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Strain rate effects on soil-geosynthetic interaction in fine-grained soil
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Abstract.

Geosynthetic reinforced soil method in coarse-grained soils has been widely used in last decades. Two effective

factors on soil-geosynthetic interaction are confining stresses and loading rate in clay. In terms of methodology, one pull-out test
with four different strain rates, namely 0.75, 1.25, 1.75 and 2.25 mm/min, and three different normal stresses equal to 20, 50 ,and
80 kg have been performed on specimens with dimensions of 30x30x17 c¢cm in the saturated, consolidated condition. The
obtained results have demonstrated that activation of geosynthetic strength at contact surface depends on the applied stress. In
addition, the increase in normal stress would increase the shear strength at contact surface between clay and geogrid. Moreover,
it is concluded that the strain rate increment would increase the shear strength.
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1. Introduction

Reinforced soil is an approach to solve the problem of
soils with low shear strength through reinforcement.
Reinforcements can carry shear forces from soil to
reinforcer using soil friction. Geosynthetics are one type of
soil reinforcements in reducing the horizontal displacements
of soil structures and increasing the overall stability.
Therefore, there is a need to study the effective parameters
on the interaction of contact surface between geosynthetic
and soil. Considering the friction angle of contact surface
(6) and cohesion (C,) are very important for designing of
soil structures. To study the failure modes, two tests namely
direct shear test and pull-out test have been conducted
(Trung et al. 2019b, Xie et al. 2019). Soil and concrete are
the same problems in shear and tensile forces, where the
proposed reinforcing systems have been introduced to
mitigate this problem. (Toghroli et al. 2017, Heydari et al.
2018, Hosseinpour et al. 2018, Ismail et al. 2018,
Nasrollahi et al. 2018, Nosrati et al. 2018, Paknahad et al.
2018, Shariati et al. 2018, Toghroli et al. 2018, Wei ef al.
2018, Ziaei-Nia et al. 2018, Toghroli 2015, Davoodnabi et
al. 2019, Li et al. 2019, Luo et al. 2019, Milovancevic et al.
2019, Sajedi et al. 2019, Shao et al. 2019a, Shariati et al.
2019b, Shi et al. 2019b, Suhatril et al. 2019, Trung et al.
2019a, Xie et al. 2019). Different studies have investigated
the new methods for soil stabilization and soil protection as
lime powder addition, slop generation, or other approaches
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(Muntohar et al. 2012, Afrazi et al. 2019, Suhatril et al.
2019). Few more studies have been performed to evaluate
the interaction parameters of the reinforcement contact
surface for various soil types such as clay, low quality
embankment materials, and for different conditions such as
saturated and unsaturated by using these methods. However,
the majority of these studies have focused on the non-
cohesive soils such as sand and gravel with less attention to
cohesive soils. Several available techniques are employed
for data validation in which the best methods have been
reported as extreme learning machine (Shariati et al. 2019a,
Shariati et al. 2019d, Trung et al. 2019b), genetic
programming, neural network (NN) ,and other natural basis
functional networks (Mohammadhassani et al. 2013, Sari et
al. 2018, Mohammadhassani et al. 2014a, Toghroli et al.
2014, Shao et al. 2015, Shariati et al. 2019e, Shariati 2008,
Afrazi et al. 2018, Safa et al. 2016a, Shahabi et al. 2016,
Khorramian et al. 2017, Sadeghipour Chahnasir et al. 2018,
Sedghi et al. 2018, Shao et al. 2018, Shariat et al. 2018,
Katebi et al. 2019, Milovancevic et al. 2019), also finite
element and finite strip methods have been proved as a
reliable data authentication and prediction (Sinaei et al.
2012, Sharafi et al. 2018a, Sharafi et al. 2018b, Sharafi et
al. 2018c, Sharafi ef al. 2018d, Kildashti ef al. 2019, Mahdi
Shariati 2019, Shao et al. 2019b, Shi et al. 2019a, Taheri et
al. 2019, Mortazavi et al. 2020). In this study, the utilized
soil is Kaolinite that passes from the sieve number 10 with a
liquid limit as 53, also the used geosynthetic is CE121
geogrid. All samples are in the thickness of 17 cm and are
tested 24 hours after saturation in order to provide
consolidation conditions. The optimum moisture is 19%,
also the maximum dry specific gravity derived from the
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standard proctor test is 1.654 gr/cm?.

