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Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

Executive Summary

In the 1980s, the Bureau of Reclamation (Reclamation) began using perforated
plastic pipe for toe drainsin dams. Corrugated high density polyethylene (HDPE)
has been used most often, but other plastic pipe options include corrugated
polyvinyl chloride (PVC), solid-wall PV C, and solid-wall HDPE. 1n 1999,
Reclamation began video inspection of toe drains and found that about one-half

of our plastic toe drains suffered from areas of serious deformation or collapse
(Cooper, 2005). Concernsincluded whether al types of plastic pipe had
sufficient strength and whether perforation patterns led to premature failure.

This study compares the strength and failure modes of perforated and non-
perforated plastic pipe. Six types of plastic pipe were tested for pipe stiffness,
ultimate strength, and mode of failure to determine suitability for use in toe
drains. The six types of pipe evaluated include:

Single-wall corrugated HDPE drainpipe
Double-wall corrugated HDPE drainpipe
Double-wall corrugated PV C drainpipe
Solid-wall HDPE pressure pipe
Solid-wall PV C pressure pipe

Solid-wall PV C drainpipe*

Pipe strengths for perforated and non-perforated pipe were compared to published
values. Pipe diameters ranged from 6 to 24 inches (although larger diameters are
also commonly used). The manufacturer’s standard perforation patterns were
selected for testing.

Conclusions

1.  All the pipe exceeded the manufacturer’s published values for pipe
stiffness.

2. For corrugated pipe, the perforated pipe was just as strong as the non-
perforated pipe. The reason for this high retained strength is that
corrugated pipe gets its strength from the corrugation ribs, while the
perforations are located in the corrugation valleys.

! For this report, solid-wall PVC drainpipe is non-pressurized drain-waste-vent (DWV) pipe,
not to be confused with Reclamation terminology for perforated toe drainpipe for embankment
dams.

ES-1
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For solid-wall pipe, the perforated pipe was significantly weaker than
the non-perforated pipe. The strength reduction was directly
proportional to the percent open area (POA). Solid-wall PV C pipe
(drainpipe and pressure pipe) showed a 2.5 percent decrease in pipe
stiffness for every 1 percent open area. Solid-wall HDPE pipe lost more
strength, with a 15.0 percent decrease in pipe stiffness for every 1
percent open area.

Mode of Failure — For all pipe tested, the presence and location of
perforations had no influence on the mode or location of the pipe failure.

Both corrugated pipe options (HDPE and PV C) have significantly less
strength (lower pipe stiffness) than both the solid-wall pressure pipe
options (HDPE and PVC).

Lower strength corrugated plastic pipe relies greatly on support from the
compacted backfill to resist deformation. Therefore, proper compaction
and backfill support are critical for corrugated pipe.

Brittleness — Although not originally part of this study, brittleness
proved to be an issue for some of the larger-diameter double-wall
corrugated PV C pipe. This brittle behavior appears similar to field
damage issues seen with thin-walled PV C pipe.

Perforations — Because of flow characteristics through perforations,
fewer large holes are preferred for high-flow applications, while
numerous slots (or smaller holes) are acceptable for low-flow
applications.

Joints— All pipe manufacturers offer some type of satisfactory joint,
with some joints easier to assemble and more robust than others. Since
joints for perforated pipe need not be watertight, some manufacturers
also offer a“ soil-tight” joint that is appropriate for drainage applications.

Recommendations — Toe drains are critical to the safe operation of
embankment dams. Toe drains frequently have deep burial where they
would be difficult to access or replace. Trouble-free operation is
essential, and small additional costs at the time of construction are easily
justified. Proper installation of plastic pipe should be verified with
closed circuit television inspection. Pipe recommendations for critical
toe drain applications are shown in table ES-1.
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Used in Reclamation Toe Drains

Table ES-1.—Pipe recommendations for toe drains — advantages and disadvantages

Product Type Advantage Disadvantage Recommended
Strong, welded Highest cost,
joints, flexibility of special ordered,
. perforation size or hand-drilled .
Solid and type after-market Highly
addition of
perforations
HDPE Economical Poor historic
Single performance, No
weak
Corrugated Economical, Low strength,
Double succ_essful careful installation Moderately
applications, large | required
perforation sizes
. Well Strong Small perforation Moderately
Solid screen aperture
PVC . . .
Drainpipe | Economical Weak, brittle No
Corrugated Double | Economical Weak, brittle No

ES-3







Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

1.0 Background — Introduction

Up until about 1980, Reclamation used clay, concrete, and corrugated metal pipe
(CMP) pipefor toe drains in dams. Each of these pipe options has known
performance issues such as corrosion, cracking, and joint separation. Therefore,
Reclamation switched to perforated plastic pipe for toe drains. Corrugated HDPE
has been used most often, but other plastic pipe options include corrugated PVC,
solid-wall PVC, and solid-wall HDPE. An extensive video inspection program
was initiated in 1999 that revealed problems with all types of pipe. Whilethe
poor performance of the older clay, concrete, and CMP pipe was aready known,
the poor performance of the newer plastic pipe installations was unexpected.
About one-half of all toe drains constructed with plastic pipe showed localized
areas of excessive deformation or failure (collapse) (see figure 1-1). Design
concerns included whether al types of plastic pipe had sufficient strength and
whether some perforation patterns led to premature failure. While strength
properties of non-perforated plastic pipe are well known and available from a
variety of sources, the strengths of perforated pipe are generally not published or
need to be confirmed. This study was undertaken to better understand the
comparative strength rel ationships between different types of plastic pipe. This
study also satisfies the research identified in the Technical Manual: Plastic Pipe
Used in Embankment Dams (Federal Emergency Management Agency, 2007).

m

Figure 1-1.—Collapse of corrugated plastic pipe toe drain.

1-1
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1.1 Corrugated HDPE Pipe

AASHTO standards cover both Class C pipe (single-wall corrugated) and Class S
pipe (double-wall, corrugated exterior with smooth interior). AASHTO M-252
(3- through 10-inch-diameter pipe) has lower strength requirements for single-
wall pipe than for double-wall pipe. AASHTO M-294 (12- through 48-inch-
diameter pipe) has the same strength requirements for both single-wall and
double-wall pipe. Most cases of distressed HDPE pipe have been the corrugated
single-wall pipe (6- to 18-inch diameter). More recent installations have used
double-wall corrugated HDPE pipe and have performed much better. The HDPE
pipe failures have been attributed to equipment damage and stress cracking.
Stress cracking is afailure mechanism that develops over time at stresses less than
theyield strength. Starting in 2000, AASHTO M294 (12-inch and larger) has
required aresin with better stress crack resistance (SCR). AASHTO M252
(smaller diameters) still uses the older (less expensive) resin because pipe
manufacturers claim that stress cracking has not been asissue for these smaller
pipes. Because of itslow pipe stiffness, proper installation of corrugated HDPE
pipeisessential and requires extra attention during backfill to ensure good
support under the haunches. Otherwise, the pipe will deflect excessively and
concentrate stresses at the crown, invert, or springline. These stress
concentrations can lead to premature failure, especialy if the pipe resin does not
have sufficient SCR. Single-wall pipe will aso lose strength if stretched when
installed with trenching equipment. ASTM F-405 and F-667 also cover single-
wall corrugated HDPE pipe, but this standard has lower physical properties than
the AASHTO standard and is more appropriate for more shallow burial such as
agricultural drainage.

1.2 Corrugated PVC Pipe

Over the years, corrugated PV C pipe has been manufactured in both single-wall
and double-wall configurations. Reclamation has used small amounts of single-
wall pipein the past with mixed results. Today, only double-wall corrugated
PV C pipeiswidely available and generaly has dightly higher strength (pipe
stiffness) than double-wall corrugated HDPE.

1.3 Solid-Wall HDPE Pipe

Solid-wall HDPE pipe is commonly used as pressure pipe for natural gas and
water delivery. The HDPE resin is weaker than PV C resin, requiring thicker pipe
walls for equivalent strength, resulting in a higher cost per linear foot. Joints are
welded and quite strong. Perforations (drilled holes) must be special ordered
from the manufacturer (minimum order about 1,000 linear feet) or drilled by hand
after market. The resins used for pressure applications have good SCR.

