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INTRODUCTION

1 Scope

1.1 General

1.1.1  These requirements cover Schedule 40, Schedule 80, Type EB and Type A extruded rigid PVC

(polyvinyl chloride) electrical conduit and fittings. These requirements also cover elbows, couplings,
adapters, expansion, expansion-deflection, or deflection joints, and similar fittings that are constructed at
least in part of rigid PVC. The designations "Schedule 40", "Schedule 80", "Type EB", "Type A" refer to
USA trade sizes of conduit having iron pipe-size outside diameters and specific wall thicknesses.
Couplings, adapters, expansion, expansion-deflection, or deflection joints, and similar fittings are intended

to be used v
accordance W

1.1.2 Rigid

nonmetallic raceway for wires and cables in accordance with the National Electrical Code

70.

1.1.3 Condu
covers that arn
conduit and fi
Outlet Boxes,

1.1.4 Rigid
other and to
cement that is

1.1.5 Unless

the requiremgnt to Schedule 40, Schedule~80, Type EB or to Type A, each such requi

standard appl

1.1.6 Reinfa
Standard for
the Standard

ith Schedule 40, Schedule 80, Type EB and Type A rigid PVC conduit;
ith the National Electrical Code (NEC), NFPA 70.

PVC conduit and fittings covered in these requirements are intended fo

hnd elbows in

use as rigid
(NEC), NFPA

it bodies (pull boxes) and covers, flush-device boxes and covers, and ouflet boxes and

e constructed of rigid PVC or another nonmetallic material and are for use with
tings covered in these requirements are covered separately in the Standard f
Flush-Device Boxes, and Covers, UL 514C.

PVC conduit and fittings covered in these requirements are intended to be
rigid PVC boxes, conduit bodies, and fittings in the field by such means as
or contains a solvent for polyvinyl chloride.

b the wording of a requirement thaat applies to rigid PVC conduit and fittings sp|
es to all types.
rced thermosetting-tesin conduit and associated fittings are covered sep

Aboveground Reinforced Thermosetting Resin Conduit (RTRC) and Fittings
for Belowground-Reinforced Thermosetting Resin Conduit (RTRC) and Fittingg

1.2 Schedu

1.2.1 Sche
to sunlight an

e 40 and\80 conduit and fittings

the rigid PVC
or Nonmetallic

oined to each
a push-fit or a

ecifically limits
rement in this

arately in the
UL 2515 and
, UL 2420.

ule*40 rigid PVC conduit and fittings are for aboveground use indoors or out

oors exposed
. Schedule 40

rigid PVC conduit, elbows, that are specifically marked for underground use are suitable for use
underground only by direct burial or encasement in concrete.

1.2.2 Schedule 80 rigid PVC conduit and fittings are for use wherever Schedule 40 rigid PVC conduit
may be used and are for installation on poles in accordance with the National Electrical Code (NEC),
NFPA 70.

1.2.3 The following restrictions apply to use of the Schedule 40 and Schedule 80 rigid PVC conduit and
fittings mentioned in 1.1.1:

a) Use at 50°C (122°F) and lower ambient temperatures and
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b) Use with 75°C (167°F) wiring, but the conduit and fittings may be used with 90°C (194°F) wiring
if they comply with the construction (see Conduit for Use with 90°C Wire, 6.15) and marking (see
8.2.1, 8.2.4 and 8.2.5) requirements covering use with 90°C (194°F) wiring.

1.2.4 In addition to the applicable requirements specified in this standard, Schedule 40 and Schedule 80

rigid PVC conduit intended for directional boring shall be subjected to the performance requirements in

6.12.

1.2.5 Deleted.

1.3 TypeEB

and A conduit and fittings

1.3.1 The Ty
50°C (122°F)

with 75°C (167
trenches outsi

1.3.2 Type E
outside of buil

pe EB and Type A rigid PVC conduit and fittings mentioned in 1.1.1 are intén
and lower ambient temperatures. Type A rigid PVC conduit and fittings arelint
°F) wiring. Type A and Type EB rigid PVC conduit and fittings, where encased
He of buildings, may be used with 90°C (194°F) wiring.

Hed for use at
ended for use
in concrete in

B (encased burial) rigid PVC conduit is intended for encasement in concrete in trenches

lings. Type A rigid PVC conduit is intended for encasement:in concrete in any

1.4 Applications

1.4.1

a) Two

Couplings covered by these requirements are fittings,intended for joining:

lengths of rigid PVC conduit,

b) A lemgth of rigid PVC conduit to a rigid PVE& elbow and

c) Incg

box.
1.5 Fittings
1.5.1  Junctig

njunction with a junction-box adapter, a length of rigid PVC conduit or a rigid P

n-box adapters covered by these requirements are fittings intended to conne

rigid PVC conduit, a PVC elbawto a rigid PVC box (not limited to junction boxes) with a coup

1.5.2 Interng
length of rigid
devices.

lly-threaded adapters covered by these requirements are fittings intended

ocation.

VC elbow to a

ct a length of
ing.

for joining a

PVC_ conduit, a PVC elbow to threaded rigid metal conduit or other exterpally-threaded

1.5.3 Externally-threaded adapters (also referred to as terminal adapters) covered by these
requirements are fittings intended for joining a length of rigid PVC conduit or elbow to:

a) The

knockout area of a metal box with a metal locknut,

b) A threaded metal hub or fitting on a metal box,

c) A threaded hub on a phenolic box, or

d) A knockout in a phenolic box.

1.5.4 Reducers covered by these requirements are fittings intended for joining lengths of two different
sizes of rigid PVC conduit.
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1.5.5 Caps covered by these requirements are fittings intended for closing the ends of unused lengths of
rigid PVC conduit.

1.5.6 End bells covered by these requirements are fittings intended to provide a bushed opening at the
open end of a length of rigid PVC conduit. (See 5.8.1.)

1.5.7 Construction requirements for fittings covered by this standard are specified in Section 5.
Performance requirements are specified in Section 7.

2 Units of Measurement

2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.2 Unless gtherwise indicated, all voltage and current values mentioned in this standard are root-mean-
square (rms).

3 Undated References

3.1 Any undated reference to a code or standard appearing in the 4#equirements of this stgndard shall be
interpreted aq referring to the latest edition of that code or standard.

CONSTRUCTION

4 Rigid PV¢ Conduit
41 Genera
411 The cpmpound of which rigid PVClconduit and fittings are made shall equal or ejxceed the cell
classification [12123 as described in~Standard Specification for Rigid Poly (Vinyl Chloride) (PVC)
Compounds gnd Chlorinated Poly (Vinyl'Chloride) (CPVC Compounds), ASTM D 1784.
4.1.2 Clean|rework compound,)generated from the manufacturer’s own production and jreused by the
manufacturer] meets the intent of these requirements when the finished product complies|with all of the
requirements jof this standard.
4.1.3 Clean|industrial’'scrap material (single or blended) originating entirely from operationfs in the same

plant as that in which the conduit is manufactured) that is not commingled with other plastiq materials and
originates frofn a-single manufacturing process shall be permitted to be used if:

a) Each source has been qualified in accordance with the requirements of the Standard for
Polymeric Materials — Fabricated Parts, UL 746D and

b) The conduit and fittings produced meet all the requirements of this standard.

4.1.4 Rigid PVC conduit and fittings are inherently resistant to the corrosive influences of common
industrial atmospheres including the vapors and mists of bases, hydrofluoric and chromic acids, and
pickling and plating baths. Resistance to wetting by and immersion in specific reagents is covered in
Resistance to Specific Reagents, 6.13 and 7.2.10 and related markings in 8.2.2, 8.2.3, 9.2.1 and 9.2.2.

4.1.5 Rigid PVC conduit shall provide a smooth raceway for the pulling in of wires and cables. They shall
not have any features that can abrade or otherwise damage wires and cables. The outside surfaces of
conduit and fittings shall be smooth and without any chips, blisters, cracks, or other defects. There shall
not be any tendency for conduit or fittings to peel, scale, flake, chalk, or crumble.
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4.1.6 Both ends of each length of rigid PVC conduit shall be perpendicular to the longitudinal axis of the
conduit.

Exception: An interior chamfer on the spigot end of conduit is not prohibited. The chamfer shall be
constructed as shown in Figure 1 of Standard Specification for Smooth-Wall Poly (Vinyl Chloride) (PVC)
Conduit and Fittings for Underground Installation, ASTM F 512. A chamfered end is not considered to be a
taper.

4.1.7 Rigid PVC conduit and elbows shall not be threaded. There shall not be any taper to the conduit
unless one end is formed as an integral coupling. In that case, only the interior surface of the integral

coupling may be tapered.

4.1.8 For spécific applications or uses, lengths may be shipped from the factory with or with

or with an ad

conduit when the conduit is shipped but may be separately packaged.

419 Forge
4.1.10) to one
similar fitting s
Reagents, 7.2

bpter instead of a coupling. A coupling with a center stop need not be cer

heral use, a PVC coupling or similar fitting shall be cemented, heat-fused, o
end of each length of conduit before the conduit is shipped frem the factory. T
hall comply with the requirements concerning reagent resistance in Resistan
10, and 9.2.1, and 9.2.2 if the conduit to which it is attached complies with the

for wetting by
within 1/8 inch

4110 APV
cement mentiq
the following s|

a) The
or, in t
couplin
the col

b) Arod
is attag

4.2 Measure

or immersion in reagents. If a stopless coupling is-used, the end of the co
(3 mm) of the center of the coupling.

C coupling shall be capable of being secured*to’rigid PVC conduit by means
ned in 1.1.4. When assembled to conduit.tewhich solvent cement is freshly a
hall be complied with:

coupling shall be hand-tight on the\conduit when the end of the conduit is ag
ne case of a stopless coupling, (within 1/8 inch (3 mm) of the center of the
g shall not be loose nor shall anything other than a person's hands be neede
pling to the conduit; and

nd the junction of the coupling socket and the conduit circumference to whic
hed, there shall nothe any void that is not essentially filled by cement.

ments

out couplings
hented to the

molded (see
ne coupling or
ce to Specific
requirements
nduit shall be

of the type of
bplied, both of

ainst the stop
coupling. The
j to assemble

n the coupling

4.2.1 Each I¢ngth ef.rigid PVC conduit on which measurements are made is to be finisheq, smooth and
clean wherevdr it.is to touch any part of a measuring device or tool. While measurements ar¢ being made,
the conduit anhthe air around it are to be in thermal equilibrium with one another at a tempgrature of 23.0
12.0°C (73.4 £36°F). All of the average and individual oufside diameter measurements are to be
performed at the center and at least one end of the conduit.

4.2.2 The measurements from which the average outside diameters of a length of each type of finished
conduit are to be determined for comparison with the limits specified in inches or in millimeters in the
appropriate tables in 4.3 for Schedule 40 and 80 conduit and 4.5 for Type EB and A conduit.
Measurements are to be made by one of the following means:

a) A machinist’'s micrometer caliper that has a flat-ended spindle, a flat anvil and is calibrated to
read directly to at least 0.001 inch or 0.01 mm;

b) A vernier caliper calibrated to read directly to at least 0.001 inch or 0.01 mm;

c) A vernier wrap tape, calibrated to read directly to at least 0.001 inch or 0.01 mm;
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d) A tapered sleeve gauge accurate to +1 percent of its taper and £0.001 inch or £0.01 mm of its
diameter; or

e) A sleeve window gauge accurate to within £1 percent of its tape and £0.001 inch of its diameter.

4.2.3 Wall thicknesses of a length of finished rigid PVC conduit shall be measured and compared with
the limits specified in inches or millimeters in the appropriate tables in 4.3 for Schedule 40 and 80 conduit
and 4.5 for Type EB and A conduit. Measurements are to be made by a machinist's micrometer caliper
that has a ratchet, a flat-ended spindle, and a hemispherical anvil and is calibrated having a minimum
resolution of 0.001 inches or 0.01 mm

4.2.4 When employing a tapered sleeve gauge, the entrance and exit diameters of the gauge shall

correspond td
measured.

4.2.5 When
which shall re

426 The n
roundness) of
specified in in
for Type EB a

a) A nmpachinist's micrometer caliper that has a flat-ended spindle, a flat anvil and i

read d
b) Av

c) An

427 In dis
referee in det

4.2.8 To determine the average:outside diameter when using a micrometer caliper or ver

least four me
smallest dian
compared wit
tables:

a) For

!

the maximum and minimum outside diameters 10r the trade size ot rigid FV.J

employing a sleeve window gauge, the window shall extend beyond. the two
present the minimum and maximum required diameters.

easurements from which the minimum and maximum outside diameters (ov
a length of each type of finished conduit are to be determined for comparison
ches or in millimeters in the appropriate tables in 4.3 for'Schedule 40 and 80 ¢
hd A conduit. Measurements are to be made by one)ofthe following means:

rectly to at least 0.001 inch or 0.01 mm;
rnier caliper calibrated to read directly t¢ at least 0.001 inch or 0.01 mm; or

ut-of-roundness gauge accurate to-+0.01 mm.

putes that may arise betweenmeasuring techniques, the vernier caliper is
ermining compliance withrthe requirements for minimum and maximum outsideg

bsurements (every.45 degrees) are necessary at each place to ensure that t
neters are found. The average of all the recorded diameters is to be dg
h the average' diameter for the trade size of rigid PVC involved that is found i

Schedule 40 and 80 conduit, Table 4.1 (inches) or Table 4.2 (millimeters);

conduit being

scribed marks

ality or out-of-
with the limits
onduit and 4.5

5 calibrated to

to act as the
diameters.

nier caliper, at
he largest and
ptermined and
h the following

b) For

Type EB and A conduit, Table 4.6 (inches) or Table 4.7 (millimeters).

The average of the recorded diameters shall not differ from the average diameter in the applicable table by
more than the specified tolerances.

4.2.9 To determine the average outside diameter when using vernier wrap tape, place the vernier wrap
tape around the rigid PVC conduit making sure that it is at right angles to the conduit axis and is flat
against the conduit surface. The observed reading is to be compared with the average diameter for the
trade size of conduit involved as specified in 4.2.8 (a) or (b). The observed reading shall not differ from the
average diameter in the applicable table by more than the specified tolerances.

4210 To determine the average outside diameter when using a tapered sleeve gauge or sleeve window
gauge, cut the end of the rigid PVC conduit square and remove burrs. Insert the conduit into the sleeve
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gauge and observe the position of the end with respect to the ends of the tapered sleeve gauge or the
position of the end with respect to the minimum and maximum scribed marks of the sleeve window gauge.

4.2.11 When using a tapered sleeve gauge, the rigid PVC conduit shall enter the larger end of the gauge
and shall not pass through the smaller end of the gauge.

4.2.12 When using a sleeve window gauge, the end of the rigid PVC conduit shall be visible between the
two scribed marks when the conduit is inserted into the gauge.

4213 The average of the recorded diameters mentioned in 4.2.8 — 4.2.13 is to be determined and
compared with the average diameter in inches or millimeters for the size of rigid PVC conduit involved as
specified in 4.2.8 (a) or (b). The average of the recorded diameters shall not differ from the average
diameter in the applicable table by more than the specified tolerances.

4.2.14 Additipnally, the wall thickness is to be measured at one or both ends of the rigid PYC conduit by
means of the ¢aliper with the hemispherical anvil. At least four measurements are necessary at each end,
measured to nake certain that the thickest and thinnest parts of the wall are(found. The maximum and
minimum of gll the recorded thicknesses are to be compared with the \maximum and minimum wall
thicknesses found in the following tables for the size of conduit involved:

a) For $chedule 40 and 80 conduit, Table 4.1 (inches) or Tablé4.2 (millimeters);

b) For Type EB and A conduit, Table 4.6 (inches) or Tahle 4.7 (millimeters).
Neither limit shall be exceeded.

to determine
0.001 inch or

4215 |If de
compliance wi
+0.01 mm and

bired, methods, tools, and measurement techniques may be employed
th the above dimensional requirements provided they are accurate to within 4
as such have been determined to)be acceptable.

