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ABSTRACT   Paper-ID-32 
Retaining structures are extensively used in various geotechnical projects such as building structures, harbors, highways, 
and railway embankments to resist the lateral pressure from soil and water. During the service life of a retaining structure, 
lateral soil movement increases therefore causing severe deformation and bending, hence may gradually trigger a 
complete collapse of the rigid structure. In this study, the effect of using different EPS geofoams thicknesses to improve 
the lateral earth pressure resistance of a retaining wall with cohesive backfills was investigated using a finite-difference 
method (FDM) based software (FLAC2D). Also, the study investigated the effects of EPS geofoams thicknesses against 
the following parameters i.e., lateral earth pressure (LEP), bending moment (BM), shear force (SF), and maximum wall 
strains (WS). A parametric analysis was performed to evaluate the influence of EPS geofoams thicknesses against the 
following parameters i.e., lateral earth pressure (LEP), bending moment (BM), shear force (SF), and maximum wall strains 
(WS). Upon increase in surcharge pressure, the analysis revealed a 47% decrease in LEP was recorded at a 0.28 t/H ratio 
due to the decrease in density of the retained earth. The analysis further revealed that at a 0.28 t/H ratio, the BM, SF, and 
WS decreased to average percentages of 47.4%, 91%, and 54% upon 20 kPa applied surcharge pressure compared to 
the wall without the inclusion of EPS geofoams. 
 
RÉSUMÉ 
Les structures de soutènement sont largement utilisées dans divers projets géotechniques tels que les structures de 
construction, les ports, les autoroutes et les remblais ferroviaires pour résister à la pression latérale du sol et de l'eau. Au 
cours de la durée de vie d'une structure de soutènement, le mouvement latéral du sol augmente, provoquant ainsi une 
déformation et une flexion importantes, et peut donc progressivement déclencher un effondrement complet de la structure 
rigide. Dans cette étude, l'effet de l'utilisation de différentes épaisseurs de géomousse EPS pour améliorer la résistance à 
la pression latérale de la terre d'un mur de soutènement avec des remblais cohésifs a été étudié à l'aide d'un logiciel basé 
sur la méthode des différences finies (FDM) (FLAC2D). En outre, l'étude a examiné les effets des épaisseurs de 
géomousse EPS sur les paramètres suivants, à savoir la pression latérale des terres (LEP), le moment de flexion (BM), la 
force de cisaillement (SF) et les déformations maximales des parois (WS). Une analyse paramétrique a été effectuée pour 
évaluer l'influence des épaisseurs de géomousse EPS par rapport aux paramètres suivants, à savoir la pression latérale 
des terres (LEP), le moment de flexion (BM), la force de cisaillement (SF) et les déformations maximales des parois (WS). 
Lors de l'augmentation de la pression de surcharge, l'analyse a révélé qu'une diminution de 47 % du LEP a été enregistrée 
à un rapport de 0,28 t/H en raison de la diminution de la densité de la terre retenue. L'analyse a en outre révélé qu'à un 
rapport de 0,28 t/H, le BM, le SF et le WS ont diminué à des pourcentages moyens de 47,4 %, 91 % et 54 % après une 
pression de surcharge appliquée de 20 kPa par rapport au mur sans l'inclusion de géomousse EPS. 
 

 
 
 
1. INTRODUCTION 
 
Earth retaining structures constitute a major part of many 
geotechnical structures including highways, bridges, 
railways, and underground structures. Certainly, retaining 
structures are designed to provide resistance against 
lateral earth pressure (LEP). As such, the most acting 
parameter considered in retaining wall design is related to 
the magnitude and lateral earth distribution acting on the 
wall (Hessam et al. 2020). In most cases, the retaining 
walls are logically designed assuming the at-rest earth-
pressure state of the retained earth without considering the 
increase in lateral earth movement (Chauhan and Dasaka, 
2017). 

