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Abstract In this paper, influence of different types of

soils and geosynthetics on soil/geosynthetics interface

behaviouris investigated by direct shear and pullout tests.

Three different types of cohesionless soils and three dif-

ferent types of geosynthetics materials are adopted for

experimental investigation. A series of large direct shear

tests and pullout tests were conducted to investigate the

interface behaviour of soil/geosynthetics. The test equip-

ment, soils, and geosynthetics properties are described. The

influence of soil particle size (D50) and geosynthetic

structure are discussed by analysing tests results. Results

are presented and discussed in terms of peak shear resis-

tance, peak pullout resistance, interface friction angle,

efficiency factors and interaction coefficient for different

soils and geosynthetics. It could be seen that the interface

friction angle from both direct shear and pullout tests lin-

early increases with increase in (D50) of soil. The pullout

interaction coefficients (Ci) are found to be in the range of

0.62–1.72 for different tests conditions.

Keywords Direct shear test � Pullout test � Sand �

Geosynthetics � Efficiency factor � Interaction coefficient

Introduction

Soil reinforcement techniques are adopted to enhance the

performance of earth structures like: reinforced walls, soft

ground improvement, roads and railways embankments,

slope stabilization and foundations etc. Any geosynthetic

material employed as reinforcement has the main task of

resisting applied stresses or preventing unacceptable de-

formations 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 [1–3].

The evaluation of soil/geosynthetic interface behaviour

is very important for design and analysis of geosynthetic

reinforced soil structures [4, 5]. Generally, cohesionless

soils are preferred as the backfill soil/neighbouring soil for

geosynthetics in reinforced soil structures. These materials

have been the preferred backfill material due to their high

strength and ability to prevent development of pore water

pressure [6]. The interface friction angle and adhesion

between a geosynthetic and soil are the primary and the

most contentious variables used in design and stability

analysis of geosynthetic reinforcement structures.

Modified direct shear and pullout tests are performed to

provide the design engineer with the friction angle, adhesion

coefficient and other design parameters for various interfaces

within the design. ASTMD5321 [7] standard on direct shear

test method is commonly followed for the purpose. The

dimensions of typical direct shear test specimen

300 9 300 mm. Though the shear strength of the

soil/geosynthetic interface has been investigated by
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conducting other tests, such as tilt-table tests [8, 9], the direct

shear test is still the most common testing method [10–13].

The interface shear resistance of soil against geomembrane

or geotextiles comes from the friction between soil and

geosynthetic, because soil particles are not trapped into the

small openings of geosynthetics. Pullout tests method com-

monly performed in accordance with ASTM D6706 [14] to

provide the design parameters, which can be used in the

design of geosynthetic-reinforced retaining walls, slopes,

and embankments or in other applications where resistance

of a geosynthetic to pullout under simulated field condition is

important. Thus, a safe and economic design of soil rein-

forcement requires a good understanding of interaction

mechanisms that develop between the soil and the rein-

forcement [15–17]. The interactions can be simplified as soil

sliding in direct shear over the reinforcement and pullout of

reinforcement from the soil [18]. The pulloutmechanism has

been investigated by full-scale and laboratory model tests

and numerical analysis [19–28]. These studies mostly

investigated geosynthetic/granular soil interactions. The

literature indicate that the soil-geosynthetic interaction is

complex as it is affected by structural, geometrical, and

mechanical characteristics of the soil and geosynthetic, as

well as by boundary and loading conditions.

Almost all previous investigations have studied the

behaviour of geosynthetics in one type of granular soil.

Very few researchers have investigated the shear behaviour

of different types of soils and geosynthetics [8, 29]. The

objective of this paper is to investigate the influence of

different types of soils and geosynthetics on soil/geosyn-

thetic interface parameter from both direct shear and

pullout tests. For the experimental investigation, different

cohesionless soils having different gradation curves,

mean/effective particle sizes are selected along with dif-

ferent types of geosynthetics. The Results are presented

and discussed in terms of peak shear resistance, peak

pullout resistance, interface friction angle, efficiency fac-

tors and interaction coefficient, describing the influence of

different types of soils and geosynthetics.

