Wiring Methods Part Two

2005 NEC, NFPA 70

NEC2005
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Qutlet boxes, Conduit Bodies, Pull/Junction
Boxes, and Handhole Enclosures

Section 314.1
- & -
_ Outlet Boxes T
w - Junction Box
b i ===  andhole Enclosure
g .
(el — = z
\ S
% = |
i \ Conduit Body
I cormrve isem S
Article 314 ins the i ion requi
for outlet boxes, conduit bodies, pull and junction 2

boxes, and handhole enclosures.

Short Radius Conduit Bodies
Section 314.5
iy 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)].
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Boxes and Conduit Bodies
in Damp or Wet Locations
Section 314.15(A)

VIOLATION
Set-screw
fitting

* e
I ¥

COPYRIGHT 2004 Miue Holt Entarprises, Inc.

Enclosures and fittings installed in wet
locations must be listed for use in wet locations.




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

Ot

l Conduit Body ‘ =

_____,__-:;-_': 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 Wiks Hot Enterprises. ine

Box Volume Calculations
Section 314.16(A)

?_ oE
B -
B

=l 27in" o
ox with Box with Box with
aster Ring Extension Ring Raised Cover

—
- z

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).
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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 Mée Holt Enterprises. Inc.

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

| __I Each spliced conductor
counted as one.

\

Each terminating conductor
counted as one.

For this example, there are
a total of six conductors.

Copyrght 004 Mike Holt Entorpenes, 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

-

w—— i B
T Ll
[y Domed
Not Luminaire or
Counted Similar Canopy

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.




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

Luminaire Stud

1 Conductor Ll [l il il

FASSNINT

Each luminaire stud or hickey
counts as 1 conductor, based
on largest conductor in the box.

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

COPYRIGHT 2004
Mis Mok Enterprisas. inc 1 Conductor
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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.

COPFYRIGHT 2004 Mkn Mot Enterprises. Inc

Box Fill Calculations - Bonding Conductor Fill
™ 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.

-7 Box Fill Calculations
Example
Section 314.16(B)

How many 14 AWG
conductors can be added?

COPFYRIGHT 2004 M Holt Entrprises, inc.

(Al

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

16

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

Capacity

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

15 in.?

: i ii COPYRIGHT 2004 Mie Holt Enterprises, inc
Six 12 AWG Conductors (15 cu in./2.25 cu in.)
|

Nonmetallic Single-Gang Box - NM Cable
Section 314.17(C) Ex

= | 2= N

—

COFTRIGHT 2004
Ak Hcst Erderpeesas. e

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. 18




Boxes Recessed in Walls or Ceilings
Section 314.20

Hi Noncombustible
G Finished Surface

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

COPYRIGHT 2004 Miks Holl Enterprisos, 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

Boxes Recessed in Walls or Ceilings
Section 314.20

Combustible
Finished Surface

Flush with or project
out from the surface.

| COPYRIGHT 2004 Mikn Holl Enterprises, lnc

Boxes, plaster rings, extension rings, or listed extenders

must have the front edge flush with, or project out from,
the combustible finish surface

Repairing Gaps Around Outlet Boxes
Section 314.21

A 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

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 Miks Halt Enterprises, inc
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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 [l
independent from the cover

Surface Extension

From a Cover N

COPYRIGHT 2004 .
Mg Hoft Enterprses, inc

Box Support - Finished Surface

Section 370.23(C) Fished Cable

Cut-in Box

Bracket provides support for box.

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

COPYRIGHT 2004 Mikn Moll Ensrprises. Inc.




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

Box Support - Ceiling Framing Members ' Indegenderét tSUIJIJC'I'l WIres ey
ion 314.23(D S can be used to secure
Secion314.23B)c1) g \/\/\ electrical wiring [300.11(A)].
s, = ‘JIIJJHHHH@_-__;___ |"“'"ul uul I . %
. : S W Ry, o
) AR =n ’ .
: T R | Outlet boxes can be secured to g i g |
EXI " suspended-ceiling members by LAl r T e 5=
bolts, screws, rivets, clips, or other 1
PRI 300t means identified for the purpose.

AMbkn Holt Entarprises, Inc.

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

_——————— Box Support - Threaded Raceways Box Support - Threaded Raceways
| No Devices or Luminaires With Devices and Luminaires
Enclosure | Section 314.23(E) - Section 314.23(F)
not over | i i I' |
100 cu in. lEl - Two threaded IMC or R_MC can
N\ B 36 in. i . | support an outlet box with devices
_n_—1 N I i or luminaires if each raceway
B\ == is supported within 18 in.
| | . Two threaded IMC or RMC can support an )

outlet box without devices or luminaires, if

| VIOLATION

! each raceway is supported within 36 in., or /1 y
. | T i, X : Max - Conduit must be threaded and
36 in. b W|_th|n_1§ o |f_a[| c_:pn_d_l_nts Sie on.on s_|de.__ 18 in.‘ | directly connected to the box.
|| ] .I. COPYRIGHT 2004 Mike Holt Enterprises, knc.
v 2
P , [EEIQ COPYRIGHT 2004 Mike Holt Enferprises. Inc

Covers and Canopies
Section 314.25 AT

Box Support - Pendant Cord S Il ') R
Section 314.23(H)(1) . P
N
! || Blank cover plates can
! cover an outlet box.
Boxes can be supported from a cord that K | =
is connected to fittings so that tension is ' _ — . I
not transmitted to joints or terminals. ; I =— Afaceplate or luminaire N
ﬁ | 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
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Device Outlet Box - Luminaire Support
Section 314.27(A) Ex

) 77

Device box or
plaster ring.