In this instance, designing a retaining wall to resist 
lateral earth movement increase will attract more cost to 
the wall structure. In the quest to reduce the earth pressure 

on the retaining structures, compressible material like 
expanded polystyrene (EPS) geofoam could be introduced 
between the wall and backfill soil. The geofoam, in this 
context, is used as a lightweight fill and as a buffer (Azzam 
and AbdelSalam, 2015). Several research works have 
been numerically, analytically, and experimentally 
conducted on the reduction of lateral earth pressure on 
retaining walls. These studies have shown that 
compressible materials between a rigid retaining wall and 
backfill caused a 47% reduction in static force (Dave and 
Dasaka, 2016; Salem et al. 2017; Yadav et al. 2018). 
Similarly, the effectiveness of introducing geofoam at the 
backside of the retaining walls to reduce the lateral earth 
pressure has also been studied by (Navid and Rouzbeh, 
2018). Their study concluded that the provision of geofoam 
behind the retaining wall mobilized a thrust reduction in the 
range of 8–42 % for surcharge pressures ranging from 10–



 

50 kPa depending on the geofoam type and the ratio 
between the EPS thickness and wall height. 

Other than using geofoam, stabilization, and fiber-
reinforcement of backfill earth has also been used to 
reduce the LEP distribution of soil (Aneke et al, 2019; Frank 
et al 2021). The use of these methods to reduce the lateral 
earth pressure on the retaining wall is limited due to the 
reaction of the backfill soil and stabilizer which produces 
new materials, as well as the fiber pull-out due to backfill 
movement somewhat caused drawbacks to this method. 
On the other hand, the blends of lightweight EPS geofoam 
with the backfill soil could reduce the pressures acting on 
the structure (Khan and Meguid, 2018). Hence, in some 
cases, this method may fail to provide the desired thrust 
reduction behind the wall, due to non-particle cohesion 
between the EPS and backfill soil particles.  In these 
situations, placing the EPS geofoam as a   buffer between 
the structure and the backfill could assist the retaining wall 
to sustain acting pressure from the earth materials. Thus, 
transfers a minimum amount of pressure to the retaining 
structure due to its compressible behavior (Maleki and 
Imani, 2022). 

This study demonstrates the use of EPS geofoam in 
reducing lateral earth pressure on the retaining wall. A 
numerical simulation of a retaining wall without EPS 
geofoam was first validated followed by a second 
simulation of the earth retaining walls with EPS geofoam 
inclusion using a finite difference method (FDM) based 
software FLAC2D. The two sets of simulations were used 
to validate the simulated numerical model by comparing 
numerical results to the small-scale model tests as 
reported by (Mustafa et al. 2017). Whereas the second set 
of simulations was carried out to evaluate other parameters 
such as geofoam type and thickness of compressible 
layers with backfill properties. 

 
 
2. NUMERICAL MODELING 
 
The theories proposed by Coulomb (1776) and Rankine 
(1856) remained valid as the fundamental technique for 
analyzing active earth pressures. Their formulation is 
straightforward, hence widely accepted by practicing 
engineers. The FLAC2D FE software can analyze 
complicated geometries and provide detailed results to the 
retaining wall problem. Accordingly, it is becoming an 
effective method of solving the earth pressure problems. 
Perhaps in this study, the numerical model was generated 
through a rigid soil retaining wall model (Ertugrul and 
Trandafir, 2011), this model is considered the reference 
case study. The model wall was made up of a steel plate 
having dimensions of 700mm × 980mm × 8mm (height × 
length × thickness) that was rigidly welded to a steel base 
plate of 980 × 500 × 8 mm (length × width × thickness). The 
cross-sectional sketch of the experimental setup and the 
corresponding positions of the pressure transducers are 
demonstrated in Figure 1. The experimental procedure of 
the model test was the template employed to develop the 
numerical model using FLAC. Thus, FLAC is an 
outstanding finite differential program used by engineers 
for complex mechanics problems (Itasca, 2008). The rigid 

wall was simulated to be fixed at the bottom against lateral 
sliding.  

 
Figure 1. Cross-section of the configured test (after 
Mustafa et al. 2017)   
 
 

                  
2.1 Numerical grid generation 

 
The numerical grid size selected for the retaining wall 
model in this study is (2 m × 1 m), as demonstrated in 
Figure 2.  The height and thickness of the wall are 0.7 m 
and 0.008 m respectively. Also, the backfill dimensions of 
1.6m in length and 0.7m in height are considered, hence a 
rigid foundation base of 2m × 0.2m was also considered to 
maintain the stability of the retaining wall. 

