










392.11 ARTICLE 392 - CABLE TRAYS 

Table 392.10(A) Allowable Cable Fill Area for Single-Conductor Cables in Ladder or Ventilated Trough 
Cable Trays for Cables Rated 2000 Volts or Less 

Maximum Allowable Fill Area for Single-Conductor
 
Cables in Ladder or Ventilated Trough Cable Trays
 

Column 1 Column 2° 
Inside Width of Cable Tray Applicable for 392.10(A)(2) Only Applicable for 392.10(A)(3) Only 

mm in. mm2 in.2 mm2 in.2 

150 6 4,200 6.5 4,200 - (28 Sd)b 6.5 - (1.1 Sd)b 
225 9 6,100 9.5 6,100 - (28 Sd) 9.5 - (1.1 Sd) 
300 12 8,400 13.0 8,400 - (28 Sd) 13.0 - (1.1 Sd) 
450 18 12,600 19.5 12,600 - (28 Sd) 19.5 - (1.1 Sd) 
600 24 16,800 26.0 16,800 - (28 Sd) 26.0 - (1.1 Sd) 
750 30 21,000 32.5 21,000 - (28 Sd) 32.5 - (1.1 Sd) 
900 36 25,200 39.0 25,200 - (28 Sd) 39.0 - (1.1 Sd) 

aThe maximum allowable fill areas in Column 2 shall be calculated. For example, the maximum allowable fill, in mm2
, for a 150 mm wide cable 

tray in Column 2 shall be 4200 minus (28 multiplied by Sd) [the maximum allowable fill, in square inches, for a 6-in. wide cable tray in Column 
2 shall be 6.5 minus (1.l multiplied by Sd)]. 
hThe term Sd in Column 2 is equal to the sum of the diameters, in mm, of all cables 507 mm2 (in inches, of all 1000 kcmil) and larger 
single-conductor cables in the same ladder or ventilated trough cable tray with small cables. 

conductor cables, the sum of the diameters of all single 
conductors shall not exceed the inside width of the channel. 

392.11 Ampacity of Cables, Rated 2000 Volts or Less, in 
Cable Trays. 

(A) Multiconductor Cables. The allowable ampacity of 
multiconductor cables, nominally rated 2000 volts or less, 
installed according to the requirements of 392.9 shall be as 
given in Table 310.16 and Table 310.18, subject to the 
provisions of (l), (2), (3), and 31O.15(A)(2). 

(l)	 The derating factors of 310.15(B)(2)(a) shall apply 
only to multiconductor cables with more than three 
current-carrying conductors. Derating shall be limited 
to the number of current-carrying conductors in the 
cable and not to the number of conductors in the cable 
tray. 

(2) Where cable trays are continuously covered for	 more 
than 1.8 m (6 ft) with solid unventilated covers, not 
over 95 percent of the allowable arnpacities of Table 
310.16 and Table 310.18 shall be permitted for multi­
conductor cables. 

(3) Where multiconductor cables are installed in a single 
layer in uncovered trays, with a maintained spacing of 
not less than one cable diameter between cables, the 
ampacity shall not exceed the allowable ambient 
temperature-corrected ampacities of multiconductor 
cables, with not more than three insulated conductors 
rated 0 through 2000 volts in free air, in accordance 
with 31O.l5(C). 

FPN: See Table B.31O.3. 
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(B) Single-Conductor Cables. The allowable ampacity of 
single-conductor cables shall be as permitted by 
31O.15(A)(2). The derating factors of 310.15(B)(2)(a) shall 
not apply to the ampacity of cables in cable trays. The 
ampacity of single-conductor cables, or single conductors 
cabled together (triplexed, quadruplexed, etc.), nominally 
rated 2000 volts or less, shall comply with the following: 

(I)	 Where installed according to the requirements of 
392.10, the ampacities for 600 kcmil and larger single­
conductor cables in uncovered cable trays shall not ex­
ceed 75 percent of the allowable ampacities in Table 
310.17 and Table 310.19. Where cable trays are con­
tinuously covered for more than 1.8 m (6 ft) with solid 
unventilated covers, the ampacities for 600 kcmil and 
larger cables shall not exceed 70 percent of the allow­
able ampacities in Table 310.17 and Table 310.19. 

