Board of Building Standards

ELECTRICAL SAFETY INSPECTOR ADVISORY COMMITTEE
REQUEST FOR RECOMMENDATIONS

DATE: JANUARY 13, 2023
TIME: 10:00 AM
LOCATION: NO MEETING THIS MONTH

Personnel Certification Applications

P-1 Gelsamino, Michael - PI, ESI
Certification ID:
Current Certifications: None
Staff Notes: Forwarded to ESIAC for review before return to Certification Committee;
review experience.
ESIAC Recommendations:
Committee Recommendation:

Continuing Education Applications for Review
ER-1 Electric Vehicle Power Transfer Systems and the 2020 NEC Part 1 (Matthews Electrical

Services)
All certifications (4 hours)
Staff Notes: Matthews plans to present it at least once per quarter. Itis not a
multisession course.
ESIAC Recommendation:
Committee Recommendation:

ER-2 Conduit and Box Fill Calculations Based on the 2020 NEC (Master Electrical Contractors
Association)
All certifications (5 hours)
Staff Notes:
ESIAC Recommendation:
Committee Recommendation:

ER-3 Understanding the National Electric Code Based on the 2017 NEC (Master Electrical
Contractors Association)
All certifications (5 hours)
Staff Notes:
ESIAC Recommendation:
Committee Recommendation:

614-644-2613
Ohio Board of Building Standards 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 Gelsamino, Michael - PI, ESI
Certification ID:
Current Certifications: None

Staff Notes: Forwarded to ESIAC for review before return to Certification Committee; review
experience.

ESIAC Recommendations:

Committee Recommendation:




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

Gieleomino (Mchael I
Last Name First Name B88S Certification 1D
SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUEST
] Building Official [[_] Master Plans  |[_] Building Erlglectrical safety |[_| Fire Protection

Examiner Inspector Inspectar Inspector
D Building Plans D Plumbing Plans I___] Mechanical D Electrical Plans |:| Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
Plumbing |:| Mechanical |:| Non-Residential
inspector Inspector Iindustrial Unit
Inspector

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

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

Res Non-Res

O O Building Official Certification

O O Plans Examiner Certification

O [0 [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

Fire Protection System Designer Certification
Medical Gas Piping Inspector Certification

Ohio Home Tnepecter License # 72027006909 l\lO?:}Z_DZZ.

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




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

Gielsomino Thehae |
Last Name First Name BBS Certification ID
SECTION 3: EMPLOYMENT/EDUCATION
Formal Education Date Graduated
Jdomes B Bhodes 1487
Related Vocational or Technical Training Years' Experience

Weer Sdde Trshinde . ofF ‘Yemm\o%\{

U.S. Military construction experience (MOS or other designation): Years’ Experience
Place of Employment: Years’ Employed
(N \\l\().\wb(}& Comm \\’\\“N\ C O\\F(jé’ Yoy, \Jears

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 Cortified Bullding BBS Certified Duties | Date of Service,
Department Position/Title Length of Time
-_ (MM/DD/YY)

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




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

d gl Somir O hchael

Last Nome First Name B8sS 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:

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

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

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

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

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

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

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

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

Provide letters from certified inspectors, employers, or contractors verifying your experience.
Submit copies of any certificates, diplomas, or licenses. Remove 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 Stesl and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Street (10 months)
Structural stesl work on addition My City, OH, 45454
(419)565-1212
- '(' y
Elecirical History QL\\l&h\igs& Cornrm. Colleay | forl 1AL -
o \ \ S \g
Preventative maimtenance |1\ 500 Wesr Clececey \lcxl\»{ fipnl ZOZZ

“DQV\J\'CQ A \ﬁ%’\’&\\O\JﬁOﬂ oY} Q Craon. OWOD U0

\eckvic senice disiniouhion| T '
e e ‘ L16-AY1- LODD
W3O vott
7211 volt
7208 Vot
| 2.0 voi+

Total Experience on This Page {In Months):

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




Board of Building Standards
Crelsomino

Last Name

First Name

Application for Interim Certification, Building Department Personnel

chael

BBS Certification 1D

List Each Construction Project AND
Specific Type of Work Performed

Name of Employer, Contact, Address,
Telephone Number

Project Time: From_ To _
{(MM/YY)
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Total Experience on This Page {In Months):
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Board of Building Standards  application for Interim Certification, Building Department Personnel
(*‘j‘d SOMING Michael

Last Nume First Name B8S Certification 1D

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

[ Yes MNO
If you answered “Yes” please explain below:

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

SECTION 9: CERTIFICATION

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

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

Signature of Applicant: ,WM

Subscribed an%:luly swgrn before me according to law, by the above named applicant this
ay /0 of LAL g/in the year 20 AR at /g/-:;/t mfﬂi M County of

and State of Chio
Notary Public:

My Commission Expires
August 23, 2025
COMMISSION: 2020-RE-818804

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




Tony DiGiandomenico
400 Charles Ave.
Ambherst, Ohio 44001
January 4, 2023

Ohio Department of Commerce -Board of Building Standards
77 South High St.
Columbus, Ohio 43215

To whom it may Concern:

Mike Gelsomino worked at Cuyahoga Community College for over 20 years as a Maintenance
Technician and Building Maintenance Supervisor. He reported to me at Cuyahoga Community
College’s Parma Campus from early 2015 until 2021. His position at that time was Buildings and
Utilities Maintenance Supervisor.

Mike’s duties as the Building and Utilities Supervisor included coordinating and directing work
activities of Building Maintenance personnel, ensuring work was performed as required by the
College, State and local governments of Parma and Parma Heights. Mike’s duties included
performing work as an electrical and plumbing journeyman responsible for maintenance,
troubleshooting, repair of the physical condition of the campus and equipment, including hvac,
plumbing and electrical systems.

Mike’s journeyman electrical and plumbing skills were utilized for the planning, overseeing and
performing the renovations of restrooms, classrooms, offices, locker rooms and conference room
on Campus. The work included removing and replacing electrical circuits of 110V, 208V and 440v.
He also was responsible to make repairs and perform new installations of water, sanitary and steam
lines throughout the Campus.

Mike as part of his duties met with Electrical and Mechanical Engineers in review meetings for
major campus renovation projects to review design criteria and routing of both electrical and
plumbing installation. He offered his insight of the current situation and made recommendations for
improvement. He was responsible during the projects for inspecting the work of journeymen
electricians and plumbers as one of the campus representatives. He identified issues with
installations and follow up on required corrective actions.

This letter is meant to highlight Mike’s experience and qualifications as an electrical and plumbing
journeyman while he worked as my direct report.

Tony DiGiandomenico




File Attachments for ltem:

ER-1 Electric Vehicle Power Transfer Systems and the 2020 NEC Part 1 (Matthews Electrical
Services)

All certifications (4 hours)

Staff Notes: Matthews plans to present it at least once per quarter. It is not a multisession
course.

ESIAC Recommendation:

Committee Recommendation:




Oh - Department
lO of Commerce
Mike DeWine, Governor Sheryl Maxfield, Director

Jon Husted, Lt. Governor Board of Building Standards

APPLICATION FOR CONTINUING EDUCATION APPROVAL
COURSE CONDITIONS AND GUIDELINES

The Ohio Board of Building Standards is committed to the ongoing education and professional development of board-certified
personnel through the delivery of high-quality, accurate and engaging professional continuing education content. To this end, the
Board reviews and approves Continuing Education Courses for building department personnel.

Board approval is granted for course instruction on current codes and standards, including the OBC, OMC, OPC, and RCO, and any
other content areas directly related to the responsibilities of the certification for which credit is being requested.

Promotion: Any person or organization promoting an approved course is required to make full and accurate disclosure regarding
course title, course approval number, number of credit hours, categories for which the BBS has approved the class, and fees in
promotion materials and advertising. The Board does not grant retroactive approval. It is recommended that courses be
submitted for approval well in advance of any scheduling of classes and advertising. Advertising may not falsely state BBS
approval before approval is granted. Course providers may state that BBS approval is pending.

Application Submission: All Applications and associated materials shall be submitted by email in .pdf format. Instructions for
completing the application are attached.

Certificate of Completion: Course providers shall provide participants a certificate of completion containing the following
information:
o Name of participant
Title of approved courses
BBS approval #
BBS approved certifications
Date of the continuing education program
Number of approved credit hours awarded, and
Signature of authorized sponsor or instructor.

o 0O 0O 0O 0O ©°

Any person or organization administering an approved course shall return a completed BBS Course Attendance form by email.

Participants: Participants must attend the complete course as presented by the instructor to receive credit hours approved by the
Board. The organization or instructor of online courses shall plan and execute methods to verify the individual’s attendance and
completion of the course. No partial credit will be given to any participant who failed to complete the entire course as approved.

Board approval: All courses are approved for the calendar year in which application is made. Courses may be renewed so long as
the referenced code is in effect, and the CEUs, certification and content remain unchanged. When the referenced code is updated,
courses must be updated, and new approvals obtained.

Facility/training area: BBS Course may be delivered in person or online, or both, at the sponsor’s option.
Course facilities shall include the following:

In Person Classes: Online Classes:
Sufficient seating capacity Web-accessible
ADA accessible facilities ADA accessible delivery
Appropriate Audio/Visual devices for delivery Tech support available
Writing surfaces for participants Live and recorded courses permitted

In-person facilities shall comfortably and safely seat at least the number of attendees present in the room and shall be climate
controlled, non-smoking, and sound controlled so that outside noise will not interfere with the training.

Ohio Board of Building Standards Phone: 614-644-2613

6606 Tussing Road Timothy Galvin, Chairman Fax 614 -644-314Z

Reynoldsburg, OH 43068-9009 TTY/TDD 800-750-074 41¢
An Equal Opportunity Employer and Service Provider com.ohio.gov/dico/l




Oh - Department

lO of Commerce

Mike DeWine, Governor Sheryl Maxfield, Director . .

Jon Husted, Lt. Governor Y Boa I’d Of BUIldIng Standards

Application for Continuing Education Course Approval

Provider Information:
Name: Henry P. Matthews

Organization: Matthews Electrical Services

Address: 1203 McKinley Place; Fostoria, Ohio 4830

E-mail: hpmatthews@matthewselectrical.net Telephone: 419-575-3488
Website: www.matthewselectrical.net

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: Electric Vehicle Power Transfer Systems and the NEC Part 1

Course instructor: Henry P. Matthews

Course description:_This course will cover article 625 in the NEC for electric vehicle power transfer systems. This course

will also cover the history of electric vehicles and discuss projected growth and the electrical infrastructure requirements.

This course will focus on installations for one and two family dwelling units and the other relevant NEC sections required for

a code-compliant electric vehicle installation.

Instructional hours per session: 4 Number of Sessions: at least one per quarter

Course Date(s) and Location: January 7, 2023 via Zoom. Registration at www.matthewselectrical.net

Special Content:

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

Plumbing Instruction:

Course to be offered online? v/ On Demand Webinar \/
Course Website: www.matthewselectrical.net

Detail online course participation confirmation method (i.e. test, quizlets, participant activity confirmation):
Surveys, polls, and roll call after each break will be conducted.

Course applicable for the following certifications

Residential Certifications Only: v Commercial Certifications: ‘/
Administrative Course, All Certifications:

Application materials included:

v Course Outline or Course Learning Objectives

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

v 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

11



mailto:michael.lane@com.ohio.gov

Department
of Commerce

Ohio

Mike DeWine, Governor Sheryl Maxfield, Director
Jon Husted, Lt. Governor

Instructions for new Continuing Education Approval form

Provider Information
1. Please include all contact information.
2. If course is not part of a conference, leave conference sponsor and email blank.

Course Renewal
1. Indicate if the course is being submitted for renewal. Include prior approval letter
and write in prior course number.
2. Certification approval for courses has now changed: all existing courses being
renewed will be approved within the new classification system.
a. Courses previously approved for only residential certifications will be
approved for all residential certifications.
b. Courses previously approved for at least on commercial certification will now
be approved for all commercial certifications and all residential certifications.
c. Courses on required instruction topics, Ohio Ethics, Code Administration and
Existing Buildings, will be noted as Administrative Courses and be approved
for all certifications.
3. Courses being renewed should skip the New Course information section and are not

required to submit outline, agenda, slides or other instructional materials for review.

Skip to Special Content, and mark any item that applies to the course.

New Course Information
1. Enter course title, name of instructor, and a brief description of the course content.
Learning objectives may be substituted for course description, if desired.
2. Number of instructional hours per session is the length of instructional time.
3. Number of sessions: can be 1 or the number of sessions planned.
4. Course date(s) and location: not necessary at this time, enter if known.

Special Content

1. Indicate if the course will meet instructional time in Code Administration or Existing
Buildings.

2. Indicate if the course is a plumbing or electrical course, for ESIAC review and trainee
course tracking.

3. If the course is associated with a conference, indicate the conference name and
location, as this will allow BBS to coordinate approvals with the conference provider.

4. If the course will be offered online, specify whether it will be on demand or offered
as a virtual webinar, or both. Include website where the course will be provided.

Ohio Board of Building Standards 614-644-2613

6606 Tussing Road Timothy Galvin, Chair Fax 614 -644-314Z

Reynoldsburg, OH 43068-9009 TTY/TDD 800-750-074 15
An Equal Opportunity Employer and Service Provider com.ohio.gov/dico/b




Course applicable for the following certifications
This section represents a major change from previous BBS course approval forms.
1. If the course is only for residential certifications, check ‘Residential Certifications
Only’. The course, if approved, will be approved for all residential certifications.
2. If the course is appropriate for any commercial certifications, check Commercial
Certifications. The course, if approved, will be approved for all commercial
certification AND all residential certifications.
3. If the course is intended to meet required instruction in Code Administration
(Chapter 1) or Existing Buildings (commercial or residential) check ‘Administrative
Course, All Certifications’.

Application Materials Included

This is a checklist for the course submitter’s use, to be sure all materials necessary for
review are included with the application. All materials should be submitted in .pdf format,
along with the application, via email to Michael.Lane@com.ohio.gov or BBS@com.ohio.gov

13
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BIOGRAPHY
Henry P. Matthews PE, CPE, CESCP, PVA

Henry has over 31 years of experience in the electrical design, construction, engineering and safety fields.

He has a passion for teaching and mentoring.

Henry obtained his Bachelor of Science degree in Electrical Engineering from Penn State University in
1989.

He also earned a Master of Business Administration from Bowling Green State University in 2003.
In addition, Henry earned several certificates including:

e Plumbing and Electrician from Penn Foster Career School
e Welding from Owens Community College in Findlay, Ohio
e Residential Solar PV Systems from Solar Engineering International

Henry currently holds the following licenses, and memberships:

Licensed Electrical Contractor in Ohio

Licensed Training Agency in Ohio

Licensed Professional Engineer in Ohio, Michigan, Kentucky, Indiana, Illinois, Wisconsin
Certified Plant Engineer (CPE)

Certified Building Operator (CBO)

Certified Electrical Compliance Safety Professional (CESCP) by NFPA

Solar PV Associate by the North American Board of Certified Energy Practitioners
Electric Vehicle Infrastructure Training Program (EVITP) certification

Senior Member of the Institute of Electrical and Electronic Engineers (IEEE)
Member of the International Association of Electrical Inspectors (IAEI)

Member of the National Fire Protection Association (NFPA)

Henry is currently employed as an Advanced Senior Engineer for Marathon Petroleum Company in
Findlay, Ohio. During his 16 years at Marathon, Henry has worked as an Electrical Design Engineer,
Project Engineer, Engineering Supervisor and currently as a Reliability Engineer.

Henry is also the owner of Matthews Electrical Services, a small, but full-service electrical contractor
company.

Prior to this, he worked 13 years as an Electrical Engineer and a Plant Engineering Manager in at Cooper
Standard Automotive, a major automotive parts supplier in Bowling Green, Ohio

Henry is the past co-chair of American Petroleum Institute Recommended Practice 545 Lightning
Protection for Above Ground Storage Tanks.

He was also past president of the Fostoria Toastmaster club.

14




Electrical Vehicle Power Transfer Equipment and the NEC
Outline

Relevant NEC Chapters and Articles (Based on the 2020 NEC)
e Article 625 Electric Vehicle Power Transfer Systems
e Article 100 Key Definitions
e Article 110 Requirements for Electrical Installations
e Article 210 Branch Feeders
e Article 215 Feeders
e Article 220 Branch-circuit, Feeder and Service Load Calculations
e Article 230 Services
e Article 240 Overcurrent Protection
e Article 242 Overvoltage Protection
e Article 250 Grounding and Bonding
e Chapter 3 Wiring Methods and Materials
e Article 685 Integrated Electrical Systems
e Article 690 Solar Photovoltaic Systems
e Article 702 Optional Standby Systems
e Article 705 Interconnected Electric Power Production
e Article 706 Energy Storage Systems
e Chapter 9 Tables

Other Resources:
e NFPA 70E (2021) Electrical Safety in the Workplace
e NECA 413 Standard for Installing and Maintaining Electrical Vehicle Supply Equipment
(EVSE)
e OSHA 1910 Subpart S Electrical Safety

Referenced Websites:
e www.NFPA.org
e NREL — National Renewable Energy Laboratories
e www.lAEl.org (International Association of Electrical Inspectors)
e www.mikeholt.com
e www.esfi.org Electrical Safety Foundation International)
e Multiple automobile and Class 2/DC Fast charger manufacturer websites

Course Content:
e History of Electric Vehicles
e Electrical Safety review with emphasis on DC systems
e NEC definitions
e Charger site evaluation and considerations
e Types of charger connectors and their functions



http://www.nfpa.org/
http://www.iaei.org/
http://www.esfi.org/

Other requirements

(@]

@)
@)
@)

Grounding and bonding
GFCl and ground fault protection
Overcurrent protection’
Bi-directional current flow considerations
= Article 705 Interconnected Electric Power Production
EVPE considerations
= Article 702 optional standby systems
= Article 705

Types of EV chargers: Class |, Class 2 and DC Fast chargers
Types of chargers: connected and wireless (induction)
Installation requirements

Electrical calculations for charger installation

16




12/29/22

NFPA 70

National

Electrical
COde® Electric Vehicles

NEC Article: 625

2020

OCILB Course # 4871434

eeeeeeeeeeee
OOOOOOOOOOOOOOOOOOOOOOOOO

Notice!

This course is based on the 2020 NEC.
The 2020 NEC has not been adopted in Ohio

Presented for
INFORMATIONAL PURPOSES ONLY.

OOOOOOOOOOOOOOOOOOOOOOOOO

17
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* Attendee must be present the entire time
(except breaks)

* Mute microphone at all times
* Prevents distraction during webinar

* Instructor may activate participant
microphone if verbal response is needed

INEC has not been adopted in Ohio. PRESENTED FOR INFORMATIONAL 3
PURPOSES ONLY

Webinar Rules (Continued)

* 5 minute breaks every hour
* Return promptly after breaks
* The instructor will check attendance after each break

* Emergencies
* Contingency Plans: Ohio Weather
* Unexpected interruption
* Re-joining webinar
* Problems:
* send me a text message: 419-575-3488
* Or email: hpmatthews66@att.net

The 2020 NEC has not been adopted in Ohio. PRESENTED FOR INFORMATIONAL 4
PURPOSES ONLY

18
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WELCOME!

* Goals
* Promote learning
* Make session engaging
* Discussion
* Videos

* Case Studies
* Polls

* Make 4 hours as productive as possible!

0 NEC has not been adopted in Ohio. PRESENTED FOR
INFORMATIONAL PURPOSES ONLY

Electric Vehicle

Infrastructure Training Program

The Electric Vehicle Infrastructure Training Program

Presents this
Certificate of Completion
#4034465
of the 20 hour EVITP Installer Training Course

to
Henry Matthews

Date of Certification, September 21,2022
Valid Through, September, 2025

P e

Jegdifer Mfford, Bernie Kotlier, EVITP Chair

19
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Agenda

e Relevant EV NEC Articles and other sources of information

History of Electric Vehicles

Electrical Safety review with emphasis on DC systems

NEC definitions

Charger site evaluation and considerations

Types of charger connectors and their functions

20




12/29/22

Relevant NEC Chapters and Articles (Based on the 2020 NEC)

Article 625 Electric Vehicle Power Transfer Systems

Article 100 Key Definitions

Article 110 Requirements for Electrical Installations

Article 210 Branch Feeders

Article 215 Feeders

Article 220 Branch-circuit, Feeder and Service Load Calculations
Article 230 Services

Relevant NEC Chapters and Articles (Based on the 2020 NEC)

Article 240 Overcurrent Protection
Article 242 Overvoltage Protection
Article 250 Grounding and Bonding
Chapter 3 Wiring Methods and Materials
Article 685 Integrated Electrical Systems
Article 690 Solar Photovoltaic Systems

10

21
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Relevant NEC Chapters and Articles (Based on the 2020 NEC)

Article 702 Optional Standby Systems

Article 705 Interconnected Electric Power Production
Article 706 Energy Storage Systems

Chapter 9 Tables

11

Other Resources

e NFPA 70E (2021) Electrical Safety in the Workplace

e NECA 413 Standard for Installing and Maintaining Electrical Vehicle
Supply Equipment (EVSE)

e OSHA 1910 Subpart S Electrical Safety

12

22
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([T /

NECA 413-2012

NFPA 70

National
Electrical
Code

2020

Electric Vehicle Supply
Equipment (EVSE)

13

Websites

www.NFPA.org

www.evassociation.org Electric Vehicle Charging Association
www.chargedevs.com. Charged Electric Vehicles Magazine
www.lAEl.org (International Association of Electrical Inspectors)

www.mikeholt.com

www.esfi.org Electrical Safety Foundation International)
NREL — National Renewable Energy Laboratories

Multiple automobile and Class 2/DC Fast charger manufacturer websites

14

23
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http://www.evassociation.org/
http://www.chargedevs.com/
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12/29/22

Infrasiruciure Training Program

https://evitp.or

Find A Contractor Contact Us

Certification Check Frequently Asked Questions

15
The Rise of Electric Cars
By 2022 electric vehicles will cost the same as their internal-
combustion counterparts. That’s the point of liftoff for sales.
Projected annual sales Cumulative sale
500 million vehicles Electric vehicles would
accounr:‘fc;r 35;% of all
es.
pm new venicie sal \/‘
-w,_wvr_wv_x‘_ . 1_ " _;_:,L_‘.L _____ - _‘* '''''' 1_ _J:—_ _1-
urces: Data compiled by Bloomberg New Energy Finance, Marklines BIoomberg.
16
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https://evitp.org/

12/29/22

* Existing infrastructure

* Cost of electric vehicles

* Range Anxiety

* Availability of resources, battery materials for example
* Contractor skill level: AC to DC adaptability

* Lithium-lon battery safety

* Comfort level with new technology

17

Origins of the Electric Vehicle (EV)

e Inventor of the first EV is not known

* 1829, Anyos Jedlik (Hungary) developed small-scale model car powered
by an electric motor

* 1834, the first American built battery-electric car by Thomas Davenport,
a blacksmith from Vermont. Batteries were not rechargeable
* Davenport was also the inventor of the first American-build DC electric motor
* 1886, Karl Benz (Germany) applied for patent for his gas-powered
vehicle

* 1893, Charles and Frank Duryeas, (Springfield, Mass), credited with first
America gas-powered vehicle

18
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Origins of the Electric Vehicles

* Designs improved, but distance limited by batteries. Most were not
rechargeable

» Gaston Plante (France) invented a better rechargeable lead-acid
battery in 1859

* Electric vehicles gained popularity due to easier starting, less
vibration, less odor, less noise and easier to change gears

* From 1899 to 1900, EVs outsold gasoline cars 10 to 1

19

Origins of the Electric Vehicles

* By 1900, there were gas, steam and electric powered vehicles
available

* Mix was about even with 33% gas, 33% steam and 33% electric

* The best roads were in cities and towns, which was ideal for the
limited range of electric vehicles

20
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The Decline of Electric Vehicles

* By 1910, the popularity of EVs started to decline:
* Improved roads increased demand for longer range vehicles
* Discovery of Texas crude oil made gas more affordable

* Invention of the electric starter by Charles Kettering in 1912 made it
easier to start gas power cars vs the traditional hand crank

* Mass production of Internal Combustion Engine (ICE) cars by Henry
Ford made gas cars more affordable to consumer

* Electric vehicles virtually disappeared by 1935

21

Reappearance of Electric Vehicles

* Began to see rebirth in 1960s and 1970s due to concerns about air
pollution and the OPEC Oil Embargo
* A few car makers resumed production of EVs in limited quantities

 Spearheaded by California’s Zero Emission Vehicle (ZEV) mandate
* Required 2% of vehicles to be ZEV by 1998 and 10% by 2003

* The global economic recession in late 2000s led to more interest in
alternative fueled vehicles.

