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ABSTRACT: Geogrids, a type of geosynthetic material composed of polymers, have found extensive use in transportation, infrastructure, 
and structural projects. They are commonly employed for soil stabilization purposes, ranging from reinforcing walls to strengthening 
subgrade soils or embankments. There is also a growing potential for geogrids to be utilized in remote sensing applications. To predict the 
horizontal displacement (Ux) and safety factor (Fs) of a synthetic retaining wall, finite element software is utilized for studying the impact of 
soil properties and reinforcement parameters, the vertical spacing between reinforcements (Sv), their length (L), and their normal stiffness 
(EA). The extent of influence from various factors is assessed through a grey relational grade analysis. Subsequently, the input layer 
parameters for the response surface methodology (RSM) of the central composite design (CCD) type are determined based on the outcomes 
of the grey relational grade analysis. The horizontal displacement  and safety factor  are predicted using numerical simulation with Plaxis 2D 
results.This paper presents a study of a synthetic retaining wall using an composite central type fractional digital experiment plan. The 
functional relationship between the output variables (horizontal displacement and safety factor) and the input variables (L, Sv, EA) was 
expressed with determination coefficients (R2 = 99.63% for Ux and R2 = 99.95% for Fs). These coefficients represent the ratio between the 
variation due to the model and the total variation. This high level of determination indicates that the model is well-fitted for both responses, 
confirming its adequacy. Therefore, central composite  design  models can be adopted to solve geotechnical problems, especially those 
related to synthetic retaining walls, which possess a highly complex and nonlinear structure. 
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1. INTRODUCTION 

Until the end of the 9th century, soil retention was achieved solely 
through the weight of a massive structure. Following the invention 
of reinforced concrete and its rapid development in the early 20th 
century, reinforced concrete retaining walls were constructed, in 
which soil above the backfill contributes to the wall's stability. 
However, the entire lateral pressure is absorbed by the reinforced 
concrete panel. In 1963, Henri Vidal (Leshchinsky, 2004) combined 
sturdy metal reinforcements capable of withstanding tension, giving 
birth to a new composite material: reinforced soil. 

The first application of a geotextile, a thick cotton weave, in 
road construction was in 1926 (Beckham, 1935) by the Department 
of Highway Research in South Carolina. Until the deterioration of 
the weave, the road remained in good condition and the use of the 
geotextile has significantly reduced localized cracks and breaks in 
the pavement. A geotextile made from synthetic fibers with 
functions in filtration and protection against coastal erosion was 
used in 1950 in Florida (Barret, 1966). This application against 
erosion was then widely developed in the 1960s. In Europe, the first 
applications of geotextile materials were made in the early 1960s in 
the construction and renovation of large embankments and dykes for 
the protection of lowlands along the North Sea coast of the 
Netherlands, after the major floods in the winter of 1953 (Gicot, 
1982). So thegeosynthetics have been used in a wide range of 
applications such as transportation, geotechnical, environmental 
andhydraulics (Jongvivatsakul et al., 2018) Many geosynthetic 
materials have been developed to stabilise soil slopes while also 
being environmentally friendly and convenient for construction 
(Ngo, 2019). 

Recently, Ramdit (Jirawattanasomkul et al., 2019) and 
Jongvivatsakul et al. (Jirawattanasomkul et al., 2019) have 
introduced a manufactural made GCCM, which comprised of two 
geotextile layers and cement powder. The top non-woven geotextile, 
the middle cement powder layer and the bottom woven geotextile 

are fabricated by hot needles punching. In the final product, the 
GCCM in a sandwich manner has a uniform thickness and a 
relatively light weight. The GCCM must be hydrated by water 
spraying after installing on ground to make it harden 
(Jirawattanasomkul et al., 2019). Due to its high stiffness, strength 
and water tightness, the GCCM has been employed in many 
geotechnical application such as slope protection and soil erosion 
control (Jirawattanasomkul et al., 2019). Since the GCCM is a 
manufactural product, its properties is more uniform comparing with 
other in-placed slope protection materials like shotcrete. In addition, 
the GCCM has relatively light weight, so it is simple to install in the 
slope area. However, the numerical study of GCCM is still limited, 
and the constitutive model and its parameters are important for FEA 
(Jirawattanasomkul et al., 2019). 

Another technique developed in the field of geotechnics which 
is geosynthetic-reinforced granular fill-soft soil system is now being 
used frequently and in recent years, geosynthetics have se en rapidly 
increasing usage in geotechnical engineering applications(Ngo et al., 
2023) as base for unpaved roads,shallow foundation, storage tanks, 
heavy industrial equipment, in embankment fills and car parks. The 
purpose of the fill is to provide a suitable operating surface on which 
concentrated loads may be carried without thesubgrade failing or 
deforming excessively (Laxmikant, 2013). It is now common 
practice to use layer of geotextile or geogrid at thebase or within the 
fill layer to improve its bearing capacity by the structural action of 
geogrid. The behaviour of such a system is complex and number of 
study have been done notably by (Giroud,1981); (Fragaszyand, 
1984); (Love, 1987); (Verma, 1986); (Carrolll, 1987); (Mahmoud, 
1989); (Mandal, 1995), and other researchers such as(Sukkarak, 
2021) study the feasibility of a geogrid-encased deep cement mixing 
(EDCM) pile for enhancing the load-carrying capacity (Qult) of a 
conventional deep cement mixing (DCM) pile, the geogrid 
encasement effectively improves the Qult of the DCM piles by a 
factor of two. With the additional confinement provided by the 
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geogrid encasement, the geogrid can also provide a greater 
contribution to the loading transfer. The increase in Qult became 
more significant with a lower strength of the DCM (Sukkarak, 2021) 
The same thing a research developed by (Jirawattanasomkul et 
al., 2018) used a model by a finite element modelling of a 
new geosynthetic cementitious composite material called GCCM. 
The framework adopted a concept of concrete externally bonded by 
fibre-reinforced polymer (FRP). The existing bond-slip model was 
used to predict a flexural behaviour of GCCM. The geosynthetic 
reinforced soil retaining walls are greatly appreciated thanks to their 
effective performance, high resistance to dynamic loading and 
economic benefit compared to the conventional retaining walls 
(Masini, 2015, Santhanakumar, 2015; Gaudio, 2018). They are used 
for transportation construction like in roads, highways, bridges and 
railway structures, as well as for industrial and protective structures, 
for dams, mining structures, in addition to their use for commercial 
and public structures. The vital role of geosynthetic reinforced soil 
walls, can be explained by their multiple applications. Safety 
constitutes the great challenge of the urban development space 
(Hicham Alhajj, 2016).  