4.3 Schedule 40 and 80 conduit

4.3.1 Limits
as specified ir]
specified in Ta|

bn the wall thickness ‘and outside diameter of Schedule 40 and 80 rigid PVC cq
inches in Table 4.1"and in millimeters in Table 4.2. Limits on inside diameteg
ble 4.3.

nduit shall be
rs shall be as

Table 4.1
Limits in|inches on outside diameters andawaell thicknesses of Schedule 40 and 80 conduit

Trade size of Outside diameters, Minimum wall thicknesses,

conduit Average Maximum Minimum Schedule 40 Schedule 80
1/2 0.840 +0.004 0.848 0.832 0.109 0.147
3/4 1.050 +0.004 1.060 1.040 0.113 0.154
1 1.315 £0.005 1.325 1.305 0.133 0.179
1-1/4 1.660 +0.005 1.672 1.648 0.140 0.191
1-1/2 1.900 +0.006 1.912 1.888 0.145 0.200
2 2.375 +0.006 2.387 2.363 0.154 0.218
2-1/2 2.875 +0.007 2.890 2.860 0.203 0.276
3 3.500 +0.008 3.515 3.485 0.216 0.300
3-1/2 4.000 £0.008 4.050 3.950 0.226 0.318
4 4.500 £0.009 4.550 4.450 0.237 0.337
5 5.563 +0.010 5.613 5.513 0.258 0.375
6 6.625 +0.011 6.675 6.575 0.280 0.432
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Table 4.2
Limits in millimeters on outside diameters and wall thicknesses of Schedule 40 and 80 conduit
Outside diameters, Minimum wall thicknesses,
Metric designator Average Maximum Minimum Schedule 40 Schedule 80
16 21.34 +0.10 21.54 21.13 2.77 3.73
21 26.67 +0.10 26.92 26.42 2.87 3.91
27 33.40 +0.13 33.66 33.15 3.38 4.55
35 42.16 £0.13 42.47 41.86 3.56 4.85
41 48.26 +0.15 48.56 47.96 3.68 5.08
53 60.32 +0.15 60.63 60.02 3.91 5.54
63 73-02+0-16 7341 Fo-64 546 7.01
78 88.90 +0.20 89.28 88.52 5.49 7.62
91 101.60 +£0.20 102.87 100.33 5.74 8.08
103 114.30 £0.23 115.57 113.03 6.02 8.56
129 141.30 +0.25 142.57 140.03 655 9.52
155 168.28 +0.28 169.54 167.00 7.1 10.97
Table 4.3

Minimum average inside diameter of Schedule 40‘and 80 rigid PVC conduijt

Minimum average inside diameter
Schedule 40 Schedule B0
Trade size (metric desig) inches (mm) inches (mm)

172 (16) 0.578 (14.68) 0.502 (12.75)
3/4 (21) 0.780 (19.81) 0.698 (17.72)
1 (27) 1.004 (25.50) 0.910 (23.11)
1-1/4 (35) 1335 (33.90) 1.227 (31.16)
1-1/2 (41) 1.564 (39.72) 1.446 (36.72)
2 (53) 2.021 (51.33) 1.881 (47.77)
2-1/2 (63) 2.414 (61.31) 2.250 (57.15)
3 (78) 3.008 (76.40) 2.820 (71.62)
3-1/2 (91) 3.486 (88.54) 3.280 (83.31)
4 (103) 3.961 (100.60) 3.737 (94.91)
5 (129) 4.975 (126.36) 4.713 (119.71)

6 (T55) 5.986 (T52.04) 5.646 (143.41)

4.4 Couplings for Schedule 40 and 80 conduit

441 The dimensions of an integral coupling shall comply with Table 4.4 (inches) or Table 4.5
(millimeters) when measured with a machinist's inside micrometer caliper (socket diameter) having a
ratchet, a machinist's inside-depth gauge (socket depth), and the machinist's micrometer caliper (socket
wall thickness) mentioned in 4.2.2. Each instrument is to be calibrated to read directly to at least 0.001
inch or 0.01 mm.
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Table 4.4
Dimensions in inches of integral couplings for Schedule 40 and 80 conduit
Socket diameters Minimum thickness at
At entrance At bottom Minimum | 2any point of socket
Trade size socket | Schedule | Schedule
of conduit | Maximum | Minimum | Average | Maximum | Minimum | Average depth? 40 80
0.852 0.836
12 0.860 0.844 +0.004 0.844 0.828 +0.004 0.652 0.095 0.129
1.064 1.046
3/4 1.074 1.054 +0.004 1.056 1.036 +0.004 0.719 0.095 0.136
1 1.340 1.320 1330 1.320 1.300 1310 0.875 0.100 0.158
1.677 1.655
1-1/4 1.689 1.665 +0.005 1.667 1.643 +0.005 0.938 0120 0.168
1.918 1.894
1-1/2 1.930 1.906 +0.006 1.906 1.882 +0.006 1.062 0.120 0.166
A 2.393 2.369
2 4.405 2.381 +0.006 2.381 2.357 +0.006 1.125 0.130 0.181
A 2.890 2.868
2-1/2 3.905 2.875 +0.007 2.883 2.853 +0.007 1.469 0.165 0.229
4 3.515 3.492 9
3 3.530 3.500 +0.008 3.507 3.477 $0.008 1.594 0.179 0.249
4.015 3.992
3-1/2 4.065 3.965 +0.008 4.007 3.977 +0.008 1.687 0.188 0.264
4515 4.491
4 4.565 4.465 +0.009 4.506 4.476 +0.009 1.750 0.197 0.280
5.593 5.553
-
5 9.643 5.543 +0.010 5.583 5.523 +0.010 1.937 0.214 0.311
6.658 6.614
6 g.708 6.608 +0.011 6644 6.584 +0.011 2.125 0.232 0.359
@ Tests are not ndeded on sockets complying with these-minimums.
Table 4.5
Dimpensions in millimeters of integral couplings for Schedule 40 and 80 conduit
Socket diameters Minimum thickness at
Aténtrance At bottom Minimum any point of socket
Metl:ic socket Schedyle | Schedule
desig Makimum,| Minimum | Average | Maximum | Minimum | Average depth? 40 80
16 J’I -84 2444 i;?g 2444 2463 i;fg +6-56 244 3.28
27.03 26.57
21 27.28 26.77 +0.10 26.82 26.31 +0.10 18.26 2.41 3.45
33.78 33.27
27 34.04 33.53 +0.13 33.53 33.02 +0.13 22.22 2.54 4.01
42.60 42.04
35 42.90 42.30 +0.13 42.34 41.73 +0.13 23.83 3.05 4.28
48.72 48.11
41 49.02 48.41 +0.15 48.41 47.80 +0.15 26.97 3.05 4.22
60.78 60.17
53 61.09 60.48 +0.15 60.48 59.87 +0.15 28.58 3.30 4.60
73.41 72.85
63 73.79 73.02 +0.18 73.23 72.47 +0.18 37.31 4.19 5.82

Table 4.5 Continued on Next Page
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Table 4.5 Continued
Socket diameters Minimum thickness at
At entrance At bottom Minimum | @ny point of socket
Metr.ic socket | Schedule | Schedule
desig | Maximum | Minimum | Average | Maximum | Minimum | Average | depth? 40 80
89.28 88.70
78 89.66 88.90 o 89.08 88.32 o 40.49 4.55 6.32
91 10325 | 10071 10198 | 45178 | 10102 |101408021 4545 478 6.71
£0.20 0
103 11595 | 113.41 11468 1 41445 | 11370 |MAO7R02] 445 5.00 7.11
£0.23 3
129 4333 | 14080 g T41.80 | 14028 o 39.20 5.4 7.90
155 7038 | 167.84 169'181 021 16876 | 167.23 1+608'208° 53.98 5.8 9.12

@ Tests are notn

beded on sockets complying with these minimums.

4.5 Type EH

4.5.1 Limits
as specified i

and A conduit

on the wall thickness and outside diameter of Type A afid Type EB rigid PVC ¢
Table 4.6 (inches) and Table 4.7 (millimeters).

onduit shall be

Table 4.6
Outside diameter and wall thickness of Type-A‘and EB rigid PVC conduit in inches
Outside diameters Wall thickn
Trade Type EB® PVC
size of Type A PVC conduit Type EB PVC conduit Type A PVC conduit conduit
conduit Avg. Max Min Max Min Max Min Ma Min
12 D.840 0.848 0.832 a a 0.080 0.060 a a
10.004
3/4 1.050 1.060 18040 a a 0.080 0.060 a a
10.004
1 1.315 1.325 1.305 a a 0.080 0.060 a a
10.005
1-1/4 1.660 1672 1.648 a a 0.090 0.070 a a
10.005
1-1/2 1.900 1.912 1.888 a a 0.100 0.080 a a
10.006
2 2.375 2.387 2.363 2.405 2.345 0.120 0.100 0.094 0.060
+0.006
2-1/2 2.875 2.890 2.860 a a 0.130 0.110 a a
+0.007
3 3.500 3.515 3.485 3.530 3.470 0.145 0.125 0.109 0.061
+0.008
3-1/2 4.000 4.050 3.950 4.050 3.950 0.165 0.145 0.124 0.072
+0.008
4 4.500 4.550 4.450 4.550 4.450 0.170 0.150 0.129 0.082
+0.009
5 5.563 5.613 5.513 5.613 5.513 a a 0.144 0.103
+0.010
6 6.625 6.675 6.575 6.675 6.575 a a 0.164 0.125
+0.011

2@ Additional requirements will be added as these sizes are determined to be acceptable.

b Length — Standard lengths are 10 feet and 20 feet. Other lengths may be shipped for specific applications.
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Table 4.7
Limits on outside diameters and wall thicknesses of Type A and EB PVC conduit in millimeters
Outside diameters Wall thicknesses
d"::it;':a Type A PVC conduit | Type EB PVC conduit | Type A PVC conduit | Type EBP PVC conduit
tor Avg. Max Min Max Min Max Min Max Min
16 21.34 21.54 21.13 a a 2.03 1.52 a a
+0.10
21 26.67 26.92 26.42 a a 2.03 1.52 a a
+0.10
27 33.40 33.66 33.15 a a 2.03 1.52 a a
+0.13
35 2.16 42.47 41.86 a a 2.29 1.78 a a
0.13
41 48.26 48.56 47.96 a a 2.54 2.03 a a
0.15
53 30.32 60.63 60.02 61.09 59.56 3.05 254 2.39 1.52
0.15
63 13.02 73.41 72.64 a a 3.30 280 a a
0.18
78 38.90 89.28 88.52 89.60 88.14 3.68 3.18 2.77 1.55
0.20
91 1p1.60 102.87 100.33 102.87 100.33 4720 3.68 3.15 1.83
40.20
103 1114.30 115.57 113.03 115.57 113.08 4.32 3.80 3.28 2.08
40.23
129 111.30 142.57 140.03 142.57 140.03 a a 3.66 2.62
40.25
155 1p8.28 169.54 167.00 169.54 167.00 a a 4.17 3.18
40.28
2@ Additional requifements will be added as these sizes are.determined to be acceptable.
b Length — Standgird lengths are 10 feet and 20 feet. Other lengths may be shipped for specific applications.
4.6 Couplings for Type EB and A conduit
4.6.1 The dinensions of an\integral coupling on Type EB rigid PVC conduit shall comply with Table 4.8

(inches) or Table 4.9 (millimeters) when measured with a machinist's inside micrometer G
ing a ratchet, a machinist's inside depth gauge (socket depth), and th
liper (80cket wall thickness) mentioned in 4.2.2. Each instrument is to be cali

diameter) hay
micrometer ca

directly to at Igast*0.001 inch or 0.01 mm.

aliper (socket
e machinist's
brated to read

Table 4.8
Dimensions in inches of integral coupling for Type EB rigid PVC conduit
Inside diameter at inner end of socket Inside diameter at entrance to socket Minimum
thickness
Minimum at any
Trade size socket point of
of conduit Average Maximum Minimum Average Maximum Minimum depth® socket
2 2.378 2.408 2.348 2.396 2.426 2.366 1.750 0.060
+.008 +.009
3 3.503 3.533 3.473 3.529 3.559 3.499 2.875 0.061
+.010 +.014

Table 4.8 Continued on Next Page
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Table 4.8 Continued

Inside diameter at inner end of socket Inside diameter at entrance to socket Minimum
thickness
Minimum at any
Trade size socket point of
of conduit Average Maximum Minimum Average Maximum | Minimum depth® socket
3-1/2 4.003 £.011 4.053 3.953 4.031 4.081 3.981 3.125 0.72
+.015
4 4.502 4.552 4.452 4.533 4.583 4.483 3.375 0.082
+.012 +.016
5 5.565 5.615 5.515 5.601 5.651 5.551 4.000 0.103
+.013 +.018
6 0.027 B.677 ©.577 5.009 B.719 B5.019 5.000 0.125
+.014 +.023
@ Socket depth $hall be measured from the entrance edge to the shoulder stop. Tests are not needed on sdckets complying with
these minimums.

Table 4.9
Dimensions in millimeters of integral couplings for Type EB rigid PVC conduit
nside diameter at inner end of socket | Inside diameter at entrance to socket Minimum
thickness
Minimum at any
Metric socket point of
designator | [Average Maximum | Minimum Average Maximum | Minimum depth® socket
53 60.40 61.16 59.64 60.86 61.62 60.10 44 .45 1.52
+0.20 +0.23
78 88.98 89.74 88.21 89:64 90.40 88.87 73.02 1.55
+0.25 £0.36
91 101.68 102.95 100.40 102.39 103.66 101.12 79.38 1.83
+0.28 +0.38
103 114.35 115.62 143.08 115.14+0.4 116.40 113.87 85.72 2.08
+0.30 1
129 141.35 142.62 140.08 142.27 143.54 141.00 101.60 2.62
+0.33 +0.46
155 168.33 169:60 167.06 168.40+0.5 170.66 168.12 127.00 3.18
+0.36 8
@ Socket depth $hall be measured from the entrance edge to the shoulder stop. Tests are not needed on sockets complying with
these minimums.

4.7 Elbows

4.7.1 Elbows for use with rigid PVC conduit shall be formed from lengths of straight conduit that are of
any convenient length (see 4.7.2) but otherwise comply with the requirements in this standard. The axial
length of a finished elbow shall not exceed 10 feet (3.05 m). Each finished elbow shall not have any kinks
or creases. A coupling need not be attached to an elbow if it is shipped from the factory.

4.7.2 If the lengths of rigid PVC conduit from which elbows are formed are longer or shorter than 10 feet
(3.05 m), and are shipped to another of the conduit manufacturer's factories or to a second manufacturer,
each length or bundle of lengths shall be tagged or otherwise marked to indicate that the conduit is
intended for further processing.

4.7.3 Examples of elbows are illustrated in Figure 4.1. No bend other than at the end curve of a
gooseneck shall be sharper than 90 +2 degrees. No end curve shall be sharper than 135 degrees. No
elbow shall be shallower than 11.25 degrees. The length Ls of the straight portions at the ends of an elbow
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and the radius R of an elbow shall not be smaller than indicated in Table 4.10 for each size of rigid PVC
conduit. The straight end portions of elbows shall comply with the dimensions specified in Table 4.10.

Figure 4.1

Elbows

90+2" max.
11.25° min.

L\

Table 4.10
Minimum dimensions of elbows

Radius R of bend to center line of
Trade size of (etric conduit, Length L, of straight pnd portion,
conduit in inchps designator) inches (mm) inches (mm)
12 (16) 4 (100) 1-1/2 (38)
3/4 (21) 4-1/2 (114) 1-1/2 (38)
1 (27) 5-3/4 (146) 1-7/8 (48)
1-1/4 (35) 7-1/4 (184) 2 (50)
1-1/2 (41) 8-1/4 (210) 2 (50)
2 (53) 9-1/2 (241) 2 (50)
2-1/2 (63) 10-1/2 (267) 3 (76)
3 (78) 13 (330) 3-1/8 (79)
3-1/2 91) 15 (380) 3-1/4 (83)
4 (103) 16 (400) 3-3/8 (86)
5 (129) 24 (600) 3-5/8 (92)
6 (155) 30 (760) 3-3/4 (95)
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5 Rigid PVC Conduit Fittings

5.1 General

5.1.1 Arigid PVC conduit fitting shall be constructed of an unplasticized polyvinyl chloride material, with
or without components made of other materials, that has been determined to be acceptable for the
application.

5.1.2 The inner and outer surfaces of a fitting shall not be subject to peeling, scaling, or flaking and shall
be smooth and free from blisters, cracks, and other defects. The fitting shall have a smooth rounded inlet
hole to afford protection to the conductors. In the case of a molded product, excess flashing shall be
removed from the mold line of all interior surfaces so that there are no sharp edges or obstructions to the

passage of wiring or mating of parts in the intended use of the product.

5.1.3 A fitti
damage to th

5.1.4 Topre

surfaces of an internally or externally threaded polyvinyl chloride (PVC) adapter or a couplin]

circular cross
with an end o

a)On

b) That limits the depth of penetration of rigid PYC conduit and, in the case o

thread

5.1.5 A cenf
only at the co

a) The
b) The
c) The

minim
heavy

shall be constructed so that it can be secured to polyvinyl chloride (PVC) g
fitting or conduit.

clude snags and restrictions in a finished rigid PVC conduit system, the socke

section. The socket shall be tapered. The socket shall be'provided, other than
centering stop:

which there are no burrs or sharp edges to damage wires being pulled over the

ed adapter, also limits the depth of penetration of threaded rigid metal conduit.

ering stop is not required in a coupling that is intended for attachment to rigi
nduit factory. If a factory-applied. coupling is provided with a centering stop:

minimum throat diameter.shall comply with the last two columns of Table 5.1;
stop need not extend entirely around the circumference of the coupling; and

stop shall not project into the conduit for which the coupling is intended; fo
m acceptable ‘throat diameter is the maximum acceptable inside diameter
vall conduitfer'which the coupling is intended.

onduit without

and threaded
g shall have a
noted in 5.1.5

stop; and

f an internally

i PVC conduit

example, the
of the thin- or

Throat diameters at any p-tl;?r?tl?nsf?ttings other than adapters
Minimum throat diameter, in (mm)

Field-attached couplings Factory-applied couplings with stops
Trade size of (metric and fittings other than For use with heavy-wall For use with thin-wall

conduit designator) adapters® conduit conduit
1/2 (16) 0.630 (16.00) 0.630 (16.00) 0.728 (18.49)
3/4 (21) 0.834 (21.18) 0.834 (21.18) 0.840 (21.34)
1 (27) 1.059 (26.90) 1.059 (26.90) 1.205 (30.61)
1-1/4 (35) 1.392 (35.36) 1.392 (35.36) 1.532 (38.91)
1-1/2 (1) 1.622 (41.20) 1.622 (41.20) 1.752 (44.50)
2 (53) 2.079 (52.81) 2.079 (52.81) 2.187 (55.55)

Table 5.1 Continued on Next Page
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Table 5.1 Continued

Minimum throat diameter, in (mm)
Field-attached couplings Factory-applied couplings with stops
Trade size of (metric and fittings other than For use with heavy-wall For use with thin-wall
conduit designator) adapters® conduit conduit
2-1/2 (63) 2.484 (63.09) 2.484 (63.09) 2.670 (67.82)
3 (78) 3.083 (78.31) 3.083 (78.31) 3.365 (85.47)
3-1/2 91) 3.598 (91.39) 3.598 (91.39) 3.760 (95.50)
4 (103) 4.076 (103.53) 4.076 (103.53) 4.250 (107.95)
5 (129) 5.097 (129.46) 5.097 (129.46) - -
6 (155) 6.115 (155.32) 6.115 (155.32) - -

2 For reducers, t

e throat for the smaller of the two sizes of conduit applies.

