Board of Building Standards

ELECTRICAL SAFETY INSPECTOR ADVISORY COMMITTEE
REQUEST FOR RECOMMENDATIONS

DATE: AUGUST 19, 2022
TIME: 10:00 AM
LOCATION: NO MEETING THIS MONTH

Personnel Certification Applications
P-1 Furry, Mark ESI
Certification ID# 8882
Current certifications- none, holds Electrical Contractor License

P-2 Hare, Bruce ESI
Certification ID# 8891
Current certification- none, holds Electrical Contractor license.

P-3 Heard, Michael Bl, ESI
Certification 1D# 8901
Current certifications- none, OCILB Electrical Contractor.
Staff notes-Recommend approval for ESI, have requested additional information on Bl to
separate commercial structural projects 8/11/22
Committee recommendations-

P-4 McClary, Jerry ESI
Certification ID# 8888
Current certifications- None

P-5 Sanders, Cecil ESI
Certification ID# 8880
Current certifications- none

P-6 Scott, Jeremy B, ESI
Certification ID# 8900
Current certifications- none

P-7 Wakefield, Alex ESI
Certifications ID# 8905
Current certifications- None, Journeyman IBEW 25 years

P-8 Wilson, Aaron ESI, RBI
Certification ID# 8904
Current certifications- none

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




P-9 Young, Trenden - ESI
Cert ID: 8879
Current Certifications: None
Staff Notes: Received in June after ESIAC meeting: please review electrical experience.
ESIAC Recommendations:
Committee Recommendation:

Continuing Education Applications for Review
ER-1 2020 NEC Calculations Webinar Part 1 (Matthews Electrical Services)
BO, MPE, EPE, MechPE, ESI, BI, Ml, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Recommend addition of NRIUI, recommend approval.
ESIAC Recommendation:
Committee Recommendation:

ER-2 2020 NEC Calculations Webinar Part 2 (Matthews Electrical Services)
BO, MPE, EPE, MechPE, BI, Ml, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Add NRIUI, recommend approval.
ESIAC Recommendation:
Committee Recommendation:

ER-3 2020 NEC Hazardous Locations Webinar (Matthews Electrical Services)
Bl, MPE, EPE, MechPE, ESI, BI, MI, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Add NRIUI, recommend approval.
ESIAC Recommendation:
Committee Recommendation:

ER-4 2020 NEC Overview Webinar (Matthews Electrical Services)
BO, MPE, EPE, MechPE, ESI, BI, MIl, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Add NRIUI, recommend approval.
ESIAC Recommendation:
Committee Recommendation:

ER-5 2020 NEC Review (International Association of Electrical Inspectors)
All certifications except plumbing and U (30 hours in four 7.5-hour sessions)
Staff Notes: Add NRIUI, RIUI, recommend approval.
ESIAC Recommendation:
Committee Recommendation:

ER-6 Electrical Safety Webinar Based on 2020 NEC and NFPA 70E (Matthews Electrical
Services)
BO, MPE, EPE, MechPE, ESI, BI, MI, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Add NRIUI, recommend approval.
ESIAC Recommendation:
Committee Recommendation:

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




File Attachments for ltem:

P-1 Furry, Mark ESI
Certification ID# 8882

Current certifications- none, holds Electrical Contractor License




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

AorrY A RK

Last Name First Name BBS Certification 1D

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

|:| Building Official D Master Plans [:' Building M Electrical Safety D Fire Protection
Examiner Inspector Inspector Inspector
|:| Building Plans D Plumking Plans D Mechanical |:| Electrical Plans |:| Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
D Plumbing D Mechanical D Non-Residential
Inspector Inspector Industrial Unit
Inspector

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

Description Certificate Number Date Received
Architectural Registration

P.E. Registration

Res Non-Res
O [0  [Building Official Certification S
1 O Plans Examiner Certification
[l [J |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 i

¥ otso ELecirient, CuwTRACTORS Liea/SE  FL ”4&333 35/ 11

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




Board of Building Standards

[TRRY

Last Name

rr K

SECTION 3. EMPLOYMENT/EDUCATION

First Name

Application for Interim Certification, Building Department Personnel

BBS Certification 1D

Formal Education

Date Graduated

(-4 §

(-4

/1982

Qo0 [ERRY STREET, FuvayRs , oM 44gre

Related Vocational or Technical Training

Years' Experience

lalom CRREER v TEcH SenrErR

15 Yr.

27 RYaN Kb ., SHEARY, ai 0 44275

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

Years' Experience

N/A

Place of Employment;

Years' Employed

oNE - wRY F2ELTRYL L. (MY BUSINESS)
YO SHELAW 00 IR EAST MEWARK o Ypass

L/tT - PRESENT

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

ASSE standard 6020.

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

DEPARTMENT

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




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

Forry raak
Lost Name First Name BBS Certification iD

SECTION 6: ELECTRICAL SAFETY INSPECTOR {ESI) - SPECIFIC EXPERIENCE QUALIFICATIONS
Applicants for Electrical Safety Inspector Only Must Complete This Item
Section 3783 of the Ohio Revised Code specifies that an applicant for a Certificate of
Competency as an Electrical Safety Inspector must meet on of the following to qualify to take
required examination. Please check the qualification that applies:

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;

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

. J Have had for four years’ experience as a building department electrical inspector trainee;
. |Z|’I'-Iave been a journeyman electrician or equivalent for six years;

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

. IE”App!icant 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 (MMAYY)
Example: Homer Steel and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Street {10 months)
Structural steel work on addition My City, OH, 45454
(419)555-1212 -
AZF NRUT1CAL WAY BeREELARE Opw | g oo AV ELECTRIC LLC PIRRCH 2022 ~ Tty
(vew Sriae & Siawis? SOTTTVE]| (5 psp Emproved) (4 meaTHs)
DESInED ELECTRICAL inYov T . Yol SHERNOOD QL IvE E
(Al PR ULD UWIJEKISEA, Piidd ALl N PRI P or LPO05S

RewTS KeQuiRED Lk LA YodT,;
ETER BoX AND EtE27R1CAL Sox. | CLUSTOMER, Loa7HCT,”
STRLLED GFCT AnD ARE AT LaSHA v Lmin Bei/rir
REAKERS FER o) & REQUIAEMEVS (4,4} Zo3 -#79F

ED CAC L LRTIONS o LoAp S

VAnTIwlS e BoX fTet CE %{)
ALTHILED THMPER- LR RECW!
7ICLE S AV GFCL THROUENOUT
yom e PER. CONE . LrEMTIIE TN S TRLED
L zﬂﬁcfﬂtar’zg_r m-)m RodoH 72

b _Ernrrsa) BY ot ELS

Total Experience on This Page {In Months):

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




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

rForry rvjne i
Last Name First Name BBS Certification 1D
List Each Construction Project AND Name of Employer, Contact, Address, Project Time: From_ To _
Specific Type of Work Performed Telephone Number (MM/YY)
72.,2%,74, TH/E M. oHo Avg FHE SHOENIX GRovP /1T - PECEAR
ColemEJS, ON 3397 SNovFFLR Ro, Catemus (Y8 e ,,,,,)2"-

GAELE “Frmity c" weLLmEs I gut | CoNTAET FRED VERYSER
or DES: . ¢

O anioc i, Gusir4f GANG PRE * (erd) STF - 5241

SERVI EE, fUNEL TASTRUNTIV /R

Azt o yaoeTS,, PERABRMEY Aes.

AL LUATINS JSR £2R0S, 010

R € QI BED Ben/ows [ Gl oSN FEk.

e Coos. Tusraesy #t LeA-

2 e Ri . [HWERED AND AANBED
/m:/é Fod AVRQ oNITS. LomP LETED

D TEET™ FRom RewbH T /W iSH .

T Zoss — ST 2015

£ ~EX DISTRIE Tion) CEwrER LusTO IR HERTING v Ceoted &
600 LeH RO, Lofurigys o G54~ LAY CREFT Ao, CocomBUS (Frrowrss)

WELE( SIAE  Raa) ANO Lavr Ao &
e OUIT SRY SKAKEL LoFT
ET Ton/c77en) Ko XES /0R cordE

WA TIOR,, ANSTRUED AARGE

TJUNE Zepsf - SEPT.

b8 Svna’s By rmokanrs GIGbS ELECTRIC, T35\ Zolk
STHTES . oHio, ZuY1rWA VIREWIA, P e ERING 77 A D, Caril .

DELAIWRLE,, ripe Y V0, wew Yok, Copps) (744 Mow™s)

RN A/SPeyanri}, miSSeoll, micHi16ad| £ EELECTRIC (owwed PA
(b7 REY ELEOTRIC pb0 AEW | sy RetoKd ST, OVELIN, 04
RC. RobFTTP 7S, SETNEL
OIS AN BETS FAL ERcH ol

L E O MWATEY aidit)s 76 RN fFhCH

Liwn 7, BLTAULED (/7R EToRS | KE - .

s T ol
ok KED CowOVr p e ,-gprfq-f IS 204y

VA RiolS LoCATIon)S A OHI10

Ty TRULED DED 1057ED BECTRIC
o k. AAVELS | LD PV C Corld 047,
Puceed THAN ks, Kan Biveds
S o PAN OV SE Pwels
ows CaLLcnTion's 78 Sv kT
ooz, PanEL, Llnur/ DAV Cs VD
EQUIfo BordV6 .

Total Experience on This Page {In Months):

¥ 7 00 Horo AN o#0 fFrecTRIeRl LicavsE ( EL¥HE3T3 ) SweE 2ot (SEE ARITACHED Co AY)
ELECTRIC. 1% THE [782) SWECE Zoo3F. I STRTED C AN/

GPLRENTIOE AV Now I 4] AN ELSLIRICA K. on/ TRACTOR . T //40’: iﬂg:; 22 S"‘-"Ms
(228 Mon/THS) DINE FLELTRIC, ;N ALl RESI10BVIA L AN (b iy M ERE] S

T HRHE Qor/'E 7T® AANY DosrsTRYET?N \TPES T8 LsSTo

K T HAVE BEEn Do

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



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

Fonry NARK
Last Name First Name BBS Certification ID

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

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

SECTION 9: CERTIFICATION

1 centify the information contained in this application is trie and complete, and | understand that providing false information
may be grounds for not granting certification or for immediate termination of ceriification at any point in the future, if granted.
f authorize the investigation of alf statements contained herein and release all parfies from all fiability for any damage that

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

Signature of Applicant: W 7" %"ﬁ

Subscribed and duly sworn before me according to law, by the bove nam¥d applicant this

day’7’] of Jove inthe year 2022. at L\( \L\ , founty of
{ §X W and State of @7

DANELLE GRaves Notary Publi¢’

Notary Public
state of Ohio
My Comm. Expires
May 20, 2025

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




Department
of Commerce

Diviston of Industrisl Compliance
Ohio Constructions Industry
Licensing Board O.CALE

MARK A FURRY

Mike DeWine

Shervl Maxfield
:-M-ik; DeWine - Shervi Maxfield !
; Govemor Electricat Director |
1 CONTRACTOR'S LICENSE :

I r

h I
: Ohio License # 46333 Expiration liate: 03/15/2023
: MARK A FURRY !
1 ONE WAY ELECTRIC LLC )
: OWNER .
b ol /gu YN T A%y :
W William Koester 1
! E apl ;\ : Rofs e : Administrative Chatperson |

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

Mike DeWine

e il = b - ol

LICENSE MUST BE POSIED ON JOB SITE,

Governor

Electrical
CONTRACTOR’S LICENSE

MARK A FURRY
ONE WAY ELECTRIC LLC

OWNER

) Ohio License# - 46333

Expiration Date: ‘March 15, 2023

Cant Koo

DIC 3530

Carol A. Ross
Board Secretal

Rev 32020

Sheryl Maxfield
Director

=y

Ad1S0d 19 1SNIN ASNHOI'T

”:i"fr?’”a’t‘"ir‘ 0]

b)pllnin Xeads

William Koester
Administrative Chairperson




File Attachments for ltem:

P-2 Hare, Bruce ESI
Certification ID# 8891

Current certification- none, holds Electrical Contractor license.

10




Board of Bullding Standards Application for

Hare fA ruef~

Interim Ceitification, Building Department Persannel

Last Name First Nam&‘l

BBS Certification 1D

SECTION 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

' [J Res. Building Officiai | [ JRes. Plans Examiner

l)( R s E 5 ] l D Res. Industrial Unit Inspector l lj Res. Mechanical Inspector
SECTION 2: LiST ANY OHIO LICENSE, CERTIFICATE, OR REGISTRATION HELD
(Mark “T" If Trainee)
Description '

Gortificate Number | Dats Recsived

| Archlteclural Registration |

B SIS

' PE. Registration 1

=]

| Building | Plans Examiner Centification

Res Non-Res | l - - |
O 1 | Building Official Certification |

o | a * Plans Examiner Certification ; R

O D Building Inspector Certification i

[:] [ Mechamcal Inspector Certification I i a

Mechanical Plans Exammer Certifcation

Fire Protect:on Plans Examlner Ceruf cation
Eleclncal Plans Exammer Ce_mﬁc_ahon

Plumblng Plans Exammer Cemfi:ahon

Fire Protechon_inspector Certification

e e e e e e i e ke

| Electrical Safety Inspector Certification
Plumbing Inspector Certification

Fire Safety Inspector Cerm‘ catlon

Fire Protectlon System Domgnor Corin?”c:_lil-c;n

I\_/_!edlcal Gas Plplng Inspector Certification

Section 3: Employmanb‘EducatIon
|r . Formal Education
| ~ Muskingum Univesity
: _ __Ohio University- MFA

| ' b. Related Vocatlonal or ‘Technical Training

=
|

Date Gradualed
1978

1980
_{ears EXperlonce: e

i--c' U.S. Military construction experience (MOS or other designation):

Years' Experience

i_ d. Place of Em.plo.ymenl:
' Hare Electric, Inc.

Ohio Board of Building Standards 47112019

Years' Employed
30

L et T

Form No, 152

| SO

11




Board of Bullding Standards

Hare
Last Name

SECTION 5 CONT.: EXPERIENCE
List Each Construction Project AND

i‘
Speclfic Type of Work Performad L
State of Ohio Electrician |
License #19775 I
|
Worked as an electrician,
owner and supervisor of
employees from Jan 1, 1996
until present.

Application for Interim Certification, Building Department Personnel

__Bruce
First Name

Name c.af.Empl-c.:yor. Conla.cli Add.r.eas..
Teleppong _Number

BBS Certification 1D

Pro]e.cl Time: Fr&m_,_ .'I:o- )

v

et

Hare Electric, Inc-4180
Wooster Road, Rocky River,
Ohio 44116- P# 440-570-0950

Ohio Board of Bulding Standards

Total Exparience on This Pagé' {In Montﬁ's_)':'

4172019

{

|
|
|

312 Months

312

Form No 152

12




Board of Building Standards
Hare

Last Name

SECTION 5 CONT.: EXPERIENCE

List Each Construction Project AND
Spaecific Type of Work Performed

Application for Interim Certification, Buitding Department Personno!

Bruce

First Name

BBS Cettification 1D

Name of Employer, Conlact, Address,
Telophone Number

Project Timo: From_ To
{MMWYY)

Uhio Board of Bulding Standaitds

Total Experiance on This Page (In Months):

iighln

Form Nao, 152

13




Board of Bui!ding Standards Application for Internim Certification, Building Depaitment Personnel

Hare Bruce
Last Name First Name BBS Certification 1D

SECTION 8: PERSONAL HISTORY
1. Have you ever been convicted of any fefony, or any crime involving moral turpitude? [J Yes [ No
2. If you answered “Yes” please explain below:
3. Have you served In the U.S. armed services? {If No, skip question 3) Ll Yes K] No

4. If YES, were you discharged under honorable conditions? CJYes [ No
if you answered “No" please explain below;

SECTION 7: CERTIFICATION

I certify the information contained in his application is true and complele, and | understand that providing false inforrnation
may be grounds for not granting centification or for immediate termination of cerification at any point in the future, if granted. |
authorize the investigation of all statements contained herein and refease all parties from all liabiiity for any damage that may

result from furnishing the same to Ohio Board of Building Standards. Falsification is a violation of section 2921.13

of the Ohio Revised Code and is punishable as a misdemeanor of the ﬁrs%?e;.\/‘/
Signature of Applicant: /5———5 -

Subscrib?d and duly sworn before me according to law, by the above named applicant this day 5(9\

of .\IM z in the year 20 gg'lat ]Q{)[‘/{‘(‘/ KIV/U” , County of GUYQO/U% and
State of 0 {0 .

P«?‘“\\:p"o( Notary Public: /]/n/lmf)p[ % . llfvﬂ\lq?}'
R & ’ > ANNABEL M LOPEZ = i v

S| e i Notary Public, State of Chio
KR 3 3 My Comm. Expires 02/01/2025

Ohio Board of Bulding Standards 4112019 Form No. 152
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Department

of Commerce Mike DeWine
Sheryl Maxfield
Dwision of Industost Campliance
Ohio Constructions Industry
Licensing Booed 0Q.CIALB
[ e = s = = = e o
Mike DeWine ! Shervl Maxfield !
Governor Electrical Director

CONTRACTOR'S LICENSE

HARE. BRUCE

l .
[ |
; l
: Ohio License # 19778 Expiration Date: 03/31/2025 |

1
: BRUCE HARE !
! HARE ELECTRIC INC :
i OWNER 1
' Lt letlamm Roedts J
I Carol A. Ross William Koester I
I

Board Secretary Administrative Chairperson |

This is YOUR license. Plan Approvals obtained with YOUR
license and pc postmg of YOUR license indicates that YOU and
YOUR liability insurance are assuming all respon5|blllty for
any projects performed under this license.

Mike DeWine Sheryl Maxfield
Governor Director

Electrical

CONTRACTOR’S LICENSE

BRUCE HARE
HARE ELECTRIC INC

LIS 9Of NO QALSOd 49 ISNIN ASNIDIT

OWNER
Ohio License# 19775

Expiration Date: March 31, 2025

@0/& bl Reuts

Carol A. Ross William Koester
Board Secreta Administrative Chairperson

LICENSE MUST BE POSTED ON JOB SITE

DIC 3530 Rev 372020



File Attachments for ltem:

P-3 Heard, Michael BI, ESI
Certification ID# 8901
Current certifications- none, OCILB Electrical Contractor.

Staff notes-Recommend approval for ESI, have requested additional information on Bl to
separate commercial structural projects 8/11/22

Committee recommendations-

16




Board of Building Standards

_/747%0(

Last Name

First Name

SecTion 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

Ml‘c,(!\ﬁb(

BBS Certification 1D

[ Building Official |[_] Master Plans |} Building D4 Electrical Safety |[_] Fire Protection
Examiner Inspector Inspector Inspector
|:| Building Plans D Plumbing Plans Mechanical I:] Elsctrical Pians Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
D Plumbing E_] Mechanical D Non-Residential
inspector Inspector Industrial Unit
Inspector

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

(Mark “T" If Trainee)

Description

Certificate Number

Date Received

Architectural Registration

P.E. Registration

Res Non-Res

OJ [0 |Building Officiat Certification

O [l IPlans Examiner Certification

W [} [Building Inspector Certification

O [0  [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

17




Board of Suilding Standards

Application for Interim Certification, Building Department Personnet

Heaed Medaac(
Last Name First Name BBS Certification ID
SECTION 3: EMPLOYMENT/EDUCATION
Formal Education . . 2023 (Cectilionte Date Graduated
CS T (4 '/ / X O

Related Vocational or Technical Training

Drice. A ~;{PA(

Years' Experience

Wenomna Aighs Vocatiowal Tech

3\,:;3

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

Years' Experience

3}1/;5

AS Arou\)(

Place of Employment:

Years' Employed

Heacd Electeie LLC

.,._,2 6\(11"}

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

ASSE standard 6020.

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

DEPARTMENT

BBS Certified Building
Department

BBS Certified
Position/Title

Duties

] Date of Service,
Length of Time
(MMIDI_.'._)IYY)

18




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

Heacd Mechae(

Last Name First Name BBS Certification 1D

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

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

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

. [1Have been a journeyman electrician or equivalent for four years and have had three years’
experience as a building department electrical inspector trainee;

. 1 Have had for four years’ experience as a buitding department electrical inspector trainee;
. B4 Have been a journeyman electrician or equivalent for six years;

.8 Am a graduate electrical engineer and registered in the State of Ohio.
Registration number: 2270 0

. [L] 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 ceriified inspectors, employers, or contractors verifying your experience.
Submit copies of any certificates, diplomas, or licenses. Remove all personal information.
SECTION 7 CONT.: EXPERIENCE

(419)555-1212

i:;)tal Experlence on This Page I(In Months):

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

19




Board of Building Standards
/‘/E?} ol

Last Name

First Name

Application for Interim Certification, Building Department Personnel

Michae (

BBS Certification 10

List Each Construction Project AND
Specific Type of Work Performed

Name of Employer, Contact, Address,

Project Time: From_ To _

Actiacity. VArieus Hoeswg
Pru&c:cj:';

City of CacTer, OH
Houwsivg e torme
Devetsprredt”

p(o:;m-k
Resident a(

COMM erciAl
L widengdr 2a (

Telephone Number (MMIYY)
/:/;m.‘(?/be Nac Stoces Me. Tack ZaKue /99 9-Jeos
Canou Negro Oldhmers CaTeay Nexo Oldhimers Loadd_ 900 -3a03

STack Metcopot hud Fhssl g0, (o Tarronce (999 -pMow

LA red

ConiTon Ca-l»?r B ld:.glkf,f_

2000~ N Wf
PﬂSﬁ' ﬁn‘(

Total Experience on This Page (In Months):

¢

20




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

/‘L/Eﬁro( Mochae(

Last Name First Name BBS Certification 1D

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

DYes@{o

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

If you answered “No” please explain below:

SECTION 9: CERTIFICATION

f certify the information contained in this application is true and complete, and | understand that providing false information
may be grounds for not granting certification or for immediate termination of certification at any point in the future, if granted.
I authorize the investigation of all stalements contained herein and release all paries 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 degme.\

Signature of Applicant: %A‘.?% Afﬁ—\_

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

day Iﬂ'\ of U in the year 20& a( :ﬁ ﬂu , Gounty of
trar” l—i and’State of L

Notary Public:
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Licensing Board O.CIL.8.

Mike DeWine Shervl Maxfield
b Govertior Electrical Direcior

CONTRACTOR'S LIGENSE

HEARD, MICHAEL W

Ohio License # 22700 Expiration Date: 03/31/2025

HEARD ELECTRIC LL.C
OWNER

|
|
I
]
1
1
H
I
1
1
i

el Reudt

e e . ;
=i, T . William Koester

b Carol A. Ross iy AT !
Admnistrative Chairperson |

) Board Secretary b e i

______________________________

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

Cant' M)

I
1
I
i
I
|
1
MICHAEL W HEARD !
]
[
[
E

Mike DeWine Sheryl Maxfield
Governor Director

b5

ALASNHDIT

TSn¥

Electrical

S el IR 1 el

P o AT

CONTRACTOR’S LICENSE
MICHAEL W HEARD
HEARD/ELECTRIC LLC

D.ON JOB SITE,

s 4
T

gia1sod 19

Y

OWNER
Ohio License# 22700

i

ALIS 90f NO

Expiration Date: ' March 31, 2025

=
O

2
=
=)
2

=)

=
B
2
7
o]
O
e

L
e L Bl U e

l)tlam RoeadhS

Carol A, Ross William Koester
Board Secreta Administrative Chairperson

§

DIC 3530 Rev 372020
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Bureau of Workers' 30 W. Spring St.
Compensation Columbus, OH 43215

Certificate of Ohio Workers' Compensation

This cerlifies that the employer listed below participates in the Ohio State Insurance Fund as required by law.
Therefore, the employer is entitled to the rights and benefits of the fund for the period specified. This certificate
is only valid if premiums and assessments, inciuding instaliments, are paid by the applicable due date. To
verify coverage, visit www.bwc.ohio.gov, or call 1-800-644-6292.

Ohio

This certificate must be conspicuously posted.

Pclicy number and employer Period Specified Below
01297719 07/01/2022 to 07/01/2023
HEARD ELECTRIC LLC w9y

I www. bwe.ohio.gov
Issued by: BWC

Sphance W lloel

Administrator/CEQ

You can reproduce this cerificate as needed.
g D "o o iy #

< i Bl T

Ohio Bureau of Workers' Compensation

Required Posting

Section 4123.54 of the Ohio Revised Code requires notice of
rebuttable presumption. Rebuttable presumption means an
employee may dispute or prove untrue the presumption (or
belief) that alcohol, marihuana or a controlled substance not
prescribed by the employee's physician is the proximate cause
(main reason) of the work-related injury.

The burden of proof is on the employee to prove the presence of
alcohol, marihuana or a controlled substance was not the
proximate cause of the work-related injury. An employee who
tests positive or refuses to submit to chemical testing may be
disqualified for compensation and benefits under the Workers’
Compensation Act.

Oh 2 Bureau of Workers’
10 | Compensation

You must post this language wvith the Certificate of Ohio Workers' Compensation
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ACORD"
L

CERTIFICATE OF LIABILITY INSURANCE

DATE (MDD YYY)
06/01/2022

REPRESENTATIVE OR PRODUCER, AND THE CERTIFICATE HOLDER.

THIS CERTIFICATE IS ISSUED AS A MATTER OF INFORMATION ONLY AND CONFERS NO RIGHTS UPON THE CERTIFICATE HOLDER, THIS
CERTIFICATE DOES NOT AFFIRMATIVELY OR NEGATIVELY AMEND, EXTEND OR ALTER THE COVERAGE AFFORDED BY THE POLICIES
BELOW. THIS CERMIFICATE OF INSURANCE DOES NOT CONSTITUTE A CONTRACT BETWEEN THE ISSUING INSURER(S), AUTHORIZED

certificate holder in Heu of such endorsement(s).

IMPORTANT: Hf tha cortificate holdor Is an ADDITIONAL INSURED, the policy(ies) snust be ondorsad, If SUBROGATION IS WAIVED, subject to
the terms and conditions of the policy, certaln policles may require an endorsement. A statement on this cortificate does not confer rights to the

PRODUCER 330-492-2300 ol
Stark insurance Agency J’ég‘l:ﬁ.msso-txgz-zaoo TR o
4125 Martindale Rd NE | AopmEss:
|Canton, OH 44705 INSURER(S) AFFORDING COVERAGE NAIC #
maurer A: Wayne Mutual
MSURED | MsuRERS :
Heard Electric LLC | INSURERC :
INSURER D :
INSBURERE :
L INSURER F :
COVERES CERTIFICATE NUMBER: REVISION NUMBER:

THIS IS TO CERTIFY THAT THE POLICIES OF INSURANCE LISTED BELOW HAVE BEEN ISSUED TO THE INSURED NAMED ABOVE FOR THE POLICY PERICD
INDICATED. NOTWITHSTANDING ANY REQUIREMENT, TERM OR CONDITION OF ANY CONTRACT OR OTHER DOCUMENT WITH RESPECT TO WHICH THIS
CERTIFICATE MAY BE ISSUED OR MAY PERTAIN, THE INSURANCE AFFORDED BY THE POLICIES DESCRIBED HEREIN 1S SUBJECT TO ALL THE TERMS,
EXCLUSIONS AND CONDITIONS OF SUCH POLICIES. LIMITS SHOWN MAY HAVE BEEN REDUCED BY PAID CLAIMS.

|WBR

Tvee oF nesunAnce i8] WD PoLICY KuMBeR AT | B Lawrs
| GENERAL LABILITY EACH OCCURRENGE $1,000.000
v | COMMERCIAL GENERAL LIABILITY | PREMISES {En cocurence) | 3
| cLamsmane OCOUR MED £xP (Any one person) | $5,000
| ACP0304004 11/30/2021 | 11/30/2022 PERSONAL & ADViNJURY | $1.000.000
]| GENERAL AGGREGATE 32,000,000
GEN'L AGGREGATE LIMIT APPLIES PER; PRODUCTS - coMp/op AGs | $2,000,000
pocy| | BE% Lac 3
AUTOMOBILE LIABLITY COMBINED SINGLE LiIT s
|| anvauto BOOLY (NJURY (Por parson) | 5
ALL OWNED SCHEDULED ;
] AuTOS D m’.ﬁv WWW;EMM -
|| HIRED AUTOS AUTOS | (Pes setidoct) d
3
| Juweretams | | ocoun EACH OCCURRENCE $
EXCESS LIAB CLAIMS-MADE AGGREGATE 3
DED | [ revesmions $
WORKERS COMPENSATION BTATU- oTH-
AND EMPLOYERS® LIABN ITY VIIN ER
ANY ARTH VE EL. EACH ACCIDENT $
R EXCLUDED? D NiA
{Mandstory in NH) .. DISEASE - EA EMPLOYVEE, §
describe under
SCRIPTION OF OPERATIONS below E.L. DISEASE - POLICY LIMIY | §

DESCRIPTION OF OPERATIONS / LOCATIONS | VEHICLES [Attach ACORD 101, Additions! Remarks Schedule, if more space (s required)

CERTIFICATE HOLDER

CANCELLATION

ity of Canton

SHOULD ANY OF THE ABOVE DESCRIBED POLICIES BE CANCELLED BEFORE
THE EXPIRATION DATE THEREOF, NOTICE WILL BE DEUVERED N
ACCORDANCE WITH THE POLICY PROVISIONS.

AUTHORIZED REPRESENTATIVE !: ""!M:/

© 1988-2010 ACORD CORPORATION. All rights reserved.
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STARK COUNTY BUILDING DEPARTMENT
7235 Whipple Ave NW Suite A
NORTH CANTON, OH 44720

Ohio Board of Building Standards
6606 Tussing Rd
Reynoldsburg, Ohio 43068

RE: Michael Heard
Building and Electrical inspector application

Dear Sirs and Madams;
It is my pleasure to recommend Michael Heard applicate for Building and Electrical
inspector certification process. As a registered electrical contractor (in Stark

County) and building contractor our inspectors and myself have great confidence
in his abilities. You may contact me at any time for any questions or concerns.

Respectfully submitted,

Angela Cavanaugh, RA, Master Plans Examiner;
Chief Building Official Stark County

Phone # 330-451-1793 ajcavanaugh@starkcountyohio.gov
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June 06, 2022

Ohio Board of Building Standards
6606 Tussing Road
Reynoldsburg, Ohio 43068-9009

Re: Michael W. Heard

To: Electrical Safety Inspector Advisory Committee

Michael Heard has been a State of Ohio, Licensed Electrical Contractor; (OCILB) for
over twenty years. | have inspected his electrical installations for numerous years and found
them to in compliance with the National Electrical Code. He has a good working knowledge
and understanding of the NEC requirements. | believe he would be an asset to the industry
as an Electrical Safety Inspector. | recommend he should be approved to sit for the
Electrical Safety Inspector exam, in Ohio.

Sincerely,

Tl tahols

John M. Labriola, Principal
Training Agency #191
BBS Personnel ID# 815




6/24/2022

To whom it may concern,

I've known Michael Heatd for 15 plus years from our respective professions. He has been a consummate
professional in all my dealings with him. He brings an amiable personality and great knowledge to his peers and
customers alike. I would strongly recommend him to anyone that may need his services done.

Rick Hoffman (234) 207-6598
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www.talSl.com

Certificate of Completion
O.C.I.LL.B. Approved Course

awarded to:

Michael W. Heard
Ohio License # EL.22700

2020 “Proposed” National Electrical

Code Changes & Updates
Date: Saturday; February 26, 2022 JohnwM. Labriola
Course #1910054 John M. Labriola (Instructor)

8 Hours Training Agency #191




File Attachments for ltem:

P-4 McClary, Jerry ESI
Certification ID# 8888

Current certifications- None
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Board of Building Standards

MeClaey

Last Name

e

Jersy

First Name

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED.

Application for Interim Certification, Building Department Personnel

88S Certification I1D

[] Building Official |[_] Master Plans  |[_] Building [#Eiectrical Safety |[] Fire Protection
Examiner Inspector Inspector inspector
|:| Building Plans |:| Piumbing Plans |:| Mechanical |:| Electrical Plans D Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
D Plumbing |:| Mechanical El Non-Residential
Inspector Inspector Industrial Unit
e pas Inspector

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

Description
Architectural Registration
P.E. Registration

Certificate Number Date Received

Res Non-Res
[l [0  |Building Official Certification -
O O Plans Examiner Certification
O O Building Inspector Certification
O [0  |Mechanical Inspector
Certification

Building Plans Examiner Certification
iMechanical 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 Board of Buildine Standards 4/1/2019 Form # 102



Board of Building Standards  application for Interim Certification,

Ml LA jem‘?
Last Name First Name

SECTION 3: EMPLOYMENT/EDUCATION

Building Department Personnel

BBS Cert;f_r'é:ation 1D

Formal Education

Date Graduated

JouAaTHaS AT by SCHooC

Jums | - /98¢

magiror Counwry O1hY

Related Vocational or Technical Training

Years' Experience

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

Years' Experience

Place of Employment:

Years' Employed

CASRE rsek Lusronm ELZTHL

O s

SECTION 4: APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION

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

ASSE standard 6020.

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

DEPARTMENT
BBS Certified Building BBS Certified Duties Date of Service,
Department Position/Title Length of Time
{MM/DD/YY)
31
Ohio Board of Buildine Standards 4/1/2019 Form # 102



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

Last Namecééﬂé/{ - First !\('a/me - BBS Certification ID

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

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

. [J 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;

. [1Have been a journeyman electrician or equivalent for four years and have had three years’
experience as a building department electrical inspector trainee;

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

. 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 WiITH 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 Steel and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Street {10 months)
Structural steel work on addition My City, OH, 45454

(419)555-1212

Total E-xpe;'ie;; :)n This Page (In Montl-'n-s):

32

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



Board of Building Standards

_Mcliney

Last Name

First Nam

Application for Interim Certification, Building Department Personnel

BBS Certification 1D

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_To _

Specific Type of Work Performed Telephone Number (MMYY)
Sraered APPRENTILESHY, P ELeeTe SEPrEMBE |
(IRED PR 1HOARES FO;- Durry, | Lty Cpnfet amoqrL (86

A3 O WERS, b - O wJadS
Smﬁ? aw-f e AnD REMODELS JM TS sy T 1988
=RV

ComPra~sy 1) ESD(;UC:"”

R B [HemET Fo A Rotiind
M) AT WMomES Alo~e wITW
ViAre ou S o THEL Buonldses .

QoT im0 CUSTOAA 1104ATTS PV SYAT-
WINRE D An) STT SERNES o)
AOLMER VS ALPART AT
prosgers. . _
LWAS PART 3N WG o
T Jo ChRaSS Covw 350
LMOTELS = AVBRT ArD
OUBSTANG RNVEL RDAD.
Also IRLErmedsr 9F
CORCOIRSS HOTEL AT THE

Y Pols

CEHEIRA. OO ELECTR, &
i L) © Hho
Uiz2o wWwom/ot ouvns roagiy
Rovorp CBUWvo) STovT
JAMES 12 vofi=

e Tl o
S o ey e S LUED

may 18 1468
peaiL 19,1949

SufERvSae FOR OREWS
PLa> ™Megorss

QuoTWe 07 Yo 3s
OCCAS for/At. tIRME OF
[HousSE oR VArRDVS PRafecTs

MARE TN CuSToA ELseTRIe
MiIcE MAARTIN
ComPary DeESot vED

OWNER BE CoPavy, .
LIRWG OF TRAcK A0
CrosSTOM Homes FOr
VARV BurlDses .
ScleAc’,Lr:ﬂ.,JusTuﬁ CAGA5 7
Me IKormitic | M ABRY Comsy .
AMUCKER CDOAIST.
EA— Jottmsons BuldzErs
w,\ad& UtL‘>EfLS" (WX @UI‘L—TI
T, ComSTRYeTOLS, ECT- . - .
CERVITE CiHmILES, GuSenmng)
YA OO BARST
DveTED THy 10D
g%ﬁﬁ‘hwf o BuS:wgJ', BiDS
e OF PROSECTS
BALISE , SCHEOULIVEG &

CASTLE Roc (oSrera
TUECTR '
3*5@241 mt(’,(,4447
r 2520 SToRrRM T RoAP
WEST AASSFIE) OO
YI3Sw
37 -302-0N3T

AR 28 1999
;/I/m-7 2-2o0z22

ynAq 22 - Zaaf
PESEAMT

Total Experience on This Page {In Months):

I MmomTHS

Ohio Board of Buildine Standards

4/1/2019

35" yEMS 8 MorTHS
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Board of Building Standards
/e Mﬂzf
e

Last Name

SECTION 8: PERSONAL HISTORY

Application for Interim Certification, Building Department Personnel

Jer

First Name

8BS Certification 1D

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

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

If you answered “No” please explain below:

OYes Iﬂ{o

[(JYes IEI/N:

O Yes [ No

= =

e———

SECTION 9: CERTIFICATION

1 cerlify the information contained in this application is true and complete, and | understand that providing false information

may be grounds for not granting ceriification or for immediate terrnination of certification at any point in the future, if granted.

! authorize the investigation of all statements contained herein and release all parties from all liability for any damage that

may result from fumishing the same fo Ohio Board of Building Standards.
2921.13 of the Ohio Revised Code and is punishable as a misdemea

Signature of Applicants

Falsification is a violation of section

t degree.

Subscribed and duly sworn before me according to law, %he above named applicant this

day 30 of JUNL  inthe year 2022 at
Unien and State of IAUD

[5%’\ l'gl Q%Bﬁl County of
' Lt divq e mft—}

Wi, Nota PUb'IC\-dH el
\é\\\\ :‘“‘:ﬁ ‘AL””,’I,, ry — -
E.-',-’é
4 J25 Nolay Pl Steo Ol _
2 O -
';,'A R A L]
"’177' C\)\@\

e &
fm“ ) lf":'ﬁ“\\

Ohio Board of Buildine Standards

4/1/2019

Form # 102
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File Attachments for ltem:

P-5 Sanders, Cecil ESI
Certification ID# 8880

Current certifications- none
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Board of Building Standards

Qindder <

Last Name

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnet

Cocerl

First Name BB8S Certification {D

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

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

(Mark “T" If Trainee)

Description

Certificate Number

Date Received

Architectural Registration

P.E. Registration

Res Mon-Res

O [(J [Building Official Certification

[} O Plans Examiner Certification

O [  |Buitding Inspector Certification

] (0 |Mechanical Inspector
Certification

Building Plans Examiner Certification

Meachanical Pians 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 Cerification

Ohio Board of Building Standards

4/1/2019

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

~ Senders Coey |

Last Name First Name BBS Certification ID

SECTION 3: EMPLOYMENT/EDUCATION

iFormal Education Date Graduated
WHQHI]Q(Q NS + Miami \/a“ag NETAN (9877
Related Vocational or Technical Training Years' Experience
Fo ‘ ¢ chm Assoc . oy,
a Fi¢ : { 4 Ha fon
U.S. Military construction experience (MOS or other designation): Years' Experience
Place of Employment: Years’ Employed
Universad £RCOATIC /99Y - Fusent
Evans_Zlectric /992-199C /.5 yis

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 Certifled Building BBS Certifled Dutles Date of Service,
Department Position/Title Length of Time
(MM/DD/YY)

Ohio Board of Building Standards 4/1/2019 Form # 102
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Boaid of Building Standards Applicatcion for Interim Certification, Building Department Personne!

Last Name First Name B8S Certification ID

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

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

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

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

. [J Have had for four years’ experience as a building department electrical inspector trainee;
ave been a joumeyman electrician or equivalent for six years;
.0 Am a graduate electrical engineer and registered in the State of Ohio.

Registration number:
§ ﬁzﬁplicam 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 _
Speclfic Type of Work Performed Telephane Number (MM/YY)
Example: Homer Steel and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Street (10 months)
Structural steel work on addition My City, OH, 45454
(419)555-1212
Stene 75/ Daiton Urivorsal Elgd‘ric/ June 0(0-
Remod el cidd Stoc n&pa| 107 N Main S Jan. 20
O'( -cu(,‘; ‘H":) ((FL‘H\LG«J ,Uh-oh, Od AHA35322 ZgMCm-H‘IS
ystms and game (G27) $36- 7252
aktrachon s,
— pro\}t k Manager oun ol
nstall
Total Experience on This Page (In Months): a? O

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

Sa_nder‘j

Last Name

Ca(‘)l

First Name

Application for interim Certification, Building Department Personnel

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)

“Thaler Madnine Co
Springbofo, O
@i oF new bwlda
‘mduoh\r\% 2000 Amp electrica)
Suice , machine wiring,

“Puss Ofwﬁ‘, I‘.9h—lin5,4 tic .
- Design, Drth ot Managee +

“Universat Elecdric
107 N. Main St.

WUnion, OH 45322
Q37 830 725X

oluly o020 -
Fop Qoa
( 7 mon-Hns)

nghall
(Y\i(lm-‘ \/m(\% QM‘.‘K&G]&% SQP[; Yo -
I§D ;loannem o Univecsal Electric Feb QoIS
Wytorn , 0 (6 o
= Remodel of Cxishng bld’S, )
Tnstall naw electr i al
Service , wiring of o fice
Pt tind machine
lA)N"mq
- Pfq‘)td’ WManager v inshll
Dack Stac Marb s trande
Doyon 04 (hni (acsad Elecheic Jon., 019 -
- Remode | 0f R()“Eh;-&blds- fY\(Juﬁ 2019
' 2w electai ) ,
‘Sni?(?\\(\(r,\u‘ﬁﬁi o Fotbrce (S mo)
FPace + maching WrIAG
- p{"\.ﬂld‘ Mano.ger +inskal)
LiHle Lok Mediical
DM’}‘O\'\ ’OM (un'lwlﬂf‘f;cx.l th’("}‘h(, \Li% FOOS ~
- New e (hnicd Seclice i Ton 2006
Lor potient cooms t ofawS (7 o)
- Projed Managed and Inslall
X_ Total Experience on This Page (In Months): 0?5 mo

?\-\V\O\.mj mov ¢, P(OJLdS LHom (G946 - Prisen+ not hisred auant able

Wpon request,

Ohio Board of Building Standards

4/1/2019

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

Sanders (ecil

Last Name First Name BBS Certification 1D

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

(dYes g’No

If you answered “Yes” please explain below:
2. Have you served in the U.S. armed services? (If No, skip question 3) (O Yes XNO
3. If YES, were you discharged under honorable conditions? 1 Yes Q No

If you answered “No” please explain below:

SECTION 9: CERTIFICATION

| certify the information contained in this application is frue 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.
I authorize the investigation of all statements contained herein and release all parties from alf 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: _W // §M,-490

Subsgribed and duly sworn before me according to law, by the abov%)named ap
d oA of Qig ne._inthe year 2024Lat /
5% 0

icant this

o
/1~ and State of 0

(> i "’(vt' i/
RY.P(

BARBARA BOYLE

Notary Public
State of Ohio

Commission Exp. 09/28/2025

Ohio Board of Building Standards 4/1/2019 Form # 102
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File Attachments for ltem:

P-6 Scott, Jeremy BlI, ESI
Certification ID# 8900

Current certifications- none

41




Board of Building Standards

Scoit

Last Name

Jeremy

First Name

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

BBS Certification 1D

D Building Official [_] Master Ptans E Building m Electrical Safety |:| Fire Protection
Examiner Inspector Inspector Inspector
D Building Plans D Plumbing Plans |:| Mechanical D Electrical Plans |:| Fire Protection
Examiner Examiner Plans Examiner Examiner Plans Examiner
D Plumbing |:| Mechanical D Non-Residential
Inspector Inspector Industrial Unit
Inspecter

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

a O 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 Cenrtification

Electrical Safety Inspector Certification

Plumbing Inspector Centification

Fire Safety Inspector Certification

Fire Protection System Designer Certification

Medical Gas Piping Inspector Certification

Ohio Board of Building Standards

4/1/2019

Form # 102
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Board of Building Standards

Application for Interim Certification, Building Department Personnel

Scott Jeremy

Last Name First Name 8BS Certification ID
SECTION 3: EMPLOYMENT/EDUCATION

Formal Education Date Graduated

BA-American Military University

April 2022

Related Vocational or Technical Training

Years' Experience

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

Years' Experience

Camp Commandant/Team Engineer (MOS 18C/assistant)

05/'06/09/'12/137'21

Unit Construction Supervisor (MOS 13XX)

2016-2020

Place of Employment:

Years' Employed

United States Marine Corps

20

North Ridgeville Building Department

3 Months

SECTION 4: APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION

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

ASSE standard 6020.

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

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

QOhio Board of Building Standards

4/1/2019

Form # 102
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Board of Building Standards

Application for Interim Certification, Building Department Personnel

Scott
Last Name

Jeremy
First Name

BBS Certification 1D

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:

. J 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;

. /1 Have been a journeyman electrician or equivalent for four years and have had three years’
experience as a building department electrical inspector trainee;

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

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

. O Applicant authorizes all testing organizations including iCC to provide test results to the
BBS.

in the State of Ohio.

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

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

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

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

List Each Construction Project AND Name of Employer, Contact, Address, Project Time: From_ To _

Specific Type of Work Performed Telephone Number (MM/YY)
Example: Homer Steel and Trade July 2013-May 2014
Children’'s Hospifal, Toledo 125 Anytown Street (10 months)
Structural steel work on addition My City, OH, 45454

(419)555-1212
U.S. Government Secure Office | Special Purpose MAGTF 21.1 1/21-11/21
Space on U.S. Military Base in PO Box 555320 10 Months
Kuwait Camp Pendleton, CA 92055
Commercial Construction 1siLt Michael Crookshanks
Building and Electrical as 770-354-9391
Construction Supervisor and
Journeyman Electrician equivalent
(SEE ADDITIONAL PAGES)
Total Experience on This Page (In Months): 10
44
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Board of Building Standards
Scott

Jeremy

Last Name

First Name

Application for Interim Certification, Building Department Personnel

8BS Certification 1D

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_ To _

Specific Type of Work Performed Telephone Number (MM/YY)
U.S. Government Office Space on | 5th MEB 06/16-12117
U.S. Military Base in Bahrain TF 51/5 18 Months

PCS 851 Box 320
Commercial Construction FPO, AE 09834
Building and Electrical as
Construction Supervisor and Chief Warrent Officer-3
Journeyman Electrician equivalent| Ryan Butler
315-246-3223
U.S. Government Secure Office | Marine Spectial Operations 11/12-4/13
Space and Meeting Room on U.S. | Command, 2nd MSOB 6 Months
Military Base in Herat, Afghanistan| Camp Lejuene, NC 28543
Commercial Construction Chief Warrent Officer-3
Building and Electrical as Ahern Putnam
Construction Supervisor and 910-440-7017
Journeyman Electrician equivalent
U.S. Government Secure Office | 2nd Battalion/8th Marines 4/08-11/09
Space and Meeting Room on U.S. | Secand Marine Regiment 7 Months
Military Base in Helmand, PSC Box 20103
Afghanistan Camp Lejuene, NC 28543
Commercial Construction First Sergeant
Building and Electrical as Jose Hernandez
Construction Supervisor and 910-451-5254
Journeyman Electrician equivalent
U.S. Government Moral, Welfare, | VMU-2 2/06-11/06
and Recreation Center on U.S. PSC Box 8077 9 Months
Military Base in Al Tagqadum, lraq| Cherry Point, NC 28533
Commercial Construction Sergeant Major
Building and Electrical as Michael Grey
Construction Supervisor and 252-466-7560
Journeyman Electrician equivalent
Total Experience on This Page (In Months); |18
45
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Board of Building Standards
Scott

Jeremy

Last Name

First Name

Application for Interim Certification, Building Department Personnel

BBS Certification ID

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_ To _

Specific Type of Work Performed Telephone Number (MM/YY)
U.S. Government Aviation VMU-2 2/06-11/06
Operations Center on U.S. PSC Box 8077 9 Months
Military Base in Al Taqqadum, Cherry Point, NC 28533
Iraq

Sergeant Major

Commercial Construction Michael Grey

Building and Electrical as 252-466-7560

Construction Supervisor and

Journeyman Electrician equivalent

U.S. Government Office Space on | VMU-2 2/05-11/05
U.S. Military Base in Al Tagqadum,| PSC Box 8077 9 Months
Iraq Cherry Point, NC 28533

Commercial Construction Sergeant Major

Building and Electrical as Michael Grey

Construction Supervisor and 252-466-7560

Journeyman Electrician equivalent

U.S. Government Hanger to Office | VMU-2 2/05-11/05
Space Converstion on U.S. Military| PSC Box 8077 9 Months
Base in Al Taggadum, Iraq Cherry Point, NC 28533

Commercial Construction Sergeant Major

Building and Electrical as Michael Grey

Construction Supervisor and 252-466-7560

Journeyman Electrician equivalent

Ugbah Mosqgue Foundation Scott Electricl Service 12/00-9/02
2222 Stokes Blvd 13300 Madison Ave 21 Months
Cleveland, Ohio 44106 Lakewood, Ohio 44107

Commercial Eletrical Journeyman | Dave Graham

Electrician equivalent 440-552-7571

Total Experience on This Page (In Months): |39
46
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Board of Building Standards
Scott

Jeremy

Last Name

First Name

Application for Interim Certification, Building Department Personnel

BBS Certification 1D

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_ To _

Specific Type of Work Performed Telephone Number {MM/YY)
Painesville High School Wrestling | Scott Electricl Service 4/01-9/02
Gym 13300 Madison Ave 17 Months
585 Painesville, Ohio 44077 Lakewood, Ohio 44107
Commercial Eletrical Journeyman | Dave Graham
Electrician equivalent 440-552-7571
Apartment Building Scott Electricl Service 6/99-8/01
8005 Detroit Ave 13300 Madison Ave 26 Months
Cleveland, Ohio 44102 Lakewood, Ohio 44107
Commercial Eletrical Journeyman | Dave Graham
Electrician equivalent 440-552-7571
Apartment Building Scott Electricl Service 1/98-11/00
1389 W. 64th Street 13300 Madison Ave 34 Months
Cleveland, Ohio 44102 Lakewood, Ohio 44107
Commercial Eletrical Journeyman | Dave Graham
Electrician equivalent 440-552-7571

Total Experience on This Page (In Months): |51
47
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Board of Buiiding Standards Application for Interim Certification, Building Department Personnel

Scott Jeremy
Last Name First Name BBS Certification 1D

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

dYes A No

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

If you answered “No” please explain below:

I am currently working with the City of North Ridgeville Building Department as part of the U.S. Govenment sponsored program

On arﬂ lo Opporlumty Hmng Our Hero s Corporate Fellowshlp as part of my rellrrnenl transnl on proram from actwe duty I mtend on

(=]

Departmem Aﬂachd |s a Statement of Service highlighting my approved retlrement date

SECTION 9: CERTIFICATION

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

may result from furnishing the same to Ohio Board of Building Standards, Falsification is a violation of section
2921.13 of the Ohio Revised Code and is punishable d@s a misdegmegginor of the first degree.

Signature of Applicant: L

Subscribed and duly sworn before me accordlng/( law, éy the aéove named applicant this
in the year 2023 at Ao 7h £ r%ﬁmﬁc , County of

___and State of _ _é} é; e I

Notary Public:

PATRICIA A, SIMON
NOTARY PUBLIC, STATE OF OHIO
My Commission Exoires June 19, 2027

Ohio Board of Building Standards 4/1/2019 Form # 102
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UNITED STATES MARINE CORPS
1ST INTELLIGENCE BATTALION
I MARINE EXPEDITIONARY FORCE INFORMATION GROUP
1 MARINE EXPEDITIONARY FORCE
BOX $55327
CAMP PENDLETON, CA 92055-5327

INREPLY REFER TO

1000
X0
8 Feb 22
From: Executive Officer, Counterintelligence/Human Intelligence
Company, First Intelligence Battalion
To: Whom It May Concern
Subj: STATEMENT OF SERVICE/NQTICE OF ACCEPTANCE QF RETIREMENT
AND ESTIMATED RETIREMENT PENSION PAY IN THE CASE OF
MASTER SERGEANT JEREMY M. SCOTT | VsC
1. This is to certify that Master Sergeant Scott is an Active Duty United
States Marine assigned to this command on Camp Pendleton, California. Master
Sergeant Scott has been accepted for retirement from active duty.
2. Master Sergeant Scott is retiring after 20 years, one month and 19 days.
Master Sergeant Scott's retirement pay is estimated to be [l beginning in
January 2023, Master Sergeant Scott is pending determination of disability
rating from the Veterans Affairs.

3. Certified below is additional service related information pertaining to
Master Sergeant Scott:

a. Military Status: Active

b. Citizenship: US

c. Date of Initial Entry: 11 November 2002

d. Date of Current Enlistment; 12 December 2019

e. Date Current Tour Began: 1 April 2020

f. Expiration of Active Service/Retirement: 31 December 2022

4. The point of contact is First Lieutenant Michael Crookshanks at
Michael.crookshanks@usmc.mil or Comm: (760) 725-7226.

M. P. CROOKSHANKS

49




File Attachments for ltem:

P-7 Wakefield, Alex ESI
Certifications ID# 8905

Current certifications- None, Journeyman IBEW 25 years
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Board of Building Standards

Wakefield

Alex

Last Name

First Name

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

BBS Certification 1D

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

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

{Mark “T" If Trainee)

Description

Certificate Number

Date Received

Architectural Registration

P.E. Registration

Res Non-Res

O [0 [Building Official Certification

O [(1  |Plans Examiner Certification

Ol {7 |Building Inspector Certification

O {7 |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 Cerlification

Fire Safety Inspector Certification

Fire Protection System Designer Certification

Medical Gas Piping Inspector Certification

Ohio Board of Building Standards

4/1/2019

Form # 102
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Board of Building Standards

Wakefield

Alex

Last Name

First Name

SECTION 3: EMPLOYMENT/EDUCATION

Application for Interim Certification, Building Department Personnel

B8S Certification 1D

Formal Education

Date Graduated

Glen Este High School

1978

Related Vocational or Technical Training

Years’ Experience

IBEW Electrical 4 year Apprenticeship

25 Years

Warren County Career Center HVAC

11 Years

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

Years' Experience

US Navy Electricians Mate

4

Place of Employment:

Years’ Employed

Kings l.ocal School District

11 Years

SECTION 4: APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION

Attach proof of certification by an ASSE recognized third-party certifier in accordance with
ASSE standard 6020.

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

DEPARTMENT
BBS Certified Building B8S Certified Duties Date of Service,
Department Position/Title Length of Time
(MM/DDIYY)
|
_i
52
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Board of Building Standards  application for Interim Certification, Building Department Personnel

Wakefield Alex o o o B,
Last Name First Name BBS Certification ID

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

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

. O 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;

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

. [0 Have had for four years’ experience as a building department electrical inspector trainee;
. [l 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:

. [0 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

(419)555-1212

SEE ATTACHED A member of IBEW local 212

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

Total Experience on This Page {In Months): 300 months

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

Wakefield

Last Name

First Name

Application for Interim Certification, Building Department Personnel

Alex

BBS Certification 1D

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_To _

Specific Type of Work Performed Telephone Number {(MM/YY)
Total Experience on This Page (In Months):
54
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Board of Building Standards  application for Interim Certification, Building Department Personnel
Wakefield Alex

tast Name First Name BBS Certification {D

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

O Yes [ No

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

If you answered “No" please explain below:

SECTION 9: CERTIFICATION

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

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

L]

Signature of Applicant:

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

dayo?ci of Ju]u{ in the year 2022 at ‘HlN’jsm ”S I)_LL County of

Warren and stateof Ch. @ . %
Notary Public: W\M

ALY I

II/
\\“ A (/7

...........

%, LORI KESNER
Z NOTARY PUBLIC

; SSTATEOF OHIO
S Comm. Expires
&7 X § 04-11-2026

// 4 \’* =

K ”’ﬁllﬁli:\\“\ W

Ohio Board of Building Standards 4/1/2019 Form # 102
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06/28/2022

Work History Report for:

WAKEFIELD, ALEX J
AMEMBER OF IBEW LOCAL 212

FOR WORK IN THE JURISDICTION OF IBEW LOCAL #212

STARTDATE  TERM. DATE EMPLOYER TERM. REASON DISPATCH CLASS
0773111985 02/28/1986 ARCHIABLE ELECTRIC REDUCTION IN
05/21/1986 SCHERRER ELECTRIC REDUCTION IN
041131989 05/23/1989 RIVERSIDE ELECTRIC REDUCTION (N
05/25/1989 12007/1980 LK COMSTOCK ngggTiON iN
05/28/1991 06/13/1991 GLENWOOD ELECTRIC REDUCTIONIN
0672411991 07/02/1991 DAz REDUCTION IN
07/08/1991 07/26/1991 E.S.INC. REDUCTION IN
08/05/1991 08/22/1991 KATHMAN ELECTRIC REDUCTION IN
08/26M1991 091311991 A& ZELECTRIC REDUCTION IN
10/07/1991 10M10/1991 LEGGE REDUCTION IN
10/10191 10/31/1991 NITRO REDUCTION IN
111041991 11/04/1991 ELEXINC. REQUEST _
111319 1200411991 BANTAELECTRIC REDUCTION IN
1211611991 KATHMAN ELECTRIC TURNED AROUND
12174991 01/03/1892 SNEED REDUCTION IN
01/20/1992 EMI (MIRG GROUP) ILLNESS
01/2211992 02/06/1992 WW. CLARK REDUCTION IN
02/0711992 02/07/1992 LUCE ELECTRIC REDUCTION IN
02/10/1992 0212711992 EMI (MIRG GROUP) REDUCTION IN
03/02/1992 03/2011992 QUALITY ELECTRIC REDUCTION IN
03/24/1992 03/26/1992 WW. CLARK REDUCTION IN
03/30711992 041711992 DEARBORN REDUCTION IN
047271992 05/08/1982 MAYERS ELECTRIC REDUCTION IN
042711992 ARCHIABLE ELECTRIC REFUSED CALL
05/13/119892 GLENWOOD ELECTRIC REDUCTION IN
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06/28/2022

Work History Report for: 20f3
WAKEFIELD, ALEXJ ( I
AMEMBER OF IBEW LOCAL 212
FOR WORK IN THE JURISDICTION OF IBEW LOCAL #212

STARTDATE = TERM. DATE EMPLOYER TERM. REASON DISPATCH CLASS
06/08/1992 MAYERS ELECTRIC ILLNESS

068/08/1992 WW. CLARK REFUSED CALL
06/10/1892 06/2311992 RIVERSIDE ELECTRIC B@l:l(_:TION IN
06/24/1992 WW. CLARK REFUSED CALL
06/30/1992 HIGH VOLTAGE MAINT. ILLNESS

07/13/1992 11112/1992 ARROW REDUCTION IN
03/29/1993 04/16/1993 SNEED LAYOFF SHORT CALL
04281893 05/14/1993 LK COMSTOCK REDUCTION IN
03/21/1994 04/08/1994 SNEED LAYOFF SHORT CALL
06/06/1994 10/14/1994 DLAURIN ELECTRIC CO. B@l_JETION IN
10/18/1994 03/24/1995 CACHE VALLEY ELECTRIC Bl_::'l_:_)l:lgTION IN
05/151995 C6/02/1995 MAYERS ELECTRIC LAYOFF SHORT CALL
08/14/1995 01/11/1986 SUPERIOR REDUCTION IN
09/24/1996 10111696 GLENWOOD ELECTRIC LAYOFF SHORT CALL
1125M1996 12101996 GLENWOOD ELECTRIC LAYOFF SHORT CALL
1212111996 12/24/1996 ELEXINC. LAYOFF SHORT CALL
04/15/1997 06/26/1997 MAYERS ELECTRIC REDUCTION IN
06/26/1997 07/2411997 R.KELLY REDUCTION IN
07/28M1997 0807/1987 BANTAELECTRIC REDUCTION IN
081111997 112111997 OWENSVILLE ELECTRIC REDUCTION IN
05/04/1998 09/04/1998 EMI (MIRG GROUP) 8§9L_JQT‘ION IN
11/231998 04/02/1999 HYRE REDUCTION IN
0411211999 04/27/1999 BANTAELECTRIC B—EQEI_CTION IN
04/27/11999 05/18/1999 GLENWOOD ELECTRIC REDUCTION IN
05/21/1999 03/03/1989 HALL ENGINEERING REDUCTION IN
09/16/1999 09/22/1999 LUCE ELECTRIC REDUCTION IN

57




06/28/2022

Work History Report for:
WAKEFIELD, ALEX J { I
AMEMBER OF IBEW LOCAL 212

FOR WORK IN THE JURISDICTION OF IBEW LOCAL #212

3of3

STARTDATE TERM DATE EMPLOYER TERM. REASON DISPATCH CLASS
10/05/1989 120071999 UNITED ELECTRIC CO. B_EI_D[JQTION IN
12/08/1999 03A10/2000 ES.IINC. REDUCTION IN
03/14/2000 03/24/2000 L.K COMSTOCK REDUCTION IN
03/27/2000 07/13/2000 MNI ELECTRIC REDUCTION IN
07/17/2000 09/19/2000 ED SIMON & CO. REDUCTION IN
09/20/2000 097222000 AYER ELECTRIC LAYOFF SHORT CALL
02/19/2001 04/13/2001 GLENWOOD ELECTRIC . REDUCTION IN
09172001 06/07/2002 BANTAELECTRIC | REDUCTION IN
09/17/2001 AYER ELECTRIC QE_WNOILUEJTARY
07/24/2002 08/23/2002 FLUOR CONSTRUCTCRS BFEEJEﬂON IN
08/30/2002 06/27/2004 BANTAELECTRIC ngggT IONIN
08/30/2004 01/28/2005 BANTAELECTRIC REDUCTION IN INSIDE JW.
02/22/2005 02/25/2005 BANTAELECTRIC B_E?l:lgﬁON IN INSIDE JW.
08/01/2005 03203/2006 BANTAELECTRIC REDUCTION IN INSIDE JW
04/17/2008 06/09/2006 BANTAELECTRIC REDUCTIONIN INSIDE J. W
07/24/2008 08/25/2006 BANTAELECTRIC REDUCTION IN INSIDE JW.
1106/2006 01/08/2007 WAGNER INDUSTRIAL ELECTRIC QUITAVOLUNTARY  INSIDE JW.
01/08/2007 08/14/2009 BANTAELECTRIC B_EQL_J(_:TION IN INSIDE JW.
09/08/2009 1213112009 BANTAELECTRIC REDUCTION IN INSIDE JW.
05/24/2010 05/282010 BANTAELECTRIC LAYOFF LESSTHAN  INSIDE JW.
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File Attachments for ltem:

P-8 Wilson, Aaron ESI, RBI
Certification ID# 8904

Current certifications- none
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Board of Buﬂdmg Standards Application for Interim Certification, Building Department Personnel

Wilson Aaron

Last Name First Name

SECTION 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

BBS Certification 1D

[] Res. Building Official [IRes. Plans Examiner

Res. Building Inspector

|:| Res. Industrial Unit Inspector

[] Res. Mechanical Inspector

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

(Mark “T” If Trainee)

Description

Certificate Number

Date Received

Architectural Registration

P.E. Registration

Res Non-Res

O | Building Official Certification

| O Plans Examiner Certification

O | 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

Section 3: Employment/Education

a. Formal Education

Date Graduated

Associated Builders and Contractors, Sinclair Community College

8-31-2007

b. Related Vocational or Technical Training

Years’ Experience

Associated Builders and Contractors, Sinclair Community College

4+

c. U.5. Military construction experience (MOS or other designation):

Years' Experience

d. Place of Employment;

Years' Employed

Applied Research Solutions, Cohen Brothers, Dayton Public Schools,

21

Fuyao Glass, Ohio Valley Elec, Beacon Elec, LVS

Chio Board of Building Standards 4112019

Form No. 154
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Application for interim Certification, Building Department Personnel

Board of Building Standards

Aaron
First Name

Wilson
Last Name

BBS Certification 1D

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

Date of Service,
Length of Time
(MM/DD/YY)

BBS Certified Duties

Position/Title

BBS Certified Building
Department

SECTION 5: 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.