2. Theoretical basis

Depending on the reinforcement type and properties that
provided various tests to improve this interaction, the soil-
structure interaction is rigorously significant for designing
and performance of reinforced soil structures. Niemiec
(2005) has performed pull-out tests over three different soil
as sand, silica, and clay by using three different geogrid
with strength of 0.36, 35, and 120 kN/m. The results have
illustrated that:

a) By increasing the normal stress, the failure shear
stress would be enhanced.

b) The internal friction angle is increased when the
geosynthetic strength grows.

c) Generally, the increment of clay content of soil leads
to the friction angle increment.

d) The increment of clay content of soil has also
increased cohesion.

e) The failure shear strength is reduced when the clay
content of soil is increased (Shariati ef al. 2019d).

Abdi et al. (2009) has improved the strength of contact
surface between geogrid and the fine-grained soil using a
thin layer high strength grained material around the
reinforcement. Accordingly, a large-scale direct shear test
(specimen dimension of 30x30x20 cm) is used to evaluate
the parameters of friction surface for three types of geogrids
and two types of clay and silica sand, as coarse-grained
materials. In their study, Abdi et al. (when) has evaluated
the effects of different factors such as sand grain size,
moisture percentage, share of crossed geogrids woof, tensile
strength of geogrids, and clay density on the contact surface
parameters. One pull-out test by modifying direct shear test
set-up has been performed to compare the mentioned
factors. The obtained results have demonstrated that by
increasing the thickness of sand layer around geogrid, the
shear strength of contact surface has been gradually
increased until reaching an optimum value. In addition, it is
concluded that the increment of sand grains’ size could
enhance the contact surface shear strength, which is due to
the increase in inter-locking between sand grains and
geogrid surface. Finally, the moisture of sand layers
increases the shear strength compared to dry condition. The
evaluations have shown that the share of lateral elements of
geogrid in direct shear is 10%-12% of total shear strength;
also, 15% growth in clay density would cause 45% increase
in shear strength. The effects of density over the shear
strength are more in higher normal stresses. Increasing the
clay density would increase its internal friction angle, which
in turn, improve the friction between soil and geogrid
elements to enhance the shear strength at contact surface. In
another study, Liu et al. (2009) has performed many direct
shear tests to evaluate the shear strength at contact surface
in different soils (sand, gravel and ocher), and PET-yarn
(geogrid) geogrids that possesses different tensile strength,
void percentage and surface patterns. After studying
different methods for the lower box position, it is concluded
that the formation in which the lower box is filled with soil
and has the same size to the upper box and provided better

condition for the interaction between soil and geogrids.
Tests have demonstrated that the shear strength at contact
surface between the soil and PET-yarn geotextiles are
considerably lower than the soil shear strength. The
interaction coefficients for Ottawa sand and ocher are
reported 0.7 to 0.8. For gravel. This coefficient is 0.9 to
1.05. Furthermore, this study has shown that besides the
friction between soil and reinforcement, and the soil
internal friction at geogrid panels, the geogrid transverse
grooves has 10% share in contact surface shear strength.
Thus, it is reported that this share directly depends on the
tensile strength of crossed warps and woofs of geogrid, and
also has an inverse relation with a void percentage and
panel length of geogrid (Saberian et al. 2018, Shariati et al.
2019b). Anubhav et al. (2001) has investigated the
interaction among one type of river sand (D~=70% and
Dgs=0.95 mm) and two type of polyester geotextiles, one
fine-spun and other gross-spun. Through the use of direct
shear test, it is found that the maximum shear strength for
gross-spun geotextiles without void is remarkably higher
than the fine-spun geotextiles, even if the fine-spun
geotextiles presents higher level of softening (Paknahad et
al. 2018). Loading rate is an influential factor on the soil-
geosynthetic interaction. Therefore, to study the effects of
this factor, in the present study, one pull-out test is used for
the evaluation of soil-geosynthetic interaction. According to
the American Society for Testing and Materials (ASTM
D6706) standards, geosynthetic is buried between two
layers of soil. Similarly, the horizontal force is applied to
geosynthetic and the needed force to pull it out of the soil is
recorded. The pull-out strength is derived by dividing the
maximum force to the width of specimen.

ON = 0s T Oa (1)

Then, the pull out strength applied to geosynthetic is
derived from the following relation. For geotextiles, geo-
membranes and reinforcing strips Eq. (2) are used, while
Eq. (3) is applicable for geogrids and the similar structures.

