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�e disposal of massive amounts of waste, particularly nondecaying waste, is now amajor issue for both developed and developing
countries. One of the most sustainable solutions to this problem is to recycle garbage into valuable items. Expanded polystyrene,
which is manufactured in large quantities, is one of these waste materials. �is is being used globally as packaging material,
construction material, and household appliances. �e waste expanded polystyrene (EPS) is necessary due to its biodegradability,
and aesthetically, it has a great negative impact on the environment. �e goal of this research would be to see how shredded waste
EPS a�ects the characteristics of asphalt and asphalt concrete. For this, four separate serial asphalt concrete samples were made
with varying amounts of shredded expanded polystyrene waste (0.25, 0.50, 0.75, and 1% by the weight of the total aggregate) and
�ve di�erent percentages of asphalt (4.0, 4.5, 5.0, 5.5, and 6.0% by the weight of the total aggregate). In this study, 60/70 grade
bitumen was used. Modi�ed asphalt concrete properties were examined and compared with those of the standard specimens. �e
penetration, ductility, softening point, �ash point, and �re point of the asphalt will all be a�ected by the addition of EPS plastic
waste.�e optimal asphalt content of the conventional specimen was 5.1 percent, and di�erent percentages of EPS with OACwere
applied. �e mechanical properties of all specimens were studied in terms of Marshall properties after Marshall specimens were
created with regard to OAC by adding EPS. It has been discovered that applying a 0.5% addition produces improved results than
other methods. Simultaneously, as the EPS percentage increased, the stability value increased by approximately 82.61% compared
to the traditional mix.

1. Introduction

With the rapid growth of tra�c and the harshness of the
weather, �nding ways to extend pavement service life whilst
lowering the cost of maintenance has become a need. As a
result of its enhanced performance over typical asphalt
concrete (AC) mixtures, using modi�ed asphalt concrete
(AC) mixtures for roadway construction has received a lot of
attention [1, 2]. A number of additives, such as polymers,
latex, �bers, and a variety of chemical additives, can improve
the performance of asphalt mixtures [3, 4]. Because of their
capacity to improve AC mixture sti�ness, viscoelastic be-
havior, and durability at various temperatures, polymers are
among the most widely used asphalt modi�ers [5–8].
Polymer-modi�ed binders have been shown to increase

adhesion and cohesion characteristics, routing resistance,
heat cracking, fatigue loss, stripping, and temperature
sensitivity while also lowering the life cycle [4, 9]. Lushinga
et al., as cited in [10], discovered that chemically modifying
bitumen with polydimethylsiloxane (PDMS)-silicone oil
might improve the compatibility and storage durability of
modi�ed asphalt binders.

One of the most enduring and prevalent di�culties in
the modern world is the e�ective and sustainable man-
agement of plastic garbage. Since the beginning of large-scale
plastic production in the 1940s [11], the production of
plastic solid waste has been rapidly increasing. In Dhaka,
Bangladesh, it was also revealed that 4635.52 tons of solid
waste was produced every day, with plastic accounting for
137.57 tons [12]. As a result, the city is being despoiled by
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vast volumes of plastic rubbish. Furthermore, this disposal
would damage our ecosystem due to its toxicological and
intransigent contaminants [13]. Scientists and researchers
are looking for new and sustainable ways to reuse/recycle
plastic garbage to lessen its detrimental impact on the
environment, as a result of the exponential rise in plastic
production and the resulting increase in plastic waste. El-
Saikaly [14] used waste plastic bottles (WPB) as an additive
and suggested that WPB might be used as a modifier for
asphalt mixes to improve both waste management and mix
performance. In China, Ding et al. [15] recognized the
feasibility of using recycled asphalt mixture in the pave-
ment base to address a number of pressing issues such as
land occupation, resource overconsumption, and pollu-
tion. Polystyrene (PS) is a form of plastic that is commonly
used in everyday life. Extruded polystyrene (XPS) and
expanded polystyrene (EPS) are two forms of PS. Similarly,
EPS is raw styrene that has been steam-heated to allow it to
expand [16]. Because it is light and cool, it is widely
employed in many concrete applications, particularly in the
production of concrete blocks and in geotechnical engi-
neering [17, 18]. Anwar et al. [19] investigated the effects of
EPS as a binder replacement at seven different dosages
ranging from 5% to 50%. &ey concluded that adding EPS
to modified asphalt concrete improves its stability. Listiani
and Ayu [20] used EPS plastic waste as an asphalt re-
placement material in the asphalt concrete wearing course
(AC-WC) layer with three volume substitution variations:
10%, 20%, and 40%. &e wet process is used to combine
EPS plastic trash with asphalt. &e wet process is used to
combine EPS plastic waste with asphalt. &ey concluded
that adding EPS plastic waste to asphalt will change the
properties of the asphalt and asphalt concrete. Because of
its potential positive features, such as adhesive properties
and vast surface area, it is a novel form of additive that can
be employed in road construction.

