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1 INTRODUCTION 
 
Landslides are a serious global natural disaster that 
generally destroys construction and transportation 
infrastructure and possibly causes severe casualties 
and economic losses (Terzaghi 1936, Pei et al. 
2019). Geosynthetics have been extensively used in 
slope engineering, with the aim of improving slope 
stability (Fig. 1). A great number of attempts have 
been made to investigate how the use of geosynthet-
ics affects slope stability, of which a significant por-
tion has been conducted assuming the analyzed soils 
to be cohesionless (Leshchinsky & Boedecker 1989, 
Li & Yang, 2019). 

The homogenization procedure is based on the 
choice of the elementary volume which should be 
representative of the heterogeneous material. The 
choice of the Representative Elementary Volume 
(REV) size is an important point in the multiscale 
approach. Indeed, the REV is elementary, because it 
is considered a material point of the equivalent ho-
mogeneous medium, and it is possible to determine 
a unique macroscopic behavior for this volume (Be-
labdelouahab et al. 2018). The volume should be 
large enough that the results remain unchanged for a 
higher volume. The elementary volume must contain 
all the heterogeneities in the microstructure and also 
be small enough that the undergone solution remains 
macroscopically homogeneous (Belabdelouahab et 
al. 2018). 

The objective of this article is to contribute, by a 
numerical simulation, to the comprehension of the 
behavior of the soils reinforced under dynamic 
loading, and to more predict the behavior of the 
structures during their construction and in a state of 
service starting from the mechanical characteristics 

of each component of the studied device and their 
interfaces. 

However, the numerical simulation of the behav-
iour, and the stability analysis of this type of struc-
ture, remain a difficult problem, owing to the heter-
ogeneity of the reinforced soil combined with the 
large number of inclusions considered dimensionally 
very small comparing to that of the whole structure. 

 

 
Figure 1. Geotextile-reinforced slope under construction at Be-
jaia project in Algeria. 

 
By consequence, it is natural to propose a homoge-
nization method aiming on replacing the composite 
"soil-reinforcement" by an equivalent homogeneous 
medium, whose strength properties are anisotropic 
due to the preferential direction of reinforcements 
(De Buhan & Salençon 1986). 

Thus, an alternative approach founded on a mod-
eling so-called "multiphasic" by finite element 
method has been developed, by taking into account, 
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for our case, the effect of the position of the rein-
forcement, as well as the effect of interaction soil-
geotextile. 
 
 
2 METHODS AND MATERIALS  

2.1 Method used 

Hirsch-Dougill model is a two phases composite 
model for estimating the Young's modulus. For in-
stance, EHirsch expresses the Young's modulus of ge-
otextile reinforced soil. Hirsch-Dougill view the ma-
terial as a combination of serial (EReuss) and parallel 
(EVoight) models (Kurugöl, 2008, Belabdelouahab et 
al. 2018). See Equation 1 below: 
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For our case, the finite element method is used to 
predict the structural deformation in service and to 
provide data relating to the phase of construction. 

The analysis of the finite elements type of a soil-
geosynthetic structure has as a fundamental princi-
ple, the replacement of a continuum, in which varia-
bles of the problem can be determined exactly, by a 
set number of points which are the nodes of the ele-
ments. Between the nodes, the values of the variables 
or derived quantities are determined by interpola-
tion.  
 

 
Figure 2. The four cases of figure (a) Reference case, (b) Rein-
forced slope with e = 1 m, (c) Reinforced slope with e = 0.7 m, 
(d) Reinforced slope with e = 0.5 m 

 
Thus, the step consists in developing a numerical 
model based on certain parameters and simplifying 
assumptions, by the means of the finite element 
method. 

For this study, 4 cases stand out: a reference case 
"non-reinforced slope", and three cases with differ-
ent spacing of reinforced slope (Fig. 2). 

2.2 Materials used 

2.2.1 Geometry and loading conditions  

Geometrically, the slope that is the subject of this 
study, is a natural slope considered homogeneous 
whose physical properties are as follows (Fig. 3) 
- A total height of 7 m; 
- A specific height of the slope H of 5 m; 
- And an angle of inclination β of 55°. 
Mechanically the soil has a Young's modulus E of 
40 MPa, a Poisson coefficient ν of 0.3 and a density 
ρ of 1,700 10-9 ton/mm3. The essential properties of 
the two materials (soil and geotextile) are summa-
rized in Table 1. 

 

 
Figure 3. Slope geometry 

 
Table 1. The mechanical properties of materials 

 
The behavior of the soil is described according to 
Mohr Coulomb's criterion, statically the model is 
subjected to its own weight (Fig. 4), the cohesion 
brought by the geotextile is taken into account in the 
simulation by a friction coefficient, the solicitation 
dynamic is represented by an accelerogram of earth-
quake type El Centro (Fig. 5). 

 

 
Figure 4. Static Load 

 

Materials Properties 

Soil 
E = 40 MPa 
ρ = 1 700 kg / m3 
𝜈 = 0.3 

Geotextile  
E = 570 MPa 
ρ = 158.3 kg / m3 
𝜈 = 0.3 
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Figure 5. Dynamic Load 

 
It is important to note that the implicit static and dy-
namic finite element code (implicit Abaqus) is a rec-
ognized tool for its efficiency (Wang et al. 1998). It 
is adapted for modeling all types of materials: visco-
plastic, elastoplastic, and elasto-viscoplastic (Lazizi 
et al. 2011), which led us to opt for an implicit cal-
culation for the four cases of figure.  

