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Because of clifiiculties in procuring metallic, small
diameter underdrain pipes, the Pennsylvania Depart
ment of Transpo1·tation (Pe1mDOT) has evaluated a num
ber or plastic alternatives. This limited study was con
ducted u.ndel" the product evaluation program, with hopes 
that the lowe1· material and fabrication costs and the light 
weight of the plastic would reduce overall costs and 
that an acceptable alternative to conventional under
drains would be found. 

Three different design underdrains were evaluated 
comparatively. Emphasis was placed on the load
carrying capacity and the drainage capability of the ma
terials evaluated. 

PRODUCTS EVALUATED 

1. PE 71-77-high-density polyethylene (HDPE) half
round underdrain. The product was a corrugated roof 
design that closely resembles metal half-round under
drains, except that the drain holes are drilled rather 
than formed by the roof corrugations (as in the metal 
pipe). 

2. PE 74-45-polyethylene (PE). The product was a 
nominally 10-cm (4-in) internal diameter circular pipe 
with corrugations running radially and spaced every 1.9 
cm (0.75 in) £01· strength. 

3. PE 74- 34- acrylonitrile-butadiene-styi ene (ABS) 
half-round underdrain. The product was a smooth topped, 
pent roof design with 11-mm (0.38-in) diameter drain 
holes drilled 1.9 cm (0.75 in) apart under a roof that 
offers protection from clogging. 

THEORETICAL CONSIDERATIONS 

The use of plastic pipe for direct burial purposes has 
increased most heavily in the areas of irrigation and 
sewe1·age piping, and in commercial, industrial, and 
residential plumbing and drainage systems. This study 
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was concerned with three samples of small-diameter 
underdrain plastic pipe as possible alternatives to gal
vanized steel, aluminum, or porous concrete pipe. The 
pipe chosen should be capable of performing the drainage 
task under an aggregate backfill surcharge loading with 
possible live-load impact forces present. 

It has been shown that the load-carrying ability of a 
pipe is successful if the pipe deflects vertically no more 
than 6.35 mm (0.25 in) under conditions of aggregate 
backfill (lB or 2B stone) approximately 66 cm (26 in) 
deep with a superimposed load simulating an AAS.HTO 
HS-20 axle load of 7300 kg (16 kips) in a simulated trench 
(exactly the same as the one used in this study) (l). 

The simulated trench (backfill plus wheel load) may 
be somewhat misleading, since the transmitted loads at 
the depth of the pipe are quite small. The low net force 
pe1· unit area 1·esults in the low deflection of a sample 
placed under a test load that is literally not high enough 
to b1·eak an egg. Classic textbook evaluations show a 
load of 0.7 kg/cm (10 lb/iu2

) at a depth of 76 cm (30 in) (2). 
Unfortunately, the large rocks and other materials re: 

moved in digging the trench are often used for the back
fill. This creates two possible hazards to any underdrain 
system: system failure due to clogging of tile intake holes 
with fine aggregate-water mixtures, and crnshing, break
ing, or severely bending the products. 

The most important property is the capability of the 
pipe to perform its task of drainage. This requires an 
adequate cross-sectional flow area coupled to an adequate 
size and number of intake holes. The majo1·ity of failures 
of underdrain pipe have been due to clogging and acidic 
runoff deterioration. 

TESTING 

All of the samples were tested du.ring a 4-week span and 
the results compared to those of the Penn state report(!_). 

1. '111ree-edge-bearing-The bottom of each 30-cm 
(12-in) long sample was supported on lwo vertically 
parallel plates and the load applied tlu·ough a third ver
tical plate on the top of the sample. The testing speed 
was maintained at 0.21 mm/s (0.5 in/min) and the load 
versus the deflection recorded. 
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Table 1. Deflection in simulated Load (kN) HDPE ABS PE Load (kN) HDPE ABS PE field test. 

lB backfill 0.0483 0.816 0.378 144 o. 716 0.340 0 .289 
72 0.386 0.0406 0.163 196 0 .937 0.438 0.363 
108 0.500 0 .236 0.267 

Note: Deflection values are in cm; 1 cm= 0.39 in; 1 kN = 0 225 lbf. 

Table 2. Recovery after simulated Time (min) HDPE ABS PE Time (min) HDPE ABS PE field test. 

Figure 1. Exfiltration test results. 

Table 3. Drainage tests. 

Exfiltration 
Material Test' (m 3/s) 

HDPE 0.001 37 
ABS 0.002 02 
Alurninum 0.001 57 
Steel 0.001 57 
PE 0.001 13 
Porous 15-cm 

concrete 0.000 63 
Perforated 15-cm 

steel 0.000 76 

Note: 1 m-'/s ::: 15 900 gal/min. 

1 0.0254 0.0584 15 0.0838 0.051 0 .0864 
2 0.0609 0.0051 0.0686 30 0 .0914 0.081 0.0940 
5 0.0737 0.023 0.0812 60 0.102 0.112 

Note: Recovery values are in cm; 1 cm= 0.39 in. 
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Sink Test" (s) 

Fill When 
Submerged 

6.0 
4.5 
8 to 10 
8 
17 

Empty 
After 
Filled 

4.0 
3.0 
3 to 4 
3 
17 

EXFILTRATION ' 5.83 (DRAINAGE AREA)+ 1.56 

CORRELATION COEFFICIENT '0.96 

10 

Simulated In-
Place Hy-
draulic Test' 
(m 3/ s) 

0.000 95 
0.000 95 
0.000 95 
0 .000 95 
0.000 54 

0.000 54 

0.000 76 

Note: 1 ft= 0.32 m; 1 gal/min= 0.000063 m3 /s. 

