
Civil Engineering and Architecture 11(6): 3599-3611, 2023 http://www.hrpub.org 

DOI: 10.13189/cea.2023.110627 

Influence of Using Expanded Polystyrene Beads on 

the Density and Compressive Strength of   

Hardened Concrete 

Mu'tasime Abdel-Jaber1,2,*, Nasim Shatarat2, Rola El-Nimri2

1Faculty of Engineering, Department of Civil Engineering, Al-Ahliyya Amman University, Jordan 
2Faculty of Engineering, Department of Civil Engineering, The University of Jordan, Jordan 

Received April 17, 2023; Revised July 17, 2023; Accepted August 15, 2023 

Cite This Paper in the Following Citation Styles 

(a): [1] Mu'tasime Abdel-Jaber, Nasim Shatarat, Rola El-Nimri , "Influence of Using Expanded Polystyrene Beads on 

the Density and Compressive Strength of Hardened Concrete," Civil Engineering and Architecture, Vol. 11, No. 6, pp. 

3599 - 3611, 2023. DOI: 10.13189/cea.2023.110627. 

(b): Mu'tasime Abdel-Jaber, Nasim Shatarat, Rola El-Nimri (2023). Influence of Using Expanded Polystyrene Beads on 

the Density and Compressive Strength of Hardened Concrete. Civil Engineering and Architecture, 11(6), 3599 - 3611. 

DOI: 10.13189/cea.2023.110627. 

Copyright©2023 by authors, all rights reserved. Authors agree that this article remains permanently open access under 
the terms of the Creative Commons Attribution License 4.0 International License 

Abstract  This paper aims to study the possibility of 

obtaining lightweight concrete by using Expanded 

Polystyrene (EPS) beads instead of the natural aggregates 

(NA) in concrete mixes. Different replacement percentages 

of both coarse and fine aggregates were considered in three 

trials. Trial one consisted of seven replacement percentages: 

(1) 25% of coarse aggregates; (2) 50% of coarse aggregates; 

(3) 25% of fine aggregates; (4) 50% of fine aggregates; (5) 

12.5% of both coarse and fine aggregates; (6) 25% of both 

coarse and fine aggregates; and (7) 50% of both coarse and 

fine aggregates. Trial two consisted of three replacement 

percentages: (1) 25% of coarse aggregates; (2) 50% of fine 

aggregates; and (3) 12.5% coarse + 25% fine aggregates. 

For trial three, seven concrete mixes were considered as 

follows: (1) Control mix; (2) 5% Silica Fume; (3) 10% 

Silica Fume; (4) 12.5% Coarse +25% Fine; (5) 12.5% 

Coarse +25% Fine + 5% Silica Fume; (6) 12.5% Coarse 

+25% Fine + 10% Silica Fume; and (7) 12.5% Coarse +    

25% Fine + 250ml Master Glenium 51 superplasticizer. A 

control mix for each trial was prepared for comparison 

purposes. Standard cubes and cylinders were tested at 7- 

and 28-days of casting to obtain the density and 

compressive strength of the concrete mixes. The results 

showed that the density and compressive strength of the 

concrete decreased when the EPS replacement levels 

increased, and the higher replacement levels of coarse 

aggregate had a very negative effect on the compressive 

strength. Thus, the certain levels of replacements of fine 

aggregate with coarse aggregate obtained better results. 

The optimum results were obtained for 12.5% Coarse + 

25% Fine + 250ml Master Glenium 51 superplasticizer mix 

where the density and compressive strength were reduced 

by 11.3% and 7.8%, respectively. The experimental results 

showed clearly that using EPS in concrete mixes is a 

promising approach to reduce the weight of concrete and 

provide compressive strength of concrete almost the same 

as NA concrete mixes. 

Keywords  Expanded Polystyrene Beads (EPS), 

Compressive Strength, Concrete, Silica Fume, Master 

Glenium 51 

1. Introduction

Concrete is a conventional material used extensively in 

construction due to the local availability of its components, 

ease of handling, and the ability to be produced on-site by 

unskilled labor. However, the fact that the concrete is made 

of about 60% to 75% natural aggregates (NA) is a major 

drawback for future concrete production due to its high 

weight and NA sustainability; thus, the need to find an 

alternative for NA with lower density has become essential 
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to decrease the concrete weight; hence, it will reduce the 

dead loads of structures, and help preserve the natural 

sources of aggregates at the same time. Expanded 

Polystyrene (EPS) beads were considered as an option that 

satisfies this need. 