Test Equipment and Procedures

Direct Shear Test

A large direct shear test setup, with a shear box of size

300 mm 9 300 mm 9 150 mm height, as shown in Fig. 1

was used to evaluate the interaction behaviour of the

soil/geosynthetic systems. The direct shear tests on

geotechnical materials (soil–soil) were conducted accord-

ing to ASTM D3080 [30]. Modified direct shear tests on

soil-geosynthetic specimens were conducted according to

ASTM D5321 [7], in a manner similar to a direct shear test

on geotechnical materials but with a modification. The

modification is that the lower shear box of the conventional

direct shear test setup was fitted with rigid wooden block

and a wooden plank of dimensions 295 mm 9 295 mm

covered/clamped with geotextile was placed on the wooden

block (Fig. 2). The use of similar rigid block was practiced

by Lee and Manjunath [11] and Lopes and Silvano [31].

The lower box of direct shear test setup could able to move

for 35 mm of total displacement during shearing. The

normal load was applied through a loading yoke connected

to a loading lever, counter-balanced by a dead weight. The

shearing of the test specimen was done by a screw-ad-

vanced drive system, powered by a motor and gear system,

maintaining a controlled constant rate of shear displace-

ment. During shearing, the lead screw pushes the shear box

along with the lower half box, such that the load cell

connected to the upper half of the box via the U-arm

measures the shear resistance. Horizontal displacement is

recorded by placing a linear variable differential trans-

former (LVDT) onto the front face of the shear box as

shown in Fig. 1. During testing, data from the load cell and

LVDT were recorded through data acquisition system.

Pullout Test

Pullout tests were performed in accordance with ASTM D

6706 [14]. Modified direct shear test setup (Prashanth and

Fig. 1 Large direct shear box setup

Fig. 2 Modification to the direct shear box
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Krishna [32]) was used for conducting the pullout tests.

The modification was the replacement of direct shear box

with a pullout box (Fig. 3) of with inner dimensions of

400 mm long, 400 mm wide and 230 mm height and

having a 12 mm thick horizontal slot for placing the

geosynthetic specimen in the soil. A picture of the pullout

test setup arrangement and associated instrumentation is

shown in Fig. 4. The sand was placed to the desired level

and the clamped testing specimen (Fig. 5) was inserted

through the slot and then further pluviation of sand was

continued till the top of box. The displacement of

geosynthetic was measured by a LVDT that was placed on

to the geosynthetic clamper. The other end of the clamper

was connected to a load cell that was further fixed to a

screw-advance drive system. The pull is applied to the

clamped geosynthetic specimen by means of lead screw the

motor gear drive system of the direct shear test setup as

shown in Fig. 4. After having arranged all, the vertical or

normal load was applied through a loading yoke connected

to a loading lever. The clamped geosynthetic was allowed

to pull at constant strain rate. Friction between the soil and

inner walls of the box was minimized by pasting a smooth

thin plastic sheet over the inner walls of the box. Dis-

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

through the load cell were acquired using data acquisition

system.

Materials Used

Soils

Three different types of cohesionless soils were used in the

tests. The particle size distributions, as per ASTM D6913

[33], of the three types of soils: soil 1, soil 2 and soil 3 are

shown in Fig. 6. Their physical properties such as maxi-

mum dry density, minimum dry density and specific

gravity of soil were determined according to ASTM D4253

[34], ASTM D4254 [35] and ASTM D 0854 [36], respec-

tively, and are presented in Table 1. The specific gravity of

sands was found to be 2.64. The coarser size sand, Soil 1

(D50 = 1.5 mm), has soil particle diameter values ranging

from 1 to 2 mm. The finer size sand, Soil 3

Fig. 3 Pullout box

Fig. 4 Modified pullout test setup (after Prashanth and Krishna [36])

Fig. 5 Reinforcement placed

and attached to clamper
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(D50 = 0.22 mm), has soil particle diameters values range

from 0.09 to 0.5 mm. All the soils are classified as poorly

graded sands (SP) according to unified soil classification

system [37]. Microscopic views of the different grades of

soils are shown in Fig. 7. From the figure it can be seen that

the sand particles are of round/sub angular shape and sur-

face is smooth.

