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Abstract 
 
Due to low bearing capacity of soft clayey soils, in places that 
because of economic, military or geological conditions, we are 
oblige to build a structure on such soils, geosynthetic will be used 
to reinforce the soil and improve the bearing capacity. 
Particularly, in roads, geosynthetic is placed between the interface 
of granular materials and soft-soil sub grade to improve the 
bearing capacity of composite layers. In past researches, the 
behavior of one layer soils which had been reinforced with 
different kind of geosynthetic, were studied by experimental and 
analytical methods and some numerical models have been 
developed. In this paper the behavior of two layers soils (granular 
base-clayey sub grade) that have been reinforced with some kind 
of geosynthetics is investigated. Large scale direct shear tests are 
performed on reinforced and unreinforced samples with different 
geosynthetics and a comparison has been made between samples 
with different water contents. The obtained results show that the 
inclusion of geosynthetics materials improves the shear strength of 
two layered soils. It implies that the geosynthetic-reinforced soils 
in sub base layer of roads will perform better than non-reinforced 
ones and therefore, the load carrying capacity of basement is 
improved.  
 
Keywords: Shear Strength, Geosynthetic, Large scale direct shear 
test, Clay, Subgrade 

1. Introduction 
 
In places which because of economic, military or geological 
condition, building a structure on such soils are essential, 
geosynthetics will be used to reinforce the soil and improve the 
bearing capacity. Different investigations have been performed to 
study the interaction of soil/geosynthetic in recent years. Abu-
Farsakh [1] studied the behavior of a large modeled foundation, 
placed on reinforced soil. However, understanding of soil/ 
geosynthetic interface shear strength is essential to the design and 
stability analysis of geosynthetic reinforced soil structures. For 
example, an interface of a stronger shearing resistance in a 
geosynthetic lined slope can reduce the tensile forces mobilized in 
the geosynthetics, as well as increase the slope inclination [2, 3]. 
The shear strength of soil/geosynthetic interface is also essential 
to numerical simulation of the behavior of subgrade and base 
layers of roads. Though the shear strength of soil/geosynthetic 
interface has been investigated by conducting other tests, such as 
tilt table tests [4], direct shear test is still the most common testing 
method. For example, direct shear tests involving interfaces 
between soil and geotextile have been performed by other 
researchers [5, 6, 7].   
The scale effect of shear box has always been an important 
parameter in these investigations. Kamalzare and Ziaie-Moayed 
[8] conducts laboratory direct shear tests of the soil/geotextile 
interface by using different sizes of shear boxes. They concluded 
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that the friction angle obtained from a 60 mm×60 mm shear area 
was 2–3° higher than that obtained from a 300 mm× 300 mm 
shear area. Liu et al. [9] investigated the effect of an especial kind 
of geogrid on some kind of soils by using large scale direct shear 
test. The behavior of soil/PET-yarn geogrid interfaces using large 
scale direct shear tests was also investigated. Jesmani et al. [10] 
investigated the effects of plasticity and normal stress on 
undrained shear modulus of clayey soils.  
Almost all previous researches have studied the behavior of 
geosynthetics in a one layered soil. Although several 
investigations have been performed in order to find the best depth 
on embedding the geosynthetics, but very limited investigations 
have studied the interactions of two layered soils and 
geosynthetics.  
In this paper, due to importance of shear characteristics of soils, 
the effects of water content on a two layer geosynthetic reinforced 
soil have been investigated by conducting a series of large scale 
direct shear tests. The details of these tests are introduced in the 
following sections. 
 
2. Test Apparatus 
 
The size of the shearing device can influence the direct shear test 
results. Generally, the boundary effect and device friction are 
more significant for a smaller shear box [8]. The dimension of the 
shear box, as regulated by ASTM D5321 [11], with minimum 
dimensions of five times the maximum opening size (in plan) of 
the geosynthetic tested, should be used in the direct shear test of 
the geosynthetic/ soil interface. It also mentioned that the depth of 
each container that contains soil must be a minimum of 50 mm (2 
in.) or six times the maximum particle size of the coarser soil 
tested, whichever is greater. In this study a large scale direct shear 
device has been used which has the length, width, and thickness of 
the 150 mm × 150 mm × 75 mm respectively. The movement of 
the upper shear box in the horizontal direction is controlled by a 
set of gears which are mobilized by an electric motor. The vertical 
loading applied by a hydraulic jack is transferred through the rigid 
reaction frame and adds on a rigid load plate which is placed on 
top of the soils in the upper shear box. The normal load keeps 
completely constant during the test, satisfying the requirement 
regulated by ASTM D5321 [11]. 
A rigid plate is conventionally used as the loading plate in direct 
shear tests. The system is capable of applying a vertical force and 
shear force of up to 50 kN. Fig. 1 shows a frontal view of a large 
scale direct shear device used in this study. The vertical force 
applied on the rigid plate and its vertical displacement is measured 
during the tests. The horizontal movement of the upper shear box 
and the shear force exerted during shearing testing are also 
recorded. These data are collected by using two load cells and two 
linear variable displacement transformers (LVDT). The capacity 
for both load cells is 50kN. The capacities for vertical and 
horizontal LVDT are 50 mm and 100 mm, respectively. 
 