(2) Where	 installed according to the requirements of 
392.10, the arnpacities for 1/0 AWG through 500 kcmiI 
single-conductor cables in uncovered cable trays shall 
not exceed 65 percent of the allowable ampacities in 
Table 310.17 and Table 310.19. Where cable trays are 
continuously covered for more than 1.8 m (6 ft) with solid 
unventilated covers, the arnpacities for liD AWG through 
500 kcrnil cables shall not exceed 60 percent of the allow­
able ampacities in Table 310.17 and Table 310.19. 

(3) Where single conductors are installed in a single layer 
in uncovered cable trays, with a maintained space of 
not less than one cable diameter between individual 
conductors, the ampacity of 1/0 AWG and larger cables 
shall not exceed the allowable ampacities in Table 
310.17 and Table 310.19. 
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394.2 ARTICLE 394 - CONCEALED KNOB-AND-TUBE WIRING 

Exception to (B)(3):' For solid bottom cable trays the am­
pacify of single conductor cables shall be determined by 
310.15(C). 

(4) Where single conductors are installed in a triangular or 
square configuration in uncovered cable trays, with a 
maintained free airspace of not less than 2.15 times one 
conductor diameter (2.15 x 0.0.) of the largest con­
ductor contained within the configuration and adjacent 
conductor configurations or cables, the ampacity of I/O 
AWG and larger cables shall not exceed the allowable 
ampacities of two or three single insulated conductors 
rated 0 through 2000 volts supported on a messenger in 
accordance with 31O.15(B). 

FPN: See Table 3110.20. 
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392.12 Number of Type MV and Type MC Cables (2001 
Volts or Over) in Cable Trays. The number of cables rated 
2001 volts or over permitted in a single cable tray shall not 
exceed the requirements of this section. 

The sum of the diameters of single-conductor and mul­
ticonductor cables shall not exceed the cable tray width, 
and the cables shall be installed in a single layer. Where 
single conductor cables are triplexed, quadruplexed, or 
bound together in circuit groups, the sum of the diameters 
of the single conductors shall not exceed the cable tray 
width, and these groups shall be installed in single layer 
arrangement. 

392.13 Ampacity of Type MV and Type MC Cables 
(2001 Volts or Over) in Cable Trays. The ampacity of 
cables, rated 2001 volts, nominal, or over, installed accord­
ing to 392.12 shall not exceed the requirements of this 
section. 

(A) Multiconductor Cables (2001 Volts or Over). The 
allowable ampacity of multiconductor cables shall be as 
given in Table 310.75 and Table 310.76, subject to the 
following provisions: 

(1)	 Where cable trays are continuously covered for more 
than 1.8 ill (6 ft) with solid unventilated covers, not 
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more than 95 percent of the allowable ampacities of 
Table 310.75 and Table 310.76 shall be permitted for 
multiconductor cables. 

(2)	 Where multiconductor cables are installed in a single 
layer in uncovered cable trays, with maintained spacing 
of not less than one cable diameter be:tween cables, the 
ampacity shall not exceed the allowable ampacities of 
Table 310.71 and Table 310.72. 

(B) Single-Conductor Cables (2001 Volts or Over). The 
ampacity of single-conductor cables, or single conductors 
cabled together (triplexed, quadruplexed, etc.), shall com­
ply with the following: 

(1)	 The ampacities for I/O AWG and larger single­
conductor cables in uncovered cable trays shall not ex­
ceed 75 percent of the allowable ampacities in Table 
310.69 and Table 310.70. Where the cable trays are 
covered for more than 1.8 m (6 ft) with solid unventilated 
covers, the ampacities for 1/0 AWG and larger single­
conductor cables shall not exceed 70 percent of the allow­
able ampacities in Table 310.69 and Table 310.70. 

(2)	 Where single-conductor cables are installed in a single 
layer in uncovered cable trays, with a maintained space 
of not less than one cable diameter between individual 
conductors, the ampacity of I/O AWG and larger cables 
shall not exceed the allowable ampacities in Table 
310.69 and Table 310.70. 

