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Abstract

The present study numerically investigates the effectiveness of expanded polystyrene (EPS) geofoam inclusions
for reducing lateral earth pressure and wall displacement under static drained and undrained conditions. A two-
dimensional finite-element model was developed in PLAXIS 2D for a 5 m-high concrete retaining wall supported
by layered soil profiles comprising soft clay (CL), soft silt (ML), and loose silty sand (SM). Three EPS unit weights
(0.22, 0.29, and 0.39 kN/m3) and four inclusion thicknesses (0.5, 1.0, 1.5, and 2.0 m) were investigated. Soil
behavior was represented using the Mohr—Coulomb model, while the wall and EPS were modeled as linear-elastic
materials with interface elements for soil-structure interaction. The numerical results were compared with an
analytical at-rest earth-pressure reference as a consistency check.

Within the investigated range, EPS-22 (unit weight 0.22 kN/m?3) with a thickness of 1.0 m was adopted as a
practical reference configuration, reducing lateral earth pressure and maximum wall displacement by
approximately 79% and 22%, respectively, for the reference clay—sand profile. Geofoam performance was
strongly influenced by soil type, stratification, wall height, and drainage condition. Under undrained conditions,
lateral earth-pressure reductions were approximately 22—28%, compared with 50-80% under drained conditions.
The results indicate that EPS geofoam can be used as an effective lightweight, compressible inclusion to mitigate
static lateral loads on retaining structures. EPS grade and thickness will be selected as appropriate for site
conditions and design considerations.
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1- Introduction

Common engineering projects such as ports, excavations, railroads, bridges, roads, buildings, and sewer
infrastructure use retaining walls to prevent soil collapse, control water ingress, and stabilize the construction system.
Retaining walls interact directly with the surrounding foundation soil; therefore, realistic characterization of the ground
and lateral earth-pressure response is essential for safe and economical design. The magnitude and distribution of
lateral earth pressure depend strongly on wall movement, soil stiffness and strength, and the resulting soil-structure
interaction [1]. Recent studies have likewise emphasized the importance of soil-foundation interaction and the reliable
characterization of geotechnical stiffness and strength parameters in interpreting deformation response [2,3].

The determination of active and at-rest earth-pressure distributions is therefore a fundamental aspect of
retaining-wall design [4]. Classical approaches, including the Rankine and Coulomb theories, provide useful analytical
estimates under simplified soil and wall conditions. However, these approaches may not adequately represent complex
soil profiles, deformable inclusions, soil-structure interaction, or drainage effects. Consequently, reducing lateral earth
pressure through alternative ground-engineering measures has received considerable attention [4].

Soil is generally strong in compression and shear but weak in tension. Reinforcement systems can therefore
be introduced to modify soil behavior. In the past, natural materials such as reeds and timber were used to reinforce
soil. Currently, the most common materials in the systems are metallic and polymeric materials, such as geosynthetics.
Reinforcement based on polymers offers many advantages, including low weight, ease of transportation and
installation, low maintenance, and high resistance to environmental degradation [1].

Lightweight, compressible materials can be installed adjacent to the wall of retaining structures to reduce the
load transferred from the backfill. Expanded polystyrene (EPS) geofoam is a lightweight, compressible polymeric
material used as backfill or as a compressible inclusion behind retaining structures. Previous investigations have
examined the effects of EPS thickness, density or grade, wall height, and backfill properties on lateral earth pressure
[5-10]. More recent experimental, analytical, and numerical studies have extended this work to short- and long-term
response under surcharge loading, semi-empirical prediction of lateral pressure, and limited-surcharge conditions [11—
13].

The interfaces between geofoam blocks and adjacent soil or structural materials can represent critical zones
under loading. Accordingly, the mechanical properties of EPS and its interfaces are important design considerations.
Sheeley [14] conducted direct-shear tests on geofoam—geofoam, geofoam-concrete, and geofoam—geomembrane
interfaces and showed that interface resistance depends strongly on the contacting material. Beju and Mandal [15]
demonstrated that EPS density is an important index property because compressive strength and elastic modulus
generally increase with density. The dependence of EPS stiffness and shear response on material grade has also been
documented experimentally [16].

