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ABSTRACT

ARTICLE INFO

Epscrete, which is made by employing aggregate made of expanded polystyrene
beads, is often used to make wall panels, block components, and insulating plates.
For these products to have greater mechanical qualities, 400, 600, and 800 dose ep-
screte specimens were made in this research, which also considered the influence of
cement quantity. The water-cement ratio was considered to be 0.5. In addition to the
reference specimens, the same manufacture was carried out utilizing a 1% plasticizer
admixture. Specimens were subjected to unit weight, ultrasonic pulse, water absorp-
tion, bending, and comprehension tests 7 and 28 days after production. The effects
of the dose and plasticizer rate on the physical and mechanical properties of early
and ultimate epscrete specimens were determined according to the unit weight, ul-
trasonic pulse velocity, water absorption rates, bending and compressive strength
values. Increasing the dosage increased the ultrasonic pulse velocity, reduced water
absorption by reducing the amount of gap and reduced water absorption, and in-
creased compressive strength by approximately 65 % and bending strength by about
60 %. It has been determined that the mechanical and physical properties of epscrete
are affected by dose and mixture ratios. By increasing the dosage, it has been seen
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that carrier light carrier blocks can be obtained.

1. Introduction

Expanded polystyrene (EPS) blocks can be used for
thermal insulation and lightening the structure against
seismic effects as Raufetal. (2011), Mohammed and Zain
(2016) and Miled et al. (2004) stated in their studies.
However, as Uygunoglu et al. (2015), the flammability of
these materials limits their use. According to Li et al.
(2018) and Babu et al. (2006), granules forming EPS
blocks are polymers with closed cell structure, high air
content, hydrophobic structure, and low density. For this
reason, EPS granules can be used in the production of
lightweight concrete as noted by Tang et al. (2008). Con-
crete in which EPS beads are used as aggregate is called
EPS concrete. As a result of the cement paste covering
the EPS granules, the material becomes incombustible.
In this state, it can be used in many areas such as thermal
insulation material, floating marine structures, geogrid,
and road barrier as used by Gyawali (2023). However,
the freeze-thaw resistance of EPS concrete is low. For

this reason, in order to increase the freeze-thaw re-
sistance, antifreeze and silane bonding agent can be ap-
plied to the outside of the EPS concrete, as well as EPS
can be modified by wrapping the EPS surface with high
performance materials, and polyvinyl alcohol and fiber
can be added to the mixture by Yuan et al. (2022). Since
EPS-based lightweight concrete panels reduce energy
consumption by up to 40%, they can reduce carbon
emissions by up to 20% as Meddage et al. (2022) stated
in their studies. At the same time, it reduces the use of
cement and reduces carbon emissions from cement pro-
duction. According to Prasittisopin et al. (2022) and
Xiang et al. (2022), since EPS particle content increases
the porosity, it reduces the strengths by up to 45%, while
increasing the dynamic performance and improving the
fatigue properties. When the stress-strain curves of EPS
concrete obtained under axial compression load are ex-
amined, firstly, a linear elongation and small cracks form
on the surface, while in the collapsed stage, the increase
in stress concentration at the interface of EPS beads and
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cement leads to the formation of new cracks due to the
low strength of the beads. Feng et al.’s (2022) study re-
vealed that concrete loses its bearing capacity during the
stress softening phase. When the drying shrinkage of
EPS aggregate concrete is examined by Maghfouri et al.
(2022), it was observed that EPS cannot resist shrinkage
due to its low rigidity increases drying shrinkage. Ac-
cording to Assaad et al. (2022), If waste EPS insulation
materials are used instead of aggregate in the production
of lightweight reinforced concrete beams, their shear
strength decreased by up to 20%. There are studies pre-
pared by Mahmoud et al. (2023) where EPS bead wastes
are used for insulation purposes in the production of ge-
opolymer concrete. It has been determined by Vinod et
al. (2022) that EPS beads have higher compressive
strength than clay bricks and lower than traditional po-
rous blocks when used in foam concrete block produc-

tion. If EPS is wrapped in airgel, its compressive strength
can increase up to 137% as Jiang et al. (2022) stated in
their papers. In studies like Rosca and Serbanoiu
(2022), using EPS by volume instead of aggregate, the
compressive strength increased as the aggregate parti-
cle size decreased, as well as the EPS bead distribution
became more uniform. In a study by Sadrmomtazi et al.
(2012), in which EPS granules were used as aggregate,
the strength increased with the use of silica fume, while
the strength decreased with the use of rice husk ash. It
has been observed that homogeneity and slenderness
are important in studies where fracture is modeled in
concretes using CT scanning to obtain the micromor-
phology of concretes with EPS aggregates. According to
Feng et al. (2022), these data provide improvement re-
garding the design, construction and cure of EPS con-
crete.

