacle

| outlets shall be installed so that no point
0 77 aleng the wall line is more than 600 mm
| {24 in.) measured horizontally from a

| receptacle in that space. The location of
£ the receptacles shall be in accordance
B with 210.52(C){3).

Exceplion No. 1. Receptacle outlets shalf

i not be required directy behind a range,

counter-mounted cooking unit, or sink in the
instalfation described in Figure

210.52(C)(1).

Article 210.52 Dwelling Unit Receptach®

Outlets

Figure 210.52(C}{1) Delermination of Area Behind a
Range, Counter-Mounted Cooking Unit, or Sink.

r Outiel within-»{  Space Sxonpl from wal |« Outiet withina
800 mm (24 in) | NG if X< 300 mm (121n) 800 men (24 )
x

nge, counter-mounted
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)
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Article 210.52 Dwelling Unit Receptacké
Outlets

Space eImmp irom wal
W f X< 433 (18 ) r-mmmmmn)-o

X
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65

According to the 2023 NEC, how many
receptacles are required at an island
countertop in a dwelling unit kitchen?

None
b
2
3

Article 210.52 Dwelling Unit Receptaché

@3
|

Outlets
ain 210.52(C)(2) Island and Peninsular Countertops
Chonge ge and Work Surfaces.
-20‘23 Co Receptacle outlets, if installed to serve an island or

peninsular countertop or work surface, shali be
installed in accordance with 210.52{C)(3). If a

No one is sure receptacle outlet is not provided to serve an island

what o or peninsular countertop or work surface,
provision provisions shall be provided at the island or
means?

peninsula for future addition of a receptacle outlet
to serve the island or peninsular countertop or
work surface.

67

It is permitted to install a receptacle
below a dwelling unit counter to serve
the countertop surface.

1. True
2. False

| |

@ Article 210.52 Dwelling Unit Receptaclé®
Outlets

210.52{C){3) Receptacle Qutlet Location. Receptacle
outlets shall be located in one or more of the

following:
r—%:;__ Receptacle outlets shall be located in one or more of
i e the following:

{1) On or above, but not more than 500 mm (20 in.)
above, a countertop or work surface

{2) In a countertop using receptacle outlet assemblies
listed for use in countertops

{3) In a work surface using receptacle outlet
assemblies listed for use in work surfaces or listed for
use in countertops

Article 210.52 Dwelling Unit ReceptacR®

@ Outlets

210.52(C)(3) Countertops and Work Surfaces.

Receptacle Outlets rendered not readily
accessible by appliances fastened in place,
appliance garages, sinks or range tops as
covered in 210.52(C}{1), exception, or appliances
occupying assigned spaces shall not be
considered as these required outlets.

j—

Articie 210.52 Dwelling Unit Receptacld?
Outlets

|cobingt side wall, or nixt to the miror

T

soma of tha possible
sacontd GFCI locations

possible “singla receptacle” option
lass than 356 from bath sinks

Article 210.52 Dwelling Unit Receptacld'
Outlets

210.52(D} Bathrooms. At least one receptacle
outlet shall be installed in bathrooms within 900
mm (3 ft) of the outside edge of each basin. The
receptacle outlet shall be located on a wall or
partition that is adjacent to the basin or basin
countertop, located on the countertop, or
installed on the side or face of the basin cabinet.
In no case shall the receptacle be located more
than 300 mm (12 in.) below the top of the basin
or basin countertop. Receptacle outlet
assemblies listed for use in countertops shall be
permitted to be installed in the countertop.

i some of tha possible
second GFCI localions

.

Article 210.52 Dwelling Unit Receptach

Outlets.

210.52(E){1) One-Family and Two-Family Dwellings.

For a one-family dwelling and each unit of a two-family
dwelling that is at grade level, at least one receptacle
outlet readily accessible from grade and not more than
2.0 m (8Y, fi) above grade level shall be installed at the
front and back of the dwelling.

o {_M_ @ o _ﬂL,]_

=

L

Two Family Dwelling

‘®

Single Family Dwelling
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Article 210.52 Dwelling Unit Receptacf®

Outlets.
210.52(E)(2) Multifamily Dwellings.
For each dwelling unit of a multifamily dwelling where the
dwelling unit is located at grade level and provided with
individual exterior entrance/egress, at least one receptacle
outlet readily accessible from grade and not more than
2.0 m (8Y, ft} above grade level shall be installed.

I

Muiti-family Dwelling

Article 210.52 Dwelling Unit Receptaclé®

Outlets.
210.52(F) Laundry Areas.
In dwelling units, at least one receptacle
outlet shall be installed in areas designated
for the installation of laundry equipment.
Exception No. 1: A receptacie for laundry
equipment shall not be required in a
dwelling unit of a multifamily building where
laundry facilities are provided on the
premises for use by all building occupants.
Exception No. 2: A receplacle for laundry
equipment shall nof be required in other
than one-family dwellings where laundry
facilities are not to be instalied or permitted.

Article 210.52 Dwelling Unit Receptaché

Outlets.

210.52(E){(3) Balconies, Decks,
and Porches.

Balconies, decks, and porches that
are within 102 mm (4 in.}
horizontally of the dwelling unit shail
have at least one receptacle outlet
accassible from the balcony, deck,
or porch, The receptacle cutlet shall
not be located more than 2.0 m
(6Y, &) above the balcony. deck, or
porch walking surface.

Article 210.52 Dwelling Unit Receptack®
Outlets.

{G) Basements, Garages, and Accessory
Buildings. For one and two- family dwellings,
and multi-family dwellings at least one
receptacle outlet shall be installed in the areas
specified in 210.52(G}{1) thraugh {G}(3}. These
receptacles shall be in addition to receptacles
required for specific equipment,

{1) Garages. In each attached garage and in
each detached garage with electric power, at
least one receptacle outlet shall be installed in
each vehicle bay and not more than 1.7 m (5
172 ft) above the floor.

Article 210.52 Dwelling Unit Receptacf@ |
Outlets.

{G] Basements, Garages, and Accessory
Buildings. At least one receptacle outlet in:

(2) Accessory Buildings. In each accessory
building with electric power.,

(3) Basements. In each separate unfinished
portion of a basement.

Article 210.52 Dwelling Unit Receptacld®

Outlets.
(H) Hallways. In dwelling units, hallways of 3.0 m
(10 ft) or more in length shall have at least one
receptacle outlet.

[T |

As used in this subsection, the hallway length shall
be considered the length along the centerline of
the hallway without passing through a doorway.

i
=
j\
=

ra

)
nec

Article 210.52 Dwelling Unit Receptacld®
Outlets.
{1) Foyers. Foyers that are not part of a
i — hallway in accordance with 210.52{H) and
- ™" that have an area that is greater than 5.6
[ m? (60 ft2) shall have a receptacle(s)
e / located in each wall space 900 mm (3 ft)

or more in width. Doorways, door-side
windows that extend to the floor, and
similar openings shall not be considered
wall space.

Remember - Must be
GFCI per Article
210.8{€)

Article 210.63

210.63 Equipment Requiring Servicing.

A 125-volt, single-phase, 15- or 20-ampere-rated
receptacle outlet shall be installed at an accessible
location for the servicing of heating, air conditioning, and
refrigeration equipment. The receptacle shall be located
on the same leve! and within 7.5 m (25 ft} of the
equipment as specified in 210.63(A) and (B).

{A) Heating, Air-conditioning, and Refrigeration
equipment. The required receptacle outlet shall be
located on the same level as the heating, air-conditioning
and refrigeration equipment. The receptacle shall not be
connectad to the load side of the equipment
disconnicting means.
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- Article 210.70
Lighting Outlets Required

Ex ¥ Receptacies aré

peﬂ.’\'lmed tobe
cantrolled

£x 2: Occupancy

sensars if they have o

moanual ovemide

82

Article 210.70 Lighting Outlets Required

210.70 Lighting Outlets Required. Lighting cutlets
shall be installed where specified in 210.70{A), {B)
and {C).

(A) Dwelling units. In dwelling units, lighting
outlets shall be installed in accordance with
210.70(A)(1), (A}2} and (A}3).

{1) Habitable Rooms. At least one lighting outlet
controlled by a listed wall-mounted control device
shall be installed in every habitable room, kitchen
and bathroom. The wall-mounted control device
shall be located near an entrance to the room ona
wall.

83
Article 210.70 Lighting Outlets Required

210.70 Lighting Outlets Required.

(2) Additional locations. Additional
Lighting outlets shall be installed in
accordance with the following:

{1) At least one lighting outlet
controlied by a listed wall-mounted
contro! device shall be installed in
hallways, stairways, attached garages,

£x 1: Automailc and detached garages with electric
ighting conirol power.
permitted

84

{s an exterior light required at all

exterior entrances of a dwelling unit?

1. Yes
2. No

i 1

' 85
@ Article 210.70 Lighting Outlets Required

FLF
210.70 Lighting Outlets Required.
{2) Additional locations.

{2) For dwelling units, attached garages,
and detached garages with electric power,
at least one lighting outlet controlled by a
listed wall-mounted control device shall be
installed to provide illumination on the
exterior side of outdoor entrances or exits
with grade-level access. A vehicle doorin a
garage shall not be considered as an
outdoor entrance or exit.

Ex 1: Automatic
ighting contro!
permitie

Ex 1: Automnatic
Highting control
permitted

Article 210.70 Lighting Outlets Requirec

210.70(A)(2) Additional locations.

(3} Where one or more lighting outlet(s) are
installed for interior stairways, there shall
be a listed wall-mounted control device at
each floor level, and landing level that
includes an entryway, to control the lighting
outlet(s) where the stairway between floor
levels has six risers or more.

part (4) Does not allow dlmm'lnl?
conirol unless you can dimfu
range from every localion.

| 87
@ Article 210.70 Lighting Outlets Required

210.70 Lighting Outlets Required.

{C) All Occupancies. For attics and underfloor spaces,
utility rooms, and basements, at least one lighting outlet
containing a switch or controlled by a wall switch or listed
wall-mounted control device shall be installed where
these spaces are used for storage or contain equipment
requiring servicing. A point of control shall be at each
entry that permits access to the attic and underfigor
space, utility room, or basement. Where 3 lighting outlet
is installed for equipment requiring service, the lighting
outlet shall be installed at or near the equipment.

Article 210.12
Arc Fault Circuit Interrupter
Protection

121




AFCl is not needed
on 240 volt or 120
volt - 30, 40, and

89
Article 210.12 AFC)

210.12 Arc-Fault Circult-Interrupter Protection.

Arc-fault cireyit-interrupter (AFCI} pr shall be nstalled in d
with 210.12{8} through {E) by any of the means described in 210. 12{AN1)
through {A)i8) [AFCI Combo Breaker or Devica lnd racewsy). The AFCI shall
be listed and i  in a readily il

50 amp branch

circults!