Padade and Mandal [17] performed triaxial tests on EPS geofoam and reported increasing deviatoric
resistance with increasing density. Another important aspect is long-term deformation since EPS can creep under
sustained stress. Beju and Mandal [18] documented compression-creep behavior, while more recent retaining-wall
model tests have shown that time-dependent EPS compression can influence long-term lateral-pressure reduction [11].
These findings indicate that EPS grade should be selected by considering both pressure reduction and allowable short-
and long-term deformation.

Previous numerical studies have demonstrated the potential of EPS geofoam to reduce lateral loads on
retaining structures [5-13,19-21]; however, comparatively little attention has been paid to its performance in fine-
grained and layered soil systems under different drainage conditions. The principal contribution of the present study is
a unified parametric evaluation of the combined effects of soil type and stratification, drained versus undrained
response, EPS unit weight and thickness, and retaining-wall height on both lateral earth pressure and wall displacement.
This integrated framework provides a systematic basis for evaluating how these interacting parameters govern the
performance of EPS geofoam as a compressible inclusion.
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2- Research Methodology

The two-dimensional finite element analysis was done using PLAXIS 2D. The investigation was organized
into four main stages: (i) selection of a baseline soil profile and retaining-wall geometry; (ii) evaluation of different
EPS geofoam unit weights and inclusion thicknesses; (iii) sensitivity analyses for soil type, soil stratification, wall
height, and drainage condition; and (iv) comparison of the numerical results with an analytical at-rest earth-pressure
reference.

The baseline backfill consisted of soft clay (CL). The lateral earth pressure acting on the retaining wall and
the resulting wall displacement were obtained from the finite-element analysis. The Mohr—Coulomb constitutive model
was adopted for the soils because the objective was a comparative parametric assessment of lateral earth pressure rather
than a detailed prediction of nonlinear hardening behavior. The concrete wall and EPS geofoam were represented by
linear-elastic constitutive behavior. An interface formulation was used at the soil-wall contact to account for soil-
structure interaction.

The study subsequently considered soft silt (ML) and loose silty sand (SM) as alternative soil profiles. Based
on the parametric results, EPS-22 (unit weight 0.22 kN/ms3; density 21.6 kg/m3) with a thickness of 1.0 m was adopted
as a practical reference configuration for the subsequent sensitivity analyses. This selection represents a practical
threshold within the investigated range and is not intended as a formal or global optimization. The resulting lateral
pressure distributions were also compared with an analytical at-rest earth pressure reference as a numerical consistency
check.

3- Materials
3-1- Soil

Soil parameters for numerical modeling were obtained from geotechnical investigation reports prepared by
Paidar Sazeh Golestan Co. for residential areas in Gonbad-e Kavus, Golestan Province, northeast of Iran. Three typical
soils were considered: soft clay (CL), soft silt (ML), and loose silty sand (SM). CL soil was used as the control material.
The principal physical, stiffness, and strength parameters used in the analyses are summarized in Table 1.

Table 1. Properties of the soils used in the numerical analyses

Soil (krzld/rrym) (k,{l”/“er;ﬁ) v E(MPa) | Vs(ms) | w(%) | PL(%) | LL (%) pi:;f;‘gt?rs
¢'=9 kPa;
cL 135 17.1 0.35 5.0 100 27 20 45 ¢'=18.5°
cu=17 kPa
¢'=5 kPa;
ML 14.4 17.8 0.35 5.5 140 24 22 43 @'=18.2°;
cu=19 kPa
¢'=2-5
SM 16.3 19.3 0.30 9.0 170 18 17 19 kPa;
0'=24.5°

3-2- EPS Geofoam

The EPS geofoam properties were adopted from Khan and Meguid [20]. Three geofoam types with nominal unit
weights of 0.22, 0.29, and 0.39 kN/m?3 were considered. Their elastic properties and Poisson’s ratios are given in Table
2.

Table 2. Properties of the EPS geofoam materials [20]

EPS Type Density (kg/m?) Unit Weight (KN/m3) Elastic modulus, E (kPa) Poisson's ratio (v)
EPS 22 21.6 0.22 7500 0.10
EPS 29 28.8 0.29 10500 0.10
EPS 39 384 0.39 15000 0.10
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The retaining wall was modeled as a plate element in PLAXIS 2D. The wall was concrete, 5 m high and 0.38 m thick.
Its equivalent plate properties are summarized in Table 3.

