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ABSTRACT: Geosynthetic reinforced soil (GRS) has been extensively applied in civil engineering area.
However, current researches mainly focus on the interface friction properties and GRS performance under
static loading conditions, the quasi-static method is usually used to analyze GRS involved dynamic loads. In
transportation area, reinforced roadbed, reinforced base and reinforced embankment retaining wall are
subjected to cyclic loads. The cyclic load is selected as the loading condition of geosynthetic reinforced soils
in this research. The large multi-function interface shear apparatus, which is able to apply cyclic loads, is used
in this study. The interaction between sand and geogrid, which is the key problem of GRS under cyclic
loading condition, will be explored. Basing on the results of mechanical performance of soil- reinforcement
interface, we can deepen the understanding of the geogrid resistance buried in sand under static load and
cyclic load, investigate the affecting factors (mainly the feartures of cyclic loadding) and their variation
principles of the interaction between soil and geosynthetics. 
 
1 INTRODUCTION 

Geosynthetics reinforcement have extensively been 
used in civil engineering to guarantee the stability of 
retaining wall, to increase the stability and easy the 
differential settlement of embankments, and to stab-
lize the building foundation (Tatsuoka, 2008, Tan-
chaisawat and Bergado et al. 2006, Boushehrian and 
Hataf 2006, Chew and Phoon 2006). Like other geo-
technical engineering related materials, geosynthetic 
reinforcement in practical applications is subjected 
not only to static loading action, but also to dynamic 
loads, such as seismic load, cyclic transportation 
load, etc. However, as the lack of the knowledge 
about dynamic load action mechanism, these dynam-
ic loads are always treated as quasi-static loads in 
most technical design standards related to geosyn-
thetic-reinforced embankment, base courses and 
reinforced-soil retaining wall. 
Currently, the attention has been attracted to the 
problems of reinforced-soil engineering stability and 
function loss related to cyclic loads. Hanna et al. 
(1991) compared the geosynthetic reinforcement 
pullout tests under monotonic load and repeated 
load, the results indicate that the pullout resistance 
under repeated load is larger than that under mono-
tonic load. Raymond (2002) directly modeled the 
repeated loads and explored the effects of repeated 
loads on reinforced foundation, when he studied the 

plastic deformation problem under repeated load 
condition. Han (2007) applied cyclic loading tests 
successfully in the studies of reinforced soils to eva-
luate the reinforcement effects of geosynthetic-
reinforced soil under traffic loads. 
Based on the sufficient information of soil-
geosynthetic interface mechanical properties under 
static loads, as summarized by Palmeira (2008) for 
example, the preliminary investigation to sand-
geogrid interface shear characteristics under cyclic 
loads is carried out in this research by using large 
multi-function interface shear apparatus. The sand 
and geogrid are used in the tests, the features of cyc-
lic load, i.e., the frequency, amplitude and cycle 
form of loading are focused on in this paper. The re-
sults hightlight the understanding of soil-
geosynthetics interaction, and the affecting factors of 
interface shear strength under cyclic loads, however, 
the implications of these results still need further in-
vestigation. 

2 MATERIALS AND METHODOLOGIES 

2.1 Apparatus 
A series of pullout tests were carried out in this 
study using a large multi-function interface shear 
apparatus in Key Laboratory of Geotechnical and 
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Underground Engineering of Ministry of Education, 
Tongji University. This apparatus, called SJW-200, 
can be used to perform direct shear test and pullout 
test between soil and a geosynthetic with the ability 
to apply normal and shear cyclic loading besides 
static loading. The main performance indexes of 
SJM-200 shear apparatus are presented in table 1, 
others are described as follows. 
 