Reinforced soil retaining walls are structures composed of 
structural (retaining walls) and geotechnical (soil reinforcement) 
elements. This construction technique has become popular since its 
invention by the French architect and engineer Henri Vidal in the 
early 1960 (Leshchinsky, 2004). The construction method is based 
on the association of a compacted backfill and strip reinforcement 
elements connected to the wall facing. The reinforcements improve 
significantly the soil mass shear strength due to the soil 
reinforcement interaction. The reinforcements generally used in 
these structures are made of steel (inextensible materials). However, 
in aggressive environments, these metal reinforcements are replaced 
by non-corrodible geosynthetic reinforcements, which have a higher 
extensibility than the metal ones (Hicham Alhajj, 2016). 

The primary objective of the preceding studies is to investigate 
the impact of certain parameters on the stability of a synthetic 
retaining wall. The obtained results demonstrate that greater 
stiffness in the facing corresponds to increased wall stability. The 
forces within the reinforcement elements amplify with the increased 
stiffness of the facing, particularly at the connection points situated 
behind the facing. Furthermore, the line of maximum traction 
approaches the facing as its stiffness becomes greater. 

Numerous studies involving both reduced and full-scale models, 
subjected to head overloading or not, have examined the effects of 
reinforcement density and load inclination (Huang, 2004). These 
studies have revealed that structural stability increases with higher 
reinforcement density. In cases of models subjected to head 
overloading, reducing the vertical spacing between reinforcement 
layers enhances critical height and load-bearing capacity. 

(Abe, 2017a), after a series of tests on walls reinforced by 
centrifugal geosynthetics overloaded uniformly on the surface, 
studied the influence of the length of reinforcement on the stability, 
he concludes that the stability of such structures requires a minimum 
aquifer length, and beyond a certain aquifer length, the contribution 
is negligible. (Abe, 2017B) also concludes that the failure surface, 
for all of these tests, is flat and that the angle of inclination, 
measured relative to the vertical, is a function of the lengths of the 
reinforcement plies. We also note that with respect to the horizontal 
the fracture surfaces make angles between 51.5 and 62 degrees. 

(Wilson-Jones, 1992), carried out a series of tests on two-
dimensional analog scale models of Schneebeli without overhead 
overload by varying the inclination of the facing (β = 60°, 80° and 
90°) and the length of the layers. Scale models reinforced by metal 
reinforcements have also shown that the length of the 
reinforcements does not bring any gain in stability beyond a certain 
limit. 

The influence of reinforcement stiffness has been analyzed by 
several authors (Bingquan, 2009; Bathurst, 2009 , Hardiyatmo, 
1995). The rigidity of the reinforcement improves the stability of the 
structures. To better understand the mechanisms of reinforcement by 
flexible inclusions, (Bingquan, 2009), carried out two tests on scale 

models of walls with vertical facing and enveloped face, overloaded 
locally at the top. Two geotextiles with different mechanical 
characteristics were used (Tf = 2.8 kN/m, εf = 25% and Tf = 5.1 
kN/m, εf = 40%). The breaking load of the model reinforced by the 
geotextile (Tf = 5.1 kN/m) is significantly higher. The dismantling 
of the two models, after rupture did not reveal any rupture of the 
water table, the ruin of the two models occurred by lack of 
anchoring. 

With the increasing growth in the use of science and technology 
in solving everyday life problems, the need for methods that 
understand complex and ambiguous problems becomes greatly 
inevitable. Soft computing is an emerging collection of various 
methodologies aimed at finding a balance to poor precision, 
uncertainty, and unclear truth by applying a collection of statistical, 
probabilistic, and optimization tools in analyzing sets of data, 
classify the data, identify new patterns and predict next trends 
within the shortest convenient time.  

Optimization leads to the maximizing or minimizing of 
functions by choosing input values or functions from a certain 
parameter set or range. Different deterministic and stochastic 
optimization schemes are available (Boumezerane, 2022), (Lakhal, 
2017). Popular deterministic approaches are response surface 
methods, gradient-based strategies and others. On the other hand, 
typical stochastic approaches are widespread and they include: 
evolutionary algorithms, neural network approaches, particle swarm 
algorithms or the fuzzy logic theory-based methods. Optimization 
can be mono-objective where an optimum is searched for one 
function or multi-objective, where an optimum is searched not only 
for one parameter or function, but for several and sometimes also 
contradictory objective functions (Pareto optimization) 
(Boumezerane, 2022). 

