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UL Standard for Safety for Schedule 40 and 80 Rigid PVC Conduit and Fittings, UL 651
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Summary of Topics
The following revision is being issued for paragraph 26.7 of UL 651:
1. New Marking for Schedule 80 Conduit

Text that has been changed in any manner or impacted by UL'’s electronic publishing system is marked
with a vertical line in the margin. Changes in requirements are marked with a vertical line in the margin
and are followed by an effective date note indicating the date of publication or the date on which the
changed requirement becomes effective.

The revised requirements are substantially in accordance with Proposal(s) on this subject dated
November 27, 2009.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise
without prior permission of UL.

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fithess for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL’s liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL’s Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney’s fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser’'s computer system.

The requirements in this Standard are now in effect, except for those paragraphs, sections, tables, figures,
and/or other elements of the Standard having future effective dates as indicated in the note following the
affected item. The prior text for requirements that have been revised and that have a future effective date
are located after the Standard, and are preceded by a "SUPERSEDED REQUIREMENTS" notice.

The following table lists the future effective dates with the corresponding reference.
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1 ANSI/UL 651-2010

UL 651

Standard for Schedule 40 and 80 Rigid PVC Conduit and Fittings

Prior to the fourth edition, the requirements for the Schedule 40 products covered
by this standard were included in the Standard for Rigid Nonmetallic Conduit, UL
651.

First Edition — September, 1965

Second Edition — August, 1972
Third Edition — October, 1980
Fourth Edition — May, 1981
Fifth Edition — August, 1989
Sixth Edition — August, 1995

Seventh Edition
October 4, 2005

This ANSI/UL Standard for Safety consists of the Seventh Edition including
revisions through March 11, 2010.

The most recent designation of ANSI/UL 651 as an American National Standard
(ANSI) occurred on March 10, 2010. ANSI approval for a standard does not
include the Cover Page, Transmittal Pages, Title Page, or effective date
information.

The Department of Defense (DoD) has adopted UL 651 on August 5, 1983. The
publication of revised pages or a new edition of this Standard will not invalidate
the DoD adoption.

Comments or proposals for revisions on any part of the Standard may be
submitted to UL at any time. Proposals should be submitted via a Proposal
Request in UL's On-Line Collaborative Standards Development System (CSDS)
at http://csds.ul.com.

UL'’s Standards for Safety are copyrighted by UL. Neither a printed nor electronic
copy of a Standard should be altered in any way. All of UL’'s Standards and all
copyrights, ownerships, and rights regarding those Standards shall remain the
sole and exclusive property of UL.

COPYRIGHT © 2010 UNDERWRITERS LABORATORIES INC.
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INTRODUCTION
1 Scope

1.1 These requirements cover Schedule 40 and Schedule 80 extruded rigid PVC (polyvinyl chloride)
electrical conduit and fittings consisting of elbows and other bends made from and for use with this
conduit. They also cover couplings, adapters, expansion joints, and similar fittings that are constructed of
rigid PVC. The designations "Schedule 40" and "Schedule 80" refer to USA trade sizes of conduit having
iron-pipe-size outside diameters and specific wall thicknesses. Couplings, adapters, expansion joints, and
similar fittings are intended to be used with both heavy-wall and thin-wall rigid PVC conduit, elbows, and
other bends in accordance with the National Electrical Code (NEC), NFPA 70.

1.2 The following restrictions apply to use of the PVC conduit and fittings mentioned in 1.1:
a) Use at 50°C (122°F) and lower ambient temperatures

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, Section 17) and
marking (see 26.3, 26.7, and 26.8) requirements covering use with 90°C (194°F) wiring.

1.3 The conduit and fittings covered in these requirements are intended for use as rigid nonmetallic
raceway for wires and cables in accordance with the National Electrical Code.

1.4 Schedule 40 rigid PVC conduit and fittings are for aboveground use indoors or outdoors exposed to
sunlight and weather, and for underground use by direct burial or encasement in concrete. Schedule 40
rigid PVC conduit, elbows, and other bends that are specifically marked for underground use are suitable
for use underground only by direct burial or encasement in concrete.