Geosynthetics

Three types of geosynthetics were used. They are nonwo-

ven geotextile (GT1), woven geotextile (GT2) and geogrid

(GT3) as shown in Fig. 8. The biaxial geogrid made of

oriented polymer were used in the study. It had square

shaped apertures with opening size of 35 mm 9 35 mm

(Fig. 9). The tensile properties of geotextile were deter-

mined as per ASTM D4595 [38] and mass per unit area of

the materials were determined as per ASTM D5261 [39]

and are presented in Table 2. The tensile load-strain

response of GT1, GT2 and GT3 are shown in Fig. 10. From

Table 2 and Fig. 10 It can be observed that the nonwoven

geotextile (GT1) and woven geotextile (GT2) are having

almost same tensile strength with different elongation at

failure but geogrid (GT3) having different tensile strength

and elongation at failure.

Test Results and Discussion

Direct Shear Test Results

A series of direct shear tests, according to ASTM D3080

[30] and ASTM D5321 [7], were performed in the study

using three types of granular soils (soil1, soil2 and soil3)

and two types of geotextiles (GT1 and GT2). All the soil

specimens were prepared at 70 % relative density (RD)

using sand raining technique. The height of fall required to

achieve desire relative density was determined by trail

tests. The samples collected, while preparing the speci-

mens, showed the ±2 % variations in the unit weights. All

the tests were conducted at 4.57 mm/min displacement rate

and under a normal stress of 50 kPa.

Results obtained from direct shear tests on three soils and

modified shear tests on three different soils with non-woven

geotextile (GT1) are shown in Fig. 11. The peak shear

resistance occurred at the shear displacement of 3–6 mm

and 6–10 mm for unreinforced and reinforced specimens,

respectively. From the Fig. 11 it is observed that soil–soil

peak shear stress are 32.09, 28.36 and 26.88 kPa for

Fig. 6 Grain size distribution curves of soils used

Table 1 Physical properties of three soils used in study

Properties Soil1 Soil2 Soil3

G 2.64 2.64 2.64

D10 (mm) 1 0.4 0.16

D30 (mm) 1.2 0.46 0.2

D50 (mm) 1.5 0.5 0.22

D60 (mm) 1.6 0.51 0.25

Cu 1.6 1.27 1.56

Cc 0.9 1.03 1

Classification (USCS) SP SP SP

cd,max (kN/m
3) 16.6 16.3 16.7

cd,min (kN/m
3) 14.8 14.5 14.6

(/) at RD 70 % 37.7 34.8 33.1

Fig. 7 Microscopic view of

soil1, soil2 and soil3
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unreinforced soil1 (D50 = 1.5 mm), soil2 (D50 = 0.5 mm)

and soil3 (D50 = 0.22 mm) respectively. The correspond-

ing soil-geosynthetic (GT1) peak shear stresses are 16.75,

15.57 and 14.67 kPa, respectively, for three different soils,

in order. From these peak stress values, it can be noted that

the response follows increasing trend with mean particle

size of soil (D50). Figure 11 clearly provides the compar-

ison of all modified direct shear test results for three dif-

ferent soils with non-woven geotextile (GT1).

Figure 12 presents the results similar to Fig. 11, but

with woven geotextile (GT2). In this case, soil-geosyn-

thetic (GT2) peak shear stress for different soils: soil1

(D50 = 1.5 mm), soil2 (D50 = 0.5 mm) and soil3

(D50 = 0.22 mm) are 16.62, 14.27 and 13.3 kPa and

respectively. These peak stress values are lower than that

of non-woven geotextile (GT1) case. This implies that

nonwoven geotextile facilitated good interaction with

neighbouring soil which may be attributed to its texture.

However, for the case of coarser size soil (soil1) the dif-

ference between the peak shear stress values for both GT1

Fig. 8 Geosynthetics used in

study

Fig. 9 Geometry of the geogrid

Table 2 Properties of geosynthetics used in study

Properties Nonwoven

geotextile (GT1)

Woven

Geotextile

(GT2)

Geogrid

(GT3)

Mass per unit area (g/m2) 698 250.4 332

Tensile strength (kN/m) 38.8 39.2 19.3

Elongation at break (%) 22.8 39.13 28

Fig. 10 Tensile load-strain behaviour of Nonwoven geotextile

(GT1), Woven geotextile (GT2) and Geogrid (GT3)

Fig. 11 Direct shear test (unreinforced) and modified direct shear test

(reinforced) results of all soils with GT1
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and GT2 is not very significant (Fig. 13a), which is

attributed to the larger mean particle size (D50 = 1.5 mm).

