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ABSTRACT: This study investigates the tensile creep behavior of a PVC coated polyester geogrid at dif-
ferent temperatures. The ultimate tensile strength of the test geogrid is 128(MD)/115(CD) kN/m. The geogrid
was fabricated using knitting and woven techniques. A series of tensile tests (ASTM D6637) and convention-
al long-term (ASTM D5262) creep tests were performed to evaluate the tensile strength, elongation at rupture
and long-term creep strains of the geogrid.
The test results indicated that the ultimate tensile strength of the PET geogrid linearly decreased as the test
temperature increased up to 70oC. The tensile strength decreasing rate is about -0.33% per degree of Celsius.
The elongation at break is about 11% for the tested conditions varied from 0oC to 60oC. The tensile strength 
and elongation at break for the 80oC test condition was inconsistent with the results from other test conditions.
It is believed that the phenomenon of glass formation might have some effects on the engineering behavior of
the test geogrid at around 80oC. The creep strain rate also increased as the test temperature was increased un-
der same tensile load condition. Linear creep strain rates were observed from a series of conventional long-
term test product creep tests. Under conditions with same creep tensile load or same percentage UTS tensile 
load under higher temperature conditions presented higher total creep strain and associated creep strain rate.
The creep modulus decreased as the test temperature was increased. The creep strain rate increase could be up 
to 10% for temperature condition changes from 10oC to 40oC. The required rupture time linearly decreases as 
creep load increased on a log time scale. The decreasing rate of rupture time increases as test temperature in-
creased. 

1 OBJECTIVES

This paper presents the tensile creep behavior of a 
PVC coated polyester geogrid at different tempera-
tures evaluated using the tensile strength and con-
ventional long-term creep testing methods. The re-
sults from this study were used to provide the tensile 
and creep behavior of polyester geogrids under dif-
ferent temperature conditions. This information can 
be used if the design temperature differs from the 
standard 21oC test temperature. 

2 TEST MATERIALS 

A PVC coated polyester geogrids provided from a 
local (Taiwan) manufacturer was used for this study. 
The ultimate tensile strength of the geogrid is 
128(MD)/115(CD) kN/m. The test geogrid was 
manufactured using knitting and weaving processes. 

The product was made from high tenacity, high mo-
lecular weight (>25,000 g/mole), alkali tolerant 
(max. 30 carboxyl end group) fibers. The glass tran-
sition temperatures of these fibers were around 76oC.
The typical polyester fiber double hump stress ver-
sus strain response was observed for the tested prod-
uct. The general properties of the tested geogrid are 
shown in Table 1.

3 TEMPERATURE VARIATIONS 

The average monthly temperatures in Taipei, Tokyo, 
Singapore, Paris, Sydney, and New York from 1961 
to 2000 are summarized in Figure 1
(www.cwb.gov.tw). The highest and lowest average 
monthly temperatures occurred in July and January 
for the cities located in the northern hemisphere. 
However, a reverse phenomenon was observed for 
the city of Sydney, located in the southern hemis-
phere. The data shown in the figure indicated that 
the average air temperatures could vary during a 
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year and the manner of variation depends on loca-
tion. The difference between the highest and lowest 
average monthly temperature in New York was 
about 24.9oC. This difference was the greatest 
among the cities shown in the figure. On the other 
hand, the average monthly temperatures for Singa-
pore varied throughout the year ranging from 25.7oC
to 27.4oC.

The average monthly air and ground temperatures 
observed at the weather station at National Pingtung 
University of Science and Technology (NPUST) 
from 2006 to 2008 are summarized in Figure 2. As 
shown in the figure, the monthly average daily high-
est and lowest temperatures were generally 4oC to 
5oC different from the average daily temperature. In 
general, the ground temperatures and the average 
daily air temperature showed good correlation. The 
average monthly air temperature, average monthly 
surface ground (-5cm) and shallow depth (-50 cm) 
ground temperatures were quite similar from April 
to September. However, the shallow depth (-50 cm) 
ground temperature would be 2oC to 3oC above the 
air temperature in the winter season. The NPUST 
ground temperature would vary 5oC through the 
year. Based upon the information shown in the two 
figures, ground temperature could vary from loca-
tion to location and season to season. The air tem-
perature and shallow depth ground temperature were 
close in the summer season. However, the shallow 
depth ground temperature would be slightly higher 
than the average air temperature in the winter season. 
This variation was quite different based upon the lo-
cation. Currently, the 21oC test temperature is the 
most common condition referred to in ASTM and 
ISO standards. However, the present temperature of 
the geogrid used for reinforcement applications will 
vary based upon the site location and season. There-
fore, the temperature effect on tensile and creep be-
havior in the PET geogrid is discussed. 

