Wiring Methods Part One

2005 NEC, NFPA 70

Chapter 3. Wiring Methods and
Materials

Article 300 Wiring Methods

 Article 300 contains the general
requirements for all wiring methods
included in the NEC.

e This article is primarily concerned with

how you install, route, splice, protect, and
secure conductors and raceways.

300.1 Scope

* (A) Wiring Installations. Article 300
contains the general requirements for
power and lighting wiring methods.

» The requirements contained in Article 300
do not apply to the wiring methods for
signaling and communications systems.

300.1 Scope

< (B) Integral Parts of Equipment. The
requirements contained in Article 300 do
not apply to the internal parts of electrical
equipment.

Integral Parts of Equipment
Section 300.1(B)

Product evaluation by a testing laboratory approved by
the authority having jurisdiction avoids the necessity of
repetitive examinations [90.7].




300.1 Scope

» (C) Metric Designators and Trade Sizes.
Metric designators for raceway trade sizes
are given in Table 300.1(C).

e Trade Size Metric

- 3/8” 12
o 15 16
L7 21
e1” 27

300.3 Conductors

* (A) Conductors. Conductors must be
installed within a raceway, cable, or
enclosure.

300.3 Conductors

» (B) Circuit Conductors Grouped Together.
All conductors of a circuit must be installed
in the same raceway, cable, trench, cord,
or cable tray, except ...

Circuit Conductors Grouped Together
Section 300.3(B)

VIOLATION
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All conductors of a circuit must be installed in the
same raceway, cable, trench, cord, or cable tray to
minimize induction heating of metallic raceways
and enclosures, and to maintain a low-impedance
ground-fault current path.




300.3 Conductors

« (B) Circuit Conductors Grouped Together.

 (2) Grounding and Bonding Conductors.
Equipment bonding conductors can be
installed outside a raceway if the bonding
jumper is installed in accordance with
250.102(E).

Equipment Bonding Jumper
Installation
Section 250.102(E)

Where an external equipment
bonding jumper is installed, it
i must be routed with the raceway
# and not exceed 6 ft in length.

300.3 Conductors

¢ (C) Conductors of Different Systems.

* (1) Mixing. Power conductors of different
systems can occupy the same raceway,
cable, or enclosure if all conductors have
an insulation voltage rating not less than
the maximum circuit voltage.

Mixing Conductors of Different Systems
C ~|fi Section 300.3(C)(1)
! .__lw‘r_iz

480V Circuit
600V Insulation

g E

120V Circuit
600V Insulation
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Conductors of different systems can occupy the same

raceway, cable, or enclosure if the insulation voltage
rating is not less than the maximum circuit voltage.

300.3 Conductors

¢ (C) Conductors of Different Systems.

e (1) Mixing. Control, signal, and
communications wiring must be separated
from power and lighting circuits so the
higher-voltage conductors do not
accidentally energize them.

Conductors of Different Systems
Section 300.3(C)(1) FPN

Class 2 or Class 3 circuits reclassified as a
Class 1 circuit, can be run with associated
power conductors [725.26(B)(1)].
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300.3 Conductors

» (C) Conductors of Different Systems.

e (1) Mixing. Exceptions allow Class 1 or
Class 2 reclassified [725.52 Ex. 2] as
Class 1 control circuits to be run with
associated power conductors.

Conductors of Different Systems
Section 300.3(C)(1) FPN

Class 2 or Class 3 circuits reclassified as a
Class 1 circuit, can be run with associated
power conductors [725.26(B)(1)].

Power Conductors

e =
r 1 = f
Class 1 Control Wires %—z |

T
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300.4
Protection Against Physical Damage
(A) Cables and Raceways Through Wood Members.
Armored Cable, Article 320
ENT, Article 362
Flexible Metal Conduit, Article 348
Liquidtight Flexible Metal Conduit, Article 350
Metal-Clad Cable, Article 330
NM Cable, Article 334
Service-Entrance Cable, Article 338

Protection Against Physical Damage
Raceways and Cables Through Wood Members
Section 300.4(A)

(A)

VJHAL Bored Hole, [300.4(A)(1)]
4 1% in. or more,
Mo steel plate required

Bored Hole, [300.4(A)(1)]
Less than 1% in.
Steel plate required

\@ ]

‘. o Notch (if permitted)

@ W [300.4(A)(2)]
A Steel plate required

Armored Cable Metal-Clad Cable

Electrical Nonmetallic Tubing Nonmetallic-Sheathed Cable
Flexible Conduit Service-Entrance Cable
Liguidtight Flexible Conduit T P ——

Protection Against Physical Damage
Raceways and Cables Through Wood Members
Section 300.4(A) Ex 2

" } A listed and marked
. steel plate less than
4 1/16th in. can be used.
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300.4

Protection Against Physical Damage
e (B) Through Metal Framing Members.

* (1) NM Cable. Where NM cables pass through
factory or field openings in metal framing
members, the cable must be protected by listed
bushings or listed grommets that cover all metal
edges.

* The protection fitting must be securely fastened

in the opening before the installation of the
cable.




Protection Against Physical Damage
NM Cable Through Metal Framing Members
Section 300.4(B)(1)

= .

o | NM Cable

e
Listed Bushing

Metal Studs
14hS o Erdaprnns o

NM cable installed through metal framing members
must be protected by listed bushings or grommets.

300.4
Protection Against Physical Damage

» (D) Cables and Raceways Parallel to Framing
Members and Furring Strips. Cables or
raceways run parallel to framing members or
furring strips must be protected where they are
likely to be penetrated by nails or screws, by
installing the wiring method so it isn't less than
1% in. from the nearest edge of the framing
member or furring strips... Ex. 1: Protection isn't
required for RMC, IMC, RNC, or EMT.

Protection Against Physical Damage
Cables Parallel to Framing Members and Furring Strips

Section 300.4(D)
—— —_— = —u=— o Framing
s e Loy ‘%:ﬁ" Member

' Cable must be at least 1% in. from the
| edge of a framing member or furring
| strip, or be protected by a steel plate.
I :
- Steel N

Stnp
- = g Furring Framing
Strip  Member

300.4
Protection Against Physical Damage

* (F) Insulating Bushings. Where raceways
contain conductors 4 AWG and larger that
enter an enclosure, the conductors must
be protected from abrasion during and
after installation by a fitting that provides a
smooth, rounded insulating surface, such
as an insulating bushing.

Protection Against Physical Damage

Raceway Terminations Bushing Not
Section 300.4(F) — Required
Threaded IMC || ANY
Threaded Rigid || Wire Size
: ! | T IMC - 342.46
IMC - Rigid l and LARGER RMC -344.46
i i 6 AWG
and SMALLER
EMT I 4 ANG
| | andﬁL::rgER EMT
EMT | and SMALLER

4 AWG
and LARGER RNC - 352.46
ENT - 362.46




CT Supplement

 300.4.1 Drilling and Notching
— Joists rafters and beams

* No notches in the middle third
« Notches limited to one-third length
« Notches limited to one-sixth depth
« Notches on ends limited to one-forth
« Holes shall not be closer than 2 inches to edge
« Hole diameters limited to one-third
« Multiple holes shall be separated by 2 inches
* Holes and notches shall be separated by 2"

« Notches in cantilevered portions are permitted
provided:
— The cantilever limited to 24 inches in length
— Remaining portion minimum of 4 inches

CT Supplement

» 300.4.1. Drilling and Notching

— Engineered Wood Products

 Cuts, notches and holes bored in trusses,
laminated veneer lumber, glue-laminated members
or |-joists are not permitted unless the effects of
such penetrations are specifically considered in the
design of the member and permitted by the
manufacturer

CT Supplement

» 300.4.1. Drilling and Notching

— Studs
* Notches not to exceed 25%
* Notches in non-bearing stud walls — 40 %
* Holes limited to 40%
* Holes can be no closer than 5/8 inch

* Holes to 60% allowed in bearing or exterior walls if:

— Such studs are doubled
— Limited to 2 successive studs
— Approved stud shoes may be used

CT Supplement

» 300.4.1 Drilling and Notching

— Top Plates:

« Interior bearing walls or exterior walls
— Top plates notched or cut or drilled over 50%:
» Galvanized metal tie 16 gage and 1-1/2 inch wide
with 8-16 d nail on each side, or
» Entire side of the wall on the notch side is covered by
wood structural panel sheathing

300.5 Underground Installations

¢ (A) Minimum Burial Depths. When cables
and raceways are run underground, they
must have a minimum “cover" in
accordance with Table 300.5.

Underground Installations
Minimum Burial Depths

*

T Table 300.5 N w

6in. 18 In 18 In.

COPYRIGHT 2004
v Miks Hok Emeeprisas. inc.
RMC or IMC
' : RNC
“Cover” is measured from @ o

the top of a raceway, cable, or Direct Burial
conductor to finished grade. g Cables




Underground Installations
Minimum Burial Depths
Table 300.5

UForUSE | gy | RMC (PVC) | Residential
Cablesor | o g | ot encased |15 & 20A GFCI

Conductors in concrete |Branch Circuits
Applications A 6 e 2 .13' 12
NOT listed 124 : £
below
. - TR === == —
Driveway 24 24 24 24
Parking Lot | |
DRIVEWAYS | I{a' : ]'13 [ I18 e L
One_- Two b1 & b o
_Family HEss =Sadn il A s |
SOLDROCK | o) | e s/
With not less than
2in. of concrete [Raceway Gniy | | Raceway Only | |
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Underground Installations
Signal and Communications Cables

Any depth is okay. i H Encarrins

The cover requirements contained in 300.5 do
not apply to signaling and communications wiring.

300.5 Underground Installations

(D) Protecting Underground Cables and
Conductors from Damage.

* (3) Service Conductors. Service
conductors not under the exclusive control
of the electric utility buried 18 in. or more
below grade, must have their location
identified by a warning ribbon placed in the
trench not less than 1 ft above the
underground installation.

Underground Installations |
Service Conductors
Section 300.5(D)(3)

Service conductors buried 18 in. or more

must have a warning ribbon placed in the
trench at least 12 in. above the installation. . |

COFYRIOHT 3004
Mk ot Erterzerten b

-

Warning ribbon is not required if the installation
is under the exclusive control of the electric utility.

300.5 Underground Installations

« (I) Conductors Grouped Together. All
conductors of the same circuit, including
the equipment grounding (bonding)
conductor, must be inside the same
raceway or in close proximity to each
other.

