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ABSTRACT: Soil-geosynthetic interaction parameters play important role for design and performance of reinforced soil 

structures. In general, cohesionless soils are preferred as backfill or neighboring soil to the reinforcement for better 

performance. However, it is inevitable using the low quality cohesive soil with reinforcement under some practical 

situations. This paper presents soil geosynthetic interaction properties for different types of soils. Three types of soils were 

used with geo-composite reinforcing material for conducting the large size direct shear and pull out tests to determining the 

interaction parameters.  From the tests conducted it is found that the use of soil with significant backfill resulted in reduced 

capacity under direct shear test while one type of non-cohesionless soil showed better pullout performance than that of the 

cohesionless soil.  

 

       
INTRODUCTION  

The use of geosynthetic as reinforcement material in soils 

for improvement of the performance of retaining walls, 

foundations and slopes etc. has received considerable 

attention. Any geosynthetic material employed as 

reinforcement has the main task of resisting applied stresses 

or preventing unacceptable deformations in reinforced 

geotechnical structures. In this process, the geosynthetic 

acts as tensioned member to the composite material (soil 

and fill material) and restrain tensile deformations by 

mobilizing tensile load in geosynthetic and to stop the soil 

from sliding over the geosynthetic or pulling out the soil by 

providing bond resistance, adhesion, interlocking or 

confinement and thus maintains the stability of the soil 

mass. Soil-geosynthetic interaction parameters play 

important role for design and performance of reinforced 

soil structures. In general, cohesionless soils are preferred 

as backfill or neighboring soil to the reinforcement for 

better performance. However, it is inevitable using the low 

quality cohesive soil with reinforcement under some 

practical situations. Hence, determining the soil-

geosynthetic interaction parameters with non-cohesionless 

soils is essential for proper designing and efficient 

performance of reinforced soil structures under such special 

conditions. Most of the literature available discussed the 

interaction properties using direct shear test or pull out test, 

basically using the cohesionless soil [1-3]. The direct shear 

test on geotextile reinforced cohesive soil has been also 

studied by few researchers [4, 5]. In present study pullout 

and direct shear tests were conducted for different types of 

locally available soil with constant confining pressure, 

constant strain rate and composite geotextile. 

 

TESTING PROGRAM 

The interfacial properties of soil-geosynthetic are 

commonly determined in direct shear and pullout test 

methods. Both the test setups have pros and cons. Materials 

adopted, test apparatus and instrumentation used and testing 

procedure followed for both the tests are described below.  

 

Materials 

 

Soil 

Three different types of soils were used for pullout test and 

direct shear tests. These three soils are sand, red soil and 

black silty soil. The sand used in this study is locally 

available river sand, its maximum and minimum densities 

were determined as 16.58 kN/m3 and 14.02 kN/m3. The red 

soil used was collected from nearby construction site; its 

maximum dry density was determined as 17.53 kN/m3. The 

black silty soil was taken from construction site, its 

maximum dry density was determined as 17.62 kN/m3. 

Grain size distribution curves of the soils used are shown in 

Fig. 1. Properties obtained for soils are tabulated in Table 1 

and classification of soils tabulated in Table 2. 

 

Table 1 Properties of soil used in study 

 D60 

(mm) 

D30 

(mm) 

D10 

(mm) 

Cu Cc 

Sand 0.45 0.22 0.16 2.81 0.67 

Red soil 1.1 0.15 0.035 - - 

Black 

silty soil 

1.2 0.3 0.09 - - 

 

Table 2 Classification of soil 

 Fines 

content 

(%) 

LL (%) PL (%) Classification 

Sand 0.63 - - SP 

Red soil 17.6 39 22.5 SC 

Black 

silty 

soil 

8.1 32.5 21.3 SC-SM 
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Geosynthetics 

In present study only one type of geosynthetics used is 

composite geotextile (one side woven and other side 

nonwoven). The tensile properties of geotextile were 

determined as per ASTM D4595 [6]. Basic physical 

properties like mass per unit area of the materials were 

determined as per ASTM D5261 [7]. The properties 

obtained for composite geotextile are tabulated in Table 3. 

 

 
Fig. 1 Grain size distribution curves of soils used 

 

Table 3 Properties of geosynthetics used  

Properties Mass per 

unit area 

(g/m2) 

Tensile 

strength 

(kN/m) 

Elongation 

at break 

(%) 

Composite 

geotextile 

69.7 38.8 22.8 

 

Test Apparatus and Instrumentation 

 

Large direct shear setup 

A large direct shear box of size 300 mm long, 300 mm 

wide, 150 mm height as shown in Fig. 2 was used to 

evaluate the shear strength of the geosynthetic with soil. 

The tests were conducted in a manner similar to a direct 

shear test on geotechnical materials, but for the 

determination of horizontal interface frictional properties of 

soil-geosynthetic,   a modification was done. 

 

 
Fig. 2 Large direct shear box 

The upper box was filled with soil material and the lower 

shear box was fitted with rigid wood block and 

covered/clamped the geotextile to wooden plank of 

dimensions 295 mm by 295 mm (Fig. 3). The usage of rigid 

block was practiced by [8, 9]. The tests of geosynthetic 

reinforcement with different soil were done at maximum 

dry density under same displacement rate (mm/min). 

 

 
Fig. 3 Clamped geotextile to a wooden plank 

 

Pull out test setup 

Direct shear test setup was modified for conducting the 

pullout tests. A picture of the pullout test setup and 

associated instrumentation is shown in Fig. 4. The inner 

dimensions of the pull-out box were 400 mm long, 400 mm 

wide and 230 mm height. A 12 mm thick horizontal slot 

was provided in the front face of the box to allow the 

placement of reinforcement in soil. The sample was 

clamped to the pull force measuring device (load cell) as 

shown in Fig. 4. Friction between the soil and inner walls of 

the box was minimized by pasting smooth thin plastic layer 

over the inner walls of the box. 