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_ To

Structural steel work on addition

Specific Type of Work Performed Telephone Number (MM/YY)
Example: Homer Steef and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Street (10 months)

My City, OH, 45454
(419)655-1212

Apnl 2007-November 2008

Various projects, Ohio/Kentucky area Beacon Electric s i
Installed lighting, receptacles, distribution systems, 7815 Redsky Dr. (19 months)
troubleshoot, conduit, new construction and remodel. | Cincinnati, OH 45249
5138510711
Chio district schools, Ohio Low vo]tage speda]ists Apl'“ 2009-Novernber 2011
Installed automated building systems, HVAC controls, | 291 West Bergey St. (31 months)
froubleshoot, electrical distribution. Wadsworth, OH 44281
330-336-5007
e Ohio valley electrical December 2011~June 2015
Installed lighting, receptacles, distribution systems, 4582 Comell Rd. (56 months)
troubleshoot, conduit, new construction, remadel, Blue Ash, OH 45241
fire alamm systems. 513-771-2410
Total Experience on This Page (In Months): 106

Ohio Board of Building Standards

4/1/2019

Form No. 15
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Board of Building Standards

Wilson
Last Name

SECTION 5 CONT.: EXPERIENCE

Aaron

First Narme

Application for Interim Certification, Building Department Personnel

BBS Certification 1D

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_ To _

installs, repairs, upgrade electrical systems, lighting,
electrical panels, review and determine methods of
installations. Joumey Electrician

Recyding yards, Various states

Quality routine ang preventative electrical
maintenance on recycling equipment. Install new
equipment and systems. Journeyman Electrician

WPAFB, Ohio
Assessing existing power circuitry within a 650,000 sq ft
nafional defense facility. Hook electric up to new fumiture

136 S. Ludlow St.
Dayton, Ohic 45402
937-542-3000

Cohen

1520 14th Ave,
Middletown, OH 45044
513422-3696

Applied Research Solutions
51 Plus St, Suite 240
Beavercreek, OH 45440

Specific Type of Work Performed Telephone Number (MM/YY)
Glass manufacture, Ohio Fuyao glass america June 2015-August 2017
Preventative maintenance for all equipment, work orders, | 2801 W Stroop Rd. (26 months)
maintain proper assembly line function, and repairs. Maraine, OH 45439
Electrical technician 937-496-5777
Various Schools, Ohio Dayton public schools August 2017-Febuary 2018

{6 months)

April 2018 -March 2019
{11 months)

March 2019 -Present
(40 months plus)

and reconfigured workstations, data racks, and UPS 937-912-6100

panels. Joumneyman electrician

Previous electrical companies that are out of business D'Laurin Electic August 2001- December 2006
that I've worked for. Dayton, OH (54 months)

Started apprenticeship and completed at Evans Elecliic January 2007 -April 2007
D'Laurin Electric. D;yton. OH (3 months)

New construction, residential, senvice calls, panel

upgrades, troubleshoot, and ran projects,

Total Experience on This Page (In Months): 140

Ohio Board of Building Standards

4/1/2019

Form No. 154
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Board of Bunldlng Standards Application for Interim Certification, Building Department Personnel

Wilson Aaron

Last Name First Name BBS Certification 1D

SECTION 6: PERSONAL HISTORY
1. Have you ever been convicted of any felony, or any crime involving moral turpitude? [] Yes [ No
2. If you answered “Yes" please explain below:
3. Have you served in the U.S. armed services? (If No, skip question 3) [JYes [] No

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

SECTION 7: CERTIFICATION

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

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

Signature of Applicant: jm ;V»Jf

Subscribed and duly sworn before me according to law, by the above named applicant this day 'ﬁ_ﬁ\
in the year 20&3_\ at [ Qlfhfh , County of G‘N&M/ __and

Notary Public: ‘C_\j&‘.—— L( w

: TERESA L HORVATH, Notary Public
* In and for the State of Ohig
£ My Commission Expires Way 28, 2024

J,_

of
State of

Ohio Board of Building Standards 4/1/2019 Form No. 153
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Applied Research Solutions

Mr. Aaron Wilson

is awarded the

ARS Quarterly Award

to the NASIC and LGX missions. Mr. Wilson is an

integrat part of the LGX Execution Team where he serves as an electrical technician assessing
existing power circuitry within a 650,000 sq ft national defense mission oriented facility. He is
also responsible for hooking up all electric to facility workstations that are either reconfigured
or brand new. Mr. Wilson’s roie has been crucial to the overali success of the LGX team
providing in house electrical support. These efforts are directly responsibie for projects
remaining on or ahead of schedule, ensuring critical NASIC missions continue uninterrupted.

In addition to his technical successes, Mr. Wilson's professionalism and attitude exceeds
esion and effectiveness. He is always willing to go

‘ ' customer expectations, bolstering team coh
1 above and beyond his duties to assure that the mission is supported to fullest of his 5
B !

| capabilities.
‘ Robin De L2 wyb

Program Manager

P——

for his exemplary work and dedication
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gf COHEN

July 26th, 2022
To: Whom it may Concam

Thig letter Is regarding the previous employment status for Aaron Wilson, who was an
employee with Cohen Brothers beginning on 04/09/2018, Aaron was employed as a journeyman
electrician until his resignation on 3/15/2013, when given the opportunity o fusther his skills
outside of our cormpany.

Aaron was a dedicated warker during his teruire with Cohen and we would not hesitate In

saying that he would be a welcome addition to any company willing to consider him for
employment.

Additional questions and information requests, including personal references and work
history records can be sent to the human resources department at (513) 422-3696 ext.2396.

Sincarely,

B rad (Hehwand

Human Resources Manager
Cohen Brothers Recycling
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December 28, 2017

Darryl A Holt

Associate Director

Dayton Public School

4280 James H McGee Blvd
Dayton, Ohio, 45417
daholt6905@gmail.com

Re:  Aaron Wilson; The Letter of Reference

To Whom 1t May Concern:

Mr. Aaron Wilson has worked in a number of professional services from industrial maintenance
to building/facilities maintenance for a time of 5 years. Mr. Wilson has also served as public
servant with the Dayton Public Schools where he was able to demonstrate host technical
knowledge in the area of electrical applications.

Throughout his employment, Mr. Wilson has conducted himself with highest professionahism,
commitment and dependability. Mr. Wilson had begun his career by working in maintenance and
manufacturing Industry where he worked in the position of an ELECTRICIAN. This was
definitely an incredibly challenging and a highly skilled person, Mr. Wilson has exceeded the
expectations and was given a glowing review by management and her co-workers.

1 would strongly recommend Mr. Wilson for any role within the Dayton Public Schools, where
he surely would be a valuable asset. His skills, his professionalism and his dedication are
definitely outstanding.

Please feel free to contact me at any point of time if you have any further quires.

Sincerely;
xzﬁ?/ d ﬁyéé//
Fy .I';I,:

Mr. Darryl A. Holt
937-760-1555
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Governmental Verification

This verification is system-generated with data provided directly by the employer. K any information is missing, it is because the employer did not
provide this information for inclusion in the CCC Verify verification.

The information displayed below is an official and authentic employment verification report generated from CCCVerify.com. This verification is
system-generated with data provided by the employer directly. If any information is missing, it is because the employer did not provide this
information for inclusion in the CCCVerify verification.

Report Requested: 7/22/2022 9:07 AM
Report Tracking Number: 9e62¢a3d-80c0-4870-82fe-e56dc10dc985

Name: FUYAQO GLASS AMERICA, INC
Division:
Address: 800 FUYAO AVENUE MORAINE OH 45439

First Name: AARON Last Name: WILSON

Employee Address:

Employee SSN:

Employee ID: 001070 Work Site: DAYTON

Hire and Separation Dale(s):

Work Site Most Recent Hire Date Most Recent Separation Date
DAYTON 6/29/2015 8/17/2017

First Hire Date: 6/29/2015 First Term Date: 8/17/2017

Work Status: INACTIVE Employment Type: Full-time

Job Title: ELECTRICAL TECHNICIAN Current Length of Service: 2 Year(s), 2 Month(s)

Medicat Benefits

Enroliment Type: NA Carrier: NA
Ermployee Eligible: NIA Employee Enrolled: NA

DCental Benefits

Enroliment Type: NA Carrier: N/A,
Employee Eligible: NA Employee Enrolled: NA

Payroll

Pay: 29.00 Rate Frequency: Hourly
Unused Vacation Amount; N/A
Unused Personal Amount: NA
Unused Sick Pay Amount: NA

Year-to-Date Income Details
68




B/4/22

To whom this may concern,

Aaron Wilson was a journeyman electrician here at Ohio Valley Electrical from December 2011 to June

2015,

Thanks,
Annie Kfayer

HR Director

An Employee Owned Company

"Four Profect is Our Reputation
4585 Comell Road » Cincinnatt « OH 45241
P:513-771-2410
Ohlo License #22430 » Kentucky Ucense #CE- 16111
WAV ONloVaTRyeIELtIiL Lot
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L ILow Vpltage Specialists, Ine.

vV

Tuly 25, 2022

Aaron Wilson

Mr, Aaron Wilson;

leﬁxgymnpcmimbmgmi“

In response to your request to verify your employment with Low Voltage Specialists, Inc., | have the following

information.

Iire Date: March 31, 2010
Release Date: Navember 19, 2011
Position: Low Voltage Electrictan
Total Hours Worked: 3468

Please Iet me know if you need any additional information or have any questions.

Sin((,;_irely

O el
Ellen M. Tollett

President

29} West Bergey Street, Wadsworth, Ohio, 44281

. (330) 336-5097

www. vscompany.com
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Committed to Quality, Service and Customer Satisfaction.

Date: July 21, 2022
To: To Whom This May Concern
From: Kathy Shock

Payroll Administrator

Re: Employment dates for Aaron Wilson

Please be advised that Aaron worked for Beacon Electric Company as a Journeyman
electrician from 4/30/2007 to 11/14/2008.

If you need additional information, please feel free to call at 513-851-0711
ext. 222.

Thanks,

Kathy Shock
Payroli Administrator
Beacon Electric Company

Beacon Electric Company . 7815 Redsky Dr. . Cincinnati, OH 45249
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SINCLAIR COMMUNITY COLLEGE
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This is to certify thar: __*23ron K Wilson

has fulfilled the terms of the apprenticeship agreement in accordarice with the registered standards and

requirements, with related instruction Ef is her¢hy,recognized and qualified as a journeyperson
ectrician

together with all the rights, privileges and opportunities which everywhere pertain thereto.

#u testiony Wherea!, the Ohio State Apprenticeship Council of the Ohio
Departoment of Job and Family Services in cooperation with the Burean

of Apprenticeship and Training, U.S. Department of Labor, do affix the

VN PREL BT RO P FAPE P15 Y RPN

Great Seal of the Staite of Okio. 31
tlituessed Guer Gur Stgnatures and Seal: 4
Sponsored by: Given at Colupthusy in the State of Ohio, & r;?'%‘,;; i
: AN
ABC Ohifo Valley SW his 3ist day of August 097 ?..#
Springboro, Ohio ,z:.-t_ M-;;r«.-/‘ ! ,T:J

DIRECTOR, OHIQ STATE APPRENIBEESRIP COUNGIL

CHAIRMAN, OO STATE APPRENTICESHIP COUNCR.

TeD STRICKLAND

GOVERIEOR OF OHIO

FOPILT T TO6 4**“1 H‘t

BSERY



July 10, 2006

Aaron Wilson
ABC Ohio Valley CEF
33 Greenwood Lane

Springborp, OH 45066
Dear Aaron,

On behalf of the National Center for Construction Education and Research, |
congratulate you for successfully completing the NCCER’s standardized craft
training program.

As the NCCER’s most recent graduate, you are a valuable member of today's
skilled construction and maintenance workforce. The skills that you have acquired
through the NCCER craft training programs will enable you to perform quality
work on construction and maintenance projects, promote the image of these
industries and enhance your long-term career opportunities.

We encourage you to continue your education as you advance in your construction
career. Please do not hesitate to contact us for information regarding our
Management Education and Safety Programs or if we can be of any assistance to
you.

Enclosed please find your certificate, transcript and wallet card. If you have any
guestions regarding your credentials, contact the Registry Department ar
352-334.0911. Once again, congratulations on your accompfishments and best
wishes for a successful career in the construction and maintenance industries.

Sincerely,

Bonall €. kst

Donald E. Whyte
President, NCCER

422003
2804
4119/0%

4/190%
422103

412203
4TI6
4116106

Ehnatlic
Donald E.
Progiderd,

NI

ABC Ohip Valley CEF

Core Curdcula

Aaron Wilson
Electrical Level Two

~
—
~
o~

/’\

&
High Witage Term/Splice

Resickertial Efectrical If
Electricat Level Three
Elechicat Level One
Elechrical Leve! Four

Reswentral Electricall

NATIONAL CENTER FOR CONSTRUCTION EDUCATION AND RESEARCH

P.O.Box 141104 B Gainesville, Florida B 32614-1104 W pH: 352.334.0911 B % 352.334.0932 B wwwines BTy
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Board of Building Standards

Wilson

Last Name

Aaron

First Name

SecTioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

BBS Certification 1D

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

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

(Mark “T” If Trainee)

Description

Certificate Number

Date Received

Architectural Registration

P.E. Registration

Res Non-Res

[ ] Building Official Certification

0O O Plans Examiner Certification

O (0  |Building Inspector Certification

[l 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 Board of Building Standards

4/1/2019

Form # 102

76




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

Wilson Aaron

Last Name First Name

SECTION 3: EMPLOYMENT/EDUCATION

B8S Certification 1D

Formal Education

Date Graduated

Associated Builders and Contractors, Sinclair Community

08/31/2007

College

Related Vocational or Technical Training

Years' Experience

Associated Builders and Contractors, Sinclair Community

4+

College

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

Years' Experience

Place of Employment;

Years’ Employed

Applied Research Solutions, Cohen Brothers, Dayton Public

21

Schools, Fuyao Glass, Ohio Valley Elec, Beacon Elec, LVS

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

ASSE standard 6020.

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

DEPARTMENT
BBS Certified Building BBS Certified Duties Date of Service,
Department Position/Title Length of Time
(MM/DD/YY)
I
| R | S
77
Ohio Board of Building Standards 4/1/2019 Form # 102



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

Last Name ' First Name 8BS Certification ID

SECTION 6: ELECTRICAL SAFETY INSPECTOR (ESI) - SPECIFIC EXPERIENCE QUALIFICATIONS
Applicants for Electricai 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;

. J Have had for four years’ experience as a building department electrical inspector trainee;
. [x] 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:

. O 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 Steel and Trade July 2013-May 2014
Children’s Hospital, Toledo 125 Anytown Streef {10 months)
Structural steel work on addition My City, OH, 45454
(419)555-1212
Various projects, Ohio/Kentucky area Beacon Electric April 2007-November 2008
Installed lighting, receptacles, distribution systems, | 7815 Redsky Dr. {19 months)
troubleshoot, conduit, new construction and remodel, | Cincinnati, OH 45249
513-851-0711
Ohio district schools, Ohio Low voltage specialists .
Ll:;taued automated building systems, HVAG controls, | 291 Weslgsegy St April 2003-November 2011
ubleshoot, electrical distribution. Wadsworth, OH 44281 (31 months)
330-336-5097
Various projects, Ohio Ohio valley electrical December 2011-June 2015
Installed lighting, receptacles, distribution systems, 4582 Comell Rd. (56 months)
i;roubleshoot. conduit, new construction, remaodel, Blue Ash, OH 45241
re alarm systems. 513-771-2410
Total Experience on This Page (In Months): 106

78
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Board of Building Standards

Wilson

Aaron

Last Name

First Name

Application for Interimn Certification, Building Department Personnel

BBS Certification ID

List Each Construction Project AND

Name of Employer, Contact, Address,

Project Time: From_ To _

WPAFB, Ohio

Assessing existing power circuitry within a 650,000 sq ft
national defense facility. Hook electric up to new fumiture
and reconfigured workstations, data racks, and UPS

Applied Research Solutions
51 Plus S, Suite 240
Beavercreek, OH 45440

Specific Type of Work Performed Telephone Number (MMIYY)
Glass manufacture, Ohio Fuyao glass america June 2015-August 2017
Prevenlative maintenance for all equipment, work orders, | 2801 W Stroop Rd. (26 months)
maintain proper assembly line function, and repairs. Moraine, OH 45439
Electrical technician 037-496-5777
Various Schools, Ohio ) o Dayton public schools August 2017-Febuary 2018
nstalls, repairs, upgrade electrical systems, lighting, 136 S. Ludiow St. {6 months)
Electrical panels, review and detemmine methods of Dayton, Ohio 45402
nsiallations. Joumey Electrician 037-542-3000
Recycling yards, Various states Cohen April 2018 -March 2019
Quality routine and preventative electrical 1520 14th Ave. (11 months)
maintenance on recycling equipment. install new Middletown, OH 45044
equipment and systems. Joumeyman Electrician 513-422-3696

March 2019 -Present
(40 moenths plus)

panels, Journeyman electrician S
Previous electrical companies that are out of business
that I've worked for. D'Laurin electric f;‘ig,‘r‘fé fgg; December 2006
Started apprenticeship and completed at Dayton, OH
D'Laurin Electric. Evans Electiic January 2007 -April 2007
New construction, residential, service calls, panel Dayton, OH (3 months)
upgrades, troubleshoot, and ran projects.
Total Experience on This Page (In Months): 140

Ohio Board of Buildine Standards

4/1/2019
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Board of Building Standards Application for Interim Certification, Building Department Personnel

Wilson Aaron -
Last Name First Name BBS Certification 10

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

O Yes X] No

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

If you answered “No” please explain below:

SECTION 9: CERTIFICATION

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

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

Signature of Applicant: W M—

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

day ﬂ of A U%;ﬁi in the year 202, at ngr*-bprn , County of
g&gmﬁ and State of Oh]ﬁ :
Notary Public: % L..._». LAk ,:f - l@ﬁ%
= / (o

TERESA L HORVATH, Notary Public
f In and for the State of Ohio
£ My Commission Expires May 28, 2024

iyt
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Applied Research Solutions

Mr. Aaron Wilson

is awarded the

ARS Quarterly Award

and dedication to the NASIC and LGX missions. Mr. Wilson is an

ecution Team where he serves as an electrical technician assessing

650,000 sq ft national defense mission oriented facility. Helis

also responsible for hooking up all electric to facility workstations that are either reconfigured
or brand new. Mr. Wilson's role has been crucial to the overall success of the LGX team
providing in house electrical support. These efforts are directly responsibie for projects

remaining on or ahead of schedule, ensuring critical NASIC missions continue uninterrupted.
in addition to his technical successes, Mr. Wilson's professionalism and attitude exceeds

customer expectations, boistering team cohesion and effectiveness. He is always willing to go

above and beyond his duties to assure that the mission is supported to fullest of his
- capabilities. £

for his exemplary work
integral part of the LGX Ex
existing power circuitry within a

- J o 1 ¥ s
Robin De L2 Ve;\a
Program Manager

—————— e

e hb
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gf COHEN

July 26th, 2022
To: Whom it may Concern

This letter Is regarding the previous employment status for Aaron Wilson, who was an
employee with Cohen Brothers beginning on 04/09/2018. Aaron was employed as a journeyman
electrician until his resignation on 3/15/2019, when given the opportunity to further hisskills
outside of our company.

Aaron was a dediceted worker during his tenure with Cohen and we would not hesitate in

saying that he would be a welcorme addition to any company willing to consider him for
employment.

Additional questions and information requests, including personal referances and work
history records can be sent to the human resources department at (513) 422-3696 ext.2396.

Sincerely,

Brad Yehrand

Human Resources Manager
Cohen Brothers Recycling
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December 28, 2017

Darryl A Holt

Associate Director

Dayton Public School

4280 James H McGee Blvd
Dayton, Ohio, 45417
daholt6905@gmail.com

Re:  Aaron Wilson; The Letter of Reference

To Whom It May Concern:

Mr. Aaron Wilson has worked in a number of professional services from industrial maintenance
to building/facitities maintenance for a time of 5 years. Mr. Wilson has also served as public
servant with the Dayton Public Schools where he was able to demonstrate host technical
knowledge in the area of electrical applications.

Throughout his employment, Mr. Wilson has conducted himself with highest professionalism,
commitment and dependability. Mr. Wilson had begun his career by working in maintenance and
manufacturing Industry where he worked in the position of an ELECTRICIAN. This was
definitely an incredibly challenging and a highly skilled person, Mr. Wilson has exceeded the
expectations and was given a glowing review by management and her co-workers.

{ would strongly recommend Mr. Wilson for any role within the Dayton Public Schools, where
he surely would be a valuable asset. His skills, his professionalism and his dedication are
definitely outstanding.

Please feel free to contact me at any point of time if you have any further quires.

L AT —

Mr. Darryl A. Holt
937-760-1555
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Governmental Verification

This verification is system-generated with data provided directly by the employer. i any information is missing, it is because the employer did not
provide this information for inclusion in the CCC Verify verification.

The information displayed below is an official and authentic employment verification report generated from CCCVerify.com, This verification is
system-generated with data provided by the employer directly. if any information is missing, it is because the employer did not provide this
information for inclusion in the CCCVerify verification,

Report Requested: 7/22/2022 9:07 AM
Report Tracking Number: 9e62ca3d-80c0-4870-82fe-e56dc10dc985

Data Source

Name: FUYAO GLASS AMERICA, INC
Division:
Address: 800 FUYAO AVENUE MORAINE OH 45439

First Name: AARON Last Name: WILSON

Employee Address: b

Employee SSN: <

Employee ID: 001070 Work Site: DAYTON

Hire and Separation Date(s):

Wark Site Most Recent Hire Date Most Recent Separation Date
DAYTON 6/29/2015 8M7/2017

First Hire Date: 6/29/2015 First Term Date: 81712017

Work Status: INACTVE Employment Type: Full-time

Job Title: ELECTRICAL TECHNICIAN Current Length of Service: 2 Year(s), 2 Month(s)

Medical Benefiis

Enroliment Type: NA Carrier: NA
Employee Etigible: NA, Employee Enrolled: NA

Dental Benefits

Enrollment Type: NA Carrier: NA
Employee Eligible: NA, Employee Enrolled: NA
Fayrall

Pay: 29.00 Rate Frequency: Haurly
Unused Vacation Amount; NA

Unused Personal Amount: NA

Unused Sick Pay Amount; NA

Year-to-Date Income Details
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8/4/22

To whom this may concern,

Aaron Wilson was a journeyman electrician here at Ohio Valley Electrical from December 2011 to June

2015,

Thanks,
Annie Kfayer
HR Director

OhioValle

An Employee Owned Company

‘Your Propect is Our Reputation”
4585 Cormnell Road » Cinclnnatt « OM 45241
P:513-771-2410
Chio License #22430 = Kentucky License #CE-16111
WA SRIOVATTSyelactiie com
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L ILow Voltaﬁe Specialists, Inc.
. l‘Ewcmﬁng_lwrztpmarm ix oz good ™

V

July 23, 2022

Aaron Wilson
Mr. Arron Wilson;

In response to your request to verify your employment with Low Voltage Specialists, Inc., [ have the following
informmtron:

Hire Date; March 31, 2010
Release Date: Navember 19, 2011
Posiow, Low Voltage Electrician
Total Hours Worked: 3468

Please let me know if you need any additional information or have any questions,

Sm(cirely

e nHale T
Ellen M. Tollett

President

291 West Bergey Streel, Wadsworth, Ohuo, 44281 ... (330) 336-5097 ... ...... www.lvscompany com
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E!ectmcal contractors

Committed to Quality, Service and Customer Satisfaction.

Date: July 21, 2022
To: To Whom This May Concern
From: Kathy Shock

Payroll Administrator

Re: Employment dates for Aaron Wilson

Please be advised that Aaron worked for Beacon Electric Company as a Journeyman
electrician from 4/30/2007 to 11/14/2008.

If you need additional information, please feel free to call at 513-851-0711
ext.222.

Thanks,

Kathy Shock
Payroll Administrator
Beacon Electric Company

Beacon Electric Company . 7815 Redsky Dr. . Cincinnati, OH 45249
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This carg 9 that e recinient n e ‘5'”‘
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Construs of Satety s

Aaron Wilson

Seott Mcrmekiﬁ'}'\

{Trainer name — print or type)

4~29~11
{Course end dain)
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SINCLAIR COMMUNITY COLLEGE

= [=

This ficense shali be carried on your person while performing the listed activities,

State of Ohlo
Department of Commerce
Pivision of State Fire Marshal

FRE PROTECTION UCENSE
AARON WILSON
54.57.2855
Expiration Date: 10/01/2072

Sanature
This card shall be on your person while performing listed activities,

LTI vy

College
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This is to certify thar: __23ron K Wilson

has fulfilled the terms of the apprenticeship agreement in accordavice with the registered ssandards and

requirements, with related instruction ﬁf ésche q%rirecogmzed and qualified as a journeyperson
tr:

together with all the rights, privileges and opportunities which everywhere pertain thereto.

B testiomuy Whereof, the Ohio State Apprenticeship Council of the Ohio
Departorent of Job and Family Services in cooperation with the Burean
of Apprenticeship and Training, U.S. Department of Labor, do affix the
Great Seal of the State of Ohio.

Witnessed Over Our Signatures and Seal:
Sponsored by: Given at Columbus in the State of Ohio,

ABC Ohio Valley SW his 31st dap of Angust D, 2007

Springboro, Ohio ,ﬂf‘z_ M#M

 DIRECTOR, OHIO STATE APPRENGETswP counciL

CHAIRMAN, OHIO STATE APPRENTICESHIP COUNCEL

TeD STRICKLAND

GOVERSCR OF OHIO
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July 10, 2006

Aaron Wilson
ABC Ohio Valley CEF
33 Greenwood Lane

Springbore, OH 45066
Dear Aaron,

On behalf of the Narional Center for Construction Education and Research, 1
congratulate you for successfully completing the NCCER's standardized craft
training program.

As the NCCER’s most recent graduate, you are a valuable member of today's
skilled construction and maintenance workforce. The skills that you have acquired
through the NCCER craft training programs will enable you to perform quality
work on construction and maintenance projects, promote the imsge of these
industries and enhance your long-term career opportunities.

We encourage you to continue your education ss you advance in your construction
career. Please do not hesitate to contact us for information regarding our
Management Education and Safety Programs or if we can be of any assistance to

you.

Enclosed please find your certificate, transcript and wallet card. If you have any
guestions tegacding your credentials, contact the Registry Department at
352-334-0911. Once again, congratulations on your accomplishments and best
wishes for a successful career in the construction and maintenance industries.

Sincerely,

a2 €. Dbt

Donald E. Whyte
President, NCCER

4/2203
32604
410003

4191035
4122103

4706
4116006

R

Bt O
Donald E,
Preciderd,

Aaron Wilson
ABC Ohip Valley CEF

Core Cimicuta

Electrical Level Two
Residetial Electrical if
Electic! Level Three
Electrical Leve! Ona

High Vettage TenmiSplice
Flectric# Leve! Four

Reswieatial Electricaid

NATIONAL CENTER FOR CONSTRUCTION EDUCATION AND RESEARCH

P.O. Box 141104 B Gainesville, Florida B 32614-1104 M pu: 3523340911 B gx: 3523340937 = WWW.BETer.8:g
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File Attachments for ltem:

P-9 Young, Trenden - ESI

Cert ID: 8879

Current Certifications: None

Staff Notes: Received in June after ESIAC meeting: please review electrical experience.
ESIAC Recommendations:

Committee Recommendation:
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Board of Building Standards

Young

Trenden

Last Name

First Name

SectioN 1: CHECK INTERIM CERTIFICATION(S) BEING REQUESTED

Application for Interim Certification, Building Department Personnel

BBS Certification ID

|_] Building Official {[_| Master Plans  |[_] Building (W] Electrical Safety |[_| Fire Protection
Examiner Inspector Inspector Inspector
D Building Plans D Plumbing Plans L—_I Mechanical L__| Electrical Plans |:| Fire Protection
Examiner Examiner ‘Plans Examiner ‘Examiner ‘Plans Examiner
D Plumbing D Mechanical |:| Non-Residential
Inspector Inspector Industrial Unit
Inspector

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

(Mark “T” If Trainee)

Description

Certificate Number

Date Received

Architectural Registration

P.E. Registration

Res Non-Res

N []  |Building Official Certification

O [C1  |Plans Examiner Certification

(| [0  [Building Inspector Certification

| [0  |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
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Board of Building Standards Application for Interim Certification, Building Department Personnel

Young Trenden

tast Name First Name

SECTION 3: EMPLOYMENT/EDUCATION

BBS Certification ID

Formal Education

Date Graduated

Related Vocational or Technical Training

Years’ Experience

Independent Electrical Contractors of Cincinnati (IEC)

2

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

Years' Experience

Place of Employment:

Years’ Employed

SECTION 4: APPLICANTS REQUESTING MEDICAL GAS INSPECTOR CERTIFICATION

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

ASSE standard 6020.

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

DEPARTMENT
BBS Certified Building BBS Certified Duties Date of Service,
Department Position/Title Length of Time

(MM/DD/YY)
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Board of Building Standards Application for Interim Certification, Building Department Personnel

Young Trenden
Last Name First Name BBS Certification ID

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

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

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

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

. [ Have had for four years’ experience as a building department electrical inspector trainee;
. M 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

(419)555-1212

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

Total Experience on This Page (In Months):
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Board of Building Standards
Young

Last Name

First Name

Application for Interim Certification, Building Department Personnel

Trenden

BBS Certification ID

List Each Construction Project AND
Specific Type of Work Performed

Name of Employer, Contact, Address,
Telephone Number

Project Time: From_To _
(MM/YY)

Radius at the Banks
- Electrical layout and prep

Huhtamaki, Ohio

- Installed, landed and tested fiber optics.
- Installed power distribution units, IDF
cabinets.

- Installed, landed and tested CAT VI.

- Insfalled conduit, motors and
disconnects in for paper balers.

Festo

- Installed electrical conduit, placed fire
alarm wiring including smoke and siren
wiring, and terminated fire electrical
systems.

TQL

- Installed electrical conduit, panels,
switches, outlets, and lighting.

- Installed and tested generator.

- Managed elecfrical instalation crew.

Amazon
- Installed security systems and IDF
cabinets.

Hutamaki, Alabama
- Installed, landed, terminated and tested
fiber optics

Valley Interiors

2203 Fowler Street
Cincinnati, OH 45206
513.961.0400

Bizcom

682 Tuxedo Place
Cincinnati, OH 45206
513.961.7200

Bizcom

682 Tuxedo Place
Cincinnati, OH 45206
513.961.7200

Bizcom

682 Tuxedo Place
Cincinnati, OH 45206
513.961.7200

Bizcom

682 Tuxedo Place
Cincinnati, OH 45206
513.961.7200

Bizcom

682 Tuxedo Place
Cincinnati, OH 45206
513.961.7200

From 11/14 To 09/15

From 12/18 To 11/19
From 10/20 To 01/21
From 04/21 To 08/21

From 11/19 To 05/20

From 05/20 To 10/20

From 01/21 To 02/21

From 03/21 To 04/21

Total Experience on This Page (In Months):

49
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Board of Building Standards
Young

Last Name

First Name

Application for Interim Certification, Building Department Personnel

Trenden

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)

Uptown Rental Apartments

- Installed electrical wiring from
main transformer into the weather
head then down into the meter
and into the panel.

Uptown Rental Properties

- Replacement of recepticles,
lighting, electrical switches,
breakers, and service panels.

Campbell County Schools

- Retrofitting and replacing
lighting, installing receptacles and
switches.

Superior Electric

14840 Decoursey Pike
Morning View, KY 41063
859.472.3335

Superior Electric

14840 Decoursey Pike
Morning View, KY 41063
859.472.3335

Superior Electric

14840 Decoursey Pike
Morning View, KY 41063
859.472.3335

From 08/21 To 10/21

From 11/21 To 01/22

From 02/22 To 06/22

Total Experience on This Page (In Months):

11

98




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

Young Trenden
Last Name First Name BBS Certification ID

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

[JYes @ No

If you answered “Yes” please explain below:
2. Have you served in the U.S. armed services? (If No, skip question 3) [JYes @ No
3. If YES, were you discharged under honorable conditions? [1Yes [ No

If you answered “No” please explain below:

SECTION 9: CERTIFICATION

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

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

Signature of Applicant: |

Subscribed and duly sworn before me according to law, by the above nanfed applicant this
day o/ of _Jurne in the year 2022 at (\ | ey yrn07t ( LUrHY, County of
(* [errorf and State of (il ) Houlic fealtn

Notary Publi 3 ' v/{ //.w:)




Student ID:
] " Name:
I E C Address:

Sponsor:

Note:

Apprentice Class  Apprentice Class
Year Session

1st Year 1 - Apprenticeship

On-Job-Training (OJT) Hours

Minimum 8000 OJT Required

Apprentice Transcript

109004
Trenden Youn

CEATC

Instructor Result Date

Gender:

Birth Date:

Registration Date (DOl):  2/27/2019
Graduation Date: N/A
Status: Dropped
Status Date: 8/5/2021

" Related
Instruction
(Rl) possible

Related
instruction GPA (70
3)) passing)

attended

Related

Instruction Result

(RI) required

Nixon, Randy 05/13/2020 164.00 152.00 156.00 72.64 P

Prior Hours Credit Granted

On-.dob-TrainihgiHéuréb L

Total OJT Hours

Certifications & Awards Received

Issue Date
CPR 08/15/2019
Globally Harmonized 08/15/2019
System Training
OSHA 10 HR 08/20/201¢
First Aid 08/22/2019
Aerial Work Platform 09/10/2019
Safety Training

0.00
- 3528.00
3528.00

Expiration Date  Cert Status

08/15/2021

08/22/2021
09/10/2022

Complete

Complete

Hours Through Date 7/31/2021

Issued By:

Gina Young, Apprénticephip gooNjinator

Date Issued: 6/20/2022
(Unofficial without raised seal)

Sponsor: Cincinnati Electrical Apprenticeship & Training Committee (CEATC)
c/o Independent Electrical Contractors
586 Kings Run Drive - Cincinnati, Ohioc 45232

(513) 542-0400
www.iec-cincy.com
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File Attachments for ltem:

ER-1 2020 NEC Calculations Webinar Part 1 (Matthews Electrical Services)
BO, MPE, EPE, MechPE, ESI, BI, Ml, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Recommend addition of NRIUI, recommend approval.

ESIAC Recommendation:

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

Reynoldsburg, Ohio 43068-9009
{614) 644-2613 Fax: (614) 644-3147
dic.bbs@com.state.oh.us

APPLICATION

Continuing Education COURSE SUBMITTER: Henry Peter Matthews
Course Approval

Course Submitter: Henry Peter Matthews

(Cortact Name)
Continuing education programs approved for Organization: Matthews Electrical Services
education credit by the Ohio Board of {Organization/Company)
Building Standards may be used for | Address: 1203 McKinley Place _

. . 0 . . (Inchide Room Number, Suite, ele.}
compliance with certification requirements City: Fostoria State: Ohio Zip: 44830
related to code enforcement, plan review, and
inspection responsibilities. The credit is to be | E-Mail: hpmatthews@matthewselectrical.net
used to renew the certifications issued by the
Ohio Board of Building Standards pursuant to
section 3781]O(E) ORC. Course Sponsor:

Telephone: 413-575-3488 Fax:

COURSE INFORMATION:

Course Title: NEC Calculations Part 1 Webinar

New Course Submittal: []  Update Course: [_1 Prior Approval Number:
Purpose and Objective: The objective of this course is to cover the basics of electricity and to review electrical calculations that are required for

NEC-compliant installations. This course will cover some of the basic principles of electricity including Ohm's Law, Kirchoff's Law, the power

equation, the melric system, single phase vs. three phase power and more. It will also cover critical calculations such as conductor sizing,

raceway sizing and raceway fill.

Number of Instructional Contact Hours that can be obtained upon completion: 4

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

Program Applicable for the Following Participants:
Building Officiat |§| Master Plans Examiner l:l Building Inspector IE Fire Protection Inspector D Mechanical Inspector I:]
Plumbing Plans Exam. L__l Plumbing Inspector L—_l
Electrical Plans Exam. l:l Non-Res IU Inspector D
Mechanical Plans Exam. IE

Res Building Official [:] Res Plans Examiner I:I Res Building Inspector IEI Res Mechanical Inspector E’ Res IU Inspector @

Electrical Safety Inspectors I:l
Location of ESI Course: www.matthewseleciricalservices.net Date(s) of ESI Course(s): September 17, 2022
SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted: Cg?r:k
Course Submitter: Name of contact person and their certification numbers, orggnization, address, fax, phone X
Course Sponsor: Organization sponsorin gor reguwling the program (if any)
Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed X
Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 hr, | hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested (for which course relates to certification) X
Content of Program: Include collated agenda, time schedule, course outline; list specific sections of code, references, and topics covered | X
Course Materials: Collated workbooks, handouts, hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials: Copy of quizzes or tests to be Eiven X
Completed Application: %
NOTE: The Board does NOT grant retroactive approval for courses presented prior to approval date.
RECEIVED
Faemm 1426 JUN 2 7 2022 BB 5
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ELECTRICAL CALCULATIONS Part |
Outline

Welcome

Webinar Rules and Expectations

Roll Call: Attendance and Introductions

Electricity Basics

Alternating Current and Direct Current

The metric system

Temperature conversions (Fahrenheit and Celsius)
Ohms Law, Kirchoff's Law

Series and Parallel connections

. The Power Equation

. The Power Triangle (VA, Watts, VARs, Power Factor)
. Battery Math: Amps, Watts, Amp-hours, Watt-Hours
. Sizing Generators: Kilowatts, Kilowatt-hours

. Wire Sizes

. Wire Ampacity Calculations and Derating Factors

. Definition of Current Carrying Conductors

. Wire conduit fill

. Preview of Part Il

a. Box Fill calculations
i. Outlet boxes
ii. Tap boxes, junction boxes, pull boxes
b. Service, load and demand Calculations
¢. Motor calculations
d. Transformer calculations
e. Misc. calculations
Wrap Up
Dismissal
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Henry Peter Matthews, PE, CPE, CESCP, PVA

Home Address Work Address

1203 McKinley Place Marathon Petroleum Company

Fostoria, Ohio 44830 539 South Main Street

Email: hpmatthews@matthewselectrical.net Findlay, Ohio 45840

Home Phone: 419-701-7707 Email: hpmatthews@marathonpetroleum.com
Cell Phone: 419-575-3488 Office phone: 419-421-3423

Cell phone: 419-957-2110

Work Experience
Marathon Petroleum Company, LP; Findlay, Ohic June 2006 — Present
e Advanced Senior Engineer/Electrical Specialist
e Electrical Engineering Supervisor — Terminal Engineering
e Project Engineer - Major Projects
e Electrical Designer — Retail Division

Cooper Standard Automotive, Bowling Green, Ohio July 1993 — june 2006
e Plant Engineering Manager
e Plant Electrical Engineer

Toledo Engineering Company {consultant); Toledo, Ohio June 1989 —July 1993
e Electrical Drafter

Education
Bowling Green State University; Bowling Green, Chio Aug 2003
Masters of Business Administration
Pennsylvania State University; University Park, PA Dec 1989
BS Electrical Engineering
Solar Energy International, Paonia, Colorado Sept 2021
Solar PV Training
Owens Community College; Findlay, Ohio April 2017
Certificate: Introductory Welding
Penn Foster Career School July 2010
Certificate: Plumbing
Penn Foster Career School October 2004
Certificate: Electrician

Certifications Professional Engineer {PE): OH, MI, IN, KY, IL, Wi

Photovoltaic Associate (PVA) by NABCEP

Certified Electrical Safety Compliance Professional (CESCP), NFPA
Certified Plant Engineer {CPE): Association for Facility Engineers

Building Operator Certification {BOC): Northwest Energy Efficiency Council
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Licenses Ohio Electrical Contractor, Ohio Department of Commerce, License # 46972
Ohio Training Agency, Ohio Construction Industry Licensing Board, Agency #48714
Ohio Training Agency, Ohio Board of Building Standards

Special Training Solar Energy International {SEl), Paonia, Colorado
¢ Solar Electric and Design and Installation Course, April 2021, 60 hours
PV Systems Fundamentals (Battery-Based), June 2021, 40 hours
Advanced PV System Design and the NEC, June-July 2021, 60 hours
Comparing Battery Technologies, July 2021, 10 hours
Tools and Techniques for Operations and Maintenance of PV Systems, 9/21, 40 HR

Affiliations
Institute of Electrical and Electronics Engineers {(IEEE) — Senior Member
International Association of Electrical Inspectors (IAEI)
NFPA Section Member for Architects, Engineers and Building Officials
Hlumination Engineering Society of North America (IESNA)
API RP 545 former Co-Chair, American Petroleum Institute, Lightning Protection for
Above Ground Storage Tanks (2017- 2018)

Business Matthews Electrical Services, Owner

Ownership Designer Cuts Hair Salon, LLC; Co-owner

Biography

Henry has worked in the electrical, power, electronics, instrumentation, controls and communication fields for
over 30 years. He earned his Bachelor of Science degree in Electrical Engineering from Penn State University in
1989. Henry worked as a consultant for Toledo Engineering Company in Toledo, Ohio as a drafter and field
technician.

In 1993 he started working for Cooper Standard Automotive Company in Bowling Green, Ohio in 1993 as a
Plant Electrical Engineer. He was then promoted to Plant Engineering Manager in 2000. During this time, he
earned his Professional Engineering License in Ohio.

In 2003, Henry earned his MBA at Bowling Green State University.

In 2006, Henry joined Marathon Petroleum Company in Findlay, Ohio. He then went on to obtain his
Professional Engineers license in Electrical Engineering for Michigan, Indiana, lllinois, West Virginia, Kentucky,
Minnesota and Wisconsin. During his tenure at Marathon, Henry has had several roles including Electrical
Design Engineer, Project Engineer and Electrical Supervisor. He is currently an Advanced Senior Engineer
where he writes electrical standards for the company and conducts a community of practice for all the
company’s electrical engineers and safety professionals.
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During his time at Cooper Standard Automotive and Marathon Petroleum, Henry developed a passion for
teaching, learning and applying Electrical Construction Codes. At Cooper, he trained the entire non-electrical
maintenance staff to perform basic electrical tasks.

At Marathon, Henry works with the Learning and Development Department to conduct multiple training
sessions for new hires and seasoned engineers on various topics including Electrical Safety, Grounding and
Bonding, Hazardous Area Location, Electrical Inspection, Motors, Lightning protection Static Electricity
Mitigation, Reading and Understanding Electrical Diagrams, Programmable Logic Controllers and more.

Henry also works very closely with the Talent Acquisition Teams and visits numerous college campuses to
deliver presentations on Engineering, Career Development, Networking and other topics.

Henry recently served as the Co-chair of the APl Recommended Practice 545 Task Group for Lightning
Mitigation for Above Ground Storage Tanks. In this role, he works with engineers, scientists and
manufacturers from all over the world to evaluate the impacts of lightning and static electricity on metal
above ground storage tanks.

His passion for teaching and Electrical Safety has motivated him to earn the Certified Electrical Safety
Compliance Professional Certification {CESCP) from NFPA. He also regularly attends numerous electrical and
safety conferences and training sessions conducted by NFPA, IEEE, API.

Previously, Henry was the President of the Fostoria, Ohio area Toastmasters team.

Henry is also a member of the International Association of Electrical Inspectors.

Henry alsc owns two small businesses:

Matthews Electrical Services - that performs mainly limited residential and small commercial electrical

services and conducts training for licensed electricians in the state of Ohio.

Designer Cuts Hair Salon, LLC — Henry co-owns the beauty salon with his wife.
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NEC Electrical
Calculations Pt. 1

Matthews Electrical Services
Ohio Training Agency #48714
Henry Matthews, PE, CPE, CESCP

MATTHEWS ELECTRICAL SERVICES

Breaks (New!)

* 5-minute break every 45
minutes
* Schedule
e 7:.00 AM Start

e 7:45 Break 1
* 8:30 Break 2
* 9:15 Break 3

* 10:00 Break 4

Break 5

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

* Turn webcam on after breaks and at end of

Webi class
Sl * Instructor will periodically check for presence of
Rules all attendees

* Mute microphone at all times
* Prevents distraction during webinar
* Instructor may activate participant microphone
if verbal response is needed

N

WELCOME!

* Goals
* Review electrical theory
* Review important NEC Calculations
* Make session engaging
* Discussion
* Videos
* Polls
* Make 4 hours as productive as possible!
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Disclaimer

* | don’t know everything!
* It will be IMPOSSIBLE to learn all the important calculations in 4 hours!

* But we’ll try to cover as much as possible

Disclaimer #2

* The views and opinions presented in this class are those of Matthews
Electrical Services and not necessarily those of the various entities the
presenter represents or has previously or currently works for.

* The material used in this class is based on documented publicly-
available information (NFPA, OSHA, IEEE etc.)

* The interpretation of this material is based on the presenters
experience and training of the subject matter.

\FPA 70

!Iati?r]all

Jdectrica

Sode NEC
Electrical

Calculations

2017 and 2020 NEC

Resources
Used

www.NFPA.org (Link)

Mike Holt’s Illustrated Guide to
Electrical Exam Preparation 2017

S
= II I




UGLY’S

ELECTRICAL REFE CES

NFPA 70

National
Electrical

Charles R. Miller

uide to

ELECTRICAL
EXAM PREPARATION

Theory » Calculations » Code Based on the 2017 NEC'

Mike Holt Videos

* Are All Terminals Rated 75 degree C [110.14(C)(1)(a)]
* https://www.youtube.com/embed/SUjDUvQMTss

* Branch Circuit Conductor Sizing [210.20]
* https://www.youtube.com/embed/tS4vibW55Cc

* Conductor sizing based on terminal rating [110.14(C)]
* https://www.youtube.com/embed/k7d03Tic6LE

* Feeder Conductor sizing [215.2]
* https://www.youtube.com/embed/ItJOYNOZ4wWA

* How Do | Size an LB [110.3(B)]
* https://www.youtube.com/embed/2Go0uGb2Kdg

10

Mike Holt Videos

* Motor Branch Conductor Sizing [430.22(A)]
* https://www.youtube.com/embed/bukK7LTOyvwE
* Motor Full Load Current (FLC): 430.6(A)(1)
* https://www.youtube.com/embed/Sicluoua3og
* Motor Full Load Amps — Nameplate (FLA): 430.6(A)(2)
* https://www.youtube.com/embed/2cprO8ZdT1U
* Qutlet Box Sizing [314.16(A)]
* https://www.youtube.com/embed/bVQO7B EWHg
* Overhead Conductor Clearances [225.18]
* https://www.youtube.com/embed/RIDHjGObyKw

11

Mike Holt Videos

* Pull and Junction Boxes, 4 AWG and Larger [314.28]
* https://www.youtube.com/embed/olwTdmOC1FA

* Feeder Taps [240.21(B)(1)
* https://www.youtube.com/embed/uJRSrB4E7dY

* Raceway sizing [300.17 and Annex C]
* https://www.youtube.com/embed/rucelLol9gJw

* Receptacle Outlets, Number on a dwelling circuit [220.14(l)
* https://www.youtube.com/embed/s4EuinOESRY

12
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https://www.youtube.com/embed/SUjDUvQMTss
https://www.youtube.com/embed/tS4vjbW55Cc
https://www.youtube.com/embed/k7d03Tic6LE
https://www.youtube.com/embed/ItJ0YNOZ4wA
https://www.youtube.com/embed/2Go0uGb2Kdg
https://www.youtube.com/embed/buK7LT0yvwE
https://www.youtube.com/embed/Sic1uoua3og
https://www.youtube.com/embed/2cprO8ZdT1U
https://www.youtube.com/embed/bVQO7B_EWHg
https://www.youtube.com/embed/R9DHjGObyKw
https://www.youtube.com/embed/olwTdmOC1FA
https://www.youtube.com/embed/uJRSrB4E7dY
https://www.youtube.com/embed/ruceLoI9gJw
https://www.youtube.com/embed/s4Euin0EsRY

Other information

* OCILB (Ohio Construction Industry Licensing Board)

* |AEI (International Association of Electrical Inspectors)

Agenda

* Basic math review

* Electrical Theory review

* Basic electrical components (resistors, capacitors, inductors)
* Basic electrical circuits

* Voltage drop

* Single phase/3 phase power

* Conduit fill

* Outlet box fill

13

14

Recommendations for This

* Have copy of NEC for
reference

* Grab a basic calculator

perform simple
calculations

NFPA70

National ;
Electrical * Advise me to slow down

Code if something is not clear

2020 4 * Don't be afraid to
. question something if
you don’t agree

Fractions

QU006

15

16
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https://com.ohio.gov/divisions-and-programs/industrial-compliance/boards/ohio-construction-industry-licensing-board/contractors-and-contracting-companies/contractors-contracting-companies
https://www.iaei.org/page/nec-code-adoption

Fractions to Decimal

* Examples
*%=1~2=0.50
*3/8=3 + 8=0.375
*11/16 =11 + 16 = 0.6875

Quiz:

* Convert the following fraction to a decimal: 3/16
A. 0.1875
B. 0.237
C. 1.875
D. 0.321

* Answer: A
+3-216=0.1875

18

Rounding

* Usually applies to decimals to get at a number that’s easier to work with
* Can round up or round down

* Example: 10.123

* How do we round to the nearest one-hundredth?

* 10.123  2isin the hundredth space

* Look at the number in the thousandths place: 3
* Ifitis 5 or higher, round UP
 Ifitis 4 or less, round DOWN
* Since 3 is less than 5, round DOWN
* Means drop the 3
* 2 stays the same

* Resultis 10.12

17
Decimals
¢ 1,111.1
e1,111.11 e
" 100ths
«1,111.111
> 1000ths
©1,111.1111
» 10,000ths
°1,111.11111
> 100,000ths
19

20
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Rounding

* Usually applies to decimals to get at a number that’s easier to work with
* Can round up or round down

* Example: 10.125

* How do we round to the nearest one-hundredth?

* 10.123  2isin the hundredth space

* Look at the number in the thousandths place: 5
* Ifitis 5 or higher, round UP jb
* Ifitis 4 or less, round DOWN (leave it alone)

* Since 5 is equal to 5, round UP
* Raise the hundredths spot (2) to 3
* Drop the 3 in the thousandths spot

* Resultis 10.13

Percentages

* Percentage to Decimal:

* Divide percent by 100:
* 50% = 50/100 = 0.5
* 23.4% =23.4/100=0.234
* 167% =167/100 = 1.67
* Or move decimal point two places to the left:
* 50%: 50.0 — .50=.5
J

* 23.4%: 23.4 = 0.234
J

* 167%: 167.0 = 1.67
J

21

Quiz

* Convert the following percent to a decimal: 215%
A. 215
B. 2.15
C. 0.215
D. 215.0

* Answer : B
e 215 % 100 =2.15

23

22
Using Percentages
* Example:
* We have a wire with an ampacity (current-carrying capacity) of 20 amps. We
need to increase it by 150%. What ampacity wire should we be using?
* 20x 150% =20x1.50=30
* Answer: new wire should have ampacity of 30 amps
24
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Using Multipliers

* Convert % to decimal. Result will be multiple
* Example: 125% == 1.25
* 1.25 is the multiplier

* Example: An overcurrent protection device (circuit breaker or fuse)
must be sized no less than 125% of the continuous load. If the load is
80A, the overcurrent protection device will have to be sized no
smaller than what size?

* Answer: 80A x 1.25 = 100A

Reciprocals

* To obtain a reciprocal of a number, divide the number by 1

* For example:

* What is the reciprocal of 80%?
* First convert percent to a decimal: 0.80 = 0.8
* Divide 0.8 by 1=1/0.8=1.25
* If you want to change this back to a %, then multiply by 100
+ 1.25x100 = 125%

25

Squaring a Number

* Squaring a number means multiplying it by itself.

* This comes in handy when calculation area (wire for example)
* Example: What is the square of 9?

* Answer:9x9 =81

* What is the square of 4.25?
* Answer: 4.25 x 4.25 = 18.06

27

26
Where Would We Do This?
* Calculating area of a room
* Comparing pizza sizes
* And many more
* Example: What is the area of a room that is 10 feet wide by 10 feet
long?
* Answer: 10 x 10 = 102= 100
28
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Where Would We Do This?

* Example: What’s the area of a 6-inch diameter pizza vs a 12-inch pizza
* Answer:

* Diameter refers to a circle

e Areaof acircle=T] xr?, T =3.14159

* The radius is % of the diameter:
* Radius = 6/2 = 3 inches for 6” pizza
* Radius = 12/2 =6 inches for 12” pizza

* Area of 6” pizza: 3.14 x 32=3.14 x 9 = 28.26 inZ(square inches)

* Area of 12” pizza: 3.14 x 62 = 3.14 x 36 = 113.04 in? (square inches)
*113.04/28.26 = 4

* The 12 inch pizza is 4 times larger!

Circular Math

TT =3.14159...

Area = 3.14159 x radius x radius
Area =TT r?

29
: /‘.'“\"1 j Q)ET 3" G IO 2
4 £589626425822 38
w— 502839133469 399
5151058709 F4 944
D 923018165 06284
2089386280249 82S
31

Radius (Ror r) Diameter (D) Circumference = - Area (A) = space inside
Diameter = 2 x Radius Distance around circle Of circle
Radius usually written a “r” =2XTTXxr=2TTr
30
30
Ohms Law
* Voltage = Current x Resistance
*V=IxR
* Can also be written as...
* E=1xR (Estands for electromotive force)
32
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I Node

* First Law (Current)

* The sum of the currents arriving
at any point must equal the
sum of the currents leaving that

l point
1

Kirchoff’s Laws

* Second Low (Voltage)

the sum of the voltage drops in that path
* Or

zZero

* The total voltage applied to any closed circuit path is always equal to

* The algebraic cum fo all the voltages encounterd in any loop equals

33
. ’
b Kirchhoff’s Law
Kirchhoff’s Current Law Kirchhoff’s Voltage Law
Voltage v;
source (V)
Lo+l =1+ 1+ ] V4V, +V +V, +V +V +V, -V =0
Sceace facks

35

Resistance of wire
Ohms Law: V=1xR
1=V/R
120V Load Total Resistance (R) =1 +9 = 10 ohms
1=120V/102 = 12A

115




Resistance of wire

120v

1=12A

1=12A

1=12A

=R

Ohms Law: V=1xR
1=V/R

Load Total Resistance (R) =1 + 9 = 10 ohms

1=120V/108 = 12A

37

120Vsource = 12 + 108

12v

120v

>

1=12A

1=12A

1=12A

Sum of the Loads Equals the Sum of the Voltage Source

120Vsource = Voltage drop across wire (12V) and voltage drop across the load (108V)

108v

39

Voltage across wire = | x R=12A x 18 = 12V

12v

This is also known as voltage drop across the wire
Reduces the amount of voltage available to the load

120v

1=12A

.-

Voltage across load = | x R = 12A x 93 = 108V

108V

Note that the load does not get the full 120V due to voltage drop
from the wire

38

Using Larger Wire (Lower Resistance)

Voltage across wire = | x

132v

R=13.2Ax 0.1 ohms = 1.32V Ohms Law: V=1xR

I=V/R=120/9.1=13.18 =13.2A

0.1 ohm

120v

1=13.2A

“«

1=13.2A
Voltage across load = | x R = 13.2A x 9 ohms = 118.8 V

1=132A| 9

ohms

118.8V

Notice that smaller wire results in less voltage
drop across the wire and more voltage to the
load

Check:

Source: 120V
Wire + Load: 1.32V + 118.8V

=120.12V slight variation due to rounding

Total circuit resistance = 0.1 + 9 =9.1 ohms

40
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Voltage Drop “Recommendations”
* Not an NEC requirement

210.19 Conductors — Minimum Ampacity and Size.

(A) Branch Circuits Not More Than 600 Volts.

Informational Note No. 1: See 310.14 for ampacity and temperature limitations of conductors

Informational Note No. 2: See Part Il of Article 430 for minimum rating of motor branch-circuit conductors

op exceeding
maximum

reasonable

41
Voltage Drop Quiz
* Using the answer from the previous quiz...
* What is the voltage drop across the wire if the current in the circuit is
20 amps
* Resistance of wire from previous quiz = 0.1025 ohms
* Voltage drop across the wire is lgcuit X Ryire = 20 A X 0.1025 ohms =
2.05 volts
43

Voltage Drop Quiz

* If the resistance of #12 stranded coated copper wire is 2.05
ohms/1000 ft, what is the resistance of 50 ft. of the wire
* Answer:
* 2.05 ohms/1000 ft x 50 ft = (2.05 x 50)/1000 = 102.5/1000 = 0.1025 ohms

42
Voltage Drop Quiz
* Using the answer from the previous quiz...
* |s this voltage drop acceptable for a 120 volt circuit?
* Find percent voltage drop:
* Voltage drop wire/Voltage drop of source =
* 2.05/120 = 0.01708
* To change to a percentage, multiply by 100
¢ 0.01708 x 100 = 1.70%
* This is less than 3% (branch circuit), therefore it is acceptable i.e., #12
wire is ok
44
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215.2 Minimum Rating and Size.

(A) Feeders Not More Than 1000 Volts.

Informational Note No. 1: See Examples D1 through D11 in Informative Annex D.

Informational Note No. 2: Conductors for feeders, as defined in Article 100, sized to prevent a voltage drop exceeding
3 percent at the farthest outlet of power, heating, and lighting loads, or combinations of such loads, and where the
maximum total voltage drop on both feeders and branch circuits to the farthest outlet does not exceed 5 percent, will

provide reasonable efficiency of operation

Informational Note No. 3: See 210.19(A), Informational Note No. 4, for voltage drop for branch circuits

45

 Pin Header

Type

RFH-2,
FFH-2, RFHH-2

RHH, RHW, RHW-2

Table 5 Dimensions of Insulated Conductors and
ixture Wires

Approximate Area Approximate Diameter

Size (AWG or kemil) mm? mm

Type: FFH-2, RFH-1, RFH-2, RFHH-2, RHH*, RHW*, RHW-2*, RHH, RHW, RHW-2, SF-1, SF-2, SFF-1, SFF-2, TF, TFF, THHW, THW, THW-2, TW, XF, XFF

18 9355 00145 3.454
16 1110 00172 3759
14 18.90 0.0203 4902
12 2277 0.0353 5385
10 28.19 0.0437 5994
53.87 8280
6 67.16 0.1041 9246
4 86.00 01333 10.46
3 98.13 01521 11.18
2 1129 01750 11.99
1 1716 0.2660 14.78
10 196.1 03039 15.80
2/0 226.1 0.3505 16.97
3/0 262.7 0.4072 18.29
40 306.7 0.4754 19.76

0136

0.148

0.193

0212

0236

0326

0364

0412

0.440

0472

0582

0622

0668

0720

0778

a7

Cross Sectional Area of Wire

Required for calculating conduit fill, box fill etc.

Cross sectional area include the conductor and the insulation

#8 RHH CU 600

See NEC Chapter 9, Table 5

Cross-sectional area

46

Cross Sectional Area of Wire

Cross sectional area include the conductor and the insulation

#8 RHH CU

See NEC Chapter 9, Table 5

Cross-sectional area

48
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V=IxR

Volts = Amps x Resistance

DC Math e

Power = Volts x Amps

Watts = Volts x Amps

49

49
Power vs Energy
Power is measured in Energy is measured in
: instantaneous : power over
measurements time (consumption)
® Example: lamps, * Batteries, utility

appliances, meters

generators etc.
51

DC Math

Example:

12V solar module

Rated 100 watts

P=VxlI

| =P/V

| = 100 watts/12 volts

| =8.33 Amps

50

Definitions

Watts: instantaneous measure of

Watt-Hour (Watt-Hr): measure of
Power measured over a period of time

e Batteries, UPS systems, Solar Generators etc.

Example: LED lamp, rated 5 watts, 120

VAC

* Power rating: 5 Watts, reading with power meter

* Energy usage:
¢ 5 watts for 1 hour = 5 watt-hrs
o 5 watts for 24 hours = 120 watt-hrs

52
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Metric System Prefixes

Prefix = Symbol Multiplier Multiplier
(Scientific
Notation)
Exa E 10* 1,000,000,000,000,000,000
Peta P 10 1,000,000,000,000,000
Tera T 10%2 1,000,000,000,000
Giga G 10° 1,000,000,000
Mega V] 10° 1,000,000
Kilo k 10° 1,000
Hecto h 10? 100
Deka da 10* 10
Deci d 10" 0.1 Meter=m=1
Centi c 102 0.01
Milli m 10° 0.001
Micro n 10° 0.000,001
Nano n 10° 0.000,000,001
Pico p 102 0.000,000,000,001
Femto f 10 0.000,000,000,000,001
Atto A 1018 0.000,000,000,000,000,001

53

Unit Conversions

* 1 kW (kilowatt) = 1000 watts

* Watts/1000 = kW

* Example: 2000 watts/1000 = 2 kW

* Example: 10 kW =10 x 1000 = 10,000 watts

* 1MW (megawatt) = 1,000,000 watts = 1 million watts
* Watts/1,000,000 = MW

* Example: 6,000,000/1,000,000 = 1 MW

* Example: 9 MW =9 x 1,000,000 = 9,000,000 watts

Unit Conversions

* 1 GW (gigawatt) = 1,000,000,000 watts = 1 Billion Watts

* Watts/1,000,000,000 = GW

* Example: 2,000,000,000 watts/1,000,000,000= 2 GW

* 1MW (megawatt) = 1,000,000 watts

* Watts/1,000,000 = MW

* Example: 6,000,000/1,000,000 = 6 MW
* Example: 9 MW =9 x 1,000,000 = 9,000,000 watts

55

54
Key Conversions
* 1inch = 2.54 centimeters
* Example: How many centimeters is 4 inches?
* Answer: 4 x 2.54 = 10.16 centimeters(cm)
* 1cm=0.3937 inches
* Example: How many inches is 9 centimeters (cm)?
* Answer: 9 x 0.3937 = 3.5433 inches
56
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Key Conversions

* 1inch = 25.4 centimeters
* Example: How many millimeters (mm) is 4 inches?
* Answer: 4 x 25.4 = 101.6 centimeters (cm)

* 1 mm =0.03937 inches
* Example: How many inches is 9 millimeters (mm)?
* Answer: 9 x 0.03937=0.35433 inches

Electrical 101

*V =1xR (volts = current x resistance)
*I=V/R
*R=V/I

57

Current vs Impact on the Human Body

Current in miliamps (ma) Probable Effect on the Human Body

1 ma (.001 amp) Perception level. Slight tingling sensation. Still dangerous under certain
conditions.
5 ma (.005 amp) Slight shock felt; not painful but disturbing. Avergage individual can let go.

However, strong involuntary reactions to shocks in this range may lead to
injuries.

Painful shock, begin to lose muscular control. Commonly referred to as the
freezing current or “let-go” range.

6 ma— 16 ma (.006 - .016) amps

Extreme Pain, respiratory arrest, severe muscular contractions. Individual cannot
let go. Death is possible.

17 ma—99 ma (0.017 -.099) amps

Ventricular fibrillation (uneven, uncoordinated pumping of the heart.) Muscular
contraction and nerve damage begins to occur. Death is likely.

100 ma—2000 ma (.1 - 2 amps)

greater than 2000 ma (2 amps) Cardiac arrest, internal organ damage, and severe burns. Death is probable
Note: GFCls are set just below the “let-go” range (6ma)

Iron Man 3 : https://www.youtube.com/watch?v=RRt3VROjXPO

59

58

Ohms Law:V=1xR
Math

Basics

Power: P=V x|

60
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https://www.youtube.com/watch?v=RRt3VROjXP0

Math Basics

Temperature Conversions

* Celsius (C) and Fahrenheit (F)

*CtoF=Cx9/5+32
* Example: 40°C =
+ 40x9=360
* 360/5=72
+ 72+32=104%F
*FtoC=(F-32)x5/9
* Example: 104°F =
*104-32 =72
* 72x5=360
* 360/9 =40°C

61

Voltage,
Current and
Resistance

ELECTRICITY EXPLAINED...

63

\Y{[e]¥e]¢
Generator &

Transformer
Ratings

Motors rated in
Horsepower or HP

Generators rated in
Watts (W) or KW

Transformers rated in VA
or KVA
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Power Triangle
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UGLY'’S - .
Single Phase, 120V Circuit
ELECTRICAL REFERENCES Two Wire (L1, Neutral)
Charles R. Miller
TRANSFORMER < i e
coiL T g 120V
% NEUTRAL WHITE
2020
EDITION o .
68
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Single Phase Generator Visualizationon

Tl
X
} }
90°(ri2) 180°( 270°(3n2) 360°(2m)
=+-05
+-1

69

Single Phase (Split Phase) 120V/240V Circuit
Three Wire (L1, L2, Neutral)

BLACK
TRANSFORMER &
coiL - 120v
-
Co NEUTRAL WHITE | 240v
c* i
-
- 120v
<
. . v RED
L2

[9]
2
\\‘U

Single phase

Two phase

A B

V

0 120°  240° 360

90

Three phase

/| A

360°

70

Three Phase WYE (Y) CIRCUIT

< PHASE ~

PHASEA @ } ~(@ prases S 1200
x ~ NN
AN A X
/‘\ 12007
o (@ « -/ NEUTRALPOINT /1200
. O /&
O} ! X
« &
C ¥
e
PHASE C

PHASES OF TRANSFORMER OR GENERATOR ARE 120 DEGREES APART

71

72

124




Rotating Power Visualized

73

Why Does the Phase to Phase and Phase to Line Voltage Differ by a Factor of 1.73?