Underground Installations
Grouping of Conductors
Section 300.5(1)

Al conductors of the same circuit, including the

- equipment grounding conductor, must be inside =
" the same raceway or in close proximity to each
. other. See 300.3(B).




300.5 Underground Installations

« (I) Conductors Grouped Together.

e Ex. 2: Individual sets of parallel circuit
conductors can be installed in
underground nonmetallic raceways, if
inductive heating at raceway terminations
is reduced by complying with 300.20(B).

Underground Installations
Isolated Parallel Phases
Section 300.5(1) Ex 2

A B C Individual sets of parallel circuit
l l l conductors can be installed, if
| inductive heating can be reduced
} mm m by complying with 300.20(B).

300.6 Protection Against

Corrosion and Deterioration
e Raceways, cable trays, cablebus, auxiliary
gutters, cable armor, boxes, cable
sheathing, cabinets, elbows, couplings,
fittings, supports, and support hardware
must be suitable for the environment.

Protection Against Corrosion and Deterioration
Section 300.6

VIOLATION

~ Metal raceways, cable armor, boxes, elbows,
fittings, and supports must be of materials suitable
for the environment in which they are to be installed.

300.6 Protection Against

Corrosion and Deterioration

(A) Ferrous Metal Equipment. Where
corrosion protection is necessary, such as
in underground and in wet locations, and
the conduit is threaded in the field, the
threads must be coated with an electrically
conductive, corrosion-resistant compound
approved by the AHJ, such as cold zinc.

300.6 Protection Against

Corrosion and Deterioration

* (A) Ferrous Metal Equipment.

* (3) In Concrete or in Direct Contact with the
Earth. Ferrous metal raceways, fittings, supports
and support hardware can be installed in
concrete or in direct contact with the earth, or in
areas subject to severe corrosive influences
where made of material approved by the AHJ for
the condition, or where provided with corrosion
protection approved by the AHJ for the
condition.




Protection Against Corrosion
Raceways in Concrete or Direct Contact with Earth
Section 300.6{A)(3)

Galvanized EMT installed in concrete above a ground fioor
slab does not require supplemental corrosion protection

Galvanized RMC and IMC are
permitted in most locations without
supplementary corrosion protection.

= Galvanized EMT in ground floor slab or
in direct contact with the earth requires
supplemental corrosion protection,

300.6 Protection Against

Corrosion and Deterioration
* (C) Nonmetallic Equipment. Nonmetallic
raceways, cable trays, boxes, cables with
a nonmetallic outer jacket, enclosures,
raceway, fittings, supports, and support
hardware must be approved by the AHJ
for the condition.

300.6 Protection Against
Corrosion and Deterioration

¢ (C) Nonmetallic Equipment.

e (1) Exposed to Sunlight. Where exposed to
sunlight, the materials must be listed or identified
as sunlight resistant.

e (2) Chemical Exposure. Where subject to
exposure to chemical solvents, vapors,
splashing or immersion, materials or coatings
must either be inherently resistant to chemicals
based upon their listing or be identified for the
specific chemical reagent.

Protection Against Corrosion
MNonmetallic Equipment
Section 300.6(C)

Where exposed to sunlight, material must be listed
or identified as sunlight resistant [300.6(C)(1)].

-y
%é @
{

H
Kl
|

e g

~ Nonmetallic raceways, enclosures, cable jackets,
fittings, supports, and other nonmetallic equipment
must be made of material approved for the
condition in which they are installed.

300.7 Raceways Exposed to

Different Temperatures

¢ (A) Sealing. Where a raceway is subjected
to different temperatures and
condensation is known to be a problem,
the raceway must be filled with a material
approved by the AHJ that will prevent the
circulation of warm air to a colder section
of the raceway.

» An explosionproof seal isn't required for
this purpose.

Raceways Exposed to
Different Temperatures
Section 300.7(A) }

Walk-in

Putty or duct-seal ¢
in raceway. reezer
(_ : or cooler
Ll - LIl
& ] Seal-Off Fntmg,—,—-,
e i ¥ A Not Required I 4%

¥ 4 4
i@ ) g'i
COPYRIGHT 2004 Mikn Holt Erterprisas, Inc

A seal must be installed to prevent the circulation of
warm air to a colder section of the raceway or sleeve.




300.7 Raceways Exposed to
Different Temperatures

« (B) Expansion Fittings. Raceways must be
provided with expansion fittings where
necessary to compensate for thermal expansion
and contraction.

e FPN: Table 352.44(A) provides the expansion
characteristics for RNC. The expansion
characteristics for metal raceways are

determined by multiplying the values from Table
352.44(A) by 0.20.

Expansion Fitting
Section 300.7(B)

Expansion Fitting _
See 352.44 for RNC LHIJ= — 33 J
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Raceways must be provided with expansion fittings where

necessary to compensate for expansion and contraction.

300.8 Not Permitted in
Raceways

» Raceways are designed for the exclusive
use of electrical conductors and cables,
and cannot contain nonelectrical
components, such as pipes or tubes for
steam, water, air, gas, drainage, etc.

Not Permitted in Raceways
Section 300.8

N RN e
Okay =
Opening is not a raceway | |

Electric

COPYRIGHT 2004
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Raceways are for the excluswe use of electricai
conductors and cables, and must not contain
piping for steam, water, air, gas, drainage, etc.

300.10 Electrical Continuity

< All metal raceways, cable, boxes, fittings,
cabinets, and enclosures for conductors must be
metallically joined together to form a continuous
low-impedance fault-current path that is capable
of carrying any fault current likely to be imposed
on it. Metal raceways and cable assemblies
must be mechanically secured to boxes, fittings,
cabinets, and other enclosures.

Electrical Continuity
Utility Power Section 300.10

(supply source) Meter Main Panel

Outlet
I'_'_'{,::;" _"_'l
| 1_=J et
EE TR t 5
L Loadi walk
: :"*"‘I;i‘;
COPYTIGHT 2004 - Effective Ground-

Mian Hol Enlorprises, inc

Fault Current Path = Ground Fault

All metal raceways, cables, enclosures, and fittings for
conductors must be bonded together to form an effective
ground-fault current path which is intended to facilitate the
operation of the circuit overcurrent protective device.

10



300.10 Electrical Continuity

e Ex. 1: Short lengths of metal raceways
used for the support or protection of
cables aren't required to be electrically
continuous, nor are they required to be
bonded to an effective ground-fault current
path [250.86 Ex. 2 and 300.12 EX].

Electrical Continuity - Short Sections of Raceways
Section 300.10 Ex 1

Short sections of raceways used for
support or protection of cables are not
required to be electrically continuous or
grounded (bonded) [250.86 Ex 2].

See 300.12 Ex.

COPYRIGHT 2004 Mike Holt Entisrisms, lnc

300.11 Securing and Supporting

e (A) Secured in Place. Raceways, cable
assemblies, boxes, cabinets, and fittings must
be securely fastened in place. The ceiling-
support wires or ceiling grid cannot be used to
support raceways and cables (power, signaling
or communications). However, independent
support wires, secured at both ends, that provide
secure support are permitted.

Securing and Supporting
Suspended Ceiling
Section 300.11(A)

Ceiling support wires cannot be used to support power,
signaling, or communications raceways or cables. »

il o5 \{/ SO N

|
L e

0y

1

Il
N Independent support wires, secured at both
ends, that provide secure support are permitted.

COPYRIGHT 2004 Mike Hol Erterprises, loc

Box Support - Ceiling Framing Members
Section 314.23(D)(1) —

T e
ST

Outlet boxes can be secured to
EXlT suspended-ceiling members by
bolts, screws, rivets, clips, or other
. means identified for the purpose.

Mka Holt Enturseises, Inc

300.11 Securing and Supporting

* (B) Raceways Used for Support.
Raceways must not be used as a means
of support for other raceways, cables, or
nonelectrical equipment, except ...

11



Raceways Used for Support . .
Section 300.11(8) 300.11 Securing and Supporting
—L » (B) Raceways Used for Support.
=M ; _ ¢ (2) Class 2 and 3 Circuits. Class 2 and 3
I I ¥ { cables can be supported to the raceway
. _ that supplies power to the equipment
O VIOLATION S
Lo h /| Raceways Cannm?,e used for controlled by the Class 2 or 3 circuit;
" | the support of other raceways,
cables, or other equipment.
..A.-c..a.*_

Raceways Used for Support
Class 2 and 3 Cables
Section 300.11(B)(2)

300.11 Securing and Supporting

e (C) Cables Not Used as Means of
: Support. Cables cannot be used to
—— support other cables, raceways, or
' nonelectrical equipment.

Equipment controlled
by Class 2 circuit.

o

st E
o

o
{]
|

Cable supported by
raceway permitted.

1 COPYRIGHT 2004 Miks Hol Ererprises, ine
e el A it

Class 2 cables can be supported by the raceway that
supplies power to the equipment controlled by the cable.

Cables Not Used as Means of Support
| Section 300.11(C)

300.12 Mechanical Continuity

* Raceways and cable sheaths must be
mechanically continuous between boxes,
cabinets, and fittings.

Cables cannot be used to
support other cables, raceways,
or nonelectrical equipment.

ST 2004 Mk o




Mechanical Continuity

= Section 300.12

Raceways and cables must be continuous

between boxes, cabinets, and fittings.

- e

0000

— VIOLATION

COPYRIGHT 2004 Mike Holt Erterprises, inc.

300.12 Mechanical Continuity

e Ex: Short sections of raceways used to
provide support or protection of cable from
physical damage aren't required to be
mechanically continuous.

f Mechanical Continuity
| Section 300.12 Ex
' /

Mechanical raceway
continunity not required

il
. \.m{%j

Short sections of raceways used to provide support
or protection of cable from physical damage aren’t
required to be mechanically continuous.

| i

300.13 Splices and Pigtails

e (A) Conductor Splices. Conductors in
raceways must be continuous between all
points of the system, which means that
splices cannot be made in raceways.

Splices in Raceway
Section 300.13(A)

@

| VIOLATION |

Splices or taps are not permitted within a raceway.

COPYRIGHT 2004 Mixs Holl Enbeeprises, inc.
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300.13 Splices and Pigtails

» (B) Conductor Continuity (Pigtail).
Continuity of the grounded conductor of a
multiwire branch circuit must not be
interrupted by the removal of a wiring
device. Therefore, the grounded
conductors must be spliced together, and
a pigtail be provided for the wiring device.