(Wong, 1985) performed reliability analysis of soil slopes using 
response surfaces method (RSM). (Humphreys,1993) analysed a 
slope stability problem using results of finite difference method and 
regression analysis (Lakhal, 2011), (Tandjiria,2000) used response 
surface method for reliability analysis of laterally loaded piles. 
(Sivakumar,2007) presented a study on the analysis of allowable 
bearing pressures on shallow foundation using response surface 
method.  

Response surface methodology (RSM) is an optimization 
procedure, which represents empirical modeling, that can be used to 
develop a relationship between process factors and experimental 
output (Abdulhameed, 2021). RSM has been one of the most useful 
tools to explain and establish the mathematical relation between 
input variables and the output responses (Adamu et al., 2021). One 
of the advantages of RSM is that it is more beneficial in the 
conditions where there is need to investigate the effect of several 
variables on one or more responses to minimize the number of 
experiments required (Adamu et al., 2021). The individual and 
combined effect of independent variables on desired response 
parameters were measured to build a mathematical model (Ebba, 
2022). RSM has many advantages over the traditional time-
consuming approach of analyzing one variable at a time: cost-
effective and time-saving approach with less number of 
experimental runs, assessing the interaction effect of the 
independent variables on desired response, and modeling of the 
selected responses (Ebba, 2022), (Ghelich, 2019). The central 
composite design (CCD) and Box–Behnken design (BBD) are the 
most common design types of RSM (Ebba, 2022), (Somayajula, 
2012). The CCD method is made of a two-level factor design and 
each factor has five different levels. CCD usually have axial points 
outside the “cube”, which tests at extreme conditions and those 
points may not be in the region of interest. On the other hand, in the 
BBD method, each factor has three different levels and no axial 
points outside the specified limits. The BBD method is more 
practical because it often requires fewer design points to fall within 
the operating range and the number of experiments in the BBD 
method is usually less than that in CCD (Salari, 2022). 

The object of this work concerns the numerical modeling and 
the optimization of the parameters influencing the stability of a 
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retaining wall reinforced by geogrid, by the use of the method of the 
response surfaces via the numerical plans of experiments. Initially 
through the determination of a geotechnical model, said reference 
and to develop a numerical model to simulate the behavior of the 
reinforced wall, and secondly the choice of a plan of numerical 
experiments as a support for modeling the wall based on the 
reinforcement parameters, namely the vertical spacing between 
reinforcements (Sv), its length (L) and its normal stiffness (EA). The 
use of experimental plans leads to establishing a plan, including the 
maximum precision in the results with a minimum of experiments. 

For our study, according to our parameters, a composite central-
type response surface paln L26, contains an incorporated factorial or 
fractional plane with central points increased by a group of star 
points allowing the curvature to be estimated.  The statistical tool 
analysis of variance (ANOVA) was used to analyze the obtained 
results.  
 
2. METHODS AND MATERIALS 

2.1 Modeling by Plaxis 2D  

The use of numerical methods, the elasto-plastic finite element 
analysis and the limit analysis finite element method are the most 
comprehensive approach to investigate the performance of 
reinforced soil walls under seismic loading. The use of the 
numerical limit analysis remains limited in engineering practice. 
Many studies are conducted in the literature to assess numerically 
the performance of reinforced soil retaining walls under static and 
dynamic loading (Hicham Alhajj, 2016). 

Several studies of the failure behavior of cell walls reinforced 
with geosynthetics are digitally processed using software including: 
code Finite element (FEM, Plaxis) (Guler, 2002). The fracture 
mechanisms obtained are compared with classical design methods at 
limit equilibrium. In the case of cohesive or pulverulent backfill 
materials, the failure mechanisms developed numerically tend 
towards a sliding mechanism. 

The same approach is presented by on a structure (Guler, 2002) 
with cellular facing with connections to the reinforcements by 
HDPE geogrids. Analysis using a finite element code (SAGE) 
makes it possible to locate the most stressed level of reinforcement 
and to obtain critical values 20% lower than those given by the 
classic dimensioning method (CARTAGE).  
 
2.2  Design Experiment (Central Composite Design –CCD) 

In statistics, a central composite design is an experimental design, 
useful in response surface methodology, for building models, 
evaluating the effects (Lakehal, 2017) of factors and searching for 
the optimum conditions for the response variable without needing to 
use a complete three-level factorial experiment; this technique has 
been successfully used in slope stability analysis. A prior knowledge 
and understanding of the process and the process variables under 
investigation are necessary for achieving a more realistic model. In 
this study, CCD is performed to estimate the performance function 
of the quadratic model for optimizing the process. The independent 
variables are transformed into code level range from –1 to +1 
interval where the low and high levels code as –1 and +1, 
respectively (Lakehal, 2017). The axial points are located at the 
value of +α and –α where α is the distance of the axial point from 
the centre and performs the design rotatable in this study we use the 
characteristic of face cantered star point, the centre points coded as 
0. In this study a 2(m) +2*(m), two levels; (m) variable were used, 
for two variables, the model obtained was expressed as follows 
(Lakehal, 2017): 
 
𝑌 = 𝑎! + 𝑎"𝑋" + 𝑎#𝑋# + 𝑎""𝑋""# + 𝑎##𝑋### + 𝑎"#𝑋"##                  (1) 

 
Where (Lakehal, 2017): Y = the measured response, a0 = the 

intercept term, a1, a2 = linear coefficients, a12 = the logarithmic 
coefficient, a11, a22 = quadratic coefficients, X1, X2 = coded 
independent variables.  

