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Objectives

When trainees have completed this session, they should be able to
do the following:

1.

2.
3.
4.
5.
6.
7.
8.
9.

e
N B O

Explain the role of the National Electrical Code® in residential wiring and describe how to
determine electric service requirements for dwellings.

Explain the grounding requirements of a residential electric service.

Calculate and select service-entrance equipment.

Select the proper wiring methods for various types of residences.

Compute branch circuit loads and explain their installation requirements.

Explain the types and purposes of equipment grounding conductors.

Explain the purpose of ground fault circuit interrupters and tell where they must be installed.
Size outlet boxes and select the proper type for different wiring methods.

Describe rules for installing electric space heating and HVAC equipment.

Describe the installation rules for electrical systems around swimming pools, spas, and hot tubs.

. Explain how wiring devices are selected and installed.
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. Describe the installation and control of lighting fixtures.



Performance Tasks

. For a residential dwelling of a given size, and equipped with a given
list of major appliances, demonstrate or explain how to:

Compute lighting, small appliance, and laundry loads.
Compute the loads for large appliances.
Determine the number of branch circuits required.

Size and select the service-entrance equipment (conductors,
panelboard, and protective devices).

. Using an unlabeled diagram of a panelboard (Performance Profile
Sheet 3), label the lettered components.

. Select the proper type and size outlet box needed for a given set of
wiring conditions.
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1.0.0-2.2.0

Introduction; Sizing the Electrical Service

Sizing an electrical service begins with a study of the floor plans
to determine where the service and entrance and panelboard(s)
will be located.

RESULTING FLOOR PLAN IS WHAT THE REMAINING
STRUCTURE LOOKS LIKE WHEN VIEWED FROM ABOVE




1.0.0-2.2.0

Floor Plan of Typical Residence

- Bedroom 2

[ ] Kitchen/Dining Bedroom 3

Carport

]
|
|




2.3.0-2.7.0
Calculating the Electric Service Load

General Lighting Load | Phase | Neutral
Square footage of the dwelling 11 1350 X3VA=_| @ 4050 | NEC Table 220.12
Kitchen small appliance circuits 3] 2 X 1500=_| @ 3000 | NEC Section 220.52(A)
Laundry branch circuit (5] 1 X 1500 = | (€] 1500 | NEC Section 220.52(B)
Subtotal of gen. lighting loads 7 8550
Subtract 1st 3000VA per NEC Table 220.42 18] 3000 | X 100% = | (9 3000
Remaining VA times 35% per NEC Table 220.42 [10] 5550 X 35% = | 1943
Total demand for general lighting loads = | (12) 4943 | 13

Fixed Appliance Loads (Nameplate or NEC FLA of motors) per NEC Section 220.14

Hot water tank, 4.5kVA, 240V [14] 4500
Dishwasher 1.5kVA, 120V [15] 1500
Disposal 1/2HP, 120V per NEC Table 430.248 = 9.8A [16] 1176
Blower 1/3HP, 120V per NEC Table 430.248 = 7.2A [17) 864
[18]
[19]
Subtotal of fixed appliances | [20] 8040
. If 3 or less fixed appliances take @ 100% = | 21] [22)
NEC Section 220.53
— I If 4 or more fixed appliances take @ 75% = |23 6030 | 4

Other Loads per NEC Section 220.14

Electric Range per NEC Section 220.55 [neutral @ 70% per NEC Section 220.61(B)] (25) 8000 | [26]
Electric Dryer per NEC Section 220.54 [neutral @ 70% per NEC Section 220.61(B)] [27] 5500 | [28)
Electric Heat per NEC Section 220.51

| Air Conditioning NEC Section 220.82(C) omit smaller load per NEC Section 220.60 [29] [30]
Largest Motor = 1176 X 25% (per NEC Section 430.24) = [31] 294 | [32)

Total VA Demand = |33 24767 | [34]

(VA divided by 240 volts) Amps = |35 103 | (3]
Service OCD and minimum size grounding electrode conductor | (37] 125 | (38]
AWG per NEC Section 310.15(B)(7); NEC Section 220.61 and Table 310.15(B)(16) for neutral | (3g) [40]
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3.0.0
Sizing Residential Neutral Conductors

General Lighting Load | Phase | Neutral
Square footage of the dwelling (1] 1350 X3VA= |2 4050 | NEC Table 220.12
Kitchen small appliance circuits (3] 2 X 1500= | 4 3000 | NEC Section 220.52(A)
Laundry branch circuit 5) 1 X 1500 = | (@ 1500 | NEC Section 220.52(B)
Subtotal of gen. lighting loads 7 8550
Subtract 1st 3000VA per NEC Table 220.42 8] 3000 | X 100% = | (9} 3000
Remaining VA times 35% per NEC Table 220.42 [10] 5550 X 35% = |11 1943
Total demand for general lighting loads = [ (12 4943 | (13] 4943
Fixed Appliance Loads (Nameplate or NEC FLA of motors) per NEC Section 220.14
Hot water tank, 4.5kVA, 240V [14] 4500
Dishwasher 1.5kVA, 120V [15] 1500
Disposal 1/2HP, 120V per NEC Table 430.248 = 9.8A [16] 1176
Blower 1/3HP, 120V per NEC Table 430.248 = 7.2A [17] 864
[18)
[19]
Subtotal of fixed appliances | 20 8040
NEC Section 220.53 If 3 or less flx.ed apphafnces take @ 100% = | (1) [22) 3540
If 4 or more fixed appliances take @ 75% = | 23] 6030 | [24)
Other Loads per NEC Section 220.14
Electric Range per NEC Section 220.55 [neutral @ 70% per NEC Section 220.61(B)] (25] 8000 | j26] 5600
Electric Dryer per NEC Section 220.5 [neutral @ 70% per NEC Section 220.61(B)] [27] 5500 | 28] 3850
Electric Heat per NEC Section 220.51
Air Conditioning NEC Section 220.82(C) omit smaller load per NEC Section 220.60 [29] (30]
Largest Motor = 1176 X 25% (per NEC Section 430.24) = [31] 294 | (32) 294

