International Journal of Geosynthetics and Ground Engineering (2021) 7:57

https://doi.org/10.1007/s40891-021-00304-8

ORIGINAL PAPER q

Check for
updates

A Numerical Study on the Role of EPS Geofoam in Reducing Earth
Pressure on Retaining Structures Under Dynamic Loading

Muhammad Imran Khan' . Mohamed A. Meguid'

Received: 8 April 2021 / Accepted: 27 July 2021
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2021

Abstract

The magnitude of lateral earth pressure plays an important role in the analysis and design of earth retaining structures.
Expanded polystyrene (EPS) geofoam panels have been successfully used in reducing lateral thrust on walls under static
loading condition. The presence of geofoam panels between a rigid wall and the backfill soil allows for controlled deforma-
tion to develop, which leads to the mobilization of soil shear strength. When subjected to dynamic loading, the magnitude
of earth pressure acting on a rigid wall can become significantly larger. In this study, a finite element model is developed to
investigate the effectiveness of installing geofoam buffer behind a rigid retaining wall on the seismic lateral thrust induced by
the backfill material. A parametric study was then conducted to investigate the effect of geofoam density, relative thickness
of the geofoam with respect to the wall height and the friction angle of the backfill soil on the effectiveness of this technique
to reduce the impact of seismic events on the stability of the wall. Results showed that provision of geofoam behind rigid
non-yielding retaining wall can provide 10-40% reduction in seismic thrust depending on the geofoam density, relative

thickness and frictional properties of the backfill soil.
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Introduction

Expanded polystyrene (EPS) geofoam has a long history
with successful applications in the field of transportation
and geotechnical engineering. The generic term “geofoam”
was first introduced by Horvath [1] for rigid plastic foam
type materials used in geotechnical applications. Later, the
term “‘geofoam” was expanded to include any cellular mate-
rial manufactured by an expansion process [2]. These syn-
thetic materials are now part of the geosynthetic family as
proposed by Horvath [3].

The early use of EPS geofoam in geotechnical engineer-
ing started in 1960s. The Norwegian geotechnical engineers
used EPS geofoam for thermal insulation in roads [4] and
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in lightweight road embankments constructed over soft
soils [5]. Due to its lightweight nature (p=12-39 kg/m?)
and relatively high strength, EPS geofoam has been used in
several geotechnical applications, including, slope stabili-
zation [6—10], subbase fill material [11-14], embankments
[15-19], earth retaining structures [20], bridge approaches
and abutments [21-25], buried pipes [26-28] and seismic
buffer [29-33].

Retaining structures (e.g. cantilever walls, basement walls
and bridge abutments) are integral components of many
infrastructure projects. Retaining walls can be classified as
either “non-yielding” or “yielding” depending on whether
horizontal displacement and wall deformation are permit-
ted [34].

Past experience showed that retaining walls may be
vulnerable to severe damage under excess dynamic forces
induced during an earthquake. Several post-earthquake
studies revealed that large displacements can lead to exces-
sive wall deformation and possibly failure [35]. Therefore,
in seismically active areas, a retaining structure must be
designed to resist both static and dynamic earth pressures.
The current USA and Canadian building codes emphasise
the use of an increased earthquake return period in the
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design of civil engineering structures in seismically active
regions [36, 37], which results in higher design loads on
earth retaining structures. Therefore, both geotechnical and
structural engineers are interested in developing new meth-
odologies to attenuate larger seismic loads on earth retain-
ing structures, which in turn leads to an economical and
safe design. EPS geofoam has proven its advantage as light
weight backfill that can resist both lateral and vertical pres-
sures associated with geotechnical engineering structures.
To suit the wide range of applications, material density and
the corresponding stress—strain behavior of geofoam can be
controlled during the manufacturing process.

