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CONSTRUCTION MARKETING & ESTIMATING 

Construction Estimating Concepts 
  $8.95/ea ................................................ (9781889892696)

    PLUMBING / PLUMBING CODE @$9.95/ea 

Quick Reference guides to make running a successful  
contracting business easier!

   QUICK-CARDS® 
10%

Discount! 

        ACCESSIBILITY/ADA ELECTRICAL / NATIONAL    
ELECTRICAL CODE 2020 @9.95/ea

2020/2017 NEC® National Electrical Code 

NEW!
NATIONAL ELECTRICAL CODE (2020)

The NEC is a code book adopted in all 50 States. Its purpose is to  
  provide standards that uphold its driving principle of safeguarding 
  people and property from hazards arising from the use of electricity. 
The NEC safety principles provide guidelines to protect against: 

• Electric shock          • Thermal effects         • Overcurrent            
                     • Fault currents          • Overvoltage

NATIONAL ELECTRICAL CODE (NEC) (Based on 90.1(A)(C)) 

Neutral conductors must be installed in accordance to the following:
• Neutral conductors must not be used for more than one branch  
      circuit, for more than one multiwire branch circuit, or for more 
      than one set of ungrounded feeder conductors.
• Where more than one neutral conductor associated with different  
      circuits is in an enclosure, grounded circuit conductors of each  
      circuit must be identified or grouped to correspond with the  
      ungrounded circuit conductor(s) by wire markers, cable ties or  
      similar means in at least one location within the enclosure.

NEUTRAL CONDUCTORS (Based on 200.4(A)(B))

• Boxes and conduit bodies must be of an approved size 
      to provide free space for all enclosed conductors. 
• In no case must the volume of the box, as calculated 
      in 314.16(A) be less than the fill calculation.
• Each conductor that originates outside the box and 
      terminates or is spliced within the box must be 
      counted once.
• Each conductor that passes through the box without 
      splice or termination must be counted as once.
• Each loop or coil of unbroken conductor not less than     
      twice the minimum length required for free conductors     
      in 300.14 must be counted as twice.

GROUNDED CONDUCTORS OF DIFFERENT  
SYSTEMS — IDENTIFICATION (Based on 200.6(D)) Receptacles, polarized attachment plugs, and cord 

  connectors for plugs and polarized plugs must have 
  the terminal intended for connection to the   
  grounded conductor identified as follows:
• Identification must be by a metal or metal coating 
    that is substantially white or silver in color or by  
    the word white or the letter W located adjacent     
    to the identified terminal.
• If the terminal is not visible, the conductor entrance 
    hole for the connection shall be colored white  
    or marked with the word white or the letter W.

TERMINAL IDENTIFICATION 

• For a service rated 100 through 400 amperes, the service conductors
      supplying the entire load associated with a one-family dwelling,  
      or the service conductors supplying the entire load associated  
      with an individual dwelling unit in a two-family or multifamily  
      dwelling, must be permitted to have an ampacity not less than  
      83% of the service rating.  
     Note: This also applies to feeders. 
• In no case must a feeder for an individual dwelling unit be required  
      to have an ampacity greater than that specified above. 
• Grounded conductors must be permitted to be sized smaller than  
      the ungrounded conductors, if the requirement of 220.61 and  
      230.42 for service conductors or the requirements of 215.2 and  
      220.61 for feeder conductors are met. 

SINGLE-PHASE DWELLING SERVICES &  
FEEDERS (Based on 310.12) 

P = Power (in watts)                    E = Force (in volts)

I = Current (in amperes)      R = Resistance (in ohms)

OHM'S LAW & POWER FORMULAS

OHM'S LAW & IMPEDANCE 

NUMBER OF CONDUCTORS — 
BOX FILL CALCULATIONS (Based on 314.16)

Voltage = Current x Impedance 
E = I × Z
Current = Voltage ÷ Impedance 
I = E ÷ Z
Impedance = Voltage ÷ Current 
Z = E ÷ I

Voltage = Current x Resistance
E = I × R
Current = Voltage ÷ Resistance
I = E ÷ R
Resistance = Voltage ÷ Current
R = E ÷ I

OHM'S LAW DIAGRAM & FORMULAS 

Power = Current x Voltage
P = I × E
Voltage = Power ÷ Current
E = P ÷ I
Current = Power ÷ Voltage
I = P ÷ E

POWER DIAGRAM & FORMULAS  

CONDUCTORS SIZES – AWG & CMILS

Conductors 18 through 4/0 are  American Wire Gauge (AWG)
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cmil sizes 250,000 and larger

OHM’s law and the power formula are limited to circuits
  in which electrical resistance is the only significant 
  opposition to current flow, including all DC circuits 
  and AC circuits that do not contain a significant 
  amount of inductance and/or capacitance. 

Grounded Conductors Size 6 AWG or Smaller 
 must be identified by one of the following means:
 • a continuous white outer finish    
 • a continuous gray outer finish  
 • 3 continuous white or gray stripes on its   
     entire length on other than green insulation.   
 • insulated conductors with their outer covering      
     finished to show a white or gray color but have  
     colored tracer threads in the braid to identify  
     the source are acceptable for identification.   
 • the grounded conductor of a mineral-insulated, 
     metal-sheathed cable (Type MI) must be identified
     at the time of installation by distinctive marking    
     at its terminations.  
 • a single-conductor, sunlight-resistant, outdoor- 
     rated cable used as a grounded conductor in 
     photovoltaic power systems, identified as     
     indicated above at all terminations.   
 • fixture wire must comply with the requirements 
     for grounded conductor identification as    
     specified in 402.8.   
 • For aerial cable, the identification must be as 
     above, or by means of a ridge located on the    
     exterior of the cable so as to identify it. 
Grounded Conductors Size 4 AWG or Larger 
must be identified in one of the following ways: 
 • a continuous white outer finish.
 • a continuous gray outer finish. 
 • 3 continuous white or gray stripes along the 
     conductor's entire length on other than  
     green insulation.  
 • at the time of installation, by a distinctive white 
     or gray marking at its terminations. Marking    
     must encircle the conductor or insulation.               