1-2
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1.4 Solid-Wall PVC Pipe

Solid-wall PV C pipeis commonly used for pressure applications in diameters up
to about 24 inches. In larger diameters, PV C becomes |ess cost competitive.
PV C pipeisavailable in awide range of wall thicknesses and strengths (pipe
stiffness). PV C pipeisroutinely perforated (slotted) and used as well screen.
This same dotted pipe can al'so be used for toe drains. Slotting is done at the
factory, and slots are available in awide range of slot widths and POA. However
solid-wall PV C pipe has sometimes performed poorly in heavy earthwork
construction operations. These problems have mostly been with thinner-walled
Schedul e 40 pipe, while thicker-walled Schedule 80 pipe has performed better.
For this reason, some designers are reluctant to specify PV C pipe for toe drain
applications.

1-3
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2.0 Pipe for Testing

Available options for each type of perforated plastic pipe are listed in table 2-1,
including diameters, pipe stiffness (strength), perforation options, POA, etc.

This study compares the strength and failure modes of perforated versus non-
perforated plastic pipe. Six types of plastic pipe were tested for pipe stiffness,
ultimate strength, and mode of failure to determine suitability for use in toe
drains. Pipe with the manufacturers “standard” perforation patterns were selected
for testing. Pipe diameters ranged from 6 to 24 inches, although larger pipeis
also used in toe drains. Table 2-2 contains a complete list of the pipetested. The
Six types of pipe evaluated are shown in appendix A and include:

Single-wall corrugated HDPE drainpipe
Double-wall corrugated HDPE drainpipe
Solid-wall HDPE pressure pipe
Double-wall corrugated PV C drainpipe
Solid wall PV C pressure pipe

Solid-wall PV C drainpipe

2-1
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Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

3.0 Test Program

Samples of perforated and non-perforated pipe were obtained from pipe suppliers
with the manufacturers “ standard” perforation pattern. The only exception was
the solid-wall HDPE pipe in which factory perforated pipeis only available by
special order at quantities starting around 1,000 linear feet. Therefore, for this
study, solid-wall HDPE pipe was hand-perforated by drilling six rows of 3/8-inch
diameter holes on 2-inch centers.

Pipe samples were tested in accordance with ASTM D 2412 “ Determination of
External Loading Characteristics of Plastic Pipe by Parallel-Plate Loading.” In
accordance with ASTM, the test specimen length was 12 inches for the 6- and
12-inch diameter pipe, and one pipe diameter for larger pipe (18 incheslong for
18-inch diameter pipe, and 24 inches long for 24-inch diameter pipe). The tests
were run at a crosshead speed of 0.5 inch per minute. Three specimens

were tested for each pipe sample at orientations of 0, 90, and 45 degrees. For

0 degrees, the specimen was oriented with the manufacturer identification stamp
located on top (at the crown). The second specimen was rotated 90 degrees,
placing the identification stamp at the springline. The third specimen was rotated
45 degrees, placing the identification stamp hafway between the top (crown) and
the springline.

After determining the pipe stiffness at 5 percent deflection, the test speed was
increased to 2 inches per minute for 6- and 12-inch diameter pipe and to 4 inches
per minute for 18- and 24-inch diameter pipe. All specimens were loaded to
ultimate failure, with the maximum load and deflection recorded. Failure (test
end point) was defined either as wall rupture or negative slope on the load-
deflection curve. If neither of these failure events occurred, failure was defined as
50 percent deflection, which generally corresponded to the point of minimum
slope on the load-deflection curve. Typical plots (load versus deflection)
illustrating the three failure events (test end points) are included in appendix B.

3.1 Mode of Failure
All the pipe ultimately failed by collapsing in one of four failure modes (shapes):

Heart — Crown (top) of pipe collapses, eventually contacting the pipe invert
Inverted heart — Invert collapses upward, eventually contacting pipe crown
Binocular — Crown and invert collapse inward toward each other

Pancake — Pipe buckles (bends) at springline and collapses flat

Eal A

Photos of the four failure modes (shapes) are shown in appendix A.
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Key results are summarized in table 4-1 below. Individual test results are
tabulated in tables 4-2 through 4-4. Test photos are included in appendix A, and
|load-deflection plots arein included in appendix B. Tables 4-5 through 4-7
compare the measured pipe stiffness for perforated and non-perforated pipe to the
manufacturer’s published values. See equation 1 for the calculation of pipe
stiffness. Finally, the reduction in pipe stiffness versus POA istabulated in

tables 4-8 through 4-10.

Table 4-1.—Key test results — pipe stiffness

Pipe stiffness

Average
Test value percent
Pipe type Published value (range) difference

Corrugated HDPE | Non-perforated 34 — 50 psi' 41 — 62 psi +14 %
Perforated 41 — 58 psi +13 %
Corrugated PVC Non-perforated 46 psi 55 — 61 psi +25 %
Perforated 53 — 64 psi +24 %
Solid-wall PVC Non-perforated 46 — 224 psi 61 — 400 psi +38 %
Perforated 60 — 352 psi +24 %
Solid-wall HDPE Non-perforated 358 psi 487 psi +36 %
Perforated 465 psi +30 %

' Pounds per square inch.
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Table 4-2.—Test results — corrugated PVC pipe

Published Tested Load at Deflection

Lab PS PS failure at failure

No. Pipe ID (psi) (psi) (Ib/ft) (%) Comments Failure mode

962 | 6”PVC 46 50.4 680 36.7 Pancake
Corrugated 57.4 675 35.0 —
Double-wall 56.6 675 36.7 Pancake
Non-perf. 54.8 avg. | 677 avg. 36.1 avg.

957 | 6" PVC '46 524 665 36.7 Pancake
Corrugated 56.9 660 38.3 —
Double-wall 56.0 625 34.2 —
Perforated 55.1 avg. | 650 avg. 36.4 avg.

958 | 6" PVC '46 54.2 655 35.8 Pancake
Corrugated 56.9 645 34.2 Pancake
Double-wall 52.8 625 36.7 —
Double-perf. 54.6 avg. | 642 avg. 35.5 avg.

961 12" PVC 46 56.3 1160 32.9 Linear separation Pancake
Corrugated 57.9 1170 36.3 —
Double-wall 58.5 1180 37.9 Pancake
Non-perf. 57.6avg. | 1170 avg. | 35.7 avg.

956 | 12" PVC '46 55.5 1020 29.2 Pancake
Corrugated 52.6 1064 35.0 Pancake
Double-wall 51.2 1036 31.7 —
Perforated 53.1avg. | 1040 avg. | 32.0 avg.

960 | 18" PVC 46 55.9 1755 28.9 Pancake
Corrugated 56.7 1798 31.9 Pancake
Double-wall 56.6 1770 30.0 Pancake
Non-perf. 56.4 avg. | 1774 avg. | 30.3

955 | 18" PVC '46 58.7 1839 29.9 avg. Inverted heart
Corrugated 58.9 1791 27.6 Cracked? Pancake
Double-wall 57.8 1772 29.2 Cracked? Pancake
Perforated 58.5avg. | 1801 avg. | 28.9 avg.

959 | 24" PVC 46 57.8 2206 22.8 Shattered at top® Heart
Corrugated 61.9 2352 28.3 Shattered at bottom | Inverted heart
Double-wall 62.4 2236 31.0 Shattered at 45°° Pancake
Non-perf. 60.7 avg. | 2265 avg. | 27.4 avg.

954 | 24”PVC '46 64.4 1985 15.3 Binocular
Corrugated 62.0 1864 13.1 Shattered at 90°3 Binocular
Double-wall 64.2 2178 18.8 Binocular
Perforated 63.5avg. | 2009 avg. | 15.7 avg.

' Published data for non-perforated pipe — perforated pipe reportedly has same strength.

2 External corrugations cracked.
® Shattered at mold mark. Pipe has two mold marks.
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Table 4-3.—Test results — corrugated HDPE pipe

Tested Load at Deflection

Lab Published PS failure at failure Failure

No. Pipe ID PS (psi) (psi) (Ib/ft) (%) Comments mode

970 | 6" HDPE 50 59.9 520 46.7 Heart
Corrugated 59.9 540 48.3 Binocular
Double-wall 61.4 545 48.3 Heart
Non-perf. 60.4 avg. | 535 avg. 47.8 avg.

966 | 6” HDPE '50 57.0 490 45.0 Pancake
Corrugated 56.1 600 50.0 Binocular
Double-wall 58.5 535 50.0 Pancake
Perforated 57.2 avg. | 542 avg. 48.3 avg.

969 | 12" HDPE 50 59.3 1030 33.3 Binocular
Corrugated 56.5 1040 33.3 Binocular
Double-wall 57.3 990 31.7 Heart
Non-perf. 57.7 avg. | 1020 avg. 32.8 avg.