® It is not prohibifed that the minimum average throat diameters of fittings described in 5.4 comply with Table’4.3.

5.1.6 The walls of a polyvinyl chloride (PVC) conduit fitting shall be at least.as thick as spegified in Table
5.2. The dimepsions of a PVC externally threaded adapter with tapered threads shall be gs specified in
Table 5.3.
Table 5.2
Dimensions of fittings and conduit connections
Socket diameter, in (mm) so“élll(r:tncli:r:th, MmlmliJT(;hrlr::)kness’
Trade size At entrance Abbottom in (mm)
of concfuit Over maf Wall of
(metric or femal unthreaded
designator) | Max Min Avg Max Min Avg threads| portion
12 (.860 | 0.844 |0.852+0.004.f:0:844 | 0.828 | 0.836+0.004 0.652 0.109 0.095
(16) (41.84) | (21.44) | (21.64£0.10) (21.44) | (21.03) | (21.23+0.10) (16.56) (2.77) (2.41)
3/4 1074 | 1.054 | 1.064£0.004 | 1.056 | 1.036 | 1.046+0.004 0.719 0.113 0.095
(21) (47.28) | (26.77) | (27.030.10) | (26.82) | (26.31) | (26.57+0.10) (18.26) (2.87) (2.41)
1 1340 | 1.320 ¢f 1:330£0.005 | 1.320 | 1.300 | 1.3100.005 0.875 0.133 0.100
(27) (34.04) | (3363)"| (33.7820.13) | (33.53) | (33.02) | (33.27£0.13) (22.23) (3.38) (2.54)
1-1/4 1689 [\1.665 |[1.677£0.005 | 1.667 | 1.643 | 1.655+0.005 0.938 0.140 0.120
(35) (42.90) [N42.29) | (42.60£0.13) | (42.34) | (41.73) | (42.04£0.13) (23.83) (3.56) (3.05)
1-1/2 193¢’ | 1906 |1.918+0.006 | 1.906 | 1.882 | 1.894+0.006 1.062 0.145 0.120
(41) (49.02) | (48.41) | (48.72£0.15) | (48.41) | (47.80) | (48.110.15) (26.97) (3.68) (3.05)
2 2.405 | 2.381 |2.393:0.006 | 2.381 | 2.357 | 2.369:0.006 1.125 0.154 0.130
(53) (61.09) | (60.48) | (60.78+0.15) | (60.48) | (59.87) | (60.17+0.15) (28.58) (3.91) (3.30)
2-1/2 2.905 | 2.875 |2.890+0.007 | 2.883 | 2.853 | 2.868+0.007 1.469 0.203 0.165
(63) (73.79) | (73.03) | (73.4120.18) | (73.23) | (72.47) | (72.85£0.18) (37.31) (5.16) (4.19)
3 3.530 | 3.500 |3.515x0.008 [ 3.507 | 3.477 | 3.492+0.008 1.594 0.216 0.216
(78) (89.66) | (88.90) | (89.28+0.20) | (89.08) | (88.32) | (88.70+0.20) (40.49) (5.49) (5.49)
3-1/2 4.065 | 3.965 [4.015:£0.008 | 4.007 | 3.977 | 3.992:0.008 1.687 0.226 0.226
(91) (103.25) | (100.71) | (101.98+0.20 | (101.78) [ (101.02) | (101.40%0.20) (42.85) (5.74) (5.74)
)
4 4565 | 4.465 |4.515:0.009 | 4.506 | 4.476 | 4.491x0.009 1.750 0.237 0.237

Table 5.2 Continued on Next Page
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Table 5.2 Continued

Minimum Minimum thickness,
Socket diameter, in (mm) socket depth, in (mm)
Trade size At entrance At bottom in (mm)
of conduit Over male Wall of
(metric or female |unthreaded
designator) | Max Min Avg Max Min Avg threads® portion
(103) (115.95) | (113.41) | (114.6820.23) | (114.45) | (113.69) | (114.07+0.23) (44.45) (6.02) (6.02)
5 5.643 5.543 | 5.593+0.010 | 5.583 5.523 | 5.553+0.010 1.937 0.258 0.258
(129) (143.33) | (140.79) | (142.06+0.25 | (141.81) | (140.28) | (141.05+0.25) (49.20) (6.55) (6.55)
)
6 5.708 6.60U8 | 6.685X0.011T | 6.644 6.584 | 0.614X0.011 2125 U.280 0.280
(155) (170.38) | (167.84) [(169.11+0.28) | (168.76) | (167.23) | (168.00+0.28) (53.98) (N 19) (7.11)
@ The thickness if to be measured at the end of the fitting from the crest of the thread through the material'to'the snjooth wall
surface.
Table 5.3
Dimensions of polyvinyl chloride externally threaded adapterswith tapered threads
Minimum wall thickness over tapered Effective thread length for five full,
. threads, perfect threpds,
Trade size of (metric .
conduit designator) in (mm)® in (mm)
12 (16) 0.097 (2.46) 0.357 (9.07)
3/4 21) 0.102 (2.59) 0.357 (9.07)
1 (27) 0.119 (3.02) 0.435 (11.05)
1-1/4 (35) 0.126 (3.20) 0.435 (11.05)
1-1/2 (41) 0.131 (3.33) 0.435 (11.05)
2 (53) 0,140 (3.56) 0.435 (11.05)
2-1/2 (63) 0.183 (4.65) 0.625 (15.88)
3 (78) 0.197 (5.00) 0.625 (15.88)
3-1/2 91) 0.207 (5.26) 0.625 (15.88)
4 (108) 0.217 (5.51) 0.625 (15.88)
5 (429) 0.239 (6.07) 0.625 (15.88)
6 (155) 0.261 (6.63) 0.625 (15.88)
@ The thicknesslis to'\be-measured at the end of the fitting from the crest of the tread through the material to the inner wall surface
P See 5.5.3.

5.1.7 The socket depth and diameters of a conduit fitting shall be within the limits specified in Table 5.2
and shall permit assembly to polyvinyl chloride (PVC) conduit in a manner that provides acceptable
strength for both the joint and the assembly. Sockets complying with the minimum dimensions specified in
Table 5.2 are considered to permit assembly to polyvinyl chloride (PVC) conduit in a manner that provides
acceptable strength for both the joint and the assembly. Sockets that have dimensions less than the
minimum dimensions specified in Table 5.2 shall to be evaluated by the bending and pull tests in Bending
Test, 7.2.8, and Pull Test, 7.2.9 to demonstrate their ability to permit assembly to polyvinyl chloride (PVC)
conduit in a manner that provides acceptable strength for both the joint and the assembly.

Exception: A socket depth greater than the maximum specified in Table 5.2 is acceptable if the fitting is
marked in accordance with 9.2.3.
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5.1.8 The throat diameter of a coupling and a fitting other than an internally and externally threaded
adapter shall not be less than specified in Table 5.1 as determined either by application of the limit gauges
illustrated in Figure 5.1 or by measurement as described in 5.1.10 and 5.1.11. The dimensions of the
gauges are given in Table 5.4 and Table 5.5.
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igure 5.1

Hardened tool steel limit gauges for throats of fittings

GO GAUGE

\

Dg

T

Dn

1

TRADE \
SIZE
1.7

ﬂ NO-GO GAUGE
Dn
2

#

TRADE
SIZES

INCH

1
INCH

} INCH FOR THE %—2 TRADE SIZES

5 INCH FOR THE 25-6 TRADE SIZES
s

BO911A

Note — Sl values for the dimensions in this figure are:
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Table 5.4
Dimensions of limit gauges for throats of fittings

For internally and externally threaded Diameter (Dg) of go

adapters gauge for all field-

attached couplings

and for factory-
Diameter (Dg) of go attached couplings
gauge for factory- that have stops and
attached couplings | are for use with heavy-
that have stops and wall PVC conduit and
Diameter (Dg) of go | Diameter (Dn) of no-go | are for use with thin- | for fittings other than
. . gauge, gauge, wall PVC conduit, adapters,
Trade size | (metric

of conduit | designator) in (mm)? in (mm)? in (mm)? in (mm)?
1/2 (16) 0.5900 (14.986) 0.6230 (15.824) 0.7270 (18.466) 0.629 (15.977)
3/4 (21) 0.7820 (19.863) 0.8250 (20.955) 0.8390 (21.311) 0,833 (21.158)
1 (27) 0.9960 (25.298) 1.0500 (26.670) 1.2040 (30.582) 1.058 (26.873)
1-1/4 (35) 1.3100 (33.274) 1.3810 (35.077) 1.5310 (38887) 1.391 (35.331)
1-1/2 (41) 1.5280 (38.811) 1.6110 (40.919) 1.7510 (44-475) 1.621 (41.173)
2 (53) 1.9630 (49.860) 2.0680 (52.527) 2.2860 (58.064) 2.078 (52.781)
2-1/2 (63) 2.3450 (59.593) 2.4700 (62.738) 2.6690 (67.793) 2.483 (63.068)
3 (78) 2.9140 (74.016) 3.0690 (77.953) 3:3640 (85.446) 3.082( (78.283)
3-1/2 91) 3.3700 (85.598) 3.5490 (90.145) 3.7590 (95.479) 3.597 (91.364)
4 103) 3.8240 (97.130) 4.0270 (102.2886) 4.2490 (107.925) 4.075 (103.505)
5 129) 4.7940 | (121.768) 5.0480 (128+219) 5.0960 (129.438) 5.096 (129.438)
6 155) 5.7610 | (146.329) 6.0660 (154.076) 6.1140 (155.296) 6.114 (155.296)

@ A tolerance of 40.0005 inch (0.013 mm) applies.

Table 5.5
Diameters of limit gauges for throats of bushings
Trade size of (metric Diameter (Dg) of go gauge, Diameter (Dn) of nofgo gauge,
conduit designator) in? (mm) in? (mm)

3i8 (12) 0.4430 (11.252) 0.4940 (12.548)
1/2 (16) 0.5590 (14.199) 0.6230 (15.824)
3/4 (1) 0.7410 (18.821) 0.8250 (20.955)

1 (27 0.9430 (23.952) 1.0500 (26.670)
1-1/4 (35) 1.2410 (31.521) 1.3810 (35.077)
1-1/2 (41) 1.4480 (36.779) 1.6110 (40.919)
2 (53) 1.8590 (47.219) 2.0680 (52.527)
2-1/2 (63) 2.2210 (56.413) 2.4700 (62.738)
3 (78) 2.7600 (70.104) 3.0690 (77.953)
3-1/2 (91) 3.1920 (81.077) 3.5490 (90.145)
4 (103) 3.6220 (91.999) 4.0270 (102.286)

5 (129) 45410 (115.341) 5.0480 (128.219)

6 (155) 5.4570 (138.608) 6.0660 (154.076)

2@ A tolerance of + 0.0005 inch (0.013 mm) applies.
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5.1.9 The curved surfaces of the limit gauges illustrated in Figure 5.1 are to be ground and lapped to the
diameters specified in Table 5.4 within the tolerances specified in Table 5.4. The handles for these gauges
are not specified, nor is the means by which the handles are joined to the gauges. Each gauge for an
internally threaded adapter is to have the letters "FEM" or some other designation on the same face on
which the size appears.

5.1.10 When comparing the throat diameter of a finished fitting to the values in Table 5.1, measurements
are to be made by means of a machinist's inside micrometer caliper that is equipped with a ratchet. The
calibration of the scale is to facilitate estimation of each measurement to 0.0001 inch (0.003 mm).

5.1.11 The throat diameter at any point in a fitting shall be equal to or greater than the applicable value
specified in Table 5.1. Four measurements of the throat diameter of each fitting are to be made to make
certain that the smallest diameter has been included. Each measurement is to be estimated| to the nearest
0.0001 inch (P.003 mm) and recorded. The smallest of all of the recorded diameters_is)to’[be rounded to
the nearest 0.001 inch (0.03 mm). When rounding, an even number in the third’ de¢imal place is
unchanged if{the number in the fourth decimal place is five and there is no number or zgro in the fifth
place.

5.1.12 The throat diameter of the stop in an internally or externally threaded adapter shall be within the
limits specifiefd in Table 5.6 as determined by application of the limit gauges illustrated in Higure 5.1. The
dimensions of the gauges are specified in Table 5.4.

Table 5.6
Throat diameters of threaded adapters
Trade size of (metric Throat diameter, in (mm)
conduit designator) Maximum Minimum

1/2 (16) 0.622 (15.80) 0.591 (15.01)
3/4 21 0:824 (20.93) 0.783 (19.89)

1 (27) 1.049 (26.64) 0.997 (25.32)
1-1/4 (35) 1.380 (35.05) 1.311 (33.30)
1-1/2 (41) 1.610 (40.89) 1.529 (38.84)
2 (53) 2.067 (52.50) 1.964 (49.89)
2-1/2 (63) 2.469 (62.71) 2.346 (59.59)
3 (78) 3.068 (77.93) 2.915 (74.04)
3-1/2 (91) 3.548 (90.12) 3.371 (85.62)
4 (103) 4.026 (102.26) 3.825 (97.16)

5 (129) 5.047 (128.19) 4.795 (121.79)

6 (155) 6.065 (154.05) 5.762 (146.35)

5.2 Fabricated fittings

5.2.1 If a rigid polyvinyl chloride (PVC) conduit fitting is fabricated or machined from a length of PVC
conduit, the conduit used shall comply with requirements in Sections 1 — 4 and 6, but the fittings need not
be subjected to the tests specified in 7.2.3,7.2.4,7.2.5,7.2.7,7.2.8,and 7.2.9.

5.2.2 Arigid polyvinyl chloride (PVC) conduit fitting fabricated from a nonstandard size of rigid PVC pipe
is acceptable. That pipe need not be investigated for compliance with all of the requirements applicable to
rigid PVC conduit if:
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a) An acceptable compound is employed using the same extrusion techniques as are used for rigid
PVC conduit; and

b) The pipe is subjected to and complies with the extrusion-process requirements applicable to
rigid PVC conduit.

5.2.3 If an offset rigid polyvinyl chloride (PVC) conduit fitting is fabricated or machined solely from a
length of PVC conduit, the conduit used shall comply with requirements in Sections 1 — 4 and 6, prior to
fabrication or machining.

5.2.4 An offset rigid polyvinyl chloride (PVC) conduit fitting that is fabricated or machined solely from a
length of PVC conduit, need not comply with the minimum average inside diameter of Schedule 40 and 80
rigid PVC confiuit requirements found In Table 4.3, nor be subjected to the tests speciiied ih 7.2.3, 7.2.4,
7.25,7.2.7,7P2.8,and 7.2.9.

5.3 Junction-box adapters

5.3.1 A junciion-box adapter shall be capable of being secured by means. ef,a solvent type cement in a
hole that is fie|d cut — drilled or sawn — in a wall of a polyvinyl chloride (RVE) box. The adapter shall have
smooth, rounded surfaces and shall have a flange wide enough to completely cover the edges of the hole
in the box. The flange shall be at least 1/8 inch (3.2 mm) wide on adapters for 1-1/2 (41) and smaller sizes
of rigid PVC conduit and shall be at least 1/4 inch (6.4 mm) wide for'larger trade sizes of conduit.

5.3.2 When @ssembled to a box with a coupling as intended,-an adapter shall provide a positive end stop
for rigid PVC ¢onduit. The outside diameter of the adapter;-at the point where it enters the ¢oupling, shall
be within the gpplicable limits specified in Table 4.1 and Table 4.2.

5.4 Expansipn, expansion-deflection, or deflection joints

5.4.1 An exgansion joint is intended to, compensate only for linear thermal expansion of g span of rigid
PVC conduit.

5.4.1.1 An expansion-deflectionsjoint is intended to compensate for linear expansion and c¢mpensate for
lateral or angular deflection ina\span of rigid PVC conduit.

5.4.1.2 A deflection jaint\intends to compensate only for lateral or angular deflection in g span of rigid
PVC conduit.

5.4.1.3 An ekpansion, expansion-deflection or deflection joint shall be capable of being|connected to
rigid PVC conduitoracouptingatbothrends by meansof asotvent-typecement:

5.4.2 Unless a joint, which allows movement between the joint and adjacent conduit lengths is fastened
at one end to rigid PVC conduit, a stop shall be provided to prevent the movable member of the joint from
exposing either of the cut ends of the conduit lengths to which the joint is connected.