1.5 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.

1.6 Type EB and Type A rigid PVC electrical conduit and fittings consisting of elbows and other bends
made from and for use with this conduit are covered separately in the Standard for Type EB and A Rigid
PVC Conduit and HDPE Conduit, UL 651A.

1.7 Unless the wording of a requirement specifically limits the requirement to Schedule 40 or to Schedule
80, each requirement in this standard applies to both schedules.

1.8 Conduit bodies (pull boxes) and covers, flush-device boxes and covers, and outlet boxes and covers
that are constructed of rigid PVC or another nonmetallic material and are for use with the rigid PVC
conduit and fittings covered in these requirements are covered separately in the Standard for Nonmetallic
Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C.

1.9 Reinforced thermosetting resin conduit and associated fittings are covered separately in the Standard
for Reinforced Thermosetting Resin Conduit (RTRC) and Fittings, UL 1684.
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1.10 Rigid PVC conduit and fittings covered in these requirements are intended to be joined to each other
and to rigid PVC boxes, conduit bodies, and fittings in the field by means of a cement that is or contains
a solvent for polyvinyl chloride.

1.11 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 reagents is covered in Resistance
to Specific Reagents, Section 18, 26.5, 26.6, and section 44.

1.12 In addition to the requirements specified in Sections 1 —19 and Section 25, rigid PVC conduit for
directional boring is intended to be subjected to the performance requirements specified in Sections 20
—24 of this standard.

1.13 The expansion joints covered by these requirements are fittings intended to compensate for linear
thermal expansion of a span of rigid polyvinyl chloride (PVC) conduit.

1.14 Couplings covered by these requirements are fittings intended for joining:
a) Two lengths of rigid PVC conduit,
b) A length of rigid PVC conduit to a rigid PVC elbow or other bend, and

¢) In conjunction with a junction-box adapter, a length of rigid PVC conduit or a rigid PVC
elbow or other bend to a box.

1.15 Junction-box adapters covered by these requirements are fittings intended to connect a length of
rigid PVC conduit , a PVC elbow or other bend to a rigid PVC box (not limited to junction boxes) with a
coupling.

1.16 Internally-threaded adapters covered by these requirements are fittings intended for joining a length
of rigid PVC conduit, a PVC elbow or other bend to threaded rigid metal conduit or other
externally-threaded devices.

1.17 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 or other bend 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.

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

1.20 Bell ends covered by these requirements are fittings intended to provide a bushed opening at the
open end of a length of rigid PVC conduit.

2 Units of Measurement

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

2.2 Unless otherwise 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 requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION
4 General

4.1 The compound of which rigid PVC conduit and fittings are made shall be as described in Standard
Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride)
(CPVC) Compounds, ASTM D 1784.

4.1.1 Clean rework compound, generated from the manufacturer’s own production and reused by the
manufacturer, meets the intent of these requirements when the finished product complies with all of the
requirements of this standard.

4.1.1 added December 7, 2006

4.1.2 Clean industrial scrap (as defined in Standard Guide for Development of ASTM Standards Relating
to Recycling and Use of Recycled Plastics, ASTM D 5033) that is not commingled with other plastic
materials and originates from 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.
4.1.2 added December 7, 2006

4.2 Conduit and fittings 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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4.3 Both ends of each length of 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.

4.4 Conduit and elbows and other bends shall not be threaded. There shall not be any taper to the
conduit or bend unless one end is formed as an integral coupling. In that case, only the interior surface
of the integral coupling may be tapered.