Table 1. The main performance indexes of SJM-200 

shear apparatus 
Shear 

box size 
/mm3 

Range of load 
/kN 

Load frequency 
/Hz

V H V H 

 200 200 0.0
1~1 0.001~0.01 

Rate of dis-
placement 
/mm/min 

Max. displace-
ment 
/mm 

precision 

V H %
0.1~50 50 150 0.5

 
The test apparatus is also capable of constant mea-
suring and readout of shear force and shear dis-
placement, and the vertical displacement of loading 
plate during shear phase can be recorded, if desired. 

2.2 Materials 
Quartz sand is used in the geogrid pullout test with 
sand, its technical indexes are listed in table 2, and 
the grade curve is referred to figure 1. 
 
Table 2. The indexes of quartz sand 

Index d60 

/mm 
d50 

/mm 
d30 

/mm 
d10 

/mm Cu Cc 

Value 1.87 1.51 0.95 0.49 3.8
16 

0.985 

 

Figure 1. Grading curve for quartz sand 
 
Two types of georid used in this study are commer-
cially available in China market. One is bi-axial po-
lypropylene geogrid (denoted as TGSG20). The oth-

er is uni-axial oriented HDPE geogrid (denoted as 
RS80). The properties of the geogrid are shown in 
table 3.  
 
Table 3. The properties of geogrid 

Type Mass Grid size Ultimate 
strength 

/g·m-2 /mm2 /kN·m-1

TGSG20 425 35×35 20 
RS80 600 400×18 80 

Type 
Ultimate ex-

tensibility 
Strength at 

2% 
elongation 

Strength at 
5% 

elongation
/% /kN·m-1 /kN·m-1

TGSG20 15 8 10 
RS80 10 20 48 

2.3 Testing procedure 
For recognizing the effects of cyclic load characte-
ristics, including the frequency, the amplitude and 
the cycle form, on the interface shear properties be-
tween sand and geogrid under normal cyclic loading 
condition, seven (7) sets of pullout tests were carried 
out in this research. The laboratory test plan is pre-
sented in table 4. For each test case in table 4, the 
test specimen is in the size of 400mm×260mm, the 
procedure referring to ASTM6707-01 is summarized 
below. 
 
Table 4 Pullout test plan under normal cyclic load 

Factor Type of 
geogrid 

Normal cyclic load 
Freq. amplitude form
/Hz /kPa / 

Freq. TGSG20 
0.01 12.5 Cosine 
0.03 12.5 Cosine 
0.05 12.5 Cosine 

amplit-
ude RS80 0.01 12.5 Cosine 

0.01 25.0 Cosine 

form TGSG20 
0.01 25.0 Cosine 
0.01 25.0 Triangle 
0.01 25.0 Square 

 
(1) 34.0kg sand is weighed according to the vo-

lume of the lower half box and the density to be con-
troled in the tests, then place the sand in layer of 
50mm. For each sand layer, sand is pressed uniform-
ly on the surface, the sand surface in the lower box 
is controled to be a little bit (about 2mm) above the 
central line of the pullout openning. 

(2) After the placing of sand in the lower box, 
the georid is placed on the top surface of sand and 
the front end of geogrid extends out of the pullout 
openning in a length of 50mm for clampping. The 
geogrid is adjusted to be in the center and in a man-
ner of edge line paralleling the pullout box wall. 

(3) Then weighed sand was placed in layer up to 
the top plane of the pullout box. 

(4) The pullout box is pushed to the test position 
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(for the convinience of test preparation, the box is 
translated laterally before placement of sand and 
geogrid), the geogrid is clampped firmly. 

(5) The loading plate is lowered and a seated 
pressure (consider the weight of sand on the geogr-
id-sand interface), for example 25kPa, is applied on 
the upper surface of sand, the friction between the 
smooth inner box wall and sand is neglected. In the 
case of normal cyclic load like that in this study, the 
cyclic stress starts from the seated pressure to the 
upper limit, then backs to the seated pressure. 

(6) All the displacement gauges, horizontal and 
vertical, are adjusted in the right positions, and the 
gauge readings are set to be zero or a initial value. In 
the pullout progess, the displacement, pullout force  
and the normal load is recorded automatically. The 
normal displacement can be recorded simultaneous-
ly, if desired. 