Conductor Continunity (Pigtail)
Multiwire Circuit
Section 300.13(B)

—_—
—_—

Mokiirs Crrcuaf_\@-' \'7 - Conductor pigtail '

Pigtail required N not required.
for neutral. : 'N. /7

COPYRIGHT 2004
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Continuity of the grounded neutral conductor of a
multiwire branch circuit must not be interrupted by
the removal of a wiring device.

e 4 [ L o

- i X
BRI & sl

[ i

Fr dxk

Danger of Open Neutral
on a Multiwire Circuit

Okay L1 =
600W
120 Ty

P21 [V S — =

| 1207 | 1200W
v | | Hair Dryer
2 L2 -

B S Parallel Circuit
Voltage drop of

Proper Connection television = 120V
Voltage drop of

hair dryer = 120V

COFYRIGHT 2004 Mike Holt Entarprises, Inc

Danger of Open Neutral
on a Multiwire Circuit

Danger S
| TV 160V
240V
Series
Hair Dryer
| 8o0v
L2

Series Circuit
Voltage drop of
television = 160V
Voltage drop of

COPYRIGHT 2004

we ot Erversesen, v N1AIF dryer = 80V

Open Neutral

Overload on Neutral
Section 300.13(B)

Correct Connection DANGER
20A- 15A = 5A 20A + 15A = 35A
| g2 L1
L1 % 154 .-L.;1 % %15}\
204 20A
p— —

N T
7N I = 35A
17 N
I} \

[ L1=15A\ /
L1=20A '\ /

CORPFINGNT 7004 Ml Mol Ertarpe o

Failure to terminate the ungrounded (hot) conductors
to different phases can cause the grounded neutral
conductor to be overloaded, which can cause a fire.

300.14 Length of Free
Conductors

« At least 6 in. of free conductor, measured
from the point in the box where the
conductors enter the enclosure, must be
left at each outlet, junction, and switch
point for splices or terminations of
luminaires or devices.

14



Length of Free Conductor
Langlil o kree ondcior Section 300.14

7 : 3 in. outside of
A minimum of 3 in. opening required.
outside of opening required. | L ; J

=3

—4in.— ~[
o — 6in. from | 4 |42~ 7
wmenzes, | | 210. | point of entry. 6 in. from point of entry. i
Boxes with openings less than 8 in. must have at least At least 6 in. of free conductor is required at each box.
6 in. of free conductor and at least 3 in. of free conductor Where the box opening is less than 8 in., conductors

must extend at least 3 in. outside the box opening.

outside the box opening.

Splice and Termination Points
. . Section 300.15
300 15 BOXGS or CondLHt BOd'eS A box must be installed at each splice or
termination point for power and lighting systems.
» A box must be installed at each splice or 1 )
. . . . —— | L — —
termination point, except as permltted for:
Figs 300-43 through 300-46 =
= Cabinet or Cutout Boxes, 312.8 Al |-
» Conduit Bodies, 314.16(C), Fig 300-37 iy ;
e Luminaires, 410.31 woma o
e Surface Raceways, 386.56 and 388.56
- Wireways 376.56 This rule does not apply to communications,
! signal, and control conductors [90.3, 640.3,
725.3, 760.54(A)(3), and 770.3].
Splice and Termination Points
Splice and Termination Points Control, Signal, and Communications Circuits
Conduit Body - . - I
Section 300.15 . £ X ) . I
= =i " | Reception Area .h
L = i i ] : i _‘I -} J l
copyriGaT200e 4 |1 .-' [ ‘ 2 Box i§ not
M Wt Enserpriss, tnc. | = Al required.
Computer Room
Conductors can be Splices not permitted : i D COPYRIGHT 2004
spliced in a conduit in short-radius conduit o k— 'A e S
body, see 314.16(C). body, see 314.5 A box is not required for communications, signal, and
control conductors [90.3, 640.3,725.3, 760.54(A)(3),
and 770.3].




Class 2 and 3 Circuits - Boxes
Section 725.3

Boxes or other enclosures are not
required for Class 2 or Class 3 splices
or terminations because 725.3 does
not list 300.15 as a section that applies.

T

S -

COPYRIGHT 2004

Mis Holt
Eorprises. Inc.

300.15 Boxes or Conduit Bodies

« Fittings and Connectors. Fittings can only
be used with the specific wiring methods
for which they are listed and designed.

Fittings and Connectors
ection 300.15

| 2%in. EMT

Connector [~ VIOLATION
— Fittings are permitted only
. on the wiring method for
2%in. — which they are listed.
RMC [

COPYRIGHT 2004 Mike Holt Emerpeises, Inc.

300.15 Boxes or Conduit Bodies

« (I) Enclosures. A box or conduit body isn't
required where a splice is made in a
cabinet or in cutout boxes containing
switches or overcurrent protection devices
if the splices or taps do not fill the wiring
space at any cross section to more than
75 percent, and the wiring at any cross
section doesn't exceed 40 percent.

Splice and Termination Points
Switch/Circuit Breaker Enclosure
Section 300.15(1)

"' Enclosure can be used as a raceway if
= the conductor fill does not exceed 40%
R and splices are permitted if the fill does
not exceed 75% [312.8 and 404.3].

COPYRIGHT 2004 Mike Holt Entorprises, inc.
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300.15 Boxes or Conduit Bodies

¢ (L) Handhole Enclosures. Where
accessible only to qualified persons, a box
or conduit body isn't required for
conductors in handhole enclosures
installed in accordance with 314.30.

Splice and Termination Points
Handhole Enclosure
Section 300.15(L)

Where accessible only to qualified persons,

a box isn't required for conductors in handhole

enclosures installed in accordance with 314.30.
COPYRIGHT 2004 Mike Holt Enterprses, inc.

O "

Can have open
or closed bottom.

300.17 Raceway Sizing

» Raceways must be large enough to permit
the installation and removal of conductors
without damaging the conductor's
insulation.

Raceway Sizing R =
Section 300.17

74 In. Efectrical Metallic Tubing

16-12 THHN conductors
[Annex C, Table C.1]

COPYRIGHT 2004
Mike Holt Enlerpirises. inc

When all conductors in a raceway are the same

size and insulation type, the number of conductors
can be determined by Annex C.

Raceway Fill Limitation
Chapter 9, Table 1
53% | Cable is treated

as 1 conductor 40%

Three or more
53% fill, Note 9

conductors
@%@ 40% il
53% ' One conductor
@ 53% fill
o Nipple:
® fg i 60% fill
o & Note 4
31% '\ Two conductors @
@% 31 D/o fill COPYRIGHT 2004 Mite Helt Entorpisss, Inc.

When different size conductors are installed in a raceway,
conductor fill is limited to the above percentages

Raceway Fill - Nipples at 60%
Chapter 9, Table 1, Note 4

i

Nipple - 60%
Conductor Fill

Araceway that is 24 in. or less in length can be filled
with conductors up to 60% of its cross-sectional area.

17



Conductor Cross-Sectional Area
Chapter 9 - Tables 5 and 8

=

"V

Table 5 Table 8 Table 8
10 AWG THHN 10 AWG 10 AWG
(solid/stranded) Bare Solid Bare Stranded
Area Area Area
0.0211in.2 0.008 in.? 0.011 in.2

COPYRIGHT 2004 Mike Holt Enterprises, Inc

&

Raceway Cross-Sectional Area
=7, Chapter9 - Table 4

I Total Area 100%

1In. EMT | 0.864 sq in.
40% Fill
0.346 sq in.
600/0 Fi” COPYRIGHT 2004
0'5,1 9 Sq in. Miks Holl Erderprises, Inc

Raceway Sizing
Section 300.17

-

Rigid Nonmetallic [
i Conduit |
Schedule 40 PVC ( ;

Step 1. Determine conductor area, Chapter 9, Table 5.

500 kemil = 0.7073 in.2 x 3 conductors = 2.1219in.2
250 kemil = 0.3970 in.2 x 1 conductor = 0.3970 in.2
3AWG =0.0973in.2x 1 conductor = 0.0973 in.2

Total area of the conductors = 2.6162 in.2
Step 2. Size Raceway at 40% Fill, Chapter 9, Table 4
3 in. RNC at 40 percent fill = 2.907 in.2

COPYRIGHT 2004
Wik Hodl Entorgeises. Ire:

300.18 Inserting Conductors in
Raceways

e (A) Complete Runs. To protect conductor
insulation from abrasion during installation,
raceways must be mechanically completed
between the pulling points before conductors are
installed. Ex: Short sections of raceways used
for protection of cables from physical damage
aren't required to be installed complete between
outlet, junction, or splicing points.

Inserting Conductors in Raceway
Complete Runs
Section 300.18(A)

VIOLATION
Raceways must
be complete prior
to the installation
of conductors.

LA . } COPYRIGHT 2004
N e Mike Hol Enferprisas, inc.
T e e I

300.19 Supporting Conductors
in Vertical Raceways

¢ (A) Spacing Intervals. If the vertical rise of

a raceway exceeds the values of Table
300.19(A), the conductors must be
supported at the top, or as close to the top
as practical.

18



Il Supporting Conductors in
{5 Vertical Raceways
2 Section 300.19(A)

Conductor support is
required where the
vertical rise exceeds
100 ft for conductors
1/0 AWG and smaller.

COPYRIGHT 2004 M Holt Enterprises. inc

300.20 Induced Currents in
Metal Parts

* (A) Conductors Grouped Together. To
minimize induction heating of ferrous
metallic raceways and enclosures, and to
maintain an effective ground-fault current
path, all conductors of a circuit must be
installed in the same raceway, cable,
trench, cord, or cable tray.

Induced Currents in Metal Parts
Hysteresis Heatin
Ferrous Metal Section 300.20(A?

(not aluminum)
One Cycle - AC

h +
COPYRIGHT 2004 Mke Holt Enterprises. Inc

L. S - L S S i ]
Steel and iron (ferrous) molecules align to the polarity

of the magnetic field and when the field reverses, the
molecules reverse their polarity. This back-and-forth

alignment of the molecules heats up ferrous metal parts.

300.20 Induced Currents in

Metal Parts

» (B) Single Conductors. When single conductors
are installed in nonmetallic raceways as
permitted in 300.5(1) Ex. 2, the inductive heating
of the metal enclosure can be minimized by the
use of aluminum locknuts and by cutting a slot
between the individual holes through which the
conductors pass. FPN: Because aluminum is a
nonmagnetic metal, there will be no heating of
aluminum metal parts due to hysteresis.

