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1 INTRODUCTION  

Geosynthetics offer different functions to improve a structure’s performance such as in filtration, separa-
tion between native and backfill soil, drainage, and reinforcement, among others. Geosynthetics have 
been extensively used as part of various structures including mechanically-stabilized earth (MSE) walls, 
embankments, lagoons, and basal foundations. With the use of geosynthetics as a construction material, it 
has allowed a cost-effective and rapid approach to construction providing the necessary design require-
ments set forth by the engineer.  

The most common types of geosynthetics used in construction are non-woven and woven geotextiles. 
They have been commonly used as slope and basal reinforcements to improve the stability of embank-
ments. Pullout tests are usually conducted to determine the pullout resistance of a geotextile and its inter-
face friction properties. Resistance generated at the interface of the geotextile and soil allows the soil to 
transmit tensile stresses to the reinforcement. 

The primary mechanism of geotextiles in pullout is the soil-reinforcement interface friction (Alfaro et 
al. 1995). Several factors play a key role in the determination of the soil-reinforcement interaction mech-
anism such as soil properties (particle size distribution and density) and the mechanical properties of the 
geotextile (Lopes 2002). This paper compares two woven geotextiles in pullout tests using a commercial-
ly-available finite element software under different normal pressures based on the preliminary work con-
ducted by Kaluzny et al. (2016). The difference between the two geotextile reinforcement is that one has a 
wicking function (H2Ri, labelled G/W) capable of in-plane drainage, and the other is a typical geotextile 
reinforcement (RS380i, labelled G/NW) without wicking (non-wicking) function. The geotextile fabrics 
are comparable as both reinforcements exhibit the same tensile strength at 2% strain, are composed of the 
same polypropylene filament, and are weaved in the same manner during manufacturing. 
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Zornberg and Kang (2005) have listed indicated that in-plane drainage may address low shear strength 
in marginal soils due to poor drainage caused by its low hydraulic conductivity and considering the ef-
fects of freeze-thaw cycling. This implication suggests that the G/W fabric should produce higher pullout 
resistance, especially in marginal soils. The G/W has been implemented in pavement construction to mit-
igate effects of frost heave and prevent development of frost boils by subsequently draining water from 
the structure (Zhang et al., 2014). To the authors’ knowledge, no work has been done to confirm the im-
plications a wicking function will have on pullout resistance of woven geotextiles. Under saturated condi-
tions, it would allow dissipation of pore water pressure and provide higher shear stress resistance. With 
reinforcement with wicking capability, the pullout resistance has greater strength that that without drain-
age function. Saturated slope conditions can develop in conditions where frozen soil with high moisture 
content is used for backfill material, an example of which is at the Inuvik-Tuktoyaktuk Highway (De 
Guzman et al. 2017). Wicking geotextiles were placed at the slope of the embankment during winter con-
struction and were expected to be saturated during summer thawing. 

2 TESTING EQUIPMENT AND TEST SET-UP 

Experimental testing of two woven geotextiles (wicking and non-wicking) under tensile and pullout 
tests were initially performed by Kaluzny et al. (2016). Telltales were used to measure relative displace-
ments and strain distributions along the length of the geotextile under a displacement-controlled test and 
were conducted under room conditions. The pullout tests were conducted at different confining pressures 
for the two geotextiles to study the effect of in-plane drainage to the interface properties at the soil-
geotextile interface. The tests were conducted at 16% moisture content with a dry density of 18.2 kN/m3. 
Tensile tests were conducted using the same set-up as the pullout tests except without the soil and confin-
ing pressures.  
Figure 1 shows the pullout test set-up. A displacement rate of 1 mm/min was used in the testing program.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Pullout box with labelled components 

3 INTERFACE PROPERTIES OF GEOTEXTILES FROM PULLOUT TESTING 

The interface properties between the soil and the geotextile fabric are obtained by plotting the shear stress 
against the normal pressure the geotextile fabric is subjected to. The shear stress is derived from the re-
sults of the pullout tests and analyzed using the method of Alfaro et al. (1995). A line is fitted across these 
data points where the slope of the line is the interface friction angle (δp) between the soil and the fabric 
and the intercept in the vertical axis is the cohesion (cp) as shown in Figure 2. The G/W tests results to a 
higher interface angle compared to the G/NW. A complete description of the analysis is provided in Ka-
luzny et al. (2016). 
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Figure 2. Soil-fabric interface shear strength properties for G/W and G/NW 

4 NUMERICAL MODELLING 

The properties obtained in the tensile and pullout tests are used in a commercially-available finite element 

software SIGMA/W (Geo-Slope International 2007) to compare and confirm the results obtained in the 

experimental results. The construction of the numerical model and the assumptions made are first dis-

cussed, followed by comparison of numerical and experimental results under different confining pres-

sures. 

