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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 BI, ESI 
Certification ID# 8901 
Current certifications- none, OCILB Electrical Contractor. 
Staff notes-Recommend approval for ESI, have requested additional information on BI 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 BI, 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 
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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, MI, 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, MI, 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) 
BI, 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, MI, 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 IU (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:  
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File Attachments for Item:

P-1 Furry, Mark ESI

Certification ID# 8882

Current certifications- none, holds Electrical Contractor License
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File Attachments for Item:

P-2 Hare, Bruce ESI

Certification ID# 8891

Current certification- none, holds Electrical Contractor license.
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File Attachments for Item:

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 BI to 

separate commercial structural projects 8/11/22

Committee recommendations-
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File Attachments for Item:

P-4 McClary, Jerry ESI

Certification ID# 8888

Current certifications- None
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File Attachments for Item:

P-5 Sanders, Cecil ESI

Certification ID# 8880

Current certifications- none
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File Attachments for Item:

P-6 Scott, Jeremy BI, ESI

Certification ID# 8900

Current certifications- none
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File Attachments for Item:

P-7 Wakefield, Alex ESI

Certifications ID# 8905

Current certifications- None, Journeyman IBEW 25 years
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File Attachments for Item:

P-8 Wilson, Aaron ESI, RBI

Certification ID# 8904

Current certifications- none
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File Attachments for Item:

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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File Attachments for Item:

ER-1 2020 NEC Calculations Webinar Part 1 (Matthews Electrical Services)

BO, MPE, EPE, MechPE, ESI, BI, MI, RBO, RPE, RBI, RMI, RIUI (4 hours)

Staff Notes: Recommend addition of NRIUI, recommend approval.

ESIAC Recommendation:

Committee Recommendation:
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NEC Electrical 
Calculations Pt. 1

Matthews Electrical Services
Ohio Training Agency #48714

Henry Matthews, PE, CPE, CESCP

1

1

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

2

2

Breaks (New!)
• 5-minute break every 45 

minutes
• Schedule

• 7:00 AM Start

• 7:45 Break 1

• 8:30 Break 2

• 9:15 Break 3

• 10:00 Break 4

• 10:45 Break 5

3

3

WELCOME!
• Goals
• Review electrical theory
• Review important NEC Calculations
• Make session engaging
• Discussion
• Videos
• Polls

• Make 4 hours as productive as possible!

4

4
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Disclaimer 

• I 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

5

5

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.

6

6

NEC 
Electrical 

Calculations

7

7

Resources 
Used

8

2017 and 2020 NEC

Ugly’s Electrical References

www.NFPA.org (Link)

Mike Holt’s Illustrated Guide to 
Electrical Exam Preparation 2017

8
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9

9

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/tS4vjbW55Cc

• 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/ItJ0YNOZ4wA

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

10

10

Mike Holt Videos

• Motor Branch Conductor Sizing [430.22(A)]
• https://www.youtube.com/embed/buK7LT0yvwE

• Motor Full Load Current (FLC): 430.6(A)(1)
• https://www.youtube.com/embed/Sic1uoua3og

• Motor Full Load Amps – Nameplate (FLA): 430.6(A)(2)
• https://www.youtube.com/embed/2cprO8ZdT1U

• Outlet Box Sizing [314.16(A)]
• https://www.youtube.com/embed/bVQO7B_EWHg

• Overhead Conductor Clearances [225.18]
• https://www.youtube.com/embed/R9DHjGObyKw

11

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/ruceLoI9gJw

• Receptacle Outlets, Number on a dwelling circuit [220.14(l)
• https://www.youtube.com/embed/s4Euin0EsRY

12

12

109

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)
• IAEI (International Association of Electrical Inspectors)

13

13

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

14

14

Recommendations for This 
Course • Have copy of NEC for 

reference
• Grab a basic calculator 

perform simple 
calculations
• Advise me to slow down 

if something is not clear
• Don’t be afraid to 

question something if 
you don’t agree

15

15

Fractions

1
1/4 1/2

3/4

16
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Fractions to Decimal

• Examples
• ½ = 1       2 = 0.50
• 3/8 = 3       8 = 0.375
• 11/16 = 11      16 = 0.6875

17

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      16 = 0.1875 

18

Decimals

• 1,111.1

• 1,111.11

• 1,111.111

• 1,111.1111

• 1,111.11111

1000ths

10ths

100ths

10,000ths

100,000ths

19

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      2 is in the hundredth space
• Look at the number in the thousandths place: 3

• If it is 5 or higher, round UP
• If it is 4 or less, round DOWN

• Since 3 is less than 5, round DOWN
• Means drop the 3
• 2 stays the same

• Result is 10.12

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      2 is in the hundredth space
• Look at the number in the thousandths place: 5

• If it is 5 or higher, round UP
• If it is 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

• Result is 10.13

21

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

• 23.4%:   23.4         0.234

• 167%:  167.0         1.67

22

Quiz

• Convert the following percent to a decimal:  215%
A. 21.5
B. 2.15
C. 0.215
D. 215.0

• Answer : B
• 215        100 = 2.15 

23

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?

• 20 x 150% = 20 x 1.50 = 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

25

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

• 1.25 x 100 = 125%

26

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: 9 x 9  = 81

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

27

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
• Area of a circle = ∏ x r2,   ∏ = 3.14159
• The radius is ½ 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 in2 (square inches)
• Area of 12” pizza: 3.14 x 62 = 3.14 x 36 = 113.04 in2 (square inches)
• 113.04/28.26 = 4   
• The 12 inch pizza is 4 times larger!

29

Circular Math

30

Radius (R or r) Diameter (D)
Diameter = 2 x Radius

Radius usually written a “r”

Circumference = 
Distance around circle

= 2 x      x r = 2      r

Area (A) = space inside 
Of circle

Area = 3.14159 x radius x radius
Area =       r2

= 3.14159…

30

31

31

Ohms Law

• Voltage = Current x Resistance
• V = I x R
• Can also be written as…
• E = I x R  (E stands for electromotive force)

32
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Kirchoff’s Laws

• First Law (Current)
• The sum of the currents arriving 

at any point must equal the 
sum of the currents leaving that 
point

33

Kirchoff’s Laws

• Second Low (Voltage)
• The total voltage applied to any closed circuit path is always equal to 

the sum of the voltage drops in that path
• Or
• The algebraic cum fo all the voltages encounterd in any loop equals 

zero

34

35

V Load

1�

Resistance of wire

9�120V

Ohms Law: V = I x R
I = V/R

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

I = 120V/10� = 12A

36
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V Load

1�

Resistance of wire

9�120V

Ohms Law: V = I x R
I = V/R

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

I = 120V/10� = 12A

I = 12A

I = 12A

I = 12A

37

V

Voltage across load = I x R = 12A x 9� = 108V

1�

Voltage across wire = I x R = 12A x 1� = 12V 

9�120V

I = 12A

I = 12A

I = 12A

12V

108V

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

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

38

V

1�

9�120V

I = 12A

I = 12A

I = 12A

12V

108V

Sum of the Loads Equals the Sum of the Voltage Source

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

39

V

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

0.1 ohm

Voltage across wire = I x R = 13.2A x 0.1 ohms = 1.32V 

9 
ohms

120V

I = 13.2A

I = 13.2A

I = 13.2A

1.32V

118.8V

Using Larger Wire (Lower Resistance) Total circuit resistance = 0.1 + 9 = 9.1 ohms

Ohms Law:  V = I x R

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

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   

40

116



Voltage Drop “Recommendations”
• Not an NEC requirement

41

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…
• 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 Icircuit x Rwire = 20 A x 0.1025 ohms = 

2.05 volts

43

Voltage Drop Quiz

• Using the answer from the previous quiz…
• Is 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

117



45

Cross Sectional Area of Wire

#8   RHH   CU   600V

Cross sectional area include the conductor and the insulation

See NEC Chapter 9, Table 5

Cross-sectional area

Required for calculating conduit fill, box fill etc.

46

47

Cross Sectional Area of Wire

#8   RHH   CU   600V

Cross sectional area include the conductor and the insulation

See NEC Chapter 9, Table 5

Cross-sectional area

0.0835 in2

48
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DC Math

V = I x R

Volts = Amps x Resistance

P = V X I

Power = Volts x Amps

Watts = Volts x Amps
49

49

DC Math

Example:

12V  solar module

Rated 100 watts

P = V x I

I = P/V

I = 100 watts/12 volts

I = 8.33 Amps
50

50

Power vs Energy

Power is measured in 
Watts: instantaneous 

measurements

• Example: lamps, 
appliances, 
generators etc.

Energy is measured in 
Watt-hours: power over 

time (consumption)

• Batteries, utility 
meters

51

51

Definitions

Watts: instantaneous measure of Power

Watt-Hour (Watt-Hr): measure of Energy.                    
Power measured over a period of time
• 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
• 5 watts for 24 hours = 120 watt-hrs

52

52
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53

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

54

54

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

55

Key Conversions

• 1 inch = 2.54 centimeters
• Example: How many centimeters is 4 inches?
• Answer: 4 x 2.54 = 10.16 centimeters(cm)

• 1 cm = 0.3937 inches
• Example:  How many inches is 9 centimeters (cm)?
• Answer: 9 x 0.3937 = 3.5433 inches

56

56
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Key Conversions

• 1 inch = 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

57

57

Electrical 101 

•V = I x R  (volts = current x resistance)
• I = V/R
•R = V/I

58

58

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: GFCIs are set just below the “let-go” range  (6ma)

Iron Man 3 : https://www.youtube.com/watch?v=RRt3VROjXP0
59

59

Math 
Basics

Ohms Law: V = I x R

Power:  P = V x I

60

60
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Math Basics

61

61

Temperature Conversions

• Celsius (C) and Fahrenheit (F)
• C to F = C x 9/5 + 32
• Example: 40oC = 

• 40 x 9 = 360
• 360/5 = 72
• 72 + 32 = 104oF

• F to C = (F -32) x 5/9
• Example: 104oF = 
• 104 -32  = 72
• 72 x 5 = 360
• 360/9  = 40oC

62

62

Voltage, 
Current and 
Resistance

63

63

Motor, 
Generator & 
Transformer 
Ratings

64

Motors rated in 
Horsepower or HP

Generators rated in 
Watts (W) or KW

Transformers rated in VA 
or KVA

64
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PF Angle

65

65

VAR

Watts

VA

66

66

67

67

Single Phase, 120V Circuit
Two Wire (L1, Neutral)

68

L1

NEUTRAL

120V

BLACK or RED

WHITE

GND

TRANSFORMER
COIL

68
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Single Phase Generator Visualizationon

69

69

70

70

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

71

L1

L2

NEUTRAL

120V

120V

BLACK

WHITE

RED

GND

240V

TRANSFORMER
COIL

71

Three Phase WYE (Y) CIRCUIT

72

PHASE A

NEUTRAL POINT

PHASE B

PHASE C

PHASE

PH
AS

E

PHASE

PHASES OF TRANSFORMER OR GENERATOR ARE 120 DEGREES APART

120o

120o120o

72
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Rotating Power Visualized

73

73

74

74

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

ANSWER: TRIGONOMETRY (Triangles) AND PYTHAGOREAN THEOREM L

75

60o

NEUTRAL

TRIANGLE HAS 180 DEGREES

30o30o

30o

X

208 VOLTS

120o

90o

90o

60o

Cosine of Angle = Adjacent/Hypotenuse
Cosine (30) = 104/X
X = 104/Cosine (30)
X = 104/0.866 = 120.09

208/120 = 1.733

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

Also!