=

COPYRIGHT 2004

Miks Hol
Entorprises, Inc.

Wall-Mount - OKAY Ceiling-Mount - VIOLATION

A wall-mounted luminaire (not more than 6 Ibs)
can be supported to a device box or plaster ring.

Outlet Box - Luminaire Weight 7
Section 314.27(B) |

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

COPYRIGHT 2004 Mike Hof Enterprises

Luminaires over 50 Ibs must be supported independently.

32

Floor Outlet Box
Section 314.27(C)

Floor outlet boxes
must be listed
for the purpose.

® @

QOutlet Box - Ceiling Paddle Fan
Section 314.27(D)

| : Z
= 1 i:
14T L=

70 lbs Over
or less 70 Ibs

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

COeHT 08 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 J
.'r”_-. [ /| 3 A
|{ il ,4;—:.. '
3in.|| | 3in.
+«—— 8 Times Largest Raceway —— i
«——— 8x3in. =24 in,—— T

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

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

]

‘ B=(6x3)+2 B=20in.

A A=(6x3)+2,A=20in.

|

COPYRIGHT 2004 Mis Hol Enserprises. inc.

2 |n.LBd[ 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
Section 314.28(A)(2)

' Opposite Wall

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.

53] T B
3in. I Entry wan| | 3in.
L J COPYRIGHT 2004 Mike Holt Enterpeisas, inc.
C=6x3in.=18in.
The distance between raceways enclosing the same
conductor is not less than 6X the largest raceway.

Pull Box and Conduit Body Sizing - Depth

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

The distance from where the
conductors enter to the removable
cover cannot be less than the
bending distance listed in Table
312.6(A) for one wire per terminal.




Wiring in Boxes, Conduit Bedies, and Handholes

Must be Accessible
Section 314.29
Accessible by \/\/
= removing ceiling panels. - N —
= = £ ~

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

e Accessible by Accessible by

1, FEMOVING device. removing floor panels
| et B ] i W
e —— i —— e — 4
[ e A A L ==

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 Miks Holl Enterprises, Inc.
G b i

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




Armored Cable - Definition

Section 320.2 Waxed Paper Jute

T Y W

Interlocked Spiral
Metal Sheath Bonding Strip | s s inc
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.

49

AC Cable - Exposed Work

Section 320.15
A 1 [
! L
i ,\”numui.‘:r" T PR EFITIR TTOTIEF R T

‘\'-._ \ .':"I
! 18 _f LI | o |
== Pl g

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

50

AC Cable - Through Framing
Section 320.17

*~ Bored Hole, [300.4(A)(1)]
: 1% in. or more,
No steel plate required

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

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

COPYRIGHT 2004 Mis ol Emterprises. 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)].

| 4 M ) Framing

Member
GET i
. g’] Furring
B B Strips

52

COMIDGHT 3004 Like Hl Ertarproses, e

AC Cable - Securing
Section 320.30(8)

v

Maximum
41z ft

12 in. of

d Termination
=

By || &

.t

CRTRIINT 20
Ak 20t Evderrna, b

L_\_l: ; ¥ D

Type AC cable must be secured within 53
12 in. of termination and every 41/z ft.

AC Cable - Horizontal Support
Section 320.30(C)

- em

. . '\ i]\

Jumm n -"y' Vg AT
AC Cable is considered supported
when run horizontally through wood
or metal framing members.

e

Metal Wood
Studs Studs
COPYRIGHT 2004 |
Mike Holl
Entorprises, Inc.




AC Cable - Unsupported in Accessible Ceilings

Section 320.30(D)(3)

T W5
) \ 1S

s LIS

(=]
]
_ %, soesl 5—‘ - fn-n...,ms ft Max M
i\ ;

~—' LastPointof |

W Cable Support =~ _go>

COPYRIGHT 2004
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A
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%"- e

Unsupported AC cable in Ienglhs not exceedmg 6ftis
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.

56

AC Cable - Fittings
Section 320.40

 Listed AC
-- | Cable Fitting
e |

| VIOLATION |
Not listed for '/
AC Cable |~

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.

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.