4.1 Pullout model set-up 

The pullout model set-up in SIGMA/W for both geotextile fabrics is shown in Figure 3. The model shown 
is for the in-situ condition; that is, before the consolidation phase and the pullout phase. The soil used has 
the following properties: E = 3000 kPa, c’ = 5 kPa, ϕ’ = 20o, and an effective unit weight of 19.2 kN/m3. 
The material category is effective-drained parameters with an elastic-plastic model. 

 

 
Figure 3. In-situ model set-up in GeoStudio 2007 

Figure 4 shows the set-up at the pullout side of the box. The clamp was divided into two parts as the 
cross-sectional area of the clamp tapers. The fabric, clamp, sleeve, and non-woven geotextile are all mod-
elled as a structural beam. A summary of the properties used are outlined in Table 1. Note that the mo-
ment of inertia for the geotextile fabrics (G/W and G/NW) were given a zero value. This means that the 
geotextile fabric, although modelled as a beam, cannot carry any bending moments along its length. A 
structural beam was selected over a structural bar because the structural bar assumes that there is only one 
force carried throughout the entire fabric, when in fact the force it carries based on the pullout force is not 
uniform along its length. The elastic modulus of the geotextile fabrics were obtained from the tensile tests 
of Kaluzny et al. (2016). No drainage (flow) conditions were added to the model as the properties in-
putted in the model already incorporate this effect.  
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Figure 4. Sleeve, clamp, and non-woven geotextile in the model 

 
Table 1. Material properties for the structural beams declared in the model 

Material Name Elastic Modulus 
(kPa) 

Cross-sectional Area 
(mm2) 

Moment of Inertia 
(mm4) 

H2Ri Fabric 767984 0.00150 0 
RS380i Fabric 671235 0.00104 0 

Clamp-Cell 200000000 0.00143 2.60 x 10-8 
Clamp-Fabric 200000000 0.01105 1.97 x 10-7 

Non-woven geotextile 100000 0.00126 0 
Sleeve 200000000 0.00762 3.69 x 10-8 

 
The support conditions (Figure 3) at the left and right side of the pullout box is modelled as a Fixed-X 

boundary condition, while the bottom is modelled with a Fixed-XY boundary condition. A Fixed-Y 
boundary condition was added to the top and bottom sleeves as these were fixed during the experimental 
tests. A Fixed-XY point boundary was added at clamp-cell beam just below the sleeve, and a Fixed-Y 
point boundary on the interface between the non-woven geotextile and the clamp-cell beam. These point 
boundaries were added as the clamp does not settle nor move during the in-situ and consolidation phases 
of the model. 

A global mesh size of 0.02 m was used, with the mesh having a quads and triangles pattern with sec-
ondary nodes. Interface elements were generated along the structural beams (fabric and clamp) with a 
thickness of 0.005 m. The mesh was refined to a length of 0.01 m along the structural beams. The mesh-
ing was done this way to prevent any instability during the analysis. 

After the in-situ analysis, a load-deformation analysis was conducted where the normal pressures in 
the experimental tests are applied to the top boundary surface of the model after which a constant dis-
placement rate of 1 mm/min was applied at point X. The boundary condition was modified to have the 
displacement rate in the x-direction with the y-direction still fixed. This ensured that there was no settle-
ment in the clamp, as observed in the experimental tests. 

4.2 Interface properties 

The interface properties obtained from the pullout tests are added to the top and bottom interface elements 
of the geotextile fabric in the numerical model. In the numerical model, a series of calibration tests were 
conducted to determine the effect of the interface to the results. Figure 5 shows the placement of the inter-
face properties on the clamp and the fabric. The interface properties of the clamp in the clamp-fabric and 
clamp-cell beam elements are the same. The interface properties were modelled as a slip-surface material 
model specific to SIGMA/W with the following properties: c’ = 0 kPa, ϕ’ = 0o, G = 0.1 kPa. This was 
done to eliminate the resistance of the clamp to the pullout force. Essentially, the pullout force is nil when 
the clamp is pulled out of the box when there is no geotextile fabric present in the model. 