104 VOLTS

3 = 1.73

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

75

Three Phase WYE (Y) CIRCUIT

76

PHASE A

PHASE (LINE) TO NEUTRAL

L1

NEUTRAL

L2

GND

PHASE VOLTAGE (LINE TO LINE, PHASE TO PHASE)

PHASE B

L3
PHASE C

GROUND

PHASE (LINE) TO NEUTRAL

PHASE

PHASE VOLTAGE (LINE TO LINE, PHASE TO PHASE)

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

77

A

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

120V

120V

BLACK

WHITE (NEUTRAL)

RED

GND

208V

C

B

BLUE

208V

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

78

A

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

277V

277V

BROWN

WHITE (NEUTRAL)

ORANGE

GND

480V

C

B

YELLOW

480V

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) 

79

PHASE A

240V

GND

ORANGEPHASE B

NEUTRAL

24
0 

V 240 V

120 V 120 V PHASE C

240V

240V

120V

120V
BLACK

RED

WHITE

79

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

80

PHASE A

240V

GND

ORANGEPHASE B

NEUTRAL

24
0 

V 240 V

PHASE C

240V

240V

120V

120V
BLACK

RED

WHITE

208V

HIGH LEG (WILD LEG)

120 V

24
0 

V

120V

A

B

C

C2 = A2 + B2

A2 = C2 - B2

A =    C2 - B2

A =    2402 - 1202

A =    57600 – 14,400

A =    43,200

A = 207.84 = 208

80
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Ground Fault

120 vac Heater
10 ohms

20 A 0.0201 ohms

Calculation of current:
V=I x R
I = V/R = 120/(resistance of wire)
I = 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

81

Wire impedance  
Zwire

120V

A

Z

Z= motor 
Winding 
impedance

V= I x R
I = V/R
I = 120V/(Zwire +tot Zmotor)
I = 120/(.410 + 10) = 120/10.41
I = 11.53 A

Resistance Grounding

I

N

20A

#12

50 HP

#12 (100’)

NEC Table 8, Chapter 9
Z of #12 copper wire = 2.05 ohms/1000 ft.
Z of 100’ = 0.205 ohms
Z of 200 ‘ = 0.410 ohms

Zmotor = 10 ohm
(for demo purposes only)

RN10 ohms
Ground fault 
detection

Normal Current Return Path

Effective Ground Fault Current Path

The Earth: Abnormal Ground Fault Current Path
82

82

Why Do We Put Ground Rods in Parallel?

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

83

83

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

84
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Volume

85

Width

Length

Depth

VOLUME = Width x Length x Depth
VOLUME = W x L x D

85

Volume

86

4 inches

4 inches

1.5 inches

VOLUME = Width x Length x Depth
VOLUME = 4 x 4 x 1.5 = 24 cubic inches (in3)

86

Circuits

87

Source
(Voltage)
(AC or DC)

Wire (Impedance, Z)

Load (R, Resistance)V

Ohms (Ω)

Ohms (Ω)

I = Current
(Amps)

87

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
• “Electrical Pressure”
• Can be AC or DC

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

89

120V

- 120V

89

90

90

Frequency

Frequency Number of 
cycles/sec

1/cycles = milliseconds Harmonic (frequency/60)

60 60 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

60 Hz Frequency

Cycles seconds milliseconds

1 0.0167 16.67

1/2 0.0083 8.33

1/4 0.00416 4.16

92

Speed of Current-Limiting Fuses!

92
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Circuits

93

Source
(Voltage)
(AC or DC)

Wire (Impedance, Z)

Load (R, Resistance)V

Ohms (Ω)

Ohms (Ω)

I = Current
(Amps)

93

Current
• Expressed as “I”
• I 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

94

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

95

Resistance

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

96
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Resistors

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

97

R (ohms)

97

98

98

Series Resistance

99

R1 R2 R3

TOTAL RESISTANCE R = R1 + R2 + R3

100 OHMS 50 OHMS 25  OHMS

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

99

Parallel Resistance

100

R2
1

R1 R3 RTot
=

1
R1

1
R2+

1
R3+

1
10 Ω RTot

=
1
10

1
10+

1
10+10 Ω 10 Ω

100
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Parallel Resistance

101

1

10 Ω

RTot
=

1
10

1
10+

1
10+

10 Ω 10 Ω

3.33 Ω

1
RTot

= 0.1 0.1+ 0.1+ = 0.3

1
RTot

= 0.3

=               =   3.33 Ω
0.3

RTot

1

101

Parallel Resistance Shortcut
For Equal Resistances Only

102

10 Ω 10 Ω 10 Ω

3.33 Ω

RTot = R

=               =   3.33 Ω
10

RTot

Number of Resistors

3

102

Parallel Resistance Shortcut
For Equal Resistances Only

103

10 Ω 10 Ω

5 Ω

RTot = R

=               =   5 Ω
10

RTot

Number of Resistors

2

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

103

Parallel Resistance Shortcut
For 2 Resistors Only

104

R1 = 5 Ω R2 = 10 Ω

5 Ω

RTot = R1 X R2

=                  =          3.33 = 5 Ω
5 X 10

RTot

R1 + R2

5 + 10

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

50
15

104
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Hints for Resistors in Parallel
• 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 

positive
• Guess the possible value of the total resistance below

105

20 Ω 10 Ω 5 Ω

1
RTot

=
1
20

1
10+

1
5+ = 1.538 Ω

1/Rtot = 0.05 + 0.1 + 0.5 = 0.65

Rtot = 1/0.65 = 1.538 Ω

105

Series and Parallel Resistance

106

R2 = 20Ω

R1 = 10Ω

R3 = 20Ω

R2||R3 = 10Ω

R1 = 10Ω RTOT = R1 + R2||R3 = 10Ω + 10Ω = 20Ω

106

Resistance (R) and Impedance (Z)

• Both are measured in ohms
• DC circuits only have resistance
• AC circuits have resistance (R), inductance (L) and capacitance (C)
• Both are used interchangeably in 60 Hz circuits because L and C are 

nearly 0 at this low frequency
• Impedance expressed as Z

107

107

Impedance and Resistance

108

Z = Impedance
R = Resistance
XL = Inductive Reactance
XC = Capacitive Reactance

R2 + (XL – XC)2

• AC circuits 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.

• In these cases, the impedance and resistance are nearly equal

Z = 

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), µF 

(micro Farads), nF (nano Farads), pF (pico Farads) etc.

109

109

Inductors and Inductance

• 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

110

Heinrich Lenz

110

Inductance

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

111

111

Impedance and Resistance

• Wire has resistance, inductance and capacitance
• Therefore it has impedance (Z)

112

112
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113

113

114

114

115

115

Circuits

116

Source
(Voltage)
(AC or DC)

Wire (Impedance, Z)

Load (R, Resistance)V

Ohms (Ω)

Ohms (Ω)

I = Current
(Amps)

116
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Resistance of Wire

117

Source
(Voltage)
(AC or DC)

50 ft. of #12 THHN

V

Ohms (Ω)

Ohms (Ω)
I = Current
(Amps)

50 ft. of #12 THHN

100 ft. total wire length

Ohms (Ω)

117

118

118

Resistance of Wire

119

Source
(Voltage)
(AC or DC)

50 ft. of #12 THHN

V

0.1 (Ω)

Ohms (Ω)
I = Current
(Amps)

50 ft. of #12 THHN

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

0.1 (Ω)

119

Voltage Drop of Wire

120

120V

50 ft. of #12 THHN

V

0.1 (Ω)

10 ohms
I = 11.764A

50 ft. of #12 THHN

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

0.1 (Ω)

I = V/R
I = 120/(Rwire + Rload)
I = 120/(0.2 +10) = 120/10.2 = 11.764 Amps

Voltage drop across wire = I x Rwire

Vdrop = 11.764 x 0.2 = 2.35V 

120
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%Voltage Drop of Wire

121

120V

50 ft. of #12 THHN

V

0.1 (Ω)

10 ohms
I = 11.764A

50 ft. of #12 THHN

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

0.1 (Ω)

I = V/R
I = 120/(Rwire + Rload)
I = 120/(0.2 +10) = 120/10.2 = 11.764 Amps

Voltage drop across wire = I x Rwire

Vdrop = 11.764 x 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

121

%Voltage Drop of Wire – Longer Wire

122

120V

500 ft. of #12 THHN

V

1 (Ω)

10 ohms
I = 10A

500 ft. of #12 THHN

1 (Ω)

I = V/R
I = 120/(Rwire + Rload)
I = 120/(2 +10) = 120/12 = 10 Amps

Voltage drop across wire = I x Rwire

Vdrop = 10 x 2 = 20V 

% Voltage Drop of Wire = 20V/120V =0.167

Convert to a percentage: 0.167 x 100 = 16.67%

Compare:
16.67% more than recommended 3% from branch
Circuit breaker to load.

Therefore Voltage Drop is  not acceptable

Try larger wire and/or shorter runs

Chapter 9, Table 8:
• 2 ohms/1000 ft
• 1000 ft x 2 ohms/1000 ft = 2 ohms

122

%Voltage Drop of Wire – Larger Wire

123

120V

500 ft. of #4 THHN

V

0.16 (Ω)

10 ohms
I = 11.417A

500 ft. of #6 THHN

0.16 (Ω)

I = V/R
I = 120/(Rwire + Rload)
I = 120/(0.321 +10) = 120/10.321 = 11.626 Amps

Voltage drop across wire = I x Rwire

Vdrop = 11.626 x 0.321 = 3.73 V 

% Voltage Drop of Wire = 3.73V/120V =0.031

Convert to a percentage: 0.031 x 100 = 3.1%

Compare:
3.1 % is slightly more than 3% from branch
Circuit breaker to load recommendation

Therefore Voltage Drop may be acceptable. 

Judgement call

Chapter 9, Table 8:
• 0.321 ohms/1000 ft (note lower resistance!)
• 1000 ft x 0.321 ohms/1000 ft = 0.321 ohms
• For each wire segment: 0.321/2 = 0.16

123

124

124
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Conduit Fill

125

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

126

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%

126

Conduit Fill

127

One Conductor 
53% Fill

Two Conductors 
31% Fill

Three or More Conductors 
40% Fill

127

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

128
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Conductor Fill for Nipples 24 inches or less

129

60% Fill

129

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

130

130

131

131

Quiz (Alternative Solution)

• 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, Total Area column (last column)
• 0.864” for total area of 1” EMT
• 0.864 x 40% = 0.864 x 0.40 = 0.3456 = 0.346 sq. inches

132

132
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133

Conduit Fill – Same Size Conductors

• If all of the conductors are the same size, use Annex C in the NEC to 
size conduit fill

134

134

135

135

Conduit Fill Example – Same Size Conductors

• What is the minimum size EMT conduit required for the following 
conductors?
• (5) #12 THHN conductors

136

#12 THHN

#12 THHN
#12 THHN
#12 THHN Neutral

#12 THHN  EGC

EMT

136
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137

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 5 is less than 9, 1/2” conduit is the minimum size conduit that 

can be used

138

#12 THHN

#12 THHN
#12 THHN
#12 THHN Neutral

#12 THHN  EGC

3/4 inch EMT

138

Conduit Fill Example –Different Size Conductors

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

139

500 THHN

500 THHN
500 THHN
250 THHN Neutral

3 THHN  EGC

Schedule 40 PVC

139

Conduit Fill Example –Different Size 
Conductors
• Refer to Chapter 9, Table 5 for THHN Wire

140

500 THHN

500 THHN
500 THHN
250 THHN Neutral

3 THHN  EGC

Schedule 40 PVC

140
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141

Conduit Fill Example –Different Size 
Conductors
• Refer to Chapter 9, Table 5 for THHN Wire

• (1) 500 THHN = 0.7073 in2 x 3 conductors = 2.1219 in2

• (1) 250 THHN = 0.3970 in2 x 1 conductors = 0.3970 in2

• (1) 3 THHN = 0.0973 in2 x 1 conductors = 0.0973 in2

Total Area of Conductors = 2.6162 in2

142

142

Conduit Fill Example –Different Size 
Conductors
• Refer to Chapter 9, Table 4 (PVC), 40% fill
• Total Area of Conductors = 2.6162 in2

• Area of conduit used for wiring must be larger than 2.6162 in2 in 40% 
column

143

500 THHN

500 THHN
500 THHN
250 THHN Neutral

3 THHN  EGC

Schedule 40 PVC

143

144

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 in2

• Area of conduit used for wiring must be larger than 2.6162 in2 in 40% 
column
• 2.907 in2 is larger than 2.6162 in2, so 3 in. conduit is the minimum size 

that can be used

145

500 THHN

500 THHN
500 THHN
250 THHN Neutral

3 THHN  EGC

3 inch Schedule 40 PVC

145

Conduit Nipple Conduit Fill

146

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?