GROUNDED CONDUCTOR  
IDENTIFICATION (Based on 200.6(A))

E

RI

P

IE

E

ZI

E = Voltage (in volts)      I  = Current (in amps)
Z = Impedance (in OHMs)

Calculations can be rounded to the nearest whole 
  ampere and decimal fractions less than 0.50 
  can be dropped.      

INFO YOU MUST KNOW! (Based on 220.5(B))

NEUTRAL & GROUNDED CONDUCTORS (NEC Article 90; Article 200; Article 300)

• Where grounded conductors of different systems are installed in 
      the same raceway, cable, box or auxiliary gutter or other type of 
      enclosure, each grounded conductor must be identified by system.  
• Identification that distinguishes each system grounded conductor 
      must be permitted by one of the following means:
• One system grounded conductor must have an outer covering 
      conforming to 200.6 (A) or (B).
• The grounded conductor of other systems must have a different   
      outer covering conforming to 200.6 (A) or 200.6 (B) or by an outer 
      covering of white or gray with a readily distinguishable colored 
      stripe other than green running along the insulation.

QUICK-CARDS®
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VOLUME ALLOWANCE REQUIRED PER  
CONDUCTOR (Based on NEC Table 314.16(B))

SIZE OF 
CONDUCTOR 

(AWG)

FREE SPACE WITHIN BOX FOR EACH 
CONDUCTOR

cm3 in.3

18 24.6 1.50
16 28.7 1.75
14 32.8 2.00
12 36.9 2.25
10 41.0 2.50
8 49.2 3.00
6 81.9 5.00

ALTERNATING-CURRENT SYSTEMS (Based on NEC 250.26)

TYPE OF SYSTEM CONDUCTOR TO BE GROUNDED

Single-Phase, 2-Wire one conductor

Single-Phase, 3-Wire the neutral conductor

Multiphase systems having one wire 
common to all phases the neutral conductor

Multiphase system where one  
phase is grounded that phase conductor

Multiphase systems in which one phase  
is used as a single-phase, 3-wire the neutral conductor

(Based on 200.10(B))  

SIGNIFICANT CODE WORD FINDER
BASED ON THE 2020 NATIONAL ELECTRICAL CODE

A
Code Word Reference Page

Agricultural Buildings ART 547 470
Agricultural Buildings, Electrical Supply 547.9 471
Agricultural Buildings, Equipotential Planes 547.10 472
Agricultural Buildings, Luminaires 547.8 471
Agricultural Buildings, Wiring Methods 547.5 470
A/C & Refrig. Equip. ART 440 335
A/C & Refrig. Equip., Branch-Circuit Cond. 440, Part IV 338
A/C & Refrig. Equip., Branch-Circuit               
  Short-Circuit & GF Prot. 440, Part III 337

A/C & Refrig Equip., Disconnect Means    440, Part II 336 
A/C & Refrig. Equip., Overload Protection   440, Part VI 339
Aircraft Hangars ART 513 411
Aircraft Hangars, Classif. of Locations 513.3 412
Aircraft Hangars, Grounding & Bonding 513.16 414
Aircraft Hangars, Underground Wiring 513.8 413
Appliance Load – Dwelling Unit(s) 220.53 77
Appliances ART 422 286
Appliances, Disconnecting Means 422, Part III 289
Appliances, Flexible Cords 422.16 288
Appliances, GFCI Protection 422.5 286
Appliances, Installation 422, Part II 287
Appliances, Marking 422, Part V 291
Appliances, Overcurrent Protection 422.11 287
Arc-Flash Hazard Warning 110.16 48
Arcing Parts 110.18 49
Armored Cable: Type AC ART 320 190
Armored Cable, Ampacity 320.80 191
Armored Cable, Securing & Supporting 320.30 191
Armored Cable, Uses Not Permitted 320.12 190
Armored Cable, Uses Permitted 320.10 190
Assembly Occupancies    ART 518 452
Assembly Occupancies, Classification 518.2 452
Assembly Occupancies, Supply 518.5 453
Assembly Occupancies, Wiring Methods 518.4 453
Audio Signal Processing, Amp. &   
  Reproduction Equip. ART 640 542

Audio Signal etc., Flexible Cords/Cables 640.42 545
Audio Signal etc., Grounding 640.7 543
Audio Signal etc., Mech. Execution 640.6 543
Audio Signal etc., Permanent Instl. 640, Part II 544
Audio Signal etc., Portable & Temp. 640, Part III 545
Audio Signal etc., Wiring Methods 640.9 543
Auxiliary Gutters ART 366 222
Auxiliary Gutters, Ampacity 366.23  223
Auxiliary Gutters, Grounding 366.60  223
Auxiliary Gutters, Number of Conductors 366.22  223
Auxiliary Gutters, Securing & Supporting 366.30  223
Auxiliary Gutters, Splices & Taps 366.56  223
Auxiliary Gutters, Uses Not Permitted 366.12  223
Auxiliary Gutters, Uses Permitted 366.10  222
Available Fault Current 110.24 49

B
Code Word Reference Page

Branch-Circuit, Feeder & Service Load
  Calculations ART 220 73

Branch-Circuit, Feeder & Service Load
  Calculations Method Figure F 220.1 74

Branch-Circuit Load Calculations 220, Part II 74
Branch-Circuit Load Calc., Existing Instl. 220.16 76

B (Continued)
Code Word Reference Page

Branch-Circuit Load Calc., General    
  Lighting Loads by Occupancy Table T 220.12 75

Branch-Circuit Load Calc., Lighting Load 220.12 74
Branch-Circuit Load Calc., Max. Loads 220.18 76
Branch-Circuit Load Calc., Other Loads 220.14 74
Branch-Circuit Load Calc., Specific-     
  Purpose Calculation References Table T 220.3 74

Branch Circuits ART 210 60
Branch Circuits, AFCI Protection 210.12 64
Branch Circuits, Ampacity & Size 210.19 65
Branch Circuits, Autotransformers 210.9 63
Branch Circuits, Buildings with More  
  than One Occupancy 210.25 67