This shows that the larger particle (soil1) could able to

penetrate both woven and nonwoven geotextile thereby

giving almost same peak shear stress. In contrast, fine

particle (soil3) cannot able to penetrate the woven geo-

textile, but can able to stick to nonwoven geotextile thereby

exhibited more stress than that of woven geotextile

(Fig. 13c). Soil2 (D50 = 0.5 mm) having intermediate

particle size shows intermediate behaviour (Fig. 13b).

Efficiency Factors

Using peak shear stress values obtained from experimental

data, friction angle (/) for different soils and interfacial

friction angle (dGT) for different soils—geosynthetics

Fig. 12 Direct (soil–soil) and modified direct shear test (soil-GT)

results of all soils with GT2

Fig. 13 Modified direct shear test results for soils/geotextile: influence of geotextiles
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combinations were evaluated by as per Mohr–Coulomb

principle (Eqs. 1 and 2).

sp ¼ cþ r0n tan ð/Þ ð1Þ

spm ¼ cþ r0n tan ðdGTÞ ð2Þ

where, sp is the peak shear stress from direct shear test

(soil–soil), spm is the peak shear stress from modified direct

shear test (soil–Geosynthetic), c = soil cohesion (c = 0 for

granular soil), r0n is the effective normal stress (=50 kPa

for all the tests), / is the frictional angle of sand and dGT is

the interfacial frictional angle between soil and geosyn-

thetic in direct shear test.

The friction efficiency factors (E/) were evaluated from

the calculated values of / and dGT using Eq. 3.

E/ ¼ ðtan dGTÞ=ðtan/Þ ð3Þ

The internal friction angle (/), interfacial friction angle

(dGT) and efficiency factor (E/) evaluated for different

soils with different geosynthetics are presented in Table 3.

When comparing the interfacial friction angle (dGT)

values for the two geosynthetics, a difference of approxi-

mately 1.09, 8.1 and 9.73 % for different soils (soil1 to 3 in

order), respectively, is observed. The higher dGT values for

non-woven geotextile (GT1) may be attributed to its rough

texture relative to the smooth texture of woven geotextile

(GT2). The surface roughness of nonwoven geotextile is

the reason for the increasing resistance

From the Table 3 it can also be noted that soil 1

exhibited 7.55 and 13.14 % higher dGT values with GT1,

when compared to dGT values for soil 2 and soil 3

respectively. For GT2 these variations are 15.02, and

22.8 %. With this observation it can be stated that the type

of soil has significant role on interface friction angle val-

ues. From the results reported here, it is also noted that the

woven geotextile (GT2) results are more affected with soil

variation, the range being 15–23 % in comparison to

7–13 % for nonwoven geotextile (GT1). Further, from all

the tests, the lowest soil-geosynthetic interface friction

angle value obtained was 14.9�, which corresponds to soil3

(D50 = 0.22)/geotextile GT2 (smoother surface), while the

highest value was 18.58, which corresponds to soil1

(D50 = 1.5)/geotextile GT1 (having the rougher surface).

Therefore, the structure of the geosynthetics and soil par-

ticle size play a very important role in the soil-geosynthetic

interface resistance.

However, in contrast to the discussion on the interfacial

friction angles, variation in efficiency factors (E/) for

different soils is not very significant for a selected

geosynthetic material. The fact here is that the efficiency

factors are representing the interfacial friction values of

different types of soils normalised with the frictional angle

values of the same soil. But different efficiency factors

(E/) for different geosynthetics are observed from the

values presented in Table 3. An average E/ for non-woven

geotextile (GT1) being 0.45 while the same for woven

geotextile (GT2) it is 0.41. The similar range of efficiency

factors has been reported by Hsieh et al. [29].

The variation of interfacial friction angle (dGT) with D50

of soil is depicted in Fig. 14. For the materials tested and

for the test conditions considered, it could be observed that

the dGT, increases linearly with increase in D50 of soil for

the both woven and nonwoven geotextile. This linear

relationship can be approximated to find the interfacial

friction angle (dGT) for different type of granular soil with

these particular geosynthetics materials.

