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Abstract

As a lightweight fill material, expanded polystyrene (EPS) geofoam block has been successfully utilized in geotechnical
applications due to its low density and high compressive strength. Understanding the modulus of elasticity and
compressibility coefficient of sand-EPS is an aspect that has not been fully understood which may have a significant effect
on the design and construction of geotechnical structures. In this study, an attempt has been made to understand the
behavior of deformation characteristic parameters of sand-geofoam block combinations with different patterns, using a
newly designed and fabricated large-scale oedometer apparatus. The influence of both different combinations of sand-EPS
geofoam and relative densities of soil, on the stress-strain behavior and coefficient of volume compressibility under
controlled conditions, are experimentally studied. Specimens of EPS geofoam with a density of 8 kg/m3 were tested in
relative densities of 35% and 70% of sand under six different overburden pressures of 50 kPa, 100 kPa, 150 kPa, 200 kPa,
250 kPa, and 300 kPa. From the experimental results, it is observed that the settlement and volume compressibility
coefficient substantially increased, as the thickness of EPS geofoam increases. Furthermore, utilization of thinner EPS
layers with the constant volume fraction ratio of EPS led to the greater settlement.

Keywords: Geofoam Block; Large-Scale Oedometer; VVolume Compressibility Coefficient; Stress-Strain Behavior.

1. Introduction

Development of urban communities and consequently increasing population growth and demand of sites for
construction made intense pressure on the agility and responsiveness of civil engineers. Designers must identify
innovative materials and construction techniques to address the problem of construction over soft soils. As an alternative
geomaterial, the use of expanded polystyrene (EPS) geofoam block in engineering construction as a lightweight fill
material is furiously growing over the last several decades. Expanded polystyrene (EPS) geofoam has been used as a
geotechnical material since the 1960s, while the manufacture of EPS dates back to the early 1930’s by a German
company called I.G. Farben. The first insulation project with EPS geofoam and the first road embankment utilizing EPS
were conducted in 1965 and 1972 in Norway, respectively. The first documented geotechnical project in North America
was the installation of the Alaska Pipeline, where EPS geofoam was used for both utility protection and utility insulation
simultaneously. In 1985, more than 470 m3 of EPS geofoam were used as embankment fill material in Japan. In
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Germany, the EPS geofoam was used to minimize the differential settlement along the highway and to protect the fill
material against frost [1].

Expanded polystyrene (EPS) geofoam is a closed cellular plastic foam and geosynthetic material which is used in a
wide variety of civil engineering applications including rapid construction of embankment over compressible soils [2,
3], slope stabilization [4], reduction of static and dynamic thrust on retaining walls, bridge abutments and piles [5-12],
as a sub-base fill material [13-16] and as isolation against dynamic loading [17]. In fact, the application of EPS geofoam
can be classified by its function including lightweight fill (density), compressible inclusion, thermal insulation and
vibration damper. Table 1. demonstrates the application of EPS and the corresponding EPS geofoam function [1, 6, 7].

Table 1. Application of EPS geofoam with its corresponding function [1]

Application Density Compressibility Insulation Damping
Slopes and embankments v v v v
Bridges v v v v
Earth retaining structures v v v v
Buried pipe v v v
Railway v
Basement Insulation - - v -

Nevertheless, some weaknesses were reported by Deng in 2001 for the applications of ESP which include
prefabrication of EPS block and transportation cost, the lack of controlling stiffness and properties of EPS in-situ, block
floatation, and poor flame resistance [6, 18]. Also, there are so many design and construction considerations reported
for application of EPS including, buoyancy, chemical attack, degradation, moisture absorption, instant settlement,
sliding and etc.

The engineering properties of expanded polystyrene (EPS) have been looked into by Negussey and Jahanandish
[19]. Stress-strain behavior and coefficients of lateral earth pressure of soils and EPS were compared in stress-controlled
conditions. The results indicated that the engineering properties of EPS can be quantified in a manner similar to that of
earth materials. Ikizler et al. [20] investigated the reduction of transmitting lateral swelling pressures on retaining
structures constructed on expansive soils. Several hypothetical cases were presented to demonstrate the reduction of
lateral swelling pressure of expansive soils by using different thicknesses of EPS geofoam. The results denoted that
lateral and vertical swelling pressure reduces as EPS geofoam thickness increases. Hazarika [21] described a stress—
strain behavior of EPS geofoam in the case of large-strain applications based on the theory of plasticity. In the derivation
of the constitutive law, the geofoam was taken as a Von-Mises material, and it was postulated that the hardening regime
follows a hyperbolic curve. The material parameters of the constitutive model were determined from a series of
unconfined compression tests performed on EPS specimens of various sizes, shapes, and densities. Constitutive model
parameters were found as a function of the absolute dimensions of the tested specimens as well as the density of EPS.