4.5 For specific applications or uses, lengths may be shipped from the factory with or without couplings

or with an adapter instead of a coupling. A coupling with a center stop need not be cemented to the
conduit when the conduit is shipped but may be separately packaged.
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4.6 For general use, a PVC coupling or similar fitting shall be cemented, heat-fused, or molded (see 4.26)
to one end of each length of conduit before the conduit is shipped from the factory. The coupling or similar
fitting shall comply with the requirements concerning reagent resistance in Resistance to Specific
Reagents, Section 18, and 26.5 and 26.6 if the conduit to which it is attached complies with the
requirements for wetting by or immersion in reagents. If a stopless coupling is used, the end of the conduit
shall be within 1/8 inch (3 mm) of the center of the coupling.

4.7 Limits on the wall thickness and outside diameter of conduit are specified in inches in Table 4.1 and
in millimeters in Table 4.2. Limits on inside diameters are specified in Table 4.3.

Table 4.1
Limits in inches on outside diameters and wall thicknesses of Schedule 40 and Schedule 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 5513 0.258 0.375
6 6.625 +0.011 6.675 6.575 0.280 0.432
Table 4.2
Limits in millimeters on outside diameters and wall thicknesses of Schedule 40 and Schedule 80
conduit
Metric designator Outside diameters, Minimum wall thicknesses,
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 £0.18 73.41 72.64 5.16 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 6.55 9.52
155 168.28 +0.28 169.54 167.00 7.11 10.97
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Table 4.3
Minimum average inside diameter
Table 4.3 revised December 7, 2006

Trade size (metric desig) Minimum average inside diameter
Schedule 40 Schedule 80
inches (mm) inches (mm)

1/2 (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) 1.335 (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) 2414 (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 (155) 5.986 (152.04) 5.646 (143.41)

4.8 Each length of conduit on which measurements are made is to be finished, smooth and clean
wherever it is to touch any part of a measuring device or tool. 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). All of the average and individual outside diameter measurements are to be
performed at the center and at least one end of the conduit.

4.9 The measurements from which the average outside diameters of a length of finished conduit are to
be determined for comparison with the limits specified in inches in Table 4.1 or in millimeters in Table 4.2
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;

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.

4.10 In disputes that may arise between measuring techniques, the vernier wrap tape is to act as the
referee in determining compliance with the requirements for average outside diameters.
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4.11 When employing a tapered sleeve gauge, the entrance and exit diameters of the gauge shall
correspond to the maximum and minimum outside diameters for the trade size of conduit being measured.

4.12 When employing a sleeve window gauge, the window shall extend beyond the two scribed marks
which shall represent the minimum and maximum required diameters.

4.13 The measurements from which the minimum and maximum outside diameters (ovality or
out-of-roundness) of a length of finished conduit are to be determined for comparison with the limits
specified in inches in Table 4.1 or in millimeters in Table 4.2 are to be made by 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; or
¢) An out-of-roundness gauge accurate to +0.01 mm.

4.14 In disputes that may arise between measuring techniques, the vernier caliper is to act as the referee
in determining compliance with the requirements for minimum and maximum outside diameters.

4.15 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 4.16. Each instrument is to be calibrated to read directly to at least 0.001 inch

or 0.01 mm.
Table 4.4
Dimensions in inches of integral couplings
Trade size Socket diameters Minimum Minimum thickness at
of conduit socket any point of socket
At entrance At bottom a
depth
Maximum | Minimum | Average Maximum Ninimum ~ Average S¢hedule Schedule
40 80

0.852 0.836

1/2 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
1.330 1.310

1 1.340 1.320 +0.005 1.320 1.300 +0.005 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 0.120 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
2.393 2.369

2 2.405 2.381 +0.006 2.381 2.357 +0.006 1.125 0.130 0.181
2.890 2.868

2-1/2 2.905 2.875 +0.007 2.883 2.853 +0.007 1.469 0.165 0.229
3.515 3.492

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
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Table 4.4 Continued

Trade size Socket diameters Minimum Minimum thickness at
of conduit socket any point of socket
At entrance At bottom d a
epth
Maximum | Minimum | Average Maximum Ninimum ~ Average S¢hedule Schedule
40 80
5.593 5.553
5 5.643 5.543 +0.010 5.583 5.523 +0.010 1.937 0.214 0.311
6.658 6.614
6 6.708 6.608 +0.011 6.644 6.584 +0.011 2.125 0.232 0.359

a Tests are not needed on sockets complying with these minimums.