Total VA Demand = |33 24767 | (34 18227

(VA divided by 240 volts) Amps = | 35 103 | [36] 76

Service OCD and minimum size grounding electrode conductor | (37] 125 | 38] 8 AWG

AWG per NEC Section 310.15(B)(7); NEC Section 220.61 and Table 310.15(B)(16) for neutral | (3g) 2 AWG | a0) 4 AWG
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4.0.0-4.1.0

Sizing the Load Center

« Each ungrounded conductor in all circuits must be provided with
overcurrent protection in the form of fuses or circuit breakers.

* Fuses and circuit breakers are designed to protect the
conductors and equipment. People are protected by ground fault

circuit interrupters (GFCIs).

SOLID: 18,000-OHM
STATE ,000-
GF_:%IIJ;\J & F C'HC:J'TSY TEST RESISTOR
SOLENOID BUTTON
CIRCUIT : ——
s ¢ UNGROUNDED
; CONDUCTOR
B a B
LINE I_I “ ) LOAD
N - N
X
GROUNDED CONDUCTOR
SENSOR OR NEUTRAL

26111-14_F05.EPS

Performance Task
Have the trainees calculate various branch loads.




4.0.0-4.1.0

Operating Characteristics
of a Two-Pole GFCI

SOLID-

GROUND | | GROUND — STAIE 18,000-OHM
TRIP TRIP Iﬁ ,l} 2 CIRCUITRY TEST RESISTOR
SOLENOID| [SOLENOID L BUTTON
Lo ( ( —1
. |cireurr S G UNGROUNDED
| | BEEAKER CONDUCTORS
A /L\\"P.L( - A /
B *—— N\ \—e B
LINE LOAD
N ) :
\
GROUNDED CONDUCTOR
SENSOR OR NEUTRAL

26111-14_F06.EPS

* Atwo-pole GFCI continuously monitors the balance
between two hot conductors and the neutral
conductor.

* Any current imbalance above 4mA will trip the device..




4.1.1
Single-Pole GFCI Circuit Breakers

« A GFCI breaker is

120/240VAC SINGLE-POLE CIRCUIT UNGROUNDED (HOT)
. . SOURCE BREAKER WITH GFCI CONDUCTOR
Installed in the panel A

............

like any other breaker, o/ m@ R b
except the white wire ey LT N
pigtail is attached to the | ~pav}-
120V
panel neutral assembly.
« The neutral and

ungrounded conductors
are both terminated in L
the breaker.

EQUIPMENT GROUND




4.1.2
Two-Pole GFCI Circuilt Breakers

o |f two GFCI breakers are

used with a common wR o SERER s
neutral, one of the - g T
breakers will trip whena =1 | et |
load is applied to the e i
second receptacle. 1) |l

[ s | UNGROUNDED (HOT)

» A two-pole GFCI breaker F_

eliminates this problem : I
by passing the currents ST
through the Same —EQUIPMENTGROUNDNEUTRAL N

Sensaor.




4.1.3-4.2.0

Next Session...

Grounding




5.0.0-5.2.5

Grounding

* There are two classifications of grounding, system grounding
and equipment grounding.

e System grounding includes the service entrance and all circuit
conductors connected to form an effective ground fault path and
connected to system grounding electrodes as listed in NEC
Section 250.52(A).

7?
| = LINE A
== e 9
<= ==
<X => TO
< % 5
Cg = 120V SERVICE
| = E -
< -
7,200V = —e ® NEUTRAL 240V
= = (GROUNDED)
= = 120V
— — l
— \C’:
L= LINE B
<T§ *—9
B UTILITY
S AP GROUND

.___¢ CONNECTION
"""" TRANSFORMER N
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5.0.0-5.2.5

Interior View of Panelboard
Showing Connections

SERVICE-ENTRANCE CABLE NEUTRAL
(GROUNDED)
= = ——— CONDUCTOR
=
=
I =% PANELBOARD
CONDUCTORS HU || o[, NEUTRAL/GROUND
SERVICE o BUS BAR
120/240-VOLT 5 o[2
HOT WIRES ®
@
0 ol GROUNDING
o ® .@ HELECTRODE
@ T
DISCONNECT ° (o
SWITCH \ — ~—MAIN BONDING
CABLESTO ___—, ) = il
HOUSE oo
0EHn| o0 CABLES TO
CIRCUITS =S e ‘E[] Ao HOUSE
N e AilEaT CIRCUITS
e nC:UnorEa
THREE-WIRE oC:BooiEoD = THREE-WIRE
CABLE TO : CABLE TO
240-VOLT %@
240-VOLT
APRLIANGER 0 0 APPLIANCES
(CONNE 0 > == ? 0 (CONNECT TO
BREAKER e e BREAKE
) 0 0 BREAKER)

CIRCUIT
BREAKERS

Performance Task
Have the trainees identify the components of a panelboard.

