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ABSTRACT: The strength parameters of soil-geosynthetic interfaces are mandatory for the design of rein-
forced soil structures. These parameters are usually defined by laboratory pullout tests. However, there is evi-
dence that the laboratory results are strongly affected by test set up. This paper presents the results of a para-
metric study on evaluation of the influence of different factors, such as the length and stiffness of the 
reinforcement, internal lubrication of the test box walls, and roughness of interface soil-geosynthetic. The 
analyses were performed using a commercially available FEM program. The test set up that was numerically 
simulated consisted of a 1m long and 0.6m high rigid box, with a geotextile element embedded in a silty-sand 
soil. In the simulation, vertical stresses were applied on soil surface and constant horizontal loads were ap-
plied at the geotextile end, accordingly to the confining stress level. The distributions of load and displace-
ment along the reinforcement were computed for the different test conditions and compared to the experimen-
tal data available in the literature. This study revealed that the reinforcement length and the friction 
mobilization between soil and the rigid test walls are the main factors that affect test results. Besides, numeri-
cal simulation proved to be a useful design tool for the prediction of soil-geosynthetic interaction, due its ca-
pability to reproduce pullout experimental results under various test conditions. 
 

1 INTRODUCTION 

The accurate prediction the behavior of interface be-
tween soil and geosynthetics is very important for an 
appropriate design of reinforced soil masses. The 
commonly used laboratory tests for obtaining the in-
terface strength parameters are the pullout and direct 
shear tests. Reinforcements that provide anchorage 
resistance must be tested under pullout to allow the 
identification of shear friction and passive resis-
tances (Palmeira and Milligan, 1989). 

Pullout test interpretation is subject to the various 
factors that influence the geosynthetics response un-
der pullout effort; such as: type of reinforcement 
(geogrid, geotextile, geomembrane, etc.); physical 
and mechanical properties of the reinforcement (po-
lymer type, geometry, strength and stiffness); soil 
properties (grain size, nature, soil structure and 
moisture content); test set up (confining stress de-
vice, velocity of the application of the horizontal 
load, geosynthetic clamping system, size of equip-
ment etc) (Koerner, 2005). 

The influence of the stiffness and length of rein-
forcements was numerically investigated by Sobhi 
and Wu (1996). The results indicated that the front 

displacements at failure increased with increasing 
reinforcement length, and also decrease with in-
creasing stiffness. 

The internal roughness of the pullout test box also 
plays a role in pullout tests interpretation. Palmeira 
and Milligan (1989) have suggested full lubrication 
of the internal walls of the test box, in order to re-
duce their influence on pullout test curves. 

The exclusive influence of the front wall rough-
ness was investigated by Sugimoto et al. (2001). The 
results of pullout tests with geogrids revealed that 
the higher the roughness of the front walls the higher 
the forces and displacements at the frontal end of the 
geogrid.  

Dias and Palmeira (2007) carried out numerical 
simulations to evaluate the influence of full lubrica-
tion in comparison to an exclusively lubrication of 
the front wall. The results revealed higher pullout 
loads with the increase of the number of lubricated 
walls. 

This paper presents the results of a numerical 
study aiming to contribute to the interpretation of 
pullout test on geotextiles. The study is focused on 
the influence of geotextile length and stiffness, soil-
geotextile interface parameters and internal lubrica-
tion of test walls. The analyses were performed with 
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a commercially available finite element software 
(Plaxis®). 

2 NUMERICAL ANALYSES 

The parametric study addressed different soil-
interface conditions and geotextile properties. Test 
set up (geometry, dimension and load application 
system) and geomechanical parameters (soil and 
geotextile properties, shear strength of the interface 
soil-geosynthetic/test box) were defined according to 
pullout tests data described in the literature (Ferreira, 
2009) 

2.1 Test description  
The geometry of the simulated pullout test is pre-
sented in Figure 1. The test box is 0.60m high and 
1.0m long and was numerically represented by rigid 
plates. The 0.80m length geotextile specimen was 
positioned at the center of the soil mass. To avoid 
boundary effects, it was kept a distance of 20 cm be-
tween the geotextile rear end and the test box (Far-
rag et al, 1993). 