EPS is an artificial material manufactured by chemically 

treating or steaming the polystyrene foam at elevated 

temperature [1], which results in air-filled non-absorbent 

closed sphere cells with a density of (20 – 35) kg/m3 [2,3]. 

EPS is generally utilized in nonstructural elements, such as 

lightweight sandwich panels [4], and proved its efficiency 

in enhancing the concrete durability, fire resistance, and 

thermal and sound insulations [3]. The major highlights of 

EPS are the aggregate size and gradation uniformity as 

required, lower cost than other types of aggregates, and the 

ability to not absorb water during concrete mixing, which 

lowers the total water amount in any concrete mix [3,5]. 

Previous studies were conducted to investigate the effect 

of using fly ash [6–8], steel fiber [9], silica fume [10], and 

the EPS particle size [11–14], on the properties of concrete 

made with different percentages of EPS. The main 

conclusions confirmed that the concrete strength decreased 

with the increase of the EPS content; however, the EPS 

concrete containing fly ash continued to gain strength up to 

90-days of casting. For concrete having the same porosity, 

the smaller the EPS beads' size, the higher the compressive 

strength. Moreover, by increasing the silica fume 

percentage in the mix, higher rate of strength development 

and flow values were observed compared to the control mix. 

In 2014, Tamut T. et al. [15] studied the compressive and 

tensile strength of lightweight concrete made of 5%, 10%, 

15%, 20%, 25%, and 30% EPS beads of the total coarse 

aggregates volume. Six cubes and three cylinders were 

tested to obtain the compressive and split tensile strength, 

respectively. The authors stated that both the compressive 

and tensile strength of concrete decreased with the increase 

of EPS content in the mix; however, the workability 

increased by increasing the EPS percentage. Abd S.M. et 

al. [16] investigated the effect of replacing the fine 

aggregates by EPS beads on concrete strength. 5%, 15%, 

and 20% replacement percentages were considered in this 

study. 150×150×150-mm cubes were used to obtain the 

compressive strength. The authors concluded that the 

workability increased, and both the compressive strength 

and density decreased with the increase of the EPS content 

in the mix. 

From the search in the literature, it can be stated clearly 

that the effect of using EPS beads on the mechanical 

properties of concrete mixes is not covered well and this 

subject is an open research area. Accordingly, this study 

will investigate the effect of using EPS beads on the density 

and compressive strength on concrete mixes by 

volumetrically replacing both the coarse and fine 

aggregates simultaneously by EPS to produce lightweight 

concrete that has a mechanical property similar to normal 

concrete. The experimental work was performed in three 

stages: trial one, trial two, and trial three. Trial one 

consisted of replacing the coarse aggregates by 25% and 

50%, the fine aggregates by 25% and 50%, and replacing 

both the coarse and fine aggregates by 12.5%, 25%, and  

50% each in the same concrete mix. Trial two replacement 

percentages were chosen based on the results of trial one 

and consisted of three replacement percentages, namely:  

25% coarse aggregates, 50% fine aggregates, and 12.5% 

coarse with 25% fine aggregates. For trial three, the mix 

12.5% coarse + 25% fine aggregates were chosen and 

enhanced by adding 5% and 10% silica fume, and 250 ml 

of Master Glenium 51, and comparisons were made with a 

control mix without any additives, and two control mixes 

with 5% and 10% silica fume only. The density of all 

concrete mixes was calculated, and the compressive 

strengths of all trials were obtained at 7 and 28-days of 

casting and compared with a control mix made of 100% 

natural aggregates. 

2. Materials and Methods 

2.1. Materials 

2.1.1. Cement 

Ordinary Portland cement (OPC) Type I was utilized in 

this study that satisfies the ASTM C150/C150M-19a [17] 

requirements. Table 1 provides the chemical composition 

of the cement used as provided by the manufacture. The 

OPC was used without any additives or supplementary 

cementitious materials such as silica fume or fly ash. 

Table 1.  Chemical Composition of Ordinary Portland cement Type I 

Chemical Composition % By Mass 

SiO2 21.5 

Al2O3 5.8 

Fe2O3 3.4 

CaO 63.5 

MgO 1.1 

SO3 2.8 

2.1.2. Aggregates 

Table 2.  Coarse Aggregates Properties 

Property 
Value 

Trial One Trial Two Trial Three 

Apparent Specific 

Gravity (ASG) 
2.71 2.61 2.582 

Water Absorption (%) 1.23 2.84 1.7 

Density (Unit weight) 

(kg/m3) 
1669 1496.58 1350 

The NA used in this study, for all trials, was crushed 

limestone with a maximum aggregate size of 19-mm; 

however, the specific gravity, water absorption, and density 
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of each type differs. All tests were performed according to 

ASTM C 127 [18] and the results are illustrated in Table 2. 