Pi-Fy/ W (2)

Pr:Fp Xng /Ng (3)

Output data from the tests are depicted as the diagrams
of maximum pull out strength versus normal stress and pull
out strength versus displacements of specimens. The
interaction behavior is defined by the interaction coefficient
derived from comparing the soil friction parameters with
those interactions between the soil and the reinforcer.
Emersleben ef al. (2004) has proposed the following

relations to compute the interaction coefficient
(Mohammadhassani et al. 2014b).

faon) = (©n *tand +I) / ©n * tanep+C) 4

famax =2%A*f, (Gn) * (On * tang + C) (5)

Thus, it is reported that the interaction coefficient is the
function of geogrid type, specific gravity of soil, and
confining pressure. Also, f,(0,) and f;(0,) have been
reduced by increasing in confining pressure (normal stress),
while the soil density raising would enhance them. Due to
the impurity, clay has internal friction angle; thus, the
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following relation is used for calculation of friction angle:
Ci=(Cat+ on*tand,)/ (C+ on * tang) (6)

In addition, C, and &,, are derived from the diagrams of
normal stress versus the maximum pull-out force, and fimax
is calculated by using Eq. (5).

3. Experimental tests

In this study, Kaolinite is used as a fine-grained
material; thus, the properties of Kaolinite are evaluated
according to ASTM standards (Table 1). Based on the
results and Aterberg limits, Kaolinite belongs to CL level
(clay with low plasticity) according to USCS”. Adding that
for calculation of cohesion and internal friction angle of the
utilized clay in pull-out test, direct shear test is also used.

Tested specimens have optimum moisture and a
maximum dry density achieved by the standard proctor test.
Utilized kaolinite clay is not completely pure and the
existence of impurity has caused a non-zero soil internal
friction angle. Fig. 1 demonstrates the density of kaolinite
as a function of moisture.

In this study, the utilized geosynthetic is geogrid with a
commercial name of CE12 distributed by the Moshiran
Company (Table 2). In addition, a large-scale direct shear
test machine “NO SO8P”' is used. Due to the existence of
multiple effective parameters and to reach an acceptable
conclusion, parameters such as soil type, moisture
percentage, number of layers are constantly kept in all the

Table 1 Kaolinite properties

. . ASTM .
Soil type Description standard Quantity
Liquid limit ASTM D4318  39.75 %
Aterberg by dtic limit  ASTM D4318  18.9 %
limits
Plastic index ASTM D4318  20.85 %
Optimum — \ornipgog  19%
Kaolinite Density moisture
Maximum dry o1y 608 1654 griom’
density
Non-drained g1y 380 17.45 kPa
cohesion
Shear strength  Non-drained
internal friction ASTM D3080 16°
angle
17
1.65
1.6
E, 1.55
B
z 15
g 145
1.4
1.35
0 5 10 15 20 25 30 35
moisture(”)

Fig. 1 Standard density of Kaolinite

“unified soil categorization system
fmade in Japan

Table 2 Geogrid properties

Gf;}%:d Description Name/Quantity
Base material HDPE
Cover material HDPE
Ultimat.e tepsile §trength in 768 KN/m
CEI21 Gt ense ssengih
transvers direction 7.68 kN/m
Thickness 3 mm
Panel size 9x7 mm

Fig. 2 The shear box filled with Kaolinite and
Geosynthetics

LVBTZ
Loeding Pl

Lyomi
Fhed

300mm

Fig. 3 Test set-up

tests. Therefore, the effects of loading rate and
consolidation condition are only studied by using specimens
with the length and width of 30 cm and two different
thickness of 12 and 17 cm. Figs. 2 and 3 demonstrates the
shear machine and the shear box with its modifications.
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4. Direct shear experiment

In order to study the interaction between soil and
geogrid on the contact surface, a large-scale direct shear
machine is modified for pull-out test, which is provided the
following modifications. The shear boxes placed inside a
large box have been re-designed and re-built in a way that a
slit with 30 mm length and 6 mm thickness are created in
the face of shear box to pull-out the reinforcement (Fig. 2).
A clamp was built to connect the reinforcement to the main
shear box, in which two screws at its upper face could
adjust the clamp height. Three screws were used to fix the
clamp position, and there was a metallic rope used for
fixing the reinforcement. The upper and lower shear boxes
were connected to each other and fixed their places. Later,
the outer large box connected to the reinforcement by
means of clamp has applied pull-out force by horizontal
displacements. To reduce the friction between the lower and
outer box, which applies pull-out force, a plate with four
roller under the plate were attached to the bottom of lower
shear box. To prevent the soil from egressing slit, a grooved
PVC sheet was attached to the front of slit.