2.3  Stability of a Synthetic Retaining Wall and Design
 Experiment  

Plaxis 2D modeling method linking with design experiment (central 
composite design), was applied to estimate the effect of main 
geotechnical parameters on safety factor with a geometric designs of 
(the calculation model) Figure 1 shows the profile type used in the 
simulation process by Plaxis 2D software .  

In this study, a set of input and output data are prepared, and a 
central composite design CCD is used for developing the function of 
the quadratic model, the effect of variation of materials proprieties 
are studied (Lakehal, 2011). All data selected for developing the 
function of the quadratic model are obtained from stability analyses 
of 26 cases of stability of a synthetic retaining wall using the 
commercial software Plaxis 2D. the geotechnical properties of 
construction materials are given in Tables below.   
 
3. CHARACTERISTICS OF MATERIALS 

The characteristics of material predicted for numerical modelling 
included the structural elements material, soil and interface 
parameters and geogrid elements. The parameters used in the wall 
are briefly described in the following section.  
 
3.1 Parameters of Structural Elements (the Wall) 

We are going to model the wall by plate element with a linear elastic 
(Table 1) behavior model. This model is characterized by two 
properties, A normal stiffness EA and a bending stiffness EI. 
 
Table 1  Characteristics of the wall 
Parameters Name Unit Value 
Type of behavior Material Type - Elastic 

Normal stiffness EA KN/m 6,6 ´105 

bending stiffness EI KNm2/m 4,95´103 

Poisson  ratio n - 0,15 

Dry unit weight γ  kN/m3 24  
Weight  W KN/m/m 7,2 
Thickness  D M 0.3 

 
3.2 Reinforcement Geogrids 

Geogrids are modeled using structural elements called “geogrid” in 
plaxis software (Table 2). These elements have only one necessary 
property, it is the axial stiffness EA. 
 
Table  2  Characteristics of geogrids 
Parameters Name Value Unit 
Type of behavior  Material Type - Elastic 
Normal stiffness EA 1000 kN/m 

 
3.3 Soil and Interface Parameters  

The behavior of the soil is characterized by the parameters 
summarized in Table 3. A perfectly plastic elastic linear model with 
the Mohr-Coulomb plasticity criterion included in the PLAXIS code 
is used to  model the behavior of the different soil layers. 
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Table 3  Soil parameters 

 
4. GEOMETRY OF THE MODELED WALL 

Figure 1 illustrates the cross section of the studied models geometry.  
A 15 noded triangular element is selected in this analysis.The global 
coarseness is set to medium, thus the number of elements generated 
(Surarak et al., 2012) is approximately 2345 elements.It should be 
noted that the analysis will be carried out in “plain strains” or 
axisymmetry; the figure shows the boundary conditions. The 
vertical limit of the model is fixed in the horizontal direction but 
free to move in the vertical direction, at the base the model is 
assumed to be fixed in both directions (horizontal and vertical).  

The case studied consists in analyzing the behavior of a 
retaining wall reinforced by geogrids. The model is made up of two 
layers, an embankment with a height of H=6 m reinforced by a 
standard wall with an L-shaped vertical facing and 6 layers of 
geogrids, the foundation soil with a height of h=4 m and 30 m in 
length presented in Figure 1. The reinforcement of this wall was 
carried out by layers of geogrids spaced 1m vertically and extending 
over a length of: L= 0.5×6 = 3m. Concerning the boundary 
conditions, the displacements at the base of the model are blocked in 
both horizontal and vertical directions, while only horizontal 
movements are blocked on the side edges. 

The digital model is continuously updated by adding the ground 
and the geogrid sheets in stages, which represents the order of 
construction of the actual walls. The first reinforcement layer is 
always installed at an altitude of 0.50 m on the first layer of soil and 
the first block of the wall. Then, layers of geogrid are installed 
according to the spacing of reinforcement Sv= 1m up to the total 
height of the backfill. The last phase includes a safety analysis 
according to the “φ/c reduction” method.  

 
 

 
Figure 1  Numerical model components 

 
4.1 Numeric Program  

In this stady, according to our parameters, we chose a response 
surface plan of the central composite L26 type. For this purpose, it is 
first necessary to choose the factors and their levels of variation, our 
model comprises three factors of influence (the length of the 
geogrids (L), the spacing between the geogrids (Sv) and the normal 

rigidity of the geogrids (EA) and each factor has two levels (max 
and min), the variation interval of each parameter of which is 
presented in the Table 4.  

 
Table 4  Range of variation of the parameters to be optimized 

Input Parameters Levels of variation 
 Minimum value  Maximum value 
L (m) 3 9 
Sv (m) 1 2 
EA(KN/m) 2000 4000 

 
5.  RESULTS AND DISCUSSIONS 

In this study, a composite central type response surface (L26) panel 
was chosen. of three parameters, with two modalities by parameters 
and the number of interactions make it possible to find the plan best 
adapted to the problem of the wall reinforced by geogrids. Each line 
corresponds to a model to be produced digitally by the Plaxis 2D 
software, so 26 digital models must be produced in accordance with 
the data in the Table 5. The results of the modeling in terms of 
horizontal displacement and the safety factor are presented in Table 
5. These results are obtained following the various combinations in 
accordance with the matrix of planning of the experiments for a paln 
of response surface type central composite L26. 
 
