Creep of backfill geogrid reinforcement for retaining walls
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ABSTRACT: This study addresses the creep and creep-rupture investigation for two types of
geogrids. High Density Polyethylene (HDPE) and Polyethylene Terephthalate (PET). Accelerated
exposure was used, with super-ambient temperatures for different simulated exposure conditions,
and soil water related to the soil conditions in Florida. The temperatures were; 30° C, 45° C, 55° C,
and 65° C; with submergence in the following groundwater-simulating solutions: HDPE specimens
- calcareous (pH 9.0), phosphate (pH 4.5), limerock, seawater, and freshwater for PET specimens
only. The load levels were 30%, 40%, 50% of the ultimate load value. Elongations were measured
at 30 seconds, 1, 2, 4, 6, 8, 15, 30, 75 minutes, 3, 7 hours, and every 24 hours, up to 10,000 hours.
It was observed that HDPE geogrids undergo larger creep than PET geogrids. The different expo-
sures do not play an important role in the rate of creep. Creep rupture occurred in al the HDPE
specimens exposed to 50% of the ultimate load, and for the specimens exposed to 40% of the ulti-
mate load, and to 55° C and 65° C temperatures. The PET specimens did not experience creep rup-
ture except for two specimens; for these two cases the rupture was attributed to either defects in
the specimens or defective clamping.

1 INTRODUCTION

The main polymers currently used for reinforcement include polypropylene (PP), polyester tereph-
thalate (PET), and polyethylene (PE). Geogrids were first introduced into North America in the
early 1980's. The ASTM D5262 (1992) defines a geogrid as "a geosynthetic formed by a rec-
tangular network of integrally connected elements with apertures greater than 6.35mm (1/4 in.) to
alow interlocking with the surrounding soil, rock, earth, and other surrounding materials to func-
tion primarily as a reinforcement”. Geogrids are produced for biaxial and uniaxial |oad-carrying
configurations.

Due to the relatively short experience with these polymeric materias, there are uncertainties re-
garding their durability, with respect to retainment of the design properties after being subjected to
construction stresses and exposed to in-soil environments over the expected design life. Potential
degradation of polymeric reinforcement, with time, will depend on the characteristics of a specific
polymer, configuration, and the environment to which it is exposed. This dictates the need for
more research in this area. If geogrids have to be used as an aternative to steel reinforcement to
overcome the corrosion problem, their performance has to be established based on laboratory and
field testing for site specific conditions, e.g. high water tables and temperatures ranging between
27° Cto 38° Cin Florida



1.1 HDPE Geogrids

HDPE is the acronym for High Density Polyethylene, The uniaxial HDPE geogrids used in this re-
search are manufactured by stretching a punched sheet of extruded HDPE in one direction, under
carefully controlled conditions. This process aligns the polymer's long-chain molecules in the di-
rection of drawing, and resultsin a product with high one-directional tensile strength and modulus.

1.2 PET Geogrids

PET isthe acronym for Polyester Terephthalate. PET geogrids are made of polyester multifilament
yarns, which are interlocked by weaving to create a stable network, such that the yarns retain their
relative position. Compared to HDPE, PET is more flexible in bending and exhibits a relatively
lower junction strength.

1.3 Creep and Creep Rupture

Creep is simply the viscoelastic response of the reinforcement due to a sustained load. It resultsin
time-dependent deformation, which may continue to occur as long as the reinforcement is loaded. It
is of primary importance in the design of polymeric reinforced structures, Allen (1991). Geosyn-
thetic structure tends to dominate primary creep, whereas the polymer material tends to dominate
secondary and tertiary creep, Allen, Bell, and Vinson (1983). Soil confinement tends to restrict the
movement of individual filaments, preventing their realignment in the direction of load, thereby
substantialy reducing the magnitude of geosynthetic macrostructure creep i.e., primary creep,
McGown, Andrews, and Kabir (1982). Koerner et al. (1980) postulated that the creep behavior of
the soil influences the creep behavior of the geosynthetic. Chemical aging of geosynthetics is the
result of both soil environmental factors and the polymer chemical structure. In general, chemical
aging can affect creep at relatively high temperatures, as those encountered in Florida, with moder-
ate high moisture conditions in soils which are chemically active.