Table 3. Properties of the retaining wall

Property Unit Value
Material — Concrete
EA kN/m 1.178%107
El KN-m2/m 1.418x% 10°
Thickness, d m 0.38
Weight kN/m/m 9.5
v — 0.2

4- Numerical Modeling

The numerical analyses were performed using the finite-element software PLAXIS 2D, based on a two-
dimensional plane-strain formulation, which is appropriate for retaining-wall systems that extend sufficiently in the
out-of-plane direction and are subjected to approximately uniform conditions along the wall axis [22—24]. The retaining
wall was simulated using a plate element in PLAXIS 2D. The plate properties were defined based on the actual
geometric and mechanical characteristics of the reinforced concrete wall. The axial stiffness (EA) and bending stiffness
(EI) were calculated from the elastic modulus and the cross-section properties of the concrete for the wall thickness of
0.38 m. The above-obtained parameters are summarized and used in the numerical model and shown in Table 3. The
baseline soil profile consisted of a 5 m-thick layer of fine-grained clay behind the wall and a 2 m-thick layer of sand
beneath the wall. Other soil configurations were also considered to study the effect of soil type and stratification on
the response of the retaining-wall system.

The soil behavior was simulated using the Mohr—Coulomb constitutive model. Drained analyses were
performed using the effective strength and stiffness parameters listed in Table 1. Undrained analyses were performed
using the PLAXIS Undrained B formulation, in which effective stiffness parameters are combined with directly
specified undrained shear strength. The concrete retaining wall and EPS geofoam were modeled as linear-elastic
materials. The EPS geofoam was positioned as a vertical compressible inclusion adjacent to the back face of the
retaining wall, allowing its low unit weight and compressibility to modify the transfer of lateral stress to the wall [25—
27].

The retaining wall and its foundation were modeled using plate elements embedded within the soil domain;
therefore, no separate prescribed support condition was imposed at the wall base. Interface elements were assigned
along the wall-soil contact surfaces, with Rinter = 0.67 for the concrete wall-soil interface. For models incorporating
EPS geofoam, interfaces were also introduced along the concrete wall-EPS and EPS—soil contacts, with Rinter = 0.60
adopted. In the absence of site-specific interface shear-test data, these values were adopted as representative interface-
strength reduction factors.

Standard displacement boundary conditions were applied: the lateral boundaries were fixed in the horizontal
direction and free in the vertical direction, whereas the bottom boundary was fixed in both directions. The ground
surface remained unconstrained. The computational boundaries were located sufficiently far from the retaining system
to minimize boundary effects.

The initial geostatic stress field was generated using the K, procedure. The retaining wall and foundation
elements, along with their corresponding interfaces, were subsequently activated. For geofoam-containing models, the
EPS inclusion and associated interfaces were activated in the corresponding construction phase. Excavation was
simulated by deactivating the soil cluster in front of the wall. No external surcharge was applied; hence, the calculated
lateral earth pressure and wall deformation resulted from the self-weight of the retained soil and excavation-induced
stress redistribution. Fifteen-node triangular elements were employed for the finite-element discretization, with mesh
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refinement in the vicinity of the retaining wall, interfaces, and geofoam inclusion. The numerical model is presented
in Figure 1.
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Figure 1. Baseline finite-element model of the retaining wall and soil profile.

The analyses were conducted under both drained and undrained static conditions. In the drained analyses,
excess pore-water pressure was allowed to dissipate. For the undrained cases, the groundwater table was assumed at
the ground surface, and the fine-grained soil layers were assigned the Undrained B drainage type in PLAXIS 2D.
Undrained B performs an effective-stress analysis using effective stiffness parameters together with directly specified
undrained strength. Accordingly, the Young’s modulus and Poisson’s ratio listed in Table 1 were retained as effective
stiffness inputs, while the undrained shear strength was specified directly with ¢u = 0 and ¢ = su. Excess pore-water
pressure was generated during the undrained calculation, while the prescribed su controlled the available shear strength.

The undrained shear strengths adopted for the CL and ML layers were su = 17 kPa and su = 19 kPa,
respectively, as summarized in Table 1. Because the SM layer represents a comparatively permeable granular soil, the
undrained sensitivity analysis was principally relevant to the CL and ML fine-grained layers. The same geometry,
structural properties, boundary conditions, interface parameters, and construction sequence were maintained between
the drained and undrained cases. This definition makes the short-term analyses consistent with the PLAXIS Undrained
B effective-stress formulation with prescribed undrained strength [24]. The importance of coupled pore-pressure and
deformation response in numerical analyses of fine-grained soils has also been emphasized in recent finite-element
studies [28].