5.4.3 The inside end or ends of rigid PVC conduit and the joint at their interface, regardless of the
adjustment position, shall be free of any snags that would impede fish tape or wires from being passed
through the joint. The ends shall be beveled to remove any existing snags.

5.5 Threaded adapters

5.5.1 A threaded adapter shall be internally or externally threaded.
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5.5.2 All threads shall be full and cleanly cut or molded and shall comply with Pipe Threads, General
Purpose (Inch), ASME B1.20.1-1983.

5.5.3 The threaded portion shall be long enough so that the fitting complies with Bending Test, 7.2.8, and

Pull Test, 7.2.

9. There shall not be fewer than five full perfect threads.

5.5.4 The threads shall be straight or, if tapered, have a taper of 3/4 inch or less per foot (5 mm or less

per 80 mm).
5.6 Service

5.6.1 Anon

entrance head

metallic service-entrance head shall comply with the tests for Nonmetallic Se

rvice-Entrance

Heads specifi
5.7 Wet-loc
5.7.1 Afittin
5.8 End bel

581 Endb
handhole enc
the minimum

su1227

ed in 7.3.

ation fittings

h intended for use in a wet location shall comply with the Wet-Locations Test, 7
Is

blls shall be intended for connection to the end of xigid PVC conduit entering
osure but not a junction box. See Figure 5.2. Anend bell fitting is not required
hickness of the wall of the unthreaded portionias specified in Table 5.2.

Figure 5.2
End bell-application

a manhole or
to comply with
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5.9 Push-fit fittings

5.9.1 A push-fit fitting shall be constructed as described in 5.1.

5.9.2 A nonmetallic push-fit fitting shall comply with the tests for push-fit fittings specified in 7.6.

5.9.3 A push-fit fitting intended for use in a wet location shall comply with the Wet-Locations Test, 7.3.2.

5.9.4 A push-fit fitting intended to be installed, uninstalled and then reinstalled not more than 10 times
may be marked for “re-use” or “reusable” when the fittings have subjected to the conditioning as indicated
in 7.6.1.6 and yield compliant results when subjected to the performance tests of 7.6.1.1 through 7.6.1.5.

PERFORMANCE
6 Rigid PVC Conduit
6.1 General

6.1.1 Specinpens of rigid PVC conduit shall be subjected to the tests\specified in Table|6.1. Modified
tests, or additipnal tests other than those specified in Table 6.1, maybe determined necessary. Other test
requirements fo be considered include the installation of wires; resistance to arcing, ang dimensional
stability.

Table 61
Tests for rigid PVC conduit

Test Location
Tensile strength 6.2
Extrusion 6.3
Water absorptio

Resistance to impact
Identification of gompounds

Deflection under|load

A A
© [ N o [»

Resistance to crpishing

Integral couplings 6.10
Flame 6.11
Directional boring underground conduit — Schedule 40 and 80 6.12
Joint water tightness 6.12.1
Joint separation 6.12.2
Pipe stiffness 6.12.3
Elastomeric materials accelerated aging 6.12.4
Resistance to specific reagents 6.13
Sunlight resistance 6.14
Schedule 40 and 80 for use with 90° wire 6.15
Permanence of printing 6.16
Stiffness of Type EB 6.17

6.1.2 Schedule 40 rigid PVC conduit intended for underground use only is not required to be subjected to
performance tests for Flame, 6.11, or Sunlight Resistance, 6.14.
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6.1.3 Unless otherwise specified all specimens for each of the performance tests in this standard shall
be preconditioned for at least 24 hours, in still air, at a temperature of 23.0 +2.0°C (73.4 £3.6°F).

6.2 Tensile strength
6.2.1 Preparation of specimens
6.2.1.1 General

6.2.1.1.1 The average tensile strength of three aged specimens of finished rigid PVC conduit shall equal
or exceed 95 percent of the average tensile strength of three unaged specimens of conduit. The
procedures (similar to those described in the Standard Test Method for Tensile Praoperties of Plastics,
ASTM D 638) for preparing and conditioning the specimens, for making the measurements, and for
calculating th¢ average tensile strengths are indicated in 6.2.1 — 6.2.3. The average tensile gtrength of the
unaged specimens shall comply with the limit established for the compound used but, in gny case, shall
not be less than:

a) 5,000 psi (34.5 MN/m?) (3.45 kN/cm?) (3515 gf/mm?) for Schedule 40 and 80 rigifi PVC conduit
and

b) 400D Ibf/in? (27.6 MN/m? or 2.76 kN/cm? or 2812 gf/mm?) fér Type A and EB rigid RVC conduit.

6.2.1.1.2 Six specimens are to be cut from sample lengths.of each trade size of finished|conduit. Each
cut is to be made in a plane perpendicular to the longitudinal axis of the conduit. Each trade size is to be
tested on the pvailable power-driven machine. Each sample of:

a) Schiedule 40, Schedule 80, Type A conduitis to be 15 inches (380 mm) long;

b) Eagh sample of Type EB rigid PVC conduit is to be minimum 8-1/2 inches (216 mm) long.

6.2.1.1.3 Mgasurements are to be made by means of two machinist's micrometer calipels, each with a
ratchet and alflat-ended spindle. The(calibration of the scale on each caliper is to facilitat¢ estimation of
each measur¢ment to 0.0001 inch.or 0.001 mm. The anvil is to be:

a) Herpispherical on thé caliper used for thickness measurements of each sample of Schedule 40,
Schedule 80, Type A and EB rigid PVC conduit and

b) Flaf on the caliper used for diameter measurements of each sample of Schedulqg 40, Schedule
80 ang TypeA-rigid PVC conduit.

6.2.1.1.4 Therigid PVC conduit is to be smooth and clean wherever it is touched by a spindle or anvil.
While measurements are being made, the conduit and the air around it are to be in thermal equilibrium
with one another at a temperature of 23.0 +2.0°C (73.4 +3.6°F).

6.2.1.1.5 The wall thickness is to be measured at each end of each specimen by means of the caliper
with the hemispherical anvil. At least four measurements are necessary at each end to make certain that
the thickest and thinnest parts of the wall are found. Each measurement is to be estimated to the nearest
0.0001 inch or 0.001 mm and recorded. The average of all of the recorded thicknesses is to be determined
to the nearest 0.001 inch or 0.01 mm for each specimen and recorded as T.

6.2.1.2 Schedule 40 and 80 and Type A

6.2.1.2.1 The outside diameter is to be measured at the center and each end of each specimen of
Schedule 40, Schedule 80 and Type A conduit by means of the caliper with the flat anvil. At least four
measurements (every 45 degrees) are necessary at each location to make certain that the largest and
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smallest diameters are found. Each measurement is to be estimated to the nearest 0.0001 inch or 0.001
mm and recorded. The average of all of the recorded diameters is to be determined to the nearest 0.001
inch or 0.01 mm for each specimen and recorded as D.

6.2.1.2.2 The center 2-1/4 inch (57 mm) section of each specimen of Schedule 40, Schedule 80 and
Type A conduit is to be reduced in diameter as illustrated in Figure 6.1. The diameter D, to which the

section is to be reduced is to be determined from the expression:

in which:

D,=D— 08T

D is the

T is thg

6.2.1.2.3 The¢ resulting value (D,) is to be recorded to the nearest 0.001 inch or@:01 mm. W

taken to main
Schedule 40,

the reduced s
approximately|
Any marks left
paper. The dir
specimen, the
other visible in
of the reduce
diameter mea

straight portiof of the reduced section is to be measured in the manner indicated in 6.2.1.2.

recorded as D

outside diameter as determined in 6.2.1.2.1, and

average thickness as determined in 6.2.1.1.5

ain concentricity, a lathe is to be used to reduce the center section of each
Schedule 80 and Type A conduit approximately to D,. As indicated in Figure 6.
pction is to be joined to the outside diameter, D, by a transition section havi
3 inches (76 mm). The transition and reduced sections are to be tangent tg
by the machining operation are to be removed bydight sanding with No. 00 or

finished surface of the reduced section is to be-smooth and is not to have an
hperfections. The diameter measured at apy/point in the straight 2-1/4 inch (5
] section of any specimen is not to deviate more than 0.001 inch or 0.01
sured at any other point of the straightportion of the reduced section. The d

for each specimen.

ith care being
specimen of
|, each end of
g a radius of
one another.
finer abrasive

pction of sanding is to be parallel to the longitudinal axis of the resulting specimen. On each

scratches or
Y mm) portion
mm from the
ameter of the
1 and is to be
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Figure 6.1

Specimen of PVC conduit
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Note: The transition and reduced sections are to be mutually tangent.

6.2.1.2.4 The cross-sectional area of the sfraight portion of the reduced section is to be ¢alculated and
recorded in spuare inches or in mm? for each specimen Schedule 40, Schedule 80 and Type A conduit
from the folloyving expression. The area:in’m? can be obtained by multiplying the area calqulated in mm?
by 10°®. The grea in cm? can be obtained by multiplying the area calculated in mm? by 10™.

A =0.7854(D,>~ D>~ 4T*+4DT)

in which:

D, D, gnd Tare as indicated in 6.2.1.2.2.

6.2.1.3 TypeEB

6.2.1.3.1 A longitudinal strip 3/4 inch (19 mm) wide is to be cut from each tube of Type EB rigid PVC
conduit. Each cut is not to be made radially but is to be made in a plane parallel to the longitudinal axis of
the tube. The center 2-1/4-inch (57-mm) section of each strip is to be reduced in width to 1/2 inch (13 mm)
as indicated in Figure 6.2, and each end of the reduced-width section is to be joined to the wider end
section by a transition section having a radius in the neighborhood of 3 inches (76 mm). The transition and
reduced-width sections are to be tangent to one another. As indicated in Section A-A of Figure 6.2, each
edge of the reduced-width section is to be in a plane parallel to the longitudinal axis of the resulting
specimen. Any marks left by the machinery operation are to be removed by light sanding with No. 00 or
finer abrasive paper. The direction of sanding is to be parallel to the longitudinal axis of the specimen. On
each specimen, the finished surface of each edge of the reduced-width section is to be smooth and
without any scratches or other visible imperfections. The width measured at any point in the straight 2-1/4-
inch (57-mm) portion of the reduced-width section of any specimen is not to deviate more than 0.001 inch
or 0.01 mm from the width measured at any other point of the straight portion of the reduced-width section.
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Figure 6.2

Shape and dimensions of curved-strip specimen of Type EB rigid PVC conduit
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Note: The transitign and reduced sections are to be mutually tangent.

6.2.1.3.2 The¢ curved dimension S (see Figure 6.2) of the reduced-width section of each specimen of
Type EB rigid PVC conduit is to be measured.by means of a flexible measuring tape. The me¢asurement is
to be made at fhe center of the reduced-width section and is to be recorded as S for each segtion.

6.2.1.3.3 The¢ cross-sectional area.of the straight portion of the reduced section is to be dalculated and
recorded in sduare inches (mm?)yfor each curved-stripr specimen of Type EB rigid PVC copduit from the
expression:
A=ST

in which:

S is the curved dimension as determined in 6.2.1.3.2, and

T is as defined previously.

6.2.1.3.4 The area in m? can be obtained by multiplying the area calculated in mm? by 10®. The area in
cm? can be obtained by multiplying the area calculated in mm? by 10™.

6.2.2 Conduct of test

6.2.2.1 After performing the applicable measurements in 6.2.1, three specimens are to be supported in a
full-draft circulating-air oven preheated at a full draft to 113.0 £1.0°C (235.4 +1.8°F). The specimens are to
be arranged and supported so that they do not touch each other or the walls of the oven. One method is to
space the specimens on an open-mesh shelf about 2 inches (50 mm) above the floor of the oven to
maintain the full circulation of air around and through the specimens. The oven is to be operated at full
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draft for 168 hours at 113.0 +1.0°C (235.4 £1.8°F). The specimens are then to be removed from the oven
and cooled in still air.

6.2.2.2 No sooner than 16 hours and no later than 96 hours after the three specimens mentioned in
6.2.2.1 are removed from the oven, all six specimens are to be tested in succession. While the testing is in
progress, the specimens, the test equipment, and the surrounding air are to be in thermal equilibrium with
one another at a temperature of 23.0 £2.0°C (73.4 £3.6°F).

6.2.2.3 Aright-circular metal plug is to be inserted in each end of each tubular specimen, if necessary, to
keep the specimens from being crushed by the grips on the testing machine. Each plug is to fit snugly for
its entire length and is to extend 1 inch (25 mm) farther into the specimen than the end of the grips.

6.2.2.4 Each tubular and curved-strip specimen is to be tested until it parts on a power:driven machine

on which the

grips separate at the rate of 1/2 £1/8 inch (10.0 £2.5 mm) per minute. The,m

observed for ¢ach specimen is to be recorded in pounds force or newtons or gram force:

6.2.3 Resul

6.2.3.1 The
cross-section
unaged speci

s

bl area A. The average tensile strengths of the three conditioned specimens a
mens are to be determined and recorded for comparisen with the requirements

6.3 Extrusion

6.3.1
any evidence
are prepared
in the Standg
Molded Fitting

The priocesses of extrusion shall result in finished rigid PVC conduit whose surfaceg

of incomplete fusion after immersion of\the conduit in anhydrous acetone wH
and tested as indicated in 6.3.2 and 6:3.3. These procedures are similar to th
rd Test Method for Adequacy of Fusion of Extruded Poly (Vinyl Chloride) (R
s by Acetone Immersion, ASTM.D 2152.

6.3.2 Acetope [dimethyl ketone (CH3),€Q] is an extremely volatile liquid whose vapors {

mixtures with
Acetone and
the skin, and
inhaled. Beca
own covered
(CaS0,).

6.3.3 A spe

air. Open flames, glowing cigarettes, and other sources of ignition must
hcetone-PVC produets are toxic, damaging to clothing, and rapidly absorb mo
pther sources. They should not touch the skin, nor should the vapors of these
use acetone with’moisture is ineffective, the test is to be conducted with each

container~Acetone can be dehydrated by filtering it through anhydrous ca

Cimen” 1 inch (25 mm) Iong is to be cut from a Iength of f|n|shed r|g|d PVC

prudent attent

ximum load L

tensile strength of each specimen is to be calculated by dividing the maximunp load L by the

hd of the three
in6.2.1.1.1.

do not exhibit
en specimens
ose described
VVC) Pipe and

orm explosive
be kept away.
sture from air,
substances be
specimen in its
cium sulphate

conduit. With

ydrous acetone

of the American Chemlcal Society reagent grade for 20 minutes at a temperature of 23.0 £2.0°C (73.4
+3.6°F) and then examined. For conduit having a nominal wall thickness greater than 0.125 inch (3.18
mm), a portion of the wall at one location shall be removed so that approximately 1/16 inch (1.5 mm)
remains. Removal shall be affected by filing, sanding or another means at a rate that does not result in
localized heating of the surface. There shall be no evidence of flaking on most of any surface (interior,
exterior, or that exposed by material removal) of the sample. Flaking on the cut edges is to be disregarded.
See Figure 6.3 for examples.
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Figure 6.3

Samples after extrusion/molding-process test

su0676

NOTES -

1. Upper left corner — Acceptable flaking (mild and covers only part of surface).

2. Upper right corner — Unacceptable flaking and peeling (severe and covers most surfaces).
3. Lower left corner — Acceptable weld line (uniform width and depth with no cracks).

4. Lower right corner — Unacceptable weld line (uneven depth and definite crack in center).
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6.4 Low-temperature handling

6.4.1

Deleted

6.4.2 Deleted

6.5 Watera

6.5.1

bsorption

Finished rigid PVC conduit shall not absorb any more water than 0.50 percent of its own weight

while immersed for 24 hours in distilled water. The test is to be done as indicated in 6.5.2 — 6.5.4 (similar to
the 24-hour immersion in Standard Test Method for Water Absorption of Plastics, ASTM D 570).

6.5.2 Specis
50.0 £3.0°C (
12.0°C (73.4

6.5.3 A cles
preconditione]
hours in distil
removed fror
immediately ri

6.5.4
soluble mater
temperature
immediately v

122.0 £5.4°F) for 24 hours, after which they are to remain in still air at attemp
-3.6°F) for 24 hours.

n, dry specimen of finished rigid PVC conduit at least 6 inches’ (150 mm
d as indicated in 6.5.2; weighed (W,) to within 5 mg of balance; and then im
ed water that is at a temperature of 23.0 +2.0°C (73.4 +3:6°F). The specime
n the water, dried quickly inside and out with a clean-piece of soft lintlg
bweighed (W,) to within 5 mg of balance. W,/W, shall not be larger than 1.005

If a sample is known to contain, or is suspected of\containing, appreciable amo

ial, two specimens are to be preconditioned-by drying in a full-draft circulatin
bf 50.0 +3.0°C (122.0 + 5.4°F) for 24 Aours, cooled in a desiccator for !
eighed (W1). The specimens are then to be immersed in distilled water for 24

water at a temperature of 23.0 £2.0°C (73.4 +3.6°F); Immediately following this immersion,

are to be recq
24 hours, ang
less than W;.