Branch Circuits,  
  Cord-and-Plug-Connected Load Table

T 210.21 
(B)(2) 66

Branch Circuits, Dwelling Unit 
  Receptable Outlets 210.52 68

Branch Circuits, Dwelling Units 210.11(C) 64
Branch Circuits, Farm Loads 220.102 81
Branch Circuits, GFCI Protection 210.8 62
Branch Circuits, Ground-Fault Prot. Equip. 210.13 65
Branch Circuits, Identification 210.5 60
Branch Circuits, Load 210.11(B) 63
Branch Circuits, Loads – Individual 210.22 67
Branch Circuits, Loads – Multiple-Outlet 210.23 67
Branch Circuits, Multiple 210.7 62
Branch Circuits, Multiwire 210.4 60
Branch Circuits, Not More Than 600 V 210.19(A) 65
Branch Circuits, Number 210.11(A) 63
Branch Circuits, Outlet Devices 210.21 66
Branch Circuits, Over 600 Volts 210.19(B) 66
Branch Circuits, Overcurrent Protection 210.20 66
Branch Circuit, Rating 210.18 65
Branch Circuits, Receptacle Ratings     
  Various Size Circuits Table

T 210.21 
(B)(3) 67

Branch Circuits, Required Outlets 210, Part III 68
Branch Circuits, Small Appliances 210.52(B) 68
Branch Circuits, Specific-Purpose  
  Branch Circuits Table T 210.3 60

Branch Circuits, Summary of Branch  
  Circuit Requirements Table T 210.24 67

Branch Circuits, Ungrounded Conductors  
  Tapped from Grounded Systems 210.10 63

Branch Circuits, Voltage Limitations 210.6 61
Bulk Storage Plants  ART 515 420
Bulk Storage Plants, Area Classification 
  for a Marine Terminal Fig. F 515.3 423

Bulk Storage Plants, Electrical Area  
  Classification Table T 515.3 421

Bulk Storage Plants, Underground Wiring  515.8 420
Busways ART 368 224
Busways, Branches from Busways 368.56 225
Busways, Grounding 368.60 225
Busways, Overcurrent Protection 368.17 224
Busways, Support 368.30 225
Busways, Uses Not Permitted 368.12 224
Busways, Uses Permitted 368.10 224

                      C
Code Word Reference Page

Cabinets, Cutout Boxes & Meter  
  Socket Enclosures ART 312 179

C (Continued)

Code Word Reference Page
Cabinets, Cutout Boxes & Meter  
  Socket Enclosures 312.5 179

Cabinets, Cutout Boxes & Meter Encl.,  
  Damp & Wet Locations 312.2 179

Cabinets, Cutout Boxes & Meter Encl.,  
  Deflection of Conductors  312.6 180

Cabinets, Cutout Boxes & Meter Encl.,  
  Material 312.10 182

Cabinets, Cutout Boxes & Meter Encl.,  
  Position in Wall 312.3 179

Cabinets, Cutout Boxes & Meter Encl.,  
  Repairing Noncombustible Surfaces 312.4 179

Cabinets, Cutout Boxes & Meter Encl., 
  Spacing  312.11 182

Cabinets, Cutout Boxes & Meter Encl., 
  Switch and Overcurrent Device Encl. 312.8 180

Cabinets, Cutout Boxes & Meter Encl.,  
  Wire-Bending Space at Terminals Table T 312.6(B) 181

Cabinets, Cutout Boxes & Meter Encl.,  
  Wire-Bending Space at Terminals &  
  Width of Wiring Gutters Table

T 312.6(A) 180

Cablebus ART 370 226
Cablebus, Fittings 370.42 227
Cablebus, Grounding 370.60 227
Cablebus, Securing & Supporting 370.30 227
Cablebus, Size & Termination 370.20 227
Cablebus, Uses Not Permitted 370.12 226
Cablebus, Uses Permitted 370.10 226
Cable Trays ART 392 237
Cable Trays, Ampacity 392.80 242
Cable Trays, Grounding & Bonding 392.60 242
Cable Tray, Installation 392.18 238
Cable Trays, Cable Fill Area – 
  Ladder, Ventilated or Solid Bottom Table T 392.22(A) 240

Cable Trays, Metal Area Req. Table T 392.60(B) 242
Cable Trays, No. of Cond. or Cables 392.22 239
Cable Trays, Securing & Supporting 392.30 241
Cable Trays, Cable Fill Area –  
  Single-Conductor Cables Table

T 392.22 
(B)(1) 241

Cable Trays, Cable Fill Area –  
  Solid Channel Cable Trays Table

T 392.22 
(A)(6) 240

Cable Trays, Cable Fill Area –  
  Ventilated Channel Cable Trays Table

T 392.22 
(A)(5) 240

Cable Trays, Uses Not Permitted 392.12 238
Cable Trays, Uses Permitted 392.10 237
Capacitors ART 460 350
Capacitors, 1000 Volts & Under 460, Part I 350
Capacitors, Conductors 460.8 350
Capacitors, Enclosing & Guarding 460.3 350
Capacitors, Grounding 460.10 351
Capacitors, Marking 460.12 351
Capacitors, Over 1000 Volts 460, Part II 351
Carnivals, Circuses, Fairs & Similar Events     ART 525 463
Carnivals etc., Equip. Bonding 525.30 464
Carnivals etc., Equip. Grounding 525.31 464
Carnivals etc., GFCI Protection 525.23 464
Carnivals etc., Overhead Clearances 525.5 462
Carnivals etc., Portable Distribution 525.22 463
Carnivals etc., Power Sources 525, Part II 463
Carnivals etc., Rides, Tents & Concessions 525.21 463
Carnivals etc., Wiring Methods 525.20 463

Cellular Concrete Floor Raceways ART 372 227
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ADA Accessibility Details Updated based 
  on 2010 ADA $7.95/ea .............................. (9781622700998)

 

CA Accessibility Details Updated based 
  on 2019 CBC & 2010 ADA $8.95/ea ........ (9781622702381)

CA Accessibility for Parking Facilities
  based on 2019 CBC $8.95/ea .................. (9781622702398) 

 CA Accessibility for Toilet Facilities based 
  on 2019 CBC $8.95/ea .............................. (9781622702404)

Price Range
$7.95-$9.95

 

Electrical Blueprint Symbols ................................ (1889892629) 

Electrical Conduit Bending ................................... (1889892866) 

Electrical Residential Rough-In ............................ (1889892818)

    Electrical Solar Essentials .................................... (1889892734)

SOLAR PHOTOVOLTAIC (PV)
               SYSTEMS 

QUICK-CARDS® BASED ON THE NATIONAL 
ELECTRICAL CODE Article 690

SOLAR PHOTOVOLTAIC (PV) SYSTEMS – GENERAL REQUIREMENTS

CIRCUIT REQUIREMENTS

PV POWER SOURCE COMPONENTS 
(Figure 690.1(a))

INTERACTIVE SYSTEM (Figure 690.1(b))

DC COUPLED MULTIMODE SYSTEM
(Figure 690.1(b))

 GENERAL REQUIREMENTS (NEC 690.4)

SCOPE (NEC 690.1)

Photovoltaic Systems. Photovoltaic systems must be permitted to supply a 
building or other structure in addition to any other electrical supply system(s). 