965 | 12" HDPE '50 53.7 950 31.7 Inverted heart
Corrugated 52.8 870 24.6 Inverted heart/binocular
Double-wall 52.3 _870 26.7 Binocular
Perforated 52.9 avg. 897 avg. 27.7 avg.

974 | 12" HDPE 50 61.4 980 36.7 Heart
Corrugated 62.5 1040 45.8 Heart
Single-wall 60.5 1000 41.7 Binocular
Non-perf. 61.5 avg. | 1007 avg. 41.4 avg.

972 | 12" HDPE '50 58.3 970 39.2 Pancake
Corrugated 57.3 1036 417 Split at top Heart
Single-wall 59.3 1030 45.8 perforation Pancake
Perforated 58.3 avg. | 1012 avg. 42.2 avg.

968 | 18" HDPE 40 41.8 1279 37.6 Heart
Corrugated 40.4 1236 33.3 Inverted heart
Double-wall 40.9 1244 33.7 Heart
Non-perf. 41.0 avg. | 1253 avg. 34.9 avg.

964 | 18" HDPE '40 45.2 1335 24.0 Binocular
Corrugated 441 1303 22.0 Binocular
Double-wall 45.0 1315 24.4 Binocular
Perforated 44.8 avg. | 1318 avg. 23.5 avg.

973 | 18" HDPE 40 41.3 1263 374 Pancake
Corrugated 44.0 1307 37.5 Pancake
Single-wall 40.5 1311 41.8 Pancake
Non-perf. 41.9 avg. | 1294 avg. 38.9 avg.

971 18" HDPE '40 44 1 1234 34.2 Binocular
Corrugated 39.9 1208 34.9 Binocular
Single-wall 46.1 1167 32.8 Binocular
Perforated 43.4 avg. | 1203 avg. 34.0 avg.

967 | 24” HDPE 34 40.2 1808 40.5 Inverted heart
Corrugated 40.4 1584 29.9 Pancake
Double-wall 41.2 1731 39.0 Inverted Heart
Non-perf. 40.6 avg. | 1708 avg. 36.5 avg.

963 | 24” HDPE 34 40.9 1778 40.0 Binocular
Corrugated 421 1616 30.3 Inverted heart
Double-wall 41.0 1706 36.2 Heart
Perforated 41.3 avg. | 1700 avg. 35.5 avg.

' Published data for non-perforated pipe — perforated pipe reportedly has same strength.
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Table 4-4.—Test results — solid-wall PVC and HDPE pipe

Load at Deflection

Lab Published | Tested failure at failure Failure

No. Pipe ID PS (psi) PS (psi) (Ib/ft) (%) Comments mode

976 | 6" PVC 112 139 2250 50 Pancake
Class 160 139 2275 50 Pancake

140 2450 50 Pancake
139 avg. | 2325 avg. 50 avg.

979 | 6"PVC 112 122 1975 50 Pancake
Well screen 118 2015 50 Pancake
Class 160 121 1985 50 —

120 avg. | 1992 avg. 50 avg.

977 | 6" PVC 224 263 3675 50 Pancake

Class 200 260 3975 50 Pancake
263 3940 50 Pancake
262 avg. | 3863 avg. 50 avg.

980 | 6”PVC 224 236 3175 50 Pancake
Well screen 222 3200 50 Pancake
Class 200 233 3365 50 Pancake

230 avg. | 3247 avg. 50 avg.

982 | 6" PVC 46 60 1160 50 Pancake
Drainpipe 62 1152 50 Pancake
SDR 35 60 1240 50 Pancake

61 avg. 1184 avg. 50 avg.

983 | 6" PVC '46 67 1140 50 Pancake
Perforated 58 1140 50 Pancake
Drainpipe 56 1160 50 Pancake
SDR 35 60 avg. 1147 avg. 50 avg.

978 | 12" PVC 224 398 9,883 50 Pancake
Class 200 396 9,774 50 Pancake

406 10,617 50 Pancake
400 avg. | 10,091 avg. | 50 avg.

981 12" PVC 224 341 8317 50 Pancake
Well screen 357 8728 50 Pancake
Class 200 357 8494 50 Pancake

352 avg. 8513 avg. 50 avg.

984 | 12" HDPE 358 480 14,996 50 Pancake

SDR 11 484 15,271 50 Pancake
498 14,464 50 Pancake
487 avg. | 14,910 avg. | 50 avg.

985 | 12" HDPE 1358 464 15,076 50 Pancake
SDR 11 467 14,345 50 Pancake
Drilled holes 463 13,909 50 Pancake

465 avg. | 14,443 avg. | 50 avg.

' Published pipe stiffness for non-perforated pipe — perforated pipe expected to have lower strength.
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Table 4-5.—Comparison of pipe stiffness — non-perforated versus perforated PVC corrugated double-wall pipe

Non-perf. pipe stiffness (psi)

Perforated pipe stiffness (psi)

Pipe ID Published Tested % diff Pipe ID Published Tested % diff
6" PVC 46 54.8 +19.1 6" PVC 46 55.1 +19.8
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#962) (#957)

6" PVC 46 54.6 +18.7
Corrugated
Double-wall
Double-perf.
(#958)
12" PVC 46 57.6 +25.2 12" PVC 46 53.1 +15.4
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#961) (#956)
18" PVC 46 56.4 +22.6 18" PVC 46 58.5 +27.2
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#960) (#955)
24" PVC 46 60.7 +32.0 24" PVC 46 63.5 +38.0
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#959) (#954)
Average 46 574 +24.7 Average 46 57.0 +23.8
(range) (1910 32) | (range) (15 to 38)
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Table 4-6.—Comparison of pipe stiffness — non-perforated versus perforated HDPE corrugated pipe
(double-wall and single-wall)

Non-perforated pipe stiffness

Perforated pipe stiffness

(psi) (psi)

Pipe ID Published Tested % diff Pipe ID Published Tested % diff
6" HDPE 50 60.4 +20.8 6" HDPE 50 57.2 +14.4
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#970) (#966)
12” HDPE 50 57.7 +15.4 12" HDPE 50 52.9 +5.8
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#969 (#965)
12” HDPE 50 61.5 +23.0 12" HDPE 50 58.3 +16.6
Corrugated Corrugated
Single-wall Single-wall
Non-perf. Perforated
(#974) (#972)
18" HDPE 40 41.0 +2.5 18" HDPE 40 44.8 +12.0
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#968) (#964)
18" HDPE 40 41.9 +4.8 18" HDPE 40 43.4 +8.5
Corrugated Corrugated
Single-wall Single-wall
Non-perf. Perforated
(#973) (#971)
24" HDPE 34 40.6 +19.4 24” HDPE 34 41.3 +21.4
Corrugated Corrugated
Double-wall Double-wall
Non-perf. Perforated
(#967) (#963)
Average +14.3 +13.1
(range) (3 to 23) (6 to 21)
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Table 4-7.—Comparison of pipe stiffness — non-perforated versus perforated — solid-wall PVC and
solid-wall HDPE pipe

Non-perforated pipe stiffness Perforated pipe stiffness
(psi) (psi)
Pipe ID Published Tested % diff Pipe ID Published Tested % diff
6" PVC 112 139 +24.1 6” PVC 112 120 +7.1
Class 160 Well screen
(#976) Class 160
(#979)
6" PVC 224 262 +17.0 6" PVC 224 230 +2.7
Class 200 Well screen
(#977) Class 200
(#980)
6" PVC 46 61 +32.6 6" PVC 46 60 +30.4
Drainpipe Perforated
SDR 35 Drainpipe
(#982) SDR 35
(#983)
12" PVC 224 400 +78.6 12" PVC 224 352 +57.1
Class 200 Well screen
(#978) Class 200
(#981)
12" HDPE 358 487 +36.0 12” HDPE 358 465 +29.9
SDR 11 SDR 11
(#984) Drilled holes
(#985)
Average +37.7 +25.4
(range) (17 to 79) (3 to 57)
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Table 4-8.—POA versus loss of pipe stiffness — PVC corrugated double-wall pipe

Pipe stiffness
(psi)

Strength
loss
Pipe ID Published | Non-perforated | Perforated (%) POA

6” PVC 46 54.8 55.1 +0.5 0.9
Corrugated
Double-wall
(#962, 957)

6” PVC 46 54.8 54.6 -0.4 1.8
Corrugated
Double-wall
(962, 958%)