1.1.2. Type of mesh applied and boundary condi-
tions 

Taking into account the geometry and the dimen-
sions of the elements of the model, as well as its na-
ture: extensible soil-reinforcement, the number of 
mesh of the finite elements, applied to this last one 
is none other than the hexahedron with 8 nodes for 
standard analysis in deformation, it is a continuous 
element "linear" relatively precise giving good re-
sults with the proviso of using a sufficient number of 
elements. 

For the referential case "slope non-reinforced" 
131142 nodes and 116830 elements are used, 
134332 nodes and 117170 elements are used for the 
second case, 138578 nodes and 119920 elements for 
the third one, and 141779 nodes and 121280 ele-
ments for the last case (Fig. 6). 
 

 
Figure 6. Studied cases (a) Reference case, (b) Reinforced slope 
with e = 1 m, (c) Reinforced slope with e = 0.7 m, (d) Rein-
forced slope with e = 0.5 m 

 

The boundary conditions are generated according to 
the following rules: 
- The vertical geometrical faces for which the 

coordinates (x,z) is equal to smallest and largest 
of the coordinates (x,z) of the model, are blocked 
horizontally (ux = uz = 0). 

- The geometrical faces for which the coordinates 
(y,z) is equal to the smallest coordinates (y,z) of 
the model are entirely blocked (ux = uy = uz =0). 

 
 
3 RESULTS 
 
The implicit static and dynamic finite element code 
gives results in the form of Von-Mises constraints 
and displacement. 
 

 
Figure 7. Maximum U2 settlement of referential slope. 

 
Von Mises constraints are determined at three points 
1, 2, and 3, which correspond respectively to the top, 
two-thirds, and one-third of the slope (Table 2). A 
code using a simple format is used locate the points 
PXY for case x, level y. For example P42 correspond 
to case 4 and point 2 at two-thirds level of the slope. 

 

 
Figure 8. Horizontal displacement U1 of reference slope 

 
Under the effect of its own weight and the thrust of 
the land, the slope tends to compact and move 
(Fig. 7). 

According to the results of (Fig. 8), there are two 
types of horizontal displacement at two different 
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zones, a positive displacement at the top of the slope, 
and a negative displacement at its base. The latter is 
higher than that of the summit, probably due to the 
thrust of land that is more important at this level. 

 
Table 2. Von Mises constraints for the 4 studied cases. 

Point Node 
Constraint 

(MPa) 

Case 1: Non-reinforced Slope (case of reference) 

P11 119348 0.0401 
P12 124885 0.4001 
P13 127104 0.7843 

Case 2: Reinforced slope with spacing of 1 m 

P21 1 0.0147 
P22 5063 0.2131 
P23 2269 0.4077 

Case 3: Reinforced slope with spacing of 0.7 m 

P31 5661 0.0142 
P32 1697 0.2088 
P33 3391 0.4117 

Case 4: Reinforced slope with spacing of 0.5 m 

P41 1 0.0145 
P42 1697 0.2119 

P43 2269 0.4124 

 
To be able to distinguish the effect of the number of 
geotextile layers on the soil, a series of curves, which 
illustrates the corresponding settlement along the up-
per surface of the reinforced part, will be presented 
for the four studied cases. 

 

 
Figure 9. Settlement for the four cases. 

 
 

4 DISCUSSION 
 
Although the Von Mises criterion is recommended 
for homogeneous isotropic materials and more for 
soils that are consistent with rigid reinforcement 
such as piles (Yang & Jeremi 2002) and that this cri-
terion is insensitive to hydrostatic pressure (Oudin 
2009), the choice for this criterion is justified by the 
following points: 
- Consideration of the nonlinear behavior of the 

soil, under seismic excitations. 

- The soil reinforced by geotextiles is defined as a 
matrix reinforced by flexible sheets, the interface 
is very difficult to model, for this and for lack of 
data relating to the two materials (soil - 
geotextile), the criterion of Von Mises is used. 

The values of the Von Mises stress during the dy-
namic phase are greater compared to that of the static 
phase. For point 1, the value of the Von Mises stress 
decreases in the presence of the geotextiles com-
pared to the reference case, then it's observed an in-
crease in the constraint when the spacing between 
the plies becomes 0.5 m. It is the same for the other 
two points 2 and 3. 

In Figure 9 it's possible to distinguish the effect of 
geotextiles on soil compaction. For the reference 
case a maximum settlement of 173.951 mm is noted, 
for the second case a settlement of 91.574 mm, for 
the third a settlement of 90.706 mm, and for the last 
case a settlement of 89.766 mm is noted. 
 
 
5 CONCLUSION 
 
An attempt has been made to model the behavior of 
geotextile-reinforced soil and a numerical analysis to 
determine the effect of different parameters on the 
behavior of a slope (reinforced or not), under dy-
namic solicitation. It's concluded that: 
- A considerable decrease in U2 vertical 

displacements, or soil settlements in the presence 
of geotextiles. 

- A reduction in the Von Mises constraint of 
geotextile reinforced soil, compared to the 
referential case, then an increase in the constraint 
when the spacing between the layers decreases. 
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