• Article 690 applies to solar PV systems, including the array circuit(s), 
      inverter(s) and controller(s) for such systems.   
• The systems covered by this article may be interactive with other 
      electrical power production sources or stand-alone or both & may 
      or may not be connected to energy storage systems such as batteries. 
• These PV systems may have ac or dc output for utilization. 

DC-to-DC
Converter
(optional
location)

PV Source
Circuit

Fuse
PV or 

DC-to-DC
Converter

Output 
Circuit

Solar
Cells

Module

Panel

Array, Subarray, 
or PV 

Power Source

TERM ALERT!
Alternating-Current (ac) 
Module (Alternating Current 
Photovoltaic Module). 
A complete, environmentally 
protected unit consisting of solar 
cells, optics, inverter and other 
components, exclusive of tracker, 
designed to generate ac power 
when exposed to sunlight.  

PV Power
Source

PV System
Disconnect Multimode

Inverter

Interactive 
System

Disconnect Electric 
Production &
 Distribution

Network

Stand-Alone
System
LoadsInverter

Output
CircuitsEnergy Storage 

System

Energy Storage
System 

Disconnect

PHOTOVOLTAC SYSTEM SAFETY DC DISCONNECT (1 OF 2)     PHOTOVOLTAC DC POWER SOURCES (3TYP)OPERATING CURRENT (MAX POWER)    4308 AMPSOPERATING VOLTAGE (MAX-POWER)    3906 VOLTSMAXIMUM SYSTEM VOLTAGE                   699 VOLTSSHORT CIRCUIT CURRENT                     45 86 AMPS

ON

OFF

DC Loads

Interactive 
Inverter

Inverter Output 
Circuit

PV Power 
Source

PV System 
Disconnect Electric

Production & 
Distribution

Network

PHOTOVOLTAC SYSTEM SAFETY DC DISCONNECT (1 OF 2)

     PHOTOVOLTAC DC POWER SOURCES (3TYP)OPERATING CURRENT (MAX POWER)    4308 AMPSOPERATING VOLTAGE (MAX-POWER)    3906 VOLTSMAXIMUM SYSTEM VOLTAGE                   699 VOLTSSHORT CIRCUIT CURRENT                     45 86 AMPS

ON

OFF

SMA

This Equipment has beenwired to the two versionsof BS 7671.Great care should be takenbefore undertaking extension, alterationor repair that all conductors are correctly identifiedThis Equipment has beenwired to the two versionsof BS 7671.Great care should be takenbefore undertaking extension, alterationor repair that all conductors are correctly identified

I I

MAX. VOLTAGE (NEC 690.7)

• The max. voltage of PV system  
     dc circuits must be the highest  
     voltage between any two circuit  
     conductors or any conductor  
     and ground.  
• PV system dc circuits on or in  
     one- and two-family dwellings  
     must be permitted to have a max. 
     voltage of up to 600 volts.   
• PV system dc circuits on or in  
     other types of buildings must  
     be permitted to have a max.  
     voltage of up to 1000 volts.    
• Where not located on or in  
     buildings, listed dc PV equipment, 
     rated at a max. voltage of up 
     to 1500 volts must not be 
      required to comply with 
      Parts II and III of Article 490.  

ALTERNATING CURRENT (AC )  
 MODULES & SYSTEMS (NEC 690.6)

Photovoltaic Source Circuits.  
• The requirements of Article 690  
     pertaining to PV source circuits must 
     not apply to ac modules or systems.
• The PV source circuit, conductors    
     and inverters must be considered as     
     internal parts of an ac module 
     or system. 

AC COUPLED MULTIMODE SYSTEM (Figure 690.1(b)) 

PV Power
Source

Interactive
Inverter

Energy Storage
System

Multimode
Inverter

Energy Storage
System Disconnect

Inverter Output Circuit
PV System
Disconnect

Electric
Production & 
Distribution

Network

Interactive System Disconnect

PHOTOVOLTAC SYSTEM SAFETY DC DISCONNECT (1 OF 2)     PHOTOVOLTAC DC POWER SOURCES (3TYP)OPERATING CURRENT (MAX POWER)    4308 AMPSOPERATING VOLTAGE (MAX-POWER)    3906 VOLTSMAXIMUM SYSTEM VOLTAGE                   699 VOLTSSHORT CIRCUIT CURRENT                     45 86 AMPS

ON

OFF

SMA

This Equipment has beenwired to the two versionsof BS 7671.Great care should be takenbefore undertaking extension, alterationor repair that all conductors are correctly identifiedThis Equipment has beenwired to the two versionsof BS 7671.Great care should be takenbefore undertaking extension, alterationor repair that all conductors are correctly identified

I I

Dedicated
Loads

VOLTAGE CORRECTION FACTORS FOR CRYSTALLINE & 
 MULTICRYSTALLINE SILICON MODULES (NEC Table 690.7 (A))

Correction Factors for Ambient Temperatures Below 25°C (77°F).  
(Multiply the rated open circuit voltage by the appropriate correction factor shown below.)