The effect of the properties of EPS geofoam on retaining-wall response was evaluated for three EPS grades
with unit weights of 0.22, 0.29 and 0.39 kN/m3 (densities of 21.6, 28.8 and 38.4 kg/m3, respectively) and four inclusion
thicknesses of 0.5, 1.0, 1.5 and 2.0 m. The baseline model did not have any geofoam, whereas the other models had
EPS placed behind the retaining wall. The investigated configurations and sensitivity analyses are summarized in Table
4,

5- Numerical Benchmark Comparison and Model Verification

Before conducting the parametric analyses, the numerical framework was checked against a documented
numerical benchmark from the PLAXIS 2D Validation Manual [29]. Because the reference solution is numerical rather
than independent experimental or field evidence, the procedure is described here as a numerical benchmark comparison
and model verification, rather than experimental validation.
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Table 4. Numerical cases considered in the study

Case Description
Baseline Upper clay layer and lower sapd layer; effect of geofoam type
and thickness.
1 Upper silt layer and lower sand layer; effect of geofoam type
and thickness.
9 Entire backfill as fine-grained clay; effect of geofoam type
and thickness.
3 Entire backfill as fine-grained silt; effect of geofoam type and
thickness.
4 Entire backfill as loose silty sand; effect of geofoam type and
thickness.
5 Undrained upper clay layer and lower sand layer; effect of
geofoam.
6 Undrained upper silt layer and lower sand layer; effect of
geofoam.
7 Effect of retaining-wall height and geofoam behavior.

For the selected benchmark, the reported geometry, material properties, constitutive assumptions, loading
sequence, and boundary conditions were reproduced in PLAXIS 2D. The comparison focused on lateral wall
displacement, which provides a direct measure of the deformation response of the modeled soil-wall system.

Figure 2 compares the lateral displacement obtained from the present PLAXIS model with the published
benchmark response. The displacement profiles show close agreement along the wall height; the maximum difference
was approximately 4 mm, corresponding to a relative difference of about 2%. This agreement supports the numerical
consistency of the adopted model implementation for the benchmark configuration.

A mesh-sensitivity check was also carried out by refining the mesh around the retaining wall, interfaces, and
EPS inclusion, where the largest stress and displacement gradients were expected. The final mesh was selected when
further refinement produced only negligible changes in calculated lateral displacement and lateral earth pressure. On
this basis, the numerical framework was considered suitable for the subsequent comparative parametric analyses.
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Figure 2. Numerical benchmark comparison of lateral wall displacement between the present PLAXIS model
and the reference solution reported in the PLAXIS 2D Validation Manual [29].
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6-Results and Discussion

6-1- Selection of Geofoam Unit Weight and Thickness

The baseline model consisted of a 5 m clay backfill behind the retaining wall and a 2 m sand layer below the
wall. The first configuration studied was the unreinforced case (Fig. 1). EPS-22, EPS-29, and EPS-39, with unit weights
of 0.22, 0.29, and 0.39 KN/m3, respectively, were then added at thicknesses of 0.5, 1.0, 1.5, and 2.0 m (Fig. 3). Lateral
earth pressure and wall displacement were evaluated as a function of EPS grade/unit weight and inclusion thickness.

|9 o &

J Geofoamf

Clay Soil o o

Sandy Soil
* === — e

Figure 3. Finite-element model with EPS geofoam inclusion.
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Figure 4. Effect of EPS geofoam unit weight and thickness on lateral earth pressure.

As shown in Figure 4, the largest stepwise reduction in lateral earth pressure generally occurred when the
EPS thickness reached approximately 1.0 m. Beyond 1.0 m, the incremental response was smaller relative to the initial
improvement and was non-monotonic for some EPS grades; therefore, thicker inclusions may still provide additional
reduction in individual cases. Accordingly, 1.0 m was adopted as a practical reference thickness within the investigated
range rather than as the outcome of a formal optimization. At this thickness, EPS-22, EPS-29, and EPS-39 reduced
lateral earth pressure by approximately 79.3%, 48.6%, and 41.0%, respectively, relative to the unreinforced case. EPS-
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22, which had the lowest unit weight and density among the investigated grades, produced the largest reduction at this
reference thickness.