 

 
Figure 1. Model geometry. 

 
The confining stress was simulated by a uniform-

ly distributed load on the soil surface (load A). The 
horizontal load was simulated by single load acting 
at the frontal end of the geotextile (load B). Load 
application followed a stress controlled test and, 
therefore, post peak response was not simulated. 

At the mesh boundaries, the horizontal move-
ments were constrained at the vertical plates and no 
movement was allowed at the horizontal plate. A 
vertical spacing of 6mm between the two halves of 
the front wall, allowed free horizontal displacement 
of the geotextile. 

2.2 Constitutive models and material parameters
The stress-strain behavior of the soil was modeled 
using by an elastic-perfectly plastic model and 
Mohr-Coulomb failure criterion. The geotechnical 
parameters were compatible with medium com-
pacted sand. 

The geotextile specimen was simulated by a flex-
ible elastic element with axial stiffness (EA). The 
parameters were defined according to typical non-
woven geotextile data. 

Soil- geotextile interface was simulated by a par-
ticular element that incorporates a correction factor 
(Rinter) that minimizes the shear strength parameters 
of the soil adjacent to the reinforcement; by applying 
the following rules: 

0,1int 1
c
cR a

er  

and 

  0,1
tan
tan

int 1
t
t

erR  

where: ca = interface adhesion; c = soil cohesion;  = 
interface friction angle;  = soil friction angle. 

 
Steel material parameters were used to simulate 

the box walls. Interface elements were also posi-
tioned at the contact between the soil and the test 
front wall to create a lubrication condition. A Rinter 
factor equal to 0.90 as adopted in the standard test, 
according the recommendation of Dias and Palmeira 
(2007). 

Table 1 summarizes the parameters and constitu-
tive models used in the numerical analyses. 
 
 
Table 1. Constitutive models and material parameters. 

Material Constitutive model Parameters 

Sand soil Mohr Coulomb 

c’ = 0 
’ = 36º 

19.79kN/m3

E = 40MPa 
 = 0.33 

Geotextile Linear elastic EA = 500kN/m 
L = 0.8m 

Plates Linear elastic 
EA = 210MN/m 
e = 0.002m 

 = 0.15 
Soil-Geotextile interface  Rinter = 0.60 
Soil-Front wall interface  Rinter = 0.90 

2.3 Parametric Analyses 
The analyses were carried to evaluate the influence 
of reinforcement length and stiffness. The degree of 
strength mobilization at the interfaces soil-material 
was also assessed. Table 2 summarizes the parame-
ters variation. The confining stress was considered 
constant and equal to 25kPa. 
 
Table 2. Parametric analyses. 

Parameter Value 
Geotextile length (m) 0.6 0.8 1.0 
Geotextile stiffness (kN/m) 50 500 5000 
Soil-Geotextile interface 0.4 0.6 0.9 
Soil-Front wall interface 0.4 0.6 0.9 
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3 RESULTS 

3.1 Influence of the geotextile length and stiffness 
The influence of the reinforcement length was eva-
luated by carrying out simulations with 0.6 m, 0.8 m 
and 1.0 m long geotextile specimens. Figure 2 shows 
the load vs. horizontal displacement curves corres-
ponding to a point at the rear face of the reinforce-
ment. The results show that the pullout resistance in-
creases with increasing geotextile length. This 
response is particularly important in defining the an-
chorage length for the design of reinforced struc-
tures. 

The horizontal displacement distributions along 
the reinforcement length are shown in Figure 3 and 
reveal that the frontal displacement increases with 
the increase of geotextile. Pullout test simulations 
with geogrids provided similar behavior (Dias and 
Palmeira, 2007). 