(3)	 Where single conductors are installed in a triangular or 
square configuration in uncovered cable trays, with a 
maintained free air space of not less than 2.15 times the 
diameter (2.15 x 0.0.) of the largest conductor con­
tained within the configuration and adjacent conductor 
configurations or cables, the ampacity of I/O AWG and 
larger cables shall not exceed the allowable ampacities 
in Table 310.67 and Table 310.68. 

I. General 

394.1 Scope. This article covers the use, installation, and 
construction specifications of concealed knob-and-tube wiring. 

394.2 Definition. 

Concealed Knob-and-lUbe Wiring. A wiring method us­
ing knobs, tubes, and flexible nonmetallic tubing for the 
protection and support of single insulated conductors. 

76-235 



394.10 ARTICLE 394 - CONCEALED KNOB-AND-TUBE WIRING 

II. Installation 

394.10 Uses Permitted. Concealed knob-and-tube wiring 
shall be permitted to be installed in the hollow spaces of 
walls and ceilings, or in unfinished attics and roof spaces as 
provided by 394.23, only as follows: 

(1) For extensions of existing installations 

(2) Elsewhere by speciall permission 

394.12 Uses Not Permitted. Concealed knob-and-tube 
wiring shall not be used in the following: 

(1)	 Commercial garages 

(2) Theaters and similar locations 

(3) Motion picture studios 

(4) Hazardous (classified) locations 

(5) Hollow spaces of walls, ceilings, and attics where such 
spaces are insulated by loose, rolled, or foamed-in­
place insulating material that envelops the conductors 

394.17 Through or Parallel to Framing Members. Con­
ductors shall comply with 398.17 where passing through 
holes in structural members. Where passing through wood 
cross members in plastered partitions, conductors shall be 
protected by noncombustible, nonabsorbent, insulating 
tubes extending not less than 75 mm (3 in.) beyond the 
wood member. 

394.19 Clearances. 

(A) General. A clearance of not less than 75 mm (3 in.) 
shall be maintained between conductors and a clearance of 
not less than 25 mm (1 in.) between the conductor and the 
surface over which it passes. 

(B) Limited Conductor Space. Where space is too limited 
to provide these minimum clearances, such as at meters, 
panelboards, outlets, and switch points, the individual con­
ductors shall be enclosed in flexible nonmetallic tubing, 
which shall be continuous in length between the last sup­
port and the enclosure or terminal point. 

(C) Clearance from Pil)ing, Exposed Conductors, and 
So Forth. Conductors shall comply with 398.19 for clear­
ances from other exposed conductors, piping, and so forth. 

394.23 In Accessible Attics. Conductors in unfinished at­
tics and roof spaces shall comply with 394.23(A) or (B). 

FPN: See 310.10 for temperature limitation of conductors. 

(A) Accessible by Stairway or Permanent Ladder. Con­
ductors shall be installed along the side of or through bored 

holes in floor joists, studs, or rafters. Where run through 
bored holes, conductors in the joists and in studs or rafters 
to a height of not less than 2.1 m (7 ft) above the floor or 
floor joists shall be protected by substantial running boards 
extending not less than 25 mm (1 in.) on each side of the 
conductors. Running boards shall be securely fastened in 
place. Running boards and guard strips shall not be re­
quired where conductors are installed along the sides of 
joists, studs, or rafters. 

(B) Not Accessible by Stairway or Permanent Ladder. 
Conductors shall be installed along the sides of or through 
bored holes in floor joists, studs, or rafters. 

Exception: In buildings completed before the wiring is in­
stalled, attic and roof spaces that are not accessible by 
stairway or permanent ladder and have headroom at all 
points less than 900 mm (3 ft), the wiring shall be permitted 
to be installed on the edges of rafters or joists facing the 
attic or roof space. 

394.30 Securing and Supporting. 

(A) Supporting. Conductors shall be rigidly supported on 
noncombustible, nonabsorbent insulating materials and 
shall not contact any other objects. Supports shall be in­
stalled as follows: 

(1)	 Within 150 mm (6 in.) of each side of each tap or 
splice, and 

(2) At interval s not exceeding 1.4 m (4V2 ft). 

Where it is impracticable to provide supports, conduc­
tors shall be permitted to be fished through hollow spaces 
in dry locations, provided each conductor is individually 
enclosed in flexible nonmetallic tubing that is in continuous 
lengths between supports, between boxes, or between a 
support and a box. 