Pandade and Mandal [22] conducted a series of triaxial tests on EPS geofoam specimen of size 75 mm diameter
and 150 mm height to obtain the shear strength parameters. Shear strength parameters were calculated for three different
confining pressures of 50, 100 and 150 kPa. The tests were carried out up to 15% of axial strain. Results showed that
the value of cohesion increase with the increase in density of EPS geofoam, while the trend of increase in the angle of
internal friction was negligible.

Ertugrul and Trandafir [23] explored the potential application of geofoam in the reduction of lateral earth pressures
on a flexible cantilever retaining walls. The effect of relative flexibility of the walls as well as the characteristics of the
cohesion less backfill and geofoam on the active earth pressures was investigated. Experimental results indicated that
the shape of the active pressure distribution diagram behind a cantilever retaining walls was non-linear. Also, the
results illustrated that geofoam inclusions provided a reduction in lateral earth pressures. Based on the results of the
parametric analyses, design charts and regression models were proposed to predict the active lateral earth pressure
coefficients and the point of application of the lateral load on the flexible cantilever earth retaining walls with or without
deformable geofoam layers.

In view of the fact that endeavors have been made over the years to analysis the stress-strain behaviors of sand-EPS
mixture, understanding the modulus of elasticity and compressibility coefficient is of special importance in modeling
the overall response of a particulate combination, soil density, geofoam blocks thickness, stiffness of the geofoam
material and configuration of specimen. A laboratory study on the formation of lightweight material by blending sand
with polystyrene (EPS) was conducted to understand the behavior of the deformation characteristics of sand-geofoam
block combinations with large-scale Oedometer apparatus.
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2. Experimental study
2.1. Materials Properties

The experiments were carried out on “Chamkhaleh Sand” collected from Chamkhaleh beach, a coastal area of
Guilan Province, located on SW of Caspian Sea [24]. The specific gravity (Gs) was determined according to ASTM D
854 [25] as 2.63 with a maximum dry unit weight of 16.1 kN/m?® based on ASTM D 4253 and a minimum dry unit
weight of 14.2 kN/m? [26]. Figure 1. shows the particle size analysis of the soil based on ASTM-D422-63 [27]. The
average particle size of sand was 0.21™™. The uniformity coefficient and coefficient of curvature of the soil were
calculated 1.54 and 0.95, respectively. Therefore, the soil was classified as poorly graded sand (SP) under the Unified
Soil Classification System. The properties of sand utilized in this study are given in Table 2.

Table 2. Physical properties of sand

Material Specific gravity Dry unit weight Effective size Mean grain size Légég‘)irc?;g Coefficient of
(Gs) (KN/m®) D10 (mm) D50 (mm) (Cu) curvature (Cc)
sand 263 14.2 (min) 0.17 0.21 154 0.95
an ' 16.1 (max) ’ ’ ' '

The intended EPS geofoam was pre-puffed from polystyrene resin with a chemical composition of CgHs and
manufactured by a local EPS block company. The ability of EPS geofoam blocks to cut into various shapes and sizes
makes it acommon lightweight fill material on a project, which further reduces site job challenges. The selected geofoam
was cut into 5, 10°™, and 15 °™ thick plates with a diameter of 50°™ with a measured density (p) of 8 kg/m?® subjected
to oedometer tests. Figure 2. shows the oedometer test specimen of EPS geofoam used in this experimental study.
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Figure 1. Grain size distribution curves of sand

Figure 2. Oedometer test specimen of EPS geofoam
2.2. Specimen Preparation

In this study, the amounts of 35% and 70% for the relative densities of sand were chosen to investigate the soil-EPS
deformation characteristics. Geofoam specimens with an outer diameter equal to oedometer tank size and heights of
5¢m 10°Mand 15°™ were used. To investigate the influence of various parameters on test results, 22 large oedometer
tests were conducted. EPS geofoam blocks are often arranged in layered configurations when used in geotechnical
applications. A list of specimens with volume fractions and thicknesses of EPS layers is provided in Table 3. Several
patterns have been used to study the effect of a single layer or multi-layer combination of EPS geofoam for different
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volume fractions. Each combination was tested at six different overburden pressures, including 50 kPa, 100 kPa, 150
kPa, 200 kPa, 250 kPa, and 300 kPa.