Compressible geofoam inclusion placed behind a rigid
retaining wall has been suggested to attenuate dynamic earth
forces by allowing controlled yielding of the backfill mate-
rial [38-45]. The idea of using EPS geofoam as compress-
ible inclusion is not new. Researchers have shown that static
lateral loads acting on retaining walls can be reduced by
placing EPS geofoam blocks between the wall and the back-
fill soil without increasing the wall stiffness [46—53]. The
work of Khan and Meguid [54] focused on wall response
under static loading, however, during an earthquake event,
compressible geofoam panels allow for the lateral expansion
of the backfill soil (controlled yielding) by absorbing signifi-
cant portion of the seismic lateral thrust while the remaining
thrust is transferred safely to the retaining structure. Lat-
eral expansion of the backfill also helps in the mobilization
of soil shear strength, which brings the surrounding soil to
active state. This technique can be applied to both new and
existing structures.

In a case study, Inglis et al. [55] reported the first use
of geofoam as seismic buffer in Vancouver, Canada. Ver-
tical EPS panels (450-610 mm in thickness) were placed
behind three rigid basement walls to reduce dynamic lateral
earth pressure during an earthquake (see Fig. 1). Pseudo-
static analysis [56], pseudo-dynamic analysis [57-59] and
dynamic analysis [60] were performed to compute the seis-
mic earth pressures on the walls. Results from these analyses
showed that the presence of about 1 m thick EPS geofoam

Fig. 1 Using geofoam blocks as

Extent of Tower

inclusion between the rigid retaining wall and the backfill
can reduce the lateral seismic earth pressure by about 50% in
comparison to rigid retaining wall with no geofoam buffer.
According to Inglis et al. [55] a good buffer material
should: (a) be strong and rigid enough to withstand static
soil forces with small deformations and creep but at the
same time should also be able to resist the possible dynamic
forces without causing failure; (b) be inert and should not
deteriorate due to water, chemical attack, aging, etc.; (c) be
economical in comparison to the cost of the structure. A
summary of some of the experimental and numerical stud-
ies performed to examine the role of geofoam in attenuating
seismic earth pressure on retaining walls is given below.

Experimental Studies

Bathurst et al. [42] presented a proof of concept for the
application of geofoam as seismic buffer behind rigid retain-
ing walls using 1 g shaking table. Results showed that low
density geofoam can achieve up to 40% reduction in pressure
(at a peak base acceleration of 0.8 g) while higher density
geofoam achieved about 15% reduction in earthquake load
compared to the control test. Hazarika et al. [40, 61] con-
ducted reduced-scale shaking table tests on a 0.7 m high
retaining wall models with different buffer thickness. The
buffer used in this study was a sponge type material with
density of 22 kg/m>. Results showed that provision of EPS
geofoam layer between the wall and backfill soil can reduce
the peak lateral load on the wall by 30-60%.

Dasaka et al. [44] performed shaking table tests on a
reduced-scale gravity retaining wall subjected to both sur-
charge and seismic loading. It was found that provision of
ESP geofoam can reduce the maximum seismic thrust on the
wall by about 28%. In a similar study, Dave et al. [62] found
that retaining walls with hinged boundary showed a hydro-
static seismic pressure distribution while fixed walls showed
a curvilinear seismic pressure distribution. Ertugrul et al.
[45, 63, 64] found that low density geofoam can reduce pres-
sure by up to 50% of the dynamic thrust acting on the wall.
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Athanasopoulos-Zekkos et al. [43] performed centri-
fuge tests on 4 m high rigid retaining wall models and
confirmed the reduction in seismic earth pressure as a
result of the controlled yielding of the backfill associated
with the compression of the geofoam inclusion. A sum-
mary of the reported shaking table tests, comparing the
wall geometries, boundary conditions and the measured
results, is provided in Table 1.

