Long-term creep estimation of HDPE geogrid using temperature-accelerated stress
relaxation techniques
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For the effective design of geosynthetic
-reinforced soil (GRS) structures, understanding
the long-term behavior of polymer geosynthetic
reinforcements, particularly creep behavior, is
crucial. A critical aspect of designing geosynthetics
involves applying appropriate creep reduction
factors (RFcr) for a specified design lifetime.
These factors are typically derived from the creep
rupture curve obtained through conventional creep
tests, which are time-consuming. To expedite this
process, techniques such as time-temperature
superposition (TTS) and the stepped isothermal
method (SIM) have been introduced, using
elevated temperatures to accelerate creep testing
instead of extending the testing duration.
Additionally, an empirical framework has been
developed that effectively predicts long-term creep
strain by analyzing the relationship between creep
and stress relaxation behaviors.

This study integrates the two aforementioned
techniques to improve the accuracy and efficiency
of predicting the creep behavior of a high-density
polyethylene  (HDPE) geogrid.  Short-term,
temperature-accelerated creep and  stress
relaxation tests (e.g., 240 minutes per stage/
temperature) were conducted. Subsequently,
master creep curves (e.g., Figure 1) and master
stress relaxation curves were constructed,
revealing long-term behaviors with a duration
increased by a factor of 250.

Using the nonlinear three-component (NTC)
model framework, the time, irreversible strain, and
irreversible strain rate during creep were derived
from the master creep curve. Similarly, these
values during stress relaxation were derived from
the master stress relaxation curve. For the same
irreversible strain rates, the time required for creep
was found to be longer than for stress relaxation
(Figure 2), and the irreversible strain increment
during creep was higher than during stress
relaxation. This suggests that creep can be
predicted from stress relaxation over a much
longer time span.

By combining these methods, the study
achieved a significant extension in predicting
long-term creep behavior, with the time factor
multiplied, resulting in an approximately 1,635-fold
increase in the duration estimate. When comparing
the long-term creep curves obtained from this new
combined method with those from a conventional
10-day creep test, the results were similar.

However, this innovative method requires
significantly less time to complete, proving to be far
more efficient than the standard 10-day testing
period, as illustrated in Figure 3.

T T T
[ HDPE geogrid

12 |- Testtype: CP-SIM il
Tensile load level at start of SR = 40 kN/m

Horizontal Shifting

Creep strain, cp (%)

log,,(t-t' in sec.)

Fig. 1. Master creep curve obtained by SIM test at 40 kN/m
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Fig. 2. Relationship between time for creep and time for
stress relaxation at 40 kN/m

HDPE geogrid
| Tensile load level al start of SR = 40 kN/m
Reference temperature, T,= 30 °C

6 Predicted CP from SR-TTS: 1,090 days (26,161 hours) 7

-
‘[ SR-TTS test: 4,000 hours

Aeil and Acl, (%)

—

P S S S S T T
0.00E+00 2.00E+07 4.00E+07 6.00E+07 8.00E+07 1.00E+08

Atgp and Atgg (s)

Fig. 3. Comparison of creep time history across various
testing methods: conventional creep test, creep using SIM,
and the prediction by the new combined method proposed
in this study