All aggregate types were sieved to ensure that the 

aggregates meet the requirements of ACI committee E-701 

code [19]. Figure 1 shows the sieve analysis of the NA used 

in trial two. The fine aggregates used in this study were 

silica sand.  

 

Figure 1.  Sieve Analysis of Trial Two Coarse Aggregates 

2.1.3. Silica Fume and Master Glenium 51 

Table 3.  Physical and Chemical Composition of SF 

Physical Composition  

Specific gravity 2.2 

Mean grain size ( ) 0.15 

Fineness modulus 20000 m2 /kg 

Color Dark gray 

Chemical Composition % By Mass 

SiO2 85 

Al2O3 1.15 

Fe2O3 1.5 

CaO 0.2-0.8 

MgO 0.2-0.8 

Na2O 0.5-1.2 

K2O 0.5-1.2 

C 0.5-1.4 

S 0.1-2.5 

Silica fume is an ultrafine powder collected as a by-

product of the silicon and ferrosilicon alloy production and 

consists of spherical particles with an average particle 

diameter of 150 nm. It is used to improve the concrete 

properties such as its bond strength, compressive strength, 

and abrasion resistance. The physical and chemical 

properties of SF are provided in Table 3 as provided by the 

manufacture. For this paper, silica fume was added to the 

third trial of mixes with percentages of 5% and 10%. 

Moreover, master glenium was used for one of the mixes 

in trial three. This material is a high-performance concrete 

superplasticizer based on modified polycarboxylic ether. It 

is a whitish to straw colored liquid with a relative density 

of 1.07, and a pH between (5-8). 

2.1.4. Expanded Polystyrene (EPS) Beads 

The average diameter of the EPS beads was measured to 

be 4.5 mm. A photo of EPS beads used in this research is 

shown in Figure 2. 

 

Figure 2.  Photo of EPS beads used 

2.2. Details of Mix Proportions 

Three concrete mixes containing 100% NA with an 

effective water-to-cement (w/c) ratio of 0.48 were used to 

achieve a target compressive strength (f'c) of 30-MPa at 28-

days of casting. Both trials were designed based on the 

aggregates' properties according to the ACI 318-19 [20].  
The first trial contained a total of eight concrete mixes: 

a control mix with 100% NA to serve as a benchmark for 

comparison, and seven replacement ratios of (25% coarse 

aggregates, 50% coarse aggregates, 25% fine aggregates, 

50% fine aggregates, 12.5% coarse + 12.5% fine 

aggregates, 25% coarse + 25% fine aggregates, and 50% 

coarse + 50% fine aggregates). Based on the results of trial 

one, a second trial was conducted with four concrete mixes: 

a control mix with 100% NA to serve as a benchmark for 

comparison, and three replacement ratios of (25% coarse 

aggregates, 50% fine aggregates, and 12.5% coarse + 25% 

fine aggregates). After conducting trial two, the best mix 

that had the highest compressive strength with the lowest 

density was chosen and enhanced by adding 5% silica fume, 

10% silica fume, and 250 ml of master glenium 51 

superplasticizer. Tables 4, 5, and 6 show the concrete mix 

proportions for trials one, two, and three, respectively. The 

volume of the replaced aggregates was measured and 

compensated with EPS beads. 

2.3. Test Methods 

2.3.1. Specimen Preparation and Curing 

A total of 119 cubes and 118 cylinders were tested in all 

trials. Standard cubes and cylinders were used for concrete 

casting. Table 7 illustrates the distribution of specimens. 
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The cubes' dimensions were 150×150×150-mm, while the 

cylinders had a height of 300-mm and a diameter of 150-

mm. A mechanical tilting drum mixer was used to mix all 

the concrete mixes, and the concrete was cast in both the 

cubes and cylinders in three layers where each layer was 

stroked 35 times for cubes and 25 times for cylinders 

according to the IS: 516 [21] and ASTM C31/C31M − 19a 

[22], respectively. The EPS beads were added to the drum 

mixer with the percentages needed for each mix. The final 

surface was levelled by a trowel, and the specimens were 

left in molds for 24 hours. After that, the samples were 

removed from molds and transferred to water storage tanks 

at a temperature of 23°±2°C to start the curing process for 

28-days.  