 
Figure 2. FLAC grid for the retaining wall model 

 
           

3 MATERIALS PROPERTIES 
 
The retaining wall facing of 0.7 m high, and 8 mm thickness 
is modeled using beam elements as elastic material with 
the following properties: Young’s modulus (E=1.61e11) 
and density (2400kg/m3) respectively. The granular backfill 
is modeled as a purely frictional, elastic-plastic soil with a 
Mohr-Coulomb failure criterion, also the geofoam material 
is modeled as an elastic material. The Physical and 



 

mechanical properties of soil, backfill, and EPS materials 
used for the numerical model for validation are shown in 
Table 1.  

 
Table.1 Constitutive model properties of geomaterials 

Parameters Backfill               Wall Foundation Geofoam 

Poisson 
ratio,                   

0.3 0.20 0.24 0.16 

Dilatancy 
angle 

22.5 < 22.5 < 

Friction 
angle, ∅� 

43.5   < 45 < 

Unit weight 
(kN/m3) 

16.5 24  17.5 0.15 

Young’s 
modulus, E 
(kPa) 

5.2E3 2.1E4 5.5E3 1.5E3 

 
 

In parametric analysis, Young's modulus and 
Poisson ratio values of geofoam materials used herein are 
calculated by using correlations reported by Horvath 
(2010), expression is presented in Eqs. 1 and 2.  

     ��� = 450� − 3000                                                    (1) 
     � = 0.0056� + 0.0024                                              (2)  

 
where � is the density of geofoam (kg/m3),  � = Poisson's 
ratio of geofoam, ���  = Young's modulus of geofoam (kPa). 
 
The interface elements are introduced at the wall stem-
geofoam, geofoam backfill contacts, wall base-foundation 
soil, and wall base backfill contacts. The interface between 
backfill soil and rigid wall controls the relative movement 
between them. The relative interface movement is 
controlled by interface normal stiffness and shear stiffness. 
The maximum stiffness value recommended by (Itasca 
2008) is given in Eq 3. 

 

            ��� �� + 4 3� �
(∆�)�� !                                         (3) 

 
where the parameters (∆�)�� ,  � and � are the bulk 
modulus and shear modulus continuum zone adjacent to 
the interface respectively. 
 
    
4 BOUNDARY AND FIXITY CONDITIONS 
 

For the lower boundary of the model rigid fixity in both 
X and Y directions was considered.  The right boundary of 
models and rigid fixity in X directions are considered. This 
implies that the boundary conditions of the bottom of the 
model were fixed. The horizontal displacement was 
constrained at the right and left sides of the soil block 
considered. The left side of the retaining wall was 
unrestrained for the retaining wall. The vertical stress 
distributions behind the non-yielding wall were taken to be 
active following Rankine’s theory, hence the model was 

built following the equilibrium theorem to solve active 
lateral earth behind the non-yielding wall. 

 
5 RESULT AND DISCUSSION  

 
5.1 Model validation 
        
The lateral earth pressure, bending moment, shear force, 
and strain of the wall measurements are the parameters 
utilized to quantify the wall performance in this study. The 
wall perforamce with and without a geofoam inclusion are 
discused in this section. For the model validation, EPS 
geofoam thickness to height ratios (t/H) of 0.07, 0.14, and 
0.28 were selected. Hence, t is the geofoam thickness, 
while H is the wall height, and Young's modulus of 
geofoam, E=1.5e3kPa is considered.  The EPS geofoam 
panels are installed behind the rigid non-yielding retaining 
wall models. The physical model test and numerical results 
are compared in terms of lateral earth pressure variation 
along with the height of the wall. Figure 3a is the 
experimental set with zero geoform Whereas Figures 3b, c 
and d illustrated the variation of  lateral pressure with the 
corresponding t/H ratios. The curves indicated that 
numerical results showed consistent in degradation 
compared to test results. However, the degradations are 
within the acceptable limit, therefore confirming the 
reliability of the developed numerical model. The  
degradations were expected due to linear increase in t/H 
ratio and eleasticity of the geofoam. Additionally, the slight 
variation between the physical model test and numerical 
results were due to the interficial friction between the wall 
and EPS geomform which was assumed to be smooth by 
the model. Thus, this affected the internal friction angle and 
active lateral earth pressure coefficient. 