5. Experiment method

The lower shear box was initially filled with two layers
of soils, having an optimum moisture while the soil was
compacted by 30 impacts of plastic shaft (10 impacts at
center and 5 impacts at each corner). The soil material was
compacted in a way that it almost reaches to the maximum

C--20Kpa
100 saturated and consolidated

30 ~—#— Strain rate = 0.75 mm/min

20 ~— Strain rate =1.25 mm/min

Shear or Pull out stress (KPa)

Strain rate = 1.75 mm/min

Strain rate = 2.25 mm/min

0 5 10 15 20 25

Shear or Pull out Displacement (mm)

Fig. 4 Pull-out force vs. geogrid displacement at normal
stress equal to 20 KPa
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120
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40
30
20 Strain rate = 1.75 mm/min

—#— Strain rate = 1.25 mm/min

Shear or Pull out stress (KPa)

10 Strain rate = 2.25 mm/min

0 5 10 15 20 25
Shear or Pull out Displacement (mm)
Fig. 5 Pull-out force vs. geogrid displacement at normal
stress equal to 50 KPa

200 C--80Kpa
190 | saturated and consolidated

Shear or Pull out stress (KPa)
o
=)
=]

60 ~—#—Strain rate = .75 mm/min
50 N

40 ~@— Strain rate = 1.25 mm/min
30 Strain rate = 1.75 mm/min
20

10 Strain rate = 2.25 mm/min

0
0 5 10 15 20 25

Shear or Pull out Displacement {mm)

Fig. 6 Pull-out force vs. geogrid displacement at normal
stress equal to 80 KPa
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Fig. 7 Maximum pull-out force vs. geogrid normal stress
after consolidation
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Strain rate =2.25 (Ca=33.07 , da = 32.86)
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1] 10 20 30 40 50 60 70 80
Normal Stress (KPa)

Fig. 8 Fi vs. geogrid normal stress after consolidation

120
=
100 A
Z
% 80 A
3
Z 60 A
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5 # Strain rate = 0.75 (Ca = 39.86, 6a = 38.45)
= 20 4 M Strain rate = 1.25(Ca=31.99, 6a = 32.54),
g Strain rate = 1.75(Ca= 26.24, 6a = 27.61)|
w 0 Strain rate = 2.25(Ca=21.41,8a=23.12)

o

20 40 60 80 100
Normal stress (Kpa)

Fig. 9 Maximum pull-out force vs. geogrid normal stress

before consolidation

dry density calculated by a standard proctor test. Later, a
geogrid specimen with the length to width ratio of 2 were
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190 Strain rate 0.75
Saturated and consolidated
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Fig. 10 The pull-out force vs. displacement at the strain
rate equal to 0.75 mm/min

Strain rate 1.25
Saturated and consolidated

—+— Vertical
stress80 Kpa
Vertical
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/ Vertical
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o 5 10 15 20 25
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Fig. 11 The pull-out force vs. displacement at the strain
rate equal to 1.25 mm/min
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Fig. 12 The pull-out force vs. displacement at the strain
rate equal to 1.75 mm/min

140
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120 | Saturated and consolidatied
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—a—Vertical
stress 80 Kpa
Vertical
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Vertical
stress 20 Kpa
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Fig. 13 The pull-out force vs. displacement at the strain
rate equal to 2.25 mm/min

connected to the clamp and spread over the lower soil layers
in a way that the distance between geogrid and box body
was approximately 7.5 cm. Then, the upper box which was
filled with a compacted soil is placed over the
reinforcement. To perform the test on saturated condition,

C--20KPA
saturated and consolidated

== Strain rate = 0.75 mm/min

=
z
8
2
w

Strain rate = 1.25 mm/min

Strain rate = 1.75 mm/min

Strain rate =2.25 mm/min

0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600 0.0700

Strain

Fig. 14 The pull-out force vs. displacement under the
normal stress equal to 20 KPa