147

147

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

148

148

143



149

149

Conduit Nipple Conduit Fill Example
• 1 - 3/0 THHN = 0.2679 in2 x 3 conductors = 0.8037 in2

• 1 - #1 THHN = 0.1562 in2 x 1 conductor = 0.1562 in2

• 1 - #6 THHN = 0.0507 in2 x 1 conductor = 0.0507 in2

• Total area of conductors = 1.0106 in2

• Refer to Table 4 in Chapter 9 (RMC)

150

150

151

151

Conduit Nipple Conduit Fill Example
• Total area of conductors = 1.0106 in2

• Refer to Table 4 in Chapter 9 (RMC)
• 60% fill of a 1-1/4” conduit = 0.916 in2 Too small!
• 60% fill of a 1-1/2” conduit = 1.2453 in2

• Therefore 1-1/2” conduit is min. size allowed

152

1-1/2” RMC

152
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153

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

154

154

155

155

156

156
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Box Volume

• Includes:
• Plaster rings
• Raised covers
• Extension rings

157

157

158

4 x 1-1/2” 
Square box

21 in3

4 x 1-1/2” 
Square box
With Plaster Ring

21 in3

3.30 in
3

21 in3 24.30 in3

4 x 1-1/2” 
Square box
With extension
ring

21 in3

42 in3

21 in3

4 x 1-1/2” 
Square box
With raised
cover

21 in3

28.50 in3

7.50 in
3

158

Box With Dividers - Marked  [314.16(A)]
• Use volume on barriers to calculate volume if marked

159

159

Box With Dividers – Not Marked 
• Use ½ in3 if metallic • Use 1 in3 if nonmetallic

160

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

161

161

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

162

162

Conductor Fill: 314.16(B)

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

163

163

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
6 5.00

164

164

147



165

Each spliced conductor is counted as one

Each terminating conductor is counted as one

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

1 2
3

4
5

6

There are a total of 6 conductors in this example

165

166

Counts as one conductor since it is less than 12 inches

3

1

There are a total of 5 conductors in this example

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

2

4 5

166

167

Pigtails originating and terminating in the box 
don’t count

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

12
/2

12
/2

167

168

12
/2

12
/2

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

168
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169

1

2
34

5

12
/2

12
/2

7 8
9

There are a total of 13 conductors in this example

6
10

1312

11

169

170

1

2
34

5

12
/2

12
/2

7 8 9

There are a total of 15 conductors in this example

6

10

1312

11

Internal clamps count as one conductor

14 15

170

Device Yoke Wider Than Two Inches

171

2-1/4 in

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 total 
of 7 conductors 
in this example

1
2

3

74 5 8

171

Device Yoke Wider Than Two Inches

172

2-1/4 in

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 total 
of 8 conductors 
in this example

1
2

3

6

4

5 7 8

172
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173

14
/2

14
/3

Box Fill Calculations: Same Wire Size

173

174

14
/33 – 14 AWG 2 – 14 AWG

Two internal cable clamps
1 – 14 AWG

1 Strap/Yoke
2 – 14 AWG

2 Equipment Grounding Conductors
1 – 14 AWG1 Strap/Yoke

2 – 14 AWG

4 x 2-1/8 inch
Square box

14
/2

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

174

Box Fill and Box Size Selection
• Determine number of #14 AWG conductors
• 14/3 NM 3- 14 AWG conductors
• 14/2 NM 2 – 14 AWG conductors
• Switch 2 – 14 AWG conductors
• Cable clamp 1 - 14 AWG conductors
• Receptacle 2 – 14 AWG  conductors
• Equipment Grounding Conductor 1 - 14 AWG conductors
• Total 11 – 14 AWG conductors

175

175

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

176

150



177

177

Box Fill and Box Size Selection

• Select the outlet box from table 314.16(A)
• A 4-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

178

178

179

179

180

12
/2

14
/3

Box Fill Calculations: Different Wire Size

180
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181

12
/2

14
/33 – 14 AWG 2 – 12 AWG

Two internal cable clamps
1 – 12 AWG

1 Strap/Yoke
2 – 12 AWG

2 Equipment Grounding Conductors
1 – 12 AWG1 Strap/Yoke

2 – 14 AWG

4 x 2-1/8 inch
Square box

181

Box Fill and Box Size Selection
• Determine number of #14 AWG conductors
• 14/3 NM 3- 14 AWG conductors
• Switch 2 – 14 AWG conductors
• Total 5 – 14 AWG conductors

• Determine number of #12 AWG conductors
• 12/2 NM 2 – 12AWG conductors
• Cable clamp 1 - 12 AWG conductors
• Receptacle 2 – 12 AWG  conductors
• Equipment Grounding Conductor 1 - 12 AWG conductors
• Total 6 – 12 AWG conductors

182

182

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

183

184

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
• Is large enough to contain the 23.50 cubic inches calculated above.

185

185

186

186

21 Cu. In. Box

14-2 
w/Ground

14-3 
w/Ground

187

1

2

3

4

5 6,7,8

10 x 2 Cu. In. = 20 Cu. In. Box (Minimum)

Device (Switch) = 2

188
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21 Cu. In. Box

1 Cu. In. Extension

22 Cu. In.

(2) 14-2 w/Gr

(2) 14-3 w/Gr

189

1

2

3

7

15 x 2 Cu. In. = 30 Cu. In. Box (Min)

Devices (Switches) = 4 
Conductors

11
8,9,10

4,5,6

190

CONGRATULATIONS!

191

191

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!

192

192
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NEC Electrical 
Calculations Pt. 2

Matthews Electrical Services
Ohio Training Agency #48714

Henry Matthews, PE, CPE, CESCP

1

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

2

2

Breaks (New!)
• 5-minute break every 45 

minutes
• Schedule

• 7:00 AM Start

• 7:45 Break 1

• 8:30 Break 2

• 9:15 Break 3

• 10:00 Break 4

• 10:45 Break 5

3

3

WELCOME!
• Goals
• Review electrical theory
• Review important NEC Calculations
• Make session engaging
• Discussion
• Videos
• Polls

• Make 4 hours as productive as possible!

4

4
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Disclaimer 

• I 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

5

5

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.

6

6

NEC Electrical Calculations

7

Resources Used

8

2017 and 2020 NEC

Ugly’s Electrical References

www.NFPA.org (Link)

Mike Holt’s Illustrated Guide to Electrical Exam Preparation 2017

Ecmweb.com online magazine

Ecmag.com online magazine

8
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9

9

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/tS4vjbW55Cc

• 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/ItJ0YNOZ4wA

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

10

10

Mike Holt Videos

• Motor Branch Conductor Sizing [430.22(A)]
• https://www.youtube.com/embed/buK7LT0yvwE

• Motor Full Load Current (FLC): 430.6(A)(1)
• https://www.youtube.com/embed/Sic1uoua3og

• Motor Full Load Amps – Nameplate (FLA): 430.6(A)(2)
• https://www.youtube.com/embed/2cprO8ZdT1U

• Outlet Box Sizing [314.16(A)]
• https://www.youtube.com/embed/bVQO7B_EWHg

• Overhead Conductor Clearances [225.18]
• https://www.youtube.com/embed/R9DHjGObyKw

11

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/ruceLoI9gJw

• Receptacle Outlets, Number on a dwelling circuit [220.14(l)
• https://www.youtube.com/embed/s4Euin0EsRY

12

12
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Other information

• OCILB (Ohio Construction Industry Licensing Board)
• IAEI (International Association of Electrical Inspectors)

13

13

Agenda

14

Box pulls

Conductor sizing and protection

Overcurrent protection

Conductor Ampacity

Feeder Tap Rules

Dwelling Unit Load Calculations (Method 1)

Motor Calculations

Transformer Calculations

14

Recommendations for This 
Course • Have copy of NEC for 

reference
• Grab a basic calculator 

perform simple 
calculations
• Advise me to slow down 

if something is not clear
• Don’t be afraid to 

question something if 
you don’t agree

15

15

Note:

• All references and 
calculations are based 
on the 2017 NEC which 
is the current version 
adopted by the state of 
Ohio

16

165

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 I 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

18

NEC 314.28

Straight Pulls

Angle Pulls

U Pulls

20

314.28(A)(1) Straight Pulls

3 in3 in

8 Times Largest Raceway

8 x 3 = 24 inches

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

A 3 in
A = (6 x 3) + 2, A = 20 in.

B = (6 x 3) + 2, B = 20 in.

2 inA

3 in2 in

BB

20 in.

20 in.

The distance (measured from the conductor wall entry
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
Raceways on the same wall and row.

22

314.28(A)(2) U-Pulls

A = (6 x 3) + 3, A = 21 in.

3 in3 in

A
21 in.

The distance must be at least 6 times the largest raceway, plus
the sum of the other raceways on the same wall and row.

Opposite Wall

Entry Wall

23

314.28(A)(2) Splices

A = 6 x 3 = 18 in.

B = (6 x 3) +3 + 3 = 24 in.

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.

3 in.3 in. 3 in.

18”A

24”

24

314.28(A)(2) Multiple Rows of Conduit

A 21 in.

1 in.

1 in.

1 in. 1-1/2 in.

1-1/2 in.
1-1/2 in.

3 in.

Row 1

Row 2

When there’s more than on row of conduit on the same wall,
Each row must be calculated separately and the larger answer
Used.

Row 1 = (6 x 1) + 1 +1 = 8
Row 2 = (6 x 3) + 1-1/2 + 1-1/2 = 21 in.

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)

Depth = 6 inches

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 kcmil = 6 inches per Table 312.6(A)

Therefore depth of panel can be no less than 6” 

26 27

Conductor 
Sizing and 
Protection

Branch Circuit Conductor Sizing [210.20]
https://www.youtube.com/embed/tS4vjbW55Cc

28

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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30

Conductor Insulation Identification

Letter Description
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

31

32

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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34

Both Ends Must Be Considered

60°C 75°C4 AWG 90°C
THHN Cu

Co
py

rig
ht
©

IA
EI

 2
01

1

60 deg C 75 deg C 90 deg C
Ampacity(Amps) 70 85 95

The final ampacity is 70 amps even though the wire is rated for 90 
amps due to the 60 deg C terminal

35

36

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)

37
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40 41
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42

Example 1

• According to Table 310.15(B)(16), what size THHN conductor is 
required to supply a 150A feeder?

75 deg C terminals

43

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 45
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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!

46

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?

47

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 49
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50 51

Example 2 Continued
• Answer: 400 kcmil, rated 380 amps at 90 deg C is acceptable

52

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.

53
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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

55

“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 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

58

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

59

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.

60 61
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62

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)
Ambient Temperature oF Ambient Temperature oC Correction Factor 75 oC

Conductors
Correction Factor 90 oC
Conductors

50 or less 10 or less 1.20 1.15

51 -59 deg F 11 -15 deg C 1.15 1.12

60 – 68 deg F 16 -20 deg C 1.11 1.08

69 -77 deg F 21 -25 deg C 1.05 1.04

78 – 86 deg F 26 – 30 deg C 1.00 1.00

87 – 95 deg F 31 – 35 deg C 0.94 0.96

96 – 104 deg F 36 – 40 deg C 0.88 0.91

105 – 113 deg F 41 – 45 deg C 0.82 0.87

114 – 122 deg F 46 – 50 deg C 0.75 0.82

123 – 131 deg F 51 – 55 deg C 0.67 0.76

132 – 140 deg F 56 – 60 deg C 0.58 0.71

141 – 149 deg F 61- 65 deg C 0.47 0.65

150 – 158 deg F 66 – 70 deg C 0.33 0.58

159 – 167 deg F 71 – 75 deg C 0.00 0.50

168 – 176 deg F 76 – 80 deg C 0.00 0.41

177 – 185 deg F 81 – 85 deg C 0.00 0.29

64 65
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66

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).

67

Example

• What is the ampacity of #6 THWN-2 conductors when it is installed in 
conduit ½ 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 + 60 deg 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!

68

Table 310.15(B)(2)(a)
Ambient Temperature oF Ambient Temperature oC Correction Factor 75 oC

Conductors
Correction Factor 90 oC
Conductors

50 or less 10 or less 1.20 1.15

51 -59 deg F 11 -15 deg C 1.15 1.12

60 – 68 deg F 16 -20 deg C 1.11 1.08

69 -77 deg F 21 -25 deg C 1.05 1.04

78 – 86 deg F 26 – 30 deg C 1.00 1.00

87 – 95 deg F 31 – 35 deg C 0.94 0.96

96 – 104 deg F 36 – 40 deg C 0.88 0.91

105 – 113 deg F 41 – 45 deg C 0.82 0.87

114 – 122 deg F 46 – 50 deg C 0.75 0.82

123 – 131 deg F 51 – 55 deg C 0.67 0.76

132 – 140 deg F 56 – 60 deg C 0.58 0.71

141 – 149 deg F 61- 65 deg C 0.47 0.65

150 – 158 deg F 66 – 70 deg C 0.33 0.58

159 – 167 deg F 71 – 75 deg C 0.00 0.50

168 – 176 deg F 76 – 80 deg C 0.00 0.41

177 – 185 deg F 81 – 85 deg C 0.00 0.29

69
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70

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)

71

Table 310.15(B)(3)(a) Conductor Ampacity Adjustment for 
More Than Three Current-Carrying Conductors

Number of Conductors Adjustment
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 73
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Example

• Multiple conductor adjustment (more than 3 conductors in raceway)
• Ambient Temperature correction
• Rooftop adjustment

74 75

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?

76

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:  for 4 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

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

80

45A x 1.25 = 56.25A

45A

45A x 1.25 = 56.25A

#6 AWG wire on 75 deg C terminals rated for 65A per Table 310.15(B)(16)

Next size up

81
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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.