2.3.2. Compressive Strength Test 

C088-11N compression testing machine motorized with 

Servo-Plus having a capacity of 4000-kN was used to 

perform the compressive strength test in compliance with 

ASTM C39/C39M-20 [23] standards. 

Table 4.  Concrete Mix Proportions for Trial One 

Mix 
Cement Water Fine aggregates Coarse aggregates 

(Kg/mᶟ) (Kg/mᶟ) (Kg/mᶟ) (Kg/mᶟ) 

Control Mix 375 180 638 1145 

25% Coarse Aggregates  375 180 638 859 

50% Coarse Aggregates  375 180 638 573 

25% Fine Aggregates  375 180 479 1145 

50% Fine Aggregates  375 180 319 1145 

12.5% Coarse + 12.5% Fine 

Aggregates  
375 180 558 1002 

25% Coarse + 25% Fine 

Aggregates  
375 180 479 859 

50% Coarse + 50% Fine 

Aggregates  
375 180 319 573 

Table 5.  Concrete Mix Proportions for Trial Two 

Mix 
Cement Water Fine aggregates Coarse aggregates 

(Kg/mᶟ) (Kg/mᶟ) (Kg/mᶟ) (Kg/mᶟ) 

Control Mix 375 180 638 1027 

25% Coarse Aggregates  375 180 638 770 

50% Fine Aggregates  375 180 319 1027 

12.5% Coarse + 25 % Fine 

Aggregates  
375 180 479 899 

Table 6.  Concrete Mix Proportions for Trial Three 

Mix 
Cement  Water  Fine aggregates 

Coarse 

aggregates 
Silica Fume 

Master 

Glenium 51 

(Kg/mᶟ) (Kg/mᶟ) (Kg/mᶟ) (Kg/mᶟ) (Kg/mᶟ) (L/mᶟ) 

Control 375 180 638 930 - - 

5% Silica Fume 355 180 638 930 20 - 

10% Silica Fume 335 180 638 930 40 - 

12.5% Coarse +25% Fine 375 180 479 814 - - 

12.5% Coarse +25% Fine + 5% 

Silica Fume 
355 180 479 814 20 - 

12.5% Coarse +25% Fine + 10% 

Silica Fume 
335 180 479 814 40 - 

12.5% Coarse +25% Fine + 

250ml Master Glenium 51 
375 180 479 814 - 4.25 
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Table 7.  Specimens’ Distribution among Concrete Mixes 

 

Mix 

Number of Specimens 

Cubes  Cylinders 

Trial One 

Control 3 3 

25% Coarse  6 6 

50% Coarse  6 6 

25% Fine 6 6 

50% Fine 6 6 

12.5% Coarse + 12.5% Fine 6 6 

25% Coarse + 25% Fine 6 6 

50% Coarse + 50% Fine 6 5 

Trial Two 

Control 8 8 

25% Coarse  8 8 

50% Fine 8 8 

12.5%Coarse+25% Fine 8 8 

Trial Three 

Control 6 6 

5% Silica Fume 6 6 

10% Silica Fume 6 6 

12.5% Coarse +25% Fine 6 6 

12.5% Coarse +25% Fine + 5% Silica 

Fume 
6 6 

12.5% Coarse +25% Fine + 10% 

Silica Fume 
6 6 

12.5% Coarse +25% Fine + 250ml 

Master Glenium 51 
6 6 

Total  119 118 

3. Results and Discussion 

3.1. Density 

3.1.1. Trial One 

The density of all mixes was computed, and the results 

are shown in Table 8. The reduction percent are determined 

with respect to the density of the control mix. In order to 

classify the concrete as lightweight, it shall have a density 

between 1440 and 2160 kg/m3 according to ASTM 

C567/567M-14 [24]. The densities are plotted in Figure 3, 

and the code's limit is defined as a line. From Figure 3, it 

can be concluded that the higher the EPS content in the 

concrete mix, the lower the density, i.e., the higher the 

reduction percent in weight. However, not all concrete 

mixes can be classified as lightweight concrete. 25% coarse 

aggregates, 50% coarse aggregates, 25% coarse+25% fine 

aggregates, and 50% coarse+50% fine aggregates 

replacement percentages are considered as lightweight 

concrete since its values are located below the code's 

restraints. It can also be seen that the reduction in density 

was higher for coarse aggregates replacement than fine 

aggregates replacement at the same replacement 

percentages. 