Table 4.5
Dimensions in millimeters of integral couplings

Metric Socket diameters Minimum Minimum thickness at
desig A Atb socket any point of socket
t entrance t bottom depth @

Maximum | Minimum Average Maximum Minimum verage Sthedule Schedule
40 80

16 21.84 21.44 21.64 +0.10 21.44 21.03 21.23 +0.10 16.56 241 3.28

21 27.28 26.77 27.03 +0.10 26.82 26.31 26.57 +0.10 18.26 241 3.45

27 34.04 33.53 33.78 +0.13 33.53 33.02 33.27 £0.13 22.22 2.54 4.01

35 42.90 42.30 42.60 £0.13 42.34 41.73 42.04 £0.13 23.83 3.05 4.28

41 49.02 48.41 48.72 £0.15 48.41 47.80 48.11 £0.15 26.97 3.05 4.22

53 61.09 60.48 60.78 £0.15 60.48 59.87 60.17 +0.15 28.58 3.30 4.60

63 73.79 73.02 73.41 £0.18 73.23 72.47 72.85 +0.18 37.31 4.19 5.82

78 89.66 88.90 89.28 +0.20 89.08 88.32 88.70 £0.20 40.49 4.55 6.32

91 103.25 100.71 1+001'2908 101.78 101.02 |101.40+0.20 42.85 4.78 6.71
114.68

103 115.95 113.41 +0.23 114.45 113.70 114.07+0.23 44.45 5.00 7.11
142.06

129 143.33 140.80 +0.25 141.80 140.28 |141.05+0.25 49.20 5.44 7.90

168.00
155 170.38 167.84 169.11+0.28 168.76 167.23 +0.28 53.98 5.89 9.12
a Tests are not needed on sockets complying with these minimums.

4.16 The measurements from which the wall thicknesses of a length of finished conduit are to be
determined for comparison with the limits specified in inches in Table 4.1 or in millimeters in Table 4.2 are
to be made by means of a machinist’'s micrometer caliper that has a ratchet, a flat-ended spindle, and a
hemispherical anvil and is calibrated to read directly to at least 0.001 inch or 0.01 mm.

4.17 Compliance of all trade sizes of conduit with the minimum interior diameters in Table 4.3 is to be
determined by means of a vernier caliper accurate to at least 0.001 inch or 0.01 mm.
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4.18 If desired, methods, tools, and measurement techniques may be employed to determine compliance
with the above dimensional requirements provided they are accurate to within £0.001 inch or £0.01 mm
and as such have been determined to be acceptable.

4.19 To determine the average outside diameter when using a micrometer caliper or vernier caliper, at
least four measurements (every 45 degrees) are necessary at each place to make certain that the largest
and smallest diameters are found. The average of all the recorded diameters is to be determined and
compared with the average diameter in inches in Table 4.1 or in millimeters in Table 4.2 for the trade size
of conduit involved. The average of the recorded diameters shall not differ from the average diameter in
the applicable table by more than the specified tolerances.

4.20 To determine the average outside diameter when using vernier wrap tape, place the vernier wrap
tape around the 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 in inches in Table
4.1 or in millimeters in Table 4.2 for the trade size of conduit involved. The observed reading for the
conduit shall not differ from the average diameter in the applicable table by more than the specified
tolerances.

4.21 To determine the average outside diameter when using a tapered sleeve gauge or sleeve window
gauge, cut the end of the conduit square and remove burrs. Insert the conduit into the sleeve 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.

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

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

4.24 The average of all of the recorded diameters mentioned in 4.19 — 4.21 is to be determined and
compared with the average diameter in inches in Table 4.1 or in millimeters in Table 4.2 for the trade size
of conduit involved. The average of the recorded diameters shall not differ from the average diameter in
the applicable table by more than the specified tolerances.