26111-14_F11.EPS
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5.0.0-5.2.5

Components of a
Residential Grounding System

(In this configuration
the grounded conductor
is tied to the neutral bus.)

SERVICE PANEL

NEUTRAL BUS

' GROUNDING
: ELECTRODE
: CONDUCTOR ‘
i i\ J
i U
i -
' 1l
Upper end of rod must be i GROUNDING CLAMP (Connection must
flush with or below grade. be made within 5 feet from the point where
NEC Section 250.53(A) the pipe enters the building.)
P NEC Section 250.68(C)(1)
METAL COLD WATER PIPE
NEC Section 250.53(D)(1) and (2)
) Metal underground gas piping system
NOTE: Some areas require may not be used as a grounding electrode.
two grounding electrodes, NEC Section 250.52(B)
spaced more than 6 feet
apart.

26111-14_F12.EPS




5.0.0-5.2.5 |

Next Session...

Installing the
Service Entrance
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6.0.0-6.3.0
Grounding Conductors

A grounding electrode
should be connected
to a rod that travels
through the floor and
at least 8' into the
ground.

26111-14_SA02.EPS
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6.0.0-6.3.0

Installing the Service Entrance

CHESTER STREET

UNDERGROUND 12-INCH UNDERGROUND
SEWER LINE WATER LINE

NEW HOUSE

MANHOLE

UNDERGROUND
TELEPHONE LINE
ROYAL AVENUE

- POWER POLE WITH
TRANSFORMER

26111-14_F14.EPS

« The plot plan is used to
determine the location
of the nearest power
pole when selecting a
location for the service
entrance.

« All service installations
must be coordinated
with the local power
company.
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6.0.0-6.3.0

NEC® Sections Governing
Service Mast Installations
Follow the NEC® clearance requirements when installing the

service mast.

Where raceway-type service
masts are used, all raceway
fittings must be identified for
use with service masts, R

NEC Section 230.28

| ELECTRIC METER
NEC Section
230.82(2

@E&\

L

MAX. AND MIN.
DISTANCES PER
- LOCAL UTILITY

/STANDARDS

TO MAIN
SERVICE
PANEL

™
=2
n
)
m
v
w
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6.0.0-6.3.0

Vertical Clearances of
Service Drop Conductors

« Service conductors must be a minimum of 10' above the ground
at all times and no less than 15' when passing over residential

driveways.
« The minimum clearance is 18' when conductors pass over public
roadways.

—
@

NEC Section 230.24(B)

1 :
p
[ ) | §
26111-14_F16A.EPS “ 3 f
“14_F16A. 26111-14_F16B.EPS y cary
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7.0.0

Panelboard Location

100-amp, three-wire conductor

to subpanel in utility room.

with ground cable is run in finished
partitions and in unfinished attic

SERVICE

* The main service disconnect is normally located in a
basement or utility area on an outside wall.

« The NEC® requires that the main service disconnect be
located in a readily accessible area, and if indoors, located
nearest the point of entry of the service conductors.

MAST

ELECTRIC
METER

100A, WP
DISCONNECT

Service ground ~
must be connected

at this point.

100-AMPERE
MAIN LUGS-

ONLY PANEL

Neutral bus and equipment
grounding bus must be isolated
from each other in subpanel.

/

LIVING ROOM

UTILITY ROOM

) GROUNDING

o CONDUCTOR

@ —

@

@ EQUIPMENT
® GROUNDING
@ CONDUCTORS

%_
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7.0.0

Alternate Method of Service
Installation for the Sample Residence

N
N 100A MAIN
N CIRCUIT BREAKER
N N PANELBOARD
N 6.5' MIN. N
HEADROOM
METER BASE N IN FRONT OF §
AND METER 1 PANEL \|>— SERVICE GROUND
. N N l
Max. and min. = CONCRETE SLAB
per local N
utility standards. N | UTILITY ROOM
v P 7 R A - N I
e A GO0 RS 050 A0 RS S s Lo e e m=er— GRAVEL

FILL
Conduit may be rigid metal,
intermediate metal conduit, sm.  EARTH
rigid nonmetallic, electrical
metallic tubing with proper

connectors (check local : " :
codes), and Type MI Service conductors under at least 2" of concrete or in a raceway

(mineral-insulated) cable. buried at least 18" are considered to be outside of the building.

26111-14_F18.EPS
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8.0.0-8.2.0

Wiring Methods

« Most residences are wired using sheathed cable (Type
NM) and/or raceway systems.

 The method selected depends on the local codes, type of
building construction, and location of the wiring in the

building.

Type NM cable must be secured by approved

staples or straps at intervals not exceeding 4.5 gl%
feet, and within 12 inches from every outlet box,

junction box, cabinet, or fitting.