12” PVC 46 57.6 53.1 -7.8 0.4
Corrugated
Double-wall
(#961, 956)

18" PVC 46 56.4 58.5 +3.7 0.3
Corrugated
Double-wall
(#960, 955)

24" PVC 46 60.7 63.5 +4.6 0.2
Corrugated
Double-wall
(#959, 954)

Average +0.1+£4.9
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Table 4-9.—POA versus loss of pipe stiffness — HDPE corrugated pipe (double-wall and

single-wall)

Pipe ID

Pipe stiffness
(psi)

Published

Non-perforated

Perforated

Strength
loss
(%)

POA

6” HDPE

Corrugated
Double-wall
(#970, 966)

50

60.4

57.2

-5.3

0.4

12" HDPE

Corrugated
Double-wall
(#9609, 965)

50

57.7

52.9

0.3

12” HDPE

Corrugated
Single-wall
(#974, 972)

50

61.5

58.3

0.3

18” HDPE

Corrugated
Double-wall
(#968, 964)

40

41.0

44.8

+9.2

0.2

18" HDPE
Corrugated
Single-wall
(#973, 971)

40

41.9

43.4

+3.6

0.2

24" HDPE

Corrugated
Double-wall
(#967, 963)

34

40.6

41.3

+1.7

0.2

Average

-0.7+£0.7
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Table 4-10.—POA versus loss of pipe stiffness — solid-wall PVC and solid-wall HDPE pipe

Pipe stiffness

(psi)
Strength
loss

Pipe ID Published | Non-Perforated | Perforated (%) POA
6” PVC 112 139 120 -13.7 3.6
Class 160
(Nos. 976, 979)
6” PVC 224 262 230 -12.2 3.6
Class 200
(Nos. 977, 980)
12" PVC 224 400 352 -12.0 6.6
Class 200
(Nos. 978, 981)
6” PVC 46 61 60 -1.6 0.4
SDR 35
(Nos. 982, 983)
12" HDPE 358 487 465 4.5 0.3
SDR 11
(Nos. 984, 985)
Average -8.8+54
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5.0 Discussion

5.1 Published Values

Tables 4-5 through 4-7 show that all pipe exceeded the manufacturers published
values for pipe stiffness. Thisincludes corrugated and solid-wall pipe, single-
wall and double-wall pipe, PV C and HDPE pipe, and perforated and non-
perforated pipe.

5.2 Effect of Perforations on Pipe Stiffness of
Corrugated Pipe

For corrugated pipe (tables 4-8 and 4-9), the perforated pipeisjust as strong
statistically as non-perforated pipe (perhaps 1 percent weaker). Results are
plotted on figures 5-1 and 5-2 and show no correlation between POA and Pipe
Stiffness. In many cases, the perforated pipe actually tested higher than the non-
perforated pipe, indicating that differences are due more to lot variations than to
the perforations. The reason for this high retained strength is that the perforations
are located in the corrugation valleys (which contribute very little pipe strength)
rather than in the corrugation ribs (which contribute most of the pipe strength).

5.3 Effect of Perforations on Pipe Stiffness of
Solid-Wall Pipe

For solid-wall pipe, the perforated pipeis significantly weaker than non-perforated
pipe (table 4-10), and the strength reduction is proportional to the POA. The plot of
POA versus loss of strength (pipe stiffness) is shown on figures 5-3 and 5-4. Solid-
wall PV C pipe demonstrates a 2.5 percent decrease in pipe stiffness for every

1 percent open area. Solid-wall HDPE pipe lost more strength, with a 15.0 percent
decreasein pipe stiffness for every 1 percent open area. These strength reduction
numbers are based on alimited number of tests on samples often taken from
different lots, but can be used as a good first approximation.

5.4 Mode of Failure

For both solid-wall and corrugated pipe, the presence of perforations did not
influence the mode or location of pipe failure. Some samples did rupture along
the factory mold marks, but none ruptured at the perforations.
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Pipe Stiffness (psi)

POA vs Pipe Stiffness ——PVC
Corrugated Pipe —=—HDPE

0.0 0.5 1.0 1.5 2.0
POA = Percent Open Area (%)

Figure 5-1.—For corrugated pipe, the perforated pipe is equal in strength (statistically) to

non-

perforated pipe (POA = 0.0).

Strength Loss (%)

POA vs Strength Loss s PVC

Corrugated Pipe = HDPE

10.0

5.0

0.0

-10.0
0.0 0.5 1.0 1.5 2.0

POA = Percent Open Area (%)

Figure 5-2.—For corrugated pipe, no correlation between POA and change in pipe
stiffness.
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POA vs Pipe Stiffness o—PVC
Solid-wall Pipe —=—HDPE
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POA = Percent Open Area (%)

Figure 5-3.—For solid-wall pipe, all the perforated pipe showed lower strength than non-
perforated pipe.

POA vs Strength Loss s PVC

Solid-wall Pipe = HDPE

14.0
12.0
10.0

8.0

6.0

Strength Loss (%)

4.0

2.0

0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

POA = Percent Open Area (%)

Figure 5-4.—Loss of pipe strength (pipe stiffness) is directly proportional to POA.
Sampling from different lots accounts for the low correlation of PVC pipe.
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5.5 Pipe Recovery

After testing to near-total collapse (80 to 90 percent deflection), all types of pipe
re-rounded significantly when unloaded. The pipe would typically re-round about
50 percent within 1 hour and re-round 70 to 80 percent overnight. Of course,
buried pipe cannot re-round unless uncovered; however, this recovery
demonstrates the flexibility of plastic pipe.

5.6 Brittleness

Although not originally part of this study, brittleness proved to be an issue for
some kinds of plastic pipe. During this study, several specimens of the double-
wall corrugated PV C pipe (especially the larger diameters) demonstrated brittle
failure either when tested beyond 50 percent deflection or when accidentally
dropped or impacted during handling. None of the other pipe options
demonstrated this degree of brittle behavior. This brittle behavior is similar

to the field damage issues seen with thin-walled PV C pipe.

5.7 Perforations — Slots Versus Holes

Plastic pipeis perforated in two ways. sots and holes. Slots are openings that are
much longer than wide and are typically cut with asaw. Holes are circular and
typically drilled. Perforation size (aperture) must be small enough to prevent soil
particles from passing through the opening and entering the pipe. The critical
dimension is diameter for holes and width for slots. For the same amount of open
area, fewer larger holes will experience more flow than more numerous smaller
holes or dots (figure 5-5). Additionaly, larger perforations are less prone to
clogging by algae or iron ochre. Therefore, large holes are preferred for
applications with high flows, while dots (or smaller holes) are acceptable for
lower flow applications.

5.8 Joints

All pipe manufacturers offer some type of satisfactory watertight joint, with some
joints easier to assemble and more robust than others. Since joints for perforated
pipe need not be watertight, some manufacturers also offer a*“ soil-tight” joint that
is appropriate for drainage applications.
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Figure 5-5.—More flow occurs with fewer large perforations compared to many small
perforations.

5.9 Solid-Wall PVC Pressure Pipe

Solid-wall PV C pressure pipeis available in awide range of wall thicknesses with
high pipe stiffness. SDR 26 (pressure class 160 pounds per square inch [psi]) and
SDR 21 (pressure class 200 psi) were included in this study. The pipe exceeded
the manufacturer’ s minimum values for pipe stiffness. The failure mode was
“pancake” with no areas of negative slope on the load-deflection curve. The pipe
remained flexible with no brittle failures. The perforated pipe consisted of dotted
well screen with dots distributed evenly around the pipe circumference. The pipe
isavailable in awide variety of dot widths and open areas. The decreasein pipe
stiffness was proportional to 2.6 times the POA.

5.10 Solid-Wall PVC Drainpipe

Solid-wall PVC drainpipeisonly available in SDR 35 (pressure class 120 psi)
with a pipe stiffness of 46 psi. The perforations consisted of drilled holes |ocated
at +120 degrees (measured from pipe crown). The pipe can also beinstaled in
the inverted orientation, with drilled holes at 60 degrees. The failure mode was
“pancake” with no areas of negative slope and no brittle failures. The decreasein
pipe stiffness was proportional to 2.5 times the POA.

5-5



Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

5.11 Solid-Wall HDPE Pressure Pipe

Only asingle size of this pipe was included in the study (12-inch diameter,
SDR 11, pressure class 160 psi). The perforations were hand-drilled and
consisted of six equally spaced rows of 3/8-inch holes on 2-inch centers
(POA = 0.3 percent). Perforated pipe must be hand-drilled or specia ordered
from the manufacturer. Options for factory perforation patterns are shown in
appendix C. The decrease in pipe stiffness was proportional to 15.0 times the
POA.