* Tesla (California), led by Elon Musk, launched the Tesla Roadster in
2008

* First highway capable all-electric vehicle in serial production in 2008

22
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Reappearance of Electric Vehicles

* 1995, GM announced prototype EV called Impact, later renamed EV-1

23

Reappearance of Electric Vehicles

* Tesla Roadster, 2008

24
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There are several types of Electric Vehicles:

Hybrid Electric Vehicles (HEV)

Plug-In Hybrid (PHEV)
Plug-In Electric Vehicle (PEV)

Battery Electric Vehicle (BEV)

Hybrid Electric Vehicle (HEV)

* Combines traditional ICE with and electric propulsion system
* First popular electric vehicle, ex. Toyota Prius

* Utilizes regenerative braking which converts vehicle’s kinetic (moving)
energy into electric energy to charge the batter

* The internal combustion engine can generate electricity by turning an
electrical generator

* Does not rely on external AC or DC charging. Regenerative charging
or charging by ICE engine keeps battery charged
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Hybrid Electric Vehicle
Exhaust System
= Fuel Filler

Internal combustion ‘ .
= d.

engine (spark ignited) ;
N

Power Electronics :

Controller . . AN

DC/DC Converter > j ~ Fuel Tank
N> o ¥ & (gasoline)
Thermal Sl A 7.
System A \“‘ Traction Battery Pack
(cooling) N S
NN \'\v

Electric Traction Motor

N\ A\ \,, G
Electric Generator
~ Transmission

Battery (auxiliary) =
ardc.energy.gov

27

Plug-In Hybrid (PHEV)

* Has internal rechargeable batteries
* Also has internal combustion engine similar to pure Hybrid EV
* Batteries recharged by external power source

* Combination of external charging and ICE eases “range anxiety” of
running out of gas or power while going long distances

* ICE can power car if batteries are depleted

28
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Exhaust System

Plug-in Hybrid Electric Vehicle

Internal combustion > Fuel
engine (spark ignited) Filler
Power Electronics
Controller
DC/DC Converter — Fuel Tank
(gasoline)

Thermal a
System ‘Traction Battery Pack
(cooling) .
Charge Port
Electric Traction Motor
Electric Generator

Transmission
~~ Onboard Charger

Battery (auxiliary) afdc.energy.gov
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Plug-In Electric Vehicle (PEV)

* A superset of the electric vehicles that includes:
* Battery Electric Vehicles
* Plug-in Hybrid Vehicles (PHEVs)

* Slower to adopt than hybrid versions for several reasons
* Cost

* Battery range
* Lack of charging infrastructure leading to range anxiety (running out of

charge)

30
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All-Electric Vehicle

12/29/22

Also known as an All-Electric Vehicle

Has internal batteries that can only
be recharged from an external

power source of electricity

Does not have an internal
combustion engine to help recharge
batteries

Electric Traction Motor

Power Electronics Controller

DC/DC Converter

Thermal System (cooling)

Traction Battery Pack

~~ Onboard Charger

> Battery (auxiliary)

afdc.energy. gov
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Safety
Considerations

* NFPA 70E

* Battery Safety

¢ Lithium-lon batteries: thermal run-
away and other issues

* AC and DC electrical work
* Bi-directional flow of electricity
* Proper PPE

33
Electric Vehicle Supply Equipment
* Three types:
* Level 1
* Level 2
* DC Fast Charging (several levels)
34
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Connector
Handshake

* Plug not powered until plugged
into and commanded by vehicle

* Electric Vehicle Supply Equipment
(EVSE) signals presence of AC
input power

* Vehicle detects plug via proximity
circuit (prevents drive away while
connected)

35
Level 1 Chargers
* Usually come with the Plug-In Electric Vehicle
* Inexpensive
* Portable
* Usually plugs into standard 120V AC outlet
* Operates at 1.4 kW, 12 amps: requires 15A circuit breaker or
* Operates at 1.9 kW, 16 amps: requires 20A circuit breaker
* Long charge times, usually overnight in garage (12 - 16 hours)
* Supply AC power to the EV’s on-board battery charger
36

34
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Level 2 Chargers

* Higher capacity chargers

» Usually not portable, fixed installation

* Installed in garages, shopping parking lots, businesses (fleet charging)
* Operates at 208 or 240V AC, single-phase or 3-phase

* Higher power usually requires 3-phase circuit

* Commercial charges range from 6.6 to 19.2 kW

37

Level 2 Chargers

* Requires 30 to 60 amp circuit breaker depending on power
requirements and electrical system (single phase or 3-phrase)

* Dramatically reduces time to charge batteries
* Charges batteries between 3 and 8 hours
* Delivers AC power to the EV onboard charger, same as Level 1 chargers

38
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DC Fast Chargers

* Three competing technologies

* SAE J1772 Combo

* CHAdeMO

* Tesla proprietary

* Bypasses EV charging system (AC)

* Provides DC power directly to vehicle battery management system
* Some charging stations have all three technologies for efficiency

39

DC Fast Chargers

* Provide fastest way to charge batteries

* Can provide charge in 15 to 60 minutes

* Require more power, 3-phase power

* Qutputs of 15kW to over 350kW

* Usually connected to a network requirement some form of payment

* Common networks: Blink, ChargePoint, Electrify America, Greenlots
SKY, NRG eVgo, SemaConnect and more

40
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30 kW

50 kW

100 kW
120 kW
150 kW
180 kW
250 kW
350 kW

87 miles/hour
145 miles/hour
289 miles/hour
347 miles/hour
434 miles/hour
520 miles/hour
723 miles/hour
1012 miles/hour

41
SAE J1772 Combo
* Has two extra large pins for DC Fast charging
* Used by GM, Ford, Chrysler, Audi, Daimler, Porsche, Volkswagen and
BMW
42
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Latch
Neutral or ¢ Line 1

Line2\ — /

Control Pilot 00
(12v)y =7 o

‘\Prommlty Pilot

(12 V)
Ground
43
SAE J1772 Combo for Fast Chargers
PROTECTIVE EARTH
CHASSIS GROUND, 2.8 MM
NEUTRAL R\ LINE 1
AC LEVEL 1 NEUTRAL AC LEVEL 1 POWER
LINE 2 j¥i LINE 1
AC LEVEL 2 POWER AC LEVEL 2 POWER
DIRECT CURRENT - [y LINE 1
DC LEVEL 1 POWER AC LEVEL 1 POWER
CONTROL PILOT 5] CONTROL STATUS
POST-INSERTION SIGNALING, 1.5MM, 2A/30V CHASSIS GROUND, 1.5 MM, 2A/30V
DIRECT CURRENT - &} DIRECT CURRENT +
NEGATIVE DC VOLTAGE, 8.0 MM, 400A/1000V POSITIVE DC VOLTAGE, 8.0 MM, 400A/1000V
44
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CHAdeMO Connector for DC Fast Charging

* Developed by the Tokyo Electric Power Company in Japan

* Used by Nissan, Mitsubishi, Toyota

* Abbreviatedfor CHArge de Move

* Meaning “Let's have a cup of tea while charging” in Japanese

Charging Ground

enable/disable - Charger
' start/stopl

DC power (+)

- DC power (-)

Connection
check

CAN (L) 4 Charger
start/stop2

CAN (H)
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Contractor
Basic Steps

Electrical contractor must perform a site
assessment for EVSE installation

Obtain electrical wiring permit(s) and coordination
of the inspection and approval processes.

Coordinate with local utility company for time-of-
use (TOU) meters, off- peak metering, etc.)

Facilitate the installation of the EVSE and
associated branch circuit wiring

Inspection, startup, and commissioning completed
EVSE installation

47

equipment.

EVSE Installation Considerations

* Use EVSE nameplate data to calculate the full load current of

¢ EVSE is considered to be a continuous load

* Size ampacity of conductors and overcurrent protective devices at not
less than 125% of the calculated load current.

* Verify the conductor material and size of the existing service
conductors (copper vs. aluminum)

48
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Scope: Section 625.1

* This article covers the electrical conductors and equipment
connecting an electric vehicle to the premises wiring for the purposes
of charging, power export or bidirectional current flow.

49

Scope: Section 625.1

* Informational notes:

1. NFPA 505-2018 Fire Safety Standard for Powered Industrial Trucks
Including Type Designations, Areas of Use, Conversions,
Maintenance and Operations

2. UL 2594-2013, Standard for Electric Vehicle Supply Equipment
UL 2202-2009, Standard for Electric Vehicle Charging System

Equipment
50
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Definitions: Section 625.2

* Cable Management System

* An apparatus designed to control and organize the output cable to
the electric vehicle or to the primary pad

51
Definitions: Section 625.2
* Charger Power Converter
* The device used to convert energy from the power grid to a high-
frequency output for wireless power transfer
52
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Definitions: Section 625.2

* Electric Vehicle Connector (2020)

* A device that, when electrically coupled to an electric vehicle inlet,
establishes and electrical connection to the electric vehicle for the
purpose of power transfer and information exchange.

53

Definitions: Section 625.2

* Electric Vehicle Power Export Equipment, EVPE (New for 2020)

* The equipment, including the outlet on the vehicle, that is used to
provide electrical power at voltages greater than or equal to 30 VAC
or 60 VDC to loads external to the vehicle, using the vehicle as the
source of supply

54
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Definitions: Section 625.2

* Electric Vehicle Power Export Equipment, EVPE (New for 2020)

Informational note: EVPE and EVSE are sometimes contained in one
piece of equipment, sometimes referred to as bidirectional EVSE

55

Definitions: Section 625.2

* Electric Vehicle Supply Equipment, EVSE (Revised for 2020)

* The conductors including the ungrounded, grounded, and equipment
grounding conductors, and the EV connectors, attachment plugs,
personnel protection system, and all other fittings, devices, power
outlets, or apparatus installed specifically for the purpose of
transferring energy between the premises wiring and the electric
vehicle

56
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WARNING!

* Pay close attention to definitions for:

* FASTENED IN PLACE
* FIXED IN PLACE
* PORTABLE

Specific requirements for each, including GFCI requirements!

57

Definitions: Section 625.2

* Fastened in Place (Revised for 2020)

* Mounting means of equipment in which the fastening means are
specifically designed to permit periodic removal, without the use of a
tool, for relocation interchangeability, maintenance or repair.

58
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Definitions: Section 625.2

* Fixed in Place

* Mounting means of an EVSE attached to a wall or surface with
fasteners that require a tool to be removed.

59
Definitions: Section 625.2
* Output Cable to the Electric Vehicle
* An assembly consisting of a length of flexible EV cable and an electric
vehicle connector (supplying power to the electric vehicle).
60
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Definitions: Section 625.2

e Qutput Cable to the Primary Pad

* A multi-conductor, shielded cable assembly consisting of conductors
to carry the high-frequency energy and any status signals between
the charger power converter and the primary pad.

61
Definitions: Section 625.2
* Personnel Protection System
* A system of personnel protection devices and constructional features
that when used together provide protection against electric shock of
personnel
62
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Definitions: Section 625.2

* Power Supply Cord

* As assembly consisting of an attachment plug and length of flexible
cord that connects equipment to a receptacle.

63
Definitions: Section 625.2
* Primary Pad (revised for 2020)
* A device external to the EV that transfers power via the contactless
coupling as part of a wireless power transfer system
64
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65

Definitions: Section 625.2

* Wireless Power Transfer (WPT)

* The transfer of electrical energy from a power source to an external
load via electric and magnetic fields or waves by a contactless
inductive means between a primary and secondary device.

66
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_______ AUDC Charging Battery
Rectifier Controller |
S \ “,\ ---------------- : B
SO . "S. st :
i 5 z T e 2 AT
J %N "~ - - Secondary Pad
A A (on vehicle)
! ! "~ -Electromagnetic Field
From Charging Power Converter toa Primary Pad

67

Definitions: Section 625.2

* Wireless Power Transfer Equipment (WPTE)

* Equipment consisting of a charger power converter and a primary
pad. The two devices are either separate units or contained within
the enclosure

68
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625.4 Voltages

* Unless other voltages are specified, the nominal AC system voltages used to
supply equipment in Article 625 are...

* 120

* 120/240

* 208Y/120

* 240

* 480Y/277

* 480

* 600Y/347

* 600 and

* 1000 volts

* and DC system voltages of up to 1000

69

625.5 Listed

* All equipment covered by the scope of this article shall be listed

_‘_.‘.‘.- "8_'.

\EGS 7
\:/ Us Intertek
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625.17 Cords and Cables

Shall be Listed Type EV, EVJ, EVE, EVJE, EVT, or EVJT flexible cable or

* An integral part of listed electric vehicle supply equipment

» Overall cord length shall not exceed 25 feet in length unless it is equipped with a
cable management system that is part of a listed electric vehicle supply
equipment

* Note: damage to cables are one of the biggest maintenance issues with EV
power supply equipment. A cable management system may help keep cables
neat, orderly and off of the ground

71

SPEC 70859

Southwire Electric Vehicle EVE/EVJE and EV/EVJ Cables

90° or 105°C Dry/60°C Wet. 300, 600/1000 Volts. Class K, Bare Copper Conductors. TPE or EPDM
Insulation and TPE or CPE oil, sunlight and flame resistant jacket.

Imaae not to scale & for reference onlx. See Table 1 for Dimensions

CONSTRUCTION:

Conductors: Class K, Flexible stranded bare copper per ASTM B3 and ASTM B174

Insulation: Thermoplastic Elastomer (TPE) with Optional Nylon Covering or Ethylene Propylene Diene Monomer (EPDM)
Filler: Paper or Polypropylene filler

Separator: Paper or Talc

Jacket: Black; Thermoplastic Elastomer (TPE) or Thermoset Chlorinated Polyethylene (CPE)

APPLICATIONS:

EV Charging Cables, designed for residential or commercial charging applications. Flexible construction, cabled with fillers, with
wet rated, oil resistant, crush and impact resistant, low temperature materials. These cables meet Underwriters Laboratories
and the Canadian Standard Association requirements as well as the National Electrical Code articles 400 (Flexible Cords &
Flexible Cables) and 625 (Electric Vehicle Power Transfer System).

72
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SPECIFICATIONS:

*« ASTM B3 and ASTM B174

* UL 62 - Type EVE/EVJE or EV/IEVJ

* CSA C22.2 No. 49 - Type EVT(TPE)EVJE(TPE) or EV/EVJ

* NFPA 70, NEC Atrticles: 400, 625

* RoHS-3 — The CE Marking has been applied solely to express the conformance to the material restrictions
identified in the European Directive (EU) 2015/863

SAMPLE PRINT LEGEND: (Marker Tape)
SOUTHWIRE® 3/C XX AWG (X.XXmm2) & 1/C XX AWG (X.XXmm2) EVE E312819 c(UL)us 1000V 105C DRY 60C WET --
EVT(TPE) 1000V 105C DRY 60C WET FT2 WATER RESISTANT -- FOR USE WITH ELECTRIC VEHICLES

PROPERTIES:

Voltage: 300V EVJE, EVJ; 600V or 1000V EVE or EV.
Temperature Range: -40°C to 105°C Dry, 60°C Wet

Other EV Offerings:

Custom EV Cable Design/Engineered Solutions EV Infrastructure

DC Fast Charging Cable Utility, Transmission & Distribution Cables
DC Fast Liquid-Cooled Charging Cable Cable in Conduit (CIC)

Coiled EV Cable Armorlite Type MC Cable

Portable Charger, Charging Cable SimPull THHN/XHHW

« Custom Designs & 3 Phase Cables are Available + SimPull Medium Voltage Cable
« Shielded Options * Low Smoke/Zero-Halogen Cable for confined space installations
« Sizes up to 500 kcmil for listed products + DLO Cable

73
625.22 Personnel Protection System
* The equipment shall have a listed system of protection against electric shock of
personnel.
* A personnel protection system shall not be required for supplies less than 60 volts dc.
74
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625.40 EV Branch Circuit

* Each outlet installed for the purpose of charging electric vehicles shall be supplied
by an individual branch circuit. Each circuit shall have no other outlets.

75
625.41 Overcurrent Protection
* Overcurrent protection for EVSE and WPTE equipment shall be sized
for continuous duty (125%)
* Shall have a rating of not less than 125% of the maximum load of the
equipment.
* Use nameplate data to determine maximum rating
* Where noncontinuous loads are supplied from the same feeder, the
overcurrent device shall have a rating of not less than the sum of the
noncontinuous loads plus 125 percent of the continuous loads.
76

54
38




12/29/22

625.43 Disconnecting Means

* Disconnecting means required for equipment rated more than 60
amps or more than 150V to ground

* Shall be lockable in the open position

77
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* Portable equipment shall be connected to the premises wiring by one
or more of the following methods:

125V / 250V (50A) OUTLET

REPLACE ONLY WITH AL-CU
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Level 1: 110V

"

NEMA 5-15

80
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625.43(B) Fastened In-Place Equipment

* Equipment fastened in place shall be connected to the premises
wiring by one or more of the following methods:

10-50R FLUSHEVISISNIN)

NEMA 14-50R
50 Amp

125/250 Volt
10-50R

NEMA 6-50R
50 Amp
250 Volt

81
Level 2: 240V
May require service upgrade
NEMA 14-50
Can also be hardwired
82
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625.43(C) Fixed Equipment

* All other EVSE and WPTE shall be permanently wired and fixed in place to the

supporting surface

83

625.46 Loss of Primary Source

* Means shall be provided to prevent the backfeed of power to the EV,
EVSE or premises wiring system if power is lost.

* Exception is if a listed interactive system is installed

CAUTION!

DO NOT BACKFEED!

84
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625.48 Interactive Systems

EVSE that incorporates a power export function and that is part of an interactive
system that serves as an optional standby system, an electric power production
source, or a bidirectional power feed shall be listed and marked as suitable for that

purpose.

When used as an optional standby system, the requirements of Article 702 shall
apply (Example: generartors)

When used as an electric power production source, the requirements of Article 705
shall apply (Example: Solar PV, Wind Turbine etc.)

EVPE that consists of a receptacle outlet only shall be in accordance with 625.60
(AC Receptacle Outlets Used for EVPE)

85

625.48 Interactive Systems

Informational Note:

* For further information on supply equipment, see ANSI/UL 1741,
Standard for Inverters, Converters, Controllers and Interconnection
System Equipment for Use with Distributed Energy Resources, and
ANSI/UL 9741, Bidirectional Electric Vehicle (EV) Charging System

Equipment; for vehicle interactive systems, see SAE J3072, Standard for

Interconnection Requirements for Onboard, Utility-Interactive Inverter
Systems.

86
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625.50 Location

* Minimum mounting height for fixed or fastened-in-
place EVSE coupling connectors (cabling and
connectors)

¢ Not less than 18 inches above the floor for indoor
locations

* Not less than 24 inches above the grade for outdoor
locations

* https://www.youtube.com/watch?v=vdal4KggaKg

60
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* Some batteries can emit flammable
vapors

* Most batteries used for electric
vehicles do not emit vapors, but

BATTERY * It is imperative to understand the
CHARGING types of batteries used and
whether or not they require
AREA mechanical ventilation!
NO SMOKING
89
625.25 Ventilation
* There are ventilation requirements for charging an electric vehicle in
an enclosed location
* Mechanical ventilation is not required when
* Electric vehicle storage batteries are used, or
* Where the equipment used for charging electric vehicles is listed for use
without ventilation
D
750\
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625.25 Ventilation

* Mechanical ventilation is required when...

* Where the equipment used for charging electric vehicles is listed for

use with ventilation
. ~
* Requirements: ¢~
i M\

* Include both supply and exhaust equipment
pply quip . 'q"
* be permanently installed s?
* Located to intake outside air
¢ Location to exhaust to outside air

* See Tables 625.25(B)(2)(a) and 625.25(B)(2)(b) for required
ventilation in cubic feet per meter (CFM)

91
Table 625.52(B)(1)(a) Minimum Ventilation Required
O Pin Header in Cubic Meters per Minute (m3/min) for Each of the
Total Number of Electric Vehicles That Can Be
Charged at One Time
Branch-Circuit Voltage
Single Phase 3 Phase
Branch- DC 208V or 480V or
Circuit Ampere Rating 250V 120V 208V 240V or 120/240 V 208Y/120V 240V 480Y/277V
15 0.5 1.1 1.8 21 = el =
20 0.6 1.4 24 2.8 4.2 4.8 9.7
30 0.9 2.1 3.6 42 6.3 7.2 15
40 1.2 2.8 4.8 5.6 8.4 9.7 19
50 1.5 3.5 6.1 7.0 10 12 24
60 1.8 42 7.3 8.4 13 15 29
100 29 7.0 12 14 21 24 48
150 = = = - 31 36 73
200 = - = - 42 48 97
250 - = - = 52 60 120
300 = = = = 63 73 145
350 - - = - 73 85 170
400 = = = == 84 97 195
92
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625.54 Ground-Fault Circuit-Interrupter Protection for
Personnel

* Portable and fastened-in-place EVSE that is permitted to be cord-and
plug-connected must be supplied through a GFCl-protected
receptacle.

* The outlet supplying direct-connected EVSE is not required to be GFCI
protected unless specified in the manufacturer’s instructions.

93

* Receptacles for EV charging in a wet
location shall be installed in a weatherproof
enclosure

* Qutlet box hood for the WP enclosure shall
be listed and identified for Extra Duty

* If the the enclosure or assembly does not
include a hood, it is not required to be
marked as Extra Duty

63
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* EVPE refers to receptacles inside of the electric vehicle used to supply
power to external loads

* Requirements:
* Shall be listed
* Have maximum rating of 250V, single phase, 50 amps

* Shall have overcurrent protection suitable to handle available fault
current

* Have GFCI protection

96
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97
Part IV. Wireless Power Transfer Equipment
625.101 Grounding
* The primary pad base plate shall be made of a non-ferrous material
(copper, aluminum e.g.)
* Shall be grounded unless it is listed as double insulated
98
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Communications:
SAE J2847/6

EVSE Power

(SAE J2954)

Wireless Power Transfer:
SAE J2954 (VA& GA)

Ground Assembly (GA)

Fiqure 6: Genesis car with wireless charaging (Source: WiTricity)

99

625.102 Installation

* The charger power converter, if not integral to the primary pad, shall
be installed in a NEMA 3R enclosure
* Mounted no less than 18 inches above the floor (indoor locations)
* Mounted no less than 24 inches above grade (outdoor locations)

* The converter shall be mounted in one of the following ways:
* Pedestal
* Wall or pole
* Building or structure
* Raised concrete pad

100
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625.102 Installation

* If the charger power converter is a part of the primary pad, it shall
comply with the following:

* The primary pad shall be mounted by one of the following methods:
* On the surface
* Embedded in the surface of the floor with its top flush with the surface
* Embedded in the surface of the floor with its top below the surface

101

102
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* The output cable to the primary pad shall be
secured in place over its entire length for the
purpose of restricting its movement and to
prevent strain at the connection points

* If installed in conditions where drive-over
could occur, the cable shall be provided with
supplemental protection

* Where the charger power converter is a part of

the primary pad assembly, the power supply
cord to the primary pad shall also be protected.

103
625.102 Installation: Other Wiring Systems
* Other wiring systems and fittings specifically listed for use on the
WPTE shall be permitted.
9L JLISTED
104
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Maintenance

* Cord Management is single biggest issue with chargers

* Damage to cord
* Insulation damage
* Theft
* Getting run over
* Ice-clearing equipment

105

Example Calculations: Single Phase

106
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Sample Calculations: 3-Phase

107
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File Attachments for ltem:

ER-2 Conduit and Box Fill Calculations Based on the 2020 NEC (Master Electrical Contractors
Association)

All certifications (5 hours)
Staff Notes:
ESIAC Recommendation:

Committee Recommendation:
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Department
of Commerce

Ohio

Mike DeWine, Govarnor Sharyl Maxfield. Directir

Jon Pusted. L. Governor Board of Building Standards

Application for Continuing Education Course Approval
Provider Information:
Name:Laura Bachman

Organization; Master Electrical Conlractors Association

Address: 1555 Stanley Avenue Davton Ohio 45404

E-mail: Laurameca@aol.com Telephone: 937-264-0418
Website:

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: Conduit and Box fill calculations Based on the 2020 NEC

Course instructor: D.Dewayne Jenkins and Robert Bamett

Course description: The pumpose is to provide detailed instruction on conduit and box fill calculations

Instructional hours per session: five (5) Number of Sessions:

Course Date(s) and Location: March 18, 2023 Presidential Banquet Center 4548 Presidential way Daylon Ohio 45429

Special Content: _

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

Course to be offered online? I I Oon 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: v Commercial Certifications: -
Administrative Course, All Certifications: v

Application materials included:
v Course Qutline or Course Learning Objectives
v Presentation Materials/Slides (not required for roundtable courses)
Assessment Materials (for online courses)
v 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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Daniel Dewayne Jenkins

Dewayne started his career in the electrical field in August of 1982 in Dayton,
Ohio and has over 40 years' experience in the electrical industry both as a
contractor and inspector. He served 4 years in an electrical apprenticeship
program and has over 8 years in the field as a journeyman electrician and he
has 4 years, to his credit, as an electrical estimator and project manager.

Dewayne has been a licensed electrical contractor and a certified electrical
safety inspector since 1996, He also holds Ohio certifications as building
inspector (1998), electrical plans examiner (2006} and residential building official
(2007) and chief building official (2008). He is currently employed by the City of
Kettering in the position as the Senior Building Inspector and conducts electrical
plans examinations, electrical safety inspections and building inspections for the
past 23 years.

Dewayne is an adjunct lecturer |l for Sinclair Community College in the electrical
trades for the past 20 years. A technical presenter for the Ohio Board of Building
Standards (OBBS), International Association of Electrical Inspectors (IAEl), Master
Electrical Contractors Association (MECA), Adequate Wiring Committee (AWC)
& Greater Cincinnati Electrical Association (GCEA). He has served as President
for the Ohio Chapter IAEI (2010). Dewayne has also serves as President of the
Southwest Division of IAEl, Ohio Chapter (2018-2022) and President of the Miami
Valley Building Officials Council (2002 & 2003). He also serves on the Electrical
Safety Inspector Advisory Committee for the Ohio Board of Building Standards.

Address: 3600 Shroyer Road, Kettering, OH 45429
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Robert L. Barnett

10696 Wengerlawn Road 937.510.0424
Brookville, OH 45309 rbarnett@tricountyelectricalservices.com

Small Business Owner

Strategic Planning « Project Management » Construction « Team Leadership » Customer
Service » Value Engineering » Project Coordination « Highly Detailed « Qrganizational
Effectiveness » Design-Build » Quality Control » Materials Management ¢« Educational

Leadership

A multi-skilled professional with a solid career history in the electrical industry. Able to manage complex
projects in various environments. Able to lead projects in under budget by managing and supervising an
effective team in the installation of a quality product. Making a professional appearance to customers and
other employees.