6.6 Resista

6.6.1 A crad
PVC conduit §

6.6.2 Ten 6
finished lengt
temperature

nditioned for 24 hours in the oven-at 50.0 £3.0°C (122.0 £5.4°F), cooled in a
immediately reweighed (W2).*The rigid PVC conduit is to be separately ev3

hce to impact

pecimens as\the result of the impact described in 6.6.2.

inch (1560rmm) specimens without cracks, tears, or other imperfections are
hs of‘€ach trade size of rigid PVC conduit. The specimens are to be conditio

hens are to be preconditioned by drying in a full-draft circulating-air oven at'a lemperature of

brature of 23.0

long is to be
mersed for 24
h is then to be
ss cloth, and
.

unts of water-
J-air oven at a
P4 hours, and
hours with the
he specimens
desiccator for
luated if W, is

k or tear longer-than 1/32 inch (0.8 mm) shall not appear in seven out of ten finished rigid

o be cut from
ned in air at a

bf. 2370 +2.0°C (73.4 +3.6°F) for a minimum period of 4 hours before beir

g tested. The

specimens ar

e to betested separatety, withimt5-secondsafter conditioning, white Testing

n a solid, flat,

steel plate that is at least 1/2 inch (13 mm) thick and is firmly anchored with its upper surface horizontal. A
protective cage is to surround the plates and specimen to reduce the likelihood of injury from pieces of
broken conduit in the event that the conduit flies apart. A steel weight in the form of a solid, right-circular
cylinder with a flat impact face having rounded edges is to fall freely through a vertical guide from the
height indicated in Table 6.2. For Schedule 40, Type A and EB rigid PVC conduit, the weight shall be 20
Ibs (9.1 kg) and the cylinder shall have a diameter of 2 inches (51 mm). For Schedule 80 conduit the
weight shall be 75 Ib (34 kg) and the cylinder shall have a diameter of 6 inches (150 mm). The flat face of
the weight is to strike the center of the specimen across the diameter and along the longitudinal axis once
(provision is to be made for keeping the weight from striking the specimen more than once).

6.6.3 The rigid PVC conduit shall not crack or tear longer than 1/32 inch (0.8 mm) along the outer surface
of more than three of the ten specimens.
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Table 6.2
Impact test
Height of the face of the weight above the specimen before the weight is released
Trade (Metric Schedule 40 Schedule 80 Type APVC Type EB PVC
size designation) feet (m) feet (m) feet (m) feet (m)

12 16 2-1/2 0.762 1-1/4 0.381 1-1/2 0.457 a a

3/4 21 4 1.22 1-1/4 0.381 2 0.610 a a

1 27 5 1.52 2 0.610 4 1.22 a a

1-1/4 35 6 1.83 2-1/4 0.686 6 1.83 a a

1-1/2 41 7-1/2 2.29 2-1/2 0.762 7-1/2 2.29 a a
2 53 9-1/2 2.90 4 1.22 9-1/2 2.90 2-112 0.762
2-1/2 63 10-1/2 3.20 5 1.52 10-1/2 3.20 2112 0.762
3-6 78 — 155 11 3.35 7 213 11 3.35 2-1J2 0.762

@ These requirements will be added as these sizes are investigated and determined to be acceptable.

6.7 Identificption of compounds

6.7.1 The nfaterial of which rigid PVC conduit is constructed shall be subjected tq the infrared
spectroscopy [(IR), thermogravimetric analysis (TGA), and differential scanning calorimetry (DSC) tests
specified in accordance with Polymeric Materials — Short Term Property Evaluations, UL 746A.

6.8 Deflectigpn under load — Schedule 40 and 80 and Type A
6.8.1 General

6.8.1.1 The pverage temperature at which, simply-supported, center-loaded bar specimgns machined
from finished $chedule 40, Schedule 80 and_ Type A rigid PVC conduit deflect 0.010 inch (0.25 mm) shall
not be lower than:

a) 70.0PC (158.0°F) at a stress of 66 psi (455 kN/m?) (45.5 N/cm?) (46.4 gf/mm?) and

b) 62.0FC (143.6°F) at.a'sttess of 264 psi (1.82 MN/m?) (182 N/cm?) (186 gf/mm?).

6.8.1.2 The $pecimengreferenced in 6.8.1.1 are to be prepared and the test conducted gs indicated in
6.8.2-6.8.4.

6.8.2 Preparation of specimens

6.8.2.1 Atleast six rectangular specimens that are of any convenient but uniform thickness, 0.50 inch (13
mm) high and 5.0 inches (127 mm) long, are to be machined from sample lengths of finished of Schedule
40, Schedule 80 and Type A rigid PVC conduit of the 4 (103) or larger trade size. All adjacent surfaces of
each specimen are to be mutually perpendicular and smooth, flat, and without any visible imperfections
such as scratches.

6.8.3 Test apparatus

6.8.3.1 The apparatus is to consist of a container in which a specimen can be supported and loaded as
shown in Figure 6.4 while immersed in a liquid heat-transfer medium as shown in Figure 6.5. The
coefficients of linear thermal expansion of the rod through which the load is applied, and of the vertical
members that connect the specimen supports to the upper plate, are to be equal. A dial micrometer, on
whose scale the smallest division represents 0.0005 inch (0.01 mm), is to be coupled to the loading rod for
the purpose of measuring the deflection at the center of the specimen.
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Figure 6.4

Details of support and loading of specimen

THICKNESS NOT
SPECIFIED

ROD THROUGH WHICH LOAD IS
APPLIED VERTICALLY DOWNWARD

PRESSER FOOT AT
CENTER OF SPECIMEN AND
M|DWAY BETWEEN SUPPORTS

1/8
RADIUS

/2 \ IDENTICAL, "SPECIMEN
\>/>\\171 SUPRORTS
SB0880
All dimensions arle in inches with mm tabulated below
Ifimension in drawing in inches Dimension in mm
1/8 3
1/4 6.5
1/2 13
2 51
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Figure 6.5

Test apparatus for deflection

STIRRER

| LOADING ROD 1
THERMOMETER WEIGHT
r'd DIAL MICROMETER 10
[ 7 ’r/ 77 77} UPPER PLATE ——a{7 77777 Y/ /272147
/ /
1 1 -4 VERTICAL MEMBERS 4 /
" ]
111 : / /
g n PRESSER FOOT / N ’
111 AU SPECIMEN ’\'ﬂ /
" l—lﬂ A | /\I ) [/
2277 Z SPECIMEN SUPPORTS ¢ g
- / e i
7 7 VAV AV A4 -\CONTAINER s v 4 7

SB0881—I

FRONT VIEW \
HEATER

6.8.3.2 The liquid used as the heat-transfer medium is to be one that does not affect the|rigidity of the
specimen at rgom or elevated temperature.

6.8.3.3 An imhmersion or other heater, whose output is adjusted by a means such as a

rheostat or a

variable transformer, is to be provided for heating the liquid at the rate of 2.00 +0.20°C (3.6Q +0.36°F) per
minute. A means is to be provided for stirring or otherwise circulating the liquid continuougly during the

heating period|

6.8.3.4 An agcurate mercury or other thermometer covering a range of at least 20 — 75°C (68 — 167°F) is

to be mounted where its bulb is close to but not touching the top surface of a specime

specimen is in|place. The bulb is not to be farther away from a specimen than 1/8 inch (3 m

whenever a

).

6.8.3.5 A device that does not affect the load on a specimen may be included in the apparatus to
disconnect the heater and energize a lamp, bell, or other indicator when a deflection of 0.010 inch (0.25

mm) occurs.

6.8.4 Conduct of test

6.8.4.1

A specimen is to be placed as indicated in Figure 6.4 and Figure 6.5 with the presser foot not

touching the specimen. The liquid is to be poured into the container to a depth that covers the
thermometer to the level specified in its calibration. The stirring or circulating device is to be started and
the temperature is to be noted. The apparatus, specimen, and liquid are to be in thermal equilibrium with
one another and with the surrounding air at a temperature of 23.0 +2.0°C (73.4 +3.6°F) before proceeding

further.
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6.8.4.2 The total force, F, to be exerted by the presser foot on a specimen is to be determined from
whichever of the following formulas is applicable. In each case, the weight W that is to be added to the
loading rod to make the presser foot bear on a specimen with force F is equal to F minus the weight of the
loading rod minus the force of the spring in the dial micrometer.

TH,
grams Fgg,; =19, 958ﬂ
Lin

in which:

Fes psi is the force in grams to stress the specimen to 66 psi;

T, is the measured thickness of the specimen in inches;
H,, is the measured height of the specimen in inches; and

L;, is the measured distance between the centers of the specimen supperts in inches

2
TmHmm

m

newtons Fyssnm>= 0.3 I

mm

in which:
F 455 kndm? is the force in newtons to stress the specimen to 455 kN/m? (45.5 N/cm?);
Tmm iS|the measured thickness of the specimen in millimeters;
H,.m idthe measured height of the specimen in millimeters; and
L,.m is|the measured distance between the centers of the specimen supports in millimjeters.

L

mm

grams }?46.4g/'/mm2 =31

in which:

F6.4 g5 2 is\the force in grams to stress the specimen to 46.4 gf/mm2 and

L LI L H L . L
Tonmy Hom @ areasexplaimed-previousty:

6.8.4.3 The presser foot is to be lowered gently and left to bear on the specimen for 5 minutes (no
waiting period is necessary if it is known that the material of which the specimen is made does not creep
appreciably in 5 minutes). The scale on the dial micrometer is then to be adjusted to zero and the heater is
to be energized to raise the temperature of the liquid at the rate of 2.00 +0.20°C (3.60 +0.36°F) per minute.
The heating is to continue until the micrometer indicates that the specimen is deflected 0.010 inch (0.25
mm), at which point the temperature is to be noted and recorded.

6.8.4.4 The procedure in 6.8.4.1 — 6.8.4.3 is to be repeated on two more specimens of Schedule 40,
Schedule 80 and Type A rigid PVC conduit. The average of the three temperatures shall not be lower than
70.0°C (158.0°F).

6.8.4.5 After the apparatus has cooled, the procedure in 6.8.4.1 — 6.8.4.4 is to be repeated on the
second set of three specimens of Type A PVC conduit but with the presser foot bearing on a specimen
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with a force that stresses the specimen to 264 psi (1.82 MN/m? or 182 N/cm? or 1856 gf/mm?). The total
force Fog4 to be exerted by the presser foot is to be determined from whichever of the following formulas is
applicable:

2
grams Fygy ;= 79,832——
Lin
in which:

F264psi IS the force in grams to stress the specimen to 264 psi,

T is theTeasured tHickIesS of te SpEeCmeTT ITITTHES,
H,, is the measured height of the specimen in inches, and

L;, is the measured distance between the centers of the specimen supports.n inches.

2
Tmm H mm

L

mny

newtons Fy gy yv/m2 = 1.2

in which:
F1 a2 b’ is the force in newtons to stress the specimeh to 1.82 MN/m? or 182 N/cm?
Tmm is the measured thickness of the specimen,in-mm,
H.m is the measured height of the specimen-in mm, and
L,..m is the measured distance between the centers of the specimen supports in mm.
2

F — 1237M
grams Y'gse of /mm? I

mm

in which:

F 1856 gf 2 is theforce in grams to stress the specimen to 1856 gf/mm? and

Tmm Hlamy @nd L, are as explained above.

6.8.4.6 The average of the three temperatures shall not be lower than 62.0°C (143.6°F).
6.9 Resistance to crushing — Schedule 40 and 80 and Type A

6.9.1 Six-inch (150-mm) specimens of finished rigid PVC conduit shall not flatten under the load
indicated in Table 6.3 to the point where they buckle. The minor axis measured inside each loaded
specimen shall not be less than 70 percent of the inside diameter of the specimen measured before
loading. The test is to be done as indicated in 6.9.2 (similar to the procedure described in Standard Test
Method for Determination of External Loading Characteristics of Plastic Pipe by Parallel-Plate Loading,
ASTM D 2412).

6.9.2 Three 6-inch (150-mm) specimens are to be cut from finished lengths of each size of rigid PVC
conduit. The specimens, the testing machine, and the surrounding air are to be in thermal equilibrium with
one another at a temperature of 23.0 +2.0°C (73.4 +3.6°F) during the test. The inside diameter of each
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specimen is to be measured. The specimens are then to be tested separately between a pair of rigid, flat,
steel plates that are at least 6 inches (150 mm) long and are horizontal and parallel to one another. One
plate is to be moved toward the other at the rate of 1/2 £1/8 inch (10.0 £2.5 mm) per minute, until the load
specified in Table 6.3 is applied as indicated on the dial on the machine. The rigid PVC conduit shall show
no signs of pulling away from contact with either plate during or after application of the load (buckling). The
minor axis measured inside any flattened specimen shall not be less than the Table 6.3 percentage of the
inside diameter of that specimen as measured before loading.

Table 6.3

Load for crushing test

A for o inaldlEO s
b LS LA LA A LLLLLY Bid o4
Trade ("e‘Efric Schedule 40 (70)? Schedule 80 (70)? TypeA (70)?

Size depig.) Ibf N kgf Ibf N kgf Ibf N kgf
1/2 6 1000 4450 453.6 300 13B4 136
3/4 D1 1000 4450 453.6 300 1334 136

1 D7 1000 4450 453.6 300 13B4 136
1-1/4 B5 1000 4450 453.6 300 13B4 136
1-1/2 & 750 3336 340.0 350 1567 159

2 b3 700 3113 317.5 2000 for | 8896 fof 907 for 450 20p0 204
2-1/2 53 1000 4450 453.6 all sizes | allsizes | all sizes 425 18P0 193

3 78 1000 4450 453.6 450 20p0 204
3-1/2 D1 1000 4450 453.6 550 24446 249

4 103 900 4003 408.2 525 235 238

5 129 850 3780 385.5 b [ b

6 155 850 3780 385.5 b [ b

by the load.

® These requirefnents will be added as these sizes.are determined to be acceptable

& The figure in parentheses is the percentage of its originahlength to which the minor axis of the loaded specimen

an be reduced

6.10 Tests ¢n integral couplings'— Schedule 40 and 80 and Type EB

6.10.1 Extrision

6.10.1.1  Ong complete integral coupling of each trade size of Schedule 40, Schedule 8(
rigid PVC copduitsshall be subjected to the extrusion-molding process test as describe

Process, 6.3.

6.10.2 Low-temperature handling

6.10.2.1 Deleted

6.11 Flame test — Schedule 40 and 80

6.11.1 General

and Type EB

d in Extrusion

6.11.1.1 Vertical specimens of the finished Schedule 40, Schedule 80 rigid PVC conduit shall not flame
for longer than 5 seconds following any of three 60-second applications of flame, the period between
applications being 30 seconds. The conduit shall not be capable of igniting combustible materials in its

vicinity during, between, or after the three applications of the test flame (see 6.11.4.1).
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6.11.2 Preparation

6.11.2.1 This test is to be performed on at least 3 unaged specimens tested separately with each
positioned in a 3-sided metal enclosure in an exhaust hood or cabinet. The metal enclosure is to be 12
inches (305 mm) wide, 14 inches (355 mm) deep, 24 inches (610 mm) high, and the top and front are to be
open. An 18 inch (457 mm) specimen of finished rigid PVC conduit is to be secured with its longitudinal
axis vertical in the center of the enclosure. A flat, horizontal layer of untreated surgical cotton 1/4 — 1 inch
(6 — 25 mm) thick is to cover the floor of the enclosure. The upper surface of the cotton is to be 9 — 9-1/2
inches (229 — 241 mm) below point B, which is the point at which the tip of the blue inner cone of the test
flame touches the specimen (as shown in Figure 6.6).



https://ulnorm.com/api/?name=UL 651 2022.pdf

MAY 10, 2022

UL 651

41

Figure 6.6

Essential dimensions in inches and mm for flame test
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Proportions exaggerated for clarity of detail.
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6.11.2.2 Tirrill gas burner (such a burner differs from a Bunsen burner in that the air and gas flows are
adjustable) with a gas pilot light attached is to supply the flame. The barrel of the burner is to extend 4
inches (102 mm) above the air inlets and its inside diameter is to be 3/8 inch (9.5 mm). While the barrel is
vertical and the burner is well away from the specimen, the overall height of the flame is to be adjusted to
approximately 4 — 5 inches (100 — 125 mm). The blue inner cone is to be 1-1/2 inches (38 mm) high and
the temperature at its tip is to be 816°C (1500°F) or higher as measured using a chromel-alumel (nickel-
chromium and nickel-manganese-aluminum) thermocouple. Without disturbing the adjustments for the
height of the flame, the valve supplying gas to the burner flame and the separate valve supplying gas to
any pilot flame are to be closed.

6.11.2.3 A wedge (see Figure 6.7) is to be provided for tilting the barrel 20 degrees from the vertical while
the longitudinal axis of the barrel remains in a vertical plane. The burner is to be secured to the wedge and
the assembly [ST0 be plfaced in an adjustable support jig. A layer of unireated surgical cotton 1/4 — 1 inch
(6 — 25 mm) thick is to be placed on the wedge and around the base of the burner. The jig)is{o be adjusted
toward one side or the other of the enclosure to place the longitudinal axis of the barrel'in the|vertical plane
that contains the longitudinal axis of the specimen. The plane is to be parallel to the.sides of {he enclosure.
The jig shall aJso be adjusted toward the rear or front of the enclosure to positiofivthe point 4, which is the
intersection of|the longitudinal axis of the barrel with the plane of the tip of the barrel, 1-1/2 inches (38 mm)
from the poinf B at which the extended longitudinal axis of the barrel megets the outer gurface of the
specimen. Point B is the point at which the tip of the blue inner cone is e touch the center [of the front of
the specimen] The specimen is to be adjusted vertically to keep point'B from being any [closer than 3
inches (76 mm) to the lower clamp or other support for the specimen.