N 210.12(8) Dwelling Units.
Al 2120-volt, single-phase, 10-, 15-, and 20-ampere branch circuits supplvlng
outlets or devices installed in the foll Wans shall be p i by
any of the means described in 210. 12(A](l] through {A{6) (AFCI Breaker or

Device):

1) Kitchens 8) Bedrooms

2) Family rooms  9) Sunrooms

3) Diningrooms 10} Recreation rooms
4) Livingrooms  11) Closels

5} Parlors 12) Hallways

6} Libraries 13) Laundry areas

7) Dens 14) Similar arcas

90

Artlcle 210. 12(B) Dwellmg Units

LiviNg KITCHEN

91
Ohio Residential Code Section 3401

20123 Ohio Residential Code removed the exception

92

existing branch circuit is extended not

Branch circuits recognized by this article shali be rated in
accordance with the maximum permitted ampere rating or
setting of the overcurrent device. The rating for other than
individual branch circuits shall be 10, 15, 20, 30, 40, and 50
amperes. Where conductors of higher ampacity are used for
any reason, the ampere rating or setting of the specified
overcurrent device shall determine the circuit rating.
Exception No. 1: Multioutlet branch circuits greater than 50
amperes shall be permitted to supply nonlighting outlet
loads in locations where conditions of maintenance and
supervision ensure that only qualified persons service the
equipment.

Exception No. 2: Branch circuits rated 10 amperes shall not
supply receptacle outlets.

See page for AFCI protection only on the kitchen countertop more than feet and does not
270 Inthe circuits of a dwelling unit. o T A
Pocket include additional outlets or devices.
Guide AFCl is now required on every branch circuit serving
a kitchen per 210.12. 1. ¥
2. &
Eh Y
4. & P e N
L} ¥
5. 10’
. . . 93 04
B Article 210.12 Arc-Fault Circuit-
A Interrupter Protection
210.12 Arc-Fault Circuit-Interrupter Protection.
tﬂq {D) Branch Circuit Extensions or Modifications — Dwelling Units,
ﬂ -..I" Dormitory Units and Guest Rooms and Guest Suites. Where branch-
\ Y circuit wiring for any of the areas specified in 210.12(A), [B) or {C) is _
vja modified, replaced, or extended, the branch circuit shall be protected Art'lCIe 210.18
by one of the following: ’ . . .
e icee (1) Byany of the means described in 210.12(A)(1} through (AX6) Branch Circuit Ratings
w: a0l (2} Alisted outlet branch-circuit type AFCI located at the first
receptacle outlet of the existing branch circuit
Exception: AFCI protection shall not be required where the extension
of the existing branch circuit conducters is not more than 1.8 m (6 ft)
and does not include any additional outlets or devices, other than
splicing devices. This measurement shall not include the conductors
inside an enclosure, cabinet, or junction box. e
95 2
) . . . SR
nec Article 210.18 Ratings Article 210.23 10- Amp Circuit
210.18 Rating. Permilhed

210.23(A)1} Loads Permitted for 10-Ampere Branch Circults.

A 10-ampere branch circuit shall be permitted to supply one or

more of the following:

1) Lighting outlets

2) Dwaelling unit exhaust fans on bathroom or laundry reom
lighting circuits

3] Agas fireplace unit supplied by an individual branch circuit

210.23{A){2) Loads Not Permitted for 10-Ampere Branch
Circuits,

- Permcliedf‘ v P 10-ampere branch circuit shall not supply any of the following:
1) Receptacle outlets
N '.' F é 2) Fixed appliances, except as permitted for individual branch
Fhlh circuits
b lv' 3} Garage door openers

4) Laundry equipment
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Article 210.18 Circuit Ratings

These articles make it sound like it would allow a

98
@ Article 210.24(1) Summary
FEFE |TI|I|E 210 24{1) Summary of Branch-Circuit Requirements — Copper Conductors |

New
Table
in
2023

Circuit Rating 104 154 04 WA 40A 50A
14 AWG aluminum wire on a 10-amp circuit Py
br.ea.ker altt'lough see ?10.3 still restricts the R - @ " 2 . A .
minimum size of aluminum conductor to 12 AWG.
Taps 14 14 14 14 12 12
Fixture wines and cords See 240.5.
. Overcurrent
310.3(A) Minimum Size of Conductors. Protecton oy 5A ma T ©r  soa
The minirmum size of conductors for voltage ratings Gt
up to and including 2000 volts shall be 14 AWG lampholders  Anylypa  Anytype  Anylype  Hewwyduty  Heawduty  Heavy duty
copper or 12 AWG aluminum or copper-clad —
aluminum, except as permitted elsewhere in o M BmeA BAeia aA - MAesoh sk
this Code. Maximum 04 ) -
Load _15A 0A 30a L1 504
Permissible  See 210.23{A}). See 210.23(B}. See 210.23(B). See 210.23{C). See See
foad 210.23{D]. 210.23{D).
99 10(

Article 210.24(2) Summary

Table 210.24(2) Summary of Branch-Circuit Requirements — Aluminum and Copper-Clad Aluminum
Comduninrs |

Circuit Ratng 104 154 204 304 04 504
Conductors
{min. size):
Cirguit wires 12 12 10 8 6 4
Tops 12 12 12 12 10 10
Fixture wires See 2405
and cords. o
Overcurrent

Protection 94 154 204 w04 404 S04
Outlet
devices:
smgholders  Any type Anvy type Anytype  Meavyduty Heavyduty  Heavy duty
permitted
Receplacle Not I5max A 15A0r20A 0A AGAer50A S0A
rating applicable’ e

Maximum

Load 104 15A 20A 0A %0 A S0 A

Permissible See See
load See 210.23{A). See 210.23(B}. See 210.23[B). See 210.23{C}.  21D.23(D]. 210.23100.

N Article 726 Class 4 Fault-
Managed Power Systems

New Class Rating. Class 4 cables allow the distribution of AC
or DC power at higher-voltages (up to 450 volts). This type of
circuit constantly monitors itself (intelligent wiring system) for
fauits and would shut power off simuitaneously if a fault
oceurs. Capacily to deliver more power than Class |, I, or Ilf
systems.

Class 4 power systems are extremely safe from potential fire
or shock hazards. Aka Power Energy Transfer (PET), Fault
Managed Power; {Buili-in Fault Managemen(} (FMP)

Smart Building Technology; 450v L-L / 225v to ground

101
N Article 726 Fault Managed Power

Systems

726.144 Ampacity. The ampacity of class
4 cables shall comply with 300.15 based
on the temperature rating of the class 4
cable for conductors sized 16 AWG to 6
AWG. For conductors sized 24 AWG to
17 AWG, the class 4 cable shall be rated
for the intended ampacity as evidenced by
the marking FMP-XXA, where XX is the
maximum allowable ampacity permitted.

10.

N 726.121 Class 4 Circuits

-

103

Article 110.14
Wire Ampacity Calculations and
Lug Termination Temperature

Fara o,

ARTICLE 110 10

Requirements for Electrical Installation
110.14 Electrical Connections.

Because of different characteristics of dissimilar
metals, devices such as pressure terminal or
pressure splicing connectors and soldering lugs
shall be identified for the material of the conductc
and shall be properly installed and used.
Conductors of dissimilar metals shall not be

E CxD. .«== intermixed in a terminal or splicing connector
rr?:zjg where physical contact occurs between dissimilar
m_ ___ conductors (such as copper and aluminum, coppel

and copper-clad aluminum, or aluminum and
copper-clad aluminumy), unless the device is
identified for the purpose and conditions of use.
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ARTICLE 110 106

Requirements for Electrical Installations
110.14 Electrical Connections.
{C) Temperature Limitations.

The temperature rating associated with the
ampacity of a conductor shall be selected
and coordinated so as not to exceed the
lowest temperature rating of any connected
termination, conductor, or device.
Conductors with temperature ratings higher
than specified for terminations shali be
permitted to be used for ampacity
adjustment, correction, or both.

ARTICLE 110 107

Requirements for Electrical Installations

110.14(C})(1) Electrical Connections.

(1) Equipment Provisions. The determination of termination

provisions of equipment shall be based on 110.14{C){1){a) or

i {C){1)(b). Unless the equipment is listed and marked otherwise,

conductor ampacities used in determining equipment termination

provisions shall be based on Table 310.16 as appropriately modified

by 310.12.

(a) Termination provisions of equipment for circuits rated 100

amperes or less, or marked for 14 AWG through 1 AWG conductors:

{1) Conductors rated 60°C (140°F)

{2) Conductors with higher temperature ratings provided the
ampacity of such is determined based on the 60°C (140°F)
ampacity of the conductor size used.

ARTICLE 110 108

Requirements for Electrical Installations
110.14(C)(1) Electrical Connections (Con’t)

(b} Termination provisions of equipment for circuits rated
over 100 amperes, or marked for conductors larger than 1
AWG, shall be used only for one of the following:

(1) Conductors rated 75°C {167°F)

{2} Conductors with higher temperature ratings provided the
ampacity of such conductors does not exceed the 75°C
{167°F) ampacity of the conductor size used, or up to their
ampacity if the equipment is listed and identified for use with
such conductors,

---n--uhnmnm"mrmamwmhm-—;aﬁwwgmxwm—éﬂ -m
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] of Comsucton
| Semprature Racesgof o See Table 3IOHTT] |

it o ur ¢ Matin of -Conduuctor [See lpble 1

ARTICLE 110 - Table 310.15(C)(1) -
g2 Requirements for Electrical Installations
Table 310.15{C)(1) Adjustment Factors for More Than Three Current-
Carrying Conductors
\ o Percent of Values in
[0°C Table 310.16 Through Table 310.19
Wire Number of as Adjusted for Ambient
Conductors’ Temperature if Necessary
a0°c 4-5 a0
Equipment -9 o
termination 10-20 30
21-30 a5
75°C 3140 a0
Equipment 41 and above 35
termination
115 11¢
Table 310.15(C)(1) Table 310.15(B){1){1)
Table 310, F5{BH 1)(1) Ambient Termperature Correction Factors Based on 30°C (B6°F) I
31’ 0'15(E) NeUtra| condUCtor' For amlsient temperatures other than 30°C {86°F), multiply the ampacities specified In the
Neutral conductors shall not be considered current carrying R Tt e e
. Tei ure
O when: -l I ™ o] L_T:":'?;_'f"';
=4 (1) Neutral carries only the unbalanced current from other 00ress L 120 | o Horles
. . ! - . 1 =]
conductors of the same circuit. 16-20 115 L1 | 108 60-68
21-25 1.08 | 105 1.4 89-77
b ) -] .0 100 Th-88
The neutral shall be considered current carrying when: o o ‘ g | o o
(1) Two phase conductors and the neutral conductor of a 4- oIS L3F) S L Lot
o 46-50 0.58 015 0.82 114-122
wire, 3-phase, wye-connected system. $1-85 0a1 087 076 12131
(2) Where the major portion of the load consists of nonlinear e R o e
loads then harmonic currents are present in the neutral. 6670 - | om 058 150-158
71-75 - - 0.50 155167
76-80 = | - ‘ 0.41 165-17%6
u-nmin.mmnummmmmhmunmnm- 117 [Table 216 16 Amgacriies of wirsted Condurmon with Mot hore Than Three| 11’
\anwwmnu-—,nmy Earth (Directly Burted) Example 1: o et Laveyiin Conducton in Racrears, Cable. & Earth (Dieetly Buted) EIEMPle 2:

noa]

ne: [ wpwen | measrn | weaen, | A 20-amp circuit breaker requires a ne: acparsy | wegers) | sweenon | I the same wire is installed in an
\ | Irpes The = 12 AWG conductor according to Y e e attic space with 120-degree F
Tm— | 240.4(D). mwew2 | ambient temperature, an additional
Crerprri | vl | e | T mei|  ambient temperature correction
mm;w s o, | install nine 20/1 circuits with b i n':';:'\'tmm m::"g":" factor of .82 must be applied.
Ty P US| XHWN. 93 2W | XHHN,E w2 [ LLAE LSE, IW | KHHN, T,
meMGwlon, — | shared neutralsin a %” conduit, and ot oty ; . N
ot | - | ; assuming an ambient temperature e e I ] Therefore, 21 amps x .82 = 17.22
W l.'.'.b—'—rs—'-r(_n ) of 86 degrees F, then the demand - c‘;“,.':—"—-n——-—um_ amps and a 20-amp CB cannot be
w i 3 n H L " » "® »
| factor for number of current used.
5 | w_ LN S s w - | 13
H | - a bt carrying conductors per table i » bt bt
. : " & mo | 310.15(CH1) is 7-9 = 70%. | s 100 =
i owme | e _ws LA l go | ue I W
5] 2% 150 1" 140 | m 150 | 1
. | o= | » | m If the wire Is THWN-2, then the w s o o
e i X ampacity of each conductor is 30 R
ol 2 | ] i amps x 70% = 21 amps and stil = = m -
i _;_ m | :;- | :'_; complies with code on a 20-amp CB. N _ g = :': foed
119 121
Article 240 Overcurrent Protection
So..When can | use the 90 degree C
column for wiring?
. n A Always begin de-rating using the highest
Article 240.4 [ e