Numerical Studies

Inglis et al. [55] modelled a 10 m high wall with geo-
foam seismic buffer under a simulated earthquake loading
and showed that the provision of EPS as seismic buffer
reduced the peak lateral stress on the wall by up to 50%.
Pelekis et al. [65] analyzed cantilever retaining walls sub-
jected to base acceleration that ranges between 0.1 g and
0.5 g and found that, depending on the thickness and stiff-
ness of the geofoam, a significant reduction in seismic
earth pressure can be achieved. Armstrong and Alfaro
[66] modeled a 10 m high wall under peak acceleration
of 1.9 g. It was found that EPS blocks used as seismic
buffer reduced 25% of the passive seismic thrust while a
minimal reduction in active seismic thrust was calculated.
Zarnani et al. [67—69] and Zarnani and Bathurst [70]
found that geofoam stiffness plays a significant role in the
design of these composite systems. Athanasopoulos et al.
[71] numerically evaluated the response of retaining walls
built with geofoam inclusion subjected to harmonic base
excitations. It was found that geofoam density, thickness,
wall height and wall flexibility affect the efficiency of the
geofoam as a seismic buffer. Zekkos et al. [72] showed
that for non-yielding walls, isolation efficiency increases
with the increase in inclusion thickness. Wang et al. [73]
and Wang and Bathurst [74] found that lower density geo-
foam can absorb a significant amount of energy during
earthquake. A summary of some of the reported numeri-
cal studies and the details of the investigated models is
presented in Table 2.

Scope and Objective

Studies dedicated to investigate the role of EPS geofoam and
backfill properties on the seismic earth pressure on retaining
walls are scarce in the literature. In this study, a two-dimen-
sional finite element model is developed and validated using
experimental data. The model is then used to perform a para-
metric study to investigate the effect of geofoam density,
relative thickness of the geofoam with respect to the wall
height and the friction angle of the backfill soil on reducing
the seismic lateral earth pressure acting on retaining walls.
Normalized charts that help to evaluate the isolation effi-
ciency of the system are presented.

Description of the Physical Model

In this study, 1 g shaking table tests [42] that have been
reported for a small scale rigid non-yielding retaining wall
with geofoam inclusion were used as a basis for the current
analysis. Wall models were built and tested in a rectangular
container (2.5 mX 1.4 mx 1.3 m) attached to a shaking table
platform (2.7 m X 2.7 m in plan area) as shown in Fig. 2. A
6 mm thick rigid wall was placed on linear bearings at the
front of the rectangular container, which could be moved
to place 0.15 m thick EPS geofoam between the wall and
backfill soil. Dry synthetic olivine sand was used as backfill
material. Blocks of EPS geofoam having density of 16 kg/
m?® were placed between the wall and backfill. Properties of
the soil and the geofoam are provided in Table 3.

A 5 Hz frequency variable-amplitude sinusoidal base
acceleration record (with peak accelerations 0.8 g) as shown
in Fig. 3a, was applied as horizontal base excitation. The
acceleration amplitude was increased in increments of 0.05
g and each increment was kept for 5 s. A 2-s accelerogram
window at an amplitude step is shown in Fig. 3b. According
to the scaling rules proposed by Iai [75], a 5 Hz frequency
(i.e. 0.2 s period) corresponds to 2 Hz frequency (i.e. 0.5 s
period) at 1/6 prototype model scale. This simple stepped-
amplitude sinusoidal base acceleration record is generally
more aggressive than an actual earthquake record with the

Table 1 Shaking table test

Property Bathurst et al. [42] Hazarika et al. Dasaka et al. [44] Ertugrul

results 40, 60] et al. [45, 63,
64]

Wall height H (mm) 1000 700 700 700

Relative thickness t/H 0.15 0.08 0.125 0.14

Wall type Rigid Rigid Rigid Flexible

Inclusion material EPS geofoam Sponge EPS geofoam EPS geofoam

Acceleration, a (g) 0.7 0.8 0.7 0.7

Reduction (%) 40 30-60 28 50
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Table 2 Summary of previous numerical studies

Reference Approach/software Assumptions/models
Inglis et al. [55] FDM/FLAC Soil: Mohr Coulomb

EPS geofoam: Double yield constituency model
Pelekis et al. [65] FEM/FLUSH PLUS Soil & EPS geofoam: Viscoelastic materials with

strain-dependent values of shear modulus and damp-
ing ratio

Armstrong et al. [66] FDM/FLAC Soil: Mohr Coulomb

EPS geofoam: Hyperbolic

model
Zarnani et al. [67-69] FDM/FLAC Soil: Mohr Coulomb

EPS geofoam: Linear elastic—plastic
Athanasopoulos et al. [71] FEM/PLAXIS Soil: Non-linear