Figure 6.7

Dimensions of wedge'in inches (mm)

CENTER

OF
ot

BURNER

SB1214

6.11.2.4 In the absence of a gas pilot light on the burner, the support for the burner and wedge is to be
arranged to enable the burner to be quickly removed from and precisely returned to the position described
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in 6.11.2.3 without disturbing the layer of cotton on the floor of the enclosure or the cotton on the wedge
and around the base of the burner.

6.11.3 Conduct of test

6.11.3.1 If the burner has a gas pilot light, the valve supplying gas to the pilot is to be opened and the
pilot lit. If the burner does not have a gas pilot light, the burner is to be supported as indicated in 6.11.2.4 in
a position away from the specimen and then lit. This operation and the remainder of the test are to be
conducted under a forced-draft exhaust hood or cabinet operating to remove smoke and fumes, but

without drafts

6.11.3.2

that affect the flame.

If the burner has a gas pilot light, the valve supplying gas to the burner is to be opened to apply

the flame to t
30 seconds. T

ne specimen automatically. This valve is to be held open for 60 seconds and
his procedure is to be repeated twice for a total of 3 applications of flame-{o th

6.11.4 Evaluation of results

6.11.4.1 The
in its vicinity if

a) Em
burner

b) Con

c)lsc

rigid PVC conduit is to be considered capable of conveyingflame to combus
any specimen:

ts flaming or glowing particles or flaming drops at-any time that ignite the
, wedge, or floor of the enclosure (flameless charring of the cotton is to be igno

tinues to flame longer than 5 seconds after any-application of the gas flame; o

bmpletely consumed during or after any application of the gas flame.

6.12 Directional boring underground conduit<-Schedule 40 and 80

6.12.1 Join{
6.121.1 Co
6.12.1.2 A1

coupling of th
of a non-integ
coupling accq
enclosure. Th
filled with tap

water tightness
ipled rigid PVC conduit shall not leak when tested in accordance with 6.12.1.2

2.0 £0.125 inch (300 £3 mm) length of rigid PVC conduit shall be inserted ir
b same length of conduit according to the manufacturer's installation instructio
ral coupling;-two 12.0 £0.125 inch (300 £3 mm) lengths of conduit shall be in
rding to-the"manufacturer's instructions. One end of the assembly shall be ¢
e assembly shall be placed in the vertical position, with the sealed end at th
water,»After a minimum of 4 hours, the specimen shall be visually examined

there is any e

1hen closed for

specimen.

tible materials

cotton on the
red);

to the integral
ns. In the case
serted into the
apped with an
e bottom, and
to determine if

vidence of leakage at the joint.

6.12.2 Joint separation

6.12.2.1 Pull test

6.12.2.1.1

in accordance with 6.12.2.1.2.

A joint (conduit and socket) shall not separate nor show a decrease in pressure when tested

6.12.2.1.2 One joint in each trade size is to be assembled as intended. The assembly, while in a
protective enclosure, is to be pressurized to 80 psi (552 kPa) for one minute. While at this pressure, the
joint shall be subjected to an axial pull applied to the assembly for one minute. The pull force shall be that
specified by the manufacturer for the pull rating without bend. The method shall simulate pulling the rigid
PVC conduit out of the socket. The pull force specified by the manufacturer shall be provided in the
manufacturer's literature.
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6.12.2.2 Bending and pull

6.12.2.2.1 A joint (conduit and socket) shall not separate nor show a decrease in pressure when tested
in accordance with 6.12.2.2.2.

6.12.2.2.2 One joint in each trade size is to be assembled as intended. The assembly, while in a
protective enclosure, is to be pressurized to 80 psi (552 kPa) for one minute. While at this pressure, the
joint is to be deflected to have a minimum radius specified by the manufacturer. The pressure is to be
released, and the joint shall then be subjected to an axial pull applied to the assembly for 1 minute. The
pull force shall be that specified by the manufacturer for the pull rating with bend. The method is to
simulate pulling the rigid PVC conduit out of the socket with a lateral load. The pull force specified by the

manufacturer shall also be provided in the manufacturer's literature.

6.12.3 Pipe

6.12.3.1 Sch
have a minin
accordance w
Pipe by Parall

6.12.4 Elast

6.12.4.1 Six
be conditioneq
visible signs o

6.12.4.2 The
draft, air-circu

cooled to roonm temperature for not less than 4.hours before being handled.

6.13 Resistdnce to specific reagents ~Schedule 40 and 80

6.13.1

6.13.1.1 UsU
chemical anal
less restrictive
on Schedule

intended for u

General

stiffness

edule 40, and Schedule 80 rigid PVC conduit that is intended for directional bg

th the Standard Test Method for Determination of External Loading Characteri
b|-Plate Loading, ASTM D 2412.

bmeric materials accelerated aging

samples of a sleeve or ring of elastomeric material that is used to comply wit
as described in 6.12.4.2. As a result of the_conditioning, the sleeve or ring §
deterioration.

samples shall be conditioned for 70.hours at a temperature of 100 £1°C (212
ating oven that has been preheated at full draft. After conditioning, the comp

ally, a reagent.is understood to be a substance used to produce a characterig
sis. For the purpose of this standard, however, it is convenient to consider th
sense (of)any chemical, oil, or other substance that has a corrosive or degra
10, .and" Schedule 80 rigid PVC conduit. The tests in 6.13.2 and 6.13.3 ap

ring use shall

um pipe stiffness of 120 psi (827 kPa) at 10 percent deflection when determined in

stics of Plastic

h 6.12.2 shall
hall not show

+2°F) in a full-
bnent shall be

tic reaction in
e word in the
Hing influence
bly to conduit

e Whiere wet by or immersed in a specific reagent. The 1 (27) or smaller trad

e size of rigid

PVC conduit istobetonsidered representative of thetarger trade sizes of conduit:

6.13.2 Reagent absorption test

6.13.2.1

Specimens of the finished rigid PVC conduit, each 2 inches (50 mm) in length (see 6.13.3.2),

are to be immersed for 60 and 120 days in the specified reagent at the intended concentration and
temperature. The conduit shall exhibit a 2.50 percent or smaller gain or loss in weight. If there is weight
gain after 120 days exceeding 1.00 percent, that gain shall not be more than 1.65 times the gain after 60
days.

6.13.3 Crush strength test

6.13.3.1 Specimens of the finished rigid PVC conduit, each 2 inches (50 mm) in length (see 6.13.3.2),
are to be immersed for 60 and 120 days in the specified reagent at the intended concentration and
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temperature. The conduit shall have at least 85 percent of the crushing strength of similar unaged
specimens. The tests are to be done as indicated in 6.13.3.3 - 6.13.3.11.

6.13.3.2 The results of tests on the 1 (27) or smaller trade size of rigid PVC conduit are to be considered
representative of the results that would be obtained from tests on the larger trade sizes of conduit.

6.13.3.3 Twelve specimens that are each 2 inches (50 mm) long are to be cut from clean sample lengths
of the finished rigid PVC conduit (see 6.13.3.2) and cleaned of loose particles and ragged edges. Six
specimens are each to be weighed (W) and the remaining six are to be set aside for test unaged.

6.13.3.4 Care is to be taken throughout the procedure outlined in 6.13.3.5 — 6.13.3.11 to reduce the risk
of injury from handling reagents that involve such a risk.

6.13.3.5 Ea
containers th{

th of the weighed specimens is to be immersed in the reagent in~separate, covered
t do not react with the reagent. Each container is to be filled with the reéagent at the intended

concentration|
in each contd
closed and k¢

6.13.3.6 Aft
air before be
cloth. Each o
more than 2.5

and temperature. The specimen shall be completely covered. When the liquid
iner, the specimens are to be stood on end in their containersFhe contai
pt at the intended temperature for 60 days without agitation of.the reagent.

br 60 days, the specimens are to be removed from the reagent and given time
ng rinsed carefully and wiped dry inside and out witha clean piece of lint-f
the six dried specimens is to be weighed (W,) tolwithin 10 mg of balance. V|
0 percent heavier or lighter than W;.

6.13.3.7 Thiee of the specimens immersed for 60 days-and three of the unaged specin

brought into
temperature

thermal equilibrium with one another, _the testing machine, and the surrou
f23.0 £2.0°C (73.4 £3.6°F) and are tobe kept so throughout the test. The insi

comes to rest
hers are to be

b to cool in still
ee, absorbent
V, shall not be

ens are to be
nding air at a
de diameter of

a pair of rigid,
another. One
inute until the
es, or until the
asured before

each specime
flat, steel plat
plate is to be
surface of the
minor axis me
the test.

n is to be measured. The specimens are then to be tested separately between
bs that are at least 6 inches (150 mm) long and horizontal and parallel to one
moved toward the other af*the rate of 1/2 +1/8 inch (10.0 £2.5 mm) per nj
specimen pulls away from.econtact with either plate — until the specimen buck
asured inside the flattening specimen is 60 percent of the inside diameter mq

6.13.3.8 Th¢ crushing loads.at the buckling and 60-percent points are to be noted from the dial on the
machine and [recorded for.each specimen. The loads at each of these points are to be averaged for each
of the three spts of specimens. The average loads at each of these points for the aged spTcimens are to
be divided by| the average loads at each of these points for the unaged specimens. The fesulting ratios
shall not be Igss.thah 0.85 and the specimens shall not crack or collapse before the buckling or 60 percent
points are redached.

6.13.3.9 The three remaining specimens immersed for 60 days are to be returned to their containers and
the immersion continued for an additional 60 days at the intended temperature. After the full 120 days, the
specimens are to be removed from the reagent and cooled in still air before being rinsed carefully and
wiped dry inside and out with a clean piece of lint-free absorbent cloth. The three dried specimens are to
be weighed (W) to within 10 mg of balance. W3 shall not be more than 2.50 percent heavier or lighter than
W;. If W5 is more than 1.00 percent heavier than W, W3 minus W, shall not be more than 1.65 (W, minus
W)).

6.13.3.10 The three specimens immersed for 120 days and the last three of the unaged specimens are
to be brought into thermal equilibrium with one another, the testing machine, and the surrounding air at a
temperature of 23.0 +2.0°C (73.4 £3.6°F) and are to be kept so throughout the test. The inside diameter of
each specimen is to be measured. The specimens are then to be tested separately between a pair of rigid,
flat, steel plates that are at least 6 inches (150 mm) long and horizontal and parallel to one another. One
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plate is to be moved toward the other at the rate of 1/2 £1/8 inch (10.0 £2.5 mm) per minute until the
surface of the specimen pulls away from contact with either plate - until the specimen buckles - or until the
minor axis measured inside the flattening specimen is 60 percent of the inside diameter measured before
the test.

6.13.3.11 The crushing loads at the buckling and 60-percent points are to be noted from the dial on the
machine and recorded for each specimen. The loads at each of these points are to be averaged for each
of the three sets of specimens. The average loads at each of these points for the aged specimens are to
be divided by the average loads at each of these points for the unaged specimens. The resulting ratios
shall not be less than 0.85 and the specimens shall not crack or collapse before the buckling or 60 percent
points are reached.

6.14 Sunlight resistance — Schedule 40 and 80

6.14.1 NotcHed specimens prepared from unaged bar samples machined from the(finished Schedule 40
or Schedule 8p rigid PVC conduit shall have an average 1zod impact strength of at\least 0.5 ft-Ibf/inch (27
j/m) of notch width. Similar specimens prepared from samples conditioned far720, 1080, and possibly
1440 hours shall have average |zod impact strengths that comply with Table 6.4. The samples are to be
cut and condifioned and the specimens are to be prepared and tested as.indicated in 6.14.2 — 6.14.12.
The procedurgs described in these paragraphs are similar to Method A as described in the Tg¢st Method for
Determining the Izod Pendulum Impact Resistance of Plastics, Standard ASTM D 256.

Table 6.4
Acceptability criteria for, izod impact
Percent decrease in
average izod impact
. . strength at the end of the
Average izdd impact conditioning period
strength of unaged Conditioning period in indicated in the previous
specinjens hours: column Acceptability of conduit
04720 - No reqyirement®
0-5 Acceptable
Not accepiable unless
720 -1080 Over 5 but under 7.5 specimens comply after 1440
0.5 - 1.5 fttIbf/inch holurs?
(27 — 81 J/m) of notch width
7.5 or more Not acgeptable
0-5 Acceptable
1080 — 1440°
Qver s Not ac¢eptable
0-720 - No requirement?
0-10 Acceptable
Not acceptable unless
Over 1.5 ft-Ibflinch 720-1080 Over 10 but under 15 specimens comply after 1440
(81 j/m) of notch width hours®
15 or more Not acceptable
0-10 Acceptable
1080 — 1440°
Over 10 Not acceptable

@ The average |zod impact strength after conditioning for 720 hours is be used as the basis against which the average Izod impact
strength after longer conditioning is compared.

b Completion of the conditioning of specimens for test after the 360-hour period of 1080 — 1440 hours may be discontinued if the
percentage decrease in the average Izod impact strength is acceptable for specimens conditioned for 720 — 1080 hours.
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6.14.2 Longitudinal strips slightly wider than 1/2 inch (12.7 mm) are to be cut from straight lengths of
finished rigid PVC conduit of the 4 (103), 5 (129), or 6 (155) trade size. To keep the resulting specimens
the same nominal thickness, all of the strips are to be cut from the same trade size of conduit. Each cut is
not to be made radially but is to be made in a plane parallel to the longitudinal axis of the conduit. Each
strip is to be cut into samples that are slightly longer than 2-1/2 inches (63.5 mm) with each cut made in a
plane perpendicular to the longitudinal axis of the strip. At least 60 samples are needed.

6.14.3 Each sample is to be machined to the dimensions indicated in Figure 6.8 with the machining done
only on the four cut surfaces. The end surfaces are to be flat, parallel, and in planes perpendicular to the
longitudinal axis of the rigid PVC conduit. The longitudinal surfaces are to be flat, parallel, and in planes
parallel to the longitudinal axis of the conduit. A sample is to be discarded after this preparation if either or
both of its curved surfaces show any scratches or other defects that are visible to the examiner's eyes,
which are to e Unaided except for any normal Correctve Ienses.

Figure 6.8

Machined sample before conditioning

- =— 0.500+0.006 INCH
OR 12.70%0.15mm
2.500
INCHES
OR
63.50mm
THICKNESS OF
CONDUIT
90" 90°
SA1913A

6.14.4 Fifteen of the machined samples are to be set aside to be notched and then tested unaged. Forty-
five of the machined samples are to be subjected to the following test:

Xenon-arc, Type B, in accordance with Standard Practice for Operating Xenon Arc Light Apparatus for
Exposure of Nonmetallic Materials, ASTM G 155 — continuous exposure to light and intermittent exposure
to water spary, with a programmed cycle of 120 minutes consisting of a 102-minute light exposure and an
18-minute exposure to water spray with light. The apparatus is to operate with a 6500 W, water-cooled
xenon-arc lamp, orosillicate glass inner and outer optical filters, a spectral irradiance of 0.35 W/m2/nm at
340 nm, and a black-panel temperature of 63 £3°C (145 £5°F).
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6.14.5 A positive, non-makeshift means shall be used to keep radiation from the arcs from reaching
persons within sight of the apparatus. Ventilation shall be provided to keep the combustible products in the
arcs from contaminating the samples. There shall not be any significant concentration of ozone or other
combustible product in the air breathed by persons.

6.14.6 Each sample to pass through a fine spray of water once during each revolution of the drum in the
repeated cycle of 3 and 17 minutes as noted in 6.14.7. The water is to be clean, its temperature 16.0
1+5.0°C (60.0 +9.0°F) and pH 6.0 - 8.0. The water is not to be recirculated unless these conditions are
maintained. While the arcs are in operation but the spray is off, the equilibrium black-panel temperature of
the drum is to be 63 +5°C (145 +9°F).