&e most effective way to eliminate too much solid waste
accumulation in metropolitan regions, according to [21], is
to execute waste material re-use. &e use of reprocessed
materials in road pavements is now seen as not just a
sustainable solution but also as an interesting choice for
improving service performance [22]. Various investigations
are carried out on the feasibility of utilizing waste plastic as a
construction material, especially in developing countries.
However, there is a limited attempt to use waste EPS as a
road construction material. So, this study took an oppor-
tunity to use EPS to improve the properties of asphalt and
asphalt concrete mixture.

2. Material Properties

Different types of materials such as stone chips as aggregate,
stone dust as filler, asphalt as a binder, and EPS as an additive
are used in this study. Descriptions of these materials are
given below.

2.1. Aggregate. Aggregate qualities have a significant impact
on the strength, workability, and economics of asphalt
concrete. Locally available aggregates have been used in this

study and purchased locally from the supplier. Tables 1 and 2
show the physical properties of aggregate particles and
gradation.

Gradation refers to the particle size distribution of
stone aggregate.&e particle size distribution is determined
using sieve analysis. Stone aggregates were screened using
an ASTM-recommended sieve of 3/4 inch to #200 in this
study. Table 2 shows the aggregate and filler combined
gradation.

2.2. Mineral Filler. &e filler in asphalt concrete has a
massive effect on its characteristics. Conventionally, cement,
stone dust (hereafter referred to as SD), and lime are used as
fillers in subtropical monsoon climatic regions [23]. Locally
available cement was used as a filler in this study, and the
specific gravity was found to be 3.09 by testing in our
laboratory. Kar et al. [24] indicated that the specific gravity
of cement, stone dust, and fly ash is 3.1, 2.7, and 2.2,
respectively.

2.3. Asphalt Binder. Asphalt is a semisolid hydrocarbon
product produced from refining crude oil. &e asphalt of
grade 60/70 penetration was used in this experiment. &is
bitumen is collected from a local distributor. Table 3 shows
the properties of used asphalt.

2.4. Waste Expanded Polystyrene. Nonmodified EPS foams
feature a cellular nanostructure with EPS-based confined
membranes and a density of less than 50 kg/m3 [22]. In
this study, EPS was used as an additive material which
was collected from waste packaging. &ey are crushed
into pieces manually, and sieve analysis was performed.
In this study, stone aggregates were screened by ASTM
specified sieve 3/4 inch to #4 and aggregate passing
through sieve 3/4″ and retained on #4 sieve are taken into
analysis. &e waste expanded polystyrene was used at
0.25%, 0.50%, 0.75%, and 1% by the weight of the total
aggregate. &e photo views of waste EPS are shown in
Figures 1 and 2.

3. Test Scheme and Experimental Works

&is research involves a number of steps in its experimental
investigation. Characterization of materials for EPS plastic
waste, asphalt (60/70), and aggregate is carried out at the
start of the study. In the second step, the physical properties
of asphalt/bitumen (such as specific gravity, ductility, flash
point, fire point, softening point, and penetration) were

Table 1: Physical properties of aggregate.

Test name Test standard Result (%) Standard
value

LAA AASHTO T 96 15.67 ≤30
AIV BS 812: part 112 :1992 14.98 ≤25
ACV BS 812: part 110 :1992 23.45 ≤30
EI BS 812: section 105.2 :1990 17.62 ≤30
FI BS 812: section 105.1 :1990 11.60 ≤30
SG (CA, FA) AASHTO T 85 2.78, 2.72 —
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examined by combining EPS plastic waste in various
proportions (0.25%, 0.50%, 0.75%, and 1% by the weight of
the total aggregate) with bitumen using the wet method and
comparing them with the nonmodified bitumen properties.
&e author Suroso also added plastic to the hot asphalt and
mixed until homogeneous by using the wet method [25].
Subsequently, in the third phase, 27 cylindrical test

specimens were constructed in accordance with the Mar-
shall test requirements following the AASHTO guideline
for medium traffic load [26]. &e specimen size was con-
sidered to be 101.6mm (dia)× 63.5mm (height) by ap-
plying 50 blows on each side of the cylindrical casing for
different asphalt concentrations (4 to 6%). &e specimen
compositions are listed in Table 4, and Marshall tests were
performed on each specimen in accordance with ASTM
D1559 [27].

&e spherical Marshall specimens were squeezed on the
lateral surface at a continuous rate of 50.8mm/min until the
maximum force (failure) was obtained. Following that, the
Marshall characteristics of unmodified (control mix) asphalt
concrete were evaluated, and the optimum asphalt content
(OAC) was estimated. &e Marshall characteristics of AC
were then determined by adding various ratios of EPS to it
without modifying the OBC and comparing them to non-
modified AC. Figure 3 depicts an outline of the study’s
sequential work.