F“rl-‘.l—)rl—-'f".!—!,h'l-‘f‘"l"bl—- —

h_i

COPYRIGHT 2004 Mike Hol Eerprises, Inc

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

Metal-Clad Cable - Definition
Section 330.2

I i |
o e
{ i ]

COPYRIGHT 2004
Miko Holt Entorpeises, Inc

Metal-Clad Cable: A factory assembly of one or

more insulated circuit conductors enclosed in an
armor of interlocking metal tape, or a smooth or

corrugated metallic sheath.

60

10



MC Cable - Through Framing
Section 330.17

_' | Bored Hole, [300.4(A)(1)) |
1% in. or more,
No steel plate required

AEabaks # —

Less than 1% in.
Steel plate required

O et | Notch (if permitted)
L [300.4(A)(2)]
Steel plate required

COPYRIGHT 2004 M Holt Emerprises. inc.

MC Cable Parallel to Framing Members and Furring Strips =— = —
Protection Against Physical Damage TRHN IR PRI il
Section 330.17 MC Cable - Securing
My, 1 Framing Section 330.30(B)
e 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)].

MC Cable must be
secured every 6 fi.

i / Framing MC cable with 4 or fewer conductors
| Member sized no larger than 10 AWG must be

| 4} secured within 12 in, of termination.
.}-] Furring | T [
e | Strips

D e a—— ~

MC Cable - Horizontal Support
Section 330.30(C)

MC Cable is considered supported and
secured when run horizontally through
wood or metal framing members.

|
Metal Wood
Studs | Studs

COPYRIGHT 2004
Mika Holt Enterprinos, Inc




MC Cable - Unsupported in Accessible Ceilings

Section 330.30(D)(2)
- e
o e O TN

——" | ast Point of |

W Cable Support > £

COPYRIGHT 2004
P Mo Hot Enterprises. fnc

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

MC Cable - Fittings
Section 330.40

lr H (i)
£ 5]
£33 Listed VIOLATION | £33
{-] MCCable  Notlisted for {3
a] Fitting MC Cable [
bich—_ - <

s SRErRIGHT 2004 = L | s
" Holl Ertarprites, ne., s
(5 0

=T —

Cable fittings must be listed and
identified for use with MC cable.

MC Cable - Equipment Grounding (Bonding)
Section 330.108 [250.118(10)]

I####N#ﬂ#ﬂ
The mterlockmg armor of MC cable is not suitable
as an effective ground-fault current path, therefore,

this cable type must have an equipment grounding
(bonding) conductor installed within the cable.

COPYRIGHT 2004 Mike Holt Erserprises, inc.

MC Cable Not Permitted for Use in
Patient Care Areas
Section 517.13(A)

& VIOLATION - &
: LI | |

L v ——

Because te seath of interlocked MC cable is not

listed as an equipment grounding (bonding) conductor,
it cannot be used for circuits in patient care areas.

MC Cable
-1 Isolated Ground Receptacle i
= Section 250.146(D) '
MC cable is not
permitted in patient
care areas [517.13(A)).

OKAY - Spiral-Interlock MC Cable with two
equipment grounding (bonding) conductors.

VIOLATION - Spiral-Interlock MC Cable with
one equipment grounding (bonding) conductor.

NM Cable - Definition

Section 334.2
' Paper Separator ' Solid or Stranded Copper'
(on 2-wire) with 90°C insulation

N 1

==/

> -’r—_‘"_'_'_'.__—
5Ewe . MR 009 IE‘J:”
_;:- { -:n

I COPYRIGHT 2004 Mike Holl Enterprises. inc.
/1

Nonmetallic
Jacket (PVC)

Paper Wrapped Bare

Nonmetallic-Sheathed Cable: A wiring method that
encloses two, three, or four insulated conductors
(14 AWG to 2 AWG) within an outer nonmetallic jacket.

Equipment Grounding Conductor

12



NM Cable - One- and Two-Family Dwelling Units
Section 334.10(1

- &

' (Y
_ | LE e
£ ConmcH ot ke on traeiraen. e

NM cable can be installed in one- and
two-family dwelling units of any height.

NM Cable - Multifamily Dwellings
Section 334.10(2)

=i

RRTTTMTTIITS p
el

NM cable can be installed in multifamily
buildings of Type I, IV, and V construction.

NM Cable - Other Structures
Section 334.10(3)

In other than dwelling units, NM cable can be installed in
Type llI, IV, and V construction structures, provided the
cables are concealed within a 15-minute finish rating.

NM Cable - Susa;;gnded Ceilings
Section 334.12(A)(2)

Suspended _T =0
Ceiling n’"
e = — J

!

VIOLATION
In other than a dwelling unit, NM cable is
| not permitted to be run exposed within a
| suspended ceiling.