EPS geofoam: Non-linear
Zekkos et al. [72] FEM/PLAXIS Soil: Elasto-plastic

EPS geofoam: Linear elastic
Wang et al. [73] FDM/FLAC Soil: Mohr Coulomb

EPS geofoam: Linear elastic
Wang and Bathurst [74] FEM/ABAQUS Soil: Mohr Coulomb

EPS geofoam: Linear elastic—plastic
Khan and Meguid (present study) FEM/PLAXIS Soil: Hardening soil

EPS geofoam: Linear elastic
Fig. 2 Description of thg shak- EPS Geofoam Rigid Wall
ing table test setup (modified 1.0m 1.0 m 0.15m
from [42]) Al 15| N0

Rigid box A4 A3 \4 -]
0.5m
Backfill Soil
Bracin A2 Al
: 1 0
= Potentiometer B
| Load cell 0.5m
B Accelerometer Linear bearings
v
Plywood

Table 3 Properties of the backfill and EPS geofoam materials used in
the model validation

Property Backfill soil  EPS geofoam
Unit weight, y (kN/m?) 15.7 0.15

Young’s modulus, E (kN/mz) 15,200 4700
Poisson’s ratio, v 0.33 0.09
Cohesion ¢” (kN/m?) 0 -

Peak friction angle ¢, (degrees) 51 -

Residual friction angle ¢, (degrees) 46 -

Dilatancy angle ¥~ (degrees) 15 -
Specific gravity 2.88 -
¢, (coefficient of curvature) 1.27 -
¢, (coefficient of uniformity) 2.5 -
Percent finer than #200 sieve (%) <3 -

@ Springer
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same predominant frequency and amplitude [76, 77]. Moreo-
ver, a stepped record is known to simplify the interpretation
of seismic response, and is, therefore, adopted in this study.

Numerical Analysis

Model Validation

The numerical simulations were performed using the
dynamic module in the finite element software PLAXIS
[78]. Two-dimensional plane strain models were developed
to simulate the dynamic response of the wall. The height and
width of numerical models and thickness of EPS geofoam
were selected to match the dimensions used in the physical
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models. Several mesh sizes, and time increments were tested
to find a suitable mesh size, time increment and max step
that maintain a balance between accuracy and computing
cost. The used FE mesh, geometry and boundary conditions
is shown in Fig. 4. The retaining wall and the back of the
box were modelled using plate elements, whereas the back-
fill material was modelled using 15-node triangular plane
strain elements.

Boundary conditions were set such that displacements
along the vertical boundaries were restrained in the x-direc-
tion (smooth rigid) during the generation of the initial stress
state and released during the dynamic loading phase. Dis-
placements along the bottom boundary were fixed in both
the x- and y-directions (rough rigid) during the initial phase
and released in the x-direction during dynamic loading
phase. Interfaces between the wall-backfill, wall-EPS and
EPS-backfill were also specified. The backfill was mod-
elled using the Hardening Soil (HS) model with Rayleigh
damping. The HS model is an elasto-plastic second-order
hyperbolic isotropic-hardening model developed by Schanz
et al. [79]. The EPS geofoam was modelled as linear elastic

Fig.4 Finite element mesh of

Time (s)

material. This is considered to be appropriate given the low
strain levels reported in the experiments. The material prop-
erties of backfill soil and EPS geofoam are given in Table 3.

The steps taken in creating the model can be summarized
as follows: (1) simulating the box, retaining wall, backfill
soil and EPS geofoam in an initial step; (2) the application
of stepped-amplitude sinusoidal input excitation at the base
with a peak acceleration of 0.8 g.

The numerically calculated and measured results are
shown in Fig. 5a, b before and after the geofoam installa-
tion. As the time increases from O to about 86 s, the accelera-
tion amplitude is found to increase from 0 to 0.8 g, which
significantly increases the peak horizontal force on the wall
from about 3.5 kN/m to about 15 kN/m. After the instal-
lation of the geofoam panels behind the wall, the rate of
change in peak horizontal force is found to decrease where
a maximum horizontal force of about 12 kN/m is reached
after 86 s have elapsed.