For conducting tests, dry sand was molded into the chamber of the oedometer apparatus at a designated relative
density. A hand tamper was employed to reach the desired density of the soil. EPS plates were placed on the soil layer,
and again sand was poured and compacted. Finally, a plastic plate with a diameter equal to the inner diameter of the
tank was put on top to apply the load to the specimen uniformly and compact it to the target height. The test involved
applying increments of vertical static load to the sample and recording the corresponding settlement. The duration of
the application of each load increment depends on the soil and its compressibility characteristics. Once equilibrium
reached for a loading step, the next increment was applied. The normal pressure was applied with loading actuator from
zero to a final value of 300 kPa stepwise with an increment of 50 kPa. From the changes in thickness at the end of each
loading stage, the compressibility of the soil may be observed and parameters such as coefficient of volume
compressibility (my) were measured. This process was carried out for all different combinations of sand and geofoam.

Table 3. Summary of oedometer testing program on geofoam-sand layers combinations.

Volume fraction

. . Vi (%) Overburden
Designation Layers of EPS (cm) Pattern pressure (kPa )
Vf sand Vf EPS
Sand 100 0 0 Sand 50-300 (@50)
Sand+5°™ EPS 87.5 125 5 Pattern “a” 50-300 (@50)
- 5-5 Pattern “b” !
Sand+10°™ EPS 75 25 10 Pattern “c” 50-300 (@50)
5-5-5 Pattern “c”
Sand+15°™ EPS 62.5 375 10-5 Pattern “g” 50-300 (@50)
15 Pattern “i”
5-5-5-5 Pattern “d”
m 10-5-5 Pattern “h” B
Sand+20°™ EPS 50 50 10-10 Pattern “f” 50-300 (@50)
5-15 Pattern “j”

2.3. Large Oedometer Apparatus

The standard oedometer test, also referred to as one-dimensional compression test is a classical laboratory test that
allows characterizing the soil stress-strain behavior during one-dimensional compression or swelling. The most well-
known apparatus which has been utilized to investigate the load—deformation characteristics of homogeneous fine-
grained soils is a Casagrande-type Oedometer. A typical Casagrande Oedometer cell has an internal diameter of 76 mm
and a height of 19 mm. However, the dimensions of this kind of apparatus do not meet the requirements of some civil
engineering applications, like studying load—deformation characteristics of specimens with larger diameter particles
such as granular materials or municipal solid waste materials. Another common apparatus, called hydraulic oedometer
developed by Rowe and Barden [28], is available for specimens of 75—254 mm in diameter [28]. Although the hydraulic
oedometer is able to use specimens of larger sizes, its dimensions are still inadequate for many applications in
geotechnical engineering.

In order to measure the load-deformation behavior of geomaterials under a vertically applied stress up to 1.5 Mpa, a
large cylindrical oedometer with a diameter of 492 mm and height of 550 mm has been designed and fabricated at faculty
of engineering of the University of Guilan. The ability of the large odometer apparatus to evaluate the hydraulic and
mechanical properties of non-conventional materials makes it pioneer especially in the case of EPS geofoam, tire shreds,
tire chips, etc [29]. The complete setup of the apparatus can be seen in the Figures 3 and 4.
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Figure 4. Large Oedometer testing apparatus [29]