4. Results and Discussion

&is investigation was divided into 2 parts. For a better
comparative examination of the results, all fresh properties
of pure and EPS-modified asphalt were carefully evaluated in
the first stage. Marshall stability analysis was done on the
EPS-modified mixture in the second stage, and the results
were compared to control samples. &e acquired results are
given in detail in the following.

4.1. Effect of Waste EPS on the Physical Properties of Asphalt.
&e physical properties of modified asphalt with different
percentages are shown in Figure 4 through Figure 5. &e
variation in the penetration value of modified asphalt is

Table 2: Selected combined gradation of aggregate and filler.

Coarse aggregate (CA)� 52%, fine aggregate (FA)� 42%, and mineral filler (MF)� 6%
Sieve size % passing Specified limit (AASHTO T 27) Cumulative % retained % used
3/4″ 100 100 0 0
1/2″ 97.38 90–100 2.62 2.62
3/8″ 78.66 76–90 21.34 18.72
#4 59.44 44–74 40.56 19.22
#8 48 28–58 52 11.44
#40 33.3 8–27 66.7 14.7
#80 16.92 5–17 83.08 16.38
#200 6 5–8 94 10.92
#200 (retained) 100 6

Total 100

Table 3: Test results of physical properties of asphalt binder.

Test name Test standard Test value Standard value
Penetration grade ASTM D 5-86 63 60–70
Softening point ASTM D 36-70 48°C 30°C to 157°C
Specific gravity ASTM D 70-76 1.02 0.97 to 1.02
Ductility ASTM D 113-86 100+ 100+
Flash point ASTM D 92-90 320°C Minimum 175°C
Fire point ASTM D 92-90 355°C Minimum 200°C

Figure 1: Waste expanded polystyrene.

Figure 2: Shredded waste expanded polystyrene.
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shown in Figure 4. &e penetration value decreases when
increasing the percentage EPS. &e penetration value has
been decreased when increasing the polymer percentage and
also stated that by adding EPS the asphalt has become more
viscous and stiffer, which might be beneficial in obtaining a
stiffer asphalt penetration value [22]. Listiani and Ayu [20]
also found that incorporating EPS plastic waste into asphalt
reduces the value of penetration, making the pavement
tougher. With the growing amount of EPS plastic waste
added, the stiffness (lower penetration value) of the asphalt
will increase. &e pavement will be more resistant to de-
formation if the asphalt stiffness is increased. Furthermore,
as the amount of EPS plastic waste added grew, the softening
point value increased as well. As a result, the asphalt will be
less susceptible to fluctuations in temperature. &ese
characteristics will be linked to the earlier discussion of
asphalt stiffness. According to another study, the penetra-
tion value of modified asphalt declined as the proportion of
EPS grew, when compared to pure bitumen of 60-70 grade.
&ey also concluded that the softening value of EPS-mod-
ified bitumen improved as the percentage of EPS content
increased, indicating that using EPS-modified asphalt for the
construction of flexible pavement in hot temperature con-
ditions would be the best alternative [19].

&e ductility of the mixture decreases with the increased
quantity of EPS, as shown in Figure 6. Modified asphalt is
less ductile than the control sample and has a lower ability to

stick aggregate together and coat aggregate [28].&e value of
softening point increases when increasing the waste EPS in
the asphalt, as shown in Figure 7. &is may be for the leak of
homogeneity in the modified asphalt binder. It is possible to
conclude that the waste plastic EPS enhances the asphalt
softening temperature and improves its high-temperature
stability.

Figure 5 shows the variation of flash and fire point values
for conventional and modified asphalt. As can be seen, the
flash and fire point values increased as WEPS content in-
creased. &e EPS added asphalt shows a higher value than
conventional asphalt. &is is because the hardened asphalt
also requires a higher temperature to achieve the flash and
fire point.

4.2.Marshall Properties for Control Specimens. &e results of
the Marshall test for the control mix have been presented in
Figure 8. All the properties such as stability, density, air void,
voids in mineral aggregate (VMA), and voids filled with
asphalt (VFA) show the standard trend.