Creep-rupture is expressed in terms of decreasing life with increasing stress and temperature,
and the transition from ductile to brittle behavior. It isimportant to identify the “failure time transi-
tion” point in the creep-rupture plot for realistic estimation of life. Figure 1 shows the creep rupture
behavior for a semi-crystalline polymer.

Chemical aging can affect creep and creep rupture at relatively high temperatures, as those en-
countered in Florida, with moderate high moisture conditions in soils, which are chemically active.
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Figure 1. Creep-rupture behavior for a semi-crystalline polymer. Ahn et al. (1998)



2 EXPERIMENTAL INVESTIGATION

To simulate different exposure conditions, 20 tanks were fabricated with super-ambient tempera-
tures for different simulated exposure conditions, and soil water related to the soil conditions in
Florida.

The temperatures were 30° C, 35° C, 45° C, 55° C and 65° C, with submergence in the follow-
ing groundwater-simulating solutions:

HDPE specimens:
- Calcareous (pH 9.0)
- Phosphate (pH 4.5)
- Limerock
- Seawater

PET specimens
- Cacareous (pH 9.0)
- Phosphate (pH 4.5)
- Limerock
- Seawater
- Freshwater

The load levels were: 30 %, 40 % and 50 % of the ultimate |oad.

The results are presented for creep strain and creep rupture tests on both HDPE and PET test
specimens.

The values of creep strain were plotted for each of the two specimen types categorized as:
"Specimen Set I" and "Specimen Set |1". Each graph corresponds to a geogrid type, specimen set,
temperature and load level, including all environmental exposures. Regression analysis was carried
out for each specimen.

From the creep strain, it can be seen that PET geogrids resist creep strain better than HDPE ones
at similar temperatures and load levels, Figures 2 and 3.
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Figure 2. Creep curves for HDPE geogrids, T = 30°C, Load level = 30% ultimate load - Specimen set |
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Figure 3. Creep curvesfor PET geogrids, T = 30°C, Load level = 30% ultimate load - Specimen set |

However, for both HDPE and PET specimens the increase in temperature and load level have a
strong effect on the creep strain behavior, relatively larger for HDPE specimens.

It can be observed, that HDPE geogrids show large deformations, up to 55 % strain under the
most extreme conditions (i.e. T= 65° C and Load level = 50% ultimate load, Figure 4), while for
PET specimens the maximum strain was 14 % for the same conditions, Figure 5.
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Figure 4. Creep curves for HDPE geogrids, T = 65°C, Load level = 50% ultimate load - Specimen set |1

4



Calcareous
14 1-¥=0.3381Ln(x) + 10.479
R? = 0.9327
= Calcareous
5"-:- o Phosphate > Phosphate
® y = 0.3989Ln{x] + 9.5912 s Limerock
o 6 R? = 0.9625 - Seawater
Limerock Seawater > Water
4 Y= 0.31275Ln(x) +1018 y= 0.3627Ln(x) + 10.152|— Log. (Calcareous)
R® =0.9722 R” = 0.9069 — Log. (Phosphate)
2 Water —Log. (Limerock)
y = 0.3973Ln(x) + 10.429 — Leg. (Seawater)
0 | Ff = 09433 _|—Log. (waten)
0 1 10 100 1,000 10,000 100,000

Time {(hours)

Figure 5. Creep curves for PET geogrids, T = 65°C, Load level = 50% ultimate load - Specimen set |1

This showsthat PET geogrids resist creep strain better than HDPE at similar temperatures and load
levels.

From the results shown in Tables 1 to 4, it can be seen that the increase in temperature has a
large influence on the amount of creep strain , and that specimens exposed to higher temperatures
will be subjected to larger amounts of creep strain  before breaking than those exposed to lower
temperatures. Also, the creep strain at breaking for the HDPE specimens was about 50% when ex-
posed to 55° C or 65° C. Theincrease in load level also increases the amount of creep strain in the
specimens, but the influence is not as large as that due to the temperature. However, the higher the
temperature, the larger is the influence of the increase in load level .