NEC Section 334.30

WHITE
CONDUCTOR

NUMBER AND SIZE
OF CONDUCTORS

BLACK

GROUNDING CONDUCTOR

CONDUCTOR
26111-14_F19.EPS ‘ e
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8.0.0-8.2.0

NEC® Sections Governing the
Installation of Type NM Cable

The ampacity of NM, NMC, and NMS cable
shall be determined by NEC Section 310.15.
The ampacity shall not exceed the 60°C
column. The 90°C rating may be used for
adjustment and correction calculations.

NEC Section 334.80 %

Where cable is run through wood joists \

where the edges of the bored hole is
less than 1" from the nearest edge of the
stud, or where studs are notched, a listed
steel plate, or a plate not less than 15" must
be used to protect the cables as shown.
NEC Sections 334.17 and 300.4(B)

Cables not smaller than two

No. 6 AWG or three No. 8 AWG
may be secured directly to the
lower edges of joists in unfinished

basements and crawl spaces.
NEC Section 334.15(C)

Cables smaller than three No. 8
or two No. 6 AWG that run on
the bottom edge of floor joists in
unfinished basements must be
provided with a “running board"
and cable must be secured to it.
NEC Section 334.15(C)

Where run across the top of floor joists in attic or roof
spaces, or within 7 feet of the floor or floor joists across the
front edges of rafters or studding, the cable must be protected
by guard strips that are at least as high as the cable.
NEC Sections 334.23 and 320.23

| Where the attic space or roof space is
not accessible by permanent stairs or
ladders, guard strips are required only
within 6 feet of the nearest edge of the
attic entrance.
NEC Sections 334.23 and 320.23

Where cable is carried along the sides of

__— rafters, studs, or floor joists, neither guard
strips nor running boards are required.
NEC Section 320.23(B)

Cables run through holes in wooden
joists, rafters, or studs are considered
to be supported without additional
clamps or straps.

NEC Section 334.30(A)

Cable must be secured within 12°
of every cabinet, box, or fitting.
NEC Section 334.30

4'-6" Cable must be secured in place at
intervals not exceeding 4.5 feet.
NEC Section 334.30

Where run parallel to the framing
_— members, cable may be secured to
the sides of the framing members not
less than 14" from the nearest edge.
Type NMC may be installed in the same
areas as NM and NMS plus damp
and corrosive areas.
NEC Sections 334.17 and 300.4

~ Type NM and NMS cable may be
installed in air voids in masonry
\ block where such walls are not
\ " subject to excessive moisture or
Bends must not be less than five  gampness.
times the diameter of the cable.  NEC Section 334.10(A)(2)
NEC Section 334.24
26111-14_F20 EPS
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8.0.0-8.2.0

Metal-Clad Cable

Metal-clad (MC) cable offers both mechanical protection
and a continuous grounding bond without the need for
additional grounding conductors.

Type MC cable must be secured using approved i‘ “ / @
| /1

staples or straps at intervals not exceeding 6 feet.

Cables containing four or fewer conductors no less

than No. 10 AWG must be secured within 12 inches
from every outlet box, junction box, cabinet, or fitting.
NEC Section 330.30(B)

All fittings must be listed
 for use with Type MC cable.
8) NEC Section 330.40

LOCKN uT

CONNECTOR
26111-14_F21.EPS
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8.0.0-8.2.0

NEC® Sections Governing the
Installation of Type MC Cable

« MC must be installed and protected per NEC® requirements.

* Type UF cable is similar to NM but includes a weather-
resistant jacket for direct burial.

Guard strips at least as high
as the cable must be provided.
NEC Section 320.23(A)

(As referenced from NEC\ ATTIC FLOOR JOISTS
Section 330.23) R

MC CABLE

7 X D = Allowable radius for interlocked armor
or corrugated sheath, depending on type.
NEC Section 330.24(B)
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8.0.0-8.2.0

NEC® Sections Governing Type SE Cable

« Service-entrance (Type
SE) and underground

1 é WEATHERHEAD o
service-entrance (Type | . (Zi‘iﬁffei?gﬁc“é“fo"nﬂﬁii’ofiist . ﬁ

12 inches of each termination point. CLOTHES DRYER
NEC Section 230.51(A)

U S E) are used to route secured every 30 inches, and within

Cable bends shall be made so that the
cable covering is not damaged and the

power for electrical

. _=d_ CABLESTRAPS ;
SEIVICES. E A

" - » jq:X
« Type SE is available with & | i
an insulated grounded == %
(= : . ELEC1?K3_F!/\NGE

conductor for interior
wiring systems. — !l

All branch circuits and
feeders must have an
insulated neutral per

WALL OVEN  NEC Section 338.10(B)(2).

« Various types of raceways
are used to protect
conduit in residential
applications.

SERVICE PANEL
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Equipment Grounding System

GROUNDING SCREW

GROUNDING CLIP

BONDING BUSHING

GROUNDING U-BOLT

Where splices are made in
a junction box, the grounding

conductors must be spliced to
the metal junction box.
NEC Section 250.148

GROUNDING CLIP

GROUNDING CONDUCTOR

GROUNDING SCREW
26111:14_F24 EPS ‘ %
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10.0.0

Branch Circuit Layout for Power

* Residences typically include several types of receptacle
symbols on the electrical plan.