Feeder Conductor sizing [215.2]
https://www.youtube.com/embed/ItJ0YNOZ4wA

82

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 kcmil THHN rated for 255A @ 70 deg C per Table 310.15(B)(16)

83

2200A Continuous Load

(200A x 1.25) = 250A

250 kcmil rated 255A 
Ungrounded Conductor
250 kcmil rated 255A 

84

Feeder Tap Rules!

85
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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 87

88 89
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102 103

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

104

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

105
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Modes of Motor Protection

• Short Circuit
• Circuit Breakers and fuses

• Overload
• Overload devices

• “Heaters”
• Overload relays

106

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?

107

Chapter 4: Equipment for General Use
• Article 430: Motors, Motor Circuits, and Controllers
• Part XIV. Tables

108 109
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Motor Nameplate

FLA
Full Load Amps

110

Typical Motor Starting Curve

111

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)

113
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Motor Branch Circuit:
• A motor branch circuit includes all conductors 

between the branch-circuit protective device and 
the motor as shown above

Motor Branch 
Circuit Conductors

Overcurrent 
Device

Motor Branch-Circuit Conductors

114

Motor Branch-Circuit Conductors

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

115

Dwelling Unit 
Calculations

116

Standard Method Load Calculations
Article 220, Part III

• Article 220 allow two different methods of calculating residential 
loads

1. The standard method in Part III
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)

118 119

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
C. Calculate the first 3000 VA at 100% demand. Calculate the 

remaining VA at 35% demand

120

2. Appliances [220.53]

A. A 75% 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

Note: This demand factor is applied to the nameplate rating of the 
appliances

121
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3. Clothes Dryer [220.54]

A. The feeder or service load for clothes dryers must not be 
less than 5000 Watts or the nameplate rating

B. The demand factors from Table 220.54 can be applied if 
there are more than 4 dryers in the dwelling unit

C. A feeder or service dryer load isn’t required if the dwelling 
unit doesn’t contain an electric dryer

122

4. Cooking Equipment

Household cooking 
appliances rated over 1-3/4 
kW can have the feeder and 
service calculated according 
to the demand factors of 
Table 220.55, including 
notes, 1, 2, and 3

123
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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]

126

Standard Method Load Calculations Example

• What size service is required for a 1,500 sq. ft. dwelling unit 
containing the following loads?

Equipment Wattage (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

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 VA x 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

128 129
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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

131

Step 4: Cooking Equipment Load

A. Determine the Column C value for 14,000 W range:
• 14 kW exceeds 12 kW by 2kW
• Must be increased 5% for each kW over 12kW per note 1
• 2 x 5% = 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

132 133
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Step 5: Air-Conditioning vs. Heat Demand Load

1. Power = Volts x Amps
2. AC Load = 240V x 17A = 4080 VA
3. 4080VA/1000 = 4.08 kVA
4. Compare Heat load and AC Load

1. Heat load = 8kW (8000W)
2. AC load = 4.08kVA (4080 VA)
3. The heating load is larger, so omit the AC load

5. Go with 8000W heating load

135

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

136

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

137
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310.15(B)(7)

138

Service conductors supplying the entire load for a one-family dwelling can be sized not less than 83% 
Of the service rating

139

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)
• 150 x 0.83 = 125A

• Use 1 AWG rated for 130A at 75 deg C

140 141
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Neutral Demand Calculations

• Uses only loads that use the 
neutral conductor:
• General lighting and receptacles
• Small appliances
• Cooking equipment
• Clothes dryer

142

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

143

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

144

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?

145
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Service conductors supplying the entire load for a one-family dwelling can be sized not less than 83% 
Of the service rating

Service Rated 200A
200A x 0.83 = 166A

2/0 rated 175A at 75 deg C
Table 310.15(B)(16)

146 147

Optional Method Load Calculations 
[Article 220, Part IV]

• 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

148

Motors
• Motor present unique challenges
• Expensive, large, heavy, moving parts
• Impact on power system
• High inrush current

• Need to allow motor to start without tripping

• Needs protection against 
• Short circuits
• Ground faults
• Overcurrent

6 to 8x
FLA

149
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Motors

• Motor Branch Conductor 
Sizing [430.22(A)]
• https://www.youtube.co

m/embed/buK7LT0yvwE

• Motor Full Load Current 
(FLC): 430.6(A)(1)
• https://www.youtube.co

m/embed/Sic1uoua3og
• Motor Full Load Amps –

Nameplate (FLA): 430.6(A)(2)
• https://www.youtube.co

m/embed/2cprO8ZdT1U

150

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)]

151

Question ?

• 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?

Motor Branch-Circuit Conductors

152

• Section 430.6(A)(1) 
• Nameplate FLA is not to be used 

• Use Table value for FLC

• Table 430.250, 25 hp at 460 volts 

• Table value FLC = 34 amperes
• Section 430.22

• Ampacity = FLC × 125%

• Ampacity = 34 A × 1.25 = 42.5 amperes

• Answer:  42.5 amperes

Motor Branch-Circuit Conductors

153

199

https://www.youtube.com/embed/buK7LT0yvwE
https://www.youtube.com/embed/Sic1uoua3og
https://www.youtube.com/embed/2cprO8ZdT1U


154 155

Motor Branch-Circuit Conductors

• Motors that are permitted to use the nameplate value (instead of 
Table values) for sizing the branch-circuit conductors are as follows:

• Low speed and multispeed motors

• Listed appliances and specific equipment

• Torque motors

• AC adjustable voltage motors

• Adjustable-speed drive systems

156
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Motor Branch-Circuit
Short-Circuit and Ground-Fault Protection

Purpose:
• To protect circuit conductors, motors and motor 

controller equipment from overcurrent due to 
short-circuits and ground-faults

Branch Circuit 
aaaaaaaaaaaaaaaaaaaaaaaaaaa Controller

BC Short-Circuit and 
Ground-Fault 

Protection

Motor Motor

Feeder

158

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”

Motor Branch-Circuit
Short-Circuit and Ground-Fault Protection

159

• 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  

Motor Branch-Circuit
Short-Circuit and Ground-Fault Protection

160
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• 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

Motor Branch-Circuit
Short-Circuit and Ground-Fault Protection

163
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Inverse Time (Thermal Magnetic) Breaker

Has as magnetic portion for tripping fast on
High fault levels.

And has a thermal portion which allows for 
tripping on low overcurrent levels – longer trip 

Trip on high levels of fault current very fast.
Won’t trip on low levels of overcurrent

166

• Solution: Using Time-Delay Fuses
• Table 430.250: 20 HP at 460 volts
• FLC = 27 amperes
• Table 430.52: Time-delay fuse 175%
• OCPD rating = 27 A × 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
• 50 amperes is the maximum rating of the time-delay fuse for 

the 20 HP motor
• Answer: 50 ampere time-delay fuses

Motor Branch-Circuit
Short-Circuit and Ground-Fault Protection

167

• Solution: Using an Inverse Time Circuit Breaker
• Table 430.250: 20 HP = 27 amperes
• Table 430.52: inverse time circuit breaker, 250%
• OCPD = FLC × 250%
• OCPD = 27 A × 2.50 = 67.5 amperes
• 430.52(C)(1), Ex. No. 1 permits next larger standard size
• 240.6(A), next larger, 70 amperes
• 70 amperes is the maximum rating of the inverse time CB for 

the 20 HP motor
• Answer: 70 ampere inverse time circuit breakers

Motor Branch-Circuit
Short-Circuit and Ground-Fault 
Protection

168
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Overload Protection
• The purpose of motor overload (OL) protection is 

to protect the motor, motor control apparatus, 
and motor branch-circuit conductors against 
excessive heating due to overloads

Motor Overload Protection

Overload 
Protection

Controller

170

Bi-Metallic (Mechanical) Overload

171

Electronic Overload Device

172

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

173
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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%
• These percentages are generally considered the  maximum OL protection unless…
• [See 430.32(C) not sufficient to start motor]

174

• 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

Motor Overload Protection

175

• 430.32(A)(1), (Max. OL protection) :
• Use nameplate FLA
• Service factor 1.15, temperature rise 40°C, 125%
• OL protection = FLC × 125%
• OL protection = 75 A × 1.25 = 93.75 amperes
• Answer: 90 amperes

Motor Overload Protection

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

178

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

179
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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

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

Primary Overcurrent Protection – Less Than 2A Example

480V 
Primary

Load
Secondary

Primary Fuse

Primary Fuse

750 VA Transformer

184

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?

480V 
Primary

Load

Primary Fuse

Primary Fuse

750 VA Transformer

Secondary

P = VxA
A = P/V = 750VA/480V = 1.56A 

Primary

Per Table 450.3(B), for primary current less than 2A, the 
Maximum overcurrent protection is 300% or 3.00
Ipri = 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)

Protection

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?

240V 
Primary

Load

Primary Fuse

Primary Fuse

2kVA Transformer

Secondary

P = V x A
A = P/V = 2000VA/240V = 8.33A 

Primary

Per Table 450.3(B), for primary current less than 9A, the 
Maximum overcurrent protection is 167% or 1.67
Ipri = 8.33A x 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)

Protection

186

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?

480V 
Primary

Load

Primary Fuse

Primary Fuse

45kVA Transformer

Secondary

P = V x A x 1.73
A= P/(V x1.73) = 45,000VA/(480 x 1.73) = 51.19A 

Primary
Per Table 450.3(B), for primary current greater than 9A, the 
Maximum overcurrent protection is 125% or 1.25
Ipri = 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)

Protection

187
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Transformer Primary Conductor Sizing

• Conductors must be sized no less than 125% of the continuous loads, 
plus 100 percent of the noncontinous loads, based on the terminal 
temperature rating ampacities as listed in Table 310.15(B)(16) before 
and ampacity adjustment [210.19(A)(1)]

190

Transformer Primary 
Conductor Sizing
• Conductors must be protected against 

overcurrent in accordance with their 
ampacity after ampacity adjustment
• Adjustments:
• More than 3 conductors
• Temperature 
• Above roof if it applies

191

Primary Conductor Sizing Example 1

• 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

Primary Conductor Sizing Example

• Look for key words

• 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

193
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Primary Conductor Sizing Example 1

1. Size the primary conductor at 125% of the primary current rating
• I = 45,000 VA/(480V x 1.732) = 54A
• 54 x 1.25 = 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

194 195

#4 AWG wire

196

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

197
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Primary Conductor Sizing Example 2

1. Size the primary conductor at 125% of the primary current rating
• I = 75,000 VA/(480V x 1.732) = 90A
• 90 x 1.25 = 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)

198

CONGRATULATIONS!

199

199

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!
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NEC Hazardous 
Locations 
Webinar

OCILB COURSE NO. 4871421

Matthews Electrical Services

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

1

1

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 on webcam:
• After breaks
• Before end of class
• At instructor discretion to check attendance

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

2

Chapter 5  
Special 
Occupancies
(Hazardous 
Locations)

3

Disclaimer

• The views and opinions presented in this course are those of 
Matthews Electrical Services and not necessarily those of the various 
entities the presenter references 
• The views also does not necessarily reflect the views of his previous 

or current employers
• 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.

4
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Disclaimer 

• 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.

5

5

WELCOME!
• Goals
• Promote learning
• Make session engaging
• Discussion
• Videos

• Make time as productive as possible!

6

6

Hazardous 
(Classified) 
Locations

References

7

Agenda

• The Basics
• Hazardous Area Classification (aka Hazardous 

Location) example
• Movie Time!
• Wrap Up

8

8
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Let’s Begin!

9

9

But First…
Let’s take a poll

10

10

Objectives

• To make sure that a possible 
ignition source does not ignite 
hazardous materials  

• To minimize the amount of energy 
released to a hazardous 
environment and preventing 
ignitions and explosions

• To limit the amount of energy in a 
circuit, thus minimizing the ignition 
potential

11

11

Where Does This Apply?

• Gas stations

• Service garages

• Bulk storage facilities (oil, gas, grain etc.)

• Painting facilities

• Textile factories

• Refineries

• Chemical processing facilities

• Oil and gas processing facilties

• Aircraft hangers

• Manufacturing facilities where dust can collect

12

12
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Why Do We 
Care?