Table 5  Plan of experiments L26 in parameter values 

N°  Factors Responses 
 L (m) Sv(m) EA(KN/m) Ux (m) Fs 
1 9 1 2000 0,6892 2,48 
2 9 1 3000 0,9050 2,47 
3 9 1 4000 0,8210 2,47 
4 9 1,5 2000 1,0150 2,47 
5 9 1,5 3000 1,2500 2,48 
6 9 1,5 4000 0,9908 2,47 
7 9 2 2000 0,4790 2,43 
8 9 2 3000 0,6230 2,45 
9 9 2 4000 1,1000 2,45 
10 6 1 2000 1,7631 2,14 
11 6 1 3000 1,1252 2,14 
12 6 1 4000 1,7170 2,14 
13 6 1,5 2000 1,8010 2,13 
14 6 1,5 3000 1,1100 2,13 
15 6 1,5 4000 1,1700 2,13 
16 6 2 2000 0,7800 2,10 
17 6 2 3000 2,0700 2,10 
18 6 2 4000 1,2370 2,09 
19 3 1 2000 0,1870 1,69 
20 3 1 3000 0,9850 1,68 
21 3 1 4000 1,9500 1,69 
22 3 1,5 3000 0,3620 1,63 
23 3 1,5 4000 1,5500 1,63 
24 3 2 2000 0,2240 1,58 
25 3 2 3000 0,2370 1,58 
26 3 2 4000 0,5640 1,59 

 
5.1 Influence of Geogrid Length 

In order to understand the effect of geogrid length on wall response, 
models with different lengths were analyzed with vertical spacing 
Sv=1m and L/H ratios of 0, 67, 1 and 1, 5, respectively.  

Parameters Name Unit Backfill 
(Sand) 

Foundati-
on soil 

Model type Model - Mohr-
Coulomb 

Mohr-
Coulomb 

Type of behaviour Type - Drained Drained 
Dry unit weight gunsat KN/m3 17 18 
Saturated unit  
weight 

gsat KN/m3 20 21 

Young's modulus Eref KN/m2 3´104 6´104 
Poisson  ratio n / 0.30 0,30 
Cohesion C KN/m2 1 25 
Friction angle j (°) 35 20 
Angle of dilatancy Ψ (°) 0 0 

10m 

Geogrid 
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The reading of the calculation results for the two cases of the 
spacing (Sv=1m and Sv=0,5) is presented in Figure 2 below.  

It can be seen from the graph that when the layers of the 
geogrids have a spacing of 1m, the wall undergoes a greater 
displacement compared to the wall for which the geogrids have a 
spacing of 0,5 m. Whereas in the first case (SV=1m) we note that 
when the length of the sheets decreases, there is an increase in 
thedisplacement of the wall, which is more significant when L goes 
from 6m to 9m. 
 

 
Figure 2  Horizontal displacement of the wall for different 

length cases 
 

 
Figure 3  Safety factors depending on the length ( SV=1m and 

Sv=0,5m) 
 

It should be noted that through the manipulation of geogrid layer 
lengths, we observed corresponding variations in safety coefficients 
(Figure 2). Calculated safety coefficient values increase as the 
length of the geogrids increases. Your original paragraph is already 
quite clear, but this rephrasing might help avoid any potential 
confusion. 

 
5.2 Influence of Vertical Spacing between Geogrid Sheets 

In this phase of the study, the length of the geosynthetic layers is 
constant (L=3 m) according to the dimensioning method: L= 0.5*H 
= 0,5 x 6 = 3 m. 

 

Figure 4  Horizontal displacement of the wall for different 
spacing cases 

 
The vertical spacing between the horizontal layers of geogrids has a 
non-negligible and very remarkable effect on the behavior of the 
reinforced wall and on its overall stability. Decreasing the vertical 
spacing means increasing the number of geogrid layers. The number 
of layers for a spacing of 1 m is twice that of 2 m. It is obvious that 
this increase in the number of layers contributes to the stabilization 
of the wall and to the reduction of the horizontal displacement of the 
wall (See Figure 4). The results obtained show that the horizontal 
displacement is inversely proportional to the spacing between the 
layers. 

In the other hand (Figure 5), it can be concluded that the 
calculated values of the safety factor decrease when the spacing 
increases, It's results are similar to those of (Surarak et al., 2012). 

 

 
Figure 5  Safety factor as a function of spacing Sv (L=3m) 

 
In what follows, the spacing between geogrids is varied, and for 
each spacing by varying the length, the choice of the spacing 
between the layers of reinforcements is made for four values 
(SV=0,5, SV=1,50m and SV= 2,00m) and an L/H ratio having the 
values 0,.5, 0,67, 1 and 1.5. The results obtained represented in the 
form of a graph in Figure 6 for different models. 
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Figure 6  Horizontal displacements of the wall for different cases 

of lengths 
 

The use of a number of reinforcement sheets in the ground seems to 
have a slight influence on the evolution of the horizontal 
displacement in the structure, especially at the level of the location 
of the geogrids. Indeed, increasing the number of layers of geogrids 
reduces this displacement and therefore acts in the direction of the 
stability of the structure (the spacing of 0.5m is the spacing which 
gives the minimum displacements). 

 

 
Figure 7  Safety factor according to spacing 

 
According to the graphs of Figure 7 we can deduce that the safety 
factor increases when the length of geogrid increases and when we 
increase the length of the layers of geogrid and we decrease the 
spacings we see that the safety factor increases it's results are similar 
to those of (Hicham Alhajj, 2016). 
 
5.3 Influence of Normal Geogrid Stifness Normal Geogrid 

Stiffness 

In this phase we change the normal stiffness of the geogrid to see 
their influence on the reinforced wall (L=3m and Sv=1m are fixed 
from the previous study), the normal stiffness of the geogrid varies 
as follows: EA=( 2000KN/m, 3000KN/m and  4000KN/m).  