porous rocks were placed at the bottom of box and the
space between the outer box and shear boxes was filled with
water. Later, test was started and the force was applied to
the specimens after 24 hours. Different vertical loads as 20,
50 and 80 kN/m? were applied to the upper plate of shear
box. Using load cell and linear wvariable differential
transformer (LVDTs) are the popular ways to read the
experimental data in the different kinds of structural tests
(Khorramian et al. 2015, Shah et al. 2015, Khanouki et al.
2016a, Khanouki et al. 2016b, Shariati et al. 2016a, Shariati
et al. 2016b, Tahmasbi et al. 2016, Khorami et al. 2017a,
Khorami et al. 2017b, Shariati et al. 2019d). Two LVDT
were placed on the set up to record the applied displacement
on geogrid. After starting the displacement machine with
the rates of 0.75, 1.25, 1.75 and 2.25 mm/min, the
corresponding horizontal force is recorded at 0.5 mm steps.
Test is continued to reach the 2 cm lateral displacement in
clamp location. This displacement is equal to the
displacement at the end of geogrid sample which is
connected to the clamp. According to the recorded results
and evaluating the width of geogrid specimen in a direction
normal to the loading direction, pull out force can be
computed. To compute the deformations of reinforcement,
the longitudinal location of geogrid nodes was marked by
pins. By controlling the location of the pins at the end of the
test, approximate displacements of geogrid can be
computed. As a result, this method can be used instead of
connecting micro strain-gages on geogrid.

6. Results of the direct shear test

The horizontal displacements of geogrid specimen are
an influential factor on the parameters of contact surface
behavior. To investigate its effects, this section has
presented the outcomes of pull-out test performed on
saturated and consolidated clay specimens and reinforced
by CE121 geogrids. The utilized geogrid has a longitudinal
tensile strength of 7.68 KN/m and the specimen are
subjected to different normal stresses (20, 50 and 80 KPa)
and loaded to achieve different displacement rates of 0.75,
1.25, 1.75 and 2.25 mm/min. Figs 4 to 6 presents the pull-
out force versus geogrid displacements, for different normal
stresses equal to 20, 50 and 80 KPa, respectively. In these
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160 C-50KPA
150 saturated and consolidated

—=#— Strain rate = 0.75 mm/min

40 ~—#— Strain rate = 1.25 mm/min

Shear or Pull out stress (KPa)
8

20 Strain rate =1.75 mm/min

10 Strain rate =2.25 mm/min

0.0000 0.0100 0.0200 0.0300 0.0400 0.0500 0.0600 0.0700

Strain

Fig. 15 The pull-out force vs. displacement under the
normal stress equal to 50 KPa
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Fig. 16 The pull-out force vs. displacement under the
normal stress equal to 80 KPa
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Fig. 16 The pull-out force vs. displacement under the
normal stress equal to 80 KPa

Figures, the higher curves are occurred when the strain rate
is 0.75 mm/min. Accordingly, increasing the strain rate
would reduce the difference between the curves for
different strain rates.

Fig. 7 demonstrates the maximum pull-out strength of clay-
geogrid specimens. Thus, increasing the strain rate from
0.75 to 2.25 mm/min would reduce the apparent cohesion
from 75.27 to 50.47 KN/m and to reduce the apparent
friction angle from 56.31 to 45.17 degrees.

However, this reduction is less than the condition of
saturation before consolidation, according to Figs 7 and 8§,
the cohesion reduction in saturated condition before
consolidation is 46.29% (Fig. 9), while this reduction after
consolidation is only 32.95%. For the friction angle, the

Table 3 Obtained responses for the conducted tests

Maximum Maximum Strain at
Normal

Test Soil Strain rate Geogrid pull-out  pull-out the
. stress .
No. type (mm/min) type (KPa) stress force  maximum
) (KN/m? (KN/m) force
1 Clay 0.75 CEl121 20 102.12 67.14 0.0133
2 Clay 1.25 CEl121 20 86.98 57.19 0.0183
3 Clay 175 CE121 20 76.69 50.42 0.0198
4 Clay 225 CEl121 20 68.47 45.02 0.0208
5 Clay 0.75 CE121 50 156.68 100.44 0.0145
6 Clay 1.25 CEl121 50 133.45 85.55 0.0167
7 Clay 1.75 CEl121 50 117.66 75.43 0.0183
8 Clay 225 CEl121 50 105.06 67.35 0.0198
9 Clay 0.75 CEl121 80 192.16 124.99 0.0150
10 Clay 1.25 CEl121 80 163.68 106.46 0.0175
11 Clay 175 CE121 80 14431 93.86 0.0187
12 Clay 2.25 CE121 80 128.85 83.81 0.0200
3
25 .__________—-—0————————’
2
L’-; 15
E 1 —4— Strain rate = 0.75
é —{— Strain rate = 1.25
5 05 Strain rate = 1.75
= Strain rate = 2.25
0
0 20 40 60 80 100