« Special receptacles such as ranges and clothes dryers
may also be marked with their amperage requirements.

SINGLE DUPLEX SPLIT-WIRED

RECEPTACLE RECEPTACLE RECEPTACLE

S 50A ~~——"30A

RANGE DRYER SPECIAL-PURPOSE
RECEPTACLE RECEPTACLE OUTLET !

26111-14_F25.EPS ‘
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Branch Circuits and Feeders

The conductors that extend from the panelboard to the
various outlets are known as branch circuits.

SERVICE PANEL

EL__ZZ{_ NEUTRAL BUS
/n this configuration, the grounding
5. 3
2lo

6 conductor is tied to the neutral bus.)
DUPLEX
RECEPTACLE
ol (M AR BRANCH . c
1 | (e CIRCUIT
Mo @0 0[O0 1 ifti‘ I3
’II : Holo =HIRSS (%)
1 13 L\ i
e (LD
@ @ /4
o -
0
GROUNDING
| CONDUCTOR

LAST CIRCUIT BREAKER
BEFORE OUTLET

Residential Electrical Services 26111-14
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10.1.0

A Feeder Being Used to Feed
a Subpanel from the Main Service Panel

A feeder consists of
all conductors
between the service
equipment and the
final overcurrent
device.
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Grounding Devices

.4}

-

[

26111-14_SA04.EPS "& "
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10.1.0

Types of Branch Circuit Lines
Shown on Electrical Working Drawings

A basic branch circuit requires two wires or conductors to
provide a continuous path for the flow of electric current,
plus a third wire for equipment grounding.

RECEPTACLE, TYPICAL—

o—cmcuws RUN IN . No.12

" WALLS OR CEILING —O i A circuit run exposed
must be protected
from physical damage

CIRCUIT RUN IN FLOOR e No. 12 per NEC Section 334.15(B).
OR CEILING BELOW \|

| || | ONE-CIRCUIT/
W A 7 HOMERUN
No.12 7~ —_»¥
TWO-CIRCUIT PANELBOARD A

HOMERUN
26111-14_F28.EPS ‘&‘
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10.2.0

Locating Receptacles

Receptacles located
above countertops

in kitchens must be
mounted so that no
point on the wall is
more than 24" from

a receptacle.

NEC Section 210.52(C)

Receptacles installed
to serve the countertop
area must be GFCl-protected.
NEC Section 210.8(A)(6)

| To GFCI

in panel A

Carport

| Bathroom receptacles must be on
' a separate GFCl-protected circuit.
NEC Sections 210.11(C)(3)

and 210.8(A)(1)
All 125V, 15A and 20A receptacles

specified in NEC Section 210.52

shall be listed as tamper-resistant per
NEC Section 406.12. ‘

Sd3'624 vi-L1192
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10.3.0-10.4.0

Split-Wired Duplex Receptacles;
Multiwire Branch Circuits

MULTIWIRE
BRANCH BREAKOFF TAB
CIRCUIT REMOVED
= B {i} A split-wired
G = receptacle allows a
lamp to be controlled
MULTIWIRE SINGLE-POLE by a SWItCh and
SIRCUIT SWITCH leaves the other outlet
“_AEZEE’LE open for other devices
- - to be plugged in.
G

LOAD

26111-14_F30.EPS
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10.3.0-10.4.0

Combination Receptacle

Combination receptacles can supply two voltages in a
multiwire branch circuit.

MULTIWIRE
BRANCH

CIRCUIT
DOUBLE-POLE /I\

CIRCUIT BREAKER

s [
|
U

N
G
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10.5.0

240-Volt Circuits

« Large appliances such as
electric ranges, clothes
dryers, and water heaters
operate on 240V and are
each fed by their own
circuit connected to a two-
pole breaker in the
panelboard. \Ea M

 The conductor size and

overcurrent protection for FI

y No. 8 AWG

I X

240V loads must be
calculated per the NEC®.

26111-14_F32.EPS "&
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10.5.0

Residential Receptacle Configurations

&) 15Amp, 125 Volts

m 20 Amp, 125 Volts

e 20 Amp, 250 Volts

Receptacles are supplied in
unique configurations to
match specific voltage and
amperage combinations.

30 Amp, 125 Volts

30 Amp, 250 Volts

30 Amp, 125/250 Volts

50 Amp, 250 Volts

50 Amp, 125/250 Volts

26111-14_F33.EPS "&
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10.5.0

Next Session...

Branch Circuit
Layout for Lighting

Residential Electrical Services 26111-14 P/



11.0.0
Branch Circuit Layout for Lighting

—
Sa
Bedroom 3 |
: Bedroom 2
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Symbols

SURFACE-MOUNTED CEILING LIGHTING FIXTURE WITH INCANDESCENT LAMP

H SURFACE-MOUNTED WALL LIGHTING FIXTURE WITH INCANDESCENT LAMP

RECESSED CEILING LIGHTING FIXTURE WITH INCANDESCENT LAMP

,’ DIRECTIONAL RECESSED CEILING LIGHTING FIXTURE WITH INCANDESCENT LAMP
\N—/ ARROW INDICATES DIRECTION THAT LAMP IS POINTED

} - { SURFACE-MOUNTED CEILING LIGHTING FIXTURE WITH FLUORESCENT LAMP

S SINGLE-POLE SWITCH

S3 THREE-WAY SWITCH

DOOR-ACTUATED SWITCH

26111-14_F36.EPS (&
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12.0.0

Outlet Boxes

Outlet boxes are selected for the application and type of
construction, and sized using NEC Section 314.16.