 
 
 

3. Test material 
 
The tests herein use two soils, including a clayey soil and a 
granular soil which has been grained in manner that satisfied the 
suggestion of AASHTTO for sub base soil of roads. Table 1 lists 
the physical characteristics of each soil, while Fig. 2 shows their 
grain size distribution curves. It should be noted that in this figure 
upper and lower limit means the maximum and minimum grain 
size which the AASHTO has suggested. The granular soil is 
classified as SW according to the Unified Soil Classification 
System (USCS). The dry unit weight for the granular soil sample  
 

 
Fig. 1. Large scale direct shear device 

 
was 21.33kN/m3. The clayey soil is classified as CL according to 
Unified Soil Classification System (USCS) and its maximum dry 
unit weight was 19.20 kN/m3. Both soils were prepared into 
relative density (Dr) of 90% of the maximum density in optimum 
water content (16.0% for clay and 9.0% for sand) which has been 
calculated according to B-method of AASHTO T180. In order to 
investigate the effect of water content on shear strength, two other 
samples with water content of 12% and 20% for clay have been 
prepared witch cause the clay to obtain dry unit weight of 18.19 
kN/m3. The maximum sand sizes were smaller than 9.5 mm. This 
satisfies the general requirement that the ratio of the minimum 
size of the shear box to the maximum size of the soil particle is 
greater than 6. Research on the interface of geosynthetic and 
cohesive material is becoming quite popular (for example, [12, 
1]). The rationale behind the application of cohesive material is of 
economical concern.  
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Table 1. Soil Characteristics 
Property Sand Clay 

D10, mm 0.12 - 
D10, mm 1.20 - 
D10, mm 5.15 - 

Cu 42.92 - 
Cc 2.33 - 
LL - 32 
PL - 19 

USCS SW CL 
 

 
Fig. 2. Grain size distribution curves of soils 

 
This study uses two geotextile and one geogrids, and they are 
denoted as GT-NW (Non-Woven Geotextiles), GT-W (Woven 
Geotextiles) and GG (Geogrids) respectively. The woven 
geotextiles has shear strength in one direction but the non-woven 
one has in two directions. Table 2 lists the physical characteristics 
of these geosynthetics.  
 
4. Test procedures 
 
The soil used for the large scale direct shear testing program is 
dried in oven and after wetting to desired water content, 
compacted to the target unit weight within the shear box. Each soil 
is compacted in five layers. The compaction of sand and clay is 
conducted by using a manual plastic hammer to hit the steel plate, 
which was placed on top of the soil until reaching the target unit 
weight. The geosynthetic is positioned on top of the lower shear 
box and at the interface of sand and clay soils. These tests are 
conducted using normal stresses of 44, 96, and 192 kPa. 
Normal loading is applied on the specimen and the vertical 
deformation of the test specimen is then monitored. Shear loading 
is not applied until the vertical deformation reaches its 
equilibrium. According to ASTM D5321, a shear rate of 1 
mm/min is used in this test program. The test stops when the shear 
displacement reaches about 30 mm, about 20% shear strain. The 
maximum shear strength during the shear process is recorded as 
the peak shear strength. The direct shear tests for soil–soil 
interfaces and soil/geosynthetic were conducted under the same 
normal loading and same testing procedures for the sake of 
comparison. 
 

Table 2. Geosynthetic characteristics 
Geosynthetic GG GT-NW GT-W 

Material Polyethylene 
(HDPE) 

Polyester Yarns 
polyester 

Aperture 
size (mm) 

10 × 10 0.062 - 

Weight 
(g/m²) 

700 300 2286 

Tensile 
strength- 

MD (kN/m2) 

7.6 8 100 

Tensile 
strength- CD 

(kN/m) 

7.6 11.1 10 

 
Richards and Scott [5] conclude that the test using a large solid 
block as the lower shear box is the best at replicating the testing 
results of the soil/geotextile interface. Jewell [13] states that 
geotextile and geomembrane can be tested with a solid block or 
soil in the lower part of the shear box while the geogrid must be 
tested by a device in which both parts of the shear test device have 
to be filled with soil. The set-up of the direct shearing device is 
not strictly regulated by testing standards. For example, only the 
minimum size of shearing box is stated explicitly in ASTM 
D5321 for direct shear test of the soil–geosynthetic interface. Few 
research studies focus on the appropriate setup of direct shear 
testing device for the soil/geogrid interface. For example, the 
difference in the measured shear strength between using different 
sizes of a lower shear box has not been discussed. Liuet al. [9] 
tested three different set-ups of a lower shearing box. The effect of 
different set-ups on the test results were evaluated by comparing 
the direct shear test results using different set-ups of a lower shear 
box. The set-ups included: a box with the same size which was 
filled with soil, a box with a larger size filled with soil, and a 
larger lower shear box filled with a solid block. It was observed 
that among these set-ups, a box with the same size which was 
filled with soil produces the greatest interface shear strength and 
by conducting the direct shear test of soil against the geosynthetic 
interface, the sizes of the upper and lower shear boxes should be 
the same and they must be filled with the desired soil. Therefore 
in this study, all of the tests were performed in manner that the 
sizes of the upper and lower shear boxes were same and they filled 
with the desired soils. 
  
