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A generalized creep model for geosynthetics 

B.Helwany & J.T.H.Wu 
University of Colorado atDenver, USA 

ABSTRACT: In this study, a generalized creep model was developed for simulation of the behavior of 
geosynthetics. The generalized model simulates creep behavior of geosynthetics by a series of multiple 
integrals. The effects of stress level and temperature on the creep characteristics are accounted for in 
the model. It is shown that the model is capable of simulating the creep behavior of different 
geosynthetics at various stress levels in a accurate and consistent manner. 

I .  INTRODUCTION 

Polymeric geotextiles and geogrids are being 
used, with increasing popularity, as reinforcing 
materials (reinforcements) in permanent earth 
structures, such as geotextile/geogrid reinforced 
retaining walls. A geosynthetic-reinforced earth 
structure may "fail" due to excessive long-term 
deformation of the reinforcement. Hence, the 
ability to predict long-term creep behavior of 
geosynthetic reinforcements is critical to safe and 
economical c()n,tmction of geosynthetic
reinforced soil structures. 

The long-term creep test methods for 
geotextiles and geogrids can be categorized into 
two groups; in-isolation and in-soil tests. In-isola
tion test may be used to obtain design parameters 
for some geosynthetics of which the creep 
behavior is unaffected by soil confinement. 
However, in-soil tests should be used for 
obtaining design parameters for those 
geosynthetics whose creep behavior is significantly 
affected when confined in soil. 

In terms of data analysis, two types of 
viscoelastic material behavior (i.e., linear and 
nonlinear viscoelasticity) have been used. Most 
geotextiles and geogrid's behave linearly at low 
levels of stress but become nonlinear at higher 
levels (with or without tertiary creep). 
Furthermore, the mechanical properties of these 
vi3-\:oelastic materials are very sensitive to 
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temperature. Hence, tIle need for a generalized ' 
method of data analysis is recognized. In this 
study, a generalized creep model has been 
developed based on the rimltiple integral 
representation described by Findley, et al (1976)., 

To illustrate the load-strain-time-temperature 
behavior of this method, data analysis for two 
common geosynthetics is presented. The 
geosynthetics are a polypropylene composite 
geotextile (propex 6067) and a polypropylene 
nonwoven heat-bonded geotextile (Typar 3301) . 

2. CREEP ANALYSIS FOR POL YMERlC 
GEOTEXTILES AND GEOGRlDS 

A number of analytical methods are available for 
evaluating the strain versus time characteristics 
for polymeric materials. The rate process theory 
using thermodynamic modeling has been used to 
model creep in textile fibers (Bernard. er al, 
1957) and in plastics laminates. (Hogan, 195 1).  

Rheological models, using combinations of 
springs and dashpots, have been used to model 
creep in textile fibers (Kumar and Gupta, 1977 
and 1978). Shrestha and Bell (1982) used the 
four elements Burger model to describe creep 
behavior of geotextiles. They also used the so 
called "three parameter equation" developed by 
Singh and Mitchell ( 1 968) and found that the 
rheological model offered a better fit to 
experimental data. 



The three parameter equation has also been 
used by Yamaoka and Nishigata (1986) to 
represent the experimental creep data of woven 
and nonwoven geotextiles. The reproduction of 
the experimental creep data, in authors' opinion, 
was not satisfactory, because of the error at 2000 
minutes was as high as 15 % .  This error is 
expected to increase substantially with time and 
render drastically misleading prediction of long 
term creep behavior. 

The main shortcoming of these investigations is 
that data were derived from short duration tests, 
often only of several hours. Moreover, these 
studies failed to model generalized load-strain
time behavior of geotextiles as pointed out by 
Kabir(1988). 

2 . 1  Generalized Stress-Strain-Time-Temperature 
Model 

Findley, Lai and Onaran (1976) represented the 
creep behavior of nonlinear viscoelastic materials 
by using a series of mUltiple integral. For 
uniaxial creep, the following expression results: 

in which, 
E(t): the total strain 
p: the applied uniaxial load 
F" F, and F,: kernel functions. 