Fig. 1. Epscrete types used in the application (Susilorini et al. 2020; Mishra and Dashore 2020).

As can be seen from Fig. 1, there are a variety of EPS
products available, including wall panels, block ele-
ments, and insulation plates. There have been previous
studies on the strength and durability of epscrete prod-
ucts. In this study, unlike previous studies, a higher
amount of cement was added in different proportions
and aimed to have higher mechanical properties as well
as lighter ones. For this purpose, 400, 600, and 800 dos-
age epscrete specimens were produced using EPS
beads. Here, 400 doses can be used in light concrete ap-
plications in general. Therefore, 400 doses were chosen
as a reference. If the dosage is increased too much, the
upper limit is limited to 800, as there may be too many
problems due to the heat of hydration as well as the cost.
600 doses were taken as an intermediate value. Unit
weight, ultrasonic pulse, bending, and compressive
strength tests were performed on these specimens and

their mechanical and physical properties were deter-
mined.

2. Experimental study
2.1. Materials

Cement: Type R CEM I 42.5 cement was used in the mix-
tures. The properties of this cement are given in Table 1.
Aggregate: EPS beads were used as an aggregate in mix-
tures. The properties of the beads were listed in Table 2.
Water: Municipal water was used in the mixtures. Prop-
erties of the mix-water is given in Table 3.

Admixture: The superplasticizer (SP) was mixed as an
admixture in a lightweight concrete design. Admixture
properties were given in Table 4.
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Table 1. Properties of cement.

Chemical content, mg/dm?3

Ca0 AL03 Si02
62.9 4.56

Fe203 MgO
19.19 3.09 1.88

CI- Na20 K20 LOI S03
0.013 0.31 0.63 3.8 3.21

Physical properties

Specific surface cm?2/g

3590 1

Expansion, mm

Initial setting, min.

Final setting, min.

227.5 3.09

Density, g/cm3

Table 2. Properties of EPS beads.

Diameter range, mm

Unit Weight, kg/m3

Density, kg/m3

1.5-3.0 20 60
Table 3. Properties of water.
Cu Mn Al NH4 Fe NO; K Ni As Conductivity, uS/cm  pH Hardness, Fd°
0.016 0.015 0.04 0.06 0.007 11.1 6.8 5.07 1.19 628 7.35 30.11
Table 4. Properties of plasticizer.
Content Structure Colour Density pH Cl Alkali
Modified lignosulfonate homogeneous, liquid dark brown 1.135 kg/dm3 8 <0.1% <7 %

2.2. Method and tests

In lightweight concrete containing EPS beads (ep-
screte) production, the water-cement ratio was taken
into account as 0.5. Specimens were taken from the ep-
screte mixtures prepared according to the mixing ratios
given in Table 5 into prismatic molds with dimensions of
4x4x16 cm. The specimens taken from the mold one day
later were kept under standard curing conditions until
the day of the experiments. Unit weight, ultrasonic pulse,
water absorption, splitting tensile, compression and
bending tests were carried out on specimens 7 and 28
days after production are showed in Fig. 2.

Table 5. Mixture ratio, kg/m3.

Cement Water EPSbeads Admixture (SP)
400 200 20 0
400 200 20 4
600 300 20 0
600 300 20 6
800 400 20 0
800 400 20 8