SQUARE BOX
DEVICE BOX

PLASTER RING FOR
WIRING DEVICE

FOUR-INCH BOX COVER
FOR DUPLEX RECEPTACLE
AND SWITCH

OCTAGONAL BOX

GROUNDING CLIP, USED TO SECURE EQUIPMENT PLASTER RING FOR
GROUNDING CONDUCTOR TO OUTLET BOX LIGHTING FIXTURE

Performance Task

Have the trainees select the proper type and size
outlet box needed for a given set of wiring conditions. ‘&
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Mounting Outlet Boxes

A wide variety of metallic and nonmetallic outlet boxes
are available.

« Nonmetallic outlet boxes may include integral nails for
mounting.

NONMETALLIC DEVICE BOX
WITH INTEGRAL NAILS FOR
MOUNTING DIRECTLY TO
WALL STUD

NONMETALLIC FIXTURE BOX
WITH ADJUSTABLE MOUNTING
BRACKET FOR MOUNTING
BETWEEN CEILING JOISTS

NONMETALLIC DEVICE
BOX WITH SIDE BRACKET
FOR MOUNTING TO FACE
OF WALL STUD

()
NAIL

L ||0 : 0
DEPTH GAUGE / A
ON SIDE OF BOX /\

NAIL HOLE

METALLIC DEVICE BOX

26111-14_F38.EPS ¢ ‘ g
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12.1.0

Outlet Box Installation

« Boxes must be installed level an

d plumb, and mounted flush

with the surface of walls and ceilings having a combustible

finish.

« NEC Sections 314.17 and 314.20 include requirements for

mounting outlet boxes.

FINISHED WALL

OF CONCRETE,
TILE, OR OTHER
NONCOMBUSTIBLE
MATERIAL

MOUNTING SCREW

MOUNTING SCREW

EDGE OF FINISHED WALL

Front edge of outlet box must not be
set back from the finished surface
more than %4". In walls (and ceilings)
constructed of wood paneling or other
combustible material, the front edge
of outlet boxes must be FLUSH.

26111-14_F39.EPS ‘&1

Residential Electrical Services 26111-14




13.0.0-13.1.0

Wiring Devices
« The requirements for wiring devices can be found in NEC

Article 406.

All 15A and 20A, 125V receptacles must be tamper-
resistant per NEC Section 406.12.

PLASTER EARS WITH

BREAKOFF TABS
SLOT FOR MOUNTING CO/ALR DESIGNATION INDICATES THAT
SCREWS THE SWITCH IS DESIGNED FOR USE WITH

BOTH COPPER AND ALUMINUM WIRE
LONGER SLOT INDICATES
NEUTRAL OR GROUNDED SMALL SLOT INDICATES

CONDUCTOR UNGROUNDED CONDUCTOR

Ungrounded conductors are connected to
NEUTRAL OR GROUNDED ——————— the brass screws on opposite side from

TERMINALS ARE INDICATED grounded conductor screws.
BY SILVER-COLORED SCREWS

AMPERAGE/VOLTAGE RATING —{

] GROUNDING
INCORPORATES TAMPER-RESISTANT — e Y / SLOT

SHUTTER MECHANISM (HIDDEN)J‘ N
TAMPER-RESISTANT

GROUNDING CONNECTION

HAS GREEN SCREW HEAD H MECHANISM ————

CANADIAN STANDARDS ASSOCIATION

(INSIDE RECEPTACLE)
UNDERWRITERS

LABORATORIES, INC., LISTING a8 1 L /i
26111-14_F40.EPS ‘ cem
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Lighting Control

A standard lighting circuit is controlled by a simple toggle switch.

WHITE WIRE GROUNDED CONDUCTOR
(NEUTRAL) CONNECTS TO
o 8 SILVER SCREW ON
120VBRANCHCIRCUIT LAMPROLDER
A L,
e T ;)— LAMPHOLDER
BLACK \
WIRE
UNGROUNDED CONDUCTOR

(HOT WIRE) CONNECTS TO
BRASS- OR COPPER-COLORED
TERMINAL

WHITEWIRE ——————<p
RE-IDENTIFIED BY
PAINTING OR OTHER
EFFECTIVE MEANS PER
NEC Section 200.7(C)(1)

JAY

> USE BLACK WIRE
' FROM SWITCH

SWITCH LEG BACK TO LUMINAIRE

Fi °®
SWITCH OPEN; —! SWITCH BOX

NO CURRENT {
FLOW [
|
|_
— o
26111-14_F41.EPS (I =i
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Switch Operation, Contacts Closed