4.25 The wall thickness is to be measured at one or both ends of the conduit by means of the caliper with
the hemispherical anvil. At least four measurements are necessary at each end, measured to make
certain that the thinnest part of the wall is found. The minimum of all of the recorded thicknesses are to
be compared with the minimum wall thicknesses in inches in Table 4.1 or in millimeters in Table 4.2 for
the trade size of conduit involved. The conduit shall not exceed the limits.

4.26 A PVC coupling shall be capable of being secured to conduit by means of the type of cement
mentioned in 1.10. When assembled to conduit to which solvent cement is freshly applied, both of the
following shall be complied with:

a) The coupling shall be hand-tight on the conduit when the end of the conduit is against the
stop or, in the case of a stopless coupling, within 1/8 inch (3 mm) of the center of the coupling.
The coupling shall not be loose nor shall anything other than a person’s hands be needed to
assemble the coupling to the conduit; and

b) Around the junction of the coupling socket and the conduit circumference to which the
coupling is attached, there shall not be any void that is not essentially filled by cement.
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5 Bends

5.1 Elbows and other bends for use with conduit shall be formed from lengths of straight conduit that are
of any convenient length (see 5.2) but otherwise comply with the requirements in this standard. The axial
length of a finished bend shall not exceed 10 feet (3.05 m). Each finished bend shall not have any kinks
or creases. A coupling need not be attached to an elbow or other bend before the bend is shipped from

the factory.

5.2 If the lengths of conduit from which elbows and other bends 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.

5.3 Examples of bends are illustrated in Figure 5.1. 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 bend shall be
shallower than 11.25 degrees. The length Lg of the straight portions at the ends of a bend and the radius

R of a bend shall not be smaller than indicated in Table 5.1 for each size of conduit. The
portions of elbows and other bends shall comply with the dimensions specified in Table 5.1.

Figure 5.1
Bends

90%2° max.
11.25° min.

Gooseneck

. 135 max
<
o
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——

reverse bend 45°
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Table 5.1
Minimum dimensions of bends

Trade size (metric desig) Radius R of bend to center line of Length L ¢ of straight end portion,
conduit,
inches (mm) inches (mm)
1/2 (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)
PERFORMANCE
6 General

6.1 Modified tests, or additional tests other than those specified in Sections 7 — 25, may be necessary.
Other tests to be considered include the installation of wires, resistance to arcing, and dimensional
stability.

6.2 Schedule 40 PVC conduit intended for underground use only is not required to be subjected to
performance tests for Flame, Section 14, or Sunlight Resistance, Section 19.

6.3 Unless specified otherwise, 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).

7 Tensile Strength
7.1 General

7.1.1 The average tensile strength of three aged specimens of finished conduit shall equal or exceed 95
percent of the average tensile strength of three unaged specimens of conduit. The average tensile
strength of the unaged specimens shall comply with the limit established for the compound used but, in
any case, shall not be less than 5,000 psi (34.5 MN/m?2) (3.45 kN/cm?) (3515 gf/mm?). The procedures
(similar to those described in the Standard Test Method for Tensile Properties of Plastics, ASTM D 638)
for preparing and conditioning the specimens, for making the measurements, and for calculating the
average tensile strengths are indicated in 7.2 — 7.4.
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7.2 Preparation of specimens

7.2.1 Six 15-inch (380-mm) 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 available power-driven machine.

7.2.1 revised December 7, 2006

7.2.2 Measurements are to be made by means of two machinist's micrometer calipers, each with a
ratchet and a flat-ended spindle. The anvil is to be hemispherical on the caliper used for measurements
of thickness and flat on the caliper used for measurements of diameter. The calibration of the scale on
each caliper is to facilitate estimation of each measurement to 0.0001 inch or 0.001 mm.

7.2.3 The 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).

7.2.4 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.

7.2.5 The outside diameter is to be measured at the center and each end of each specimen 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 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.