The influence of the stiffness on the horizontal displacement in 
the stabilized and reinforced soil mass is given in Figure 8, The 
results of the simulations show that the horizontal displacement of 
the wall decreased when the stiffness of the geogrids increases and 
clearly shows the importance of geogrid stiffness it's results are 
similar to those of (Hicham Alhajj, 2016). 
 

 
Figure 8  Safety factor according to normal stiffness (L=3m) 

 
It should be noted that by varying the normal stiffness of the 
geogrids we recorded a variation in the safety factors (Figure 9). The 
calculated values of the safety factor indicate that by increasing the 
axial stiffness (EA) and keeping the constant spacing between 
geogrids, it is found that the safety factor increases until the axial 
stiffness reaches 2000 KN/m where it becomes constant and which 
gives better stability. 
 

 
Figure 9  Safety factor according to the normal stiffness of 

geogilles (L=3m) 
 

We note that in the case of high rigidity geogrids (EA=4000 kN/m) 
spaced 0.5m and 1m apart, the displacement of the wall is low with 
a slight increase whatever the length of the geogrid (6 m or 9 m). 

However, in the case of low stiffness, the displacements are 
inversely proportional to the length and the spacing between them. 
 
5.4 Influence of the Mechanical Properties of the Reinforced 

Soil Mechanical Properties of the Reinforced Soil 
(Backfill) 

The influence of the mechanical properties of the reinforced 
embankment, is analyzed in this study, we keep the same parameters 
as the previous one except the change of the mechanical properties 
of the soil (the embankment, case of a coherent soil), and the same 
data which already fixed from the previous study (EA= 1000KN/m, 
Sv=1m and L=3m). 

The length of the geogrid sheets is: L/H=0,5 ( L=3m) ;L/H=0,67 
(L=4,02) ; L/H=1(L=6m) and L/H=1,5(L=9), the axial stiffness of, 
the geogrid EA = 1000 kN/m, the cohesion C =35kN/m2. And the 
angle of friction φ=5 °. 

Examples of the distribution of horizontal displacements and the 
safety factors in this case for different lengths of the geogrids, and 
spacing Sv are shown in the Figure 10 below. 
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Figure 10  Comparison of horizontal displacements 

 
We note that in the case of cohesive soils (C=35kN/m2), the 
horizontal displacements of the wall decrease almost by about 12% 
mm compared to pulverulent soils which reach higher values when 
the spacing is large (spacing of 2m) regardless of the variation in 
length (see Figure 10). We can deduce that for a coherent soil the 
horizontal displacement see very significant decreases depending on 
the spacing of the layers of geogrids as well as their length. 

In the case of cohesive soils, the variation of safety factors has 
practically the same trend, it should be noted that when the granular 
backfill varies with a coherent backfill, the safety factor increases, 
thus promoting safety (Figure 11). Its results are similar to those 
of(Hicham Alhajj, 2016). 

 
Figure 11  Comparison of safety factors 

 
5.5 Influence of Overload 

A uniformly distributed overload (Bencheikh, 2021) of 50 kPa is 
applied to the surface of the soil mass over a width B=6m. The data 
already fixed from the previous study (EA=1000KN/m). 

 

 
Figure 12  Horizontal displacement behind the wall without and 

with overload for L=3m 
 

In Figure 12, it can be clearly seen that the horizontal displacement 
of the wall increases with the presence of the live load. 
 

 
Figure 13  Safety factor according to the lengths without and 

with overload 
 

From the graphs in Figure 13, it can be deduced that the safety 
factor with overload decreases compared to the safety factor without 
overload, this is logical because the presence of the overload has a 
considerable influence on the stability of the wall. 
 
6.  STATISTICAL ANALYSIS AND RSM MODELING 
 ANOVA RESULTS 

The accuracy of the model was further justified through analysis of 
variance (ANOVA). For the two response surfaces models of safety 
factor and horizontal displacement Ux , The analysis of variance 
ANOVA presented in Tables 6 and 7,  The statistical significance of 
quadratic prediction models is evaluated using the P-value and F-
value from ANOVA (Ebba, 2022).In the ANOVA table, the P-value 
represents the probability (ranging from 0 to 1) that the observed 
results in a study (or more extreme results) could have occurred by 
chance. If P > 0.05, the parameter is considered insignificant; if P < 
0.05, the parameter is considered significant. 

The results displayed in the analysis of variance table indicate 
that the two models are significant since the probability of 
significance of the risk p-value is less than 0.05, so we can say that 
the two models are well adjusted. Therefore, both models can be 
used to navigate the entire space of the experimental domain. 

The ANOVA analysis of variance for the horizontal 
displacement Ux are presented in Table 4. The functional 
relationship between the output variables (horizontal displacement 
and safety factor) and the input variables (L, Sv, EA) was expressed 
with a coefficient of determination (R2= 99.63% for Ux and R2= 
99.95% for Fs) which is the ratio between the variation due to the 
model and the total variation, shows that the model has a good 
adjustment for the two answers. The table also indicates the value of 
the residual standard deviation, the value of the average of the 
responses and the number of tests carried out. 

On the other hand, the analysis of variance ANOVA presented 
in Table 6, shows that the normal stiffness of the geogrids (EA) and 
the length of the geogrids, are the most important factors in the 
recess of the wall reinforced by geogrids, their contributions are 
16.58%, for the geogrid normal stiffness (EA) is 96.61% for the 
length of the geogrids, then the geogrid spacing (Sv) with a 
percentage contribution of 11.84%. Therefore, the regression is 
highly significant and the model for each response is deemed to be 
consistent. 