(7) Then, the normal load starts to cycle in a giv-
en amplitude, the geogrid is pulled out simutenously 
at a constant rate of 1.0mm/min until one of the fol-
lowing conditions was first reached: (1) break of 
geogrid specimen,(2) the geogrid being pulled out, 
(3) pullout force reaching its ultimate value and re-
maining stable or becoming less 

3 RESULTS AND ANALYSES 

3.1 Effects of load form 
The pullout tests of TGSG20 geogrid buried in sand 
were carried out under cyclic loading with a fre-
quency of 0.01Hz and amplitude of 25kPa (i.e. from 
25kPa to 50kPa), and the pull-out displacement rate 
is 1mm/min and kept constant during pull-out 
progress. For exploring the influence of cyclic load 
form on the pull-out test results, the cyclic loading in 
the form of cosine, square or triangle is applied in 
these tests. The test results under different form of 
cyclic loads are presented in figure 2 to figure 4. For 
comparison, the pull-out force (shear resistance of 
interface) vs. displacement curves under normal stat-
ic loads of 25kPa and 50kPa are also given in these 
figures, which are denoted as upper band curve and 
lower band curve, respectively. 
It can be seen from figure 2, figure 3 and figure 4 
that the pullout force (resistance) is strongly affected 
by the normal cyclic load form and follows the form 
of the cyclic load. These figures also show that the 
peak pullout resistances under cyclic loading, no 
matter the cyclic load form, haven’t exceeded     the 
upper and lower band curves at the same pullout 
displacement during the shear progress; the ultimate 
pullout resistances are different, but similar with 
each other under three types of cyclic loading form, 
the ultimate shear resistance under triangle cyclic 

loading is somewhat larger than those under square 
and cosine cyclic loading; the shear resistance 
reaches its ultimate value at a pullout displacement 
from 7mm to 10mm, and gradually decreases along 
with the shear displacement. 
 
Figure 2. Pullout test results under normal cyclic 

loading in cosine form 
 

Figure 3. Pullout test results under normal cyclic 
loading in square form 

 

Figure 4. Pullout test results under normal cyclic 
loading in triangle form 
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3.2 Effects of load frequency 
The pullout tests of RS80 geogrid with sand under 
the normal cyclic loading with three frequencies of 
0.01Hz, 0.03Hz and 0.05Hz were done based on the 
test program shown in table 4, the normal stress of 
25kPa is seated before applying of cyclic loading on 
the interface between geogrid and sand, and cycles 
within 25kPa and 37.5kPa in the cosine form. 
Test results are shown in figures from 5 to 7. In 
these figures, the relationships of pullout force varia-
tion with pullout displacement, vertical movement 
of loading plate with pullout displacement are given. 
Also for comparison, the curves of pullout force de-
velopment with displacement under static normal 
stresses of 25kPa and 37.5kPa are presented together 
with that under cyclic normal stress. 

 
Figure 5. Pullout test result under cyclic normal 

stress with frequency of 0.01Hz 
 

 
Figure 6. Pullout test result under cyclic normal 

stress with frequency of 0.03Hz 
 
 
 
 
 
 
 
 
 
 

Figure 7. Pullout test result under cyclic normal 
stress with frequency of 0.05Hz 

 
Based on the results presented in figure 5 to figure 7, 
it is shown that the pullout force (resistance) under 
the cyclic loads increases with the displacement and 
cycles within the domain formed by the upper band 
and the lower band curve, regardless of the frequen-
cy. It is also depicted in these figures that the pullout 
resistance is affected by the cyclic load frequencies, 
i.e., the stable ultimate pullout resitance decreases 
with the frequency increasing. The pullout curve of 
resitance with displacement under cyclic load with 
the frequency of 0.01Hz nears the upper band curve, 
however, the pullout curve under 0.05Hz load is 
close to lower band curve. The relationships of max. 
and min. pullout forces with load frequencies are 
shown in figure 8. 
 