6.14.7 With the drum revolving continuously at one revolution per minute, the arcs operating

continuously gnd carrying a current of 15 — 17 A each at a drop in potential of 120 — 145V
prudent attentfon to eyesight and other health risks presented by the arcs, the spray is to be
minutes on and 17 minutes off. This cycle is to be repeated six times so that each sample i
radiation from|the arcs for a total of 102 minutes and to the water spray with radiation from
total of 18 minutes. This sequence is to be repeated resulting in a total elapsed operating
hours. Fifteen|of the samples are to be removed after 720 hours, another 15 samples are t
after 1080 hoyrs, and the remaining 15 samples are to be removed after 1440 hours. The a

be turned off
before any sa

6.14.8 Each
on a milling m
0.01 mm. The
the PVC. Ung
without any ni
micrometer h3
the notch is w

remove each set of 15 samples, and all of the samples-are to cool to roon
ples are removed from the drum.

unaged and conditioned sample is to be notched to the dimensions indicated
achine, engine lathe, or similar machine toolhaving an accuracy of at least

er 60 power magnification, each completed notch is to show as a clean 2
Cks, cracks, or thermal deformation, having the angle and radius indicated in
ving an anvil contoured to fit in the notch is to be used to verify that the depth

mm) of being

thin the limits indicated in Figure-6.9. The notched surface is to be within 0.0(
rallel to the other long machinéd surface and is to have less than 0.002 inch

a
twist. The pIaIve bisecting the notch is:t{6,be within 2 degrees of being perpendicular tq

surface. A sp
make it compl
(the original in
The width of ¢
inchor 0.01 m

cimen that departs from one or more of these requirements may be machi
. A specimen is to be discarded after this preparation if either or both of its cu
side and outside surfaces of the rigid PVC conduit) show any scratches or
ach specimen retained is to be measured at the notch and recorded to the
m.

rms, and with
bperated for 3
5 subjected to
the arcs for a
time of 1440
b be removed
pparatus is to
h temperature

in Figure 6.9
0.001 inch or

cutter and feed speeds and the cutting action are to produce the notch withoyt alteration of

nd sharp cut
Figure 6.9. A
of PVC under
1 inch (0.025
0.050 mm) of

the notched
ned further to
rved surfaces
bther defects.
hearest 0.001
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6.14.9 The
humidity of 5
range of temp

6.14.10 The
with the Stang
256.

6.14.11
for 720 and

At lgast 10 each of the unaged specimens and specimens prepared from sampl

Figure 6.9

Specimen showing notch

DEPTH OF PVC UNDER NOTCH
0.400+0.002 INCH OR
10.16£0.05mm
1.260
INCH OR
32.20mm
/ﬂ _22.5+0.5"
_ e
\Z\ 22.5£0.5°
NOTCH DETAIL
R 0.010+0.002
INCH OR
WIDTH OF 0.25£0.05 mm
NOTCH
SA1914

hotched specimens are to rest in still air at a temperature of 23.0 £2.0°C (73
) +5 percent for 40 hours.orlonger before being tested. The test is to be m
erature and humidity.

test apparatus and\its calibration and A and B energy-loss factors are to be
ard Test Methad for Determining the 1zod Pendulum Impact Resistance of Pla

1080 hours are to be tested in close succession after completion of the

conditioning

4 +3.6°F) and
hde within this

in accordance
stics, ASTM D

s conditioned
1080 hours of

ithout waiting for completion of the conditioning of the 1440-hour samples. If t

ne results after

1080 hours are within the limits indicated in Table 6.4, conditioning of the 1440-hour samples may be
discontinued and the 1440-hour samples may be discarded.

6.14.12 Each specimen in turn is to be positioned precisely and clamped rigidly (tightly but not to the
point of damaging the specimen) in the vise as shown in Figure 6.10, and the pendulum is to be released.
The Izod impact strength of each specimen and the average lzod impact strength of each group of
specimens (unaged, 720 hour, 1080 hour, and possibly 1440 hour) are to be determined as described in
the Standard Test Method for Determining the 1zod Pendulum Impact Resistance of Plastics, ASTM D 256.
The average Izod impact strength of the unaged specimens shall not be less than 0.5 ft-Ibf/inch (27 j/m) of
notch width (see 6.14.1). The average Izod impact strengths of the specimens prepared from samples
conditioned longer than 720 hours shall comply with Table 6.4.
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Figure 6.10

Positioning for izod impact test

PENDULUM STRIKING—EDGE
RADIUS 0.79+0.12 mm OR
0.031£0.005 INCH

1.260
INCH OR

32.20 mm le—— SPECIMEN

22.0£0.05 mm OR
0.866+0.002 INCH

|
SN X}\\\\\

" FIXED e THE PLANE OF THE TOP,\JAW
~_ VISt SURFACES IS TO BE, WITHIN
~_ AW 0.12 mm OR 0.005 INCH OF
/ // BISECTING THE ANGLE OF THE
NOTCH
RADIUS OF ~ .~
/TOP EDGE OF .~
FIXED VISE .|
~ AW 0.25 &
/ 0.12 mm OR .~
%o.mo £0.005 _A
INCH A
~
/, . ///
A
THE VERTICALXPLANES OF THE JAW FACES ARE TO BE
<B1015 WITHIN 0.001\INCH OR 0.025 mm OF BEING PARALLEL

6.15 Schedyle 40 and 80 for use with 90° wire
6.15.1 Geneyal

6.15.1.1 Matgrials used in the canstruction of Schedule 40 or Schedule 80 rigid PVC donduit that is
intended for pise with 90°C (194°F) wiring shall not experience any significant reductjon of critical
properties when specimens of the finished product are operated continuously under the normal conditions
that result in the PVC attaining maximum temperature.

6.15.1.2 To determine’whether rigid PVC conduit complies with the requirement in 6.15.1.1, the physical
property of impact.strength is to be investigated as representing all critical properties in an accelerated-
aging program

6.15.1.3 A total of 215 specimens of the 2 (53) trade size of rigid PVC conduit, each 6 inches (150 mm)
long, are to be used for the test (see 6.15.2.1.1 concerning extra specimens needed for preliminary tests).
198 specimens, are to be placed upright in a full-draft circulating-air oven maintained at a temperature of
80.0 £1.0°C (176.0 £1.8°F) on open wooden racks and spaced to maintain the full circulation of air around
and through the specimens. The remaining 17 specimens are to be unaged and unconditioned. At the end
of each of the eleven time intervals indicated below, a set of 18 specimens is to be removed from the oven
(3 specimens for preliminary tests (as necessary) and 15 specimens for test) and given 16 — 96 hours to
cool in still air to a temperature of 23.0 £2.0°C (73.4 £3.6°F). The specimens are to be laid one at a time on
a flat steel plate that is 1/2 inch (13 mm) thick and are to be impacted by means of a solid right-circular
steel cylinder with a flat impact face having rounded edges. The cylinder used is to be chosen as indicated
in 6.15.2.1.1 having a diameter of 2 inches (51 mm) and a weight not less than 10 Ib (4.54 kg). All 15
specimens, for test, of the unaged and unconditioned specimens are to be impacted after respective
periods of oven aging for 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, and 360 days. The up-and-down
method described in 6.15.2 is to be used.
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6.15.1.4 The average impact strength is to be determined as indicated in 6.15.2.3 for each of the twelve
sets of specimens tested. The twelve averages are then to be plotted as a function of time (the set of
unaged specimens is to be plotted as having been aged for zero days). The points so plotted are to be
joined by a smooth curve. The resulting impact-strength degradation curve shall show a leveling off of
impact strength at 50 percent or more of the average impact strength calculated for the set of unaged
specimens. If a plateau is reached at 180 days, at 240 days or beyond at any of the other identified points,
aging of the 360-day specimens may be discontinued and those specimens may be discarded without

being tested.

6.15.2 Up-and-down method

6.15.2.1 Choice of cylinders

6.15.2.1.1

determine thg approximate height from which the steel cylinder has to fall to producé)a-crag
that is visible pon the outside surface of a specimen. An unacceptable result is to.be, recorde
made by the [steel cylinder causes any crack, split, or tear longer than 1/32 inch (0.8 mm
surface of a specimen. The weight of the steel cylinder to be used in the preliminary tests is
produces an yinacceptable crack, split, or tear in a specimen from a heightof 24 — 120 inche

mm) taken in
to be recorde

6.15.2.2 Co

6.15.2.2.1 T
testing is to b
the first spec
height H; in 1

"acceptable" and "N" for not acceptable. The.same increment is to be used for the remaindg

an unaccepta
increment us
specimen is t
drop distance]
results of the

4

q

reliminary tests are to be conducted, using as many extra specimens

ncrements of 6 inches (150 mm). The approximate height'determined from th
I in inches or mm as H,,.

hduct of test

b determined by random selection. The steel cylinder used in 6.15.2.1.1 shall
men from a height H; in inches equalto H, in inches minus a 6-inch increm
hm equal to Hy in mm minus a 150-mm increment. The result shall be recor

ble result occurs, the second'specimen is to be tested at a height of H, equal t
ed for the first specimen.:f the result for the first specimen is acceptabl
b be tested from a height-H, equal to H, plus the increment used for the first s
for the weight (height) to the remaining specimens is to be determined from

s needed, to
k, split, or tear
d if the impact
) on the outer
he weight that
s (600 — 3000
s procedure is

he 15 specimens in each set being tested are to be labeled from one to fifteef. The order of

be dropped on
ent, or from a
ded as "A" for
er of the test. If
b Hy minus the
b, the second
specimen. The
the height and

previous test. Thenheight and result are to be recorded for each specimen in the set of 15

| from the test

specimens tegted.
6.15.2.3 Calculations
6.15.2.3.1 [, the median height of fall for each set of 15 specimens, is to be determineg
data for that setby means of the formula:
d dknk
D= DO + 5 +

in which:

Disth

e median height of fall in inches or mm;

D, is the lowest height of fall in inches or mm at which any one of R occurs;

d is the increment in height of fall in inches or mm;


https://ulnorm.com/api/?name=UL 651 2022.pdf

52

UL 651

MAY 10, 2022

k takes on values beginning with 1 and increasing in whole-number numerical order (k is 1 for the
second lowest height of fall recorded in the tabulation of results at which any one of R occurs, k is 2
for the third lowest height, k is 3 for the fourth lowest height, and so forth);

n, is the number of acceptable or unacceptable results obtained at the height associated with the
subscript k; and

R is the total number of unacceptable or acceptable results, whichever is less;

In the formula, the negative sign is to be used when R is the number of unacceptable results and the
positive sign is to be used when R is the number of acceptable results.

where the incr
by the weight
impact resista

6.15.2.3.3 The following is a nonmetric example of the calculation referenced in 6.15.2.3.1.

a) Step
of 120

Becaug
114 ing

b) Step 2: Using the same.weight and increment (as specified) on a set of 15 sj

results

e weight of the cylinder in Ib to obtain the average impact resistance in-ft-Ibf. F

ements in height are measured in mm, D in mm is to be divided by 1000-and t
of the cylinder in kg x 9.807 to obtain the average impact resistance'in J. Th
nces are to be plotted as indicated in 6.15.1.4.

1: Using a weight of 10 Ibf to impact extra specimens and starting from the ms
nches and working downward in the specified steps’of 6 inches:

1) A long crack occurs with the weight falling frem a height of 120 inches,

2) A crack of 3/64 inch occurs with the weight falling from a height of 114 ing
lower than 120 inches), and

3) No damage is apparent after a<fall from 108 inches (6 inches lower than 114
e 114 inches is the lowest height from which an unacceptable long crack is p
hes.

are as follows ("A™~means acceptable and "N" means not acceptable):

or specimens

12 and then
or specimens
nen multiplied
e six average

ximum height

hes (6 inches

inches).
roduced, Hg =

ecimens, the

Height offall in inches Result

H, = Ho— 6 = 114 — 6 = 108 N
H,2H,—6=108-6=102

Hy=H,—6=102-6=96

Hy=Hy;—6=96-6=90

Hs=H,+6=90+6=96
He=Hs+6=96+6=102
H;=Hg +6=102+6 =108
Hg=H;—6=108—-6=102
Hy=Hg—6=102—6 = 96
Hyo=Hg + 6 =96 +6 =102
Hy =Hyo—6=102-6=96
Hip=H; —6=96—-6=90
Hyz=H;, +6=90+6=96
His=H;3—6=96-6=90
Hys=H;, +6=90+6=96

> > Z >» Z2 Z > ZZ > P> Z 2

c) Step 3: The number of unacceptable (N) results is 8.
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d) Step 4: The number of acceptable (A) results is 7.

e) Step 5: Because the total for A is less than the total for N, R = total for A= 7.

f) Step 6: Dy = lowest of the seven A heights = 90 inches.

g) Step 7: k = 1 for the second lowest (96 inches) of the seven A heights, and k = 2 for the third
lowest (102 inches) of the seven heights. There are no other A heights, so k = 3, 4, etc. does not

apply.

h) Step 8: n, is the number of results (3) at the k = 1 height of 96 inches, so n; = 3. n, is the number
of results (1) at the k = 2 height of 102 inches, son, = 1.

i) Stepf9TBecause R = 7 Is for acceptable results, the plus sign is to be used for o721
j) Step 10: d = increment of height used in the test = 6 inches.
k) Step 11:
6 6x1x3 6x2x1 )
D=90+—-+ + = 97.28 inches
2 7 7
[) Step/12:
Average impact resistance for the set$——— x 10 = 81 f¢-b
m) Stgp 13: The impact value of 81 ft-Ibf is to be plotted as the point on the graph for|

days g
asmo

6.15.2.34 T

a) Ste
height

f oven aging for the particular set of specimens. The six points so plotted are
bth curve and the curve is to be evaluated as indicated in 6.15.1.4.

he following is a Metric Example-of the calculation referenced in 6.15.2.3.1.

b 1: Using a weight of 4:54" kg to impact extra specimens and starting from
of 3000 mm and working downward in the specified steps of 150 mm:

1) A long crack accurs with the weight falling from a height of 3000 mm,

2) A crack.of\1:2 mm occurs with the weight falling from a height of 2850 mm
than 3000‘mm), and

3) No.damage is apparent after a fall from 2700 mm (150 mm lower than 285(
Because2856-mmis-thetowestheight-from-which-antnaceeptabletongerack—isp
2850 mm.

the formula.

the number of
o be joined by

the maximum

150 mm lower

mm).

roduced, Hy =

b) Step 2: Using the same weight and increment (as specified) on a set of 15 specimens, the
results are as follows ("A" means acceptable and "N" means not acceptable):

Height of fall in mm Result

H, = Hy — 150 = 2850 — 150 = 2700 N
H, = H; — 150 = 2700 — 150 = 2550
Hy = Hy — 150 = 2550 — 150 = 2400
H, = Hz — 150 = 2400 — 150 = 2250
Hs = Hy + 150 = 2250 + 150 = 2400
He = Hs + 150 = 2400 + 150 = 2550
H; = Hg + 150 = 2550 + 150 = 2700
Hg = H; — 150 = 2700 — 150 = 2550

zZZzZ>» >» >» Z Z
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Height of fall in mm Result

Hg = Hg — 150 = 2550 — 150 = 2400 A
H1o = Hg + 150 = 2400 + 150 = 2550
Hy = Hyo — 150 = 2550 — 150 = 2400
Hyp = Hyy — 150 = 2400 — 150 = 2250
Hyz = Hyp + 150 = 2250 + 150 = 2400
Hys = Hy3 — 150 = 2400 — 150 = 2250
Hys = Hyy + 150 = 2250 + 150 = 2400

> >» Z >» Z2 Z

c) Step 3: The number of unacceptable (N) results is 8.

d) Sted 4: The number of acceptable (A) results is 7.

e) Steg 5: Because the total for A is less than the total for N, R = total for A= 7.

f) Step

g) Step 7: k = 1 for the second lowest (2400 mm) of the seven A heights, and k =

lowest
apply.

h) Steqd 8: n, is the number of results (3) at the k = 1 height)02400 mm, so ny = 3. n,

of resu
i) Step
j) Step

k) Step

I) Step

6: Dy = lowest of the seven A heights = 2250 mm.

(2550 mm) of the seven A heights. There are no other A heights, so k = 3, 4,

ts (1) at the k = 2 height of 2550 mm, so n, = 1.
O: Because R =7 is for acceptable results, the plus sign is to be used for d/2 in
10: d = increment of height used in the test = 150 mm.

1:

150" 150x1x3  150x2x1
+ +

D +2250+
2 7 7

= 2432.1 mm
12: Average impact resistance for the set =

2432.1
1000

x4.54=11.04 kgf —m. 11.04 x9.807 =108 J.

P for the third
etc. does not

is the number

the formula.

m) Step 13: The impact value of 108 J is to be plotted as the point on the graph for the number of
days of oven aging for the particular set of specimens. The six points so plotted are to be joined by
a smooth curve and the curve is to be evaluated as indicated in 6.15.1.4.

6.16 Permanency of printing — Schedule 40 and 80

6.16.1 Schedule 40, and Schedule 80 rigid PVC conduit markings shall be permanent. Laser printing is
considered to be permanent. Conduit with markings that have been laser printed shall not be subjected to
the tests in this section.

6.16.2 The specimens used in this test shall be of the 1/2 (16) trade size. The printing on all the tested
specimens of rigid PVC conduit shall be legible after being rubbed repeatedly with braided cotton tape as
described in 6.16.3 —6.16.7.
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6.16.3 All specimens are to be wiped lightly with a clean lint-free cloth before being conditioned.

6.16.4 Two specimens are to be aged for 168 hours in a full-draft circulating-air oven operating at a
temperature of 70.0 £1.0°C (158.0 £18.°F) and then removed from the oven and cooled in still air to room
temperature before being tested. Two other specimens are to be immersed for 24 hours in tap water kept
at a temperature of 60.0 +1.0°C (140.0 £1.8°F) and then removed from the water, shaken to remove most
of the water, and then given time to dry (without wiping) to reach room temperature in still air before being
tested. Two different specimens are to be immersed in oil. The oil to be used is IRM 902 oil. The oil and
specimens are to be kept at a temperature of 60.0 £1.0°C (140 +1.8°F) for 24 hours. The specimens are
then to be removed from the oil, wiped with a cloth that is soft and clean, and given time to reach room
temperature before being tested. Two specimens are to be tested without any conditioning.

6.16.5 The fests are to be made using the wooden apparatus illustrated in Figure.§.11 or similar
apparatus in|multiple. The apparatus and the specimens are to be in thermal equilijrium with the
surrounding gir at a temperature of 23.0 £8.0°C (73.4 £14.4°F) and at a relative humidity of| 50 +5 percent
throughout the test. The tape is to be No. 50-2/20 unbleached cotton braid approximately 1/2 inch (13 mm)
wide. A new|length of tape is to be used for each specimen, and the tapelis to be aftached to the
reciprocating fable (while the table is at one end of its travel) and to a weight before any spegcimen is put in
place. A weight of 1 Ibf (4.4 N) (454 df) is to be suspended from one end of.the tape.