 

 
Figure 3. Model validation (a) without geofoam (b) with 
geofoam thickness (t/H=0.07) 
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Figure 3. Model validation (a) geofoam thickness 
(t/H=0.14) (b) geofoam thickness (t/H=0.28) 

 

5.2 Variation of LEP with t/H ratio  
 
The variation of lateral earth pressure with thickness to 
height ratio is presented in Figure 5. In addition, the 
numerical simulations using FLAC2D reasonably predicted 
the lateral earth pressure of the retaining wall with different 
t/H ratios. The developed model was able to predict the 
lateral earth pressure with a good level of accuracy. From 
the validation and comparisons for each case, it can be 
ascertained that a reliable FE model was developed. The 
highest lateral earth pressure was recorded on the 
retaining wall without the inclusion of EPS geofoam. The 
LEP values started increasing from at a stress value of 1 
kPa and later increased to 3 kPa. On the contrary, the 
retaining wall with the inclusion of EPS geofoam revealed 
that the LEP value is high with the t/H ratio of 0.07. Thus, 
the LEP started decreasing as the t/H begins to increase. 
Certainly, the lateral earth pressures decreased as the 
EPS geofoam thickness increased along with the height of 
the wall. Maximum lateral earth pressures occurred at H/3 
from the base of the model wall without geofoam. Similarly, 
maximum pressure occurs at H/4 from the base for the 
model wall as the geofoam thickness increases.  It can be 
ascertained that the major reduction in the lateral pressure 
occurred due to the compression of the geofoam and 
increasing the thickness of the geofoam. This was 
expected due to the geofoam stiffness that acts as a buffer, 
as such restricted the movement of soil backfill towards the 
rigid wall. Thusly, geofoam response against backfills 
triggered changes in the soil coefficient of lateral earth 
pressure began from active to at-rest conditions, as the 
large volume of the soil backfill within the failure wedge was 
replaced by the lightweight material and the lateral 
pressure on the wall started reducing. The obtained results 

in this study agree with the numerical investigation 
published by (Azzam et al. 2017) which suggested that the 
reduction of LEP at the back of the retaining wall depends 
on geofoam stiffness. 
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 Figure 5. Effect of EPS geofoam thickness on the active 
side of the wall  
 
 
5.3 Variation of LEP with t/H ratio at the Middle and End of 
the Backfill 
 
The variations of LEP with t/H at the middle and end of the 
backfill is illustrated in Figure 6a and b. It is observed that 
lateral earth pressure at the middle and end of the backfill 
changed linearly with respect to geofoam thickness. A 
significant change was observed in the middle of the back 
for the retaining wall without geofoam. The LEP response 
of the wall with geofoam at the middle and end of the 
backfill followed the same trend as the wall without 
geofoam. Thus, the LEP at the middle and end of the 
backfill for the wall without geofoam was recorded to be 
higher compared to the wall with geofoam. Certainly, the 
LEP at the middle and end of the backfill for the wall 
decreases linearly as the thickness of the geofoam 
increases. The difference in stresses at the middle and end 
of the backfill is attributed to the interface friction that 
develops at the soil base as well as at the geofoam base. 
It was noted that the stress at the base of the backfill is 
greater than the stress at the middle of the wall. Also, the 
presence of geofoam inclusion behind the non-yielding 
retaining wall, irrespective of its thickness resulted in an 
arching effect within the lower half of the wall, which helped 
to sustain the greater percentage of the lateral earth 
pressure acting on the wall. The result obtained in this 
study followed the trend of results published by 
(AbdelSalam et al. 2015), this study proclaimed that the 
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stress in the middle of the wall is lesser compared to the 
stress at end of the backfill. 
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Figure 6 (a) Effect of EPS geofoam thickness at middle of 
backfill, (b) Effect of EPS geofoam thickness at end of 
backfill. 
 
 
5.4 Variation of maximum SF, BM, and WS with geofoam 
thickness 

 
Figures 7a, b, and c described the variation of maximum 
shear force, maximum bending moment, and maximum 
strain on the wall with geofoam thickness. It is observed 
that the highest shear force value was obtained between 
the wall and backfill soil. This implies that the cohesion 
between the wall and backfill soil developed stronger 
adhesion due to the particulate property of the backfill soil. 
However, the shear force started decreasing upon the 
inclusion of geofoam as the thickness increased.    