An overall agreement in the rate of change in peak hori-
zontal force with time was found between the calculated and
measured responses. It is worth noting that some differences
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in horizontal forces were observed in both models (Fig. Sa,
b), particularly within the first 15 s, where the calculated
values were lower than those measured in the experiments.
This is explained by the locked-in stresses induced by the
compaction process reported in the experiment, which could
not be fully simulated by the numerical model. That effect
was found to be less pronounced for the case involving geo-
foam (Fig. 5b).

Figure 6 shows the calculated accelerations at the four
monitored locations Al through A4 within the experiment
(see Fig. 2). It can be seen that the dominant frequency in
the backfill soil is consistently 5 Hz, which agrees well with
that of the frequency of the input signal. This confirms that
the developed model is able to reasonably simulate the con-
ditions in the experiment and could be used to evaluate the
role of the critical parameters in the overall performance of
the system.

Parametric Analysis
A parametric study was conducted to examine the effect of

geofoam density and relative thickness as well as the fric-
tion angle of the backfill material on the changes in dynamic

Fig.6 Calculated acceleration 15 1

at locations Al, A2, A3 and A4 — Al
=12 1 z!
S S
= =
59 5
el el
S S
2 6 3
Bt St
G) 2
3 3
£ 3 =

0

0 510152025
Frequency (Hz)
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lateral force acting on the wall. The model illustrates in
Fig. 4 is used as the basis for this study. The backfill mate-
rial was modelled using Hardening Soil (HS) model with
Rayleigh damping. Four different backfill materials with
friction angles that range from 30° to 45° were considered
in the parametric study. Four different geofoam densities
representing EPS15, EPS22, EPS29 and EPS39 with three
different EPS thickness “7” to wall height “H” ratios, #/H, of
0.1, 0.2 and 0.3 were considered. The stress—strain relation-
ships for the geofoam materials based on uniaxial compres-
sion tests are shown in Fig. 7. For geofoam densities of 15
(EPS15), 22 (EPS22), 29 (EPS29) and 39 (EPS39) kg/m°,
the reported compressive strength values at 1% strain are
found to be 45, 70, 94 and 192 kPa, respectively. Therefore,
given the expected range of lateral pressure (2—19 kPa) act-
ing on the wall, the geofoam panel is assumed to behave as
linear elastic material. This was further verified numerically
by examining the strains developing in the geofoam in the
various steps of the analysis, which was found to be consist-
ently below 1%. The soil and geofoam parameters used in
the analysis are summarized in Table 4.

The boundary conditions, input excitation and time
used in all simulations are consistent with those used in the
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Fig. 7 Stress—strain relationships of the different geofoam materials

validated model reported in Fig. 3. Before conducting the
parametric study, a convergence analysis was performed
using different mesh sizes covering different cases involv-
ing geofoam panels with relative thickness of 0.1, 0.2 and
0.3 with respect to the wall height. In total, 52 simulations
were run, 4 without EPS geofoam and 48 with EPS geofoam
to study the role of EPS geofoam in reducing seismic earth
pressure behind rigid non-yielding retaining wall.

Results and Discussion

The results of the numerical study are presented by
comparing the computed peak wall force—time response
before and after adding geofoam blocks of different thick-
nesses and density behind the wall. The peak incremental
dynamic force or lateral thrust, AT, was computed by inte-
grating the peak dynamic horizontal earth pressure distri-
bution along the wall height at a particular time step. The
computed peak wall force—time responses are presented
in Fig. 8a—h for backfill material with friction angles of
30° and 35° and in Fig. 9a-h for backfill material with

friction angles of 40° and 45°. Four EPS geofoam densi-
ties, namely, 15, 22, 29 and 39 kg/m3 and three relative
geofoam thicknesses (/H =0.1, 0.2 and 0.3) are considered
in this study. The effect of the various parameters on the
wall response are presented in the following sections.