Overcurrent Protection Round
Up Rule

ampacity column in Table 310.16
corresponding to the conductor’s
insulation temperature rating. Then
follow the limitations for the
terminations.
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@ Article 240 Overcurrent Protection @ Article 240 Overcurrent Protection

240.4 Protection of Conductors.

il S LLICU LT S {C} Overcurrent Devices Rated Over 800 Amperes.
(8) Overcurrent Devices Rated 800 Amperes or Less. Where the overcurrent device is rated over 800 amperes,
The next higher standard overcurrent device rating the ampacity of the conductors it protects shall be equal

{Sboveltsiompacity om."e e . to or greater than the rating of the overcurrent device
protected) shail be permitted to be used, provided all defined in 240.6

of the following conditions are met:

{1} Not part of a multioutlet branch circuit supplying
receptacles

(2) The ampacity of the conductors does not
carrespond with the standard ampere rating of a
fuse or a circuit breaker

(3) The next higher standard rating selected does not
exceed 800 amperes. {Art. 240.6)

123 124
Article 240 Overcurrent Protection

- N - e Table 240.6(A) S$tandard A
What is the next size higher standard o Luleﬂ',',da;,mﬂ’:;e

overcurrent device above 100 amps. Table 240.6(A) Standard Ampere Ratings for Fuses aud—l Circuit Breakers. The standard

fustse Sine Cheuk Bresier ampere ratings for fuses and inverse
Suandard Ampere Ratings a N 5
i = 5 G 5 time circuit breakers shall be
S 0 45 50 &0 considered as shown in Table
1. 105 0 L % 100 1 240.6(A). Additional standard
% 125 150 175 200 225 .
ampere ratings for fuses shall be 1,
250 300 350 400 450
2. 110 o e 3, 6, 10, and 601. The use of fuses
3. 125 1200 1600 2000 2500 3000 and inverse time circuit breakers

R - with nonstandard ampere ratings

“ shall be permitted.

nh{-;m:cwm-mmm.nmﬂ 125 u.sm:smm:-;dmumnmnm"] 126
\ ont-Carping Conducton: in Ratirapy. Cable, or Earth [ Dirs.ty Buried} . \ i -Carrany Cmum = A ey, Cable. or Easth {Dvectty Butied) .
nei '| Tesngeeitrn Rating of Conductar [Yee Table 310.43)] Example 1: nei | It g of Conductor [Ses Foble 10.4(1) Example 1:
W\ posreil__beaern__sease ] 1s it permitted to install 2 sets of 3/0 < ST TXNTH Tennitings 1S it permitted to install 2 sets of #3/0
Cannns | AWG, copper, THWN-2 in a single | "',';E,_":,,,,,”L,’"- AWG, copper, THWN-2 in a single
s cOPduit on a 400-amp breaker? | e e | conduit on a 400-amp breaker?
o i, | e e TN | Wl T,
ey pain (sl ; oy e e
| TenTww | 2w | 2| g Temp: | Smen TALUF | e usE 2w | Liwa rating:
e A0 or kbl B .. | S L T SE—

- T b Per table 310.16, since we are over a | . Because there are 2 sets in a common

L § o B | #1 AWG, we can use the 75 degree C i B A [ raceway, the number of current

w » 5 » 1 w 5 ] n v

2 » l 0 o column, so each #3/0 AWG conductor i » o g | carrying conductors is six (6) so the

: s _:: "_':: ! is good for 200 amps {75°C) x 2 = 400- L | s 1| derating per table 310.15(C){1) is 4-6 =

L]

s B | w | s amp breaker. : 3 i 5 80%.

H % ns 1% H ] 115 1% .

W e - e _I_ ws__ | If linstall THWN-2 wire, then the

wn s | = | w | w | i e ampacity of each #3/0 is 225 amps x

e J[ - @ | = _I v | w | SP*TS>  80%-=180ampsx 2 = 360 amps, and |

g e | = W ] o w | canstill install on a 400-amp CB per

pind o - l wo el o= l = = | 240.4(8) {Round up Rule).

s 2 - w o L) o 24 E o4 -
fﬁnummn?y. Ton Tivas] 127 [ o ernu.nmpammlsaroh*sm-u | 128
nei ey | e A

+ ML moerH ,,,’:‘,.;’;Lﬂ What is the breaker size permitted to + s What is the THWN-2 wire size
S Maneama | beinstalled on 2 sets of 4-250 MCM, I wwommes| required on a 1200-amp breaker?
ot | THWN-2 installed in two {2} conduits? i e | e o
o o | e e yor | o i e | o 2w | | Per table 310.16, each 500 MCM
THWN, KHHW, Ixnwu.mm-z. SiIAWGulunl B
mu_wrw_ml_rﬁw“ :w%-_rg _““"-IA Per table 310.16, each 250 MCM o) | F "' il e conductor carries 380 amps (75°C} x 3
- - : | conductor is good for 255 amps {75°C) w w | ox e =1140 amps.
w s 3 zs x 2 =510 Amp feeder. | i | % S| I
; o | e 0__§ 2w 45

| Py H i ; 1 i 2 o % | You cannot round up because we are

= = b b The next standard size breaker is 600 y b -] = over 800 amps.

: = o o amps per table 240.6(B). — e | w1 ws |

e} 1
i e ] e | el I - You must install 4 sets of 350 MCM or
¥ b B = If you have any derating factors, then e o2 3sets of 600 MCM.
- _I_;;; | you fall below the 500-amp breaker C I -

oo 40 i w | rating and can only round up to 500 w0 et I w

»a 0 o »0 %00 70 | Cmay 4% |

00 no | s = amps. w0 | me 1 B an |

o= | o= | o | . m | om | e | o= |
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Article 240.21(B)
Feeder Taps

J

131
Article 240 Overcurrent Protection

240.21{B)(1) Feeder Taps Not over 3 m {10 ft)
Long. If the length of the tap conductors does not
exceed 3 m {10 ft) and the tap conductors comply
with all of the following:

{1) The ampacity of the tap conductors is

a. Not less than the combined calculated loads
on the circuits supplied by the tap conductors,
and

b. Not less than the rating of the equipment

containing an overcurrent device(s) supplied

by the tap conductors or not less than the
rating of the overcurrent protective device at
the termination of the tap conductors.

130
Article 240 Overcurrent Protection

240.21(B} Feeder Taps. Conductors shall be
permitted to be tapped, without overcurrent
protection at the tap, to a feeder as specified in
240.21(B){1) through (B){5). The tap shall be
permitted at any point on the load side of the
feeder overcurrent protective device. Section
240.4(B) shall not be permitted for tap conductors
{next size higher).

13:
Article 240 Overcurrent Protection
240.21(B)(1) Feeder Taps Not over 3 m (10 ft) Long.

{2) The tap conductors do not extend beyond the switchboard,
switchgear, panelboard, disconnecting means, or control devices
they supply.

{3) Except at the point of connection to the feeder, the tap
conductors are enclosed in a raceway, which extends from the tap
1o the enclosure of an enctosed switchboard, switchgear, a
panelboard, or control devices, or to the back of an open
switchboard.

{4) For field installations, if the tap conductors leave the enclosure
or vault in which the tap is made, the ampacity of the tap
conductors is not less than one-tenth of the rating of the
overcurrent device protecting the feeder conductors.

133
Article 240 Overcurrent Protection

_ i

wuvul.r ——
W m--n\wm
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13
Article 240 Overcurrent Protection

240,21(B){2) Taps Not over 7.5 m {25 ft) Long. Where the length
of the tap conductors does not exceed 7.5 m (25 ft) and the tap
conductors comply with all the following:

(1) The ampacity of the tap conductors is not fess than one third o
the rating of the overcurrent device protecting the feeder
conductors.

{2} The tap conductars terminate in a single circuit breaker or a
single set of fuses that limit the load to the ampacity of the tap
conductors. This device shall be permitted to supply any number
of additional overcurrent devices on its load side.

(3) The tap conductors are protected from physical damage by

being enclosed in an approved raceway or by other approved
means.

gm =
Bt Ty 0
WhEST  apuem a:. x L™
Article 240 135
Overcurrent Protection
s
x
) e anr
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Chapter 9
Conduit and Wire Fill
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137
ARTICLE 90.9 Units of Measurement

138
Chapter 9 - Table 4 — Page 473

90.9 Units of Measurement.

(C) Permitted Uses of Soft Conversion. The cases s o ke 358 — EIECHRY ietaIETObIEM)

= . N Nomdral
Chapter.3 - Table 4 given in 90.9(C){1) through (C){4) shall not be - T 1vve 2w, noral o
2" EMT Dlameter; . . Doy se — 8 con I ax Gemes  _ tom
e required to use hard conversion and shall be el np—— et a2 w2 i ot
permitted to use soft conversion. A
2” Rigld Steel Diameter: (1) Trade Sizes. Where the actual measured size LA R L woam me Low s noga
z.om3 of a product is not the same as the nominal . e o mem moam .
4 size, trade size designators shall be used rather 51 W 1M s 2o wr L T s25 o 168 A
than dimensions. Trade prac‘ices sha" be (i} a3 2.3 1M A51S 2005 1105 1123 L8l& W4 M an3 5858
. b ] 3 e 3130 LIRS o g 31 asey 1267 L1 252 138 5%01 La6
fo"owed n a" cases N i 2080 4418 “n es M4 &119 2310 A5 T4 234 51 11548
- 103 4 0k 590 STIr KBS M6 a1y 2951 45N 101l 4334 9521 14751
(2l ExtraCtEd Materlal (from anOther Standard)' 1% k3 1220 208% Ta30 11127 16 HH3 43 6166 124 5073 13050 012
(3) ||'|du5tfv Practice, ‘4) Safety R 022 1749 9975 15434 LT e 609 Wy 73184
139 140

Chapter 9 - Table 4 - Page 479 nqetc Chapter 9 - Table 4 — Page 479

_ Article 352 — Rigid PYC Canduit [PVC), Schedule 80

Article 344 — Rigid Metal Conduit {RMC) ¥ =
ol
Moming! e Over 2Weer 1Wer 2Whes imernal Total Area
Over Twe 1wee Twirn e Total Aren 0% 72 53% [y Oisencter 100k