Figure 6.11

Side and roller-end views of printing test apparatus

] DIAMETER OF DOWEL 4/64 (1.5mMm)
(R COTTON SMALLER THAN
I HOLE IN ROLLER
SPECIMEN ;;! \ TAPE [
UNDER TEST [ N
(ARC OF CON— ||| \\\\\
TACT WITH I NN TO RECIPROCATING
TAPE IS 1357) I \\\ TABLE —
|| -~ -
I 4
[l (102mm)
sp1172 [ WEIGHT
= |-r27/32 (21mm)
SPEGIMEN —|
UNDER TEST | ——m===fRH === _ _ _
5 COTTON TAPH
APPROX. 1/16 7 K APPROX. 1/16
<_'1 LY.
(1.5mm) 8 | R (1.5mm)
FIXED DOWEL ——___(73mm | ROLLER
bos WY | I r— |
1&_ (35mm) I_"________ '_: ‘
E=————[ y 13/16 (21mm)
| — |
SBI173 I I L % (3mm) *

Note: Dimensions are shown in inches (mm)


https://ulnorm.com/api/?name=UL 651 2022.pdf

56 UL 651 MAY 10, 2022

6.16.6 The tape is to be lifted and a specimen placed in the slot as shown in the illustration, with the
printing at the center of the arc of contact between the tape and specimen. The ends of the specimen are
to be secured to keep the printed area of the rigid PVC conduit from rotating out from under the tape. The
tape is then to be lowered gently into place on the specimen.

6.16.7 The table is to be started in its horizontal reciprocating motion (simple harmonic motion) at the
rate of approximately 28 cycles per minute, each cycle consisting of one complete back-and-forth motion
[approximately a 6-1/4-inch (160-mm) stroke]. The table is to be stopped after 50 cycles. The conditioned
specimens are to be examined for legibility of the printing. The three unconditioned specimens are to be
subjected to an additional 50 cycles of rubbing with the other side of the cotton tape before being
examined. The printing shall be legible on all specimens.

6.17 Stiffness of Type EB

6.17.1 Type EB rigid PVC conduit shall have a stiffness of at least 20 psi (89 N/m2 ©r;357 gf/mm2) when
tested as des¢ribed in 6.17.2 and 6.17.3, 240 hours or more after manufacture. This test is| similar to the
procedure degcribed in the Standard Test Method for Determination of Externalkeading Chgaracteristics of
Plastic Pipe by Parallel-Plate Loading, ASTM D 2412.

6.17.2 Threq specimens of the finished rigid PVC conduit that are 6_.inches (150 mm) Ipng are to be
tested separately by compression between a pair of rigid, flat, steelplates that are at least p inches (150
mm) long, horjzontal, and parallel to one another. One plate is to)be moved toward the other at a rate of
1/2 £1/8 inch per minute or 10.0+£2.5 mm per minute until the vertical deflection is equal to 5 percent of the
diameter meapured vertically inside the conduit before th&eompression was begun. At this point, the
compression Ipad is to be noted in Ibf, N, or gf.

6.17.3 The Igad F per unit of specimen length is to-bhe calculated by one of the following methods:
a) Dividing the load in pounds force by, 8 inches to yield F inch pounds force per inch ¢f length;
b) Dividing the load in N by 6 x 0.0254, or 0.1524, to yield F in newtons per meter of Igngth; or

c¢) Dividing the load in grams force by 6 x 25.4, or 152.4, to yield F in grams force per millimeter of
length.

6.17.4 The dtiffness S of therigid PVC conduit at 5 percent deflection is to be determined by means of
the formula

S=F/V

in which:

F is calculated in 6.17.3 and

V is the vertical deflection of the inside diameter in inches, m, or mm.
7 Rigid PVC Condauit Fittings

7.1 General

7.1.1 If a fitting differs from the construction requirements previously specified, additional tests to those
specified in 7.2 and 7.3 shall be considered. Items to consider are installation, resistance to arcing,
dimensional stability, and resistance to the corrosive or degrading effects of reagents.
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7.2 All types

7.2.1 Water absorption test

7.2.1.1 Afitting shall comply with the requirements for the Water Absorption Test, 6.5.

7.2.2 Flammability test

7.2.21 Whe

n tested as described in 7.2.2.2:

a) A fitting shall not continue to flame for more than 5 seconds after the third application of the test

flame;

b) Flallning particles or drops shall not fall from the fitting during or after any applica

flame;

c) The

7222 The
(356 mm) de
room or hood
test flame.

7.2.2.3 ATinrill gas burner to which a gas pilot light is attached is to supply the test flame]

the burner is {
mm). While th
blue inner cor
flame, the val

7.2.2.4 A wgdge to which the base of the burner can be secured is to be provided for tiltin

degrees from
to be secureg
floor of the en
barrel in the

sides of the e

and

fitting shall not be entirely consumed during or after any applicationof the test

test is to be conducted in a three-sided enclosure that is 12 inches (305 mm) w
bp, and 24 inches (610 mm) high. The top and front of the enclosure are to
in which the enclosure is located for the test is to be ventilated, but drafts are n

0 extend 4 inches (102 mm) above the air inlets and its inside diameter is to b
e barrel is vertical, the overall height of the flame is to be adjusted to 5 inches
e is to be 1-1/2 inches (38 mm) high. Without disturbing the adjustments for th
es supplying gas to the burner andpilot flames are to be closed.

the vertical while the longitudinal axis of the barrel remains in a vertical plane
to the wedge and the assembly is to be placed in an adjustable jig that is &
closure. The jig is to be adjusted laterally (see Figure 7.1) to place the longitud
Eame vertical planetas the vertical axis of the specimen. The plane is to be
nclosure.

tion of the test

flame.

ide, 14 inches
be open. The
ot to affect the

. The barrel of
e 3/8 inch (9.5
127 mm). The
e height of the

j the barrel 20
The burner is
ttached to the
inal axis of the
parallel to the
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Figure 7.1

Flammability test apparatus and specimen dimensions

Specimen

SCO906A
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7.2.2.5 Thejigis also to be adjusted toward the rear or front of the enclosure (see Figure 7.1) to position
point A 1-1/2 inches (38.1 mm) from point B at which the extended longitudinal axis of the barrel meets the
front surface of the specimen. Point A is the intersection of the longitudinal axis of the barrel with the plane
of the tip of the barrel. Point B is the point at which the tip of the inner blue cone will touch the plaque or
finished sample. The plaque or finished sample is to be adjusted vertically to place point B at the center of
the plaque or finished sample.

7.2.2.6 The valve supplying gas to the pilot is to be opened and the pilot flame lit. The valve supplying
gas to the burner is to be opened to apply the flame to the specimen automatically. This valve is to be held
open for 1 minute and closed for 30 seconds for each of three applications of the test flame. The test
sample is to be located so that the test flame is directed at the center of the largest surface.

7.2.2.7 If the fitting is too large to be tested in the chamber described in 7.2.2.2, it is acc
the fitting in ajchamber that is constructed as described in 7.2.2.2 with proportionately largef

eptable to test
dimensions.

7.2.3 Heat-distortion test

7.2.3.1 Thele shall not be a change in any dimension greater than 15 percent for a fit
openings in alfitting, or openings wider than 1/16 inch (1.6 mm) between a-itting and its co
of the test degcribed in 7.2.3.2

ing, cracks or
ver as a result

7.2.3.2 Sam
oven. Sample
oven.

ples are to be heated for 1 hour at a temperature ©f 92 +1°C (198 +2°F) in an
s are to be supported in the oven so that they gannot touch each other or tf

air-circulating
e sides of the
7.2.4 Extrusion/molding-process test

7.24.1 The
finished prodd

surface of a fitting shall not exhibit"any evidence of incomplete fusion after immersion of the

ctin reagent grade anhydrous acetone.

7.2.4.2 Becguse acetone [dimethyl ketone, (CH3),CO] is an extremely volatile liquid, the vapors of which
form explosive mixtures with air, it is‘imperative that open flames, glowing cigarettes, and other sources of

g, and rapidly
nor should the
r this test, the
dehydrated by

le of the fitting

), @ sam]

14°F) and then examined.

f 23 +2°C (73

7.2.4.4 Afitting is not acceptable if there is flaking or peeling over most of the interior or exterior surfaces
(see Note 2 of Figure 6.3) or if it splits. The presence of a weld (bond) line that is not uniform in width and
depth or that is positively recessed below adjacent surfaces — for example, shows a definite crack or
separation in the material — is not acceptable (see Note 4 of Figure 6.3).

7.2.5 Identification tests

7.2.5.1 Afitting shall comply with the requirements for the Identification of Compound Test, 6.7.
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7.2.6 Resistance to crushing test

7.2.6.1

For resistance to crushing, when all sizes of rigid PVC conduit fittings are tested as described in

7.2.6.2 — 7.2.6.5, the minor axis shall retain at least 70 percent of its original inside diameter. There shall

not be evidence of buckling and there shall not be a reduction in performance as a result of the

conditioning.

Exception: A nipple and the threaded section of an externally threaded adapter need not be tested.

7.2.6.2 Specimens for the test are to consist of circular sections cut from the socket end of six samples of
molded fittings, three of which have been conditioned as described in 7.2.6.3 and three of which are

unaged.

7.2.6.3 The
full draft to 113
or the sides of
to cool gradua|

7.2.6.4 Prior
specimens. E
parallel, steel
perpendicular
machine, the j

7.26.5 Thel
the minor axis
buckling are t¢
considered to
from the plate

pecimens are to be supported in a full-draft, air-circulating oven that has-beer
1+1°C (235 £2°F). The specimens are to be supported so that they do net tou
the oven. The specimens are to be conditioned for 168 hours at full 'draft and
ly for 16 to 96 hours in still air before being handled.

bch specimen is to be placed with its longitudinal axis horizontal between
blates that are at least as long as the specimen. The intérnal measurement is t

bws of which close at the rate of 1/2 inch (12.7 mm) per minute.

bad is to be increased until the load valuesspecified in Table 7.1 is attained. Mg
of the inside dimension is to be made at'the instant the load is attained. Obj
be made at the points at which the specimen is in contact with the test plate
have occurred if a surface of the 'specimen in contact with a test plate starts
The load is then to be releasediimmediately.

Table 7.1
Load for crushing test on fittings

preheated at
ch each other
then allowed

to application of the load, measurements are to be made of.the internal diameters of the test

wo rigid, flat,
D be at a point

to the steel plates. The load is to be applied to the center of the upper plate hy means of a

pasurement of
servations for
s. Buckling is
5 to pull away

Trade size of cgnduit socket (metric designator) Load, Ibf per linear in®
1/3 (16) 166.7
3/4 (21) 166.7
1 (27) 166.7
1-14 (35) 166.7
1-1/2 (41) 125.0
2 (53) 116.7
2-1/2 (63) 166.7
3 (78) 166.7
3-1/2 (91) 166.7
4 (103) 150.0
5 (129) 141.7
6 (155) 141.7
& Sl equivalents of dimensions in this table are:
Pounds per linear in

Newtons per linear mm

Table 7.1 Continued on Next Page
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Table 7.1 Continued

Trade size of conduit socket

(metric designator) Load, Ibf per linear in?
116.7 20.4
125.0 21.9
141.7 24.8
150.0 26.3
166.7 29.2

7.2.7 Low-temperature handling test

7.2.7.1 Delg
7.2.7.2 Delg
7.2.7.3 Delg
7.2.8 Bendi

7.2.8.1 Afit
bending test ¢

7.2.8.2 If bn
considered to

7.2.8.3 Sam

schedule 80 figid PVC conduit of the appropriate‘trade size are to be tested as described

testistobe p

7.2.84 The

a) For

(760 npm) apart as illustrated in Figure 7.2

b) For
to be 4§
betwe
order 1

g test

ted
ted

ted

ing shall not be damaged or separated from the rigid*"PVC conduit when su
escribedin7.2.8.2-7.2.8.5.

pakage of the rigid PVC conduit occurs prior to separation at the joint, p
be acceptable.

erformed no sooner than 24 hoursafter assembly.

following conditions are Spgcified for this test:

an assembly with axeoupling, the center of the coupling is to be placed on supq

an assembly-without a coupling, the supports are to be separated by an addit
dded to-the 30 inches (760 mm) specified in (a). This distance is to be equal
bn the ‘eenter of the assembly and the end of the rigid PVC conduit in the box
o provide the required bending moment on the tested sample.

bjected to the

erformance is

ples secured by cement welded inthe intended manner to 18-inch (457-mm) lengths of

n7.2.8.4. The

orts 30 inches

onal distance,
o the distance
br assembly in

7.2.8.5 The load specified in Table 7.2 for the size of conduit used is to be suspended from the center of
the coupling (or alternative construction) for 60 seconds, during which time the coupling and the lengths of
conduit are to be rotated through 1 complete revolution about the major axis of the assembly.
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Figure 7.2

Bending test arrangement

Coupling, other fitting, or box

.

A Conduit Conjuit A
SupI)ort PuIIey\“ \ Flexible loop SupI)ort
?
SB0OB86 Logy
Table 7.2
Bending load and pull force
Trade size of (metric Bending load, Pull force}

fitting designator) b (kg) Ibf (N)
1/2 (16) 20 (9.07) 300 (1334)
3/4 (24) 35 (15.88) 450 (2002)

1 @7) 50 (22.68) 600 (2669)
1-1/4 (35) 75 (34.02) 700 (3114)
1-1/2 1) 85 (38.56) 800 (3559)

2 (53) 110 (49.89) 1000 (4448)
2-1/2 (63) 110 (49.89) 1000 (4448)

3 (78) 110 (49.89) 1000 (4448)
3-1/2 (91) 110 (49.89) 1000 (4448)

4 (103) 110 (49.89) 1000 (4448)

5 (129) 110 (49.89) 1000 (4448)

6 (155) 110 (49.89) 1000 (4448)

7.2.9 Pulltest

7.2.9.1 Following the bending test described in 7.2.8.1, a polyvinyl chloride (PVC) fitting shall withstand a
direct pull of the value specified in Table 7.2 for 1 minute without damage and without pulling loose from
the rigid PVC conduit. See 7.2.8.2.
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7.2.10 Resistance to specific reagents test
7.2.10.1 General

7.2.10.1.1 Usually, a reagent is understood to be a substance used to produce a characteristic reaction
in chemical analysis. For the purpose of this standard, however, it is convenient to consider the word in the
less restrictive sense of any chemical, oil, or other substance that has a corrosive or degrading influence
on rigid polyvinyl chloride (PVC) conduit. The tests in 7.2.10.2 and 7.2.10.3 apply to fittings intended for
use where wet by or immersed in a specific reagent. The 1 (27) or smaller trade size of fitting is to be
considered representative of the larger trade sizes of fittings.

7.2.10.2 Reagent absorption

7.2.10.2.1 pecimens of the finished fitting, each 2 inches (50 mm) in length, are tobe injmersed for 60
and 120 days$ in the specified reagent at the intended concentration and temperature. The fitting shall
exhibit a 2.5( percent or smaller gain or loss in weight. If there is weight gain after 120 days exceeding
1.00 percent, that gain shall not be more than 1.65 times the gain after 60 dayst

7.2.10.3 Crushing strength

7.2.10.3.1 Ypecimens of the finished fitting, each 2 inches (50 nim) in length are to be infmersed for 60
and 120 days|in the specified reagent at the intended concentration and temperature. The fitting shall have
at least 85 pg¢rcent of the crushing strength of similar unaged specimens. The tests are fo be done as
indicated in 6{13.3.3 - 6.13.3.11.

7.2.10.3.2 The results of tests on the 1 (27) or.smaller trade size of fitting are to lpe considered
representative of the results that would be obtaineéd from tests on the larger trade size$ of rigid PVC
conduit.

7.3 Nonmefallic service-entrance heads
7.3.1 General

7.3.1.1  Nonetallic servicecentrance heads shall comply with the following:
a) Watfer absorptiontest, 7.2.1;

b) Flathmability test, 7.2.2;

c¢) Extrusien/molding-process test, 7.2.4:

d) Identification test, 7.2.5;

e) Wet-locations test, 7.3.2;

f) Ultraviolet-light and water test, 7.3.3A;

g) Aging test, 7.3.4;

h) Impact test, 7.3.5;

i) Impact test after cold conditioning, 7.3.6A;
j) Heat distortion test, 7.3.7;

k) Pull test, 7.3.8;


https://ulnorm.com/api/?name=UL 651 2022.pdf

64 UL 651 MAY 10, 2022

7.3.2 Wet-locations test

7.3.2.1 Afitting intended for use in a wet location shall not allow more than 0.1 mL (0.1g) of water into the
fitting when tested as described in 7.3.2.3 and 7.3.2.4. Also see 9.3, Carton Markings, and Table 9.1.

7.3.2.2 Before assembly, dry absorbent paper is to be placed in a container that can be sealed and
resealed. The paper and the sealed container are to be weighed. The paper is then to be removed from
the container and placed in the interior of the fitting at the point where the fitting interfaces with the rigid
PVC conduit.

7.3.2.3 The product is to be assembled in the intended manner. The assembly is to be vented to
atmosphere to equalize the pressure during the test. The assembly is to be mounted under the apparatus
described in 7]3.2.4 and illustrated in Figure 7.3. The water spray is to be applied for 1 hour,
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