Figure 8. The relationship between pullout force and 
cyclic load frequency 
 
In the pullout progress of geogrid in sand, the rigid 
load plate moves vertically with the pullout dis-
placement. It is observed from figure 5 and figure 6 
that under the normal 0.01Hz and 0.03Hz cyclic 
load, the load plate moves upward at the test bigen-
ning (positive notion for compression), and then re-
mains almost stable to the end, but it is shown ob-
viously that under the normal 0.05Hz load, the load 
plate moves downward after a up movement, and 
reaches a stable position gradually. It can be ex-
tended from this phenomenon that the shear band 
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around the interface between sand and geogrid ex-
pands at the bigenning of shearing under cyclic load-
ing, then compresses, and reaches a balance after a 
certain cycles and the displacement to a certain ex-
tent. The compression of shear band would become 
greater with the frequency increasing. 

3.3 Effects of amplitude 
The pullout tests of RS80 geogrid in sand as shown 
in table 4 are carried out to investigate the influence 
of cyclic load amplitude on the properties of sand-
geogrid interface. As the test conditions, the only 
difference between the two sets of test is the ampli-
tude of normal cyclic stress, one is 12.5kPa, and the 
other 25kPa. The results are presented in figure 5 
above and figure 9. 
It can be seen from the comparison of figure 9 with 
figure 5 that the pullout force (resistance) fluctuates 
more sharply under the cyclic load with 25kPa am-
plitude than that with 12.5 kPa, and the peak and 
trough of pullout resistance as depicted in figure 9 is 
closer to the upper band and lower band curve, re-
spectively. It is also shown in figure 9 that the com-
pression of tested material, mainly the sand, contin-
ues along with the pull-out displacement, the trance 
is contrary to that shown in figure 5. But it can’t be 
induced from the contradictory phenomenon ob-
served in these test results that there is no dilation of 
shear band under cyclic load with large amplitude, it 
should be attributed to that the compression caused 
by the densification of sand under large amplitude 
normal stress cover the dilation of the shear band. 

Figure 9. Test result under the load with amplitude 
of 25kPa and frequency of 0.01Hz 
 
The analyses based on the pullout test results of 
geogrid buried in sand under normal cyclic loading 
conditions reveal that the sand-geosynthetic resis-
tance is strictly guided by the normal stress and its 
characteristics, and affected strongly by the pullout 
displacement as those known in the studies of soil-
geogrid interaction under static normal stress. The 
interface mechanical properties and the principles of 
their variation are more complex with cyclic loading 
than those with static loads. Some phenomena as oc-

curred in test results and discussed above need to be 
explored and confirmed in the future work. 

4 CONCLUSIONS 

The conclusions after preliminary study on the sand-
geogrid interface properties by pullout test under 
normal cyclic loading can be summarized below. 

(1) The pullout force (resistance) strongly fol-
lows and cycles with normal cyclic loads, and the 
resistance varies between the upper and lower band 
curves, regardless of the load form. The rigid load 
plate fluctuates with the normal cyclic load, mainly 
due to the compression or expansion of tested sand, 
partially attributed to the deformation of shear band 
near interfaces.  

(2) The characteristics of cyclic load, i.e., fre-
quency and amplitude in this study, cause signifi-
cantly influence on the pullout resistance of geogrid 
buried in sand. The ultimate resistance decreases 
with the frequency increasing. The peak of resis-
tance is close to upper band curve; the trough to the 
lower band curve, while the amplitude becoming 
larger (for example 25kPa in the paper). 
More questions arisen but not to be answered yet in 
this research need further investigation, furthermore, 
a lot of work awaits for researchers concerned to use 
the interface properties found under cyclic load con-
ditions in the reinforced soil applications related. 
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