Mhetric . 0% 3% 3% Diameter 00 Orgn Trade — — — —
Detign Trade - — A — P — Mor by mm!  atk mm? el m i L mm in ot n)
w Sue it vl m e ind mn ' int TR = — — — — = —
Do We | wW al oL SN, -
2 o i = - - ®» 'n % o087 5 0 L 1T “ o poer A 05 i o7y
B u o 1w oms 0 e 8 om? 181 242 o wae N

N n 'a 05 64 158 s o e [L St B3 am 1 oae
EL T 11 om m oam ur om 108 ot 717 ma% 1 st

n %7 fa e m e a s
LI 2 oxss W oosn 0 adm L V1.1 170 1088 sn oay : e o e oMy il et aon
5 i el FT o o . 15a 13 e 5t o 80 ate o4 odta Hup o ns s e [E37]
[TV 53 wn ®0 124 w7 10w a3 s 22 e o 20m n o L LB EH L £l UL LI B
S ) o T 6y T ) iR Ise s2s Ramm T [ ] nz 1150 nm im o83 131 375 ean e 1wy 2%
@ 'n a5 1946 =2 2919 1663 13 1508 632 289 T esss @ 2n 1064 1802 1596 471 W as azn 52 1m0 w0 A
L 1936 3000 904 4499 56 39 100 2318 s ame e aw n 3 weo 2577 FUR T 200 3004 3T 1997 27 28600 a5 G2
n ¥n 2384 400 BT 6006 MU 58 003 2103 07 1M 61 10000 % #a ) 3475 ues Lny B2 aws W 16 s 3 T
w e mME 549 a0 27N [Tty I5H 3w 1029 s050 Wi 12mz 100 . 207 asm 36 &5 52 5962 53 Lae %62 1m e s
[T T 5200 Wiws 70 12127 @16 whs 04 6266 289 003 EE. ST mos w1 112 @y po B 9.463 Bh iam HEE 4768 1w 1285
156 58 10663 1192 17495 B 15454 s 5039 148 €093 LTI 3 86 505 10239 9908 1539 7z 167 s ran R 5208 161 2590
jljs1 142
£y Chapter 9 — Conductor and Cable Fill I
nec Chapter 9 — Conduit Wire Fill

Page 470

Table 1 Percent of Cross Section of Conduit and Tubing for Conductors
and Cables
Number of Conductors andfor
Cables Cross-Sectional Area (%}

Chapter 9 —Table 1

Table 1 is based on common
conditions of proper cabling and
alignment of conductors where the

1 53
2 11 length of the pull and the number of
Over 2 40 bends are within reasonable limits. It

should be recognized that, for certain

Summary: The fill percentage value is different for the type of conditions, a larger size conduit or a

raceway you are installing — the conductors might fit in RMC but - 3 o lesser conduit fill should be
may not fit in PVC Schedule 80, conduilt nipplesll:::::;% cansidered.
long can be e L
without de-rd
% 143 144
nec Chapter 9 - Table 1 - Page 470 C?ag'ter 9, Example 1
- e able 5 4#2 AWG and 1#6 AWG ground. The wires are
Note to Tables THHN/THWN. What size EMT must be used?
{3) Equipment grounding or bonding conductors, Size Approximate
where installed, shall be included when calculating {AWG or el i LG Plameter
conduit or tubing fill. The actual dimensions of the Type  kemil) mm?___in? mm In.
equipment grounding or bonding conductor 10 1361  0.0211 2166 0.164
(insulated or bare) shall be used in the calculation. Total Conducter B 2361 0.0366 5486  0.216
4 A;e:' . 8 3271 D.os0? 6452 0254
x 0.
See also note 9 for Multi-conductor cables or , . S%16 00828 8230 o3
elliptical cross-section * 1> o080 e : 6277 00873 LESE LR
’ 0.513¢ 2 7471 D158 9,754 0.384
1 100.8  0.1562 1133 0446
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145
Example 1
In Table 4 —find the value in the 40%

column that is more than 0.5139:
Articts 358 == Electrical Metallic Tubing {(EMT)

Chapter 9,
Table 4

14¢
@ Example 1 - Answer

442 AWG and 1#6 AWG ground. The wires are
THHN/THWN. What size EMT must be used?

e - .
Sl e e I T e R 1} A11/4” EMT raceway has an area of 0.598 and is the
[13 '/r n on e o 4 0161 &1 GoM 158 0621 196 Q34
n -Il 1 oam W ane ur ox 106 0165 09 08N H} Q51 mlnimum that can be uSEdI
n 1 2 0 n asne 5 045 1 oM FL UYL 5% OB&4
EH :I'I‘ ar oowr 313 oMl 300 G 151 1330 6B 1A%
a1 ‘l'ﬂ LY.V e LN ©“s L0% LT 9 1610 1318 203%
53 ¥ 866 .34} 1299 201 1147 LIS 671 1.080 w0y 2oeF 165 1156
a l'h 1513 2343 2 1318 o8 1108 W LEie @4 211 ) Sas
n a a0 353 M L30T MR 458 WET T2 52 3356 571 RsAs
9 .‘lfl 0 A6 41 897 949 6119 ne N 974 A3 51 1LY
1 a Ok 5901 T2 4852 3046 2019 9% 457 10l &334 511 1B
1% k3 1M 8.08% L RYRTH 16 10.713 Y 6266 103 013 13080 20.212
1% 5 T8 11643 N9 17495 9975 15494 53M 9059 1543 6083 i Mk
Chapter ¢ Lol 1
Toble 5 Example 2 Chapter 9, Example 2
4#2/0 AWG and 1#4 AWG ground in an underground Table 4 In Table 4 - find the value in the 40%
conduit. The wires are THHN/THWN. What size PVC column that is more than 0.9716:
Schedule 40 must be used? I P —
Size . App-aroximate e :&-"" = i i ;:.‘- frind el
(AWG or Approximate Area Diameter = == . - = == e
3 N w n oo w am ” am W ome 1y weor (L
Type kcm“} mm) in‘2 mm n. n vl oxe M 0% n o W oau? LY ] ur e
N 53116 @ 8238 6324 o ha oemy LT FregeT [rgrT w1 1o W A
My e o) W ert -, ame e A i LM o 148
Total Conductar : :i :: :‘::: :?: :;:f w n e a1 an T YT [T T
Areq: ! LI L S YU o WAL AT e om =
4 x 02223 3 187 01855 2 ) T Ty Y
+1x0.0824 = m 143 & @ (R ES) 0532 moan Duoamr SR MG B A L e maoam an e
0.97]6 o 1728 0 2679 14 83 D534 wm A ny wn -y rm LT P A} EERT ] o0 s
40 2008 Q3237 153 0642 us + o e Lo Bt % 0o W e 14 m une 1M
50 256 1 0 3370 18 06 [¥iL] ELU an nar LLOO 17 340 2R L P2 bk a2 kel WD MM
0 207 3 0 4808 19 46 0 766
149 151
Example 2 - Answer =
!
4#2/0 AWG and 1#4 AWG ground in an underground ;
conduit. The wires are THHN/THWN. What size PVC i
Schedule 40 must be used? |
Article 334

1} A 2" PVCschedule 40 raceway has an area of 1.316 and
is the minimum that can be used.

Type NM Cable

ARTICLE 334 151
Nonmetallic-Sheathed Cable: Types NM,
NMC, and NMS

334.10 Uses Permitted. Type NM, Type NMC, and Type
NMS cables shall be permitted to be used in the
following, except as prohibited in 334.12:
(1) One- and two-family dwellings and their attached
v ot detached garages, and their sterage buildings.
) {2} Multi-family dwellings and their detached garages
permitted to be of Types lll, IV, and V construction.

C
10 andz: ot {3) Other structures permitted to be of Types IlI, IV,
N"vp. S‘anda‘ ang and V construction. Cables shall be coencealed within
wave o ot gul . walls, floors, or ceilings that provide a thermal barrier
“"P:o“st ucti® £ of material that has at least a 15-minute finish rating as
[ALS] N\‘f‘e"'L identified in listings of fire-rated assemblies.

ARTICLE 334 15
@ Nonmetallic-Sheathed Cable: Types NM
NMC, and NMS

334.10{A) Type NM.

p M Type NM cable shall be permitted as follows:

- ,;,’ps& (1) For both exposed and concealed work in

s / ) normally dry locations except as prohibited
% in 334.10(3)

(2) To be installed or fished in air voids in masonn
block or tile walls
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ARTICLE 334 153
Nonmetallic-Sheathed Cable: Types NM,
NMC, and NMS

334.10(B) Type NMC, (Corrosion Resistant)
Type NMC cable shall be permitied as follows:

(1) For both exposed and concealed work in dry, wet,
damp, or corresive localions, except as prohibited
by 334.10(3)

@3

(2) In outside and inside walls of masonry block or tile

{3} In a shallow chase in masonry, concrete, or adobe
protecled against nails or screws by a steel plate at
least 1.59 mm (Vg in.) thick and covered with plaster,
adobe, or similar finish

ARTICLE 334 154
Nonmetallic-Sheathed Cable: Types NM,
NMC, and NMS

334.12 Uses Not Permitted.

(A) Types NM, NMC, and NMS. Types NM, NMC, and NMS
cables shall not be permitted as follows:

(1) In any dwelting or structure not specifically permitted in
334.10(1), (2), (3), and {5)

(2) Exposed within a dropped or suspended ceiling cavity in
other than one- and two-family and multifamily dwellings

{3) As service-entrance cable

{4} In commercial garages having hazardous (classified)
locations as defined in 511.3

(5) In theaters and similar locations, except where permitted

in 518.4(B)
ARTICLE 334 155 ARTICLE 334 156
@ Nonmetallic-Sheathed Cable: Types Nonmetallic-Sheathed Cable: Types NM,
NM, NMC, and NMS NMC, and NMS

334.12 Uses Not Permitted.

(6) In motion picture studios

(7) In storage battery rooms

(8) In hoistways or on elevators or
escalators

{9) Embedded in poured cement, concrete,
or aggregate

(10) In hazardous (classified) locations,
except where specifically permitted by
other articles in this Code

334,15(A) To Follow Surface.

Cable shall ciosely follow the surface of the building finish or of
funning boards.

334.15(B} Protection from Physical Damage.

Cable shall be protected from physicat damage where necessary by
rigid metal conduit, intermediate meta! conduit, electrical metallic
tubing, Schedule 80 PVC conduit, RTRC marked with the suffix -
XW, or olher approved means, Where passing through a floor, the
cable shall be enclosed in rigid metal conduit, intermediate metal
conduit, electrical metallic tubing, Schedule 80 PVC conduit, RTRC
marked with the suffix -XW, or ather approved means extending at
least 150 mm (€ in.) above the floor. Conduit or tubing shall be
provided with a bushing or adapter that provides protection from
abrasion at the point the cable enters and exits the raceway.

~ ARTICLE 334 157 ARTICLE 334 158
@ Nonmetallic-Sheathed Cable: Types NM, @ Nonmetallic-Sheathed Cable: Types NM,
NMC, and NMS NMC, and NMS

334.23 In Accessible Attics.

The installation of cable in accessible attics or roof
spaces shall also comply with 320.23.