ANSWER: TRIGONOMETRY (Triangles) AND PYTHAGOREAN THEOREM ®

TRIANGLE HAS 180 DEGREES

« wsvors >

« 104vOLTS > Cosine of Angle = Adjacent/Hypotenuse

300 900 3 Cosine (30) = 104/X
60°) X = 104/Cosine (30)
X X = 104/0.866 = 120.09
600
> 300
( e =
120 | NEUTRAL 208/120=1.733
AN

Also !
480/277=1.73
4160/2400 = 1.73
And so on and so on

Also! \““*3 =173

HINT! To convert from 3-phase to single phase, divide voltage by 1.73

74

Three Phase WYE (Y) CIRCUIT

x

PHASE VOLTAGE (LINE TO LINE, PHASE TO PHASE)

PHASE (LINE) TO uzurmI
3

PHASE VOLTAGE (LINE TO LINE, PHASE TO PHASE)
PHASE (LINE) TO NEUTRAL

v

75

76
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Three Phase WYE (Y) CIRCUIT
120V/208V, 4-WIRE

BLACK

208V
e RED

120v
WHITE (NEUTRAL) v

120v
208V

BLUE

GND
j— PHASE A TO NEUTRAL (LINE TO NEUTRAL): 120V

PHASE B TO NEUTRAL (LINE TO NEUTRAL): 120V
PHASE C TO NEUTRAL (LINE TO NEUTRAL): 120V

PHASE A TO PHASE B (LINE TO LINE): 208V
PHASE B TO PHASE C (LINE TO LINE): 208V
PHASE C TO PHASE A (LINE TO LINE): 208V

77

Three Phase Delta Circuit, 120/240V
4-Wire (Line 1, Line 2, Line 3, Neutral)

PHASE B

ORANGE
5 y
240v 240V,
v RED
¥
240v
120V,
v BLACK v
7y
b v WHITE

79

Three Phase WYE (Y) CIRCUIT
277V/480V, 4-WIRE

BROWN
T Yy
‘ 480V
) ORANGE . 1
277V
WHITE (NEUTRAL) v
277V
480V
YELLOW v v

PHASE A TO NEUTRAL (LINE TO NEUTRAL): 277V
PHASE B TO NEUTRAL (LINE TO NEUTRAL): 277V
PHASE C TO NEUTRAL (LINE TO NEUTRAL): 277V

PHASE A TO PHASE B (LINE TO LINE): 480V
PHASE B TO PHASE C (LINE TO LINE): 480V
PHASE C TO PHASE A (LINE TO LINE): 480V

78

Three Phase Delta Circuit, 120/240V
4-Wire (Line 1, Line 2, Line 3, Neutral)

C2=A?+B?
PHASES  LiGH LEG (WILD LEG) ORANGE
2 % A2=(C2-B2
240V, N A=\/c2-B?
¥ A
RED —
A=\/240% - 1207
20V o s B
WHITE A=\/57600 - 14,400

A=\/43,200

A=207.84=208

80
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Ground Fault

Z/O\A 0.0201 ohms
4

Heater
10 ohms

120 vac

-+

Calculation of current:
V=IxR
1 = V/R = 120/(resistance of wire)
| = 120/(0.0402) = 2985 amps!!

20 A circuit breaker trips: stops flow of current
*  Effective Ground Fault Path Established!

*  People protected
*  Wire protected

*  Equipment protected

81

Why Do We Put Ground Rods in Parallel?

Resistor Combinations

The combination rules for any number of resistors in series or parallel can be derived with
the use of Ohm's Law, the voltage law, and the current law.

R R R [R  —R+tR+R+.
AAA—ANA—AAA— | Pequivaten oht

Series

Ao 4
er\n/rm=z=—V‘+V‘+ ot =ﬁ+L+&+...=R.+R,+R‘+..A
& 1 1 TR 2

3
Series key idea: The current is the same in each resistor by the current law.

1 1 1 1
R =—+—+—+...
: chuiralcnl R R R
Parallel

To lower resistance, add ground rods (electrodes) in parallel

83

Resistance Grounding

Ground fault
detection

| = 120V/(Zwire +tot Zmotor)
1=120/(.410 + 10) = 120/10.41
1=11.53A

NEC Table 8, Chapter 9

Z of #12 copper wire = 2.05 ohms/1000 ft.
Zof 100" = 0.205 ohms
Z0of 200 ‘= 0.410 ohms

Wire impedance
Zwire

#12 (100)

Z= motor
Winding
impedance

50 HP

Normal Current Return Path

Zmotor = 10 ohm
(for demo purposes only)

1 Effective Ground Fault Current Path
T

#12

The Earth: Abnormal Ground Fault Current Path

82

Volume

* The volume of an enclosure equals the length x width x height of the

enclosure

* The result is in cubic inches, cubic centimeters, cubic feet, cubic yards etc.
* It is written as in3, cm3, ft3, yds3, m3 etc.

84
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Volume

Width

Length

VOLUME=WxLxD

VOLUME = Width x Length x Depth

85

Circuits

Wire (Impedance, 2)

‘ Ohms (Q)

Source | = Current
(Voltage) (Amps)

(AC or DC)

< Load (R, Resistance)
Ohms (Q)

Volume

4inches

87

VOLUME = Width x Length x Depth
VOLUME =4 x 4 x 1.5 = 24 cubic inches (in3)
4 inches
. 15inches
86
Voltage
* Can be written as V or E
* V stands for Voltage after Alessandro Volta
* E stands for Electromotive Force or EMF
* Both are the same A A
* “Electrical Pressure”
g /Ze'o Crossing
e Can be ACor DC A e
0 >t U >t
Direct Current Alternating Current
88
88
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Frequency

* AC Voltage and Current has a frequency
* In the United States, it is 60 Hz or 60 cycles per second
* Sinusoidal waveform crosses 0, 120 times a second

'RADIOFREQUENCIES (RF) & MICROWAVES

GAMMA RAYS

+123456 55 56 57 58 59 60
h M\/\M\ MMM
oV SS [ Time
-120v
e
| .
1 second
89
Frequency
Frequency | Number of 1/cycles = milliseconds Harmonic (frequency/60)
cycles/sec
0.0167 16.67 1
120 120 0.0083 8.33 2
180 180 0.055 5.55 3
240 240 0.00416 4.16 4
300 300 0.0033 3.33 5
91
91

NON-IONIZING ELECTROMAGNETIC FIELDS IONIZING RADIATION
NN
/ /’ \J \/ X\J \‘
Frequency 500 MHz GHz 106Hz 306Hz 600 THz 3PHz 300PHz 30EHz
Wavelength 6000 km 300m 60cm 30mm 3m 10mm 500nm 100nm 1nm 10pm
Frequency Spectrum
90
90
60 Hz Frequency
T
1 0.0167 16.67
1/2 0.0083 833 — Speed of Current-Limiting Fuses!
1/4 0.00416 4.16
92
92
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Circuits

Wire (Impedance, Z)

‘ Ohms (Q)
Source I = Current < .
(Voltage) (Amps) < Load (R, Resistance)
(AC or DC) —> Ohms (Q)

Current

* Expressed as “1”

* | originally referred to Intensity

* Measured in Amps or Amperes after Andre-Marie Ampere
* Can be AC or DC

* Flow of charges in a circuit

* “Pushed or Pulled” by voltage

* Higher voltages result in higher current flows

* Must have a closed circuit to flow
* If a break in circuit occurs, flow of current will stop or find leakage paths
* Current will return to its source, not the earth (except lightning)

94

93
Current
* Current will take any and all available paths to return to its source
* Most of the current will take the path of least resistance
* This can best be explained by Kirchoff’s Law
95

Resistance

* Resistance (R) is measured in ohms
* Named after Georg Ohm

* Q (Omega) is the symbol for resistance
* Can be thought of providing resistance to the flow of current
* Low resistance promotes higher current flow

* High resistance restricts current flow
* Require higher amps to energize load

* Ex: larger diameter wire has lower resistance than smaller diameter wire
* High resistance can be a source of heating
* Most loads have significant resistive component

96

130




Resistors

* Resistors have resistance
* Resistors can be arranged in series, parallel or both

120 ohm 5%

Tolerance

Brow!

Red

(o]
Bl
[Siver | |10%]

1st Multiplier Tolerance

97

Series Resistance

TOTAL RESISTANCE R =R1 +R2 +R3

TOTAL RESISTANCE R = 100 + 50 + 25 = 175 OHMS

99

4.7k ohm 1%
98
Parallel Resistance
11 1 1
R3 Ree  RLT R2 R3
1 1 1 1
100Q ?m = % ?) 10
100
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Parallel Resistance L1, 1
R 10 10 10
] ! |
— ) 1. 01 + 01 + 01= 03
100 100 10Q Rrot
\ \ ‘ % = 03
| R = —_ = 333Q
3330
- ‘ -
101
Parallel Resistance Shortcut
For Equal Resistances Only
( 100 i 100 R = R B
— : B Number of Resistors
Rrot 120 =5Q

50
< . Hint: If 2 same-value resistors are in parallel, the total resistance is
exactly half the value of one of the resistors

Parallel Resistance Shortcut
For Equal Resistances Only

100 100 = 100 R = R
| _ | - ‘ Number of Resistors
10
Ro =, = 3330
J

3330

103

102
Parallel Resistance Shortcut
For 2 Resistors Only
~— m-sa - R=100 Ree = RLXR2
= ) | R1+R2
[
5X10 50
Rrot = 333=50
5+10 15
\
50
< . Hint: If 2 same-value resistors are in parallel, the total resistance is
exactly half the value of one of the resistors
104
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: . : Series and Parallel Resistance
Hints for Resistors in Parallel
R1=100
* The total resistance will always be lower than any one of the individual resistors — /\/\/ |
* The total resistance will always be lower than the value of the lowest resistor ] —
* Resistance should always be positive. It may be a decimal, but it should be — R2=200 — R3=200
positive ‘, ‘,,
* Guess the possible value of the total resistance below
; J J 1/Rie; = 0.05 +0.1+0.5 = 0.65 R1 =100 Rror = R1 +R2||R3 = 100 + 100 = 200
= — — R =1/0.65=15380 mVATAYAYAN — ] VYV —
200 = 100 — 50
— ) < R2|[R3=10Q
\ \ \ <
J
1 1 1 1
I . = 15380
Ree ~ 207 10 T 5
105 106
Resistance (R) and Impedance (2) Impedance and Resistance
* Both are measured in ohms Z=Impedance
* DC circuits only have resistance R = Resistance 2 2
y X = Inductive Reactance Z= R? + (XL —X¢)
* AC circuits have resistance (R), inductance (L) and capacitance (C) Xc = Capacitive Reactance
* Both are used interchangeably in 60 Hz circuits because L and C are
nearly O at this low frequency
® Impeda nce exp ressed as Z * ACcircuits have impedance (Z) consisting of resistance, inductance and capacitance
* In purely DC circuits, Z =R, in other words
* In most situations where the frequency is 60 Hz and amps are less than 40 amps, the
loads are mostly resistive,
the inductive and capacitive reactances are small.
* Inthese cases, the impedance and resistance are nearly equal

107 108
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Capacitance

» Capacitance is measured in Farads after Michael Faraday
 Capacitors are noted by the character ”C”
» Defined as the ability to store electric charge

* Units of capacitance are F (Farads), mF (milli Farads), uF
(micro Farads), nF (nano Farads), pF (pico Farads) etc.

109

Inductors and Inductance

Heinrich Lenz

Inductance discovered by Michael Faraday
Inductors are basically a coil of wired

Inductance is denoted by the symbol “L”
after Henrich Lenz

It is measure in Henrys or “H” after Joseph
Henry

It is another energy storage device
Inductance is the tendency of an electrical

conductor to oppose a change in the
electric current flowing through it

Inductance

* Basically anything that has a coil has inductance
* Examples: solenoids, motors, transformers etc.
* Helps create magnetic fields

111

110
Impedance and Resistance
* Wire has resistance, inductance and capacitance
* Therefore it has impedance (Z)

112
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Conductor Resistance

«— Resistance is 2 ohms per 1000 1t

| Resistance is 02

Each 12 AWG is 50 ft x 2 wires = 100 ft in circuit

—p
0 ohms for 100 %

To determine the resistance of 100 ft of 12 AWG

NEC Chapter 9, Table 9, 1,000 ft of 12 AWG = 2 ohms
2 ohms/1,000 ft = 0.002 ohms per ft

0.002 ohms per ft x 100 ft = 0.20 ohms for 100 ft

Copyright 2014, wnMiaHot com

\ e

Cross-Sectional Area
Chapter 9, Table &

The DIAMETER of 10 AWG
Is 2 times as large as 16 AWG

16 AWG

=

iD=

Diameter 0.058 in 2x — 0.116n, Diameter
Size 2,580 cmils  4x — 10,380 cmils Size
Resistance 4.99 chms® 1/4 —+1.24 ohms® Resistance

“Ne

o

e: Resistance per 1,000 1.

A TR e 08 Lo, VE 0008 AEC

Table 9 Alternating-Current Resistance and

113
113
O Pin Header ‘Table 8 Conductor Properties X
Conductors Direct-Current Resistance at 75°C (167°F)
Stranding Overall Copper

) Area meter Diameter Area Uncoated Coated Aluminum
(:‘v’fs Circular ohm/ ohm/ ohm/ ohm/ ohm/ ohm/
orkemil)  mm’ mils Quantity mm in. mm in. mm? in2 km KFT km KFT km KFT
18 0823 1620 1 102 0040 0823 0001 255 777 265 8.08 420 128
18 0823 1620 7 039 0015 116 0,046 106 0002 261 7.95 27.7 8.45 428 131
16 131 2580 1 - - 129 0051 131 0002 160 489 167 508 26.4 805
1 131 2580 7 049 0019 146 0058 168 0003 164 499 173 529 269 821
4 208 4110 1 163 0064 208 0003 101 307 104 319 166 506
14 208 a110 7 062 0024 185 0073 268 0.004 103 314 107 326 169 517
12 331 6530 1 - - 205 0081 331 0005 634 193 657 201 10.45 318
12 331 6530 7 078 0030 232 0092 425 0006 650 198 673 205 1069 325
10 10380 1 2588 0102 526 0008 3984 121 4148 126 6.561 200
10 10380 7 098 0038 295 0116 676 001 4070 124 4226 129 6679 204
8 8367 16510 1 - - 3264 0128 837 0013 2,506 0764 2579 0786 4125 1.26
8 8367 16510 7 123 0049 371 0146 076 0017 2551 0778 2653 0,809 4204 128
6 1330 26240 7 15 0061 467 0184 1709 0027 1608 0.491 1671 0510 2652 0808
4 2115 41740 7 196 0077 58 0232 2719 0042 1010 0.308 1053 0.321 1666 0.508

115

O Pin Header Reactance for 600-Volt Cables, 3-Phase, 60 Hz, 75°C X
(167°F) = Three Single Conductors in Conduit
Ohms to Neutral per Kilo
Ohms to Neutral per 1000 Feet
Alternating-Current
Resistance for Alternating-Current Effective Z at 0.85 PF Effective Z at 0.85 PF
Resistance for for Uncoated Copper for Aluminum
X, (Reactance) for All Wires Copper Wires Aluminum Wires
Size P\ Size
(Awe Aluminum Steel pVC Aluminum Steel PVC Aluminum Steel PVC Aluminum Steel PVC Aluminum Steel (awe
or kemil) Conduits. Conduit Conduit Conduit Conduit Conduit Conduit ‘Conduit Conduit Conduit ‘Conduit Conduit Conduit ‘Conduit or kemil)
1 0100 0240 102 102 102 - - - ) 89 ) - - - "
0088 0073 31 3 27 27 27
" 0177 022 o6 o6 o6 105 105 105 56 56 s o2 02 02 1
005 0068 20 20 20 a2 a2 a2 17 17 17 28 28 28
10 0164 0207 3s 59 59 66 66 66 36 56 36 ) ) 59 10
0050 0063 12 12 12 20 20 20 1 1 1 s 18 18
s o 0213 256 256 256 a3 3 s 226 226 230 as a6 36 .
0052 0065 078 078 078 13 13 13 069 069 070 I 1 1
f 0167 0210 61 o 161 266 266 266 M 148 148 233 236 236 f
001 0064 04 04 049 o1 os1 081 044 045 04s ot o7 o
s 0157 0107 102 102 102 167 167 167 095 09 098 151 151 151 .
00 0,060 031 031 031 051 051 051 020 020 030 046 046 046
114
114
Circuits
Wire (Impedance, Z)
‘ Ohms (Q)
Source | = Current
(Voltage) (Amps) Load (R, Resistance)
(ACorDC) Ohms (Q)
116

115

116
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Resistance of Wire

50 ft. of #12 THHN

Conductor Resistance

£ Pin Header

Conductors

Area Diameter Diameter

(WG , Gircular

orkemil)  mm mils Quantity mm in.

‘Table 8 Conductor Properties

Overall

X
Direct-Current Resistance at 75°C (167°F)
o
ohm/ ohm/ ohm/ ohm/ ohm/
km KFT km KFT km KFT

0.491 167 0510

[ : ’
Ohms (Q) <«—— Resistance is 2 ohms per 1000 .
\ —
L)
i —
. : for 100 ft
Source | = Current < Resistance s 0.20 ohms
(Voltage) (Amps) Ohms (Q) — =
(ACor DC) = Each 12 AWG is 50 ft x 2 wires = 100 ft in circuit
To determine the resistance of 100 ft of 12 AWG
50 ft. of #12 THHN NEC Chapter 9, Table 9, 1,000 ft of 12 AWG = 2 ohms
2 ohms/1,000 ft = 0.002 ohms per ft
Ohms (Q) 0.002 ohms per ft x 100 ft = 0.20 ohms for 100 ft
Coprigh 201, ket
100 ft. total wire length
17
50 ft. of #12 THHN Conductor Resistance
— ; y
0.1(Q) <+—— Resistance is 2 ohms per 1000 t —
\ —
.
i —>
i > for 100 ft
Source I = Current Resistance is 0.20 ohms ©
(Voltage) (Amps) Ohms (Q) =
(ACorbo) Each 12 AWG is 50 ft x 2 wires = 100 ft in circuit
To determine the resistance of 100 ft of 12 AWG
50 ft. of #12 THHN NEC Chapter 9, Table 9, 1,000 ft of 12 AWG = 2 ohms

0.1(Q)

100 ft. total wire length
0.1 ohms + 0.1 ohms = 0.2 ohms

2 ohms/1,000 ft = 0.002 ohms per ft
0.002 ohms per ft x 100 ft = 0.20 ohms for 100 ft

Copyright 2014, wneMikeHot com
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Voltage Drop of Wire
50 ft. of #12 THHN I=V/R
I'=120/(Ruire * Rioaa)

| 0.1(Q)

1=11.764A

120v

50 ft. of #12 THHN

0.1(Q)

100 ft. total wire length
0.1 ohms + 0.1 ohms = 0.2 ohms

I = 120/(0.2 +10) = 120/10.2 = 11.764 Amps

Voltage drop across wire =1 X Ry
Vgrop = 11.764 x 0.2 = 2.35V

119
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%Voltage Drop of Wire

50 ft. of #12 THHN

0.1(Q)

120v I=11.764A >

50 ft. of #12 THHN
0.1(Q)

100 ft. total wire length
0.1 ohms + 0.1 ohms = 0.2 ohms

I=V/R
1= 120/(Ruire + Rioac)
I =120/(0.2 +10) = 120/10.2 = 11.764 Amps

Voltage drop across wire = | X Ryire

Virop = 11.764 0.2 = 2.35V

% Voltage Drop of Wire = 2.35V/120V =0.0195
Convert to a percentage: 0.0195 x 100 = 1.95%

Compare:
1.95% less than recommended 3% from branch
Circuit breaker to load.

Therefore Voltage Drop is acceptable

%Voltage Drop of Wire — Longer Wire

500 ft. of #12 THHN

1=V/R
1'=120/(Ruire + Rioaa)

121
0 . .
%Voltage Drop of Wire — Larger Wire
500 ft. of #4 THHN I=V/R
1'=120/(Ryire + Ricaa)
0.16 (Q) 1=120/(0.321 +10) = 120/10.321 = 11.626 Amps
Voltage drop across wire = | X Ryre
Lo | 11.417A = Vyrop = 11.626 x0.321=3.73V
=
10 ohms =
< % Voltage Drop of Wire = 3.73V/120V =0.031
500 ft. of #6 THHN Convert to a percentage: 0.031 x 100 = 3.1%
0.16 (Q) Compare:
3.1 % is slightly more than 3% from branch
Chapter 9, Table 8: Circuit breaker to load recommendation
* 0.321 ohms/1000 ft (note lower resistance!)
* 1000 ft x 0.321 ohms/1000 ft = 0.321 ohms Therefore Voltage Drop may be acceptable.
« For each wire segment: 0.321/2 =0.16
Judgement call
123

1(Q) 1 =120/(2 +10) = 120/12 = 10 Amps
Voltage drop across wire = | X Rire
120V I=10A = Virop =10 x 2 =20V
=
10 ohms =
= % Voltage Drop of Wire = 20V/120V =0.167
500 ft. of #12 THHN Convert to a percentage: 0.167 x 100 = 16.67%
1(Q) Compare:
16.67% more than recommended 3% from branch
Chapter 9, Table 8: Circuit breaker to load.
* 2 0hms/1000 ft
* 1000 ft x 2 ohms/1000 ft = 2 ohms Therefore Voltage Drop is not acceptable
Try larger wire and/or shorter runs
122
0 Pin Header Table 8 Conductor Properties X
‘Conductors Direct-Current Resistance at 75°C (167°F)
=) v oo ]
- Area Diameter Diameter Area Uncoated Alumioum
(aws Cireular om/  ohm o ohm
orkemil)  mm? mils Quantity mm in. km FT km KFT
18 oss e , - - 255 0
8 os 7 03 o0 21 795 s
16 040 0010 409 2
” oo O
14 o 7 062 oo 517
2 am - - 193 s
! a3 7 07 0030 1.8
0 s 1030 7 098 003 12
8367 16510 B 0764
8367 16510 7 0049 0778
s 13m0 260 7 0061 0491
124
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Conduit Fill

125

Conduit Fill

* Table 1 of Chapter 9 in the NEC lists the maximum fill of conduit
based on the size of the conductors it contains

Chapter 9, Table 1
Maximum Percent Conduit Fill

Number of Conductors Percent Fill Permitted

1 Conductors 53%
2 Conductors 31%
3 or more conductors 40%

Conduit Fill

One Conductor
53% Fill 31%Fill 40% Fill

Two Conductors Three or More Conductors

127

126
Conduit Fill
* All conductors counted, including equipment grounding conductors,
bonding conductors and neutrals (Table 9, note 3)
« Different than when calculating “ampacity” where EGC and some neutrals not
counted.
* Exception for conduit nipples 24 inches or less (Table 9, note 4).
* 60% fill allowed
128
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Conductor Fill for Nipples 24 inches or less Quiz

* What's the cross sectional area of permitted conductor fill for a trade
size 1” EMT conduit that is 30 inches long containing four conductors?

* Answer:
* We know that since it is not a nipple (24" or less) and it has more than 3
conductors, the 40% max fill limit is applicable
* Check Chapter 9, Table 4 for EMT, 40% column
* 0.346 sq. inches

60% Fill

129 130

Quiz (Alternative Solution)

Table 4 Dimensions and Percent Area of Conduit and
Tubing (Areas of Conduit or Tubing for the 52

© Pin Header Combinations of Wires Permitted in Table 1,

| e oo o * What'’s the cross sectional area of permitted conductor fill for a trade
Nominal
o oy e B e size 1” EMT conduit that is 30 inches long containing four conductors?
Metric
Designator Trade Size mm?2 in2 mm2 in2 mm? in2 mm? in2 mm in. mm? in2
Wgé : "2 78 0122 118 0.182 104 0.161 61 0.094 15.8 0.622 196 0.304 ¢ Answer: . L. . .
n W e s oam W o 106 - os oo . - * We know that since it is not a nipple (24" or less) and it has more than 3
27 222 333 0519 205 0458 172 0.268 266 1.049 556 0.864 COndUCtOrS, the 40% max fill limit is applicable
* s e oo e . o oo . e * Check Chapter 9, Table 4 for EMT, Total Area column (last column)
41 17, 526 0814 788 1221 696 1.079 407 0.631 409 1.610 1314 2.036 ” ”
53 2 866 1.342 1299 2013 1147 1.778 671 1.040 525 2.067 2165 3356 * 0'864 for tOtal area Of 1 EMT
63 27 1513 2343 2270 3515 2005 3105 173 1816 60.4 2731 3783 5858 * 0.864 x 40% = 0.864 x 0.40 = 0.3456 = 0.346 sQ. inches
78 3 2280 3538 3421 5307 3022 4688 1767 2742 852 3356 5701 8.846
91 3'/2 2980 4.618 447 6.927 3949 6.119 2310 3.579 97.4 3.834 7451 11.545
103 . e e T i 7a19 2981 asm nor 4z o521 1473
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Table 4 Dimensions and Percent Area of Conduit and
Tubing (Areas of Conduit or Tubing for the

SRl He ey Combinations of Wires Permitted in Table 1,
| artite 358 — Etectical ietac Tubing (EMT)|
Nominal
1 Wire 2 Wires Internal Total Area
60% 53% 31% Diameter 100%
Metric
Designator  TradeSize  mm? in2 mm? in? mm? in? mm? in2 mm in. mm? in?
16 2% 78 0.122 118 0.182 104 0.161 61 0.094 15.8 0.622 196 0.304
21 137 0213 206 0.320 182 0.283 106 0.165 209 0.824 343
27 222 0.346 333 0519 295 0.458 172 0.268 26.6 1.049 556
35 387 0.598 581 0.897 513 0.793 300 0.464 35.1 1.380 968
4 1"2 526 0814 788 1221 696 1.079 407 0.631 409 1.610 1314 2.036
53 2 866 1.342 1299 2013 1147 1.778 671 1.040 525 2.067 2165 3.356
63 2',2 1513 2343 2270 3.515 2005 3.105 173 1.816 69.4 2731 3783 5.858
78 3 2280 3.538 3421 5.307 3022 4.688 1767 2742 85.2 3.356 5701 8.846
91 31/ 2980 4618 447 6.927 3949 6.119 2310 3.579 97.4 3.834 7451 11.545
103 4 3808 5.901 5712 8.852 5046 7.819 2951 4573 110.1 4334 9521 14.753

Conduit Fill = Same Size Conductors

« If all of the conductors are the same size, use Annex C in the NEC to

size conduit fill

133
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Informative Annex C — Conduit, Tubing,
and Cable Tray Fill Tables for
Conductors and Fixture Wires of the
Same Size

Table

C.1 — Electrical Metallic Tubing (EMT)

C.1(A)* — Electrical Metallic Tubing (EMT)

€.2 — Electrical Nonmetallic Tubing (ENT)

C.2(A)* — Electrical Nonmetallic Tubing (ENT)

C.3 — Flexible Metal Conduit (FMC)

C.3(A)* — Flexible Metal Conduit (FMC)

C.4 — Intermediate Metal Conduit (IMC)

C.4(A)* ~ Intermediate Metal Conduit (IMC)

C.5 — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-A)
C.5(A)* — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-A)
C.6 — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-B)
C.6(A)* — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-B)
C.7 — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-C)
C.7(A) — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-C)
C.8 — Liquidtight Flexible Metal Conduit (LFMC)

C.8(A)* — Liquidtight Flexible Metal Conduit (LFMC)

C.9 — Rigid Metal Conduit (RMC)

Conduit Fill Example — Same Size Conductors

* What is the minimum size EMT conduit required for the following

conductors?
* (5) #12 THHN conductors

EMT

[) #12 THHN

J #12 THHN

W #12 THHN

) #12 THHN Neutral

]

—

#12 THHN EGC
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Table C.1 Maximum Number of Conductors or Fixture

£ Pin Header Wires in Electrical Metallic Tubing (EMT) (Based on
Chapter 9: Table 1, Table 4, and Table 5)
Trade Size (Metric Designator)
Conductor
Size g Vi /4 1 1, 17, 2 215 3 31y 4
Type (AWG/kemil) (12) (16) (21) @7 35) (a1) (53) (63) (78) ) (103)

CONDUCTORS

THHN, THWN, THWN-2 I 14 - 12 22 35 61 84 138 241 364 476 608

I 12 I . m 16 2% 45 61 101 176 266 347 443
10 - 5 10 16 28 8 63 m 167 219 279
8 - 3 6 9 16 22 36 64 9% 126 161
6 - 2 4 7 12 16 2 46 69 o1 116
4 - 1 2 4 7 10 16 28 43 56 7
3 - 1 1 3 6 8 13 24 36 a7 60
2 = 1 1 3 5 7 1 20 30 40 51
1 - 1 1 1 4 5 8 15 22 29 37
110 - 1 1 1 3 4 7 12 19 25 32
2/0 = 4 1 1 2 3 6 10 16 20 2
3/0 - 0 1 1 1 3 5 8 13 17 22
4/0 - 4 1 1 1 2 4 7 1 14 18
250 = 4 0 1 1 1 3 6 9 1 15
300 - 0 0 1 1 1 3 5 7 10 13
350 - 4 0 1 1 1 2 4 6 9 1
400 - 0 0 0 1 1 1 4 8 10
500 0 0 0 1 1 1 3 5 6 8

5
(129)

6
(155)
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Conduit Fill Example —Same Size Conductors

* According to Chapter 9, table 4 table for THHN wire in EMT conduit, a
maximum of 9 conductors can be installed in 1/2” conduit

* Since 5is less than 9, 1/2” conduit is the minimum size conduit that
can be used

[) #12 THHN

J #12 THHN

U #12 THHN

) #12 THHN Neutral
| #12 THHN EGC

T

3/4 inch EMT e

i

Conduit Fill Example —Different Size Conductors

* What is the minimum size Schedule 40 PVC conduit required for the
following conductors?

‘/ ) 500 THHN
1
500 THHN
schedule 0PV I
250 THHN Neutral

\ J 3THHN EGC

138

139

Conduit Fill Example —Different Size
Conductors

* Refer to Chapter 9, Table 5 for THHN Wire

| ) 500 THHN

500 THHN

500 THHN

250 THHN Neutral
\  3THHN EGC

Schedule 40 PVC

140
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. Table 5 Dimensions ofInsated Condlctors and
Approximate Area Approximate Diameter
Type Size (AWG or kemil) mm? in2 mm in.

THHN, THWN, THWN-2 14 6.256 0.0097 2819 0111
12 8.581 0.0133 3.302 0.130
10 13.61 0.0211 4166 0.164
8 2361 0.0366 5.486 0216
6 3271 0.0507 6.452 0.254
4 5316 0.0824 8.230 0.324
[ 3 62.77 00973 | 8.941 0.352
2 7471 01158 9.754 0.384
1 100.8 0.1562 11.33 0.446
1/0 119.7 0.1855 12.34 0.486
2/0 143.4 0.2223 13.51 0532
3/0 1728 0.2679 14.83 0.584
40 2088 03237 16.31 0.642

[ 750 756.1 R 18.06 0711
300 297.3 0.4608 19.46 0.766

Tyve: FER, FEPB, PAF, PAFF, PF, PFA, PFAH, PFF, PGF, PGFF, PTF, PTFF, TFE, THHN, THWN, THWN-2, Z, ZF, ZFF, ZHF

THHN, THWN, THWN-2 350 3382 0.5242 2075 0.817
400 3783 0.5863 21.05 0.864

| 0 s oo | 410 Qs

Conduit Fill Example —Different Size
Conductors

* Refer to Chapter 9, Table 5 for THHN Wire

* (1) 500 THHN = 0.7073 in? x 3 conductors = 2.1219 in?
* (1) 250 THHN = 0.3970 in? x 1 conductors = 0.3970 in?
* (1) 3THHN =0.0973 in? x 1 conductors = 0.0973 in?
Total Area of Conductors = 2.6162 in?

141

Conduit Fill Example —Different Size
Conductors
* Refer to Chapter 9, Table 4 (PVC), 40% fill

* Total Area of Conductors = 2.6162 in?
* Area of conduit used for wiring must be larger than 2.6162 inZ in 40%

column
7
| ) 500 THHN
1,
500 THHN
schedule 0PV I
250 THHN Neutral

\ J 3THHN EGC

142
142
O Pin Header X
Articles 352 and 353 — Rigid PVC Conduit (PVC), Schedule 40, and HDPE Conduit (HDPE)
Nominal
1 Wire 2 Wires Internal Total Area
40% 60% 53% 31% Diameter 100%
Metric Trade
Designator Size mm? in2 mm? in2 mm? in2 mm?2 in2 mm in. mm?2 in2
12
1 74 0114 10 017 97 0151 57 0.088 153 0,602 184 0.285
. 31 196 0.305 73 0.269 101 0157 204 0.804 327 0.508
14 321 0.499 284 0.441 166 0258 26.1 1029 535 0.832
35 1 374 0.581 561 0872 495 0770 290 0.450 345 1360 935 453
a 1 513 0794 769 1191 679 1052 397 0616 404 1590 1282 986
53 2 849 1316 1274 1975 126 744 658 1.020 520 2,047 2124 3291
6 27, 939 1.455 621 2.445 3029 4695
9 3 1946 3018 894 352 627 9.737
103 2508 3892 1015 3998 8091 12554
129 3952 6126 1274 5016 12748 19.761
155 6 7373 11.427 11060 17.140 9770 15.141 5714 8.856 1582 6031 18433 28567
144

143

144
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Conduit Fill Example —Different Size Conductors

* Refer to Chapter 9, Table 4 (PVC), 40% fill
* Total Area of Conductors = 2.6162 in?

* Area of conduit used for wiring must be larger than 2.6162 in? in 40%
column

* 2.907 in2is larger than 2.6162 in%, so 3 in. conduit is the minimum size
that can be used

( 7 500 THHN
1,

3 inch Schedule 40 PVC K ] 500 THHN

% 500 THHN
250 THHN Neutral

J 3THHN EGC

Conduit Nipple Conduit Fill

145

146

Conduit Nipple Conduit Fill Example

* What’s the minimum trade size RMC nipple required for three, 3/0
THHN conductors, one 1 THHN conductor, and one 6 THHN
conductor?

Conduit Nipple Conduit Fill Example

* Since the raceway is a nipple less than 24 inches in length, it can be
filled up to 60%

* Use Table 5 in Chapter 9 to obtain area of THHN conductors

147
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P Table 5 Dimensions of Insulated Conductors and . . . .
Conduit Nipple Conduit Fill Example
Approximate Area Approximate Diameter
sepoeriend " *1-3/0 THHN = 0.2679 in2 x 3 conductors = 0.8037 in2
' THHN, THWN, THWN-2 14 6.258 0.0097 2.819 0111 . .
» - . o502 o550 * 1-#1THHN =0.1562 in2 x 1 conductor = 0.1562 in?
10 13.61 0.0211 4.166 0.164 . .
. o o o . * 1-#6 THHN =0.0507 in%>x 1 conductor = 0.0507 in?
- 2 T o o * Total area of conductors = 1.0106 in2
4 53.16 0.0824 8.230 0.324
3 62.77 0.0973 8.941 0.352
— e — . o « Refer to Table 4 in Chapter 9 (RMC)
1/0 119.7 0.1855 1234 0.486
2/0 143.4 0.2223 13.51 0.532
[ 3/0 172.8 0.2679 ] 14.83 0.584
4/0 2088 0.3237 16.31 0.642
250 256.1 0.3970 18.06 0711
300 297.3 0.4608 19.46 0.766
Type: FEP, FEPB, PAF, PAFF, PF, PFA, PFAH, PFF, PGF, PGFF, PTF, PTFF, TFE, THHN, THWN, THWN-2, Z, ZF, ZFF, ZHF
' THHN, THWN, THWN-2 350 338.2 0.5242 2075 0817
400 3783 0.5863 2195 0.864 150

149 150

Conduit Nipple Conduit Fill Example

I Article 344 — Rigid Metal Conduit (RMC)

) , , Nominal * Total area of conductors = 1.0106 in?
Over 2 Wires 1 Wire 2 Wires Internal Total Area
40% 53% 31% Diameter 100%

o o, T e -, R e * Refer to Table 4 in Chapter 9 (RMC)
. 5 i . o o ) ) - - * 60% fill of a 1-1/4” conduit = 0.916 in2 =>Too small!

16 ' 81 0125 122 0.188 108 0.166 63 0.097 161 0.632 204 0314

21 3, 1 0220 212 0329 187 0.291 109 0170 212 0.836 353 0549 . 60% f||| of a 1_1/2" condu't = 1_2453 inz

27 1 220 0355 344 0532 303 0.470 177 0275 270 1063 573 0.887

5 " s oew o 2 e ws o e . * Therefore 1-1/2” conduit is min. size allowed
@ 1, 533 0829 800 707 1.098 a3 0.642 a2 e 1838 207

sa 2 879 1363 1319 1165 1.806 681 1056 529 2083 2198 3408

63 2! 1255 1946 1882 2919 1663 2579 a72 1508 632 2489 3137 4866

78 3 1936 3.000 2004 4499 2565 3974 1500 2325 785 300 840 749

1 3, 2584 4.004 3877 6006 3424 5305 2003 3108 07 3570 6461 10010

103 4 3326 5153 1990 7729 14408 6.828 2578 3.994 1029 4050 s3t6 12882

129 5 5220 8.085 7830 12127 6916 10713 4045 6.266 1289 5073 13050 20212

155 6 7528 11.663 1202 17495 9975 15.454 5834 9.039 1548 609 18821 29158

151 152

151 152
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Outlet Box Fill (NEC 314.16)
All Conductors Same Size

* Insulation type does not matter

* Use Table 314.16(A) to:
* Determine the number of conductors permitted in the outlet box
* Determine outlet box size required for the given number of conductors

* Outlet Box Sizing [314.16(A)]
* https://www.youtube.com/embed/bVQO7B EWHg

153
153
O Pin Header Table 314.16(A) Metal Boxes
Maximum Number of Conductors*
Box Trade Size Minimum Volume (arranged by AWG size)

mm in. em? in? 18 16 14 12 10 8
100% 32 (ax1179) round/octagonal 205 125 8 7 6 5 5 5
100% 38 @x117) round/octagonal 254 155 10 8 7 6 6 5
100x 54 (4x27g) round/octagonal 353 25 1 12 10 9 8 7
10032 (@174 square 295 180 12 10 9 8 7 6
100x 38 (4x117) square 344 210 1 2 10 9 8 7
100 % 54 (4x217) square 497 303 20 7 15 13 12 10
120x32 (@M% 117) square 18 255 17 14 12 " 10 8
12038 @36%1175) square 484 295 19 16 14 13 " 9
120% 54 (@"36%2'75) square 689 420 28 2 2 18 16 1
75%50% 38 (3x2x11) device 123 75 5 4 3 3 3 2
7550 x 50 (3x2x2) device 164 100 6 5 5 4 4 3
75% 50 57 (3x2x217y) device 172 105 7 6 5 4 4 3
75%50x 65 (3x2x2'7) device 205 125 8 7 6 5 5 4
75%50x 70 (3%2x2%,) device 230 140 9 8 7 6 5 4

155

154
154
O Pin Header Table 314.16(A) Metal Boxes X
Maximum Number of Conductors*
Box Trade Size Minimum Volume (arranged by AWG size)

mm in. em? in3 18 16 14 12 10 8 6
75%50x 38 (Bx2x117) device 123 75 5 4 3 3 3 2 1
75 %50 x 50 (3x2x2) device 164 100 6 5 5 4 4 3 2
75% 50 % 57 (3x2x217) device 172 105 7 6 5 4 4 3 2
75% 50X 65 (3x2x2177) device 205 125 8 7 6 5 5 4
75%50x 70 (3x2x2%,) device 230 14.0 9 8 7 6 5 4 2
75% 50 x 90 (3x2x31/5) device 295 180 12 10 9 8 7 6 3
10054 x 38 (4x21gx 1) device 169 103 6 5 5 4 4 3 2
100x 54 x 48 (4x217gx17rg) device 213 130 8 7 6 5 5 4 2
10054 x 54 (4% 217gx2V/g) device 238 145 9 8 7 6 5 4 2
95%50x 65 (3%4%2x2175) masonry box/gang 230 140 9 8 7 6 5 4 2
95%50x 90 (3%ax2x3'7) masonry box/gang 344 210 14 12 10 9 8 7 4
min. 44.5 depth FS — single cover/gang (1%/,) 221 135 9 7 6 6 5 4 2
min. 60.3 depth FD — single cover/gang (2%/g) 295 18.0 12 10 9 8 7 6 3
min. 44.5 depth FS — multiple cover/gang (1%/,) 205 180 12 10 9 8 7 6 3
min. 60.3 depth FD — multiple cover/gang (2%/g) 395 240 16 13 12 10 9 8 4
*Where no volume allowances are required by 314.16(B)(2) through (B)(5).

156

155
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https://www.youtube.com/embed/bVQO7B_EWHg

Box Volume

* Includes:
* Plaster rings
* Raised covers

* Extension rings

] 4 S A O] 4 9]
or e 2 O
(e} O o (e O O (o] O o
o o o
0 O O
O O@ 5 sl > s
. 4x1-1/2" 4x1-1/2" 4x1-1/2"
4x1-1/2 Square box Square box Square box
Square box With Plaster Ring With extension With raised
ring cover
21in3 21in3 O 21in3 §
21in3 B
21in? 24.30in3 42im 28.50in? e

158

157
Box With Dividers - Marked [314.16(A)]
* Use volume on barriers to calculate volume if marked
)
O O
S
159

Box With Dividers — Not Marked

e Use % in3 if metallic

O

O

O

* Use 1 in3 if nonmetallic

160
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Box Fill Calculations: 314.16(B)

* Not included in calculations:
* Locknuts
* Bushings
* Each space within a box with a barrier shall be calculated separately

Conductor Fill: 314.16(B)(1)

* Counted once:

* Each conductor that originates outside the box and terminates or is spliced
within the box

* Each conductor that passes through the box without splice or termination
* Counted twice:

* Each loop or coil of unbroken conductor
* Not counted:

* No part of which leaves the box

161

162

Conductor Fill: 314.16(B)

* Not counted:
* Switches
* Receptacles
* Luminaire studs or hickeys
* Cable clamps
* Equipment grounding conductors

Table 314.16(B) Volume Allowance Required per Conductor

Conductor AWG Volume Cubic Inches

18 1.50
16 1.75
14 2.00
12 2.25
10 2.50
8 3.00
5.00

163

164
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% Each spliced conductor is counted as one ‘

_ { Each terminating conductor is counted as one ‘

3

[Is{]

Usl]

__| Each conductor that runs through without 12 inches of free
conductor for splices or terminations is counted as one

‘ There are a total of 6 conductors in this example

165

Each conductor loop that is 12 inches or longer counts
as two conductors

Counts as one conductor since it is less than 12 inches

‘ There are a total of 5 conductors in this example ‘

166

Pigtails originating and terminating in the box
"| don’t count

Bonding jumpers originating and terminating in the
box don’t count

167

Each device yoke counts as a two-conductor volume
based on the largest conductor terminating in the box

168
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‘ There are a total of 13 conductors in this example

12/2
o
12/2
%)
\
\
\\
N\
-
=
o
o
>
o
o
o
3
he]
L
(=]
o
f=
=]
2
[
2
(o]
3
[}
(=]
o
3
Q.
(=]
9'_
o
S

‘ There are a total of 15 conductors in this example

(%)

170

169
Device Yoke Wider Than Two Inches
Each multi-gang device yoke counts as two conductor
Volumes for each gang, based on the largest
ID © D conductor that terminates in the box
O\
There are a total
@) Q O of 7 conductors
in this example
&\{;‘; A @eO®
b ‘4— 2-1/4in —»{
171

Device Yoke Wider Than Two Inches

Each multi-gang device yoke counts as two conductor
Volumes for each gang, based on the largest
conductor that terminates in the box

There are a tota
of 8 conductors
in this example

®OE®®
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Box Fill Calculations: Same Wire Size

14/3
|

30t

D
N
5ok
__ —

=4

=

0|

173

If plaster ring is not stamped with volume, it
cannot be used in the calculations

* 14/3NM

* 14/2NM

* Switch

* Cable clamp
* Receptacle

* Equipment Grounding Conductor

Box Fill and Box Size Selection

* Determine number of #14 AWG conductors

3- 14 AWG conductors

2 —14 AWG conductors
2 —14 AWG conductors
1- 14 AWG conductors
2—-14 AWG conductors
1-14 AWG conductors

* Total

11 - 14 AWG conductors

175

3-14AWG @ 2-14AWG6
/
Two internal cable cl
4x21/8inch o] Tl e e
Square box T [ S
/;
L
g /b
Q/E\B
/ .
LI
"‘ O 1 Strap/Yoke
2-14 AWG
S
(/ 2 Equipment Grounding Conductors
1 Strap/Yoke 1-14 AWG
2-14 AWG .
174
Box Fill and Box Size Selection
* Determine the volume of the #14 AWG conductors
* Reference Table 314.16(B)
* 14 AWG: 2 cubic inches each
¢ 2 cubic inches x 11 conductors = 22.00 cubic inch
* Total Volume 22.00 cubic inch
176
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in Header Table 314.16(B) Volume Allowance Required per

Conductor
Free Space Within Box for Each Conductor
Size of Conductor (AWG) cm?3 in3
18 24.6 1.50
16 28.7 1.75
[ 14 32.8 2.00 |
12 36.9 2.25
10 41.0 2.50
8 49.2 3.00
6 81.9 5.00

177

Box Fill and Box Size Selection

* Select the outlet box from table 314.16(A)

* A4-inch x 2-1/8 in. square box can accommodate a maximum of 15, #14 AWG
conductors

* A 4-inch x 1-1/2 inch square box can only accommodate 10 conductors. This
is not enough to contain the calculated 11 conductors

* Therefore, the 4 x 2-1/8 in. square box is the minimum that can be used

0 Pin Header

Table 314.16(A) Metal Boxes

Maximum Number of Conductors*

Box Trade Size Minimum Volume (arranged by AWG size)

mm in. em3 in3 18 16 14 12 10
(ax1 round/octagona 205 125 8 7 6 5
(4x117,) round/octagonal 254 155 10 8 7 6 6
(4x2'7) round/octagonal 353 215 1 12 10 9 8

(ax 1174 square 295 180 12 10 9
4x1 square 344 210 14 12 10 9

] W ws | " wo o

) quar 418 25. 17 14 12 1 10

689 2.0 28 24 21 18 16
23 75 5 4 3 3
device 64 100 6 5 5 4
device 72 10 7 6 5 4
65 d 205 125 8 7 6 5
device 230 140 9 8 7 6 5

178

179

Box Fill Calculations: Different Wire Size

14/3
12/2

180
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@ N
3-14AWG | § g 2-12AWG

Two internal cable clamps
4x2-1/8inch S 1-12 AWG

Square box T S
—_—
1)
5/

)
/E\D

—__ye

)
n )

|
. m

\ é::b 1 Strap/Yoke
/. 2-12 AWG
y /7 @

(/ 2 Equipment Grounding Conductors
1 Strap/Yoke 1-12 AWG
2-14 AWG

Box Fill and Box Size Selection

* Determine number of #14 AWG conductors

* 12/2NM
* Cable clamp
* Receptacle

* 14/3 NM 3- 14 AWG conductors
* Switch 2 —14 AWG conductors
* Total 5 — 14 AWG conductors

* Determine number of #12 AWG conductors

2 — 12AWG conductors
1-12 AWG conductors
2-12 AWG conductors

* Equipment Grounding Conductor 1-12 AWG conductors
* Total 6 — 12 AWG conductors

181

Box Fill and Box Size Selection

* Determine the volume of the #14 AWG conductors

* Reference Table 314.16(B)
* 14 AWG: 2 cubic inches each

* 2 cubic inches x 5 conductors = 10.00 cubic inch
* 12 AWG: 2.25 cubic inches each

¢ 2.25 cubic inches x 6 conductors = 13.50 cubic inch
* Total Volume 23.50 cubic inch

183

182
in Header Table 314.16(B) Volume Allowance Required per
Conductor
Free Space Within Box for Each Conductor
Size of Conductor (AWG) cm3 in3
18 24.6 1.50
16 28.7 1:75
14 2.8 2.00
12 36.9 2.25
10 41.0 2.50
8 492 3.00
6 819 5.00
184
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Box Fill and Box Size Selection

* Select the outlet box from table 314.16(A)
* A 4-inch x 2-1/8 square box: 30.30 cubic inches

* |s large enough to contain the 23.50 cubic inches calculated above.

O Pin Header

185

14-3
w/Ground

6

187

14-2
w/Ground

21 Cu. In. Box

Box Trade Size

Table 314.16(A) Metal Boxes

Minimum Volume

in. om3 in3
(4x117) round/octagonal 205 125
(4x117) round/octagonal 254 155
(4x2'7) round/octagonal 353
(4x117) square 205 180
@x1'r) square 344 210
| I square 497 303
(@111 square 418 255
@ rex117) square 484 295
(1 rgx2'g) square 689 420
(3x2x1175) device 123 75
(3x2x2) device 164 100
(@x2x21/4 device 172 105
Bx2x217) device 205 125
(3x2x2%,) device 230 14.

Maximum Number of Conductors*

(arranged by AWG size)

186

186

188

102 Cu; In. = 20/G In. Box (Minimum)

153




(2) 14-2 w/Gr

21 Cu. In. Box
_1 Cu. In; Extension
22 Cu. In.

189 190

CONGRATULATIONS! Next Steps

= A Certificate of Completion will be emailed to those who successfully completed
course

g 4 hours of Code Class Hours will be reported to the OCILB for Code Continuing
Education Credits

“ Contact instructor at hpmatthews@matthewselectrical.net for any questions or

comments

?&f Make sure you completely sign out of webinar after the next slide!

191 192
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ER-2 2020 NEC Calculations Webinar Part 2 (Matthews Electrical Services)
BO, MPE, EPE, MechPE, BI, MI, RBO, RPE, RBI, RMI, RIUI (4 hours)

Staff Notes: Add NRIUI, recommend approval.

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

Reynoldsburg, Ohio 43068-9009
(614) 6442613 Fax: (614) 644-3147

s
APPLICATION
FOR dic.bbs@com.state.oh.us
www.com.state.oh.us/dic/dicbbs.htm

Continuing Education COURSE SUBMITTER: Henry Peter Matthews
Course Approval

Course Submitter: Henry Peter Matihews

P - {Contact Name)
Continuing education programs approved for Organization: Matthews Electrical Services
education credit by the Ohio Board of _ {Organizalion/Company)
Building Standards may be used for | Address: 1203 McKinley Place ,
A . . . . {Iscinde Room Number, Suite, etc.)
compliance with certification requirements City: Fostoria State: Ohio Zip: 44830

related to code enforcement, plan review, and
inspection responsibilities. The credit istobe | E-Mail: hpmatthews@matthewselectrical.net
used to renew the certifications issued by the
Ohio Board of Building Standards pursuant to
section 3781 IO(E) ORC. Course Sponsor:

Telephone: 419-575-3488 Fax:

COURSE INFORMATION:

Course Title: NEC Calculations Part 2 Webinar

New Course Submittal: [lll]  Update Course: [] Prior Approval Number:
Purpose and Objective: The objective of this course is to cover the basics of electricity and to review electrical calculations that are required for

NEC-compliant installations. This course will follow up on some of the calculations from NEC Electrical Calculations Part 1. This course will
review calculations for pull boxes, conductor sizing and protection, voltage drop, residential load and service calculations, tap rules,
and motor calculations.

Number of Instructional Contact Hours that can be obtained upon completion: 4

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

Program Applicable for the Following Participants:

Building Official |:| Master Plans Examiner I_!-I Building Inspector I:] Fire Protection Inspector |:] Mechanical Inspector El
Plumbing Plans Exam. EI Plumbing Inspector |:|
Electrical Plans Exam. IE Non-Res TU Inspector D
Mechanical Plans Exam. IE

Res Building Official @ Res Plans Examiner I:] Res Building Inspector El Res Mechanical Inspector EI Res IU Inspector @

Electrical Safety Inspectors D

Location of ESI Course: www.matihewselectricalservices.net Date(s) of ESI Course(s): September 24, 2022

SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted: Cge;k
Course Submitter: Name of contact person and their certification numbers, organization, address, fax, phone X
Course Sponsor: Organization sponsoring or requesting the program (if any)
Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed X
Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 hr, 1 hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested (for which course relates to certification) X
Content of Program: Include coliated agcnda, time schedule, course outline; list specific sections of code, references, and topics covered | X
Course Materials: Collated workbooks, handouts, hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials: Copy of quizzes or tests to be given X
Completed Application: X
NOTE: The Board does NOT grant retroactive approval for courses pré&s&i¥alrior to approval date.

Form: 1526 AR 4
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ELECTRICAL CALCULATIONS Part 2
Outline

Welcome
Webinar Rules and Expectations
Roll Cali: Attendance and Introductions
Review of Part 1
Box Fill calculations

a. Outlet boxes

b. Tap boxes, junction boxes, pull boxes
Tap rules
Service, load and demand Calculations
Motor calculations
Transformer calculations

10. Misc. calculations
11. Wrap Up
12. Dismissal

158




Henry Peter Matthews, PE, CPE, CESCP, PVA

Home Address Work Address

1203 McKinley Place Marathon Petroleum Company

Fostoria, Ohio 44830 539 South Main Street

Email: hpmatthews@matthewselectrical.net Findlay, Ohio 45840

Home Phone: 419-701-7707 Email: hpmatthews@marathonpetroleum.com
Cell Phone: 419-575-3488 Office phone: 419-421-3423

Cell phone: 419-957-2110

Work Experience
Marathon Petroleum Company, LP; Findlay, Ohio June 2006 - Present
e Advanced Senior Engineer/Electrical Specialist
e Electrical Engineering Supervisor — Terminal Engineering
¢ Project Engineer — Major Projects
® Electrical Designer — Retail Division

Cooper Standard Automotive, Bowling Green, Ohio July 1993 — June 2006
e Plant Engineering Manager
e Plant Electrical Engineer

Toledo Engineering Company (consultant); Toledo, Ohio June 1989 — July 1993
e Electrical Drafter

Education
Bowling Green State University; Bowling Green, Ohio Aug 2003
Masters of Business Administration
Pennsylvania State University; University Park, PA Dec 1989
BS Electrical Engineering
Solar Energy International, Paonia, Colorado Sept 2021
Solar PV Training
Owens Community College; Findlay, Ohio April 2017
Certificate: Introductory Welding
Penn Foster Career School July 2010
Certificate: Plumbing
Penn Foster Career School October 2004
Certificate: Electrician

Certifications Professional Engineer (PE}): OH, Mi, IN, KY, IL, Wi

Photovoltaic Associate {PVA) by NABCEP

Certified Electrical Safety Compliance Professional {CESCP), NFPA
Certified Plant Engineer (CPE): Association for Facility Engineers

Building Operator Certification {(BOC): Northwest Energy Efficiency Council
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Licenses Ohio Electrical Contractor, Ohio Department of Commerce, License # 46972
Ohio Training Agency, Ohio Construction Industry Licensing Board, Agency #48714
Ohio Training Agency, Chio Board of Building Standards

Special Training Solar Energy International (SEl), Paonia, Colorado
e Solar Electric and Design and Installation Course, April 2021, 60 hours
PV Systems Fundamentals (Battery-Based), June 2021, 40 hours
Advanced PV System Design and the NEC, June-July 2021, 60 hours
Comparing Battery Technologies, July 2021, 10 hours
Tools and Techniques for Operations and Maintenance of PV Systems, 9/21, 40 HR

Affiliations
Institute of Electrical and Electronics Engineers (IEEE) — Senior Member
International Association of Electrical Inspectors (IAEl)
NFPA Section Member for Architects, Engineers and Building Officials
Mlumination Engineering Society of North America (IESNA)
APl RP 545 former Co-Chair, American Petroleum Institute, Lightning Protection for
Above Ground Storage Tanks (2017- 2018)

Business Matthews Electrical Services, Owner

Ownership Designer Cuts Hair Salon, LLC; Co-owner

Biography

Henry has worked in the electrical, power, electronics, instrumentation, controls and communication fields for
over 30 years. He earned his Bachelor of Science degree in Electrical Engineering from Penn State University in
1989. Henry worked as a consultant for Toledo Engineering Company in Toledo, Ohic as a drafter and field
technician.

In 1993 he started working for Cooper Standard Automotive Company in Bowling Green, Ohio in 1993 as a
Plant Electrical Engineer. He was then promoted to Plant Engineering Manager in 2000. During this time, he
earned his Professional Engineering License in Ohio.

In 2003, Henry earned his MBA at Bowling Green State University.

In 2006, Henry joined Marathon Petroleum Company in Findlay, Chio. He then went on to obtain his
Professional Engineers license in Electrical Engineering for Michigan, Indiana, lllinois, West Virginia, Kentucky,
Minnesota and Wisconsin. During his tenure at Marathon, Henry has had several roles including Electrical
Design Engineer, Project Engineer and Electrical Supervisor. He is currently an Advanced Senior Engineer
where he writes electrical standards for the company and conducts a community of practice for all the
company’s electrical engineers and safety professionals.
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During his time at Cooper Standard Automotive and Marathon Petroleum, Henry developed a passion for
teaching, learning and applying Electrical Construction Codes. At Cooper, he trained the entire non-electrical
maintenance staff to perform basic electrical tasks.

At Marathon, Henry works with the Learning and Development Department to conduct multiple training
sessions for new hires and seasoned engineers on various topics including Electrical Safety, Grounding and
Bonding, Hazardous Area Location, Electrical Inspection, Motors, Lightning protection Static Electricity
Mitigation, Reading and Understanding Electrical Diagrams, Programmable Logic Controllers and more.

Henry also works very closely with the Talent Acquisition Teams and visits numerous college campuses to
deliver presentations on Engineering, Career Development, Networking and other topics.

Henry recently served as the Co-chair of the API Recommended Practice 545 Task Group for Lightning
Mitigation for Above Ground Storage Tanks. In this role, he works with engineers, scientists and
manufacturers from all over the world to evaluate the impacts of lightning and static electricity on metal
above ground storage tanks.

His passion for teaching and Electrical Safety has motivated him to earn the Certified Electrical Safety
Compliance Professional Certification {CESCP) from NFPA. He also regularly attends numerous electrical and
safety conferences and training sessions conducted by NFPA, IEEE, API.

Previously, Henry was the President of the Fostoria, Chio area Toastmasters team.

Henry is also a member of the International Association of Electrical Inspectors.

Henry also owns two small businesses:

Matthews Electrical Services - that performs mainly limited residential and small commercial electrical
services and conducts training for licensed electricians in the state of Ohio.

Designer Cuts Hair Salon, LLC - Henry co-owns the beauty salon with his wife.
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NEC Electrical
Calculations Pt. 2

Matthews Electrical Services
Ohio Training Agency #48714
Henry Matthews, PE, CPE, CESCP

MATTHEWS ELECTRICAL SERVICES

Webinar Rules

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

* Turn webcam on after breaks and at end of class

* Instructor will periodically check for presence of all attendees
* Mute microphone at all times

* Prevents distraction during webinar

* Instructor may activate participant microphone if verbal
response is needed

L g

ot ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ‘ﬂ%’p

Brain
Break

Breaks (New!)

* 5-minute break every 45
minutes
* Schedule
e 7:.00 AM Start

e 7:45 Break 1
* 8:30 Break 2
* 9:15 Break 3

* 10:00 Break 4

* 10:45 Break 5

WELCOME!

* Goals
* Review electrical theory
* Review important NEC Calculations
* Make session engaging
* Discussion
* Videos
* Polls
* Make 4 hours as productive as possible!

>
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Disclaimer Disclaimer #2

* | don’t know everything! * The views and opinions presented in this class are those of Matthews
« It will be IMPOSSIBLE to learn all the important calculations in 4 hours! Electrical Services and not necessarily those of the various entities the

« But we'll try to cover as much as possible presenter represents or has previously or currently works for.

* The material used in this class is based on documented publicly-
available information (NFPA, OSHA, IEEE etc.)

* The interpretation of this material is based on the presenters
experience and training of the subject matter.

NEC Electrical Calculations Resources Used

2017 and 2020 NEC

LR L R

National
Electrical
Code

Ugly’s Electrical References
www.NFPA.org (Link)

Mike Holt’s Illustrated Guide to Electrical Exam Preparation 2017

2020

Ecmweb.com online magazine

Ecmag.com online magazine

8
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NFPA70

UGLY’S

ELECTRICAL REFE

Charles R. Miller

National Electrical Code®

Mike Holt's liustrated Guide to

ELECTRICAL
EXAM PREPARATION

-7 EDITION
Theory * Calculations * Code Based on the 2017 NEC' >

Mike Holt Videos

* Are All Terminals Rated 75 degree C [110.14(C)(1)(a)]
* https://www.youtube.com/embed/SUjDUvQMTss

* Branch Circuit Conductor Sizing [210.20]
* https://www.youtube.com/embed/tS4vibW55Cc

* Conductor sizing based on terminal rating [110.14(C)]
* https://www.youtube.com/embed/k7d03Tic6LE

* Feeder Conductor sizing [215.2]
* https://www.youtube.com/embed/ItJOYNOZ4wWA

* How Do | Size an LB [110.3(B)]
* https://www.youtube.com/embed/2Go0uGb2Kdg

10

Mike Holt Videos

* Motor Branch Conductor Sizing [430.22(A)]
* https://www.youtube.com/embed/bukK7LTOyvwE
* Motor Full Load Current (FLC): 430.6(A)(1)
* https://www.youtube.com/embed/Sicluoua3og
* Motor Full Load Amps — Nameplate (FLA): 430.6(A)(2)
* https://www.youtube.com/embed/2cprO8ZdT1U
* Qutlet Box Sizing [314.16(A)]
* https://www.youtube.com/embed/bVQO7B EWHg
* Overhead Conductor Clearances [225.18]
* https://www.youtube.com/embed/RIDHjGObyKw

11

Mike Holt Videos

* Pull and Junction Boxes, 4 AWG and Larger [314.28]

* https://www.youtube.com/embed/olwTdmOC1FA

* Feeder Taps [240.21(B)(1)
* https://www.youtube.com/embed/uJRSrB4E7dY

* Raceway sizing [300.17 and Annex C]
* https://www.youtube.com/embed/rucelLol9gJw

* Receptacle Outlets, Number on a dwelling circuit [220.14(l)
* https://www.youtube.com/embed/s4EuinOESRY

12
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https://www.youtube.com/embed/SUjDUvQMTss
https://www.youtube.com/embed/tS4vjbW55Cc
https://www.youtube.com/embed/k7d03Tic6LE
https://www.youtube.com/embed/ItJ0YNOZ4wA
https://www.youtube.com/embed/2Go0uGb2Kdg
https://www.youtube.com/embed/buK7LT0yvwE
https://www.youtube.com/embed/Sic1uoua3og
https://www.youtube.com/embed/2cprO8ZdT1U
https://www.youtube.com/embed/bVQO7B_EWHg
https://www.youtube.com/embed/R9DHjGObyKw
https://www.youtube.com/embed/olwTdmOC1FA
https://www.youtube.com/embed/uJRSrB4E7dY
https://www.youtube.com/embed/ruceLoI9gJw
https://www.youtube.com/embed/s4Euin0EsRY

Other information

* OCILB (Ohio Construction Industry Licensing Board)

* |AEI (International Association of Electrical Inspectors)

13

Box pulls

Conductor sizing and protection
Overcurrent protection

Conductor Ampacity

Feeder Tap Rules

Dwelling Unit Load Calculations (Method 1)
Motor Calculations

Transformer Calculations

Recommendations for This

Have copy of NEC for
reference

Grab a basic calculator

NFPA 70 perform simple

= calculations
National ;
Electrical Advise me to slow down

Code if something is not clear

2020 4 Don’t be afraid to
question something if
you don’t agree

Note:

* All references and
calculations are based
on the 2017 NEC which
is the current version
adopted by the state of
Ohio

15

16

[
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https://com.ohio.gov/divisions-and-programs/industrial-compliance/boards/ohio-construction-industry-licensing-board/contractors-and-contracting-companies/contractors-contracting-companies
https://www.iaei.org/page/nec-code-adoption

Part | Review

* Basic math review

* Electrical Theory review

* Basic electrical components (resistors, capacitors, inductors)

* Basic electrical circuits

* Voltage drop

* Single phase/3 phase power
* Conduit fill

* Outlet box fill

17

Pull Boxes, Junction Boxes, and Conduit Bodies

* For conductors #4 AWG and larger, pull boxes, junction boxes and
conduit bodies must be sized in accordance with 314.28 of the NEC

NEC 314.28

|><D

Straight Pulls

U Pulls

Angle Pulls

20

18
314.28(A)(1) Straight Pulls
- 8 Times Largest Raceway
- 8x3=24inches
The length of the box must be at least 8 times the trade size of the largest raceway
21
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314.28(A)(2) Angle Pulls

p J];“ A=(6x3)+2,A=20in.
A in ﬁ
p! 20in. B=(6x3)+2,B=20in.
Al 2in \
~\

The distance (measured from the conductor wall entry

2in 3in To the opposite wall) must be at least 6 times the trade size of the
Largest raceway, plus the sum of the diameters of the remaining
B B Raceways on the same wall and row.

22

314.28(A)(2) Splices

A=6x3=18in.

B=(6x3)+3+3=241in.

When conductors are spliced, the distance from where the raceways
enter to the opposite wall must be at least 6 times the trade size of

the largest raceway plus the sum of all other raceways on the same
wall and row.

314.28(A)(2) U-Pulls

Opposite Wall

L A=(6x3)+3,A=21in.
A
21in.

The distance must be at least 6 times the largest raceway, plus

-
Entry Wall the sum of the other raceways on the same wall and row.

23

A o1in

314.28(A)(2) Multiple Rows of Conduit

When there’s more than on row of conduit on the same wall,

Each row must be calculated separately and the larger answer

Used.