 

Displacement by means of a LVDT and the pull-out load 

through a load cell were acquired/monitored using data 

acquisition system. 

  

 
Fig. 4 Picture of the pullout test setup  

 

Test Procedure 

 

Direct shear tests 

A large direct shear box (Fig. 2) is generally employed for 

determination of shear strength properties of geotechnical 
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materials. It can be used for determination of geosynthetic – 

soil interfacial frictional properties with slight modification 

in placing of geosynthetic material. Testing procedure and 

setting up in both the cases is as follows: the upper (fitted 

with a loading U- arm) and lower boxes were of 300 mm × 

300 mm in plan and 115 mm deep are placed in shear box 

(water jacket). The lower box of direct shear could able to 

move for 35 mm of total displacement during shear. The 

normal load is applied through a loading yoke connected to 

a loading lever, counter-balanced by a counter-balancing 

weight. The shearing of the test specimen is done by the use 

of a screw-advanced drive system powered by a motor and 

gear system maintaining a controlled constant rate of shear 

displacement. There was a provision of applying forward 

and reverse shear movement. After the start of motor at 

controlled displacement rate the lead screw pushes the 

shear box (water jacket) along with the lower half box, such 

that the load cell attached to U-arm fitted to upper half 

measures the shear resistance. Horizontal displacement was 

measured by placing LVDT at front face of shear box as 

shown in Fig. 2. In direct shear test black silty soil and red 

soil were pour in to the box compacted in three different 

layers to achieved maximum dry density. The sand was 

poured into the direct shear box in such way that desired 

relative density (70%) was attained by fixing the height of 

fall, the technique is known as pluviation of sand. For soil-

geotextile, upper box was filled with soil material and the 

lower shear box was fitted with rigid wood block and 

covered/clamped the geotextile to wooden plank of 

dimensions 295 mm by 295 mm (Fig. 3).  

 

Pull out tests 

Pullout tests were performed in accordance with ASTM D 

6706 [10]. The red soil and black silty soil were placed in 

the test box and compacted to achieve maximum dry 

density 17.53 kN/m3 and 17.62 kN/m3 respectively. The 
sand was poured into the pull-out box in such way that 

desired relative density (70%) was attained by fixing the 

height of fall. The sand was placed to the desired level and 

the clamped testing specimen was inserted through the slot 

and then further pluviation of sand was continued till the 

top of box. All tests were conducted at displacement rate 

4.567 mm/min. 

 

A LVDT was fixed to the geosynthetic clamper and load 

cell one end was connected to clamper and other end to a 

screw-advance drive system powered by a motor and gear 

system. After having arranged all, the normal stress was 

applied by adding dead loads on the mechanical lever arm. 

The clamed geosynthetic was allowed to pull at constant 

strain rate. 

 

TEST RESUTS 

 

Direct shear test results 

To evaluate shear stress response of composite geotextile 

with different types of soil, test were conducted at normal 

stress ( n) 100 kPa and constant rate displacement of 

4.567mm/min. The results obtained from direct shear tests 

for reinforced soil and unreinforced soil are shown in Figs. 

5, 6 & 7. From the figures it is observed that peak shear 

stress increment is 3.9 kPa, 5.35 kPa and 8.29 kPa for 

reinforced sand, reinforced black silty soil and reinforced 

red soil with respect to unreinforced one. In the present case 

red soil gave more increment of stress because sand used 

for study is poorly graded and size of particles is smaller 

than black silty soil and red soil. But clay content in red soil 

is more than black silty soil so it has higher adhesion 

efficiency which gives added shear strength to the 

geosynthetic soil interface. Similar behaviour was also 

reported by Athanasoloulos [4].  It is to be noted from Fig.  

7 that for red soil, with significant fines content of above 

15%, the reinforcement contribution for the shear resistance 

started only after about 12 mm of shear displacement. 

Fig. 5 Shear stress versus shear displacement response of 

sand-composite geotextile in direct shear 

 

 
Fig. 6 Shear stress versus shear displacement response of 

black silty soil-composite geotextile in direct shear 
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Fig. 7 Shear stress versus shear displacement response of 

red soil-composite geotextile in direct shear 

Pull out test results 

To evaluate pullout response of composite geotextile with 

three different types of soils, tests were conducted at 

normal stress ( n) 20 kPa and constant rate displacement of 

4.567mm/min. Pullout response of the geotextile for 

different types of soils is shown in Fig. 8. From the graph it 

is seen that peak pullout resistance is 11.99 kPa, 12.68 kPa 

and 15.99 kPa for red soil, sand and black silty soil 

respectively. The peak pullout resistance of black silty soil-

composite geotextile is 3.31 kPa and 4 kPa more than that 

of sand- composite geotextile and red soil-composite 

geotextile respectively. In pullout test, black silty soil gives 

more pullout resistance because red soil has lower adhesion 

efficiency [4] and sand has smaller particle size.  

 
Fig. 8 Pull out-displacement response of soil- composite 

geotextile 

 

CONCLUSIONS 

In present study soil-geosynthetics interaction response is 

presented through direct shear and pullout tests with 

different types of soils. It is clearly observed that type of 

soil significantly affects the interaction response and is 

different in different mechanism (shearing and pullout). 

From the test results it is noted that red soil-composite 

geotextile showed high peak shear stress than black silty 

soil-composite geotextile whereas black silty soil-

composite geotextile exhibited high pullout stress. 
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