Technical Proficiencies

Microsoft Office Excel AutoCAD Networks
Internet & Research Word Accounting Software Citrix
Database Management PowerPoint ExamView PDF Software

Professional Experience
Tri-County Electric, Brookville OH (License# EL48489) 2018-Present

Owner (Since 2018)

= Creating and implementing business plans and strategies based on long term visions. Implement
high-level planning to measure progress, gather insight and readjust plans and goals as necessary.

s Establish and maintain business banking accounts, payment processing systems, taxes, insurance
and manage day-to-day costs and business expenses.

= Procuring business and contractor licensing for compliance with state and local licensing
requirements.

» Establish solid marketing strategies and maintaining working relationships with clients to ensure
outstanding customer service,

» Manage day-to-day business operations by overseeing employees and projects. Addressing various
issues with staffing, project and technical issues.

Reliable Electric, Dayton OH 2006-2017

Project Manager (3 years)

« Establish and manage cost, schedules, manpower and performance of large, highly complex
projects. Fully accountable for complex/diverse projects with a high degree of business risk.

« Collaborate with general contractors, design professionals, sales representatives and business
owners to accomplish project objectives. Identify and resolve project issues and manage project
risk.

« Project Examples:

o Managed a $1.5M energy conservation project at Wright State University. Successfully
supervised a team of 10 electricians in a complex energy retrofit on an active college
university. Completed the project on time and under budget.

o Completed a $4M urban development project in Downtown Cincinnati with a two-year
scope.
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Project Foreman (3 years)

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

Layout and installation of lighting, power, equipment and special systems wiring, based on
construction documents and local codes.

Assign work to other employees, prioritize the work of others and organize and coordinate the
work of the project.

Direct and train workers to install, maintain, or repair electrical wiring, equipment and fixtures.

Commercial Service Technician (2 years)

Created and maintained business relationships with commereial and industrial clients.
Troubleshoot malfunctions in circuitry, equipment, motor control circuits and special systems
wiring using test equipment to correctly diagnose and repair problems.

Use a variety of tools and equipment such as power construction equipment, measuring devices,
power tools and testing equipment.

Field Electrician (3 years)

Assist project foreman and journeyman on large commercial construction sites.

Install, maintain and repair of electrical wiring, equipment and fixtures.

Perform physical demanding tasks such as digging trenches to lay conduit and moving/lifting
heavy objects.

Fire alarm system installation and troubleshooting.

Sinclair Community College, Dayton OH 2013-2020

Adjunct Instructor (7 years)

First year instructor for the Independent Electrical Contractors {IEC) Apprenticeship Training
Program, sponsored by the Master Electrical Contractors Association Training School (MECATS)
Dayton Ohio

Responsible for creating a positive learning environment for 10-12 entry level apprentice
electricians.

Develop lesson plans, quizzes and exams for student development and evaluation. Provide
support and direction for students in and out of the classroom.

Previously an active member of the MECATS A&T Committee.

Education

Electrical Engineering Technology/IEC Apprenticeship Program, Sinclair Community
College, Dayton OH, 2010 (GPA: 4.0)

Ohio licensed Journeyman

Ohio Fire Alarm licensed
Architectural /Engineering Technology, Miami Valley Career Technology Center, Clayton
CH, 2006 (GPA: 3.5)
Milton-Union High School, West Milton OH, 2006 (GPA: 3.0)
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WELCOME!

FROM THE MASTER
ELECTRICAL
CONTRACTORS
ASSOCIATION




CONDUIT AND BOX FILL
CALCULATIONS

Presented by: Dewayne Jenkins
Based on 2020 NEC



300.14 LENGTH OF FREE CONDUCTORS AT
OUTLETS, JUNCTIONS, AND SWITCH POINTS

* Atleast 150 mm (6 in.) of free conductor, measured
from the point in the box where it emerges from its
raceway or cable sheath, shall be left at each outlet,
junction, and switch point for splices or the connection
of luminaires or devices.

» Where the opening to an outlet, junction, or switch point
IS less than 200 mm (8 in.) in any dimension, each
conductor shall be long enough to extend at least 75
mm (3 in.) outside the opening.




300.14 - EXCEPTION

 Exception: Conductors that are not spliced or
terminated at the outlet, junction, or switch point
shall not be required to comply with 300.14.




300.14 - COMMENT

» For a conductor that loops through an outlet box and
that is intended for connection to a receptacle, switch,
lampholder, or other such device, 300.14 specifies the
length of slack (free conductor) required for the box
size, The intent is to ensure enough slack for the
terminal connections to be made easily.

* The exception excludes conductors running through a
box, which should have sufficient slack to prevent
physical damage from the insertion of devices or from

the use of luminaire-studs-hickeys,-or-other luminaire

supports within the box.



Baow with dimenssonis]
ess than B in.

Box with opsning 8 n or
greater m any dimension

M

EXHIBIT 300.13 Two diflerent boxes with free conductor lengths
according o 300, 14,




300.15 BOXES, CONDUIT BODIES, OR FITTINGS
WHERE REQUIRED

* Abox shall be installed at each outlet and switch point for
concealed knob-and-tube wiring.

» Fittings and connectors shall be used only with the specific
wiring methods for which they are designed and listed.

*  Where the wiring method is conduit, tubing, Type AC cable,
Type MC cable, Type MI cable, nonmetallic-sheathed cable, or
other cables, a box or conduit body shall be installed at each
conductor splice point, outlet point, switch point, junction point,
termination point, or pull point, unless otherwise permitted in
300.15(A) through (L).




310.15 (A) WIRING METHODS WITH INTERIOR
ACCESS.

A box or conduit body shall not be required for each
splice, junction, switch, pull, termination, or outlet
points in wiring methods with removable covers, such
as wireways, multioutlet assemblies, auxiliary gutters,
and surface raceways.

* The covers shall be accessible after installation.




'
©




300.15 (B) - EQUIPMENT.

* An integral junction box or wiring compartment as part
of approved equipment shall be permitted in lieu of a
box.







300.15(C) - PROTECTION.

A box or conduit body shall not be required where
cables enter or exit from conduit or tubing that is used

to provide cable support or protection against physical
damage.

» Afitting shall be provided on the end(s) of the conduit
or tubing to protect the cable from abrasion.




334.15 Exposed Work

(C) In Unfinished Basements and Crawl Spaces

Conduit or tubing shall be provided with a suitable
insulating bushing or adapter at the point the cable
enters the raceway.

The NM cable sheath shall extend through the
conduit or tubing and into the outlet or device
box not less than 6 mm (1/4 in.).

The cable shall be secured within 300 mm (12 in.)
of the point where the cable enters the conduit or
tubing.

IAEI 2007

Metal conduit, tubing, and metal outlet boxes shall
be connected to an equipment grounding conductor.
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314.1 SCOPE

» This article covers the installation and use of all boxes and
conduit bodies used as outlet, device, junction, or pull boxes,
depending on their use, and handhole enclosures.

 Cast, sheet metal, nonmetallic, and other boxes such as FS,
FD, and larger boxes are not classified as conduit bodies.

* This article also includes installation requirements for fittings
used to join raceways and to connect raceways and cables to
boxes and conduit bodies.




314.16 NUMBER OF CONDUCTORS IN OUTLET,
DEVICE, AND JUNCTION BOXES, AND CONDUIT
BODIES

 Boxes and conduit bodies shall be of sufficient size to provide
free space for all enclosed conductors. In no case shall the
volume of the box, as calculated in 314.16(A), be less than the
fill calculation as calculated in 314.16(B).

* The minimum volume for conduit bodies shall be as calculated
in 314.16(C).

 The provisions of this section shall not apply to terminal
housings supplied with motors or generators. See 430.12

 Boxes and conduit bodies enclosing conductors 4 AWG or larger
shall also comply with the provisions of 314.28.




314.16 (A) - BOX VOLUME CALCULATIONS.

* The volume of a wiring enclosure (box) shall be
the total volume of the assembled sections and,
where used, the space provided by plaster rings,
domed covers, extension rings, and so forth, that
are marked with their volume or are made from

boxes the dimensions of which are listed in Table
314.16(A).







314.16 (A) (1) STANDARD BOXES.

* The volumes of standard boxes that are not marked
with their volume shall be as given in Table 314.16(A).




TABLE 314.16(A) Metal Boxes

Minimum Maximum Number of Conductors*
Box Trade Skxe Yolume (arranged by AW size)

mim . cm” in’ 18 I 14 12 1 8 L
[0k = 32 4 = 1% roundioctagonal M5 115 2 7 6 5 5 5 2
[0 = 38 (4 > 1) round/octagonal 254 15.5 1 8 7 f & 5 i
100 = 54 (4 > &) round/octagonal 333 215 14 1z 10 Q B ) 4
[0 = 32 i = 1 square 205 120 2 10 Q 8 ) & i
|00 = 38 (4 = 1Y) SUIe 344 210 14 1z 10 Q B ) 4
100 = 54 (4 = g} SUIe 407 303 20 17 15 13 12 10 &
|20 = 32 (4% » 1%4) s{uare 418 255 1 14 . 11 10 B 5
|20 = 38 (4" 2 1%4) S{puare 484 205 19 I 13 11 o 5
|20 = 54 (4" » 2%) sy are HEg 420 28 24 21 |E I6 14 i
75 = 50 = 38 (3= 2 = 1% device 13 15 5 4 3 3 i 2 |
75 = 50 = 50 (322 2) divice 164 100 6 5 5 4 4 3 2
753150 = 57 (3 = 2 = 2%) device 172 105 1 f 5 4 4 i 2
75 = 50 = &5 (3 = 2 x 25D device M5 |15 g 7 f 5 5 1 2
75 = 50 =M (3 = 2 x T) device 230 4.0 9 8 7 f 5 1 2
75 = 50 = 90 (3 = 2 = 3%) device 205 120 12 10 Q 8 ) & i
100 = 54 = 18 (4 = 2% = 139) device 169 103 L 5 5 4 4 3 2
100 = 54 = 48 {4 = 2w = 134) device 213 130 2 7 6 5 5 4 2
100 = 54 = 54 (4 = 2% = 2%) device e 14.5 q 8 7 f 5 4 2
95 = 50 = &5 (3% = 2 = 2%  masonry bowlgang 230 140 q 8 7 f 5 4 2
95 = 50 = 90 (3% = 2 = 3%  masonry bow/gang 344 210 14 12 10 Q i T 4
min. 44.5 depeh F5 — single cover/gang (1%) 221 135 q 7 6 f 5 4 2
min. 60.3 depth FI} — single cover/pang (%) 205 120 12 10 Q 8 [) b i

min. 44.5 depth F5 — multiple cover'gang (1% 205 180 12 10 Q & [) b

min. 0.3 depth FD — mubtiple cover/gang (2%} 305 240 14 13 . 10 )

W' here po yolume allowances are required by 314, 16{AN ) thromgh {BE5).




TABLE 214.16(B) Volume Allowance Required per
Cond uctor

Free Space Within Box for Each
Conductor

Size of Conductor
(AW ! im..’

|8 | .50
|6 .75
14 '
|2
10

i




314.16 (A)(2) OTHER BOXES.

 Boxes 1650 cm3 (100 in.3) or less, other than those
described in Table 314.16(A), and nonmetallic boxes
shall be durably and legibly marked by the
manufacturer with their volume.

 Boxes described in Table 314.16(A) that have a volume
larger than is designated in the table shall be permitted
to have their volume marked as required by this
section.







314.16 (B) BOX FILL CALCULATIONS.

* The volumes in paragraphs 314.16(B)(1) through
(B)(9), as applicable, shall be added together.

* No allowance shall be required for small fittings such as
locknuts and bushings.




314.16 (B) (1) CONDUCTOR FILL.

 Each conductor that originates outside the box and terminates
or is spliced within the box shall be counted once, and each
conductor that passes through the box without splice or
termination shall be counted once.

 Each loop or coil of unbroken conductor not less than twice the
minimum length required for free conductors in 300.14 shall be
counted twice.

 The conductor fill shall be calculated using Table 314.16(B). A
conductor, no part of which leaves the box, shall not be counted.




Box Fill Calculations - Conductor Volume
314.16(8)(1)

Device for connecting
to unbroken conductor
loops with stripped
insulation.

Each loop or coil of unbroken
conductor that's 12 in. or longer
1S counted as two conductors

cach conductor loop less than
12 in. long is counted as one




Conductors that Originate and
Terminate Inside an Outlet Box
Section 314.16(B)(1)

Pigtails that originate
. and terminate in the
box do not count,

B.o'nding jumpers that originate and
terminate in the box do not count.

Copyignt 2002 Mo Hok Erdenpries,. N










CONDUCTOR FILL EXCEPTION

 Exception: An equipment grounding conductor or
conductors or not over four fixture wires smaller than
14 AWG, or both, shall be permitted to be omitted from
the calculations where they enter a box from a domed
luminaire or similar canopy and terminate within that
box.







314.16 (B) (2) CLAMP FILL.

* Where one or more internal cable clamps, whether
factory or field supplied, are present in the box, a single
volume allowance in accordance with Table 314.16(B)

shall be made based on the largest conductor present
In the box.

 No allowance shall be required for a cable connector
with its clamping mechanism outside the box.







314.16 (B) (3) SUPPORT FITTINGS FILL.

Where one or more luminaire studs or hickeys are
present in the box, a single volume allowance in
accordance with Table 314.16(B) shall be made for

each type of fitting based on the largest conductor
present in the box.




314.16 (B) (4) DEVICE OR EQUIPMENT FILL.

 For each yoke or strap containing one or more devices or
equipment, a double volume allowance in accordance with Table
314.16(B) shall be made for each yoke or strap based on the
largest conductor connected to a device(s) or equipment
supported by that yoke or strap.

* Adevice or utilization equipment wider than a single 50 mm (2
in.) device box as described in Table 314.16(A) shall have
double volume allowances provided for each gang required for
mounting.

109



Standard 3 in. x 2 in. x 3%z in. device box (18 in.3)




314.16 (B) (5) EQUIPMENT GROUNDING
CONDUCTOR FILL

*  Where one or more equipment grounding conductors or
equipment bonding jumpers enter a box, a single volume
allowance in accordance with Table 314.16(B) shall be made
based on the largest equipment grounding conductor or
equipment bonding jumper present in the box.

*  Where an additional set of equipment grounding conductors, as
permitted by 250.146(D), is present in the box, an additional
volume allowance shall be made based on the largest
equipment grounding conductor in the additional set.
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COMMENTARY TABLE 314.1 Summary of ltems Contributing to Box Fill

ltems Contained Within Box

Volume Allowance

Based on [see Table 314.16(B)]

Conductors that originate outside hox

Conductors that pass through box without splice or connection (less than
12in. in total length)

Conductors 12 in. or greater that are looped (or coiled) and unbroken
(see 300.14 for exact measurement)

Conductors that originate within box and do not leave box

Fixture wires [per 314.16(B)(1), Exception]

Internal cable clamps (one or more)

Support fittings (such as luminaire studs or hickeys)

Devices (such as receptacles, switches) or utilization equipment (such as
timers, dimmers, AFCI receptacles, GFCI receptacles, TVSS
receptacles)

Equipment grounding conductor (one or more)

Isolated equipment grounding conductor (one or more) [see 250.146(D)]

One for each conductor
One for each conductor

Two for a single (entire)
unbroken conductor
None (these conductors
not counted)

None (these conductors
not counted)

One only

One for each type of
support fitting

Two for each yoke or
mounting strap

One only

One only

Actual conductor size
Actual conductor size

Actual conductor size
n.a.
n.a.

Largest-sized conductor
present

Largest-sized conductor
present

Largest-sized conductor
connected to device or
utilization equipment

Largest equipment grounding

conductor present

Largest isolated and insulated

equipment grounding

conductor present

n.a.= not applicable.









314.16 (C) CONDUIT BODIES.

* (1) General. Conduit bodies enclosing 6 AWG conductors or
smaller, other than short-radius conduit bodies as described in
314.16(C)(3), shall have a cross-sectional area not less than
twice the cross-sectional area of the largest conduit or tubing to
which they can be attached.

* The maximum number of conductors permitted shall be the
maximum number permitted by Table 1 of Chapter 9 for the
conduit or tubing to which it is attached.
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314.16 (C) (2) WITH SPLICES, TAPS, OR DEVICES.

* Only those conduit bodies that are durably and legibly
marked by the manufacturer with their volume shall be
permitted to contain splices, taps, or devices.

 The maximum number of conductors shall be
calculated in accordance with 314.16(B).

» Conduit bodies shall be supported in a rigid and secure
manner.




314.16 (C) (3) SHORT RADIUS CONDUIT BODIES.

 Conduit bodies such as capped elbows and service-
entrance elbows that enclose conductors 6 AWG or
smaller, and are only intended to enable the installation
of the raceway and the contained conductors, shall not
contain splices, taps, or devices and shall be of
sufficient size to provide free space for all conductors
enclosed in the conduit body.




CONDUIT BODY

- Conduit body marked
with cubic inch capacity




314.28 PULL AND JUNCTION BOXES AND
CONDUIT BODIES

» Boxes and conduit bodies used as pull or junction
boxes shall comply with 314.28(A) through (E).

 Exception: Terminal housings supplied with motors
shall comply with the provisions of 430.12.




314.28 (A)

 A) Minimum Size. For raceways containing conductors
of 4 AWG or larger that are required to be insulated,
and for cables containing conductors of 4 AWG or
larger, the minimum dimensions of pull or junction
boxes installed in a raceway or cable run shall comply
with (A)(1) through (A)(3).

» Where an enclosure dimension is to be calculated
based on the diameter of entering raceways, the
diameter shall be the metric designator (trade size)
expressed in the units of measurement employed.




314.28 (A) (1) & (2)

(1) Straight Pulls. In straight pulls, the length of the box or conduit
body shall not be less than eight times the metric designator (trade
size) of the largest raceway.

(2) Angle or U Pulls, or Splices. Where splices or where angle or U
pulls are made, the distance between each raceway entry inside the
box or conduit body and the opposite wall of the box or conduit body
shall not be less than six times the metric designator (trade size) of
the largest raceway in a row.

This distance shall be increased for additional entries by the amount
of the sum of the diameters of all other raceway entries in the same
row on the same wall of the box.

Each row shall be calculated individually, and the single row that
provides the maximum distance shall be used.
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Pull and Junction Boxes - 4 AWG and Larger
Section 314.28(A)

Straight Pulls

U Pulls
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Sizing Junction/Pull Boxes for Angle Conductor Pulls
Determining Largest Row
Section 314.28(A)(2)

Three 1 in.
raceways

'
'y 14in.
"} 1%in.
y 3in.
Row A1
Row A2

RowWwAT=(6x3iIn.)+1%+1/4=21In.
RowAZ=(6Ex1Tin.)+1in.+1in. =8 in. (omit)
Dimension A= 21 in.




Pull (Junction) Box Sizing
4 AWG and Larger
Section 314.28(A)

Horizontal Dimension A

Straight Pull:
Left to Right: 8 x 3 in. = 24 in.
Rightto Left: 8 x 3 in. = 24 in,

Angle Pull:
LefttoRight: (6x3in.)+3in.=21in.
CT Right to Left: No Calculation

-

Largest Calculation = 24 in.

COPYIOOMT 2005 Mbs Mol Erdorpriven. o, 2008 MEC



Pull (Junction) Box Sizing
4 AWG and Larger

>

Section 314.28(A)
Vertical Dimension B
I Straight Pull:
B Top to Bottom: No Calculation
4o~ Bottom to Top: No Calculation
3"
Angle Pull:
7 | Top to Bottom: (No Calculation)
< Bottom to Top: 6 x 3 in. = 18 in.

Largest Calculation = 18 in.

COMTOLHT 2003 Mbe Mot Erderprivea, ro. 2008 NCC




Pull (Junction) Box Sizing
4 AWG and Larger
Section 314.28(A)(2)

3"

| oo

ey

Distance Between Raceways - “C”

(Containing the same conductor)
Angle Pull is the only application
6x3in. =18 In.

COPYRIGHT 2008 Mks Hok Enlarprises, Inc. 2008 NEC




Row 1,
3 entries

Row 2,

6 entries

17 in. ¢

o,
o
- e,
."...
-
-~

~" Opposite >}~

.-'"l...f..l'
o 4
e L
.a'"'.
o I
- wa
a
[
e

6 % 2 in. (trade diameter of largest raceway) = 12 in.
12 in. + 5 in. (sum of diameters of other entries, row 2 only)
=17 in. (min. required from each entry to opposite wall)

N J




2in. |

i "'l - Cable path

B

A
Y

A=(6x4in)+2in.+ 2 in.=28 in. min.

B=(6x4in)+2in.+2in.=28 in. min.

C =6x2in.=12in. min. required between raceways
enclosing the same conductor

D=6 x2in.= 12 in. min. required between raceways
enclosing the same conductor

E =6 >x4in.= 24 in. min. required between raceways
enclosing the same conductor

/




314.28 (A)(2) EXCEPTION

 Exception: Where a raceway or cable entry is in the wall of a
box or conduit body opposite a removable cover, the distance
from that wall to the cover shall be permitted to comply with the
distance required for one wire per terminal in Table 312.6(A).

« TABLE 312.6(A) Minimum Wire-Bending Space at Terminals and
Minimum Width of Wiring Gutters
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314.28 (A)(2)

 The distance between raceway entries enclosing the same
conductor shall not be less than six times the metric designator
(trade size) of the larger raceway.

* When transposing cable size into raceway size in 314.28(A)(1)
and (A)(2), the minimum metric designator (trade size) raceway
required for the number and size of conductors in the cable shall
be used.
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314.28 (A) (3) SMALLER DIMENSIONS.

* Boxes or conduit bodies of dimensions less than those
required in 314.28(A)(1) and (A)(2) shall be permitted
for installations of combinations of conductors that are
less than the maximum conduit or tubing fill (of conduits
or tubing being used) permitted by Table 1 of Chapter
9, provided the box or conduit body has been listed for,
and is permanently marked with, the maximum number
and maximum size of conductors permitted.




314.28 (B), (C) & (D)

 (B) Conductors in Pull or Junction Boxes. In pull boxes or
junction boxes having any dimension over 1.8 m (6 ft), all

conductors shall be cabled or racked up in an approved manner.

« (C) Covers. All pull boxes, junction boxes, and conduit bodies
shall be provided with covers compatible with the box or conduit
body construction and suitable for the conditions of use. Where
used, metal covers shall comply with the grounding
requirements of 250.110.

(D) Permanent Barriers. Where permanent barriers are
installed in a box, each section shall be considered as a
separate box.
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314.28 (E)

* (E) Power Distribution Blocks. Power distribution
blocks shall be permitted in pull and junction boxes
over 1650 cm3 (100 in.3) for connections of conductors
where installed in boxes and where the installation
complies with (1) through (5).

 Exception: Equipment grounding terminal bars shall be
permitted in smaller enclosures.

* (1) Installation. Power distribution blocks installed in
boxes shall be listed.




POWER DISTRIBUTION BLOCKS




314.28 (E) 2 & 3

* (2) Size. In addition to the overall size requirement in
the first sentence of 314.28(A)(2), the power
distribution block shall be installed in a box with
dimensions not smaller than specified in the installation
instructions of the power distribution block.

* (3) Wire Bending Space. Wire bending space at the
terminals of power distribution blocks shall comply with
312.6.




314.28 (E) 4 & 5

* (4) Live Parts. Power distribution blocks shall not have
uninsulated live parts exposed within a box, whether or
not the box cover is installed.

* (5) Through Conductors. Where the pull or junction
boxes are used for conductors that do not terminate on
the power distribution block(s), the through conductors
shall be arranged so the power distribution block
terminals are unobstructed following installation.




CALCULATIONS

* A metal device box with internal cable clamp contains a 3-
way switch and one 14/3 with ground romex.

* How many conductors will this installation have?
 Wires — 3 (one for each conductor)

* Clamps - 1

* Ground -1

* Device — 2 (double volume)

 Total - 7 wires

7@ 2.0 cu. In. =14 cubic Inches box minimum



CALCULATIONS

A 18 cubic inch plastic device box has (3) 12/2 with
ground nm cables with a GF| receptacle.

Permitted or not permitted?

Wires — 6

Grounds — 1

Devices - 2

Total = 9

@ 2.25 cubic inches = 20.25 cu in. min.
Not Permitted! 22 cu. or 4" square w/ring




CALCULATIONS

* What is the minimum size metal box needed for (2)
12/2 wiground and (2) 14/2 w/ground nm-cables with
internal clamps?

* The receptacle is connected to a 20 amp circuit, while
a switch is connected to a 15 amp circuit




* 4" sq. box by 2-1/6" deep = 30.3 cubic in.

CALCULATIONS CONTINUED

(4) # 12 AWG wires @ 2.25 Cu. inches

(4) # 14 AWG wires @ 2.0 Cu. inches
Grounds @ 2.25 Cu. inches

Internal clamp @ 2.25 Cu. Inches
Receptacle @ 2 x 2.25 (double volume)
Switch @ 2 x 2.0
9+8+225+225+4.5+4 =30 cubicin.
What size box? See Table 314.16 (A)
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QUESTION 1

* A10”x 10" x 4" deep box would only require 6” of free
conductor measured from the point in the box where the

conductors enter the enclosure. The 3" outside the box
rule does or does not apply?

* Does Not! - 300.14 States boxes larger than 8” in any
dimension does not require the 3" requirement.




QUESTION 2

* FS, FD, and larger cast or sheet metal boxes are or are
not classified as conduit bodies?

e Are not! - 314.1




QUESTION 3

Each yoke or strap containing one or more devices or
equipment in a device box counts as conductor

(S)?