For interaction terms (L*EA, Sv*EA) have small contributions 
and the quadratic term (EA2)  hasno significant effect on the result. 
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Abbreviations used in the results tables of ANOVA: 
 
SS: Sum Squares ; 
MS: Mean ofSquares ; 
C% :  % of  Contribution.  
S: Significant; 
NS: Non Significant; 
R : Remark 
 
Table  6  ANOVA statistical results of the response surface 

quadratic model horizontal displacement Ux 
Sourc
e SS df MS F-

value  P-value C  R 

Mode
l  

4.14 9 0.4598 752.4
2 

< 
0.0001 

99.75 S 

A-L 0.1008 1 0.1008 164.9
8 

< 
0.0001 

2.42 S 

B-SV 0.4916 1 0.4916 804.4
4 

< 
0.0001 

11.84 S 

C-EA 0.6884 1 0.6884 1126.
55 

< 
0.0001 

16.58 S 

AB 0.3039 1 0.3039 497.4
0 

< 
0.0001 

7.32 S 

AC 0.4796 1 0.4796 784.9
3 

< 
0.0001 

11.55 S 

BC 0.0289 1 0.0289 47.31 < 
0.0001 

0.69 S 

A2 2.16 1 2.1600 3528.
07 

< 
0.0001 

0.52 S 

B2 0.0603 1 0.0603 98.73 < 
0.0001 

1.45 S 

C2 0.0169 1 0.0169 27.63 < 
0.0001 

0.40 S 

residu
al 

0.0098 16 0.0006 
  

0.23  

Total  4.15 25 
     

 
Table  7  ANOVA statistical results of the response surface  

quadratic model safety factor Fx 
Source SS df MS F-value  P-value %C R 
Model  2.95 9 0.3277 3646.43 < 0.0001 100 S 
A-L 2.85 1 2.85 31712.96 < 0.0001  96.61 S 
B-Sv 0.0156 1 0.0156 173.66 < 0.0001  0.5288 S 

C-EA 8.23x 
10-6 1 8.23 

x10-8 0.0009 0.9762 2.78x10-4 NS 

AB 0.004 1  0.004 44.88 < 0.0001 0.135 S 

AC 9.39x 
10-6 1 9.39 

x10-6 0.1047 0.7507 3.18x10-4 NS 

BC 0.0001 1  0.0001 0.8340 0.3745 3.389x10-3 NS 
A2 0.0313 1 0.0313 348.55 < 0.0001 10.61 S 
B2 0.0004 1 0.0004 4.31 0.0544 0.0135 S 

C2 2.89x 
10-8 1 2.89 

x10-8 0.0003 0.9859 9.79x10-7 NS 

Residual  0.0014 16 0.0001   0.058  

Total  2.95 25    100  

 
6.1 Regression Model Development  

All of the essential adjustment characteristics of the postulated 
model are grouped in Tables 7 and 8. the responses surfaces 
provides a reasonably accurate estimate of slope failure probability 
and has a high computational efficiency (Dian-qiang, 2016). 

The calculation of the coefficients of the factors and their 
interaction as well as the evaluation of their significant aspect 
allowed us to predict the polynomial models which are presented by 
the corresponding Equations 2 and 3. 

 
Ux= -2.49128 +0.889466*L + 0.596673*Sv + 0.000453*EA 
+0.106100*L * Sv -0.000071*L * EA-0.000098*Sv * EA-
0.067535*L²-0.423095*Sv²+5.37869*EA²      (2) 
 
Fs=2.13+0.4144*L-0.0294*Sv-
0.0001*EA+0.0183*L*Sv+0.0009*L*EA+0.0025*Sv*EA-
0.0733*L2-0.0085*Sv2+0.0001*EA2       (3) 

 
The functional relationship between the output variables (horizontal 
displacement and safety factor) and the input variables (L, Sv, EA) 
was expressed with a determination coefficient (R2= 99.63% for Ux 
and R2= 99.95% for Fs) which is the ratio between the variation due 
to the model and the total variation, shows that the model has a good 
fit for both responses to verify that a model is adequate, the R2value 
cannot be low than 0.75 (Le Man, 2010) (Benzannache, 2021). As a 
result, the model achieved good predictive adequacy. In a 
accordance with (Rai, 2016) satisfactory agreement requires a 
difference of less than 20% between Adj R2 and Pred R2. Since 
Predected R2 is 0.9765, the current study satisfies this criteria 
(Belaadi, 2023).  

The analysis of the results shows that the predicted values and 
the numerical values are very close and in good agreement, this 
indicates the high precision of the model found. 

According to Figures 14 and 15, the residuals of the model of 
the horizontal displacement and of the factor of safety can be judged 
as normally distributed. It was necessary for residuals to vary 
uniformaly, so the residual point were symmetrically distributed 
with clustering close to the plot’s center (Belaadi, 2023). 

 

 
Figure 14  Normal probabilities of safety factor residuals Fs 

 
The response surface graphs in Figures 16 and 17 represent the 
results of the response surface (3D) of the horizontal displacement 
Ux, and the safety factor Fs as a function of the input parameters (L, 
Sv, B). The analysis of the response surfaces confirms the results of 
the ANOVA, we notice that the normal stiffness (EA) of the 
geogrids is important and has the great influence on the 
horizontaldisplacement, while the length of the reinforcement (L) 
has the most significant effect on the safety factor Fs. 
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Figure 15  Normal probabilities of the residues of the horizontal 

displacement Ux 
 
6.2  Graphical Representation of Response Surfaces  

The contour graphs make it possible to visualize the response 
surface, and also to limit the ranges of variation of the response 
values and the desirable operating conditions, thus the response 
surfaces can present the variations of the responses according to 
only 2 factors to time, with the other factors set to a fixed value. 
Figures 16 and 17 show the response surfaces associated with 
geogrid-reinforced wall models. 