3. Results and Discussion
3.1. Stress-Strain Behavior of Specimens

Figure 5. demonstrates the variation of the axial strain of pure sand versus the applied normal stress for two relative
densities. The graphs show that there is a continuous increase in the value of axial strain with respect to increase in
normal stress for both densities. Obviously, the stiffer the specimen, the less axial constrained strain. Vertical stress-
strain behaviors of EPS-sand specimens under different overburden pressures and volume fractions are shown in Figure
6. By adding an EPS layer, the vertical strain increased quickly for each relative density, i.e. for Dr=35%, the vertical
strain in pattern “a” increased 1.55, 1.55, 1.69, 1.4, 1.35, and 1.30 times in comparison to the pure sand model for
different applied stresses, while for Dr=70%, the vertical strain in pattern “a” increased 2.85, 3.12, 3.17, 2.93, 2.75, and
2.71 times in comparison to the pure sand for different overburden pressures. It was also observed that the axial strain
increases with the increase in the volume fractions of EPS geofoam material. It is clear from different graphs that the
volume compressibility coefficient which is the slope of strain- stress curves, increases with EPS geofoam volume
fractions. Another observation is that for overburden pressures higher than 150 kPa, the volume compressibility drops
due to the fact that the EPS geofoam stops deformation when the overburden pressure is higher than 150 kPa.

Most studies have found the extent of the initial linear-elastic portion of the curve to be up to 2% strain, however
some researchers have reported slight downward concavity of the curve in a range of up to 1% [6]. The elastic limit
stress decreases with increasing the volume fractions EPS and increases with the density of the soil.
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Figure 6. Effect of EPS content on the stress-strain behavior of layered composite;
a) Vrers=12.5%; b) Vieps=37.5%; and c¢) Viers=50%

Figure 7. illustrates a comparison between the amounts of axial strain for the various combinations in the case of
applied pressure of 300 kPa. As seen in this figure, the axial strain increased by the increase of EPS content for both
relative densities. Each rectangle shows a particular volume fraction of EPS. With a constant EPS content, the higher
thickness of the EPS layer, the less axial strain happened in the specimens. For instance, in Sand+15°" EPS, the case of
pattern “i”” sustained less axial strain. The reason for this phenomenon may be due to better transfers of stress in thin
layers. The results showed that the thickness of EPS layer and therefore the layering scheme of EPS-sand composite has
a significant influence on the settlement. The results also indicated that the impact of layering is reduced with the
increase in the sand relative density.
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Figure 7. The effect of layering scheme on the constraint deformations of EPS-sand composites, 6v=300 kPa
3.2. Variation of Compressibility Coefficient

The variations of the volume compressibility coefficient (m) for all EPS-sand composites are presented in Figure 8.
The coefficient of compressibility in EPS-sand composites decreased with an increase in overburden pressure. The rate
of its changes is a function of EPS layers thickness in the specimen. There are many differences between the values of
(my) in two relative densities at lower stress levels, but the coefficients of compressibility in both specimens get closer
to each other with increasing vertical stress. These discrepancies indicated the decreasing effect of sand and significant
contribution of EPS behavior in combinations.
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Figure 8. Effect of vertical stress on the volume compressibility coefficient in various relative densities; a) Dr=35%; b)
Dr=70%

4. Conclusion

A series of experimental study has been carried out on geofoam block-sand composites in different volumetric
contents, using a newly fabricated large-scale oedometer apparatus. Axial strain and volume compressibility coefficient
of different combinations were measured. The results of this study showed that the application of EPS blocks needs
special attention to calculate settlement and coefficient of compressibility.

The axial strain decreased by increasing the relative density i.e. the stiffer the soil, the less axial sustained strain. The
results showed that adding an EPS layer induces the higher level of vertical strain and coefficient of compressibility.
For instance, when Dr=35%, the vertical strain in pattern “a” increased 1.55, 1.55, 1.69, 1.4, 1.35, and 1.30 times in
comparison to the pure sand specimen for different applied stresses, while for Dr=70%, the vertical strain in pattern “a”
increased 2.85, 3.12, 3.17, 2.93, 2.75, and 2.71 times in comparison to the pure sand specimen for overburden pressures
of 50 kPa, 100 kPa, 150 kPa, 200 kPa, 250 kPa, and 300 kPa respectively. It is worth noting that, the rates of increment
in axial strain have increased up to the vertical stress of around 150 kPa, while these increment rates decrease after the
axial stress of around 150 kPa. Using multi-layers of EPS geofoam induces more axial strain when the same thickness
of EPS separates into more layers. The thickness of EPS layer and pattern of EPS have a significant influence on
deformation characteristics of specimens. The results also indicated that the impact of layering is reduced with an
increase in the soil density. Certainly, these results should be investigated along with other results of deformability and
shear strength of composite and optimum thickness and volume fractions of EPS to be selected.
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