Induced Currents in Metal Parts
Single Conductors
Section 300.20(B)

pmh a\s: r-'.-r.—"h HEUTRAL
A B C

Narrow slot cut between knockouts
Bottom of metal enclosure

Parallel conductors form Aluminum locknuts reduce
a single conductor. hysteresis heating.

‘When single conductors are installed in a nonmetallic
raceway, inductive heating of the metal enclosure can be
minimized by cutting a slot between the individual holes
through which the conductors pass.
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300.21
Spread of Fire or Products of Combustion

» Electrical circuits and equipment must be
installed in such a way that the spread of fire or
products of combustion will not be substantially
increased. Openings in fire-rated walls, floors,
and ceilings for electrical equipment must be
firestopped using methods approved by the AHJ
to maintain the fire-resistance rating of the fire-
rated assembly.

Spread of Fire or Products of Combustion
Section 300.21

VIOLATION
Firewall

Openings in fire-rated assemblies must
be firestopped using approved methods
to maintain fire-resistance rating.

COMYTIGHT 2004 ks Mol Crisrprses, ne

300.21
Spread of Fire or Products of Combustion

* FPN: Directories of electrical construction
materials published by qualified testing
laboratories contain listing and installation
restrictions necessary to maintain the fire-
resistive rating of assemblies.

300.21
Spread of Fire or Products of Combustion

« FPN: Outlet boxes must have a horizontal
separation not less than 24 in. when
installed in a fire-rated assembly, unless
an outlet box is listed for closer spacing or
protected by fire-resistant "putty pads" in
accordance with manufacturer's
instructions.

300.22
Ducts, Plenums, and Air-Handling Spaces

* (A) Ducts Used for Dust, Loose Stock, or
Vapor. Ducts that transport dust, loose
stock, or vapors must not have any wiring
method installed within them.

20



Ducts Used for Dust and Vapors
Section 300.22(A)

NANINANA S

=

Ducts that transport dust or vapors must not
have any wiring method installed within them.

[ saty | N o
e n

\ COPYRIGHT 2004 Mike Holl Ererprsses, Inc

300.22

Ducts, Plenums, and Air-Handling Spaces

e (B) Ducts or Plenums Used for
Environmental Air. Where necessary for
their direct action upon, or sensing of the
contained air...

300.22

Ducts, Plenums, and Air-Handling Spaces

e (C) Space Used for Environmental Air.

* FPN: The spaces above a suspended
ceiling or below a raised floor that is used
for environmental air, are examples of the
type of space to which this section applies.

Environmental Air Space
Section 300.22(C)

Environmental Air Space

Plenum | Air ‘ Kot
| Handler | ]
i 1
1l il Suspended Ceiling T t T
The spaces above a suspended ceiling or q

under a raised floor are examples of types
of space used for environmental air. =5

COPTRIGHT 2004 Mise Holl Ersarprises, i

Raised Floor
11 7 (not in ITE room) t1

'l Environmental Air Space

—
—

300.22

Ducts, Plenums, and Air-Handling Spaces

* (C) Space Used for Environmental Air.

* (1) Wiring Methods Permitted. EMT, RMC,
IMC, armored cable, metal clad cable
without a nonmetallic cover, and flexible
metal conduit can be installed in other
environmental air spaces.

Other Space Used for Environmental Air
Wiring Methods Permitted
Section 300.22(C)(1) [725.3(C)]

& ol a—

Environmental

Plenum

| = | i Air Space
= Air Rty
= Handler z!
[=]
= = - £ == ;
oL = = = S
141 11

Suspended Celling —*
Control, Signaling, and :
Communications Circuits
Plenum rated cables, and plenum-rated
raceways containing plenum rated cables,
are permitted in these air handling spaces.
tt

. o — "————-‘-—""-===!==;==‘ . ~
g e L B -
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300.22
Ducts, Plenums, and Air-Handling Spaces

» (C) Space Used for Environmental Air.
e (1) Wiring Methods Permitted.

* Where accessible, surface metal raceway,
metal wireway with metal covers, or solid
bottom metal cable tray with solid metal
covers can be installed in other
environmental air spaces.

300.22
Ducts, Plenums, and Air-Handling Spaces

e (C) Space Used for Environmental Air.

* (1) Wiring Methods Permitted.

« However, control, signaling, and
communications cables and plenum-rated
nonmetallic raceways installed in spaces

used for environmental air must be plenum
rated.

Other Space Used for Environmental Air
Wiring Methods Permitted
Section 300.22(C)(1) [725.3(C)]

e e B ]
- | Environmental
Plenum

= | i Air Space
g Handier. X
andler E
a 3
= § £ = ;
L e — BRik
141 Tt

Suspended Ceiling 91
Control, Signaling, and %
Communications Circuits
Plenum rated cables, and plenum-rated
raceways containing plenum rated cables,
are permitted in these air handling spaces. ‘

T 1 MYHAGHT 3304 e tam [ rampmeas r 1

] Iem— ] e——| ———] P ——
[ e e | B i+ 1 =

300.22
Ducts, Plenums, and Air-Handling Spaces
¢ (C) Space Used for Environmental Air.
* Any wiring method suitable for the location
can be installed in a space not used for

environmental air-handling, such as above
suspended ceiling or raised floor.
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Space NOT Used for Environmental Air
Wiring Methods Permitted
Section 300.22(C)(1)

! } 4 ——

MNonplenum
Rated Cables

ttt

':_ Plenum

L1 Suspended | 441
) Ceiling A
+ié +ié

ll 3 A space not used for environmental
air-handling purposes has no wiring
method restrictions.

Monplenum Rated Cables

— —_— — — T — —

B — 1 L

300.22 Ducts, Plenums, and Air-
Handling Spaces

* (C) Space Used for Environmental Air.

¢ (2) Equipment. Electrical equipment with a
metal enclosure is permitted in other
environmental air spaces, unless
prohibited elsewhere in this Code.

Space Used for Environmental Air
Equipment
Section 300.22(C)(2)

Suspended
Ceiling

Dry-type transformers with a metal enclosure, rated
not over 50 kVA, can be installed above a suspended
ceiling used for environmental air [450.13(B)).

COPYRIGHT 2004 M Hott Entispenes, ine.

300.22 Ducts, Plenums, and Air-

Handling Spaces
e (D) Information Technology Equipment
Room. Wiring under a raised floor in an
information technology room must comply
with 645.5(D).

Information Technology Equipment Rooms [ ===
Section 300.22(D) =

Air-handling space
under raised floor

COPYRIGHT 2004
Mike Holt Enferprisas.

T

Signal and communications cables under a
raised floor are not required to be plenum rated
[645.5(D)(5)(c)], because ventilation is restricted
to that room/space [645.5(D)(3)].

Article 310 Conductors for
General Wiring

23



310.1 Scope

« Article 310 contains the general
requirements for conductors, such as
insulation markings, ampacity ratings, and
their use.

e This article doesn't apply to conductors
that are an integral part of cable
assemblies, cords, or equipment.

310.2 Conductors

e (A) Insulation. All conductors must be
insulated, and they must be installed as
part of a recognized wiring method listed
in Chapter 3.

* Ex: Where permitted, bare equipment
grounding or bonding conductors are not
required to be insulated.

Conductors
Section 310.2(A)

23

All conductors must be insulated and
be installed as part of a recognized
wiring method listed in Chapter 3.

Conductors
= Section 310.2(A) Ex

w . Where permitted, equipment

grounding and bonding
@ conductors are not required
! to be insulated.

COPYRIGHT 2004 Mike Holt Entarprises, Inc

310.4 Conductors in Parallel

< Ungrounded and grounded conductors
sized 1/0 AWG and larger can be
connected in parallel.

e The minimum 1/0 AWG conductor size
rule doesn’t apply to equipment grounding
(bonding) conductors.

310.4 Conductors in Parallel

« All conductors within a parallel set must:
* (1) Be the same length.

* (2) Be made of the same conductor
material.

* (3) Be the same size in circular mil area.
¢ (4) Use the same insulation material.
* (5) Terminate in the same method.
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Conductors in Parallel
Section 310.4

Phase A Set:
2 - 250 kemil AL, 100 ft long
Phase B Set
2 - 3/0 AWG CU, 104 ft long
Phase C Set:
2-3/0 AWG CU, 102 ft long
Neutral Set:
2 -1/0 AWG AL, 103 ft long

Equipment Ground Set:
2-3AWG CU, 101 ftlong ,j
COPYRIGHT 2004

s Holt
[

Okay [ —‘
|

For current to be evenly distributed between
the individual parallel conductors, each conductor
(within a parallel set) must be identical to each other.

Conductors in Parallel
Equipment Grounding (Bonding) Conductor
Section 310.4

B600A
Protection
1N N

600A
Protection

Parallel

| Conductors | L

COFYRIGHT 2004
Mike Hoit Enterprises, Inc

The equipment grounding conductor in each raceway
is sized to Table 250.122 based on the rating of the
protection device. 600A = 1 AWG

310.12 Conductor Identification

e (A) Grounded Neutral Conductor. The grounded
neutral conductor must be identified in
accordance with 200.6.

e (B) Equipment Grounding (Bonding) Conductor.
The equipment grounding (bonding) conductor
must be identified in accordance with 250.119.

¢ (C) Ungrounded Conductors. Ungrounded
conductors must be clearly distinguishable from
grounded neutral and equipment grounding
(bonding) conductors.

Conductor Identification
Section 310.12(C)

IDENTIFICATION OF
PHASE & SYSTEM
2TTI4B0V - 120/208V

Brown- _( -Black
Orange- {g -Red
fellow- %~ -Blue
Gray- —''—

Where the premises wiring system has more than one
nominal voltage system, each ungrounded conductor must
be identified by system and posted at each panelboard.

310.13 Conductor Construction

-2 90°C in wet locations No H 60°C insulation
rating

H 75°C insulation rating HH 90°C insulation
rating

* N Nylon outer cover R

Thermoset insulation

e T Thermoplastic insulation U
Underground

* W Wet or damp locations
* X Cross-linked polyethylene
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Conductor Properties
Table 310.13

—— T hermoplastic
HH = (two H) 900C Insulation
r Nylon Jacket or equivalent

Thermopfastic
H = (one H) 75°C Insulation
l— Wet Locations

¥ Ul puov

COPYRIGHT 2004
Mk Hot Enterprisas. Inc

Table 310.13 contains conductor insulation information,
such as operating temperature and applications. These
conductors can be used in any Chapter 3 wiring method.