3. Discussion

The unit weight changes of the epscrete specimens
are given in Fig. 3. According to Fig. 3, the unit weights
ranged between 0.6 and 1.4 kg/dm3. A decrease in the
dosage from 800 kg to 600 kg reduced the unit weights
of the specimens by 24%, while a decrease of 400 kg in

the dosage caused the unit weights of the specimens to
decrease by 51%. The heaviest component in the ep-
screte composition is cement. Due to the fact that the
other components are quite light compared to cement,
the change in the amount of cement caused a significant
change in the unit weight of the specimens. Since better
placement was achieved by adding a plasticizer to the
mixture, an increase in the unit weights of the specimens
was observed, reaching 5.7%. It was determined that the
unit weights of the specimens were higher due to the low
water loss in the early ages, and these values decreased
by 8% in 28 days. When the studies of Kuhail (2001),
Jayanth and Sowmya (2018) are examined, the unit
weights of the epscrete samples using 400 doses of ce-
ment are reduced to 0.95 kg/dm3, similar to this study,
while the unit weights can reach up to 1.27 kg/dm3 in the
case of using 600 doses of cement (Kuhail 2001; Jayanth
2018).

The ultrasonic pulse velocity values of epscrete spec-
imens varies with dosage were shown in Fig. 4. The de-
termination of ultrasonic pulse velocity can provide in-
formation about the quality of the concrete by changing
the speed as a result of the change in path required for
vibration progression depending on the void structure
and amount of space in the sample. However, in this
study, the presence of EPS beads as well as voids and ce-
ment paste in the inner structure was effective in the
propagation of the vibration created by the piezoelectric
material. Vibration does not propagate in pores, but cir-
culates around it. Hardened cement paste and EPS grains
are different types of materials. Cement paste is a ce-
ramic material while EPS is a polymer material. How-
ever, since it is an expanded polymer. It contains gaps in
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its internal structure and thus can slow down the pro-
gression of vibration, therefore, reducing ultrasonic
pulse velocity values. In Fig. 4, it was observed that as the
dosage increased, the ultrasonic pulse velocity values in-
creased by 78%. Since the admixture provides better

placement, it has reduced the voids and increased the ul-
trasonic pulse velocity values by up to 20%. The increase
in solid structures as a result of the continuation of hy-
dration over time caused an increase in ultrasonic pulse
velocity values of up to 14%.

140 mm

S

$
s

160 mm

Fig. 2. Mixture, EPS beads, schematic draw of specimens and tests.
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Fig. 3. The effect of dosage on unit weights of epscrete.
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Fig. 4. Ultrasonic pulse velocity change of epscrete with dosage.
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The water absorption test results of the produced ep-
screte specimens 7 and 28 after the production are shown
in Fig. 5. It was seen that the water absorption rates by
weight ranged between 3 and 14 percent. The capillary
voids, micro and macro voids in the cement paste were ef-
fective in absorbing water due to the water absorption
and impermeability of the EPS grains. Therefore, the wa-
ter absorption rate of the specimens decreased by 67%
as a result of the decrease in voids with the increase in

dosage. The increase in machinability with the addition
of admixtures caused a decrease in macro voids and thus
a decrease in water absorption rates of up to 12%. In ad-
dition, the increase in the microstructure of the CSH
structures formed as a result of cement hydration over
time caused a decrease in water absorption rates of up
to 36%. In previous studies as Jayanth and Sowmya
(2018), unlike this study, UPV values were found to be
higher, such as 2.64 km/sec, since sand was used.

15
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E 11
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600 700 800

Dosage, kg/m3

Fig. 5. Water absorption of epscrete.

The bending strength changes determined as a result
of the bending test performed on epscrete specimens are
shown in Fig. 6. When Fig. 6 was examined, the decrease
in dosage in the production of epscrete caused a de-
crease in the bending strength of the specimens, reach-
ing 40%. The increase in dosage, the better filling of the
pores between the EPS granules and the increase in stiff-
ness and strength of the calcium silicate hydrate gels
formed as a result of hydration caused an increase in the
bending strength. As a result of the dispersion of the ce-
ment particle size, the spread of the hydration reactions
over time causes the specimens to show continuity even

if the strength gains rate decreases. In this study, it was
observed that the bending strength of the 7 day speci-
mens could reach up to 93% of the bending strength of
the 28 day specimens. In the case of the addition of plas-
ticizer, the homogeneous distribution that occurs as are-
sult of preventing the flocculation of the cement grains
provided better placement in the cross-section, and in
this case, the bending strength of the specimens in-
creased by up to 24%. In the studies conducted by
Jayanth and Sowmya (2018), it was determined that the
flexural strength of epscrete specimens decreased to
0.98 MPa.