A) one
B) two
C) three
D) four

B) two — 314-16-(B)4)



QUESTION 4

A 6 AWG copper conductor requires cubic inches of
free space within a box?

A) 3
B) 4
C) 5

D) 6

5" - Table 314.164(B)




QUESTION 5

All of the following shall be counted when calculating box
conductor fill, except for ?

A) conductors that pass through the box without splice or
termination.

B) fixtures, hickeys, and clamps.
C) looped or unbroken conductors
D) four fixture wires smaller than 14 AWG

D) -314.16 (B) (1) exception
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QUESTION 6

 Avraised plaster ring is permitted to increase the
maximum number of conductors permitted in an outlet
box when it is ?

* A) listed as a box extension

* B) by the same manufacturer as the box

* C) marked with its cubic inches

D) metallic and capable of being grounded

» C) marked with its cubicinches 314.16 (A)




CONDUIT FILL

 300.17 — The number and size of conductors in any
raceway shall not be more than will permit dissipation
of the heat and ready installation or withdrawal of the
conductors without damage to the conductors or to
their insulation.




ANNEX C

» Conduit and Tubing Fill for Conductors and Fixture
Wires of the same size.

* Tables C.1 through C.12

* This table not part of the requirements of the NEC but
is included for informational purposes only.




CHAPTER 9 — TABLE 1

* Percent of Cross Section of Conduit and Tubing for
Conductors

* One Conductor = 53%
e Two Conductors = 31%
e Qver 2 Conductors = 40%

 Based on common conditions of proper cabling,
alignment of conductors, length of pull and number of
bends.




INFORMATIONAL NOTE NO. 2

 When pulling three conductors or cables into a
raceway, if the ratio of the raceway (inside diameter)
to the conductor or cable (outside diameter) is between
2.8 and 3.2 jamming can occur.

* The probability of four or more conductors or cables
jamming in a raceway is very low.




NOTES TO TABLES

* 1.) See Annex C for the maximum number of conductors
and fixture wires, all of the same size permitted in
raceways or tubing of a specific size.

» 2.) Table one only applies to complete conduit or tubing
systems and does not apply to sections of raceways or
tubing used for physical protection.

» 3.) Equipment grounding or bonding conductors must be
included when calculating conduit or tubing fill.




NOTES TO TABLES

* 4.) Where condulit or tubing nipples are 24” or less and
Installed between boxes, cabinets and similar
enclosures the wire fill is permitted to be increased to
60% and adjustment factors do not apply to this
condition.

* 3.) Conductors not included in Chapter 9, the actual
dimension shall be used.




NOTES TO TABLES

* 6.) For combinations of conductors of different sizes, use
Table 5 & 5A for conductor dimensions and Table 4 for
conduit or tubing dimensions.

* 7.) When calculating the maximum number of conductors
in a conduit or tubing, all of the same size (CSA including
insulation) the next higher whole number may be used to
determine the maximum conductors permitted when the
calculation results in a decimal of 0.8 or larger.




NOTES TO TABLES

* 8.) Where the bare conductors are permitted by other
sections of this code. The dimension for bare conductors
in Table 8 shall be permitted.

* 9.) Amulticonductor cable of two or more conductors shall
be treated as a single conductor for calculating
percentage conduit fill area. For cables having elliptical
cross sections, the cross-sectional area shall be based on
the major diameter of the ellipse as the circle diameter.




EXAMPLES

* How many 10 AWG THHN copper conductors can fit
into an 1-1/4” EMT conduit? See Table C.1 - 28 # 10
AWG

* RMC? Table C.8 - 29 # 10 AWG
» PVC Conduit SCH-80 T. C.9 - 23 # 10 AWG




MIXED WIRE SIZE EXAMPLE

What is the minimum size EMT conduit needed for (3) 6
AWG, (4) 10 AWG & (3) 12 AWG THHN copper
conductors? (See Table 95)

6 AWG is 0.0507 x 3 =.15in sq area

10 AWG is 0.0211 x4 = .08 in sq area

12 AWG is 0.0133 x 3 =.0399 in sq area
Total of all conductors is 0.2699 in sq area
(See Table 4) EMT - 1" is 0.346 @ 40%




TABLE 5 continued

Approximate Diameter Approximate Area

Size (AWG or
Type kcmil) mim in. mm?* in.?

Type: RHH*, RHW#*, RHW-2%, THHN, THHW, THW, THW-2, TFN, TFFN, THWN, THWN-2, XF, XFF

RHH.* RHW.* RHW-2,* XF, XFF 10 . 0.206 21.48 0.0333

RHH*, RHW*, RHW-2* \ 0.266 35.87 0.0556

TW, THW, THHW, THW-2, RHH*, 722 0.304 46.84 0.0726

RHW#*, RHW-2* _ 0.352 62.77 0.0973
0.380 73.16 0.1134
0412 86.00 0.1333
0.492 122.6 0.1901

0.532 143.4

0.578 169.3 0.2624
0.630 201.1 0.3117
0.688 2399 0.3718

0.765 296.5 0.4596
0.820 340.7 0.5281
0.871 384.4 0.5958
0.918 427.0 0.6619
1.003 509.7 0.7901
1.113 627.7 0.9729

184 710.3 1010
218 751.7 1652
.250 791.7 2272
314 874.9 3561
372 953.8 4784

539 1200 1.8602
662 1400 2.1695
776 1598 2.4773
.882 1795 27818

TFN, TFFN . 0.084 3.548 0.0055
0.096 4.645 0.0072

THHN, THWN, THWN-2 : . 0.111 6.258 0.0097
0.130 8.581 0.0133
0.164 13.61 0.0211
0.216 23.61 0.0366
0.254 32.71 0.0507
0.324 53.16 0.0824
0.352 62.77 0.0973
0.384 74.71 0.1158
0.446 100.8 0.1562

0.486 119.7 0.1855
0.532 143.4
0.584 172.8
0.642 208.8

0.711 256.1
0.766 297.3 0.4608




DERATING

» Adjustments — More than 3 current-carrying conductors in
a conduit or tubing or bundling of cable assemblies longer
than 24" without maintaining spacing.

» See 310.15 (B)(3)(a) for percentage of deration.

» Remember 334.80 for 2 or more NM Cables that are ran
through holes that will be fire or draft-stopped also
requires consideration of 310.15 (B)(3)(a)




TABLE 310.15(B)(3)(a) Adjustment Factors for More Than
Three Current-Carrving Conductors in a Raceway or Cable

Percent of Values in Table
310.15(B)(16) through Table
J10.15(B)(19) as Adjusted for

Ambient Temperature if

Number of Conductors' Necessary
4-6 80
-9 70
10-20 50
21-30 45
3140 40
41 and above 35

'Number of conductors is the total number of conductors in the race-
way or cable adjusted in accordance with 310.15(B)(5) and (6). 161




QUESTION

* |f there are 7 current carrying conductors in a condulit,
the adjustment factor to be used to determine the
ampacity of the conductors is:

. A)80%




QUESTION

| have a %" EMT conduit with (9) 12 AWG copper Type
THHN conductors installed. What is the allowable
ampacity rating of the 12 AWG conductors?

T.310.16 - 12 AWG THHN is 30 Amps

T. 310.15(B)(3)(a) indicates 70%

30 x .70 =21 Amps

See T.310.15(B)16 * 12 AWG , refer to 240.4(D)
Select 20 Amp OCD.




QUESTION

* | have dual listed copper wire like THHN/THWN, what
temperature can | use when determining the allowable
ampacity?

« THHN =90 degree C. in dry locations
« THWN =75 degree C. in wet locations




ADJUSTMENT FACTOR FIXES

» Lower OCD to adjusted allowable ampacity.

* Separate the amount of current carrying conductors in
one raceway.

* Increase wire size to allow greater adjusted ampacity.
 Separate bundled cable assemblies
* Nipples 24" or less do not apply.

* Increase distance above roof.




DERATING

» Correction Factors — When conductors are ran through
areas where an ambient temperature is greater than 30
degree C. or 86 degree F.

* Correction Table T.310.15(B)(2)(a)




| TABLE 310.15(B)(2)(A) Ambient Temperature Correction Factors Based on 30°C (86°F)

For ambient temperatures other than 30°C (86°F), multiply the allowable ampacities specified in
the ampacity tables by the appropriate correction factor shown below.
Temperature Rating of Conductor
Ambient Temperature Ambient Temperature
("C) 60°C 75°C 2°C ("F)

10 or less 1.29 1.20 1.15 50 or less
11-15 1.22 1.15 1.12 51-59
16-20 1.15 1.11 1.08 6068
21-25 1.08 1.05 1.04 69-77
26-30 1.00 1.00 1.00 78-86
31-35 0.91 0.94 0.96 87-95
3640 0.82 0.88 0.91 06104
41-45 0.71 0.82 0.87 105-113
46-50 0.58 0.75 0.82 114-122
51-55 0.41 0.67 0.76 123-131
5660 — 0.58 0.71 132-140
61-65 — 0.47 0.65 141-149
6670 — 0.33 0.58 150-158
T1-75 — — 0.50 159-167
7680 — — 0.41 168-176
81-85 — — 0.29 177-185 -




QUESTION

* Asize 2 AWG copper, Type THHN conductors is run
through a room with an ambient temperature of 110
degree F. (43.3 degree C.) and there are no conductor
termination in this area. The ampacity of the conductor is:

« T.310.16 - 2 AWG = 130 Amps at 90 degree C.
* 130 x 0.87 = 113 Amps




ADJUSTMENT & CORRECTION

 Araceway contains two 3-phase circuits that supply a
38 amp continuous load. The circuit will be supplied by
THHN copper conductors and circuit terminations are
75 degree C. In route to supply the load, the circuits run
through a boiler room with the design temperature of
120 degree F. The minimum size conductors is:




QUESTION CONTINUED
38 Amp continuous load x 125% = 47.5 A.

* 6 — current carrying conductors x 80%

» 120 degree F. ambient temperature of THHN wires
terminated @ 75 Degree C. = 82%

« 4 AWG @ 75 degree C = 85 Amps
* 85x.80 x .82 =55.76 Amps




THANK YOU!

» From the Master Electrical
Contractors Association!
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Oh - Department
lO of Commerce
e Sovaos Ay Mansfieda, Disecioy Board of Building Standards

Application for Continuing Education Course Approval

Provider Information:
Name:Laura Bachman

Organization; Master Electrical Conlractors Association

Address: 1555 Stanley Avenue Dayton Ohio 45404

E-mail: Laurameca@aol.com Telephone: 937-264-0418
Website:

Conference Sponsor (if applicable) Conference Email;

Check here if Course Renewal: Prior course number (i.e. BB52018-4289)

Renewals will anly 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: Understanding the NEC - Based on the 2017 National Electric Code

Course instructor: D.Dewayne Jenkins and Robert Bamett

Course description: The discuss and leam the purpose and intent of NEC, understand who it's written for and where it fils into your work.

Instructional hours per session; five (5) Number of Sessions:

Course Date(s) and Location: March 11, 2023 Presidential Banquel Center 4548 Presidential way Dayton Ohio 45429

Special Content:

—
Code Administration; Conference Course:
Existing Buildings: Conference Name:
Electrical Instruction: |v Conference location:
Plumbing Instruction:

Course to be offered online? I I On DemandD_ Webinar L ]

Course Website:

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

Course applicable for the following certifications

Residential Certifications Oniy: Y Commercial Certifications: -
Administrative Course, All Certifications: v

Application materials included:

v Course Outline or Course Learning Objectives

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

v Presenter Bio

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

Ohio Board of Building Standards 10/7/2022 Form No. 216
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CODE CLASSES - CONTINUING EDUCATION PROGRAM

LOCATION: PRESIDENTIAL BANQUET CENTER
4548 PRESIDENTIAL WAY DAYTON OHIO 45429

DATES: MARCH 11 AND MARCH 18, 2023
TIME: 7:00 AM - 7:30 AM —- BREAKFAST
7:30 AM - 1:00 PM — CLASS

INTRODUCTION:
THESE CLASSES WILL BE DIRECTED TO THE MEN IN THE FIELD, CONTRACTORS AND ELECTRICAL INSPECTORS.

THE CLASSES ARE APPROVED BY THE STATE OF OHIO FOR RECERTIFICATION CREDITS WHICH ARE REQUIRED
FOR THE STATE REGISTRATION AND RECERTIFICATION.

CONTRACTORS CAN RECEIVE A TOTAL OF TEN {10) CREDIT HOURS APPROVED BY THE OCILB.
(PENDING ACCEPTACE OF OBBS) INSPECTORS CAN RECEIVE TEN (10) CREDIT HOURS APPROVED BY OBBS.
THIS COURSE IS APPROVED FOR CONTINUING EDUCATION CREDIT IN KENTUCKY FOR ME/EE.

TOPICS TO BE COVERED:
THESE SESSIONS WILL CONSIST OF THE UNDERSTANDING THE NEC — BASED ON THE 2017 NEC

THE INSTRUCTORS:

DEWAYNE JENKINS - ES! & EPE for the City of Kettering Ohio
ROBERT BARNETT - Tri-County Electric Owner/Operator

ENROLLMENT -
OPEN TO MEMBERS AND NON-MEMBERS. CLASS SIZE — FIRST PAID 125 PERSONS. IF YOU ARE NOT
NOTIFIED, PLEASE PLAN ON ATTENDING. (LAURA BACHMAN 937-264-0418)

FOR MORE INFORMATION:
LAURA BACHMAN - 937 264-0418 OR MECAIECDAYTON@GMAIL.COM

ATTENDEES SHOULD BRING A COPY OF THE 2017 NEC BOOK

(OVER)
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Daniel Dewayne Jenkins

Dewayne started his career in the electrical field in August of 1982 in Dayton,
Ohio and has over 40 years’ experience in the electrical industry both as a
contractor and inspector. He served 4 years in an electrical apprenticeship
program and has over 8 years in the field as a journeyman electrician and he
has 4 years, to his credit, as an electrical estimator and project manager.

Dewayne has been a licensed electrical contractor and a certified electrical
safety inspector since 1996. He also holds Ohio certifications as building
inspector (1998), electrical plans examiner (2006) and residential building official
(2007) and chief building official (2008). He is currently employed by the City of
Kettering in the position as the Senior Building Inspector and conducts electrical
plans examinations, electrical safety inspections and building inspections for the
past 23 years,

Dewayne is an adjunct lecturer Il for Sinclair Community College in the electrical
trades for the past 20 years. A technical presenter for the Ohio Board of Building
Standards (OBBS), Internafional Association of Electrical Inspectors (IAED, Master
Electrical Contractors Association (MECA), Adequate Wiring Committee (AWC)
& Greater Cincinnati Electrical Association (GCEA). He has served as President
for the Ohio Chapter IAEl (2010). Dewayne has also serves as President of the
Southwest Division of |AEl, Ohio Chapter (2018-2022) and President of the Miami
Valley Building Officials Council (2002 & 2003). He also serves on the Electrical
Safety Inspector Advisory Committee for the Ohio Board of Building Standards.

Address: 3600 Shroyer Road, Kettering, OH 45429
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Robert L. Barnett

10696 Wengerlawn Road 037.510.0424
Brookville, OH 45309 ; @tric i icalservices.c

Small Business Owner

Strategic Planning « Project Management s Construction « Team Leadership « Customer
Service ¢ Value Engineering * Project Coordination » Highly Detailed « Organizational
Effectiveness « Design-Build « Quality Control « Materials Management » Educational

Leadership

A multi-skilled professional with a solid career history in the electrical industry. Able to manage complex
projects in various environments. Able to lead projects in under budget by managing and supervising an
effective team in the installation of a quality product. Making a professional appearance to customers and
other employees.

Technical Proficiencies

Microsoft Office Excel AutoCAD Networks

Internet & Research Word Accounting Software Citrix

Database Management PowerPoint ExamView PDF Software
TRas

Professional Experience
Tri-County Electric, Brookville OH (License# EL48489) 2018-Present

Owner (Since 2018)

» Creating and implementing business plans and strategies based on long term visions. Implement
high-level planning to measure progress, gather insight and readjust plans and goals as necessary.

« Establish and maintain business banking accounts, payment processing systems, taxes, insurance
and manage day-to-day costs and business expenses.

« Procuring business and contractor licensing for compliance with state and local licensing
requirements.

« Establish solid marketing strategies and maintaining working relationships with clients to ensure
cutstanding customer service.

» Manage day-to-day business operations by overseeing employees and projects. Addressing various
issues with staffing, project and technical issues.

Reliable Electric, Dayton OH 2006-2017

Project Manager (3 years)
« Establish and manage cost, schedules, manpower and performance of large, highly complex
projects. Fully accountable for complex/diverse projects with a high degree of business risk.
s Collaborate with general contractors, design professionals, sales representatives and business

owners to accomplish project objectives. Identify and resolve project issues and manage project
risk.

s Project Examples:

o Managed a $1.5M energy conservation project at Wright State University. Successfully
supervised a team of 10 electricians in a complex energy retrofit on an active college
university. Completed the project on time and under budget.

Completed a $4M urban development project in Downtown Cincinnati with a two-year
scope.
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Project Foreman (3 years)

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

Layout and installation of lighting, power, equipment and special systems wiring, based on
construction documents and local codes.

Assign work to other employees, prioritize the work of others and organize and coordinate the
work of the project.

Direct and train workers to install, maintain, or repair electrical wiring, equipment and fixtures,

Commercial Service Technician (2 years)

Created and maintained business relationships with commercial and industrial clients.
Troubleshoot malfunctions in circuitry, equipment, motor control circuits and special systems
wiring using test equipment to correctly diagnose and repair problems.

Use a variety of tools and equipment such as power construction equipment, measuring devices,
power tools and testing equipment,

Field Electrician (3 years)

Assist project foreman and journeyman on large commercial construction sites.

Install, maintain and repair of electrical wiring, equipment and fixtures.

Perform physical demanding tasks such as digging trenches to lay conduit and moving/lifting
heavy objects.

Fire alarm system installation and troubleshooting.

Sinclair Community College, Dayton OH 2013-2020

Adjunct Instructor (7 years)

First year instructor for the Independent Electrical Contractors (IEC) Apprenticeship Training
Program, sponsored by the Master Electrical Contractors Association Training School (MECATS)
Dayton Ohio

Responsible for creating a positive learning environment for 10-12 entry level apprentice
electricians.

Develop lesson plans, quizzes and exams for student development and evaluation. Provide
support and direction for students in and out of the classroom.

Previously an active member of the MECATS A&T Committee.

Education

Electrical Engineering Technology/IEC Apprenticeship Program, Sinclair Community
College, Dayton OH, 2010 (GPA: 4.0)

Ohio licensed Journeyman

Ohio Fire Alarm licensed
Architectural /Engineering Technology, Miami Valley Career Technology Center, Clayton
OH, 2006 (GPA: 3.5)
Milton-Union High School, West Milton OH, 2006 (GPA: 3.0)
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UNDERSTANDING THE
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Based on the 2017 National Electrical Code
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Course ODbjectives:

Discuss the purpose and intent of NEC, understand who it's written for and
where it fits into your work.

Understand the concepts, terms, punctuation and grammar in order to
understand the complex structure of the rules and their intended purposes

ldentify key words and identifiers in the code and their meanings

Understand the style and layout of the Code in order to use it effectively.
|dentify chapters, articles, tables, annexes, etc.

Locating specific requirements using the specific tools inside and outside of
the NEC (Indexes, tabs, electronic word searches)

Use the NEC to work through practice questions based on common scenarios
In the field
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The Purpose of the NEC

®* What is the purpose of the National Electrical Code?

0.1 Purpose.

tA) Practical Safeguarding. The purpose of this Code s the
practical safeguarding of persons and property from hassrds
arising from the wse of electnicity. Thas Code is not intended as a
design specithcattion or an instruchon manual for untramed
PETE0S.

(B) Adequacy. This Code contains provisions that are consid
ered necessary for safety. Comphance therewith and proper
maintenance result 1n an installatton that 15 essentially free
from harzard but not necessanly efficent, convenweni, or
adequate for good =ervice or future expansion of electrical use,

Article 90 is the introduction. It lays the foundation for understanding the
National Electrical Code's scope and purpose, and where it fits into your work.
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What’s Covered By The NEC & What’s Not??

a0.2 E-l:-u-|:|-|:..

(A} Covered. This Code covers the installattion and removal of
electncal comductors, E-|:|.1.|i|:|-:r|1|:r.|l:. and racewans; :ign:.lir.lg; ari
coHmmunications concdwckors, |=-|:||.1i.]:-r|1.-|:m.. and raceways; and
optical fiber cables and mceways for the following:

(1)

Fublic amd ]:-ri'l.':l:-z Fremiu:-.. i.11|4:l1.|-|:1i.115 'I:u.i.l.:l.‘ing:-.. sArLc-
tures, mohile homes, recreational vehicles, and FI-:-:.I:ing

{B) Not Covered. This Code does not cover the I:'-u-]l-l:-'l.l.':ing:

(1} Installations in ships, watercraft other than floating baild-
ing!-, radlway r-u-]l.‘ing stock, aircraft, or automotive vehicles
ather than moble homes and recreational vehicles

Informational Note: Although the soope of this Cade mdicabes
that the (adr dors nof cover mstallabons m shaps, portons of
this Cade are incorporated by reference into Title 46, Code of
Federal Regulations, Parts 110-113,

buildings

(2] Yards, lots, EII.Tk.iI'I.E lots, carmivals, and indusirial substa-
tLOTs

(41 Installabons of conductors and equpment that connect
to the supply of electricity

(4] Installations wsed by the electric otility, such as office
I:|-l|.|.'il-|:|ir|.g:. warehouses, FATIEeS, i hime :I'.l-:|-|:|-s. ari
recreational bulldings, that are not an mtegral part of a
g-en-zr.:l.i:ig; |_:|la.:11.. substion, or contral center

(C) Special Permission. The authority having junsdiction for
enforcing this Code may grant exception for the installation of
conductors and equipment that are not under the exclusive
control of the electsc utlities and are wsed o connect the elec-
tric whibity supply system to the senice conductors of the prem-
1ses served, provided such installations are cutside a building or
structure, or terminate insmde at a readily accessible location
nearest the point of entrance of the service conductors.

(2]

(3]

Installations underground in mines and selfpropelled
miobile surface mining machinery and its attendant elec-
trical I:I'..I.'iL'iﬂE' cahble

Installations of railways for generation, transformation,
iransmission, eneTgy storage, or distribution of power
used exclusively for operation of rolling stock or installa-
tions used exchusively for signaling and communications
purposes

Installations of communications equipment under the
exclusive control of commumications wubites located
cutdoors or in building spaces wsed exclusively for such
PR b FAFRTATE T

Installations under the exclusive control of an electric
utibity where such installations

a. Consist of service -dr-u-]:-.l or service laterals, and assorci-
abedd :|'|1=I:-|:ri|1.5. or

b Are on property owned or leased by the electric utility
for the purpose ol communications, mei-:r.ing. FEMET=
ation, conirol, randormation, transmission, ENETgy
storage, or distribution of electric energy, or

c. Are located in legally established easements or rights-
o=y, or
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The Intent of the NEC

It isn’t intended as a design specification or an instruction manual for untrained persons. It
IS, In fact, a standard that contains the minimum requirements for electrical installations.

Learning to understand and use the Code is critical to you working safely, whether you're
training to become an electrician, or are already an electrician, electrical contractor,
Inspector, engineer, designer, or instructor.

The NEC was written for those who understand electrical terms, theory, safety procedures,
and electrical trade practices.

Learning to use the Code is a lengthy process and can be frustrating if you don’t approach
it the right way.

You must also understand the concepts and terms, and know grammar and punctuation in
order to understand the complex structure of the rules and their intended purpose(s). Our
goal during this course Is to give you some guidelines and suggestions on using your Code
book to help you understand what you're trying to accomplish, and how to get there.
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Language Considerations for
the NEC

Terms and Concepts:

®* The NEC contains many technical terms, so it's crucial for Code users to
understand their meanings and applications. If you don’t understand a term
used in a rule, it will be impossible to properly apply the NEC requirement.

® Article 100 defines the terms that are used in two or more Code articles; for
example, the term “Dwelling Unit” is found in many articles. If you don’t know
the NEC definition for a “dwelling unit” you can’t properly identify the Code
requirements for it. Chapter 1, Article 100 covers definitions.

® Did you know code experts often resolve National Electrical Code
misunderstandings by simply using excerpts from Article 100? Become
familiar with this Chapter, and you'll be ahead of the game. Try it!

®* What is the true definition of a dwelling unit? Let’'s take a look to see what
qualifies...
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[hlr-z-llinﬂ; Umt. A :ingl-: unit, |_:|r|:|'l."i|.'I.'i:1;_.r |:-|:|-:r|1|:|-]=-1.-|: amd ncle-
|:|-|=r.||.'l-|::11. Ii'l.':irl.;_.r facilibes for one or meore persons, :i!1-|'_'|u|.'l.1':1;_.r
permanent provisions for Ii'ri.ng;. :]H:l:ir.lg;. c-n-u-]-'.ir.lg;. and =nnka

tion. (CMP-2)

Here are some NEC requirements that apply to dwelling units

ZI0.12 ArcFanlt Circuit-Interrupter  Protection.  Arc-fault
-|:ir|:uil:-i|'|.l:-|:rn.|.]:-l:-|:r |:|-:|'|:|I:=~|:L'i|:|:1 shal]l e ]:-r-:l-'nri.-:l-:cl AL r-|:|:|l.|.'ir-|:|:'| 1y
FI0.12AL, (B), and {C). The arcdfault circuit :in1.-|:n'|.||:|-1.-|:r shall
be installed in a readily accessible Iocation.