Table 8.  Density of Trial One Mixes 

Mix 
Density 

(kg/m3) 

Reduction Percent 

(%) 

Control 2407.43 - 

25% Coarse  2147.77 11% 

50% Coarse  1824.47 24% 

25% Fine 2316.33 4% 

50% Fine 2173.05 10% 

12.5% Coarse + 12.5% Fine 2226.03 8% 

25% Coarse + 25% Fine 1988.50 17% 

50% Coarse + 50% Fine 1402.97 42% 

3.1.2. Trial Two 

The densities of trial two mixes were also computed, and 

the results are shown in Table 9. Trial two results are also 

plotted in Figure 4 with the code's limitation. The results 

indicated that only the mix with 25% coarse aggregate 

replacement can be considered as a lightweight concrete; 

however, its value is located almost on the higher limit of 

the code. It can be noted that the reduction in density that 

results from replacing 25% coarse aggregates is higher than 

that when replacing 50% fine aggregates. This also matches 

the results of trial one. 

Table 9.  Density of Trial Two Mixes 

Mix 
Density 

(kg/m3) 
Reduction Percent (%) 

Control 2398.70 - 

25% Coarse  2158.20 10% 

50% Fine 2209.74 8% 

12.5%Coarse+25% 

Fine 
2169.37 10% 

3.1.3. Trial Three 

The densities of trial three mixes were also computed, 

and the results are shown in Table 10. Trial three results are 

also plotted in Figure 5 with the code's limitation. The 

results indicated that all mixes with 12.5% coarse 

aggregates and 25% fine aggregates replacement are 

considered lightweight concrete mixes because they are all 

below the code’s limit.  
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Table 10.  Density of Trial Three Mixes 

Mix 
Density 

(Kg/m3) 
Reduction Percent (%) 

Control 2336.57 - 

5% Silica Fume 2305.75 1.3 

10% Silica Fume 2305.95 1.2 

12.5% Coarse +25% Fine 2097.96 10.2 

12.5% Coarse +25% Fine + 5% Silica Fume 2057.92 11.9 

12.5% Coarse +25% Fine + 10% Silica Fume 2047.06 12.4 

12.5% Coarse +25% Fine + 250ml Master Glenium 51 2072.40 11.3 

 

Figure 3.  Density of Trial One Mixes 

 

Figure 4.  Density of Trial Two Mixes 
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Figure 5.  Density of Trial Three Mixes 

3.2. Slump Test Results 

In general, the workability of concrete mixes was not 

affected significantly by adding the EPS beads. For the best 

trial, i.e. trial three, the slump was measured to be 30, 29, 

46.5, 40, 32.5, and 43 mm for 5% silica fume, 10% silica 

fume, 12.5% coarse +25% fine, 12.5% coarse +25% fine + 

5% silica fume, 12.5% coarse +25% fine + 10% silica fume, 

and 12.5% coarse +25% fine + 250ml Master Glenium 51 

superplasticizer mixes, respectively. However, as expected, 

the workability decreased as the silica fume content 

increased. Accordingly, it can be stated clearly that the 

addition of EPS beads has no significant effect on the 

workability of concrete. 

3.3. Compressive Strength 

3.3.1. Trial One 

The compressive strength was obtained by testing both 

standard cubes and cylinders at 7 and 28-days of casting. 

Table 11 shows the compressive strength results for trial 

one mixes.  

Generally, it can be noted that all concrete mixes 

containing EPS beads recorded lower compressive strength 

than the control mix. The compressive strength was 

reduced by (17% - 94%) and (28% - 89%), at 28-days of 

age, for cubes and cylinders, respectively. The results 

match with many previous studies [7,15,16]. This reduction 

increased with the increase of the aggregates' replacement 

percentage as seen from Figure 6. 

At 28-days, the lowest compressive strength was 

recorded for replacing both the coarse and fine aggregates 

by 50%, where it was 94% and 89% lower than the control 

specimens for the cubes and cylinders, respectively, the 

lowest reduction in compressive strength; hence, the 

highest capacity was recorded for the replacement of 25% 

fine aggregates with 33.20 and 26.49-MPa at 28-days. 

On the other hand, the replacement of coarse aggregates 

showed a higher reduction in strength than the replacement 

of the fine aggregates at similar replacement percentages. 

Coarse aggregates have an important role in load transition 

and bonding characteristics within the concrete matrix. 