320.23{A) Where run acrass the top of framing membars, or across
1ha face of rafters or studding within 2 1 m (7 ft) of the flaor

or horizental surface, the cable shall ba protectad by guard stnps that
are al teas! as hign as the cable. Wnere this space 15 not accessible by
pefmanently inslalled stairs or ladders, protection shall only b
raquired within 1.8 m (8 fl) of the nearest edge of the sculils hole or
attic antrance

320.23(B} Where the cable is installed parailet to the sides of raflers
studs, or ceiling or floor joists, neither guard stnps nor running boards
shall ba required. and the installation shall alss comply with 300 4iD}
{1 % frem adge of joist)

334.30 Securing and Supporting, Nonmetallic-
sheathed cable shall be supported and secured by
staples; cable ties listed and identified for securement
and support; or straps, hangers, or similar fittings
designed and installed so as not to damage the cable,
at intervals not exceeding 1.4 m {4 1/2 ft) and within
300 mm (12 in.) of every cable entry into enclosures
such as outlet boxes, junction boxes, cabinets, or
fittings. Flat cables shall not be stapled on edge.
Sections of cable protected from physical damage by
raceway shall not be required to be secured within the
raceway.

ARTICLE 334 159

Nonmetallic-Sheathed Cable: Types NM,

NMC, and NMS

N
nec
A
e, 334.40 Bones and Fittings.
334.40{A) Boxes of insutating Materlal,
ﬂ Nonmetallic outlet boxes shall be permitted as
provided by 314.3.

{only non-metallic with open wiring on
insulators, concealed knob-and-tube wiring,
cabled wiring methods with entirely
nonmetallic sheaths, flexible cords, and
nonmetallic raceways)

160

Can a self-contained and listed NM
splice be installed where concealed in
the wall?

1. Yes
2. No
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Self-contained switches, self-contained receptacles, and
listed nonmetallic-sheathed cable interconnector devices
of insulating material that are listed for use without a box
shall be permitted to be used without boxes in exposed
or concealed installations. Openings in such devices shall
form a close fit around the outer covering of the cable,

) and the device shall fully enclose the part of the cable
_‘\\._, #‘f from which any part of the covering has been removed.

ARTICLE 334 161 ARTICLE 334 162
Nonmetallic-Sheathed Cable: Types NM, Nonmetallic-Sheathed Cable: Types NM,
NMC, and NMS NMC, and NMS

334.40(B) Devices of Insulating Material. 334.80 Ampacity.

The ampacity of Types NM and NMC cable shall be
determined in accordance with 310.14, The ampacity
shall not exceed that of a 60°C {140°F) rated conductor.
_fj))-\ The 90°C (194°F} rating shall be permitted to be used for
,{.f ampacity adjustment and correction calculations,
provided the final calculated ampacity does not exceed
that of a 60°C {140°F) rated conductor. The ampacity of
Types NM and NMC cable installed in cable trays shall be

_?"»"* - Where connections to conductors are by binding-screw determined in accordance with 392.80{A).
L5 ;" tarminals, there shall be available as many terminals as
conductors.
ARTICLE 334 163 ARTICLE 334 16¢
Nonmetallic-Sheathed Cable: Types NM, Nonmetallic-Sheathed Cable: Types NM
i NMC, and NMS NMC, and NMS
e oo | 334.80 Ampacity. i 310.14(A)(2) Selection of Ampacity.

| Note: See HFPA TOE-
2018 tor exposue and
assessing risk

LRl | Where more _than two NM cable_s containingl two or more Where more than one ampacity applies for a given
ST st 310 pilns) l:urre.nt-carlvlng conductors are installed, without malnt.amlng circuit length, the lowest value shali be used.
) __thwimary | SPACing between the cables, through the same opening in . "
“s » wood framing that is to be sealed with thermal insufation, Exception: Where different ampacities apply to
ey z caulk, or sealing foam, the ampacity of each conductor shall be portions of a circuit, the higher ampacity shall be
A i adjusted in accordance with Table 310.15{C){1} and permitted to be used if the total portion{s) of the circui
A0 “ 310.14{A}(2), Exception, shafl not apply. (Higher ampacity of with lower ampacity does not exceed the lesser of
e . circuit wire permitted if less than 10° or 1(_)% of the ckt length) 3.0 m (10 ft) or 10 percent of the total circuit.
Where more .tha" Ll “ble.s conigining twa oE mare Informational Note: See 110.14(C} for conductor
current-carrying conductors are installed in contact with limitati d . -
thermal insulation without maintaining spacing between o0 does LI RO ARG AU CU RS
cables, the ampacity of each conductor shall be adjusted in The excepliol -
accordance with Table 310.15{C){1} and 310.14(A)(2), ply to Rome
Exception shall not apply.
165 ARTICLE 110.26 Spaces About Electriél
Equipment
110.26 Spaces About Electrical Equipment.
a NEC Working space, and access to and egress from
202 working space, shall be provided and maintained
St about all electrical equipment to permit ready and
Article 110.26 safe operation and maintenance of such
Wo‘rki‘ng Sp'aée and Dedicated equipment. Open equipment doors shall not
i T ] impede access to and egress from the working
Equipment Space space. Access or egress is impeded.if one or mon

| simultansousty opened equipment doors restrict
working space access to be less than.610 mm

(24 in.) wide and 2.0 m (6, ft) high.

ARTICLE 110.26 Spaces About Electricsl
Equipment

4804277 Volt Panel

c\ar'\i\ed Violabon - Cipen T
023 equiptment doos y
restncts working
Space access o
less than 24"

Erl i

4804277 Volt Panel

.—3 Entrance

ARTICLE 110.26 Spaces About Electridd

Equipment
Swiichboard ratod
1200 A or more
and over 6 it wide
“ed Viclabion - Open [ Front
Equipment door
impedes egress from Worung Space
the working space
24" Min
5 Ertrance [ ] Entrance
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ARTICLE 110.26 Spaces About Electrid4?

Equipment
110.26 Spaces About Electrical
Equipment.
110.26{A)(1) Depth of Working Space.
The depth of the working space in the
direction of live parts shall not be less
than that specified in Table
110.26(A)(1) uniess the requirements
of 110.26(A)(1)(a), (A)(1)b), or
{AX1){c} are met. Distances shall be
measured from the exposed live parts
or from the enclosure or opening if
the live parts are enclosed.

——

ARTICLE 110.26 Spaces About ElectriddP
Equipment

[ Table 110.26(A)(1) Working Spaces |

Nominal Voltage Minimum Clear Distance

to Ground Condition 1 Condition 2 _ Condition 3
0-150  900mm(3f) 900mm(3ft) S0OmMm{3fr)

151-600 900mm (3ft) 10m{(3ft6in.) 1.2m(4ft)

601-1000 $00 mm (3 ft) 1.2m{4ft) 1.5m {5 ft)

Distances are measured from the exposed live parts or from
the enclosure or opening if the live parts are enclosed.

171
ARTICLE 100 - Definitions

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

Phase A

Phase B

Phase C

d
¢ 480 vots 10 7

This syste™ k

ARTICLE 110.26 Spaces About Electridd}
Equipment
Condition 1 — Exposed live parts on one side of
the working space and no live or grounded parts on
the other side of the working space, or exposed

live parts on both sides of the working space that
are effectively guarded by insulating materials.

Effectively insulatod

Nominal Voltage [ Minimum Clear
/ Electric
wehboard tooG-rlosn:-nd Dlsnnceh
E g 900 mm (3 f) |
Ive parts 151-600 900 mm (3 ft)
501-1000 900 mm (3 ﬂ_l
[ =]
Condition T

ARTICLE 110.26 Spaces About ElectridaP
Equipment

Condition 2 — Exposed live parts on one side of

on? .
cond‘“pe;m\“e\: the working space and grounded parts on the
d\5‘°“°ee n P““e\sgs\ other side of the working space. Concrete, brick, or
be“:: . g tile walls shall be considered as grounded.
ex
Grounded parts. concrote, atc, . .
h / Nominal Voltage | Minimum Clear
Ehd"_" to Ground | Distance |
T 0150 500mm(3f)
Exposed . 151-600 1.0m(3f6in)
Loz dn $01-1000 12mid fe)
e e =
{ 1 z ]
Condition 2

2023

Electric Exposad Ehectri
ve hectric Nominal Voltage  Minimum Clear
Swhchbonrd p{‘ switchisoard to Ground - Distance
. 0150 | somm(3f) |
151-600 1.2miaft)
601-1000 + 15misf)

ARTICLE 110.26 Spaces About Electridadf
Equipment

Condition 3 — Exposed live parts on both sides of
the working space.

ARTICLE 110.26 Spaces About ElectriédP
Equipment
110.26 Spaces About Efectrical
Equipment.
{A) (2) Width of Working Space. The
width of the working space in front of
the electric equipment shall be the
width of the equipment or 762 mm
(30 in.}, whichever is greater. In all
cases, the workspace shall permit at
least a 90-degree opening of
equipment doors or hinged panels.

@J

ARTICLE 110.26 Spaces About Electriddf
Equipment

110.26 Spaces About Electrical Equipment.
(A} (3) Height of Working Space. The
workspace shall be clear and extend from
the grade, floor, or platform to a height of
2.0 m (6 1/2'} or the height of the
equipment, whichever is greater. Within the
height, other equipment or support
structures, such as concrete pads, associated
with the electrical installation and is located
above or below the electrical equipment
shall be permitted to extend not more than
150 mm {6 in.) beyond the front of the
electrical equipment.
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ARTICLE 110.26 Spaces About Electridaf
Equipment

;
?.zg

?i
y

|
@3

ASEOOATED \nmm
Elevation A Elevation B
Not permitted Permitted

B 178
ARTICLE 110.26 Spaces About

Electrical Equipment

SEE TABLE
10 . 28{aX T

N (A)(6) Grade level, Floor, or Working Platform

The grade, floor, or platform in the required
working space shall be kept clear, and the
floor, grade, or platform in the werking space
shall be as level and flat as practicable for the

e
|
! entire required depth and width of the working

] 179 |
N 110.26(A)(6) Working Spaces ’

: space.
Raised sump @
cov%‘:sr?f the 2023 NEC
1p;:0étwgu s Q. chang®
not be fevel \
ARTICLE 110.26 Spaces About Electricdt
Equipment

110.26(C} Entrance to Working Space

| [ r—— —“—'-':‘-“‘14_- il  (2) Large Equipment. For large

= TR A I . . ;

J equipment that contains overcurrent

L uk devices, switching devices, or control
W v g devices, there shali be one entrance to

y and egress from the required working
space not less than 610 mm (24 in.) wide
and 2.0 m {5 1/2 ft) high at each end of

Enirances ot each end ol least
24 & st Dad ' h hagh

ARTICLE 110.26 Spaces About Electrid#f

Equipment
110.26(C) Entrance to and Egress
from Working Space.
110.26(C)}{1) Minimum Redquired.
At least one entrance of sufficient
area shall be provided to give access
1o and egress from working space
about electrical equipment.

ARTICLE 110.26 Spaces About Electricd
Equipment
110.26(C) Entrance to Working Space

{1) For equipment rated 1200
amperes or more and over 1.8 m (6
ft) wide.

@3

20

_800A

0A 200A

{2} For service disconnecting means
instalted in accordance with 230.71(B

207-9 the working space. This requirement [ J where the combined ampere rating is
nange shall apply to either of the following - T 1200 amperes or more and where th{
¢ conditions: 2023 combined width is over 1.8 m {6 ft).
Ghange
183 18
@ @ Article 210.8 GFCI
- gt 2\ 210.8(8} Other Than Dwelling Units.
All 125-volt through 250-volt receptacles suppliec
TR .'. g by single-phase branch circuits rated 150 volts o
: e less to ground, 50 amperes or less, and all
Article 210.8 receptacles supplied by three-phase brarich
H " circuits rated 150 volts or less to ground,
Ground Fault Circuit Interrupter ! 100 amperes o less, installed in
~ .. the following locations shall be provided with
Protection GFC1 protection:
(Commercial) 1) Bathrooms

2} Kitchens (All receptacles — must have a sink

with permanent provisions for cooking)

3) Areas with sinks and permanent provisions f¢
food preparation, beverage preparation, or
cooking
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185
Article 210.8 GFCI

210.8(8) GFCI Other Than Dwelling Units
(Con’t).