COPRGHT 7004
M bt Ertorprns, . 77

NM Cable - Unfinished Basements
Section 334.15(C)

| | | T
—l Floor or Ceiling Joist
i i [ B

S==/z=1

H I H
NM cables sizes 6/2, 8/3, or larger |
can be mounted directly to the bottom
of the joist without protection. |
ii | I 1 |
Smaller cables must be run through bored holes

or they can be mounted to running boards.

| CORmGHT 304
| | Wik Mot Erserpren. e

78
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NM Cables Through Wood Members
= Sec on L4(A)

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

Noteh (if permitted)

| I o4
e (300.4(A)2)]
— ; Steel plate required

COPYRIGHT 2004 Mikm Hot Enterprinas. e
NM cable must be protected against physical
damage from penetration by screws or nails by
1% in. of separation, or by a suitable metal plate.

NM Cables Parallel to Framing Members

Framing

Section 300.4(D) /, Member

Ay = _i_;*..f_i_ = =
—

- Cable must be at least 1% in. from the
nearest edge of a framing member or
be protected by a steel plate or sleeve.

i Steel et
Plate

- 14 | |
COPYINGHT 7004
Mika Holt
ik A9 Entarpriss. b /1

NM Cable - Through Metal Framing
Section 334.17

...AL___'c...__Q

NM Cable Phone

Cable
Zh

| Listed Bushing | ' .l

‘Where NM cable passes through holes in metal
studs, a listed bushing/grommet must be in place

before the cable is installed. n

is acommon | bending Begin
: VI(?.LATION. faf_i[us ﬂ. Jinns
T 0.5 in
0.D.
ek o
@ Radius | |& |
—— 25in. | |
- The radius of the curve
#f X 5x0.50in.=25in.

NM Cable - Bending Radius
Section 334.24

Sharp bend Correct

COPYRIGHT 2004 Mikn Heh Erserprises, Ine.

The radius of the inner edge of the curve must not
be less than 5 times the diameter of the cable.

NM Cable - Support
Section 334.30

Cable ties can be used

to secure NM cables. Two cables are permitted to

== be secured by one staple
-

=

VIOLATION
NM cables must not
be stapled on edge

——

CORPTROHT S0t
e bt e,

Type NM cable must be secured within 12 in. of 84
termination and at intervals not exceeding 41/z fi.

14



NM Cable - Support )
Section 334.30 NM Cable - Horizontal Support
: Section 334.30(A)
e . i fill
k = -
Type NM cable installed in a |
| raceway isn't required to be
secured within the raceway. p—t

CORYRIGHT 2004
Wit it Ermerprises, inc:

NM cable run horizontally through framing members is
| 8 considered supported if secured within 1 ft of termination.

NM Cable - Conductor Ampacity
Section 334.80

NM Cable - Conductor Ampacity e — S—
Section 334.80 ||| Where NM cables are bundled together
| | through wood framing members that are fire-
‘| | or draft-stopped with sealing foam, the
I\ Il ampacity of each conductor must be adjusted
4 AWG rated 70A 10kW Heat || inaccordance with Table 310.1 5(3)(2}[;}.
(41.67A + 3A) = 44 67A 3A Fan : I .
44 67A x 1.25 = 56A :

m

NM cable ampacity is based on the E.\_u [ : i
60°C ratings as listed in Table 310.16. 240V m —H “

COPYRIGHT 2004 Miue Holt Erderprises, Inc.

W

Evtrpraen. b

87 88

Service-Entrance Cable N £ § '
Secton 3%8.2 Defnion SE Gabie s rpibrient Drosid g/ (Porcing)
Service-Entrance Cable. A single or multiconductor ?
assembly with or without an overall covering used E
primarily for services not over 600V. .

Aboveground G
E{' Gl
= ——- .
- ‘ﬁ‘-.-_—-_:. |
SE cable is permitted only in aboveground installations o ||
and is permitted for branch circuits or feeders when : R l A A
installed according to 338.10(B). N o <E_‘ = ol
- — [ - v
‘ [ ; Proper VIOLATION | ©&oF
oy "% Underground Only nstajiation .
R — SE and SER cable can be used for branch circuits
USE cable is identified for underground use. Its covering and feeders, but the uninsulated conductor can only

is moisture resistant but not flame retardant, and it isn't
suitable for use within a premises. 89

COPYSICHT 2004 Mk ok Ertsrprses. I

be used for equipment grounding (bonding).

COPYRIGHT 2004 Miko Holt Enterpeises, Inc.




SE Cable - Interior Installations
Section 338.10(B)(4)(a)

10kW heat strip
: . 3A blower
6 AWG rated 65A

4
(41.67A + 3A) = 44.67A Ti20?'2 o :
44 67A x 1.25 = 56A

|-
(T

COPYRIGHT 2004 Mike Mokt Enderprises, inc.

Where SE cables are used for interior branch circuits or
feeders, the 60°C ampacity limitation of Type NM cable
doesn't apply and the conductors can be sized to the
terminal ratings in accordance with 110.14(C).