'-_ 1'“ ) 11720,

1-1/2in.

24

A

Rowl=(6x1)+1+1=8
Row 2 =(6x3)+1-1/2+1-1/2=21in.

Use largest dimension (21 in.) to
determine box size

Therefore 21 inches is used for the A
dimension

25
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Pull and Junction Boxes, Depth Conductors 314.28(A)(2)

The distance from where the conductors

enter to the removable cover can’t be less

than the bending distance listed in Table 312.6(A)
for one wire per terminal

< 500 kemil = 6 inches per Table 312.6(A)

Therefore depth of panel can be no less than 6”

¥ Depth =6 inches

- -

26

Conductor
Sizing and

Protection

Branch Circuit Conductor Sizing [210.20]

Table 312.6(A) Minimum Wire-Bending Space at
£ Pin Header Terminals and Minimum Width of Wiring Gutters

Wire Size (AWG or kemil) Wires per Terminal
/AA-8000 Aluminum Alloy
All Other Conductors Conductors (see Note 2) mm in. mm in. mm i

14-10 12-8 Not specified -

27
Conductor Properties
* All conductors have a certain amount of resistance
* When current flows through wire, this resistance creates heat
* The heat can damage the wire insulation
* If the insulation is damaged, short circuits and other negative events
can occur
* If the wire is too small to handle the available current, the wire could
overheat and cause fires
* Short circuits
* Open circuits
* Toxic fumes
* Equipment malfunction
¢ And much more...
29
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https://www.youtube.com/embed/tS4vjbW55Cc

Article 100 Definitions: Ampacity

Ampacity - The maximum current, in amperes, that a
conductor can carry continuously under the conditions of use
without exceeding its temperature rating.

* The definition of “Ampacity” was revised for the 2011 NEC

= ® This is the maximum current that a conductor can carry

‘5 safely before any adjustment or correction factors must

= be applied

2 5 O

Conductor Construction and Application Conductor Applications and Insulations
Lettering on Insulation Table 310.4(A)
Table 310.4(A) Comment
Thermoset (Originally Rubber) Lh:rggé)l_azsgzlow)
H = (one H) 75°C Insulation .
§~ Wet Locations Wet Locations )
Nylon Jacket or Equivalent
- - — J,——2 90°C in Wet/Dry Locations
Thermoplastic
HH = (two Hs) 90°C Insulation
H Nylon Jacket or Equivalent
0 G 00U Copyright 2020, MikeHolL com
e e When a “-2” is added to the end of an insulation
!P g'eng%l.‘t ?Rl)y conduct(l)és éxt)ntsined iQ ] type (such as THWN-2) the conductor can be used
able 310.: are permitted to be used, excep i t or dry location at its 90°C ity rating.
where otherwise permitted by the NEC. in a wet or dry ‘ocation at s SInpacityjating
»Figure 6-1 »Figure 6-3

Conductor Insulation Identification

T

No H
H
HH
-2

s c x = 4z

60 degree C insulation rating

75 degree C insulation rating

90 degree C insulation rating permitted in dry locations
90 degree C insulation rating permitted in wet locations
Nylon outer cover

Thermoplastic Insulation

Rubber Insulation

Cross-linked polyethylene insulation

Underground

Permitted in Wet or Damp locations

31

Equipment Terminal Rating -110.14(C)

* Conductors must be sized using their ampacity from the insulation
temperature rating column of Table 310.15(B)(16) 2017 NEC that
corresponds to the lowest temperature rating of any terminal, device,
or conductor of the circuit.

Conductor sizing based on terminal rating [110.14(C)]
https://www.youtube.com/embed/k7d03Tic6LE
33
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https://www.youtube.com/embed/k7d03Tic6LE

Conductor Termination - Terminal Conductor Marking
110.14

Indicates a 75°C Terminal Indicates a 90°C Terminal

1\ |
~ sy .
Nl |[© ©
v

\ 7 AL SCOALR ‘ 7ALICU ‘
‘ Ll dees b
y: / /’”3
( ] ( { ]
® ® @
Copper Aluminum Copper or Copper or
Only Only Aluminum Aluminum

Copyright 2011, www.MikeHolt.com
Terminals that are suitable only for aluminum must
be marked AL. Terminals suitable for both copper and
aluminum must be marked CO/ALR or AL/CU.

Both Ends Must Be Considered

60°C 4 AWG 90°C 75°C
THHN Cu

| [60degC [75degC [ 90degC
85 95

Ampacity(Amps) 70

The final ampacity is 70 amps even though the wire is rated for 90
amps due to the 60 deg C terminal

34

35

Table 310.15(B)(16) (formerly Table 310.16)
Allowable Ampacities of Insulated Conductors Rated
Up to and Including 2000 Volts, 60°C Through 90°C
O Pin Header (140°F Through 194°F), Not More Than Three
Current-Carrying Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient
Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A)]

60°C (140°F) 75°C (167°F) 90°C (194°F) 60°C (140°F) 75°C (167°F) 90°C (194°F)

Types TBS, SA, SIS, FEP, Types TBS, SA, SIS,

FEPB, MI, RHH, RHW-2, THHN, THHW, THW-2,
Types RHW, THHW, HHW, THW-2, Types RHW, THHW,  THWN-2, RHH, RHW-2,
THW, THWN, XHHW, 2, USE-2, XHH, THW, THWN, XHHW, USE-2, XHH, XHHW,
Types TW, UF USE, ZW XHHW, XHHW-2, ZW-2  Types TW, UF USE XHHW-2, ZW-2
Size AWG or kemil ALUMINUM OR COPPER-CLAD ALUMINUM
18+ - - 1 - - =
16% - - 18 - - -
140 15 20 25 - - =
12 20 25 30 15 20 25
100 30 35 40 25 30 35
8 40 50 55 35 40 45
6 55 65 75 40 50 55
4 II 70 I 85 II 95 I 55 65 75
3 85 100 15 65 75 85
2 95 15 130 75 90 100
1 110 130 145 85 100 15
1/0 125 150 170 100 120 135

Size AWG or kemil

Equipment 100A and Less [110.14(C)(1)(a)(1)]

* Unless otherwise listed and/or marked...

* Conductors terminating on equipment terminals must be sized using
the 60 deg C temperature column of Table 310.15(B)(16)

36

37
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Equipment 100A and Less, Conductor Sized to 60°C
[110.14(C)(1)(@)(1)]

Equipment terminals rated 100A or less and pressure connector termi-
nals for 14 AWG through 1 AWG conductors, must have the conductor
sized to the 60°C temperature rating listed in Table 310.15(B)(16).
Figure 6-3

Conductor Sizing
Equipment Rated 100A or Less

. 110.14(C)(1)(a)(1)
i\ Conductors must be sized
using the 60°C column of

Table 310.15(B)(16).

50A Device

Side View
R Equipment terminals
o2, are rated 60°C.
6 AWG rated
s " B5Aat60°C
Figure 6-3
Equipment Over 100A, Conductor Sized to 75°C
[110.14(C)(1)(B)(1)]
Terminals for equipment rated over 100A and pressure connector ter-
minals for conductors larger than 1 AWG must have the conductor sized
according to the 75°C temperature rating listed in Table 310.15(B)(16).
Figure 6-5
Conductor Sizing - Equipment Over 100A
110.14(C)(1)(b)(1)
Unless listed and marked
otherwise, conductors must
be sized using the 75°C
column of Table 310.15(B)(16).
- am
Inverter A i
a1
s s}
Figure 6-5

Conductor Sizing - Equipment Rated 100A or Less
110.14(C)(1)(a)(3)

Terminals
Rated 75°C

st
Conductors terminating on equipment rated 75°C are
sized in accordance with the ampacities listed in the 75°C
temperature column of Table 310.15(B)(16), provided the
conductors have an insulation rating of at least 75°C.

Figure 6-4

39

Terminals Rated 90°C, Conductor Sized to 90°C [110.14(C)(2)]

The 90°C ampacity column of Table 310.15(B)(16) can be used for sep-
arately installed connectors if the conductor and terminals are rated at
least 90°C. Figure 6-6

Separately Installed Connectors
110.14(C)(2)

S . i
Conductors terminating on separately installed connectors
can be sized to the 90°C column of Table 310.15(B)(16) if
the conductors and connectors are rated at least 90°C.

Figure 6-6

41
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Separate Connector Provisions
110.14(C)(2)

4
Conductors terminating on separately installed
pressure connectors can be sized to the 90°C
———— column of Table 310.15(B)(16) if the conductors
and connectors are rated at least 90°C.

-, o, T

Copyright 2017, www.MikeHolt.com

Example 1

* According to Table 310.15(B)(16), what size THHN conductor is
required to supply a 150A feeder?

75 deg C terminals

42

Example 1 Continued

* Equipment rated 100A

* Conductor size limited by equipment terminal rating and conductor
insulation rating

* THHN is rated for 90 deg C, BUT, terminals are only rated for 75 deg C

* Therefore must use 75 deg C column in table

44

43

Table 310.15(B)(16) (formerly Table 310.16)
Allowable Ampacities of Insulated Conductors Rated
Up to and Including 2000 Volts, 60°C Through 90°C
© Pin Header (140°F Through 194°F), Not More Than Three X
Current-Carrying Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient
Temperature of 30°C (86°F)*
Temperature Rating of Conductor [See Table 310.104(A).]
60°C (140°F) 75°C (167°F) 90°C (194°F) 60°C (140°F) 75°C (167°F) 90°C (194°F)
Types TBS, SA, SIS, FEP, Types TBS, SA, SIS,
FEPB, M|, RHH, RHW-2, THHN, THHW, THW-2,
Types RHW, THHW, HHW, THW-2, Types RHW, THHW,  THWN-2, RHH, RHW-2,
THW, THWN, XHHW, -2, USE-2, XHH, THW, THWN, XHHW, USE-2, XHH, XHHW,
Types TW, UF USE, ZW XHHW, XHHW-2, ZW-2 | Types TW, UF USE XHHW-2, ZW-2
Size AWG or kemil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM Size AWG or kemil
185 - - 14 - - - -
165 - - 18 - - - -
4 15 20 25 - - - -
12 20 25 30 15 20 25 12
105 30 35 40 25 30 35 105
8 40 50 55 35 40 45 8
6 55 65 75 40 50 55 6
4 70 85 95 55 65 75 4
3 85 100 115 65 75 85 3
2 95 115 130 75 % 100 2
1 110 130 145 85 100 15 1
1/0 125 I 150 II 170 I 100 120 135 10
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Example Continued

* 1/0 THHN is good for 170A at 90 deg C, BUT
* Terminals are only rated for 75 deg C

* Therefore 75 deg C column must be used

* 1/0 THHN at 75 deg C = 150A

* 1/0 will work!

Example 2

* What size XHHW copper conductor can be used to interconnect 90
deg C rated power distribution blocks that are protected by a 400A
overcurrent protection device serving a 300A continuous load?

< Goug

62050

46

Example 2 Continued

* 300A is a continuous load, therefore multiply 300 x 1.25 (125%) = 375A
* 400 kcmil wire at 90 deg. C is rated at 380A

* Since terminals are rated for 90 deg. C, we can use this column

* Can a 400A circuit breaker or fuse protect wire rated for 380A?

* Normally no, but the next size up rule per NEC 240.4(B) applies here

48

(B) Overcurrent Devices Rated 800 Amperes or Less.

The next higher standard overcurrent device rating (above the ampacity of the conductors being

protected) shall be permitted to be used, provided all of the following conditions are met:

(1)  The conductors being protected are not part of a branch circuit supplying more than one
receptacle for cord-and-plug-connected portable loads.

(2) The ampacity of the conductors does not correspond with the standard ampere rating of a
fuse or a circuit breaker without overload trip adjustments above its rating (but that shall be
permitted to have other trip or rating adjustments).

(3) The next higher standard rating selected does not exceed 800 amperes.
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O Pin Header

40
80
150
300
600
1600

5000

Table 240.6(A) Standard Ampere Ratings for Fuses

20

45

90

175

350

700

2000

6000

and Inverse Time Circuit Breakers

Standard Ampere Ratings
25
50
100
200
400
800

2500

30

60

110

225

450

1000

3000

35

70

125

250

500

1200

4000

Table 310.15(B)(16) (formerly Table 310.16)
Allowable Ampacities of Insulated Conductors Rated
Up to and Including 2000 Volts, 60°C Through 90°C
O Pin Header (140°F Through 194°F), Not More Than Three X
Current-Carrying Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient
Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A)]

60°C (140°F) 75°C (167°F) 60°C (140°F) 75°C (167°F) 90°C (194°F)
Types TBS, SA, SIS, FEP, Types TBS, SA, SIS,
FEPB, MI, RHH, RHW-2, THHN, THHW, THW-2,
Types RHW, THHW, , 3 Types RHW, THHW,  THWN-2, RHH, RHW-2,
THW, THWN, XHHW, @, USE-2, XHH, THW, THWN, XHHW, USE-2, XHH, XHHW,
Types TW, UF USE, ZW m HHW-2,ZW-2 | Types TW, UF USE XHHW-2, ZW-2
Size AWG or kemil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM Size AWG or kemil
1/0 125 150 170 100 120 135 1/0
2/0 145 175 195 15 135 150 2/0
3/0 165 200 225 130 155 175 3/0
4/0 195 230 260 150 180 205 4/0
250 215 255 290 170 205 230 250
300 240 285 320 195 230 260 300
260 310 210 250 280 350
280 335 225 270 305 400
320 380 260 310 350 500
600 350 420 475 285 340 385 600
700 385 460 520 315 375 425 700

50

51

Example 2 Continued
* Answer: 400 kcmil, rated 380 amps at 90 deg C is acceptable

Motor Terminals, Conductors Sized to 75 deg C

110.14(C)(1)(a)(4)

For motors marked with
Design letters B, C, or D,
conductors having an
insulation rating of 75 deg C
or higher can be used,
provided the ampacity of
such conductors doesn’t
exceed the 75 deg C
ampacity.

52

53
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RELIANCE
ELECTRICNC]

DUTY MASTER®

HP_ 75 |VOUTS 230460 PE P
RPM 1780 | AMPS _ 175/87.6 SF 116
= B5BC03J30X DUTY F
Fannj____05BCO3J30X ENCL TEFC |CODE 6

849 1
Wi oW 17,0 %36
Wign 795 LBS.

. MFO. BY RELIANCE ELECTRIC INDUSTRIAL CO. NADE N U.B.A |

“Next Size Up” for Overcurrent Devices

* Overcurrent Devices rated 800A and less [240.4(B)]
* Next size up ALLOWED (if all conditions met)

* Overcurrent Devices rated over 800A [240.(C)]
* Next size up NOT ALLOWED!
» Conductors must be protected by overcurrent device not
exceeding the ampacity of the conductor
* For example: a conductor rated for 1250 Amps cannot be
protected by a 1600 amp CB. It must be protected by a
1200 amp or less CB or fuse.

56

Overcurrent

Protection
Article 240

General rule:

Conductors must be
protected from overcurrent
at the point where they
receive their power supply
in accordance with their
ampacities

. Overcurrent Protection - Small Conductors
\ Section 240.4(D)

st 14 AWG Conduclor
k 15A Protection

- 3 12 AWG Conductor
20A Protection

weney | 10 AWG Conductor
30A Protection

COPYTUGHT 004 Mivs Hom Exiemmess, o

Except as permitted by 240.4(E) or (G), overcurrent
protection must not exceed 15A for 14 AWG, 20A for
12 AWG, and 30A for 10 AWG copper.

57
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Conductor Ampacity , Correction and Adjustment

* Adjustments for temperatures outside of 78 — 86 deg F
* More than 3 current-carrying conductors

Conductor Ampacity - Correction and Adjustment
310.15(B) and Table 310.15(B)(16)

This raceway contains only
3 current-carrying conductors.

Table 310.15(B)(16) ampacity is baed on an
ambient temperature of 86°F and no more than
3 current-carrying conductors bundled together.

Ampacity Correction Ampacity Adjustment

Ambient | Conductor
Temperature < Bundling

If the ambient temperature is If the number of current-
above 86°F or below 78°F, the carrying conductors
conductor ampacity changes. exceeds 3, the conductor
[Table 310.15(B)(2)(a)]. ampacity decreases

' [Table 310.15(B)(3)(a)].

‘Copyright 2014, wiww MikeHolt.com

Important Tip!

When correcting or adjusting conductor ampacity, the ampacity is based on
the temperature insulation rating of the conductor as listed on table
310.15(B)(16), NOT the temperature rating of the terminal

Conductor Applications and Insulations

Table 310.4(A) Na 75°C Terminal Indicates a 90°C Terminal

Thermoplastic
H = (see -2 below)

Wet Locations
Nylon Jacket or Equivalent
l_ -2 90°C in Wet/Dry Locations
N2 —

58
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Current-Carrying Conductors (Exemptions)

* Grounding and Bonding conductors

* Neutral conductors under the following conditions are not counted
per 310.15(B)(5)
* Neutral conductors that only carry the unbalanced current from other
conductors of the same circuit

* In other words, if the circuit is balanced (single phase or three phase) and it
contains a neutral, then the neutral is not counted.

Conductor Ampacity, Neutral Conductor
Not Currrent-Carrying
310.15(B)(5)(a)

Not counted for 310.15(B)(3)(a) adjustment.

60

Copyright 2017, www.MikeHolt.com
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Example when neutral is included as a
current-carrying conductor

* Three phase, circuit containing, 3 hot conductors, a neutral and
equipment grounding conductor

* One phase, for whatever reason, is not energized

* Then the neutral is not balanced and will be carrying more than the
unbalanced current.

* In this case, the neutral will be counted as a current-carrying
conductor

63

Table 310.15(B)(2)(a)
Conductor Ampacity - Ambient Temperature Correction
Conductors Conductors
50 or less 10 or less 1.20 1.15 1c] P e -
51-59 deg F 11-15 deg C 115 112 I= ? L
60— 68 deg 16 -20 deg C 111 1.08 =T Ambient
69-77 deg F 21-25deg C 1.05 1.04 Ampacity of | Temperature
7886 deg F 26-30deg C 1.00 1.00 ! 12 THHN? ” is Less
87-95deg F 31-35degC 0.94 0.96 ‘ Than 50°F
96104 deg F 36-40deg C 0.88 091
105113 deg F 41-45deg C 0.82 0.87 l
kel Gamsilhinels — — | Ampacity = Table Amps x Temp Correction Factor
123-131degF 51-55deg C 0.67 076
132 - 140 deg F 5660 deg C 058 071 Table 310.15(B)(16) = 30A
141 149 deg F 61-65 deg C 047 065 Tc)) Temp Correction, Table 310.15(B)(2)(a) = 1.15
150 158 deg F 66-70deg C 033 0.58 <) Ampacity = 30A x 1.15 TCF = 34.50A
159 - 167 deg 71-75deg C 0.00 050
168 - 176 deg 76 - 80 deg C 0.00 0.41 i Copyright 2014, www MikeHolt.com
177-185deg F 81-85deg C 0.00 0.29
64 65
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Ambient Temperature Ampacity Correction

310.15(B)(1) Comment

I Three

12 THHN

Table 310.16 is based on
3 current-carrying conductors in a
78°F to 86°F ambient temperature.

Ambient Temperature | Ambient Temperature | Ambient Temspérature
87 to 95°F

69 to 77°F 78 to 86°F (30°C)
90°C Table Ampacity 90°C Table Ampacity 90°C Table Ampacity
Correction Factor = Correction Factor = Correction Factor =
104% (1.04) 100% (1.00) 96% (0.96)
30 Table Amps x 1.04 30 Table Amps x 1.00 30 Table Amps x 0.96

Ampacity = 31.20A Ampacity = 30A Ampacity = 28.80A

Ambient Temperature Ambient Temperature 86°F,  Ambient Temperature
Below 86°F, Ampacity Remains Over 86°F,
Ampacity is Higher the Same Ampacity is Lower

Copyright 2020, www.MikeHolt.com
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Example

* What is the ampacity of #6 THWN-2 conductors when it is installed in
conduit % from the roof surface when the outdoor temp is 96 deg F?

* THWN-2 conductors are rated 75A at 90 deg C per Table
310.15(B)(16)

* Correction factor for mounting on roof less than 7/8” is:
* 96 deg F+60deg F =156 deg F

* Per Table 310.15(B)(2)(a), 156 deg F has a correction factor of 0.58 for
90 deg F conductors

* 75A x 0.58 =43.5A
* The #6 THWN-2 wire has new ampacity of 43.5A!

Rooftop Temperature Adder [310.15(B)(3)(c)]

* Raceways and Cables Exposed to Sunlight on Rooftops

* Where raceways or cables are exposed to direct sunlight and located
less than 7/8 inches above the roof, a temperature adder of 60 deg
F/33 deg C is to be added to the outdoor temperature to determine
the ambient temperature for the application of the ampacity
correction in accordance with Table 31015(B)(2)(a).

68
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Table 310.15(B)(2)(a)

Ambient Temperature °F | Ambient Temperature °C | Correction Factor 75 °C Correction Factor 90 °C
el el ool vl
50 or less 10 or less 1.20 1.15

51-59 deg F 11-15 deg C 115 112

60— 68 deg F 16-20 deg C 111 1.08

69-77 deg F 21-25deg C 1.05 1.04

78-86 deg F 26-30deg C 1.00 1.00

87-95deg F 31-35degC 0.94 0.96

96 - 104 deg F 36-40deg C 0.88 091

105-113 deg F 41-45degC 0.82 0.87

114-122 degF 46-50 deg C 0.75 0.82

123-131degF 51-55deg C 0.67 0.76

132140 deg F 56— 60 deg C 0.58 071

141-149 deg F 61- 65 deg C 0.47 0.65

159 - 167 deg F 71-75deg C 0.00 0.50

168 - 176 deg F 76— 80 deg C 0.00 041

177-185 deg F 81-85deg C 0.00 0.29
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n Raceways and Cables Exposed to Sunlight on Roofs
310.15(B)(3)(c)

Table 310.15(B)(3)(c) adder
is based on the distance
between the raceway or 1 i
cable and the roof. i
} Copyright 2014, www.MikeHolt.com
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\

\

When applying ampacity adjustment correction factors, the
ambient temperature adjustment contained in Table
310.15(B)(3)(c) is added to the outdoor ambient temperature
for conductors installed in raceways or cables exposed to
direct sunlight on or above rooftops.

Four or More Current-Carrying Conductors

310.15(B)(3)(a)

* Applies where four or more current-carrying conductors are installed
in a raceway or 24 inches long

* Requires ampacity adjustment per Table 310.15(B)(3)(a)

70
Table 310.15(B)(3)(a) Conductor Ampacity Adjustment for
More Than Three Current-Carrying Conductors

[Nurborofconductors | Ajustment

4-6 0.80 or 80%
7-9 0.70 or 70%
10- 20 0.50 or 50%
21-30 0.45 or 45%
31-40 0.40 or 40%
41 and above 0.35 or 35%
The number of conductors is the total number of conductors, including spare conductors, adjusted in
accordance with 310.15(B)(5) and (B)(6). It doesn’t include conductors that can’t be energized at the same
time.

72

71
No Ampacity Adjustment Ampacity Adjustment
Three or Fewer Conductors Factor = 70%
.'\
|
l‘ ‘ "i
\f&
Conductors have more surface Bundled conductors
area for heat dissipation. have heat held in
COPYRIGHT 2058 Vi Hot Enamsions, s 2008 NEC by other conductors.
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Example

* Multiple conductor adjustment (more than 3 conductors in raceway)

* Ambient Temperature correction
* Rooftop adjustment

74
Example
* What is the ampacity of four current-carrying 12 THWN-2 conductors
installed in a raceway on the rooftop with an ambient temp of 94 deg F?
3 | I: 4 A1 L 1
|l JTE] i [
JAl | Copyright 2014, www.MikeHolt.com
&J—
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Example

* Look for key words

* What is the ampacity of four current-carrying 12 THWN-2 conductors
installed in a raceway on the rooftop with an ambient temp of 94 deg F?

* THWN-2 is rated for 90 deg C per Table 310.15(B)(16)
* #12 wire at 90 deg C is rated for 30A

* Adjustment 1: for4 Conductors» Table 310.15(B)(3)(a) for more than 3
conductors
* Use 0.80 adjustment factor for 4 conductors

77
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Example

* Adjustment 2: Conductors on rooftop installed 7/8” or less from
surface:
* Add 60 deg F to ambient temp
* Ambient temp is 94 deg F: 94 + 60 = 154 deg F
* Use table 310.15(B)(2)(a) Ambient Temp Correction
* For 154 deg F, adjustment is 0.58 for 90 deg C conductors

* Combining adjustments: 30 x 0.80 x 0.58 = 13.92 A

* May be necessary to run larger wire and conduit or simpler yet, install
conduit at least 1 inch above the roof!

78
I Feeder
Article 100 Definition
Service o~ L
4 Overcurrent
Equipment Fgﬁgser ‘ Device
Branch }
Circuit \
Service
Copyright 2017, www.MikeHoit.com
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Overcurrent Protection and Conductor Sizing
210.20(A)
* Branch circuit overcurrent protection devices must have a rating of

not less than 125 percent of the continuous loads plus 100 percent of
the non-continuous loads

* Continuous Load: A load where the maximum current is expected to
continue for 3 hours or more.

79

Branch-Circuit Sizing
Section 210.19(A)(1)

Overcurrent Protection - 60A +————————  Nextsizeup

210.20(A). 75°C Terminals }
45AX125=56.25A |

L‘\‘I | 75°C Conductors - 6 AWG
' 45A x 1.25 =56.25A ——

Ungrounded conductors must be
sized no less than 125 percent of

the continuous load, plus 100 45A
percent of the noncontinuous load. CO“L"”%OUS
oa

COPYRIGHT 2008 Mike Holt Enterprises, Inc. 2008 NEC

. ~ 7} Y

#6 AWG wire on 75 deg C terminals rated for 65A per Table 310.15(B)(16)
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Feeder Overcurrent Protection [215.2]

* Feeder overcurrent protection devices must have a rating of not less than 125%
of the continuous loads, plus 100% of the non-continuous loads.

SR S

Feeder Conductor sizing [215.2]
https://www.youtube.com/embed/ItJOYNOZ4wA

Example

* What size feeder conductor (THHN) is required for a 200A continuous
load?
* Look for key words:
* THHN: 90 deg C insulation
* 200A continuous load: implies multiplying by 1.25 or 125%
* 200 x 1.25 = 250A
* 250 kemil THHN rated for 255A @ 70 deg C per Table 310.15(B)(16)

82

Feeder Conductor Size
Before Adjustment and Correction
215.2(A)(1)(a) Example

200A Continuous Load

Ungrounded Conductor
250 kemil rated 255A

| 75°C [Tbl 310.15(B)(16)]

I,

The feeder ampacity at 75°C must not be less than 125%
of the continuous load. blus 100% of the noncontinuous load.
(200A x 1.25) = 250A Feeder Ampacity

pee— [

84
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Feeder Tap Rules!

85
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https://www.youtube.com/embed/ItJ0YNOZ4wA

Feeder Tap Rules

* Tap: A conductor, other than a service conductor (feeder or branch

circuit), that has overcurrent protection rated higher than normally
allowed in 240.2

* General rule: Conductors shall be protected from overcurrent at the

point where they receive power. This is not always possible for some
conductors — like taps

86

The tap is permitted at any point on the load side of the feeder OCPD. The “next size up” rule in Sec.
240.4(B) is not permitted for feeder tap conductors.

(1) Feeder Tap Not Over 10 Feet. Tap conductors up to 10 ft long are permitted when they comply with
the following:

(1) Tap conductors have an ampacity equal to or greater than:

a. The calculated load per Art. 220, and

b. The rating of the OCPD or the equipment supplied by the tap conductors.
(2) The tap conductors are not permitted to extend beyond the equipment they supply.
(3) The tap conductors are installed within a raceway.

(4) Tap conductors that leave the enclosure where the tap is made must have an ampacity of at least
10% of the rating of the OCPD that protects the feeder.

Informational Note: If a tap supplies a panelboard, the tap conductors must terminate in an OCPD per
Sec. 408.36.

88

Q00
J
——or

) ¢ Service
@ o Conductors

Feeders

Tap Conductors
240.21 VIOLATION

Overcurrent Protection, Location in Circuit

1

L

400A
100A

J
\J

o
@
60A
qi
|
1
100A
Tap of Tap

Copyright 2020, www.MikeHolt.com

VIOLATION

Tap conductors
aren’t permitted
to supply other
conductors.

Legend
— Service
— Feeder
— Feeder Tap

—— Feeders |

87

10-ft tap rule

The length of your tap determines which rules to apply to it. When a tap is not over 10 ft, you determine

the tap conductor size using the 10-ft tap rule. There are four rules for 10-ft taps, but it’s the first of those
four [Sec. 240.21(B)(1)(1)] you follow when sizing the tap conductors:

The ampacity of the tap conductors must be at least the:

1. Combined calculated loads on the circuits supplied by the tap conductors [Sec. 240.21(B)(1)(a)], and
2. Rating of the equipment containing an OCPD supplied by the tap conductors or (at least the) rating

of the OCPD of the tap conductors.

89
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Example 1

Question: What size 10-ft tap conductor is needed from a 400A circuit breaker to supply a 200A
panelboard if the terminals are rated 75°C, as shown in Fig. 2?

(a) 1/0 AWG
(b) 2/0 AWG
(c) 3/0 AWG
(d) 4/0 AWG
Solution: Ten Percent of 400A = 40A minimum conductor ampacity permitted

3/0 AWG is rated 200A at 75°C [Sec. 110.14(C)(1)(b)(2) and Table 310.16], which is greater than 10% of
the rating of the 400A OCPD.

Answer: (¢) 3/0 AWG

90

Example 2

Question: What size 10-ft tap conductor is needed from a 400A circuit breaker to supply a 150A feeder
disconnect if the terminals are rated 75°C?

(a) 1/0 AWG
(b) 2/0 AWG
(c) 3/0 AWG
(d) 4/0 AWG
Solution: Ten Percent of 400A = 40A minimum conductor ampacity permitted

1/0 AWG is rated 150A at 75°C [Sec. 110.14(C)(1)(b)(2) and Table 310.16], which is greater than 10% of
the rating of the 400A OCPD.

Answer: (a) 1/0 AWG

92

Overcurrent Protection, Location in Circuit < »
Feeder Taps Not Over 10 Ft
240.21(B)(1)(4) Example

&Feeder Taps\J
1

30A

T

400A
Protective
Device
(10% = 40A)

/

‘ “ Feeder /
Equipment

Rated 75°C | 3/0 AWG RatedT T
Copyright 2020 200 A at 7500

www.MikeHolt.com

Feeder taps must have an ampacity of not less than 10%
of the rating of the feeder overcurrent protective device.

91
Overcurrent Protection, Location in Circuit « L
Feeder Taps Not Over 10 Ft
240.21(B)(1)(4) Example
400A : ? i
Protective g = 2 Feeder Taps
Device i i
(10% = 40A)
Rawa 75 | 3/0 AWG Rated
wooraveom | 200A at 75°C
Feeder taps must have an ampacity of not less than 10%
of the rating of the feeder overcurrent protective device.
93
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Example 3

Question: What size 10-ft tap conductor is needed from a 400A circuit breaker to supply a 30A feeder
disconnect if the terminals are rated 75°C?

(a) 8 AWG
(b) 6 AWG
(c) 4 AWG
(d) 3 AWG
Solution: Ten Percent of 400A = 40A minimum conductor ampacity permitted

8 AWG is rated 50A at 75°C [Sec. 110.14(C)(1)(a)(3) and Table 310.16], which is greater than 10% of the
rating of the 400A OCPD.

Answer: (a) 8 AWG

94

25-ft tap rule
Tap conductors up to 25 ft long are permitted when they comply with the following:
(1) The tap conductor has an ampacity of at least 1/3 the rating of the OCPD that protects the feeder.

(2) The tap conductors terminate in an OCPD and have an ampacity equal to or greater than the
rating of the OCPD.

Notice how this differs from the 10-ft tap rule. It’s shifted from being based on the load the tap feeds to
being based on the rating of the feeder OCPD.

96

Overcurrent Protection, Feeder Taps Not Over25Ft ..
240.21(B)(2) Example
1/3 of = B o .
{4004 400A Device

@ | (400/3 = 133A)

copyignt200 | 3/0 AWG Rated
www.MikeHolt.com 200A at 750C

Feeder tap conductors must have an ampacity not less than
1/3 the rating of the feeder overcurrent protective device.

95

Example 1

Question: What size 25-ft tap conductor is needed from a 400A circuit breaker to supply a 200A
panelboard if the terminals are rated 75°C, as shown in Fig. 3?

(a) 1/0 AWG
(b) 2/0 AWG
(c)3/0 AWG
(d) 4/0 AWG

Solution: The tap conductor must have a minimum rating of at least 133A (3 the rating of the 400A
OCPD).

3/0 AWG is rated 200A at 75°C [Sec. 110.14(C)(1)(b)(2) and Table 310.16], which is greater than 133A (13
the rating of the 400A OCPD) and equal to the 200A disconnect.

Answer: (c) 3/0 AWG

97
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Overcurrent Protection, Feeder Taps Not Over 25 Ft

240.21(B)(2) Example

1/3 of
400A Device

E | (400/3 = 133A)

copyrigntz20 | 3/0 AWG Rated
www.MikeHolt.com 200A at 7500

Feeder tap conductors must have an ampacity not less than
1/3 the rating of the feeder overcurrent protective device.

Example 2

Question: What size 25-ft tap conductor is needed from a 400A circuit breaker to supply a 150A feeder
disconnect if the terminals are rated 75°C?

(a) 1/0 AWG
(b) 2/0 AWG
(c) 3/0 AWG
(d) 4/0 AWG

Solution: The tap conductor must have a minimum rating of at least 133A (13 the rating of the 400A
OCPD).

1/0 AWG is rated 150A at 75°C [Sec. 110.14(C)(1)(b)(2) and Table 310.16], which is greater than 133A (13
the rating of the 400A OCPD) and equal to the 150A disconnect.

Answer: (a) 1/0 AWG

99

98
O;/e‘rcurrent Protection, Feeder Taps Not Ove'r '25 Ft L,
240.21(B)(2) Example
| =
i 1/3 of
400A Device : Ll
(400/3 = 133A) ETY
0
Copyright 2020 3/0 AWG Rated
www.MikeHolt.com 200A at 750C
Feeder tap conductors must have an ampacity not less than
1/3 the rating of the feeder overcurrent protective device.
100

Example 3

Question: What size 25-ft tap conductor is needed from a 400A circuit breaker to supply a 30A feeder
disconnect if the terminals are rated 75°C?

(a) 3AWG
(b) 2 AWG
(c) 1AWG
(d) 1/0 AWG

Solution: The tap conductor must have a minimum rating of at least 133A (/3 the rating of the 400A
OCPD).

1/0 AWG is rated 150A at 75°C [Sec. 110.14(C)(1)(b)(2) and Table 310.16], which is greater than 133A (13
the rating of the 400A OCPD) and greater than the 30A disconnect.

Answer: (d) 1/0 AWG
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Outside feeder taps

Outside tap conductors can be of unlimited length if they comply with all of the following [Sec.
240.21(B)(5)]:

(1) The outside tap conductors are protected from physical damage.

(2) The outside tap conductors terminate in a single circuit breaker or a single set of fuses that limits

the load to the ampacity of the conductors.

(3) The tap’s OCPD is part of the building feeder disconnect.

Outside Feeder Taps
Section 240.21(B)(5)

fuy Tap conductors must:

« Be protected from physical damage.

« Terminate in a single breaker or set of fuses.

* Remain outdoors, except at the point of entrance.
+ Have the disconnect located near the point

of entrance.
)

-
- .

i E: Outside |-

Er@‘ Feeder Taps |
! ! & Any length Point of !

s ot Ervmpraon 1 Entrance
2008 NGO

et

X b Jo—
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Article 430 Motors

* Motors present unique challenges
* High starting (inrush current)
* How to start motor without tripping circuit breaker
* Motors are very expensive — protection motor is a priority in many cases
* Adequately protecting motor feeder
* Modes of protection

* Short circuit
* Overload

* Multiple motors on a circuit

Modes of Motor Protection

* Short Circuit

* Very high levels of current from
¢ Ground faults
* Phase-to- phase faults

* Overload

* Lower levels of current from
* Gradual overheating due to
 High loads
Unbalance
Extreme temperatures
Equipment malfunction or damage
Multiple other causes

104
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Modes of Motor Protection

* Short Circuit
« Circuit Breakers and fuses

* Overload
* Overload devices
* “Heaters”
* Overload relays

Article 430 Motors

* Challenges (continued)
* Safety: stopping, torque, speed control, guarding moving parts
* Lots of energy: inductive
* Produce heat
* Vibration: impacts connections and cabling
* Impacts power factor
* What is a motor running backwards?

106
Chapter 4: Equipment for General Use
* Article 430: Motors, Motor Circuits, and Controllers
* Part XIV. Tables
108

107
Table 430.248 Full-Load Currents in Amperes, Single-Phase i urrent Motors
The following values of full-load currents are for motors running at usual speeds and motors with normal torque
characteristics. The voltages listed are rated motor voltages. The currents listed shall be permitted for system
voltage ranges of 110 to 120 and 220 to 240 volts
115 200 208 230
Horsepower Volts Volts Volts Volts
44 25 24 22
7.2 41 40
2 ).8 56 54 49
/1 13.8 7 7.6 6.9
1 9.2 88 8.0
2 20 11 0 10
2 24 1 2 2
34 19.€ &
5 56 322 28
= 80 4 440 40
0 57. 55.0 5
109
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Motor Nameplate

usTED
ELECTRIC MOTOR FOR HAZARDOUS LOCATION

CLASSIGROUP [C [ D [ X |
CLASS ILGROUP [E | F | G | NO.[S| SAMPLE

MADE IN U.S.A,

RELIANC. -
ELECTRI XE
% DUTY MASTER® A-C MOTOR

HP 1.

OFreu
[

TV
BEAR M
TFPOE
BEARNG

4580031
458C0

ENERGY EFFICIENT

@ UL QI &R, C+D CLITEF,+6 T-CODE T3C. SUIT FOR CPER AT 6-50 AL
LCONSTANT TORQUE ON 2WW INVERTER POWER @ 5 K2 7.8 AWPS
RELIANCE ELECTRIC COMPANY/CLEVELAND, OHI0 44117

FLA
Full Load Amps

Typical Motor Starting Curve

Approx. 6x the FLA of the Motor

Motor Full-
Load Current

TIME ———>

The Current that a Motor Draws at Start Up
is the Locked-Rotor Current and then Returns to the
Normal Full-Load Current of the Motor.

110

112

Hint

* Full Load Amps (FLA) refers to the motor nameplate amps
* Full Load Current (FLC) refers to the tables in article 430

* FLA: “A” can stand for Actual motor amps
* FLC: “C” can stand for Code book (NEC tables)
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Overcurrent

Device
MOTOR
. CONTROLLER ﬁ
AN / £y E\'ﬁ
Ly g—— [—
ﬂ 1)
==

Motor Branch
Circuit Conductors

Motor Branch Circuit:

* A motor branch circuit includes all conductors
between the branch-circuit protective device and
the motor as shown above

114

For general application:

* According to 430.6(A), the ampacity values given in the motor full-
load current tables must be used to calculate the ampacity of motor
branch-circuit conductors (for other than specific motors)

* Tables 430.248 and 430.250 are the full load currents (FLC) for most
motors of normal torque values and common speeds

RUESUN

Dwelling Unit

115

Calculations

116

Standard Method Load Calculations
Article 220, Part Il

* Article 220 allow two different methods of calculating residential
loads
1. The standard method in Part Il
2. The optional method in Part IV

* Methods are different and give different results

* Must use one or the other

* Rules from either can’t be mixed together

* On exam, they will usually tell you which method to use

117
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Procedure to Determine Feeder or Service Size for
a Dwelling Unit Using Standard Method

1. General Lighting and General Use Receptacles, Small-Appliances
and Laundry Circuits [Table 220.42]
* These loads will most likely not be operating all at the same time at full load

* Therefore the NEC permits a demand factor to be applied to the total
connected load [220.52)

O Pin Header

Type of Occupancy

Dwelling units

Hospitals*

Hotels and motels, including
apartment houses without
provision for cooking by
tenants*

Warehouses (storage)

All others

Table 220.42 Lighting Load Demand Factors X

Portion of Lighting Load to Which

Demand Factor Applies Demand

(Volt-Amperes) Factor (%)
First 3000 at 100
From 3001 to 120,000 at 35
Remainder over 120,000 at 25
First 50,000 or less at 40
Remainder over 50,000 at 20
First 20,000 or less at 50
From 20,007 to 100,000 at 40
Remainder over 100,000 at 30
First 12,500 or less at 100
Remainder over 12,500 at 50
Total volt-amperes 100

*The demand factors of this table shall not apply to the calculated load of feeders or services supplying areas in
hospitals, hotels, and motels where the entire lighting is likely to be used at one time, as in operating rooms,

ballrooms, or dining rooms.

118

1. Determine Feeder Demand Load

A. Determine the total connected load for:
1) General lighting and receptacles at 3 VA per sq. ft [220.12]
2) Two small-appliance circuits at 1,500 VA [220.52(A)] and
3) One laundry circuit at 1,500 VA

B. Apply the Table 220.42 demand factors to the total connected load

Calculate the first 3000 VA at 100% demand. Calculate the
remaining VA at 35% demand

120

119

2. Appliances [220.53]

A.  A75% demand factor can be applied when 4 or more
appliances are fastened in place and are on the same feeder
* Examples: waste disposer, dishwasher, trash compactor,
water heater...

B.  This does not apply to space heating equipment [220.51],
clothes dryers [220.54], cooking appliances [220.55] or air-
conditioning equipment

appliances

Note: This demand factor is applied to the nameplate rating of the
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4. Cooking Equipment

3. Clothes Dryer [220.54]

] . Household cooking
A. The feeder or service load for clothes dryers must not be : > : o B appliances rated over 1-3/4

less than 5000 Watts or the nameplate rating : kW can have the feeder and
B. The demand factors from Table 220.54 can be applied if : | N service calculated according
there are more than 4 dryers in the dwelling unit ) i to the demand factors of

C. Afeeder or service dryer load isn’t required if the dwelling 7 Table 220.55, including
unit doesn’t contain an electric dryer [ notes, 1, 2, and 3

123

Table 220.55 Demand Factors and Loads for Notes:

Household Electric Ranges, Wall-Mounted Ovens, 1. Over 12 kW through 27 kW ranges all of same rating. For ranges individually rated more than 12 KW but not more than 27 kW, the maximum demand in Column C shall be increased 5 percent for each additional kilowaf
Counter-Mounted Cooking Units, and Other

0 Pin Header O e X rating or majorfraction theeof by which the rating of individual fanges exceeds 12 KW.
o I Pt i e e e oA s 2. Over 83/, KW through 27 kW ranges of unequal ratings. For ranges individually rated more than 8%/, kW and of different ratings, but none exceeding 27 kW, an average value of rating shall be calculated by adding toget}
permitted in Note 3. ratings of all ranges to obtain the total connected load (using 12 kW for any range rated less than 12 ki) and dividing by the total number of ranges. Then the maximum demand in Column C shall be increased 5 percent|
Kilowatt or major fraction thereof by which this average value exceeds 12 K.

Demand Factor (%) (See Notes) — 3. Over 13/4 kW through 83/ kW. In ieu of the method provided in Column C, it shall be permissible to add the nameplate ratings of al housefold cooking appliances rated more than 13/ KW but not more than 8%/ kW 4
! Maximum Demand (kW) multiply the sum by the demand factors specified in Column A or Column B for the given number of appliances. Where the rating of cooking appliances falls under both Column A and Column B, the demand factors for ef

Column A Column B | (See Notes) column shall be applied to the appliances for that column, and the results added together.
Number of Appliances (Less than 31/, kW Rating) (817 kW through 8%, kW Rating) | (Not over 12 kW Rating) 4. Branch-Circuit Load. It shall be permissible to calculate the branch-circuit load for one range in accordance with Table 220.55. The branch- load for one wall d oven or one d cooking unit s|

the nameplate rating of the appliance. The branch-circuit load for a counter-mounted cooking unit and not more than two wall-mounted ovens, all supplied from a single branch circuit and located in the same room, shall|
calculated by adding the nameplate rating of the individual appliances and treating this total as equivalent to one range.

1

2 " 5. This table shall also apply to household cooking appliances rated over 13/, kW and used in instructional programs.
3 14
4 17
5 20
6 59 43 | 21
7 56 40 : 22
8 53 36 | 23
L § 51 35 : 24
10 49 34 | 25
1 47 32 { 26
12 45 32 | 27
13 43 32 : 28
14 “a 32 | 29
15 40 32 : 30
777777777 176777777777 77777777773:9""""" 777777777772’3"7777777777777777777773’1"""
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5. Air-Conditioning Versus Heat .

Since air-conditioning
and heating equipment
aren’t usually on at the
same time, the smaller
of the two loads can be
omitted [220.60]

The air-conditioning load
is calculated at 100%

[220.50]

The fixed electric
heating and load is
calculated at 100%
[220.51]

Standard Method Load Calculations Example

* What size service is required for a 1,500 sq. ft. dwelling unit
containing the following loads?

[Equipment ___| attage (va)

Dishwasher 1,500 VA
Waste Disposer 1,000 VA
Water Heater 4,5000 W
Dryer 4,000 W
Range 14,000 W
Air-Conditioning 17A, 240V
Electric Heating (one control unit) 8,000 W

127
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Step 1. General Lighting and Receptacles
* 1500 sq. ft x 3VA = 4500 VA
* Small appliance circuits: 1500 VA x 2 = 3000 VA
* Laundry circuit: 1500 VAx 1 = 1500 VA
* Total Connected Load 9000 VA
* Take first 3000 VA at 100%: 3000 x 1 = 3000
* Take remainder at 35%: 6000 x 0.35 = 2100
* Demand Load 5,100
128

General Lighting, Small Appliance and Laundry Demand
Table 220.11

g I | S T e
Dibing | o
0 Roonrg o 'qtd’!en ":' :

Bedroom 1 § 1,500 sq o
~ | Residence at
l 3VApersqgft |

Two 1,500 VA
Small Appliance
Circuits

One 1,500 VA

;1 | Laundry Circuit —
Living Room

{
g

Laundry
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Step 2: Appliance Demand Load

* Dishwasher: 1500VA
* Waste Disposer: 1000VA
* Water Heater: 4500 W
* Demand Load 7000 VA

130

Step 3: Dryer Demand Load

* The dryer load must not be less than 5000W

5000W

Step 4: Cooking Equipment Load

A. Determine the Column C value for 14,000 W range:
* 14 kW exceeds 12 kW by 2kwW
* Must be increased 5% for each kW over 12kW per note 1
* 2x5%=10%
* 10% increase = 110% = 1.1 multiplier

B. Determine the demand load:

* Refer to Table 220.55 Column C value x multiplier from above
* Demand load = 8kW x 1.1 =8000 x 1.1 = 8800W

131
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Table 220.55 Demand Factors and Loads for
Household Electric Ranges, Wall-Mounted Ovens,
Counter-Mounted Cooking Units, and Other

(OlbinHeadey Household Cooking Appliances over 13/ kW Rating X
(Column C to be used in all cases except as otherwise
permitted in Note 3.
Demand Factor (%) (See Notes) e
Column A Column B ) W
Number of Appliances (Less than 31/, kKW Rating) (317 KW through 8%/, kW Rating) (Not over 12 kW Rating)
1 80 80 8
2 75 65 11
3 70 55 14
4 66 50 17
5 62 45 20
6 59 4 21
7 56 40 22
8 53 36 2
9 51 35 24
10 s 34 25
n 47 32 26
12 45 32 27
13 43 32 28
14 41 32 29
15 40 32 30
16 39 28 31
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Notes:
1. Over 12 kW through 27 KW ranges all of same rating. For ranges individually rated more than 12 kW but not more than 27 kW, the maximum demand in Column C shall be increased 5 percent for each additional kilowa

rating or major fraction thereof by which the rating of individual ranges exceeds 12 kW.

2. Over 6%/ KW throligh 27 KW ranges of unequal fatings. For ranges mdividually rated more than 82/ KW and of different ratings, UL none exceeding 27 KW, an average value of rating shall be calculated by adding togel
ratings of all ranges to obtain the total connected load (using 12 kW for any range rated less than 12 kW) and dividing by the total number of ranges. Then the maximum demand in Column C shall be increased 5 percent
Kilowatt or major fraction thereof by which this average value exceeds 12 kW.

3. Over 13/, kW through 83/, kW. In lieu of the method provided in Column C, it shall be permissible to add the nameplate ratings of all household cooking appliances rated more than 13/, kW but not more than 83/, kW 4
multiply the sum by the demand factors specified in Column A or Column B for the given number of appliances. Where the rating of cooking appliances falls under both Column A and Column B, the demand factors for e}
column shall be applied to the appliances for that column, and the results added together.

4. Branch-Circuit Load. It shall be permissible to calculate the branch-circuit load for one range in accordance with Table 220.55. The branch-circuit load for one wall-mounted oven or one counter-mounted cooking unit s|
the nameplate rating of the appliance. The branch-circuit load for a counter-mounted cooking unit and not more than two wall-mounted ovens, all supplied from a single branch circuit and located in the same room, shall
calculated by adding the nameplate rating of the individual appliances and treating this total as equivalent to one range

5. This table shall also apply to household cooking appliances rated over 13/, KW and used in instructional programs.

Step 5: Air-Conditioning vs. Heat Demand Load

Power = Volts x Amps

AC Load =240V x 17A = 4080 VA
4080VA/1000 = 4.08 kVA

Compare Heat load and AC Load

1. Heatload = 8kW (8000W)

2. ACload = 4.08kVA (4080 VA)

3. The heating load is larger, so omit the AC load
5. Go with 8000W heating load

N PE
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Step 6: Combine loads from steps 1-5

Step 1. General Lighting Demand Load: 5100 VA
Step 2. Appliance Demand Load: 7000 VA
Step 3. Dryer Demand Load: 5000 W
Step 4. Cooking Equipment Demand Load: 8800 W
Step 5. Heating Demand Load: 8000 W
Total Demand Load 33,900 VA
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6. Feeder and Service Conductor Size

* For one-family dwellings and individual dwelling units of two-family
and multifamily dwellings...

* Service and feeder conductors supplied by a single-phase, 120/240V
system can be sized using 310.15(B)(7)
* The conductors can be sized to 83% of the service overcurrent protection
device rating (not the calculated load)

NOTE: The 83% deduction cannot be used for two-family or multi-family dwellings
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(7) Single-Phase Dwelling Services and Feeders.

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

For one-family dwellings and the individual dwelling units of two-family and multifamily
dwellings, single-phase feeder isting of 2 and the
neutral conductor from a 208Y/120 volt system shall be permitted to be sized in accordance
with 310.15(B)(7)(1) through (3).

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

(

&

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

(3) Inno case shall a feeder for an individual dwelling unit be required to have an ampacity
greater than that specified in 310.15(B)(Z)(1) or (2).

(4

Grounded conductors shall be permitted to be sized smaller than the ungrounded
conductors, if the requirements of 220.61 and 230.42 for service conductors or the
requirements of 215.2 and 220.61 for feeder conductors are met.
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Service/Feeder Conductor Sizing for
120/240V Dwelling Unit
310.15(B)(7)

Service Conductors

Feeder Conductors

Copyright 2014, www.MikeHolt.com

Service conductors supplying the entire load for a one-family dwelling can be sized not less than 83%
Of the service rating

Service Size Conductor Example

* What size conductors are required if the calculated load for a dwelling
unit equals 33,900 VA from previous example

* Find Amps: 33,900 VA/240V = 141A
* Use 150A service for 141A

* Service conductor = 83% of service rating per 310.15(B)(7)
* 150x 0.83 = 125A

Use 1 AWG rated for 130A at 75 deg C

139

£ Pin Header

Size AWG or kemil
18+
160
140
12%
100
8
6

4

[ 1

110

140

Table 310.15(B)(16) (formerly Table 310.16)
Allowable Ampacities of Insulated Conductors Rated
Up to and Including 2000 Volts, 60°C Through 90°C

(140°F Through 194°F), Not More Than Three X
Current-Carrying Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient
Temperature of 30°C (86°F)*
Temperature Rating of Conductor [See Table 310.104(A).]
60°C (140°F) 75°C (167°F) 90°C (194°F) 60°C (140°F) 75°C (167°F) 90°C (194°F)
Types TBS, SA, SIS, FEP, Types TBS, SA, SIS,
FEPB, M|, RHH, RHW-2, THHN, THHW, THW-2,
Types RHW, THHW, HHW, THW-2, Types RHW, THHW,  THWN-2, RHH, RHW-2,
THW, THWN, XHHW, -2, USE-2, XHH, THW, THWN, XHHW, USE-2, XHH, XHHW,
Types TW, UF USE, ZW XHHW, XHHW-2, ZW-2 | Types TW, UF XHHW-2, ZW-2
COPPER ALUMINUM OR COPPER-CLAD ALUMINUM Size AWG or kemil
- - 12 - - - -
. . 18 . - . .
15 20 25 - - - -
20 25 30 15 20 25 12%%
30 35 40 25 30 35 105
40 50 55 35 40 45 8
55 65 75 40 50 55 6
70 85 95 55 65 75 4
85 100 115 65 75 85 3
95 115 130 75 90 100 2
110 130 145 85 100 15 1
125 150 170 100 120 135 1/0

141

196




Neutral Demand Calculations

Uses only loads that use the
neutral conductor:

* General lighting and receptacles
* Small appliances

* Cooking equipment —
* Clothes dryer \Q-

Neutral Service and Feeder Calculation [220.61(B)]

* Use 100% of calculated general lighting and receptacle demand: 5100VA
* Use 100% of calculated appliance demand load: 2500 VA
* Cooking Equipment Neutral Load [220.61(B)(1)]
* Calculated as 70% of demand load
* From previous example, demand load = 8800 VA
* 8800 VA x 0.70 = 6160 VA
* Dryer neutral load [220.61(B)(1)]
* Based on 70% of the demand load

* From previous example, dryer demand load = 5000W
* 5000W x 0.70 = 3500 W

142
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Total Neutral Load

* General Lighting and Receptacle demand: 5100 VA
* Appliance Demand Load: 2500 VA
* Dryer Demand Load: 3500 W
* Cooking Equipment Demand Load: 6160 W
* Total Neutral Demand 17260 VA

* Neutral amps = neutral demand/system voltage: 17,260/240 =72A
* #4 AWG at 75 deg C is rated for 85A per Table 310.15(B)(16)
* Therefore minimum neutral size required is #4 AWG

Service Size Conductor Example 2

* What size conductors are required if the calculated load for a dwelling
unit equals 195A, and the service disconnect is rated 200A?

144
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Service/Feeder Conductor Sizing for
120/240V Dwelling Unit
310.15(B)(7)

Service Rated 200A
200A x 0.83 = 166A

2/0 rated 175A at 75 deg C
Table 310.15(B)(16)

~Service Conductors

==
— Feeder Conductors

Copyright 2014, www.MikeHolt.com

Of the service rating

Service conductors supplying the entire load for a one-family dwelling can be sized not less than 83%

Table 310.15(B)(16) (formerly Table 310.16)
Allowable Ampacities of Insulated Conductors Rated
Up to and Including 2000 Volts, 60°C Through 90°C
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Optional Method Load Calculations
[Article 220, Part V]

* Section 220.82

* Used for dwelling units served by 120/240V or 120/208V, 3-wire
service or feeder

* Service or feeder having ampacity of 100A or larger

O Pin Header (140°F Through 194°F), Not More Than Three X
Current-Carrying Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient
Temperature of 30°C (86°F)*
Temperature Rating of Conductor [See Table 310.104(A).]
60°C (140°F) 75°C (167°F) 90°C (194°F) 60°C (140°F) 75°C (167°F) 90°C (194°F)
Types TBS, SA, SIS, FEP, Types TBS, SA, SIS,
FEPB, MI, RHH, RHW-2, THHN, THHW, THW-2,
Types RHW, THHW, THHN, THHW, THW-2, Types RHW, THHW, THWN-2, RHH, RHW-2,
THW, THWN, XHHW, THWN-2, USE-2, XHH, THW, THWN, XHHW, USE-2, XHH, XHHW,
Types TW, UF USE, ZW XHHW, XHHW-2,ZW-2 | Types TW, UF XHHW-2, ZW-2
Size AWG or kemil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM Size AWG or kemil
1/0 125 150 170 100 120 135 1/0
2/0 145 “ 195 115 135 150 2/0
3/0 165 200 225 130 155 175 3/0
4/0 195 230 260 150 180 205 4/0
250 215 255 290 170 205 230 250
300 240 285 320 195 230 260 300
350 260 310 350 210 250 280 350
400 280 335 380 225 270 305 400
500 320 380 430 260 310 350 500
600 350 420 475 285 340 385 600
700 385 460 520 315 375 425 700
* Motor present unique challenges
* Expensive, large, heavy, moving parts Current
A
* Impact on power system 6t
0 8x
p p Y! S 7 —\- ------- —x - - - Peak Current

* High inrush current
* Need to allow motor to start without tripping

* Needs protection against
* Short circuits
* Ground faults
* Overcurrent

Inrush Current

Steady-State
Current

ime

v
o
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Motors

* Motor Branch Conductor
Sizing [430.22(A)]
 https://www.youtube.co

m/embed/buk7LTOyvwE

* Motor Full Load Current
(FLC): 430.6(A)(1)

 https://www.youtube.co

m/embed/Sicluoua3og

¢ Motor Full Load Amps —
Nameplate (FLA): 430.6(A)(2)

* https://www.youtube.co
m/embed/2cprO8zdT1U

Frame Stator

Cond B achoet

Shar

Amatre

Motor Branch-Circuit

Conductors

* Section 430.22(A) requires

the ampacity of motor
branch-circuit conductors

supplying a single motor
used in a continuous duty
application to be 125% of
the motor full-load current

(FLC)

Branch-circuit conductors
must be selected from the
allowable ampacity tables
[primarily Table
310.15(B)(16)]

150
Motor Branch-Circuit Conductors
" NAMEPLATE
25 HP 460 V 3 PH
FLC325
* What is the minimum ampacity of the branch-
circuit conductors for a 25 hp, 460 volt, 3-phase
squirrel-cage motor with a nameplate full-load
current rating of 32.5 amperes?
152
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Branch-Circuit Conductors
*  Section 430.6(A)(1)
¢ Nameplate FLA is not to be used
*  Use Table value for FLC
e Table 430.250, 25 hp at 460 volts
e Table value FLC = 34 amperes
* Section 430.22
*  Ampacity = FLC x 125%
*  Ampacity =34 A x 1.25 = 42.5 amperes
. Answer:
153
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https://www.youtube.com/embed/buK7LT0yvwE
https://www.youtube.com/embed/Sic1uoua3og
https://www.youtube.com/embed/2cprO8ZdT1U

Table 430.250 Full-Load Current, Three-Phase

£ Ity Alternating-Current Motors
Induction-Type Squirrel Cage and Wound Rotor (Amperes)
Horsepower 115 Volts 200 Volts 208 Volts 230 Volts 460 Volts 575 Volts 2300 Volts
he following values of
Jll-load currents are
pical for motors
linning at speeds usual
r belted motors and
otors with normal
rque characteristics
he voltages listed are
ited motor voltages.
he currents listed shall
e permitted for
ystem voltage ranges
f 110 to 120, 220 to
40, 440 to 480, and
50 to 600 volts.
, 44 25 24 22 11 09 -
U, 6.4 37 35 32 16 13 -
1 84 48 46 42 21 17 -
17 12.0 69 6.6 6.0 30 24 =
2 136 7.8 75 68 34 2.7
3 - 1.0 106 96 48 39 -
5 - 175 167 15.2 7.6 6.1 -

230 Volts

Synchronous-Type Unity Power

Factor* (Amperes)

460 Volts

575 Volts

2]

Load Current, Three-Phase

O Pin Header Table 410.A2"5|1 F \g-Current Motors X
Synchronous-Type Unity Power
Induction-Type Squirrel Cage and Wound Rotor (Amperes) Factor* (Amperes)
Horsepower 115 Volts 200 Volts 208 Volts 230 Volts 460 Volts 575 Volts 2300 Volts 230 Volts 460 Volts 575 Volts
10 - 322 308 28 14 1 - - - -
15 - 483 462 42 21 17 - . = -
20 62.1 59.4 54 27 22
| 25 = 782 748 68 34 27 - 53 26 21|
30 - 92 88 80 40 32 - 63 32 26
40 = 120 114 104 52 M = 83 4 33
50 - 150 143 130 65 52 - 104 52 42
60 - 177 169 154 77 62 16 123 61 49
75 - 221 21 192 96 F i 20 155 78 62
100 - 285 273 248 124 99 2 202 101 81
125 - 359 343 312 156 125 3 253 126 101
150 - 414 396 360 180 144 37 302 151 121
200 552 528 480 240 192 49 400 201 161
250 - - - - 302 242 60 - - -
300 - - - - 361 289 72 - - -
350 - - - - 414 336 83 - - -
400 - - - - 477 382 95 - - -

Motor Branch-Circuit Conductors

* Low speed and multispeed motors

* Listed appliances and specific equipment
* Torque motors

* AC adjustable voltage motors

* Adjustable-speed drive systems

* Motors that are permitted to use the nameplate value (instead of
Table values) for sizing the branch-circuit conductors are as follows:
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Overcurrent Protection

Overcurrent
Protection

— —"— —
Ny G

Disconnecting
Means

Branch-Circuit
To ~Ircu Overload
Source Short-Circuit Protective
Ground-Fault Device

Protection Motor

Branch-Circuit Short-Circuit Ground-Fault Protection: Intended to protect the
motor branch-circuit conductors, the motor control apparatus, and the motors
against overcurrent due to short circuits or ground faults [430.51]

Overload Protective Device: Intended to protect motors, motor-control
apparatus, and motor branch-circuit conductors against excessive heating due
to motor overloads and failure to start [430.31]
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Short-Circuit and Ground-Fault Protection

Feeder

l BC Short-Circuit and
Ground-Fault

< Protection >

Branch Circuit ——|
Controller

Motor Motor

Purpose:

* To protect circuit conductors, motors and motor
controller equipment from due to
short-circuits and ground-faults

Short-Circuit and Ground-Fault Protection

The fundamental rule of 430.52(C)(1) requires:

* The maximum rating or setting of the protective device must
not exceed the values calculated according to Table 430.52

* And, from a practical point of view, Exception No. 1 permits
the next higher standard size overcurrent device to be used

* This is often referred to as “round up rule”

158

Short-Circuit and Ground-Fault Protection

* The “motor branch-circuit short-circuit and ground-
fault protective” device actually refers to a typical fuse
or circuit breaker that...

* is set to trip at a higher rating than a branch-circuit fuse or
circuit breaker for a common circuit

* protects the motor branch circuit against short circuits and
ground faults only

* does not protect the motor circuit against overloads

160
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Table 430.52 Maximum Rating or Setting of Motor Branch-
Circuit Short-Circuit and Ground-Fault Protective Devices
Percentage of Full-Load Current
Nontime Dual Element Instantaneous Inverse Time
Delay (Time-Delay) Trip Breaker Breaker
Type of Motor Fuse Fuse
Single-phase motors 300 175 800 250
AC polyphase motors other than wound-rotor
300 175 800 250
Squirrel cage-other than Design B energy-efficient
300 75 800 250
Design B energy-efficient 300 175 1100 250
Synchronous 300 175 800 250
Wound rotor 150 150 800 150
Direct current
(constant voltage) 150 150 250 150
161
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Table 430.52 Maximum Rating or Setting of Motor

O Pin Header Branch-Circuit Short-Circuit and Ground-Fault X
Protective Devices
Percentage of Full-Load Current
Nontime Dual Element InBtaREAEss
Delay (Time-Delay) Trip Inverse

Type of Motor Fusel Fusel Breaker Time Breaker2

Single-phase motors 300 175 800 250

AC polyphase motors

other than wound- 300 175 800 250

rotor

Squirrel cage — other

than Design B energy- 300 175 800 250

efficient

Design B energy- 300 175 1100 250

efficient

Synchronous? 300 175 800 250

Wound-otor 150 150 800 150

DC (constant voltage) 150 150 250 150

Note: For certain exceptions to the values specified, see 430.54.

TThe values in the Nontime Delay Fuse column apply to time-delay Class CC fuses.

2The values given in the last column also cover the ratings of nonadjustable inverse time types of circuit
breakers that may be modified as in 430.52(C)(1), Exceptions No. 1 and No. 2.