(A} Dwelling Units. All 12volt, single-phasze, 15 and 2{-
ampere branch circuats supplying outlets or devices installed in
-|:'|1.'.L|:I|ir.|g; unit kKichens, Gmily rooms, dining rooms, Ii'|ri.1'|g;
FOHCHTES, |_:|:|.1'I-|:-r:. libraries, dens, bedrooms, sunroames, recreabion
rocims, Closets, hallways, laundry areas, or smilar rooms or
areas shall be protected by any of the means described in
FI0.12{Ap (1) through {&):

210,52 Dhwellimg Unit Receptacle Ouilets. This  section
|:|r-|:|-'|.'i-|:1=i n=-|:||.1i.1'e:r|1|=r.|l|.': for 1206-volt, 15 ancl E'D-.a.mpm recepias
cle outlets. The receptacles required by this section shall be in
adchbtion o any recepiacle that s
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DWELLING UNIT
120 volt AFCI Protected Receptacle Outlets - REQUIRED LOCATIONS
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Compiled by Jerry Peck

1a. Al 120-volt 15 and 20 amp branch circuils supplying BECEPTACLE OUTLETS in all bedrooms, Le., AFCI is at breaker
panel - Effective Date is January 1, 2002,

Za. Al 120-volt 15 and 20 amp branch circuils supplying all CUTLETS in all bedrooms, i.e., AFC| is al breaker panal.

Zb. Al 120-volt 15 and 20 amp branch circuils supplying all DUTLETS in family rooms, dining rooms, living rooms, parlors,
libraries, dens, bedrooms, sunrooms, recreation rooms, closets, hallways, or similar rooms or area, i.e., AFC is al
breaker panal - EXCEPT:

Exceplion 1 Where rigid conduit, intermediale conduit, EMT, or Type AC steel armorad cable u AI? metal outlet and
junction boxes is used batween the breaker and the first receplacle of a dreuit, the AFC| davice is
parmiitad 1o be installed at the first cutle in the circuil.

Exceplion 2 Power limited fire alarm circuils provided those circuits are installed in rigid conduil, intermediate conduil,

EMT, or T_Fpa AC steel armored cable using metal outlel and junclion boxes - no AFCI profection is
reguirad. This exception will rarely be applicable for dwealling units.

2¢c. Al 120-volt 15 and 20 amp branch circuils supplying all OUTLETS in family reoms, dining rooms, living rooms, parlors,
libraries, dens, bedrooms, sunrooms, recreation rooms, closets, hallways, or similar rooms or area, i.e., AFCI s at
breaker panal - EXCEPT:

Exceplion 1 Where rigid conduit, intermediale conduit, EMT, Type MC, or Type AC slesl armored cable using mefal
aullet and junction boxes is used belween the breaker and the first receplacle of a circuit, the AFCI device
5 parmitted 1o be installad at the first cutlet in he circuil.

Exceplion 2 Where metal or nonmefallic conduit or ubing is encased in not less than 2 inches of concrate batween tha
breaker and the first receplacle of a circuit, the AFCI device is parmitted lo be installed at the first! owtle? in
fhe circuit.

Exceplion 3 Power limited fire alarm circuils provided those circuits are installed in rigid conduil, intermediate conduil,
EMT, or T_Fpa AC steel armored cable using metal outlel and junclion boxes - no AFCI profection is
reguirad. This exception will rarely be applicable for dwealling units.

2d Added kitchen and Laundry areas.

* NOTE: With the 2014 NEC, Kitchen and Laundry Areas REQUIRE both AFGI and GFCI profection
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DWELLING UNIT "
120 volt GFCl Protected Receptacle Outlets - REQUIRED LOCATIONS E‘
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Sl racastache suthits within 15 feet ol U mitar, nary difetien (abo ses EXTERIOR], RO mesaplache outkals within 10 Sat al nsde of posl walls.

Ml recepsache catless within 20 fees of the wabar, in any direction (ako see EXTERIDR|, MD racepiacs gutlets within 10 et of Indde of pool walls

Sl racadtache suthits within 20 feet ol Ui mitar, nary difetien (abo ses EXTERIOR], MO mesaplache outhals within 10 St al nsde of posl wells, aesipl fesiplacle outkals fod gu g wSich mt
B @it Beeait 5 it Trnim ol i die ol posl walls.

Bl recepeacks cytiess within 20 fees of the wabar, in any direction (ako see EXTERIOR], MO meoepiace ouwtlets within B fest of inskde of pool walk, recepiacle oetiets for pusps ot least 10 fees,
ancegl nad bisis Rhan B foat il Seat sl rege ot Gisge, bwid! ok, GFO proteshind, groundad rice placla)

Carioeanr spa or b ful — sae Sedmsing Pools,

e g o ot Bok, ricaztach Sull i wilhin 10 R, gt ullefi mul b ot bk & Mt fros raed will ol iga

ndenr spa o het ok, recestach sutlets within 10 feet, NGO resaplade outkns wahin 6 Teet of mede of spa o hot b walb

EMfecthes lanuary 1, 1573
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Bescaniary Buldings that B & Tear keatid o Balow grade ard sot istanded ai habRabk rosm esd ed 1o itera g amas, work e, and e ol isilan wa.

"CIRCLATS™ serving hgoromaasage tub, &0 CIACUITS |nod receptacke ot ens ] supplying & pdromasage tubi are required to be GF O] protected
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ihe= abbreviations "WR' on the face of the receptacie outbet with the WR™ wiible pfer Inssaliation,

WOTE With tha 3034 NEC, Kitchean asd Lawndsy Areds RESUIRE both GFC] and ARD g ottt n

Thee lave Tarry Babeer, Ohiel Seiw bl Coade Compllaree O cer. Browar d County Soand of Aule ard & paeals, Flaria loe hel p sith e eady yeae
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Language Considerations for
the NEC (Cont'd)

Terms and Concepts:

® Articles have terms unique to that specific article, and the
definitions of those terms are only applicable to that given article.
These definitions are usually found in the beginning of the article.

®* For example, Section 250.2 contains the definitions of terms
that only apply to Article 250—Grounding and Bonding.

50.F Definition.

Bonding Jumper, Supply-Side. A conducior installed on the
supply side of a semvace or wvithin a service equipment enclo
sure{s}, or for a separately derived system, that ensures the
required elecirical conducinaty between metal paris requared
tor be electrically connected.




Language Considerations for
the NEC (Cont'd)

Small Words, Grammar, and Punctuation

® It's not only the technical words that require close attention since simple words can
make a big difference to the application of a rule.

LRI 7w« LRI

®* Was there a comma; was it “or,” “and,” “other than,” “greater than,” or “smaller
than”? The word “or” can imply alternate choices for wiring methods. A word like
“or” gives us choices while the word “and” can mean an additional requirement
must be met.

®* An example of these words being used in the NEC is found in 110.26(C)(2),
where it says equipment containing overcurrent, switching, “or” control devices
that are 1,200A or more “and” over 6 ft wide that require a means of egress at
each end of the working space. In this section, the word “or” clarifies that

equipment containing any of the three types of devices listed must follow this rule.

The word “and” clarifies that 110.26(C)(2) only applies if the equipment is both
1,200A or more and over 6 ft wide.
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Access to and Egress from Working Space
Large Equipment
110.26(C)(2)(1)

Over 6 ft Wide
1.200A or more

Working Space

“ntrance/ =ntrance/
—gress Egress mp
Two

One

Copyright 2020, www.MikeHolt.com

Equipment containing overcurrent devices or switching
devices 1,200A or more and over 6 ft wide requires an

entrance for the required working space not less than 24 in.

wide and 674 ft high at each end of the working space.



Language Considerations for
the NEC (Cont'd)

® Grammar and punctuation play an important role in establishing the meaning
of a rule.

® The location of a comma can dramatically change the requirement of a rule
such as in 250.28(A), where it says a main bonding jumper must be a wire,
bus, screw, or similar suitable conductor. If the comma between “bus” and
“screw” was removed, only a “bus screw” could be used. That comma makes
a big change In the reqmrements of the rule..

Factory Metal 1‘
‘ Busbar
p -

NEC 250.24(B) is being complied with here, ' 2 — b Bonding
as it states: A “MAIN BONDING JUMPER” 3
shall be used to connect the Grounding
Electrode Conductor and Service Neutral ___
Conductor, to the Service Enclosure. L

oo )
| -]

:.3 ' -’"' g Grounding
—— * ———

Electrode

‘ \1_‘_____ : B i f B _Conductor

Bonding
Jumper

A canng ol
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Language Considerations for
the NEC (Cont'd)

Slang Terms or Technical Jargon

®* Trade-related professionals in different areas of the country often use
local “slang” terms that aren’t shared by all. This can make it difficult to
communicate if it isn’t clear what the meaning of those slang terms are.

® Use the proper terms by finding out what their definitions and
applications are before you use them.

®* For example, the term “pigtail” is often used to describe the short
piece of conductor used to connect a device to a splice, but a “pigtail”
IS also a term used for a rubberized light socket with pre-terminated
conductors. Although the term is the same, the meaning is very
different and could cause confusion.




ldentifying Key Words Used
In the NEC

See NEC 90.5 Mandatory Rules, Permissive Rules, and Explanatory Material.

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

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

Explanatory Material. Explanatory material, such as references to other standards,
references to related sections of this Code, or information related to a Code rule, is
Included in this Code Iin the form of informational notes. Such notes are informational only
and are not enforceable as requirements of this Code.

Informative Annexes. Non-mandatory information relative to the use of the NEC is
provided in informative annexes.
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NEC Style & Layout

® It's important to understand the structure and writing style of the Code if you
want to use it effectively. The National Electrical Code is organized using
eleven major components.

|. Table of Comtents
2. Chapters—Chapters 1 through 9 (major categonies)
3. Artickes—Chapter subdivisions that cover speciic subjects
4. Parts—Divisions used t0 arganize article subject matier
5. Sectons—Dwesions used to further organize article sub-
Bt mater
6. Tables and Figures—Hepresant the mandatory requirements
of & rule
1. Exceplions—AlBmalives 10 the main [-o0e ruke
B. Informational Motes—explanatory matertal for a specific ule
(NOE @ requinement)
8. Tables—~Applicable as relerenced In the NEL
10. Annexes—~Additional explanatory Information such as tables
and referénces (not a requirement)
11. Index

193




NEC Style & Layout (Cont'd)

Table of Contents

®* The Table of Contents displays the layout of the chapters,
articles, and parts as well as the page numbers. It's an
excellent resource and should be referred to periodically to
observe the interrelationship of the various NEC
components.

®* When attempting to locate the rules for a particular
situation, knowledgeable Code users often go first to the
Table of Contents to quickly find the specific NEC rule that
applies.




NEC Style & Layout (Cont'd)

Chapters

®* There are nine chapters, each of which is divided into articles. The articles fall into one of
four groupings: General Requirements (Chapters 1 through 4), Specific Requirements
(Chapters 5 through 7), Communications Systems (Chapter 8), and Tables (Chapter 9).

Chapler 1 — Cianaral

Chapter 2 — Wring and Protecion Applias ganaraly
= 0 Al elecirical
Chapter 2 — Wiring Methods and Materials rietallatiang

Chapler 4 — Equipmen lor General Liss

Chapter & — Special Occupances

Tpplemerss of mecifiasg - h —_ gl .
Chaptars 1 hecigh 7 Chapter B — Spacial Equipment

Chaptes 7 — Special Cordticns

Chapter 8 is not subpect
o Sha requrements of

| Chapters 1 theough 7 except
-
Chapter B — Communicatons Systemns ._i' vlvarss i uslgainii s

specicaly relererced in

. Chapter 8.
Chapler 3 — Taklas r Applicable as referencad
Irdcrmatee Anre A tinowgh ,, Informahonal only;
irdormatve Arre J ¢ not mamdabory

FIGURE 9.5 Code Arrangement.
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NEC Style & Layout (Cont'd)

Chapter 1 - General :
®* Article 100 - Definitions

® Article 110 - Requirements
for Electrical Installation

® 110.26 Spaces About
Electrical Equipment

Table 110.26(A) (1} Working Spaces

® ominal Mimimum Clear Distance
Voltage to
Ground Condition | Condition ¥ Comedition 3
Q=150 G0 T O m (8 fi) oM e 5 i)
(3 f1)
151 =G0 Gk mvm L0 m (5 fi & in.) 1 2 m {4 fi)
(1M1
0] =1 G 1.9 m {4 ft) 1.5 m {5 £t}
(3 i)

Mpte: Where the comditions are as follows

Condition 1 = Exposed Ine parts on one side of the working space andd
na live or grounded parts on the other sie of the working space, or
rxposed live parts on both sdes of the working space that are
effectively guarded by msulating matemnals.

Condition ? = Exposed Ine parts on one side of the working space an«d
grounded parts on the other sde of the working space. Concrete,
brack, or tile walls shall be consudered as groumded

Condition 3 = Exposed Ine parts an both sides of the working space.
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Effective Ground-Fault Current Path to Open Overcurrent Device
Article 100 Definition

Transformer

Disconnect

]

CC

The overcurrent device opens
to remove dangerous voltage.

Ground

Transformer \‘\1
| < - 3 . z
>— | >—

'y VN:

\

Disconnect

S ,]

Fault current returns

kN to the power supply - energlzed untll the fault clears

The metal enclosure iIs

Effectlve Ground Fault Current Path
~ EGC: Equipment Grounding Conductor ™ _
"~ GEC: Grounding Electrode Conductor . = .
~ SBJ: System Bonding Jumper

. SSBJ: Supply Side Bonding Jumper

. MBJ: Main Bonding Jumper
. N: Neutral

", Copyright 2014. . ——

-~ www.MikeHolt.com




NEC Style & Layout (Cont'd)

Chapter 2 - Wiring & Protection
® 200 - Grounded Conductor Use & Identification
® 210 - Branch Circuits
®* GFCI & AFCI Protection requirements found in article 210
® 220 - Branch Circuit, Feeder & Service Calculations
® 230 - Services
® 240 - Overcurrent Protections

® 250 - Grounding & Bonding
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2006 Means of Identifying Grounded Conductors.

(A} Sizes b AWG or Smaller. An imsulated grounded conduc-
tor of b AWG or smaller shall be identihed by one of the follow-
Ing means:

(1} A continuous white outer finish.

(2] A continuous gray outer finsh.

(3] Three continuows white or gray stripes along the conduc-
tor's entire lengih on other than green insulation.

(4] Wires that have their outer covering finished to show a
white or gray color but have colored tracer threads in the
bradd identifying the source of manufacture shall be
constdered as meehing the provisions of this section,

(5] The grounded conductor of a minerakbimsulated, metal-
sheathed cable (Type MI) shall be identified at the tme
of installation by distinctive marking at its terminations.

6] .ilhg;]b:nnd.u-:bl:-r. :unlightﬂiimm.. outdoor-rated cable
used a5 3 grounded conductor in photovoltac power
systems, as permitted by 69031, shall be wdentified at the
me of installation by disbncbve white marking at all
terminations.

(7] Fmxiure wire shall comply with the requirements for
grounded conductor identification as specified in 402.58,

i3] For aenal cable, the identthcatton shall e a8 above, or by
mieans of a ridge located on the externor of the cable so as
tr identify it

{B) Sizes 4 AWGEG or L.I.IEEI.'. An msulated gr-u-ur.n:l.cl:'l condwctor
4 AWG or larger shall be identified by one of the following
MEANS:

(1] A continuous white outer fimish.

(2] A continuous gray outer finish.

(5] Three continuows white or gray stripes along the conduc-
tor's entire length on other than green insulation.

(4] At the time of installation, by a distinctive white or gray
miarking at its terminations. This marking shall encircle
the conductor or insulation.

2EO.11% Identification of qu:l.i'Fl:H!‘ll E-r-|:|-1.|.l|:'|.i:|:|g Conduciors.
Unless :r|:~|:|1.|in:|:|. elsewhere in this Code, :qu.'il:rnenl: gr-u-und.ing
conductors shiall he ]:-:rrn.'il:l:-m:l to b hare, covered, or insulstbecd.
Individually covered or insulated equipment grounding
conductors shall have a continwows outer finish that s either
green or green with one or more yellow stripes except as
|_:|=r|1:|'L1.1.|=-|:1 in thiz zection. Conductors with insulation or indi-
wiclual :-u-'n:ring that is Freen, green with one or more yellow
5-l.ri|:|-|::-, or otherwise identified as Fermiu.ed by thix section shall
ot be wsed for un.g‘r:-undc.:l or p‘nunded circuit comdunctors.

Ej:-nelm'u-n Mo I Ponerdimited Class 2 or Class 3 cabler, il:l-l:l:l.l.w-I:'m'.Led
ﬁrr alarm cabies, or commamicniions sobier .:-l:anm'nir:g -I:II'I.I_]I EIFCIELE
ﬂprm'!fng al fees rhan 50 vpolis wherr conmected o quip-:wr:r ma
requitred to be prounded in accordance with 250, 1 12(1) chall be permir-
fed fo nse a comaecter itk green imsuation ar green wilh one or wore
yetlow ciriges for ather tham equifpmment greunding purbores.

Exception No. 20 Flexible condy having an indegral insulation and
packel nnthout ar equippment prowrding conduclor shall be permitied io
Bove @ comiinucus suder findsh that is preem,

Informational Note: An example of a fleble cord with integral-
type insulation s Type SPT-2, 2 conducior.

Fxception No. 3 Conduclors wilh green insulation shall be permitied do
be wsed @ ungroundead symal conducions where insfalled beloeen the
autprul ferminations of traffic sgmal contrel and Irafic sgral indical-
g feads, Signahng circudts inslalled in accordance wilk this exceprion
shall include ar equipment prowrding conduclor in accordance with
Z50.118, Weedype eguipment prounding conductors shall be bare or
have inrulation or covenng thal 5 green nuth one or more yellon
sirifres,

(A} Conductors 4 AWG and Larger. Equipment grouncding
conductiors 4 AWG and larger shall comply with 25001 18(A) (1)
and [A}(2).

(17 An insulated or covered conductor 4 AWG and larger
shall e P:nn.‘il:l::.:l, at the time of installation, to e
permanently identified as an equipment grounding
conductor at each end and at every point where the
conductor is accessible.

Ej:-nelpll'u-n: Conduciors & AWES and Enrgrr shall mof be n-g-uimi' fiv B
unerked 1@ cemdud! bodies thal comfaim muslﬂﬁ'ﬂ:nrunmrd frinkE.

(2]  ldenuficaton shall encrcle the conductor and shall be
accomplished by one of the following:

- El:ril:ll:ling the insulation or mw:r.ing from the entire
ﬂ:p-uu.:l Icngth

b. C.-:lnl-l:-ring the insulzbion or I:-:I-'l'l!':l'iJ'IE green at the
teTmuinakian

c. !l.'ln.rl-:.'ing' thie imsulation or :-:l-'rl.-ring with green tape or
green iclhesive labels at the termination
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Sizing Equipment Grounding Conductor
of the Wire Type
250.122(A) Example

125A Feeder
Protection 40A Branch-
| - Circuit Protection
6 AWG | d
“ N — 10 AWG

An equipment grounding conductor is sized to the circuit’s

overcurrent device rating in accordance with Table 250.122.

Copyright 2017, www.MikeHolt.com



NEC Style & Layout (Cont'd)

Chapter 3 - Wiring Methods & Materials

® 300 - General Requirements

® 310 - Conductors for General Wiring
¢ 310.15(B)(16) Conductor Ampacities
® 312 - Cabinet, Cutout Boxes and Meter Socket Enclosures
® 314 - Quitlet, Device, Pull and Junction Boxes
¢ 314.16 Box Fill
¢ 320-399 - Various Wiring Materials

®* MC Cable, Romex, FMC, LFMC, ETC.

201




\\ Cables Not Used as Means of Support

- 300.11(D) =

S

Furnace

VIOLATION: Cables can't be used

to support other cables, raceways,
or nonelectrical equipment.

Copyright 2017, www.MikeHolt.com




Conductor Ampacity Adjustment Factor
310.15(B)(3)(a)

No Ampacity Adjustment Ampacity Adjustment
Three or Fewer Conductors Factor = 70%

Conductors have more surface

area for heat dissipation. Bundled conductors

have heat held In
by other conductors.

Copyright 2011, www.MikeHolt.com




Box Fill Calculations, Conductor Fill
314.16(B)(1)

(o3 /// _:1_----_--_-__] Each spliced conductor
&7 I IS counted as one.

§ ——eeeeeeeee

Each terminating conductor
IS counted as one.

For this example, there are
a total of six conductors.

: | I L ,
Each conductor that runs through without 12 in. of free
conductor for splices or terminations is counted as one.

T ~ T T F T Comeia 05T, wwa Mo




Pull and Junction Boxes, Horizontal
Conductors 4 AWG and Larger
314.28(A) Example

Horizontal Dimension A

Straight Pull:
Left to Right: 8 x 3 = 24 in.
Right to Left: 8 x 3 = 24 in.

Angle Pull:

Leftto Right: (6x3)+3=211In.
Right to Left: No Calculation

Largest Calculation = 24 in.

Copyright 2017, www.MikeHolt.com
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Chapter 3 - Cont’d
® Common Subsection Layout for Wiring Materials:
® xxX.2 - Definitions
® xxx.10 - Uses Permitted
® xxx.12 - Uses Not Permitted
® xxx.24 - Bending Radius

® xxx.30 - Securing & Supporting
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Chapter 4 - Equipment For General Use

® 400 - Flexible Cords and Cables
® Cord Ampacities

® 404 - Switches
®* Maximum mounting height of switches

® 406 - Receptacle, Cord Connectors and Attachment Plugs
®* TR & WR Requirements

® 408 - Switchboards, Switchgear and Panelboards

® 410 - Luminaires

® 430 - Motors

® 450 - Transformers
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400.6 ARTICLE 400 — FLEXIBLE CORDS AND FLEXIBLE CABLES

Table 400.5{A)}(1) Allowable Ampacity for Flexible Cords and Flexible Cables [Based on Ambient Temperatare of 50°C (86°F). See
40013 and Table 40:0.4.]

Thermoset Types C, E, EQ, PD, 8, §], 5], SJOW,
SO0, SPOOW, SO, SOW, 500, SOOW, 5P-1. §P.2,
S5, SRD. 5V, S\0, SVOO0, NISP-1, NISP-2
Thermoplastic Types ETP, ETT, NISPE-1, NISPE-2,
MNISFTI:-1, NISFI:2, 8E, SEW, SEO, SEQO, SECQOW,
SEQOW, S5TE, SJEW, SJEQ, S[EDQOQ, STEOW, SJEQOW,
ST, SJTW, S|TO, SJTOW, S§[TO0, S|TOOW, SPE-L
SPE3, SPES, SPT.1, SPT.IW, SPT.2, SPT.2W, SPT:3, | Types HPD, HPN, HS],
Copper Conductor | Thermoplastic Types TPT, ST, STW, SRDE. SRDT, STO, STOW, STOO, STOOW,  HS|JO, HSJOW, HSJOO,
Size (AW TST SVE, SVYEQ, SVEOQ, S%T, SVTO, SVTOO HEJOOW
Column A® Column B*
27 .5 — a— a—
i) — " : -
1= - T 1 1
17 — ! 1% 13
16 - 10 13 15
15 — 19 16 17
14 - 15 18 20
1% - 17 21 —
12 — 20 25 S0
11 - 25 27 —
10 — 25 Stk 55
Ly - 24 54 —
K - 5 4l —
7 — 4 47 B
[ - 45 55 —
B — 52 6% [
1 - il T —
1 — il "2 [
& — =i 9k —

“The allowable ourremts umcder Colamn A apply to threescomduacior cords and other mulbconductor cords conpecied o wtilizabon equipment so that
only three-conducbors are curren-carmying.

*The allowable currents ander Column B apply to tevcomductor cords and other multiconducior cords connected to utilzation equipment so that
only two comductors are curmrent-carmvang.

Tmsz| cord

TElvator cables anly,

“7 amperes for elevator cables onhy; E amperes for other tvpes.
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5 o Motor Branch-Circuit
Short-Circuit and Ground-Fault Protection
430.52(C)(1) Example

Breaker, FLC x 250%
—— 16Ax 250% = 40A
g 40A Breaker [240.6(A)]

16A FLC x 125% = 20A
14 AWG Rated 20A at 75°C

- [110.14(C)(1)(a)(3), Table 310.16]}

1 hp,
= 115 Volt
All Terminals %Q[ 16A FLC
Rated 75°C

[Table 430.248] i MikeHoltcom




430.245 ARTICLE 450 = MOTORS, MOTOR CIRCUTTS, AND OONTROLLERS

Table 450.250 Full-Load Current, Three-Fhase H.ll:rm‘l:m.;-w Motors
Thie J:'-nllnw:ing vitlues of fulkload currents are I.1."|:|i.-|:l]:'-|:||.' maiors :r|.||1.|:|i|:|g; it :|:|=~|:|:1.': usuzal for belted motors and motors with normal

torque charactenstics. The voltages listed are rated motor voltages. The currents listed shall be permitted for system voltage ranges of
110 o 130, 220 to 240, 44 to 480, and 550 to 600 volis.