Buffet serving areas with permanent
provisions for food serving, beverage
serving, or cooking

186
Article 210.8 GFCl

210.8(B) GFC1 Other Than Dwelling Units
{Cont).
8) Indoor damp or wet locations

9} Locker rooms with assoclated
showering facilities

Rooftops ] 10) Garages, accessory buildings, service
Outdoors bays, and similar areas other than
Sinks where receptacles or cord-and- vehicle exhibition halls and
plug-connected fixed or stationary showrooms
appliances are installed within 1.8 m
(6 ft) from the top inside edge of the
bowl of the sink
| |
187 188
Article 210.8 GFCI Article 210.8 GFCI

210.8(B) GFCI Other Than Dwelling Units

{Con't).

11} Crawl spaces at or below grade level

12) Unfinished areas of basements

13) Aquariums, bait wells, and similar open
aquatic vessels or containers, such as
tanks or bowls, where receptacles are
Installed within 1.8 m (6 ft.} from the
top inside edge or rim or from the
conductive suppart framing of the
vessel or container

14) Laundry areas

1S) Bathtubs and shower stalls where
receptacles are installed within 1.8 m
(6 ft) of the outside edge of the bathtub
or shower stall

210.8(B) GFCI Commerclal GFCI Exceptions:
#1 Dedicated to Snow melting systems

#2 GFCI Receptacies on rooftops can be readily accessible
from the rocftop

#3 Receptacies within &' of a sink in an industrial environment
which could create an additional hazard. Must have a
. grounding conductor program (Laboratories)

#4 Industriat Laboratory stationary appliances
#5 Patient Care Areas

#8 Ceiling recapiacles utilizing weight supporting attachment

means for a ceiling fan

Article 230
Services |

190 |
Article 230 Services

230.71 Maximum Number of Disconnects.

Each service shall have only one disconnecting means
unless the requirements of 230.71(B) are met.

(A} General. For the purpose of this section, disconnecting
means installed as part of listed equipment and used solely
for the following shall not be considered a service
disconnecting means:

(1) Power monitoring equipment

(2} Surge-protective device{s)

(3) Control circuit of the ground-fault protection system
(4) Power-operable service disconnecting means

191

How many disconnects are permitted
for each electrical service?

P W N R
0 N b N

@J

192
Article 230 Services

230.71(B) Two to Six Service Disconnecting
Means.

Two to six service disconnects shall be
permitted for each service permitted

by 230.2 or for each set of service-entrance
conductors permitted by 230,40, Exception

No. 1, 3, 4, or 5. The two to six service
disconnecting means shall be permitted to
consist of a combination of any of the following:
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Article 230 Services

(1) Separate enciosures with a main service
disconnecting means in each enclosure

(2) Panelboards with a main service
disconnecting means in each panelboard
enclosure

(3) Switchboard(s) where there is only one
service disconnect in each separate vertical

section with barriers provided between each
vertical section to maintain the inadvertent
contact protection required in 230.62 based
on access from the adjacent section(s)

193 194
@ Article 230 Services
chlrk {4) Service disconnects in switchgear, transfer

switches, or metering centers where each
disconnect is located in a separate compartment

{5) Metering centers with a main service
disconnecting means in each metering center

(6) Motor control center(s) where there is only one
service disconnect in a motor control center unit and
a maximum of two service disconnects provided in a
single motor control center with barriers provided
between each motor control center unit or
compartment containing a service disconnect to
maintain the inadvertent contact protection required
in 230.62 based on access from adjacent motor
control center unit(s) or compartment(s)

OnjO=
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195
Article 230 Services
230.72 Grouping of Disconnects.

230.72{A) General.

The two to six disconnects, if permitted in 230.71,
shall be grouped. Each disconnect shall be marked
to indicate the load served.

Exception: One of the two lo six service
disconnecting means permitted in 230.71, where
used only for a water pump alsc intended to provide
fire protection, shall be permitted to be located
remote from the other disconnecting means. If
remotely installed in accordance with this exception,
a plaque shall be posted at the location of the
remaining grouped disconnects denoting its location.

' ) 19¢
Article 230 Services
230.72 Grouping of Disconnects.

230.72(B) Additional Service Disconnecting
Means.

The one or more additional service disconnecting
means for fire pumps, emergency systems, legally
required standby, or optional standby services
permitted by 230.2 shall be installed remote from the
one to six service disconnecting means for normal
service to minimize the possibility of simultaneous
interruption of supply.

197

Article 240 and 450
Transformers

ARTICLE 450 199

2022

' 19i
Article 240 Overcurrent Protection
EeEE 240.4 Protection of Conductors.

{F) Transformer Secondary Conductors. Single-phase {other than
2-wire) and multiphase {other than delta-delta, 3-wire)
Read transformer secondary conductors shall net be considered to be
table protected by the primary overcurrent protective device.

450.3(B)
correctly!

Conductors supplied by the secondary side of a single-phase
transformer having a 2-wire (single-voltage) secondary, or a
three-phase, delta-delta connected transformer having a 3-wire
{single-voltage) secondary, shall be permitted to be protected by
overcurrent protection provided on the primary (supply) side of
the transformer, provided this protection is in accordance with
450.3 and does not exceed the value determined by multiplying
the secondary conductor ampacity by the secondary-to-primary
transformer voltage ratio.

ARTICLE 450 20

Il B i isasin Hating s el of (rermrerin Ersprilei fur e
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Transformers and Transformer Vaults
i

- e Laas
Nheer Dl F Viigers

Transformers and Transformer Vaults

450.3 Overcurrent Protection

(B) Transformers 600 Volts, Nominal, or Less. Overcurrent
protection shall be provided in accordance with Table 450.3(8).
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201
Article 240 Overcurrent Protection
240.4 Protection of Conductors.

If the secondary conductors are not protected by the primary
OCP device then they become a tap and you must use Article
240.21

@MB

202
Article 240 Overcurrent Protection

240.21(C) Transformer Secondary Conductors. A
set of conductors feeding a single {oad, or each set
of conductors feeding separate loads, shall be
permitted to be connected to a transformer
secondary, without overcurrent protection at the
secondary, as specified in 240.21{C){1} through
{C)(6). Section 240.4(B) shall not be permitted for
transformer secondary conductors,

No round up rule!

203

240.12(C) Transformer Secondary Conductors.
{1} Protection by Primary Overcurrent Device.
Conductors supplied by the secondary side of a single-
phase transformer having a 2-wire {single-voltage)
:'f_ secondary, or a three-phase, delta-delta connected

= ¢ s transformer having a 3-wire (single voltage) secondary,
: shall be permitted to be protected by overcurrent
—— — protection provided on the primary {supply) side of the
/L\ . transformer, provided this protection is in accordance
£i B with 450.3 and does not exceed the value determined

by multiplying the secondary conductar ampacity by
the secondary-te-primary transformer voltage ratio.

A
[

™

204
Article 240 Overcurrent Protection

240.12(C) Transformer Secondary Cenductors.
Single-phase (other than 2 wire) and multi-phase
(other than delta-delta, 3 wire) transformer secondary
conductors are not considered to be protected by the
primary overcurrent protective device.

A Y

HWeulral

1.

Article 240 Overcurrent Protection
240.12(C) Transformer Secondary Conductors.
{2} Transformer Secondary Conductors Not over 3 m (10 ft)

Long. If the length of secondary conductor does not exceed 3 m
(10 ft) and complies with all of the following:

1a. Secondary Conductor size is not less than load

1b. Not less than the rating of the equipment containing an
overcurrent device(s)

2. Do not extend beyond the equipment they supply.
3. Enclosed in a raceway

4, Rating of primary OCP device multiplied by the primary to
secondary voltage ratio does not exceed 10x the secondary wire

205/ |

206
Article 240 Overcurrent Protection

240.21{C} Transformer Secondary Conductors.

{3} Industrial Installation Secondary Conductors Not over

7.5 m (25 ft) Long. For the supply of switchgear or switchboards in

industrial installations only, where the length of the secondary

conductors does not exceed 7.5 m (25 ft) and complies with all of the
following:

{1} Conditions of maintenance and supervision ensure that only qualified
persons service the systems.

(2) The ampacity of the secondary conductors is not less than the
secondary current rating of the transformer, and the sum of the
ratings of the avercurrent devices does not exceed the ampacity of
the secondary conductors.

ampacity {3) Al overcurrent devices are grouped.
{4) The secondary conductors are protected from physical damage by
being enclosed in an approved raceway or by other approved means.
Y ARTICLE 450 207 ARTICLE 450
nec
U Transformers and Transformer Vaults Transformers and Transformer Vaults
Transformer conductors are not primary Transformer Secondary conductors are
listed in the exceptions in table a 54 Max sized as taps per Article 240.21{C).
240.4{G). o Transformer permitted to be protected
Primary with Primary only pratection:
400A I . .
fuse Rule #1: Transformer primary

conductors are sized based on
the selected primary overcurrent
device rating,

400A Wire -
round up
permitted

480-120/208

voll

208

Primary protection must be less than
secondary conductor ampacity times the
secondary to primary voltage ratio:
Example 150-amp secondary conductor x
208/480 = 65 amps max primary
overcurrent device.
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ARTICLE 450 o)
@ Transformers and Transformer Vaults

Transformer Secondary conductors are
sized as taps per Article 240.21(C).
Primary and Secondary Protection Length
not over 10"

ARTICLE 450 21

Transformers and Transformer Vaults

Transformer Secondary conductors are
sized as taps per Article 240.21(C).
Primary and Secondary Protection Length
not over 25° (Industrial only):

[
@3

4801200200 Primary protection multiplied by the primary The ampacity of the secondary conductors is
to secondary transformer voltage ratio shall not less than the secondary current rating of
not exceed 10 times the ampacity of the the transformer and the sum of the OCD

92,34 Min secondary 1244 Min .
Wire secondary conductors: FLA | wire sire does not exceed the ampacity of conductors:
Example: 400-amp primary OCD x 480/208 Example: 45 KVA transformer = 45000 / 208
secandary =823.07 amps. Minimum 10’ long Secondary /1.732 = 124 amps secondary current
per 450.3(B) N A a 124A Max .
secondary wire size is 92.3 amps. rating.
: 211 215
o é — Transformer
% - i
ot PRI FLA X 260% = 127.75 A MAX Example i
3#1 AWG AND 146 Double-check that
AWG GND-11/2"C the rating of
primary OCP
device [125)
TeuBfoRusr rulipied by ne ARTICLE 430
TA - primary to . .
Y D ey Aiies » 4 o e Motors, Motor Circuits, and
SECONDARY AMPS = 124 9 ratio (4807208 =
4H2/0 AWG AND 144 2.30) does not Controllers
AWG SSB) - 2" C exceed 10x the
secondary wire
(MAX 10’ NO ROUND UP) ompacily:
PER 450.3(8} 125x230 = 287.5
175 SEC FLA X 125% = 156.1 A PLUS 10 fimes = 28.7
AMP B amp min wire size
ARTICLE 430 213 ARTICLE 430 2u
g2 Motors, Motor Circuits, and Controllers =8 Motors, Motor Circuits, and Controllers
Most electrical equipment is rated in volt-amperes One horsepower equals approximately 746

(VA) or watt input.