• Special wiring
• Special equipment
• Special procedures

13

13

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

14

Introduction to 
Hazardous Locations

• https://www.youtube.com/watch?v=DZ
RL1-ugfAQ

15

15

The Fire 
Triangle

16

16
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Fuel

17

Ignition 
Sources

18

18

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

19

19

Definitions: Flammable Liquids

Flammable Liquids: have a flash point below 100 degrees F and a vapor 
pressure not exceeding 40 psia

20

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

21

Combustible 
Dusts

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)

Informational Note: See ASTM E 1226–12a, Standard 
Test Method for Explosibility of Dust Clouds, or ISO 
6184-1, Explosion protection systems - Part 1: 
Determination of explosion indices of combustible dusts 
in air, for procedures for determining the explosibility of 
dusts

22

23https://www.youtube.com/watch?v=s_erxHvs_Ac&feature=emb_title

23

Ignitible 
Fibers/Flyings

These materials are currently not defined in 
any NFPA document or any other industry 
document

Note: Section 506.6 Group IIIA materials are 
defined as solid particles, including fibers, 
greater than 500 μm (micrometer) in nominal 
size, which may be suspended in air and could 
settle out of the atmosphere under their own

24
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25

25

Vapor Density

26

26

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

27

Definitions: Vapor Density

28

Poses high risk due to 
tendency to collect

Heavier than air gases have 
a vapor density  greater 
than 1.0

Tend to fall to grade level or 
below grade

May remain for a significant 
amount of time until 
dispersed naturally or 
mechanically

28
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29 30

Where to Find Chemical Information

• Material Safety Data Sheets 
(MSDS) now called Safety Data 
Sheets (SDS)

• NFPA 497

31

31

32

32
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33

33

34

34

35

Flash point:  - 46 deg C = -50.8 deg F
AIT: 280 deg C = 536 deg F

35

Classifications

36

Flammable and combustible gases and 
vaporsClass I

Combustible dustClass II

Ignitible fibers and combustible flyingsClass III

36
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Two Systems 
of 

Classification

• The Division System and the Zone System
• The divisions or zones provide the degree of 

hazard in classified locations

• Class I, II, or III Locations

• Divisions 1 and 2

• Class I or II Locations

• Zones 0, 1, and 2

37

Hazardous (Classified) Locations
• Article 500 – Hazardous (Classified) Locations, Classes I, II and III, 

Divisions 1 and 2
• Article 501 – Class I Locations
• Article 502 – Class II Locations
• Article 503 – Class III 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

38

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

39

Divisions Simplified

40

Division 1: 
hazardous materials 

present during 
normal operations

Division 2: 
hazardous materials 

present during 
abnormal operations

40
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Division 1 Areas

41

Division 2 Areas

42

Equipment Selection in Hazardous Locations

Evaluate area. Is it hazardous? Can Equipment be installed 
outside of hazardous locations?

YES Install equipment per 
Chapters 1  - 4  in the NEC

NO

Install equipment per 
Chapters 5 in the NEC

Determine classification

Select equipment that 
matches classification(s)

Use special wiring methods  
prescribed in Chapter 5

Check and test installations 
for integrity

NO

Install equipment per 
Chapters 1  - 4  in the NEC

YES

43

Hazardous Location Decision Tree
Assess the area

Are Hazardous Materials 
Present?

Assess the equipment
Can it be an ignition source?

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.)

Assess your tools
Can they be an ignition source?

Drills, grinders, welders, heat 
guns, screwdrivers, hammers etc.

Develop Mitigation Plans:
Emergency Procedures, PPE 
requirements, tool selection, 
notifications, communication, 

ventilation, barriers etc.

44
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Why Do We Do This?

45

https://www.youtube.com/watch?v=a96kriS
o6EQ&t=61s

45

Class I Location – Definition 500.5(B)

• Class I 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.
• Class I locations shall include those specified in 500.5(B)(1) and (B)(2)

46

46

47

47

Class I, 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
• A location 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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Class I, 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

50

50

Groups
Group Material(s)

A Acetylene
B Hydrogen

C Ethylene
D Gasoline-Propane-Methane

51

51

Class II Location –
Definition 500.5(C)
Locations that are hazardous because of 
the presence of combustible dust.

52

52
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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

53

53

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

54

54

Class II, Division 2

3. A location 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

55

Class III 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

56
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57

57

Class III, Division 1

• A location in which easily ignitable fibers/flyings are handled, 
manufactured or used

58

58

Class III, Division 2

• A location in which easily ignitable fibers/flyings are stored or handled 
other than in the process of manufacture.

59

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=nccrAqNUPbs

61

61 62

63

63

Intrinsically-Safe Circuit

64
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Photos from IAEI Archives

• Typical Zener diode 
barriers in an 
assembly that is part 
of a large system

• A close up view of the 
information on the 
barrier that refers to a 
specific control 
drawing

65

Photo from IAEI Archives

66

Nonincendive 
Protection 
Techniques

• 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 
produced under normal operating conditions of 
the equipment is not capable, under specified 
test conditions, of igniting a flammable gas-air, 
vapor-air, or dust-air mixture      

• See NEC 500.2 Definitions

• This protection technique is permitted to be 
used in Class I and II, Division 2, and Class III, 
Divisions 1 and 2 locations [500.7(F)]

67

Conduit Seals

68

68
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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 

69

Prevent Hazardous Gases

69

Prevent Hazardous Vapors From Accumulating in Non-Hazardous Areas
And to Prevent Vapors from Accumulating in Equipment with Ignition Sources

70

71
Photo from IAEI Archives
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Photo from IAEI Archives

73

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)

74

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)]

75 76
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Important!
• Because of filling compound, 

achieving maximum conduit fill of 
40% for 3 or more wires may not be 
possible

• May have to order oversized conduit 
seals rated for 40% fill

77

77

78

78

79 80
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Conductor 
Interstices

• 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

• Compact stranding can help minimize these 
possibilities 

81 82

Bonding

Ground faults returning to its source can 
create heat and be a possible ignition 
source if the current has to travel across 
loose connections:

• Knockout connections
• Loose conduit connections
• loose fittings

83

83 84
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Grounding (bonding) bushing suitable for 
service bonding

Courtesy of Thomas and Betts

Bonding Bushing

Photo from IAEI Archives

85

Courtesy of Thomas and Betts

Bonding Wedge

Photo from IAEI Archives

86

Five Threads 
Fully 
Engaged

• 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
• 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.

87 88
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89

90

90

Explosion 
Proof Motors

91

91

92

92
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Temperature (T-Codes)
Maximum Temperature Temperature Class (T-Code)

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 93

93

94
57 deg C = 134.6 deg F

94

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

95

Goals

• Locate equipment outside of 
hazardous location if possible

• Avoid expensive equipment
• Avoid special wiring requirements
• Avoid future hazards

96

96
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97 98

99

The Zone 
System of 

Classification

• 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

100
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103 104
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105

Grounding

Help minimize Static Electricity 
generation

https://www.youtube.com/wat
ch?v=T6VKxmUPb3g

106

106

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

107

Cables, Conduit, Magnetism and Inductive Heating

108

108
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109

110

110

Current

111

Current Current

112
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Current Current

Magnetic and Electric Fields can 
cancel each other out

113

Current

Magnetic and Electric Fields can 
add and cause inductive heating

Current

114

CurrentCurrent

Magnetic and Electric Fields can 
add and cause inductive heating

115 116
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Ground Fault current

Equipment Grounding Conductor

117

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.

118

Introduction to 
Hazardous Locations

• https://www.youtube.com/watch?v=DZ
RL1-ugfAQ

119

119

Hazardous Location Example

120
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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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126

126

127 128
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129 130

Materials

Motor Oil
Gasoline
Windshield Washer Fluid
Antifreeze
Batteries
Transmission Fluid
Brake fluid
Compressed Air
Water
Waste water
Cleaning chemicals

131

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

132
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Tools

133

Impact Wrench

Hand Tools

Drills

Grinder

Welder

133

Equipment

Light fixtures
Battery chargers
Computer equipment
air compressors
Electrical panels
Propane Heater
Grinder
Welder
Lube pumps
Motor

134

135

Fuel OIL #2

Pit Pit Pit

Vent

Pump Panel

Elevation (Side) View

Johnny’s Garage

Light

Conduit Seal Conduit Seal

Sump Pump
Sump Pump

136
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Pump Panel

Plan (Top) View

137

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 not include areas such as inside pipes, tanks, equipment etc.
• Look at areas such as flanges, nozzles, sumps, filters, strainers, pits etc.

138

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

139

Fuel OIL #2

Pump Panel

Elevation (Side) View

Johnny’s Garage

Class I, Division 2

Class I, Division 1

5’

10’

140
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Pump Panel

Plan (Top) View

Tank shell

Containment systemVent

141

Specifications

• Fuel Oil #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?

142

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

NEC Table 
500.8(C) 
Classification of 
Maximum 
Surface 
Temperature

Maximum Temperature
degrees C degrees F T-Code

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

144
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Surface temp of 
fixture cannot 
exceed 494.6 deg. F

Select T-code: T2C 
or better

Maximum Temperature
degrees C degrees F T-Code

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

145

Review the Group Codes

146

This fixture is not ok for 
Class I, Division 1 locations!

147

All models will work

148
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Checklist
• Determine Hazardous Classification: Class I, Division 2
• Identify material(s) used in area:  Fuel Oil #2
• 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 I, Division 2
• Verify material group codes: D
• Verify maximum surface temperature (T-Code)
• Verify that fixture is properly listed, identified, marked and/or labeled:

149

Installation requirements

• Boundary Seals
• Conduit Selection
• Wire selection
• Enclosure selection
• Fixture installation

150

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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Warning: not actually layout of DWH rig
Educational purposes only!

155

Warning: not actually layout of DWH rig
Educational purposes only!

156
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Warning: not actually layout of DWH rig
Educational purposes only!

157

Summary

Identify
Identify 
classification of 
area before 
doing work

Identify
Identify ignition 
sources, 
flammable and 
combustible 
materials

Choose
Choose 
appropriate 
equipment

Use
Use proper 
wiring and 
installation 
methods

AVOID
AVOID 
HAZARDOUS 
LOCATIONS IF 
POSSIBLE!

158

158

CONGRATULATIONS!

159

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

Contact instructor at 
hpmatthews@matthewselectrical.net for 
any questions or comments

Make sure you completely sign out of 
webinar after the next slide!

160

160
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Overview of 
the National 
Electrical Code
(NFPA 70 aka the NEC)

1

Overview of the NEC 
Webinar
Matthews Electrical Services

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

2

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

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

3

WELCOME!
• Goals
• Promote learning
• Make session engaging
• Discussion
• Videos
• Case Studies
• Polls

• Make 4 hours as productive as possible!

4
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5

5

Disclaimer #1

• I 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

6

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.

7

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.

8
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9

Other Resources
• NFPA: www.nfpa.org
• OSHA: www.osha.gov
• IEEE (Electrical Safety Workshop): http://www.ewh.ieee.org/cmte/ias-esw/
• IAEI:  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

My Favorites!

www.nfpa.org www.iaei.org www.mikeholt.com www.esfi.org

www.brainfiller.com www.tyndaleusa.com
https://www.ecmag.com/ https://www.ecmweb.com/

11

Let’s Begin!

12
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Objectives

Learn tools on how to navigate the NEC

Take a high level look at the NEC 
structure

Be able to find most common subject 
matter

How to contribute to improvement of 
the NEC

13

The Great Chicago Fire of 1871

14

Early Origins of the NFPA and the NEC
World Columbian Exposition, Chicago, 1893

15

William Henry Merrill 
Boston Electrician

https://www.youtube.com/watch?v=ONMHUGVZmeg

16
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National Fire Protection Agency (NFPA)

• Electric current creates heat

• Excessive heat can cause fire

• The NEC is born!

17

History of the NEC

• Sponsored by the National Fire 
Protection Agency (NFPA) since 1911
• Original version developed in 1897
• 2020 Version represents the 55th

edition
• Started 3-year cycle in 1975
• Prior to that it varied from 1 to 3 years

18

Trivia: What 
Does the 

Cover 
Remind You 

Of?

19

Videos

• Square D 2020 NEC: What Changed and Who Changed it?
• https://www.youtube.com/watch?v=2Yn8RJiehEA&list=PLGo9TRGblRRuYIiZFd

ol5B5QIbBVNSwNg&index=1

• Tour of the NEC
• https://www.nfpa.org/NEC/About-the-NEC

20
269

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)

21

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

22

Other Information

• National Electrical Manufacturers Association: www.NEMA.org
• Institute of Electrical and Electronic Engineers: www.IEEE.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

Math 
Basics

Ohms Law: V = I x R

Power:  P = V x I

24
270

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

Temperature Conversions

• Celsius (C) and Fahrenheit (F)
• C to F = C x 9/5 + 32

• Example: 40oC = 
• 40 x 9 = 360
• 360/5 = 72
• 72 + 32 = 104oF

• F to C = (F -32) x 5/9
• Example: 104oF = 
• 104 -32  = 72
• 72 x 5 = 360
• 360/9  = 40oC

26

Voltage, 
Current and 
Resistance

27

Voltage and Current Analogy

28
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29

OH No! Not Chemistry!