Table 3 Internal friction angle

(/), interfacial friction angle

(dGT) and efficiency factor (E/)

values

Soil type /(�) Non-woven geotextile (GT1) Woven geotextile (GT2)

dGT(�) E/ = tan dGT/tan / dGT(�) E/ = tan dGT/tan /

Soil1 37.7 18.5 0.43 18.3 0.42

Soil2 34.8 17 0.44 15.91 0.4

Soil3 33.1 16.35 0.45 14.9 0.41

Fig. 14 Variation of interfacial friction angle (dGT) with D50 of soil
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Pullout Test Results

A series of pullout tests, according to ASTM D 6706 [14],

were performed in this study using three types of granular

soils (soil1, soil2 and soil3) and two types of geotextiles

(GT1 and GT2) and one type of geogrid (GT3). All the soil

specimens were prepared at 70 % relative density using

sand raining method. All the tests were conducted at a

displacement rate of 4.567 mm/min and under normal

stress of 20 kPa. The length of geosynthetics (L) embedded

in soil mass is 300 mm. The effective length (Le) of

geosynthetics has been calculated by deducting the pullout

deformation/displacement from the total embedment

length. As the extensibility measurements of the geogrid

members are not available due to limitation of tests setup

used in the present study, the displacement of the rein-

forcement is considered for evaluating the active length.

Typical pullout test results for the geotextile/geogrid with

soil are presented in Figs. 15, 16 and 17 for different

geosynthetic materials GT1, GT2 and GT3, respectively.

The peak pullout resistances, for soil1, soil2 and soil3 with

nonwoven geotextile (GT1) are observed to be 8.72, 6.38

and 5.37 kN/m, respectively, as shown in Fig. 15. Simi-

larly, the peak pullout resistance observed 7.97, 5.36 and

4.42 kN/m for soils1-3 with woven geotextile (GT2) is

shown in Fig. 16 and the values are 21.89, 18.23 and 17.30

kN/m for soils1-3 with GT3 (Fig. 17). It could be observed

that the pullout resistance of geotextile/geogrid is signifi-

cantly influenced by the soil types. This behaviour can be

explained by referring to the soil particle size. All particles

in Soil3 have an equivalent diameter less than 0.5 mm,

while for Soil1, 50 % of particles are between 1.5 and

2 mm in diameter with a maximum particle size of 2 mm.

Soil1 (D50 = 1.5 mm)/nonwoven geotextile (GT1) exhib-

ited 3.35 kN/m i.e. (62.38 %) more peak pullout than that of soil3 (D50 = 0.5 mm)/nonwoven geotextile (GT1).

Soil1 (D50 = 1.5 mm)/woven geotextile (GT2) exhibited

3.55 kN/m i.e. (80.31 %) more peak pullout than that of

soil3 (D50 = 0.5 mm)/woven geotextile (GT2). It is con-

cluded that soil1/geotextile exhibited higher peak pullout

resistance than soil3/geotextile.

From Fig. 18, it is interest to note that the influence of

geotextile types (GT1 and GT2) shows less significance for

Soil1 (D50 = 1.5 mm), whereas for soil2 and soil3, non-

woven geotextile exhibited higher resistance than that of

woven geotextile. Similar behaviour observed for soil/

nonwoven geotextile through direct shear tests, which is in

general agreement with the pullout results. Soil1 (D50 -

= 1.5 mm)/geogrid (GT3) exhibited 4.49 kN/m i.e.

(26.53 %) more peak pullout than that of soil3 (D50 -

= 0.5 mm)/geogrid (GT3). The pullout resistance observed

for soil/geogrid is much higher than the soil/geotextile. The

higher pullout resistance exhibited is associated with the

two different behaviors of geogrid. First, the increase in
Fig. 15 Pull out-displacement response of soil-nonwoven geotextile

(GT1)

Fig. 16 Pull out-displacement response of soil-woven geotextile

(GT2)

Fig. 17 Pull out-displacement response of soil-geogrid (GT3)
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pullout resistance could be a result of the frictional resis-

tance developed along the surface of the longitudinal and

transverse ribs of the geogrid. The second reason is the

passive resistance mobilizes against the transverse ribs of

the geogrid. Although the pullout resistance observed for

soil/geogrid is much higher than the soil/geotextile but the

influence of (D50) shows less effect on peak pullout resis-

tance. This might be due to aperture opening size of geo-

grid (i.e. 35 9 35 mm) is much larger that the particle size

of soil used in the present study. All three types of soils can

easily able to trapped into the aperture of geogrid and lead

to lesser influence on over all pullout resistance.