Benchmark case (no geofoam)

In Figs. 8a—h and 9a-h, the analysis of the benchmark
cases (No EPS line) shows the value of peak horizontal
force acting on the wall for a range of backfill soil mate-
rials. The peak force at time ¢t =0, corresponds to static
condition and the peak wall force at time t+# 0, corresponds
to dynamic condition. For all four backfill soils, it can be
seen that as the time increases from 0 to 86 s, acceleration
amplitude also increases from 0 to 0.8 g which causes sig-
nificant increase in the horizontal force acting on the wall.
It is also found that the increase in friction angle from 30°
to 45° results in a decrease in the static lateral thrust from
about 3.9 to 2.3 kN/m, whereas the seismic lateral thrust
increases from about 15.7 to 17.3 kN/m.

Effect of Geofoam Density

It is evident from Figs. 8a—h and 9a-h that for a given
backfill material and geofoam thickness, the decrease in
geofoam density (stiffness) causes reduction in the seis-
mic peak force on the wall. For example, for backfill soil
with a friction angle of 40° and #/H=0.3, the peak seismic
wall forces increased from about 10.6 to 12.7 kN/m as
the density of the installed geofoam increased from 15 to
39 kg/m>. This is due to the fact that softer geofoam has
the ability to absorb more energy under the same applied
dynamic lateral thrust, which in turns can allow for more
movement to develop and consequently less pressure on
the wall. Therefore, low density geofoam blocks seem to
be more effective in this application as compared to high
density geofoam as long as the generated strains are within
the acceptable limits.

Table 4 Material properties of

. Property
soil and EPS geofoam (present

Backfill soil

EPS15 EPS22 EPS29 EPS39

study) Material model Hardening soil Linear elastic Linear elastic Linear elastic Linear elastic
Unit weight, y (kN/m®) 15.7 0.15 0.22 0.29 0.39
Young’s modulus, E (kN/m?) 15,330 4200 6910 10,000 178,000
Poisson’s ratio, v 0.33 0.11 0.12 0.13 0.15
Cohesion ¢” (kN/m?) 0 - - - -
Friction angle ¢~ (degrees)  30°-45° - - - -

Dilatancy angle W~ (degrees) 15
K, determination

0.292-0.50 - - - -
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Fig. 8 Horizontal wall force for different geofoam densities, thicknesses and backfill properties

Effect of Geofoam Thickness

Inspection of Figs. 8a—h and 9a-h reveals that for a given
backfill and geofoam density, the increase in the relative
thickness of the geofoam (#/H) causes reduction in the

@ Springer

seismic peak force acting on the wall. For example, for
a backfill soil with a friction angle of 40° and geofoam
density 15 kg/m® (EPS15), the peak seismic wall forces
decreased from 14.30 to 10.62 kN/m as the relative thick-
ness of EPS geofoam (#/H) was varied from 0.1 to 0.3.
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Fig.9 Horizontal wall force for different geofoam densities, thicknesses and backfill properties

This is consistent with the fact that thick geofoam blocks  Effect of Friction Angle of the Backfill Soil

compress more as compared to thin geofoam of same den-

sity, which results in more compression and more energy  The frictional properties of the backfill soil is known to be a
is absorbed under the same applied force. contributing factor that can affect the magnitude of both the
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Fig. 10 Isolation efficiency vs relative geofoam thickness for: a ¢p=30°, b ¢p=35°, ¢ p=40°, d p=45°

Table 5 Comparison of isolation

efficiency with previous research

Reference Relative thickness of Isolation
EPS geofoam (%) efficiency, I,
(%)

Inglis et al. [55] 4.5-6.1 50
Pelekis et al. [65] 1-14 >50
Armstrong et al. [66] 2.5-10 25
Zarnani et al. [67-69] 2.5-40 >50
Athanasopoulos et al. [71] 2.5-30 >50
Zekkos et al. [72] 1.5-10 50
Wang et al. [73] 15 40
Wang and Bathurst [74] 15 45