Synchronous-Type Unity Power
Induction-Type Sguirrel Cage and Wound Botor (Amperes) Factor* (Amperes)
Horsepower 115 Volis 2040 Yolts 208 Volts 230 Volis 460 Volts 575 Volis 2300 Vaoli= 230 Volis 460 Volts 575 Volis 2300 Volis

14 1.4 2.5 24 23 1.1 4 — — - - —
! G4 57 &5 33 1.6 1.5 — — - - —
L LR 1.8 1.6 43 21 ) — — - - —
1% 120 6.9 6.6 G0 3.0 24 — — - - —
2 156 7.8 7.5 68 24 27 — — - - —

g — L. 1006 o6 1.8 29 — — - - —

Fi — 17.5 167 152 76 fi.l — — - - —
FLA — 5.3 M3 22 11 G — — - - —
1 — 2.2 508 28 14 11 — — - - —
15 — 18.3 162 12 21 17 — — - - —
20 — 6.1 LR 54 27 22 — — - - —
25 — TR ™A it 54 27 — i Fai 1 —
£l — G2 88 A0 A 32 — Fih 32 Fa i —
40 — 153 114 LIE! Lt i1 — B 11 A5 —
5 — 154 14% 150 i Lt — 104 hid 12 —
&l e 177 165 LB 7 i 16 155 fil 14 12
5 — 22 211 192 46 fir) 20 155 78 fi2 15
e — 285 275 248 134 4% 26 202 11¥] Bl Fal
125 — L) 545 %12 156 135 £ AT 136 111 25
L5 o 414 0 60 L8 144 &7 iz 151 121 &0
Pl 552 538 480 240 192 49 410 201 161 44
250 — — — — &z 242 Gl — - - —
S0y — — — — &6l 289 1% — - - —
50 — — — — 414 56 83 — - - —
Ay — — — — 477 LRZ a5 — - - —
450 — — — — 515 11% 103 — - - —
Bl — — — — il 17F L1E — - - —

“For 90 amd S0 percent poeer facior, the figures shall be mulipled by 1.1 and 125, respectivelye 10




ARTICLE 45 = TREANSFORMERS AND TRANSFORMER VAULTS (INCLUDING SECONDARY TTES

Table 450.5(B}) Maximum REating or Setting of Overcurrent Protecion for Transformers 1000 Volts and Less {as a Percentage of
Transformer-Bated Cuarrent)

Primary Protection Secondary Protection (See Note 1)
Currents of Currenis Less Than  Cuarrents Less Than Currents of Curremis Less
Protection Method 9 Amperes or More 4 Amperes 2 Amperes 4 Amperes or More  Than 9 Amperes
Frrmuary only 125'% (See Note 1.) 167% 0% 2o I-EI:!IliI.'IE'-I:' Mot n-|:||.1i.'rr|:1
prateciomn
Frrimuary and 20T (See Note 5. G (See Mote 3. 250% (See Mote §5.) 12655 (See Naote 1.) 167%
secondary
|:|n:|l:¢-4:L'i|:|r||
Nt

1. Where 125 percent of ths carrent does not correspond to a standard rating of a fuse or nomadjustable cimoait breaker, a higher rating that does nod
exceed the mext higher standdard rating shall be permatted

2. Where srcomdary overcarment protection = requined, the secomdary overcurment devce shall be permisttbed to consst of nod more than six circunt
breakers or ux sety of fuses groupsed in one locaton. Where maltiple osercurment devices are utilized, the total of all the devior ratings shall nod
exceed the allowed walwe of a sngle overcurrent deace,

3. A transformer equipped with coordinated thermal overload profection by the manufacfurer and armanged to intermapd the proimary current shall be
permatied o have primary overcurrent protection rated or sef at a current valwe that = not more than six times the rated current of the ansformer
for transformers having ot more than & percent impsedance and nof more than four times the mated current of the transformer for tansformers
hawing more than & peroent but not more tham 10 percent impsedance
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Chapter 5 - Special Occupancies

® 500-503 - Hazardous (Classified) Locations

® 511 - Commercial Garages, Repair & Storage
® 517 - Healthcare Facilities

Chapter 5 supplements or modifies the requirements in Chapters
1-4 (wiring methods, etc.)




EGCs In Health Care Facilities
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Chapter 6 - Special Equipment

® 600 - Electric Signs

® 625 - Electric Vehicle Charging Systems

® 680 - Swimming Pools, Fountains and Similar Installations
® 690 - Solar (PV)

® 695 - Fire Pumps

Chapter 6 supplements or modifies the requirements in Chapters 1-
4 (wiring methods, etc.)




Permanently Installed Pools
Equipotential Bonding, Bonded Parts
680.26(B)

I1 Il I1 ]! I1 IL Il 11 Il I1 Il I1 11

1 Il I1 I I I1 Il I1 ]| I1 I I IL 1

Il

rd

\

Metal parts of pool structures ,,
must be bonded together with ~—_

LY
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o K O e e )
Pt 0000000 000 0% 2 e %%
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Nl

a solid copper conductor not

smaller than 8 AWG. D O8
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Chapter 7 - Special Conditions
® 700 - Emergency Systems
®* What classifies a system as an emergency system?
® 701 - Legally Required Standby Systems
® 702 - Optional Standby Systems

® 760 - Fire Alarm Systems




Class 1 and Class 2 Circuits, Other Articles
Ducts and Plenums Spaces

725.3(C)

a5l

Q Q I Q

JURTURRNURRNNRUTRUNRRRRUUIRRRRRNRRNNE RURLRRRRLLY

E

Cable Legend
Art, 725 = Gray
Art. 760 = Red
Art. 770 = Orange
Art. 800 = Blue
Art. 820 = Black

FIRE

oo 202 Circuits installed in ducts or ===n
o Mikerioltcom plenums must comply with 300.22. =
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Chapter 8 - Communication Systems

® Yeah, it's in our code!

Bl0.24 Mechanical Exeotion of Work: Communicabons
circuabs and equipment shall be installed 1in a neat and work-
manlke manner. Cables installed exposed on the surface of
ceilings and midewalls shall be supporied by the bankding struc
ture in such a manner that the cable will not e damaged by
normal bullding wse. Such cables shall be secured by hardware,
including shravps, !.'L'ar.ll.-l.':-. cable ties. hangers, or similar fithngs,
designed and mmstalled so as not to damage the able. The
installation shall also conform o 3040 and 30{0.11. Nonme-
tallic cable tes and other nomnmetallic cable acoessomes uzed to
secure and support cables o other spaces used for environ-
mental xir [p].:nunui- shall be lsted as having low smoke and
heat release FI.'-I'!-T.-L':I'I'J-'.".E in accordamce with B0 L F0(C).
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Chapter 8
Communications Systems

S oSNNS
Article 800
1 Communications Systems
| Article 805
Communications Circuits
Article 810
Radio and Television Equipment
Article 820
Community Antenna Television
=11 | |

Copyright 2020, www.MikeHolt.com
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Buildings or Structures
With Intersystem
Bonding Termination

/. g 810.21(F)(1)
Antenna .

Mast Y Antenna
\ Discharge

Copyright 2011
www.MikeHolt.com

g A I LA XN A ),

R |

- The bonding conductor for the antenna mast | -
. and antenna discharge unit must terminate to |
. the intersystem bonding termination.
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Articles

®* The NEC contains approximately 140 articles, each of which
covers a specific subject.

® It begins with Article 90, the introduction to the Code, and
contains the purpose of the NEC, what's covered and what isn’t
covered, along with how the Code Is arranged. It also gives
Information on enforcement and how mandatory and permissive
rules are written and how explanatory material is included.
Article 90 also includes information on formal interpretations,
examination of equipment for safety, wiring planning, and
iInformation about format- ting units of measurement.
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®* Here are some other examples of articles you'll find in the NEC:

Article 110—Requirements for Electrical Inssallations

Article 250—Grounding and Bonding

Article J00—0General Reguirements for I|'||'|I"|I'Iﬂ MEthods and
Materials

Article 430—Motors and Mator Comtrollers

Article 500—Hazardous (Classied) Locations

Article B80—Swimming Poods, Fountams, and Simiar Instalkations

Article 725—Remate-Control, Signaling, and Power-Limited
Glrcurts

Article Bl0—Communicatons GIncults

Can you give other examples of articles you’ll find in the NEC?7?77?
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Parts

® Larger articles are subdivided into parts. Because the parts of a
Code article aren’t included in the section numbers, we have a
tendency to forget what “part” an NEC rule is relating to.

®* For example, Table 110.34(A) contains working space clearances
for electrical equipment. If we aren’t careful, we might think this
table applies to all electrical installations, but Table 110.34(A) is
located in Part Ill, which only contains requirements for “Over
1,000 Volts, Nominal” installations. The rules for working
clearances for electrical equipment for systems 1,000V, nominal,
or less are contained in Table 110.26(A)(1), which is located In
Part II—1,000 Volts, Nominal, or Less.
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Here’s the part(s) layout for Article 250 (Grounding & Bonding) and Article 430

(Motors)

Farl | Ganaral

|

Part || Sysbar
grounding

Part X Grounding of
ayalama and creuils of
over 1000 voits

Fan Il Greprdirg okscinda
— =yslem and groarding
wlacirceds comdciorn

Part ¥ Bonding

Farl ' Erslagirs,
—  racoway, and sordice
cable grounding

N\

Farl Wi Egpapimanl
= grounaing and eguipment
grenrsing conducian

Part W1 Methods of
oquipment grounding

FIGURE 25{.1

Fart IX Insfrumanis,
malars, and reays

Grounding and Bonding.

T Supply Eart 11
3024
Maloe lnpdes G 3025 430.26
Mol o |,
EFeart-gincuil and
g reaanvd -failt profection Parl v
M l:"El'.':lI!l"ll'llil-l.':'I'l"lﬂ MEgrne Part IX
Mator branch-cincuil
Ehar-circuil and
g reinid -failt probecticn Part IV
Motor circull ordducior Part il
Malos cantraler J_ Part Vi
Malos cantral cineials Part Wi
Malce gvarcad Drotecsion | | Part 11
bl =R Paril
=

Treamal prolsciicn T F T Part 11
Secandary canlralar Part il
E-Ell::{Il'H:IElrﬁ' canduciers |l 3022
Sacandary resigior Part 11

FIGURE 450.1

Article 4530 Contents.

430.23 and Ariclo 470
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Serving Uility

Chéarhied
Last paolz

Pamtll  Cnarhoad
eSnIoE oonduciors

2dk 24 Claarancas

Lirecha ngeairsd
Sireol main

Lirrdargisd Fart 1
sersice conductars

th & Burial 23032

artaction
Service head Terminal bowx.
rssfar, of olhes
D enclosura

e A - T Fart 1Y
conductors
Sorvce egupment—general Part
Gimounding and bonding £ Articha 250
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dIsConneoing mears J/ Part ¥l
Sorace equpment— Bart W
avercurrant probection '

Brarch circulls
Fredchars

Artiches 214, 225
Artickes 213, 275
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Sections & Subsections

® Each NEC rule is called a “Code Section.” A Code section may be broken down into
subsections by letters in parentheses like (A), numbers in parentheses like (1), and
lowercase letters like (a), (b), and so on, to further break the rule down to the second

and third level.

®* For example, the rule requiring all receptacles in a dwelling unit bathroom to be
GFCI protected is contained in Section 210.8(A)(1) which is located in Chapter 2,
Article 210, Section 8, Subsection (A), Sub-subsection (1).

® Many in the industry incorrectly use the term “Article” when refer- ring to a Code
section.

®* For example, they say “Article 210.8,” when they should say “Section 210.8.”
Section numbers in this textbook are shown without the word “Section,” unless they
begin a sentence. For example, Section 210.8(A) is shown as simply 210.8(A).
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Tables and Fiqures

®* Many NEC requirements are contained within tables, which are lists
of Code rules placed in a systematic arrangement. The titles of the
tables are extremely important; you must read them carefully In
order to understand the contents, applications and limitations of
each table.

®* Many times notes are provided in or below a table; be sure to read
them as well since they're also part of the requirement.

®* For example, Note 1 for Table 300.5 explains how to measure the
cover when burying cables and raceways, and Note 5 explains
what to do If solid rock is encountered.




ARTICLE 5300 — GENERAL REQUIREMENTS FOR WIRING METHODS AND MATERIALS 300.5

Table 3605 Minimums Eumleqmmnl:, 0 to 1000 Volis, Mominal, Borial in Millimeters {(Inches)

| Type of Wiring Method or Circuit

Column 4 Caolumn 5
Residential Branch | Circoits for Control
Colamn % Circanits Rated of Irrigation and
Mommetallic 120 Vaolis or Less | Landscape Lighting
Raceways Listed with GFCI Limited to Mot More
Column 2 for Drect Barial FProtection and Than 58 Volis and
Colamn | Rigid Metal Withowt Concrete Maximum Installed with Tyvpe
Dvirect Barial Comdudi or Encasement or Crvercurrent UF or in Oiitheer
Cables or Invtermediate Oiher Approved Protection of ldentified Cable or
Location of Wiring Method or Conductors Metal Comduit Raceways 0 Amperes Raceway
Circuit mm  m | mm i | mm in | mm in. | mm in.
All locations not specified below &0 24 150 i 450 1B 504 12 1508 Gl
In trench bebow 50 mm (2 in.) 450 1B 150 fi 00 12 1540 f 154 fi
thick comcrewe or eguivalent
Unider a bumlding 0 i 0 (¥ 1 1 i 0 0 1
(N rceway oT (in raceway or (1N rRCewWay or
Type MC or Type MOC or 'I"|.']|:|r|'r:IE|:|r'I"|-'|:|r
Type MI cahle Tvpe M1 cable M1 cable
identified for ideniified for iclenitified for
direct bural | direct bumial) direct baorialy
Under minimum of 102 mm (4 in.) 450 1B 140 1 L0 1 150 f 150 &
thick concretwe exterior slab with (direct burial) {direct burial)
no vehioolar traffic and the skab I 4 1060 1
ecxtending not less than 152 mm {1n FRCEwsy | (In raceway)
[ i} beyvond the undergrouanc
iJ.IIIJJIi.iI:n - = = = =
Under sireets, highways, roads, (1] 24 0 gl Gl X il x| G0 X
alleys, drveways, and parking lois
Ones and two-Eamily dwelling 450 1B 450 18 450 1B S04 12 4540 1B
drivesays and ontdoor parking
areas, and used only for dwelling-
related purposes
In or under ainpon rumways, 450 1B 450 18 450 1B 450 15 4540 1B
incheding adjacent areas where
trespassing prohibited

“A lesser depih shall be permiited where specified m the installatson instructions of a listed lowvoliage lighting system.

'.Fl.l:'IEFI:I:l of 150 mm (6 in_} shall be permitted for poed, spa, and fountain lighting, installed in 2 nonmetallic raceway, limited to not more than

30 volis where part of a listed bowvaltage lighting system.

Motes:

l. Cower is defined as the shoriest distance in mm (in.] measaored between a point on the iop surface of any divecé-baried conductor, cable, conduit,
or piher moeway amd the top surface of finished grade, concrete, or smalar cover.

¥ Raceways approved for burial only where concrede enmmsed shall require conorete envelope not less than 50 mm (2 in.) thick

. Lesser depths shall be permitted where mbles and conductors mse for terminations or splices or where access is otherwvise required.

4. Where one of the wiring method types lisied in Colamins 1 through 3 is used for one of the cirooit bypes im Columns 4 and 5, the shallowest depth

of burial shall be permidbed.
5. Where solid rock prevenits compliance with the cover depths specified m this t&zble, the wiring shall be matalled in a metal reeway, or a nonmetallic 208

raceiy permitied for direct baral. The mceways shall be covered by 2 mimmmum of 50 mm (2 in} of concrete extending down o rack.



S10.60

ARTICLE 310 e CONDUCTOES FOR GEMNERAL WIRIMNG

Table 310.15(B}(16} {formerly Table 310.16) Allowable Ampacities of Insulated Conductors Rated Up to and Inchading 2000 Volis,
60°C Through 50°C (140°F Through 194°F), Mot More Than Three Carrent-Carrying Conductors in Raceway, Cable, or Earth

(Directly Buried), Based on Ambient Temperature of 30°C (86°F)*

Temperature Rating of Conductor [$ee Table 31001840A).)

60°C (L40°F) | T5°C{I6T'F) 90°C (I94°F) | 60°C (l40°F) | T8°C{I6T'F) 0°C (1M°F)
Types THS, 54,
515, FEF.
FEPE. MI, Types TES, 84,
REIH, RETW.2, SIS, THHN,
THHN, THHW,
THHW, THW.2,
Types REIW, THW.2, THWN.2,
THHW, THW,  THWN.Z, Types RHW, = REH, RHW.2,
THWHN, USE-2, XHEL THHW, THW, USE-2 XHH,
XHHW, USE, KHHW, THWN, XHHW,
Sise AWE op | T¥Res TW, UF W XHHW.Z, ZW.2 | Types TW, UF | XHHW, USE = XHHW.2, TW.2
kil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM | Size AWG ar kemil
15%+ — — 14 — — — —
164 — — 18 — — — —
14+ 15 o a5 — — — —
13 1) 95 50 15 20 a5 12w
10+ 30 5 40 @5 30 5 Lire+
8 40 Rl 55 a5 A0 45 a
6 5K 65 7% Al Rl 55 6
1 70 B an 55 5 75 1
;] &R 100 115 &5 gt an ;|
2 &R 115 150 75 a0 L0 a
1 110 130 145 &S 100 115 1
1/ 125 150 170 100 120 135 1/
21} 145 175 195 115 135 150 2,0
300 1665 20 el 1350 155 175 510
A4S0 105 210 il 154 180 I 470
954} 215 255 2 170 205 &5} 95}
300} 24} 2R 20 195 230 () W}
354} 26} 510 50 210 250) A1) 54}
A0 a5} 535 380 a9y 270 W5 A0
LT 320} SR 450 25 10 50 R}
O 354} 490 475 a5 540 345 i}
700 385 46D 520 315 575 425 00}
T} 400 ATS K& 3240 265 455 T}
A0 10 400 K55 330 205 445 RO}
a0 435 591) KA 355 495 A8 B0}
1000 455 545 615 375 #45 R0 1000
1954 405 500) il 405 485 ;¥ 1954
150} LT 695 5 435 5a1) K5 1504}
1754 545 G50 755 455 545 E15 1754
2000 K55 665 750} 470 560 GBS0 20040

*Kefer 1o 31015 (R) {2} for the ampacity correction fsciors where the ambsent temperature is pther than 30°C (B6°F). Refer to 510158 (3] {a) for
mare than three ourrent-=carning congduoiors.
*Refer 1o 24040} for conducior evercurrent proteciion limitabons.
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Tahbhle 250.66 E-mu::-:l.ngl.l-::tr-u-:le Conductor for HIEI'I:I.I‘E.I:I.E-
Current Systems

Size of Largest Ungroanded Service-

Entrance Conductior or Equivalent Size of Grounding
Area for Paralle]l Conductors® Electrode Condactor
(AWG loceil ) (AWG , komil)
Alaminum or Mlummd e or
Copper-Clad Copper-Clad
Copper Abaminum Copper Abaminum”
2 ar smaller 1/0 or smaller 5 6
1orl/ D 2/0 01 30 fi 4
2/00r 3/0 4./0 pr 250 4 2
Crer 370 Orver 250 2 150
through 350 through 5l
Crver 354 Orver 500 1/0 570
through 600 throwgh S0
Crver GO Crver SO0 2,0 4/0
through 1104 throuwgh 1750
Crver 1140 Orver 1750 8/0 il
Motes

1. B multiple sety of serice-entrance conductors commect directhy bo a
mervice drogy, set of overhead serice comdactors, set of underground

service conductors, or service laberal, the equmlent see of the largest
service-entrance conductor shall be determined by the rgest smam of

the areas of the correspomding comdaciors of each sei.

Z. Where there are no service-enirance comdactors, the groamdimg
clectrode conducior sze shall be determined by the equoalent see of
the largest service-emtrance comducior requined for the load b be

el

“This table al=a applaes o the denved comduciors of separately denved

A sysiems,

bt installation resirictions in 250,64 (A

Table 250,102{C}(1} Grounded Conductor, Main Bonding
Jumper, System Bonding Jumper, and Supply-Side Bonding

Jumper for Aliernating-Current Systems
Size of Largest Ungrounded
Conductor or Equivalent Area for  Size of Grounded Conductor
PFarallel Conductors or Bonding Jumpser*
(AW Jocmil) {AWG ecmil)
Aluminum or Aluminum or
Copper-Clad ICoppeer=-{Clad
Copper Aluminaim Copper Alaminum
2 ar smaller 170 or senaller A LT
1 arl/ 0 2l or 340 L7
2/00r 370 4/0 or T} 4 2
Crer 3,0 Orer 2500 2 1/0
through 35 through SO
Chver 350 Crver HOD 1/0 370
through G through SN
Crver GO0 Crver SO0 2/0 1/0
through through
1104 1750
Crer 11400 Crer 1750 See Motes | and 2
Motes:

1. I thee umgronmaded supphy comducior are larger tham 110 kemil
copper or 175 komal abamdnum, the grounded congdhactor or bonding
jumper shall have an area wot less than 12 percent of the area of the
largest ungroumded supply conductor or equivalent area for parallel
supply comductars, The grosmded conductor or bonding jumper shall
mat be required o be Bager than the bagest ungrounded conducior or
mrt of mngrounded comductomn.

2. Hthe umgrounsed supphy conductors are larger tham 1100 kemil
copper ar 1730 kemdl aluminum and if the ungroaded supply
conslaciors and the bonding jamper are of dafferent materials (copper,
aluminam, or copper-clal aluminum, the miminmmum see of the
grounded conductor or bonding jumper shall be based on the assamed
use of mgrounded sapply conductors of the same material as the
grounded conductor or bonding jumper and will have an ampacity
eqquivialent o that of the imssalled umgroumded supphy comducions

3 W multiple sets of service-entrance conductors are wsed as permitted
im 2340, Exception Mo, I, or if multiple =eis of ungroamled supply
conductiors are installed for a separately derived system, the equinalent
s of the largest ungroumded supphly condwctar () shall be
determined by the langest sum of the areas of the correspomling
conduciors of each wet,

4. I there are ne senvice-entrance conductors, the supph conductor
s shall be determined by the equialent s of the largest service-
entrance conductor required for the load e be served.

*For the purpose= of apphing this table and it notes, ihe berm Banding
Juwprr refers to main bonding jumpers, s=tem bomding jumpers, and

rupply-side bonding jumpers,
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Exceptions

®* Exceptions are Code requirements or permissions that provide an alternative
method to a specific rule. There are two types of exceptions—mandatory and
permissive. When a rule has several exceptions, those exceptions with
mandatory requirements are listed before the permissive exceptions.

® Mandatory Exceptions. A mandatory exception uses the words “shall” or
“shall not.” The word “shall” in an exception means that if you're using the
exception, you're required to do it in a particular way. The phrase “shall not”
means it isn’'t permitted.

®* Permissive Exceptions. A permissive exception uses words such as “shall
be permitted,” which means it's acceptable (but not mandatory) to do it in this
way.
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Informational Notes

®* An Informational Note contains explanatory material intended to
clarify a rule or give assistance, but it isn't a Code requirement.

210.1% Conductors = Minimuam Ampacity and Size. _ _ _
2504 General Reguirements for Grounding and Bonding.

(A} Branch Circuits Not More Than 600 Volis, The following general requirements identify what grounding
and bonding of electrical systems are |.'-|.'|:|l||jr-|.'|:l bn u-.'mmp]i.ih.

Informational Noie Mo 10 See 310015 for :||-|||:|.|_|i1l.' ratings ol The |'|-1'|.':l:|.'|.'.i|:|l'l'l.'-|.' methods contned in Article 250 shall be
concacioms followed to comply with the performance requirements of this

seciion.
(A} Grounded Sysiems.

e e - . TILT ] (1} Electrical System Grounding. Electrical systems that are
.::||F|.|r|1!.|l_||:-1:_.|| ""-III‘_I?"“' ¥ See 3M0.15{A)3) for temperature grounded shall be connected to earth In a manner that will
e ot canduciorns, limit the voltage imposed by ightning, line surges, or uninten
tional contact with highervoltage lines and that will stabilize
the veltage to earth durning normal operation.

Informational Mote No, & See Part [ of Artscle 430 for mimi-
mum rabting of motor branch-cirenit comdactors

Informational Note No. 4 Comduwctors for branch crouits a=
defimed 1 Article 106, sized bo prevent a voltage drop excesdimg

% percent at the farthest outlet of power, heating, amd Bghtimg [nformational Mote No. I: An important consideration for limit
kads, or coombanation= of such lcagds, aned where the maximam ing the imposed voltage is the routng of bonding and ground
iodal vollage 'I-T'"F' an both Feeder= and branch circuiis o the ing electrode conductors so that they are nod amy ]-nng'!.'r thian
farthest outlet does not exceed 5 percent, provide reasonable TCLZAT Y io complete the i:.:-:n.m.:cunn 1~1l:|'..n|.1|..r||:||:||r'l1|ng' l:I-..rt

o . Spe Informational Note Mo, ® ol permanent parts of the mstallation and =0 that unmecessary
efficemcy «l O EETAICT £ m hends and |I:‘-'|F'-'i are avoaded.

215.2(A) (1} for valtage drop on feeder comduactars.
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Tables

® Chapter 9 consists of tables applicable as referenced in the NEC. The tables are used
to calculate raceway sizing, conductor fill, the radius of raceway bends, and conductor
voltage drop.