3synchronous motors of the low-torque, low-speed type (usually 450 rpm or lower), such as are used to drive
reciprocating compressors, pumps, and so forth, that start unloaded, do not require a fuse rating or circuit-
breaker setting in excess of 200 percent of full-load current
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Short-Circuit and Ground-Fault Protection

Time-Delay Fuses

" NAMEPLATE
20 HP 460V 3 PH

Squirrel

Cage o ——

* Determine the maximum overcurrent protection
permitted according to Table 430.52 for a typical 20
HP, 3 phase, 460 volt, Design B, squirrel cage or
synchronous motor

* The overcurrent protective devices selected for this
example include time-delay fuses but for training, we
will consider an inverse time breaker as well

Table 430.250 Full-Load Current, Three-Phase

163

RlEinlEeadey Alternating-Current Motors
Synchronous-Type Unity Power
Induction-Type Squirrel Cage and Wound Rotor (Amperes) Factor* (Amperes)
Horsepower 115 Volts 200 Volts 208 Volts 230 Volts 460 Volts 575 Volts 2300 Volts 230 Volts 460 Volts 575 Volts

10 322 308 28 14 M
15 - 483 462 42 21 17 - - - -

1 20 - 62.1 594 54 27 22 - - - -
25 - 782 748 68 34 27 - 53 26 2
30 - 92 88 80 40 32 - 63 32 2
40 - 120 14 104 52 o - 83 4 33
50 - 150 143 130 65 52 - 104 52 42
60 - 177 169 154 77 62 16 123 61 49
75 - 221 211 192 % 77 20 155 78 62
100 - 285 273 248 124 99 26 202 101 81
125 - 359 343 312 156 125 31 253 126 101
150 - 214 396 360 180 144 37 302 151 121
200 552 528 480 240 192 49 400 201 161
250 - - - - 302 242 60 - - -
300 - - - - 361 289 72 - - -
350 - - - - 414 336 83 - - -
400 - - - - 477 382 95 - - -

Table 430.52 Maximum Rating or Setting of Motor Branch-
Circuit Short-Circuit and Ground-Fault Protective Devices

Percentage of Full-Load Current

Nontime IDuaI Elemennlnstantaneous Inverse Time
Delay H(Time-Delay) {| Trip Breaker Breaker

Type of Motor Fuse Fuse
Single-phase motors 300 175 800 250
AC polyphase motors other than wdlind-rotor

300 175 800 250
Squirrel cage-other than Design B ehergy-efficient

175 800 250

Design B energy-efficient 300 175 1100 250
Synchronous 300 175 800 250
Wound rotor 150 150 800 150
Direct current
(constant voltage) 150 150 250 150

164

165

202




Short-Circuit and Ground-Fault Protection
* Solution: Using
lnstantaneous "'in * Table 430.250: 20 HP at 460 volts
4 4 * FLC =27 amperes
Clrcuit Breakers * Table 430.52: Time-delay fuse 175%
‘ * OCPD rating =27 A x 1.75 = 47.25 amperes
* 430.52(C)(1), Ex. No. 1 permits next larger standard size
* 240.6(A) next larger size, 50 ampere
Trip on high levels of fault current very fast. Inverse Time (Thermal Magnetic) Breaker * 50 amperes is the maximum rating of the time-delay fuse for
Won't trip on low levels of overcurrent the 20 HP motor
Has as magnetic portion for tripping fast on
High fault levels. * Answer:
And has a thermal portion which allows for
tripping on low overcurrent levels — longer trip
166 167

Table 430.52 Maximum Rating or Setting of Motor Branch
Circuit Short-Circuit and Ground-Fault Protective Devices
* Solution: Using an
« Table 430.250: 20 HP = 27 amperes Percentage of Full-Load Curen
« Table 430.52: inverse time circuit breaker, 250% Nontime Dual Element Instantaneous f{Inverse Time
e ’ Delay (Time-Delay) Trip Breaker Breaker
* OCPD = FLC x 250% Type of Motor Fuse Fuse
* OCPD =27 Ax 2.50 = 67.5 amperes Single-phase motors 300 175 800 250
* 430.52(C)(1), Ex. No. 1 permits next larger standard size AC polyphase motors other tggg Wound-m;f;fs S0 I 25 D
* 240'6(A)' next Iarger, 70 amperes gqulrre cage-otﬁer tHan Design B energy-eﬂlaent
* 70 amperes is the maximum rating of the inverse time CB for 300 175 800 250
the 20 HP motor Design B energy-efficient 300 175 1100 250
* Answer: Synchronous 300 175 800 250
Wound rotor 150 150 800 150
Direct current
(constant voltage) 150 150 250 150
168 169
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Motor Overload Protection

Controller — L

Overload 4
Protection

Overload Protection

* The purpose of motor overload (OL) protection is
to protect the motor, motor control apparatus,
and motor branch-circuit conductors against

due to overloads

170

Bi-Metallic (Mechanical) Overload

O/L HEATER ——» o_f'x_j_o

~—— SOLDER POT HEATING ELEMENT

TOMOTOR

—_—
TO MAGNETCOIL

— SPRING PRESSURE ON CONTACT

NIC CONTACT
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Electronic Overload Device

Terminais L1, L3, LS

Manual test

Manual or automatic reset

Trip indication ight

Tripping contact (95, 96)

Amp setting range

Signaling contact, (97, 98) Terminas T1, 72,3

AutomationForum.in
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Motor Overload Protection

* The overload current is a current that, when it persists for a sufficient
length of time, can damage the equipment and/or the conductors

* Overloads are caused by the following:
* Failure to start,
* Excessive load on motor,
* Worn motor bearings, or

* Other mechanical problems
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Motor Overload Protection

* Section 430.32(A)(1) requires that overload protective devices for continuous
duty motors, rated more than one horsepower, be sized according to the motor
nameplate FLA and the following motor nameplate information

* Service factor not less than 1.15 = 125%
* Temperature rise not over 40°C = 125%

* All other motors = 115%

* [See 430.32(C) not sufficient to start motor]

* These percentages are generally considered the maximum OL protection unless...

Motor Overload Protection

" NAMEPLATE
30 HP 240V 3 PH
SF 145
Temp. Rise 40°C
S| FLCT8

* Determine the maximum overload protection (OL
protection) for a 30 HP, 240 volt, 3-phase, squirrel-cage
induction motor with a nameplate full-load current of
75 amperes, service factor of 1.15, and a temperature
rise of 40°C

174
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Motor Overload Protection

* 430.32(A)(1), (Max. OL protection) :

* Use nameplate FLA

* Service factor 1.15, temperature rise 40°C, 125%
* OL protection = FLC x 125%

* OL protection =75 A x 1.25 = 93.75 amperes

* Answer:

176

Motor Overload Protection

* One of the goals of overload protection is to protect a piece of
electrical equipment as close to its rated full-load current as possible,
while not having nuisance tripping during the starting current period

* There are other permissions within the Code to adjust the previous
requirements

* Those adjustments are permitted by the Code to allow for hard motor
starting, different levels of protection, and different types of overload
protection devices

177
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Transformer Calculations

Transformer Basics

* Works on the principle of mutual induction

* Power measured in VA (Volts-Amps)

* Can be single phase or three phase

* Typically have a primary and secondary winding

* Current in one winding induces a current in another winding

* Voltage and current determined by the number of turns of wire in the
windings

* Can step or step down voltage

* Windings require protection from damage

B
Primary Secondary
winding winding
Np turns Ng turns
Primary Secondary
current | I current
—— " | =
y
q /
Primary [— /'
voltage [ S— y
A Secondary
[ P voltage
=1 -
— 1\4'
—
r—
Transformer o
s i et

179
Coil 1 Coil 2
s N
N
\ !
Applied Alternating ] Alternating Induced |
Current Supply t EMF
I
j |
N
g N
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Transformer Basics

* It is difficult to apply overcurrent protection directly to output of
transformer windings to protect output conductors

* Therefore tap rules apply

182

Primary Overcurrent Protection — Less Than 2A Example

750 VA Transformer
Primary Fuse

480V

Primary

Primary Fuse

Transformer Overcurrent Protection

* Objective: To protect the windings, not the conductors
* Reference section 450.3(B)

Table 450.3(B) Primary Protection Only

Primary Current Rating Maximum Protection

9A or more 125%, note 1
Less than 9A 167%
Less than 2A 300%

Note 1: Where 125% of the primary current doesn’t correspond to a standard rating
of a fuse or nonadjustable circuit breaker, the next higher rating is
permitted[240.6(A)]

183
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Primary Overcurrent Protection — Less Than 2A Example

* What’s the maximum primary overcurrent protection device rating for a 750VA
continuously loaded, single-phase, 480V transformer?

750 VA Transformer

Primary Fuse

— -

480V _
Primary Secondary

Primary Fuse

Primary Protection

P=VXA
A= P/V = 750VA/480V = 1.56A

Maximum overcurrent protection is 300% or 3.00
I, = 1.56A x 3 =4.68A

Round down to 4 amps since next size up only applies to
Primary current greater than 9A per note on Table 450.3(B)

Per Table 450.3(B), for primary current less than 2A, the

185
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Primary Overcurrent Protection — Less Than 9A Example

* What’s the maximum primary overcurrent protection device rating for a 2kVA
continuously loaded, single-phase, 240V transformer?

2kVA Transformer

Primary Fuse

— -

240v
Primary

Secondary

Primary Fuse

Primary Protection

P=VxA Per Table 450.3(B), for primary current less than 9A, the
A= P/V = 2000VA/240V = 8.33A Maximum overcurrent protection is 167% or 1.67

I, =8.33Ax 1.67 = 13.92A

Round down to 13 amps since next size up only applies to
Primary current greater than 9A per note on Table 450.3(B)

Primary Overcurrent Protection — Greater Than 9A Example
* What’s the maximum primary overcurrent protection device rating for a 2kVA
continuously loaded, three-phase, 480V transformer?

45kVA Transformer

Primary Fuse

480v
Primary

Secondary

Primary Fuse

Primary Protection
P=VxAx1.73 Per Table 450.3(B), for primary current greater than 9A, the
A= P/(V x1.73) = 45,000VA/(480 x 1.73) = 51.19A Maximum overcurrent protection is 125% or 1.25

loi = 54.19A x 1.25 = 67.74A
Round up to 70 amps since next size up applies to
Primary current greater than 9A per note on Table 450.3(B)

186
5 Pin Header R L x
Standard Ampere Ratings
15 20 25 30 35
40 45 50 60 70
80 90 100 110 125
150 175 200 225 250
300 350 400 450 500
600 700 800 1000 1200
1600 2000 2500 3000 4000
5000 6000 = = —
188

187
[ Transformers, Overcurrent Protection
Primary Current 9A or More
450.3(B) Example
Ipri= 45000 VA _ 540
(480V x 1.732)
54A x 1.25 = 68A, Next size up, 70A
[240.6(A), Table 450.3(B), Note 1]
70A Protection
45 kVA
Transformer
Prima
{ 480V 3-Ph.
@iﬂ@ﬁ opyrigh( 2017, www.MikeHo).oom
189
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Transformer Primary Conductor Sizing

. Overcurrent Protection
Transformer Primary e o
.. — ; W
= B
* Conductors must be sized no less than 125% of the continuous loads, Conductor Sizi ng :‘f" i Ol
plus 100 percent of the noncontinous loads, based on the terminal * Conductors must be protected against j
temperature rating ampacities as listed in Table 310.15(B)(16) before overcurrent in accordance with their

and ampacity adjustment [210.19(A)(1)] ampacity after ampacity adjustment
* Adjustments:

* More than 3 conductors
* Temperature
* Above roof if it applies

Breakers

190 191

Primary Conductor Sizing Example 1 Primary Conductor Sizing Example

* What size primary conductors can be used for a 45 kVA continuously * Look for key words
loaded transformer, 3-phase, 480V transformer, where the primary

overcurrent protection device is sized at 70A . . .
* What size primary conductors can be used for a 45 kVA continuously

loaded transformer, 3-phase, 480V transformer, where the primary
overcurrent protection device is sized at 70A

192 193
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Primary Conductor Sizing Example 1

1. Size the primary conductor at 125% of the primary current rating
« |=45,000 VA/(480V x 1.732) = 54A
* 54x1.25=68A
* Per table 310.15(B)(16), #4 wire at 60 deg C terminals is rated for 70A

2. Verify that the conductors are protected in accordance with their
ampacities [240.4]

* 4 AWG rated 70A at 60 deg C is permitted to be protected by a 70A primary
overcurrent protection device

Table 310.15(B)(16) (formerly Table 310.16)
Allowable Ampacities of Insulated Conductors Rated
Up to and Including 2000 Volts, 60°C Through 90°C

O Pin Header (140°F Through 194°F), Not More Than Three

Size AWG or kemil COPPER

Current-Carrying Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient
Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A)]

60°C (140°F) 75°C (167°F) 90°C (194°F) 60°C (140°F) 75°C (167°F) 90°C (194°F)

Types TBS, SA, SIS,
THHN, THHW, THW-2,

Types TBS, SA, SIS, FER,

Types RHW, THHW, THHN, FHHW, THW-2, Types RHW, THHW,  THWN-2, RHH, RHW-2,
THW, THWN, XHHW, FIWR-2, USE-2, XHH, THW, THWN, XHHW, USE-2, XHH, XHHW,
Types TW, UF USE, ZW XHHW, XHHW-2,ZW-2 | Types TW, UF USE XHHW-2, ZW-2

ALUMINUM OR COPPER-CLAD ALUMINUM

164 - - 18 = - =
140 15 20 25 - - -
120 20 25 30 15 20 25
100 30 35 40 25 30 35
8 40 50 55 35 40 45
6 55 65 75 40 50 55
4 I I 70 I 85 95 55 65 75
3 85 100 115 65 7 85
2 95 115 130 75 90 100
1 110 130 14 85 100 15
10 125 150 170 100 120 135

Size AWG or kemil

194

#4 AWG wire

\\4 70A Protection

45 KVA L

Transformers, Overcurrent Protection
Primary Current 9A or More
450.3(B) Example

45,000 VA _ gyp

480V x 1.732)

54A x 1.25 = 68A, Next size up, 70A
[240.6(A), Table 450.3(B), Note 1]

| Pri=

Transformer
Prima

Copyright 2017, www.MikeHolt.com

Primary Conductor Sizing Example 2

* What size primary conductors can be used for a 75 kVA continuously
loaded transformer, 3-phase, 480V transformer, where the primary

overcurrent protection device is sized at 125A

196
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Primary Conductor Sizing Example 2

1. Size the primary conductor at 125% of the primary current rating
« | =75,000 VA/(480V x 1.732) = 90A

* 90x1.25=113A
* Per table 310.15(B)(16), #2 wire at 75 deg C terminals is rated for 115A

2. Verify that the conductors are protected in accordance with their
ampacities [240.4]
* 2 AWG rated 115A at 75 deg C is permitted to be protected by a 125A primary
overcurrent protection device.
* However, the maximum continuous load is limited to 92 A (115A x 80%) in
accordance with 215.2(A)

CONGRATULATIONS!

198

Next Steps

= A Certificate of Completion will be emailed to those who successfully completed
course

g 4 hours of Code Class Hours will be reported to the OCILB for Code Continuing

Education Credits

“ Contact instructor at hpmatthews@matthewselectrical.net for any questions or

comments

‘;&’ Make sure you completely sign out of webinar after the next slide!
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Hazardous Locations

Review Chapter 5 of the NEC that covers hazardous locations
Learn the definitions of the various hazardous locations: Class I, Class I}, Class Il
Learn the definitions of the various divisions associated with the classes: Division 1 and Division 2
Learn the difference between the Division method and Zone method of classification
Review the wiring methods required for hazardous locations
o Sealing requirements
¢ Enclosure requirements
o Equipment selection
o Grounding and bonding requirements
e Understand what types of equipment are required in hazardous locations
e Understand how to read hazardous area classification drawings
® Learn the various alternative methods for installations in hazardous locations
o Enclosure pressurization
o Intrinsic safety equipment
o Hermetically sealed equipment
o Sealed contacts
Learn how Temperature codes (T-codes) impact equipment selection
e Learn how to conduct electrical installations in the following areas:
o Gas fueling stations
Petrochemical processing locations
Automobile service stations and garage
Aircraft refueling locations
Hazardous chemical storage locations
Dust handling locations
Locations with air-suspended fibers (textiles for example)
Tank farms and pipeline facilities
o Many others
¢ Learn how to understand the various European methods and how they may or may not apply in
the United States.

cC OO0 0 0O Q0 0O
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Henry Peter Matthews, PE, CPE, CESCP, PVA

Home Address Work Address

1203 McKinley Place Marathon Petroleum Company

Fostoria, Ohio 44830 539 South Main Street

Email: hpmatthews@matthewselectrical.net Findlay, Ohio 45840

Home Phone: 419-701-7707 Email: hpmatthews@marathonpetroleum.com
Cell Phone: 419-575-3488 Office phone: 419-421-3423

Cell phone: 419-957-2110

Work Experience
Marathon Petroleum Company, LP; Findlay, Ohio June 2006 — Present
e Advanced Senior Engineer/Electrical Specialist
® Electrical Engineering Supervisor — Terminal Engineering
* Project Engineer — Major Projects
e Electrical Designer — Retail Division

Cooper Standard Automotive, Bowling Green, Ohio July 1993 - June 2006
¢ Plant Engineering Manager
e Plant Electrical Engineer

Toledo Engineering Company {consuitant); Toledo, Ohio June 1989 — July 1993
e Electrical Drafter

Education
Bowling Green State University; Bowling Green, Ohio Aug 2003
Masters of Business Administration
Pennsylvania State University; University Park, PA Dec 1989
BS Electrical Engineering
Solar Energy International, Paonia, Colorado Sept 2021
Solar PV Training
Owens Community College; Findlay, Ohio April 2017
Certificate: Introductory Welding
Penn Foster Career School July 2010
Certificate: Plumbing
Penn Foster Career School October 2004
Certificate: Electrician

Certifications Professional Engineer (PE): OH, Ml, IN, KY, IL, WI

Photovoltaic Associate (PVA) by NABCEP

Certified Electrical Safety Compliance Professional {CESCP), NFPA
Certified Plant Engineer (CPE): Association for Facility Engineers

Building Operator Certification (BOC): Northwest Energy Efficiency Council
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Licenses Ohio Electrical Contractor, Chic Department of Commerce, License # 46972
Ohio Training Agency, Ohio Construction Industry Licensing Board, Agency #48714
Ohio Training Agency, Ohio Board of Building Standards

Special Training Solar Energy International {SEIl}, Paonia, Colorado
e Solar Electric and Design and Installation Course, April 2021, 60 hours
PV Systems Fundamentals (Battery-Based), June 2021, 40 hours
Advanced PV System Design and the NEC, June-July 2021, 60 hours
Comparing Battery Technologies, July 2021, 10 hours
Tools and Techniques for Operations and Maintenance of PV Systems, 9/21, 40 HR

Affiliations
Institute of Electrical and Electronics Engineers {IEEE) — Senior Member
International Association of Electrical Inspectors (IAEl)
NFPA Section Member for Architects, Engineers and Building Officials
Illumination Engineering Society of North America (IESNA)
API RP 545 former Co-Chair, American Petroleum Institute, Lightning Protection for
Above Ground Storage Tanks (2017- 2018)

Business Matthews Electrical Services, Owner

Ownership Designer Cuts Hair Salon, LLC; Co-owner

Biography

Henry has worked in the electrical, power, electronics, instrumentation, controls and communication fields for
over 30 years. He earned his Bachelor of Science degree in Electrical Engineering from Penn State University in
1989. Henry worked as a consultant for Toledo Engineering Company in Toledo, Ohio as a drafter and field
technician.

In 1993 he started working for Cooper Standard Automotive Company in Bowling Green, Ohio in 2993 as a
Plant Electrical Engineer. He was then promoted to Plant Engineering Manager in 2000. During this time, he
earned his Professional Engineering License in Ohio.

In 2003, Henry earned his MBA at Bowling Green State University.

In 2006, Henry joined Marathon Petroleum Company in Findlay, Ohio. He then went on to obtain his
Professional Engineers license in Electrical Engineering for Michigan, Indiana, lllinois, West Virginia, Kentucky,
Minnesota and Wisconsin. During his tenure at Marathon, Henry has had several roles including Electrical
Design Engineer, Project Engineer and Electrical Supervisor. He is currently an Advanced Senior Engineer
where he writes electrical standards for the company and conducts a community of practice for all the
company’s electrical engineers and safety professionals.
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During his time at Cooper Standard Automotive and Marathon Petroleum, Henry developed a passion for
teaching, learning and applying Electrical Construction Codes. At Cooper, he trained the entire non-electrical
maintenance staff to perform basic electrical tasks.

At Marathon, Henry works with the Learning and Development Department to conduct multiple training
sessions for new hires and seasoned engineers on various topics including Electrical Safety, Grounding and
Bonding, Hazardous Area Location, Electrical Inspection, Motors, Lightning protection Static Electricity
Mitigation, Reading and Understanding Electrical Diagrams, Programmable Logic Controllers and more.

Henry also works very closely with the Talent Acquisition Teams and visits numerous college campuses to
deliver presentations on Engineering, Career Development, Networking and other topics.

Henry recently served as the Co-chair of the AP| Recommended Practice 545 Task Group for Lightning
Mitigation for Above Ground Storage Tanks. In this role, he works with engineers, scientists and
manufacturers from all over the world to evaluate the impacts of lightning and static electricity on metal
above ground storage tanks.

His passion for teaching and Electrical Safety has motivated him to earn the Certified Electrical Safety
Compliance Professional Certification (CESCP) from NFPA. He also regularly attends numerous electrical and
safety conferences and training sessions conducted by NFPA, {EEE, API.

Previously, Henry was the President of the Fostoria, Ohio area Toastmasters team.

Henry is also a member of the International Association of Electrical inspectors.

Henry also owns two small businesses:

Matthews Electrical Services - that performs mainly limited residential and small commercial electrical
services and conducts training for licensed electricians in the state of Ohio.

Designer Cuts Hair Salon, LLC — Henry co-owns the beauty salon with his wife.
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Webinar Rules

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

NEC Hazardous * Webinar may be recorded

Webinar

* Proof of attendance and participant identity
* Potential OCILB audits

e Turn on webcam:
* After breaks

* Before end of class
* At instructor discretion to check attendance

OCILB COURSE NO, 4871421 H AZ ARD o U s
Matthews Electrical Services
Ohio Training Agency #48714 A R E A

Henry Matthews, PE, CPE, CESCP

* Mute microphone at all times
* Prevents distraction during webinar
* Instructor may activate participant microphone if verbal response is needed

NFPA70 Disclaimer
Noatinmal Chapter 5
National :
Electrical S pecla | * The views and opinions presented in this course are those of
C d . Matthews Electrical Services and not necessarily those of the various
oae OCCU pa Ncles entities the presenter references
* The views also does not necessarily reflect the views of his previous
2020 (Haza rdOUS or current employers
|_O catlio nS) * The material used in this class is based on documented publicly-

available information (NFPA, OSHA, ESFI etc.)

* The interpretation of this material is based on the presenter’s
experience and training of the subject matter.
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Disclaimer

WELCOME!

* Goals
* Promote learning
* Make session engaging
* Discussion
* Videos
* Make time as productive as possible!

* This presentation references equipment and websites from various
manufacturers, agencies and other resources. This is not intended to
endorse particular products, vendors, websites or manufacturers.

* The content is shown for educational purposes only.

6
T ..M

NFPA 70 ——_— Hazardous Agenda

National. foersone  (Classified) =

Code Locations e * The Basics

2020 * Hazardous Area Classification (aka Hazardous

Location) example
References « Movie Time!

* Wrap Up
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But First...

Let’s take a poll

Let’s Begin!

Objectives ‘ \ § . Where Does This Apply?

ignition source does not ignite
hazardous materials

Gas stations

| * To make sure that a possible
|
|
|

Service garages

* To minimize the amount of energy
released to a hazardous
environment and preventing = -
ignitions and explosions = T =

Bulk storage facilities (oil, gas, grain etc.)

Painting facilities

Textile factories

|
|
|
|
|

To limit the amount of energy ina | =7 I it ) Refineries
circuit, thus minimizing the ignition . g i
potential ! = = M

E 4

Chemical processing facilities

Oil and gas processing facilties

Aircraft hangers

\\\\\“ * Manufacturing facilities where dust can collect
I rrrlelierrrel |
i T | IRNIIEE RRRIA §
T | - 4.8 V/EEPEA IHIIRN N
%-w 12
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Why Do We
Care?

* Special wiring
* Special equipment
* Special procedures

13

Introduction to
Hazardous Locations

NN,
HyBBEL

/ /__;{_/

 https://www.youtube.com/watch?v=DZ
RL1-ugfAQ

Scope of Training

* Will focus on Class and Division system
* Will mention Zone System but not focus on it
* Cover basics of Hazardous Locations

* Answer questions

14

15

The Fire
Triangle

16

16
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https://www.youtube.com/watch?v=DZRL1-ugfAQ

Fuel

17

lgnition
Sources

Definitions: Flash Point

Flash Point: The lowest temperature at which sufficient vapor or liquid is
generated to form an ignitable mixture with air near the surface of the liquid

18

19

Definitions: Flammable Liquids

Flammable Liquids: have a flash point below 100 degrees F and a vapor
pressure not exceeding 40 psia

20
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Definitions: Combustible Liquids

Combustible liquids: have a flash point at or above 100 degrees F and will
form an ignitable mixture only when heated above their flash point.

21

https://www.youtube.com/watch?v=s erxHvs Ac&feature=emb _title

23

Combustible

Dusts

lgnitible

Fibers/Flyings

Combustible dust is finely divided solid material 500

microns or smaller and present a fire or explosion
hazard when dispersed and ignited in air

* (i.e., material that passes through a U.S. No. 35 sieve as defined in
ASTM E 11-09, Standard Specification for Wire Cloth and Sieves for
Testing Purposes)

vie od Jjo XPIl0SID y o] Du oua O

6184-1, Explosion protection systems - Part 1:
Determination of explosion indices of combustible dusts

in air, for procedures for determining the explosibility of
dusts

These materials are currently not defined in
any NFPA document or any other industry
document

defined as solid particles, including fibers,
greater than 500 um (micrometer) in nominal
size, which may be suspended in air and could
settle out of the atmosphere under their own
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https://www.youtube.com/watch?v=s_erxHvs_Ac&feature=emb_title

Definitions:
Vapor Density

Some materials are lighter than air.
Others are heavier than air

Lighter than air gases have a vapor
density less than 1.0

Tend dissipate rapidly

Rarely accumulate to form an ignitable
atmosphere

Vapor Density

Definitions: Vapor Density

Heavier than air gases have
a vapor density greater
than 1.0

Tend to fall to grade level or
below grade

Poses high risk due to
tendency to collect

May remain for a significant

amount of time until
dispersed naturally or
mechanically

28
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Gasoline Vapors Heavier Than Air

Gasoline vapors are heavier than air and fall to the lowest points

EEEE
‘
Unleaded

Gasoline

Class I, Division 2 location
NEC Table 514.3(B)(1)

Hazardous (classified) location at motor fuel dispensers is Class I, Division 2
up to a level of 450 mm (18 in.) above grade within 6.0 m (20 ft) of the
dispensers owing to the fact that gasoline vapors are heavier than air and fall
to lowest points.

29

Where to Find Chemical Information

* Material Safety Data Sheets
(MSDS) now called Safety Data
Sheets (SDS)

* NFPA 497

31

Flammable Range

Between the Lower Explosive Limit (LEL) and the Upper
Explosive Limit (UEL), EXPLOSIONS can result

100%

Concentration
LEL UEL of fuel
(Vol % in air) in air

No Combustion _ No Combustion
(lack of fuel)

(lack of oxygen)
Explosion Can Result

Methane has LEL of 5 and a UEL of 15
Hydrogen has a LEL of 4 and a UEL of 75

Figure 6. The flammability scale showing the range of flai

30

G

MATERIAL SAFETY DATA SHEET

MSDS: FH/C003BCWI-SRYR9  lssue Date: October 24, 2008
Supersedes: NA Issue Date: February 12,2006

SECTION I - CHEMICAL PRODUCT
Identity: Liguid Cleaner
Brands: COMET Cleaner with Bleach (Professional Line)

Hazard Rating: Health: 1 4=EXTREME
Flammability: 0 3-HIGH
Reactivity: 0 2= MODERATE

1=SLIGHT
0-NOT SIGNIFICANT
Fimergency Telephone Number: 1-80-332-7787 or call Local Paison Conirol Center

SECTION II - COMPOSITION AND INGREDIENTS
Ingredients Chermical Name: Water (7732-18.5), [
Sodium sat (142-31-4 & 151-21-3), surface safety 2

hypor
and perfume.
This mnixture, when tested as & whole, is considered an eye irrtant within the meaning of the OSHA Communication

charite (7681-52-9),

Standard
Hazardous Ingredients as defined by OSHA, 29 CFR 1910.1200 and/or WHMIS under the HPA:
Chemical | Common CASNa. | Recommended Limits Composition | LDSULCS0
Name
Bleach T681-529 | ACGIH STEL: 2mgim
Sodium Cawsticsoda | 1310132 | ACGIH STEL: 2mgm’ 0%
hydroxide OSHA PEL: 2 mgin’

SECTION 111 - HAZARDS IDENTIFICATION
‘Health Hazards (Acute and Chronic)
Ingestion:  May cause mild , ransient gastrointestinal imitation with navsea, vomiting or diarrhea.
d,

Fye Contact ransient ieiation with stinging and tearing similar o that caused by other
detery

Skin: May be irritating to skin. May furtheririate alrcady iritated or extremly dry skin.
Inhalation: ___ Mild mucous membrae iitant.

32

225




TS T pTOTTTCT T T T
Table 4.4.2 Selected Chemicals
Class 1 Vapor  Vapor  ClassI
Division Flash AT Density Pressure® Zone ~ MIE ~ MIC  MESG
Chemical CASNo.  Group Type®  Point('C) ('C)  %LFL %UFL (Air=1) (mmHg) Group* (m)) Ratio  (mm)
Acetaldehyde 75-07-0 o 1 38 175 40 600 15 8749 A 037 098 092
Acetic Acid 64-19-7 D¢ 1 39 426 199 21 15.6 A 267 176
Acetic Acid- 540-88-5 D 1 17 98 40 106
tert-Buryl Ester
Acetic Anhydride 108-24-7 D u 49 316 27 108 85 49 A 1.28
Acetone 67-64-1 D¢ 1 -20 465 25 128 20 230.7 A L1510 L2
Acetone Gyanohydrin 75-86-5 D A 74 688 22 120 29 03
Acetonitrile 75-05-8 D 1 6 524 3.0 160 14 911 A 150
Recommended Practice for the Acetylene 74-86-2 Al GAS 305 25 100 09 36600 nc 0017 028 025
Sl Acrolein (Inhibited) 107-02-8  B(C)? 1 235 28 30 19 2741 B 013
Classification of Flammable Acrylic Acid 79-10-7 D it 54 438 24 8.0 25 43 B 0.86
Liquids, Gases, or Vapors and of Acrylonitrile 107-13-1 D* 1 0 481 3 17 18 1085 B 016 0.7 0.87
Hazardous (Classified) Locations Adiponitrile 111-69-3 D JIIEN 93 550 1.0 0.002
3 & s Allyl Alcohol 107-18-6 a 1 22 378 25 180 20 2.4 B 0.84
for Electrical Installations in ‘Allyl Chloride 107-05-1 D 1 32 485 29 11 26 366 1A 188 117
Chemical Process Areas Allyl Glycidyl Ether 106-92-3  B(C) 1 57 3.9
Alpha-Methyl Styrene 098-83-0 D n 574 08 10 41 27
n-Amyl Acetate 628-63-7 D 1 2 360 11 75 45 42 A 1.02
sec-Amyl Acetate 626-38-0 D 1 23 11 75 45 A
Ammonia 7664-41-7 DM GAS 651 15 28 06 74980 A 680 685 817
Aniline 62-58-3 D A 70 615 12 83 82 07 A
Benzene 71-48-2 pé 1 -1 498 12 78 28 048 A 020 100 099
Benzyl Chloride 98-87-3 D ma 585 11 44 05
Bromopropyne 106-96-7 D 1 10 324 30
n-Butane 106-97-8 Dés GAS 288 19 85 20 A 02 094 107
1,3-Butadiene 106-09-0  B(D)% GAS 420 20 15 19 B 013 076 079
1-Butanol 71-36-3 D¢ 1 36 343 14 12 26 7.0 A 0.01
Butyl alcohol(s) 78-02-2 D¢ 1 238 105 17 98 26 A
33 (butanol-2)
(continues)

33 34

Class T Vapor  Vapor  Classl
Division Fash AT Density Pressure® Zone  MIE  MIC  MESG
Chemical CAS No. Group Type*  Point (°C)  (°C) GLFL  %UFL (Air=1) (mmHg) Group® (m]) Ratio  (mm)
. Flammable and combustible gases and
Ethyl Chloride 75-00-3 D cas 50 519 38 154 22 Class | r
Ethyl Formate 109-94—4 D GAS =20 455 28 16.0 26 1A 0.94 Va po s
Ethyl Mercaptan 75-08-1 d 1 -18 300 2.8 180 21 527.4 1B 090 090
n-Ethyl Morpholine 100-74-3 c 1 32 10
2-Ethyl-3-Propyl Acrolein 645-62-5 [} oA 68 44
Ethyl Silicate 78-10-4 D n 72
Formaldehyde (Gas) 50-00-0 B cas 430 7 73 10 B 057
Formic Acid 64-18-6 D I 50 434 18.0 570 16 27 Ty 1.86
Fuel Qil 1 8008-20-6 D MorImA*  88-72% 210 0.7 5.0
Fuel Gil 2 Horlma*  52-96* 257
Fuel o;n 6 A or 66-132" . o .
i e i
Furfugal 98-01-1 c A 60 316 21 193 33 23 0.94 C | a SS Ifl Cat | O N S (OFISY [l Combustible dust
& 00 Vil 490 18 16.3 34 0.6
Gasolipe 8006-61-0 D* 1 16 280 14 7.6 8.0
n-He‘pjzne 142-82-5 DT 1 -4 204 1.0 6.7 35 45.5 1A 0.24 088 0.91
n-Hepiene 81624-04-6  DF 1 -1 204 3.4 0.97
n-Hexane 110-54-3 D 1 23 25 11 75 80 152 I 024 088 093
Hexariol 111-27-3 D mA 63 35 08 1A 0.98
2Hexanone 501-78-6 D 1 35 424 1.2 80 85 10.6
Hexene 502-41-6 D 1 -26 245 12 6.9 186
sec-Hexyl Acetate 108-84-9 D I 45 50
Hydrazine Mmooz ¢ I B oy 11 144 [eFIXY]IR Ignitible fibers and combustible flyings
Hydrogen 1333-74-0 B cas 500 4 7 01 nc 0019 02 028
Flash point: - 46 deg C=-50.8 deg F
AIT: 280 deg C =536 deg F 36

35 36
226




* The Division System and the Zone System

* The divisions or zones provide the degree of
hazard in classified locations

Two Systems
of * Class I, 11, or lll Locations
Classification

* Divisions 1 and 2
* Class | or Il Locations

e Zones0, 1, and 2

Hazardous (Classified)
Locations

* Article 511 — Commercial Garages, Repair and Storage
* Article 513 — Airport Hangers

* Article 514 — Motor Fuel Dispensing Facilities

* Article 515 — Bulk Storage Plants

* Article 516 — Spray Application, Dipping, Coating and
Printing Processes Using Flammable or Combustible
Materials

39

Hazardous (Classified) Locations

* Article 500 — Hazardous (Classified) Locations, Classes I, Il and lIl,
Divisions 1 and 2

* Article 501 — Class | Locations

* Article 502 — Class Il Locations

* Article 503 — Class Il Locations

* Article 504 — Intrinsically Safe Systems

¢ Article 505 — Zone 0, 1 and 2 Locations

* Article 506 — Zone 20, 21 and 22 Locations for Combustible Dusts or
Ignitible Fibers/Flyings

38
Divisions Simplified
Division 1: Division 2:
hazardous materials hazardous materials
present during present during
normal operations abnormal operations
40
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41

Equipment Selection in Hazardous Locations

Can Equipment be installed

Evaluate area. Is it hazardous? . .
outside of hazardous locations?

Install equipment per

Install i t
nsta’ equipment per Chapters 5 in the NEC

Chapters 1 -4 in the NEC

Determine classification

Select equipment that
matches classification(s)

Use special wiring methods
prescribed in Chapter 5

Install equipment per
Chapters 1 - 4 in the NEC

Check and test installations
for integrity

43

Division 2 Areas

42

Assess the area
Are Hazardous Materials
Present?

Assess your tools
Can they be an ignition source?
Drills, grinders, welders, heat
guns, screwdrivers, hammers etc.

Hazardous Location Decision Tree

Assess the equipment
Can it be an ignition source?

Develop Mitigation Plans:
Emergency Procedures, PPE
requirements, tool selection,

notifications, communication,
ventilation, barriers etc.

Assess the environment
Can something external be an
ignition source?
Open flame, exposed to lightning,
overhead power lines, exposed to
extreme heat (sunlight, reflection
etc.)

44
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Class | Location — Definition 500.5(B)
Why Do We Do This?

* Class | locations are those in which flammable gases, flammable
liquid-produced vapors, or combustible liquid-produced vapors are or
may be present in the air in quantities sufficient to produce explosive
or ignitable mixtures.

https://www.youtube.com/watch?v=a96kris * Class | locations shall include those specified in 500.5(B)(1) and (B)(2)
06EQ&t=61s

46

45 46

Class |, Division 1

* A location in which ignitable concentrations of flammable gases, flammable
liquid-produced vapors, or combustible liquid-produced vapors can exist
under normal operating conditions, or

* Alocation in which ignitable concentrations of such flammable gases,
flammable liquid-produced vapors, or combustible liquids above their flash
points, may exist frequently because of repair or maintenance operations
or because of leakage, or

* A location in which breakdown or faulty operation of equipment or
processes might release ignitable concentrations of flammable gases,
flammable liquid-produced vapors and might also cause simultaneous
failure of electrical equipment in such a way as to directly cause the
electrical equipment to become a source of ignition

48

48
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https://www.youtube.com/watch?v=a96kriSo6EQ&t=61s

Class |, Division 2

* A location in which volatile flammable gases, flammable liquid-
produced vapors, or combustible liquid-produced vapors are handled,
processed, or used, but in which the liquids, vapors or gases

* Will normally be confined within closed container or closed systems from
which they can escape_only in case of accidental rupture or breakdown of
such containers or systems or in case of abnormal operation of equipment, or

* Are normally prevented by positive mechanical ventilation and which might
become hazardous through failure or abnormal operation of the ventilating

equipment
49
49
Groups
A Acetylene
B Hydrogen
C Ethylene
D Gasoline-Propane-Methane
51
51

MRS Wy

el
) e >
B ERasTay

Class Il Location —
Definition 500.5(C)

Locations that are hazardous because of
the presence of combustible dust.
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Class II, Division 1

* A location

1. In which combustible dust is in the air under normal operating
conditions in quantities sufficient to produce explosive or ignitable
mixtures, or

2. Where mechanical failure or abnormal operation or machinery or
equipment might cause such explosive or ignitable mixtures to be
produced, and might also provide a source of ignition through
simultaneous failure of electrical equipment, through operation of
protection devices, or from other causes, or

3. In which Group E combustible dusts may be present in quantities
sufficient to be hazardous in normal or abnormal operation
conditions

Class II, Division 2

* A location in which:

1. Combustible dust due to abnormal operations may be present in
the air in quantities sufficient to produce explosive or ignitable
mixtures, or

2. Where combustible dust accumulations are present but are
normally insufficient to interfere with the normal operation of
electrical equipment or other apparatus, but could as a result of
infrequent malfunctioning of handling or processing equipment
become suspended in the air; or

53
Class II, Division 2
3. Alocation In which combustible dust accumulations on, in, or in the
vicinity of the electrical equipment could be sufficient to interfere with
the safe dissipation of heat from electrical equipment, or could be
ignitable by abnormal operation or failure of electrical equipment.

55

54
Class lll Location -Definition 500.5(D)

* Locations that are hazardous because of the presence of easily ignitable fibers or
where materials producing combustible flyings are handled, manufactured, or
used, but in which such fibers/flyings ae not likely to be in suspension in the air in
quantities sufficient to produce ignitable mixtures.

56
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Class Ill, Division 1

* A location in which easily ignitable fibers/flyings are handled,

manufactured or used

Class Ill, Division 2

* A location in which easily ignitable fibers/flyings are stored or handled

other than in the process of manufacture.

59

58

59

Protection Techniques (500.7)

* Explosionproof equipment
* Dust Ignitionproof

* Dusttight

* Purged and Pressurized

* Intrinsic Safety

* Nonincendive Circuit

* Nonincedive Component

* Oil immersion

* Hermetically sealed

* Combustible gas detection
* Optical radiation methods (new for 2020 NEC)

60

60
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Explosion Proof Enclosures

* https://www.youtube.com/w
atch?v=nccrAgNUPbs

Purged and Pressurized Technique

o e
Flow
pressure —+——» 0o o0 i@
oo o0 il
—

Flow
indicator +—— 8.

o

supply actuator

J i T
Pressure Pressure/
Purge 1 1 i ‘ ke supply flow alarm

Pressure or flow alarm actuator

61
Hazardous (Classified) Locations, Protection Techniques
Purged and Pressurized Systems
~500.7(D)
Copyright 2020, www.MikeHolt.com

Purged and pressurized systems are permitted for equipment in

any hazardous (classified) locations for which they are identified. "~
63

<
% Enclosure purged using a protective gas to remove flammable gas or vapor
~ Enclosure pressurized with a protective gas to keep flammable gas,
% vapor, combustible dust, or ignitible fiber out
§ Note: Types X, Y, and Z purging are addressed in NFPA 496
62
Basic Diagram of Fused Zener Diode Barrier
Intrinsically-Safe Circuit
F, R, R,
le N\ o * 3
&7, T
2 ° 4
Nonhazardous Intrinsically
g location side safe side
2
§ Reproduction of NEC Handbook Exhibit 504.2
64
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https://www.youtube.com/watch?v=nccrAqNUPbs

e Typical Zener diode
barriers in an
assembly that is part
of a large system

e A close up view of the
information on the
barrier that refers to a
specific control
drawing

65

Conduit Seals

* Nonincendive systems are made up of various
components, field wiring, equipment, and
apparatus

* The nonincendive protection technique includes
. - circuitry in which any arc or thermal effect
Nonincendive produced under normal operating conditions of
i the equipment is not capable, under specified
Protection test conditions, of igniting a flammable gas-air,

Techniques vapor-air, or dust-air mixture
» See NEC 500.2 Definitions

* This protection technique is permitted to be
used in Class | and Il, Division 2, and Class I,
Divisions 1 and 2 locations [500.7(F)] /
P 4
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Conduit seals

* To prevent the passage of hot gases in conduit from one area to
another that could create an ignition source

DRAIN CANAL

COMPOUND

EYD Series Sealing Fitting

FORMED IN Prevent Hazardous Gas:

69

69

Sealing Compound and Technique

SEALING coMPD

t. No. SC-8
- e 8 ‘:; @
KILLARK ELECTRIC ,’g‘,u
3940

@'KILLA.MK

IAEI 2014

Copyright

71

Prevent Hazardous Vapors From Accumulating in Non-Hazardous Areas
And to Prevent Vapors from Accumulating in Equipment with Ignition Sources

Class I, Division 2 Explosionproof Class I,
or nonhazardous enclosure ——» Division 1
location location

IAEI 2§14

600 mm (2 ft) (min) burial depth

Copyright

50 mm (2 in) (min) thick concrete encasement

70

72

Photo from IAEI Archives
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Photo from IAEI Archives

General
Sealing
Requirements

(cont.)

Cross-sectional area of conductors or optical
fiber tubes (metallic or nonmetallic) in a sealing
fitting is not permitted to exceed 25% of the
cross-sectional area of the conduit of the same
trade size (unless it is specifically identified for a
higher percentage of conductor fill) [See
501.15(C)(6)]

No splices or taps are permitted in sealing
fittings  [See 501.15(C)(4)]

General
Sealing
Requirements
(cont.)

Thickness of the compound in a
sealing fitting cannot be less than
16 mm (5/8 in.) in any case

Must generally not be less than the
trade size of the raceway

See 501.15(C)(3)

Copyright © IAEI 2014

Conduit Fill in Sealing Fittings ©

Conduit fill is generally limited
to 25% of the cross-sectional
area of the conduit

Sealing compound

Damming fiber

Note: Listed oversized sealing
fittings are available that allow
up to 40% fill

76
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DRAIN CANAL
FORMED IN
COMPOUND

CLOSE-UP
PLUG

SEALING

7, COMPOUND

I WIRES ~»
* Because of filling compound,
achieving maximum conduit fill of
40% for 3 or more wires may not be SEAL™
possible BODY

* May have to order oversized conduit
seals rated for 40% fill

CONDUIT

77

EYSX Expanded Fill Explosionproof
Conduit Sealing Fittings

EYSX expanded fill sealing fittings from Eaton's Crouse-Hinds Division provide
40% wire fill capacity to allow uninterrupted runs in a conduit system. They are
designed to restrict the passage of gases, vapors or flames from one portion of
the electrical installation to another, limit explosions to the sealed off enclosure,
and limit pre-compression or “pressure piling” in conduit systems. EYSX
expanded fill sealing fittings are available for installation in both horizontal or
vertical positions.

Photo is representative

78

77
Conduit Fill in Sealing Fittings
Sealing compound
% Damming fiber
£
g Courtesy of. Appleton' EGS Electrical Group
79

78
Conduit Sealing Fitting Locations
Seal
450 mm (18 in.) max. —> | l Fiber dam
Gases or vapors ignited of <— Explosionproof switch
by spark of the switch * .
. 450 mm (18 in.) max. —»I "'
5 p
- ! Seal
5 Fiber dam
8
80
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* Gas and vapor passage or flame propagation
may occur through the interstices (spaces or
gaps) between strands in conductor sizes
larger than 2 AWG that include standard
stranding

Conductor
Interstices

* Compact stranding can help minimize these
possibilities

Ground faults returning to its source can
create heat and be a possible ignition
source if the current has to travel across
loose connections:

Bonding

¢ Knockout connections
* Loose conduit connections
* loose fittings

Conductor Strands

Interstices (spaces or gaps)

<«—— Standard strands

@% Compact strands

Gas or vapor and propagation of flames may occur through interstices
(spaces or gaps) between strands of standard stranded conductors in
sizes larger than 2 AWG

82
Bonding Requirements in Hazardous Locations
Grounding Locknut Bonding Bushing
—fjHl — 1:_
Acceptable
—%H‘rr ‘, accep b
‘-1— Bonding Jumper
i [ Violation | ‘ -+
| Y0200 —
Locknut/Bushing Double Locknut
84

238




Ckoundmg(bondmg)busMngsuhaUefofﬁ
service bonding

Bonding Bushing

85

* Equipment provided with threaded entries for
threaded conduit or fittings, listed conduit,
listed conduit fittings, or listed cable fittings
shall be used

 Conduit and fittings for this use shall be
threaded with a National (American) Standard
Pipe Taper (NPT) thread

* NPT-threaded entries made into explosionproof
equipment shall be made up with at least five
threads fully engaged

Five Threads
Fully

Engaged

* Listed explosionproof equipment, which have
joints with factory-threaded NPT entries shall be
made up with at least four and one-half threads
that are fully engaged and wrenchtight.

Bonding Wedge

Courtesy of Thomas and Betts

86

Five Full Threads Fully Engaged

Five full threads engaged ensures integrity of explosionproof equipment
Maintains effective ground-fault current path

e —

Coupling(s) —j ( Covers

K Boxes and fittings

It is extremely imperative that all threaded fittings and joints be made up
wrenchtight to prevent arcing from these threaded joints

Copyright © IAEI 2014

88
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Acceptable Methods of Bonding

Threaded bosses m

or hubs Couplings
(threaded)

Couplings and connectors

(threadless)
S F —
o 4fiymn)
i T
Z Bonding bushings or locknuts ri
g 250.92(B)(2) through (4)

89

Explosion

Proof Motors

91

L Cl.1,Div. 1 &2, Groups B, C,De  Explosionproof
EYD andEZD COn.dult . CL I, Div. 1,Groups E,F, G Dust-ignitionproof 5F
sealing fittings with drains ELE O3 2 e,
— i
.' ”, |
R
i [ h"-1" 14" - 4" 14" - 4"
female hub male and female hub male and
female hub female hub
Sealing fittings are approved for use in hazardous locations only when Chico X fiber and Chico A sealing compound or Chico SpeedSeal are used to make the seal.
@ 5ee Certificati d ie section for ificatic each product.
@Avsilable in copper-free aluminum. To order, sdd suffix 'SA' to end of catalog number.
118 www.crouse-hinds.com  US: 1-856-764-5454  CAN: 18002650502 Copyright® 2020 Eaton EAi‘N CROUSE-HIIS;lRll)é
90

90

Underwriters
Laboratories Inc.
USTED
ELECTRIC MOTOR FOR HAZARDOUS LOCATION

CLASS I GROUP D [ X |
CLASS IL GROUP F G | No.[ST SAMPLE |

TYPE [DESIGN]| IDENTIFICATION NO.
PB | 8 | SAMPLE

VOLTS 460 HZ 60 JPHASE 3
AMPS 9.7 SF._115
DUTY CONT. ENCL._TEFC |oisss
mme”_ 458C03JFF30A
SEidw __ 45BC03JFF30A

ENERGY EFFICIENT

@ UL QLI GR. C+0 CLIT EF.+6_T-CODE T3C. SUIT FOR OPER AT 6-60 HZ,
\CONSTIJIT TORQUE OK PM INVERTER POWER @ 5 HP 7.8 AWPS /
17

RELIANCE ELECTRIC COMPANY/CLEVELAND, OHIO 44l

92

92
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Temperature (T-Codes)

Table 4.4.2 Selected Chemicals

eSS

TIT T T T

Degrees C Degrees F

450 842 T1
300 572 T2
280 536 T2A
260 500 T2B
230 446 T2C
215 419 T2D
200 392 T3
180 356 T3A
165 329 T3B
160 320 T3C
135 275 T4
120 248 T4A
100 212 T5
85 185 T6 e

93

Class T Vapor  Vapor  Classl
Division Flash AIT Density Pressure® Zone  MIE MIC  MESG

Chemical CAS No. Group Type*  Point (°C) ('C)  %LFL %UFL (Air=1) (mmHg) Group® (m])  Ratio (mm)
Acetaldehyde 75-07-0 o 1 -38 175 4.0 60.0 15 874.9 A 087 098 0.92
Acetic Acid 64-19-7 D? it 39 426 19.9 21 15.6 A 2.67 176
Acetic Acid- 540-88-5 D I 17 9.8 4.0 10.6

tert-Butyl Ester
Acetic Anhydride 108-24-7 D it 49 316 2.7 103 85 4.9 A 1.28
Acetone 67-64-1 D? 1 -20 465 25 128 2.0 230.7 A 115 100 1.02
Acetone Cyanohydrin 75-86-5 D A 74 688 2.2 12.0 2.9 03
Acetonitrile 75-05-8 D 1 6 524 3.0 16.0 14 91.1 A 1.50
Acetylene 74-86-2 Ad GAS 305 25 100 09 36600 c 0.017  0.28 0.25
Acrolein (Inhibited) 107-02-8 B(C)* 1 235 238 31.0 1.9 274.1 1B 0.18
Acrylic Acid 79-10-7 D i 54 438 24 8.0 25 43 1B 0.86
Acrylonitrile 107-18-1 D? 1 0 481 3 17 18 1085 1B 016 0.78 0.87
Adiponitrile 111-69-8 D A 98 550 1.0 0.002
Allyl Alcohol 107-18-6 o 1 22 878 25 18.0 2.0 25.4 1B 0.84
Allsd Chiosid 107051 D 1 ey 485 29 na 95 266, 1A 138 117
Allyl Glycidyl Ether 106-92-3 B(C)® i} 57 3.9
Alpha-Methyl Styrene 98-83-9 D T 574 08 1.0 1 27
n-Amyl Acetate 628-63-7 D 1 25 360 11 75 45 4.2 A 1.02
sec-Amyl Acetate 626-38-0 D 1 28 11 75 45 A
Ammonia 7664-41-7 D GAS 651 15 28 0.6 7498.0 HA 680 6.85 817
Aniline 62-53-3 D mA 70 615 1.2 8.3 8.2 0.7 A
Benzene 71-43-2 D? 1 -1 498 12 78 2.8 94.8 A 020 100 0.99
Benzyl Chloride 98-87-8 D mA 585 11 44 05
Bromopropyne 106-96-7 D 1 10 824 8.0
n-Butane 106-97-8 Dis GAS 288 19 8.5 2.0 A 025  0.94 1.07
1,3-Butadiene 106-99-0  B(D)%* GAS 420 2.0 115 1.9 1B 018 0.76 0.79
1-Butanol 71-36-8 D! 1 36 343 14 11.2 2.6 7.0 A 0.91
Butyl alcohol(s) 78-92-2 D¢ 1 238 405 17 9.8 2.6 A
(butanol2)
57deg C=134.6degF (continues)

Wiring Methods in Hazardous Locations

* Rigid Metallic conduit (5 threads engaged)

* Enclosures and fittings rated for hazardous area

* Grounded hubs and bushings

* Conduit seals and drainage

* Special cable and connectors (mineral-insulated cable e.g.)
* Flexible conduit and coupling rated for the hazardous area

95

94

95

Goals

* Locate equipment outside of
hazardous location if possible

* Avoid expensive equipment
* Avoid special wiring requirements
* Avoid future hazards

96
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Equipment Shall Be Suitable for the Location

— —

—

Luminaire installed in———
Class I, Div 1 location

I Vent

Division 1

Drum —t |

<+«— Fill pipe

Grade 73450 mm
= I (18 in.)
o S T Y T T T T el a5 E z 5 i T
o | 3.0m
= ! (10 ft) | Below grade "
§ Division 1 Division 2 Material: Flammable Liquid
O

97
Equipment Installed Outside Hazardous Location
' Luminaire installed —— =-=
<7 outside hazardous location . 4
|| «<— Fill pipe
Vent
Division 1 «— Division 2
Grade T 7+ 450 mm
: Drum — ‘ I (18 in.)
o | T S e T S I P BT A S TN B S SR B TR S R S S T PR )
o | 3.0m
= | (10 ft) | Below grade—/
% Division 1 Division 2 Material: Flammable Liquid
o
99

Equipment Shall Be Suitable for the Location

[ = — e ———
Luminaire installed in———
Class I, Div 2 location - g
%] ’ - . Fill pipe NI
Vent
Division 1 <«— Division 2
Grade "4 7450 mm
. Drum ’ I (181n.)
o B SIS P P S A P T T S A T R A S S i R R |
o 3.0m
s | (10 ft) | Below grade —"
: N I
E; Division 1 Division 2 Material: Flammable Liquid
o

98

The Zone
System of

Classification

100

* The Zone System of classifying a hazardous (classified)
locations is fairly new to the NEC and is part of a larger
effort to harmonize the rules in the NEC with other

international standards [International Electrotechnical
Commission (IEC)]

* The Zone System offers another method of hazardous
area classification in addition to the Division System

* The Zone System of classifying hazardous locations
requires the supervision of a qualified person as
indicated in 505.7(A), which is not a requirement in the
Division System
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Typical Zone System Hazardous Location

CONDITIONS:

@ All manual
ventilation

@ zone 0 area
Q) Zone 1 area

(@ Non-hazardous
area

Typical Zone System Hazardous Location

CONDITIONS:

(@D Hood over tank
@ Zone 0 area

® Zone 1 area

@) Zone 2 area

(® Unclassified area

: @ Product
= storage =
2 @
= P
- q
i 41424

111111/

st

(® Mechanical ventilation

< e Open air mixing
Q tanks
s ¢ No mechanical ventilation
% Products stored in work area
8
101
Typical Zone System Hazardous Location
5= = === - Ouyy,, @
CONDITIONS: ©, g ‘ o
/@\ @ /@ \\
(@ Tank closed Solenoid valves Control
(@ Mechanical ventilation - console
- 3
®3) Zone 0 @ 6 NG)
@ zone 2 . -
(® Unclassified area SER 0
5 Operations control outside zones in an unclassified location
8
103

& (@) Stored products separated from work area
B
102
Class 1 - Zone Groups
Group IIC Group IIB Group ITA
Acetylene Ethylene Propane
Hydrogen Diethyl Ether Benzene
Carbon Disulfide 1, 3 Butadiene Styrene
Ethylene Oxide Hexane
Cyclopropane Ethanol
. Methyl Acetate Methane
o Kerosene
<
= Ethyl Acrylate
8
104
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Basic Articles 500 and 505 Group Comparisons

Article 500 Typical Article 505
Groups Materials Groups
A Acetylene i,

B Hydrogen IIC
C Ethylene 1B
D Gasoline-Propane-Methane IIA

Copyright © TAEI 2014

105

Reasons Why RMC and IMC are Preferred in
Hazardous Locations

* PVC and Fiberglass conduit can contribute to the buildup of static
electricity

* Metallic conduit can help relax static charges since most are grounded

* Metallic conduit can be a primary or secondary path for ground fault
current

* Provides shielding against noise

* Metallic conduit can actually reduce the magnitude of ground fault
currents since the magnetic fields created during a fault can reduce
(choke) the fields created by the faulted wires

107

Grounding

Help minimize Static Electricity

StatIC Elect”Clty generation

A build up of electrons

\R)
=)

The shock you get from rubbing
our shoes on the carpet and
then touching something metal
like a daor knah

A transfer of electrons to
equalize (stabilize) negative
electrons and positive protons.

106

Cables, Conduit, Magnetism and Inductive Heating

108

107

108
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https://www.youtube.com/watch?v=T6VKxmUPb3g

DN O
AN s

The magnetic field around a conductor consists of concentric circles of magnetic lines
of force around the same conductor, whose direction corresponds to the
instantaneous direction of current flow through the conductor:

1 1

Magneti field around a conductor

)
v
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CURL RIGHT HAND RULE

UCU rrent

Direction of
Current Flow

Direction of
Magnetic Field
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HCurrent

ﬂCurrent
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Magnetic and Electric Fields can
cancel each other out

. Magnetic and Electric Fields can
add and cause inductive heating

113

114

Magnetic and Electric Fields can
add and cause inductive heating

Induced Currents in Ferrous Metal Parts
Hysteresis Heatin

Ferrous Metal Section 300.20(A,
(not aluminum) |
One Cycle -AC

Ferrous metal (steel and iron) molecules align to the
polarity of the magnetic field, and when the field reverses,
the molecules reverse their polarity. This back-and-forth
alignment of the molecules heats up ferrous metal parts.

115
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HGround Fault current

Equipment Grounding Conductor

Ground Fault current

* High ground fault current
induces current onto metallic

(ferrous) conduit.

* Creates a magnetic field in the
conduit.

* This expanding and collapsing
magnetic field interacts with
magnetic field in the EGC.

* Tends to choke and possibly
reduce intensity of ground

fault current

* Can also heat up conduit.

117
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Introduction to
Hazardous Locations

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

e KILLARK"

119

Hazardous Location Example

119
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https://www.youtube.com/watch?v=DZRL1-ugfAQ

Lighting Upgrade in a Service Garage

* What you need
* Layout of garage
* Materials used in the garage
* Information about ventilation of the garage
* Perform a Hazardous Area Classification assessment

121

122

Impacts

* What type of lighting and equipment to install
* What wiring and raceway methods to employ
* What options are available to mitigate?

* Risks to employees, public

* Liability

123

Details

* Building
* One level garage
* Three overhead doors
* No forced ventilation
* Vents located on east and west walls

* Conduits come into building from above ground storage tanks outside
* Monitoring tank levels and temperatures

124
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5 ft (1.52 m) radius

Grade —l

NN 25 ft (7.62 m) radius _| Below-grade 4
location such as
a sump or trench
Material: Flammable liquid
Small/low Moderate | Large/high
Process o
equipment X X D Division 1
size
Pressure X X [:] Division 2
Flow rate X X

Motor Fuel Dispensing Facilities Area Classification

514.3 and Table 514.3(8)(1)
Detail View

prar T e T N .
! f Curb™. (18 i"]~) (iBlinl.)

Class I, Division 1

6.0m ppeg % pee | 3 ;. 6.0m
(20ft) : ~.'4’3 : "P Eh L (20 ft)
gl et ey | S " [ class1, bivision 2

: [ Class I, Division 1
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5.10.15 Compressed Gas Cylinders (Material: Lighter than or Equal to Air, including hydrogen).

(See Figure 5.10.15.)

Division 2, Division 2,
15 ft (4.57 m) radius 15 ft (4.57 m) radius 7

Grade —7
Material: Lighter than or equal to air, including hydrogen.
Condition: Outdoor or indoor well-ventilated location,
secured in vertical position, in use in single or manifold configuration.

A  Figure 5.10.15 Compressed Gas Cylinders (material: lighter than or equal to air, including hydrogen).

126

5.10.16 Compressed Gas Cylinders (Material: Heavier Than Air).

(See Figure 5.10.16.)
Division 2, Division 2,
10 ft (3.05 m) radius 3 ft (915 mm) radius

o202

18in.
(457 mm)
10 ft (3.05 m) radius
Material: Heavier than air. Below-grade location

Condition: Outdoor or indoor well-ventilated location, oh 88 8 aurmp of rench
secured in vertical position, in use in single or manifold configuration.

A Figure 5.10.16 Compressed Gas Cylinders (material: heavier than air).

127
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(See Figure 5.10.6.)

[<—— Fill pipe

Division 1

Division 2, 5
31t (915 mm) radius

51t (1.52 m) radius

Vent (source)

Grade ! ] 18in.
(457 mm)
] '
| on f
10 ft (3.05 m) Drum
‘ Below-grade location such

as a sump or trench

Material: Flammable liquid [Jowision1  [7] pivision2

Figure 5.10.6 Drum Filling Station Located Either Outdoors or Indoors in an Adequately Ventilated Building. The
material being handled is a flammable liquid

Tank within dike Tank in opel

Division 2,
10 ft (3.05 m) radius

Dike —l L Surface of tank contents

/ <«—— Division 2,

n (undiked) area
Division 1,

5 ft (1.562 m) radius,
around vent

10 ft (3.05 m) radius
from vent

Vr Grade

Material: Flammable liquid

Smalllow | Moderate | Large/high
Process
equipment X X
size
Pressure X
Flow rate X X

being stored is a flammable liquid.

Tank
Below-grade - l<—> S:
location such as J 10 ft 10 ft
a sump or trench (3.05 m) (3.05 m)

D Division 1
[:I Division 2

FIGURE 5.10.4(a) Product Storage Tank Located Outdoors, at Grade. The material that is

129
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Motor Oil

Gasoline

Windshield Washer Fluid
Antifreeze

Batteries

Materials

Transmission Fluid
Brake fluid
Compressed Air
Water

Waste water

Cleaning chemicals

Material Properties

* Group

* Class

* Flash Point

* Vapor Density

* Autoignition Temperature (AIT)

* LFL% and UFL%

* Vapor Density

* Minimum Ignition Energy (MIE)

* Minimum Emission Safety Gap (MESG)

132
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Light fixtures
Battery chargers

Computer equipment
air compressors

Equipment Electrical panels
Propane Heater

Grinder
Welder
Lube pumps
Motor

133 134

Elevation (Side) View

Johnny’s Garage

——

Pump Panel

‘¢ Conduit Seal

Pit

\ Sump Pump
: Sump Pump

135 136
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Plan (Top) View

Perform Hazardous Area Classification

* Obtain Hazardous Area Classification diagram if one exists

¢ If not, create one
* Identify possible material handling points
* Where will material be under normal conditions?
* Where will material be under abnormal conditions (leaks, spills, testing etc.)?
* Do notinclude areas such as inside pipes, tanks, equipment etc.
* Look at areas such as flanges, nozzles, sumps, filters, strainers, pits etc.

138

Elevation (Side) View

Class I, Division 1
WA class, Division 2

I

Johnny’s Garage

——

Pump Panel

137
Per NFPA 497: Recommended Practice for the Classification of
Flammable Liquids, Gases, or Vapors and of Hazardous (Classified)
Locations for Electrical Installations in Chemical Process Areas
Recommended Practice for the
Classification of Flammable
Liquids, Gases, or Vapors and of
Hazardous (Classified) Locations
for Electrical Installations in
Chemical Process Areas
139

140
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Plan (Top) View

141

Specifications

¢ Fuel Qil #2

* Auto-ignition temperature: 257 deg. C (494.6 deg. F)
* Per NFPA 497 Table 4.4.2

* Desired Lamp fixture??
* General or Hazardous Location?

How to Choose Right Lamp Fixture

* Hazardous Location: Class I, Division 2
* Material Present: Fuel Oil #2, AIT = 494.6 deg F

* Lamp is located in a hazardous location and the surface temp cannot
exceed 494.6 deg. F or it can ignite the fuel oil vapors

143

142
Maximum Temperature
N EC Ta b | e degrees C degrees F T-Code
SOOS(C) 450 342 1
. . 300 572 2
Classification of 260 536 A
Maximum 260 500 28
230 446 T2C
S u rfa Ce 215 419 T2D
200 392 T3
Temperature 180 356 T3A
165 329 38
160 320 T3C
135 275 T4
120 248 T4A
100 212 T5
85 185 T6
144
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Surface temp of

fixture cannot
exceed 494.6 deg. F

Maximum Temperature

degrees C degrees F

T-Code

450

842

T1

300

572

T2

280

536

T2A

260

500

T2B

230

446

T2C

Select T-code: T2C |
or better

215

419

T2D

200

392

T3

180

356

T3A

165

329

T3B

160

320

T3C

135

275

T4

120

248

T4A

100

212

15

85

185

T6

Review the Group Codes

Class | (Gases or Vapors)

Class | hazardous locations are subdivided into the following four
groups, depending on the type of flammable gases or vapors
present:

Group A Atmospheres containing acetylene.