IMC - Number of Bends
Section 342.26

809 909

To reduce the stress and friction on
conductor insulation, the total amount
of bends (including offsets) between
pull points cannot exceed 3600,

150 159) |
150 159/

Pull Points | G

COPYRIGHT 2004 Mikn Holt Enterprmes, inc

There is no maximum distance between pull points.

IMC - Securely Fastened
Section 342.30(A)

10 ft maximum
3ft between supports 3ft
termination [342.30(B)(1)] termination

.(__/thy_.___._/k__._\‘_/\.._,

) e

;i |

S
8 e
@

COPYRIGHT 2004 Mike Ho Enserprises, inc.

Intermediate metal conduit must be securely fastened
within 3 ft of every box, cabinet, or termination fitting.

95
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IMC - Securely Fastened to Structural Members

Sections 342.30(A)

! Coupling is okay. | | 7| Secured

w2 V. Qe
e & =

— —
o Sl | A 5

"‘_ Maximum . Maximum
5t | 51t

Where structural members do not permit fastening within
3 ft of termination, it must be secured within 5 ft.

COPYRIGHT 2004 Mike Hok Erserprises, inc.

IMC - Support of Straight Runs
Section 342.30(B)(2)

1in. IMC

Table 344.30(B)(2)
12 ft between supports LY'W‘
= ..\'—,{ ._A_“L _-“ 4 =1
== == st — ] o

\\
st 12/t O\ 12f o

Straight horizontal runs made with threaded
couplings can be supported in accordance with
the distances listed in Table 344.30(B)(2).

COPYRIGHT 2004 Mike Holt Erterprsas, Inc.

IMC - Support of Vertical Risers
Section 342.30(B)(3)

/\/\

= 1 ._.‘P:| -
Exposed vertical risers can L-d
be supported at intervals not |Upto
exceeding 20 ft if firmly 20 ft
supported and secured at the . ®

top and bottom of the riser.

COPYRIGHT 2004 Wik Hot Esterises. ise.

IMC - Running Threads

Section 342.42(B)
| Standard Running |_
\ FE\I'lli\lig'l'lﬁggiél Thread | | Thread ,—(:—vhﬂlm H“MEW
i aa)&tw;n _ Threaded Coupling
boxes or enclosures. + .
] v = b
' T 1 o
VIOLATION

COPYRIGHT 2004 Mikn Holt Entarprises, Inc.
Running threads are not permitted for the connection
of couplings, but they are permitted at other locations.

IMC - Bushings
Section 342.46
Threaded Fitting , Hub or Boss
Termination | Termination | Termination
. | (11 1 :
= { (81} | e
o - E= 2 — .
Any Size | 4AWG 6 AWG | Any Size
Conductor | and Larger and Smaller | Conductor
Bushing | Bushing  Bushing Not ' Bushing Mot
Required ' Required Required ' Required
COPYRIGHT 2004 Mike Holl Erterprses. inc.

Conductors 4 AWG and larger must be protected by a
fitting that provides a smooth, rounded, insulating surface,
such as an insulating bushing [300.4(F)].

101

102
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FMC - Size
Section 348.20(A)

Support
not required.

COPYRIGHT 2004
Mike Hott Ergermises. inc

Trade size 3/8 can be used in lengths not exceeding 6 ft
for utilization equipment or tap connections to luminaires.

106

FMC - Securely Fastened
Suspended Ceiling
Section 348.30(A)

Maximum
4I'/z ft

ML

gy

FMC can be secured to independent
ko Holl support wires within a suspended ceiling
' if installed in accordance with 300.11(A).

FMC - Unsecured Where
Flexibility is Required
Section 348.30(A) Ex 2

Where flexibility is required, the
maximum unsecured length is:
3 ft for V2 in. through 1Ys in.

4 ftfor 1Yz2in. and 2 in
5 ft for 2%z in. and larger

e

Maximum of 1 ft from
termination [348.30(A)].

14 in., maximum unsecured length is 3 ft.

COMYRIGHT 2004 ke Hek Erarrnes,

108
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———.

~ Last Pointof |

[~ 7~ 7> Cable Support F~ ¢~
E:r ot
e [ b
- =

B, "~ "

Lengths not exceeding 6 ft can be unsecured within an
accessible ceiling for luminaire(s) or other equipment.

R —

o

FMC - Unsecured in Accessible Ceilings FMC - Horizontal Support
Section 348.30(A) Ex 4 Section 348.30(B)
> FMC run horizontally though framing members is
R \ \e considered supported if secured within 1 ft of termination.
E, § - _

Metal
Studs

Support required within
1 ft of termina'gion

Equipment Grounding (Bonding) Conductor
Flexible Metal Conduit
Section 250.118(5)

‘Eﬂm‘w—.. -lm

i I ﬂ
Bonding Conductor j
1

Not Required

A bonding conductor is required when a circuit
protection device exceeds 20A,or the fault
current path of the conduit exceeds 6 fi.

Where flexibility is necessary, an equipment grounding
(bonding) conductor must be installed [250.118(5)(d)].