The stronger pressure-relief response of the lower-unit-weight EPS grade is associated with its greater
compressibility and capacity to accommodate deformation behind the wall, thereby reducing stress transferred to the
retaining structure. However, lower-density EPS should be checked against allowable compressive strain and long-
term deformation requirements. The observed sensitivity to inclusion thickness is consistent with earlier numerical and
experimental investigations of EPS compressible inclusions [11,30].

The presence of EPS also reduced the maximum lateral displacement of the retaining wall, as shown in Figure
5. For the investigated configurations, the maximum reductions in displacement were approximately 22.1%, 19.1%,
and 14.6% for EPS-22, EPS-29, and EPS-39, respectively. Increasing the inclusion thickness to about 1.0 m produced
a pronounced reduction, after which the incremental change generally diminished. This behavior is consistent with the
greater deformability of the lower-unit-weight EPS grade. El-Kady et al. [31] likewise reported reduced wall
deformation when geofoam blocks were installed behind retaining walls.

0.0029

— EPS22
0.0027

G ~ — EPS29
0.0025 v EPS 39

0.0023 N s

0.0021 " —

0.0019 -~

Wall lateral displacement (m)

0.0017

0 0‘5 1 I
Geofoam thickness (m)
Figure 5. Effect of EPS geofoam unit weight and thickness on maximum lateral wall displacement.
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6-2- Comparison of Numerical and Analytical Lateral Earth Pressure Distribution

To provide an analytical reference for the numerical results, the lateral earth-pressure distribution obtained
from PLAXIS was compared with a conventional at-rest earth-pressure distribution. This comparison is used as a
consistency check rather than as an exact analytical representation of the final post-excavation stress state. In the finite-
element model, the initial geostatic stresses were generated using the K, procedure; subsequent excavation of the soil
in front of the retaining wall allowed wall deformation and stress redistribution to develop. Therefore, the final
numerical stress state is not assumed to remain strictly at rest.

For the analytical reference, the lateral effective stress at depth (z) was calculated as [32]:
o, =vzKo D
and the corresponding resultant lateral force per unit length of wall was obtained from:

Pg :]/ZK() 'YHZ (2)
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where (Ko) is the coefficient of lateral earth pressure at rest, v is the soil unit weight, z is the depth below the ground
surface, and H is the wall height. For the fine-grained soil considered in the reference case, KO was estimated from the
adopted empirical relationship [32]:

Ko =0.44 + 0.42(P1/100) 3
where Pl is the plasticity index of the soil.

For the CL soil used in the analytical reference comparison, the plasticity index was calculated from the
Atterberg limits given in Table 1:

PI=LL-PL=45-20=25
Accordingly:
Ko=0.44+0.42(25/100) =0.545

Using the wet unit weight ywet = 17.1 kN/m? and wall height H = 5 m, the analytical lateral pressure at the base of the
wall is:

00=17.1x5%0.545=46.6kPa

Figure 6 presents the comparison between the analytical and numerical lateral earth-pressure distributions
along the wall height. The corresponding PLAXIS value was 47.19 kPa, resulting in a difference of approximately
1.3% at the wall base. The close agreement at this depth indicates consistency in the order of magnitude of the
calculated lateral stress. However, differences occur along the wall height because the analytical solution assumes a
simplified at-rest stress distribution, whereas the finite-element model accounts for excavation-induced wall
deformation, stress redistribution, soil-structure interaction, interface behavior, and the adopted constitutive
representation of the soil. Accordingly, the analytical comparison should be regarded as a reference consistency check
rather than a validation of the complete post-excavation numerical stress distribution.

50 — At-rest
40 | N\ ~— PLAXIS

Lateral earth pressure (kN/m?)

50 45 40 35 30 25 20 15 10 05 00
Wall height (m)

Figure 6. Comparison of the PLAXIS lateral earth-pressure distribution with the analytical at-rest earth-
pressure reference.
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6-3- Sensitivity Analyses
6-3-1- Effect of Soil Type

The effect of the soil type was studied for the profiles of clay, silt, and sand, with a fixed height of the retaining
wall equal to 5 m and a total height of the soil equal to 7 m. The reference configuration used in the practical application
was the one identified in Section 6.1, i.e., EPS-22 (unit weight 0.22 kN/m3, density 21.6 kg/m3) with a thickness of
1.0 m. The use of geofoam reduced the lateral earth pressure by about 48.8%, 80.8%, and 46.3% in clay, silt, and sand,
respectively. The maximum reduction was obtained with the ML soil, indicating that the efficiency of a compressible
inclusion is very sensitive to the stiffness and strength characteristics of adjacent soils.