5. Results and discussions 
 
The results of the large direct shear tests are presented in this 
section in terms of shear behavior, peak shear resistance for 
different soil/geosynthetic interfaces.  
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5.1. Shear behavior of the soil/geosynthetic interface 
 
To discuss the effect of water content on stress–strain behavior of 
the soil/geosynthetic interface, the results of direct shear tests 
under a normal loading of 192 kPa as an example are presented in 
Fig. 3. The results of vertical deformation versus shear 
displacement for samples with different water contents are shown 
in Fig. 4.  
 

 
(a) 

 
(b) 

 

 
(c) 

 
(d)  

Fig. 3. Stress–strain behavior of the soil/geosynthetic interface 
under 192 kPa normal loading, (a). Non- Reinforced, (b). Geogrid, 

(c). Woven geotextile, (d). Non-Woven geotextile 
 
The results show that there is no well-defined peak shear strength 
is observed for the soil/geosynthetic interface. In general, a yield 
shear stress is reached at a small shear displacement (usually less 
than 15 mm). The shear stress of the soil/geosynthetic interface 
became constant after a displacement of about 15 mm. It can be 
seen that geogrid cause the soils to show more shear strength than 
two other geotextiles. However these differences became smaller 
by increasing the normal stress. On the other hand, samples which 
have been prepared with optimum water content (16%), due to 
higher dry density, show higher shear resistance than other 
samples.     
As it can be seen in Fig. 4, at the initial stage, as the shear 
displacement is small, the geosynthetics reinforced soil undergoes 
a vertical contraction. Following the contraction, the vertical 
deformation behavior then depends on the geosynthetic type and 
the water content of samples. The contraction would become 
constant for soils reinforced by non-woven geotextile and samples 
with 12% water content, and would decrease for other reinforced 
soils and other moisture, especially for geogrid reinforced soils 
and samples with 16% water content. 
 

 
(a) 
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(b) 

 
(c) 

Fig. 4. Vertical deformation versus horizontal displacement under 
192 kPa normal loading, (a). Geogrid, (b). Woven geotextile, (c). 

Non-Woven geotextile 
 
5.2. Peak shear strength of soils and soil/geosynthetic 
interfaces 
 
Fig. 5 shows the peak shear strength for soils and the 
soil/geosynthetic interface for samples with 16% water content. 
The results show an apparent cohesion in these peak shear 
strengths. Possible explanations are in the non-linear relationship 
of shear stress and in the machine friction under this stress level. 
The interface shear strength of soil against geotextile is 
significantly lower than the internal shear strength of 
corresponding soils.  
 

 
Fig. 5. Peak shear strength versus normal stress for 

soil/geosynthetic interface 
 

It is observed that under different normal stress, the shear strength 
of soil–geogrid interface is always higher than that of soil- 
geotextile interface. Alfaro et al. [14] and Tatlisoz et al. [15] state 
that the direct shear resistance of the soil/geogrid interface is 
composed of the soil to geosynthetic shear resistance and the soil 
to soil shear resistance within geogrid openings. As presented in 
Fig. 5, the internal soil shear strength is higher than the interface 
shear strength of soil against geotextile, and therefore this increase 
in shear strength is mainly attributed to the interlocking of soil 
particles that penetrate through geogrid apertures. This conclusion 
is congruent by the presented results of Liu et al. [9]. 
 
6. Conclusions 
 
This study has conducted a series of large scale direct shear tests 
on a two layer soil which has been reinforced by three kinds of 
geosynthetics and with three different water contents. The 
geosynthetics have been placed at the interface of two soils which 
was between the upper and lower boxes of direct shear device.  
The interface shear strength of soil/geotextile is smaller than soil 
shear strength. It indicates that geotextile placed within the soil 
usually acts as a weak interface in terms of direct sliding. The 
direct shear resistance of the soil/geogrid interface is higher than 
the soil/ geotextile; and it usually increases the value of shear 
resistance of two layer soil. This increscent is due to creation of 
shear resistance between soil and surface and opening of geogrid 
and the bearing resistance provided by transverse ribs. These 
resistances would be created when a relative movement occurs in 
soil and geogrid interface. However it can be seen that geogrid 
increases both internal friction and cohesion of soil (increase the 
cohesion about 23% and the internal friction about 2 degrees - for 
samples with optimum water content), but geotextiles just increase 
the cohesion of two layer soil (about 9% - for samples with 
optimum water content) and the internal friction would decreases 
about 1 to 3 degrees.      
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