Ambient Temperature (°C )   Factor Ambient Temperature (°F )
24 to 20 1.02 76 to 68
19 to 15 1.04 67 to 59
14 to 10 1.06 58 to 50
9 to 5 1.08 49 to 41
4 to 0 1.10 40 to 32

-1 to -5 1.12 31 to 23
-6 to -10 1.14 22 to 14
-11 to -15 1.16 13 to 5
-16 to -20 1.18 4 to -4
-21 to -25 1.20 -5 to -13
-26 to -30 1.21 -14 to -22
-31 to -35 1.23 -23 to -31
-36 to -40 1.25 -32 to -40

AC MODULE SYSTEM (Figure 690.1(b)) 

Electric Production and 
Distribution Network

Inverter 
Output Circuit

PV System Disconnect

AC module (includes inverter)

Array (of AC modules)

PHOTOVOLTAC SYSTEM SAFETY DC DISCONNECT (1 OF 2)     PHOTOVOLTAC DC POWER SOURCES (3TYP)OPERATING CURRENT (MAX POWER)    4308 AMPSOPERATING VOLTAGE (MAX-POWER)    3906 VOLTSMAXIMUM SYSTEM VOLTAGE                   699 VOLTSSHORT CIRCUIT CURRENT                     45 86 AMPS

ON

OFF

SOURCE & OUTPUT CIRCUTS (NEC 690.7(A))

In a dc PV source circuit or output circuit, the max. PV system voltage for 
 that circuit must be calculated in accordance with one of the following methods: 
(1) Instructions in Listing or Labeling of the Module. The sum of the 
     PV module-rated open-circuit voltage of the series-connected modules 
     corrected for the lowest expected ambient temperature using the 
     open-circuit voltage temperature coefficients in accordance with  
     the instructions included in the listing or labeling of the module. 
(2) Crystalline and Multicrystalline Modules. For crystalline and 
     multicrystalline silicon modules, the sum of the PV module–rated 
     open-circuit voltage of the series-connected modules corrected for  
     the lowest expected ambient temperature using the correction factor 
     provided in Table 690.7(A) 
(3) PV Systems of 100 kW or Larger. For PV systems with a generating 
     capacity of 100 kW or greater, a documented and stamped PV  
     system design, using an industry standard method and provided  
     by a licensed professional electrical engineer, is permitted.   
The max. voltage must be used to determine the voltage rating of   
  conductors, cables, disconnects, overcurrent devices & other equipment.  
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Inverter. Equipment that is 
used to change voltage level or 
waveform, or both, of electrical 
energy.  

Module. A complete, 
environmentally protected unit 
consisting of solar cells, and 
other components designed to 
generate dc power when 
exposed to sunlight.

Photvoltaic (PV) System. 
The components, circuits, and 
equipment up to and including 
the disconnecting means that, 
together, convert solar energy 
into electric energy.    

Solar Cell. The basic PV device 
that generates electricity when 
exposed to light.

Array. A mechanically & 
electrically integrated group of 
modules with support structure, 
including attached system 
componets such as inverter(s) 
or dc-to-dc converter(s) and 
attached associated wiring. 

Inverter Output Circuit.  
• The output of an ac module must be     
     considered an inverter output circuit.

Locations Not Permitted. PV system equipment and disconnecting means 
  must not be installed in bathrooms.

Where the PV systems are remotely located from each other, a directory 
  must be provided at each PV system disconnecting means. 

Multiple PV Systems. Multiple PV systems must be permitted to be   
 installed in or on a single building or structure.

Qualified Personnel. The installation of equipment and all associated 
 wiring and interconnections must be performed only by qualified persons.

Equipment. Inverters, motor generators, PV modules, ac modules & systems, 
 dc combiners, dc-to-dc converters, circuit controllers, charge 
 controllers, and rapid shutdown equipment, meant for use in PV  
 systems must be listed or field labeled for the application.

2020 (2020)

The electrical system is made up of the following: 
  the main line from the pole, a meter, a main circuit breaker 
panel and separate wiring circuits.

Line from the Pole
• The main line typically comes off a pole to the house  
    where it connects to the meter.  
    Note: The main line can also be buried underground  
             and connect to the house that way.
Meter
• Meters are typically installed on the exterior of the home, 
      where they can be read by utility company meter-readers. 
• The meter tallies the amount of electricity used in a home 
     in units of kilowatt hours (kWh). 
Main Breaker Panel
• When the main electric supply line leaves the meter, 
    it enters the main breaker panel at the main circuit breaker.
• Main breaker panels are typically installed inside the home. 
• The maximum amount of electricity that a home can use 
    at one time is dictated by the size of the main breaker. 
• The breaker is a switch, set to flip off in case of an    
    overload, reducing the risk of fire or electrocution. 
• Below the main breaker, electric service is divided up  
     by smaller circuit breakers which determine the amount  
     of electricity available to each circuit.  
• Those circuits usually represent individual rooms and/or 
    hard-wired appliances like air-conditioners, furnaces  
    and water heaters. 
Separate Wiring Circuits
• From the smaller circuit breakers, bundles of wires run  
     through walls, ceilings and floors to each room and  
     hard-wired appliance. 
• Each bundle of wire has at least three wires within:
    • The black and/or red insulated wires are the “hot”   
        wires coming directly off of the circuit breakers. 
    • The white insulated or “neutral” wire carries the  
        current back to the electrical source at the panel. 
    • The bare copper wire is the ground wire, which is  
        the safety part of the circuit.

Depth. For depth requirements see NEC Table 
 
Width. The width of working space in front of the electrical  
  equipment must be the width of the equipment or 30",  
  whichever is greater. 
  The work space must permit at least a 90° opening of   
  equipment doors or hinged panels.
Height. The work space must extend from the grade, floor     
  or platform to a height of 6½ ft. or the height of the    
  equipment, whichever is greater. 
  Associated equipment that is located above or below the    
  electrical equipment can extend a max. of 6" beyond the  
  front of the electrical equipment.

ELECTRICAL WIRING – GENERAL

STANDARD WIRING COLORS
Wire Color Type Description
 Black "Hot" wire  In an outlet, it is always wired to the narrow spade or brass-colored terminal.

 Red "Second hot" wire  Called the "traveler". Used in a 3-way outlet. 

 White "Neutral" wire  In an outlet, it is always wired to the wide spade or silver-colored terminal.

 Green "Ground" or  
"Grounding" wire  In an outlet, it is always wired to the green terminal.

