Board of Building Standards

EDUCATION COMMITTEE MEETING
AGENDA (AMENDED JANUARY 18, 2023)

DATE: JANUARY 19, 2023
TIME: 10:00 AM
LOCATION: TRAINING ROOM 3, 6606 TUSSING ROAD, REYNOLDSBURG, OHIO

Click here to join the meeting

Call to Order
Consent Agenda

Course Applications
ER-1 Conduit and Box Fill Calculations Based on the 2020 NEC (Master Electrical Contractors
Association)
All certifications (5 hours)
Staff Notes: Recommend approval
ESIAC Recommendations: No consensus reached, Dewayne Jenkins abstaining.
Committee Recommendation:

m
1
N

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. Recommend approval.

ESIAC Recommendation: No consensus reached.

Committee Recommendation:

Old Business

New Business

Adjourn
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Ohio Board of Building Standards Timothy Galvin, Chairman Fax 614 -644-3147
6606 Tussing Road TTY/TDD 800-750-0750

Reynoldsburg, OH 43068-9009 An Equal Opportunity Employer and Service Provider com.ohio.gov
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EDUCATION COMMITTEE MEETING
CONSENT AGENDA

Course Applications

EC-1 Chapter 1 Code Administration Round Table (Northwest Ohio Building Officials
Association)
All certifications (two 1.5-hour sessions)
Code Administration course credit.
EC-2 Chapter 34 Existing Buildings Round Table (Northwest Ohio Building Officials
Association)
All certifications (two 1.5-hour sessions)
Existing Building course credit.
EC-3 Code Consistency Round Table (Northwest Ohio Building Officials Association)
All certifications (twelve one-hour sessions)
EC-4 Ohio Portable Fire Extinguishers (Fire Tech Productions)
All certifications (6.5 hours)
EC-5 Understanding the National Electric Code Based on the 2017 NEC (Master Electrical
Contractors Association)
All certifications (5 hours)
EC-6 Carbon Monoxide Alarm and Detection Requirements IBC/NFPA 720 (Fire Code
Academy)
All certifications (1 hour)
EC-7 Emergency Responder Communication Enhancement Systems and the UL Certification
Program (Fire Code Academy)
All certifications (1 hour)
EC-8 Fire Sprinkler Considerations for Tall Clear-Height Warehousing (Fire Code Academy)
All certifications (1 hour)
EC-9 Past, Current, and Future of the Alarm Transmission Ecosystem (Fire Code Academy)
All certifications (1 hour)
EC-10 The Five Specialty Sprinkler Types and Design Approaches (Fire Code Academy)
All certifications (1 hour)
614-644-2613
Ohio Board of Building Standards Timothy Galvin, Chairman Fax 614 -644-3147

6606 Tussing Road

TTY/TDD 800-750-0750

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




File Attachments for ltem:

ER-1 Conduit and Box Fill Calculations Based on the 2020 NEC (Master Electrical Contractors
Association)

All certifications (5 hours)
Staff Notes: Recommend approval
ESIAC Recommendations: No consensus reached, Dewayne Jenkins abstaining.

Committee Recommendation:
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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

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




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




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.




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)




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.

20

Copyright



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.




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.




&N

Standard receptacie

Desgnated by an
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Isolsted (insulated)
Rround receptacie




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.







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.



Pull and Junction Boxes - 4 AWG and Larger
Section 314.28(A)

Straight Pulls

U Pulls

56

COPYRIGHT 2008  Mice Hot Evempdass, Ing 2008 NEC



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




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.




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.




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)




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




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). =




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 o




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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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
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Title of approved courses
BBS approval #
BBS approved certifications
Date of the continuing education program
Number of approved credit hours awarded, and
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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 800-750-07 405
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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 applicati