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1 INTRODUCTION 

Synthetic drainage media (SDM) consist of a polymeric 
core with or without a geotextile bonded to one or both 
sides. The core, whether used by itself or in association 
with a geotextile, forms the main fluid transmission me-
dium. Properties of the core, such as compression 
strength, flow rate, roll dimensions and interface shear 
strength determine the suitability of any product for a 
particular application. Irrespective of the type of applica-
tion, one common concern with all these products is the 
effect of creep on long-term hydraulic behaviour. Creep 
refers to a time-dependent deformation when a material 
is subjected to load for a prolonged period of time. For 
SDM the type of load is compressive, hence creep 
leads to a decrease in thickness. 

A literature review on the subject of creep of SDM 
brings up experimental work performed by SMITH & 
KRAEMER (1987), CAMPBELL & WU (1994), FAURE 
et. al. (1994), LUETTICH & BECK (1994), BERKHOUT 
(1995), FANNIN & CHOY (1995), and FANNIN et. al. 
(1998). These studies typically involved measuring flow-
rate with time for relatively short time periods. Even the 
most detailed of the published studies by FANNIN et. al. 
(1998) measured flow rate for only 120 hours. Important 
conclusions of these studies include: a) the relationship 
between hydraulic performance and logarithm of time is 
linear; b) the creep of a product is specific to the struc-
ture of the core of that product; and c) significantly 
longer test durations than those covered by these au-
thors are necessary for the data to be of any practical 
value. 

Although the field of accelerated creep testing is 
quite old, and well established in many disciplines, 
within geosynthetics it is used currently for geogrids 
only (FARRAG & SHIRAZI, 1997). The primary appeal 
of this technology in civil and environmental applications 
is that creep data of 10,000 hours or longer can be ob-
tain within few hours of actual testing. Therefore, an 

evaluation of this technology for compressive creep 
evaluation of SDM is of immense practical significance.  

2 STEPPED ISOTHERMAL METHOD (SIM) 

A description of the SIM method and its application to 
geonet creep testing has been discussed by THORON-
TON et. al. (2000). The influence of temperature on 
creep is illustrated hypothetically in Figure 1; creep 
strain increases with increasing temperature. Stated dif-
ferently, a given value of material strain can be reached 
within shorter times by using higher test temperatures. 
This principle is used in Stepped Isothermal Method 
(SIM) to obtain creep information within time periods 
significantly lower than those required for conventional 
creep testing. A typical SIM experiment is explained 
graphically in figures 1 and 2. A series of successively 
higher temperature increments are implemented on a 
test specimen at a constant stress. Strain is measured 
during each temperature increment. For example, tem-
perature step in figures 1 and 2 can be 7°C and a total 
of six such steps are utilized. Each temperature step  

 
Figure 1 Effect of stress and temperature on creep 
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can be 1000 seconds long, i.e., each temperature is 
maintained constant for 1000 seconds. The resulting 
strain is illustrated in Figure 2. Each strain increment 
plots linear on log time scale provided some restrictions 
and conditions specific to each material are observed. 
These conditions relate to material failure or rupture 
strength and melt or softening temperature. In general, 
lower the temperature and stress, better behaved the 
relationship between time and strain.  
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Figure 2 Illustration of SIM method 

Time-strain relationship from each temperature step 
can be fitted into one master curve using time-
temperature superposition principles. For the purpose of 
shifting, acceleration factor is defined as follows: 

T

R
T t

tA =  (1) 

Where AT = acceleration factor, tT = time for a vis-
coselsatic process to proceed a given amount at tem-
perature T and tR = time for a viscoelastic process to 
proceed the same amount at a reference temperature, 
R. In Figure 2, for example, R=20°C, and T=27, 34, 41, 
48, 55°C.  Acceleration factor is greater than 1 for T>R 
as processes take less time to complete at higher tem-
perature. Taking logarithm of the above equation leads 
to:  

TiRTi ttA logloglog −=  (2) 

Where ATi is the acceleration factor for the ith seg-
ment in a series of temperature steps. Equation 2 is the 
basic equation used for the shifting process. 

3 STRUCTURE OF GEONETS 

Figure 3 presents a photo representative of the struc-
ture of the product tested for this article. The product is 
generically refered to as biplanar geonet or simply 
geonet. The individual strands of geonets cross each 
other at an angle which varies depending on manufac-
turer as well as product mass and thickness. The 
strands also exhibit an angle with the vertical axis which 
again varies from product to product. The angle of the 
strands with vertical axis affects short term compressive 
strength of the products as well as long-term compres-
sive creep. It is because of this reason that creep of 
these products is manufacturer and product specific.  