ELECTRICAL SYSTEM BASICS

WORKING SPACE – DIMENSIONS

ELECTRICAL SYSTEM

AMERICAN WIRE GAGE

Gage 
Number 

Diameter  
in Inches

Circular 
Mils

DC Resistance
75°C 

OHMS/1000 ft.
0000 0.460 211,600 0.0608
000 0.410 167,800 0.0766
00 0.365 133,100 0.0967
0 0.325 105,600 0.1220
1 0.289 83,690 0.0154
2 0.258 66,360 0.1940
3 0.229 52,620 0.2450
4 0.204 41,740 0.3080
5 0.182 33,125 0.3806
6 0.162 26,240 0.4910
7 0.144 20,735 0.6059
8 0.128 16,510 0.7780
9 0.114 12,995 0.9633
10 0.102 10,380 1.2400
11 0.091 8,281 1.5320
12 0.081 6,530 1.9300
13 0.072 5,178 2.4360
14 0.064 4,110 3.0700
15 0.057 3,257 3.8720
16 0.051 2,580 4.8900
17 0.045 2,048 6.1580
18 0.040 1,620 7.7700
19 0.0360 1,288 9.791
20 0.0320 1,022 12.344
21 0.0285 810.1 15.566
22 0.0253 642.5 19.628
23 0.0226 509.5 24.760
24 0.0201 404.0 31.218
25 0.0179 320.4 39.365
26 0.0159 254.1 46.629
27 0.0142 201.5 62.593
28 0.0126 159.8 78.926
29 0.0113 126.7 99.514
30 0.0100 100.5 125.503
31 0.0089 79.70 158.216
32 0.0079 63.21 199.564
33 0.0071 50.13 255.261
34 0.0063 39.75 317.283
35 0.0056 31.52 400.100
36 0.0050 25.00 504.442
37 0.0045 19.93 636.147
38 0.0039 15.72 802.146
39 0.0035 12.47 1011.560
40 0.0031 9.89 1275.700

TERM ALERT!
American Wire Gage (AWG): an index  
 which shows, indirectly (inversely and  
 logarithmically), the cross-sectional  
 area of a round wire.
Circuit Breaker: a device designed to
 open and close a circuit by nonautomatic   
 means and to open the circuit automatically 
 on a predetermined overcurrent without  
 damage to itself when properly applied   
 within its rating.

12345678910

11121314151617181920

Electrical Pole
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Mast Head

Conduit

Meter

Main Breaker
Panel

WORKING SPACE DEPTH  
(Based on NEC Table 110.26(A)(1))

• 3 ft. Min. if voltage-to-ground is 0-150V 
• 3 ft. Min. if voltage-to-ground is 151-600V  
• 3 ft. Min. if voltage-to-ground is 601-1000V

Condition 1: If exposed live parts are on one side of 
  the working space and no live or grounded parts are  
  on the other side of the working space, or exposed  
  live parts are on both sides of the working space and  
  are effectively guarded by insulating materials, then  
  the clearance must be the following:

• 3 ft. Min. if voltage-to-ground is 0-150V 
• 3 ft. 6 in. Min. if voltage-to-ground is 151-600V
• 4 ft. Min. if voltage-to-ground is 601-1000V

Condition 2: If exposed live parts are on one side of 
  the working space and grounded parts are on the  
  other side of the working space (concrete, brick &  
  tile walls are considered grounded) then the  
  clearance must be the following:

Condition 3: If exposed live parts are on both sides of 
the working space, then the clearance must be the following:    

• 3 ft. Min. if voltage-to-ground is 0-150V 
• 4 ft. Min. if voltage-to-ground is 151-600V
• 5 ft. Min. if voltage-to-ground is 601-1000V

3 ft.
No live or 
grounded  

parts 

Exposed
Live Parts

Grounded
Parts

Exposed
Live Parts

3 ft. - 4 ft.

Exposed
Live Parts

Exposed
Live Parts

3 ft. - 5 ft.
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GENERAL REQUIREMENTS FOR ALL WIRING – SIZES & CLEARANCES

UNDERGROUND CABLES (Based on NEC 300.5)

• Direct-buried cable, conduit or other raceways must be 
   installed to meet Table 300.5 min. cover requirements. 

• Underground cable and conductors installed 
     under a building must be in a raceway. 
• Direct-buried conductors and cables emerging from grade 
     (Table 300.5, Columns 1 and 4) must be protected by  
     enclosures or raceways extending from the minimum cover 
     distance below grade to a point at least 8 ft. above 
     the finished grade.  
• In no case must the protection be required to exceed 
     18" below finished grade. 
• Conductors entering a building must be protected 
      to the point of entrance.
• Underground service conductors that are not encased in 
    concrete and are buried 18" or more below grade must have 
    their location identified by a warning ribbon that is placed 
    in the trench 12" min. above the underground installation. 

• Where the enclosure or raceway is subject to physical   
    damage, the conductors must be installed in electrical 
    metallic tubing, rigid metal conduit, intermediate metal 
    conduit, RTRC-XW, Schedule 80 PVC conduit or equivalent.

Builder’s Book, Inc.
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8001 Canoga Avenue, Canoga Park, CA  91304

www.buildersbook.com
1-800-273-7375  • 1- 818-887-7828

  PROTECTION AGAINST 
PHYSICAL DAMAGE (Based on NEC 300.4)

Conductors, raceways and cables, in exposed and concealed 
  locations, must be protected against physical damage.   
 
Cable- or Raceway-type wiring through bored holes in 
  joists, rafters, or wood members  

 

Cables or raceways permitted to be laid in notches in 
  wood studs, joists, rafters, or other wood members
  
  

Nonmetallic-sheathed cables passing through factory- 
  or field-punched, cut or drilled slots or holes in metal  
  

Nonmetallic sheathed cable and Electrical Nonmetallic 
  Tubing that is likely to be penetrated by nails or screws: 
  

Cable- or raceway-type wiring installed parallel to 
  framing members and furring strips 
 

Cable, raceway, or box installed under metal-corrugated 
  sheet roof decking
 

Cable or raceway-type wiring installed in a groove, to be    
  covered by wallboard, siding, paneling, etc.
 

Raceways containing 4 AWG or larger insulated circuit 
  conductors, entering a cabinet, box, enclosure or raceway
  

Raceway crossing a structural joint intended for  
  expansion, contraction or deflection
 
     

CONDUCTORS IN VERTICAL RACEWAYS –  
SUPPORT METHODS (Based on NEC 300.19(C))

One of the following methods of support must be used: 
• By clamping devices constructed of or employing insulating wedges inserted in the ends   
   of the raceways. Where clamping of insulation does not adequately support the cable, the   
   conductor also must be clamped.  