Circuits supplying motors are sized according to
the input to the motor. The input includes the
motor losses and the power factor of the motor.
The losses are not the type of information found
on the nameplate of a motor.

Tables 430.249 and 430.250 contain accurate
industry wide input ampere ratings for motors.

watts without power factor considered.

It is important to understand that circuits that
supply motors not rated in horsepower still
must be sized according to the input of the
motor, rated in amperes. Sizing circuits based
solely on kilowatt output results in seriously
undersized conductors {because the current
requirements of the losses and the power facto
are neglected) and the improper application of
overcurrent devices.

I HORSEMOWLR

FA.0010 ol g s
e sl

ARTICLE 430 215

Motors, Motor Circuits, and Controllers

430.6 Ampacity and Motor Rating Determination.

{1) Table Values. Other than for motors built for low
speeds {less than 1200 RPM) or high torques, and for
multispeed motors, the values given in Table 430,247,
Table 430.248, Table 430.249, and Table 430.250 shall
be used to determine the ampacity of conductors or
ampere ratings of switches, branch-circuit short-circuit
and ground-fault protection, instead of the actual
current rating marked on the motor nameplate.

ARTICLE 430 21

Motors, Motor Circuits, and Controller:

430.6 Ampacity and Motor Rating Determination.

{1) Table Values. Where a motor is marked in amperes,
but not horsepower, the horsepower rating shall be
assumed to be that corresponding to the value givenin
Table 430.247, Table 430.248, Table 430.249, and Table
430.250, interpolated if necessary. Motors built for low
speeds (less than 1200 RPM) or high torgues may have
higher full-load currents, and multispeed motors will
have full-load current varying with speed, in which case
the nameplate current ratings shall be used.
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ARTICLE 430 217
@ Motors, Motor Circuits, and Controllers

|Yable 330,250 Ful-Load Current, Three-Phase Alernating-Current Motovs The following vaiwes of fuil-load currents sre typlcal for
[motors running a1 speeds usual for beited motors snd mators with normal torque characteristics. The voltages listed are rated
motor voltages. The currents listed shall be permitted for fystem voltage ranges of 110%0 120, 220 16 240, 440 to AZD, and 550 to

ARTICLE 430 218

Motors, Motor Circuits, and Controllers

Synchronous-Type Unity Power
Factor* {Amperes)

@3

Horsepower 115 Vohs 200 Volts 203 Volts 230 Voits 450 Volts 575 volts 2300V  230Vols 460 Volts 575 vohs 2200 Vohs

Induction-Type Squirrel Cage and Wound Retor [Amperesh

600 volts. 10 - 322 08 2 " 1 — = — — =
Synchronous-Type Unity Power 15 - 483 462 @ 2 17 - - - - -
Induction-Type Squirrel Cage and Wound Roter {Amperes) Factor® jAmperes)
0 21 sS4 wm (W) 2 = = = = -
Horsepower 115 Volts 200 Volts 208 Volts 230 Volts 460 Yohs 575 Volts 2300V 230 Volts 360volts 575 Volts 2300 Volts 5 _ 2 Ms e 5 b _ 5 e n _
71 a 15 24 22 11 o9 - - - = -
a 54 a7 a8 a2 16 13 - - = ! 92 L [ “© 32 - 3] 32 26 -
1 24 A a6 .2 21 .7 4 = L) 120 114 104 52 “ - 8 41 k] -
1% 120 69 66 60 30 24 - 7 s B0 43 B0 6 52 - 104 52 2 -
60 7 169 154 7 62 16 123 61 49 12
2 136 8 75 6.8 14 27 = & - = 75 - w1 m 192 % 77 0 155 " 62 15
100 - 5 273 M8 124 99 6 202 101 5] 20
- 8 2 . 2 - -
3 HOR les 20 . 2 125 - 359 M3 32 156 125 3 253 126 10 25
s - 75 167 183 16 g1 - Sl - - 150 - a14 3% 3160 180 144 37 302 151 121 30
. 200 552 53 480 40 192 43 400 201 151 0
T - 283 142 n n ] - - - = s S50 — — — o T T & — — = =
10 - 322 30.3 ET 14 11 - — - — = o - - 361 89 7 - - - -

Motors, Motor Circuits, and Controllers
430.6 Ampacity and Motor Rating Determination.

{2) Nameplate Values. Separate motor overload
protection shall be based on the motor nameplate
current rating.

3 -FPnass Mot Sranw
-’ IEcanbc'nr [+ & ]
M ™ i APH ; @
T fe, T
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Motors, Motor Circuits, and Controllers

430.7 Marking on Motors and Multimotor
Equipment.

s T e
B et (B) Locked-Rotor indicating Code Letters. Code
" ey letters marked on motor nameplates to show motor
: ety input with locked rotor shall be in accordance with

Table 430.7(B).
The code letter indicating motor input with locked
rotor shall be in an individual block on the

nameplate, properlv designated.
Lo kd-subor kVA » motor bp

* manienn cole ke valor

“Rws £er-

.

20 HP .M x 629w LIAE
e type G
oy o kederoanr kVa
Motor Libedimtor swmens = Sor g

»
Trg 360 volia = W‘I'?:-:'}‘:l}.' = 15K amperes

N ARTICLE 430 221
"ic Motors, Motor Circuits, and Controllers

430.9 Terminals.

(B} Wire-Bending Space in Enclosures. Minimum

e (RN e W ees wae W oa WITE Dending space within the enclosures for motor
ERETEE === controlters shall be in accordance with Table

e e —rrars i 430.10(B) where measured in a straight line from
= e the end of the lug or wire connector {in the
y direction the wire leaves the terminal) to the wall
or barrier. Where alternate wire termination means
are substituted for that supplied by the
manufacturer of the controller, they shall be of a
type identified by the manufacturer for use with
the controller and shall not reduce the minimum
wire-bending space.

e e v

ARTICLE 430 222

Motors, Motor Circuits, and Controllers

430.22 Single Motor. Conductors that supply a single
motor used in a continuous duty appfication shall have
an ampacity of not less than 125 percent of the motor
full-load current rating, as determined by 430.6(A){1),
or not less than specified in 430.22(A) through (G).

{A) Direct-Current Motor-Rectifier Supplied.
{B) Multispeed Moter.

{C) Wye-Start, Delta-Run Motor.

{D) Part-Winding Motor.

(E) Other Than Continuous Duty. 430.22{E)
(F) Separate Terminal Enclosure

(G) Conductors for Small Motors,

@3

Y ARTICLE 430 223
"&c Motors, Motor Circuits, and Controllers

430.24 Several Motors or a Motor(s) and Other
Load(s). Conductors supplying several motors, or a
motor(s) and other load(s), shall have an ampacity not
less than the sum of each of the following:

(1) 125 percent of the full-load current rating of the
highest rated motor, as determined by 430.6(A)

(2) Sum of the full-load current ratings of all the other
motors in the group, as determined by 430.6(A)

(3) 100 percent of the non continuous non-motor load
(4) 125 percent of the continuous non motor load.

ARTICLE 430 224

Motors, Motor Circuits, and Controllers
V. Motor Branch-Circuit Short-Circuit and Ground-Fault
Protection

430.52 Rating or Setting for Individual Motor Circuit.

(C) Rating or Setting.

(1) In Accardance with Table 430,52, A protective device
that has a rating or setting not exceeding the value
calculated according to the values given in Table 430.52
shall be used.

Exception No. 1:...the next higher standard ompere roting
shall be permitted.
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ARTICLE 430 o ARTICLE 430 22¢
mt Motors, Motor Circuits, and Controllers s, Motor Circuits, and Controllers
‘ll'hmltr:hu;.l::rx::jnm Rating or Seiilng of Mutor Branch-Clrenk Short-Climdt and G round-Fault Section _' 240.4!6) Overcurrent
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227 ARTICLE 430 22¢

Is a disconnect required at both the
motor and controlier?

1. Yes
2. No

AT,

Motor Circuits, and Controllers
430.75 Disconnection.

{A) General. Motor control circuits shall be
arranged so that they will be disconnected from all
sources of supply when the disconnecting means is
in the open position. The disconnecting means
shall be permitted to consist of two or more
separate devices, one of which disconnects the
motor and the controller from the source(s) of
power supply for the motor, and the other(s), the
motor control circuit(s} from its power supply.
Where separate devices are used, they shall be
located immediately adjacent to each other.

ARTICLE 430 229

Motors, Motor Circuits, and Controllers
IX. Disconnecting Means 430.102 Location.
430.102(A) Motor Controller.

An individual disconnecting means shall be
provided for each motor controller and shall
disconnect the motor controller. The
disconnecting means shall be located in sight
from the motor controller location.

Exception 1— Motors over 1000 volts

Exception 2 — Group of coordinated motor
controllers on a single machine

Exception 3 — Valve Actuator Assemblies

ARTICLE 430 23

Motors, Motor Circuits, and Controllers
I1X. Disconnecting Means 430,102
Location.

430.102(B) Motor.

A disconnecting means shall be provided
for a motor in accordance with 430,102
(B)(1} or (B}2).

430.102(B){1) Separate Motor Disconnect
A disconnecting means for the motor shall
be located in sight from the motor locatior
and the driven machinery location.

@3

ARTICLE 430 231

Motor Circuits, and Controllers

430.102{B){2} Controlier
Disconnect.

The controller disconnecting
means required in
accordance with 430.102

(A) shall be permitted to
serve as the disconnecting
means for the motaor if it is
in sight from the motor
location and the driven
machinery location.

ARTICLE 430 )

Motor Circuits, and Controller:

Exception to (1) and (2): Th
disconnecting means for th
motor shall not be requirec
under either of the
following conditions if the
motor controlfer
disconnecting means
required in 430.102(A} is
lockable in accordance
with 110.25:

THL COWTROLLEA DECONMECT MAY JE LOOGED
ummm%m
LOCKOUT SILL WO SATESFY THE MRL)
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@ Motors,

ARTICLE 430 233

Motor Circuits, and Controllers

{1} Where such & location of the
disconnecting means for the
maotor is impracticable or
introduces additional or increased
hazards to persons or property

informational Note: Some

LOOHDUT WAL MOT SANSY WE mAL)

examples of increased or
additional hazards include, but

excess of 100 hp. multimotor

e R

F T L] equipment, submersible motors,

ey

T

WOTOR' ROT i BT OF GONTROLLER|
POTPELITS ARE PERSTTED. I

motors associated with adjustable
speed drives, and motors located

in hazardous {clossified) lacations.

are not limited to, motors rated in |

‘ @ Motors,

ARTICLE 430 234

Motor Circuits, and Controllers

{2) In industrial instollations,
with written safety procedures,

ARTICLE 430

Motors, Motor Circuits, and Controllers

430.107 Readily Accessible, At least one
of the disconnecting means shall be
readily accessible.

235

~ Article 700
Emergency Syster_ns_

A wac mar where conditions of maintenance
] - and supervision ensure that only
& o qualified persons service the
E — € equipment
T el LA T 0
4 — Informational Note: For
KEMNACATION 13 BEQURED .
-2 information on leckout/tagout
conTacuEs comact way i wors  procedures, see NFPA 70E-
Lo L et SaRwY e AR 2021, Standard for Electricat
LT T e N e et ) Sofety in the Workplace.
I&q_wﬁm?ramm]
! 236|
: Motor
}  DUAL ELEMENT FUSE
L.'J 27 X175% = 47.25 Example
FUSE AT 40 AMPS
[ Wse the wire
rating on the
OVERLOAD SET AT ampacity of the
T ductor 1o th
LAMECLATEES #10awG anpatg 0N T 0 The
AWG GND - 3/4" C
4 (125% % 27 = 33.75 &) Remember, one
1 10 AWG THWN = 35 ol ihe
AMPS disconnects
i {motor or
v controller} mus!
4 4 be readily
0 HE, 0WOL T accessible.
WOTOR CORNTMUCUS BUTY
IV BP S BER & 3 o

238 |
ARTICLE 700

700.2 Reconditioned Equipment.

Reconditioned transfer switches shall not be

permitted.