Interfacial friction angle (/r) and interaction coefficients

(Ci) were determined using the Eqs. (4) and (5) respec-

tively, and tabulated in Table 4. The same equations based

on continuum approach were adopted even for geogrid

reinforcement also.

T=ð2LeÞ ¼ r0n tan ð/rÞ ð4Þ

T ¼ 2CiLer
0
n tan ð/Þ ð5Þ

where, T is the pullout resistance per unit width (kN/m), /r

is the interfacial friction angle (deg.), Le is the L-peak

pullout deformation (m), r0n is the effective normal stress

in the geosynthetic (kN/m2), and Ci is the interaction

coefficient, / is the soil friction angle (deg.).

The pullout interaction coefficients (Ci) are found to be

in the range of 0.62–1.72 for different tests conditions. The

similar behaviour has been reported by Hsieh et al. [29]. It

is also clearly seen that interfacial friction angle (/r) of

soil1/geogrid (GT3) is higher than that of soil3/geogrid

(GT3), soil1/nonwoven geotextile (GT1) is higher than that

of soil3/nonwoven geotextile (GT1) and soil1/woven geo-

textile (GT3) is higher than that of soil3/woven geotextile

(GT3) as tabulated in Table 4. This is only because of soil1

has larger particle size i.e. (D50 = 1.5 mm) than soil3

(D50 = 0.22 mm). Soil2 (D50 = 0.5 mm) having interme-

diate particle size shows intermediate behaviour.

Fig. 18 Pull out-displacement response of soil-geotextile (GT): influence of geotextiles
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The variation of interfacial friction angle (/r) with D50

of soil for pullout test is depicted in Fig. 19. Based on the

limited number of tests conducted and limitations owing to

the materials and test conditions, it could be observed that

the /r, increases linearly with increase in D50 of soil for the

both geotextile and geogrid. This linear relationship can be

used to find the interfacial friction angle (/r) for different

type of granular soil with these particular geosynthetics

materials. However, this conclusion is true for the materials

tested and the test conditions considered. Therefore, further

more studies are essential for establishing a generalized

observation.

Conclusions

The study presented the influence of soil particle size and

geosynthetics structure on the behaviour of soil-geosyn-

thetics interface through experimental investigations. The

results are presented in terms of peak shear resistance, peak

pullout resistance, interface friction angle, efficiency fac-

tors and interaction coefficient. The study reveals the fol-

lowing observations:

• Soil particle size has an important influence on the soil-

geosynthetic interface friction angle. For the range of

materials tested, the soils with larger average soil

particle sizes (i.e. higher D50) show an increase in the

soil-geosynthetic interface resistance.

• Geosynthetic surfaces allowing the penetration of soil

particles into the geosynthetic (e.g., nonwoven geotex-

tiles) are depicted with higher soil-geosynthetic inter-

face friction angle values than that of woven geotextile.

• The geogrid gives more pullout resistance than that of

woven and nonwoven geotextiles for all the soils

considered which is due to the passive resistance along

the ribs of the geogrid material.

• Both the geosynthetics (i.e. GT1 and GT2) show

similar shear behaviour for larger particle size, whereas

for smaller particle size, the nonwoven geotextile

exhibits more interfacial friction angle in both direct

shear and pullout tests.

• Based on the limited number of tests conducted and

limitations owing to the materials and test conditions, it

can be observed that the interface friction angles, from

both direct shear and pullout tests, are linear varied

with the increase in mean particle size of soils (D50).

The conclusions drawn are for the range of materials

tested and the test conditions considered. As the present

study performed only limited number of tests without

considering the geosynthetics extensibility aspects, further

more sophisticated studies are essential for establishing a

generalized observations and design recommendations.
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