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Abstract 

 

Waste polymers are widely used in asphalt modification, especially, in order to reduce their detrimental 

effect on the environment. This study discusses the usability of waste expanded polystyrene (EPS) foam 

in asphalt modification. In this respect, the EPS foam, which produces waste in both production and use 

stages, was mixed with bitumen by weight at the ratios of 2%, 4%, 6%, and 8%, and dry modification 

method was employed. The penetration, ductility, softening point, flash point, and specific gravity values 

of virgin bitumen were compared with waste EPS foam modified bitumen. The comparison was made by 

both graphical and statistical methods. A strong correlation between the physical properties of modified 

asphalt and the ratio of EPS foam was observed. A drop was observed in penetration and ductility values. 

Besides, it was found by statistical analyses that 2% of the increase in the additive ratio is not sufficient to 

make a significant difference in the physical properties of bitumen, therefore, the increase should be at 

least 4%. Overall, it is concluded that EPS foam additive can be used in bitumen modification for hot 

regions where low penetration is required. 

 

Keywords: Asphalt Binder, Bitumen Modification, EPS, Polystyrene Foam, Statistical Evaluation. 

 

1. Introduction 

 

Hot bituminous mixtures (HBMs) are the most common 

type of material using in pavement constructions. HBMs 

are preferred due to their service life performance, 

stability, durability, water-resistance, and comfort 

criteria. Recently increased traffic volume and axle 

loads have created a great necessity to improve these 

criteria [1]. 

 

It is a well-known fact that the rheological behavior of 

bitumen is significantly heat-related and low thermal 

susceptibility is vital for the bitumen. Bitumen at low 

temperatures is brittle due to its high stiffness which 

makes it vulnerable to thermal and fatigue cracking. On 

the other hand, bitumen at high temperatures tends to 

flow which gives rise to permanent deformations under 

traffic loads such as rutting [2]. Accordingly, polymers 

modification in bitumen enhances its performance at 

high, low, and intermediate temperatures. They can 

reduce thermal and fatigue cracking at low temperatures  

 

in the asphalt mixture. Also, they can increase the 

resistance to permanent deformation at high 

temperatures [2–4]. 

 

Today, with the development of the petroleum industry, 

synthetic polymers such as polypropylene (PP), 

polyethylene (PE), and polystyrene (PS) have become 

indispensable parts of our lives. This brought about the 

environmental waste problem. PS foam represents 70% 

of the total plastic waste in the oceans due to its low 

recycling rate. Approximately 3 million tons of PS 

waste are threatening the environment due to their 

chemical stability [5–8]. Although this threat is tried to 

be eliminated through landfills and incineration, landfill 

brings an extra cost, and incineration results in toxic gas 

emissions, which is detrimental to the environment [5]. 

Polymeric materials are also considered a good bitumen 

modifier because of their chemical structure composed 

of mostly carbon elements [7]. Thus, many studies have 

been done on asphalt modification with polymeric 

materials such as PP [9], PE [10], and PS [8,11–14]. For 
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instance, Vila-Cortavitarte et al. (2018) has performed a 

life cycle assessment on waste PS modified bitumen and 

they suggest that using modified bitumen might reduce 

its environmental impact significantly because it 

provides longer performance life [14]. In another study, 

bitumen has been modified with PS and trans-

polyoctenamer in the presence of a cross-linking agent 

[12]. They have reported that modified bitumen has 

provided good storage stability, improved in elastic 

recovery, and showed better overall performance 

compared to virgin asphalt. 

 

The expanded polystyrene (commonly referred to as 

EPS) has great impact strength, acoustic and heat 

isolation properties. Also, its lightness is another 

advantage. Therefore, EPS is generally used in the 

package and packaging sector as well as in the building 

industry as heat or acoustic isolation material [15,16]. 

EPS comprises small PS beads that are obtained from 

styrene by the polymerization process. Once 

polymerization is completed, EPS is infused with a 

blowing agent (e.g., pentane and hexane). After that, 

small volumes of gas are entrapped between polystyrene 

beads, and expansion is achieved [17]. EPS contains 

more than 95% of air which makes it difficult to 

accumulate as waste. Besides, its recycling process is 

complicated and costly due to its high volume [3]. Thus, 

using EPS in asphalt modification can contribute to 

handling this environmental pollutant. Also, EPS starts 

to soften at a temperature above 100 °C [18]. That is 

why it can stay durable at service temperatures of 

asphalt pavements. 