(B) Securing. Where solid knobs are used, conductors 
shall be securely tied thereto by tie wires having insulation 
equivalent to that of the conductor. 

394.42 Devices. Switches shall comply with 404.4 and 
404.IO(B). 

394.56 Splices and Taps. Splices shall be soldered unless 
approved splicing devices are used. In-line or strain splices 
shall not be used. 

III. Construction Specifications 

394.104 Conductors. Conductors shall be of a type speci­
fied by Article 310. 
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398.2 ARTICLE 398 - OPEN WIRING ON INSULATORS 

I. General 

396.1 Scope. This article covers the use, installation, and 
construction specifications for messenger-supported wiring. 

396.2 Definition. 

Messenger-Supported Wiring. An exposed wiring support 
system using a messenger wire to support insulated conduc­
tors by anyone of the following: 

(1) A messenger with rings and saddles for conductor sup­
port 

(2) A messenger with a field-installed lashing material for 
conductor support 

(3) Factory-assembled aerial cable 

(4)	 Multiplex cables utilizing a bare conductor, factory as­
sembled and twisted with one or more insulated con­
ductors, such as duplex, triplex, or quadruplex type of 
construction 

II.	 Installation 

396.10 Uses Permitted. 

(A) Cable Types. The cable types in Table 396.10(A) shall 
be permitted to be installed in messenger-supported wiring 
under the conditions described in the article or section ref­
erenced for each. 

(B) In Industrial Establishments. In industrial estab­
lishments only, where conditions of maintenance and super­
vision ensure that only qualified persons service the in­
stalled messenger-supported wiring, the following shall be 
permitted: 

(1)	 Any of the conductor types shown in Table 31O.13(IIJ 
or ~::iI'JQ.l;3{P) 

(2) MV cable 

Where exposed to weather, conductors shall be listed 
for use in wet locations. Where exposed to direct rays of 
the sun, conductors or cables shall be sunlight resistant. 

(C) Hazardous (Classified) Locations. Messenger­
supported wiring shall be permitted to be used in hazardous 
(classified) locations where the contained cables are permit­
ted for such use in 501.10, 502.10, 503.10, and 504.20. 

396.12 Uses Not Permitted. Messenger-supported wiring 
shall not be used in hoistways or where subject to physical 
damage. 
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Table 396.10(A) Cable Types 

Cable Type Section Article 

~•• ¢~I)le $2B 
Metal-clad cable 330 
Mineral-insulated, 332 

metal-sheathed cable 
Multiconductor 338 

service-entrance cable 
Multiconductor underground 340 

feeder and branch-circuit 
cable 

Other factory-assembled, 
multiconductor control, 
signal, or power cables that 
are identified for the use 

Power and control tray cable 336 
Power-limited tray cable 725.l54(C) and 

725.179(E) 

396.30 Messenger. 

(I) Support. The messenger shall be supported at dead 
ends and at intermediate locations so as to eliminate tension 
on the conductors. The conductors shall not be permitted to 
come into contact with the messenger supports or any 
structural members, walls, or pipes. 

(I) 

396.56 Conductor Splices and Taps. Conductor splices 
and taps made and insulated by approved methods shall be 
permitted in messenger-supported wiring. 

396.60 Grounding. The messenger shall be grounded as 
required by 250.80 and 250.86 for enclosure grounding. 

I. General 

398.1 Scope. This article covers the use, installation, and 
construction specifications of open wiring on insulators. 

398.2 Definition. 

Open Wiring on Insulators. An exposed wiring method 
using cleats, knobs, tubes, and flexible tubing for the 
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398.10 ARTICLE 398 - OPEN WIRING ON INSULATORS 

protection and support of single insulated conductors run in 
or on buildings. 

II. Installation 

398.10 Uses Permitted. Open wiring on insulators shall be 
permitted only for industrial or agricultural establishments 
on systems of 600 volts, nominal, or less, as follows: 
(1)	 Indoors or outdoors 

(2)	 In wet or dry locations 

(3) Where subject to coo'osive vapors 

(4)	 For services 

398.12 Uses Not Permitted. Open wmng on insulators 
shall not be installed where concealed by the building 
structure. 

398.15 Exposed Work. 

(A) Dry Locations. In dry locations, where not exposed to 
physical damage, conductors shall be permitted to be sepa­
rately enclosed in flexible nonmetallic tubing. The tubing 
shall be in continuous lengths not exceeding 4.5 m (15 ft) 
and secured to the surface by straps at intervals not exceed­
ing 1.4 m (4\/2 ft). 