Atmospheres containing hydrogen, fuel and com-
bustible process gases containing more than 30
Group B percent hydrogen by volume, or gases or vapors
of equivalent hazard such as butadiene, ethylene
oxide, propylene oxide and acrolein.

Atmospheres such as ethyl ether, ethylene, or

Group C gases or vapors of equivalent hazard.

Atmospheres such as acetone, ammonia, benzene,
butane, cyclopropane, ethanol, gasoline, hexane,
methanol, methane, natural gas, naphtha, propane,
or gases or vapors of equivalent hazard.

Group D

145

This fixture is ngt ok for

Champ® VMV LED luminaires are designe:
custom IES Type |, Ill and V distrbution

Cl.1, Div. 2, Groups A, B, C, D | UL/cUL Listed
Char.np.VMV LED  Zone 2, nA IECEX/ATEX/CE 2L
luminaires Cl. i, Groups . F, G Wet Locations

Cl. i & Simultaneous NEMA 4X; P66

Presence
The Champ VMV LED family n

o fullspectrum, crisp, white light with
ions of the VMV LED are avalable,

« For areas with mounting heights of up to
60 feet

« Oil and gas refineries, driling rigs,
petrochemical facilties, food and beverage
facilties, platforms, loading docks,
tunnels, indoor/outdoor spotiighting,
outdoor wall and stanchion mounted
general area lighting, and where
flamimable vapors, gases, ignitable dusts,
fibers or flyings are present

« Locations requiring continuous and
consistent light levels in extreme ambient
temperatures

* Where extremely corrosive, wet, dusty,
hot andor cold contions exist

« Classified and hazardous locations

Features:

« Instant ilumination and resirike

+ Cold temperature operation/no warm-up
requied

+ Option for recundancy in civers with
muile seres icuis connected 0

Class |, on 1 locations! providing ideal solutions for a wide range. ion

Typical Typical eneray

fomens Lumens Equivalont HID  savings
Modesl _ @ype10  wams porwart _luminaire - litatime
TR WO Upto 7%
TR T TVLTS0N U b7
VNI T TEOW-ATOW U lo67%
VIS i i W0 Un o 70%
VI i W-A0N Uy to %
) [ L) U t068%
L1/ S— T AWEON U to 2%
VNI 72110 o ] GOV 7500 o to 7%
VNS 2550 T TSN 1000W
Applications: Certifications and

compliances: Certifications and

+ DesignLights Consorium® Qualified (some ~ cOMpliances (continued):
models are not DLC qualiieci® e

NEC/CEC N « EN 60079-0:2012 +A112013; EN 60079-

+ Class I, Dvision 2, Groups A, B, C, 15:2010; EN 60079:31:2014; EN 60598.2-
Class I Zone 2, nA; Class I, Groups . F, 1:18; EN 609291991 +A1:2001
G; Class Il

* Zone21 o
« Simultaneous Presence

« Wet locations, NEMA 4, P65

UL standards:

* ULB44; UL1598 - Luminaires; UL1598A -
oE

Marine; UL8750; ULSO; ULS
CSA standard:

* cUL Listed to CSA standard CSA C22.2
a7

IEC: @

+ IEC 60079-0:2011; IEC 60079-15:2010;
IEC 60079-31:2013; IEC 60598-2-1:1979;
29:2001

IEC 605:
* ExnAIIC T* Ge 40 to +40
* ExAIICT* Ge 40 to 455

© ©U3GEXAIICT* Go-40t0 +40

© @U3GEXAIICT® Go4010 455

* @U3GEXNAIICT* Ge4010+65

* @120 Ex1b IIC T*°C Db IP66 40 t0 +40
© @ 112D Extb IIC T*°C Db IP66 40 t0 455
« @ 112D Extb lIC T*°C Db IP66 40 to +65
VMVSLVMVIIL only

VMV13L-VMV25L only
 DEMKO 14 ATEX 1324722X; DEMKO 14
ATEX 2274231X

Standard materials:
« Lamp housing and adapter - die cast
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Electrical ratings:

VMVSL  VMVSL  VMVZL  VMVSL  VMVIIL _ VMVI3L _ VMV17L

UNVI (VAC 50/60 Hz)
'50/60 )

120217
108-250

120217 120277
7 108-250 108-250
Input power (watts|

vatts] ___
Input amps at 120-277 VAC
Voltage range, UNV34 [VAC 50760 Ha

Input power wats) 7
Input amps at 347-480 VAC 06-008
Power factor >090
Total harmonc distortion (THD] 20% 20%

Temperature performance data:

Simultaneous rating Class I, Zone 2
Ambient | Class1,| Class 1, AEx nA;
Lamp / lumen output Driver type temp. °C | Div. 2 Div. 1 Class I, Div. 2; Div. 1 ExnA
JUNV1 15 i
JONVI T TaA
JUNVT TaA TaA
JUNV3E
[UNV34
V34
L 17L JUNV1. JUNV34 TaA
3L T7C JUNVI; /UNV34 T
1L 250 JUNV1; /UNV34 T
1L 25 JONV1; /UNV34 T

@Custom optics not available with colored LEDs.

)

454 CAN: 1-800265.0502 Copyright* 2019 Eaton

All models will work
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Checklist

¢ Determine Hazardous Classification: Class |, Division 2
¢ |dentify material(s) used in area: Fuel Oil #2 v

* Check NFPA 497 for properties including AIT: 494.6 deg F

* Identify Group Classification (A,B,C,D): D

* Check transmission path of vapors. Install conduit seals as necessary

* Select light fixture:
* Verify proper hazardous classification: Class |, Division 2,
* Verify material group codes: D
* Verify maximum surface temperature (T-Code)
* Verify that fixture is properly listed, identified, marked and/or labeled:

Installation requirements

* Boundary Seals

* Conduit Selection

* Wire selection

* Enclosure selection
* Fixture installation

150

In Hazardous Locations, when completely and properly installed and maintained,
Type 7 and 10 enclosures are designed to contain an internal explosion without causing
an external hazard. Type 8 enclosures are designed to prevent combustion through the
use of oil-immersed equipment. Type 9 enclosures are designed to prevent the ignition
of combustible dust.

Type 7 Enclosures constructed for indoor use in hazardous (classified) locations
classified as Class |, Division 1, Groups A, B, C, or D as defined in NFPA 70.

Type 8 Enclosures constructed for either indoor or outdoor use in hazardous
(classified) locations classified as Class I, Division 1, Groups A, B, C, and D as defined
in NFPA 70.

Type 9 Enclosures constructed for indoor use in hazardous (classified) locations
classified as Class Il, Division 1, Groups E, F, or G as defined in NFPA 70.

Type 10  Enclosures constructed to meet the requirements of the Mine Safety and
Health Administration, 30 CFR, Part 18.

National i iati Approved by NEMA Enclosures Section
1300 N. 17" Street, Suite 1752 November 2005
Rosslyn, VA 22209

149
Installation requirements
* Boundary Seals
* Location: before leaving Class I, Div 2 and after re-emerging
* Within 18” of grade
* No unions, couplings, boxes etc. after seal
* Threaded connections
* Conduit Selection and installation
* RMC, IMC with listed fittings
* Exceptions: see NEC
* Wire selection: seal so that no gases can get between wire strands
* Enclosure selection
* Fixture installation
151

152
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Table B-1
[From NEMA 250-2003]
Comparison of Specific Applications of Enclosures
for Indoor Hazardous Locations
(If the installation is outdoors and/or additional protection is required by
Table 1 and Table 2, a combination-type enclosure is required.)

Provides a Degree of Protection Against
Atmospheres Typically Containing

Enclosure Types 7 and
8, Class | Groups **

Enclosure Type 9,

Class Il Groups

(See NFPA 497M for Complete Listing) Class A B c D E F G 10

Acetylene | X
Hydrogen, manufactured gas
Diethyl ether, ethylene, cyclopropane

Gasoline, hexane, butane, naphtha, propane,
acetone, toluene, isoprene

Metal dust I X

Carbon black, coal dust, coke dust Il

Flour, starch, grain dust L}
Fibers, flyings * n &
Methane with or without coal dust MSHA g X

*  For Class lll type ignitable fibers or combustible flyings see the National Electrical Code, Article 500.
** Due to the characteristics of the gas, vapor, or dust, a product suitable for one Class or Group may not be suitable
for another Class or Group unless marked on the product.

Recommended Practice for
Classification of Locations for
Electrical Installations at Petroleum

Facilities Classified as Class |,
Division 1 and Division 2

API RECOMMENDED PRACTICE 500
THIRD EDITION, DECEMBER 2012

ERRATA, JANUARY 2014

REAFFIRMED, JULY 2021
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Warning: not actually layout of DWH rig
Educational purposes only!

Derrick windbreak
‘with open v-door

Center of
bell nipple

Derrick floor

Open
/ ‘substructure

Non-vaportight
driling deck

(graungv/

3m(101)

Vaportight
deck

t
msm\

Adequately
ventlated
location

Well deck
of platform
Vaportignt _/  Vaportight vaportght
penetration  deck (plate) deck (gratng)

LS
ameion —/

B ovent Y oveion2

Dimensions below dack
‘expanded for clarty

Figure 31—Platform Drilling Rig, Adequately Ventilated in Substructure and Inside Derrick, Several
Producing Wells Beneath in an Adequately Ventilated Area (See 10.4.1.3)
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Derrick
windbreak

Warning: not actually layout of DWH rig
Educational purposes only!

Rotary- Centar of
‘el nipple
3m (101
SR Derrck foor Open
/ substructure
15m (5 1)~

Vaportight manner of platform
s R
s ey

P—
ity

Figure 32—Platform Drilling Rig, Adequate Ventilation in Substructure and Inside Derrick, Several
Producing Wells Beneath in an Inadequately Ventilated Location (See 10.4.1.4 and 10.5.1.4)
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Warning: not actually layout of DWH rig
Educational purposes only!

Ground level
or deck level

of platform. \

B ovans ] oveen
Figure 33—Mud Tank in a Nonenclosed Adequately Ventilated Area
(See 10.42.1,10.4.22, 10.43.1, and 10.4.3.2)
Encosurs
3mot) /
%

Non-pierced
(vaporught)
wall

22 owisien 1 ] owisen2

Figure 34—Mud Tank in an Inadequately Ventilated Area (See 10.4.2.3, 10.4.3.3, and 10.12.3)
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Summary

dentity Y identty VoD

Identify Identify ignition Choose
classification of sources, appropriate
area before flammable and equipment
doing work combustible

materials

Use proper AVOID

wiring and HAZARDOUS
installation LOCATIONS IF
methods POSSIBLE!
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CONGRATULATIONS!

159

158

159

Next Steps

A Certificate of Completion will be emailed

to those who successfully completed course

4 hours of Code Class Hours will be reported
to the OCILB for Code Continuing Education
Credits

hpmatthews@matthewselectrical.net

Make sure you completely sign out of

webinar after the next slide!

160
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File Attachments for ltem:

ER-4 2020 NEC Overview Webinar (Matthews Electrical Services)

BO, MPE, EPE, MechPE, ESI, BI, Ml, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Add NRIUI, recommend approval.

ESIAC Recommendation:

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

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

APPLICATION

Contmumg Education COURSE SUBMITTER: Henry Peter Matthews
Course Approval

Course Submitter: Henry Petar Matthews

{Contact Name)
Continuing education programs approved for Organization: Matthews Elecrical Services
education credit by the Ohio Board of {OrganuationCompany]
Building Standards may be used for | Address: 1203 McKiniey Place T —
compliance with certification requirements City: Fostoria e g?azg: Oll::; e Zip: 44830

related to code enforcement, plan review, and
inspection responsibilities. The credit is tobe | E-Mail: hpmatthews@matihewselectical.net
used to renew the certifications issued by the
Ohio Board of Building Standards pursuant to
section 3781.106(E) ORC, Course Sponsor:

Telephone: 419-575-3488 Fax:

COLURSE INFORMATION:

Course Title: NEC Overview

New Course Submittal: lil Update Course: [:I Prior Approval Number:
Purpose and Objective: _The objective of this course is o 1ake a high level overview of the NEC from cover io cover. This webinar will

provide the attendee with lips on how 1o find information more efficiently. It will also cover how 1o get involved in the code-making process
and review the history of the NEC. This course will cover the many popular articles and sections from all 8 chapters, Chapter 9 tables and
various appendices.

Number of Instructional Contact Hours that can be obtained upon completion: 4

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

Program Applicable for the Following Participants:

Building Official [:I Master Plans Examiner I:] Building Inspector l:] Fire Protection Inspector D Mechanical Inspector I:]
Plumbing Plans Exam. D Plumbing Inspector D
Electrical Plans Exam, I:I Non-Res IU Inspector D
Mechanical Plans Exam. [Il]

Res Building Official @ Res Plans Examiner E Res Building Inspector |E Res Mechanical Inspector @ Res IU Inspector [:I

Electrical Safety Inspectors D
Location of ESI Course: www.matthewselectricalservices.net Date(s) of ESI Course(s): September 3, 2022

. L Check
SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted: Off
Course Submitter: Name of contact person and their certification numbers, orEanizatlon, address, fax, phone X
Course Sponsor: Organization sponsoring or requesting the program (if any)
Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed X
Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 hr, | hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested (for which course relates to certification) X
Content of Program: Include collated agenda, time schedule, course outling; list specific sections of code, references, and topics covered | x
Course Materials: Collated workbooks, handouts, hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials: Copy of quizzes or tests to Iﬁgiven X
Completed Application: X

NOTE: The Board does NOT grant retroactive approval for cauﬂlé}"ﬁrlgﬂrzted prior to approval date.
JUN 27 2022

For: 1924 BOARD OF BUILDING
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13.

14,

National Electrical Code Webinar Overview

Course Qutline

(4 Code Credit Hours)

Objectives:
a. Learning how to navigate through the NEC
b. How to find information
¢. Where to get help on the code if needed
How to Use Webinar: instructions
Introductions: Instructor and attendees
Poll:
a. What do you want to get out of this class?
b. What topics are you most interested in?
History of the NEC
The Code Cycle
The NEC Style Guide
NFPA website
a. Viewing standards
b. Public inputs
c. Temporary Interim Amendments (TIAs)
Table of Contents
Committees and Code-Making Panels
How to read the NEC
a. Chapters and Articles
b. Changes, deletions
c. Informational notes
d. References to standards
Article 90: Scope
Chapter 1: General
a. Article 100: Definitions
b. Article 110 Requirements for Electrical Instailations
Chapter 2: Wiring and Protection
a. Article 210: Branch Circuits
Article 215; Feeders
Article 230: Services
Article 240: Overcurrent Protection
Article 242: Overvoltage Protection
Article 250: Grounding and Bonding

o a0
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Henry Peter Matthews, PE, CPE, CESCP, PVA

Home Address Work Address

1203 McKinley Place Marathon Petroleum Company

Fostoria, Ohio 44830 539 South Main Street

Email: hpmatthews@matthewselectrical.net Findlay, Chio 45840

Home Phone: 419-701-7707 Email: hpmatthews@marathonpetroleum.com
Cell Phone: 419-575-3488 Office phone: 419-421-3423

Cell phone: 419-957-2110

Work Experience
Marathon Petroleum Company, LP; Findlay, Chio June 2006 - Present
e Advanced Senior Engineer/Electrical Specialist
e Electrical Engineering Supervisor — Terminal Engineering
e Project Engineer — Major Projects
¢ Electrical Designer — Retail Division

Cooper Standard Automotive, Bowling Green, Ohio July 1993 — June 2006
¢ Plant Engineering Manager
e Plant Electrical Engineer

Toledo Engineering Company (consultant); Toledo, Ohio June 1989 — July 1993
¢ Electrical Drafter

Education
Bowling Green State University; Bowling Green, Ohio Aug 2003
Masters of Business Administration
Pennsylvania State University; University Park, PA Dec 1989
BS Electrical Engineering
Solar Energy International, Paonia, Colorado Sept 2021
Solar PV Training
Owens Community College; Findiay, Ohio April 2017
Certificate: Introductory Welding
Penn Foster Career School July 2010
Certificate: Plumbing '
Penn Foster Career School October 2004
Certificate: Electrician

Certifications Professional Engineer {PE): OH, M|, IN, KY, IL, WI

Photovoltaic Associate (PVA) by NABCEP

Certified Electrical Safety Compliance Professional (CESCP), NFPA
Certified Plant Engineer (CPE): Association for Facility Engineers

Building Operator Certification (BOC): Northwest Energy Efficiency Council
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Licenses Ohio Electrical Contractor, Ohio Department of Commerce, License # 46972
Ohio Training Agency, Ohio Construction industry Licensing Board, Agency #48714
Ohio Training Agency, Chio Board of Building Standards

Special Training Solar Energy International (SEl), Pacnia, Colorado
e Solar Electric and Design and Installation Course, April 2021, 60 hours
PV Systems Fundamentals (Battery-Based), June 2021, 40 hours
Advanced PV System Design and the NEC, June-July 2021, 60 hours
Comparing Battery Technologies, July 2021, 10 hours
Tools and Techniques for Operations and Maintenance of PV Systems, 9/21, 40 HR

Affiliations
Institute of Electrical and Electronics Engineers (IEEE) — Senior Member
International Association of Electrical Inspectors (IAEI)
NFPA Section Member for Architects, Engineers and Building Officials
lllumination Engineering Society of North America (IESNA)
AP1 RP 545 former Co-Chair, American Petroieum iInstitute, Lightning Protection for
Above Ground Storage Tanks (2017- 2018)

Business Matthews Electrical Services, Owner

Ownership Designer Cuts Hair Salon, LLC; Co-owner

Biography

Henry has worked in the electrical, power, electronics, instrumentation, controls and communication fields for
over 30 years. He earned his Bachelor of Science degree in Electrical Engineering from Penn State University in
1989. Henry worked as a consultant for Toledo Engineering Company in Toledo, Ohio as a drafter and field
technician.

In 1993 he started working for Cooper Standard Automotive Company in Bowling Green, Ohio in 1993 as a
Plant Electrical Engineer. He was then promoted to Plant Engineering Manager in 2000. During this time, he
earned his Professional Engineering License in Ohio.

In 2003, Henry earned his MBA at Bowling Green State University.

In 2006, Henry joined Marathon Petroleum Company in Findlay, Ohio. He then went on to obtain his
Professional Engineers license in Electrical Engineering for Michigan, Indiana, lllinois, West Virginia, Kentucky,
Minnesota and Wisconsin. During his tenure at Marathon, Henry has had several roles including Electrical
Design Engineer, Project Engineer and Electrical Supervisor. He is currently an Advanced Senior Engineer
where he writes electrical standards for the company and conducts a community of practice for all the
company’s electrical engineers and safety professionals.
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During his time at Cooper Standard Automotive and Marathon Petroleum, Henry developed a passion for
teaching, learning and applying Electrical Construction Codes. At Cooper, he trained the entire non-electrical
maintenance staff to perform basic electrical tasks.

At Marathon, Henry works with the Learning and Development Department to conduct multiple training
sessions for new hires and seasoned engineers on various topics including Electrical Safety, Grounding and
Bonding, Hazardous Area Location, Electrical Inspection, Motors, Lightning protection Static Electricity
Mitigation, Reading and Understanding Electrical Diagrams, Programmable Logic Controllers and more.

Henry also works very closely with the Talent Acquisition Teams and visits numerous college campuses to
deliver presentations on Engineering, Career Development, Networking and other topics.

Henry recently served as the Co-chair of the APl Recommended Practice 545 Task Group for Lightning
Mitigation for Above Ground Storage Tanks. In this role, he works with engineers, scientists and
manufacturers from all over the world to evaluate the impacts of lightning and static electricity on metal
above ground storage tanks.

His passion for teaching and Electrical Safety has motivated him to earn the Certified Electrical Safety
Compliance Professional Certification (CESCP) from NFPA. He also regularly attends numerous electrical and
safety conferences and training sessions conducted by NFPA, IEEE, AP1.

Previously, Henry was the President of the Fostoria, Ohio area Toastmasters team.

Henry is also a member of the International Association of Electrical inspectors.

Henry also owns two small businesses:

Matthews Electrical Services - that performs mainly limited residential and smail commercial electrical
services and conducts training for licensed electricians in the state of Ohio.

Designer Cuts Hair Salon, LLC — Henry co-owns the beauty salon with his wife.
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NFPA 70

National

Electrical

Code Overview of \%;
2020 G th e N a ti O n a | Ove rVieW Of the N EC MATTHEWS ELECTRICAL SERVICES

Webinar

Matthews Electrical Services

Electrical Code

(NFPA 70 aka the NEC) Ohio Training Agency #48714
Henry Matthews, PE, CPE, CESCP

Webinar Rules

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

* Webinar may be recorded
* Proof of attendance and participant identity
* Potential OCILB audits
* Turn webcam on after breaks and at end of class
* Instructor will periodically check for presence of all attendees

WELCOME!

* Goals
* Promote learning
* Make session engaging

* Mute microphone at all times * Discussion
* Prevents distraction during webinar * Videos
* Instructor may activate participant microphone if verbal response is needed  Case Studies
* Polls

* Make 4 hours as productive as possible!
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CERTIFICATE OF COMPLETION

THIS CERTIFIES THAT

JOE STUDENT

OCILB License no: 12345 (Electrical)

HAS SUCCESSFULLY COMPLETED THE TRAINING REQUIREMENTS FOR

NEC Overview
OCILB COURSE NUMBER: 4871422

February 5, 2022 % HENRY P. MATTHEWS PE, CESCP

———
DATE INSTRUCTOR
MATTHEWS ELECTRICAL SERVICES
Agency #48714

Disclaimer #1

* | don’t know everything!
* It will be IMPOSSIBLE to learn everything about the NEC in 4 hours!
* But we’ll try to cover the main points

Disclaimer #2

* The views and opinions presented in this class are those of Matthews
Electrical Services and not necessarily those of the various entities the
presenter represents or has previously or currently works for.

* The material used in this class is based on documented publicly-
available information (NFPA, OSHA, IEEE etc.)

* The interpretation of this material is based on the presenters
experience and training of the subject matter.

Disclaimer #3

* This presentation uses video and props from various electrical
equipment manufacturers. This is not intended to endorse any
particular products, vendors or manufacturers.

* The content is shown for educational purposes only.
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3 G Mike Holt's lllustrated Guide to ‘

CHANGES TO THE |
NATIONAL ELECTRICAL CODE

¢ STINYHD S SISKUNY

2 e

My Favorites!

- - -
- - -

11

Other Resources

NFPA: www.nfpa.org

OSHA: www.osha.gov

IEEE (Electrical Safety Workshop): http://www.ewh.ieee.org/cmte/ias-esw/
IAEl: www.iaei.org

Mike Holt Enterpises: www.MikeHolt.com

Electrical Construction and Maintenance (EC&M) website; www.ecmweb.com
NEMA: www.nema.org

UL: www.ul.com

NECA: www.necanet.org

Brainfiller.com: www.brainfiller.com

E-Hazard: https://www.e-hazard.com/

Electrical Safety Foundation International (ESFi):_https://www.esfi.org/

Electrical Engineering Portal: www.electrical-engineering-portal.com
www.Westex.com
www.fluke.com

10

Let’s Begin!

12
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http://www.nfpa.org/
http://www.osha.gov/
http://www.ewh.ieee.org/cmte/ias-esw/
http://www.iaei.org/
http://www.mikeholt.com/
http://www.ecmweb.com/
http://www.nema.org/
http://www.ul.com/
http://www.necanet.org/
http://www.brainfiller.com/
https://www.e-hazard.com/
https://www.esfi.org/
http://www.electrical-engineering-portal.com/
http://www.westex.com/
http://www.fluke.com/
http://www.nfpa.org/
http://www.iaei.org/
http://www.mikeholt.com/
http://www.esfi.org/
http://www.brainfiller.com/
http://www.tyndaleusa.com/
https://www.ecmag.com/
https://www.ecmweb.com/

The Great Chicago Fire of 1871
Learn tools on how to navigate the NEC ™ e &’"
g il ’

Take a high level look at the NEC
structure

Objectives

Be able to find most common subject
matter

How to contribute to improvement of
the NEC

14

Early Origins of the NFPA and the NEC hitps://wwwyoutube. com/watch?v=ONMHUGVZmeg
World Columbian Exposition, Chicago, 1893

William Henry Merrill
Boston Electrician

15 16
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https://www.youtube.com/watch?v=ONMHUGVZmeg

National Fire Protection Agency (NFPA)

* Electric current creates heat

* Excessive heat can cause fire

* The NEC is born!

History of the NEC

* Sponsored by the National Fire
Protection Agency (NFPA) since 1911

* Original version developed in 1897

* 2020 Version represents the 55t
edition

* Started 3-year cycle in 1975

* Prior to that it varied from 1 to 3 years

Trivia: What
Does the
Cover

Remind You
Of?

NFPA 70

National
Electrical
Code

2020

Videos

* Square D 2020 NEC: What Changed and Who Changed it?

* https://www.youtube.com/watch?v=2Yn8RJiehEA&list=PLGo9TRGbIRRuYIiZFd

0l5B5QIbBVNSwNg&index=1

* Tour of the NEC
* https://www.nfpa.org/NEC/About-the-NEC

19

20
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https://www.youtube.com/watch?v=2Yn8RJiehEA&list=PLGo9TRGblRRuYIiZFdol5B5QIbBVNSwNg&index=1
https://www.nfpa.org/NEC/About-the-NEC

Recommendations for this Webinar

* Grab your NEC book if you have one

* Don’t memorize sections

* Try to focus on NEC structure

* General Requirements (Chapters 1-4)

* Special Situations (Chapters 5-8)

* Additional Guidance (Ch 9 and Annexes)

How to Get Code Information

* NFPA: www.nfpa.org
* International Association of Electrical Inspectors (IAEI); www.iaei.org

* Electrical Safety Foundation International (ESFI):_ www.esfi.org
* Mike Holt Enterprises: www.mikeholt.com

* Ohio Board of Building Standards: https://codes.iccsafe.org/

* OSHA: www.OSHA.gov 1910.303 Subpart S

Other Information

* National Electrical Manufacturers Association: www.NEMA.org
* Institute of Electrical and Electronic Engineers; www.|EEE.org

* Underwriters Laboratories: www.ul.com

* National Electrical Contractors Association: www.necanet.org

* Manufacturer Websites:
* Eaton, Schneider Electric (Square D), Siemens, Hubbell, Leviton, Appleton,
Littelfuse etc.

23

22

Ohms Law: V=1xR
Math

Basics

Power: P=V x|

24
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http://www.nfpa.org/
http://www.iaei.org/
http://www.esfi.org/
http://www.mikeholt.com/
https://codes.iccsafe.org/
http://www.osha.gov/
http://www.nema.org/
http://www.ieee.org/
http://www.ul.com/
http://www.necanet.org/

Math Basics

25

Voltage,
Current and

Resistance

ELECTRICITY EXPLAINED...

Temperature Conversions

* Celsius (C) and Fahrenheit (F)
*CtoF=Cx9/5+32
* Example: 40°C =

* 40x9=360

* 360/5=72

* 72+32=104°F

*FtoC=(F-32)x5/9

* Example: 104°F =
*104-32 =72
* 72x5=360
* 360/9 =40°C

26

27

Voltage and Current Analogy

28
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OH No! Not Chemistry!

Periodic Table of the Elements

..@ﬂ@@@@@@ﬂ&@?ﬂﬁ;&
R i G i e e i TR e
Eb@r et bl el

IIIIIIIIIIIIIII
aAf=f—-s-= -

L rnd

29

' Gold (Au)

31

30
How Does Current Flow?
29: Copper 2,8,18,1 47: Silver 2,8,18,18,1 79: Gold 2,8,18,32,18,1
32
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Insulators

Get Involved in the Code

Silicon

* https://www.youtube.com/watch?v=2Yn8RJiehEA&list=PLGo9TRGbIRRuUYIiZFdol5B5QIbBVNS
wNg&index

Wt@2013-2014, Physics and Radio-Electror

Copyrigl

34

l ». IPuhIic Input No. 2079-NFPA 70-2020 [ New Section after 501.15(A) ]
NEPR

TITLE OF NEW CONTENT N EC St ru Ct U re

501.15(A)(5) Underground Raceways

of Problem and iation for Public Input

* Ch

a pte rs
Currently there exists requirements for underground wiring and raceways in several sections (ex.
Aircraft hangars, fuel dispensing facilities, bulk storage). However there is no general section in 501 .
and the requirements listed in the sections mentioned above seem inconsistent e Articles

Also guidance s required for sealing of conduits that startin a classified area, go underground and re-
emerge in the same classified area. . Pa rts

Recommendation to add wording that provides guidance that conduit seals are not required for conduit
installed under the following conditions: S H

“The conduit goes underground and re-emerges from ground in the same classification. For example, ¢ Sections
it originates in a Class |, Div 1 area, goes underground and re-emerges in the same Class I, Div 1
area. The conduit does not go under any other classified or unclassified areas.

~The equipment where the conduit will installed will be listed and marked for the hazardous location

~RMC or IMC is used for the entire length of the conduit installation except as exempted by other EXa m E !I

other sections (Fuel dispensing locations for example)

~ treaded sonnectons re ukze o i omnectons. Chapter 2: Wiring and Protection

Justification: Additional guidance for underground wiring within a classification is needed.

Submitter Information Verfication Article 250: Grounding and Bonding
Submitter Full Name: Henry Matthews Pa rt I I . Syste m G roun d | ng

Organization:

. Section 250.20: AC Systems to Be Grounded

state:
Zip:

Submittal Date:  Wed Jul 29 08:38:23 EDT 2020
Committee: NEC-P14

36
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https://www.youtube.com/watch?v=2Yn8RJiehEA&list=PLGo9TRGblRRuYIiZFdol5B5QIbBVNSwNg&index=1

How to use the Code

* https://www.youtube.com/watch?v=0VTS2yDIFM4&t=1s

Mike makes it easy...
How to use your Code Book

Mike Holt r;us\g\!

Navigating the National Electrical Code® March 24, 2021

The purpose of the Code is the practical safeguarding of persons and property from hazards arising from the use of electricity. It isn't intended as a
design specmcauon or an instruction manual for untrained persons. Itis, in fact, a standard that contains the minimum requirements for electrical
mstallaunns.Leammg to understand and use the Code is critical to you WOI’KI'\Q salely, whether you‘re trammg to become an electrician, or are already
an electrician, electrical contractor, inspector, engineer, designer, or instructor.

Table of Contents

Chapter 1: General

Chapter 2: Wiring and Protection
Chapter 3: Wiring Methods and Materials
Chapter 4: Equipment for General Use
Chapter 5: Special Occupancies

Chapter 6: Special Equipment

Chapter 7: Special Conditions

Chapter 8: Communication Systems
Chapter 9: Tables

Annexes

Index

38

How to Use the NEC®
37
Chapter 1
eg"’e
Chapter 8 O

Chapter 6

Chapter 6

Chapter 4
‘ 222 90s 28 Chapter 7 | - -
Chapter 2
Chapter 7
o Chapter 3 | 1] —

, - i

ge | &

J__ Chapter 4 Chapter 5

39

Code-Making Panels (CMPs)

* 18 total

* Made up of:
* Manufacturer reps
Power Company reps
Laboratory reps
Contractor
Inspectors
Union reps
Training reps
Organizations (IAEIl, IEEE eg.)
Requires consensus for change

40
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https://www.youtube.com/watch?v=OVTS2yDIFM4&t=1s

Code-Making Panel No. 2

Articles 210, 220, Annex D, Examples D1 through D6

Mark
MR Hilbert Elecric:
Rep. International Associy

Mathher Abbassi, New York City Department O
Charles L. Boynton, The DuPont Coy
Rep. American Chemistry Gounci

Daniel Buuck, National Association of Home Builders (NAHB), D¢
[ i

Rep. National Association of Home Builders
Steve Campolo, Leviton Manufacturing Company,
Thomas A. Domitrovich, Eaton Corporation, MO [M]
Rep. National Electrical Manufacturers Association
Nehad ElSherif, Saskatoon, SKCanada [U]
Rep. Institute of Electrical & Electronics Engineers,

Buildings, NY [
mpany, Inc. TX [U]

R. Hilbert, Chair
al Inspections & Training, NH [E]
tion of Electrical Inspectors

Thomas L. Harman, University of Houston-Clear Lake, TX [SE]
David W. Johnson, CenTex IEC, TX [M]
Rep. Independent Electrical Contractors, Inc.
Alan Manche, Schneider Electric, KY ™M]
John McCamish, NECA IBEW Electrical Training Center, OR [L]

Inc,, NY M) Rep. International Brotherhood of Electrical Workers

Christopher J. Pavese, Duke Energy, KY [UT]
Rep. Electric Light & Power Group,/EEI

Frederick P. Reyes, UL LLC, NY [RT]

Michael Weaver, M&W Electric, OR [IM]

Inc. Rep. National Electrical Contractors Association
Alternates

William B. Crist, Jr, IES Residential Inc., TX [IM] Fred Neubauer, Neubauer Electric Inc., CA [IM]
(Alt. 10 David W. Johnson) (AIt. to Michael Weaver)

Andrew Kriegman, Leviton Manufacturing Company, Inc., NY [M] Robert D. Osborne, UL LLC, NG [RT]
(At 10 Steve Gampolo) (At to Frederick P. Reyes)

Brett Larson, Schneider Electric, IA [M] Fernando E. Pacheco, Methanex Chile SA, TX [U]
(Alt. to Alan Manche) (AIt. to Charles L. Boynton)

Cesar Lujan, National Association of Home Builders (NAHB), DC Brian E. Rock, Hubbell Incorporated, GT [M]

[ (AlL. to Thomas A. Domitrovich)

(AIL to Daniel Buuck)

Roger D. McDaniel, Georgia Power Company, GA [UT]
(Alt. 10 Christopher J. Pavese) y

DanielJ. Naughton, JATC of Greater Boston, MA [L]
(It 10 John McCamish) il

]
Rep. U.S. Consumer Product Safety Commission

Douglas A. Lee, U.S. Consumer Product Safety Commission, MD

Joseph J. Wages, Jr., International Association of Electrical
Inspectors, TX [E:
(Alt. to Mark R. Hilbert)

Nonvoting
'Andrew M. Trotta, U.S. Consumer Product Safety Commission, MD

Rep. US. Consumer Product Safety Commission

Nathan
Integrated Ele,
Rep. National Elec

Paul W. Abernatly, Encore Wire Corpo poration, TX (M)
.

Joseph F. Andre, Steel Tube Lasticute, WA [M)
Rep. Stecl Tube Institute of North America
A. Beckstrand, Utah Electrical JATG, UT (1)
Rep. International Brotherhood of Electrical Workers

Rep. Alliance for Telecommunications Industry Solations
Daid Brender, Copper Development Asociation, Inc., NY (v
Rep. Copper Development Association Inc,

Paul Dobrowsky, Innovative Technology Services, NY (U]
Rep. American Chemistry Council
David A. Genstetter, UL LLC, 1L [RT}

Ernest J. Gallo, Telcordia Technologies (Ericsson), NJ (U]
(Voting Alt) s

Bobby J. Gray, {oydar/Buck, Inc., WA [IM)
(Al to Nathan Philips)
Buster Grissett, Mississippi Power Company, MS [UT]
(AL 10 Mike O'Meara) e i
Nonvoting
¥

Robert A. Nelson, Canadian Standards Association, Canada [RT]

41

COMMITTEE PERSONNEL

Code-Making Panel No. 6

Articles 310, 311, 320, 322, 324, 326, 328, 330, 332, 334, 336, 337, 338,

340, 382, 394, 396, 398, 399, 400, 402,
, 382,

Chapter 9, Tables 5 through 9, Annex B and Example D7

Susan Newman Scearce, Chair
Gity of Humboldt, TN, TN [E]
Rep. International Association of Electrical Inspectors

Todd Crisman, IBEW Local 22 JATC, NE [L]
Rep. International Brotherhood of Electrical Workers

Joseph W. Cross, Eastman Chemical Company, TN [U]
Rep. American Chemistry Council

Timothy Earl, GBH International, MI [M]
Rep. The Vinyl Institute

Christel K. Hunter, Cerro Wire, NV [M]
Rep. The Aluminum Association, Inc.

Gerald W. Kent, Kent Electric & Plumbing Systems, TX [IM]
Rep. Independent Electrical Contractors, Inc.

Charles David Mercier, Southwire Company, GA [M]
Rep. National Electrical Manufacturers Association

David Carroll, Florida Power And Light, FL [UT]
(ALt to Michael Thomas Porcaro)

Chris . Fahrenthold, Facility Solutions Group, TX [IM]
(Alt. to Gerald W. Kent) 4

Samuel B. Friedman, General Cable Corporation, RI [M]
(Alt. to Charles David Mercier) :

Herman J. Hall, Austin, TX [M]
(Alt. to Timothy Earl) ;

Samuel R. La Dart, City of Memphis, TN [L]
(Alt. to Todd Crisman)

Dennis A. Nielsen, Lawrence Berkeley National I_.aborazlt;rz’. CA [U]
Rep. Institute of Electrical & Electronics Engincers, Inc.
Michael Thomas Porcaro, National Grid, MA [UT]
Rep. Blectric Light & Power Group/EEI
Kenneth Riedl, Intertek Testing Services, NY [RT]
Rep. Intertek Testing Services
Susan L. Stene, UL LLC, CA [RT]
George A. Straniero, AFG Cable Systems, Inc., NJ [M]
Rep. Copper Development Association Inc. 3,
Wesley L. Wheeler, National Electrical Contractors Association, MD
“Mnlch. National Electrical Contractors Association

Alternates

Kelly Lamp, Idaho Chapter NECA, ID [IM]
(Alt. to Wesley L. Wheeler)

Borgia Noel, State of Wyoming Fire Marshal’s Office, WY [E]
(Alt. to Susan Newman Scearce)

Kevin T. Porter, Encore Wire Corporation, TX [M]
(Alt. to Chiristel K. Hunter)

Mario Xerri, UL LLC, NY [RT]
(Alt. to Susan L. Stene) s

Joseph S. Zimnoch, The Okoni()e Company, NJ [M]

(Alt. to George A. Straniero) ot D nael

i ¥

3y
tod diindl o oa A

43

Rep. The Aluminum Association, I G.

Trevor N. Bowmer, Tekordia (Ericsson), N (U] Mike O'Meara, Arizon.

CodeMaking Pancl No, 5

Articles 200, 250

Chir

ilips, ¢
ctronic Sysems, OR (1M)
trical Contractors Association

Scott Hardiag, F. B. Harding. Inc., MD [IM)
Rep. Independent Electrical Contractors, Ine

Joseph Harding, Power Tool Institte, O (M)

G- Mohla, DCM Electrical Consulting Services, fae X

Rep. Instiuce of Electrical & Electronics Engineen, i U]
ublic Service Company, AZ (UT)

Rep. Electric Light & Power Group/EE]

Williazm A. Pancake, 11, CAP Government, FL. (E)

Rep. International Asociation of Eletrical lnspeciary

Chiristine T. Porter, Intertek Testing Services, WA [RT)

Sasso, State of Wyoming, WY [E]
J. Steinman, Thomas & Betts Corporation, TN (1)
Rep. National Electrical Manufacturees Asociation

Alternates
Larry Albert, Stanley Black And Decker, MD [M] W. Horner, Allicd Tube & Conduit, IL [M]
(Al to Joseph Harding) (AlL. to Joseph F. Andre)
DaMLAMn.Minnrq;olnﬂ«m’cﬂj:\T(:. MN (L) Ronald Lai, Burndy LLC, NH M)
(AlL to Gary A. Beckstrand) (Alt. to Gregory J. Steinman)
Keaneth S. Crawford, Chemours Company, WV (U] Karin Manfredi, AFC Cable Systems/Atkore, MA [M)
(Ale. to Paul Dobrvnly) (Al 1o Paul W. Abermnathy)
Joseph P. DeGregoria, UL LLC, NY {RT] Richard M. O'Brien, IAEL, NV (E
(Al 1o David A. Gerstetter) (Al 10 William A. Pancake, 111)
lenlemkwlm‘l David J. Picatti, Picatti Bros. Inc., DBA Ind: fal Service &'
(Al to Christine T. Porter) WA (i 2T i

(Al t0 G. Scott Harding)

Simmons Electrical Services, WA [M]
(AL to David Brender)

42

Article 90

Ships, watercraft
etc.

Aircraft

) d Automotive
What’s covere vehicles
What'’s not Underground

covered

Railways

Electric utilities

Communication
utilities
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Scope Change 90.2(A)(5)

* The NEC now covers the installation and supply of power from shore
to ships and watercraft

* Installations used to export electric power from vehicles to premises
wiring or for bi-directional current flow

https://www.youtube.com/watch?v=kSAXNZ5dI8E&t=17s

45

Arc Flash Hazard.
Appropriate PPE required.
Failure to comply may result in

injury or death.
Refer to NFPA 70 E.

ey eseons voss DO ND a0

Chapter 1:

General

46

Definitions

* Part |: General
* Part Il: Over 1000 Volts, Nominal

* Part lll (New): Hazardous
(Classified) Locations

48
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https://www.youtube.com/watch?v=kSAxNZ5dI8E&t=17s

Chapter 1: General

* Article 100: Definitions
* Receptacle: A contact device installed at the outlet for the connection of
electrical utilization equipment designed to mate with corresponding contact
device with not other contact device on the same yoke or strap. A multiple
receptacle is two or more contact devices on the same yoke or strap.

Chapter 1: General

* Article 100: Definitions

* Outlet: A point on the wiring system at which current is taken to supply
utilization equipment

49

Chapter 1: General

¢ Article 100: Definitions

* Receptacle outlet: An outlet device where one or more receptacles are
installed

51

50
Service
* The conductors and equipment connecting the servicing utility to the
wiring system of the premises served.
52
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Service Equipment

the serving utility.

* The necessary equipment, consisting of a circuit breaker(s) or
switch(es) and fuse(s) and their accessories, connected to the serving
utility and intended to constitute the main control and disconnect of

Typical Overhead Service Components

T o «<— Weather head

Service <«— Point of attachment
drop . Service

<«— Service mast equipment
Service <«— Service- )
point entrance .

conductors |
Service- Service
entrance disconnect
conductors
Service raceway Grounding

Mekerbass electrode

conductor
Gas or other

pipe bonding

Groundmg WA AN | PP
electrode

www.iaei.org

54

Article 100: Service Point

The service point defines the responsibilities between
the utility provider and the customer

Service Service
drop point Overhead service
l l_ conductors

!

Service-entrance
conductors

Property Line
J———r

|«— Easement —»| Struéture
Utility Customer

Responsibility Responsibility

www.iaei.org

53
Service Point
* The point of connection between the facilities of the serving utility
and the premises wiring
Article 100: Service Definitions
Overhead service
Servici drop conductors
Sderv:ce-e(ntrar;lce f ) E
conductors (overheas
‘
Service point |
! Service lateral LH Unde‘;grr%ltr::ct!o?:rvice
1§ b Y
www.iaei.org
55

56
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Service Conductors

* The conductors from the service point to the service disconnecting
means

57

Article 110: Requirements for Electrical
Installations

* Examination, ldentification, Installation, Use and Listing of Equipment
* Arc Flash Hazard Warning

* Equipment marking

* Working spaces

* Enclosure selection: Table 110.28

Why is This Important?

* Determine whether equipment is a fed from utility or separately
derived system

* Demarcation between service conductors and feeders

* Ownership of equipment

* Labeling and marking

* Rating of equipment: Short Circuit Current Rating (SCCR)

59

58
Article 110: Requirements for Electrical
Installations
* 110.3(B) Equipment that is listed, labeled, or both shall be installed
and used in accordance with any instructions included in the listing or
labeling.
60
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Article 110: Requirements for Electrical
Installations

¢ 110.12 Mechanical Execution of Work

* Electrical Equipment shall be installed in a neat and workmanlike manner.

61

tion

\w

Chapter 2

63

64
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Chapter 2: Wiring and Protection

* What's in this chapter?
* Article 200: Use and ID of Grounded Conductors (Neutrals)
 Article 210: Branch Circuits
* 210.8 GFCls
* 210.12 AFCIs
e 210.13 GFPEs
* 210.50 Receptacle Outlets
* Article 215: Feeders
* Article 220: Branch-Circuit Feeder, and Service Load Calculations
 Article 225: Outside Branch Circuits and Feeders
 Article 230: Services
* Article 240: Overcurrent Protection
* Article 242: Overvoltage Protection
 Article 250: Grounding and Bonding

65

Branch Circuit
Article 100 Definition

Starts at the final
overcurrent device. - 080

e

I Ends where
1222 the load is
connected.

ads

Branch Circuits

Ground-Fault Circuit Interrupter
Article 100 Definition

Bl

Ground-Fault Condition

i £ P
=y N N __1\ (1)
\

|
| p o
| //

Current Transformer ¢ = N /

-~

—o

1. Current travels through the body.

2. Current transformer picks up current imbalance.
3. Sensor detects imbalance current, opens circuit.
4. Fault is quickly cleared, personnel protected.

|
I
I
[
i
i
{I
i
fi
[
|

_,;I: COPYRIGHT 2001 Mike Holt Enterprises, Inc. 0.005A
B e e e o e e -_—— el e e

Ground-Fault Circuit Interrupter (GFCI): A device intended
for the protection of personnel that will de-energize a circuit
or portion of circuits when the current to ground exceeds the
value of a Class A device (4 mA to 6 mA, see FPN).

67

Legend
Copyright 2011, www.MikeHolt.com
| Branch Ckt &
66
Bathrooms 210.8(A)(1)
Garages and Accessory Buildings 210.8(A)(2)
Outdoors 210.8(A)(3)
Crawl Spaces 210.8(A)(4)
Basements (finished and unfinished) 210.8(A)(5)
Kitchens 210.8(A)(6)
Sinks 210.8(A)(7)
Boathouses 210.8(A)(8)
Bathtubs and shower stalls 210.8(A)(9)
Laundry Areas 210.8(A)(10)
Indoor Damp and Wet Locations (new) 210.8(A)(11)
Boast Hoist 555.9
FOR INFORMATIONAL PURPOSE‘SOONLV NOT CURRENT CODE IN 68
68
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GFCI Requirements for Other Than Dwelling Units Article 210.8(B)

Bathrooms 210.8(B)(1)
Kitchens or areas with sink and permanent provisions for food preparation or cooking 210.8(B)(2)
Rooftops 210.8(B)(3)
Outdoors 210.8(B)(4)
Sinks 210.8(B)(5)
Indoor damp and wet locations 210.8(B)(6)
Locker rooms with shower facilities 210.8(B)(7)
Garages and accessory buildings 210.8(B)(8)
Crawl Spaces — at or below grade 210.8(B)(9)
Unfinished areas of basements 210.8(B)(10)
Laundry areas 210.8(B)(11)
Bathtubs and Shower Stalls 210.8(B)(12)

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN

OHIO &

69

% UNITED STATES
DEPARTMENT OF LABOR

Occupational Safety and Health Administration

fyBNDOD

CONTACTUS FAQ ATO ZINDEX

200376515 09/06/2013 0454510 X 7623 Employee Electrocuted While Rewiring Air Conditioner
202553525 10/14/2011 0950631 8062 Worker Amputates Fingertip While Servicing Air Conditioner
200103711 08/06/2010 0522300 X 8744 Employee Is Electrocuted While Working On Air Conditioner
202080560 07/26/2010 0453730 X 7623 Employee Is Killed While Servicing Air Conditioner
200002954 11/05/2009 0728500 X 1711 Employee Is Electrocuted While Servicing Air Conditioner
200713584 02/12/2009 0636900 X 3585 Employee Is Killed While Replacing Filter In Air Conditioner
200374023 08/08/2006 0454510 X 7011 Employee Is Electrocuted While Servicing Air Conditioner
202004776 08/03/2006 0317000 X 3699 Employee Is Electrocuted While Servicing Air Conditioner
201923893 07/06/2006 0626700 X 1711 Employee Electrocuted While Installing Air Conditioner
200373736 11/07/2005 0454510 X 4961 Employee Killed By Falling Air Conditioner

200211746 05/13/2005 0626000 X 7623 Employee Is Killed While Installing Air Conditioner In Attic
200993301 06/01/2004 0551800 X 1711 While Repairing Air Ct

201158219 09/23/2003 0950633 3716 Employee Struck By Falling Air Conditioner

ENGLISH ESPANOL

= EC&I I LOGIN  REGISTER ~ SEARCH

LATEST FROM NATIONAL ELECTRICAL CODE

Moving Violations
Video No. 248: NEC
Receptacle Violation
Oct.7,2021

content

Stumped by the Code?
Rules for Multiple
Type MC Cables...

Oct.7,2021

content

(11
Established in America.
Still American.
, , NATION/;L ELéUR\(AL CODE
Gan other tools say that? @ Two TIAs Issued for the 2020 NEC Regarding GFCI
Protection
June 14, 2021

https://www.ecmweb.com/national-electrical-code/article/21166916/two-tias-issued-for-the-2020-nec-regarding-gfci-protection

70

71

GFCl Requirements Common to Both Dwelling and Non-Dwelli

Crawl Space lighting outlets
Specific Appliances

Equipment Requiring Servicing

Outdoor Outlets

Sumps Pumps

Dishwashers

Docks, marinas, boatyards etc.

Swimming Pools, Spas, hot tubs, baptismal pools, splash ponds, etc.

210.8(C)
210.8(D)

210.8(E) and 210.63

210.8(F)

422.5(A)(6)
422.5(A)(7)
Article 555
Article 680

>> B>

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN
OHIO

72

72
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https://www.ecmweb.com/national-electrical-code/article/21166916/two-tias-issued-for-the-2020-nec-regarding-gfci-protection

https://www.facebook.com/nationalelectricalcode/videos/389

AFCl Requirements sy

Area AFCI Code reference
Kitchen 210.12(A)
Dining Room 210.12(A)
Bedroom 210.12(A)
Closets 210.12(A)
Living Room 210.12(A)
Family Room 210.12(A)
Parlor 210.12(A)
Libraries 210.12(A)
Hallway 210.12(A)
Laundry Room 210.12(A)
Den 210.12(A)
Sunroom 210.12(A)
Recreation Room 210.12(A)
Dormitory units 210.12(B)
Dormitory bathrooms 210.12(B)
Patient Sleeping Rooms in Nursing Homes and Limited-Care Facilities 210.12(C)
Hotel Guest rooms and suites 210.12(D)

73

Article 225: Outside Branch Circuits and Feeders

* Clearances
* Protection

* Number of supplies
* Alert! Section 225.30(B) Common Supply Equipment

* Disconnects

Article 220: Calculations

* Lighting Loads: Non-Dwelling and Dwelling Units
* Demand factors

* Feeder and Service Load Calculations: 2 types permitted
* Part Il
* Part IV: Alternative Method

* Square D: 2020 Load Calculations 220.12:

* https://www.youtube.com/watch?v=mmxEdxZsNd0&list=PLGo9TRGbIRRuYIiZ
Fdol5B5QIbBVNSwNg&index=5

75

74
230.85 Emergency Disconnects
* https://www.youtube.com/watch?v=)6xfGKSLSf4 Square D
* https://www.youtube.com/watch?v=3EU9a0jWW4c NFPA
78
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https://www.facebook.com/nationalelectricalcode/videos/389481495412648/
https://www.youtube.com/watch?v=mmxEdxZsNd0&list=PLGo9TRGblRRuYIiZFdol5B5QIbBVNSwNg&index=5
https://www.youtube.com/watch?v=J6xfGKSLSf4
https://www.youtube.com/watch?v=3EU9aOjWW4c

Article 240 Overcurrent Protection

* Overcurrent Devices Rated 800A or less

* Overcurrent maximum limit for small conductors -240.3(D)
* 14 AWG Copper: 15 amps
* 12 AWG Copper: 20 amps
* 10 AWG Copper: 30 amps

* Feeder Tap rule: 240.21(B)

* Tap Conductor (240.2): A conductor, other than a service conductor, that have
overcurrent protection ahead of its point of supply that exceeds the value
permitted for similar conductors that are protected as described elsewhere in
240.4

Tap Rules

* Objectives: all wires shall be protected from overcurrent at their source

* However, taps are not or can’t be protected at their source. Examples

* Wires originating from power blocks
* Wires originating from transformer secondaries

[ H\ Service ‘

. Conductors |

24

VIOLATION

___| Tap and secondary

] conductors aren’t
permitted to supply
another conductor.

4 Feeders}

1\ Legend
[ e | — Service
_ Tap of Tap{ e
Copyright 2014, wwwMikeHottcom  ~—— F€eder Tap

79

Tap Rules

* Taps not over 10 ft long
* Conductor ampacity cannot be less than 1/10 of the feeder O/C device rating

* Taps not over 25 ft long
* Conductor ampacity cannot be less than 1/3 of the feeder O/C device rating

* Taps supplying a transformer not over 25 feet long
* Primary conductors have a minimum ampacity of 1/3 the O/C rating
protecting the feeders
* Secondary conductors have an ampacity not less than transformer turns ratio
multiplied by 1/3 the rating of the O/C device protecting the feeders.

81

80
Article 242 Overvoltage Protection (New)
* Covers
* overcurrent protection devices
* Surge Protective Devices (SPDs), less than or equal to 1000V
» Surge Arrestors, greater than 1000V
82
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Article 250 Grounding and Bonding e Bondmg Example (Before)

* General (Part )

* System Grounding (Part I1)

* Grounding Electrode System and Grounding Electrode Conductor (Part I11)
* Table 250.66 for sizing the GEC 100V 50V
* Enclosure, Raceway, and Service Cable Connections (Part IV)

* Bonding (Part V)
* Table 250.102(C)(1) for sizing Grounded Conductor (Neutral), MBJ and SBJ,
SSBJ

* Equipment Grounding and Equipment Grounding Conductors (Part VI)
* Table 250.122 for sizing EGC

* Methods of Equipment Grounding Conductor Connections (Part VII)
* Direct Current Systems (Part VIII)
* Instruments, Meters and Relays (Part IX)

* Grounding of Systems and Circuits of Over 1000V ( Part X)

84

Bonding Example (After) Bonding Example (After)

Shock hazard!
Shock hazard!

85 86
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Bonding

Grounding Example (Before)

100V

Shock hazard!

Grounding Example (Before)

100V

88

89

Grounding Example (After)

Note: Earth is theoretically 0 V. Can have voltage gradients

90
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Grounding
(Grounded)

Grounding and Bonding Example (Before)

100V Shock hazard!

Shock hazard

Grounding and Bonding Example (Before)

92

93

Grounding and Bonding Example (After)

B o

94
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Ground Fault

COPYRIGHT 2002
Mike Holt Enterprises, Inc.

Ground Fault: An unintentional electrical connection
between an ungrounded (hot) conductor and any
metal part of an enclosure, raceway or equipment.

CSST Gas Line - 250.1048B

* Shall be bonded to the grounding system

* NOTE: CHECK WITH LOCAL AHJ, GAS COMPANY AND ELECTRIC UTILITY
* Who will do the bonding? Gas company, plumber, electrician?

* https://www.youtube.com/watch?v=7QiNMnDdXQ8

95

96

FACT SHEET

ELECTRICAL BONDING OF GAS PIPING SYSTEMS :cv.9.06.17

AG:}\

American Gas Association

This fact sheet provides an overview of the requirements for
the electrical bonding of fuel gas piping systems to the
electrical grounding system based on ANSI Z223.1/NFPA
54, National Fuel Gas Code - 2018 (NFGC). The bonding
requirements in previous code editions, in local jurisdictions,
or in specific situations, may differ.

The fact sheet is not intended to replace knowledge of
applicable local and national codes or address specific
situations. The user should consult a competent professional
and be thoroughly familiar with all applicable local codes,
specific manufacturer’s installation instructions and the
National Electrical Code (NEC®)! before attempting to bond
any fuel-gas installation.

‘WHAT IS AN ELECTRICAL BOND?

An electrical bond is an electrically conductive and
continuous path from the gas piping to the grounding
electrode system.

‘WHY BOND GAS PIPING?

Bonding is required to prevent a possible electric shock
hazard for persons that may be in contact with the gas piping
and other grounded metallic building components. A stock

7.12.2* CSST. CSST gas piping systems and gas piping systems
containing one or more segments of CSST, shall be electrically
continuous and bonded to the electrical service grounding
electrode system or where provided, lightning protection grounding
electrode system.

7.12.2.1 The bonding jumper shall connect to a metallic pipe, pipe
fitting, or CSST fitting.

7.12.2.2 The bonding jumper shall not be smaller than 6 AWG
copper wire or equivalent.

7.12.2.3 The length of the jumper between the connection to the gas
piping system and the grounding electrode system shall not exceed
75 ft (22 m). Any additional grounding electrodes installed to meet
this requirement shall be bonded to the electrical service grounding
electrode system or where provided, lightning protection grounding
electrode system.

7.12.2.4 Bonding connections shall be in accordance with NFPA 70,
National Electrical Code®.

7.12.2.5 Devices used for the bonding connection shall be listed for
the application in accordance with UL 467, Grounding and
Bonding Equipment.

7.12.3 Arc Resistant Jacketed CSST. CSST listed with an arc
resistant jacket or coating system in accordance with ANSI LC
1/CSA 6.26, Fuel Gas Piping Systems Using Corrugated Stainless

97

Another One of My Favorites!

* Eaton

* https://www.youtube.com/watch?v=JGf-
bhHEt9Y&list=PL8XobqCtN9Z9zmxXF91EJpX2k8FjdRIEb&index=11

* Equipment Bonding: https://www.mikeholt.com/tv-nec.php

* What is the sphere of influence?
¢ What is the Sphere of Influence? — YouTube

* What is a grounding electrode?
¢ What is a Grounding Electrode? — YouTube

* What is a fault current path?
* https://www.youtube.com/watch?v=V9Gf55DxSao&t=22s

98
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https://www.youtube.com/watch?v=7QiNMnDdXQ8
https://www.youtube.com/watch?v=JGf-bhHEt9Y&list=PL8XobqCtN9Z9zmxXF91EJpX2k8FjdRIEb&index=11
https://www.mikeholt.com/tv-nec.php
https://www.youtube.com/watch?v=IqQStcKz-eY&feature=youtu.be
https://www.youtube.com/watch?v=teabAjlZndI&feature=youtu.be
https://www.youtube.com/watch?v=V9Gf55DxSao&t=22s

Chapter 3: Wiring Methods and Material

:T;% REORGANIZATION OF NEC ARTICLE

CODES AND STANDARDS JULY/AUGUST 2021  KEITH LOFLAND

Article 310 Conductors for General Wiring

Article 310 was extensively reorganized for the 2020 NEC g
for clarity and to increase the usability of this article

From www.lAEl.org

Chapter 3 Wiring Methods and Material

» Common structure for most raceway articles

* 109 pages long (12% of entire NEC!)

* General requirements

* Cover requirements Table 300.5 (less than 1000V), Table 300.50

* 310.4 Conductor Insulation
¢ https://www.youtube.com/watch?v=0jlXmj-LdNQ

101

100
Conductor Insulation Identification
leter————oeserpion
No H 60 degree C insulation rating
H 75 degree C insulation rating
HH 90 degree C insulation rating permitted in dry locations
-2 90 degree C insulation rating permitted in wet locations
N Nylon outer cover
T Thermoplastic Insulation
R Rubber Insulation
X Cross-linked polyethylene insulation
U Underground
W Permitted in Wet or Damp locations
102
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https://www.youtube.com/watch?v=0jlXmj-LdNQ

Conductor Construction and Application
Lettering on Insulation
Table 310.4(A) Comment

Thermoset (Originally Rubber)
H = (one H) 75°C Insulation
§~ Wet Locations

Thermoplastic

HH = (two Hs) 90°C Insulation
Nylon Jacket or Equivalent
’:’:‘ U - =‘='RP =

Copyright 2020, wwkMikoHot.com
In general, only conductors contained in
Table 310.4(A) are permitted to be used, except
where otherwise permitted by the NEC.

) Figure 6-1

Conductor Applications and Insulations
Table 310.4(A)

Thermoplastic
H = (see -2 below)

Wet Locations
Nylon Jacket or Equivalent
1——2 90°C in Wet/Dry Locations

Copyright 2020, www MikeHolt.com

When a “-2” is added to the end of an insulation
type (such as THWN-2) the conductor can be used
in a wet or dry location at its 90°C ampacity rating.

»Figure 6-3

103

Article 310: Conductors for General Wiring

* 12 tables (not all are listed below)
* Table 310.4(A) Conductor Applications and Insulation Rated 600 Volts
* Table 310.12 Single-Phase Dwelling Services and Feeders
* Table 310.15(B)(1) & (B)(2) Ambient Temperature Correction Factors

* Table 310.15(C)(1) Adjustment Factors for More than 3 Current-Carrying
Conductors

* Table 310.16 Ampacity of Insulated Conductors with not More Than Three
Current-Carrying Conductors in Raceway, Cable or Earth (Directly Buried)

* Table 310.17 Ampacities of Single-Insulated Conductors in Free Air

Cable

* New section

* Multiple tables

Article 311: Medium Voltage Conductors and

* Scope: Medium Voltage Cables (MV): 2001 V up to 35,000V nominal

104

105

Chapter 3 Wiring Methods and Material

* Article 300: General Requirements for Wiring Methods and Materials
* Article 310: Conductors for General Wiring

* Article 311: Medium Voltage Conductors and Cable

* Article 312: Cabinets, Cutout Boxes and Meter Socket Enclosures

* Article 314: Outlet, Device, Pull and Junction Boxes; Conduit Bodies;
Fittings; and Handhole Enclosures

106
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Chapter 3 Wiring Methods and Material

* Article 320: Armored Cable: Type AC

* Article 322: Flat Cable Assemblies: Type FC

* Article 324: Flat Conductor Cable: Type FCC

* Article 326: Integrated Gas Spacer Cable: Type ICS

* Article 330: Metal-Clad: Type MC

* Article 332: Mineral-Insulated, Metal-Sheathed Cable: Type Ml
* Article 334: Nonmetallic-Sheathed Cable: Types NM and NMC
* Article 336: Power and Control Tray Cable: Type TC

Chapter 3 Wiring Methods and Material

* Article 337:
* Article 338:
* Article 340:
* Article 342:
* Article 344:
* Article 348:
* Article 350:
* Article 352:

Type P Cable

Service-Entrance Cable: Types SE and USE
Underground Feeder and Branch-Circuit Cable: Type UF
Intermediate Metal Conduit: Type IMC

Rigid Metal Conduit: Type RMC

Flexible Metal Conduit: Type FMC

Liquidtight Flexible Metal Conduit: Type LFMC

Rigid Polyvinyl Chloride Conduit: Type PVC

Chapter 3 Wiring Methods and Material

* Article 362:
* Article 366:
* Article 368:
* Article 370:
* Article 372:
* Article 374:
* Article 376:
* Article 378:

Electrical Nonmetallic Tubing: Type ENT
Auxiliary Gutters

Busways

Cablebus

Cellular Concrete Floor Raceways
Cellular Metal Floor Raceways

Metal Wireways

Nonmetallic Wireways

107 108
Chapter 3 Wiring Methods and Material
* Article 353: High Density Polyethylene Conduit: Type HDPE Conduit
* Article 354: Nonmetallic Underground Conduit with Conductors: Type
NUCC
* Article 355: Reinforced Thermosetting Resin Conduit: Type RTRC aka
Fiberglass
* Article 356: Liquidtight Flexible Nonmetallic Conduit: Type LFNC
* Article 358: Electrical Metallic Tubing: Type EMT
* Article 360: Flexible Metallic Tubing: Type FMT
109 110
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Chapter 3 Wiring Methods and Material

* Article 380:
* Article 382:
* Article 384:
* Article 386:
* Article 388:
* Article 390:
* Article 392:

* Article 393:
Systems

Multioutlet Assembly

Nonmetallic Extensions

Strut-Type Channel Raceway

Surface Metal Raceways

Surface Nonmetallic Raceways

Underfloor Raceways

Cable Trays

Low-Voltage Suspended Ceiling Power Distribution

Chapter 3 Wiring Methods and Material

* Article 394: Concealed Knob-and-Tube Wiring

* Article 396: Messenger-Supported Wiring

* Article 398: Open Wiring on Insulator

* Article 399: Outdoor Overhead Conductors Over 1000 volts

111

113

Chapter 4: Equipment for
General Use

112

Chapter 4: Equipment for General Use

* 110 pages (12% of NEC)

* Full Load Amps (FLA) vs Full Load Current (FLC)

* Full Load Amps — Motor Nameplate
* Full Load Current — Tables in this chapter

* Motors draw up to 6 to 8 times FLA when starting

* Presents challenges for overcurrent protective devices
* Allow motor to start but not nuisance trip

* Basic 3-phase, AC, induction motor operating principle
* https://www.youtube.com/watch?v=LtJoJBUSe28

114
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https://www.youtube.com/watch?v=LtJoJBUSe28

. Equi
Chapter 4: Equipment for General Use S e S s
Dwelling units including 406.12(1)
. Article 400: Flexible COFdS and Flexible Cables Attached and detached}garz'ages and'accessory buildings to dwelling units 406.12(1)
* Table 400.4 Flexible Cords and Flexible Cables e el Lzt
:I'a ' . . Guest rooms and guest suites of hotels, motels, and their common area 406.12(2)
* Article 402: Fixture Wires Child care facilities 406.12(3)
¢ Table 402.3 Fixture wires Preschools and Education facilities 406.12(4)
. Artide 404: SWitChES Business office, corridors, waiting rooms and the like in clinics, medical and dental 406.12(5)
: offices, and outpatient facilities
* Article 406: RECEDtadES, Cord Connectors, and Attachment P|Ug5 (Ca pS) Subset of assemblies occupancies described in 518.2 to include places of awaiting 406.12(6)
* 406.12 Tamper Resistant Receptacles transportation, gyms, skating rinks and auditoriums
* https://www.mikeholt.com/tv-nec.php DEiliTRy Ui 03,0207
Assisted Living Facilities 406.12(8)
FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 116
OHIO
115 116
Cha pter 4: Eq uipment for General Use Article 410, part XVI — Horticultural Lighting EqQuipment
* Article 408: Switchboards, Switchgear and Panelboards * Type of Change: New

* 2020 NEC: new section added to for Horticultural Lighting Equipment
* Reason: due to the advent of special plant growth (legal marijuana for

* Article 409: Industrial Control Panels

* Article 410: Luminaires, Lampholders and Lamps example) LED sources and discharge lamps, and the increase of indoor plant
. . . s b growing facilities, horticultural lighting equipment is a rapidly expanding
Article 411: Low Voltage Lighting technology.