310.15 Conductor Ampacity

* (A) General Requirements

e (1) Tables for Engineering Supervision.
The ampacity of a conductor can be
determined either by using the tables in
accordance with 310.15(B) or under
engineering supervision, as provided in
310.15(C).

310.15 Conductor Ampacity

* (A) General Requirements

¢ (2) Conductor Ampacity - Lower Rating. If
a single length of conductor is routed in a
manner that two or more ampacity ratings
apply to a single conductor length, the
lower ampacity must be used for the entire
circuit. See 310.15(B).

[ SR A b S Iun
, ' |

Conductor Ampacity - Lower Rating
Section 310.15(A)(2)
3/0 THHN (rated 225A at 90°C)

Temperature
86°F 108°F
225A x 1.0 = 225A 225A x 0.87 = 196A

Temperature

. 3/0 THHN rated 196A in [ ]
! ambient temperature of 108°F. | |

Where two ampacity ratings apply to a single
conductor length, the lower ampacity must be
used for the entire circuit.

310.15 Conductor Ampacity

< (A) General Requirements
e (2) Conductor Ampacity - Lower Rating.

« Ex: When different ampacities apply to a
length of conductor, the higher ampacity is
permitted for the entire circuit if the
reduced ampacity length does not exceed
10 ft and its length doesn't exceed 10
percent of the length of the higher
ampacity.

Conductor Ampacity - Higher Rating
Section 310.15(A)(2) Ex

Higher Ampacity

i 12 AWG = 30A
LvA f

[N ] Lower Ampacity
k= 12 AWG = 15A
- (30A x 0.5)
Hin -
e e
i - l
L
ﬂ -

COPYRIGHT 2004 Mikn Hol Eraririsss. ioc

I
The higher ampacity can be used if the length of the
lower ampacity is not more than 10 ft, and it is not
longer than 10 percent of the higher ampacity length.
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310.15 Conductor Ampacity

» (B) Ampacity Table. The allowable

conductor ampacities listed in Table
310.16 are based on conditions where the
ambient temperature isn't over 86°F and
no more than three current-carrying
conductors are bundled together.

Conductor Ampacity - Table 310.16
Correction and Adjustment

Section 310.15(B)

This raceway contains only
3 current-carrying conductors

Table 310.16 ampacity is based on an ambient
temperature of not over 86°F and no more than
3 current-carrying conductors bundled together.

Conductor Ampacity Adjustment

" Ambient 3
\| Temperature |

If the ambient temperature
is above 86°F, the conductor
ampacity decreases.

COPYRIGHT 2064 bka Hekt Entarpiss, b

Conductor -
Bundling hy

If the number of current-
carrying conductors
exceeds 3, the conductor
ampacity decreases.

310.15 Conductor Ampacity

(B) Ampacity Table.

(2) Ampacity Adjustment

(a) Conductor Bundle. Where the number of
current-carrying conductors in a raceway or
cable exceeds three, or where single conductors
or multiconductor cables are stacked or bundled
in lengths exceeding 24 in., the allowable
ampacity of each conductor, as listed in Table
310.16, must be adjusted in accordance with the
adjustment factors contained in Table
310.15(B)(2)(a).

310.15 Conductor Ampacity

* (B) Ampacity Table.

* (2) Ampacity Adjustment
* (a) Conductor Bundle. Each current-

carrying conductor of a paralleled set of
conductors must be counted as a current-

carrying conductor.

Conductor Ampacity
Adjustment - Parallel Conductors.
Table 310.15(B)(2)(a)

Two Parallel Sets
Six current-carrying conductors
{Seven if neutral is current-carrying)

Each current-carrying conductor
of a paralleled set of conductors
must be counted as a current-
carrying conductor.

Parallel Set 1
Three current-carrying conductors
(Four if neutral is current-carrying)

Parallel Set 2
Three current-carrying conductors
(Four if neutral is current-carrying)

COPYINGHT 004 take bk ey, &

Conductor Ampacity - Table 310.16
Adjustment Factor
Table 310.15(B)(2)(a)

Ampacity Adjustment
Factor = 70%

No Ampacity Adjustment
Three or fewer Conductors

Conductors have more surface

area for heat dissipation.

COPYRIGHT 004 Mike Holt Erferprises, inc

Bundled conductors
have heat held in
by other conductors.
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Conductor Ampacity - Table 310.16
Adjustment Factor
Table 310.15(B)(2)(a) Ex 3

. Conductor ampacity
adjustment does not
apply to nipples.

..

Nipple: A raceway that is 24 in. long or less.

COPYRIGHT 2004 Miko Holt Eniorprisas, Inc.

Conductor Ampacity - Table 310.16
Adjustment Factor - AC and MC Cables
Section 310.15(B)(2)(a) Ex 5

Ampacity adjustment does not apply
to Type AC or MC cable when:

(a) Each cable has no more than
three current-carrying conductors.
(b) 12 AWG copper conductors.

(c) No more than 20 current-carrying
conductors are bundled.

If more than 20 current-carrying
conductors are bundled, a 60%
ampacity adjustment factor applies.

COPYRIGHT 2004 Mikn Holl Enterprisos, inc

310.15 Conductor Ampacity

= (B) Ampacity Table.
* (4) Neutral Conductor

 (a) Balanced Circuits. The neutral
conductor of a 3-wire single-phase
120/240V system, or 4-wire three-phase
120/208V or 277/480V wye-connected
system, isn't considered a current-carrying
conductor.

Neutral Conductors of
Balanced Circuits
Section 310.15(B)(4)(a)

120/208V or
277/480V

100A
—B= t"""’k}’rﬁ?wm%wm

M. ‘%‘IDOA P”"‘“"‘-" I
Shown “ ' 100A
l

= \ ; ) &5

NOT Counted i iR Erscprinns

The neutral conductor that supplies a linear load
is not considered a current-carrying conductor.

120/240V

310.15 Conductor Ampacity

« (B) Ampacity Table.

¢ (4) Neutral Conductor

« (b) 3-Wire Circuits. The neutral conductor
of a 3-wire circuit from a 4-wire three-
phase 120/208V or 277/480V wye-

connected system is considered a current-
carrying conductor.

Neutral Conductor of a 3-Wire Circuit
From a Wye 4-Wire System
Section 310.15(B)(4)(b)

120/240V or 277/480V
L1
C—m\ Current-carrying conductor.
100A
P_ __________ +  Neutral conductor of a 3-wire
olnt) circuit from a 4-wire, wye

Shown ,‘,. = 100A3 systemis considered a

L3 current-carrying conductor.

- ; -

Determine neutral current.
COPYRIGHT 2004 | neurraL = »EL_22_+_L_32_)TE|_.2 X L3j
Ineurae =/ (1002 + 1002) - (100 x 100)
| neurrae = 100A




310.15 Conductor Ampacity

» (B) Ampacity Table.

 (4) Neutral Conductor

 (c) Wye 4-Wire Circuits That Supply
Nonlinear Loads. The neutral conductor of
a 4-wire three-phase circuit is considered
a current-carrying conductor where the
major portion of the neutral load consists
of nonlinear loads.

Neutral Conductor of a 4-Wire Circuit
Supplying Nonlinear Loads
Section 310.15(B)(4)(c)

Cogyright
Mike Holt Enerprises. Inc

[
L2 Aq
A 100A
100A Nonlinear
A2 Nonlinear
S Y -
Ag 100A
MNonlinear
'L3 ~
= e t [

Amps| Aa
Odd triplen harmonic currents from nonlinear loads add
on the neutral conductor and the actual current could
be almost twice the ungrounded conductor’s current.

310.15 Conductor Ampacity

* (B) Ampacity Table.

 (6) Dwelling Unit Feeder/Service
Conductors. For individual dwelling units
of one-family, two-family and multifamily
dwellings, Table 310.15(B)(6) can be used
to size 3-wire single-phase 120/240V
service or feeder conductors (including
neutral conductors) that serve as the main
power feeder.

Service/Feeder Conductor Sizing for
120/240V Dwelling Unit
Table 310.15(B)(6)

A 195A demand load
with a calculated neutral
load of 100A.

2/0 AWG Service and
Feeder Conductors

4 AWG neutral sized
for 100A unbalanced load
and fault current [250.66].

COPYRIGHT 004 M Hol Erisnses, inc

Individual dwelling units of one-family, two-family, or
multifamily dwelling units can have their service and
feeder conductors sized to Table 310.15(B)(6),
instead of Table 310.16.

310.15 Conductor Ampacity

e (B) Ampacity Table.

« (6) Dwelling Unit Feeder/Service Conductors.

e Grounded Neutral Conductor Sizing. Table
310.15(B)(6) can be used to size the grounded
neutral conductor of a 3-wire single-phase
120/240V service or feeder that serve as the
main power feeder based on the feeder
calculated load in accordance with Article 220.

Service/Feeder Conductor Sizing for
120/240V Dwelling Unit
Table 310.15(B)(6)

A 195A demand load
with a calculated neutral
load of 100A.

2/0 AWG Service and
Feeder Conductors

4 AWG neutral sized
for 100A unbalanced load
and fault current [250.66].

COPYRIGHT 004 M Hol Erisnses, inc

Individual dwelling units of one-family, two-family, or
multifamily dwelling units can have their service and
feeder conductors sized to Table 310.15(B)(6),
instead of Table 310.16.
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Article 312 Cabinets, Cutout
Boxes, and Meter Socket
Enclosures

312.1 Scope

» Article 312 covers the installation and
construction specifications for cabinets,
cutout boxes, and meter socket
enclosures.

Cabinets, Cutout Boxes, and Meter Cans
Section 312.1

Screw/Bolt Cover

Hinged Cover Meter Can
%
Panelboard COPYRIGHT 2004 Mike Holl Enterprises, inc.
Cabinet: Cutout Box: Meter Cans:
Enclosure for Enclosure Enclosure
Circuit Breakers for Fuses for Meter.

312.2 Damp, Wet, or Hazardous
(Classified) Locations

* (A) Damp and Wet Locations. Enclosures in
damp or wet locations must prevent moisture or
water from entering or accumulating within the
enclosure, and must be weatherproof. When the
enclosure is surface mounted in a wet location,
the enclosure must be mounted with not less
than a %z in. air space between it and the
mounting surface.