Therefore, coarse aggregate replacement can disrupt the 

bonding properties and decrease the compressive strength 

of concrete in comparison with the replacement of fine 

aggregate replacement. For concrete cubes with 25% 

replacement level, the reduction in compressive strength 

was 53% for coarse aggregates replacement, while it was 

17% when replacing the fine aggregates. This is also true 

for cylinders where the reduction was 54% for coarse 

aggregates replacement compared to 29% for the 

replacement of the fine aggregates. Thus, it can be 

concluded that low replacement percentages of coarse 

aggregates should take place to record higher strength. 

However, the replacement of fine aggregates with 25% and 

50% did not achieve the density of lightweight concrete. 

The loss of strength might be attributed mainly to the 

replacement of percentages of coarse and fine NA by EPS 

beads in the concrete mixes and the weak bonds between 

the mortar and the EPS beads because of the EPS smooth 

surface. The EPS beads were found to exist intensively at 

the surface of the specimen and separate easily from the 

sample without any trace of the mortar on its surface. The 

same observation was also reported by Tamut T. et al. [15], 

in which the authors mentioned that the EPS beads were 

found to bond loosely with the mortar. Figure 7 shows the 

failure of different tested specimens.  
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Table 11.  Compressive Strength Results of Trial One 

Mix 
Density 

(kg/m3) 

Cubes  Cylinders 

fcu (MPa) 
Relative 

fcu 

Reduction 

Percent (%) 

f'c (MPa) 
Relative 

f'c 

Reduction 

Percent (%) 7-

Days 

28-

Days 

7-

Days 

28-

Days 

Control 2407.43 35.47 39.83 89% - 24.05 37.40 64% - 

25% Coarse  2147.77 19.15 18.54 103% 53% 19.29 17.18 112% 54% 

50% Coarse  1824.47 12.85 14.80 87% 63% 6.31 10.46 60% 72% 

25% Fine 2316.33 22.01 33.20 66% 17% 20.68 26.49 78% 29% 

50% Fine 2173.05 21.39 19.82 108% 50% 14.70 19.79 74% 47% 

12.5% Coarse + 12.5% 

Fine 
2226.03 30.12 32.13 94% 19% 19.55 26.81 73% 28% 

25% Coarse + 25% Fine 1988.50 19.86 22.64 88% 43% 12.34 16.84 73% 55% 

50% Coarse + 50% Fine 1402.97 6.60 2.30 288% 94% 3.96 4.26 93% 89% 

* fcu refers to the compressive strength of cubes  
** f'c refers to the compressive strength of cylinders  

 

Figure 6.  Compressive Strength of Trial One at 28-Days 
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Figure 7.  Test Samples of Trial One; (a) Control Mix; (b) 25% Coarse Aggregates Replacement; (c) 50% Coarse Aggregates Replacement; (d) 25% 

Fine Aggregates Replacement; (e) 50% Fine Aggregates Replacement; (f) 25% Coarse and Fine Aggregates Replacement; (g) 50% Coarse and Fine 

Aggregates Replacement; (h) 12.5% Coarse and Fine Aggregates Replacement 

3.3.2. Trial Two 

Since this study aims to obtain lightweight concrete 

made by using EPS beads, and since it was found that the 

replacement of coarse aggregates is responsible for the 

reduction in weight, while the replacement of fine 

aggregates did not reduce the compressive strength as high 

as the coarse aggregates, trial two was conducted with new 

replacement percentages. The compressive strength test 

was performed by testing both standard cubes and cylinders 

at 7 and 28-days of casting and the results are illustrated in 

Table 12. However, the compressive strength of the control 

mix cylinders at 28-days was found to drop significantly; 

thus, the reduction percent was computed based on the 

strength of the 7-days, and the results were found to 

compare well with the cubes.  

The results clearly show that the compressive strength 

decreased with the use of EPS beads in concrete mixes. 

This matches the results of trial one and the previous 

research studies [7,15,16]. The reduction in strength was 

reported to be ranging between (24% - 39%) and (26% - 

46%) for concrete cubes and cylinders, respectively. The 

highest reduction in strength was recorded for the mix 

conducted by replacing 50% of the fine aggregates, in 

which the strength was reduced by 39% and 46% for 

concrete cubes and cylinders, respectively.  

The compressive strength at 28-days and the density for 

all mixes were plotted in Figure 8. It can be seen that the 

replacement of 25% coarse aggregates achieved the density 

of lightweight concrete; however, its value is on the upper 

limit of the code's requirement. The reduction in strength 

for this mix was recorded to be 30% and 38% for concrete 

cubes and cylinders, respectively. The replacement of  

12.5% coarse aggregates + 25% fine aggregates was the 

optimum mix in this trial, where it recorded the highest 

strength among all mixes containing EPS beads with a 

density of 2169.37 kg/m3. This density is a little higher than 

the code's requirement; however, the reduction in its weight 

was 10%.  