* Article 422: Appliances
* 422.5 GFCl requirements

118

117 118
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https://www.mikeholt.com/tv-nec.php

Horticultural Lighting Chapter 4: Equipment for General Use
NFPA Journal, (May-June 2018)

* Article 424: Fixed Electric Space-Heating Equipment

b
Another issue the 2020 NEC may address is horticultural lighting. As marijuana legalization

sweeps the country, marijuana grow facilities are becoming an electrical safety concern for * Article 425: Fixed Resistance and Electrode Industrial Process Heating
many enforcers. (NFPA Journal covered the fire hazards of the cannabis industry in its Equipment

September/October 2016 cover story, “Growing Pains.”) There’s nothing especially unique . X . L. .

happening electrically, but it's an intense load. A 2016 article in The Guardian shed light on how ¢ Art'FIe 426: Fixed Outdoor Electric Deicing and Snow Meltmg

energy intensive grow operations can be. In Boulder County, Colorado, for example, one 5,000- Equment

square-foot grow facility was found to be consuming about 29,000 kilowatt hours of electricity
each month—by comparison, a nearby household in the county used less than 1,000 kilowatt
hours, according to the article.

* Article 427: Fixed Electric Heating Equipment for Pipelines and Vessels

NFPA Marijuana growing:
https://www.youtube.com/watch?time continue=2&v=yJFtXGJkw5s&feature=emb logo

https://www.youtube.com/watch?v=aPN5I5kFgh4

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN
OHIO

119 120

Chapter 4: Equipment for General Use Chapter 4: Equipment for General Use

* Article 430: Motors, Motor Circuits, and Controllers * Article 430: Motors, Motor Circuits, and Controllers
* Table 430.7(B) Locked-Rotor Indicating Code Letters * Part IX. Disconnecting Means
* Table 430.10(B) Minimum Wire-Bending Space at the Terminals of Enclosed * Part X. Adjustable-Speed Drives
Motor Controllers * Part XI. Over 1000 Volts, Nominal
* Part Il. Motor Circuit Conductors * Part XII. Protection of Live Parts — All Voltages
* Part Ill. Motor and Branch Circuit Overload Protection * Part XIII. Grounding — All Voltages

* Part IV. Motor Branch-Circuit Short-Circuit and Ground-Fault Protection
* Part V. Motor Feeder Short-Circuit and Ground-Fault Protection

* Part VI. Motor Control Circuits

* Part VII. Motor Controllers

Part VIII. Motor Control Centers

121 122
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https://www.youtube.com/watch?time_continue=2&v=yJFtXGJkw5s&feature=emb_logo
https://www.youtube.com/watch?v=aPN5l5kFqh4

Article 430 Motors

* Motors present unique challenges

* High starting (inrush current)

* How to start motor without tripping circuit breaker
* Motors are very expensive — protection motor is a priority in many cases
* Adequately protecting motor feeder
* Modes of protection

* Short circuit

* Overload
* Multiple motors on a circuit

Article 430 Motors

* Challenges (continued)
* Safety: stopping, torque, speed control, guarding moving parts
* Lots of energy: inductive
* Produce heat
* Vibration: impacts connections and cabling
* Impacts power factor
* What is a motor running backwards?

123
Chapter 4: Equipment for General Use
* Article 430: Motors, Motor Circuits, and Controllers
* Part XIV. Tables
Table 430.248 Full-L¢ in Amperes, Sing! ing: Motors
The following values of full-load currents are for motors running at usual speeds and motors with normal torque
characteristics. The voltages listed are rated motor voltages. The currents listed shall be permitted for system
voltage ranges of 110 to 120 and 220 to 240 volts.
115 200 208 230
Horsepower Volts Volts Volts Volts
Ve 44 25 24 22
Va 58 33 32 29
1 98 56 54 49
138 79 76 6.9
1 16 9.2 88 8.0
1" 20 15 11.0 10
2 24 13.8 3.2 12
3 34 19.6 8.7 7
5 56 322 308 28
. 80 46.0 440 40
10 100 575 55.0 50
125

ELECTRIC MOTOR EORUR?;AEPOUS LOCATION
CLASS I GROUP | C_T_D B 4
L F 1 | NO.[S| SAMPLE
/3
a
3
z
o __FRAME_ | TYPE[GESIGN] __ IDENTIFICATION RO
g 24T PE | 8 | SANPLE
WP 7.5 V0L FZ_60 Pkt 3
ORPM_ITS__|AWPS 8. SE_115 C
A8 40 °C JDUTY ENCL. TEFC |&ass
Taa®_ 45BCO3JF
=751 ENERGY EFFICIENT
Seiiw: _ 45BCO
;@ UL QLI &R, C+D CLIT EF,+6 T-COCE T3C. SUIT FOR CPER AT 6-60 47,
CONSTANT TORQUE ON WK INVERTER POWER @ 5 K2 7.3 AWS
RELIANCE ELECTRIC COMPANY/CLEVELAND, OHIO 44117
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Typical Motor Starting Curve

Approx. 6x the FLA of the Motor

CURRENT

TIME —mm™»
The Current that a Motor Draws at Start Up
is the Locked-Rotor Current and then Returns to the
Normal Full-Load Current of the Motor.

127

Article 440 Air-Conditioning and Refrigeration
Equipment

129

128

* NEC does not use Variable Frequency Drive (VFD)
* AVFD is a type of ASD

Adjustable * Several types of ASDs
i * VFD

Speed Drives > 2

* Servo motors i;,#

(ASDS) * Stepper motors ‘l

* Electric Actuators etc. W

.lil

y

N
<

* Generators present specific
challenges
* Source of energy
* Can be a separately
derived source

* Grounding and
bonding

GENERAC

* Safety:
* Backfeed protection

* Overload protection

Article 445 Generators

130
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Transformers

131

Chapter 5: Special Occupancies

|

LA

AAAAAAAAAARAAAAAAAAAAAALLL

133

Article 450 Transformers and Transformer
Vaults

* Transformers present unique challenges
* Highly inductive
* Source of energy
* High inrush, similar to a motor
* how to energize transformer without tripping

* Protecting the transformer
* Primary-side protection
* Secondary-side protection
* Primary and secondary side protection

* Protecting the secondary conductors
* Produces Heat

132

P

d ——
MEDICAL CENTRR —1

134
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Chapter 5: Special Occupancies

* Article 500: Hazardous (Classified) Locations, Classes |, Il and lIl,
Divisions 1 and 2

* Article 501: Class | Locations

* Article 502: Class Il Locations

* Article 503: Class Il Locations

* Article 504: Intrinsically Safe Systems
* Article 505: Zone 0, 1 and 2 Locations

* Article 506: Zone 20, 21, and 22 Locations for Combustible Dusts or
Ignitible Fibers/Flyings

Chapter 5: Special Occupancies

* Article 510: Hazardous (Classified) Locations — Specific
* Article 511: Commercial Garages, Repair and Storage
* Article 513: Aircraft Hangers

* Article 514: Motor Fuel Dispensing Facilities

* Article 515: Bulk Storage Plants

* Article 516: Spray Application, Dipping, Coating and Printing
Processes Using Flammable or Combustible Materials

136

Chapter 5: Special Occupancies

e Article 517: Health Care Facilities
* Article 518: Assembly Occupancies

* Article 520: Theaters, Audience Areas of Motion Picture and
Television Studios, Performance Areas, and Similar Locations

* Article 522: Control Systems for Permanent Amusement Attractions
e Article 525: Carnivals, Circuses, Fairs and Similar Events
* Article 540: Motion Picture Projection Rooms

135
Chapter 5 GFCI Requirements
Requiement  |atide |
Commercial Garages 511.12
Agricultural Buildings /A 547.5(G)
Mobile Homes, Manufactured Homes, Mobile A\ 550.13(B)
Homes
FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 137
OHIO
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Chapter 5: Special Occupancies

* Article 545 Manufactured Buildings and Relocatable Structures
* Article 547: Agricultural Buildings

* Article 550: Mobile Homes, Manufactured Homes and Mobile Home
Parks

* Article 551: Recreational Vehicles and Recreational Vehicle Parks
* Article 552: Park Trailers

* Article 555: Marinas, Boatyards, Floating Buildings, and Commercial
and Noncommercial Docking Facilities

* Article 590: Temporary Installations

139

Introduction to
Hazardous Locations

=

HUBBELL

;/'//

 https://www.youtube.com/watch?v=DZ
RL1-ugfAQ

141

141

555.35 GFCl and GFPE Requirements for Marinas, Boatyards, Docking FacilitiesLo

Location Type Protection (trip) Reference
Level

Shore power receptacles GFPE 30 ma 555.35(A)

15A, 20A receptacles other than  GFCI (Type A) 4-6ma 555.35(B)

shore power

Main, feeder, and branch circuits GFPE 100 ma 555.35(C)

installed on docking facilities*

https://www.youtube.com/watch?v=bNNTIhKRe-g

* Exception: transformer secondaries of separately derived systems where secondary
conductors exceed 10 ft installed in raceway

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN
OHIO

140

140

142

299



https://www.youtube.com/watch?v=bNNTlhKRe-g
https://www.youtube.com/watch?v=DZRL1-ugfAQ

Chapter 6: Special Equipment

* Article 600: Electric Signs and Outline Lighting
* Article 604: Manufactured Wiring Systems

* Article 605: Office Furnishings

* Article 610: Cranes and Hoists

* Article 620: Elevators, Dumbwaiters, Escalators, Moving Walks,
Platform Lifts, and Stairway Chairlifts

143

144

Chapter 6: Special Equipment
* Article 625: Electric Vehicle Power Transfer System
* Article 626: Electrified Truck Parking Spaces

* Article 630: Electric Welders

* https://www.youtube.com/watch?v=IgbGs B8Puc&feature=emb logo

145

CONNECTED to SAFETY
Understanding Electric Vehicles

w Must be i Or utdoor rated
g g May require an nly use outdoor
~ aqual yrade to install.
T olectician. | Baatd

s the floor 1o avoid Uipping
o it hazards and maintain the e
elecuic vehicle. ci o

il [ Fastest charging option.
Pleas: s free resource to save lives

m/ESHdotors % www youtube.com B S—

ESELE) | 1 womfessbeskemtsntons | @ weaankoces
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https://www.youtube.com/watch?v=lgbGs_B8Puc&feature=emb_logo

EVCHARGING SAFETY EV CHARGING ETIQUETTE
E’\ ‘CORD MANAGEMENT TIME LIMITS
Preventcharging cord damage by @ Estabish time limits on chargersto
U awayexces length whiecharging Remmind usersoftime kit

f Proibit usrs o
REPORTING DAMAGE
R therusrs elececvehices. Etablish
tystuko e 2 protocel o userswho pass thel
loted tima on s charger
"TESTED CHARGING EQUIPMENT 9q E ;\w
Ensure chaging quipment s Remind user ofthe importance of
bbeen rated and listed by a Nationally charging safely. Ensure users store
Reangel
et ftls B
p—
o) e
CHAdeMO TESLA decided by charging station owner

~Requiring payments may help.
recover equipment and usage cost

~Optionsindude charge perkWh
used, time parked, ora flat fee.

Please share this free resource to save lives

Chapter 6: Special Equipment

* Article 640: Audio Signal Processing, Amplification, and Reproduction
Equipment

* Article 645: Information Technology Equipment
* Article 646: Modular Data Centers
* Article 647: Sensitive Electronic Equipment

147

148

Chapter 6: Special Equipment

* Article 650: Pipe Organs

* Article 660: X-Ray Equipment

* Article 665: Induction and Dielectric Heating Equipment
* Article 668: Electrolytic Cells

* Article 669: Electroplating

* Article 670: Industrial Machinery

Chapter 6 GFCI Requirements

Elevator Pits, Hoistways, Dumbwaiters etc. A 620.6
Electric Vehicle Charging Equipment A 625.54
Storable and Portable Immersion Pools 680.35
Permanently Installed Immersion Pools 680.45
Fountains including Splash Pads A 680.50

Pool motors A 680.21(C)
Pool pump motor replacements 680.21(D)
Pool equipment room 680.22(A)(5)
Permanently Installed Non-submersible pumps 680.59

Natural and Artificially Made Bodies of Water A 682.15

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN
OHIO
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Chapter 6: Special Equipment Chapter 6: Special Equipment
* Article 675: Electrically Driven or Controlled Irrigation Machines * Article 685: Integrated Electrical Systems
* Article 680: Swimming Pools, Fountains, and Similar Installations * Article 690: Solar Photovoltaic (PV) Systems
* Article 682: Natural and Artificially Made Bodies of Water * Article 691: Large Scale Photovoltaic (PV) Electric Supply Stations
* Article 685: Integrated Electrical Systems * Article 692: Fuel Cell Systems
* Article 690: Solar Photovoltaic (PV) Systems * Article 694: Wind Electric Systems
* Article 691: Large Scale Photovoltaic (PV) Electric Supply Stations * Article 695: Fire Pumps
151 152

Chapter 6 NFPA 70 NFPA 70

National
* 625.1 Electric Vehicle Power Transfer System Future Electrical
« Solar Photovoltaic Systems, Scope: of the Code

* https://www.youtube.com/watch?v=gZT9y00ugao NEC? . 2020

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN
OHIO
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https://www.youtube.com/watch?v=gZT9y0Ougao

4 Solar PV Electrical Safety

According to the UsS, Bureau of

Labor Statistics, solar photovoltaic .

el s s paced o grow rucie . O0lar otovoltalc ystems
51% between 2019 and 2029,

increasing ata much higher rate
than the average of all occupations.
Learn how to stay safe while
working with or around solar panels.

* Part I: General (definitions)

Between 201 and 1% of injured
PVi "ﬂil‘vnl\s xy,m;g 20\& 550 mla PV = solar PV installers R ) A
5]% el s on vmg e * Part II: Circuit Requirements

PV Installation Electrical Safety PV Panel Electrical Safety * Maximum voltage: no greater than 1000V (690.7)

..... % % @ * One and two-family dwelling units limited to 600V.
mmmmﬂ m:mmﬁm mmmﬁm * Limited to 1500VDC when not located on or in buildings
‘power ine:

Never walkor climb
Fve, energized and dangerous, hﬁ,. glam P ...gp...; e

- oS * Good reference:
’,Jv_ﬂ, m*nﬁ @ AL * Photovoltaic Array Performance Model (SAND 2004-3535)
“’.;‘1:::5‘1:5“‘ e aetevood ’::,’;&;“ﬁﬂ”‘ Sy et vy * Sandia National Laboratories

¥possile tum off

AC
v ‘side of solar panels, Remind first
= ‘responders of
- v ! o qQ

155 156

Safety

* Can generate high levels of DC current
* Solar panels can generate power with low levels of light. Ch d pte r 7:
* AFCls required for DC circuits over 80V (690.11) — note exception S pecia |

* Rapid shutdown requirements for systems on buildings (690.12)

* Goal — protect firefighters, note exception CO N d |t | O N S

* External disconnect requirements

157 158
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Chapter 7

* 700.2 Emergency Systems Definition
* Emergency System, Classification [700.2] - YouTube
* 725.1 Class 1, Class 2, Class 3 Remote-Control, Signaling and Power-
Limited Circuits
* https://www.youtube.com/watch?v=0jIXmj-LdNQ
* 706.1 Energy Storage Systems
* https://www.youtube.com/watch?v=Wp5agkrV7tAY&feature=emb logo&app=
desktop

159 160

Energy Storage Systems (ESS) Chapter 7: Special Conditions

* The rapid development and deployment of energy storage systems
present unique hazards to electricians and first responders.

https://www.nfpa.org/ess

* Article 700: Emergency Systems
* Article 701: Legally Required Standby Systems
* Article 702: Optional Standby Systems

* Article 705: Interconnected Electric Power Production Sources
* Works closely with Article 690: PV Systems
* Lots of new stuff in this article for 2020!
* Part Il. Microgrids

* Article 706: Energy Storage Systems
* Also works closely with PV systems

161
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https://www.youtube.com/watch?app=desktop&v=76YOuZ5TkPY&feature=emb_logo
https://www.youtube.com/watch?v=0jlXmj-LdNQ
https://www.youtube.com/watch?v=Wp5qkrV7tAY&feature=emb_logo&app=desktop
https://www.nfpa.org/ess

Chapter 7: Special Conditions

* Article 708: Critical Operations Power Systems (COPS)
* Determined by municipal, state, federal or other governmental agencies
* Examples: power systems, HVAC, fire alarm, security, communications etc.

* Article 710: Stand Alone Systems
* Article 712: Direct Current Microgrids
* Article 720: Circuits and Equipment Operating at Less Than 50 Volts

* Article 725: Class 1, Class 2 and Class 3 Remote-Control, Signaling and
Power-Limited Circuits

* Different from minimum wire sizes, ampacity and adjustment and correction
factors, overcurrent protection, insulation requirements and others from
chapters 1 - 4.

Yoo

Solar
Photovoltaics

2

Generator @
Battery
Wind
Turbine
Controls

Load

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN
OHIO
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Chapter 7: Special Conditions

* Article 727: Instrumentation Tray Cable: Type ITC
* Article 728: Fire-Resistive Cable Systems

* Article 750: Energy Management Systems

* Article 760: Fire Alarm Systems

* Article 770: Optical Fiber Cables

165

Chapter 8:
Communications Systems

166
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Chapter 8: Communications Systems

* Article 800: General Requirements for Communication Systems (NEW)
* Article 805: Communication Circuits
* Article 810: Radio and Television Equipment

* Article 820: Community Antenna Television and Radio Distribution
Equipment

* Article 830: Network-Powered Broadband Communications Systems
* Article 840: Premises-Powered Broadband Communications System

167

169

Power of Ethernet (PoE)

* https://www.voutube.com/watch?v=G7wOMSBV54Y

;“- Ethernet Cable s T —
) C= = 70 : == ! _{__F‘}::;' —
e T — — - - =4 [
— = *sﬁf - =]
[— s ——— -—-ﬁ? c~—— .
=] ‘2:/ ﬂ:" — —

+
Power
O )
ver |
Camera

E th ern et PO‘P[;J\N%}H&H}J‘NA\ PURPOSES ONLY. NOT CURRENT CODE IN

OHIO

Chapter 9: Tables

168

Chapter 9: Tables

* Table 1: Percent of Cross Section of Conduit and Tubing for
Conductors and Cables

* Table 2: Radius of Conduit and Tubing Bends
* Table 4: Dimensions and Percent Area of Conduit and Tubing
* Table 5: Dimensions of Insulated Conductors and Fixture Wires

* Table 5A: Compact Copper and Aluminum Building Wire Nominal
Dimensions and Areas

* Table 8: Conductor Properties

* Table 9: AC Resistance and Reactance for 600 Volt Cables, 3-PH, 60
Hz, 75 deg C — Three Single Conductors in Conduit

170
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https://www.youtube.com/watch?v=G7w0MSBV54Y
https://www.youtube.com/watch?v=G7w0MSBV54Y

Chapter 9: Tables

* Table 10: Conductor Stranding

* Table 11(A): Class 2 and Class 3 AC Power Source Limitations
* Table 11(B): Class 2 and Class 3 DC Power Source Limitations
* Table 12(A): PLFA AC Power Source Limitations

* Table 12(B): PLFA DC Power Source Limitations

Informative
Annexes

172

@ Annex D: Examples Load calculations
Zin AnnexE: Types of Construction
. Annex F: Availability and Reliability for Critical Operations Power of
| n f O r- m at I V e Functional Performance Tests (FPTs) for Critical Power Systems
A n n exe S oa' Annex G: Supervisory Control and Data Acquisitions (SCADA)
Annex H: Administration and Enforcement
/ﬂ\ Annex |: Recommended Tightening Torque Tables from UL Standard
486A-486B

174
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e Conductors; see also Cords, flexible; Fixture
wires
o) v Aluminum, 250.120(8)
- Ampacities, Tables 310.660(C)(67) through
_—— a4 S ey o s, 41 310.60(C)(86)
e i ot Properties of, Chap. 9, Table 8
—— i T e Ampacities of, 310.15, Tables 310.15(B)
o ey (16) through 310.15(B)(21), Tables
e e e 310.660(C)(67) through 310.60(C)
s (86), B310.15(B)(2)(1) through
b e peorey O B310.15B)2)(10)
Amusement attractions, 522.20 through 522.24
oy ol e o s Applications, 310.104
e e ——— [rtieen Armored cable, Type AC; see Armored cable
e A 50 e e 2 A iy (Type AC)
Bare; see Bare conductors
S e o e 2 Bending radius, 30034
oy T foesaery Bonding; see Bonding conductors
Jrosepey o T I ) Boxes and fittings, junction, 314.16, 314.17
e T e Branch circuits, Art. 210; see also Branch
S s, w035 e e 0 s o i, circuits
A g . e, ) Py g Bundled, in theaters, etc.
P HemC— Definition, 520.2
NI e mcraa v s, e o e Buried, 310.10(F)
O O s 034 oo 0 Busways: see Busways.
S s e e 10 oy Cabinets and cutout boxes, 312.5 through 312.7
G S e Cablebus; see Cablebus
i et Rt S Calculations, examples, Annex D
Oelosepem e v Oty Capacitors, 460.8
P iy g =TS Cellular concrete floor raceways; see Cellular
D ey e 422 —e e — concrete floor raceways
e Cellular metal floor raceways; see Cellular
p= e i e e, 02 metal floor raceways
Circuit
s e Communications, Art. 800

175 176

CONGRATULATIONS! Next Steps

A Certificate of Completion will be emailed to those who successfully completed
course

4 hours of Code Class Hours will be reported to the OCILB for Code Continuing
Education Credits

Contact instructor at hpmatthews@matthewselectrical.net for any questions or

comments

Make sure you completely sign out of webinar after the next slide!

177 178
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File Attachments for ltem:

ER-5 2020 NEC Review (International Association of Electrical Inspectors)
All certifications except plumbing and 1U (30 hours in four 7.5-hour sessions)
Staff Notes: Add NRIUI, RIUI, recommend approval.

ESIAC Recommendation:

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

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

APPLICATION

Continuing Education IR
Course Approval Course Submitter: Lorenzo Adam

S q {Coniact Name)
Continuing education programs approved for { QOrganijzation: SW Division JAEI
education credit by the Ohio Board of {Organkzation/Company)
Building Standards may be wused for Address: 27 Penbrooke Gt

. N 3 . 0 {Inchide Raom MNumber, Suite, e16.)

compliance with certification requirements City: Monroe State: Oh Zip: 45050
related to code enforcement, plan review, and ]
inspection responsibilities. The credit i3 to be /E-Mall: ladam@masonoh.org
used to renew the certifications issued by the . .
Ohio Board of Building Standards pursuant to | Leiephone:_513-435-2622 Fax:
COURSE INFORMATION:
Course Title: 2020 NEC REVIEW -Ci—1-&=2

New Course Submittal: E] Update Course: l__-| Prior Approval Number:

Purpose and Objective: ____ 10 provide Attendees with an overview and explanation of the subjects

presented and to provide a level of uniformity among inspectors, contractors, professional
designers and jurisdictions

instructors: Various ESI's and IAEI Members
Number of Instructional Contact Hours that can be obtained upon completion: 20 FAHHes

N sescreng 3.C lows ea .

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

Program Applicable for the Following Participants:
Building Official |§| Master Plans Examiner |___i_|
Plumbing Plans Exan. |:|
Electrical Plans Exam. |:|
Mechanical Plans Exam. EI

Building Inspector @ Fire Protection Inspector IE Mechanical Inspector El
Plumbing Inspector [_]
Non-Reg IU Inspector |:|

Res Building Officiat |:| Res Plans Examiner @ Res Building Inspector E, Res Mechanical Inspector El Res IU Inspector l:]

Electrical Safety Inspectors E

Location of ESI Course: Masan, Ohio Date(s) of ESI Course(s): Septernber 10, 2022

SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted: Cg;k
Course Submitter: Name of contact person and their certification numbers, organization, address, fax, phone
Course Sponsor: Organization sponsoring or requesting the program (if any)
Course Title; Name of course {related to content)
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed

Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 hr, 1 hr, 3.5 hrs)

Participants: Check off each certification for which credit is requested (for which course relates to certification)

Content of Program: Include collated agenda, time schedule, course outline; list specific sections of code, references, and topics covered
Course Materials; Collated workbooks, handouts, hard copy or electronic versions of program is available

Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications
Test Materinls: Copy of quizzes or tests to be given

Completed Application:

NOTE: The Board does NOT grant retroactive approval for courses presented prior to approval date.

Poriac 1525 BEE 10T
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2022 30-Hour Course
Sponsored by Southwest Division Ohio IAEI

Facility

The facility is conveniently located in Mason, about 1mile from I-71 and 3 miles
from I-75. Classes are held at the City of Mason, Community Room, 6000 Mason-
Montgomery Rd., Mason, Ohlo. The room occupancy is good for 100 students
comfortably with tables and chairs. There are provisions for audio-visual
equipment {screen, microphone, and speakers). Restrooms are located nearby
the room for females and males. Refreshments are served during the morning.
Duration of the instruction is 7.5 hours. 7:30am — 4:00pm.

Course Materials

Every attendee is responsible for bringing an edition of the 2017 and 2020 NEC.
The instructors will also have on hand the necessary references to answer
questions about other codes or standards. Most of the presentations are on @
slide-format {Power Point}.

30 Hour Refresher 2022 Page 14
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2020 NEC REVIEW

Agenda for September 10t, 2022

Instructors: Dewayne Jenkins, Gaylord Poe, Caty Robinson, Lorenzo Adam,

Pete Baldauf.
7:00-7:30 am Registration
7:30 - 9:30 am NEC Review Chapters 1
9:30 - 9:40 am Break
9:40-12:.00 m NEC Review Chapters 1
12:00 - 1:00 pm Lunch Break
1:00 - 2:35 pm NEC Review Chapters 2
2:35-2:45 pm Break
2:45 - 4.00 pm NEC Review Chapters 2

0

30 Hour Refresher 2022 Page 1
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2020 NEC REVIEW
Course outline for September 10k, 2022

This first Saturday will cover Changes in Chapters 1 and 2 of the 2020 NEC. The
instruction will include the proper use and limitations for material and equipment
used for electrical installations and the requirements for compliance with the NEC.

The instrucior will also emphasize the importance of the changes and it affects
future code proposals.

- Chapter 1. General
o Arlicles 100 and 110

- Chapter 2. Wiring and Protection.
o Arficles 210 -220-225-230

The presentation will be in Power Point format. Contractors and ESIs will benefit as
‘well as Plans Examiners and Professional Designers by getting first-hand

information on these changes. Both, the Ohio Building Code, and the Residential

Code of Ohio, in chapters 27 and 33 respectively refers to 2017 NFPA 70 as the

standard to comply with electrical installations.

Even though the State of Ohio has not adopted the 2020 NFPA 70 version, the

purpose of this class is to update the attendees on the code changes and not on
the enforcement.

%
30 Hour Refresher 2022 Page 2
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2020 NEC REVIEW

Agenda for October 8, 2022

Instructors: Dewayne Jenkins, Gaylord Poe, Caty Robinson, Lorenzo Adam,
Pete Baldauf.

7:00-7:30 am
7:30 - 9:30 am
9:30 - 9:40 am
9:40-12:00 m
12:00 - 1:00 pm
1:00 - 2:35 pm
2:35-2:45 pm

2:45 - 4:00 pm

30 Hour Refresher 2022

Registration

NEC Review Chapters 3
Break

NEC Review Chapters 3
Lunch Break

NEC Review Chapters 4
Break

NEC Review Chaplers 4

Page 3
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2020 NEC REVIEW
Course outline for October 8th, 2022

This second Saturday will cover Changes in Chapter 3 through 4 of the 2020 NEC.
The instruction will include the proper use and limitations for material and

equipment used for electrical installations and the requirements for compliance
with the NEC.

The instructor will also emphasize the importance of the changes.

- Chapter 3. Wiring Methods and Materials.
o Article 300
- Chapter 4. Equipment.
o Arlicles 400 — 404 — 406 — 410 — 422 — 440 — 445 - 450

The presentation will be in Power Point format. Contractors and ESls will benefit as
well as Plans Examiners and Professional Designers by getting first-hand
information on these changes. Both, the Ohio Building Code, and the Residential
Code of Ohio, in chapters 27 and 33 respectively refers to 2017 NEPA 70 as the
standard to comply with electrical installations.

Even though the State of Ohio has not adopted the 2020 NFPA 70 version, the

purpose of this class is to update the attendees on the code changes and not on
the enforcement.

%

30 Hour Refresher 2022 Page 4
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2020 NEC REVIEW

Agenda for November 12th, 2022

Instructors: Dewayne Jenkins, Gaylord Poe, Caty Robinson, Lorenzo Adam,
Pete Baldauf.

7:00-7:30 am
7:30 - 9:30 am
9:30 - 9:40 am
?:40-12:00 m
12:00 - 1:00 pm
1:00 - 2:35 pm
2:35-2:45 pm

2:45 - 4:.00 pm

30 Hour Refresher 2022

Registration

NEC Review Chapters 5
Break

NEC Review Chapters 5
Lunch Break

NEC Review Chapters
Break

NEC Review Chapters 6

Page 5
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2020 NEC REVIEW
Course outline for November 12th, 2022

This third Saturday will cover Changes in Chapter § and é of the 2020 NEC. The
instruction will include the proper use and limitations for material and equipment
used for electrical installations and the requirements for compliance with the NEC.

The instructor will also emphasize the importance of the changes.

- Chapter 5. Special Occupancies.

o Arficles 500 - 511 ~514-517 - 525 - 590
- Chapter 6. Special Equipment.

o Arficle 600 - 625

The presentation will be in Power Point format. Contraciors and ESls will benefit as
well as Plans Examiners and Professional Designers by getting first-hand
information on these changes. Both, the Ohio Building Code, and the Residential
Code of Ohio, in chapters 27 and 33 respectively refers to 2017 NFPA 70 as the
standard to comply with electrical installations.

Even though the State of Ohio has not adopted the 2020 NFPA 70 version, the

purpose of this class is to update the attendees on the code changes and not on
the enforcement.

=

30 Hour Refresher 2022 Page é
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2020 NEC REVIEW

Agenda for December 10th, 2022

instructors: Dewayne Jenkins, Gaylord Poe, Caty Robinson, Lorenzo Adam,
Pete Baldauf.

7:00 - 7:30 am
7:30 - 9:30 am
9:30 - 9:40 am
9:40 - 12:00 m
12:00 - 1:00 pm
1:00 ~ 2:35 pm
2:35-2:45 pm

2:45 -- 4:00 pm

30 Hour Refresher 2022

Registration

NEC Review Chapters 7
Break

NEC Review Chapters 7
Lunch Break

NEC Review Chapters 8
Break

NEC Review Chapters 8

Page 7
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2020 NEC REVIEW
Course outline for December 10, 2022

This second session will cover Changes in Chapter 7 through 8 of the 2020 NEC.
The instruction will include the proper use and limitations for material and

equipment used for electrical installations and the requirements for compliance
with the NEC.

The instructor will also emphasize the importance of the changes.

- Chapter 7. Special Conditions.

o Articles 700-701-702-725-760
- Chapter 8. Communications Systems.

o Arficle 800

The presentation will be in Power Point format. Contractors and ESls will benefit as
well as Plans Examiners and Professional Designers by getting first-hand
information on these changes. Both, the Ohio Building Code, and the Residential
Code of Ohio, in chapters 27 and 33 respectively refers to 2017 NFPA 70 as the
standard to comply with electrical installations. )

Even though the State of Ohio has not adopted the 2020 NFPA 70 version, the

purpose of this class is to update the attendees on the code changes and not on
the enforcement.

m
30 Hour Refresher 2022 Page 8
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INSTRUCTOR QUALIFICATIONS

Lorenzo M. Adam

Lorenzo started his electrical training in 1983. In 1988, he started his own electrical
company. In 1996, he obtained the State Electrical Inspector certification. In
1997, he joined the City of Troy as a Building/Electrical Inspector. Currently, he
works for the City of Mason. Lorenzo has an Electrical Plans Examiner, Residential
Building Official, Building Inspector, Building Official interim certification from the
State of Ohio. Lorenzo is currently the secretary/treasurer for the SW Division of
IAEl, Ohio Chapter, secretary/treasurer for the Ohio Chapter IAEl and Treasurer

and Past President of the Southwestern Ohio Building Officials Association
(SWOBOA).

Address: 27 Penbrooke Ct., Monroe, Ohio 45050

e ————t—————————————————————————————————————
30 Hour Refresher 2022 Page 9
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Gaylord K. Poe

Gaylord Poe started his longstanding career in the eleckical industry in 1969. He
earned his Electrical Safety Inspector Certificate (#592) in 1978. He continued to
work as an electrician until 1983 when he joined the Bl team as g
commercial/industrial  field inspector. He was promoted to Commercial
Coordinator in 1986, to Assistant Chief Electrical Inspector in 1994, and to Chief
Electiical Inspector and President in 2000. He earned his Ohio Electrical Plan
Examiner and 1AEl Electrical Inspector-Plan Review certificates in 2005. He is the
only Ohio ES! certified by the IAEI as a Master Electrical Inspector (2009).

Gaylord is a member of the UL Electrical Council, the NFPA, the Cincinnati Business
Development and Permit Center Advisory Committee, the Board of Trustees for
the GCEA, the Electrical Trades Advisory Committee for Scarlet Oaks JVS, and is
actively involved in course development and training classes for the continuing
education programs of the IAEl, IEC, GCEA, and NECA. Gaylord has been
involved with the |AE! since the early 1980's. He currently has become the Past-
President of the IAEI SW Division, in which he served for 17 years combine.

Address: Suite 125-W, 250 West Court Street, Cincinnati, OH 45202

30 Hour Refresher 2022 Page 10
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Caty Robinson

Caty Robinson began her electrical career working as an apprentice in the
Dayton, Ohio area. As a member of IBEW Local 82 Caty served a full
apprenticeship and worked in the field as a journeyman wireman for Kastle
Electric. Caty's Ohio certification #2647 is for ESI (2004) and EPE (2013). Caty
joined Inspection Bureau, Inc. (IBI) in 2008 as a commercial Electrical Safety
Inspector. Caty currently serves as IBI's Commercial Coordinator and inspects in
IBI's commercial teritories and Kentucky. Caty is also a member of the IAEl Ohio
Chapter SW Division

Address: Suite 125-W, 250 West Court Street, Cincinnati, OH 45202

30 Hour Refresher 2022 Page 11
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Peter M. Baldauf

Peter has been in the electrical industry for over 15 years. He began his electrical
career working through a trade school in Dayton, Ohio. After graduation, he
enrolled in the Associated Builders and Contractors State certified electrical
apprenticeship program. Peter attended the program for the full four years and
upon completion of the program, he relocated to Tacoma, Washington. In
Tacoma, he sat for a State administered test and received State of Washington
certification as a journeyman electrician, which is required by the Division of Labor
and industry in that State o perform work as an electrician. Upon his return to the
State of Ohio, Peter sat for and was issued a license by the State of Ohio to
perform duties associated with the installation and servicing of fire alarm systems.
He also applied and sat for the test to become a State Certified Electrical Safety
Inspector. He was awarded this Certification in September of 1998, Peter began
his career in public service with Montgomery County Building Regulations as an
Electrical inspector in August of 1999. He is currently employed with the City of
Vandadlia as an Electrical Inspector. Peter also instructs classes for the Master
Electrical  Contractors  Association, Adequate Wiring Committee, and
International Association of Electrical Inspectors. He also has certification through
the City of Dayton Board of Education as an Adult Education Instructor.

Address: 3600 Shroyer Road, Kettering, OH 45429

30 Hour Refresher 2022 Page 12

324




Baniel Dewayne Jenkins

Dewayne started his career in the electrical field in 1982 in Dayton, Ohio and
several years of 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 cerlified electrical
safety inspector since 1996. He also holds Ohio certifications as building inspector
(1998}, electiical 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 an electrical plans examiner, electrical safety inspector and
building inspector.

Dewayne is an adjunct lecturer |i for Sinclair Community College in the electrical
trades for several years. A technical presenter for the Ohic Board of Building
Standards (OBBS), International Association of Electrical Inspectors {IAEl), Master
Electrical Contractors Association (MECA), Adequate Wiring Commitiee (AWC)
& Greater Cincinnati Electrical Association (GCEA). He has served as President
for the Ohio Chapter [AEl (2010). Dewayne has also served as President of the
Miami Valley Building Officials Council {2002 & 2003). He currently is the President
of the Southwest Division, IAEl and 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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NFPA 70

National
Electrical
Code

2020

I

s for the 2020 NEC

covers surge arresters permanently installed
on premises wiring systems over 1000 volts,
nominal.

Article 311 Medium Voltage Conductors and
Cable (CMP-6) This article covers the use,
installation, construction specifications, and
ampacities for Type MV medium voltage
conductors and cable. Type MV conductor and
cable requirements that were previously found
in Articles 310 (Conductors or General Use)
and 328 (Medium Voltage Cable) were
consolidated into one article.

Article 337 Type P Cable (CMP-6) This article covers
the use, installation, and construction specifications
for up through 2000 volt Type P cable (armored and
unarmored). Type P cable is a factory assembly of
one or more insulated flexible tinned copper
conductors, with associated equipment grounding
conductor(s), with or without a braided metallic
armor and with an overall nonmetallic jacket.

Article 800 General Requirements for Communications
Systems (CMP-16) This article covers general
requirements for communications systems. These
general requirements apply to communications circuits,
community antenna television and radio distribution
systems, network-powered broadband communications
systems, and premises-powered broadband
communications systems, unless modified by Articles
805, 820, 830, and or 840. *[Previous Article 800
(Communication Circuits) is now Article 805]

10
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The hazardous (classified) location
definitions will be moved to new Part Il of
Article 100 for added clarity and usability

Article 1(
Grounded Conducto uit conductor that is intentionally grounded. (CMP-5)
Service / Feeder

«— Equipment grounding conductor
v [+ ‘.
W ,’;?}-‘; ] |
Grounded ] | |4\ f
conductor b = \ Branch
circuit

Grounding Glescedoesseeed
electrode __—
conductor .

Informational Note: Although an equipment grounding conductor is grounded,

I_> it is not considered a grounded conductor.
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110.22(A) Identification of Disconnecting Means

Service equipment Distribution equipment Disconnect Controller
LPA *Not all required
markings or
E B E labels shown
(o0 0]

Service
Disconnect

Feeder Power Supply for Branch Circu” upply for
Panel “LPA" Originates Disconne _Jrigin?’ .s
at Panel "MDP” at Pan. ""LP”

The marking shall be of sufficient durability tQ

N

IAEI 2020
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) Personnel Doors

Where equipment rated 800 amperes or more that contains overcurrent devices, switching
devices, or control devices is installed and there is a personnel door(s) intended for entrance to
and egress from the working space less than 7.6 m (25 ft) from the nearest edge of the working
space, the door(s) shall open in the direction of egress and be equipped with listed panic
hardware or listed fire exit hardware.

D

328




210.8 Measurements for GFCI Protection

@; All 125-volt through 250-volt

receptacles installed within 1.8 m (6 ft)
from the top inside edge of the bowl of
the sink requires GFCI protection
[210.8(A)(7)]

Master
Bedroom

3 “| Bathroom
A / 5 I S —
N Ly v

Less than 1.8 m (6 ft)

6B —
- LB LB —
g
When determining if GFCI protection for personnel is rg ent is involved, the
=y distance from a receptacle is required to be measyg e supply cord of an
= appliance connected to the receptacle would follow ceiling, or fixed barrier,
S or the shortest path without passing through a deg
64
Table 220.12 al Ligh Loads by Non-Dwelling Occupancy (Part 1)
Unit Load
Type of Occupan Volt-amperes/m’ Volt-amperes/ft’
Automotive f; 16 1.5
Conventio 15 14
Courthou 1522 1.4 2.0
Dormitory 16 1.5
Exercise center 15 14
Fire station 14 13
Gymnasium? (was Armories and auditoriums) 18 11 1.7 +0
Health care clinic (was Hospitals) 17 22 1.6 2.0
Hospital 17 1.6
Hotels and motels, including apartment houses
without provisions for cooking by tenants® 18 22 1.7 26
S Library 16 15
% Manufacturing facility® (was Industrial commercial (loft) bldg) 24 22 2,220
= Motion picture theater 17 1.6
£ Museum 17 1.6
i_ Office® (was Office buildings) 14 39 1.3 35
Q
113

7/9/2021
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Table 220.12 General Lighting Loads by Non-Dwelling Occupancy (Part 2)

Unit Load
Type of Occupancy Volt-amperes/m’ Volt-amperes/ft’
Parking garage® [was Garages-commercial (storage)] 3 & 0.30:5
Penitentiary 13 12
Performing arts theater 16 1.5
Police station 14 1.3
Post office 17 1.6
Religious facility (was Churches) 24 11 2.2 10
Restaurant® (was Restaurants and Clubs) 16 22 1.52:0
Retail” g (was Barber shops and beauty parlors and Stores) 2033 1.9 3.0
School/university (was Schools) 33 3.0
Sports arena 33
Town hall 15
8 Transportation
E Warehouse
= Workshop
114
j Type 2 surge-
o protective
% device (SPD)
K
i
—
All services supplying dwelling
units shall be provided with a
surge-protective device (SPD)
S
2
131
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Article 242 Overvoltage Protection

New Article 242 added to provide the general, installation, and connection requirements for
overvoltage protection and overvoltage protective devices

Relocates previous Articles 280 and 285 into a new Article 242

Part Il covers surge-protective devices (SPDs) perman

premises wiring systems of not more than 1000 volts, no

Part Il covers surge arresters permanently inst e
systems over 1000 volts, nominal
147

inuff@er Copper-Clad Aluminum GECs

On
Off

On
Off

On
Off

On
Off

|Open-bottom
switchboard

. On On
O[€
i) Off Off

Grounding electrode conductors (GEC) of bare, covered, or insulated aluminum or copper-clad
aluminum shall comply with the following:

@ Bare or covered GECs not permitted to be installed where subject to corrosive conditions
or be installed in direct contact with concrete (without an extruded polymeric covering)

(2) Terminations made within outdoor enclosures that are listed and identified for the
environment are permitted within 450 mm (18 in.) of bottom of the enclosure

@ Aluminum or copper-clad aluminum GECs installed external to buildings or equipment
enclosures not permitted to be terminated within 450 mm (18 in.) of the earth

152
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300.4(G) Protection Against Physical Damage - Insulated Fittings

Where raceways contain 4 AWG or larger insulated circuit conductors, and conductors enter a
cabinet, a box, an enclosure, or a raceway, conductors shall be protected by any of the following:

2
£ (3) Separation from the fitting or raceway
s by using an identified insulating material
S that is securely fastened in place
178
334.2 No thed Cable - Type NMS Deleted
All references to Type en deleted from Article 334 as this cable construction is
no longer maauia
<
§
228

7/9/2021
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374.6 Listing Requirements for Cellular Metal Floor Raceways

A new 374.6 was added to Article 374 requiring all cellular metal floor raceways to be listed

TAET 2020

Copyright

248
Listed k i3 SIbliSE are not required to be connected to an EGC if (4) conditions are
met, incl e is provided with a nonmetallic faceplate and the device is designed

plate replaces the one provided

= \ J

g Snhap Switches Dimmers Control Switches

S

274
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430.122(D) Several Motors or Motor(s) and Other Load(s)-
Adjustable-Speed Drive Systems With Power Conversion Equipment
Conductors supplying several motors or motor(s) and other load(s), including power conversion

equipment, required to have calculated ampacity in accordance with 430.24, using the rated
input current of the power conversion equipment

Adjustable Adjustable

‘| speed drive speed drive
system system
i Motor Motor_ T

B

Output conductors between power conversion eg
g equal to or larger than 125 percent of the motg

355
445.18(D)
3 ¥
A
\ TLIFT WERE
- —7
s/
Can be (but not
required to be) this
5 An outdoor emergency generator shutdown device is required for generators installed at one-
g and two-family dwelling units (other than cord-and-plug-connected generators)
366
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500.7(K) Combustible Gas Detection System

These requirements surrounding a combustible gas det

were appropriately revised and expanded to provide more
a gas detection system

Emergency shutoff d
conductors of the circ

simultaneously from the source of supply, all
e grounded conductor (EGCs to remain connected)

/ j Emergency Shutoff
{ : . 120-volt circuit
\ Data or video circuit

EGC to remain connected

At least 6.0 m (20 ft)
from dispensing
facilities

— Emergency
control
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517.17(D) Performance Testing of
GFP Systems at Health Care Facilities

When ground-fault protection of equipment is first installed, each level required to be performance
tested to ensure compliance with 517.17(C) (selectively coordinated)

Service Switchboard
600Y/347 volts * 480Y/277 volts

I
R e (B

| B

Testing to be conducted by a qualified person(s) using a
instruction provided with the equipment

Written record of this testing to be kept and mz 3 rity having jurisdiction

32
517.26 Appli icles (Health Care Facilities)
Life safety branch of tf system shall meet the requirements of Article 700,
except as amended by 2
Alternate power source
Life Safety Branch
The following sections of Critical Branch
. Article 700 shall not apply: B
S 700.4, 700.10(D), and 700.32 | Equipment EieiED
i Essential Electrical System
o Branch circuits that supply emergency lighting shall be installed to provide service from a source
E complying with 700.12 when normal supply for lighting is interrupted or where single circuits supply
g luminaires containing secondary batteries (amended from 700.17)
35

7/9/2021
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518.6 Outdoor Illumination - Assembly Occupancies

lllumination required for working spaces about fixed service equipment, switchboards, switchgear,
panelboards, or motor control centers installed outdoors that serve assembly occupancies

Control by __ . Additional lighting
automatic : outlets not required o -0
means only : where workspace is - S——
not permitted -~ ~_illuminated by adjacent >

. " | Javhones Bacon

Outdoor service equipment ——
at assembly occupancy

Emporium
2 D

41
] Flexible cords or cables permitted to be covered with nonconductive matting secured to the
o walkway surface or protected with another approved cable protection method
S The matting or other protection method cannot constitute a greater tripping hazard than the
& uncovered cables

48
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550.32(E) Supply Receptacles for Mobile or Manufactured Homes

Receptacles located outside mobile or manufactured homes required to be provided with GFCI
protection as specified by 210.8(A)

Receptacles providing power to mobile or manuf
not required to be provided with GFCI protecti

(o)}
N

[AEI 2020

Copyright

Leakage current measurement
will provide the capability to
determine when an individual

" boat has defective wiring or

i other problems contributing to
hazardous voltage and current

| The use of a test device will
allow the facility operator to
identify a boat that is creating
problems

The use of a test device will also
help the facility operator prevent
a particular boat from contributing
to hazardous voltage and current
in the marina area

Photo courtesy of
Marina Electrical Equipment (MEE)

~N
~N
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600.4(D) Visibility of Markings - Electric Signs and Outline Lighting

Signs and outline lighting systems required to be marked with such things as manufacturer's name,
trademark, input voltage and current rating, maximum allowable lamp wattage per lampholder, and
other means of identification [600.4(A) and (C)]

0 )

) 1AEI Sign Company

SERIAL NO.| AB1234-CD5678-EF |
MFG NO. | 123456789 \
SUPPLY VOLTAGE TO GROUND

120 INPUT CIRCUIT VOLTAGE

2 CIRCUITS

7.5 | TOTALAMPERES — on9¢,
06/23/08 | DATE OF MFG  \*%,

\O )

/aqo

Markings and listing labels are required to be visible after |
applied in a location visible prior to servicing

Marking permitted to be installed in a location d

91

[AEI 2020

“opyright

~
L

60 Reétrofit Kits

New 600.35 gives specifi tions for retrofit kits for signs and outline lighting systems

General-use or sign-specific retrofit kits for sign or outline lighting systems to include installation
instructions and requirements for field conversion of a host sign

Retrofit kits shall be listed and labeled
All parts that are not replaced by a retrofit kit shall be inspected for damage

O
o

7/9/2021
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620.65 Signage for Selective Coordination

(Elevators, Dumbwaiters, Escalators, Moving Walks, Platform Lifts, and Stairway Chairlifts)

Equipment enclosures containing selectively coordinated overcurrent devices required to be
legibly marked in the field to indicate that the overcurrent devices are selectively coordinated

- N

+— Service equipment

> ON _ ON : Feeder
OFF OFF |ﬂ [I ﬁ e  Feeder
@/ 2 @/ el panelboard

OFF OFF

* o <fiad " Selectively Feeder
arking shall meet the H

. requirements of 110.21(8) §°°.’d'"at:" Feeder

qUEpITe panelboard

CAUTION: OVERCURRENT

S DEVICES IN THIS ENCLOSURE Feader
8 ARE SELECTIVELY COORDINATED l Opens anch circuit
e panelboard
o EQUIVALENT REPLACEMENTS AND Fault
£ TRIP SETTINGS ARE REQUIRED
g . +«——— Load
8 -
106
quipment Construction
All product construction I of Article 625 addressing product features that are
an integral part of the list for EV product were removed from Article 625
Standard for Safety UL 2594
o
S
3 Undemilers Laboratories Inc.« Unuemllm Laboratories Inc.s
B -Standard -Standard
8
113
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680.2 and 680.14 Corrosive Environments

Corrosive Environment. Areas where pool sanitation chemicals are stored, handled, or
dispensed, and confined areas under decks adjacent to such areas, as well as areas with
circulation pumps, automatic chlorinators, filters, open areas under decks adjacent to or
abutting the pool structure, and similar locations.

%
131
680.9(4 ower Conductor Clearances
The minimum clearances wer conductors (not just service conductors) from poals,
fountains, e the prowsmns in Table 680.9(A) for conductors operating at 0 to
750 volts ouUNd [6.9 m\@&2.5 ft)] (typical)
Overhead feeder
conductors
o 1 'L 4 I I\ 4 4 {
oo 69m@25f) 0 e aas
[ i i,\'ﬂ; T T VT PR TR IR | SIS SISISISIS|
T Flesasess
% SRR e et i ee oo cea
Z
143
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680.26(B)(2)(c) Copper Grid for Perimeter Surfaces

Where structural reinforcing steel is not available or encapsulated, an 8 AWG copper grid system is
permitted to be utilized arranged in a 300-mm (12-in.) by 300-mm (12-in.) network of conductors
in a uniformly spaced perpendicular grid pattern with a tolerance of 100 mm (4 in.)

Required to be secured within or under the deck or unpaved surfaces between 100 mm to 150 mm

T s }t i3
A single 8 AWG solid copper conductor or structurg
concrete is also permitted as the bonding grid fg

160

690.4

Equipment intended for
and have a field

e ac modules
e dc combiners

e dc-to-dc converters

e Rapid shutdown equipment
e dc circuit controllers

e Charge controllers

¢ module systems

178

7/9/2021

342




690.31 Wiring Methods for Solar Photovoltaic (PV) Systems

690.31 was revised and re-organized for clarity and to bring PV wiring methods for PV
source and output circuits to one location

" (A) Wiring Systems
(B) Identification and Grouping

(1) Identification
— (2) Grouping
. GaviE= i1 sun EE T (C) Cables
(1) Single-Conductor Cables
RWU90 1000V 02-14 GENERAL CABLE® [} gy
x¢ SUM RES (U1) -40C VW-1 C{UL) RWU90 1000V o (2) Cable Tray

T (3) Multiconductor Jacketed Cables
SRR RE2 10 f0 15 20y (4) Flexible Cords and Cables

e 0f AHw-z

GENERAL C. SUNGEN® 2000V PV wp

(5) Flexible, Fine Stranded Cables
(6) Small-Conductor Cables

i\ WET OR DRY SUN RES (UL) -40C VW-1 cluy) Rwy
e t s00v use-2 10 AWG rs.:éswz) P L] (D) Direct-Cirrent on or in Buildi
= s (1) Flexible Wiring Methods
" 'R RHH OR REW-2 OR 600V USE-2 10 AWG (5.] (2) Marking and labelingmR
s R (=) Bipolar Photovoltai
8
203
Fuel Cell
Power
Stack
N
.Lif
8
223
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695.3(C)(3) Selective Coordination (Fire Pumps)

to be selectively coordinated with all supply-side overcurrent protective device(s)

Selective coordination required to be selected by a |j
persons engaged primarily in the design, installatj

ical systems
226

Fire pumps in multibuilding campus-style complexes require all overcurrent protective device(s)

710.15 Ge

ments for Stand-Alone Systems
New provisions added

three-phase application

odnize that stand-alone systems can deliver power to
gle-phase systems

DC Disconnect [L_I}

s @
Power Output Sources 4

>

Bi-Directional

AC Panelboard
Inverter

- 'E P AC Loads
1‘ — t t <}
bl g Iﬂlillm YIIY!‘I"II TP
Battery Bank

Backup Generator
710.15(D): Three-phase Supply. Stand-alone and microgrid systems are permitted to supply
three-phase, 3-wire or 4-wire systems

Copyric

267

344
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840.94 and 840.102 Premises Circuits Leaving the Building

840.94: Requires circuits leaving a building to power equipment remote to that building or

outside the exterior zone of protection defined by a 46 m (150 ft) radius rolling sphere, to comply
with 805.90 (Protective Devices) and 805.93 (Grounding, Bonding, or Interruption of Non-Current-
Carrying Metallic Sheath Members of Communications Cables)

Overhead premises-powered

4 0 broadband communication
system circuit leaving building
. to power equipment in second
B

building

If coaxial cables are present, required to comply with 820.100

840.102: Requires communications wires and cables circ
equipment remote to the building or outside the extegig

Grounding) and 800.106 (Primary Protector G

313
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File Attachments for ltem:

ER-6 Electrical Safety Webinar Based on 2020 NEC and NFPA 70E (Matthews Electrical
Services)

BO, MPE, EPE, MechPE, ESI, BI, Ml, RBO, RPE, RBI, RMI, RIUI (4 hours)
Staff Notes: Add NRIUI, recommend approval.
ESIAC Recommendation:

Committee Recommendation:

346




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

Reynoldsburg, Ohio 43068-9009
(614) 6442613 Fax: (614) 644-3147
dic bbs@com.state.oh.us

APPLICATION

Continuing Education COURSE SUBMITTER: Henry Peter Matthews
Course Approval

Course Submitter: Henry Peter Matthews

.. . {Contact Name)
Continuing education programs approved for Organization: Matthews Electrical Services
education credit by the Ohio Board of . {Organization/Company
Building Standards may be used for Address: 1203 McKiniey Place ‘
. . . . . (Include Room Number, Suite, ¢1¢.)
compliance with certification requirements City: Fostoria State: Ohio Zip: 44830

related to code enforcement, plan review, and
inspection responsibilities. The credit is to be | E-Mail: hpmatthews@matthewselectrical.net
used to renew the certifications issued by the
Ohio Board of Building Standards pursuant to
section 3781.10(E) ORC. Course Sponsor:

Telephone: 419-575-3488 Fax:

COURSE INFORMATION:

Course Title: Electrical Safety Based on the NEC and NFPA 70E

New Course Submittal: [Ml]  Update Course: [ | Prior Approval Number:
Purpose and Objective: The objective of this course is to cover some of the major electrical safety sections in the NEC including working

space, clearances, labeling, listing, marking, GFCI requirements and others, This course will also cover the main poinls of NFPA 70E, its
connection to the NEC, NFPA 70B and OSHA. It will also cover important concepts including establishing an electrically safe work condition,
performing risk assessments and hazard analysis, interpreting arc flash warning labels, covering the roles of the qualified and unqualified
persons, wearing the appropriate PPE and many other topics. This course will also discuss the main electrical hazards of shock and arc flash.

Number of Instructional Contact Hours that can be obtained upon completion: 4

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

Program Applicable for the Following Participants:
Building Official @ Master Plans Examiner I:] Building Inspector I_i_] Fire Protection Inspector El Mechanical Inspector @
Plumbing Plans Exam. D Plumbing Inspector D
Electrical Plans Exam. I:l Non-Res IU Inspector D
Mechanical Plans Exam. El

Res Building Official |:| Res Plans Examiner |:] Res Building Inspector l—il Res Mechanical Inspector EI Res IU Inspector [:l

Electrical Safety Inspectors D
Location of ESI Course: www.matthewselectricalservices.net Date(s) of ESI Course(s): September 10, 2022
SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted: Cger;k
Course Submitter: Name of contact person and their certification numbers, oraanization, address, fax, phone X
Course Sponsor: Organization sponsoring or requesting the program (if any)
Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed X
Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 br, | hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested (for which course relates to certification) X
Content of Program: Include collated agenda, time scheduie, course outline; list specific sections of code, references, and topics covered | x
Course Materials: Collated workbooks, handouts, hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials: Copy of quizzes or tests to be given X
Completed Application: X
NOTE: The Board does NOT grant retroactive approval for ﬁcgemgffsemed prior to approval date.
JUN 27 2022

Farme 1528 EBS 1}
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NFPA 70E and the NEC

The National Electric Code aka NEC (NFPA 70} is intended to instruct us how to install electrical
systems and equipment safely. It is a minimum standard and the goal is to protect people and
equipment.

NFPA 70E Electrical Safety Standard in the Workplace works with the NEC and the main focus is
to protect the people who install the electrical systems and equipment.

These very important standards work hand-in-hand, but there are some important distinctions
that you must be aware of. There are also some concepts that may be confusing to some.

In this session, we will focus on NFPA 70E but highlight and discuss the areas where it interacts
with the NEC. Select references from OSHA 1910 Subpart S (Industry Electrical), OSHA 1926
Subpart K (Construction Electrical) and 1926 Subpart V (Electric Power, Transmission and
Distribution) will also be covered.

The scope of the NEC will be compared with the scope of the National Electric Safety Code
(NESC - IEEE C2) to make the distinction between residential/commercial/industrial installations
and utility company requirements.

Some of the topics that will be covered will be:

NEC
* Arc Flash Warning Label
* Marking Requirements
* ldentification of Disconnecting Means
+ Spaces about electrical equipment
* working space
* clear space
* dedicated equipment space
* Guarding of live parts
* Guarding of equipment and working space
* Assured Equipment Grounding Conductor (OSHA requirement)

NFPA 70E
» Electrical Safety definitions
* Qualified vs. Unqualified: What does it mean? Who's qualified? Who's unqualified?
» The Arc Flash Label: The difference between the NEC version and the NFPA 70E version
o Shock Boundaries: Restricted, Limited
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Arc Flash Boundaries
Working distance
How incident energy is calculated.
The definition of cal/cm?
How PPE (Personal Protective Equipment) levels are determined
o How the arc flash and shock protection boundaries are established
* NFPA 70E tables vs calculations: Which one should | use? When?
* Normal Operations: What is this and how is it used?
* Establishing and Electrically Safe Working Condition
* How to mitigate arc flash severity
* Risk and Hazard assessment
* The role of communication
* Whenis an Electrical Energized Work Permit required? What are the exceptions?
* First Aid and Emergency response. Who is required to be trained? What level of
training is required
* Record Keeping and documentation
* GFCls and other protective devices
* Extension cord
*  What is the Assured Equipment Grounding Conductor Program?
*  When are two-people required to do work?
* How dolimplement and Electrical Safety Program?
* PPE selection, use, testing and care requirements

O 0 O 0 0

At the end of this training, the attendee will have a better understanding of all electrical safety
requirements in the NEC and NFPA 70E. The attendee will also understand the differences and
similarities of related codes and standards.
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Henry Peter Matthews, PE, CPE, CESCP, PVA

Home Address Work Address

1203 McKinley Place Marathon Petroleum Company

Fostoria, Ohio 44830 539 South Main Street

Email: hpmatthews@matthewselectrical.net Findlay, Ohic 45840

Home Phone: 419-701-7707 Email: hpmatthews@marathonpetroleum.com
Cell Phone: 419-575-3488 Office phone: 419-421-3423

Cell phone: 419-957-2110

Work Experience
Marathon Petroleum Company, LP; Findlay, Ohio June 2006 — Present
* Advanced Senior Engineer/Electrical Specialist
¢ Electrical Engineering Supervisor — Terminal Engineering
¢ Project Engineer — Major Projects
¢ Electrical Designer — Retail Division

Cooper Standard Automotive, Bowling Green, Ohio July 1993 — June 2006
e Plant Engineering Manager
¢ Plant Electrical Engineer

Toledo Engineering Company (consultant); Toledo, Chio June 1989 — July 1993
e Electrical Drafter

Education
Bowling Green State University; Bowling Green, Ohio Aug 2003
Masters of Business Administration
Pennsylvania State University; University Park, PA Dec 1989
BS Electrical Engineering
Solar Energy International, Paonia, Colorado Sept 2021
Solar PV Training
Owens Community College; Findlay, Ohio April 2017
Certificate: Introductory Welding
Penn Foster Career School July 2010
Certificate: Plumbing
Penn Foster Career School October 2004
Certificate: Electrician

Certifications Professional Engineer (PE): OH, M|, IN, KY, 1L, WI

Photovoltaic Associate (PVA) by NABCEP

Certified Electrical Safety Compliance Professional {CESCP), NFPA
Certified Plant Engineer (CPE): Association for Facility Engineers

Building Operator Certification (BOC): Northwest Energy Efficiency Council
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Licenses Ohio Electrical Contractor, Ohio Department of Commerce, License # 46972
Ohio Training Agency, Ohio Construction Industry Licensing Board, Agency #48714
Ohio Training Agency, Ohio Board of Building Standards

Special Training Solar Energy International (SEl), Paonia, Colorado
® Solar Electric and Design and Installation Course, April 2021, 60 hours
PV Systems Fundamentals (Battery-Based), June 2021, 40 hours
Advanced PV System Design and the NEC, June-July 2021, 60 hours
Comparing Battery Technologies, July 2021, 10 hours
Tools and Techniques for Operations and Maintenance of PV Systems, 9/21, 40 HR

Affiliations
Institute of Electrical and Electronics Engineers (IEEE) — Senior Member
International Association of Electrical inspectors (1AEI)
NFPA Section Member for Architects, Engineers and Building Officials
lllumination Engineering Society of North America (IESNA)
APl RP 545 former Co-Chair, American Petroleum Institute, Lightning Protection for
Above Ground Storage Tanks (2017- 2018)

Business Matthews Electrical Services, Owner

Ownership Designer Cuts Hair Salon, LLC; Co-owner

Biography

Henry has worked in the electrical, power, electronics, instrumentation, controls and communication fields for
over 30 years. He earned his Bachelor of Science degree in Electrical Engineering from Penn State University in
1989. Henry worked as a consultant for Toledo Engineering Company in Toledo, Chio as a drafter and field
technician.

In 1993 he started working for Cooper Standard Automotive Company in Bowling Green, Chic in 1993 as a
Plant Electrical Engineer. He was then promoted to Plant Engineering Manager in 2000. During this time, he
earned his Professional Engineering License in Chio.

In 2003, Henry earned his MBA at Bowling Green State University.

In 2006, Henry joined Marathon Petroleum Company in Findlay, Ohio. He then went on to obtain his
Professional Engineers license in Electrical Engineering for Michigan, Indiana, Illinois, West Virginia, Kentucky,
Minnesota and Wisconsin, During his tenure at Marathon, Henry has had several roles including Electrical
Design Engineer, Project Engineer and Electrical Supervisor. He is currently an Advanced Senior Engineer
where he writes electrical standards for the company and conducts a community of practice for all the
company’s electrical engineers and safety professionals.
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During his time at Cooper Standard Automotive and Marathon Petroleum, Henry developed a passion for
teaching, learning and applying Electrical Construction Codes. At Cooper, he trained the entire non-electrical
maintenance staff to perform basic electrical tasks.

