
10 Talking Trash

Pass/Fail Criterion for HDPE Pipe Pressure 
Testing Using Incompressible Fluid
Written by Ali Khatami, Ph.D., P.E., 
Somshekhar Kundral, P.E., Keith 
VanGennip, SCS Engineers

 HDPE pipe pressure testing 
seems to be a frequent occurrence on 
every landfi ll cell construction project.  
The leachate collection system in a 
disposal cell removes leachate from 
the cell and forces the leachate into a 
leachate force main to a fi nal storage 
or disposal destination.  The integrity 
of the leachate force main is evaluated 
using pressure testing following 
construction of each segment of the 
leachate force main.  Pressure testing 
is normally carried out based on the 
pipe specifi cations in the facility 
permit.  Pipe specifi cations may vary 
from one project to another and from 
one engineer to another.  Normally, a 
test duration is defi ned for monitoring 
the pressure testing that could vary 
from one hour to a few hours.  The 
engineer specifi es the allowable 
pressure drop during the test duration.  
Some engineers allow no pressure 
drop during the test duration and some 
may allow a certain percentage of the 
startup pressure.
 Generally, engineers do 
not address pressure drop due to 
temperature fl uctuations during the 
test period.  Signifi cant ambient 
temperature changes may impact the 
pass/fail outcome of the test due to 
expansion of the pipe material.  If the 
allowable pressure drop during the 
test period is set at a very low value in 
the pipe specifi cation, the contractor 
performing the pressure testing may 
encounter problems justifying integrity 
of the welds performed on pipe 
segments.  This matter can potentially 
lead to a serious issue during 
evaluation of work performed by the 
contractor.
 A formula was developed for 
the case that incompressible liquid 
(e.g., water) is used to pressurize 
the pipe to check integrity of the 
welds.  The formula uses the thermal 

expansion coeffi cient for the HDPE 
material used in the production of 
HDPE pipes.  Ambient temperature 
change may cause expansion of 
the pipe material with increasing 
temperatures and contraction with 
decreasing temperatures.  Expansion 
or contraction of pipe changes the 
inside volume of the pipe and the 
pressure inside the pipe.  Contraction 
normally works to the benefi t of the 
contractor since reducing internal 
volume of the pipe increases the pipe 
internal pressure and provides an extra 
buffer in calculating pressure drop due 
to any defect in the welds.  Expansion 
works the other way around; it works 
against the contractor since internal 
pressure of the pipe reduces and as 
a result reduces the magnitude of 
pressure drop to the allowable limit 
due to any defects in the welds.  The 
thermal expansion coeffi cient of 
the pipe material multiplied by the 
temperature difference provides the 
amount of strain in the pipe material.  
The amount of the strain multiplied by 
an original dimension (in longitudinal 
or circular direction) provides the 
expanded dimension.  If the pipe is 
in a steady state condition (both ends 
restricted and no mass fl ow takes 
place through the pipe), an increase in 
temperature expands the pipe internal 
volume and the larger volume causes 
pressure drop.  The relationship that 
maintains the balance between the 
pressure and volume from one state to 
another is defi ned as shown below:
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The initial volume and fi nal volume 
due to temperature difference are 
calculated using the following 
relationships: 
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where:
L
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 = initial length of pipe

p
1
 = initial perimeter of pipe

L
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 = fi nal diameter of pipe due to 

temperature difference
p
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 = fi nal perimeter of pipe due to 
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The fi nal length and diameter of the 
pipe due to temperature difference 
may be calculated using:
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where:
∆T = temperature difference
α

l
 = thermal expansion coeffi cient in 

longitudinal direction of pipe
α

c
 = thermal expansion coeffi cient in 

circular direction of pipe

The relationship between the two 
thermal coeffi cient expansion 
coeffi cients may be expressed by the 
following ratio:

α
c
 = α

l
 / m  (Equation 6)

where:
m = defi ned by pipe manufacturer

By substituting Equations 2 through 
6 in Equation 1 and assuming that 
the magnitude of the multiplication 
of the square of the thermal 
expansion coeffi cient by the square 
of the temperature difference is 
insignifi cantly small, the fi nal pressure 
due to temperature difference in the 
pipe may be calculated using the 
following:
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(Equation 7)

By knowing the temperature 
difference, the fi nal pressure due 



Talking Trash 11

to temperature difference may be 
calculated using Equation 7.  The 
difference between the initial pressure 
and fi nal pressure due to temperature 
difference should be added to the 
allowable pressure difference for the 
test specifi ed in the pipe specifi cation 
to calculate the actual pass/fail 
criterion for the pressure test.

Numerical Example

The allowable pressure reduction 
specifi ed in the pipe specifi cation is 
5 percent of the initial pressure over 
a two-hour period.  Calculate the 
pass/fail pressure reduction criterion 
for the test if the initial pressure is 
90 psi and pipe is exposed to 25  ̊F 
temperature increase during the test.  
The thermal expansion coeffi cient in 
the longitudinal direction of the pipe 
is 0.8 x 10-5 in/in/  ̊F, and the thermal 
expansion coeffi cient in the circular 

direction of the pipe is one-third of the 
thermal expansion coeffi cient in the 
longitudinal direction of pipe.

Solution:

α
l
 = 0.8 x 10-5  in/in/  ̊F

m = 3
P

1
 = 90  psi

Allowable pressure reduction = 0.05 x 
90 = 4.5 psi
P

2
 = 89.982 psi

Pressure reduction due to temperature 
reduction = 90  – 89.982 = 0.018 psi
Pass/fail criterion for test = 4.5 + 
0.018 = 4.518 psi

Conclusion

The pass/fail criterion should be 
calculated after completion of the 
pressure test based on temperature 
differences measured during the test.  
Since pipe exposure to temperature 
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differences may be different from 
one side to the other side of the pipe, 
it is recommended that temperature 
be measured at the surface of the 
pipe zero, 90, and 180 degrees of the 
pipe cross section while the pipe is 
positioned on ground surface.  The 
average value of these measurements 
should be used as the pipe temperature 
at the time of measurement.  It should 
be noted that Equation 7 would not 
be applicable if the medium used 
for pressure testing is classifi ed as 
compressible fl uid (e.g., air).