 

Nciri et al. (2020) have studied the chemical 

background of asphalt modification with waste EPS, 

and they have suggested that waste EPS can be used as 

a bitumen modifier [16]. However, the limitation of 

their study is not to address the physical properties of 

the asphalt. On the other hand, some studies have been 

done relating to the effect of EPS modification on the 

physical and rheological properties of asphalt binder 

[3,19,20]. They have suggested that waste EPS 

modification enhances asphalt’s physical performance. 

For instance, Mahida et al. (2021) have studied waste 

EPS modified asphalt with mechanical analysis (e.g., 

penetration, softening point, viscosity), rheological 

tests, electron microscopy, infrared stereoscopy, and 

Marshall stability [3]. They have demonstrated 

incorporation of waste PS in bitumen modification at 

different percentages significantly improves the 

properties as compared to virgin bitumen. They have 

got satisfactory results in rutting and fatigue parameters 

in dynamic shear rheometer (DSR). Besides, they have 

reported an increase in stiffness of the bitumen with 

waste PS according to penetration and softening point 

results. The raise in the stiffness is also supported by 

other studies [19–21]. Although several studies have 

been carried out on EPS modification of asphalt binder, 

no single study exists that uses statistical evaluation 

methods.  

 

This study investigates the effect of waste EPS foam on 

the physical properties of the asphalt binder. In line with 

this purpose, 50/70 penetration grade of asphalt cement 

was modified with waste EPS at the ratio of 2%; 4%; 

6%, and 8%. The penetration, ductility, softening point, 

flash point, and specific gravity tests were performed 

according to related standards. The reason to choose 

these tests was to evaluate stiffness, temperature 

susceptibility, and safety of the modified bitumen. 

Obtained results are interpreted and evaluated with 

statistical methods differently from other studies. 

 

2. Materials and Methods 

 

In this study, 50/70 penetration grade bitumen, which 

was supplied from İzmit Tüpraş refinery, was used, and 

the properties of the bitumen are given in Table 1.  

 

EPS was used in the study. Generally, their density 

varies from 0.028-0.045 g/cm³. In this study EPS, 

whose density is 0.032 g/cm³, was used. Typical 

properties of the PS are given in Table 2.  The dry 

method, which is one of the modified bitumen 

preparation methods, was used in the study. In this 

method, virgin bitumen and waste EPS foam were 

mixed in a steel bowl before melting the EPS (Figure 1). 

 

Table 1. Properties of the bitumen [22]. 

Parameters 

Value 

from the 

Supplier 

Laboratory 

Tests 

Results 

Penetration (0.1 mm) 50/70 66.3 

Softening Point (°C) 46-54 50.4 

Flash Point (°C) 230 (Min) 314 

Solubility (%) 99 (Min) - 

Softening point rise (°C) 9 (Max) - 

Resistance to hardening (a) at 163 °C 

- Loss on heating (%) 

- Penetration after heating (%) 

- Softening point after heating (° C) 

 

 0.5 (Max) 

50 (Min) 

48 (Min) 

- 

 

Table 2. Typical properties of PS [3]. 

Property  Value 

IUPAC name Poly(1-phenylethene) 

Common name Thermocol 

CAS number 9003-53-6 

Abbreviations PS 

Chemical formula (C8H8)n 

Density 0.96–1.04 g/cm3 

Melting point ~ 240 °C 

 

The waste EPS was added into the bowl, which contains 

150°C hot bitumen, at certain percentages of bitumen 

weight ( 2%, 4%, 6%, and 8%). These ratios were 

selected based on previous studies where additive ratios 

are below 10% [16,19–21]. Then, EPS and the bitumen  
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mixed homogeneously. Next, the mixture was added to 

the oven whose temperature was adjusted to 150° C. 