Normal Stress (Kpa)

Fig. 17 The interaction coefficients versus normal stress
in saturated condition before consolidation

6
5 —_— %
5 4 .r#r—-———-—'
2
=
2 3
S
g
% 2 —4— Strain rate = 0.75
g —— Strain rate = 1.25
E1 Strain rate = 1.75
Strain rate = 2.25
o
0 20 40 60 80 100

Normal Stress (Kpa)

Fig. 18 The interaction coefficients versus normal stress
in saturated condition after consolidation

reduction before consolidation is 39.87% and after
consolidation is 19.79%.

From Fig. 7, the maximum shear strength is occurred at
the low strain rates (0.75 mm/min). In addition, the applied
normal stress increment would improve the pull-out
strength (Figs 10 to 13). Another research has also found
that increasing the normal stress has enhanced the failure of
shear stress (Hosseinpour ef al. 2018, Paknahad et al.
2018). It’s also concluded that increasing the geosynthetic
tensile strength has increased the apparent friction angle,
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~4—on=80KPa
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on=20Kpa
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Distance from edge of lower shear box (cm)

Fig. 19 The deformation variations of CE121 Geogrid

along its length regarding the lower shear box

thus the obtained results of this study are in good
agreement.

Figs. 14 to 16 show the diagrams of pull-out force
versus strain. These curves have demonstrated that the
variation of pull-out force is rapid when the strain is below
0.01. After this limit, increasing the strain has not
considerably changed the force.

Table 3 presents the obtained responses such as
maximum pull-out stresses and forces and the
corresponding strains for the conducted tests.

The apparent cohesion and internal friction angle have
been computed using the curves of maximum pull-out
versus normal stress; hence, the maximum force (fnax ) are
computed by utilizing the Eq. (5). The diagrams depicted in
Figs. 17 and 18 show the wvariation of interaction
coefficients as a function of normal stress in the saturated
condition (before and after consolidation), respectively. It is
evident that at any strain rate, improving normal stress, has
increased the interaction coefficients. Furthermore, it can be
seen that there is an inverse relation between the interaction
coefficient and strain rate. A direct relation between the
interaction coefficient and normal stress shows that the
CE121 geogrid has acceptable adhesion to clay. In a real
condition, the shear failure has been occurred on the surface
with the lowest shear strength. Thus, the interaction
coefficient cannot be greater than one. Accordingly, the
interaction coefficients greater than one has indicated that
the contact surface between soil and geogrid can provide
the shear strength at least equal to the soil shear strength.

Comparing the optimum moisture with soil, the
interaction coefficient in the saturated condition before
consolidation is reduced by 26.26% at the strain rate of 0.75
mm/min. This reduction is 34.72, 43.22, and 51.72 at the
strain rates of 1.25, 1.75, and 2.25 mm/min, respectively. As
previously explained, at the first step of experiment in
which the specimen has the maximum dry density and
optimum moisture, deformations of geogrid specimen at
different points after applying the pull-out force are
computed through the evaluation pins (Fig. 19).

The total applied deformation to the connected end of
geogrid specimen is 16 mm. According to Fig. 19, it is
evident that the deformations at the point of loading are
equal to the total applied deformations; therefore, by going
further from this point, the deformations are reduced. This
trend occurs at any normal stress. In addition, increasing the

normal stress applied to the buried length of geogrid would
increase its deformations. As a result, according to the
nonlinear reduction of deformations along the geogrid
specimen, a developed shear stresses in geogrid could be
nonlinear.

7. Conclusions

1. The outcomes have shown that the behavior of clay-
geogrid is completely hardening, and no softening has been
observed during the experiments.

2. The activation of geogrid strength in contact surface
depends on the applied vertical stresses. Increasing the
vertical stresses would increase the portion of activated
geogrid strength.

3. There is an inverse relation between the strain rate
and shear strength in a way that the maximum and
minimum shear strength have been occurred in the strain
rates of 0.75 and 2.25 mm/min, respectively.

4. The geogrid deformation diagram shows that
reinforcement system deformation at the connection to
clamp is equal to the clamp displacement, while decreased
by the raise of the distance from clamp. In addition, the
curves show that the geogrid deformations along its buried
length have been raised by raising the normal stress value.
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