Table1. Creep strain (%) for HDPE Specimens 30° C

Load level 30 40 50

% % %
Initial strain 45-5 45-6 75-8
Final strain 85-9 11-115 175-20.5

Table2. Creep strain (%) for HDPE Specimens 45° C

Load level 30 40 50

% % %
Initial strain 6-6.5 8.6-9.5 11-13
Final strain 10-11 16-19 34 -39




Table 3. Creep strain (%) for HDPE Specimens 55° C

Load level 30 40 50

% % %
Initial strain 6.3-7 9.5-105 14-16
Final strain 105-115 23-27 46 - 53
Table 4. Creep strain (%) for HDPE Specimens 65° C
Load level 30 40 50

% % %
Initial strain 8-9 11-13 19-26
Final strain 17-19 28- 33 46 - 56

From the results shown in Tables 5 to 8, it can be seen that the increase in temperature has a
large influence on the amount of creep strain , but not as much as that encountered in HDPE
specimens; for PET specimens the effects of temperature and load level are similar. It should be
noticed that the different solutions do not seem to influence the amount of creep strain.

Table 5. Creep strain (%) for PET Specimens 30° C

Load level 30 40 50

% % %
Initia strain 18-21 26-29 49-53
Final strain 27-32 34-4 6.3-6.9
Table 6. Creep strain (%) for PET Specimens 45° C
Load level 30 40 50

% % %
Initial strain 38-42 4-5 6.3-7
Final strain 52-59 56- 6.5 84-98
Table 7. Creep strain (%) for PET Specimens 55° C
Load level 30 40 50

% % %
Initial strain 36-4 52-538 7.8-8.2
Final strain 5.3-59 79- 88 10.2-11
Table 8. Creep strain (%) for PET Specimens 65° C
Load level 30 40 50

% % %
Initial strain 34-43 6.7-7.2 84-9
Final strain 6-6.6 9.2- 10.2 13-14




The PET specimens did not experience creep rupture except for two specimens, and for those two
cases the rupture can be attributed to either defects in the specimens or poor clamping. On the other
hand, for the HDPE specimens, creep rupture was observed in all the specimens exposed to 50% of
the ultimate load; and for the 55° C and 65° C temperatures, creep rupture occurred at 40% of the
ultimate load. Tables 9 to 11 show the time of rupture for the HDPE geogrids.

Table 9. Creep rupture for HDPE specimens load level = 50% ultimate load, T=30° C & 45° C

Time/Strain 30° C-set | 30° C-set I 45° C-set | 45° C-set |1
Hours/ % Hours/ % Hours/ % Hours/ %
Calcareous 8520/19.1 7752 /18.9 528/ 39.1 408/ 35.4
Phosphate 6768/ 18.1 8040/ 19.7 408 /34.8 408/ 34.3
Limerock 3576/ 20.2 3696/ 17.5 408/ 38.7 480/ 37.4
Seawater 7584/ 19.5 6768/ 17.7 528/ 37 360/ 36.8

It can be observed in Table 9, that creep rupture occurred between 17.5 % and 20.2 % creep strain
for the 30° C temperature and 50 % ultimate load, while for the 45° C temperature and 50% ulti-
mate load the rupture occurred between 34.3 % and 39.1% creep strain . The rupture time for the
30° C temperature and 50 % ultimate load is between 6,768 and 8,520 hours, except for the
limerock exposure, while for the 45° C temperature and 50% ultimate load, the time to rupture var-
ied from 360 to 528 hours.

With these results it can be seen that the temperature has a strong effect on the percentage creep
strain reached before creep rupture occurs and the time to creep rupture. The limerock exposure, at
30° C temperature and 50% ultimate load, reached creep rupture at only 3,576 to 3,696 hours. This
can be attributed to non-uniform temperature exposure of the geogrid.