From equation (1), the following expressions 
can be written for three uniaxial tension tests at 
different axial loads, P" Pb' and P" covering the 
range of loads of interest, 

( 2  ) 

If the experimental creep strains from the three 
tests are described as functions of time by 
appropriate mathematical expressions and 
introduced on the left-hand side of equation (2), 
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Figure Isochronous stiffness- versus-time 
curves for lQ'C, 20'C and 40'C (after Bush, 
1990) 
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Figure 2 Time-temperature superpOSItIOn for a 
HDPE geogrid (after Bush, 1990) 

these three equations may be solved 
SImultaneously for the kernel functions F"  F, and 
F,. 

The above method is most suitable when the 
time-independent strain EO is separable form the 
time-dependent strain, E-EO, and that the time
dependent strains contain a time function such as 
t" which is the same for different loads. 
Fortunately. the behavior of many polymeric 
materials can be described within these 
limitations. Thus, each of the functions F, in 
equation (1) has a time-independent part F', and 
a coefficient of time-dependent part F+,. The 
time-independent terms F', may be determined 
separately by means of the procedure described 
above using equations (2). The time-dependent 
coefficients may be determined separately in a 
similar manner. 
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Figure 3 Model performance under six 
different axial loads, with and without tertiary 
creep 
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Figure 4 Axial strain versus log-of-time 
relationship for Propex 6067 (after Kabir, 1988) 

An extension of the multiple integral 
representation discussed above to account for the 
temperature effect has been described by Findley, 
et al (1976). Although the most general equation 
described is capable of accounting for various 
loading and temperature conditions in principle, 
the experimental difficulty of characterizing the 
kernel functions may prevent it from being useful 
in practice. 

It has been found (Morgan and Ward, 1971) 
that the creep curves for a given stress at 
d.ifferent temperatures could be superposed by a 
sImple horizontal shift. Andrawes et al (1986) 
suggested that time-temperature superposition 
techniques could be used to improve the confi
dence in long-term strength predictions. These 
superposition techniques have been applied by 
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Bush (1990) to the data shown in Figure I by 
time Shifting the three temperatures, as shown in 
Figure 2. Data from the higher temperature tests 
has been used to accelerate the tests at the lower 
temperatures, without altering the geogrid behav
ior. 

2.2 Numerical Solution of Kernel Functions 

In this study, a numerical method was used to 
solve equations (2). The measured creep strains 
E" Eb and Eo at the end of each time increment 
were introduced successively into equations (2) 
and the kernel functions F I ,  F2, and F, at the 'end 
of each time increment were evaluated by solving 
equations (2) simultaneously. A natural cubic 
spline function was then established for each 
kernel function. Creep strains under a specified 
load (P) were then calculated by using equation 
(1). Obviously; three creep curves under three 
different sustained loads are needed to evaluate 
the kernel functions. Therefore, these three 
creep curves are the "input" required for this 
model. 

The time-temperature superposition principle 
cited above was utilized in this study to simulate 
the temperature effect on the behavior of 
polymers by stretching (or shrinking) the real 
time for temperature above (or below) the 
reference temperature. In other words, the 
behavior of polymers at a high temperature and 
a high strain rate is assumed to be similar to that 
at a low temperature and a low strain rate. 
Materials exhibiting this behavior are called 
"thermorheologically simple" (Findley, et al, 
1976). Thus, deterti1ination of the temperature 
shift factor "'T as a function of temperature will 
provide the necessary information for deter
mination of the reduced time. 

3 .  E V A L U ATI O N  O F  PR O P O SE D  
TECHNIQUE 

The generalized stress-strain-time-temperature 
model for polymers described above is capable of 
predicting the creep behavior of nonlinear 
viscoelastic ' materials in its most general case. 
This includes primary, secondary, andlor tertiary 
creep under any specified stress level taking into 
consideration the effect of temperature changes. 

Figure 3 illustrates qualitatively the perfor-
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Figure 5 Comparison of creep model 
performance and creep test results on Propex 
6067--10garithmic scale 
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Figure 6 Comparison of creep model 
performance and creep test results on Propex 
6067--arithmetic scale 
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Figure 7 Time shifts due to temperature 
changes--arithmetic scale 
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mance of the generalized stress-strain-time-tem
perature modeL Six isothermal creep curves un
der six different axial loads are plotted as 
,(strain) vs. t(time). The ability of the model to 
describe tertiary creep is clear at higher axial 
loads (40, 50 and 60 KN). At lower axial loads 
(10, 20, and 30 KN) no tertiary creep is observed. 

