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Abstract
Reinforcements like bars, strips, textiles and grids are used for the reinforcement of soil walls, but the use 
of grids type of reinforcements is still under consideration and there is still a need of study the probable 
use of grids reinforcement in reinforced soil retaining walls. Pullout test is commonly used to predict 
actual field pullout behavior of reinforcements. In this paper, pullout test modeled with geogrid 
reinforcements embedded sand, clay and clay with thin layers of sand, under five different normal 
pressures of 5,25,50,75 kPa and 100 kPa. Finite element method (Plaxis V8) is used to compare the 
pullout behavior results. Normal pressures modeled and an optimum sand layer thickness was 
determined. Effect of sand layers combined with the geogrid reinforcement increased with increasing in 
normal pressures. The improvement was more pronounced at higher normal pressures. Test results 
indicate that provision of thin layers of sand on both sides of the geogrid is very effective in improving 
the pullout strength.
Keywords: Numerical Modeling (Plaxis V8), Geogrid, Clay, Sand, Pullout test

1. Introduction

This direction Reinforced soil retaining walls with planar reinforcement like textiles and grids have been 
used commonly for many applications like flyover abutments, retaining soil and industrial materials, roads 
and for hilly areas. The rapid acceptance of soil reinforcement can be attributed to a number of factors, 
including low cost, aesthetics, reliability, simple construction techniques, and the ability to adapt to different 
site conditions. However, these economic benefits have often been limited by the availability of good-quality 
granular material. Elias, Christopher.( 1996 ) shows These materials have been the preferred backfill material 
due to their high strength and ability to prevent development of pore water pressure. Build up of pore water 
pressure, lower frictional strength and compatibility as well as higher post-construction creep potential are 
the main concerns expressed about the use of cohesive soils in soil reinforcement. These concerns may 
represent unrealistic restrictions in actual practice, where many highway embankments are constructed of 
compacted clays (Zornberg and Mitchell., 1994). One potential solution for reinforcing marginal soils is the 
use of permeable geosynthetics that function not only as reinforcement but also as lateral drains.Pullout tests 
are necessary in order to study the interaction behavior between soil and geosynthetics in the reinforced zone; 
hence, the resulting properties have direct implications on the design of reinforced soil structures. Pullout test 
behavior has been studied by several researchers to understand various factors affecting the pullout response 
of reinforcement, i.e., box size, sample size, sleeve length, front as well as side wall conditions, test speed, 
etc. The displacement-controlled monotonic loading has been applied to the geogrid specimen in most of the 
above studies.(Farrag et al., 1993; Sobhi and Wu, 1996; Sugimoto et al., 2001; Palmeira, 2004; Moraci and 
Recalcati, 2006 and Teixeira et al., 2007). Especially, Bergado et al.(2003) and Khedkar and Mandal (2007) 
simulated the pullout tests by finite element method based software ‘Plaxis’. Many researchers (Bergado et 
al., 1987; Palmeira and Milligan, 1989; and Nernheim, 2005) made clear that geometry of the reinforcement 
is one of the important factors in pullout study. Present study aims are at understanding the interaction 
betweensoil and grids reinforcement Embedded in Thin Layers of Sandy soil  within a clay soil  under 
working surcharge pressures. Pullout  testes are modeled with grids reinforcements under normal pressures of 
5,25,50,75 kPa as well as 100 kPa.  For this study finite element method analysis with the help of computer 
software ‘Plaxis V8’ can be used. This paper presents results of embedding reinforcements in thin layers of 
granular material within a clay soil (i.e. sandwich technique) using  modeling large pullout  tests and a large 
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number of conditions were modeled by varying thickness of granular layer, magnitude of normal pressures 
and using  two kind of sand.

2.Finite element analysis
Laboratory pullout tests are simulated using finite element method. Numerical program for pullout tests of 
geogrid reinforcement is prepared using a computer code ‘Plaxis V8’ which is a commonly used finite 
element code for geotechnical engineering problems. The pullout simulation is considered as a plane strain 
problem where displacement and strains in the direction parallel to the length of retaining wall are assumed 
equal to zero. Plane strain problem results in a two-dimensional finite element model with only two 
translational degrees of freedom per node. In general, the average element size of 25 mm was observed in 
finite element programming for grid reinforcements.

2.1 Geometrical modeling

To simulate the laboratory pullout test, the geometry of test box was modeled. Fig. 1,2 and 3 show the 
geometry created in Plaxis V8  for pullout of reinforcement. Bottom boundary is modeled by total fixity, 
whereas vertical boundary is fixed horizontally, so that the soil cannot move horizontally beyond the 
boundary, yet the settlement of soil is permitted. Boundary condition at pullout location was modeled so as to 
get a clearance of 2.5 mm above and below the reinforcement. The normal pressure was modeled by 
uniformly distributed load on top surface of sand cluster. Pullout load is simulated with a horizontal nodal 
force.