312.2 Damp, Wet, or Hazardous

(Classified) Locations
e (A) Damp and Wet Locations. Where
raceways or cables enter above the level
of uninsulated live parts of an enclosure in
a wet location, a fitting listed for wet
locations must be used for termination.
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312.3 Installed in Walls

e Cabinet or cutout boxes installed in walls
of concrete, tile, or other noncombustible
material must be installed so that the front
edge of the enclosure is set back no more
than ¥ in. from the finished surface.

 In walls constructed of wood or other
combustible material, cabinet or cutout
boxes must be flush with the finished
surface or project outward.

312.5 Enclosures

* (A) Unused Openings.

* Unused openings for circuit breakers must
be closed by means that provide
protection substantially equivalent to the
wall of the enclosure [408.7].

Unused Openings
Section 408.7

Panel
e Filler

\

Ca binet COPYRIGHT 2004 Mike Holt Erterprisos, Inc

Unused openings for circuit breakers and
switches must be closed using identified
closures or other approved means.

312.5 Enclosures

e (C) Cable Termination. Cables must be
secured to the enclosure with fittings
designed and listed for the cable. See
300.12 and 300.15.

Cable Termination
Section 312.5(C)

Cables must be secured to
the enclosure with fittings
listed for the cable.

COPYRIGHT 2004
Mike Hoit Entercesas, inc

312.5 Enclosures

* (C) Cable Termination.

* Ex: Cables with nonmetallic sheaths aren't
required to be secured to the enclosure if
the cables enter the top of a surface-
mounted enclosure through a nonflexible
raceway not less than 18 in. or more than
10 ft long, if all of the following conditions
are met:
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Cable Termination Not Required
Section 312.5(C) Ex

; E
Min. 1 NM cables can be sleeved if:
18 in. = a. Cable is fastened within 12 in.

b. Raceway does not penetrate
a structural ceiling.

. Fittings are at end of raceway.

. Raceway sealed and fastened
in place.

e. Cable sheath 1/4 in. inside.

f. Raceway is secured.

g. Conductor fill limited to 60%.

aon

Surface-
Mounted
Panel

COPYRIGHT 3004 bk Holl Extarprises i

312.8 Used for Raceway and
Splices
» Cabinets, cutout boxes and meter socket
enclosures can be used as a raceway for
conductors that feed through if the

conductors do not fill the wiring space at
any cross section to more than 40 percent.

Cabinet and Cutout Box
Used as a Raceway
Section 312.8

Enclosure can be used as a raceway
if the conductors do not fill the wiring

E£ E space to more than 40%.

Service conductors and other feeder conductors
are permitted in the same enclosure [230.7].

312.8 Used for Raceway and
Splices
» Splices and taps can be installed in
cabinets, cutout boxes, or meter socket
enclosures if the splices or taps do not fill

the wiring space at any cross section to
more than 75 percent.

Cabinet and Cutout Box
Splices and Taps
Section 312.8

Splices and taps can be installed in an
enclosure if the splices or taps do not
fill the wiring space to more than 75%.

o . l
| 9 J

=i - COPYRIGHT 2004 Mike Holt Entarprisss, Inc.
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Article 314 Outlet, Pull/Junction
Boxes, Conduit Bodies, and
Handhole Enclosures

314.1 Scope

 Article 314 contains the installation
requirements for outlet boxes, conduit
bodies, pull/junction boxes and handhole
enclosures.

Qutlet boxes, Conduit Bodies, Pull/Junction
Boxes, and Handhole Enclosures

Section 314.1
' = | i
i X
= y A : o I
JH_
_ Outlet Boxes } t .
L \‘| . Junction Box
i 4 -
- | "l':-? f==="  Handhole Enclosure
|
' {
% i
X \ Conduit Body
Article 314 ins the i ion requi

for outlet boxes, conduit bodies, pull and junction
boxes, and handhole enclosures.

314.3 Nonmetallic Boxes

+ Nonmetallic boxes can only be used with
nonmetallic cables and raceways.

e Ex. 1: Metal raceways and metal cables
can be used with nonmetallic boxes, if an
internal bonding means is provided in the
box between all metal entries.
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314.4 Metal Boxes.

» All metal boxes must be bonded to an
effective ground-fault current path in
accordance with Article 250 [250.4(A)(3)].

314.5 Short-Radius Conduit
Bodies

» Short-radius conduit bodies, such as
capped elbows, handy ells, and service-
entrance elbows must not contain any
splices or taps.

Short Radius Conduit Bodies
Section 314.5

St Sometimes Called:

+ Jake Elbow
* Short Elbow

+ Pulling Elbow
* Corner Elbow

Short-radius conduit bodies
must not contain a splice or tap.

Splices can be made in standard
conduit bodies [314.16(C)].

COPYRIGHT 2004 Miks Holt Enterprises, Inc

314.15 Damp, Wet, or
Hazardous (Classified)
Locations

e (A) Damp and Wet Locations. Boxes and
conduit bodies in damp or wet locations
must prevent moisture or water from
entering or accumulating within the
enclosure.

» Boxes, conduit bodies, and fittings

installed in wet locations must be listed for
use in wet locations.

Boxes and Conduit Bodies
in Damp or Wet Locations
_— Section 314. 15()4)

VIOLATION = i
Set-screw r
fitting

2

COPYRIGHT 2004 Mis Holt Entorprisss, Inc

Enclosures and fittings installed in wet
locations must be listed for use in wet locations.
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314.15 Damp, Wet, or
Hazardous (Classified)

* (B) Hazardous Jc%ggﬁie%%?ocations.

Boxes and conduit bodies installed in
hazardous (classified) locations must
comply with 501.10, 502.10, and
503.10(A)(2).

Boxes and Conduit Bodies
in Hazardous Locations
Section 314.15(B)

67“ “d:’\"' 1 I J::;—_” my
f / e =
[l | conduit Body ‘E i
[] = Fa I]“. )

_'/_‘, Explosionproof Box |:

Boxes and conduit bodies in a
hazardous (classified) location

must comply with the requirements
of 501.10, 502.10, and 503.10(A)(1).

COFYRIGHT 2004 Wik Hot Enterprises, Ine.

314.16 Number of 6 AWG and
Smaller Conductors in Boxes

* Boxes c&%%%%% %9%%§er

conductors must be sized to provide
sufficient free space for all conductors,
devices and fittings.

» The requirements for sizing of boxes and
conduit bodies containing conductors 4
AWG and larger are contained in 314.28.

314.16 Number of 6 AWG and
Smaller Conductors in Boxes

e (A) Box mggﬁggﬂoﬁgm@%mume

of a box includes the total volume of its
assembled parts, including plaster rings,
extension rings and domed covers that are
either marked with their volume in cubic
inches or are made from boxes listed in
Table 314.16(A).

Box Volume Calculations
Section 314.16(A)

C 1 B Y E. - ) |:.-. s
r{) o | e N r(J o | L
| 21_|_:|_‘(;’: E § L‘__"I 1l __3 (‘O—’] .f 1
L 2 kw.rsl: Ll *"-EL@_; L :j'.d lazin a0 s/
Box Box with Box with Box with
Plaster Ring Extension Ring Raised Cover

—
4 ~
@ N =
i 5 4
e

21in.’ 24.3in.’ 42in.’ 23.7in.
The volume of a box includes the volume of its

assembled parts that are marked with their cu in.
or are made from boxes listed in Table 314.16(A).

COPYRIGHT 2004 Mis Holl Enterpraes. Inc
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314.16 Number of 6 AWG and
Smaller Conductors in Boxes

¢ (B) Box é}ﬁ‘gagu%%i.tﬁé’ gilgtﬁated

conductor volume is determined by (1)
through (5) and Table 314.16(B) are
added together to determine the total
volume of the conductors, devices, and
fittings.

* Raceway and cable fittings, including
locknuts and bushings are not counted for
box fill calculations.

H| Box Fill Calculations
Section 314.16(B)

Small fittings, like cable connectors
and raceway fittings (locknuts and
bushings) are not counted for box
fill calculations.

Copyright 2004 Mike Holt Entermrises. Inc.

Box Fill Calculations - Conductor Fill
Section 314.16(B)(1)

B 5 k| . Each spliced conductor
e Y SI counted as one.

Each terminating conductor
counted as one.

S =) Forthis example, there are
¢ S| | a total of six conductors.

Copyright 2004 Mike Holt Entargeines., inc

Each conductor that runs through without 6 in. of free

conductor for splices or terminations is counted as one.

Box Fill Calculations - Fixture Wires
Section 314.16(B)(1) Ex

® A5
! Domed
i i Not . Luminaire or

Counted Similar Canopy

COPYRIGHT 2004
Mikn Holt Enserprises. inc

Not more than four 16 AWG and smaller fixture
wires can be omitted from box fill calculations,
if they enter from a domed luminaire or canopy.

314.16 Number of 6 AWG and Smaller
Conductors in Boxes and Conduit Bodies

< (B) Box Fill Calculations.

* (2) Cable Clamp Fill. One or more internal
cable clamps count as a single conductor
volume in accordance with Table
314.16(B), based on the largest conductor
that enters the box.

< Cable connectors that have their clamping
mechanism outside the box aren't
counted.

Box Fill Calculations - Supporting Fitting Fill
Section 314.16(B)(3)

Luminaire Stud

1 Conductor Zid e e s s o

-
#l pr——
i1

Each luminaire stud or hickey —H—
counts as 1 conductor, based i
|
]

on largest conductor in the box.

i

Luminaire Hickey 3/8 in. Mounting
1 Conductor Stem (not counted)

COPYRIGHT 2004
Miks Holt Enterprises. inc
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Box Fill Calculations - Device Yoke Fill
Section 314.16(B)(4)

Each device yoke counts as two conductors, based
on the largest conductor terminating on the device.

COPYRIGHT 2004 Mikn Holt Enterprises, inc

Box Fill Caleulations - Bonding Conductor Fill
o= Section 314.16(B)(5) ™

One or more equipment An isolated grounding
grounding (bonding) (bonding) conductor
conductors count as counts as an

one conductor. additional conductor.

Box Fill Calculations
Example
Section 314.16(B)

How many 14 AWG
conductors can be added?

COPYRIGHT 2004 Mie Holt Entorprises, inc

Step 1. Volume of box/ring: 30.3 + 3.6 cu in. = 33.9 cu in.
Step 2. Volume of existing conductors/devices = 22.5 cu in.
Step 3. Space remaining: 33.9-22.5=11.4 cuin.