The mixture was kept in the oven for 2 hours in order to 

provide EPS to melt, and thus obtain a homogeneous 

mixture. Once EPS was softened and mixed with 

bitumen, entrapped air in the EPS was disappeared. In 

other words, EPS became normal PS. After that, the 

homogeneous mixture was taken into test equipment 

within the standards following; penetration (ASTM D5-

D5M-13), ductility (AASHTO T 51-09), softening point 

(AASHTO T 53), flash point (ASTM D 92-18), and 

specific gravity. Some stages of the experimental 

process are demonstrated in Figure 2. 

 

 

Figure 1. The process of mixing EPS foam into the 

bitumen. 

 

 

Figure 2. Experimental process a) Softening Point b) 

Flash Point c) Ductility d) Penetration. 

 

3. Results and Discussion 

 

The changes in physical properties of EPS modified 

bitumen were evaluated and interpreted compared to the 

50/70 penetration virgin bitumen. The findings are 

given in Table 3. The data presented here are the means 

of the values obtained as a result of three experiments 

for penetration, ductility, and softening point, 

respectively. Standard deviations of the results are 

illustrated in Figure 3 as error bars. Table data were 

interpreted by graphing for each physical property and 

using statistical methods. 

 

Table 3. Modified Bitumen Physical Properties 

(Modified Bitumen Physical Properties). 

Physical 

Properties 

Polystyrene rate (%) 

Standard 0% 2% 4% 6% 8% 

Penetration 

(x 0.1 mm) 

ASTM D5-

D5M-13 
66.3 62.7 61.3 57.7 49.7 

Ductility 

(cm) 

ASHTO T 

51-09 
122 114 109 102 83 

Softening 

point (°C) 

ASHTO T 

53 
50.4 49.8 49.5 49.3 49.1 

Flash Point 

(°C) 

ASTM D 

92-18 
314 320 342 354 360 

Specific 

gravity 

(g/cm3) 

ASTM-D 

70-03 
1.030 1.036 1.050 1.058 1.065 

Penetration 

Index (PI) 

Pfeiffer and 

Van 

Doormaal 

(1936) [23] 

-0.41 -0.71 -0.84 -1.04 -1.44 

 

3.1 Penetration 

 

When the penetration data are examined in Table 3, the 

modified bitumen penetration values decreased as the 

EPS percentage increased. The amount of this change is 

given in Figure 3a graphicly. When each polystyrene 

additive percentage increased by 2%, it was observed 

that pure bitumen penetration decreased by 5.53%, 

7.53%, 13.53%, and 25.13%, respectively. 

 

In order to determine the statistical significance of this 

decrease, the correlation value between the polystyrene 

percentage and the penetration value was calculated, 

and a strong negative value of -0.958 was obtained. The 

p-value of the correlation value is 0.01 (Table 4). It is 

concluded that the correlation coefficient is significant 

for the case where the meaning level is 0.05 [24]. From 

these results, it is interpreted that as the percentage of 

polystyrene additive increases, the penetration value 

decreases.  

 

It is clear that this decrease in the penetration values of 

bitumen will lead to an increase in viscosity. According 

to reference [25], this increase makes workability 

difficult, in other words, compaction of the asphalt 

mixture becomes more difficult. But the decrease in 

penetration provides higher resistance against 

deformations such as rutting as stated in reference [26]. 

Besides, it is thought that the penetration value can be 

adjusted by using polystyrene additive in hot climates 

where low penetration is required. When it comes to the 

rheology, rheological properties of the modified 

bitumen were not completely evaluated in this study. 
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However, this issue is addressed by Mahida (2021) [3]. 

They have stated that PS modified bitumen showed 

better rutting performance and its elastic properties 

largely increased.  

 
Table 4. Correlation Analysis Results 

First 

Variable 

Second 

Variable 

Correlation 

Coefficient 

p-Value 

Penetration (x 

0.1 mm) 

EPS Ratio 

(%) 

-0.958 0.010* 

Ductility (cm) -0.963 0.009* 

Softening 

point (°C) 

-0.967 0.007* 

Flash Point 

(°C) 

0.979 0.004* 

Specific 

gravity 

(g/cm3) 

0.992 0.001* 

*Meaningful at 0.05 significance level 

 

3.2 Ductility 

 

When ductility values are examined in Table 3, the 

ductility values of modified bitumen decreased as the 

additive ratio increased. The amount of this change is 

shown in Figure 3c graphicly. In each 2% increase of 

polystyrene additive, it was observed a decrease of 

6.56%, 10.66%, 16.40%, and 31.97% in ductility of 

pure bitumen, respectively. 