30

31

How Does Current Flow?

32
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Insulators

33

Get Involved in the Code

• https://www.youtube.com/watch?v=2Yn8RJiehEA&list=PLGo9TRGblRRuYIiZFdol5B5QIbBVNS
wNg&index=1

34

35

NEC Structure
• Chapters
• Articles
• Parts
• Sections

Example:
Chapter 2: Wiring and Protection
Article 250: Grounding and Bonding
Part II: System Grounding
Section 250.20:  AC Systems to Be Grounded

36
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How to use the Code

• https://www.youtube.com/watch?v=OVTS2yDIFM4&t=1s

37

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

Chapter 2

Chapter 3

Chapter 4

Chapter 4 Chapter 5

Chapter 6

Chapter 7

Chapter 1

Chapter 7

Chapter 6

Chapter 8

39

Code-Making Panels (CMPs)

• 18 total
• Made up of:

• Manufacturer reps
• Power Company reps
• Laboratory reps
• Contractor
• Inspectors
• Union reps
• Training reps
• Organizations (IAEI, IEEE  eg.)
• Requires consensus for change

40
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41 42

43

Article 90

Introduction

Scope

What’s covered

What’s not 
covered

Ships, watercraft 
etc.

Aircraft

Automotive 
vehicles

Underground 
mines

Railways

Electric utilities

Communication 
utilities

44
275



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

Chapter 1: 
General

46

47

Definitions

• Part I: General
• Part II: Over 1000 Volts, Nominal
• Part III (New):  Hazardous 

(Classified) Locations

48
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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.

49

Chapter 1: General

• Article 100: Definitions
• Outlet: A point on the wiring system at which current is taken to supply 

utilization equipment

50

Chapter 1: General

• Article 100: Definitions
• Receptacle outlet: An outlet device where one or more receptacles are 

installed

51

Service
• The conductors and equipment connecting the servicing utility to the 

wiring system of the premises served.

52
277



Service Equipment

• 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 
the serving utility.

53

www.iaei.org

54

Service Point
• The point of connection between the facilities of the serving utility 

and the premises wiring

www.iaei.org

55

www.iaei.org

56
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Service Conductors

• The conductors from the service point to the service disconnecting 
means

57

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)

58

Article 110: Requirements for Electrical 
Installations
• Examination, Identification, Installation, Use and Listing of Equipment
• Arc Flash Hazard Warning
• Equipment marking
• Working spaces
• Enclosure selection: Table 110.28

59

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

Chapter 2

62

Chapter 2: Wiring and Protection

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 GFCIs
• 210.12 AFCIs
• 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 66

67

Dwelling Unit GFCI requirements Article 210.8(A)

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 PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO 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

69

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO 70

70

https://www.ecmweb.com/national-electrical-code/article/21166916/two-tias-issued-for-the-2020-nec-regarding-gfci-protection

71

GFCI Requirements Common to Both Dwelling and Non-Dwelling Units Articles
Crawl Space lighting outlets 210.8(C)

Specific Appliances 210.8(D)
Equipment Requiring Servicing 210.8(E) and 210.63

Outdoor Outlets 210.8(F)
Sumps Pumps 422.5(A)(6)

Dishwashers 422.5(A)(7)

Docks, marinas, boatyards etc. Article 555
Swimming Pools, Spas, hot tubs, baptismal pools, splash ponds, etc. Article 680

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO 72

72
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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)

AFCI Requirements https://www.facebook.com/nationalelectricalcode/videos/389
481495412648/

73

Article 220: Calculations

• Lighting Loads: Non-Dwelling and Dwelling Units
• Demand factors
• Feeder and Service Load Calculations: 2 types permitted

• Part III: 
• Part IV: Alternative Method

• Square D: 2020 Load Calculations 220.12:
• https://www.youtube.com/watch?v=mmxEdxZsNd0&list=PLGo9TRGblRRuYIiZ

Fdol5B5QIbBVNSwNg&index=5

74

Article 225: Outside Branch Circuits and Feeders

• Clearances
• Protection
• Number of supplies

• Alert! Section 225.30(B) Common Supply Equipment
• Disconnects

75

230.85 Emergency Disconnects

• https://www.youtube.com/watch?v=J6xfGKSLSf4 Square D
• https://www.youtube.com/watch?v=3EU9aOjWW4c NFPA

78
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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

79

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

80

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

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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• General (Part I)

• System Grounding (Part II)

• Grounding Electrode System and Grounding Electrode Conductor (Part III)
• Table 250.66 for sizing the GEC

• 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)

Article 250 Grounding and Bonding

83

Bonding Example (Before)

100 V 50 V

84

Bonding Example (After)

75 V 75 V

85

Bonding Example (After)

75 V 75 V
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oc
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!
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Bonding

87

Grounding Example (Before)

100 V

88

Grounding Example (Before)

100 V

Sh
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rd

!
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Grounding Example (After)

0 V*

Note: Earth is theoretically 0 V. Can have voltage gradients 

90
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Grounding 
(Grounded)

91

Grounding and Bonding Example (Before)

100 V 0 V

92

Grounding and Bonding Example (Before)

100 V 0 VShock hazard!
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Grounding and Bonding Example (After)

0 V 0 V

94
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95

CSST Gas Line - 250.104B
• 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

96

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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Chapter 3: Wiring Methods and Material

99

From www.IAEI.org

100

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

Conductor Insulation Identification

Letter Description
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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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

104

Article 311: Medium Voltage Conductors and 
Cable
• New section
• Scope: Medium Voltage Cables (MV): 2001 V up to 35,000V nominal
• Multiple tables

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 MI
• Article 334: Nonmetallic-Sheathed Cable: Types NM and NMC
• Article 336: Power and Control Tray Cable: Type TC

107

Chapter 3 Wiring Methods and Material

• Article 337: Type P Cable
• Article 338: Service-Entrance Cable: Types SE and USE
• Article 340: Underground Feeder and Branch-Circuit Cable: Type UF
• Article 342: Intermediate Metal Conduit: Type IMC
• Article 344: Rigid Metal Conduit: Type RMC
• Article 348: Flexible Metal Conduit: Type FMC
• Article 350: Liquidtight Flexible Metal Conduit: Type LFMC
• Article 352: Rigid Polyvinyl Chloride Conduit: Type PVC

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

Chapter 3 Wiring Methods and Material

• Article 362: Electrical Nonmetallic Tubing: Type ENT
• Article 366: Auxiliary Gutters
• Article 368: Busways
• Article 370: Cablebus
• Article 372: Cellular Concrete Floor Raceways
• Article 374: Cellular Metal Floor Raceways
• Article 376: Metal Wireways
• Article 378: Nonmetallic Wireways

110
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Chapter 3 Wiring Methods and Material

• Article 380: Multioutlet Assembly
• Article 382: Nonmetallic Extensions
• Article 384: Strut-Type Channel Raceway
• Article 386: Surface Metal Raceways
• Article 388: Surface Nonmetallic Raceways
• Article 390: Underfloor Raceways
• Article 392: Cable Trays
• Article 393: Low-Voltage Suspended Ceiling Power Distribution 

Systems

111

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

112

Chapter 4: Equipment for 
General Use

113

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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Chapter 4: Equipment for General Use
• Article 400: Flexible Cords and Flexible Cables

• Table 400.4 Flexible Cords and Flexible Cables
• Article 402: Fixture Wires

• Table 402.3 Fixture wires

• Article 404: Switches
• Article 406: Receptacles, Cord Connectors, and Attachment Plugs (Caps)

• 406.12 Tamper Resistant Receptacles
• https://www.mikeholt.com/tv-nec.php

115

Tamper Resistant Receptacles Reference
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 
offices, and outpatient facilities

406.12(5)

Subset of assemblies occupancies described in 518.2 to include places of awaiting 
transportation, gyms, skating rinks and auditoriums

406.12(6)

Dormitory Units 406.12(7)

Assisted Living Facilities 406.12(8)

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO 116
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Chapter 4: Equipment for General Use
• Article 408: Switchboards, Switchgear and Panelboards
• Article 409: Industrial Control Panels
• Article 410: Luminaires, Lampholders and Lamps
• Article 411: Low Voltage Lighting
• Article 422: Appliances

• 422.5 GFCI requirements

117

Article 410, part XVI – Horticultural Lighting Equipment

• 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 

example) LED sources and discharge lamps, and the increase of indoor plant 
growing facilities, horticultural lighting equipment is a rapidly expanding 
technology.

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
OHIO 118
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Horticultural Lighting
NFPA Journal, (May-June 2018)

NFPA Marijuana growing:
https://www.youtube.com/watch?time_continue=2&v=yJFtXGJkw5s&feature=emb_logo

https://www.youtube.com/watch?v=aPN5l5kFqh4
FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 

OHIO 119
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Chapter 4: Equipment for General Use
• Article 424: Fixed Electric Space-Heating Equipment
• Article 425: Fixed Resistance and Electrode Industrial Process Heating 

Equipment
• Article 426: Fixed Outdoor Electric Deicing and Snow Melting 

Equipment
• Article 427: Fixed Electric Heating Equipment for Pipelines and Vessels

120

Chapter 4: Equipment for General Use
• Article 430: Motors, Motor Circuits, and Controllers

• Table 430.7(B) Locked-Rotor Indicating Code Letters
• Table 430.10(B) Minimum Wire-Bending Space at the Terminals of Enclosed 

Motor Controllers
• Part II. Motor Circuit Conductors
• Part III. Motor and Branch Circuit Overload Protection
• 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

Chapter 4: Equipment for General Use
• Article 430: Motors, Motor Circuits, and Controllers

• Part IX. Disconnecting Means
• Part X. Adjustable-Speed Drives
• Part XI. Over 1000 Volts, Nominal
• Part XII. Protection of Live Parts – All Voltages
• Part XIII. Grounding – All Voltages

122
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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

123

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?

124

Chapter 4: Equipment for General Use
• Article 430: Motors, Motor Circuits, and Controllers

• Part XIV. Tables

125

Motor Nameplate

126
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Typical Motor Starting Curve

127

Adjustable 
Speed Drives 

(ASDs)

• NEC does not use Variable Frequency Drive (VFD)
• A VFD is a type of ASD
• Several types of ASDs
• VFDs
• Servo motors
• Stepper motors
• Electric Actuators etc.

128

Article 440 Air-Conditioning and Refrigeration 
Equipment

129

Article 445 Generators

• Generators present specific 
challenges
• Source of energy

• Can be a separately 
derived source

• Grounding and 
bonding 

• Safety:
• Backfeed protection
• Overload protection

130
296



Transformers

131

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

Chapter 5: Special Occupancies

133 134
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Chapter 5: Special Occupancies

• Article 500: Hazardous (Classified) Locations, Classes I, II and III, 
Divisions 1 and 2
• Article 501: Class I Locations
• Article 502: Class II Locations
• Article 503: Class III 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

135

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 GFCI Requirements

Requirement Article
Commercial Garages 511.12
Agricultural Buildings 547.5(G)
Mobile Homes, Manufactured Homes, Mobile 
Homes

550.13(B)

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
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Chapter 5: Special Occupancies

• 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
• Article 525: Carnivals, Circuses, Fairs and Similar Events
• Article 540: Motion Picture Projection Rooms

138
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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

555.35 GFCI and GFPE Requirements for  Marinas, Boatyards, Docking FacilitiesLo
Location Type Protection (trip) 

Level
Reference

Shore power receptacles GFPE 30 ma 555.35(A)
15A, 20A receptacles other than 
shore power

GFCI (Type A) 4 - 6 ma 555.35(B)

Main, feeder, and branch circuits 
installed on docking facilities*

GFPE 100 ma 555.35(C)

* Exception: transformer secondaries of separately derived systems where secondary 
conductors exceed 10 ft installed in raceway

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
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https://www.youtube.com/watch?v=bNNTlhKRe-g

140

Introduction to 
Hazardous Locations

• https://www.youtube.com/watch?v=DZ
RL1-ugfAQ

141

141

Chapter 6: Special Equipment

142
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143

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

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=lgbGs_B8Puc&feature=emb_logo

145 146
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147

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

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

149

Chapter 6 GFCI Requirements

Requirement Reference
Elevator Pits, Hoistways, Dumbwaiters etc. 620.6

Electric Vehicle Charging Equipment 625.54
Storable and Portable Immersion Pools 680.35

Permanently Installed Immersion Pools 680.45
Fountains including Splash Pads 680.50

Pool motors 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 682.15

FOR INFORMATIONAL PURPOSES ONLY. NOT CURRENT CODE IN 
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Chapter 6: Special Equipment