The model requires experimental data of three 
isothermal creep tests under three different axial 
loads covering the load range of interest. It is 
recommended in the design of geosynthetic
reinforced-earth structures to avoid high axial 
loads which may cause tertiary creep in the 
geosynthetic reinforcement. Nevertheless, if high 
axial loads are expected, the model requires 
experimental data of three isothermal creep tests 
(with tertiary creep) under three different axial 
loads higher than the critical load which causes 
tertiary creep. 

To . evaluate the model performance, 
experimental creep results on Propex 6607 given 
by Kabir (1988) were used. Propex 6607 is a 
composite (woven and needle punched), 100% 
polypropylene geotextile with a unit weight of 650 
gsm. Creep test results on Propex 6607 under 
three different axial loads are shown in Figure 4.  
For purposes of extrapolation, Figure 4 was 
reproduced on a log-log scale as depicted by the 
data points in Figure 5.  

The generalized stress-strain-time-temperature 
model was then used to simulate the 
experimental creep test results. An excellent 
simulation of the experimental curves is noted in 
Figures 5 and 6. 

The authors believe that the model is capable 
of describing the most general case of creep as 
shown in Figure 3. Unfortunately, experimental 
data of creep tests with tertiary creep are not 
available to the authors at this time to verify this 
assertion. 

The performance of this creep model at 
different temperatures- is qualitatively shown in 
Figures 7 and 8 for shift factors of 0. 1 ,  0.2, 1 , 5, 
and 10. The shift factor of 1 corresponds to the 
creep test at reference temperature and 10.7 
KN/m axial load as given in Figure 4. 

lliboratory creep 
different temperatures 

tests on geotextiles at 
are being conducted at the 



University of Colorado at Denver. The results of 
these tests will be used to verify the performance 
of the creep model at different temperatures. 

To further evaluate the performance ' of the 
creep model, the model was used to simulate the 
experimental creep data of Typar 3301 geotextile. 
Figure 9 illustrates the experimental data 
simulation by the use of the creep model. 

It is of a great importance to evaluate the 
performance of the creep model under different 
load history such as simple axial tension. If the 
stress-strain-strain-rate relationship is unique for 
a '  particular material, then the proposed 
generalized creep model should be able to 
predict the performance of this material when 
subjected to a different load history such as 
simple axial tension under different strain rates. 
To accomplish this, the generalized creep model 
was incorporated into a finite element program 
with a time-marching scheme. The finite element 
program was then used to predict the per
formance of the geotextile in simple axial tension 
under two different strain rates, 2 % and 0.2 % per 
minute. The prediction is compared with the 
cxpcrimcntal data under the same strain rates as 
shown in Figure 10. The comparison is quite 
satisfactory, which further assert the validity of 
the generalized creep model. 

More simple axial tension experiments for 
different geosynthetics under different strain rates . 
are being conducted at the University of 
Colorado at Denver by the authors to prove the 
uniqueness of the stress-strain-strain-rate 
relationship of each geosynthetic material. The 
uniqueness of this relationship will make it 
possible to extract creep curves from simple axial 
tension curves of the same material under 
different strain rates. 

4. CONCLUSIONS 

From the findings of this study, the following 
conclusions may be drawn: 

(I) The method of data analysis derived from 
the multiple integral representation of 
viscoelastic material behavior is a versatile 
technique which proved suitable for dif
ferent types of creep, namely; creep with 
or without tertiary stage. 
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Figure 8 Time shifts due to temperature 
changes--Iogarithmic scale 
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Figure 9 Comparison of creep model 
.performance and creep . tests results on Typar 
3301 
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Figure 10 Comparison of Creep model 
performance and experimental results on Typal 
3301 in simple axial tension under different 
strain rates 



(2) 

(3) 

The successive time increment technique 
to evaluate the kernel functions is 
versatile and suitable for different types of 
creep. Furthermore, the use of the nat
ural cubic spline function to describe the 
time dependency of the strains and kernel 
functions is very satisfactory, providing an 
excellent prediction of creep under 
different axial loads. 

The generalized creep model is capable of 
predicting the behavior of a heat-bonded, 
nonwoven geotextile in simple axial 
tension under different strain rates . 
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