Khan and Meguid (this study)  10-30 40

@ Springer

static and seismic earth pressures. It is observed that for a
given geofoam thickness and density, as the friction angle of
the backfill soil increases from 30° to 45°, the static lateral
thrust decreased from about 3.9 to 2.3 kN/m as shown in
Fig. 8a—h. This is consistent with the fact that earth pressure
coefficient decreases with the increase in friction angle of
the backfill soil. In contrast, for a given geofoam thickness
and density, as the friction angle of the backfill soil increases
from 30° to 45°, the seismic lateral thrust increased from
15.7 to 17.3 kN/m as shown in Fig. 9a-h). This is attrib-
uted to the response of EPS geofoam panel under dynamic
loading. For example, for EPS15 with #/H ratio of 0.2, the
peak seismic wall forces slightly changed from about 11.4
kN/m to a maximum of 12 kN/m as the friction angle (¢) of
backfill soil changed from 30° to 45°. This means that, under
dynamic loading, walls with geofoam inclusion perform
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better as the geofoam panel absorbs more pressure, particu-
larly when used with backfill soil of lower frictional angle.

Isolation Efficiency (/g)

The performance of EPS geofoam behind rigid retaining
walls under seismic conditions can also be evaluated by
computing the Isolation Efficiency (Ig), which is “the ratio
of the difference between the peak lateral seismic thrust for
benchmark (no geofoam) case (7,) and the case where geo-
foam is installed (Tgpg) to the peak lateral seismic thrust for
the benchmark case (7,)” as expressed below:

T, —T,
Zo  “BPS o 100.
T

o

Iy =

Figure 10a—d shows the influence of backfill frictional
properties, geofoam densities and relative thicknesses on
the isolation efficiency (/). Isolation efficiency is directly
related to the relative thickness of the geofoam and inversely
related to geofoam density. It is observed that for a given
backfill properties and geofoam density, using thinner
geofoam panel (#/H =0.1) results in lower isolation effi-
ciency values as compared to the case of thick geofoam
panel (#H=0.3). To confirm the validity of the calculated
isolation efficiency values, the results are compared with
the previously published results for the case of rigid non-
yielding walls as presented in Table 5. For the cases where
the reported relative thickness of the geofoam panel is 15%
of the wall height [73, 74], the isolation efficiency values
were 40% and 45%, respectively. This is consistent with the
results of this study where an isolation efficiency of about
40% is calculated for the evaluated range of wall thickness
(10-30%). The percentage reduction in pressure is also com-
pared with that reported in previous studies and the results

are presented in Fig. 11. For the investigated range of geo-
foam thickness, the calculated responses are found to be gen-
erally consistent with those reported by researchers, which
confirms the effectiveness of geofoam panels in reducing
seismic earth pressure on retaining walls.

Conclusions

In this study, a numerical model is developed to study the
effect of geofoam inclusion on the seismic earth pressure
acting on rigid retaining walls. The developed numerical
model was first validated using experimental data obtained
using shaking table tests. A parametric study was then con-
ducted to investigate the effectiveness of EPS geofoam den-
sity, relative thickness with respect to the wall height and
friction angle of the backfill material on the reduction in
seismic earth pressure. Based on the results of this study,
the following conclusions can been drawn:

1. The design of retaining structures supporting significant
backfill in seismically active zones requires attention to
the possible impact of dynamic loads on the earth pres-
sure transferred to the retaining structure. Provision of
EPS geofoam placed between the wall and backfill soil
can help control the expected soil yield and mobilization
of soil strength under dynamic loading. This in turn can
lead to a reduction in the seismic thrust on the wall. An
advantage of this technique is that it could be applied to
both new and existing structures.

2. For the investigated wall and backfill material, the
dynamic response of the backfill soil is reasonably pre-
dicted using the Hardening Soil model.

@ Springer



57 Page 12 of 14 International Journal of Geosynthetics and Ground Engineering (2021) 7:57

3. For the range of investigated parameters, the perfor-
mance of EPS geofoam as seismic buffer is found to be
function of the material density, relative thickness as
well as the frictional properties of backfill soil.

4. It was confirmed that low density geofoam better absorbs
seismic waves and provides enhanced performance. On
the other hand, for a given geofoam density, increasing
the thickness of the geofoam block is found to contribute
to significant reduction in total thrust on the wall.

5. [Itis pointed out that geofoam inclusion used in this study
had a relative thickness that ranges from 10 to 30% of
the wall height. Although this is considered to be within
the practical range, other wall geometries, backfill types
and geofoam thicknesses need to be further investigated.
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