WHITE WIRE GROUNDED CONDUCTOR
(NEUTRAL) CONNECTS TO
o h : SILVER SCREW ON
120V BRANCH CIRCUIT LAaMEHOLDER
I\ ; r L
@ T d;)— LAMPHOLDER
BLACK
WIRE
UNGROUNDED CONDUCTOR
; ; (HOT WIRE) CONNECTS TO
RE-IDENTIFIED PER = 1! BRASS- OR COPPER-COLORED
NEC Section 200.7(C)(1) ‘ ‘ TERMINAL
g>——— USE BLACK WIRE
SNPTCE L FROM SWITCH

BACK TO LUMINAIRE

|
SWITCH CLOSED: P SWITCH BOX
CURRENT FLOWS | l
AND LAMP IS |
ENERGIZED |

|

26111-14_F42.EPS (&1
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Characteristics of a
Single-Pole Quiet Switch

Like receptacles, switches are marked with the maximum
voltage and amperage, along with the type of wire to be
used and certification.

SLOTS FOR
MOUNTING o)
SCREWS £

UNDERWRITERS Q (o)

LABORATORIES, 9“"

INC., LISTING MAXIMUM AMPERAGE, 15A

-— MAXIMUM VOLTAGE, 120V

SCREWS
FOR SIDE
WIRING

WHEN HANDLE
IS DOWN, THE
SWITCH IS OFF

GROUND
GROUND SCREW SCREW

DESIGNED FOR ——aggi—

BACK WIRING
AC USE ONLY STRIP GAUGE

CANADIAN STANDARDS
ASSOCIATION SYMBOL

PLASTER COPPER WIRE ONLY

EARS

Residential Electrical Services 26111-14
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14.1.0

Three-Way Switches

Three-way switches are normally used at the tops and
bottoms of stairways to control the light from either
location.

UNDERWRITERS
LABORATORIES,

MAXIMUM AMPERAGE, 15A

INC., LISTING
BRASS TERMINAL E MAXIMUM VOLTAGE, 120V
INDICATES HINGE
POINT OR COMMON

GROUND SCREW
TRAVELER TERMINAL 8 DESIGNED FOR AC

@ USE ONLY
COPPER o) CANADIAN STANDARDS
WIRE ONLY S"L_& ASSOCIATION SYMBOL
SLOTS FOR
PLASTER MOUNTING SCREWS
EARS
26111-14_F44.EPS ‘.&
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14.1.0

Three-Way Switches in the On
Position; Both Handles are Up

WHITE WIRE (NEUTRAL) Q

120-VOLT SUPPLY CIRCUIT ‘

- BLACK WIRE (HOT)

! VY A uP

) |
DOWN \[/ DOWN O
THREE-WAY SWITCH TRAVELER THREE-WAY SWITCH
CONDUCTORS
26111-14_F45.EPS ‘&‘
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14.1.0

Three-Way Switches in the Off Position;
One Handle is Down, One Handle is Up

WHITE WIRE (NEUTRAL) Q

120-VOLT SUPPLY CIRCUIT ‘

A

BLACK WIRE (HOT
| = (HOT)

Y UP UP
O
A
o DOWN ~—Sown I B
THREE-WAY SWITCH THREE-WAY SWITCH

26111-14_F46.EPS " N
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14.1.0

Three-Way Switches with Both
Handles Down; the Light Is Energized

WHITE WIRE (NEUTRAL)
\

120-VOLT SUPPLY CIRCUIT ‘

| ~BLACKWIRE (HOT) g -

|

UP UP

O

A

DOWN "~ DOWN

THREE-WAY SWITCH THREE-WAY SWITCH
26111-14_F47.EPS "&
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14.1.0

Method of Showing the Wiring
Arrangement on a Floor Plan

* Athree-way switch is marked with the symbol S; on a
wiring plan.

 In this case, three-wire cable is used to carry the two
travelers and the neutral.

LIGHT

S

3
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14.1.0

One Way to Connect a Pair of Three-Way
Switches to Control One Lighting Fixture

This shortcut method uses one two-wire cable from the
lighting outlet to one three-way switch, and then a three-wire
cable between the two swﬂches

ON WHITE CONDUCTOR

HOT WIRE DOWN TO
THREE-WAY SWITCH
WIRE OF SWITCH LEG

A
0

'r

THREE-WAY SWITCH
[ = upP

= ;e;F;'L‘.aE'/ hil

THREE-WAY SWITCH |as an ungroun

WHITE WIRE (NEUTRAL)

120-VOLT, TWO-WIRE
FEEDER TO OUTLET
BOX

BLACK WIRE (HOT)

F 7
(oo 1]

ot

Note: When using a white wire
ded conductor, it
must be permanently re-identified
by painting or other effective
means.

NEC Sectior
and (2)

1s 200.7(C)(1)

A
1T ]
HOT WIRE BAGKTO IDENTIFY SWITCH

LUMINAIRE ON IDENTIEY SAITEH=
BLACK CONDUCTOR 13?{0)/7; EC Section

WIRE OF SWITCH LEG

26111-14_F49.EPS
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14.2.0

Four-Way Switches

A four-way switch may be used in conjunction with two three-
way switches to control a device from three locations.