CEPYIOGHT 3004 Min ol Estergmaes. e

113

LFMC - Listing Required
Section 350.6

|
iﬁ Wl ==
Il‘. Ay ;
LFMC and associated fittings o 2o
must be listed for the purpose. M Hos Erterprises. inc

114
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LFMC - Number of Conductors
Section 350.22(A)

COPYRIGHT 2004

Miko Holt Entorprises, Inc W fr5s = f‘._& 7-&

A maximum of 7 - 6 THHN
conductors can be installed in
trade size 1 LFMC [Table C7].

When all conductors in a raceway are the same size
and insulation, the number of conductors permitted
can be found in Annex C.

119

LFMC - Grounding (Bonding)
Section 250.118(6)

Separate Grounding Conductor Not Required

3/8 or 1/2 in. 3/4,1, or 1Y4 in.
+ 6 ft or less + 6 ft orless
+ 15 or 20A » Up to a 60A
protection device protection device
See 350.60

u u COPYRIGHT 2004

Mk Holt Enfergeises, Inc.

Where flexibility is necessary, an equipment grounding
(bonding) conductor must be installed [250.118(6)e].

20



Equipment Bonding Jumper
Installation
Section 250.102(E)

Where an external equipment

bonding jumper is installed, it

must be routed with the raceway
and not exceed 6 ft in length.

[ 7

COPYRIGHT 2008
Mg Hok Extarprises, inc:

Rigid Nonmetallic Conduit - Type RNC
Section 352.2 Definition

=1

T

COPYRIGHT 2004 Nkt Holt Enterprises, Inc. RNC Fittings

Rigid Nonmetallic Conduit: RNC is a listed nonmetallic
circular raceway with integral or associated couplings.

| PVC SCH B0 Max 90°C Wim Suniight Resistant)|

Schedule 80 RNC

Schedule 40 RNC
with Integral Coupling

123

RNC - Uses Not Permitted
Section 352.12(A)(1)

Class |,

Last 2 ft below ground
must be threaded
RMC or threaded IMC.

L 1" Rigid Nonmetallic
T onduit (RNC) 4 s
! P [ 2 Ft of Cover L
H aame bon Enleerses, ine. | | l 1 Class |,
- Division 1

RNC can be installed below a Class |, Division 1 or
Division 2 area if buried under not less than 2 ft of
cover (earth, concrete, asphalt, etc.).

RNC - Operating Temperature
Section 352.12(E)

£

{ PVC SCH40 Max 90°C Wire Sunlight Resistant

RNC cannot contain conductors
whose operating temperature exceeds 900G
the conduit operating temperature. Insulation

COPYRIGHT 2004 Mike Holt Erferprises, Inc.

125

SUNLIGHT RESISTANT UND. LAB. +»INC. L

21



Table 352.30(B) Support of Rigid Nonmetallic Conduit (RNC)

Conduit Size  Maximum Spacing Between Supports

Trade Size
Yo—1
1va—2
2Yv2-3
3¥2-5

6

©o~NO O W

128

t[able 10. Expansion Characteristics of PVC Rigid Nonmetallic Conduit

Length Change

Length Change

Temperature in Inches per Temperature in Inches per
Change in 100 £t. of Change in 100 £t. of
Degrees F PUC Conduit Degrees F PVC Conduit

5 0.z 105 4.z
10 0.4 110 4.5
18 0.6 115 4.7
20 0.8 120 4.9
25 1.0 125 5.1
30 1.z 130 5.3
3s 1.4 135 5.5
40 1.6 140 5.7
45 1.8 145 5.3
50 2.0 150 6.1
55 2.2 155 6.3
60 2.4 160 6.5
65 2.6 165 5.7
70 z.8 170 5.9
75 3.0 175 7.1
&0 3.2 180 7.3
85 3.4 185 7.5
a0 3.6 150 7.7
95 3.8 195 7.3
100 4.1 z00 8.1

RNC - Expansion Fittings
Table 352.44(A)

Temperature Expansion/Contraction

0 . s

4

(7]

w

5
2

£ 4 in. per
1 100 ft

10 20 30 40 50 60 70 80 90 100
NUMBER OF FEET COPYRIGHT 2004 Win Mot Enterrise, nc

Expn-Cont In. = (Length/100) x (Temp Change/100 x 4.0)

Straight run between
two securely
mounted elbows.

RNC - Expansion Fitting
Section 352.44

Expansion Fitting

Expansion fitting(s) must be provided where the length
of a straight run between securely mounted items is
determined to be 1/4 in. or greater.

RNC - Bushings
Section 352.46

COPYRIGHT 2004 Mk Hot Enterprisss, Inc

I8

| Bushing .]

M nr

Conductors 4 AWG and larger require a fitting that
provides a smooth, rounded, insulating surface to protect
the wire during and after installation, see 300.4(F).