4.5

—O— Control-7 days
—@— Control-28 days
— X -0.01 SP-7 days
— & 0.01 SP-28 days

Bending Strength, MPa

400 500

600 700 800

Dosage, kg/m?

Fig. 6. Effect of dosage on bending strength of epscrete.
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The variation in compressive strength of epscrete
specimens depending on admixture content, specimen
age, and cement amount is shown in Fig. 7. It was ob-
served that the compressive strengths of the specimens
varied between 8.5 and 19 MPa. The compressive
strengths increased up to 82%, depending on the amount
of cement used. In case of an increase in dosage, an in-
crease in strength is an expected situation. However, the
use of EPS grains as aggregate in epscrete specimens and
the fact that these grains act as voids and do not contrib-
ute to strength, it has been observed that the contribu-
tion of cement paste to strength is effective. In normal
concrete, the 7 day concrete compressive strength is
70% of the 28 day concrete compressive strength. The 7
day compressive strength of Epscrete specimens was at

N
o

least 76% of their 28 day compressive strength. The
plasticizer admixture separated the cement particles
from each other by physical force, preventing segrega-
tion and increasing the compressive strength. This in-
crease reached 20% in epscrete specimens. When the
studies conducted by Kuhail (2001), Jayanth and
Sowmya (2018) are examined, the compressive strength
of epscrete samples using 400 doses of cement decreases
to 4.5 MPa, while the compressive strength can reach up
to 6 MPa in case of using 600 doses of cement.

SEM images of epscrete produced by using EPS beads
as aggregate are given in Fig. 8. When Fig. 8 is examined,
porous structure of the EPS beads and the microstruc-
ture of the interface formed by the bonding of EPS to the
cement paste are seen.
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Fig. 7. Compressive strength variation of epscrete with dosage.
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Fig. 8. SEM images of the cement paste/EPS interface and EPS beads (Allahverdi et al. 2018; Maaroufi et al. 2018).
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4. Conclusions

The following conclusions were reached as a result of
the tests and analysis on epscrete.

e It has been observed that the amount of cement se-
lected such as 400, 600 or 800 kg in epscrete produc-
tion has a significant effect on the test results to de-
termine the mechanical and physical properties.

e It was observed that the unit weights of 400 dosage
epscrete fell below 700 kg/m3. It was determined that
the unit weights of the specimens with 800 dosages
were over 1200 kg/m3.

e As a result of the decrease in space contained in the
specimens and the increase in dosage, the ultrasonic
pulse velocity values increased while the water ab-
sorption rates decreased.

e Considering the compressive and bending strengths,
which are the most important mechanical properties
of concrete elements, the dosage increase increased
the strengths. While the bending strengths of 400 dos-
age specimens were 2.6 MPa and the compressive
strengths were around 11 MPa, the bending strengths
of 800 dosage specimens were around 4.1 MPa and
the compressive strengths were around 18 MPa.

e The workability of the mixture has increased with the
addition of plasticizer to the epscrete mixture. This
situation caused an increase in the unit weight, ultra-
sonic pulse velocity values, bending and compressive
strengths of the specimens and a decrease in the wa-
ter absorption rate. Especially in 400 dosage epscrete
specimens, the compressive strengths reached 13
MPa.

e The physical and mechanical properties of epscrete
specimens at 7 and 28 days were determined. While
the ultrasonic pulse velocity values and compressive
and bending strengths of the 7 day specimens are
lower than those of the 28 day specimens, their unit
weights are high.

e While 87% of the bending strength was reached in
terms of mechanical properties at an early age, 80%
of the compressive strength was reached in 400 dos-
age specimens and 87% in 800 dosage specimens.
High strength achieved at an early age was one of the
important results of this study.

Epscrete specimens with 800 dosages are suitable to
be produced as a partition wall block construction ele-
ment with their 1.2 kg/dm3 unit weight and 18 MPa com-
pressive strength. The mechanical properties obtained
show that these blocks are suitable for use as lightweight
load-bearing wall elements in masonry structures. When
400 dosages are preferred in epscrete production, it is
recommended to use the products obtained as an insula-
tion plate with unit weights of 0.6 kg/dm?3, bending
strengths of 2.6 MPa and compressive strengths exceed-
ing 10 MPa. However, in order to be used as an insulation
plate, it is recommended to determine the thermal con-
ductivity coefficients in future studies.
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