Table 10. Creep rupture for HDPE specimens load level = 50% ultimate load, T=55° C & 65° C

Time/Strain 55° C-set | 55° C-set 11 65° C-set | 65° C-set ||
Hours/ % Hours/ % Hours/ % Hours/ %
Cadlcareous 120/ 46.2 48/525 5/46 71559
Phosphate 120/51.2 120/50.3 5/51.3 71547
Limerock 96/51.5 96/52.2 71484 3/51.7
Seawater 144/51.2 72/50.9 5/55.1 5/50

For the 55° C and 65° C temperatures, the percentage of creep strain before creep rupture does not
vary significantly suggesting that the creep strain limit for the material has been reached. The time
to reach creep rupture was further reduced with the increment in temperature.

From Table 11, it can be seen that for the 55° C temperature and 40% ultimate load, the per-
centage of strain before creep rupture was between 23.3% and 27 %, while for the 65°C tempera-
ture and 40% ultimate load it was between 29.6% and 32.7%, showing again that temperature af-
fects the amount of creep strain reached before creep rupture.

Comparing Tables 10 and 11, it can be observed that the increase of load from 40% to 50% ul-
timate load also increases the creep strain before creep rupture.



It is clear from the results that the solution had no impact on the creep rupture, as the variabili-
ties were principally from specimen to specimen. The only exception was limerock at 30° C tem-
perature and 30% ultimate load. While this can be attributed to non-uniform distribution of tem-
perature in the geogrid, which created regions, where the exposure temperature was higher than the
30° C required, not all the exposures indicated that to allow generalization.

Table 11. Creep rupture for HDPE specimens load level = 40% ultimate load, T=55° C & 65° C

Time/Strain 55° C-set | 55° C-set |1 65° C-set | 65° C-set 11
Hours/ % Hours/ % Hours/ % Hours/ %
Calcareous 4392/23.3 2256 / 27 168/ 29.6 168/32.7
Phosphate 3576/ 23.5 3144/ 23.3 96/ 31 120/31.6
Limerock 3168/ 24.1 3432/ 24.2 168/31.7 168/30.9
Seawater 2688/ 25.1 3192/ 23.6 240/ 29.9 240/ 30.2

3 CONCLUSIONS

In the creep plots, considerable variability of the data was encountered. This can be attributed to
the testing of single rib specimens. The need to test more specimens for each condition has been
identified. In the present research, it was not possible to test more than two specimens for each so-
lution due to alarge number of variables.

Regression analysis helped to address the variability and provide the equations to identify the
creep strain at any given time. It can be observed that temperature and load have a strong effect on
the creep behavior of HDPE geogrids. There is a large difference in creep strains between the
HDPE geogrids exposed to 30° C and the ones exposed to 65° C, under the same load levels.
Also, specimens exposed to higher temperatures showed a larger amount of creep strain before
breaking, than those exposed to lower temperatures. Higher the temperature, the greater was the in-
fluence of increasing the load level. For PET specimens, the influence of temperature and load
level issimilar.

It is clear that HDPE geogrids undergo larger creep strain than PET geogrids. The different ex-
posures do not play an important role in the rate of creep strain. It can be observed that there are
larger variahilities from specimen to specimen, than from different solutions.

Creep rupture occurred in al the HDPE specimens exposed to 50% of the ultimate load. For the
specimens exposed to 40% of the ultimate load, creep rupture occurred for specimens exposed to
55° C and 65° C temperatures. From the results, it was found that specimens exposed to similar
loading, but higher temperatures, underwent larger deformations before creep rupture occurred, and
the time to failure is reduced. Also, an increase of the load level produced an increase in the
amount of creep strain reached before creep rupture occurred.

For the 55° C and 65° C temperatures, the percentage of creep strain before creep rupture did
not vary significantly, indicating that the creep strain limit for the material has been reached. The
time to reach creep rupture was further reduced with the increment in temperature.

The PET specimens did not experience creep rupture except for two specimens; for these two
cases, the rupture can be attributed to either defects in the specimens or defective clamping.
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