5.12 Double-Wall Corrugated PVC Drainpipe

Double-wall corrugated PV C drainpipe consists of a corrugated exterior with a
smooth interior. Thisisarelatively new pipe option that Reclamation has not
used to date. The perforations consist of slotsin smaller pipe and holesin larger
pipe (24-inch diameter and larger). The two rows of perforations are located at
+120 degrees from the crown. The pipe can also be installed in the inverted
orientation with perforations at + 60 degrees from the crown. Thistype of pipe
seemed quite brittle, as the larger-diameter pipe often failed (shattered) at the
mold mark. Also, one pipe specimen fractured and had to be discarded when
accidently dropped during handling. Perforated pipe was nearly as strong as
non-perforated pipe (no statistical difference).

5.13 Double-Wall Corrugated HDPE Drainpipe

Double-wall corrugated HDPE drainpipe is the most commonly used pipe option
for Reclamation toe drains. It isonly available with limited POA (0.2 to

0.4 percent). Smaller diameter pipe is available with dlotted perforations
(1/8-inch dlots), while larger pipe is only available with drilled perforations
(typically 3/8-inch holes). Some designers have concerns about the low pipe
stiffness of this option. Perforated pipe was nearly as strong as non-perforated
pipe (no statistical difference).

5.14 Single-Wall Corrugated HDPE Drainpipe

Reclamation commonly used this pipe option for toe drains prior to introduction
of the double-wall corrugated HDPE pipe. Reclamation still uses this pipe option
for agricultural drainsin irrigated fields. Smaller diameters are available with
sotted perforations (typically 1/8-inch slots), while larger diameters are available
with drilled perforations (3/8-inch diameter). Thisoption isonly available with
limited POA (0.2 to 0.4 percent). Again, some designers have concerns about the
low pipe stiffness of this option. Perforated pipe was just as strong as non-
perforated pipe (no statistical difference).
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5.15 Installation — Pipe Stiffness and Soil Modulus

Pipe stiffnessis calculated at 5 percent deflection (equation 1) and is a function of
the polymers modulus of elasticity and the pipe wall configuration (solid-wall
versus corrugated). For solid-wall pipe, the wall configuration is described by the
dimension ratio (equation 2). The Modified lowa Formula (equation 3) combines
pipe stiffness with soil modulus to calculate long-term deflection. For thin-walled
pipe, soil modulusistypically much larger than pipe stiffness, emphasizing the
fact that thin-walled plastic piperelies greatly on support from the compacted
backfill to resist deformation and to perform properly.

PS=_F =671El = 447 E (equation 1)
Ld r (DR -1)*

DR =D/t (equation 2)

d = D KPD (equation 3)

0.149 PS + 0.061 E’
Where: deflection (inches)
diameter (inches)
deflection lag factor
dimension ratio
modulus of elasticity (psi)
soil modulus (psi)
force (Ibs)
moment of inertia of pipe wall cross section per unit length (in®)
bedding constant
length of specimen (inches)
soil prism load (psi)
pipe stiffness (psi)
pipe radius (inches)
wall thickness (inches)

;Ul_
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5.16 Recommendations

Toedrains are critical to the safe operation of embankment dams. Toe drains
frequently have deep burial where they would be difficult to access or replace.
Trouble-free operation is critical, and small additional costs at the time of
construction for the “best” pipe materials are easily justified. Test results are
summarized for discussion in table 5-1.
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Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

6.0 Conclusions

1.

All the pipe exceeded the manufacturer’ s published values for pipe
stiffness.

For corrugated pipe, the perforated pipe wasjust as strong as the non-
perforated pipe. The reason for this high retained strength is that
corrugated pipe gets its strength from the corrugation ribs, while the
perforations are located in the corrugation valleys, which contribute
very little strength.

For solid-wall pipe, the perforated pipe was weaker than the non-
perforated pipe. The strength reduction was directly proportional to the
POA. Solid-wall PV C pipe (drainpipe and pressure pipe) showed a

2.5 percent decrease in pipe stiffness for every 1 percent open area.
Solid-wall HDPE pipe lost more strength, with a 15.0 percent decrease
in pipe stiffness for every 1 percent open area.

Mode of Failure— For all pipe tested, the presence and location of
perforations had no influence on the mode or location of the pipe failure.
Some samples failed (ruptured) along the factory mold marks, but none
failed at the perforations.

Both corrugated pipe options (HDPE and PV C) have significantly less
strength (lower pipe stiffness) than both the solid-wall pressure pipe
options (HDPE and PVC).

Pipe deflection is a function of both pipe stiffness and soil modulus.

For corrugated pipe, soil modulusistypicaly much larger than pipe
stiffness, emphasizing the fact that thin-walled plastic pipe relies greatly
on support from the compacted backfill to resist deformation.
Therefore, proper compaction and backfill support are critical for
corrugated pipe.

Brittleness — Although not originally part of this study, brittleness
proved to be an issue for some of the larger-diameter double-wall
corrugated PV C pipe. This brittle behavior is probably related to some
of the construction damage issues seen with thin-walled PV C pipein the
field.

Perforations — Because of flow characteristics, fewer large holes are

preferred for high-flow applications, while numerous slots (or smaller
holes) are acceptable for low-flow applications.
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Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

0.

10.

Joints— All pipe manufacturers offer some type of satisfactory
watertight joint. Some joints are easier to assemble and more robust
than others. Since joints for perforated pipe need not be watertight,
some manufacturers also offer a“soil-tight” joint that is appropriate for
drainage applications.

Recommendations — Toe drains are critical to the safe operation of
embankment dams. Toe drains frequently have deep burial where

they would be difficult to access or replace. Long-term, trouble-free
operation is essential, and small additional costs at the time of
construction are easily justified. Proper installation of plastic pipe
should be verified with closed circuit television inspection. Therefore,
pipe recommendations for critical toe drain applications are shown in

table 6-1.

Table 6-1.—Pipe recommendations for toe drains — advantages and disadvantages

Product Type Advantage Disadvantage Recommended
Strong, welded Highest cost,
joints, flexibility of special ordered,
. perforation size or hand-drilled ;
Solid and type after-market Highly
addition of
perforations
HDPE Economical Poor historic
Single performance, No
weak
Corrugated Economical, Low strength,
Double succ_essful careful installation Moderately
applications, large | required
perforation sizes
. Well Strong Small perforation Moderately
Solid screen aperture
PVC . : .
Drainpipe | Economical Weak, brittle No
Corrugated Double | Economical Weak, brittle No
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Photographs — Pipe Testing






Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

Photograph 1.—Corrugated double-wall PVC pipe, 6-, 12-, 18-, and 24-inch diameter.

Photograph 2.—Double-wall PVC pipe at 0 (zero) percent deflection.
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Photograph 3.—5 percent deflection.

Photograph 4.—50 percent deflection.
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Photograph 5.—Pancake failure mode.

Photograph 6.—Shattered pipe wall with inverted heart failure mode.
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Photograph 7.—Binocular failure mode.

Photograph 8.—Pancake failure mode with shattered pipe wall.
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Photograph 9.—PVC solid-wall drainpipe and pressure pipe in 6- and 12-inch diameters.

S INSTRON

Photograph 10.—Test begins at 0 (zero) percent deflection.
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Photograph 11.—Pipe stiffness determined at 5 percent deflection.

Photograph 12.—50 percent deflection.
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Photograph 13.—Pancake failure mode for thin-walled PVC drainpipe.

Photograph 14.—Pancake failure mode for sample of PVC pressure pipe.
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Photograph 15.—Samples of HDPE perforated and non-perforated double-wall corrugated
drainpipe, including 6-, 12-, 18-, and 24-inch diameter.

Photograph 16.—Double-wall HDPE pipe at 0 (zero) percent deflection.
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Photograph 17.—HDPE double-wall corrugated drainpipe at 5 percent deflection.

Photograph 18.—HDPE pipe at maximum load — buckling of pipe wall at approximately
40 percent deflection.
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Photograph 19.—“Heart” failure mode.

S< INSTRON

Photograph 20.—“Binocular” failure mode.
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Photograph 21.—Samples of single-wall corrugated HDPE drainpipe include 12- and
18-inch diameter (perforated and non-perforated).