• Article 675: Electrically Driven or Controlled Irrigation Machines
• Article 680: Swimming Pools, Fountains, and Similar Installations
• Article 682: Natural and Artificially Made Bodies of Water
• Article 685: Integrated Electrical Systems
• Article 690: Solar Photovoltaic (PV) Systems
• Article 691: Large Scale Photovoltaic (PV) Electric Supply Stations

151

Chapter 6: Special Equipment

• Article 685: Integrated Electrical Systems
• Article 690: Solar Photovoltaic (PV) Systems
• Article 691: Large Scale Photovoltaic (PV) Electric Supply Stations
• Article 692: Fuel Cell Systems
• Article 694: Wind Electric Systems
• Article 695: Fire Pumps

152

Chapter 6

• 625.1 Electric Vehicle Power Transfer System
• Solar Photovoltaic Systems, Scope:

• https://www.youtube.com/watch?v=gZT9y0Ougao

153

Future 
of the 
NEC?
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155

Article 690: Solar Photovoltaic (PV) Systems

• Part I:  General (definitions)
• Part II: Circuit Requirements

• Maximum voltage: no greater than 1000V (690.7)
• One and two-family dwelling units limited to 600V.
• Limited to 1500VDC when not located on or in buildings

• Good reference: 
• Photovoltaic Array Performance Model (SAND 2004-3535)
• Sandia National Laboratories

156

Safety

• Can generate high levels of DC current
• Solar panels can generate power with low levels of light.
• AFCIs required for DC circuits over 80V (690.11) – note exception
• Rapid shutdown requirements for systems on buildings (690.12)

• Goal – protect firefighters, note exception

• External disconnect requirements

157

Chapter 7: 
Special 
Conditions

158
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159

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=0jlXmj-LdNQ

• 706.1 Energy Storage Systems
• https://www.youtube.com/watch?v=Wp5qkrV7tAY&feature=emb_logo&app=

desktop

160

Energy Storage Systems (ESS)

• The rapid development and deployment of energy storage systems 
present unique hazards to electricians and first responders.

https://www.nfpa.org/ess
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Chapter 7: Special Conditions

• 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 II. Microgrids

• Article 706: Energy Storage Systems
• Also works closely with PV systems

162
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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.

163
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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

Power of Ethernet (PoE)

• https://www.youtube.com/watch?v=G7w0MSBV54Y

• https://www.youtube.com/watch?v=G7w0MSBV54Y
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Chapter 9: Tables

169

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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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

171

Informative 
Annexes

172

Informative 
Annexes

Annex D: Examples Load calculations

Annex E: Types of Construction

Annex F: Availability and Reliability for Critical Operations Power of 
Functional Performance Tests (FPTs) for Critical Power Systems

Annex G: Supervisory Control and Data Acquisitions (SCADA)

Annex H: Administration and Enforcement

Annex I: Recommended Tightening Torque Tables from UL Standard 
486A-486B

173

Informative Annexes
Annex J: ADA Standards for Accessible Design

174
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Index

175 176

CONGRATULATIONS!

177

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!

178
308

mailto:hpmatthews@matthewselectrical.net


179

309



File Attachments for Item:

ER-5 2020 NEC Review (International Association of Electrical Inspectors)

All certifications except plumbing and IU (30 hours in four 7.5-hour sessions)

Staff Notes: Add NRIUI, RIUI, recommend approval.

ESIAC Recommendation:

Committee Recommendation:
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7/9/2021

1

4

10
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2
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3
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4
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114
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147

152
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178
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355
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File Attachments for Item:

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:
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Electrical Safety
Based on the NEC and NFPA70E

Ohio Training Agency #48714

HenryMatthews,PE,CPE,CESCP
hpmatthews66@att.net

hpmatthews@matthewselectrical.net

1

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

Be
Webinar may be recorded
• Proof of attendance and participant identity

Webinar Rules • Potential OCILB audits

Keep
Keep webcam active*
• Instructor will periodically check for presence of all
attendees

• During presentation, participant view will be blocked

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

6

2

Certificate of completion will be sent via email to all attendees

4 hours of Ohio OCILB Code and/or OBBS credits will be submitted to the
state board within 48 hours of class

Webinar
Completion

Feedback is encouraged to improve future webinars!

Send other inquires, feedback and questions to:
hpmatthews@matthewselectrical.net

419-701-7707

419-575-3488 (cell)

11

3

WELCOME!

• Goals
• Promote learning
•Make session engaging
• Discussion
• Videos
• Case Studies
• Polls

• Make 4 hours as productive as
possible!

4
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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.

5

Disclaimer #1

I don’t know
everything!

I’m just very
passionate about
electrical safety!

6

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.

• OSHA10, NFPAhour for example

However… it may satisfy NFPA70E
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

7

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, IEEEetc.)

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

8
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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.

9

Other Resources
• NFPA: www.nfpa.org
• OSHA: www.osha.gov
• IEEE (Electrical Safety Workshop): http://www.ewh.ieee.org/cmte/ias-esw/
• IAEI: www.iaei.org
• MikeHolt 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): https://www.esfi.org/
• Fluke Corporation: www.Fluke.com
• Westex: www.westex.com
• Schneider Electric: www.schneiderelectric.com
• Eaton Corporation: www.eaton.com
• RedVector Training: www.redvector.com
• Schweitzer Engineering Labs: www.selinc.com

10

Let’s Begin!

29

11

TheNEC“Suite”

12
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ANew Safety Code is in Town!

13

Not in Scope
but

Important!

14

Notice!
• Some of the NEC material is based on the
2020NEC edition which is not currently in
effect in Ohio

15

Survey: Electrical Safety is a Broad Topic

What type of
training do you
want today?

What topics do
you want to
cover?

16
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Why DoWe Need Electrical Safety Training?

17 18

19

CourtesyAmerican Society
Of Safety Professionals(ASS)

20
357



21 22

23 24
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25

Why?!

https://www.necn.com/news/local/fire-officials-warn-parents-about-outlet-
challenge/2221457/

26

27

https://www.esfi.org/resource/residential-construction-workplace-safety-751

28
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29

Introduction to Electrical Safety

https://www.fluke.com/en-us/learn/blog/safety/electrical-safety-videos

30

Electrical Safety References

• National Electric Code (NEC, NFPA70)
• Mainly concerned with safe installations for occupants
and users

• NFPA70E focuses onworker safety
• NFPA 70B focuses on electrical equipment maintenance
• OSHA1910 focuses on contractors
• OSHA1926 focuses on industry
• NESC(National Electrical Safety Code, IEEE-C2)

• focuses on utility installations
• IEEE 1584 Short Circuit calculations

• Recently revised in 2018

31

NECSafety Highlights

Definitions Labeling
requirements

SafeWorking
Spaces,
Clearances

GFCI
requirements

Grounding
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.

33 34

Source: www.eaton.com

FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN
OHIO
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35

LISTING: Nationally Recognized Testing Laboratories (NRTL)
(ListMaintained byOSHA)

36
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Working Space

• Adequate working space shall be allocated around electrical
equipment to provide for maintenance and safe operation

MinimumClearDistance

Nominal
Voltage

Condition 1 Condition 2 Condition 3

0-150 3 ft 3 ft 3 ft
151-600 3 ft 3 ft – 6 in. 4 ft
601-1000 3 ft 4 ft 5 ft

Note: not related to Shock tables in NFPA70E

https://www.youtube.com/watch?v=gEYuLld_USA

37

Labeling(hazard
communication)
• Frequent target of
inspectors!
• 2nd leading OSHA
citations
• New:

• Upstream source
identifier

• SCCR (field labeling)
• Disconnect location
(signs)

38

Contrast

39

OSHA2019
Most Cited
Violations
(Source

www.nsc.org)

40
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Arc Flash Labels!
• Two Types

• NEC version [110.16]: “generic label” (mandatory)
• NFPA 70E version [130.5(H)]

• NEC version Required for:
• Switchgear, switchboards,
• Panelboards, meter sockets,
• MCCs that require servicing,
• Maintenance, adjustments, examination etc.
• 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 NFPA70E tables for PPE selection

41

Arc Flash Labels (more on this later)
• NFPA70Eversion

• Required if 70E adopted by facility

• Required for:
• Switchgear, switchboards,
• Panelboards, meter sockets,
• MCCs that require servicing,
• 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

42

Electrical Hazards

SHOCK ARCFLASH

More than 90% of electrical fatalities among US workers are due to electrical shock. - IAEI

43

Electrical Injuries and Impacts

44
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45

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: GFCIs are set just below the “let-go” range (6ma)

46

Body Resistance Chart
Paths Electricity CanTakeThroughBody

The lower the resistance, the more current flows
V=I xR
I =V/R

Body Part Resistance (ohms)

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 48
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UL943 Curve

49

www.efsi.org

50

GFCI Requirements
https://www.esfi.org/resource/gfci-virtual-demonstration-481

https://www.necn.com/news/local/fire-officials-warn-parents- about-
outlet-challenge/2221457/

51

Dwelling Unit GFCI requirements Article 210.8(A)

Bathrooms 210.8(A)(1)

Garages andAccessory 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)

LaundryAreas 210.8(A)(10)

Indoor Damp andWet Locations (new) 210.8(A)(11)

Boast Hoist 555.9

70

52
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Appliances

53

Cases That Drove Change

52-year old plumber killed
while installing dishwasher,
came in contact with
energized range

10-year old girl killed behind
energized appliance

Oklahoma child retrieving
pet behind clothes dryer

10-year old boy playing hide
and seek

72

54

GFCIRequirements forOtherThanDwellingUnits 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)

FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN
OHIO
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GFCIRequirements Common to Both Dwelling andNon-Dwelling Units Articles
Crawl Space lighting outlets 210.8(C)
SpecificAppliances 210.8(D)
Equipment Requiring Servicing 210.8(E) and 210.63
Outdoor Outlets 210.8(F)
Sumps Pumps 422.5(A)(6)
Dishwashers 422.5(A)(7)
Docks, marinas, boatyards etc. Article 555
Swimming Pools, Spas, hot tubs, baptismal pools, splash ponds, etc. Article 680

FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN
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WhatAbout Electric
Water Heaters?
• For right now…
• Even though it may be located in a basement,
restroom or laundry room and

• It is 240 V
• It is not required is it is hard-wired
• GFCI 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 yourAHJ or inspector

57

Chapter 5 GFCI Requirements
Requirement Article
Commercial Garages 511.12
Agricultural Buildings 547.5(G)
Mobile Homes, Manufactured Homes, Mobile 550.13(B)
Homes

FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN
OHIO 76

58

www.ESFi.org
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59

AFCI Requirements
Area AFCI AFCI Code reference

Kitchen X 210.12(A)
Dining Room X 210.12(A)
Bedroom X 210.12(A)
Closets X 210.12(A)
Living Room X 210.12(A)
Family Room X 210.12(A)
Parlor X 210.12(A)
Libraries X 210.12(A)
Hallway X 210.12(A)
Laundry Room X 210.12(A)
Den X 210.12(A)
Sunroom X 210.12(A)
Recreation Room X 210.12(A)
Dormitory units X 210.12(B)
Dormitory bathrooms X 210.12(B)
Patient Sleeping Rooms in Nursing Homes and Limited-Care Facilities X 210.12(C)
Hotel Guest rooms and suites X 210.12(D)

60
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More Safety Hazards

61 62

63 64
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And theWinner Is…

65

230.62(C) Barriers

Prelude to 230.71

Barriers shall be placed in service equipment such
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-disconnect.php
FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN

OHIO
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NOTPERMITTED

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

ON

OFF

PERMITTED PERMITTED
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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: EMERGENCYDISCONNECT, SERVICEDISCONNECT 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

• Three Options…

FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN
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406.12 Tamper-Resistant Receptacle

Type of change: New/Revision

2020 NEC: Requirements for tamper-resistant (TR) receptacles were expanded to
attached and detached garages and accessory buildings of dwelling units.

Common areas of multifamily dwelling units and hotels and motels are included
as well.

Assisted living facilities was also added.

FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN
OHIO
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TamperResistant Receptacles Reference
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
offices, and outpatient facilities

406.12(5)

Subset of assemblies occupancies described in 518.2 to include places of awaiting
transportation, gyms, skating rinks and auditoriums

406.12(6)

Dormitory Units 406.12(7)
Assisted Living Facilities 406.12(8)

FORINFORMATIONALPURPOSESONLY.NOTCURRENTCODEIN
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More Useless Trivia!

POWER!