 

 
Figure 5. Interface properties in the clamp and geotextile fabric 

Figure 6 shows the effect of clamp and fabric interface to the results of the numerical model. This was 
done to ensure that the results obtained from the numerical model will reasonably simulate the pullout 
tests conducted in the laboratory. The force along the fabric is almost the same for the fully bonded case 
and when the interface element is added only on the clamp side. In the fully bonded case, the force distri-
bution along the clamp starts around at 250 kN in the non-woven geotextile and decreases to about 100 
kN at the interface between the clamp and the geotextile fabric. The result is unrealistic because the 
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clamp is a rigid beam element and thus the force carried by it should be uniform along its length. The 
force carried by the clamp becomes constant when the slip-surface interface material is added to it. The 
slip-surface interface material ensures that the rigid clamp moves uniformly in point X and point Y based 
on the displacement rate specified. However, the response curve in the geotextile fabric is still the same 
because the interface material properties (with respect to G/W or G/NW) have not been added yet (dashed 
line in Figure 6). 

The interface material property was added to the geotextile fabric in addition to the slip-surface inter-
face material in the clamp and its effect is shown in Figure 6 (dotted lines). The numerical results under 
different applied pressures are then compared with the experimental results obtained from the pullout 
tests. 

 

 
Figure 6. Effect of clamp and fabric interface to the results of the numerical model 

4.3 Comparison of experimental and numerical results 

The preceding sections were used to establish the numerical models for the 25, 50, and 100 kPa normal 
pressures. Only the boundary condition at the top of the pullout box is changed during the consolidation 
and pullout phases. The net forces are presented as the effect of resistance of the clamp (interface in the 
clamp) has been removed already during the calibration of the numerical model by adding the slip-surface 
material model. Figures 7a, 8a, and 9a show the results of the numerical models superimposed with ex-
perimental results for the 25, 50, and 100 kPa, respectively. There is good agreement between the numer-
ical and experimental results and consistent that G/NW (non-wicking fabric) has less pullout resistance 
compared to G/W (wicking fabric).  

In Figure 8a, the net pullout forces recorded in the numerical model is still increasing after 55 mm for 
both geotextile fabrics although the experimental results have started decreasing because of slippage at 
the clamp. Similarly for the 100 kPa test (Figure 9a) a sudden breakpoint at 40 mm and 50mm was ob-
served in the experimental results but the numerical results are still increasing. Unlike the 50 kPa tests, 
the geotextile fabric for the 100 kPa tests ripped in front of the clamp which indicates tensile failure. Fig-
ures 7b, 8b, and 9b show the displacements along the G/W and G/NW models at different net pullout 
forces. As expected, larger displacements were observed at lower confining pressures. The displacements 
were also larger for G/NW at the same net pullout forces for the 50 kPa and 100 kPa tests. 

It is noteworthy to mention that the numerical results are idealized for a two-dimensional analysis, 
whereas the actual pullout test is a three-dimensional problem considering the boundaries confining the 
fabric. Additional tests will be conducted to confirm the experimental results, specifically testing the geo-
textile fabrics under optimum moisture conditions. This will provide additional insights to the contribu-
tion of the wicking function to the actual pullout capacity of the fabrics. Further calibration and refine-
ment of model parameters to closely match the experimental results are also warranted. 
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                      (a)                                              (b) 
Figure 7. For σn = 25 kPa: (a) modelled results compared with experimental data, and (b) modelled displacements 

between the two fabrics at different net pullout forces 

  

  
                     (a)                                              (b) 
Figure 8. For σn = 50 kPa: (a) modelled results compared with experimental data, and (b) modelled displacements 

between the two fabrics at different net pullout forces 

 

  
                     (a)                                              (b) 
Figure 9. For σn = 100 kPa: (a) modelled results compared with experimental data, and (b) modelled displacements 

between the two fabrics at different net pullout forces 
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5 SUMMARY 

A series of pullout tests were performed under different normal pressures of 25, 50 and 100 kPa for wick-
ing and non-wicking geotextile fabrics and were simulated in a commercially-available finite element 
software using the parameters obtained from the experimental results. The wicking function has been 
primarily used in applications for drainage and separation but not utilizing it as reinforcement. This paper 
addressed the benefits of using a wicking geotextile over a non-wicking one under saturated conditions. 
From the pullout tests conducted, the wicking geotextile has a greater interface friction angle compared 
with the non-wicking geotextile. The numerical models simulated also showed good agreement with test 
data. With this calibration, the numerical model can be used by designers to predict and determine ex-
pected responses of geotextile-reinforced saturated slopes. 
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