22



RNC - Grounding (Bonding)
Section 352.60 Ex 2

An equipment grounding
(bonding) conductor isn't
required if the grounded
neutral conductor is used
< r—————_| to ground (bond) service
S| equipment.
COPYRIGHT 2004 L

Mike Hot Ertorprses, Inc.

8

133

EMT - Uses Permitted
Installed in Concrete or Earth
Section 358.10(B)

EMT - Uses Not Permitted
Section 358.12(5)

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

ﬂ | h
] VIOLATION
i EMT is not permitted
it ] | to support luminaires |
H ST - or other equipment. L
[y Il e Tl
= —" | Galvanized EMT in ground floor slab or |
in direct contact with the earth requires ANy
supplemental corrosion protection. 135
EMT - Number of Conductors
7t Saovan e EMT - Securely Fastened
27 & Section 358.30(A)
r
3ft 10 ft maximum 3ft

termination  between supports termination

e PR I [
A maximum of 26 - 12 THHN conductors can .
be installed in trade size 1 EMT [Table C1]. ’ 16 ft

COPYRIGHT 2004 Mike Hoft Enterrisas. inc

) ) EMT must be securely fastened within 3 ft of
When all conductors in a raceway are the same size and termination fittings and at intervals not exceeding 10 ft.
insulation, the number of conductors permitted can be

COPYRIGHT 2004 Mike Holt Enterprises, inc
found in Annex C. 138




EMT - Securely Fastened to Structural Members
Section 358.30(A) Ex 1

Wk P Erdcprien. o VIOLATION

Maximum W Maximum
5 ft I 5 ft
Where structural members do not permit fastening within
3 ft of the termination, EMT must be secured within 5 ft.

139

EMT - Bushings

] Section 300.4(F) _
£
r ) [ Fitting Termination =
jLiol | .
l 4 AWG 6 AWG '
and Larger and Smaller |
Bushing Bushing Not ||
Required Required [

COPYRIGHT 2004 Mk Holl Enterprises, inc

140

ENT - Building not Over 3 Floors
Section 362.10(1)

R In a building not over 3 floors, ENT
can be run exposed, concealed, or

= above a suspended ceiling.

COMRICHT 3004 Miin Holl Enterprisen. Inc

A

ENT - Building Over 3 Floors
Section 362.10(2)

In buildings over 3 floors,
ENT must be concealed

[ | . behind floors, walls, and

T . ceilings that have a
15-minute finish rating. ‘

COPYRIGHT 2004 Mike Mot Enterprises Inc

ENT - Fire Sprinkled Building
Section 362. 10{2) Ex

L T—u-r—_a .Ir R T 1
ﬁ 4 '| Sprinkler System
| [ (all floors)
"|. e S .;.I. -
AL

I 1
u When a fire sprinkler system is installed on
%; all floors, ENT can be installed exposed or

concealed regardless of the finish rating. 143

COMYIDENT 2004 Wiks Mot Erwrsriems. b

ENT - Suspended Ceiling
Over 3 Floors
Section 362.10(5)

{ { i

' ENT is permitted above a suspended ceiling
| (not used for environmental air) if the suspended
-1 ceiling provides a 15-minute finish rating.

N

COPYRIGHT 2004 Mita Holt Entarprises. Inc
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ENT - Fire Sprinkled Buildings Over 3 Floors
Above Suspended Ceiling
Section 362.10(5) Ex

= = 7'
i
s —¢ e
o e—— L ey
™ L (] 1 g
Suspended \.| Sprinkler System
Ceiling | {all floors)
— |l 1___&.
= e —
T v
H d

H , : ,
When a fire sprmkler system is installed on all
= floors, ENT can be installed above a suspended
ceiling regardless of the finish rating. 145

il COMPYRSCHT 354 s ik Ertprmen, i

ENT is not permitted to be exposed to the
- direct rays of the sun for extended periods

< unless hsted as sunlight-resistant.

ENT - Exposed to Direct Sun
Section 362.12(9)

il e _____-:_.
ENT - Secured and Supported [ ENT - Equipment Grounding (Bonding)
Section 362.30(A) | Section 362.60
| [ 3ft
ENT must be secured within | l
3 ft of each termination y =i
and every 3 ft thereafter. T
[ COPYRIGHT 2004 Mike Holt Enterpeises. Inc. " 3 ft [

ENT installed horizontally through framing
members is considered secured and supported.

COPYRIGHT 2004
Mike Hoit Enterprises, inc

Where equipment grounding (bonding) is required,
a separate equipment grounding conductor must
be installed in the raceway.

Metal Wireway
Section 376.2 Definition

D

]

Covers not shown

= — = 2 -
COPYRIGHT 2002 /'_:_l ]
Wik Holt Entnrpeises, Inc = = = - -

Metal Wireway: A sheet metal raceway with hinged or
removable covers for housing and protecting electric
wires and cable, and in which conductors are placed
after the wireway has been installed.