Step 4. Number of 14 AWG added: 11.4/20cuin. =5

314.16 Number of 6 AWG and Smaller
Conductors in Boxes and Conduit Bodies

¢ (C) Conduit Bodies.

* (2) Splices. Splices are only permitted in
conduit bodies that are legibly marked, by
the manufacturer, with their volume in
cubic inches.

e The maximum number of conductors
permitted in a conduit body is limited in
accordance with 314.16(B).

‘ Conduit Body - Conductor Splices
Section 314.16(C)(2)

Conductors 6 AWG and smaller
can be spliced in a conduit body
if the cu in. capacity is marked
on the conduit body.

COPYRIGHT 2004 Mie Holt Enterprises. inc.

Six 12 AWG Conductors (15 cu in./2.25 cu in.)

314.17 Conductors
That Enter Boxes or Conduit Bodies

¢ (C) Nonmetallic Boxes and Conduit
Bodies. Raceways and cables must be
securely fastened to nonmetallic boxes or
conduit bodies by fittings designed for the
wiring method.

e Ex: Type NM cable terminating to a single-
gang device box isn't required to be
secured to the box if the cable is securely
fastened within 8 in. of the box.
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Nonmetallic Single-Gang Box - NM Cable
Section 314.17(C) Ex

—_—

B- 9~

NM cable terminating to a single-gang (24 in. x 4 in.)
device box is not required to be secured to the box if
the cable is securely fastened within 8 in. of the box.

314.20
Boxes Recessed in Walls or Ceilings

* Boxes having flush-type covers recessed
in walls or ceilings of noncombustible
material must have the front edge of the
box, plaster ring, extension ring, or listed
extender set back no more than ¥4 in. from
the finished surface.

Boxes Recessed in Walls or Ceilings
Section 314.20

Noncombustible
Finished Surface

- - Maximum of 1/4 in. from
the finished surface.

COPYRIGHT 2004 Mike Holt Erderprisas, Inc

Boxes, plaster rings, extension rings, or listed extenders
must have the front edge set back no more than 1/4 in.
from the noncombustible finish surface

314.20 Boxes Recessed in

Walls or Ceilings
» In walls or ceilings constructed of wood or
other combustible material, boxes must be
installed so the front edge of the
enclosure, plaster ring, extension ring, or
listed extender is flush with, or projects out
from, the finished surface.

Boxes Recessed in Walls or Ceilings
Section 314.20

Combustible
Finished Surface

b b Flush with or project
out from the surface.

COPYRIGHT 2004 Mika Holt Enterprises, bnc

Boxes, plaster rings, extension rings, or listed extenders
must have the front edge flush with, or project out from,
the combustible finish surface

314.21 Repairing Gaps Around
Boxes

* Gaps around boxes recessed in plaster,
drywall, or plasterboard having a flush-
type cover, must be repaired so there will
be no gap greater than 1/8 in. at the edge
of the box.
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Repairing Gaps Around Outlet Boxes
Section 314.21

Violation
"~ Gap over
1/8th in.

. Maximum
~ 1/8th in. Gap

Gaps around boxes recessed in plaster, drywall,
or plasterboard having flush-type covers, must
be repaired so there will be no gap greater than
1/8 in. at the edge of the box.

COPYRIGHT 2004 Mia Hot Enterpeas ire

314.22 Surface Extensions

» Surface extensions can only be made from
an extension ring mounted over a flush-
mounted box.

Surface Extensions
Section 314.22

Extension Surface
Ring Extension

Surface extensions from a flush box must be made from
an extension ring that is installed over the flush box.

COPYRIGHT 2004 Mis Mt Enterprises, e

314.22 Surface Extensions

e Ex: A surface extension can be made from the
cover of a flush-mounted box if the cover is
designed so it's unlikely to fall off if the mounting
screws become loose.

* The surface extension wiring method must be
flexible to permit the removal of the cover and
provide access to the box interior, and bonding
continuity must be independent of the
connection between the box and the cover.

Surface Extension from a Cover
Section 314.22 Ex

Extension from cover is permitted if:

+ cover is designed not to fall off

+ a flexible wiring method is used

+ the grounding (bonding)
connection must be
independent from the cover

Surface Extension
From a Cover

1]

314.23
Support of Boxes and Conduit

e (A) Surface. Boxe@?g’nlgg fastened to any
surface that provides adequate support.
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314.23

Support of Boxes and Conduit Bodies

e (B) Structural Mounting. Boxes can be supported
by a metal, plastic, or wood brace.

¢ (1) Nails and Screws. Nails or screws can be
used to fasten boxes, provided the exposed
threads of screws are protected to prevent
abrasion of conductor insulation.

¢ (2) Braces. Metal braces no less than 0.020 in.
thick and wood braces not less than a nominal 1
X 2 in. can support a box.

314.23
Support of Boxes and Conduit Bodies

* (C) Finished Surface Support. Boxes can
be secured to drywall or plaster walls or
ceilings by clamps, anchors, or fittings
identified for the purpose.

Box Support - Finished Surface

Section 370.23(C) Fished Cable

i

Bracket provides support for box.

Cut-in Box

Boxes can be secured to a finished surface by
clamps, anchors, or fittings identified for the purpose.

COPYRIGHT 2004 Mika Moil Erfsrprises, In

314.23
Support of Boxes and Conduit Bodies

e (D) Suspended-Ceiling Support.

e (1) Ceiling-Framing Members. An outlet
box can be secured to suspended-ceiling
framing members by bolts, screws, rivets,
clips, or other means identified for the
suspended-ceiling framing member(s).

Box Support - Ceiling Framing Members

Section 314.23(D)(1) ——

i "l =
“ﬁ N pew e =
Outlet boxes can be secured to
EXIT suspended-ceiling members by
bolts, screws, rivets, clips, or other
orTaT a0 means identified for the purpose.

Mikn Holt Entnrprises, Inc

314.23
Support of Boxes and Conduit Bodies
¢ (D) Suspended-Ceiling Support.
* (2) Independent Support Wires. Outlet
boxes can be secured, with fittings
identified for the purpose, to independent

support wires that are taut and secured at
both ends [300.11(A)].

40



Box Support - Independent Support Wires
Section 314.23(D)(2)

Independent SUPPOrt WIreS

can be used to secure
electrical wiring [300.11(A)]. \

AT

Outlet boxes can be secured, with fittings identified
for the purpose, to independent support wires that
are taut and secured at both ends.

314.23
Support of Boxes and Conduit Bodies

» (E) Raceway Support - Boxes and Conduit
Bodies Without Devices or Luminaires.
Two IMC or RMC threaded wrenchtight
can be used to support an outlet box that
does not contain a device or luminaire, if
each raceway is supported within 36 in. of
the box, or within 18 in., if all conduit
entries are on the same side.

Box Support - Threaded Raceways
No Devices or Luminaires

e
1]

Enclosure Section 314.23(E)

not over | — : N : -

100t_lu in. 1 e —————— ___(__ - L
e\ el 36in. ——

| Two threaded IMC or RMC can support an
outlet box without devices or luminaires, if
each raceway is supported within 36 in., or

314.23
Support of Boxes and Conduit Bodies

¢ (F) Raceway Support - Boxes and Conduit
Bodies with Devices or Luminaires. Two
IMC or RMC threaded wrenchtight can be
used to support an outlet box containing
devices or luminaires, if each raceway is
supported within 18 in. of the box.

36 in.i within 18 in. if all conduits are on one side.
i
{
": --_73 COPYRIGHT 2004 Mike Holl Enterprises, Inc
Box Support - Threaded Raceways 314.23
With Devices and Luminaires . .
Section 314.23(F) Support of Boxes and Conduit Bodies
¢ (H) Pendant Boxes
Two threaded IMC or RMC can i
support an outlet box with devices O (1) F|eXIb|e COTd BOXES can be Supported
or luminaires if each raceway from a cord that is connected to fittings
is supported within 18 in. that prevent tension from being
E53 VIOLATION transmitted to joints or terminals [400.10].
Max | Conduit must be threaded and
18in. directly connected to the box.
COPYRIGHT 2004 Mike Holl Enterprisss, bnc
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Box Support - Pendant Cord
Section 314.23(H)(1)

Boxes can be supported from a cord that
is connected to fittings so that tension is
not transmitted to joints or terminals.

COPYRIGHT 2004 Mika Holl Enorprsas, inc

314.25 Covers and Canopies

* When the installation is complete, each

outlet box must be provided with a cover
or faceplate, unless covered by a fixture

canopy, lampholder, or similar device. See

410.12.

Covers and Canopies
Section 314.25 R,

y
S
I T = I.
r-"ll y )
d U5s
N Blank cover plates can
v cover an outlet box.
- A faceplate or luminaire o

can cover an outlet box.

When an installation is complete, each outlet box
must be provided with a cover, faceplate, fixture
canopy, lampholder, or similar device.

COPYRIGHT 2004 Miue Holt Enterprises. Inc

_—— i

314.25 Covers and Canopies

e (A) Nonmetallic or Metallic. Nonmetallic
covers or plates are permitted on any box,

but metallic faceplates, where used, must
be bonded to an effective ground-fault
current path in accordance with 250.110
[250.4(A)(3)].

314.27 Outlet Box

e (A) Boxes at Luminaire. Lighting outlet boxes
must be designed for the purpose and must be
installed for every luminaire. Device outlet boxes
are only to be used for the support of switches or
receptacles, not luminaires or lampholders.

e Ex: A wall-mounted luminaire weighing no more
than 6 Ibs can be supported to a device box or
plaster ring secured to a box.

Device Qutlet Box - Luminaire Support
Section 314.27(A) Ex

Device box or
plaster ring.

“// o

Wall-Mount - OKAY

COPYRIGHT 2004
Mike Hol

Emerprises, Inc

Ceiling-Mount - VIOLATION

A wall-mounted luminaire (not more than 6 Ibs)

can be supported to a device box or plaster

ring.
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314.27 Outlet Box

e (B) Luminaire Weight. Lighting outlet
boxes can support luminaires that weigh
up to 50 Ibs.

Outlet Box - Luminaire Weight !
Section 314.27(B) il

Lighting outlet boxes can
support luminaires that
weigh up to 50 Ibs.

COPYRIGHT 2004 Mike Hoft Enterprises

Luminaires over 50 Ibs must be supported independently.