Moreso, the maximum bending moment started 
decreasing as the list geofoam thickness of 0.07 t/H ration 
of 0.07. However, the bending moment continues to 
decrease as the geofoam thickness increases. The lowest 
have of the bending moment was recorded at a t/H ratio of 
0.28 whereas, the maximum bending moment recorded a 
significant change between 0.07H and 0.14H geofoam 
thickness. Therefore, a 50% reduction in bending moment 
was recorded upon increasing the t/H thickness ratio from 
0.14H to 0.8H. 
 

   
Figure 7. The maximum shear force with EPS geofoam 
thickness (b) Maximum bending moment with EPS 
geofoam thickness  
 

 
   Figure 7c. Maximum Wall Strain with EPS geofoam 
thickness  
 
     
5.5 Variation of surcharge pressure with geofoam 
thickness 

 

The effect of surcharge pressure on the backfill of the 
retaining wall was verified by considering three thickness 
to height ratios of (t/H=0.07, 0.14, and 0.28) with an 
induced surcharge pressure of 0kPa, 5kPa, 10kPa, 15kPa, 
and 20kPa. The variation of surcharge pressure with the 
thickness to height ratio of the wall and geofoam at different 
surcharge pressure is presented in Figures 8a, b, and c. It 
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is observed that lateral earth pressures increase at a given 
increase in surcharge pressures on the wall without 
geofoam. Thus, the lateral earth pressures start to 
decrease as the thickness of the geofoam increases 
irrespective of the values of the surcharge pressures. 
Generally, it is worthy to mention that the maximum lateral 
earth pressure, shear force, bending moment, and wall 
strains decreased significantly at different surcharge 
pressures.  This implies that EPS geofoam thickness is the 
most dominant factor for reducing lateral earth pressure 
under bending moment, shear force as well decreases the 
strain of the wall when surcharge pressure on backfills of 
retaining wall increases. Rather than excessively 
increasing the geofoam thickness to resist the surcharge 
pressure, a reinforced retaining wall is recommended 
(Ghanbari and Taheri, 2012). Moreover, the rate of 
increase in soil stresses due to increased surcharge 
pressure is noticeably higher in the geofoam to height 
thickness ratio of 0.07 compared to 0.14 and 0.28 t/H ratio. 
it is noticed that there is a slight decrease in shear force 
when increasing the t/H ratio from 0.00 to 0.07 for a 
surcharge of 5 kPa. The same trend was observed in the 
subsequent curves for bending moment and wall strain 
This indicates that the most economic thickness to height 
ratio could be obtained within 0.5 to 0.28 ratio for different 
cases of loading and heights of geofoam behind retaining 
wall. 

      
Figure 8a. Maximum lateral earth pressure and shear 
forces with EPS geofoam thickness at different surcharge 
pressures 
 

     
Fig. 8b Maximum bending moment and wall strain with 
EPS geofoam thickness at different surcharge pressures 
 
Based on the numerical analysis performed in this study, 
there is a significant decrease in LEP, SF, BM, and WS 
through the successful inclusion of using geofoam. 
However, the decrease was achieved using a 0.28 t/H 
ratio, therefore triggering a significant decrease of LEP on 
the retaining wall by 63%. It was also observed that the BM, 
SF, and WS decreased as the t/H ratio increased from 0.14 
to 0.28 on the rigid. Causing an average decrease in a 
thrust of 53%, 68%, and 72% for BM, SF, and WS 
respectively compared to the wall without geofoams. 
 

 

6. CONCLUSION 
 
In the present research, a pilot study to characterize the 
engineering properties of EPS geofoam was initiated to 
develop a numerical model capable of reducing the high 
thrusts acting behind a rigid retaining wall. First, validation 
of the simulated numerical model by comparing numerical 
results with data from small-scale model tests reported in 
the literature to establish a parametric study. Based on the 
parametric analysis, important conclusions were drawn:  
  
The lateral earth pressures reduce significantly due to the 
inclusion of a geofoam wall compared to the yielding wall 
without geofoam. A relative ratio of 0.28 wall height to 
geofoam thickness appears to be the most dominant factor 
triggering the reduction of lateral earth pressures, bending 
moment, and shear forces behind the wall. 
 

Geofoam inclusion placed vertically behind rigid non-
yielding retaining walls can allow the backfill soil to move 
towards the wall. This deformation enhanced the 
mobilization of the soil shear strength leading to a reduction 
in lateral earth pressure acting on the wall. 
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