71

Kilowatts vsKVA

72
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Electric Shock Drowning
https://www.youtube.com/watch?time_continue=1&v=Cwj4lS
MfH68&feature=emb_logo

https://www.boatus.com/seaworthy/esd.asp
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Chapter 6 GFCI Requirements

Requirement Reference
Elevator Pits, Hoistways, Dumbwaiters etc. 620.6
Electric Vehicle Charging Equipment 625.54
Storable and Portable Immersion Pools 680.35
Permanently Installed Immersion Pools 680.45
Fountains including Splash Pads 680.50
Pool motors 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 andArtificiallyMade Bodies ofWater 682.15
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Arc Fault Circuit Interrupter
https://www.youtube.com/watch?v=C-SBly_2bPQ

77

NFPA70E Electrical Safety in theWorkplace

78

NFPAFaces 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/

79

NFPA70EHighlights
• Definitions
• Hierarchy of Risk Controls
• SafeWork Practices
• Qualified vs Unqualified Persons
• Establishing an Electrically SafeWork Condition
• PPE selection (Table vs Incident EnergyMethod)
• Lockout Tagout and Energy Isolation
• Shock andArc Flash Protection Boundaries
• ”Normal Operating Conditions” (controversial)
• EnergizedWork and EnergizedWork Permit
• Communication
• Emergency Procedures
• Training and documentation to prove it

80
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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

81

50Volts
TRIVIA:WHY50VOLTS?

82

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

83

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/
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Incident Energy (Calories/cm2)
• Measure of energy
• 1.2 cal/cm2 = equals onset of just curable 2nd degree burn (blister)

85

Circuit Breaker
TimeCoordinationCurve

• Fastest circuit breaker takes 3 or 4 cycles
to react

• Fuses are typically faster

• Solid state relays are fastest

• Condition of circuit breaker a factor

• The higher the current, the faster a
breaker will operate

• The faster a breaker operates, the lower
the amount of dangerous energy that
gets through

86

Notice the Cover

• Hierarchy of Risk Controls (ANSI Z10)
• In order of priority to promote electrical safety

Elimination
Substitution
EngineeringControls
Awareness
AdministrativeControls
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
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Purpose

• provide a practical safe working environment for workers
and observers from the hazards of electricity

89

Scope

• Industrial, Commercial, Government etc.
• Practices recommended for residential, but not mentioned
specifically in NFPA70E
• Not covered: utilities outside of buildings, marine, communications
industry

90

91 92
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93 94

95

The OSHAConnection

• OSHAis the “Shall”
• NFPA70E is the “How”

96
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Arc Flash Hazard
• Asource of possible
injury or damage to
health associated with
the release of energy
caused by an electric
arc

Definitions

97

1.2 Calorie/cm2

• Threshold for just-curable second degree burn
https://tyndaleusa.com/fr-safety-resources/arc-flash-video-recap-2019/

98
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Definitions
• Arc Flash Boundary

• an approach limit from an arc source at which the incident energy equals 1.2
cal/cm2 (5 J/cm2)

100
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LimitedApproach
Boundary
• approach limit at a
distance from an
exposedenergized
conductor or circuit
within which a
shock hazard exists.

Definitions

101

Definitions

RestrictedApproach
Boundary
• An approach limit at
a distance from an
exposedenergized
conductorwhere
there is an increased
likelihood of electric
shock, due to
electricalarc-over
associatedwith
inadvertent
movement.

102

Shock andArc Flash Protection Boundaries

103

Definitions

De-energized

Free from any electrical
connection to a source of
voltage and from
electrical charge

104
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Definitions

Electrically SafeWork
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.

105

Arc Flash Labels!
• NFPA70Eversion

• Required for:
• Switchgear, switchboards,
• 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

106

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.

108
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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

109

Definitions

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
per square
centimeter (cal/cm2).

110

Definitions

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.

111

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
training or experience

https://www.esfi.org/resource/workplace-safety-the-importance-of-qualified-electrical-workers-670
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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

113

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
•Andmanymore…

114

Verification ofAbsence of Voltage (0 volts)

• The Qualified Person:
• Verify 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 given to make sure equipment
DOESNOTSTART

115

Definitions

RiskAssessment

• A process that
identifieshazards,
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.
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Definitions

Switchgear,Arc-
resistant

• Equipment designed
to withstand an arc
flash by deflecting
fault released energy
away from the
employee.

117

Working Distance

• The distance
between a person’s
face and chest area
and a prospective
arc source.

Definitions

118

Typically 18”, 24” or 36”

119

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
3. At least one of the following:
• Incident energy and corresponding working distance or PPE category – but not both
• Minimum arc rating of clothing
• Site-specific PPE

120
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• One who is not a
Qualified person

•May perform tasks
considered part of the
normal or routine job
duties

The Unqualified Person

121

Not Understanding the Hazards!

• How many times have you seen
this scenario?

https://www.youtube.com/watch?v=ObevFZMohuA

•What Can GoWrong?
• 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!

122

Communication: Job Briefing
• The employee in charge shall conduct a job briefing
before starting each job that covers

• Important issues from the risk assessment process

And, addresses issues and concerns from:
• Special precautions
• PPE requirements
• Existing conditions
• Job site analysis
• What if analysis
• Emergency response and communication

123

Emergency Response

• Contact release
• FirstAid, Emergency Response and Resuscitation

• Includes CPR andAED use
• Training
• Verification of Training
• Documentation
• OSHA2- Person Rule

124
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Training Requirements

• Lockout/Tagout Procedure
Training

• EmergencyResponseTraining
• Contact release
• First, aid, emergency
response and resuscitation
• CPR
• AEDavailability
• Training shall occur at
a frequency that
satisfies the
requirements of the
certifying body

• TrainingVerification
• Documentation

125

Extension Cords!

126

Establishing anElectrically SafeWorkCondition

127

Electrically SafeWork 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.
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129

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

https://www.osha.gov/video/shipyard_accidents/15_lockout_tagout_failure.html

130

Lockout/Tagout Program
• Beware of identical equipment
• chance of locking out wrong equipment

131

Process for Establishing and Verifying and
Electrically SafeWork 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 LOTOdevices
• 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 ReductionMethods

•Arc-resistant switchgear: https://www.youtube.com/watch?v=yTQDgGEpNJQ
• Light Detection Relays: https://selinc.com/solutions/arc-flash-solutions/
• Maintenance Mode switches:

• make circuit breakers operate faster (instantaneous trip)
• Remote racking devices: https://www.youtube.com/watch?v=IburZAlAnN4

https://marteklimited.com/chicken-switch/

• Resistance grounding (high resistance grounding):
http://videos.eaton.com/experience/detail/videos/power- quality/video/5854799660001/high-resistance-grounding-
hrg?autoStart=true

• Zone selective interlocking (relaying schemes)

•Remote switch activation (Chicken Switches):

133 134

Exception 1

Exception 2: Can be used for applications > 1000V

135

Caution! Not rated for use over 1000V

136
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Beware of induced voltages or
stored electrical energy!

Ensure proper rating and capacity

137

EnergizedWork
• 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

Is it Safe to
OperateThis Switch?

• https://www.youtube.com/watch?v=rV3FBKMRawo

139

NORMALOPERATINGCONDITIONS
(NORMALCONDITIONS)

• Source of much confusion, misinterpretation
• Leads to misapplication and increased risk
• Lots of debate on this topic
• Undergone several changes over years

Question:

Can I operate a circuit breaker or switchwithout PPE?
Will the enclosure door offer me some protection?

Arc Flash VideoWith Door Blowing Open (2:32)

https://brainfiller.com/videos/page/2/
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Normal Operating Conditions (continued)
• Normal operation of electric equipment shall be permitted where a
normal operating condition exists. A normal operating condition
exists when all of the following conditions are satisfied:

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
2018 version)

4. The equipment doors are closed and secured
5. All equipment covers are in place and secured
6. There is no evidence of impending failure

141

Energized Electrical Work Permit

• Exemptions
• Testing, troubleshooting, voltage measurements
• Thermography, ultrasound and other diagnostics
• General housekeeping

• PROPERPPEMUSTSTILLBEWORN!!

• https://www.e-hazard.com/blog/wp-content/uploads/2018/01/ENERGIZED-ELECTRICAL-WORK-PERMIT-
2015.pdf

142
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Shock PPE

• Rubber Gloves with leather protectors (pg 43)
• Rubber sleeves
• Rubber mats
• Rubber blankets
• Dielectric footwear (pg 59)

144
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Voltage Classification for Shock Protection Gloves

Rubber gloves must be worn with approved leather
protectors!

145

Arc Flash RiskAssessment

• Risk assessment: Likelihood vs Severity
• Arc Flash Boundary: incident energy = 1.2 cal/cm2
• 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

146

Arc Flash PPE Selection

Pg 86

Use incident
energy
analysis

Use Table
130.5(G)

To determine
PPE

Use “Table”
Method

Use Table
130.5(C)

To determine if
PPE is required

Use Table
130.7(C)(15)(a)
To determine
PPE Category

Use Table
130.7(C)(15)(c)
To determine

PPE
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Electrical PPE Categories
Note: PPE category
0 no longer used

APTV: Arc Thermal Protective Value
(Maximum arc flash protection value)
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Incident EnergyMethod
• Calculated by:

• Software: ETAP, SKM, Easy Power
• Hand calculations: based on IEEE 1584

• SeeAnnex D

• Impacted by:
• Circuit breaker or fuse clearing time
• Amount of short-circuit current available
• Condition of equipment
• User input (accuracy of one-line diagram) – Henry’s input

• Shall be reviewed every 5 years

149

EngineeringAnalysis ( ETAP
example)

150

How to interpret the Information on the label

Voltage of exposed energized parts

Defines what PPE towear
(see PPEsection andPPEchart)

Potential arc flash energy

Typical workingdistance
(distance from energized part(s) to face)

Boundary where incident energy = 1.2 cal/cm2
(threshold for 2nd degree burn)

PPE required to protect against arc flash
(basedonFlashHazardCategoryor PPElevel)

LimitedApproachBoundary (if energized parts are exposed)
• The maximum distance where a shock could happen by accidental contact
• OnlyQualifiedPersons allowedwith proper PPE for shock and arc flash
• Unqualified Persons allowed under guidance of Qualified Person and wearing
the proper PPE for shock and arc flash

Restricted Approach Boundary (if energized parts are exposed)
• The maximumdistance where a shock is likely to happen
• Contact not necessary, arc can jump to conductive equipment or humans
• OnlyQualifiedPersons allowedwith proper PPE for shock and arc flash
• Unqualified Persons not allowed under any circumstance!

Prohibited Approach Boundary (if energized parts are exposed)
• Basically the same as touching energized parts
• No longer requiredon labels after NFPA70E2015version
• OnlyQualifiedPersons allowedwith proper PPE for shock and arc flash
• Unqualified Persons not allowed under any circumstance!

Glove category to protect from shock

Voltage rating of gloves for shock protection

Note: Arc Flash labels come in many different configurations

151

Circuit Breaker Resetting

• A circuit breaker should no longer be reset without investigation
• 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
COULDBEDANGEROUS!
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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
• OSHAtable

https://www.youtube.com/watch?v=4QcctfnUeOM
(ladders)

https://www.youtube.com/watch?v=Y2MwX738e1Y
(cranes)

https://www.esfi.org/resource/workplace-safety-always-look-up-673
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Underground Lines

• Beware of buried cable, conduit

154

Diagnostics, Troubleshooting and Testing
• Exception* is permitted to allow diagnostics and
testing on energized circuits
• Qualified person(s) must be involved

• Establish LimitedApproach andArc Flashboundaries
•Must wear proper PPE per the arc flash label ORTables
• Barriers must be erected
• Select appropriately rated tools

• Proper voltage rating
• Good condition

*Energized work permit is not required

155

Second Person Requirements
(OSHA1910.169)

• 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, FirstAid andAED 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

• DISCUSSTHISINRISKASSESSMENTANDPRE-JOB!!!!
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Multi-meter Safety
• Proper ratings and certifications (UL and other NRTL)

• Beware of the CEmark!
• 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
• Safety – use proper PPE (gloves, glasses)

• Obey arc flash label for other PPE requirements
• Use good quality meters ! 175
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NFPA70ETables

Note: outdated label- for demonstration purposes only
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Using the TableMethod
• Use when

• No or limited information exists regarding facility electrical hazards
• An incident energy analysis has not been done

162

What is the Likelihood of anArc Flash Event?

•What type of task(s) will you be working on?

163 164
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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)?

165 166

Select PPE

• Look up PPECategory on chart
• Select voltage rated gloves
• Hard hat
• Face shield
• Balaclava
• Foot wear
• Hearing protection
• Eye protection

167 168
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Using the Incident EnergyAnalysis

• Use when an incident energy analysis has been done

171 172
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CONGRATULATIONS!

193

175

Next Steps

ACertificate 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!
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