7.2.6 The center 2-1/4 inch (57 mm) section of each specimen is to be reduced in diameter as illustrated
in Figure 7.1. The diameter D, to which the section is to be reduced is to be determined from the
expression:

D,=D - 0.8T

in which:

D is the outside diameter as determined in 7.2.5, and
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T is the average thickness as determined in 7.2.4

The resulting value (D)) is to be recorded to the nearest 0.001 inch or 0.01 mm. With care being taken to
maintain concentricity, a lathe is to be used to reduce the center section of each specimen approximately
to D,. As indicated in Figure 7.1, each end of the reduced section is to be joined to the outside diameter,
D, by a transition section having a radius of approximately 3 inches (76 mm). The transition and reduced
sections are to be tangent to one another. Any marks left by the machining 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 resulting specimen. On each specimen, the finished surface of the reduced section
is to be smooth and is not to have any scratches or other visible imperfections. The diameter measured
at any point in the straight 2-1/4 inch (57 mm) portion of the reduced section of any specimen is not to
deviate more than 0.001 inch or 0.01 mm from the diameter measured at any other point of the straight
portion of the reduced section. The diameter of the straight portion of the reduced section is to be
measured in the manner indicated in 7.2.5 and is to be recorded as D, for each specimen.
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Figure 7.1
Specimen of PVC conduit
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Note: The transition and reduced sections are to be mutually tangent.
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7.2.7 The cross-sectional area of the straight portion of the reduced section is to be calculated and
recorded in square inches or in mm? for each specimen from the following expression. 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?2 by 104,

A =0.7854(D,2 - D? - 4T2 + 4DT)

in which:
D,, D, and T are as indicated in 7.2.6.

7.2.8 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 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.

7.3 Conduct of the test

7.3.1 No sooner than 16 hours and no later than 96 hours after the three specimens mentioned in 7.2.8
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).

7.3.2 A right-circular metal plug is to be inserted in each end of each 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.

7.3.3 Each 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 maximum load L observed for each specimen
is to be recorded in pounds force or newtons or gram force.

7.4 Results

7.4.1 The tensile strength of each specimen is to be calculated by dividing the maximum load L by the

cross-sectional area A. The average tensile strengths of the three conditioned specimens and of the three
unaged specimens are to be determined and recorded for comparison with the requirements in 7.1.1.
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8 Deflection Under Heat and Load
8.1 General

8.1.1 The average temperature at which simply supported center-loaded bar specimens machined from
finished conduit deflect 0.010 inch (0.25 mm) shall not be lower than 70.0°C (158.0°F) at a stress of 66
psi (455 kN/m?) (45.5 N/cm?) (46.4 gf/mm?) and shall not be lower than 62.0°C (143.6°F) at a stress of
264 psi (1.82 MN/m?) (182 N/cm?) (186 gf/mm?). The specimens are to be prepared and the test
conducted as indicated in 8.2 — 8.4. These procedures are similar to those described in the Standard Test
Method for Deflection Temperature of Plastics under Flexural Load in the Edgewise Position, ASTM D
648.

8.2 Preparation of specimens

8.2.1 At least 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 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.

8.3 Apparatus

8.3.1 The apparatus is to consist of a container in which a specimen can be supported and loaded as
shown in Figure 8.1 while immersed in a liquid heat-transfer medium as shown in Figure 8.2. 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 8.1
Details of support and loading of specimen
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All dimensions are in inches with mm tabulated below

Dimension in drawing in inches Dimension in mm
1/8 3
1/4 6.5
1/2 13
0.50 13
2 51
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Figure 8.2
Apparatus
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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 room or elevated temperature.

8.3.3 An immersion 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 (3.60 £0.36°F) per minute.
A means is to be provided for stirring or otherwise circulating the liquid continuously during the heating
period.

8.3.4 An accurate 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 specimen whenever a
specimen is in place. The bulb is not to be farther away from a specimen than 1/8 inch (3 mm).

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.
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