Wireway - Number of Conductors
Section 376.22

When more than 30 current-carrying conductors are
installed in any cross-sectional area, conductor ampacity
must adjusted in accordance with Table 310.15(B)(2)(a).

i,
Fj ‘L‘,t: P R Y R

a maximum of 20% fill. | |

Wireways are limited to . ‘i ‘

COPYRIGHT 2004 Mie Holt Enterprses, inc.
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Wireway Sizing
Conductor Bending Radius
Section 376.23(A)

Minimum{ | |-
Enin,__[?l 500 kemil ‘ : .

WY, \\"

b\

H—— N \\ i

COFYRIGHT 7004 Mitn Hokt Enerprises, inc

Where conductors are bent, the wireway must be
sized to meet the bending radius of Table 312.6(A),
based on one wire per terminal.

Wireway Sizing I I
- When Used as Pull Box Wireway
8 Section 376.23(B) Splices and Taps
1 VIOLATION Section 376.56(A)
(6x2)+2=14in. =
1 U-Pull, 314.28(A)2):
Q L2 copvmcit e

CERRGHT 2004
Wi Ft Erimpenes. i

Distance bet\;véen raceways
6x2in. =12 in. [314.28(A)(2)]

Where conductors 4 AWG or larger are pulled through a
wireway, the distance between conductor entries must not
be less than required by 314.28(A)(1) and 314.28(A)(2). | *°

Splices and taps must not fill more than
75% of the cross-sectional area of the wireway.

Article 378 Nonmetalic Raceways

I
7 = l

Covers not shown

Wireway. A llic wireway is a flame-
raceway with hinged or removable covers for housing and
pratecting electric wires and cable, and in which conductors are
placed after the wireway has been installed as a complete
system.

Multioutlet Assembly
Section 380.1

Freestanding |

' _- /3 Power Pole ——
== = =
=) | | B |
— |
= B
]
. COPYRIGHT 2004 .
Mike Holt Ererprines, Inc
L

Multioutlet Assembly: A surface, flush, or freestanding
raceway designed to hold conductors and receptacles
assembled in the field or at the factory.

26



Strut-Type Channel Raceway
Section 384.2 Definition

Strut-Type
Channel Raceway

COPYRIGHT 2004
Mine Holt Enterprises. Inc

*— Cover

Strut-Type Channel Raceway: A metallic raceway mounted
to the surface or suspended, in which conductors or cables
are laid in place after the raceway has been installed.

e Table 384.22 Channel Size and Inside Diameter Area

e Area 40% Area* 25% Area**
* Size
« Channel in.2 mm? in.2 mm? in.2 mm?

e 15%8x 1316 0.887 572 0.355 229 0.222 143

* 1%8x1%8 1.151 743 0.460 297 0.288 186
© 1%x1%s 1.677 1076 0.671 433 0.419 270
« 1% x1%8 2.028 1308 0.811 523 0507 327
* 1% %2716 3.169 2045 1.267 817 0792 511
© 1%x3Y% 4.308 2780 1.723 1112 1.077 695
o 1ox¥ 0.849 548 0.340 219 0.212 137
o Vex1h 1.828 1179 0.731 472 0.457 295
o 1%x1g 2.301 1485 0.920 594 0575 371
¢ 1%x3 3.854 2487 1.542 995 0.964 622

158

Surface Metal Raceways
Section 386.2 Definition

Ming Holt Enterprises. bnc

Surface Raceway: A raceway intended to be mounted
to the surface, in which conductors are placed after the
raceway has been installed as a complete system.

159

| el
= —
e COPYRIGHT 2004

Surface Raceway - Conductor Fill
Section 386.22

& 1

[ 1°/4 0 The ampacity adjustment factors of
310.15(B)(2)(a) do not apply where
434 all of the following conditions are met:

(1) Cross-sectional area exceeds 4 sq in.,
(2) Number of current-carrying

conductors does not exceed 30, and
(3) Conductor fill does not exceed

20% of the cross-sectional area

of the raceway.

COPYRIGHT 2004 M Heit Enterprises, inc

160

ARTICLE 388 Surface Nonmetallic Raceways

+13/4 Unbroken lengths allowed to pass transversely
through dry walls

Permitted in dry locations

Not allowed:
434 Where concealed
Where subject to physical damage

Where the voltage is 300 volts or higher
between conductors

In hoistways
In hazardous locations

In high temperature conditions

For conductors whose temperature
rating exceed that of the wireway

161
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I-__EF'

Cable Tray - Uses Permitted
Section 392.3

—_——

-—
—

Cable trays can be used as a support system for:

= Service Conductors = Communications Circuits
* Feeders * Control Circuits
* Branch Circuits * Signaling Circuits

COPYRIGHT 2004 Mike Holt Enerprises, Ing.

164

Cable Tray - Support Raceways and Boxes
Section 392.6(J)
T TNl
g
i = : -
E 1]
Raceways, cables, boxes, and conduit bodies

can be supported to a cable tray where only
qualified persons will service the installation. -l

Cable Tray

167
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