The same behavior was observed for the tested cubes and 

cylinders where the EPS beads did not have a strong bond 

with the mortar, and de-bonded easily without any residue 

of the mortar on its surface. The loss of strength might be 

attributed mainly to the replacement of percentages of 

coarse and fine NA by EPS beads in the concrete mixes and 

the weak bonds between the mortar and the EPS beads 

because of the EPS smooth surface. Figure 9 shows some 

specimens after testing. This might be recognized due to 

the smooth surface of the EPS beads as stated in trial one. 



3608 Influence of Using Expanded Polystyrene Beads on the Density and Compressive Strength of Hardened Concrete  

 

Table 12.  Compressive Strength Results of Trial Two 

Mix 
Density 

(kg/m3) 

Cubes  Cylinders 

fcu (MPa) 
Relative 

fcu 

Reduction 

Percent (%) 

f'c (MPa) 
Relative 

f'c 

Reduction 

Percent (%) 7-

Days 

28-

Days 

7-

Days 

28-

Days 

Control 2398.70 30.48 33.74 90% - 27.18 20.25 134% - 

25% Coarse  2158.20 24.64 23.58 104% 30% 16.92 16.58 102% 38% 

50% Fine 2209.74 18.25 20.69 88% 39% 14.69 20.36 72% 46% 

12.5%Coarse+25% Fine 2169.37 24.73 25.65 96% 24% 20.05 20.82 96% 26% 

* fcu refers to the compressive strength of cubes  
** f'c refers to the compressive strength of cylinders  

 

Figure 8. Compressive Strength of Trial Two at 28-Days 

 

Figure 9.  Test Samples of Trial Two; (a) Control Mix; (b) 25% Coarse Aggregates Replacement; (c) 50% Fine Aggregates Replacement; (d) 12.5% 

Coarse + 25% Fine Aggregates Replacement 

3.3.3. Trial Three 

Based on the results of trials one and two, it was found 

that the mix where 12.5% of the Coarse aggregates and  25% 

of Fine aggregates were replaced by polystyrene 

maintained a sufficient strength with a low density; thus, it 

was seen that it has a potential of achieving a good strength 

while still being considered as a lightweight concrete. 

Different additives were added to this optimum mix to 

enhance the compressive strength yet maintain the lowest 

density to be defined as lightweight concrete. Silica Fume 

and Master Glenium 51 superplasticizer was added with 

different percentages as mentioned earlier. The 

compressive strength test was performed by testing both 
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standard cubes and cylinders at 7 and 28-days of casting 

and the results are illustrated in Table 13.  

As expected, the results clearly show that the silica fume 

enhanced the compressive strength of the control mix. The 

higher the silica fume percentage, the higher the 

enhancement is. However, it can be seen that the 

enhancement of 10% silica fume to the control mix at 28-

days of cylinders is lower than that of 5% silica fume. This 

might be attributed to the aggregates used in that mix. In 

addition, the density of the three mixes is almost constant 

and all are considered as normal weight concrete.  

For the 12.5% Coarse +25% Fine mix without any 

additives, an observable reduction in the compressive 

strength is noticed; however, it achieved a comparable 

compressive strength. This agrees with the results of trials 

one and two. Moreover, the density of all mixes with this 

amount of replacement is below the code’s limit and is 

considered as lightweight concrete.  

The addition of 5% silica fume to the 12.5% Coarse +25% 

Fine mix did not enhance the strength; it achieved almost 

the same compressive strength. On the other hand, the 

addition of 10% silica fume enhanced the strength of the 

mix. As a result, it can be concluded that a minimum 

amount of 10% of silica fume needs to be added to mixes 

that contains polystyrene beads.  

For the mix containing 250 ml master glenium 51 

superplasticizer, it achieved the highest compressive 

strength among all mixes containing polystyrene beads; its 

compressive strength is even comparable to the control mix 

containing 100% natural aggregates. This shows clearly 

that this mix can be considered the optimum mix because 

it reduced the density by 11.3% compared to the control 

mix and can be defined as a lightweight concrete, and the 

reduction in the compressive strength was only 7.8% 

compared to the control mix. This reduction in strength can 

be considered acceptable. Accordingly, the use of EPS 

beads can be considered as a promising technique to 

achieve required strength, yet, lightweight concrete 

compared to using NA concrete mixes 

The compressive strength at 28-days and the density for 

all mixes were plotted in Figure 10, and the failure of some 

samples are shown in Figure 11. 