(B) Entering Spaces Subject to Dampness, Wetness, or 
Corrosive Vapors. Conductors entering or leaving loca­
tions subject to dampne~,s, wetness, or corrosive vapors 
shall have drip loops formed on them and shall then pass 
upward and inward from the outside of the buildings, or 
from the damp, wet, or corrosive location, through non­
combustible, nonabsorbent insulating tubes. 

FPN: See 230.52 for individual conductors entering build­
ings or other structures. 

(C) Exposed to Physical Damage. Conductors within 2.1 m 
(7 ft) from the floor shall be considered exposed to physical 
damage. Where open conductors cross ceiling joists and wall 
studs and are exposed to physical damage, they shall be pro­
tected by one of the following methods: 

(1) Guard strips not less than	 25 mm (1 in.) nominal in 
thickness and at least as high as the insulating supports, 
placed on each side of and close to the wiring. 

(2) A substantial running board	 at least 13 mm (1/2 in.) 
thick in back of the conductors with side protections. 
Running boards shall extend at least 25 mm (1 in.) 
outside the conductors, but not more than 50 mm 
(2 in.), and the protecting sides shall be at least 50 mm 
(2 in.) high and at least 25 mm (1 in.), nominal, in 
thickness. 

(3) Boxing	 made in accordance with 398.15(C)(1) or 
(C)(2) and furnished with a cover kept at least 25 mm 
(1 in.) away from the conductors within. Where pro­

tecting vertical conductors on side walls, the boxing 
shall be closed at the top and the holes through which 
the conductors pass shall be bushed. 

(4)	 Rigid metal conduit, intermediate metal conduit, rigid 
nonmetallic conduit, or electrical metallic tubing. 
When installed in metal piping, the conductors shall be 
encased in continuous lengths of approved flexible 
tubing. 

398.17 Through or Parallel to Framing Members. Open 
conductors shall be separated from contact with walls, 
floors, wood cross members, or partitions through which 
they pass by tubes or bushings of noncombustible, nonab­
sorbent insulating material. Where the bushing is shorter 
than the hole, a waterproof sleeve of noninductive material 
shall be inserted in the hole and an insulating bushing 
slipped into the sleeve at each end in such a manner as to 
keep the conductors absolutely out of contact with the 
sleeve. Each conductor shall be carried through a separate 
tube or sleeve. 

FPN: See 310.10 for temperature limitation of conductors. 

398.19 Clearances. Open conductors shall be separated at 
least 50 mm (2 in.) from metal raceways, piping, or other 
conducting material, and from any exposed lighting, power, 
or signaling conductor, or shall be separated therefrom by a 
continuous and firmly fixed nonconductor in addition to the 
insulation of the conductor. Where any insulating tube is 
used, it shall be secured at the ends. Where practicable, 
conductors shall pass over rather than under any piping 
subject to leakage or accumulations of moisture. 

398.23 In Accessible Attics. Conductors in unfinished at­
tics and roof spaces shall comply with 398.23(A) or (B). 

(A) Accessible by Stairway or Permanent Ladder. Con­
ductors shall be installed along the side of or through bored 
holes in floor joists, studs, or rafters. Where run through 
bored holes, conductors in the joists and in studs or rafters 
to a height of not less than 2.1 m (7 ft) above the floor or 
floor joists shall be protected by substantial running boards 
extending not less than 25 mm (1 in.) on each side of the 
conductors. Running boards shall be securely fastened in 
place. Running boards and guard strips shall not be re­
quired for conductors installed along the sides of joists, 
studs, or rafters. 

(B) Not Accessible by Stairway or Permanent Ladder. 
Conductors shall be installed along the sides of or through 
bored holes in floor joists, studs, or rafters. 

Exception: In buildings completed before the wiring is in­
stalled, in attic and roof spaces that are not accessible by 
stairway or permanent ladder and have headroom at all 
points less than 900 mm (3 ft), the wiring shall be permitted 
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