Photograph 22.—12-inch diameter sample loaded in the test machine and ready for testing.
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Photograph 23.—Pipe walls begin to buckle at approximately 40 percent deflection (maximum
load).

Photograph 24.—Single-wall HDPE pipe with heart-shaped failure mode and rupture of pipe wall.
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Photograph 26.—Single-wall pipe — “inverted heart” failure mode.
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Photograph 27.—Pancake failure mode.

A-14



Physical Properties of Plastic Pipe
Used in Reclamation Toe Drains

Photograph 28.—Samples of perforated and non-perforated 12-inch diameter solid-wall
HDPE pressure pipe. Perforations consist of four rows of 3/8-inch holes on 2-inch
centers.

Photograph 29.—HDPE solid-wall ready for testing.
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Photograph 31.—Pancake failure mode — slightly binocular.
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Data Plots — Load versus Deflection
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The Exceptional Subdrainage System

Designed for Better Performance

Quality design and preferred materials selection make
CONTECH® A-2000™ perforated pipe the designer's first
choice for subsurface drainage materials. A-2000 double-
wall PVC pipe will give you confidence in your drainage
system's long-term performance capabilities.

Benefits by Design

e 46 psi pipe stiffness for assured deep trench performance
or H-20 wheel loads at shallow covers.

¢ Glossy smooth (Manning's n = .009) interior for greater
flow, flatter installation grades, smaller diameter require-
ments and less interior silting.

e Higher beam strength than HDPE underdrains for im-
proved alignment and grade control during installation.

e Lightweight, long lengths with positive O-ring gasketed bell-
spigot joints result in fast, easy, economical installation.

e Manufactured only from virgin, low-filler cell class PYC
resin (12454 per ASTM D1784) for maximum durability.

e Siraightness allows uniform slot positioning.

e Complete line of fittings for uniform quality and more
efficient placement.

National Standards

Economical CONTECH A-2000 subdrainage pipe, avail-
able in 4" through 18" diameters in 12'-6" lengths and 21"
through 36" diameters in standard 13'-0" lengths, conforms
to the requirements of ASTM F949, ASTM F794, and
AASHTO M304M.

Slot geometry and placement provide a minimum of 1.90
square inches/lineal foot opening for each diameter. 20'-0"
lengths of 4" and 6" are available on special order.

A-2000 Perforated
Pipe

Top Locator Siripe

Pipe -]
Size Angle
4" 152

6" 134°
8 132°

10" 114
127 122°
15" 124°
18" 120°

Angle

Perforation Dimensions

Pipe Slot Slot Slot Open
Size Length Width Centers Area’
4" 11/16" 031" 413" 1.90
6" 1-3/8" 031" 516" 1.98
8" 1-3/4" 031" 689" 1.90
10" 2.3/16" 031" 826" 1.98
12" 1-11/16" 051" 1.033" 2.00
15" 2:1/4" 051" 1.377" 2.00
18" 2:1/4" 051" 1.377" 2.00

* Open orea is square inches per lineal foot of underdrain pipe.
Note: 21" through 36" is available with 3/8" diameter holes for
open area specified by engineer,




A-2000 Perforated
Pipe

Better Performance hy Design

Filter Performance

In soils or aggregates containing migratory fines, high-
quality geotextile wraps are proven to be effective in
profecting against inflow reductions and interior silting.
For best performance, the selected geotextile must have
high resistance to blinding and clogging, while preventing
significant passage of fines.

For more information, call one of CONTECH's Regional
offices or Plastic Pipe Specialists located in the follow-
ing cities:

Arkansas (North Little Rock) 72115
California (San Bernardino) 92408
Colorado (Denver) 80033

Florida (Pinellas Park) 33781

501/758-1985
909/885-8800
303/431-8999
727/544-8811

Georgia (Atlanta) 30071 770/409-0814
llinois (Chicago) 60523 630/573-1110
Indiana (Indianapolis) 46250 317/842.7766
lowa (Johnston) 50131 515/331-2517
Kansas (Kansas City) 66210 913/906-9200

Louisiana (Baton Rouge) 70767 225/749-1001

Visit our web site: www.contech-cpi.com

L-_JK_JL_JL_JL.\JHKJ

8" thru 36" is also available in fully-perforated pipe.

Massachusetts (Palmer) 01069
Michigan (Clinton Township) 48036
Michigan (Dewitt)

Michigan (Zeeland) 49464
Missouri (St. Louis) 63105

North Carolina (Rocky Mounl) 27803
Ohio (Eaton) 45320

Ohio (Middletown) 45044
Tennessee (Germantown)

Texas (Houston) 77014

Texas (Dallas) 75062

NOTHING IN THIS CATALOG SHOULD BE COMNSTRUED AS AN EXPRESSED WARRANTY OR AN IMPLIED WARRANTY
OF MERCHANTABIUTY OR FITNESS FOR ANY PARTICULAR PURPOSE. SEE CONTECH'S STANDARD QUOTATION OR
ACKNOWLEDGEMENT FOR APPLICABLE WARRANTIES AND OTHER TERMS AND CONDITIOMS OF SALE.

BRO-A2000PP-1 6/03

410/740-8490
586/469-4240
517/669-5760
616/7486258
314/8627300
252/212-5408
937/456-1009
513/425:2393
901/848.2773
281/8936012
972/659.0828

CasNTECH

©2003 CONTECH CONSTRUCTION PRODUCTS INC.
All rights reserved. Printed in USA



A-2000 PERFORATED PVC DRAINAGE PIPE

Il

|
1

STANDARD LAYING LENGTHS
4" thru 10" Diameters = 12'- 6"

I‘ THEREEERE

12" thru 36" Diameters = 13' - 0"
21" thru 36" Diameters = 20' - 0"

. i Standard Fully
Nominal Average Average Average Pipe :
Diameters | O..(Spigot) | ©.D.(Bell) 1.D. Stiffness opﬁ:ﬁ:a:f::m o;"::’:a;fim
(in.} {in.) {in.) (in.) (Ibs/infin) (SQINy (SQIN)
4 43 4.8 a9 46 1.92
6 6.4 7.0 59 46 1.99
8 8.6 9.4 79 46 1.90 380
10 108 "7 9.8 46 1.98 396
12 12.8 13.9 1.7 46 2.00 4.00
15 15.7 16.9 14.3 486 2.00 4.00
18 19.2 208 17.6 46 2.00 4.00
21 226 246 20.7 46 *2.70 540
24 25.6 279 235 46 *2.70 5.40
30 32.2 351 295 46 *220 4.40
36 38.7 42.3 35.5 46 *2.00 4.00

* Open Area based upon 3/8"@ round holes
SPECIFICATION

Scope:

This specification includes materials, test methods and installation requirements for 4 to 36-inch diameter
polyvinyl chloride (PVC) corrugated pipe with a smooth interior. The requirements of this specification are
intended to provide perforated pipe and fittings suitable for underground use in non-pressure applications such
as sub-drainage and underdrains.

Pipe:

PVC corrugated pipe with a smooth interior shall conform to the requirements of ASTM Designation F949 &
F794 Dual Wall Corrugated Profile (DWCP) Pipe . Pipe and fittings shall be homogeneous throughout and free
from visible cracks, holes, foreign inclusions or other injurious defects. Plpe shall be manufactured to 46 psi
stiffness when tested in accordance with ASTM Test Method D2412. There shall be no evidence of splitting,
cracking or breaking when the pipe is tested per ASTM Test Method D2412 and F949 section 7.5. The pipe
shall be made of PVC compound having a minimum cell classification of 12454B as defined in ASTM
Specification D1784.

Fittings:

Al fittings for PVC corrugated sewer pipe with a smooth interior shall conform to ASTM F949, Section 5.2.3 or
F794, Section 7.2.4. To insure compatibility, the pipe manufacturer shall provide all fittings.

Joints:

All joints shall be made with integrally-formed bell and spigot gasketed connections. Elastomeric seals
(gaskets) shall meet the requirements of ASTM Designation F477.

Perforations:

For slotted, standard perforated pipe, the perforation dimensions shall be in accordance with ASTM F949 table
5 and section 7.9. Instead of slots, round holes (min. 1/4" &) may be used for 15"-36" diameter pipe.