 

Figure 10.  Compressive Strength of Trial Three at 28-Days 

 

Figure 11.  Test Samples of Trial Three; (a) 12.5% coarse + 25% Fine + 10% Silica Fume; (b) 12.5% coarse + 25% Fine + 250 ml Master Glenium 

51; (c) 12.5% coarse + 25% Fine + 5% Silica Fume 
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Table 13.  Compressive Strength Results of Trial Three 

Mix 
Density 

(Kg/m3) 

Cubes Cylinders 

𝒇𝒄𝒖 (Mpa) 
Relative 

(%)  

Reduction 

Percent (%) 

𝒇𝒄
′  (Mpa) 

Relative 

(%)  

Reduction 

Percent (%) 7-

Days 

28-

Days 

7- 

Days 

28 -

Days 

Control 2336.57 20.00 39.27 50.9 - 22.49 32.88 68.4 - 

5% Silica Fume 2305.75 30.65 43.70 70.1 11.3 28.98 38.19 75.9 16.1 

10% Silica Fume 2305.95 41.47 47.06 88.1 19.8 33.92 34.74 97.6 5.7 

12.5% Coarse +25% Fine 2097.96 22.70 29.81 76.1 24.1 14.67 20.42 71.8 37.9 

12.5% Coarse +25% Fine + 5% 

Silica Fume 
2057.92 25.42 29.00 87.6 26.1 15.16 19.32 78.5 41.3 

12.5% Coarse +25% Fine + 10% 

Silica Fume 
2047.06 25.46 31.37 81.2 20.1 17.45 22.47 77.6 31.7 

12.5% Coarse +25% Fine + 250ml 

Master Glenium 51 
2072.40 30.59 36.22 84.5 7.8 23.25 34.94 66.5 6.3 

* fcu refers to the compressive strength of cubes  
** f'c refers to the compressive strength of cylinders  

4. Conclusions 

This research investigates the effect of using EPS beads 

as a replacement of both the coarse and fine aggregates to 

produce lightweight concrete with and without additives. 

The following conclusions can be drawn from the scope of 

this study: 

 The replacement of normal-weight aggregates with 

lightweight material (EPS) beads reduces the 

density and concrete compressive strength of the 

concrete mix.  

 Coarse aggregate replacement plays a major role in 

reducing the density of the concrete made by using 

EPS beads compared with fine aggregate 

replacement only. Since the coarse aggregate is 

responsible for load transition and bonding 

characteristics within the concrete matrix.  

 The replacement of fine aggregates has a smaller 

effect on compressive strength compared with 

coarse aggregates. Since the fine aggregate mostly 

fills the spaces between the coarse aggregates, 

therefore, the influence on particle packing is 

minimally declared in comparison with the coarse 

aggregate replacement that has a larger size and 

effect on the overall distribution of particles 

 The higher the aggregates replacement percentages, 

the lower the density and the compressive strength 

of the concrete mix. 

 Significant drop in the compressive strength was 

reported at high replacement percentages of both the 

coarse and fine aggregates in the same mix. 

 To produce lightweight aggregates by EPS beads 

with acceptable reduction in strength, both the 

coarse and fine aggregates should be replaced with 

low and high replacement percentages, respectively.  

 The use of silica fume enhanced the compressive 

strength of concrete containing EPS beads; however, 

a minimum addition of 10% should be used to 

notice the enhancement. Hence due to the addition 

of silica fume that fills the voids between the 

particles leads to denser concrete that enhances load 

transfer and decreases porosity, therefore enhancing 

the cohesion and bonding between the concrete 

grains and EPS beads effectively that leads to 

improving the overall compressive strength. 

 The addition of master glenium 51 superplasticizer 

enhances the compressive strength significantly, 

and produces a comparable mix, yet lightweight 

concrete.  

 The optimum mix is obtained for 12.5% Coarse + 

25% Fine + 250ml Master Glenium 51 

superplasticizer mix where the density and 

compressive strength were reduced by 11.3% and 

7.8%, respectively.  

 The experimental results showed clearly that using 

EPS in concrete mixes is a promising approach to 

reduce the weight of concrete and provide 

compressive strength of concrete almost the same as 

NA concrete mixes.  
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