Figures 16 and 17 show the 3D responses surfaces for the 
evolution of the safety factors and horizontal displacement 
corresponding to the interaction effects of the input parameters 
(L,Sv and EA) in the designed space, based on the regression 
equations listed above. 

These observations may be applied to the two responses which 
confirmed the results of the ANOVA analysis. 

The contour graphs make it possible to visualize the response 
surface, and also to limit the ranges of variation of the response 
values and the desirable operating conditions, thus the response 
surfaces can present the variations of the responses according to 
only 2 factors to that time. From which it is clearly noticed that the 
horizontal displacement response is strongly influenced by the 
normal stiffness (EA) of the geogrids, while the length of the 
reinforcement (L) has the most significant effect on the safety factor 
Fs. 

 
6.3 Optimization of the Parameters L, Sv, and EA. 

An optimization process is conducted to determine the 
appropriateinput parameter values required to achieve the desired 
process outcome. Typical optimization goals encompass 
maximizing process yield, minimizing the processing time needed 
for product manufacturing, or meeting a specified target product 
requirement. In this study, the optimization involves three key input 
variables: L, Sv, and EA. The length of the reinforcement (L) varies 
within the range of 3m to 9m, while the normal stiffness (EA) of the 
geogrid layers ranges between 2000 KN/m and 4000 KN/m, and the 
geogrid spacing Sv varies between 1m and 2m. 

The constraints employed during the optimization process are 
outlined in Table 8. The core of the challenge is to focus on the 
desirability function (D), which serves as the objective function 
while accounting for variable limitations. Table 9 visually presents 
the optimal parameter values for the examined problem. 

 
 

 
 

 
 

Figure 16  Responses surfaces for the error function as a 
function of (L,Sv,EA) for Ux 
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Figure 17  Responses surfaces for the error function as a 

function of (L,Sv,EA) for Fs 
  
 
 

Table 8  Constraints applied to the parameters to be optimized 
Parameters  Objective Lower limit Upper Limit 
L (m)  In the rang 3 9 
Sv (m) In the rang  1 2 
EA(KN/m)  In the rang   2000 4000 
Ux (m)  Maximisation  0.0018 1.81 
Fs Minimization   1.58 2.48 
 
6.4 Model Validation by Experiments  

The validity and predictability of models developed at numerical 
optimization were verifed by experimental runs, in our model the 
experimental tests are replaced by a digital modeling by 2D plaxis 
as an attempt (Bencheikh, 2020). To validate the predicted results 
from the model, triplicate experiment runs were conducted under the 
optimal conditions. The comparisonbetween the modeling and 
predicted values, as presented in Table 9, revealed  no signifcant 
difference. This finding confirms the predictability of the model 
developed using RSM based on the central composite design CCD. 
Consequently, the proposed model in this study can be deemed 
reliable and applicable for reuse within the designated rangs of the 
design.  

Table  9  Optimization results 
Parameters Values 

Optimized  
Responses 

Num  
Ux (m) 

Pred 
Ux 
(m) 

Num 
Fs 

Pred 
Fs 

Sv (m) 1 
2.12  1.805 1.654 2.146    L (m) 6 

   EA (KN/m) 4000 
 
7. CONCLUSIONS 

The work presented and divided into two parts, the first part helped 
to provide a good understanding of the problem of modeling 
retaining walls reinforced by geogrids and study the influence of 
geogrid length, vertical spacing between geogrid sheets, overload, 
mechanical properties of the reinforced soil, normal geogrid 
stiffness on the performance of reinforced soil retaining walls. The 
second part is an attempt to optimize the parameters influencing the 
stability of a synthetic retaining wall, namely the vertical spacing 
between the geogrids (Sv), the length (L) and the normal stiffness 
(EA), by the use of the response surface method via digital 
experimental plans through a composite L26 central type fractional 
plan, from digital calculation by the finite element software Plaxis 
2D. This statistical method makes it possible to model the 
relationship between the input variables (L, Sv and EA), to predict 
the performance of synthetic retaining structures and to optimize 
their design.The importance of this parametric study is revealed with 
the highlighting of the major interest of the geogrid length , The 
number of horizontal reinforcing, the axial stiffness (EA)  and the 
choice of backfill soil in the reduction of the horizontal 
displacements of the wall as well as the safety coefficient increases.  
Moreover  this study aims to estimate the effect of the factors (L, Sv 
and EA) and the interactions of these parameters on the responses 
(Ux and Fs) in order to identify among them the statistically 
influential elements of the behavior of the wall reinforced by 
geogrids, including it is clearly noticed that the horizontal 
displacement response is strongly influenced by the normal stiffness 
(EA) of the geogrids, while the length of the reinforcement (L) has 
the most significant effect on the safety factor Fs. 
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8. LIST OF NOTATION AND ABBREVIATIONS  

L :    Length of the geogrids, 
CCD:   Central composite design , 
RSM:   Response surface methodology, 
Sv:   Vertical spacing between reinforcements, 
EA:   Normal stiffness, 
SS:   Sum Squares, 
MS:   Mean of Squares, 
Ux :   Horizontal displacement, 
Fs:    Safety factor, 
C :    Cohesion, 
φ:    Angle of friction, 
ANOVA:  Analysis of variance, 
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