• By inserting boxes at the required intervals in which insulating supports are installed and   
   secured in an approved manner to withstand the weight of the conductors attached   
   thereto, the boxes being provided with covers.  

• In junction boxes, by deflecting the cables a min. of 90° and carrying them horizontally to a 
   distance not less than twice the diameter of the cable, the cables being carried on 2 or more 
   insulating supports and additionally secured thereto by tie wires if desired. Where this method is   
   used, cables must be supported at intervals not greater than 20% of those in Table 300.19(A).

A UNIQUEQUICK-REFERENCE GUIDE
BASED ON THE  NATIONAL ELECTRICAL CODE 

WIRING METHODS & MATERIALS

ELECTRICAL WIRING 2020ELECTRICAL WIRING
QUICK-CARDS®

SPACINGS FOR CONDUCTOR SUPPORTS (Based on NEC Table 300.19(A) page 70-147)

Conductor Size

Support of 
Conductors in 

Vertical  
Raceways 

Conductors
Aluminum or Copper- 

Clad Aluminum Copper

m ft. m ft.

18 AWG through 8 AWG Not greater than 30 100 30 100

6 AWG through 1/0 AWG Not greater than 60 200 30 100

2/0 AWG through 4/0 AWG Not greater than 55 180 25 80

Over 4/0 AWG through 350 kcmil Not greater than 41 135 18 60

Over 350 kcmil through 500 kcmil Not greater than 36 120 15 50

Over 500 kcmil through 750 kcmil Not greater than 28 95 12 40

Over 750 kcmil Not greater than 26 85 11 35

METRIC  
DESIGNATORS &  

TRADE SIZES
(Based on NEC Table 

300.1(C), page 70-140)

Metric  
Designator

Trade  
Size

12 3/8

16 1/2

21 3/4

27 1

35 1¼

41 1½

53 2

63 2½

78 3

91 3½

103 4

129 5

155 6

  Note: Metric designators    
    and trade sizes are for  
    identification purposes only  
    not actual dimensions.

MINIMUM COVER REQUIREMENTS 0-1000 volts nominal (Based on NEC Table 300.5 page 70-143)

Location of  
Wiring Method  

or Circuit

Type of Wiring Method

Column 1 Column 2 Column 3 Column 4 Column 5

Direct Burial 
Cables or  

Conductors

Rigid Metal 
Conduit or 

Intermediate 
Metal  

Conduit

Nonmetallic 
Raceways Listed 
for Direct Burial 

without Concrete 
Encasement or 
Other Approved 

Raceways 

Residential Branch
Circuits Rated 120 
Volts or Less with 
GFCI Protection & 
Max. Overcurrent 

Protection of  
20 Amperes

Circuits for control 
of irrigation and 

landscape lighting 
limited to not more 
than 30 volts and  

installed with Type UF 
or in other identified 

cable or raceway 

mm in. mm in. mm in. mm in. mm in.

All locations not  
specified below 600 24 150 6 450 18 300 12 150 6

In trench below 2” thick 
 concrete or equivalent 450 18 150 6 300 12 150 6 150 6

Under a building

0 0

0 0 0 0

0 0 0 0

in raceway or  
Type MC or MI 

 cable identified 
for direct burial

in raceway or  
Type MC or Type MI 
cable identified for  

direct burial

in raceway or  
Type MC or Type MI 
cable identified for 

direct burial

Under min. of 4” thick 
 concrete exterior slab 

 with no vehicular traffic  
& the slab extending not 
 less than 6” beyond the  
underground installation

450 18 100 4 100 4
150  

direct 
burial

6 
direct 
burial

150  
direct 
burial

6 
direct 
burial

450 18 100 4 100 4 100 in 
 raceway

4 in 
 raceway

100 in 
 raceway

4 in 
 raceway

Under streets, highways, 
 roads, alleys, driveways, 

 and parking lots
600 24 600 24 600 24 600 24 600 24

One- and two-family 
dwelling driveways and 
 outdoor parking areas,  
used only for dwelling 

 related purposes

450 18 450 18 450 18 300 12 450 18

In or under airport  
runways, including 

adjacent areas where 
trespassing prohibited

450 18 450 18 450 18 450 18 450 18

 • Holes must be bored so that the edge of the hole is at least             
      1-1/4” from the nearest edge of the wood member. 
 • Where this distance cannot be maintained, steel plate(s)   
      or bushing(s): at least 1/16” thick must be used. 

• must be protected by a steel plate at least 1/16 in. 
      min.thick. 

• must be protected by listed bushings or listed grommets  
      covering all metal edges. 

• must be protected by a steel sleeve, plate or clip at least  
      1/16” thick.

• The cable or raceway must be installed and supported  
      so that the nearest outside surface of the cable or  
     raceway is not less 1-1/4” from the nearest edge.
•  Where this distance cannot be maintained, a steel plate,  
      sleeve or equivalent at least 1/16” thick must be used. 

• must be installed and supported so there is not at least  
      1-1/2” from the lowest roof decking surface to the top.

 • must be protected by 1/16” thick steel plate, sleeve,   
      etc. or by an 1-1/4” free space for the full length of the            
      groove. 

• must be protected by: an identified fitting giving a    
      smoothly rounded insulating service, a listed metal 
      fitting with smooth rounded edges, separation using  
      identified insulating material fixed in plate; or integrated  
      threaded hubs or bosses with smooth rounded or flared  
      conductor entries.