At Marathon, Henry works with the Learning and Development Department to conduct multiple training
sessions for new hires and seasoned engineers on various topics including Electrical Safety, Grounding and
Bonding, Hazardous Area Location, Electrical Inspection, Motors, Lightning protection Static Electricity
Mitigation, Reading and Understanding Electrical Diagrams, Programmable Logic Controlters and more.

Henry also works very closely with the Talent Acquisition Teams and visits numerous college campuses to
deliver presentations on Engineering, Career Development, Networking and other topics.

Henry recently served as the Co-chair of the APl Recommended Practice 545 Task Group for Lightning
Mitigation for Above Ground Storage Tanks. In this role, he works with engineers, scientists and
manufacturers from all over the world to evaluate the impacts of lightning and static electricity on metal
above ground storage tanks.

His passion for teaching and Electrical Safety has motivated him to earn the Certified Electrical Safety
Compliance Professional Certification (CESCP) from NFPA. He also regularly attends numerous electrical and
safety conferences and training sessions conducted by NFPA, IEEE, AP!.

Previously, Henry was the President of the Fostoria, Ohio area Toastmasters team.

Henry is also a member of the Internaticnal Association of Electrical Inspectors.

Henry also owns two small businesses:

Matthews Electrical Services - that performs mainly limited residential and small commercial electrical

services and conducts training for licensed electricians in the state of Ohio.

Designer Cuts Hair Salon, LLC — Henry co-owns the beauty salon with his wife.
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Electrical Safety
Based on the NEC and NFPA 70E

Ohio Training Agency #48714

hpmatthews@matthewselectrical.net

MATTHEWS ELECTRICAL SERVICES

Webinar Rules

Be Attendee must be present the entire
time (except breaks)
‘Webinar may be recorded
Be * Proof of attendance and participant identity
Keep

Mute microphone at all times

Mute « Prevents distraction during webinar
« Instructor may activate participant microphone if verbal response is
needed

Webinar
Completion

I —

419-575-3488 (cell)
11

WELCOME!

* Goals

* Promote learning

* Make session engaging
* Discussion
* Videos
* Case Studies
* Polls

* Make 4 hours as productive as

possible!
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Objectives

* To provide basic information on electrical safety for all persons
working on or around electrical equipment.

* This information is to protect the worker and bystanders near the
location(s) where work is being performed.

* Provide information in simple terms to facilitate understanding and

comprehension.

Disclaimer #1

I’m just very
passionate about
electrical safety!

[ don’t know

everything!

Disclaimer #2

This safety training is not intended
to replace other forms of training

that may be required for your
company or customer’s safety
requirements.

* OSHA 10, NFPA hour for example

However. .. it may satisfy NFPA 70E

110.2(A)(4)

* Type of training. ..shall be
classroom, on-the-job, or a
combination of the two. Type shall
be determined by the owner.

* Check with your owner or person-
in-charge

Disclaimer #3

The views and opinions presented in this class are those of Matthews Electrical
Services and not necessarily those of the various entities the presenter
represents or has previously or currently works for.

The material used in this class is based on documented publicly-available
information (NFPA, OSHA, IEEE etc.)

The interpretation of this material is based on the presenters experience and
training of the subject matter.
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Disclaimer #4

This presentation uses video from various electrical
equipment manufacturers. This is not intended to endorse
any particular products, vendors or manufacturers.

The content is shown for educational purposes only.

Other Resources

* NFPA: www.nfpa.org

* OSHA: www.osha.gov

* IEEE (Electrical Safety Workshop): http://www.ewh.ieee.org/cmte/ias-esw/
* IAEL www.iaei.org

* Mike Holt Enterpises: www.MikeHolt.com

* NEMA: www.nema.org

* UL: www.ul.com

* NECA: www.necanet.org

* Brainfiller.com: www.brainfiller.com

» E-Hazard: https://www.e-hazard.com/

* Electrical Safety Foundation International (ESFi):_htips://www esfi.org/
¢ Fluke Corporation: www.Fluke.com

e Westex: www.westex.com

* Schneider Electric: www.schneiderelectric.com
 Eaton Corporation: www.eaton.com
* Red Vector Training: www.redvector.com

* Schweitzer Engineering Labs: www.selinc.com

10

NFPA70 NFPA

Code
2020

2

nec
4

National 70 E
Electrical

. Sy Standard for

ecommended Practice for ’

Electrical Equipment Maintenance gl:fc{ncizlﬂ]e
Workplace'

The NEC “Suite”

355




1S 1 ! ional Electrical
A New Safety Code is in Town! Safety Code (NESC)_

- A Not in Scope . ;,,'
: but “/ >’.
Important!

Survey: Electrical Safety is a Broad Topic

» Some of the NEC material is based on the
2020 NEC edition which is not currently in
effect in Ohio

What type of
training do you
want today?

What topics do
you want to

cover?

16
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Why Do We Need Electrical Safety

17

REMEMBER THAT TIME
YOU FORGOT TO THINK?

18

Courtesy American Society
Of Safety Professionals(ASS)
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21

23
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W‘h N ESFI Warns Against Participating in Outlet
y o Challenge

Posted 01-22-2020 12:00 AM in Announcements

aoooaca

ESF1.

Dangerous TikTok Challenge Sparks Warning

ESFl is warning parents and children against the dangers of participating in the "outlet challenge.”
The challenge involves partially plugging in a cellphone charger into an outlet and then sliding a
penny down the wall onto the exposed prongs. This challenge can have disastrous consequences
including fires, injuries, and electrocution. The students involved in the prank conducted in
Plymouth, Massachusetts could be facing criminal charges.

https://www.necn.com/news/local/fire-officials-warn-parents-about-outlet-
challenge/2221457

26

e L }F‘Bﬁ-z

. WORKPLACE ELECTRICAL INJURIES: 2003 - 2019

166

FATAL ELECTRICAL
INJURIES IN 2019
Electrical Fat:
174 166
156 154 154 120,
141 134 13¢

Occupations Involved in Electrical Fatalities Fatality Rate

‘ I Construction and Extraction: 43% Theconsrcton ity

¥ : highest rate.

I S

©71
% 100,000).
Farming, Fishing, Forestry: 4% Allindustries had 0.1 fataites
B Management 2% per 100,000 workers.

Electrical Injuries

G @ @D O @ @D @ @D @D

ESFi., ) 3

Between 2011 and 2017, 36% off all electrically related workplace fatalities
were caused by overhead power lines. In the majority of these cases,
fatalities occurred in occupations with little to no electrical safety training.
So when you're on a job site, always look up, always - it can save your life.

F A VEHICLE OR OBJECT CONTACTS A POWER LINE OR U

https://www.esfi.org/resource/residential-construction-workplace-safety-751

27
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http://https:/www.necn.com/news/local/fire-officials-warn-parents-about-outlet-challenge/2221457/

LWAYS LOOK UP ALWAYS

SAFE
VOLTAGE p/STANCE

500 xv-550 kv 19FT(52M)
T65xv-800xv 23 FTIIN(7.2M)

230 kv - 242 kv
345 xv-362 v

46.1xv-72.5xv 10FT(3M)
T2.6xv-121kv  10FTBINGEIM)
138xv-145xv  T1FT(24M)
161xv-169xv  11FTBINEEM)

<50 v
50v-150v
151 v-750 v
151 v-15xv
15.1 kv -361v

Introduction to Electrical Safety

ELECTRICAL
HAZARD

https://www.fluke.com/en-us/learn/blog/safety/electrical-safety-videos

29

NFPA 70

National
Electrical
Code

2020

30

Electrical Safety References

* National Electric Code (NEC, NFPA 70)
* Mainly concerned with safe installations for occupants
and users

* NFPA 70E focuses on worker safety
* NFPA 70B focuses on electrical equipment maintenance
* OSHA 1910 focuses on contractors
* OSHA 1926 focuses on industry
» NESC (National Electrical Safety Code, IEEE-C2)
» focuses on utility installations

* IEEE 1584 Short Circuit calculations
* Recently revised in 2018

NEC Safety Highlights

Safe Working
Spaces,
Clearances

Labeling

Definitions :
requirements

GFCI Grounding

requirements and Bonding

32
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NEC 110.3 Examination, Identification,
Installation, Use and Listing (Product
Certification) of Equipment)

* Opinion: Similar to OSHA’s General Duty Clause

* NEC 110.3(B) Installation and Use

* Equipment that is listed, labeled, or both shall
be installed and used in accordance with any
instructions included in the listing or labeling.

v s after
fash hanc g
e T
Source: www.eaton.com
Which one is phony?
Manufacturer Counterfeit Seal
(Eaton) Bar Code Has UL Label No UL Label  Misspelled Words
Manufacturer
Date Code
on Front
Poor Quality Label Not Used / Applied
Genuine Eaton Not Original by Manufacturer
Molded-Case (Eaton)
Circuit Breaker Counterfeit
FOR INFORMATIONAL PURPOSES ONLY, NOT CURRENT CODEIN -
OHIO

® Occupational
‘) Safety and Health
Administration

OSHA General Duty Clause 5(a)(1):

(a) Each employer --

(1) shall furnish to each of his employees employment and a place of
employment which are free from recognized hazards that are causing or are likely
to cause death or serious physical harm to his employees;

34
LISTING: Nationally Recognized Testing Laboratories (NRTL)
(List Maintained by OSHA)
8. <>y €
Intertek
us N @ gmiﬂw nul s
e R
s6s| SwRD | UL
36
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Labeling (hazard

Working Space

. . . Maximum Available
* Adequate working space shall be allocated around electrical * Frequent target of Fault Current (MAFC): 23.2 kA
equipment to provide for maintenance and safe operation Inspectors! XIR at the MAFC: 8

|| Minimum ClearDistance____| * 2ndleading OSHA Date: Dec 2013
Nominal Condition 1 Condition 2 Condition 3 Citations ARCAD INC. ph: 6476937715 www.arcadvisor.com
Voltage « New:

0-150 3ft 3ft 3ft )

151-600 3t 3fi—6in.  4ft %1::1?;1 source

601-1000 3t 4 ft st

* SCCR (field labeling)
* Disconnect location

. cien) HIGH VOLTAGE
Note: not related to Shock tables in NFPA 70E 36 ““:“Es

https77www.youtube.com/watch?v=gEYuLId_USA

37

1. Fall Protection — General Requirements (1926.501) 6,010

2. Hazard Communication (1910.1200) 3671

OSHA 20 1 9 3. Scaffolding (1926.451) 2813
Most Cited ‘ 4. Lockout/Tagout (1910.147) 2,606

Violations 5. Respiratory Protection (1910.134) 2,450

( S Ourc e 6. Ladders (1926.1053) 2,345

WWW. nSC ) Org) 7. Powered Industrial Trucks (1910.178) 2,093

C 8. Fall Protection - Training Requirements (1926.503) 1773
ontrast

9. Machine Guarding (1910.212) 1,743

10. Eye and Face Protection (1926.102) 1,411

39 40
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Arc Flash Labels!

* Two Types
* NEC version [110.16]: “generic label” (mandatory)

« NFPA 70E version [130.5(H)]

Arc Flash And Shock Hazard
Appropriate PPE Required

* NEC version Required for: P —
* Switchgear, switchboards, without appropriate personal protection
« Panelboards, meter sogkf)ts, mmw rosult iy iy O
* MCCs that require servicing, death!
* Maintenance, adjustments, examination etc. Refer to NFPA 70E for minimum PPE requirements.

* Exception: dwelling units

* NEC version Required for:
« Service equipment, rated 1200 amps or more
» Contain nominal system voltage
* Available fault current
 Clearing time of overcurrent device
 Date that label was affixed
* NFPA arc Flash label can be substituted for this
« Ties this to NFPA 70E tables for PPE selection

Arc Flash Labels (more on this later)

* NFPA 70E version
* Required if 70E adopted by facility

* Maintenance, adjustments, examination etc.
* Exception: dwelling units

* Must contain:
* Nominal system voltage
* Arc flash boundary
* And at least one of the following:
+ Available incident energy and working distance or arc flash PPE category (not both)
+ Minimum arc rating of clothing
« Site specific level of PPE

41

Electrical Hazards

SHOCK ARCFLASH

More than 90% of electrical fatalities among US workers are due to electrical shock. - IAEI

43

Arc Flash and Shock Hazard
* Required for:
 Switchgear, switchboards, a F
* Panelboards, meter sockets, EEEE EE-:_ 8 EE.—"'.": %
* MCCs that require servicing, s = w

42

Electrical Injuries and Impacts

Restless orirritable,
loss of consciousness,
possible convulsions

Irregular heartbeat
or cardiac arrest

Swollen tongue EXIT BURN
may obstruct airway |

| Paralysis S
- g 2™ S

" Difficult breathing or
. respiratory arrest

Vision
problems

Muscle tenderness
and possible twitching

44
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EFFECTS OF ELECTRIC SHOCK ON MAN

Charles F. Dalziel
University of California
Berkeley, California

19041986

Invented GFCI 1961

Body Resistance Chart

Paths Electricity Can Take Through Body

V=IxR
The lower the resistance, the more current flows I=VR

Dry, intact skin (no cuts or scabs) 100,000 — 600,000
Wet skin 1000

Within the body 400

Ear to ear 100

« Differences in men and women
* Salty and sweaty skin lowers resistance

47

Current vs Impact on the Human Body

Current in miliamps (ma) Probable Effect on the Human Body

1 ma (.001 amp) Perception level. Slight tingling sensation. Still dangerous under certain conditions.

5 ma (.005 amp) Slight shock felt; not painful but disturbing. Avergage individual can let go. However,
strong involuntary reactions to shocks in this range may lead to injuries.

6 ma— 16 ma (.006 - .016) amps Painful shock, begin to lose muscular control. Commonly referred to as the freezing
current or “let-go” range.

17 ma — 99 ma (0.017 -.099) amps Extreme Pain, respiratory arrest, severe muscular contractions. Individual cannot let
go. Death is possible.

100 ma — 2000 ma (.1 - 2 amps) Ventricular fibrillation (uneven, uncoordinated pumping of the heart.) Muscular
contraction and nerve damage begins to occur. Death is likely.

greater than 2000 ma (2 amps) Cardiac arrest, internal organ damage, and severe burns. Death is probable

Note: GFClIs are set just below the “let-go” range (6ma)

46

Ground-Fault Circuit Interrupter
Article 100 Definition

34 _Solid-State Ground-Fault Condition
Cnrcur!ry
e _@/ SUKe:
~ ey - -3 \ 1
» ® Current Transformer ’ ~

= *_‘
Current travels through the body. \
Current transformer picks up current imbalance.
Sensor detects imbalance current, opens circuit.
. Fault is quickly cleared, personnel protected.

il
2
3.
4

COPYRIGHT 2001 Mike Holt Enterprises, Inc.

0.005A

e e e e — -
Ground-Fault Circuit Interrupter (GFCI): A device intended
for the protection of personnel that will de-energize a circuit
or portion of circuits when the current to ground exceeds the
value of a Class A device (4 mA to 6 mA, see FPN).

48
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UL 943 Curve 10.0

8.0
6.0 M

= HEART FIBRILLATION
THRESHOLD FOR NORMAL
HEALTHY ADULTS

RANGE OF MAXIMUM 40
“LET-GO” CURRENTS —
FOR NORMAL 20
HEALTHY ADULTS

1.0H
8H
6H
TIME IN 4[]
SECONDS
2H

gl

p- CLASS “A” GFCI: .08

TRIPS WHEN CURRENT TO 06 MAXIMUM TIME/CURRENT
05 PERMITTED BY U.L.

FOR CLASS A GFCI

GROUND IS 6 mA OR GREATER.
DOES NOT TRIP WHEN CURRENT

[ L TT

TO GROUND IS LESS THAN 4 mA. 04 H TYPICAL TIME/CURRENT

MAY OR MAY NOT TRIP WHEN 03 H

THE CURRENT TO GROUND IS AN EURICEASSTATGRC]

BETWEEN 4 mA AND 6 mA.< 02—

ol M r |
o' 20 40 60 80 100 140 180 220 260
6 mA mA
49

GFCI Requirements

https://www.esfi.org/resource/gfci-virtual-demonstration-48 1

ovating the following areas in your home? The following protection is required
hese areas as of the 2020 National Electrical Code:

2020 Code Requirements

Bathrooms Basements & 5 Bedrooms
() G protecton | Crawl Spaces

(craw spaces at o
below grade)

Garages : - > Hallways & D
IS) it protection | Closets

™ outdoors

ﬁ s @atiizpiren yr

Common
Rooms

(Family,dining,
Toranes,

Kitchens
@© srctprstecion

GROUND-FAULT CIRCUIT INTERRUPTERS

PREVENTING ELECTROCUTIONS SINCE 1971

GFCI PROTECTED HOMES ELECTROCUTIONS

140 OVERALL (UL Since the first introduction of GFCls in homes, there has been an:
i

120 ELECTROCUTIONS 1200 810/ gs[y
N TOTAL NUMBER 0 0

100 OF HOMES 1,000 DROPin DROP in electrocutions
MILLON electrocutions from consumer products

GFCIPROTECTED The Consumer Product Safety Commission estimates that:
HOMES

; N L= L
69 _ b =% 50%
40 400 of current of American homes were
WILLON electrocutions built before the
20 could be prevented with introduction of GFCls
Al CONSUMERPRODUCT 200 proper GFCl protection
ELECTROCUTIONS

0 .

YEAR 1970 1980 1990 2000 2010 2018 vy 43 MILLION

American homes without GFCl protection

{ wimnevann )

www.efsi.org
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50
Bathrooms 210.8(A)(1)
Garages and Accessory Buildings 210.8(A)(2)
Outdoors 210.8(A)(3)
Crawl Spaces 210.8(A)4)
Basements (finished and unfinished) 210.8(A)(5)
Kitchens 210.8(A)(6)
Sinks 210.8(A)(7)
Boathouses 210.8(A)(8)
Bathtubs and shower stalls 210.8(A)(9)
Laundry Areas 210.8(A)(10)
Indoor Damp and Wet Locations (new) 210.8(A)(11)
Boast Hoist 5559

70
52
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http://https:/www.necn.com/news/local/fire-officials-warn-parents-about-outlet-challenge/2221457/

Cases That Drove Change

20 SZ-yegr old plumper killed 10-year old girl killed behind
-w while installing dishwasher, energized appliance
came in contact with
energized range
\H" Oklahoma child retrieving x 10-year old boy playing hide
! pet behind clothes dryer 'H\i and seek

53 54

Bathrooms 210.3(B)(1) Crawl Space lighting outlets 210.8(C)
Kitchens or areas with sink and permanent provisions for food preparation or cooking 210.8(B)(2) Specific Appliances 210.8(D)
Rooftops 210.8(B)(3) Equipment Requiring Servicing 210.8(E) and 210.63
Outdoors 210.8(B)(4) Outdoor Outlets A\ 2108(F)
Sl 210.8(B)(5) Sumps Pumps [\ 422.5(A)6)
Indoor damp and wet locations 210.8(B)(6) Dishwashers 422.5(A)(7)
Locker rooms with shower facilities 210.8(B)(7) Docks, marinas, boatyards etc. /\  Article 555
Garages and accessory buildings 210.8(B)(8) Swimming Pools, Spas, hot tubs, baptismal pools, splash ponds, etc. /A Article 680
Crawl Spaces — at or below grade 210.8(B)(9)
Unfinished areas of basements 210.8(B)(10)
Laundry areas 210.8(B)(11)
Bathtubs and Shower Stalls 210.8(B)(12)
FORINFORMATIONAL PURPOSES ONLY, NOT CURRENT CODEIN . FOR INFORMATIONAL PURPOSES ONLY, NOT CURRENT CODEIN o
OHIO OHIO
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What About Electric
Water Heaters?

* For right now...

* Even though it may be located in a basement,
restroom or laundry room and

* [t is not required is it is_hard-wired

* GFClI required if plug and cord connected

* NEC is looking into this for possible 2023
changes or guidance since people are
reporting shocks from water heaters

* Check with your AHJ or inspector

57

Chapter 5 GFCI Requirements

Commercial Garages

Agricultural Buildings

511.12
[\ 547.5(G)

Mobile Homes, Manufactured Homes, Mobile /\  550.13(B)

Homes

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODEIN
OHIO

www.ESFi.org

-Anc Fault Circuit Interpupter (AFCI) Receptacles.

o s
Why is it needed?

NFPA reported 47,700 home fires involved some
type of electrical failure or malfunction in 2011.
Those fires resulted in 418 deaths, 1,570 injuries, and
$1.4 billion in direct property damage. However, the
CPSC estimates more than 50% of electrical fires that
occur every year could be prevented by AFCls, _

M el

How does it work?

hen an arc-fault is detected in the circuit
re the receptacle is installed, including within
items plugged into it. Provic ectio arc-faults beyond
d cords plugged into
s arc-faults upstream

Parallel Arc: Arc b

hot and neutral conductor or
between the hot and ground
conductor,

Series Arc: Arc along the same
conductor or at connections.

58
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AFCI Requirements

Area

Kitchen

Dining Room
Bedroom

Closets

Living Room
Family Room
Parlor

Libraries

Hallway

Laundry Room
Den

Sunroom
Recreation Room
Dormitory units
Dormitory bathrooms

Patient Sleeping Rooms in Nursing Homes and Limited-Care Facilities

Hotel Guest rooms and suites

><><><><><><><><><><><><><><><><><§

AFCI Code reference
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(A)
210.12(B)
210.12(B)
210.12(C)
210.12(D)

60
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More Safety Hazards
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230.62(C) Barriers

Prelude to 230.71

Barriers shall be placed in service equipment such

And the inner Is that no uninsulated, ungrounded service busbar or

service terminal is exposed to inadvertent contact
by persons of maintenance equipment while
servicing load terminations

Sidebar: How reliable are equipment doors?

https://www.e-hazard.com/learn/arc- flash-videos/arc-flash-_100a-disco
FORTNFORMATIONAL PURPOSES ONLY. NOT (U
OHIO
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NOT PERMITTED

230.85 Exterior Emergency Disconnects for Dwelling Units

* Type of change: New
* 2020 NEC:

* An emergency disconnect is now required at an exterior readily accessible location for
dwelling units.

* Note: it can include the service disconnecting means.

* Special Marking required: EMERGENCY DISCONNECT, SERVICE DISCONNECT e.g.

|

* Reason: Safety
» Enhances the safety for first responders
* With alternative sources of power available (PV, generators, batteries, UPS, wind turbines
etc.), first responders often find it difficult to find reliable way to kill power in
emergencies

ERMITTED .
P * Three Options. ..

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODEIN
OHIO
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http://https:/www.e-hazard.com/learn/arc-flash-videos/arc-flash-100a-disconnect.php

406.12 Tamper_Resis‘[ant Receptacle

Dwelling units including 406.12(1)
Attached and detached garages and accessory buildings to dwelling units 406.12(1)
Common areas of multifamily dwellings 406.12(1)
Guest rooms and guest suites of hotels, motels, and their common area 406.12(2)
Child care facilities 406.12(3)
Preschools and Education facilities 406.12(4)
| Business office, corridors, waiting rooms and the like in clinics, medical and dental 406.12(5)
offices, and outpatient facilities
Subset of assemblies occupancies described in 518.2 to include places of awaiting 406.12(6)
transportation, gyms, skating rinks and auditoriums
Dormitory Units 406.12(7)
Assisted Living Facilities 406.12(8)
FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODEIN o7 FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODEIN 8
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Kilowatts vs KVA

More Useless Trivia!

A OSY
DUALFUEL

POWER!
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Power Triangle

e
e

Y o Opposite Site

kVA

Real Power (W)

+—— “Usable” Electricity

Reactive

Power
(VAR)

Electric Shock Drowning

https://www.youtube.com/watch?time_continue=1&v=Cwj4lS
MfH68&feature=emb logo

https://www.boatus.com/seaworthy/esd.asp

Supply Shore Power
Transformer Pedestal

& Hot

Equip With
AC Ground Fault

73

555.35 GFPE and GFCI Protection at Marinas, Boatyards, Etc.

Shore power receptacles shall have individual GFPE not exceeding 30 milliamperes [555.35(A)(1))

All 125-volt, single-phase, 15- and 20-ampere receptacles (other than shore power) shall be
provided with Class A GFCI protection [555.35(A)(2)]

[GFCI otei 3
1T &= _“- L

100 mA GFPE

v eminudl
d4RI00 B EC u
’:,.»)‘

Feeder and branch-circuit conductors installed on docking facilities shall be provided with GFPE

set to open at currents not excegding APQmilliamperes -with.dewnstream GFPE coordination
permitted at the feeder overcurrent protective device [555.35(A)(3)]

75
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Chapter 6 GFCI Requirements
Elevator Pits, Hoistways, Dumbwaiters etc. A 620.6
Electric Vehicle Charging Equipment A 625.54
Storable and Portable Immersion Pools 680.35
Permanently Installed Immersion Pools 680.45
Fountains including Splash Pads A 680.50
Pool motors [\ 68021(0)
Pool pump motor replacements 680.21(D)
Pool equipment room 680.22(A)(S5)
Permanently Installed Non-submersible pumps 680.59
Natural and Artificially Made Bodies of Water A 682.15

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODEIN o4
OHIO
76
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http://https:/www.youtube.com/watch?time_continue=1&v=Cwj4lSMfH68&feature=emb_logo

Arc Fault Circuit Interrupter

https://www.youtube.com/watch?v=C-SBly 2bPQ

_TEST

TEST
[l

NFPA 70E Electrical Safety in the Workplace

\

NFPA NFPA
Standard for 7 E
Electrical _—

in the Workp!
2021

Safety in the -
Workplace
[
/==
L=
Bl@

77

NFPA Faces of Fire: https://www.nfpa.org/Public-
Education/Fire-causes-and- risks/Top-fire-

causes/Electrical/Faces-of-Fire

http://www.e-hazard.com/arc-flash-resources/videos/

DO NOT TOUCH! NOT
ONLY WILL THIS KILL YOU.
IT WILL HURT THE WHOLE

TIME YOU ARE DYING.

79
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NFPA 70E Highlights

* Definitions

* Hierarchy of Risk Controls

* Safe Work Practices

* Qualified vs Unqualified Persons

* Establishing an Electrically Safe Work Condition
* PPE selection (Table vs Incident Energy Method)
* Lockout Tagout and Energy Isolation

* Shock and Arc Flash Protection Boundaries

* ”Normal Operating Conditions” (controversial)
* Energized Work and Energized Work Permit

» Communication

* Emergency Procedures

* Training and documentation to prove it

80
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http://https:/www.nfpa.org/Public-Education/Fire-causes-and-risks/Top-fire-causes/Electrical/Faces-of-Fire

Key Concepts

* Don’t work on equipment live!
* Turn off equipment 50V and before working on it
* Electrical Hazards:
* Shock
* Arc Flash
* Conduct Hazard Assessment
* The role of the Qualified Person
* Energy Isolation/Lockout Tagout
* Wear proper PPE
* Understand the arc flash label
* Concept of incident energy
* Communication

€

Electricity Safety Basics

* Electrical current wants to go back to its_source!
* Not necessarily ground
* It may use the ground to get back to the source

« It will take any and all available paths to get back to
the source — including people
* Most of the current will travel on the “path of
least resistance (impedance)
* Provides safe shortcut for current to return to
source

50 Volts

TRIVIA: WHY 50 VOLTS?

83

82
Key Factors in Electrical Safety
* Speed (of circuit breaker, fuse, relay, overload etc.)
* Distance (from hazardous energy)
* Amount of energy (from faults — short circuit, ground fault)
https://selinc.com/solutions/arc-flash-solutions/
84
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Incident Energy (Calories/cmz)

* Measure of energy
* 1.2 cal/cm2 = equals onset of just curable 2nd degree burn (blister)

Circuit Breaker
Time Coordination Curve

L1
Tr g

 Fastest circuit breaker takes 3 or 4 cycles
to react

* Fuses are typically faster
IWRTITT

* Solid state relays are fastest
» Condition of circuit breaker a factor

* The higher the current, the faster a 5 ;
breaker will operate §

* The faster a breaker operates, the lower
the amount of dangerous energy that
gets through

(AR
zaup-

86
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NFPA
70 E Notice the Cover
gltandardl for * Hierarchy of Risk Controls (ANSI Z10)
ectrica - .
2 * In order of priority to promote electrical safety
Safety in the
workplace Elimination
2018 Substitution
Engineering Controls
Awareness
Administrative Controls
PPE
87

Examples

* Elimination - Turn it off!

* Substitution — 24 VDC for 120 VDC

* Engineering Controls — arc resistant gear, coordination
* Awareness — training, labels

* Administrative Controls — standards, policies, codes

* PPE — last line of defense

88
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Purpose

* provide a practical safe working environment for workers
and observers from the hazards of electricity

Scope

* Industrial, Commercial, Government etc.

* Practices recommended for residential, but not mentioned
specifically in NFPA 70E

* Not covered: utilities outside of buildings, marine, communications
industry

89

91

90

92
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The OSHA Connection

* OSHA is the “Shall”
* NFPA 70E is the “How”

Occupational Safety
and Health Administration

376




1.2 Calorie/cm2

Arc Flash Hazard * Threshold for just-curable second degree burn
* A source ofpossible https://tyndaleusa.com/fr-safety-resources/arc-flash-video-recap-2019/

injury or damage to
health associated with
the release of energy
caused by an electric
arc

Definitions

98
Definitions
* Arc Flash Boundary
Arc FIaSh and ShOCK Hazard * an approach limit from an arc source at which the incident energy equals 1.2
Nominal System Voltage __ ';:'::“ il:efsv ——— cal/cmz (5 J/cm2)
Arc Flash Boundary e
Limited Approach ——— PPE Hazard Category
Restricted Approach —————————— ArcRating of Clothing
Arc-rated PPE: O Face shield [ Coverall Additional PPE: [ Leather footwear
I Long-sleeve shirt [l Balaclava [ Hard hat liner [ Hard hat a
[ Flash suit jacket [ Gloves o O Safety goggles u]
[ Flash suitpants I Jacket a [ Safety glasses a
O Flashsuithood [ Parka o O Hearing protection u}
O Pants O Rainwear 0O [ Heavy duty leather gloves O
Equipment ID:
=BRADY. #145972 BRADYID.COM Y4118036 |1 AR U 0 AR AL N
99 100
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Limited Approach
Boundary
* approach limit at a
distance from an

exposed energized
conductor or circuit
within which a
shock hazard exists.

Definitions

101

Shock and Arc Flash Protection Boundaries

Restricted Approach
Boundary
* An approach limit at
a distance from an
exposed energized
conductor where
there is an increased
likelihood of electric
shock, due to
electrical arc-over
.. associated with
Definitions inadvertent

movement.

102

Definitions

De-energized

Free from any electrical
connection to a source of
voltage and from
electrical charge

EQUIPMENT
LOCKED our

103

104
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Definitions

Electrically Safe Work
Condition

A state in which an electrical
conductor or circuit part has
been disconnected from
energized parts, locked/tagged in
accordance with established
standards, tested to verify the
absence of voltage, and, if
necessary, temporarily grounded
for personnel protection.

Arc Flash Labels! S —_—

* NFPA 70E version

* Required for: [ Easpmento:
* Switchgear, switchboards, e e somcou i |HINNININ WA

* Panelboards, meter sockets,

* MCCs that require servicing,

* Maintenance, adjustments etc.
* Exception: dwelling units

* Must contain:
* Nominal system voltage
* Arc flash boundary
* And at least one of the following:
 Available incident energy and working distance or arc flash PPE category (not both)
* Minimum arc rating of clothing
« Site specific level of PPE

Definitions

Energized

Electrically connected to,
or is, a source a voltage.

107

Definitions

Exposed
* Capable of being inadvertently touched
or approached nearer than a safe
distance by a person. It is applied to
electrical conductors or circuit parts
that are not suitably guarded, isolated,
or insulated.
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Definitions

Guarded
* Covered, shielded, fenced, enclosed, by
covers, barriers, screens, mats etc. to
remove the likelihood of someone
coming into contact with energized
conductors

Incident Energy

* The amount of thermal
energy delivered a
surface, a certain
distance from the
source, generated

during an electrical arc
event.
* expressed in calories
persquare
centimeter (cal/cmz).

Definitions

109

Qualified Person

* One who has
demonstrated skills and
knowledge related to the
construction and
operation of electrical
equipment and installation
and has received safety
training to identify the
hazards and reduce the
associated risk.

Definitions

110

The Qualified Person

* Important!

* A person may be considered Qualified with regard to certain equipment or
tasks, but be Unqualified as to other equipment or tasks due to lack of

https://www.esfi.org/resource/workplace-safety-the-importance-of-qualified-clectrical-workers-670

111

112
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RESPONSIBILITIES

* Job safety planning

* Lockout/tagout program audit

* Knows construction and operation of equipment

* Identify electrical hazards

* Familiar with PPE

* Familiar with precautionary techniques

» Familiar with electrical safety policies and procedures

» Knowledgeable of insulating and shielding materials

* Knowledgeable of insulated tools and test equipment

* Allowed in the limited and restricted approach boundaries with proper PPE

RESPONSIBILITIES

* Has skills to:
* Identify exposed energized part
* Determine nominal voltage of energized electrical conductors
* Know the approach distances
* Assess risks
* Select the appropriate risk control method (pyramid)
* Testing, troubleshooting,voltage measuring
* And many more...

113

114

Verification of Absence of Voltage (0 volts)

* The Qualified Person:
* Verity proper equipment that will be isolated — especially for look-a-like equipment
* Open disconnect(s) to affected equipment
* Tests to verify that no voltage exists before work begins

* Tests voltage detector on known voltage source prior to test
* Puts on PPE per arc flash label to conduct tests
* Conducts test
* Checks meter on known voltage source again
(VERIFY - TEST. VERIFY)
* Locks Out/Tags Out equipment*
* Gives okay to perform work

» *Note: during this process, a start command shall be giver
DOES NOT START

Risk Assessment

* A process that
identifies hazards,
estimates the likelihood

of occurrence of injury
or damage to health,
estimates the potential
severity of injury or
damage to health, and
determines if protective
measures are required.

Definitions

115

116
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Switchgear, Arc- N , ' '
s my U Working Distance
resistant =

* Equipment designed ‘ A : \ * The distance

ith d between a person’s
o eI 200 B face and chest area

flash by deflecting ‘ and a prospective
fault released energy . - ‘ arc source.
away from the

- employee. .
Definitions Definitions

117 118

Equipment Labeling

* Equipment requiring examination, servicing, adjustment or
maintenance while energized shall be marked with a label
¢ Label shall have:
1. Nominal system voltage
2. Arc flash boundary
Typically 187, 24” or 36” 3. At least one of the following:

 Incident energy and corresponding working distang

e e o Flash and Shock Hazard
« Site-specific PPE Arc Flash a ock Hazal

| EquipmentiD: ]
@ERADY. #145972 BRADYIO.COM ver15036 | I N U A RN VLA

119 120
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The Unqualified Person

* One who is not a
Qualified person

* May perform tasks

considered part of the
normal or routine job
duties

121

Not Understanding the Hazards!

* How many times have you seen
this scenario?

7

https://www.youtube.com/watch?v=0bevFZMohuA

* What Can Go Wrong?
*» Shock
* Burns
* Temporary blindness
* Temporary hearing loss

* Smoke inhalation
* Knocked back from blast

into another hazard

* Knocked off of ladder
* Loss of lighting — stumble

into another hazard

* Loss of power to potential

critical ops

* Potential fire
* Confusion
* Disorientation

* Death!

Communication: Job Briefing

before starting each job that covers

And, addresses issues and concerns from:

* Special precautions

* PPE requirements

* Existing conditions

* Job site analysis

* What if analysis

* Emergency response and communication

* The employee in charge shall conduct a job briefing

* Important issues from the risk assessment process

122

123

Emergency Response

¢ Contact release

* First Aid, Emergency Response and Resuscitation

* Includes CPR and AED use
* Training
* Verification of Training
* Documentation
* OSHA 2- Person Rule

124
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* Lockout/Tagout Procedure
Training

* Emergency Response Training
* Contact release
* First, aid, emergency
response and resuscitation
* CPR
* AED availability
* Training shall occur at
a frequency that
satisfiesthe
requirements of the
certifying body
* Training Verification
* Documentation

Training Requirements

125

Establishing an Electrically Safe Work Condition

w "
DANGER: FLECTRCAL
g
Pese A

[

Extension Cords!

%§ %ﬁ
i@

126

127

Electrically Safe Work Conditions

* Energized electrical conductors and circuit parts operating at voltages
equal to or greater than 50 volts shall be put into an electrically safe

work condition before an employee performs work if any of the
following conditions exist:

* The employee is within the limited approach boundary

* The employee interacts with equipment where conductors or circuit parts are

not exposed but an increased likelihood of injury from an exposure to an arc
flash hazard exists.

128
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OBEY wwovrméour

PROTECT your coworkers

Lockout/Tagout Program
* Responsiblities
* Devices: Locks/Tags
* Identification
* Beware of circuit interlocks

* Control devices cannot be used as primary LOTO devices
* Simple or Complex

* Cord and plug exception

» [oasen |~

£ LocK out

FOR SAFETY

https://www.osha.gov/video/shipyard_accidents/15_lockout_tagout_failure.html

130

129
Lockout/Tagout Program
* Beware of identical equipment
* chance of locking out wrong equipment
131

Process for Establishing and Verifying and
Electrically Safe Work Condition

* Determine all possible source of energy

* Interrupt current, open disconnect device

* Verify blades of disconnecting device are open (if possible)
* Release stored electrical energy (capacitors for example)

* Release or block stored mechanical energy (springs e.g.)

* Apply LOTO devices

* Check for absence of voltage using contact meter
* Test meter with known voltage first
* Test meter with known voltage after testing for voltage
» Exceptions: permanently mounted test devices allowed

132
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Arc Flash and Incident Energy Reduction Methods

* Arc-resistant switchgear: hips:/www.youtube.com/watch?v=yTQDgGEpNJQ
hd nght Detection Relays: https://selinc.com/solutions/arc-flash-solutions/

* Maintenance Mode switches:
» make circuit breakers operate faster (instantaneous trip)
* Remote racking devices: hitps:/www.youtube.com/watch?v=IburZAIAnN4

* Remote switch activation (Chicken Switches): fkenswich

* Resistance grounding (high resistance grounding):
http://videos.eaton.com/experience/detail/videos/power- quality/video/5854799660001/high-resistance-grounding-

* Zone selective interlocking (relaying schemes)

134

133
AMPROBE
Non-Contact High
Voltage Detection ;
you can trust ¢ _// gkl
Exception 2: Can be used for applications > 1000 V
135

Caution! Not rated for use over 1000V

136
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http://videos.eaton.com/experience/detail/videos/power-quality/video/5854799660001/high-resistance-grounding-hrg?autoStart=true

Beware of induced voltages or
stored electrical energy!

Ensure proper rating and capacity

137

Is it Safe to
Operate This Switch?

* https://www.youtube.com/watch?v=rV3FBKMRawo

Energized Work

* Energized work shall be permitted where the employer can demonstrate

that de-energizing introduces additional hazards or increased risks
* Water treatment facilities, emergency life support systems, hazardous location

ventilation e.g.

* Energized work allowed if it can be demonstrated that de-energization if
infeasible due to equipment design or operational limitations

* Equipment operating at less than 50V shall not be required to be de-
energized. . ..
* Use caution! Batteries for example
* Perform risk assessment

138

139

NORMAL OPERATING CONDITIONS
(NORMAL CONDITIONS)

* Source of much confusion, misinterpretation

* Leads to misapplication and increased risk
* Lots of debate on this topic

» Undergone several changes over years

?
‘lg\?

Question: J ?
Can I operate a circuit breaker or switch without PPE?
Will the enclosure door offer me some protection?

Arc Flash Video With Door Blowing Open (2:32)

https://brainfiller.com/videos/page/2/

140
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Normal Operating Conditions (continued) Energized Electrical Work Permit

* Normal operation of electric equipment shall be permitted where a « Exemptions
normal operating condition exists. A normal operating condition « Testing, troubleshooting, voltage measurements
exists when all of the following conditions are satisfied: . Therm(;graphy ultrasound and other diagnostics

* General housekeeping

1. The equipment is properly installed

2. The equipment is properly maintained

3. The equipment if used in accordance with instructions included in the listing
and labeling and in accordance with manufacturer’s instructions (new in ¢ PROPER PPE MUST STILL BE WORN!!
2018 version)

4. The equipment doors are closed and secured

. All equipment covers are in place and secured

6. There is no evidence of impending failure

« https://www.e-hazard.com/blog/wp-content/uploads/2018/01/ENERGIZED-ELECTRICAL-WORK-PERMIT-
2015.pdf

(9]

141 142

Shock PPE

* Rubber Gloves with leather protectors (pg 43)
* Rubber sleeves

* Rubber mats

* Rubber blankets

* Dielectric footwear (pg 59)

143 144
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http://https:/www.e-hazard.com/blog/wp-content/uploads/2018/01/ENERGIZED-ELECTRICAL-WORK-PERMIT-2015.pdf

Voltage Classification for Shock Protection Gloves

ASTM Labeling Chart
Natural Rubber Electrical Insulating Gloves

Class Proof Test Max. Use Insulating Rubber
Color Voltage AC/DC Voltage AC/DC Glove Label

00 2,500/ 10,000 500/ 750
Beige

5,000/20,000 1,000/ 1,500

3o
a

1 10000/ 40000 7500/11.250 ( 10 amee
White
2 20000/50,000 17,000/ 25500 ( 10 e= =
Vel S var e
®  30,000/60000 26,500/ 39,750
Green
*  40,000/70,000 36,000,/ 54,000
Orange

Rubber gloves must be worn with approved leather
protectors!

145

Arc Flash Risk Assessment

* Risk assessment: Likelihood vs Severity
* Arc Flash Boundary: incident energy = 1.2 cal/cmo

* Arc Flash Boundary determined by either:
* Incident energy analysis: Table 130.5(G)
* PPE category method: Table 130.7 (C)(15)

Important! Both methods cannot be used. Choose one

Important! PPE category table 130.7(C)(15)(c) cannot be used with incident
energy method

Arc Flash PPE Selection

Use incident Use Table
energy

130.5(G)

3 To determine
analysis

Use Table

Use “Table” 130.5(C)
Method To determine if
PPE is required

Pg 86

Use Table Use Table
130.7(C)(15)(a) 130.7(C)(15)(c)

To determine To determine
PPE Category FEE

146
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PTV: Arc Thermal Protective Value

- Al
Hazard/Risk 7 (Maximum arc flash protection value)

e
0 e

Heavy duty leather gloves (as needed)

Hazard/Risk Arc-rated long-doove shit
Category ‘Arc-rated pants or overal
e Arc-rated faco shield with hard hat

ety gasses
1 P protecton
Loathr & volage rated goves (@5 needec)
Leatrr work shoss
Hazard/Risk Avcrated ongrsove it
Gategory Aorated paris o overal

o et fao o  baacaa o
v s sutwit ar Pt

2 ety gases, Hoang ptecion
Loiner & vatage atad gowes @s nesde)
Loathorwork sho0s

@
Hazard/Risk Avc-rated long- sieeve jacket
Category Arc-rated pants
Bealiont A h hood with hard hat
Safety glasses, Hoaring protection
3 Leather & votage rated goves (as needed)
Leather work shoes

Hazaramisk v rated bong-Seeve ket
Category A rated pants
P Arc-rated flash hood with hard hat
Saet gasees, Hoaing ptecion
4 Leather & votage ated goves as needec)
Leather work shoes

148
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Engineering Analysis ( ETAP
Incident Energy Method example)

e
r.

* Calculated by: ot E
* Software: ETAP, SKM, Easy Power %‘ 5 Ez ¢
*» Hand calculations: based on IEEE 1584 %a ®
* See Annex D ; i s “T g? >
< [ 8 g i
* Impacted by: 3 "k s W)F B g 4828
* Circuit breaker or fuse clearing time g T P T e
+ Amount of short-circuit current available 0 z e 2 i
1Y

* Condition of equipment
* User input (accuracy of one-line diagram) — Henry’s input

§O——o
o]
T || P
: H
3o
a@

3 of3 of &
oMe ot ot &

» Shall be reviewed every 5 years

149 150
How to interpret the Information on the label
Circuit Breaker Resetting
R RS— * A circuit breaker should no longer be reset without investigation
Appropriate PPE Required e ) Limited Apecsch Bodary (1 gz pats ar exposed) L. . . .
7 : * Repetitive opening and closing of breakers prohibited
* Qualified person should determine if ok to re-engergize
* Exception if the cause is an overload condition vs. a fault
* Note: repetitive closing into a fault will damage a breaker
(COULD BE DANGEROUS!
Note: Arc Flash labels come in many different configurations
151 152
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Overhead Lines

 Refer to ”movable conductors” in Shock distance tables
¢ Guidance also found in NEC, NESC
* Generally 10 ft. up to 50,000 volts

* OSHA table 29 CFR 1926.1408
Table A
Voltage Minimum Clearance Distance
htps://www.youtube.com/watch?v=4QcctfnUeOM Up to 50 kv 10 feet

(ladders) Above 50-200 kV 15 feet

https://www.youtube.com/watch?v=Y 2MwX738e1Y Above 200-350kV 20 feet

{cranes) Above 350-500 kV 25 feet

Above 500-750 kV 35 feet

Above 750-1000 kV 45 feet

Above 1000 kV (As established by the utility owner/
operator or registered professional
engineer who is a qualified person
with respect to electrical power trans-
mission and distribution)

Figure 1. OSHA's minimum clearance distances.

https://www.esfi.org/resource/workplace-safety-always-look-up-673

Underground Lines

* Beware of buried cable, conduit

153

154

Diagnostics, Troubleshooting and Testing

* Exception* is permitted to allow diagnostics and
testing on energized circuits

* Qualified person(s) must be involved
» Establish Limited Approach and Arc Flash boundaries

* Must wear proper PPE per the arc flash label OR Tables

* Barriers must be erected

* Select appropriately rated too@‘ AD
* Proper voltage rating = o2
* Good condition

*Energized work permit is not required

Second Person Requirements
(OSHA 1910.169)

* Some electrical work requires a second qualified person:
* To summon medical help in an emergency
* Knows how to safely release victims if shocked
* Knows CPR, First Aid and AED use

* May be required when:

» Working on or near power lines
» Working on transformers, regulators, capacitors

* Using mechanical lifts
* Other work that exposes employee to electrical hazards greater than normal
operations
* DISCUSS THIS IN RISK ASSESSMENT AND PRE-JOB!!!!

155
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Multi-meter Safety

* Proper ratings and certifications (UL and other NRTL)
* Beware of the CE mark!

* Most meters are not intrinsically safe!
* Hot work permit needed for use in hazardous areas

* Test leads condition

* Meter condition

* Check Battery level

* Check against a known voltage source

* Proper connection of leads sp®

* Safety — use proper PPE (gloves, glasses)
* Obey arc flash label for other PPE requirements

» Use good quality meters !

In brief Examples
 Refers to the “origin of installation i.e., where low-voltage

connection is made to utility power
« Electricity meters, primary overcurrent protection equipment
» Qutside and service entrance, service drop from pole to
building, run between meter and panel
-Overheadhnetodetachedhuﬂdma underground line to well

pump

CAT III Three-phase + Equipment in fixed installations, such as switchgear and

distribution, polyphase motors

including single- |+ Bus and feeder in industrial plants

phase commercial |  Peeders and short branch circuits, distribution panel devices

lighting » Lighting systems in larger buildings

« Appliance outlets with short connections to service entrance

CATII Single-phase . t.g%l;anoe portable tools, and other household and similar

Teceptacle

connected loads | « Outlet and long branch circuits

* Qutlets at more than 10 meters (30 feet) from CAT III source
« Outlets at more that 20 meters (60 feet) from CAT IV source

» Protected electronic equipment
« Equipment connected to (source) circuits in which measures
are taken to limit transient overvoltages to an appropriately

CATI Electronic

low level

« Any high-voltage, low-energy source derived from a high-
winding resistance transformer, such as the high-voltage
section of a copier

Table 1. Overvoltage installation categories. IEC 1010 applies to low-voltage (< 1000 V) test equipment.

157

Figure 1. Location, location, location.
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Arc Flash and Shock Hazard
Appropriate PPE Required
FLASH PROTECTION SHOCK PROTECTION
F'\:ABSHAIF::Ran ~ il 03 calem*2 | Shock Hazard wh
in o’ oc azar en
Fhsh P!
S “’_ﬁ',“m" Foundey: - 201 inobae cover is removed  69000VAC
wFR Shit and Pants (ar Coveral) Limied Approach: 96 inches
w Full Flask Sul Hard Hat L ~
~lis Lt/ eod Faseonea | Resricted Approach: 39 Inches
= Safety Glasses er Geggles Prohibited Approach: 26 inches
= Meanng Protection
& Ac-Rated Gloves and Leather Shoes
1 INON-MRISNG St and Parts
Bae: 0021 A PRI Prot: B2 frls ik b ol i i
Note: outdated label- for demonstration purposes only
160
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130.5 ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS

Table 130.4(D)(a) Shock F Approach to Exposed Electrical C or Circuit Parts for
Alternating-Current Systems
m 2) 3) )
Limited Approach Boundary” —— .
Nominal System Voltage Range, Includes lnadveﬂtm Movement
Phase to Phase” Exposed Movable Conductor” Adder
Less than 50 V Not specified Not specified

1.0m (3£ 6in.)
1.0m (3£ 6in.)
1.5m (5f0in.)
1.8m (6f0in.)
25m (8ft0in.)
25m (8ft0in.)
25m (8ft0in.)
3.0m (10t 0in.)
3.6m (11 fe8in.)
4.0m (13ft 0in.)
4.7m (15ft4in)
58m (19t 0in.)
7.2m (23 ft9in.)

50 V-150 V?

3.0m (10ft0in.)
3.0m (10f0in.)
3.0m (10ft0in.)
30m (10ft0in.)
30m (10ft0in.)
30m (10£0in.)
33m (10ft8in.)
34m (11 fe0in)
3.6m (11 fe8in.)
40m (13 £ 0in.)
47m (15ft4in.)
58m (19 ft0in.)
7.2m (23 ft9in.)

10 1 kv-725 kv
72.6 kv-121 kv

765 kV-800 kV

Avoid contact
03m (1 f0in)
0.7m (2f2in.)
08m (2f9in.)
08m (2£9in)
1.0m (3£ 6in.)
1.0m (3£t 6in.)
12m (3£ 10in.)
1.3m (4 ft3in)
1.7m (5 f8in.)
28m (9 ft2in)
36m (11 i 8in.)
4.9m (15 f 11 in.)

Notes:
(1) For arc flash boundary, see 130.5(A).

(2) All dimensions are distance from exposed energized electrical conductors or circuit part to emplmn-

*For single-phase systems above 250 volts, sclect the range that is cqual to the system’s

ph:
"Sec definition in Article 100 and text in 130.4(D) (2) and Informative Annex C for claboration.

d voltage multiplicd by 1.732.

“Exposed movable conductors describes a condition in which the distance between the conductor and a person is not under the control of the person.

The term is normally applied to overhead line conductors supported by poles.
“This includes circuits where the exposure does not exceed 120 volts nominal.

Using the Table Method

¢ Use when

* No or limited information exists regarding facility electrical hazards
* An incident energy analysis has not been done

h and Shock Hazard
Appropriate PPE Required

Arc Flash Boundary
Incident Energy in callcm?
Working Distance

Shock Hazard Exposure
Shock Hazard when covers removed

Arc Flash

ARC FLASH PROTECTION

‘Working Distance
Tncident Energy in cal/em?
Arc Flash Boundary

Shock Hazard Present
K PROTECTION
18in  Shod d when
04 covers e 600 VAC
0.9 ft  Limited approa 35 1t
Restricted approach 10 1t

Refer to CSA Z462 for PPE requirements  Gloves class

‘Equipment: EXAMPLE PANEL

05-16-2018

Arc Flash Analyss by: LeafFlectricalSafety.com  File: EXAMPLE

Std. [EEE lss\
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» What type of task(s) will you be working on?

What 1s the Likelihood of an Arc Flash Event?
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130.6 ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS

Table 130.5(C) Estimate of the Likelihood of Occurrence of an Arc Flash Incident for ac and dc Systems

Task

Equipment Condition

Likelihood of
Occurrence*®

Reading a panel meter while ()p(-r:nlng a meter switch.
Performing infrared de the
remricted approach bouniasy This aciivity does not include opening of doors or

Worki ng on control circuits with exposed energized electrical conductors and circuit
pans, nominal 125 volis ac or dc, or below without any other exposed energized
equipment over nominal 125 volts ac or de, including opening of hinged covers o
gain access.

Examination of insulated cable with no manipulation of cable.

For dc systems, insertion or removal of individual cells or multicell units of a baery
system in an open racl

For dc systems, maintenance on a single cell of a battery system or multi.cell units in
an open rac!

Any

For ac systems, work on energized electrical conductors and circuit parts, including
voltage testing.

For dc systems, working on energized electrical conductors and circuit parts of series-
connected bateery cells, including volage testing.

Removal or insillation of CBs or switches

Opening hinged door(s) or cover(s) or removal of bolted covers (1o expose bare,
energized electrical conductors and circuit parss). For dc systems, this includes
bolted covers, such as batiery termin:

Application of temporary protective grounding equipment, after voltage test.

Working on control circuits with exposed energized electrical conductors and circuit
pans, greater than 120 volts.

Insertion or removal of individual starter buckets from motor control center (MCC).

Insertion or removal (racking) of circuit breakers (CBs) or starters from cubicles,
doors open or closed.

Insertion or removal of plugin devices into or from busways.

Examination of insulated cable with manipulation of cable.

Working on exposed energized electrical conductors and circuit pars of equipment
directly supplied by a panelboard or motor control centes

Insertion or removal of revenue meters (kW-hour, at prlmnn voltage and current).

Removal of battery conductive intercell connector covers.

For dc systems, working on exposed energized electrical conductors and circuit paris
of uilization equipment directly supplied by a dc source.

Opening voltage transformer or control power transformer compart

Operation of cutdoor disconneet wich (hooksick operaed) at 1 KV through 15 k.

Operation of outdoor disconnect switch (gangoperated, from grade) at 1 kv
through 15 kV.

Any
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Determining PPE Category

* What is the available fault current in kA?

* How fast is the fuse or circuit breaker (clearing time)?

165

Table 130.7(C)(15)(a) Arc-Flash PPE Categories for Alternating Current (ac) Systems

ArcFlash PPE
Equipment Category ArcFlash Boundary
Panelboards or other equipment rated 240 volts and below 1 185 mm
Parameters: Maximum of 25 kA available fault current; maximum of 0.03 sec (19in.)
(2 cycles) fault clearing time; minimum working distance 455 mm (18 in.)
Panelboards or other equipment rated greater than 240 volts and up to 600 volts 2 900 mm
Parameters: Maximum of 25 kA available fault current; maximum of 0.03 sec 38
(2 cycles) fault clearing ime; minimum working distance 455 mm (18 in.)
600-volt class motor control centers (MCCs) 2 15m
Parameters: Maximum of 65 kA available fault current; maximum of 0.03 sec (56
(2 cycles) fault clearing time; minimum working distance 455 mm (18 in.)
600-volt class motor control centers (MCCs) 1 13m
Parameters: Maximum of 42 kA available fault current; maximum of 0.33 sec (20 (14 )
cycles) fault clearing time; minimum working distance 455 mm (18 in.)
600-volt class switchgear (with power circuit breakers or fused switches) and 600-volt 1 6m
class switchboards
Parameters: Maximum of 35 kA available fault current; maximum of up t0 0.5 sec (30 (20 )
cycles) fault clearing time; minimum working distance 455 mm (18 in.)
Other 600-volt class (277 volts through 600 volts, nominal) equipment 2 15m
Parameters: Maximum of 65 kA available fault current; maximum of 0.03 sec (50
(2 cycles) fault clearing time; minimum working distance 455 mm (18 in.)
MA E2 (fused contactor) motor sarers, 2.3 kV through 7.2 kV 1 12m
Parameters: Maximum of 35 kA available fault current; maximum of up to 0.24 sec (40 )
(15 cycles) fault clearing time; minimum working distance 910 mm (36 in.)
Metalclad switchgear, 1 kV through 15 kv’ 1 12m
Parameters: Maximum of 35 kA available fault current; maximum of up to 0.24 sec (40 f0)

(15 cycles) fault clearing time; minimum working distance 910 mm (36 in.)

Arcresistant switchgear 1 kV through 15 kV [for clearing times of less than 05 sec (30 N/A (doors
cycles) with an available fault current not to exceed the arc-resistant rating of the closed)
equipment], and metal-enclosed interrupter switchgear, fused o unfused of arc-
resistant-type construction, 1 kV through 15 kv

/A (doors closed)

Parameters: Maximum of 35 kA available fault current; maximum of up o 0.24 sec 1 (doors 12m (40 f1)
(15 cycles) fault clearing time; minimum working distance 910 mm (36 in.) open)
Other equipment 1 kV through 15 kV 1 12
Parameters: Maximum of 35 kA available fault current; maximum of up 0 0.24 sec (40 f1)
(15 cycles) fault clearing time; minimum working distance 910 mm (36 in.)
Note: For equipment rated 600 volts and below and protected by upstream limiting fuses or I circuit break dat 200
dass sl : i hal ot POE

Select PPE

Look up PPE Category on chart
* Select voltage rated gloves

* Hard hat

* Face shield

* Balaclava

* Foot wear

* Hearing protection

* Eye protection
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PPE

Arc-Rated Clothing, Minimum Arc Radag of 4 cal/cm* (16.75 J/cm’)
Arcrased longsleeve shirt and pants or arc-rated coverall

Arcrated face shield" or arc flash suit hood

Arcrased jacker, parka, rainwear, or hard hat liner (AN)

Protective Equipment

Hard hat
Safety glasses or safety goggles (SR)
Hearing protwction (ear canal insers)
Heavy-dury leather gloves

Leather foomear (AN)

2 ‘ArcRated Clothing, Minimum Arc Rang of § cal/cm’ (33,5 ]/’
Arc.rated longleeve shirt and pants or arccased coverall
Arcrated flash suit hood or arc-rated face shield® and arc-rased balaclava
Arc.rased jacket, parka, rainweas, or hard hat liner (AN)
Protective Equipment
Hard hat
Safery glasses or safer gogges (SR)
Hearing protection (ear canal inserss)
Heavy-duty leather gloves*
Leather foouwear

-Rated Clothing
cal/cm* (104.7 ] /cm®)*

Arcrased longsleeve shirt (AR)

Arcrated pants (AR)

Arcrated coverall (AR)

Arcrated arc flash suit jacket (AR)

Arcrated arc flash suit panss (AR)

Arcrated arc flash suit hood

Arc-ated gloves

Arcrased jacker, parka, rainwear, or hard hat liner (AN)

Protective Equipment

Hard hat

Safery glasses or safety goggles (SR)

Hearing protection (ear canal inserss)*

Leather foorwear

Selected 5o That the System Arc Rating Meets the Required Minimum Arc Radng of 25

1 ArcRated Selected so That the System Arc Rating Meets the Required Minimum Arc Radng of 40

Clothing
cal/cm* (167.5 ] /cm®)*

Arcrated arc flash suit jacket (AR)
Arcrased arc flash suit panss (AR)

Arcraed jacker, parka, rainwear, or hard hat liner (AN)
Protective Equipment
Hard hat

Safety glasses or safety goggles (SR)
Hearing prosection (ear canal insers)
Leather foorwear
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ARC-FLASH PPE
CATEGORY

4 CAL/ICM?

ARC-FLASH PPE
CATEGORY

8 CAL/ICM?

ARC-FLASH PPE
CATEGORY

3

25 CAL/CM?

ARC-FLASH PPE
CATEGORY

40 CAL/ICM?

NFPA 70E® 2018 | Table 130.7(C)(15)(c)
rs

| Protective Equipment (PPE)

ARC-RATED CLOTHING, MINIMUM ARC RATING OF 4 CALICMA®
+ Arcated long-seeve shirt and pants or ar-rated coverall

« Arc-ated face shiek o arc lash sut hood

+ Arcated jacket, parka,rainwoar, o hard hat iner (AN)
PROTECTIVE EQUIPMENT

« Hard hat

« Safety glasses or safely goggles (SR)

+ Hoaring protecton (ear canal inserts)*

« Hoavy-duty laather glovest

« Loather footwear (AN)

ARG AATED LOTHING, MMM ARG RATIG OF 8 CALCH" v
ot g steoe sk 4 pre o s ved vt )
At e st oo o e sk and

e s
ket e et e brd o (N0

PROTECTIVE EQUIPMENT
«Hard hat

« Safety glasses or safety gogges (SR)
« Hoaring protscton (ear cana inserts)*
« Hoavy-duty laather gloves?

+ Leather footwear

ARC-RATED CLOTHING, MINIMUM ARC RATING OF 25 CALICM2*
it (AR)

PROTECTIVE EQUIPMENT
« Hord hat

« Safoty glasses or safety gogles (SR)
« Hoaring protecton (ear canal inserts)*
« Loather footwear

ARC-RATED CLOTHING, MINIMUM ARC RATING OF 40 CALICMZ*
* Arcated i ®)
“An

shit (A

« Arc-ated gloves*
« Arc-ated jacket, parka,rainwear, or hard hat iner (AN)
PROTECTIVE EQUIPMENT

« Hord hat

« Safety glasses or safety goggles (SR)

« Hoaring protecton (sar canal inserts)"

ASTM Labeling Chart

Natural Rubber Electrical Insulating Gloves
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Arc Flash and Shock Hazard
Appropriate PPE Required

Using the Incident Energy Analysis

* Use when an incident energy analysis has been done

Arc Flash and Shock Hazard Present

o ARC FLASH PROTECTION SHOCK PROTECTION
Arc Flash Boundary 5ft.9in. e
i N ‘Working Distance 18 in  Shock Hazard when

Incident Energy in cal/cm? 5.7 Incident Energy in cal/em® 04 covers removed 600 VAC

. " . Arc Flash Boundary 0.9 ft  Limited approach 35
Working Distance 24in. Restricted approach 101t
Shock Hazard EXDOSUTe 480 VAC Refer to CSA Z462 for PPE requirements  Gloves class 0
Shock Hazard when covers removed Equipment. EXAMPLE PANEL 05-16-2018 ECIEEE 1384

Arc Flash Analyis by: LeafElecricalSafetycom  File: EXAMPLE

Class Proof Test Max. Use Insulating Rubber
Color Voltage AC/DC Voltage AC/DC Glove Label
00 Aste
2,500 / 10,000 500/ 750
Beige
0 NATIONAL
5,000 /20,000 1,000/ 1,500 SAFETY APPAREL
Red ALWAYS
1 = WEAR
10,000/ 40,000 7,500/11,250 ( 10 877 YOUR
White
GLOVES
= 20,000/ 50,000 17,000/ 25,500 ( 10 s‘a':'-:;;‘ %“?E
Yellow
2 30,000 / 60,000 26,500/ 39,750
Green
4 40,000 / 70,000 36,000/ 54,000
Orange
130.6 ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS
N
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Table 130.5(G) Selection of Arc-Rated Clothing and Other PPE When the Incident Energy
Analysis Method Is Used

Incident energy exposures equal to 1.2 cal/cm? up to 12 cal/cm?

Arc-rated clothing with an arc rating equal to or greater than the estimated incident energy*
Long-sleeve shirt and pants or coverall or arc flash suit (SR)

Arc-rated face shield and arc-rated balaclava or arc flash suit hood (SR)"

Arc-rated outerwear (e. acket, parka nwear, hard hat liner) (AN)

Heavy-duty leather gloves, arc-rated gloves, or rubber insulating gloves with leather protectors (SR)
Hard hat

Safety glasses or safety goggles (SR)

Hearing protection

Leather footwear

Incident energy exposures greater than 12 cal/cm?*

Arc-rated clothing with an arc rating equal to or greater than the estimated incident energy*
Long-sleeve shirt and pants or coverall or arc flash suit (SR)

Arc-rated arc flash suit hood

Arc-rated outerwear (e.g., jacket, parka, rainwear, hard hat liner) (AN)

Arc-rated gloves or rubber insulating gloves with leather protectors (SR)*

Hard hat

Safety glasses or safety goggles (SR)

Hearing protection

Leather footwear
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ASTM Labeling Chart

Natural Rubber Electrical Insulating Gloves

Class Proof Test Max. Use Insulating Rubber [
Color Voltage AC/DC Voltage AC/DC Glove Label |
00 e
2,500/10,000 500/ 750 10 S=87 W
Beige
©  5000/20000 1,000/1.500
Red
1 z WEAR
. 10,000/ 40,000 7,500/11,250 ( 10 877 TP YOUR
hite

GLOVES
2 20,000 /50,000 17,000/ 25,500 ( 10 SMe™ P

1
o A

Yellow
2 30,000 / 60,000 26,500/ 39,750 \\d’
Green 2y
2121012 >121040 - 40,000 / 70,000 36,000/ 54,000
callenmy callem’ Orange
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(I)NGRM[JLATIONS! A Certificate of Completion will be emailed

to those who successfully completed course

4 hours of Code Class Hours will be reported
to the OCILB for Code Continuing Education
Credits

Next Steps

‘ hpmatthews@matthewselectrical.net

Make sure you completely sign out of

webinar after the next slide!
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