10/24/03



A-2000 PVC DRAINAGE PIPE

""q“’wmﬂm—m AN .ﬁﬂ ! r-’] 10000 1"-"1""1-’1".r‘—rﬁ YY)

| Lwl—.l-l_dl-l - _“I_._.L_."_.._.|'_."|_"_.l_.|_L_.|_|_.|_.L_.|_.L_.|_J|_4_J|_|._.|_.|‘._’_.._.F._'L"I_.'._“_L_.._. AU
}‘ STANDARD LAYING LENGTHS e

12" thru 36" Diameters = 13-0" and 20'-0"

Nominal Average Average Average Pipe Minimum
Diameters 0.D. (Spigot) 0.D. (Bell) 1.D. Stiffness Flattening

(in.) (in.) (in.) (in.) (Ibs/in/in) (%)

12 12.8 138 17 46 40

15 15.7 16.9 14.3 46 40

18 19.2 20.6 176 46 40

21 226 246 20.7 46 40

24 25.6 279 235 46 40

30 32.2 35.1 29.5 46 40

36 38.7 423 355 46 40

SPECIFICATION

Scope:

This specification includes materials, test methods and installation requirements for 12 to 36-inch diameter
polyvinyl chloride (PVC) corrugated pipe with a smooth interior. The requirements of this specification are
intended to provide pipe and fittings suitable for underground use in non-pressure applications such as sanitary
sewers, storm sewers, drainage and underdrains.

Pipe:

PVC corrugated pipe with a smooth interior shall conform to the requirements of ASTM Designation F949 and
F794. Pipe and fittings shall be homogeneous throughout and free from visible cracks, holes, foreign inclusions
or other injurious defects. Pipe shall be manufactured to 46 psi stiffness when tested in accordance with ASTM
Test Method D2412. There shall be no evidence of splitting, cracking or breaking when the pipe is tested per
ASTM Test Method D2412 in accordance with ASTM F949 section 7.5 and ASTM F794 section 8.5. The pipe
shall be made of PVC compound having a minimum cell classification of 12454B as defined in ASTM

Specification D1784.

Fittings:

All fittings for PVC corrugated sewer pipe with a smooth interior shall conform to ASTM F949, Section 5.2.3 or

F794, Section 7.2.4. To insure compatibility, the pipe manufacturer shall provide all fittings.

Joints:

All joints shall be made with integrally-formed bell and spigot gasketed connections. The manufacturer shall
provide documentation showing no leakage when gasketed pipe joints are tested in accordance with ASTM Test
Method D3212. Elastomeric seals (gaskets) shall meet the requirements of ASTM Designation F477.
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CertainTeed

Slotted PVC Well Casing

»

-
st

High Performance

Superior flow performance

Corrosion resistant

Large selection of slot
configurations

Choice of joining systems

CertainleedH

Ouality made certain. Satisfaction guaranteed.







The
CertainTeed

Advantage

CertainTeed — the name that contractors have come to associate with the
industry’s broadest line of high-quality PVC well products — is also the industry
leader in high performance slotted well casing. Using new manufacturing
technology, slotted casing can now be produced with open areas and efficiencies
that rival those of other screens, often at a fraction of the cost. Combine PVC
screens with PVC well casing for the ultimate corrosion-resistant,
low-maintenance water well!

A Size and Joining System for Every Application

Slotted casing can be produced in sizes from 2" all the way
up to the largest commercially available PVC well casing
product (17.4" 0.D.), in a variety of wall thicknesses
and strengths to suit virtually all applications:

* Domestic

* Irrigation

* Municipal

» Aquifer Storage and Recovery
* Environmental

CertainTeed also offers a choice of joining systems:
traditional solvent-weld or the contractor-proven,
all-weather Certa-Lok™ mechanical joint.

Slot Width Selection
A wide selection of precision-machined factory slot designs
(.010"-.125") with closely spaced inlet openings provides for
uniform development over the length of the screen and proper
stabilization of the gravel pack.

Long Life %
Well rehabilitation costs are minimized, as PVC screens are inherently more :
resistant than conventional steel products to clogging and encrustation. PVC

also outperforms stainless steel in highly corrosive environments, at a fraction

of the cost. All screens are manufactured from PVC casing that is listed by NSF
International as safe for use with potable water.

Single Source for All Your Well Product Needs

No more unloading, local-machining, and repackaging required. With
CertainTeed, the industry’s best slotted casing is shipped ready to use — no field
fabrication required — along with your other PVC well product needs, including
solid casing, drop pipe for submersible pumps, and a variety of fittings.
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#Undérdrain Pipe
Slotted PYC casing is also ideal for use as underdrain pipe
Applications include, but are not limited to:

* Leachate collection systems for solid waste landfills
* Drainage and dewatering applications
* Mining heap leach projects

PVC underdrain pipe is supplied with precision-machined slots, which
provide greater intake capacity and continuous, clog-resistant drainage
of fluids, as compared to standard round-hole perforated pipe. Slotted
underdrain reduces entrance velocity into the pipe, thereby reducing
the possibility that solids will be carried into the system. Slot rows can generally be positioned symmetrically or
asymmetrically around the pipe circumference, depending upon the application. Outside diameters are generally the same
lor PVC and non-corrugated polyethylene (HDPE) pipe. However, the HDPE pipe must be extruded with a thicker wall
(and therefore a reduced cross-sectional flow area) 1o obtain a comparable suffiess raung,

Slotted PVC and Underdrain Pipe Specifications

This chart illustrates standard manufacturing capabiliues only. Not all products shown are routinely stocked ~ call for availability.
Slot configurations not included on this chart are covered under CertinTeed’s non-standard product warranty.

0.D. OPEN AREA, SQ. INCHES PER FOOT OF SCREEN (.25" SLOT SPACING)

RRECNMALL JOINT SLOT WIDTH INCHES
GAK THRCHNESS AVAILABRITY 0.010 0.013 | 0.016 | 0020 0.025 | 0.032 | 0.040 0.050 : 0.085
2" 2375 4 SCH40 0154 SW_ | 24 31 37 46 56 7.0 ¢ . .
£ _ 3500 4 SCH40 0216 SW. 26 34 41 50 62 77 |
4" 4.500 4 SDR26 0.173 SW
SDR2| 0.214 SwW 3.0 39 48 B8O 97 122 148 182 272
= — _SCH40 = 0237 2 SW.CLIB
412" 4950 4 SDR26 0.150 SW.CLIB
SCH40 0.248 SW.CLIB 30*  45* 54* 92 /113 141 [17.1 200 315
= = — SDRI7 0291 SWCLB R o e T =)
5" 5.563 4 SDR26 0214 SW
SDR2|** 0.265 SW,CLIB
SDR17 0327 SW.CLIB 4.5% 54* 100 123 154 187 23.0 344
. S — SCHBO 0375 __cu. il N
6" 6.625 6 SDR26 0.255 SW
TG g SWEHR 82+ 126 154 192 234 287 430
SDRI7 0.390 sweebige o . L A L -
6 14" 6.900 6 DR27.6 0.250 SwW
6 18" SDR2| 0.329 SW.CLIB 12.6% 154 19.2 1234 287 430
69'0D. = SDR17 0.406 __ SW.CLIB T O, ST SRR R, SICE 1Y =
8" 8.625 6 SDR26 0.332 SW
SDR2| 0410 SwW 142* 203 254 (308 379 567 638 746
. . . SDR17 0.508 CLiB I B 1 SO SO S 1) I
0" 10.750 6 SDR26 0413 SW
SDR2| 0.511 SW 225% 28.1 341 419 627 707 B2S
SDRI17 0.632 CL : : SN | _ S
12" 12.750 8 SDR26 0.490 SW e
SDR2| 0.606 SW 30.0* 374 455 559 837 942 110
......... .. SDRi7 0750 _CL e SO, B SRR VS S
14" 14.000 8 SCH40 0.437 SW m
S -1 (S I ST BN SN . M b S Rl L
16" 16.000 10 SCH40 0.500 SW
0 SDR26 0616 SWCL 36.3 45,3”55,1 6?.6. Imz.m_p 133.1
8 SDR21I 0.762 CL 310 387 470 577 B64 973 Il3s
oy e oo - 80 SORIT 0941 ~~ CL s _ _ 435 528 649 972 1094 127.8
174" 0D. 17.400 8 SDRI17 1.024 CL {528 649 972 1094 1278

KEY:5W = Solvent Weld Belled End, CL = Certa-Lok (w/coupling), CLIB = Certa-Lok Integral Bell
* = Not available in SDR |7 or S5CHB0
** = Equivalent to SCH40

|.As a general rule, Flow Ratng (GPMft) in a gravel-packed well = O.D. Open Area {in2ift)® (.50 blockage factor)* (.31 conversion factor) at an entrance velocity of 0.1 fps
2. Cpen area percentage varies from 2% to aver 20%, depending upen casing size and slot width

3, CermainTecd can supply a detailed Engineering Specification for any of the products shown, or for special made-to-order products
4. Slows can often be lengthened on thick-wall products to provide additional | D, penetration; revised specifications showing increased open area are available upon request.
5. Standard slot spacing = 25" Smalier and wider spacing 1s available - wider spacing is generally recommended for sloc widths of 100" and above.
6. Specifications subject to change. Standard manufacturing tolerances apply

Notes

7. All dimensions are in inches.



Our Slots Pay Off Three Ways!