4 TENSILE TESTS AT DIFFERENT 
TEMPERATURES

A series of tensile tests was conducted for the test 
PVC coated Polyester geogrid at different tempera-
tures. The test temperatures varied from 0oC to 80oC.
The ASTM D6637 method B, wide width tensile test, 
was used to perform the tensile tests. The test spe-
cimen is 100 mm in width containing three longitu-
dinal ribs. The test samples were conditioned in a 
constant temperature chamber with the test tempera-
ture for 24 hours before the test. Six test specimens 
were used for each tested temperature. The typical 
load versus elongation curves for different tested 
temperatures are shown in Figure 3. The typical 

double-S curve was also observed for all tested tem-
perature conditions. The elongation at break for the 
tested conditions, varied from 0oC to 60oC, were 
about 11% and quite similar to each other. However, 
the elongation at break at 80oC is about 10.25%. 
This value is significantly lower than the elongation 
at break values at other conditions. Generally, the ul-
timate tensile strength decreased as the test tempera-
ture increased. The ultimate tensile strength versus 
test temperature is further analyzed and plotted in 
Figure 5. As shown in the figure, the ultimate tensile 
strengths decreased nearly linearly the test tempera-
ture decreased down to 70oC. The tensile strength 
decreasing rate is about -0.33% per degree of Cel-
sius. The tensile strength and elongation at break for 
the 80oC test condition was inconsistent with the 
other test conditions. Because the glass transition 
temperature of PET yarn is near 80oC, the phenome-
non of glass formation might have some effects on 
the engineering behavior of the test geogrid at 
around 80oC. 

Table 1 Summary of the tested material engineering 
properties

Item Test me-
thod

Test Results 
Type 1 

Material -- PVC coated Po-
lyester Geogrid 

Nominal Strength 
(kN/m) -- 100×100 

Junction weaving
Method -- Woven & Knitted

No. of rib 
per width 

M.D. -- 31.78
X.D. 37.19 

Rib width 
(mm) 

M.D -- 11.31
X.D. 11.68 

Rib spacing 
(mm) 

M.D -- 20.79
X.D. 15.54 

P.O.A. (%) -- 35.64 

Mass per
unit area 
(g/m2)

w. PVC 
coating 

ASTM
D5261 793.96

M.D. Tensile Strength 
(kN/m) ASTM

D6637

122.46

M.D. Elongation at 
Break (%) 11.06

X.D. Tensile Strength 
(kN/m) ASTM

D6637

114.55

X.D. Elongation at 
Break (%) 13.02
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Table 2 Summary of Ramp and Hold test results at  
various temperatures. 

No.

10  20  40 

Strain

(%)

Modulus

(kN/m) 

Strain

(%)

Modulus

(kN/m) 

Strain

(%)

Modulus

(kN/m)

1 7.44 1121.62 7.68 1036.50 7.57 985.67

2 7.55 1105.28 7.53 1057.15 7.61 980.49

3 7.69 1085.15 7.54 1055.75 7.62 979.20

Ave-

rage
7.56 1104.16 7.58 1049.59 7.60 981.47
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Figure 1 Average monthly temperature for various ci-
ties. 

Figure 2 Average monthly ground and air tempera-
ture at the National Pingtung University of Science 
and Technology weather station. 
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Figure 3 Typical wide width tensile test results of 
longitudinal ribs of the test geogrid at various tem-
peratures. 
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Figure 4 Average tensile strength versus temperature 
for the test geogrid. 

5 TENSILE CREEP TESTS AT DIFFERENT 
TEMPERATURES

The conventional creep tests (ASTM D5262) were 
conducted at temperatures of 10oC, 20oC, 30oC,
40oC, 60% RH, and at various creep tensile loads. 
For the conventional creep tests, two single-station 
and one multi-station rigid double-lever action creep 
frames, providing a 20:1 and 10:1 mechanical ad-
vantage in the loading train were employed, respec-
tively. Temperature control with an accuracy of ± 
1oC was achieved using an environmental chamber 
and temperature-controlled room. The grips used in 
the wide width creep tests were a custom roller grip 
design fabricated in-house. Extension measurements 
for the creep test were made using a LVDT clamped 
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to the specimens. A multiple-purpose environmental 
chamber (29x30x97 cm) with insulated walls was 
constructed to enclose the 215-mm wide width spe-
cimens and grips. The environmental chamber 
housed two 900W electrical heaters to achieve tem-
perature jumps of 6 to 10oC within 2-4 minutes and 
maintain a constant temperature ±1oC during creep 
loading. The temperature was controlled using a cus-
tom made digital temperature controller with fuzzy 
logic capabilities equipped with an electronic ther-
mocouple. Thermocouples for temperature control 
and data acquisition were positioned close to the 
specimen. Two 1/4 HP motors and two 5 by 2.5 inch 
fans were used within the environmental chamber to 
enhance air circulation and promote uniform tem-
perature.