70
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Lateral earth pressure on retaining wall (kN/m2)
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Figure 7. Effect of soil type on lateral earth pressure with and without geofoam.

Soil shear strength and stiffness influence the magnitude and redistribution of lateral earth pressure. Under
comparable stress and deformation conditions, soils with greater frictional resistance generally mobilize lower lateral
pressures, whereas low-strength fine-grained soils can impose higher lateral pressures. A compressible EPS layer
adjacent to the wall accommaodates part of the backfill deformation and modifies stress transfer to the wall. Similar
sensitivity of geofoam performance to backfill and EPS properties has been reported in previous numerical studies
[12,21].
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Figure 8. Effect of soil type on maximum lateral wall displacement with and without geofoam.
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The effect of soil type on the maximum lateral wall displacement, with and without geofoam, is shown in
Figure 8. For all three soil types, geofoam reduced the wall displacement. The greatest reduction was for the ML soil.
The reductions were of the order of 13.4% for clay, 44.0% for silt, and 43.2% for sand. The large reduction in
displacement for the ML and SM profiles is in agreement with their low resistance to deformation and the improved
ability of the geofoam layer to accommodate part of the backfill movement.

6-3-2- Effect of Soil Stratification

Three soil stratification patterns were investigated to examine the combined influence of soil layering and
geofoam. The practical reference configuration, EPS-22 (unit weight 0.22 kN/m3; density 21.6 kg/m3) with a thickness
of 1.0 m, was used in all cases. The investigated profiles are illustrated schematically in Figure 9.

Figure 9. Soil stratification cases considered in the sensitivity analysis.

The effect of reinforcement on the lateral earth pressure acting on the retaining wall is shown in Figure 10
under the conditions presented. The maximum lateral pressure reduction was approximately 79.3% for the clay-over-
sand profile, 78.2% for the silt-over-sand profile, and 47.75% for the sand-over-clay profile. The clay-over-sand
configuration therefore exhibited the greatest benefit from geofoam. The differences among the profiles demonstrate
that the response cannot be interpreted solely from average soil properties; the positions of weak and strong layers
relative to the wall and foundation levels also affect stress redistribution. Fine-grained layers with low friction angle
tend to generate greater lateral pressures, while the compressible geofoam layer reduces the portion of this load
transferred directly to the wall.
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Figure 10. Effect of soil stratification on lateral earth pressure.

6-3-3- Effect of Retaining-Wall Height

The influence of wall height was investigated at 3, 5, 6, and 8 m. EPS-22 (unit weight 0.22 kN/m3; density
21.6 kg/m3) was used with a thickness-to-wall-height ratio of 0.2, consistent with the practical reference ratio adopted
for the 5 m baseline wall. Increasing wall height increased the absolute lateral earth pressure because of the greater
soil overburden and associated lateral stress demand.
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Figure 11. Effect of retaining-wall height on lateral earth-pressure reduction.
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Figure 11 shows that increasing wall height increases the absolute lateral earth pressure. The calculated
reductions were approximately 88.7%, 79.3%, 79.9%, and 70.0% for wall heights of 3, 5, 6, and 8 m, respectively.
Although the trend is not strictly monotonic between 5 and 6 m, the 8 m wall shows a lower relative reduction than the
shorter-wall cases. This result demonstrates that EPS thickness and grade should be selected in conjunction with wall
height and the associated stress level rather than by adopting a universal configuration.

6-3-4- Effect of Drainage Condition

The effect of drainage was investigated by placing the groundwater table at the ground surface and analyzing
the fine-grained soil cases using the Undrained B formulation described in Section 4. The practical reference EPS
configuration (EPS-22 with unit weight 0.22 kN/m3 and 1.0 m thickness) was retained for comparison. The resulting
pressure distributions are shown in Figure 12.

Undrained-Unreinforced Undrained-Reinforced
Figure 12. Changes in lateral earth pressure in undrained conditions.