Y

WHITE (NEUTRAL) WIRE

BLACK WIRE o
(HOT) TO
COMMON o
TERMINAL [ R ... %

26111-14_F50.EPS ‘:
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14.2.0

Three- and Four-Way Switches
Used in Combination; the Light is off

WHITE (NEUTRAL) WIRE T

BLACKWRE ——— &l & L ]
(HOT) TO
COMMON
TERMINAL ol o O

V

26111-14_F51.EPS
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14.3.0-14.7.1

Next Session...

Electric Heating

Residential Electrical Services 26111-14 v/



Sd3'6S4 PI-L1182

Kitchen

2,000VA
kickspace

4 Single-pole thermostats \
heater w/ that do not break all T
mtegral ungrounded conductors

I t may not be used as a )\ p
thermostal  gisconnecting means. \ <

NEC Section 424.20(8)

Electric Heating

=
1500VA | |

Bedroom No. 3

Conductors must be sized
for 125% of the heater's
nameplate rating.

NEC Section 424.3(B)

If a thermostatisto  ——>\ 1) No. 10 \

serve as both controller and Y, ¥ \

disconnecting means, it must | ~Na AWG \ 4 v »
be provided with a marked =

OFF position.

NEC Section 424.20(A)

|

Branch circuits supplying
two or more heaters shall
be served by 15A, 20A,
25A, or 30A circuits only.
NEC Section 424.3(A)

Permanently installed baseboard
heaters with a factory-installed
receptacle outlet are permitted in
lieu of a receptacle outlet.

NEC Sections 210.52 and 424.9

Residential Electrical Services 26111-14
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Residential Swimming Pools,

Spas, and Hot Tubs

Residential swimming pools, spas, and hot tubs have
special requirements due to the increased potential for

electric shock in these applications.

Luminaires, lighting outlets, and ceiling fans located over the hot tub or within 5 feet from its inside walls shall be a
minimum of 7 feet 6 inches above the maximum water level and shall be GFCl-protected [NEC Section 680.43(B)|.

Maintenance disconnect must be accessible and within

At least one receptacle must be located ? sight of the hot tub (NEC Section 680.12) and located at
at a minimum of 6 feet and no more than least 5 feet from the inside wall of the hot tub.
10 feet from the inside wall of the hot tub
[NEC Section 680.43(A)|. Also, all receptacles All electrical equipment associated with the
must be located at least 6 feet from the inside circulating system of the hot tub must be
wall of the hot tub per NEC Section 680.43(A)(1) grounded [NEC Section 680.43(F)).
and all 125-volt receptacles located within MIN. :
10 feet of the inside wall of the hot tub mustbe ~ 7'-6" Qﬁguogglgéhcﬁtpsx)?gg;sda ot 1o
GFCl-proteCted [NEC Section 68043(A)(2)]. u [NEC Section 680, 43(A)(3)]
Wall switches must be located at least 5 feet from ’ j
the hot tub per NEC Section 680.43(C). l B
EQUIPMENT
MIN. 5'
MIN. 6'
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16.0.0

NEC® Requirements for
Typical Swimming Pool Installations

All 125-volt receptacles

focated within 20 feet of

the inside walls of the pool Junction boxes and enclosures for transformers or
must be protected by a ground fault circult interrupters that are connected
ground fault circuit interrupter. directly to a forming shell must be equipped with
NEC Section 680.22(A)4) % threaded hubs or bosses. They must be constructed
8 of brass, copper, or suitable plastic, or other approved

Wall switches must be located ’b corrosion-resistant material
@

at least 5 feet away from the
inside wall of the pool.

NEC Section 680.22(C) FENCE

D, L 1000520 S S 01

of 6 feet and not more than 20 feet from the

inside wall of the pool. NEC Section
680.22(A)3)

.o :

0111901691111V ESE1 D011 FUS0TT TP PSS G611 1081001 DOS0B011 PSB850 1VB01 160016311V 11 1 amo

FENCE

FENCE
FENCE

T L LT LTI,

Overhead electrical conductors must not

be installed above the pool area extending
—" 10 feet horizontally from inside of pool wall,

over a diving structure, or over observation

stands, towers, or platiorms.

NEC Section 680.8 and NEC Table 680.6(A)

Receptacies on the pool property
must be located a minimum
distance of 10 feet from the

inside walls of the pool. \_\_‘
[ ]

ﬁl?v‘riﬂvssmirﬂnum
from water level o~

10p of fixture lons, Transformer must be a two-winding

type having a grounded metal barrier
between the primary and secondary
windings or an approved system of
double insulation between the

Utility owned, primary and secondary windings.
operated, and maintained Req

uired GFCI and
B s oSt
permitted provided the r—— .
cable is at least 10 i
feet ab«.mal pool Primary | TSecondary  Low-voltage
observation stands, winding | - winding fine to supply
diving boards, etc . sopply. 1 ] K."rﬁ."nﬁ".?’é:'
NEC Section 680.8(8) power suppl L i :

Transformer, together with the transformer
enclosure, must be identified for the
purpose of providing power to underwater

luminaires.
2611114 FSSEPS f
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Wrap Up
3-2-1
3 — Write 3 important things learned during class

2 — Write 2 questions you have about the material
1 — Write 1 thought you had about the material
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Next Session...

MODULE EXAM

Review the complete module to prepare
for the module exam. Complete the Module
Review as a study aid.
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