Chapter 9 Tables

| Percent of Cross Secton of Congduif ansd

Tubang for Conductors amd Cables M= 574
2 Eadiux of Concheit and Tubing Benads ... = 679
-+ Dimensions amd Percent Area of Comdait ansd

Tubing {Aress of Conduit or Tubing for the

Comibimabtions of Wires Permatted 1o Takle 1,

I'."|;||'.I|_'r CiY M- =
5 Dimensions of Insulsted Conduciors and

Fixhare %Wires M- =
5A Compact Copper amd Aluminum Bulding Wire

Mommmal Thmensans® and Arras - 55
& Ciomslacion F"r:||;||'|li|'l: i | S
9 Altermatmg-Current Reastance and Reactance

For EERYal Cable=, 5-Phase, 6480 He 7570

LI67°F} = Three Single Conductors in

Cid it M- R
[ 1] Coamlacior Stramding = &3]
DA Class 2 and Class 3 Albernating-Current Power

Source Limiialons = &3]
IiE} Class F and Class 3 Threci-UCnrrent Poneer

Source Limitatbons ... 0= 652
LE(A) FLFA Alternatimg-Current Power Source

Limitations ..o Tl= 655
2B} FLFA Dhrect-Curment Powser Souarce

[Ty 1T 1T | e S Tl= BoS 20




Chapter 9 Tables

Thhklﬁrmlulﬁunﬂ-::ﬁunnfﬂundlitlndhhhgfnr
Conductors and Cables

Mumber of Conductors
andd for Cables Cross-Sectional Area %)
1 51
2 5l
Cver 2 41

Informational Note No, 1: Table 1 is based on commaon comdi-
tions of proper cabling and alignment of conductors where the
lemgth of the paull aml the pumber of bends are within reasoma-
bile Fmits. [t shoukd be recognized that. for certain conditons, a
larger size conduit or a besser conduit Gl should be comside red.

Informational Mote Mo, 2: When pulling three comductors or
cable= into a raceway, f the ratio of the aceway (inside diume-
ter) 1o the comductar or cable {outside daameter] is between 2.8
and LE, jamming can ocour, Whale pammimg can ooccur when
pulling four or more conduciors or cables inie a raceway, the

prihabality is very bow,
MNotes to Tables

(1}

(2}

(3}

)

See Informative Annex C for the maxmum number of
conductors and Axture wires, all of the same =ze (total
crosssectional area including insulation) permitted in
trade sizes of the applicable conduit or tubang.

Table 1 applies only o complete condut or tubing
systems and 13 not intended to apply to sectons of
conduit or tubing used to protect exposed wiring from
physical damage.

E-|:||.1i.]:-r|1.-|:nl. F-u-ur.ld.ing or 'I:|-|:-r.||:|.'ing conductors, where
mstalled, shall be included when calculating conduit or
tubing fill. The actual dimensions of the eguipment
grounding or bonding conductor {insulated or bare}
shall be used in the caloulation.

Where conduit or tubing nipples having a maximum
length not to exceed B00 mm (24 in) are installed
between boxes, cabinets, and similar enclosures, the
n.‘iE||:|-]|:1 shall be |:||.-:r|:r||iu.e-|:l o be Alled to B0 percent of

(5}

(G}

(7

(83}

(3}

{10}

their total cross-sectional area, and 30.15{B}(3)(a}
addjustmient factors need not apply to this condition.

For conductiors not included in I:h:.]:-l::r g, such as mult-
conductor cables and optical Aber cables, the actual
cdimensions shall be wsed.

For combinations of conductors of different sizes, use
actual dimensions or Table 5 and Table GA for dimen-
sions of conductors and Table 4 for the applicable
conduit or tubing dimensions.

When calculating the maximum number of conductors
or cibles EIEI'I'I:Ii.1.1.|=-ﬂ m & conduort or l.u'l:-:ing, all of the
same size (total crosesectional area including insula.
tion}, the next higher whole number shall be used o
determine the maximum number of condwctors permit-
ted when the @loulabon results in a decimal greater
than or equal to (LB, When calculating the size For
conduit or tubing permitted for a single conductor, one
conductor shall be permitted when the calculation
resulis in a decimal greater than or -|:|:|l|.|JJ o (LB,

Where bare conductors are permitted by other sections
of thiz Code, the dimen=zions for bare conductors in Table
B shall be permitted.

A mulisconductor cahle, |:||_:|l.i.-|::|l fiber cabde, or flexable
cord of two or more conductors shall be treated ax a
single conductor for aloulatng percentage condult or
tubing fill area. For cables that have elliptical cross
sectiomns, the crossechonal area caloulaton shall be
based on umng the major diameter of the ellipse as a
circle diameter. Assemnblies of single imsulated conduc-
tors without an overall covening shall not be consdered
a cable when determining conduit or tubang fll area.
The conduit or tubing fill for the assemblies chall be
calculated based the mdividual conductors.

The wvalues for approximate conductor dixmeter and
area shown in Tabde 5 are based on worst-case scenario
and indizte round concentrclaystranded conductors.
Solid and round concentricdaystranded conductor
villues are grouped together for the purpose of Table 5.
Eound -|:|:||:|1|:|:|.u:l|.r:|:|-..|.11|-|:1|:-|:l conductor values are shown n
Table 550 If the acthual values of the conductor diameter
and area are known, they shall be permitted to be used.
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Raceway Fill Limitation
* Chapter 9, Table 1

One Conductor e N
539, Fil /.~ . Raceway Length
’ . || 24in.orLess:

| AN /
R i5e%.Y o0 W o) i
(AN @@ e 0, | @199V, NNy
AN 090%0 0%0g0 Ny
N CYSANY) N
N %04 e 4
- 4,.)- ' 4,.)- -

RN |
, Cable is Treated
) as 1 Conductor

,/j:j———h‘:\
/ /' \\“\
s N
"

// = \ \
/ 20999. -\
) \
Se00 0.0
teto0se’ e90e:

Conductors

o :
40% Fill Copyright 2014, www.MikeHolt.com

b ~ T
\““a-_;-—--;

Whénconductors and/or cables are installed in a raceway,
conductor fill is limited to the above percentages.




TARLES CHAFTER 9
Table 8 Conducior E!'ﬂl:l-!‘l'l:lﬂ
Comductors Dhirect-Carremt Resstamnce ak 75°C {167°F)
Stramding Ohverall Copper
:;E_ Area Diameter Diamseter Area Uncoated Coated Alumizum
ar Circular ohm,  ahm/ ahms  ohm/ ahm/ aham
kemill] mm® mils Quantity mm . mm  im. mm*  m* km kFT km kFT km kFT
& 0833 1&R0 | — _ 102 0uDdn BERR 0000 255 7.77 M5 08 £2.10 1=
] 0.8 1&20 7 035 0015 116 046 106 0002 261 105 77 45 2B 131
{5 1.31 580 | — —_ 129 (0s] 121 0 160 4.89 167 .08 26.4 &05
& 1.51 a0 7 4% 0019 146 0U05H LE8 [00% 164 4.09 175 524 6.9 82]
14 2,08 4110 | — —_ 165 U064 208 000E 101 307 L4 14 16.6 306
14 208 41140 7 1 0024 I&85F 0073 78 D0 103 314 107 126 16.9 17
1% 5.51 (T | — - 05 0U0R] 331 LG 6% 1.43 657 201 1045 118
12 5.51 B350 7 1 0030 ol T 1 4% 006 G5O 1.4= 675 205 10,65 125
L] 5061 105=0 1 -_— - 2588 0102 A D00E 398 1.21 4148 1.26 6.561 200
L] 5261 10580 7 1 0038 295 0116 676 [0.011 4.070  1.24 41226 1.2 6.679 204
(-] B.A67 16510 1 - = 1264 0.17H BA7 DS DhoE 076 2570 078G 411 126
(-] 8867 16510 ) 1.5 09 171 06 1k 007 2531 0778 66 DM 4.914 128
6 1880 TEEH 7 L6 0.061 467 0184 1709 0.0%F7 1608 0491 1A71 0510 2 652 0_={H
4 2115 41740 7 1.06 0077 R0 (25D 71e oMz L0 DA0E 1058  0AF] 1.666 0=0R
3  BAGT  BBERD 7 280 0087 G680 0E6E0 3EFE 00EE DBOE 0245 033 NEH4 1.3 0403
F  EREF  BEEGD ) 247 M7 742 Q209 43.9% 0aT  0EM 0154 0661 0201 1.5 0514
| 241 B%ES0 19 1.69 0066 Pty T e 1 FRE0 0087 0R0G 015 0524  0L1ED {.889 0253
1,0 5545 106600 19 1B 0.0 Q45 0872 T4l O0.l0e O399 01 o415 0L1E7 0. 660 020l
am 6743 133100 19 21% 0084 1062 0414 HETE 0137 03170 00967 0520 01l 0.59% 0154
5m 8501 167EM 1% 239 0084 105d 04T 1119 TR 0IRIE D076E ORI uOoPay 0413 0126
40 1072 D1&ad 19 268 0106 1%41 052 14101 019 01996 00608 02050  (LUOE2H 0.388 (RN LI
mn 127 —_ iz 202 008 1461 0535 168 030 L1687 LIGIS 01753 0585 02778 U0R4T
300 152 -_— 37 290 QMr 1600 0ESD 201 0312 014 LEE 01463  UDEEE 0908 o707
Jan 177 - L) 247 0W7  17A0 0681 235 034 01305 LO0AGET QL1252 (u0SRD 01984  0UDEDS
400 305 - L) 264 0104 1E49 0TZH 2EE 0416 01055 0.03E] QL1044 Dunss] 01787 00524
L — b ) 285 0116 HAs  BAIR 836 059 0S4 LGS DORGT  (LI2RG 01391 ouD4E24
GO0 04 — &l 252 008% IEAR QS0 404 0Eke 0L0FE  DDEL4 QO73E  ouoEEa 01159 0unshe3
T A55 — &l 272 0107 M40 094 471 0,780 00E0s  DLFIE QOD6ZE 1RO 0.00%4 00503
o0 =0 — &l 28 0111 I¥EA5 09O 505 0,782 00665 00T Q0573 0176E 0097 uoZeg
B 405 - Bl 291 0114 W16 105D 53 05 00528 D.0IG] 00544 L0166 068 0UO2E5
Wy 456 — &l 309 012F WM 104 6le 0940 0 DA QOOR]L 0147 00770 0uoEsh
1D 507 — Gl % 012 MPEF L1152 673 1.2 25 D0lE 054 U152 0.06%9% 00212
1350 /A% — 1 288 0117 374 1EBD 842 LM DEASE DLODOS 00847 0106 006 00160
1500 7&0 - g1 Sk 012 3386 1412 1011 1066  LOZS14 00EE8 0U02H14 0008H3 OMet 00141
1760 BE7 — 127 288 0117 W 1526 1180 LEF R4 0MTES 002410 000756 00897 00121
Ja Bos — 137 319 0126 4045 L6R2 1849 2098 LOEIE DRSS 002109 00DeRE  DO03E 00106

Moles:

. These resmiance values are valid enly for the parmmeters @ given, Using comiaciors baving coated strands, different stramcing ope, anad.

especilly, oiher temperatures changes the resistance,

2. Equation for temperature change: Bo= R, [1 + o (T, - 751 ], where o, = 000823, o, = 0.00350 at 75°C
3. Conductors with compact and compressed stranding bave about @ percent and 3 percent, respectively,
smaller bare conductor diameters than those shown, See Table BA for achaal compaxct cable dimensions,

4. The IACS conductivities ased- bare copper = 100%, alamamum = 61%,

i, Class B standing is Bsted as well as solid for some sees, [s overall diameter and area ane those of its circamscmbing cincle

Informational Mete: The constnaction mformation is in accordance with MEMA WC 02009 ar ANSEAUL 1581-300 1.,
The remstange = calculated in accordamce with Masonal Bareaw of Standard= Handbook 100, datedd 1966, aml
Handbook 108, dated 1972,
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Table 4 Dimensions and Percent Area of Conduit and Tubing (Areas of Conduit or Tubing for the Combinations of Wires Fermitted
in Tahle 1, Chapter 9}

Artiche 858 — Elecirbeal Merallic Tubing (EMT)

[ imimal
iheer T Wires 1 Wire T Wires Internal Todal Area
Al Trad 4% B SE% n% DMamseicr 100%
Diesignator  Size  mm” im," mm® in.” mm® im." mm"® in." mm im, mm’* in.t
16 b THE a.122 11= 1. 1=z 104 (k11 il (k54 158 (k2 1956 I
4| ¥ 137 0218 Hh 11950 152 [h2EE hECH k1é3 0.4 [k E24 L Y]
ko 1 e 4 0546 158 0.51% a5 k458 172 LIGE 6.6 1.0u 556 0 =04
fot] 1% 387 0508 el 01,897 ) ] 708 &0 464 51 1. 2=0 OfH 1406
41 1% b 0814 TER 1.221 G046 [ L] 7 LE2] Ha L&I0 1514 20%hE
1 2 Hilh 1.549 e 203 1147 1778 671 L. 525 @ 6T 2165 LAt
(4] ' L51a 2545 i} 1.51% 0N 4103 1175 LELG 4.4 2.7 Ay SELY
TR 5 2R %558 21 507 Arga 4. 5EE 1767 2742 85,2 3356 eIl EE4h
a] Al 0E0 44618 4471 6,97 oy G119 810 asm 974 185N T451 11545
10 i SE0E SO0 571F AHA?  B0ME TRIS 2881 4878 1100 4984 8531 LATAS
Article 362 — Electrical Monmetallic Tabing (ENT)
Mominal
Ohver 2 Wires 1 Wire Wires Iniernal Total Area
Metric Trad 405 13 5% 1% IHamefer [0
Designator ~ Size mm® im.? mm? in.? ot im.? mm* in.* mm im. mm* im.k
L& % 73 0.114 110 1.171 a7 0151 57 LOES 153 (RET 184 0 2H5
1 ¥ 131 0.20% 147 1305 174 {.265 jor2 k157 4 0.=04 528 0518
7 1 215 0,333 azz 4% 84 0,441 I&6 258 Il 1o2n 357 0833
k1 14 T {.581 21 .72 447 {.770 Fatll 450 HE 156 a5y 1453
4l 1% i 0.7 THY 1.191 B7D 1.05%2 a7 Lal6 44 1548 1281 1986
53 s LR 1.316 1274 1975 1135 1.744 B3R 1.0 BE 047 b ot |
£ mi — — — — — — — — — — — —
I 9 =_— =_— — —_— — — — — — — — —
B 34 — — — — — — — — — — — —
Article 348 — Flexible Metal Conduat (FRIC)
M omimal
Over 2 Wires 1 Ware T Wires Intermal Toial Area
Metrs Trade % &0 A% 2% Thameter 1005
Designator  Size mm®* im.t mm”® im.? mm* in* mm* int mm in. mm? im.?
12 ] Hy 046 e 0,065 nm L] ] %6 .7 01,354 ¥4 0116
16 % El 0127 122 .180 10 168 65 (ka8 16.1 1.635 204 0317
21 * 137 0213 il .30 'S k] 105 k165 2008 1, B34 343 {1,533
27 1 211 0827 116 0,490 ¥ 455 [[55] k55 250 1.¥ED RIT 1.8l7
55 1% 130 0511 495 0,766 447 LETT T 306 524 1.975 H24 1.277
41 1% 4RI 0743 T 1115 GG 1985 avE L5376 | 1.535 1201 1.85&
53 2 R43 1.507 1364 1.961 1117 1.758 (E] (] S8 2,040 2107 5.160
5 2% 1267 1963 15K 2.5 L6TSE & p3 ez 1.522 6455 2 50 S167 4.009
7H h] 1834 2817 I5h 4.241 M7 1746 1414 191 6.1 3. 4561 7065
al k1 2483 5 B4R 1724 5773 390 b0 194 .85 =50 .50 6207 .62
103 4 5043 s0%7 R 7.540 4907 B.E&0 515 506 101.6 4.0 B107 18,566
Article 541 — Imtermaeslinte Metal Comduit (IMC)
Monminal
Creer E Wires 1 Wire 2 Wires Imternal Todal Area
Metric Trade 40% 0% 515 1% Diamieter 1005
Designator ~ Size mm" in.! mm" im," mm" in.t mm® in.t mm fin. mm" im.”
1% ¥ — — — — — — — — — — — —
153 L] Eh 1137 5] 0,205 17 k181 & 1 15 168 LAE R 282 0.54F
| T 151 (.55 G 085 200 311 117 152 2.5 0. HE] 517 0.5HE 237

fronirmmes )



CHAPTER %

TABLES

Table 5 DMmensions of Insealaied Conductors and Froiure Wires

Type

Size (AWEG ar
kcmail)

Approximate Area

Approximate Diameter

h:l.’

im,

Type: FFH-2, RFH-1. EFH-2, RFHH-Z, RHH*=, RIW* . EHW.7*, RHH. BEHW, REW.2, SF.1, 5F-2, SFF-1, SFF-2, TE, TFE. THHW, THW,

THW-X, TW, XF, XFF

EFH-2, FFH-2, RFHE-2 18 9,355 00145 454 0.156
i 11.10 0LONTE 3754 0.146
EHH, EHW, RHW-2 14 18.50 00293 La02 0.193
12 N O%5% G885 0212
10 #8149 AT G ao4 0.%56
B 5A.ET LSS 2= 0.326
6 63.16 0L104 1 o244 .36
4 Efi. (01 155% 1046 0412
k] G815 1521 1L1& 0,440
2 112.% 01750 1049 0472
| 171.6 266 1478 0.58%
10 15%6.1 b S05% 1580 0.62%F
/0 23:46.1 0.53505 16497 0.668
30 262.7 407 E 1889 0.720
4,0 506.7 4754 18,76 0.778
250 405.9 06241 22T 0.4
500 4571.3 LTOSE 1S 0550
&G0 5037 OLTET A% 1001
400 554.5 OLHG26 662 LHE
500 650.5 LEE 8TE 1.15%
Gl TE2 G L2155 16T 1.24%
TG A74.9 18561 8588 1.314
750 9H).E L4Z7E 424 LEE
00 Q65,0 LA95T 3505 L350
G0 1053 L6577 8668 1.4-i4
JLEE 1145 Li71% 58.15 1L.50%
1250 1515 25479 45482 |
1500 1734 26956 4744 LESE
17560 1954 30357 49.494 1566
H00 2175 33719 5265 2.07%
&F-2, SFF-2 1E 7419 R BL 3073 0.121
i A.96E R k) L5874 0.15%
14 11.10 R ek i 0.148
&F-1, 5FF-1 18 4.194 LGS 2501 0.04a1
EFH-1,TF, TFF. XF, XFF 18 5.141 LSE 26a2 0.106
TF, TFE. XF, XFF 16 106 LN 24997 0118
TW, XF, XFF, THHW, THW. 14 8.96E Rk 1578 0.153
THW:2
TW. THHW, THW, THW.2 1% 11.658 R ER %Aal 0.15%
10 15.68 00243 AT 0.176
& .19 ST 5as94 0.256
EHH*, RHW*, EHW-2* 14 15.48 L0 41441 0.163
EHH* RHW* EHW.2*_ XF, 12 16.77 CL2GI 41625 0.18%
XFF
Type: RHI*, RETW*, RHW-2*, THHN, THHW, THW, THW-2, TFN, TFFN, THWN, THWHN-2, XF, XFF
EHH,* BHW.* BRHW-Z,* XF, I 2148 0553 GoA%2 0506

XFF

franiinuer)
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Annexes

®* Annexes aren’t a part of the NEC requirements, and are included in the Code for informational purposes only.

Annex A Product Satety Standards

Annex B. Application information for Ampacity Calculation

Annex C. Raceway Fill Tabées for Conductars and Fidure Wires of
the Same SizZe

Annex 0. BExamples

Annex E. Types of Construction

Annex F. Critical Operations Power Systems (COPS)

Annex G. Supervisory Comtrol and Data Acquisition (SCADA)

Annex H. Administration and Enforcement

Annex |. Recommended Tightening Torques

Annex J. ADA Standards for Accessible Design
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INFORMATIVE ANNEX

Table C.1 Maximum Number of Conductors or Fixture Wires in Elecirical Metallic Tubing (EMT)

(Based on Chapter % Table 1, Table 4, and Tahle 5)

Condacior Trade Size [Metric Thesignator)
Size £ " % 1 14 1% X o0 3 k1 4 5 &
Type (AW Tormil) 12y qU&p 21y (27 (A5 ly (53 (63} (TH) (@1h  (I03y (123%) (155)
CONDUCTORS

EHH, RHW, RHW-2 14 — 4 ¥ 11 0 27 46 B 120 157 201 — —
12 - 5 fi a 17 2% L E5 100 151 167 - —_—
10 - 2 ] ] 15 18 L (e &1 105 1585 - —_—
& _ 1 2 4 7 & I6 brad 42 54 il _ —
] - 1 1 5 5 B 15 oo 54 44 5h - —_—
4 _ 1 1 2 4 i [ fu] 17 26 54 24 _ —
3 - 1 1 1 4 ] Q 1% 23 Al SH - —_—
2 = 1 1 1 5 4 T 1% 20 25 53 - —
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[NFORMATIVE ANNEX D Annex Il Examiples

Informative Anmex [} Examples

This informative onres 5 not a part of the epurements of dhis MFFA
dociment buf i mcluded for informational furposes orly.

Selection of Condoctors. In the I:'-I:-IJm'.rinE c:l:amplcs, thie
results are generally expressed in amperes (A). To select
conductor sizes, refer to the & ﬂ\mu_g;h SO0 volt (V) .a.|:|'||:|:|.|:il.1.'

tmhbles of Article 310 and the rules of 310015 that Fcru.in 4]
thieze tables,

ml.l.!-l!'_ For wniform :I.F]:-'i-t:l.l.i.-l:ln off Articles 210, 215, and
220, a nominal voltage of 120, 120,240, 240, and 208,/ 130V is
wsed in n]:ul:tting thae ampere load on the conducior.

Fractions of an hl}ﬂ'l!. E‘H.EI!FI( where the calculations resalt
in a major frction of an ampere (0L5 or larger], such fractions
are permitted to be dropped.

Fower Factor. Caloulations in the :I'-u-]l.nuing -E:I'.HI'IJFI-EI ATE
based, for convenience, on the mumpti.-u-n that all losds have
thie same power factor (PF).

« For the calculstion of the Tange loads in these exam-
]:-Ii:l, Collummn £ of Table 22055 has been used. For nptimal
methods, see Columns A and B of Table 220.55. Except where
the caloulations result in a major fraction of a kilowatt (0.5 or
larger], such fractions are permitted to be droppedd.

51 Units. For metric conversions, 0083 m® = 1 fiY and
15043 m =1 f.

Example Dl {a) One-Family Dwelling

The d'm:]ling has a Aoor area of 1500 ft*, exclusive of an unfin-
ished cellar not adaptable For future use, unfnished attic, and
open |:-u-r|:|1.-|::-_ &Fp]ianct:m a 12-kW range and & 5.5-kW, 2440
WV dryer Assumie range and dryer KW ratings equialent to kKVA
ratings in accordance with 220054 and 23055,

Calculated Load (see 2200 4)
General Lighting Load 1500 §t° at 3 VAR = 4500 VA
Minimum Mumber of Branch Circuits Required [eee 2000 01AJT
General Lighting Load: 4500 VA < 120V = 38 4

This requires three 15-A, 2-wire or two 20:4, Tasire cirowits.

Emallr.u’u.]:-pl:im:-: Load: Two 2awire, 204  cirouits  [see
e LA T T

Laundry Load: Ce Eawire, 20-A circoit feee 20008 10CHEZY

Bathroom Branch Circuit: One 2sare, 3A carowit (no addi-
tional load caleulition is I'E-I:llJi.‘l'ﬂ-ﬂ for this circuit) [fsee
230 1 I0CHEN

Minimum Size Feeder Required [ree 220040

General Lighting A4, 500 VA
Small Appliance 5,00 VA
Laundry 1,500 WA
Tostal 9, eHE WA

S0 WA an W00 5,000VA
G0EHE WA = SO0 VA = GO00 VA i 55 2,100 WA
Met Lioad 5,100%A

Bange frae Table 220 55) A, D WA
Diryer Lomd (e Table 2200 54 5,500 WA
Men Caloalated Load L&, 600 VA

Met Caloulated Load for 120240V, 3wire, l:I.I:I.Elﬂ-lﬂllll! Eervice
or fepder

18,600 VA = 240V =T A

Sections 25042(E)] and 25079 require service conductors
and disconnecting means rated not less than 100 amperes.

Calculation for Mewtral for Feeder and Service

Lighting and Small-Appliance Loacd 5,100'VA
Eange: 0040 VA ar T0% (see 220060 ) 5,600'VA
Diryer: G500 VA at 0% foee Z20.61) 5E50WA

Toial L4, 550V

Calculated Load for Meuatral
14,6560 VA = 240V = 61 &

Example D1 (b} One-Family Dwelling

Amsume same conditions as Example Mo, D1{a}, plus addition
of one G4, 230V, room :.irn:-nnﬂil:iming unit and one 13-4,
115V, rassm :.'ir-l:.l:-nd.irjmin!; unit.* one B4, 115%, rated wasie
-|:|i.-.'_|:-4:-.|e:'1 anid one VA, 120V, nted dishwasher, See Article 430
fovr Fr.u:ml motors  and  Article 44 Part VI, for  air-
t-:-nd.itiming 1:|:|ui|:||:r|r|:r|.r_ Motors have mn'i-:pla.u: r.il:ing: of
115 % and 23 V for wse on 12025 and 240-% nominal mll.:ge
syvsibems.

*[For feeder neotral, use larger of the two applisnces for
unbalance.)
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INFORMATIVE ANNEX 1 Annex I: Tightening Torgue Tables

Informative Annex I Recommended Tightening Torque Tables from UL Standard 486A-B

This informative annex 15 mol @ pod of the requirements of this META *For proper termination of conductors, it is very important
document, bul is incfuded for informational purfoses anly that field connections be properly ightened. In the absence of
1 i , mianufaciurer’s instrucbhons on the Equipment, the to

n the absence of connector or equipment manufacturer’s values given in these tables are recommended. Because it is
recommended torque ﬂjuﬂf‘ Table L1, Table 1.2, and T“H! L3 normial for some relaxation to occur in service, checking
maty be "“"!d 1":"_ cnn‘fﬂ:tlr Eght::n Em"“’“ c-:-nn-FI:m.:m for torgue values somietime after installation is not a reliable means
promer :.r.n:l. Il.ghimg circuits®. Control and IIFH:J Tty may of determining the values of orque applied at insdallation.
require different torque valwes, and the manufacturer showld
b contacted for FI.IidJHE\II!.