Under the investigated undrained conditions, EPS reduced total lateral earth pressure by approximately 22—
28%, substantially lower than the 50-80% reductions observed in the drained analyses. With the groundwater table at
the ground surface, pore-water pressure contributes to total lateral stress, whereas the compressible EPS inclusion
primarily modifies stress transfer through the soil skeleton. Consequently, the relative reduction in total lateral pressure
is smaller under the undrained groundwater condition considered here. This result highlights the importance of
drainage conditions when assessing EPS performance behind retaining structures.

7- Conclusions

The performance of EPS geofoam in reducing lateral earth pressure and wall displacement was evaluated
using two-dimensional finite-element modeling in PLAXIS 2D. The baseline case comprised a 5 m-high concrete
retaining wall, a 5 m clay backfill, and a 2 m sand layer beneath the wall. Three EPS grades with unit weights of 0.22,
0.29, and 0.39 kN/m3 (densities of 21.6, 28.8, and 38.4 kg/m?) and four inclusion thicknesses from 0.5 to 2.0 m were
investigated.

e Within the investigated range, EPS-22 with a thickness of 1.0 m was adopted as a practical reference
configuration. At this thickness, lateral earth pressure and maximum wall displacement for the baseline clay—
sand profile were reduced by approximately 79% and 22%, respectively. Increasing thickness beyond 1.0 m
produced smaller and non-monotonic incremental changes for some configurations; therefore, 1.0 m should

Of


https://doi.org/10.22034/cpj.2026.598896.1470

Civil and Project Journal, 2027, 8(11), 42-58
https://doi.org/10.22034/cpj.2026.598896.1470

be interpreted as a practical threshold for the present parametric study rather than as a formal optimization
result.

e EPS performance was strongly dependent on soil type. Lateral earth-pressure reductions were approximately
48.8% in clay, 80.8% in silt, and 46.3% in sand for the corresponding sensitivity cases, demonstrating that the
response of the compressible inclusion depends on the stiffness and strength characteristics of the surrounding
soil.

e Soil stratification also affected the stress relief response. The clay-over-sand, silt-over-sand, and sand-over-
clay profiles produced pressure reductions of approximately 79.3%, 78.2%, and 47.8%, respectively,
indicating that the relative positions of weaker and stronger layers affect stress redistribution and should be
considered when selecting EPS location and thickness.

o Wall height affected both the absolute lateral pressure and the relative performance of the adopted proportional
EPS configuration. Pressure reductions of approximately 88.7%, 79.3%, 79.9%, and 70.0% were obtained for
wall heights of 3, 5, 6, and 8 m, respectively, indicating that EPS dimensions and grade should be evaluated
together with the stress level associated with wall height.

e Under the investigated undrained conditions, EPS reduced total lateral earth pressure by approximately 22—
28%, compared with approximately 50-80% in the drained analyses. The smaller relative reduction is
consistent with the contribution of pore-water pressure to total lateral stress when the groundwater table is at
the ground surface.

e The analytical at-rest earth-pressure reference and the PLAXIS result agreed closely at the wall base (46.6
and 47.19 kPa, respectively), while larger differences occurred along the wall height. This comparison
supports consistency in the stress magnitude at the base but also demonstrates that the post-excavation finite-
element response includes wall deformation, stress redistribution, soil-structure interaction, and interface
effects that are not represented by the simplified at-rest analytical distribution.

e  Overall, the results indicate that EPS geofoam can provide an effective lightweight and compressible inclusion
for reducing static lateral loads on retaining walls. Practical selection should consider EPS grade (density and
unit weight), thickness, wall height, soil type and stratification, groundwater/drainage conditions, allowable
deformation, and long-term compressive behavior rather than relying on a single universally applicable
configuration.

Limitations and Future Research

The present study was based on two-dimensional finite-element analyses and the Mohr—Coulomb model;
therefore, three-dimensional effects and advanced nonlinear soil behavior were not considered. In addition, EPS
geofoam was modeled as a linear-elastic material, while its nonlinear compressive response and long-term creep
behavior require further investigation. Future work should consider three-dimensional geometry, improved constitutive
models for soil and EPS, and coupled hydro-mechanical conditions with variable groundwater level. It is also
recommended to conduct experimental and field-scale studies under cyclic and seismic loading to validate and extend
the present numerical results.
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