4.3. Effect of EPS on the Marshall Properties of Asphalt
Concrete. &e Marshall specimens with modified asphalt
were made to investigate the performance of asphalt con-
crete. All the specimens were made with optimum asphalt
content. &e optimum asphalt content was calculated to be
5.1% with the help of stability, density, and air void (%)
curves by following the asphalt institute manual series [29].
All the properties are shown in Figure 9 through Figure 10.
&e relationship between stability and waste EPS is shown in
Figure 9. It shows that as the percentage of EPS is increased,
the stability value gradually goes up. &e density of the
modified asphalt mixture increases with the increase of EPS
%, as shown in Figure 11. Stability value is co-related with
the specimen density. It was observed that the stability
increased with increased density. When the stability value is

Literature Study

Selection of materials and mix design

BindersAggregates

Testing of binding properties Testing of binding properties by adding 
shredded EPS (0.25%, 0.50%, 0.75% 

and 1.0%)Trial mixing to calculate OAC 
and testing

Testing of aggregate properties

Preparing Marshall specimens by adding EPS

Testing of Marshall specimen

Conclusion and suggestion

Density void analysis

Figure 3: Marshall properties for control specimens.

Table 4: Composition of specimens.

Number of specimens containing
Control mix: total� 15 Modified mix: total� 09
3 (EPS-0%, binder-4%) 3 (EPS-0.75%, binder-OBC%)
3 (EPS-0%, binder-4.5%) 3 (EPS-0.5%, binder-OBC%)
3 (EPS-0%, binder-5%) 3 (EPS-1%, binder-OBC%)
3 (EPS-0%, binder-5.5%)
3 (EPS-0%, binder-6%)
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too significant, the asphalt mixture becomes too stiff and far
less stable. In a prior investigation, the authors discovered
that when the penetration and softening point of EPS-
modified asphalt increased, the ductility and flow values
decreased. According to Marshall stability test results, the
stability of AC-containing EPS was increased with varying
percentages of EPS substitution up to 40%, but after that, a
little decline in their stability values was noted at 50% re-
placement [19].

&e flow values decrease when increasing waste EPS, as
shown in Figure 12.&e flow value is related to the flexibility
of the mix. &is is due to the fact that harder and more
viscous samples show a lower flow value. Figure 13 shows the
air void (%) graph for modified asphalt mixtures. &e air
void (%) has been decreased with increasing EPS content for
all cases. &is is because when the EPS is applied to a
mixture, it fills the void of the mixture.

Figure 14 shows the voids in mineral aggregate (%) of the
Marshall specimen at different EPS contents. &e VMA
values of all specimens decrease as the EPS content increases
up to higher content. &is is why when EPS and binder are
combined, the aggregate soaks the binder first, followed by
the binder filling the vacuum in the mix. As a consequence,
the VMA value has dropped. Figure 10 shows the rela-
tionship between voids filled with asphalt and EPS. It can be
seen from the figure that the values of VFA for all EPS
contents have been increased when increasing the EPS
content. &is is because with increasing EPS more voids are
filled with it.

From the above circumstances, it is evident that the use of
waste EPS gives better results as compared to the control mix.
Also, the higher percentage of EPS content gives the lower
values of flow value, air void %, VMA, and higher values of
stability, density, and VFA. It is also seen that all the values are
within the specified limit with the exception of VFA (%).&ese
values are slightly more than the maximum specified value.
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Figure 4: Experimental scheme.

0 0.25 0.5 0.75 1
EPS (%)

0

100

200

300

400

500

Fl
as

h 
&

 F
ire

 P
oi

nt
 [°

C]

Flash Point
Fire Point
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Figure 6: Variation of flash and fire point values.
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Figure 7: Variation of ductility value.
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Figure 13: Relationship between air void and EPS.
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5. Conclusion

&e purpose of this study was to look into the potential
benefits of using expanded polystyrene in road construction.
&e following primary results were drawn from the ex-
perimental work in this study.

(i) It was observed that the addition of 1% EPS in
asphalt shows the minimum ductility. But this point
shows the maximum softening point, flash point
value, and fire point value.

(ii) &e maximum value of Marshall stability of a
modified mix with EPS is increased approximately
82.61% compared to the conventional mix.

(iii) &e modified asphalt and asphalt concrete with
0.75% shows better results than others with the
exception of ductility value and VFA (%). But at
0.50% EPS, all the values are within the specified
limits. So, the optimized percentage of EPS is 0.50%.

Subsequently, it is claimed that mixing EPS with the
asphalt concrete mixture produces an effective outcome than
the conventional mix and enhances the mixture charac-
teristics as the amount of EPS increases. In our research, it
can be seen that 0.5% EPS added asphalt concrete mixture
shows improved performance over the others. &e usage of
EPS in road construction would result in a more environ-
mentally friendly, long-lasting, and cost-effective mode of
transportation. Furthermore, by minimizing the demand for
raw bitumen, its efficacy in terms of society and the envi-
ronment is promising. Finally, it can be concluded that using
EPS in asphalt concrete mixtures not only enhances the
properties of asphalt concrete but also decreases the envi-
ronmental solid waste disposal problem.

Data Availability

&e experimental data used to support the findings of this
study are included within the article.
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