Table 1.1 T:Eh't-:ning Tun:r.l-:- for Screws

| Tightening Torque, N-m (Ibfin.)
Sloptted head Mo, 10 and llrg-l:l."
Test Conductor Installed in Connecior Slot width 1.7 mm Slot widih over 1.2 mm
(0047 in.} or less and {07 n.) or slot
slot lengih &4 mam lengih over 6.4 mm
WG or kemil " (% i) or less (% i) Splithalt connectors Oither coannectors
A0=10 0G=53% 2.3 i J0 4.4 {55} 5.0 {810 Eh {75
H a4 2.8 (5] 1.5 {40 o0 {81 R (75
=1 138312 4.0 (35) .1 {45 155 (D5} 12.4 (LR}
3 6T 4.0 (A5 hb £ 51 11.1 (2T LG5 i 15}
2 516 4.5 4 | hb £ 51} 11.1 (270 L6.% i 15}
1 424 -_ h.6 {51 1.1 {2750 l6.% i 1541}
170=250 X 5674 - 5.6 {50 135 (EAG) A ( 1&{}
350=4,0 B50=107.9 -— b £ 5} 6.5 {500y o® ¥ | ¥}
A=T50 127=177 - hb £ 51} 754 (aAO) 6.7 [ A25])
A0 ans -— b £ 5} 0% @ (EG) 6.7 [A25])
50 a5 - hb £ 51} 0% 2 (E2G 42.4 (475
G0 =750 A =5E0 — hb £ 51 115.0 i 1000y 42.4 (375
S00=1000 JO5=508 - h.6 {50 194.% {11605 6.5 (5O
1 2503000 H35=1010 - -— 194.% {11005 7. [ BOT

"Far values of slat width or length nat corresponding to those specified, select the largest torque wahee aswocizted with the conductor size. Slot width is
the nominal design value. $ot length shall be measured at the battom of the slot.

Table 1.2 Tightening Torgue for Slotted Head Sorews Smaller Than Moo 10 Intended for Use with 8 AWG (84 mm”} or Smaller
Conductors

| Tightening Torque, N-m (Tbf.in.)
Slot Length of Screw* | Slot widih of screw smaller than | Shot widih of screw 1.2 mm
— In. 1.2 mam (0,047 in.)* {0,047 i) and larger®
Less than 4 Less than Y 079 (T) 1.0 (3}
1 Y 0.79 (T L4 (12)
A %, 0.79 (7 L4 (1)
55 T .79 (T} L4 (12}
6 1 L0 (5} L4 (12)
7.1 Y 1.7 (15)
Abowve 7.1 Abave ¥ 2% [90)

“For dat lengths of inbermediate walwes, select torques perfaining to next sharter dot kengihs. Also, see 9196 of UL 486430083, Wir Comnelos and
Safdering Lugr for Use with Copper Conducars, for screws with nmultiple tightening meeans. Slot length shall be measured at the bottom of the slot
L=kt widih ix the nominal design value.
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Annex I! Tightening Torque Tables INFORMATIVE ANNEX 1

Table 1.3 TII.IH:I-:I.ETm for Screws with Recessed Allen or Eqm]]lrn'u

Socket Width Across Flats®
P BT im. Tightening Torgue, MNam (Thfin.)
3.2 % LN | (45]
1.0 ¥ 11.5% i 1Oy
1.5 P 15.5 (120)
5 s 16.9 [ 150
b4 % 2.5 (200
7.9 .7 31.1 (275)
5.5 ¥ 12.4 (575}
127 . | 6.5 L 0
14.5 T | G758 i G )

*See 9.1.9.6 of UL $86A-0003, Warr Connerfon anad Soldering Lugy for Use anih Coppr Cormatucton, for screws with multiple tghtenimg means.

With the permassion of Undersriters Laboratories Inc, magtenal = reproduced from UL 4860-4560-2013, Wire Conmentors, which is copprnighied by
Unaderwriters Laboratores Inc.. Morthbrook, [Mlinoas. While wse of thi= matersal bas been auathomzed, UL shall not be respomsible for the manmner m
whach the mformation is presented, nor for amy mierpretagions thereof, For more mformation on UL, or to purchase standards, please visit their
wrhaite at www comm-20EHL, com or call 1-RRE-555-3500.
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[NFORMATIVE ANNEX | Annex Jr Accessible Ilan'E

Informative Annex | ADA Standards for Accessible Design

This injormadive @nnex 15 mol @ gt of the requiremends of this MFTA
deciement, Sl i in.d'udn:l'_,l'i:lr irl_fm:nu'!l'mu]'_puq&u.':a oy

The provisions cited in Informative Annex | are intended 1o
assist the users of the Code in properly considering the various
electrical design constraints of other building systems and are
part of the 20010 ADA Standarnds for Accessible Design. They are
the sme pu'm-'i:inm: a5 thiose found in ANSL/TCO ALLT 12009,
Accersible arad Usable Buildings and Facilities.

1 Protrudin jecks.  Prodrudin jecis shall comply with
g g pe
Section ].2.

J2 Prodrusion Limits. Ofbjects with leading edges more than
685 mm {27 in.) and not more than 203 mm (30 in.) above
the finish floor or ground shall protrude a2 magimum of 100
mm (4 in)) horizontally into the circulation path.  (Ser

Figue [.2.)
Exceprion: Hlandrails shall be permitled do protrude 115 mm

V4% L ) maamcm,

J3 PostMounted Objects. Freestanding objects mounted on
posts or pylons shall overhang drculation paths 35 mm
{12 in.) maximum where located 63856 mm (27 in.] minimum
and 2080 mm (80 in.] maximum above the finish floor or
ground. Where a sign or other ohstruction is mounted between
posts or F!.'Iam. anid the cear distance between the pasts or
'|:-1-']|:|:1: i greater than 35 mm (12 in.), the lowest cdg;-e of such
sign or obstruction shall be 685 mm {27 in.) maximum or 5050
mm (80 in.] minimum above the Anish floor or p‘nund. AT

Figure £.3.)
Excepiion: The siafping portions of bandrails serving o and
rieutfer shall rol be requetrea fe comjly with Section 3.

~— =4 iru (=100 mm})

-

X = GBS mm
[= 27 in.}

L

FIGURE [.2 Limits of Protruding Ohbjects.

J4 Vertical Clearance. WVertical clearance shall be 2080 mm
(B0 in.) high minimuam. Guardrails or other barriers shall be

ided where the vertical dearance is less than 30% mm
(B0 in.) hi_g;h. The I.c:l.rl.'ing nge of such Elurdmil or barrier
shall be located 685 mm (27 in.) maximum above the finish
floor or grouwnd. (See Figure [.4.)

Exception: Lhoor closers ard dosr stops shall be permitied fo be
T80 mom (78 in ) mindemem above the finish Foor or grousd.

“J
i X+ 0% mm
12 in
=120 2090 mem
(=80 in.)

305 mm

=12 in} <RAS mim X = 305 mm
BE5 mm—2030 mm (=27 in.) = 12in)

(27 in.~80 in.) e !

fal
FIGURE [.3 Post-Mounted Protruding Ohjects.
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How to Locate a Specific
Requirement in the NEC

®* How to go about finding what you're looking for in the Code book
depends, to some degree, on your experience with the NEC.

® Experts typically know the requirements so well that they just go
to the correct rule. Very experienced people might only need the
Table of Contents to locate the requirement they're looking for.

®* On the other hand, average users should use all of the tools at
their disposal, including the Table of Contents, the Index, and the
search feature on electronic versions of the Code book.

Let’s work through a simple example: What NEC rule specifies
the maximum number of disconnects permitted for a service?




How to Locate a Specific
Requirement in the NEC (Cont'd)

Table of Contents Method

® |f you're an experienced Code user, you might use the Table
of Contents. You'll know Article 230 applies to “Services,” and
because this article is so large, it's divided up into multiple
parts (actually eight parts). With this knowledge, you can
quickly go to the Table of Contents and see it lists the Service
Equipment Disconnecting Means requirements in Part VI.

] I T0- H4
I T i . Th= B4
fChvephead Serace Tomduetors T AL
L'nderground Semace Conductors ... T0= Bh
Semare-Enimance Conduckors ..o e T0- HE
ST '|"|-||:.|:-||."|| — {arnrTal T AY
Service Equapment = [Msconmecting Means ... 70= S
ST '|"|-||:.|:-||."|| — Therrurment Profection T O

Serveces Exceeding 1 Valts, Mominal . ........ T™0H- a7




How to Locate a Specific
Requirement in the NEC (Cont'd)

Index Method

® If you use the Index, which lists subjects in alphabetical order, to look up
the term “service disconnect,” you'll see there’s no listing. If you try
“disconnecting means,” then “services,” you'll find that the Index indicates
the rule Is located in Article 230, Part VI.

®* Because the NEC doesn’t give a page number in the Index, you’ll need
to use the Table of Contents to find it, or flip through the Code book to
Article 230, then continue to flip through pages until you find Part VI.

®* Many people complain that the NEC only confuses them by taking them in
circles. Once you gain experience in using the Code and deepen your
understanding of words, terms, principles, and practices, you'll find the
NEC much easier to understand and use than you originally thought.
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ARTICLE 225 — OUTSIDE BRANCH CIRCUITS AND FEEDERS 225.36

Part I1. Buildings or Other Structures Supplied by a Feeder(s)
or Branch Circuit(s)

225.30 Number of Supplies. A building or other structure
that is served by a branch circuit or feeder on the load side of a
service disconnecting means shall be supplied by only one
feeder or branch circuit unless permitted in 225.30(A)
through (E). For the purpose of this section, a muliwire
branch circuit shall be considered a single circuit.

Where a branch circuit or feeder originates in these addi-
tional buildings or other structures, only one feeder or branch
circuit shall be permitted to supply power back to the original
building or structure, unless permitted in  225.30(A)
through (E).

(A) Special Conditions. Additional feeders or branch circuits
shall be permitted to supply the following:
Fire pumps
Emergency systems
Legally required standby systems
Optional standby systems
Parallel power production systems
Systems designed for connection to multiple sources of
supply for the purpose of enhanced reliability
Electric vehicle charging systems listed, labeled, and iden-
tified for more than a single branch circuit or feeder

(B) Special Occupancies. By special permission, additional

feeders or branch circuits shall be permitted for either of the

following:

(1)  Muliple-occupancy buildings where there is no space
available for supply equipment accessible to all occupants

(2) A single building or other structure sufficiently large to
make two or more supplies necessary

(C) Capacity Requirements. Additional feeders or branch
circuits shall be permitted where the capacity requirements are
in excess of 2000 amperes at a supply voltage of 1000 volts or
less.

(D) Different Characteristics. Additional feeders or branch
circuits shall be permitted for different voltages, frequencies,
or phases, or for different uses such as control of outside light-
ing from multiple locations.

(E) D d Switching Ps d Addiri: | feeders or
branch circuits shall be permitted to supply installations under
single management where documented safe switching proce-
dures are established and maintained for disconnection.

225.31 Disconnecting Means. Means shall be provided for
disconnecting all ungrounded conductors that supply or pass
through the building or structure.

225.32 Location. The disconnecting means shall be installed
either inside or outside of the building or structure served or
where the conductors pass through the building or structure.
The disconnecting means shall be at a readily accessible loca-
tion nearest the point of entrance of the conductors. For the
purposes of this section, the requirements in 230.6 shall be
utilized.

Exception No. I: For installations under single management, wher
documented safe switching di are blished and maintained
Sor di ion, and where the install is d by qualified
individuals, the disconnecting means shall be permitted to be located
elsewhere on the preinises.
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Exception No. 2: For buildings or other structures qualifying under the
provisions of Article 685, the disconnecting means shall be permitted to
be located elsewhere on the premises.

Exception No. 3: For towers or poles used as lighting standards, the
disconnecting means shall be permitied to be located elsewhere on the
fremises.

Exception No. 4: For poles or similar structures used only for support of
signs installed in accordance with Article 600, the disconnecting means
shall be permitted to be located elsewhere on the premises.

225.33 Maximum Number of Disconnects.

(A) General. The disconnecting means for each supply
permitted by 225.30 shall consist of not more than six switches
or six circuit breakers mounted in a single enclosure, in a
group of separate enclosures, or in or on a switchboard or
switchgear. There shall be no more than six disconnects per
supply grouped in any one location.

Exception: For the purposes of this section, disconnecting means used
solely for the control circuit of the ground-fauit protection system, or the
control cireuit of the power-operated supply disconnecting means, instal-
led as part of the listed equipment, shall not be consideved a supply
disconniecting means.

(B) Single-Pole Units. Two or three single-pole switches or
breakers capable of individual operation shall be permited on
multiwire circuits, one pole for each ungrounded conductor, as
one multipole disconnect, provided they are equipped with
identified handle ties or a master handle to disconnect all
ungrounded conductors with no more than six operations of
the hand.

225.34 Grouping of Disconnects.

(A) General. The two to six disconnects as permitted in
225.33 shall be grouped. Each disconnect shall be marked o
indicate the load served.

Exception: One of the twa to six disconnecting means permitted in
225.33, where used only for a waler pump also intended to provide fire
protection, shall be permitied (o be located remote from the other discon-
necting means.

(B) Additional Disconnecting Means. The one or more addi-
tional disconnecting means for fire pumps or for emergency,
legally required standby or optional standby system permitted
by 225.30 shall be installed sufficiently remote from the one to
six disconnecting means for normal supply to minimize the
possibility of simultaneous interruption of supply.

225.356 Access to O Ina ltipl cu| build-
ing, each occupant shall have access to the occupant’s supply
disconnecting means.

Exception: In a mulliple-occupancy building where electric supply and
electrical maintenance are provided by the building management and
where these are under continuous building management supervision,
the supply disconnecting means supplying more than one occupancy
shall be permitted to be accessible to authorized management personnel
only.

225.36 Type of Disconnecting Means. The disconnecting
means specified in 22531 shall be comprised of a circuit
breaker, molded case switch, general-use switch, snap switch, or
other approved means. Where applied in accordance with
250.32(B), Exception No. 1, the disconnecting means shall be
suitable for use as service equipment.

Q. number of service disconnect: @

1>

Found on 9 pages

225.37 ARTICLE 225 — OUTSIDE BRANCH CIRCUITS AND FEEDERS

225.37 Identification. Where a building or structure has any
combination of feeders, branch circuits, or services passing
through it or supplying it, a permanent plaque or directory
shall be installed at each feeder and branch-circuit disconnect
location denoting all other services, feeders, or branch circuits
supplying that building or structure or passing through that
building or structure and the area served by each.

Exception No. 1: A plague or divectory shall not be required for large-
capacity multibuilding industrial installations wnder single manage-
ment, where if is ensuved that disconnection can be accomplished by
establishing and maintaining safe switching procedures.

Exception No. 2: This identification shall not be vequired for branch
circuits installed from @ dwelling unit to a second building or structure.

225.38 Disconnect Construction. Disconnecting means shall
meet the requirements of 225.38(A) through (D).

(A) Manually or Power Operable. The disconnecting means
shall consist of either (1) a manually operable switch or a
circuit breaker equipped with a handle or other suitable oper-
ating means or (2) a power-operable switch or circuit breaker,
provided the switch or circuit breaker can be opened by hand
in the event of a power failure.

(B) Simultaneous Opening of Poles. Each building or struc-
ture disconnecting means shall simultaneously disconnect all
ungrounded supply conductors that it controls from the build-
ing or structure wiring system.

(C) Di: ion of G G Where the build-
ing or structure disconnecting means does not disconnect the
grounded conductor from the grounded conductors in the
building or structure wiring, other means shall be provided for
this purpose at the location of the disconnecting means. A
terminal or bus to which all grounded conductors can be
attached by means of pressure connectors shall be permitted
for this purpose.

In a multisection switchboard or switchgear, disconnects for
the grounded conductor shall be permitted to be in any section
of the switchboard or switchgear, if the switchboard section or
switchgear section is marked to indicate a grounded conductor
disconnect is contained within the equipment.

(D) Indicating. The building or structure disconnecting
means shall plainly indicate whether it is in the open or closed
position.

225.39 Rating of Disconnect. The feeder or branch-circuit
disconnecting means shall have a rating of not less than the
calculated load to be supplied, determined in accordance with
Parts I and II of Article 220 for branch circuits, Part IIT or IV of
Article 220 for feeders, or Part V of Article 220 for farm loads.
Where the branch circuit or feeder disconnecting means
consists of more than one switch or circuit breaker, as permit-
ted by 225.33, combining the ratings of all the switches or
circuit breakers for determining the rating of the disconnect-
ing means shall be permitted. In no case shall the rating be
lower than specified in 225.39(A), (B), (C), or (D).

(A) One-Circuit Installation. For installations to supply only
limited loads of a single branch eircuit, the branch circuit
disconnecting means shall have a rating of not less than
15 amperes.

(B) Two-Circuit Installations. For installations consisting of
not more than two 2-wire branch circuits, the feeder or branch-
circuit disconnecting means shall have a rating of not less than
30 amperes.

(C) OneFamily Dwelling. For a onefamily dwelling, the
feeder disconnecting means shall have a rating of not less than
100 amperes, 3-wire.

(D) All Others. For all other installations, the feeder or
branch-circuit disconnecting means shall have a rating of not
less than 60 amperes.

225.40 Access to Overcurrent Protective Devices. Where a
feeder overcurrent device is not readily accessible, branch-
circuit overcurrent devices shall be installed on the load side,
shall be mounted in a readily accessible location, and shall be
of a lower ampere rating than the feeder overcurrent device.

Part III. Over 1000 Volts.

225.50 Sizing of Conductors. The sizing of conductors over
1000 volts shall be in accordance with 210.19(B) for branch
circuits and 215.2(B) for feeders.

225.51 Isolating Switches. Where oil switches or air, oil,
vacuum, or sulfur hexafluoride circuit breakers constitute a
building disconnecting means, an isolating switch with visible
break contacts and meeting the requirements of 230.204(B),
(C), and (D) shall be installed on the supply side of the discon-
necting means and all associated equipment.

Exception: The isolating switch shall not be vequired where the discon-
neeting means is mounted on removable truck panels or switchgear
units that cannot be opened unless the circuit is disconnected and that,
when vemoved from the normal opevating position, awtomatically
disconnect the circuit breaker or switch from all energized parts.

225.52 Disconnecting Means.

(A) Location. A building or structure disconnecting means
shall be located in accordance with 225.32, or, il not readily
accessible, it shall be operable by mechanical linkage from a
readily accessible point. For multibuilding industrial installa-
tions under single management, it shall be permitted to be
electrically operated by a readily accessible, remote-control
device in a separate building or structure.

(B) Type. Each building or structure disconnect shall simulta-
neously disconnect all ungrounded supply conductors it
controls and shall have a fault-closing rating not less than the
maximum available short-circuit current available at its supply
terminals.

Exception: Where the individual disconnecting means consists of fused
cutouts, the simull i ion of all ungrounded supply
conductors shall not be required if there is a means (o disconnect the
load before opening the cutouts. A permanent legible sign shall be
installed adjacent to the fused cutouts and shall read DISCONNECT
LOAD BEFORE OPENING CUTOUTS.

‘Where fused switches or separately mounted fuses are instal-
led, the fuse characteristics shall be permitted to contribute 1o
the fault closing rating of the disconnecting means.

(C) Locking. Disconneciing means shall be lockable in
accordance with 110.25.
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Practice Questions

® Electrical nonmetallic tubing (ENT) shall be securely fastened
In place within of each cabinet, device box, fitting,
junction box, or outlet box where It terminates.

36230 Securing and Supporting. ENT shall be installed as a
complete system in accordance with 31018 and shall be
securely fstened i place by an approved means and suppor
ted in accordance with 362 . 50{A) and ().

(A Seourely Fastened. ERT shall be securely fastened at
intervals not exceeding W mm (3 ft}. In addition, ENT shall
be securely fastened in place within %0 mm {3 ft) of each
putlet box, device box, junction box, cabinet, or fitting where it
terminates. Where usecdl, cable ties shall be listed as suitable for
thie application and for secunng and supporting.

Exception No. 1: Lengths mot exceeding a diconce of 1.8 m (& ] from
@ lumdmmer ferminal comnectizn for dop cennaciions lo ligkning lumin
airer chall be permilied withow! being secuwred.

Excepison Mo 20 Lempgths net exceeding 1.8 m (8 ft) freom the last podri
atiere the raceay 15 securely fastemed for conneclisns mithie ar acceen
de ceiling fo fumirairefs) ar sther eguipmend.

!:'.u'."fii:rml-r MNo. 2r For comcealed ek i finashed huoildings or l|'r:l'|"."|;l.|
wshed wall panels where suck secwning o Dwpracficoble, wrbroben

demgties (roftheut compling ) of ENT shall be frermitted fo be fished. 249




Practice Questions

®* What is the minimum size for a copper grounding electrode conductor
attached to the concrete-encased steel reinforcing bars used as a
grounding electrode, when the ungrounded service-entrance
conductors for a residence are size 3/0 AWG copper conductors?

Table 250.66 Grounding Electrods Conductor for Alternating
Current Systems

Size of Largest Ungrounded Service-
Entramee Conductor or Equivalent Sire of Grounding
Area for Parallel Conductors® Electrode Conductor
(WG Jocmil) (AWEG / emil)
Aluminm or Alumninum or
Copper-Clad Copper-Clad
Coppe Aluminmm Copp Alupaingm"
2 or smalber 1/ or smaller
1 or 150 2 0or 350 & 1
2,0 ar 570 i/ or 1
Chver S0 Crver 25 2 1,50
through 350 through 500
Oer 8540 Crver Hilil 1/ 340
thirough GO through S0
Cher GO0 Lver SiHl AR 4,
thirough 1100 through 1750
Creer 1100 Cher 1760 R
."-i-:-l-:':-c
L. If muliaple =215 of service-snirance :-.'-|'.:I'.|| iors conmect directly to a
ervice drop af :|'.'-:'rI|-.':|-:I service -.'-.'-||-:Il.| sel o I I:' -:r.||'||l
I\.'._\"I'.'l'l. I. | e laler I il 8 W the I
s-.'.-\-'i-.'u- enlrn I I I 2l I:-:' I lI Ih I ‘iE" I
the of I DETESpT I ng comidi Feach set
.E"'.'.I II 2T ATE 10 SErvice n|||.-:':-:-||-:ll.|::|:-r'. th |'\-c naling
elec I conductor gee shall be det lI Ih I|-|'.I size of
the I e rvife-entrance |.'|:-:|r'.||-.'|.:||' r|-'| d fio I I 1l b b
served.
]'h s tahle alzo applies to the derived conductors of separately derived
ic systen 1%, 250
Ve |||::aII:||.i|:-n'~:' trictions in F064{A)




Practice Questions

®* Capable of being reached quickly for operation, renewal, or
Inspections without resorting to portable ladders or the use of
tools (other than keys) is known as * "’

Accessible; Readily (Readily Accessible). Capable of being
reached guickly for operation, renewal, or mspections without
requiring those o0 whom ready access 13 reguisiie o ke
actions such a8 to use bonds [other than keys), to climb over or

under, to remove obstacles, or to resort to portable Ladders,
ind =0 forith, (CMP-15

Informatvonal Note: Lse of kevs i3 a common practce umder
comtrodled or supervised conditions and a common altematne
tr the readdy access requirements ander such superased comedi-
tions as provided elsewhere i the NEC
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Practice Questions

® Receptacles outlets in or on floors shall not be considered as the required number of
receptacle outlets unless the installed receptacles located inches of wall

®* 18" of the wall

* NEC 210.52(A)(3)

(3} Floor Recepiacles. Feceptacle outlets in or on floors shall
not e counted as part of the required number of receptacle
outlets unless located withim 450 mm (18 ) of the wall
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Practice Questions

® In dwelling units, at least one receptacle outlet shall be installed in bathrooms
within of the outside edge of each basin.

* 36"

* 210.52(D)

(D} Bathroomss. At least one recepiacle outlet shall be insial
led in bathrooms within S8 mm (3 ft) of the outside edge of
each basin. The receptacle outlet shall e located on a wall or
partitbon that 15 adcent 1o the basin or basin counteriop, loca
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Practice Questions

®* What is the unit load in volt ampere per square foot for stores?

Table 220,12 General Lighting Loads by Chocupancy

Unit Load
Voltamperes,  Voltamperes,’
Type of Oooapancy m* iy

Armaries and auditoriums 11 1
Banks e Bt
Rarber shops and beaaty 3% i

parlors
Churdhes 11 1
Cluhs 22 2
Courtrooms 29 L
Drwelling units* 3% 3
Carages = commerdal & ¥

| ST e )
Huospitals 27 7
Hatels and motels, inchiding s g

apartment homeses withot

proviston for cooking by

tenanis’
Incustrial commercial (Loft) 29 g

buildings
Laodge rooms 17 [
Office buildings A 4t
Festauranis 22 b
Scho=nls 51 a
Stores 31 1
Warchouses (storage) 3 ¥a
In any of the preceding

OCCPan ies Exce Pl ane

family dwellings andd

midividual dwelling units of

mwoefamily and mulafamily

dwellings

Aszembly halls ancl 11 1

anelioriums

Hallks, corridors, closeis, i ]

S TWaYS

!il.:.-r:||_r-:- spnces k1 .

Hee T9014{])
Yo T, 14(K) 254
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