As opposed to purely tensile, compressive or bend-
ing stresses in typical creep tests on isotropic materials, 
such as steel beam or geogrid, geonet strands experi-
ence both compressive and bending stresses when 

loaded in compression. This dual stress nature makes 
the evaluation of creep response quite complicated. As 
temperature increases in accelerated tests, the ratio of 
compressive and bending stresses may change with 
time, stress and temperature. Only through extensive 
test program is the evaluation these variables and their 
effect on creep of geonets possible. 

 
Figure 3 Structure of geonet used in the study 

4 MATERIAL PROPERTIES 

A 5.6 mm (250 mil) nominal thickness geonet product 
was evaluated. The structure of this material is illus-
trated in Figure 3. Typical specifications for the product 
are provided in Table 1. The material is a biplanar struc-
ture geonet used for landfill cover and lining system 
drainage. Typical compressive strength, defined as the 
pressure at which the strands roll over, for this material 
is 955 kPa (20,000 psf). Creep tests are conducted by 
applying a percentage of this compressive strength or 
failure stress. Any variation of this material with a differ-
ent compressive strength would indicate a response in 
creep different from the one discussed in this paper.  A 
limited amount of testing was performed on a 5 mm 
(200 mil) and 7.6 mm (300 mil) thick geonets. The com-
pressive strength of these products is 718 kPa and 
1436 kPa, respectively. 

Table 1 Specifications for the tested product (typical values) 

property units value method 
thickness mm 5.6 ASTM D 5199 
mass g/cm2 0.112 ASTM D 5261 
density g/cm3 0.94 ASTM D 1505 
carbon black % 2-3 ASTM D 1603 
tensile strength N/mm 13 ASTM D 5035 
compression strength kPa 955 ASTM D 1621 
Transmissivity* m2/sec 2x10-3 ASTM D 4716 

* = gradient = 0.1, load = 480 kPa, time = 15 minutes 

5 TEST APPARATUS AND PROCEDURE 

SIM tests were performed using an Instron testing ma-
chine with temperarure control chamber. Figure 4 pro-
vides a photograph of the equipment used. A schematic 
diagram of the setup is provided in Figure 5. The test 
setup consists of two 100 mm x 100 mm x 25 mm metal 
plates with extensions on two sides for connecting strain 
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measurement devices. Linear variable differential trans-
former (LVDT) mounted across the top and bottom 
plates was used for compression measurement. The 
plates are connected to cross-head and base of Instron 
via steel  rods. A computer connected with the machine 
monitors and automatically adjusts load and tempera-
ture.  

 
Figure 4 A photograph of the equipment used for SIM test 

The temperature control chamber consists of an en-
closure made of styro foam. A furnace placed inside the 
chamber provides heat source. No cooling is required 
as tests are always performed at temperatures higher 
than ambient temperature. A temperature control accu-
racy of ±1°C was achieved with the equipment used for 
this test program. 

 
Figure 5 Schematic of the equipment for SIM test 

To start the test, the test specimen is placed within 
the platens and the cross-head is adjsuetd so that plat-
ens are touching the specimen but there is minimal load 
on the specimen. Then the specimen is loaded at the 
rate of 2 mm per minute to the desired compressive 

load which is then maintained for 1000 seconds. First 
increment of temperature was always ambient room 
temperature of 20°C. While compressive load is kept 
constant distance between the plates is measured via 
computer. At the end of 1000 seconds, tempeasrture is 
raised by 7 degress to 27°C.  The process is continued, 
as illustrated in Figure 2 until all six temperature incre-
ments are applied. The ame procedure can be repeated 
on another test specimen at the same or different nor-
mal stress.  