Displacements between the reference points in the 
specimen were measured using an external LVDT 
(Gefran Model PA1-F-100-S01M). The LVDT was 
directly mounted on the specimen with a gauge 
length of 100 mm. Because the LVDT measure-
ments are temperature sensitive, temperature correc-
tions were applied to the displacement data.  

Temperature, displacements and tensile load were 
recorded using an automatic data acquisition system. 
Data were collected every second to adequately cap-
ture the stress-strain response until rupture.

All tests were conducted using specimens from 
the same roll and performed using the same load 
frame, instrumentation, specimen preparation proce-
dures and initial loading procedures. Testing was 
conducted in the machine direction (MD) of the 
geogrid specimens. Since wide specimens (100 mm 
or 200 mm in width as required) were used through-
out the testing program, the test sampling and condi-
tioning procedures were always conducted in gener-
al agreement with the wide-width (method B) tensile 
testing standard ASTM D6637 (ASTM 2003). A 
preload of 222 N or 1.25% of UTS (whichever lower) 
was applied prior to each test to condition the spe-
cimen and minimized the initial “setting in” of the 
stress-strain curve. The LVDT was mounted directly 
on the specimen upon preload completion. 

5.1 Creep Strain

Greenwood (2004) noted that there can be quite a 
wide variability in the initial strain measurements for 
geogrids in creep tests. Therefore, a series of ramp 
and hold (R & H) short term creep tests was per-
formed to determine the average short term elastic 
(creep) strain and modulus of the test geogrids. The 
R & H short term initial elastic (creep) strains and 
moduli results under 65% UTS tensile load at 10oC, 
20oC, and 40oC temperatures are summarized in Ta-
ble 2. The initial elastic moduli were 1104, 1050, 

981 kN/m for the test geogrid at test temperatures of 
10oC, 20oC, and 40oC, respectively. The initial elas-
tic modulus decreased as the test temperature in-
creased. The initial elastic (creep) modulus was used 
to adjust the long term creep curves for the test re-
sults. 

As shown in Figure 4, the ultimate tensile strength 
(UTS) of the test geogrid decreased as the test tem-
perature increased. Therefore, the applied creep ten-
sile load associated with a certain percentage of ul-
timate tensile strength would vary at different test 
temperatures. Therefore, the creep tensile load can 
be presented in the form of accurate load or percen-
tage of UTS. Figure 5 shows the creep strain curves 
derived from 1000-hour conventional long-term 
creep test results for the test geogrid under same ap-
plied load (76.16 kN/m) at 10oC, 20oC, 30oC, and 
40oC test temperatures. The creep loads were 59% 
UTS, 61% UTS, 63% UTS and 65% UTS for the as-
sociated temperature of 10oC, 20oC, 30oC, and 40oC,
respectively. Generally, consistent linear creep strain 
is shown in log time scale. Please note that the curve 
associated with higher temperature condition 
showed higher initial elastic strain and creep strain 
than the lower temperature conditions. The 1000-
hour conventional long-term creep strains for the test 
geogrid at 10oC, 20oC, 30oC, and 40oC were 0.64%, 
0.73%, 0.69% and 0.84%, respectively. 

The load and strain data can be converted into the 
creep modulus for the tensile creep test. Figure 6
shows the analyzed creep modulus curves associated 
with the creep tensile test data shown in Figure 5. As 
shown in the figure, the creep modulus linear de-
creases as increasing test duration on a log time 
scale. However, the creep modulus decreases as the 
test temperature increased. The reduction rate was 
about 10% for condition changes from 10oC to 40oC.