314.27 Outlet Box

¢ (C) Floor Box. Floor boxes must be
specifically listed for the purpose.

Floor Outlet Box
Section 314.27(C)

must be listed

‘ Floor outlet boxes
| for the purpose.
|

CORYRIGHT 2004 Mits Holt Enterprises. inc.
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314.27 Outlet Box

» (D) Ceiling Paddle Fan Box. Outlet boxes
for a ceiling paddle fan must be listed and
marked as suitable for the purpose, and
must not support a fan weighing more than
70 Ibs.

QOutlet Box - Ceiling Paddle Fan

Section 314.27(D)

==
R N5
(02 Is

70 lbs Over

or less 70 lbs

Fan outlet boxes must be listed,
marked as suitable for the
purpose, and cannot support a
fan that weights more than 70 |bs.

R 5 Paddle fans over 70 Ibs must be
(S IR o prisss o supported independently of the box.

314.28 Boxes and Conduit Bodies for
Conductors 4 AWG and Larger
» Boxes and conduit bodies containing
conductors 4 AWG and larger must be

sized so the conductor insulation will not
be damaged.

Pull Box Sizing - Straight Pull
Section 314.28(A)(1)

Straight Pull

| ————
| .r3 in.

+«—— 8 Times Largest Raceway —»
[e——8x3in.=24in.———»

The distance from the conductors’ entry to the opposite
wall must not be less than 8x the largest raceway.

o

COPYRIGHT 2004
Mike Holt Entarprisas, Inc

Pull Box Sizing - Angle Pull
Section 314.28(A)(2)

Al

3inA I | A=(6x3)+2 A=20in.
Al B=(6x3)+2 B=20in.
2in.

COPYRIGHT 2004 Mits Holt Enterprises, Inc

2in.B8 B 3in

For angle pulls, the distance (measured from conductor
wall entry to the opposite wall) must not be less than

6x the largest raceway, plus the sum of the diameters
of the remaining raceways on the same wall and row.

Pull Box Sizing - U Pull

Diipaois Wall | Section 314.28(A)(2)

Iy

A: U Pull Sizing:

The distance must not be
less than 6X the largest
raceway, plus the sum of
the other raceways on the
same wall.
(6x3in.)+3in.=21in.

A

-+

c —tg

‘___]_f__]— ol

e
; -1 .
3in.l | Entry Wall 3in.

C=6x3in.=18in.
The distance between raceways enclosing the same
conductor is not less than 6X the largest raceway.
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Pull Box and Conduit Body Sizing - Depth

Section 314.28(A)(2) Ex
1 Dimension D
i i 500 kemil =6 in.

The distance from where the L e
conductors enter to the removable

cover cannot be less than the 100 .,
bending distance listed in Table Zin.

312.6(A) for one wire per terminal.

314.29 Wiring to be Accessible

* Boxes, conduit bodies, and handhole
enclosures must be installed so that the
wiring is accessible without removing any
part of the building, sidewalks, paving, or
earth.

Wiring in Boxes, Conduit Bodies, and Handholes

Must be Accessible
Section 314.29
Accessible by \/\/
- removlng ceiling panels — - o
- [ 1
= i =

Boxes, conduit bodies, and handhole
enclosures must be installed so that the
wiring contained in them can be made |
accessible without removing any partof |
the building, or excavating sidewalks, f]
paving, or earth.

Accessible by

&ﬁ Accessible by
il removing device. removing floor panels
| ....°°‘...x"“...._." ElE & W

'_'..L"'--"'—_L'_.."’"'..n i —

314.30 Handhole Enclosures

* Handhole enclosures must be designed
and installed to withstand all loads likely to
be imposed.
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314.30 Handhole Enclosures

* (A) Size. Handhole enclosures must be
sized in accordance with 314.28(A).

* For handhole enclosures without bottoms,
the measurement to the removable cover
is taken from the end of the conduit or
cable assembly.

314.30 Handhole Enclosures

» (B) Mechanical Raceway and Cable
Connection. Underground raceways and
cable entering a handhole enclosure aren't
required to be mechanically connected to
the handhole enclosure.

Handhole Enclosures
Mechanical Raceway and Cable Connection
Section 314.30(B)

Underground raceways and cable entering a handhole
enclosure aren't required to be mechanically connected
to the handhole enclosure.

COPYRIGHT 2004 Mits Holt Erterprises, Inc.

|ttt

Splices or terminations must
be listed as suitable for wet
locations [314.30(C)].

314.30 Handhole Enclosures

« (C) Handhole Enclosures Without
Bottoms. All splices or terminations must
be listed as suitable for wet locations
[110.14(B)].

314.30 Handhole Enclosures

* (D) Covers. Handhole enclosure covers
must have an identifying mark or logo that
prominently identifies the function of the
enclosure, such as "electric.”
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314.30 Handhole Enclosures

» (D) Covers. Handhole enclosure covers
must require the use of tools to open, or
they must weigh over 100 Ibs.

* Metal covers and other exposed
conductive surfaces must be bonded to an
effective ground-fault current path in
accordance with 250.96(A).

Article 320 Armored Cable

* Armored cable is an assembly of insulated
conductors, 14 AWG through 1 AWG that
are individually wrapped within waxed
paper and contained within a flexible spiral
metal sheath. Armored cable looks like
flexible metal conduit.

320.1 Scope

» This article covers the use, installation,
and construction specifications of armored
cable, Type AC.

320.2 Definition

* Armored Cable. A fabricated assembly of
conductors in a flexible metal sheath with
an internal bonding strip in intimate
contact with the armor for its entire length.
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Armored Cable - Definition

Section 320.2 Waxed Paper Jute

e

Interlocked Spiral

Metal Sheath Bonding Strip | usho i ic
Armored Cable: A fabricated assembly of conductors in
a flexible metal sheath with an internal bonding strip in

intimate contact with the armor for its entire length.

320.15 Exposed Work

* Exposed Type AC cable must closely
follow the surface of the building finish or
running boards. Type AC cable run on the
bottom of floor or ceiling joists must be

secured at every joist and not subject to
physical damage.

AC Cable - Exposed Work
Section 320.15

Type AC cable run on the bottom of floor
or ceiling joists must be secured at every
joist and not subject to physical damage.

320.17 Through or Parallel to

Framing Members
* Type AC cable installed through or parallel
to framing members or furring strips must
be protected against physical damage
from penetration by screws or nails by
maintaining 1% in. of separation or by
installing a suitable metal plate.

AC Cable - Through Framing
) Section 320.17

L 12 Bored Hole, [300.4(A)(1)]
1% in. or more,
No steel plate required

| Bored Hole, [300.4(A)(1)]
] Less than 1% in.
Steel plate required

= Notch (if permitted)
) ) ) [300.4(A)(2)]
Steel plate required

COPYRIGHT 2004 Mise bol Ererprises, inc

AC Cable - Parallel to Framing
Members and Furring Strips
Section 320.17

Framing
Member

Cable must be at least 1% in. from the
nearest edge of a framing member or

furring strip, or be protected by a steel
plate or sleeve [300.4(D)].

Framing &
Member =

. :\1 Furring
PR Strips
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320.30 Secured and Supported

* (A) General. Type AC cable must be
supported and secured by staples, cable
ties, straps, hangers, or similar fittings,
designed and installed not to damage the
cable.

320.30 Secured and Supported

* (B) Securing. Type AC cable must be
secured within 12 in. of every outlet box,
junction box, cabinet, or fitting and at
intervals not exceeding 4% ft.

AC Cable - Securing
Section 320.30(8)

Maximum

12 in. of
Termination

Type AC cable must be secured within
12 in. of termination and every 41/z ft.

320.30 Secured and Supported

¢ (C) Supporting. Cables installed
horizontally through wooden or metal
framing members are considered
supported where support doesn't exceed

4% ft.

AC Cable - Horizontal Support
Section 320.30(C)

AC Cable is considered supported
when run horizontally through wood
or metal framing members.

Metal ' Wood L3
Studs Studs }\

320.30 Secured and Supported

* (D) Unsupported Cables. Type AC cable
can be unsupported where:

* (1) Fished,

* (2) For 2 ft long at terminals where
flexibility is necessary, or

» (3) For 6 ft from the last point of cable
support or cable fitting, to a luminaire or
electrical equipment within an accessible
ceiling.
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AC Cable - Unsupported in Accessible Ceilings

Section 320.30(D)(3)

K lm \ ‘%‘-'-“
= W
%}, P Eé" ud"‘“r e a'w-n-.“ 6 ft Max - m«vw a
o)

— .%Pu.{'... d— W g
. Lasl Poml of |
W Cable Support I~ £
“ﬁm {G— -\;I‘ 2 RIGHT
;% = = mnc?zs:—fc':mﬁ?‘-m
Eoa e 5
\T_— e — O A — .
....... \?wwf’;". .".'m:‘."‘t-'z em w"’_ﬂ:‘"_ e

Unsupported AC cable in lengths not exceeding 6 ft is
permitted when installed within an accessible ceiling.

320.40 Boxes and Fittings

* Type AC cable must terminate in boxes or
fittings specifically listed for Type AC cable
to protect the conductors from abrasion
[300.15].

* An insulating anti-short bushing, must be
installed at cable terminations.

=3 AC Cable - Fittings [
Section 320.40

Listed AC
| Cable F|thng

VIOLATION |~}
Not listed for ¢
AC Cable | |

COPYRIGHT 2004
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AC cable must terminate in boxes or fittings specifically
listed to protect the conductors from abrasion. An
insulating bushing must be installed at all terminations.

320.80 Conductor Ampacities

= Conductor ampacity is calculated in
accordance with 310.15 based on 90°C
insulation rating of the conductors,
provided the adjusted or corrected
ampacity doesn't exceed the temperature
ratings of terminations and equipment
[110.14(C)].

320.108 Equipment Grounding
(Bonding)

e The combination of the armor and 18
AWG aluminum-bonding strip [320.100]
makes the cable suitable as an effective
ground-fault current path. The effective
ground-fault current path must be
maintained by the use of fittings that are
specifically listed for Type AC cable
[320.40].
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AC Cable - Equipment Grounding (Bonding)
Section 320.108

The combination of the interlocking armor
of AC cable and the bonding strip makes
the cable assembly suitable to serve as an
effective ground-fault current path.

COPYRIGHT 2004 Mike Holl Erierprisas, Ine.

Bonding strip can be cut off at the termination or
it can be used to secure the anti-short bushing.

51