6 TEST RESULTS AND ANALYSIS 

A representative compression strength test on the mate-
rial is provided in Figure 6. The compression strength of 
the test specimen in the figure is approximately 850 
kPa. SIM tests were performed on the material at 48, 
240, 478 and 718 kPa which correspond to 5, 25, 50 
and 75%, respectively of the average compression 
strength of 955 kPa provided in Table 1. Table 2 pro-
vides calculations illustrating the methodology of shifting 
data for each temperature increment to obtain a master 
curve. For the test program these calculations are per-
formed through computer software. The 1st column in 
Table 1 refers to the temperature step. The numbers 
correspond to 20, 27, 34, 41, 48 and 55 degrees cel-
cius, respectively. The second and third column are ex-
plained in figures 1 and 2; t’ is the virtual start time 
found by trial and error, while t is the actual strat time for 
a temperature step. For example, the hypothetical val-
ues for t’ and t in Figure 2 are 19,000 and 20,000 sec-
onds, respectively. The value t’ is assumed such that 
each segment of the curve fits in the master curve. The 
value of t-t’ for one stress are given in Table 2. 
 Vertical shift (vshift) in Table 2 denotes experimental 
conditions and is calculated manually by shifting each 
segment vertically until proper fit is obtained. Horizontal   
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Figure 6 Compressive strength of the geonet 

Table 2 Calculations for 240 kPa (5000 psf) 

step t’ t (t-t’)i vshift logAT logAT/ ∆T 
1 0 0.5 0.5 - - - 
2 8430 9991 1561 -0.02 0.7 0.108 
3 18420 19981 1561 -0.04 0.776 0.113 
4 28440 30001 1561 -0.1 0.777 0.110 
5 38430 39991 1561 -0.15 0.777 0.110 
6 48420 49981 1561 -0.18 0.774 0.1095 

 
shift log AT depends on the value of (t-t’) and is also cal-
culated by aligning each segment such that each indi-
vidual segment overlaps. The last column in the table 

To Instron top 

To Instron base 

Furnace

 
LVDT 

Temperature  
measurement To computer



 
 

 
 
 

542 

indicates the rate of acceleration or change per degree 
of temperature. For this series of experiments the ratio 
of experimental time at higher temperature to that at 
ambient temperature is 500:1. In other words, 500 hours 
worth of creep time at ambient conditions can be ob-
tained by every hour of accelerated creep tests.  

Figure 7 provides test results at various stresses af-
ter the shifting process. Percent thickness retained plot-
ted as ordinate in the figure is calculated as in Equation 
3. 

100
1

21

x
xxP −

=  (3) 

Where P = percent thickness retained, x1 = initial 
thickness (mm) and x2 = compression (mm).  

The same data can be plotted as strain versus time; 
strain being equal to compression divided by original 
thickness. It is customary to use data during the last log 
cycle for the purpose of extrapolation. Therefore, data 
within first 1 hour of the test is not plotted. This portion 
of the data does not plot linearly on the same plot. 
Moreover, the practical significance of the data within 
initial few hours is limited as will be explained latter in 
the article. As the plot is linear on semi-log scale, it is 
possible to extrapolate the curves to obtain thickness 
retained at, say, 100,000 hours. However, standard of 
practice in this regard is to extrapolate up to only one 
log cycle. 

Figure 8 provides test results from three three differ-
ent samples of the same material. There is some vari-
ability in the test results due to the nature of the manu-
facturing process. The average of three test results is 
also plotted on the same figure. Again, the average is 
seen to plot linear on the semi-log scale.  

Figure 9 provides limited test data for two additional 
material thicknesses. The compression strength of the 
material changes with thickness and mass. Therefore, 
applied load as a percentage of failure stress is different 
for each material. The purpose of providing the addi-
tional data is to indicate that material performance in 
compression will change as the material properties 
change.  
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Figure 7   Creep test data on 5.6 mm geonet  
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Figure 8   Test specimen variation and average  

7 CREEP REDUCTION FACTORS 

GIROUD et. al. (2000) provide a procedure for calculat-
ing creep reduction factors from creep data. An expla-
nation of the procedure and its applicability to the type 
of data presented in this article is provided by NAREJO 
& RICHARDSON (2003). Reduction factor for creep can 
be calculated as:  

3
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Where tco = retained thickness at 100 hours (cm), tcr 
= retained thickness at project design life (cm), µ = 
mass per unit area (grams/cm2) and ρ = polymer density 
(grams/cm3). Retained thickness at any given time can 
be calculated by multiplying the corresponding percent-
age thickness retained in Figure 7 with the original 
thickness in Table 1. Design procedures used in the US 
typically require performning a site-specific transmissiv-
ity test for up to 100 hours. The creep reduction factors 
based on a tco of 100 hours is applicable only to the 
data obtained from a 100 hours test. If transmissivity 
test is performed, say for 24 hours, then the value of tco 
in Equation 4 must be changed accordingly by using 
thickness retained at 24 hours. The values of µ and ρ 
are given in Table 1. Using these values and the data 
from Figure 7, creep reduction factors are provided in 
Table 3.  
 The validity of creep data obtained from SIM method 
must be verified by performing equivalent conventional 
creep tests. At minimum a range of pressures must be 
applied on a number of test specimens to establish 
trends. By its nature, such a test requires more than 
10,000 hours of test duration. Moreover, more than one 
data points are necessary to ensure that the data is re-
peatable. Such testing is currently in progress. In gen-
eral, the initial trends are similar as SIM. 