 

 
Figure 2. Influence of the geotextile length on the prediction of 
pullout force. 

 

 
Figure 3. Influence of the geotextile length on the reinforce-
ment displacements. 

 
The influence of geotextile stiffness was eva-

luated by varying its axial stiffness from 50kN/m to 
5000kN/m. Figure 4 shows the horizontal displace-
ment vs. distance curves, corresponding to the dif-
ferent stiffness levels. The geotextile strain may be 

assessed by computing curves tangent. Stiffer rein-
forcements show lower deformation levels and a 
greater tendency to move as a rigid body. It is 
worthwhile to note that the greater the stiffness the 
lower the displacement needed to cause rupture by 
tearing (Sobhi and Wu. 1996). 

 

 
Figure 4. Influence of the geotextile stiffness on the reinforce-
ment displacements. 

3.2 Influence of the Interface Soil-Geotextile 
Figure 5 shows the horizontal displacements along 
the reinforcement length for three different values of 
the shear strength reduction factor (Rinter). As would 
be expected, rougher interfaces (Rinter = 0.9) require 
larger geotextile strains to achieve failure. 
 

 
Figure 5. Influence of the degree of interaction between soil 
and geotextile.  

 
The numerical prediction of the pullout loads, for 

different degrees of mobilization of the shear resis-
tance at soil-geotextile interface, is shown in Figure 
6. Smaller Rinter values implies in lower pullout resis-
tances, due to the reduction of strength parameters of 
the surrounding soil.  

3.3 Influence of the soil-wall interface 
Pullout test results are affected by a number of fac-
tors associated to test arrangement.  The influence of 
the test box constraints may be minimized by a 
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complete internal lubrication (Palmeira and Milli-
gan, 1989). 
 

 
Figure 6. Influence of the soil-geotextile interface interaction 
on the pullout load. 

 
 
The effect of the shear strength mobilization at 

the front wall was numerically evaluated by reduc-
ing the soil-wall interface parameter (Rinter) from 0.9 
to 0.4; lower Rinter values correspond to lower fric-
tion mobilization. The results, shown in Figure 7, 
reveal that the more lubricated the front wall, the 
greater the required pullout loads. Nonetheless, the 
differences are less than 10%, and might be consi-
dered negligible. 

 

 
Figure 7. Influence of soil-front wall interface on the pullout 
load. 

 
The smaller pullout resistance that was observed 

with a less lubricated box wall (Rinter = 0.9) was at-
tributed to a loss of vertical stress due to shear 
strength mobilization at the soil-box wall interface. 

Figure 8 shows the normal stress distribution 
along the reinforcement length and the correspond-
ing average values, for two interaction conditions. 
The stress distribution shows small peaks that are at-
tributed to numerical issues. The results support the 
suggestion that the higher Rinter value the lower the 
vertical stress that is transmitted to the geotextile. 

Accordingly, low normal stresses produce low pul-
lout resistances, as indicated in Figure 7. 

 

 
NN  = 28.6 kN/m² NN  = 26.4kN/m2 
(a) Rinter = 0.4 (b) Rinter = 0.9 

Figure 8.: Normal stress distribution along geotextile length for 
different Rinter values. 

4 CONCLUSIONS 

This paper presented a parametric study aiming to 
discuss some factors that influence pullout tests on 
geotextiles. The main conclusions are: 

• The displacement and the pullout load increases 
with the reinforcement length;  

• Stiffer reinforcements experience less strain and 
show a tendency to displace as a rigid body;  

• The higher the roughness of the front rigid wall 
the lower the vertical stress transferred to the rein-
forcement; 

• Numerical simulation has shown to be an accu-
rate tool to help engineers estimate pullout resistance 
for preliminary design of reinforced soil structures. 
But engineer experience must be exercised for the 
selection of appropriate parameters.  
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