CertainTeed solid and slotied casing is available with a joining system
to suit all of your needs:

Traditional Solvent - Weld Joint Certa-Lok™ ~ Check out the Best

— Now with a deeper bell for a Joint in Town. No more “glue and
stronger, more durable bond. screw” attachments. Mechanical
Available in sizes 2" - 16". joint achieves full strength
instantly in all weather conditions.
home - Fast assembly and disassembly.
Sure Fit Available in sizes 10"-17.4" O.D.

national
ground water ,
association’

T

MEMBER

ASK ABOUT OUR OTHER CERTAINTEED PRODUCTS AND SYSTEMS:

Certa-Lok™ Integral Bell Well
Casing — All the advantages of
the contractor-proven Certa-Lok
joining system, now with a
conventional belled-end joint
for cven faster assembly.

The economical choice for all of
your small-to-medium diameter
well casing requirements.
Available in sizes 4", 4 12",

5", 6". 69" 0.D., 8"
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Specifications ar

Applicable Specifications
and Installation
Guidelines

1. ASTM F 405, Standard Specification for Corrugated
Polyethylene Pipe and Fittings.

. ASTM F 667, Standard Specification for Large Diam-
eter Corrugated Polyethylene Pipe and Fitlings.

. AASHTO M 252, Standard Specification for Poly-
ethylene Corrugated Drainage Pipe.

. AASHTO M 294, Standard Specification for Corru-
gated Polyethylene Pipe, 12" to 36" diameter.

. ASTM D 2321, Standard Practice for Underground
Installation of Thermoplastic Pipe for Sewers and
Other Gravity Flow Applications.

ADS corrugated polyethylene pipe is a flexible conduit.
When properly installed, ADS pipe has excellent com-
pressive load bearing strength. It is suitable for use
under H20 and EB0 live loads, or with fill heights in
excess of 50 feet. To ensure maximum performance,
ADS pipe should be installed in accordance with the
following recommendations:

Installation
Recommendations

1. Crushed stone, gravel or compacted soil backfill
material should be used as the bedding and enve-
lope material.

(4 TR - R

2. The corrugated pipe should be laid on grade, on a layer
of bedding material. If native soil is used as the bedding
and backfill material, it should be well compacted in six
inch layers under the haunches, around the sides and
above the pipe to the recommended minimum height
ofcover.

3. Either flexible (asphalt) or rigid (concrete) pavements
may be laid as part of the minimum cover requirements.

4. Site conditions and availability of bedding materials
often dictate the type of installation method used.

5. The load bearing capability of flexible conduits is
dependent on the type of backfill material used and the
degree of compaction achieved. Crushed stone and
gravel backfill materials typically reach a compaction
level of 80-95% AASHTO standard density without
compaction. When native soils are used as backfill
material, a compaction level of 85% is required. This is
the same minimum compaction that is recommended
by all drainage pipe manufacturers and can be
achieved by either hand or mechanical tamping.

6. ADS recommends that N-12 pipe be installed in
accordance with ASTM D 2321, Standard Practice for
Underground Installation of Thermoplastic Pipe for
Sewers and Other Gravity Flow Applications.

ADS Pipe Hydraulics 24" Diameter

ADS Recommended Manning'’s “n” For Desic

Pipe ADS Corrugated ADS-N-12
Diameter Polyethylense Polysthylens

4-6-8-10-12 .08 010

15" 018 010

18 020 010

w 020 010

o 020 010

ko 020 010

*ASCE Manual and Report on Engineesring Practics #37

ADS N-12 Pipe Stiffness

Minimum Pipe Stiffnesa
Pounds/inch/Inch

Pipe Diameter
4-6-8 Inches
10 Inches
12 inches
15 Inches
18 Inches
24 Inches
30 Inches

36 Inches

BB RES&ES

Weight Comparison Pounds/Linear Foot

Inside
Diameter  ADS Corrugated Clay or Corrugated
(inches) HDPE Pipe Concrate Metal
10 2.0 50 9.0
12 25 79 10.5
157 31 103
18 6.6 131 B
249" 13.8 217
I 18.0 384
35 22.0 524 36.0

T T S T T




iTechnical Data

[

— | ADSN-12HDPE

ADS Corrugated HDPE
—#——

Concrete Corrugated

Pipe* Steel Pipe*
.011-.015 .022-.026
.011-.015 .022-.026
011-.015 .022-.026
.011-015 .022-.026
.011-.015 .022-.026
.011-.015 .022-.026

Height of Cover Table for ADS
CulveriFipe |

- Depth of Cover for Corrugated Polyethylene Pipe
~H20 or EBO Live Load
- Pipe Manufactured to AASHTO M-294

Diameter Minimum Cover Maximum Cover
(inches) H20 E80 (feet)
(inches)
4-6-8-10-12" 12 24 58
15" 12 24 59
18" 12 24 62
24" 12 24 61
30" 12 24 61
36" 12 24 61
Notes:

1. Cover limitations calculated using load factor design per
AASHTO procedures.
2. Soil density of 100#/cu. ft. s assumed.
Backfill around the pipe must be compacted to a density
of 90% per AASHTO T-99.
4, Use reasonable care in handling and Installation.
5. Cover limitations are measured from the top of the pipe.

R TV PG Y op s Wy T

W o

N-12 Fabricated Tee Fitting

N-12 Fabricated Elbow Fitting

N-12 Coupler

Polyethylene Flared End Section
{Available in Black or Green)
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CPChem

PERFORMANCE PIPE’
SECTION 1 - TO BE FILLED OUT BY CUSTOMER

1900 SERIES (IPS)

STANDARD PERFORATION PATTERN

Distributor/Branch: Date:
Contact: Customer PO #:
Phone/Fax: Customer Signature:
SECTION 2 - TOBEFILLED OUT BY CUSTOMER
.§ ***|PS Size and SDR
&3 Capabilities
o0 " ==} [==) (=] [== [=>] Fﬁpe
~ BING PATTERN
SENCIMAR T Diameter ~ SDR Range
’ -4 SDR7-17
> (=} [<) =] (=] 6"—-8" SDR7-325
10" SDR9-325
12" SDR 11-325
14" - 16" SDR 13.5-32.5
18" - 20" SDR 17 - 325
" hole spacing between ring 2" -24 SDR 21-325
pattems (3" to 18) in even inch
increments.
Fill in Hole #'s below showing positions
relative to benchmark seen above (Maximum
of 4 Holes - Hole #1 is the 0 degree
Benchmark - fill in unwanted holes with N/A)
Hole #1 =] 0 Degrees | Hole #2—> Hole #3 = Hole #4 _'+
Pipe size: " (Please conform to Chart above SDR: " (Please conform to Chart above ***
Hole diameter: " (147, 308", Y, 518", %, TI8°, 17, 1-1/8", 1-1/4") | Joint Length: "

SECTION 3 - FOR OFFICE USE ONLY (PRODUCTION PLANNING)

Material #

Production Order #:

Hole diameter Hole Pattem Hole Spacing
A= 14 F=18" A=1Hole 03=3 08=9" 15=15"
B=38" G=1" B = 2 Holes 04=4" 10=10" 16=16"
c=17 H=1118" C =3 Holes 05=5" M= 7=17
D=58" I= 144 D =4 Holes 06=6" 12=12  18=18"
E=34 07=T 13=13
08=8" 14= 14
SALES ORDER # Schedulers Signature: Date: / /

Notice:

This publication is intended for use as a guide to support the designer of piping systems.

Performance Pipe

makes no claim as to the puitability of the perforated design chosen for the particular application of usage. )
Performance Pipe has made every reasonable effort to ensure the accuracy of this publication, but it may not provide

all necessary information, particularly with respect to special or unusual applications.

changed from time to time without notice.
(August 2005 Editionm)

This publication may be

Contact Performance Pipe to determine if you have the most current edition.
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