Table 3 Creep reduction factors at various pressures for 5. 6 
mm geonet at 50 years 

Pressure (kPa) Creep reduction factor 
48 1.14 
240 1.18 
478 1.26 
718 1.62 



 
 
 

543

8 GEONET VS. DRAINAGE GEOCOMPOSITES 

The actual product installed in the field is often geo-
composite. However, all the test results presented so far 
in the paper have been on drainage core. A geocompo-
site is manufactured by lamination of the core with the 
geotextile. The lamination process includes two main 
variables which can affect the core properties: heat and 
pressure. Both heat and presuure are controlled during 
the lamination process so that the geonet surface is 
only slightly softened otherwise the pressure can dam-
age the core structure. The SIM method provided a 
powerful tool to evaluate the influence of the lamination 
process on the core properties. Figure 10 provides data 
on a drainage geocomposite manufactured using the 
5.6 mm geonet. In this case, the compressive strain rate 
indicated by the slope of the curves is identical to that 
for the geonet. The structure of the geonet after the 
lamination is not changed. 

In addition to the creep data presented in Figure 10, 
another tool which is used by manufacturers to verify 
product structure after lamination is transmissivity test. 
The material will not meet specified transmissivity prop-
erties if rib structure is damaged as a result of the lami-
nation process. 

9 DESIGN APPLICATION 

The GRI procedure GC8 (1996) provides a simple rela-
tionship for incorporating the influence of material creep 
on hydraulic performance.   









=

bccccr
all xRFxRFRF

qq 1
100  (5) 

Where qall = allowable flow rate (m2/sec), q100 = flow 
rate at 100 hours from a transmissivity test, RFcr = re-
duction factor for creep, RFcc = reduction factor for 
chemical clogging and RFbc = reduction factor for bio-
logical clogging.  For the purpose of 100-hour transmis-
sivity value, ASTM D4716 test method or any other 
equivalent procedure can be used. However, the test 
must be performed using the same configuration of ma-
terials, load and gradient as that in the field. If the actual 
application involves a soil/geocomposite interface then 
the test must also be performed with soil overlying the 
geocomposite. Only the 100 hour test value is requierd; 
however, by plotting the transmissivity with time, the 
100-hour value can usually be extrapolated with 24 
hours of starting the test. After a value of qall is obtained, 
a factor of safety for flow rate for the project can be cal-
culated as:   

req

all

q
q

FS =  (6) 

Where qreq is a site-specific value calculated from site 
hydrologic conditions. The GRI procedure does not rec-
ommend a value for the FS. NAREJO & RICHARDSON 
recommend a value of 2 for this purpose. 

10 CONCLUSIONS 

Accelerated creep tests can be performed on drain-
age core of Synthetic Drainage Media according to 
Stepped Isothermal Method. Such tests can be accom-
plished within few hours as opposed to months required 
for conventional creep testing. The procedure provides 

an opportunity to obtain creep reduction factors for use 
in design calculations. Moreover, it is possible to evalu-
ate material variations or process conditions to compare 
different materials or process conditions. The behaviour 
of material obtained with accelerated method has yet to 
be compared with conventional tests. However, the 
trends so far indicate that SIM offers a valuable tech-
nique of material creep evaluation.  

11 ACKNOWLEDGEMENTS 

The authors express their gratitude to J.S. Thornton of 
Texas Research Institute International, Inc. for his valu-
able comments and J. Nelson of TRI/Environmental, 
Inc. for performing the actual experiments.  

0

10

20

30

40

50

60

70

80

90

100

1 10 100 1000 10000
Time (hours)

P
er

ce
nt

 T
hi

ck
ne

ss
 R

et
ai

ne
d 

718 kPa (50%), 7.6 mm thick
478 kPa (65%), 5 mm thick
478 kPa (50%), 5.6 mm thick

 
Figure 9   Variation in creep with product  
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Figure 10   Compressive creep tests on drainage geocomposite 
based on a 5.6 mm (250 mil) thick net  
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