 

In order to determine the statistical significance of this 

decrease, the correlation value between polystyrene 

percentage and ductility value was calculated, and a 

strong negative correlation value of -0.963 was 

obtained. The p-value of the correlation value found is 

0.009 (Table 4). It is concluded that the correlation 

coefficient is significant for the case where the meaning 

level is 0.05. From these results, it is interpreted that the 

ductility value decreases with polystyrene additives.  

 

The ductility test is commonly accepted as a 

controversial test because of its empirical nature, low 

reproducibility, and the unclear relationship between the 

measured results and basic material characteristics [27]. 

However, field data support that there is a good 

correlation between asphalt ductility and pavement 

cracking. Cracks are more likely to occur as ductility 

decrease [28,29]. Therefore, the decrease in ductility 

may not be interpreted as good especially in cold 

regions. Nonetheless, ductility values of the modified 

bitumen are met with the specification limits except for 

the value for 8% additive. That is why it might be used 

for hot regions up to 6% for a similar reason with 

penetration values.  

 

 

 

Figure 3. Change of the physical properties a) Penetration b) Flash Point c) Ductility d) Penetration e) Softening Point 
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3.3 Softening Point 

 

When the softening point values are examined in Table 

3, the softening point values of modified bitumen 

decreased as the EPS ratio increased. The amount of this 

change is shown in Figure 3e graphicly. Each 2% 

increase of polystyrene additive caused a decrease of 

1.19%, 1.88%, 2.18%, and 2.57%, respectively, in the 

softening point of the pure bitumen.  

 

In order to determine the statistical significance of this 

decrease, the correlation value between polystyrene 

percentage and softening point value was calculated, 

and a strong negative value of -0.967 was obtained. The 

p-value of the correlation value found is 0.007 (Table 

4). It is concluded that the correlation coefficient is 

significant for the case where the meaning level is 0.05. 

From these results, it is interpreted that the softening 

point value decreases as the percentage of polystyrene 

additive increases.  

 

The softening point test measures the temperature value 

where bitumen reaches a certain softness. Bitumen has 

an approximately penetration value of 800 or absolute 

viscosity of 13 000 poises when it is at its softening 

point [30]. Therefore, softening point test reveals the 

relationship between viscosity and temperature of the 

bitumen. In other words, the viscosity of the bitumen 

depends on the difference between its temperature and 

softening point. The slight decrease in the softening 

point of modified bitumen may affect badly its 

performance especially in hot regions due to low 

viscosity. However, this decrease is slight and remains 

in the limitation of base bitumen. Therefore, the 

modified bitumen can be used, because it can contribute 

to reclaim waste EPS and reduce bitumen consumption. 

 

Furthermore, the softening point can be used along with 

penetration to calculate the temperature susceptibility of 

the bitumen. For this purpose, Penetration Index (PI) 

was defined by Pfeiffer and Van Doormaal (1936) [23]. 

By assuming bitumen has a penetration of 800 at 

softening point, PI values were calculated for each PS 

ratio (Table 3). These calculation steps are well 

explained in reference [30]. There was a constant 

decrease in PI values which means a rise in temperature 

susceptibility. However, this decrease remained within 

the limits of normal bitumen. Because bitumen with PI 

values between -2 and 2 can be referred to as normal 

bitumen [30,31].  

 

3.4 Flash Point 

 

The change of flash point values with the EPS ratio is 

given in Table 3. It illustrates that flash point values of 

modified bitumen increased, as the additive ratio 

increased. The amount of change, according to the EPS 

ratio, is graphicly demonstrated in Figure 3b. Each 2% 

increase in the EPS ratio gives rise to an ascend in flash 

point by 1.91%, 8.91%, 12.73%, and 14.64%, 

respectively.  

 

In order to determine the statistical significance of this 

increase, the correlation value between the polystyrene 

percentage and flash point value was calculated, and a 

strong positive correlation value of 0.979 was obtained. 