2.2 Material modeling

Plaxis V8 uses the Young’s modulus as the basic stiffness modulus in the elastic model and the Mohr–
Coulomb model. The initial slope of stress strain curve of sand is usually indicated as E0 and the secant 
modulus at 50% strength is denoted as E50. For highly over-consolidated clays and some rocks with a large 
linear elastic range, it is realistic to use E0, however, for sands it is more appropriate to use E50 (Vermeer and 
Brinkgreve, 1995). Table 3 shows the properties for sand, clay and geofoam materials. Young’s modulus, E, 
is determined from triaxial compression test results on sand at a relative density of 40%. Volumetric change 
which occurs during shearing of soil can be conveniently characterized by dilatancy angle (Ψ). Vermeer 
(1990) has empirically suggested that Ψ can be determined as the difference between friction angle and an 
angle of 30◦. However, to simulate the dilatancy effect in the present study,The dilatancy angle is assumed as 
1◦  and 6◦ for sand( 1) and sand ( 2). As Ψ is negligibly small changes with confining and normal pressure in 
the soil dilatancy are ignored. Tensile properties of reinforcements are calculated for the numerical 
simulation. Direct shear tests have provided an average friction angle of 36◦ on dense sand and about 31◦ in 
loose condition ( pluviated sand). Table 1 presents the physical properties as well as the strength parameters 
for the silica sands.
A longitudinal member from each reinforcement is tested according to ASTMD-6637, Method-A. 
Longitudinal members of the geogrid reinforcement are modeled by geogrid element and transverse members 
are modeled by plate elements as stiffness is the important parameter for transverse member. Axial stiffness, 
Table 2, is influenced by maximum load per meter width of reinforcement and elongation at maximum load.

Table 1- Material properties for sands for finite element analysis.

clay( 1) sand (1) sand ( 2)

y sat=18 (kN/m3) y sat=18 (kN/m3) y sat=19 (kN/m3)

y unsat= 16(kN/m3) y unsat= 17(kN/m3) y unsat= 18(kN/m3)

E= 6000 (kN/m2) E=3000 (kN/m2) E= 18000 (kN/m2)

v=0 .35 v=0 .32 v=0 .32
c=23.2kN/m2 c=0.01kN/m2 c=0.01kN/m2

φ = 10◦ φ= 31◦ φ = 36◦

Ψ = 0◦ Ψ = 1◦ Ψ = 6◦
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Rinter=0 .17 Rinter= 0.19 Rinter=0 .2

Table 2- Finite element model properties for reinforcements.

2.3 Interface strength

  The interface is modeled by virtual thickness interface element which is calculated as the virtual thickness 
factor times the average element size. According to Vermeer and Brinkgreve (1995), for Plaxis program, the 
interaction coefficient, R (Rinter, in case of Plaxis V8) is defined as the ratio of the shear strength of soil–
structure interface to the corresponding shear strength of the soil (Eq. (1)).

Tan(δ)= R* tan() (1)

where, δ is the skin friction angle between soil and reinforcement; R is the interaction coefficient and  is the 
angle of soil friction. In this paper instead of using just the skin friction between soil and reinforcement, a 
complete interaction between the soil and reinforcement is used. The By virtue of the above technique finite
element method is able to simulate the complete interaction in between the soil and reinforcement including 
the three-dimensional confinement effects of grid reinforcements. Table 3 shows the model properties for 
reinforcements. Vermeer and Brinkgreve (1995) proposed:

  ( 2)

where, EI is the flexural rigidity of member and EA is the axial stiffness. For simulation of stiffness of the 

transverse member, the equivalent depth of transverse member (deq) was specified as 3 mm.

Table 3-Finite element model properties for reinforcements.

3.    Finite element results and discussions

Finite element programs for all reinforcements are prepared and outputs are visualized. Pullout displacement 
curves are plotted for the five values of normal pressures.