15 20 30 35 
EX FILTRATION (GAL /MIN.) 

2. Parallel plate-The 30-cm (12-in) long specimens 
of each p1·oduct were placed between two 1.27 by 30-cm 
(0.5 by 12-in) parallel steel plates on the top and bottom 
of the sample. The testing speed was maintained at 
0.21 mm/ s (0.5 in/min) and the load versus the deflec
tion recorded. 

"0 3 m sample, one end enclosed, b0.3-m sample, both ends sealed, 

3. Simulated trench-A 61 by 48 by 76-cm (24 by 19 
by 30-in) open-top box with a window allowing for visual 
inspection and deflection measurements was backfilled 
with 5 cm (2 in) of lB stone, which was compacted by 
tamping. Each sample was then set in place and the box 
"backfilled in 7 .6-cm (3-in) increments, each increment 
compacted by tamping, to the full height of the box. The 
entire box was placed in a compression machine, and 
loads were applied through a 1.27-cm (0.5-in) thick steel 
plate placed on the top surface. 

c:one end sealed; rate before backing up, 4. Drainage capability-The relative drainage capa
bilities of the samples were measured by exfiltration, 
sink, and simulated in-place hydraulic tests. A 30 by 
20 by 18-cm (12 by 8 by 7-in) box was constructed for 
field drainage simulation. 
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TEST RESULTS AND DISCUSSION 

1. Three-edge-bearing-The samples of HDPE and 
ABS performed well with recovery to nearly their orig
inal configurations a few seconds after release of the 
load. The circular PE sample showed large deflections 
with very little load, but recovered to approximately 80 
percent of its original dimensions after release of the 
load. 

2. Parallel plates-The samples of ABS gave the 
most reproducible results of the plastic materials. The 
three identical HOPE samples all performed differently; 
two ruptured at the intake holes~ one at 680 kg (1500 lb) 
and another at 1450 lrg (3200 lbJ. The PE samples 
again showed large deflections with small loads; how
ever, all of the plastic pipes returned to over 9 5 per
cent of their original diameter within 1 min after re
lease of the load. 

3. Simulated trench-Although this test attempted to 
simulate a field installation, it is very difficult to judge 
on merit for comparison purposes due to the low loads 
imposed on the samples at the test depth. All of the 
samples performed very well in this test. The results 
are summarized in Tables 1 and 2. 

4. Drainage capability-The results of the drainage 
tests are shown in Table 3. The 'Neakest drainage ca
pability of the plastic samples was that of the circular 
PE sample due to its minimal intake holes or slits. The 
porous concrete samples, however, showed even lower 
drainage capacity. 

The exfiltration test results are shown in Figure 1 
and indicate that the drainage capability is a function of 
the intake area and, for the samples studied, is inde
pendent of the cross-sectional area of the pipe. The 
data from exfiltration tests were used to establish a 
linear regression equation that compared the exfiltra
tion rate to the intake area per foot of sample. The 
equation, exfiltration = 5.83 (intake area per foot) + 
1.56, was used to cal.cul::1te the intake area per foot of 
the porous concrete pipe. (The coefficients in this 
equation were derived for U.S. customary units only.) 

CONCLUSIONS 

1. Since the load on pipe buried in trenches is low, 
attempts to simulate these loads by laboratory tests are 
futile; filmost any material, perhaps even stiff cardboard, 
will not be deflected seriously or collapse. 

2. The three-edge-bearing and parallel-plate load 
deflection tests are reliable acceptance tests since they 
indicate material uniformity and performance under 
worst case conditions. 

3. The HDPE and ABS samples performed well under 
all load tests. The circular PE pipe had large deilec
tions at low load vfilues, and, although the material 
might perform well under actual trench loading, it might 
be crushed by large aggregate impact because of its thin 
side wfills and low weight. 

4. The drainage tests showed that the ABS samples 
performed better than the other plastic samples for the 
test conditions. The slanted overhang of the roof pro
tecting the drainage holes is most desirable. Such a 
feature is recommended for both HDPE and metallic 
samples for protection against clogging. 

5. Testing for load capability and drainage indicated 
that the ABS and HDPE pipe submitted for consideration 
should be granted approval for use as underdrain in 
PennDOT specifications. 

6. The shipping and labor costs for plastic pipes 
should be lower than those for metallic and concrete 
products because of the lighter weight of the plastic. 

7. An additional benefit of the plastic semiround 
unde1·drains is their resistance to co1-rosion by basic or 
acidic drainage water (3). Neither HDPE nor ABS is 
affected by either condition, which would allow their use 
in areas of acidic mine drainage and runoff for a longer 
period of time than conventional materials. 

REFERENCES 

1. McLure and Daugherty. The Structural Performance 
of Polyethylene Subdrainage Pipe. Pennsylvania 
State Univ., June 1973. 

2. G. Tschebotarioff. Soil Mechanics, Foundations, 
and Earth Structures. McGraw-Hill, 1951. 

3. Modern Plastics Encyclopedia. McGraw-Hill, New 
York, 1974. 