The p-value of the correlation value found is 0.004 

(Table 4). It is concluded that the correlation coefficient 

is significant for the case where the meaning level is 

0.05. 

 

From these results, it is interpreted that the flash point 

value increases as the percentage of polystyrene 

additive increases. When the results are evaluated in the 

light of literature, the determination of the flash point of 

petroleum products or flammable materials is a crucial 

parameter that should be determined in terms of safety 

and environmental damage [32]. In this respect, 

polystyrene-modified bitumen shows good behavior. 

This situation also increases the safety range by meeting 

the requirements for the transportation of bitumen and 

HBM. 

 

3.5  Specific Gravity 

 

When the specific gravity values of bitumen are 

examined in Table 3, the specific gravity of modified 

bitumen increases as the additive ratio increases. The 

amount of change of the specific gravity according to 

the additive ratio is given in Figure 3d. Each 2% 

increase in the EPS ratio is caused to a rise in the 

bitumen specific gravity value by 0.58%, 1.94%, 2.71%, 

and 3.39%, respectively.  

 

In order to determine the statistical significance of this 

increase, the correlation value between polystyrene 

percentage and specific gravity value was calculated, 

and a strong positive correlation value of 0.992 was 

obtained. The p-value of the correlation value is 0.001 

(Table 4). It is concluded that the correlation coefficient 

is significant for the case where the meaning level is 

0.05. From these results, it is interpreted that the 

specific gravity value increases as the percentage of 

polystyrene additive increases.  

 

The specific gravity value of the asphalt binder is 

essential to determine the volumetric specifications of 

the asphalt mix. Because while preparing asphalt-mix, 

mixing ratios are often expressed as percent by weight. 

In another aspect, the specific gravity value is 

particularly important for the determination of the 

critical characteristic of the asphalt mixture, such as 

bitumen film thickness [33]. In this respect, it is 

concluded that polystyrene-modified bitumen is within 

the specification limits and denser than pure bitumen. 

This can contribute to bitumen stability positively, as 

well as to increase durability. 
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3.6 Inferential Statistics 

 

Another point that needs to be addressed with this 

experimental study is the significance of the differences 

between the values in different amounts of polystyrene 

for each variable (penetration ductility, etc.). With these 

tests, it is possible to obtain information about how 

much the amount of penetration should be increased to 

make a significant difference according to the relevant 

parameter.  

 

For this purpose, the significance of changes in the 

penetration, ductility, and softening point values 

obtained by three different experiments according to 

different polystyrene ratios were evaluated by Kruskal-

Wallis Test and the p-values obtained as 0.011, 0.031, 

and 0.022, respectively. Penetration, ductility, and 

softening point values are interpreted separately for 

different polystyrene values where all of these values 

are less than 0.05 meaning level. Post hoc tests were 

also performed for different polystyrene values to 

determine the ratios between these differences. 

 

Table 5. Results of Kruskal-Wallis Test 

Group 

Variables  

Dependent 

Variables 

Kruskal-Wallis 

Test 

 p-values 

Leven’s 

Test  

p-values 

EPS Ratio 

(5 Groups) 

Penetration 0.011* 0.743** 

Ductility 0.031* 0.810** 

Softening Point 0.022* 0.547** 

* Meaningful at 0.05 significance level 

** Not meaningful at 0.05 significance level (Homogeneous 

variances) 

 

There are several Post Hoc tests in the literature. These 

are divided into two main groups according to whether 

the variances of the variables to be compared are equal 

or not. For this purpose, homogeneity of variances was 

tested by Levene’s test, and p-values were obtained as 

0.743, 0.810, and 0.547 according to the variables of 

penetration, ductility, and softening point, respectively 

(Table 5). When the meaning level is above 0.05, it is 

interpreted that they have the same variance according 

to different polystyrene values for each variable. In this 

case, the Post Hoc test should be selected from the tests 

that run under the assumption that the variances are 

equal. For this reason, the Scheffe test, which provides 

this feature, was applied for binary comparisons (Table 

6). 

 

In the paired comparisons for the penetration variable, 

the penetration value was statistically insignificant only 

when the polystyrene ratio was between 2% and 4% (p-

value = 0.726). In other words, the use of polystyrene at 

the ratio of 2% or 4% does not cause a statistically 

significant difference in the penetration value. In all 

other possible binary comparisons, penetration values 

for different polystyrene ratios were found to be 

different (Table 6). 