As discussed earlier, the ultimate tensile strength 
could vary for different test temperature. The 1000-
hour creep tensile curves with 65% UTS tensile load 
at 10oC, 20oC, 30oC, and 40oC are showed in Figure
7. The associated creep tensile loads are 82.83 kN/m, 
79.97 kN/m, 77.79 kN/m, and 76.16 kN/m, for tem-
peratures at 10oC, 20oC, 30oC, and 40oC, respective-
ly. Because the temperature effect on the initial 
creep strain slightly increases as the test temperature 
increases, these three creep curves are parallel to 
each other. The total creep strain increased as the 
test temperature increased. The 1000-hour conven-
tional long-term creep strains for the test geogrid 
under 65% UTS tensile creep load at 10oC, 20oC,
30oC, and 40oC were 0.75%, 0.82%, 0.81%, and 
0.84%, respectively. The difference in creep strain 
was very minor and only about 11% for temperature 
changes from 10oC to 40oC. Similarly, the creep  
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Figure 5 Long term creep curves for 76.16 kN/m 
tensile load at 10oC 20oC, 30oC, and 40oC.
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Figure 6 Creep modulus versus time curves for 
76.16kN/m tensile load at10oC, 20oC, 30oC, and 
40oC.

modulus linear decreases as increasing test duration 
on a log time scale showed in Figure 8. The creep 
moduli also decreased as the test temperature in-
creased for the three test conditions.  

6 CREEP RUPTURE 

Figure 9 presents the linear regression plots of rup-
ture load as percentage of UTS versus log time to 
rupture for the conventional creep tests performed 
for temperatures at 10oC, 20oC, and 40oC. These da-
ta points are located scatter around the regress lines 
for these test temperatures. As shown in the figure, 
the percentage of rupture load linear decreases as in-
creasing test duration on a log time scale. The de-
creasing rate of creep rupture load increases as test 
temperature increased. Because of these behaviors,  
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Figure 7 Long term creep curves under 65% UTS 
loading at various test temperatures. 
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Figure 8 Creep modulus curves under 65% UTS 
loading at various test temperatures. 

the long-term performance rupture load would de-
crease as test temperature increased. Therefore, it is 
important to know the design temperature in order to 
select adequate design factors during design stage. 

7 SUMMARY AND CONCLUSIONS 

The average air and ground temperatures vary from 
location to location and season to season. In addition, 
the air temperature and shallow depth ground tem-
perature were found to be near or slightly different 
throughout the year. Therefore, the effect of temper-
ature on the tensile creep behavior of PET geogrid 
was discussed in the paper. A PVC coated polyester 
geogrids provided from local (Taiwan) manufacturer 
was used in this study. The ultimate tensile strength 
of the geogrid at standard test condition is 
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128(MD)/115(CD) kN/m. A series of tensile tests 
was conducted for the test PVC coated Polyester 
geogrid at different temperatures. The test tempera-
tures varied from 0oC to 80oC. ASTM D6637 me-
thod A was used to perform the tensile tests. The  

testing program also conducted a series of conven-
tional creep tests (ASTM D5262) with 65% UTS 
creep tensile load at 10oC, 20oC, 30oC, 40oC and 
60% RH test conditions.  

The ultimate tensile strengths (UTS) decreased li-
nearly as the test temperature decreased. The de-
creasing rate is about -0.33% per degree of Celsius. 
The elongation at break for the tested conditions va-
ried from 0oC to 70oC at about 11%. However, the 
tensile strength decreasing rate from 70oC to 80oC is 
slightly higher. The elongation at break for the 80oC
condition was about 10.25%. Because the glass tran-
sition temperature of the test PET yarn is near 80oC,
it is believed that the phenomenon of glass forma-
tion might have some effects on the engineering be-
havior of the test geogrid at around 80oC.

The initial creep strain from the creep tests can 
exhibit quite a wide variability. Therefore, a series 
of ramp and hold (R & H) short term creep tests at 
59%, 61% to 65% UTS and different temperatures 
were performed to determine the average short term 
elastic strain and modulus of the tested geogrid. The 
initial elastic moduli of the tested geogrid were 1104, 
1050, 981 kN/m at 10oC, 20oC, and 40oC, respec-
tively. 

Linear creep strain rates were observed from a se-
ries conventional long-term creep tests on the tested 
product. In the condition with same creep tensile 
load, higher condition temperature presented higher 
total creep strain and associated creep strain rate. 
The difference in creep strain could be up to 24% for 
temperature changes from 10oC to 40oC. The creep 
strain rate increased near 10% for temperature con-
dition changes from 10oC to 40oC. However, the 
creep modulus decreased as the test temperature was 
increased. The test condition with lower temperature 
will turn to plateau creep stage for less time duration. 
Secondary creep behavior was observed for both 
1000-hour creep tests.

The required rupture time for different creep load 
linear decreases as creep load increased on a log 
time scale. The decreasing rate of rupture time in-
creases as test temperature increased. Because of 
these factors, the long-term rupture load would de-
crease as test temperature increased. Therefore, the 
average temperature of the project site is an impor-
tant factor for the project in the design stage. 
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Figure 9 Creep rupture data and regression lines at 
various test temperatures. 
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