3.1  Influence of test box boundaries (walls) on pullout test

Test results In order to study the boundary effects in the present paper keeping all factors same. Fig. 1,2 and 
3 illustrates the contour plot for total stress distribution for 10 mm high grid reinforcement at the maximum 
normal pressure of 100 kPa and at the pullout load of 50 kPa. Fig. 1 shows the mean stress distribution with 
0.7 m the length size of modeled box. Fig.2  and 3  show the mean stress distribution from the exaggerated 
boundaries ( 1 and 1.2 m length of box) . The stress contours are observed in similar pattern for all of the 
cases. Also, mean stresses at top as well as bottom boundaries in Fig. 1 are similar to that of in Fig. 2 and 3.
In addition in same conditions the pullout force ( KN/m) under normal pressure effect (KPa) for geogrid 
embedded in thin layer of two kind of sand with thickness of 2,4,6,8 cm and full sand in pullout box were 
modeled.

Reinforcement height 10 mm

Axial stiffness (EA) (kN/m) 7905.7

Interaction coefficient (Rinter) 0.170

Geogrid

EA H S deq EI

8402.2(kN/m) 10 mm 100 mm 3 mm 0 .011(kNm2/m)
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Figure 1. Contour plot of mean stress distribution ( Size box:70*40*60 cm)

Figure 2. Contour plot of mean stress distribution ( Size box:100*60*60 cm)

Figure 3. Contour plot of mean stress distribution  ( Size box:120*60*60 cm)
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3.2  Influence of increasing normal pressure on  pullout tests

These pullout tests modeled  In order to  study of effect of normal pressure  on pullout force. In these paper 
increasing normal pressure affected on increasing pullout force. Fig. 4 and 5 show pullout force increased
with increasing normal pressure on variousthickness of sand layers. These pullout tests modeled for thin layer 
of two kind of sand (pluviated and compacted sand) within clay soil. Fig. 6 and 7 show pullout force 
increased with increasing thickness of layers sand (pluviated and compacted sand) within clay soil. Fig. 8 and 
9 show pullout force results on box full of pluviated sand, compacted sand and clay soil.

Figure 4. Effect of normal pressure  on pullout force of geogrid embedded in pluviated sand

Figure 5. Effect of normal pressure  on pullout force of geogrid embedded in compacted sand 

24.5

33.5

38

15

20

25

30

35

40

45

50

55

30 40 50 60 70 80 90 100 110

P
ul

lo
u

t 
Fo

rc
e

 (
KN

/m
)

Normal Presure (KPa)

Normal Pressure Effect(Pluviated sand)

h=2cm

h=4 cm

h= 6 cm

h= 8 cm

full sand

0

5

10

15

20

25

30

35

40

45

50

55

60

65

0 20 40 60 80 100 120

P
u

llo
u

t 
Fo

rc
e

 (
K

N
/m

)

Normal Pressure(KPa)

Normal Pressure Effect ( Compacted sand)

h= 2cm

h=4 cm

h=6 cm

h=8 cm

full sand



The 1st Iranian Conference on Geotechnical Engineering, 22-23 October 2013
University of Mohaghegh Ardabili, Ardabil, Iran

      

6

Figure 6. Effect of sand layer thickness  on pullout force of geogrid embedded in pluviated sand

Figure 7. Effect of sand layer thickness  on pullout force of geogrid embedded in compacted sand 

Figure8. Effect of normal pressure on pullout test within clay soil and pluviatd sand
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Figure9. Effect of normal pressure on pullout test within clay soil and compacted sand

4.       Summary and conclusions

In this paper, concept of geogrid reinforcement is presented for reinforced soil structures. Plaxis modeling  
pullout tests are presented with various thickness of two kind of sand. reinforcement embedded in thin layer 
of sands with five different values of normal pressures ( 5, 25, 50 ,75 and 100 KPa). Optimization analysis of 
reinforcement is done for ultimate pullout load. Pullout test results are modeled with Plaxis  (finite element)
analysis. ‘Plaxis V8’ which is a commonly used finite element code for geotechnical engineering problems.  
For modeling An empirical reduction factor is introduced to calculate the pullout resistance of geogrid  
reinforcement. The major conclusions from the study are as follows. 

1. The contour plot for total stress distribution for 10 mm high geogrid reinforcement at the maximum 
normal pressure of 100 kPa and at the pullout load of 50 kPa shows that the magnitude of displacement 
beyond 0.7 m is not significant and hence, the length of test box can be curtailed to 0.7 m.

2. In pullout test, Reinforcement used under the normal pressures of 5, 25, 50, 75 and 100 KPa. Pullout 
results from finite element modeling show; final load of failure increase with increasing in thickness of 
sand layer.

3. Under the adopted test conditions, ultimate pullout load is found increasing with increase in normal 
pressure.

4. in addition, Under the same  test conditions, pullout test results of compacted sand (sand 2) was more 
than pluviated sand ( sand 1).

5. Optimum sand layer thickness was 8cm in pullout test results of compacted and pluviated sand.
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