 

Table 6. Scheffe Post Hoc test results of penetration, 

ductility, and softening point 

EPS 

Ratio 

(%) 

p-Value  

for Penetration 

p-Value  

for Ductility 

p-Value  

for 

Softening 

Point 

0 

2 0.036* 0.716 0.048* 

4 0.005* 0.302 0.002* 

6 0.000* 0.056 0.001* 

8 0.000* 0.001* 0.000* 

2 

4 0.726 0.928 0.290 

6 0.005* 0.371 0.114 

8 0.000* 0.004* 0.020* 

4 
6 0.036* 0.800 0.996 

8 0.000* 0.012* 0.458 

6 8 0.000* 0.073 0.809 

*Meaningful at 0.05 significance level 

 

The ratio of polystyrene in binary comparisons for the 

ductility variable is shown in Table 6. The 

corresponding p-values are given in the table. 

According to the results obtained, the difference in 

ductility values was statistically insignificant when the 

additive ratio is 2% or 4%. It was concluded that the 

additive ratio should be at least 6% in order to affect the 

ductility of the virgin asphalt. Furthermore, according to 

the results, the polystyrene ratio should change at least 

4% (e.g., from 4% to 8%) in order to have a significant 

change in ductility value. 

 

Binary comparisons of the EPS ratio for the softening 

point are listed in Table 6. The corresponding p-values 

are given in the table. The table demonstrates that the 

softening point values where the polystyrene ratio is 0% 

are different from other polystyrene ratios. Therefore, 

the addition of EPS causes a meaningful change in the 

softening point. However, if the polystyrene rate is 2% 

or more, the polystyrene rate must be changed at least 

4% to create a meaningful change in the softening point. 

 

4. Conclusions 

 

Waste utilization is an issue that should be considered in 

almost all activities of developed and developing 

countries. That is why, both in the world and in Turkey, 

many non-governmental and governmental 

organizations continue their activities by looking for 

new utilization fields of wastes. In this respect, using 

waste EPS in asphalt modification was studied, and this 

paper not only aims to solve an engineering problem but 

also employs an environmentalist approach. The 

following conclusions can be drawn from this study: 

 

• EPS modification of AC 50/70 penetration grade 

bitumen with the additive ratio of 2%, 4%, and 6% 

remain within the limit values of ASTM D5-D5M-

13 standard, but 8% additive ratio exceeded the 

limits of the standard. 

• Ductility of the pure bitumen decreased with EPS 

additive, which is considered a negative result 
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usually. But it may give rise to a decrease in 

thermal sensitivity, which is a good point in hot 

climates. 

• The EPS additive does not significantly affect 

the softening point. 

• Flash point of the pure bitumen raised with 

EPS additive, which may improve storing, 

transport, and environmental sensitivity in 

terms of safety. 

• It has been observed that the addition of EPS 

increases the specific gravity of the bitumen, 

which may affect the service life positively.  

• There is a strong correlation between the 

physical properties of asphalt cement and EPS 

ratios. It is a known fact that physical 

properties are affected by each other. This 

reality is especially strong between ductility 

and softening point.  

• It is found that a 2% increase in the EPS ratio 

had no significant effect on the physical 

properties of the asphalt. Thus, considering 

inferential statistical analysis, an optimum 

increase ratio should be determined as 4% 

instead of 2% in further optimizing research. 

• If the bitumen is modified with a 4% EPS ratio, 

1.25 m3 waste EPS can be reclaimed for every 

ton of bitumen usage. In other words, an 

average truckload waste EPS can be recycled 

with 16 tons of bitumen. 

 

The study makes a baseline level discussion of using 

EPS to modification of asphalt. Further research may be 

done in order to improve its results, such as the aging or 

fatigue behavior of EPS modified asphalt. One of the 

limitations of this study is the number of specimens. 

That is why further research can be done with more 

specimens in order to drop the error in statistical 

analyses. In this way, the results could approximate 

practical applications. Besides, more broadly, research 

is needed to determine morphological characteristics of 

modified bitumen. 
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