• must be protected by a listed expansion/deflection  
      fitting or other approved means.
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Swimming Pool Construction This full-color, 6-page guide presents the essential 
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information on typical structures used in a standard Southern California 
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ELECTRICAL SAFETY

ELECTRICALLY SAFE WORK CONDITIONS
To establish an electrically safe work condition follow 
the steps below in the presented order:
1. Identify Power Source(s)
   • Identify all possible sources of electric supply to the
       equipment that will be worked on. 
       Note: Check applicable up-to-date drawings,  
                diagrams and identification tags
   • Most equipment has a single source of supply.
   • Some equipment might have multiple sources. 
2. Disconnect Power Sources 
   • Properly interrupt the load current(s). 
   • Open the disconnecting means for each source.
   • Make sure the disconnecting means is capable  
        of interrupting the load current it carries.
   • If the a disconnect device rating is insufficient to  
        interrupt the load, then the load must be  
        interrupted by another operation before the  
        device is opened.
3. Visually Verify that Power is Disconnected
   • Visually verify that all blades of the disconnecting means
        are fully open or that drawout-type circuit breakers    
        are racked out to their fully disconnected position.
4. Release Stored Electrical Energy
   • Release stored electrical energy that might endanger         
        personnel.
   • Electrical energy may be stored in batteries, capacitors,
        inductors or other discrete electrical components.
   • Wear shock and arc flash PPE when doing this operation.
5. Release or Block Stored Mechanical Energy
   • Release or block stored mechanical energy that  
        might endanger personnel.
   • Stored nonelectrical energy in devices that could  
        reenergize electric circuit parts must be blocked  
        or released to the extent that the circuit parts  
        could not be accidentally energized by the device
6. Apply Lockout/Tagout Devices
   • Apply lockout/tagout devices according with a  
        documented and established procedure. 
   • Lockout devices are padlocks to keep the disconnecting 
        means open and tagout are tags that identify the    
        person(s) responsible for applying/removing the locks. 
7. Test for the Absence of Voltage
    • Use an adequately rated portable test instrument  
         to test each phase conductor or circuit part to  
         verify it is de-energized.
    • Test each phase conductor or circuit part both  
         phase-to-phase and phase-to-ground. 
    • Verify that the test instrument is operating well  
         both before and after each test. 
8. Install Temporary Protective Grounding Equipment
    • Where the possibility of induced voltages or stored 
         electrical energy exists, ground the phase conductors 
         or circuit parts before touching them. 
    • Where reasonably anticipated that conductors or  
         circuit parts being de-energized could contact other 
         exposed energized conductors or circuit parts,  
         apply temporary protective grounding equipment, 
         see the following:
        • Placement. Location based on employer's job  
             planning.
        • Capacity. Max. fault current that could flow at  
             the point of grounding for the time needed to  
             clear the fault.
        • Impedance. Must be low enough to cause  
             immediate operation of protective devices.

PROTECTIVE STRATEGIES

The NFPA 70E covers safety-related work practices
for workers who inspect, install, operate, remove, 
maintain and disassemble electrical conductors and
electric equipment, signaling and communications
conductors and equipment and raceways.
Hierarchy of Controls
• There are 5 different protective strategies to  
      eliminate or minimize exposure to electrical  
      hazards, they are the following:
      Elimination. 
      • Physically remove the hazard completely. 
      Substitution.  
      • Replace the hazard with an alternative.
      Engineering Controls.  
      • Isolate people at risk from the hazard.
     Awareness.  
      • Warn people of possible hazards.
      Administrative Controls.  
      • Change the way people work.
      Personal Protective Equipment (PPE).  
      • Protecting the worker with personal  
          protective equipment (gloves, etc.).
• These five strategies are ordered from the most
      protective to the least protective.
Electrically Safe Work Condition
• OSHA and the NFPA 70E require establishing an
      electrically safe working condition before  
      performing work on electrical equipment that 
      is not under normal operating conditions   
      Note: For required steps in establishing and  
       controlling an electrically safe work condition,  
       see corresponding text box in this QC.  
• Only qualified persons are permitted to establish 
      an electrically safe work condition.
Electrical Safety Program
• The NFPA 70E requires that every employer have
      a written electrical safety program for work  
      involving electrical systems or circuits operating    
      at 50 volts or more.
Qualified Person
• All electrical work must be performed by a  
      qualified person.
Electrical Approach Boundaries
• Strict adherence to electrical approach boundaries 
      is critical for electrical safety in the workplace.
• There are three protection boundaries:  
      arc flash boundary, limited approach boundary
      and restricted approach boundary
• The arc flash boundary is an arc flash  
      protection boundary.
• The limited approach and restricted approach
      boundary are shock protection boundaries.
• For details, see corresponding Arc Flash Protection
      and Shock Protection headings in this QC.
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ELECTRICAL APPROACH BOUNDARIES
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Approach
Boundary

Arc Flash
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Exposed energized conductor 
or circuit part

PRINCIPLES OF WORK PRACTICES
Principles of work practices must include the following:
  • Establish an electrically safe work condition
  • Plan all tasks 
  • Anticipate unexpected events
  • Identify the hazard and minimize the risk
  • Protect the employee
  • Use correct tools
  • Ensure employee qualifications and abilities
  • Inspect and maintain electrical equipment

HIERARCHY OF CONTROLS

Substitution

Engineering 
   Controls

Elimination: 

Replace the hazard

Isolate people from
the hazard

Inform people of
possible hazards

Change the way
people work

Awareness

Administrative Controls

Personal Protectice Equipment
Protect the 
worker with 
PPE

Administrative Controls

Personal Protective Equipment

   Most
Effective

  Least
Effective

Physically remove 
the hazard

The Hierarchy of Controls breaks down as follows:  
• the most effective measures are at the top of the pyramid    
    and the least effective are at the bottom. 
• elimination and substitution are the best ways to deal with
    a safety hazard, preventing it before it even occurs. 

NORMAL OPERATING CONDITION 

• Normal operation of electric equipment is permitted 
     where a normal operating condition exists.
• A normal operating condition exists when all of the  
     following conditions are met:
     1. The equipment is properly installed, in accordance
          with the manufacturer's recommendations and  
          applicable industry codes and standards.
     2. The equipment is properly maintained, in accordance
          with the manufacturer's recommendations
     3. The equipment is properly used, in accordance  
          with instructions included in the listing and labeling
          and with the manufacturer's instructions.
     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 such  
          as arcing, overheating, loose or bound equipment 
          parts, visible damage or deterioration.

QUALIFIED PERSON

A qualified person is a person who has demonstrated
  skills and knowledge related to the construction and 
  operation of electrical equipment and installations and 
  has received safety training to identify hazards and 
  reduce associated risk. 
A qualified person:
  • must be familiar with the proper use of the special
      precautionary techniques, applicable electrical  
      policies and procedures, PPE, insulating and shielding
      materials and insulated tools and test equipment.
  • can be considered qualified with respect to certain
      equipment and tasks but still be unqualified for others.
  • must be trained to work within approach boundaries.

Electrical Safety
in the Workplace 
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