700.3 Tests and Maintenance.

700.3{A} Commissioning Witness Test.

The authority having jurisdiction shall conduct or

witness the commissioning of the complete system

upon installation and periodically afterward.

Informational Note: See NECA 90, Standard for

Commissioning Building Electrical Systemns.

239
ARTICLE 700

700.3(B) Tested Periodically.

Systems shall be tested periodically on a schedule
approved by the authority having jurisdiction to
ensure the systems are maintained in proper
operating condition.

700.3{C) Maintenance.

Emergency systern equipment shall be maintained
in accordance with manufacturer instructions and
industry standards.

700.3(D) Written Record.

A written record shall be kept of such tests and
maintenance.

240/
ARTICLE 700

700.3{E) Testing Under Load.

Means for testing all emergency lighting and power
systems during maximum anticipated load
conditions shall be provided.
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241
ARTICLE 700

700.3{F) Temporary Source of Power for
Maintenance or Repair of the Alternate Source of
Power,

If the emergency system relies on a single alternate
source of power, which will be disabled for
maintenance or repair, the emergency system shall
include permanent switching means to connect a
portable or temporary alternate source of

power that shall be available for the duration of
the maintenance or repair. The permanent
switching means to connect a portable or
temporary alternate source of power shall comply
with the following:

2
@ ARTICLE 700

(1) Connection to the portable or temporary
alternate source of power shall not require
modification of the permanent system wiring.

{2} Transfer of power between the normal power
1 source and the emergency power source shall be
L accordance with 700.12. (Automatic transfer
within 10 seconds)

{3} The connection point for the portable or
temporary alternate source shall be marked with
the phase rotation and system bonding
requirements.

243
ARTICLE 700

{4} The switching means, including the interlocks,
shall be listed and provided with mechanical or
mechanical and electrical interlocking to prevent
inadvertent interconnection of power sources.

{5) The switching means shall include a contact
point that shall annunciate at a location remote
from the generator or at another facility
monitoring system to indicate that the permanent
emergency source is disconnected from the
emergency system.

' 24
ARTICLE 700

{6) The permanent connection point for the
temporary generator shall be located outdoors an
shall not have cables from the connection point to
the temporary generator routed through exterior

ER ' "y windows, doors, or similar openings.
L (7) A permanent label shall be field applied at the
1 permanent connection point to identify the systen

voltage, maximum amperage, short-circuit current
rating of the load side of equipment supplied, and
ungrounded conductor identification in accordanc
with 210.5,

245 |

ARTICLE 700

Informational Note Figure 700.3(F)

Male Cam Lock:
Connecion

It shall be permissible to use manual switching to switch from the
permanent source of power to the portable or temporary alternate source
of power and to use the switching means for connection of a load bank.

247

End of NEC Class
Thank-you

Tim Pool
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File Attachments for ltem:

ER-7 Voltage Drop (2023 NEC) (Independent Electrical Contractors of Greater Cincinnati)
All certifications (4 hours)

Staff Notes: Number of slides is small for a four-hour course because of the math.
ESIAC Recommendation:

Committee Recommendation:
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Voltage Drop

2K1L

Vi =

......

Voltage Drop

CMA xVd
2K
2K1L
CMA =
Vil
1F 3 phase, reolace 27 with "173" (souzrz rout of 3

Voltage Drop

I have a 120 V circuit that pulls 4 amps.
The conductors are #6 copper and the
load is 300 feet away. What is my voltage
drop?

Voltage Drop

I have a 120 V circuit that pulls 4 amps.
The conductors are #6 copper and the
load is 300 feet away. What is my voltage
drop?

2x 12 x4 x 300/ 26,240 (Table 8)
= 28,800 / 26,240

=1.09

This circuit will lose 1.1 volts

Voltage Drop

I have a 120 V circuit that pulls 9 amps.
The conductors are #8 Al and the load is
450 feet away. What is my voltage drop?
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Voltage Drop

I have a 120 V circuit that pulls 9 amps.
The conductors are #8 Al and the load is
450 feet away. What is my voltage drop?

2x19x9x450/ 16,510 =
= 153,900/ 16,510
= 9.32 volts

Voltage Drop

= Feeders and branch circuits should be
sized to maintain a maximum total voltage
drop not to exceed 5% to the farthest
outlet see (215.2(A)(1)Informational note 2)
= 5% service to furthest point
= 3% branch circuit panel to furthest point

m .03 x 120 = 3.6 is the max volts you can
legally drop on a 120 V circuit

= .03 x 480 = 14.4 is the max volts you can
legally drop on a 480 V circuit

Voltage Drop

I have a 120 V circuit that pulls 4 amps. The
conductors are #6 copper and the load is 300
feet away. What is my voltage drop?

2x12x4x300/ 26,240 (Table 8)
= 28,800 / 26,240

=1.09

This circuit will lose 1.1 volts

This would be a legal installation

Voltage Drop

I have a 120 V circuit that pulls 9 amps.
The conductors are #8 Al and the load is
450 feet away. What is my voltage drop?

2x19x9x450/ 16,510 =
= 153,000/ 16,510

= 9.32 volts

Not allowed by code

Voltage Drop
= Question can be phrased differently:

= What is the maximum distance I can run
#2 Cu on 120 V circuit that pulls 11 amps?

Voltage Drop

s Wriait is the madmurn distance I can run #2
Cuon 120V circuit that oulls 11 armps?
a 120 .03 = 3.6, This is the maudirnurm volis

trizit I can Jose and still oz s

L

44}

W
b *

\
W =
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Voltage Drop

= What is the maximum distance I can run
#10 Cu on 120 V circuit that pulls 8 amps?

Voltage Drop

s Wnait iz tne e ¢

211 L)
#10 Cuon 120 Y circuit thait pulls 8 amps?

10,380 i 3.4

L]
2128
37,568
L=
- -
192
— 1y £
L 194.0

Voltage Drop

= What size copper conductors do you need

for a 120 volt, 53 amp load that is 250
feet away? K= 14

Voltage Drop
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Voltage Drop

This course will go over the calculations to ensure that you do not exceed the 3% or 5%
voltage drop per NEC 210.19 A for both single phase and three phase circuits.

Conductor type, length, voltage, conductor size and ampacity all are factors when
deciding how to properly run circuits.

148




Sean Clark
901 Beechmeadow Ln. Cincinnati, Ohio 45238

(H)513/347-9054 (C)513/800-4450
sclark@ohiovalleyelectric.com

A licensed electrician with over twenty years of experience in installing, maintaining, and repairing
electrical wiring, equipment, and fixtures, ensuring that work is in accordance with relevant codes, fire
alarm installations, electrical control systems, and high voltage terminations. A licensed electrician with
three years teaching experience in first and second year electrical.

Summary of Qualifications

e More than twenty years experience.

e Three years experience in teaching first and second year electrical.

e Thorough knowledge of electrical systems including planning additions and modifications on secondary

circuits. Controls and low voltage wiring

¢ Able to read commercial electrical blueprints and apply NEC through the full range of commercial and

industrial maintenance and construction work.

e Can use appropriate tools and diagnostic equipment to repair, install, replace, and test electrical
circuits, equipment and appliances.

¢ Excellent ability to diagnose and repair electrical controls, industrial motor control centers, and

programmable logic controllers.

e Strong desire to study and comprehend new technology.

¢ In-depth ability to make mathematical computations.

e Considerable ability to explain instructions and guidelines to others effectively.

e Able to assign work to employees., prioritize the work of others and organize and coordinate the work

of the unit. For subs and Primes.

Professional Experience

Ohio Valley Electrical Services 2011-Present
ABC Electrical Teacher 2010-2013
Beacon Electrical Contractors 2007-2011
Ohio Valley Electrical Services 1993-2007

Electrical Superintendant/Foreman/Instructor

e First and Second year electrical instructor

e Supervision of all electrical installations of as many as 50 electricians to assure that work was
done safely, efficiently, properly and within time allowed.

e Trained multiple employees in all aspects of electrical work to be able to identify an employee's
strengths and weaknesses to better utilize their skills. Traced out short circuits in wiring, using
test meter.

e Coordinated and implemented electrical projects within a variety of environments including plants,
hospitals, schools, retail stores, public facilities, waste water treatment plants industrial buildings;
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projects include both new construction and underground electrical wiring as well as renovation
within existing buildings. Parking Garages and Fed Ex Ground Facilities.

Assemble, install, test, and maintain electrical or electronic wiring, equipment, appliances,
apparatus, and fixtures, using hand tools and power tools.

Connect wires to circuit breakers, transformers, or other components.

Construct and fabricate parts, using hand tools and specifications.

Diagnose malfunctioning systems, apparatus, and components, using test equipment and hand
tools, to locate the cause of a breakdown and correct the problem.

Inspect electrical systems, equipment, and components to identify hazards, defects, and the need
for adjustment or repair, and to ensure compliance with codes.

Plan layout and installation of electrical wiring, equipment and fixtures, based on job
specifications and local codes.

Test electrical systems and continuity of circuits in electrical wiring, equipment, and fixtures, using
testing devices such as ohmmeters, voltmeters, and oscilloscopes, to ensure compatibility and
safety of system.

Perform business management duties such as maintaining records and files, preparing reports
and ordering supplies and equipment.

Education & Certifications
Master Electrician License-State of Kentucky

Journeyman Electrician's License-Hamilton, Ohio
Fire Alarm License-State of Ohio
Certified in high voltage terminations and splices
Lift, Lull, Bobcat, and Boom/scissors lift licenses
OSHA-30 card
Certified in first aid and CPR training
Certified NCCER Core Curricula Instructor
Certified NCCER Electrical Instructor
Completed 4 year apprenticeship program
1 Year Pre-apprentice school (ABC)

High School Diploma (1991)

ARCH FLASH SAFETY TRAINING

PROJECTS-SUPERVISED
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$4.5mil.-MASON HIGH SCHOOL ADDITION
$250.000-3CDC-5™ RACE PARKING GARAGE
$250.000-AVONEDALE APT. COMPLEX
$100.000-MAHOGANYS AT THE BANK-
1.2mil. -PATHEON CHEMICALS
$450.000- FED EX GROUND ADDITION
$250.000-LIBERTY WAY PROJECT
$500.000-GE AT THE BANKS

$100.000 - SYCAMORE SCHOOLS/POWER/CONTROL-
$50.000 - NKU RETROFIT

$250.000- UC POWER PLANT ADDITION
$75.000 - 580BLD/ CHEMED, RETROFIT
$4.0mil - DHL- CONVEYERS/SHELL

$90.000- DOUBLE TREE AIRPORT

$2.5mil- TWIN LAKES OF MONTGOMERY

$45.000- STEINMART ANDERSON

And many small T&M jobs.

All on time and under budget
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