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ABSTRACT 

 

This paper illustrates the performance of lightweight concrete using various amounts of expanded polystyrene 

beads (EPS) and different amounts of foam agent to produce lightweight concrete. The objective of this paper 

is to produce lightweight concrete with good workability and strength, by different mix proportion of foam 

agent (0.4, 0.6, 0.8, 1, 1.2 kg/m3) and varying water cement ratio (w/c) depending on the flow. Besides, various 

proportions using different percentages of EPS in order of volume fractions are used. The flow range used in 

the study is 110-130%. Each mix proportion is tested for compressive strength, modulus of rupture, density 

and voids ratio. The results give acceptable ranges of strength for lightweight concrete produced by the 

inclusions of EPS beads and foam concrete. Therefore, the lightweight concrete produced in this work can be 

used for structural applications like multistory building frames, floors, bridges and prestressed or precast 

elements. 

Keywords :  Expanded Polystyrene Beads (EPS); Foam agent; Foam concrete; Lightweight concrete. 

 

I. INTRODUCTION 

 

Lightweight concretes have an oven-dry density 

range about 300 to not excess of 2000 kg/m3, with 

compressive strength for cube about 1 to more than 

60 MPa, thermal conductivities of 0.2 to 1.0 W/mK. 

These values can be compared with those for normal 

weight concrete of approximately 2100–2500 kg/m3, 

15 to greater than 100 MPa and 1.6–1.9 W/mK[1]. 

The comparison between lightweight concrete with 

ordinary concrete shows that lightweight concrete 

demonstrates some excellent features such as lower 

density, higher specific strength and better thermal 

insulation. Lightweight concrete has been a likely 

modern construction material that can be used for 

construction applications of high rise buildings, 

floating marine platforms, larger-sized and long-span 

concrete structures[2-5]. The types of lightweight 
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 concrete can be classified according to method of 

production. These types according to Neville and 

Brooks (2010)[6], are produced as follows : 

 

a- Using lightweight aggregate of low specific gravity 

in place of normal weight aggregate, specific gravity 

for lightweight aggregate is lower than 2.6. This type 

of concrete is well- known as lightweight aggregate 

concrete. 

 

b- Inducing bubble voids within the concrete or 

mortar mass. This type of concrete is known as 

aerated, cellular, foamed, or gas concrete. c- 

Elimination the fine aggregate from the mix so the 

coarse aggregate of ordinary weight is generally used. 

This concrete is known as no- fines concrete. 

The lightweight concrete having bulk density lower 

than 1950 Kg/m3 and compressive strength more than 

17MPa, such concrete is known as structural 

lightweight concrete. The structural lightweight 

concrete is 25% lighter than normal-weight concrete 

with a compressive strength up to 60MPa[7]. 

 

Lightweight aggregates can be used to produce 

lightweight concrete when the weight of aggregates 

lower than 1120kg/m3[8]. Lightweight aggregates 

have many sources: natural materials such as shales, 

clays, and slates or artificial materials (by products) 

such as iron blast furnace slag[9,10], properties of 

lightweight aggregate concrete depend on type of 

lightweight aggregate in the concrete[10], structural 

lightweight aggregates can produce concretes with 

compressive strengths in excess of 35MPa, a limited 

number of lightweight aggregates can be used in 

concretes that develop cylinder strengths from 48 to 

more than 69MPa[11]. Lightweight aggregate are 

broadly classified into two types: natural (pumice, 

diatomite, volcanic cinders, etc.) and artificial (perlite, 

clay, sintered fly ash, expanded shale, etc.). Expanded 

polystyrene (EPS) is a type of artificial lightweight 

aggregate with the density of only (10–30)kg/m3[12]. 

Expanded polystyrene (EPS) is a kind of stable foam 

with low density, consisting of discrete air voids in a 

polymer matrix. The polystyrene beads can be easily 

incorporated in mortar or concrete to produce 

lightweight concrete or cement mortar, with a wide 

range of densities. 

 

Aerated concrete is produced by introducing or 

generating bubbles voids within the concrete (cement 

matrix), the voids or cell structure having a 

homogeneous distribution in cement matrix when 

formed of voids inside the fresh cement mixture , 

density range from (300 to 1600)kg/m3[9,13]. Aerated 

concrete is known as foamed concrete, foamed 

concrete is classified in two types according to 

method producing i. pre-foaming method include 

preformed foamed (foam agent with water) and 

mixed with cement slurry (cement paste or mortar), ii. 

mixing foaming method is mixed of foam agent with 

cement slurry, foam will produced voids inside the 

concrete[14-16]. Density of foam concrete about (400 

to 1600 kg/m3) depending on proportion of foam 

agent and water, foam concrete can be used for 

structural application, partition, insulation and filling 

grades[14]. The range of Water-cement ratio (w/c) is 
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from (0.4 to 1.25)[17]. There are two types of 

preformed foam wet or dry foam. Wet foam is 

produced by using mesh (bubbles of 2-5 mm in size) 

and then spraying a solution of foaming agent over a 

fine mesh. Dry foam is produced by forcing the 

foaming agent solution through a series of high-

density restrictions and simultaneously forcing 

compressed air into the mixing chamber. Dry foam is 

extremely stable compare with wet foam (less stable) 

and has a size smaller than 1 mm. This makes it 

suitable for easier application in base materials 

required in producing pump able foamed concrete[18]. 

Compressive strength for foam concrete decreases 

exponentially with a reduction in density of foam 

concrete[19]. The affecting factors on strength of 

cellular concrete are: specimen size and shape, the 

method of pore formation, direction of loading, age, 

water content, characteristics of ingredients used and 

the method of curing[20]. 

 

Therefore, this paper is aimed to investigate the use of 

EPS and foam agents with various percentages for the 

production of lightweight concrete and test the 

properties of such concrete. 

 

II. MATERIALS AND MIX PROPORTION 

 

Materials 

The materials used in the present work are: cement, 

sand, water, and foam agent or expanded polystyrene 

beads (EPS). These materials are blended with 

different mix proportion to obtain structural 

lightweight concrete with good workability and 

strength. 

  

Ordinary Portland cement (OPC) type (I) from 

Badoosh manufacture of Iraq was used in concrete 

mixtures. The physical characteristics of ordinary 

Portland cement is showed in Table (1) and 

conformed to IQS: 5/1984[21]. Whereas the chemical 

compositions for the cement are shown in Table (2) 

and they are conformed to ASTM C150[22]. The fine 

aggregate was natural river sand; the grading limit is 

according to ASTM C33[23] and shown in Table (3). 

The specific gravity and fineness modulus are 2.63 

and 2.69 respectively. The foam agent (NEOPOR) 

(leyco Chem LEYDE GmbH Germany) is an organic 

material, which has no chemical reaction but serves 

solely as wrapping material for the air to be 

encaspsuled in the concrete. The foaming agent has to 

be diluted in 40 parts of water before using it. The 

expanded polystyrene beads are obtained as raw 

materials from the commercial sources and these 

beads are small in diameter and hard beads. The beads 

are modified by boiling water to conform the 

expanded polystyrene beads. Expanded polystyrene 

beads have density equal to 13kg/m3 and specific 

gravity 0.02. 

Mix proportions 

 

The proportion of the mixture with foam or EPS was 

1:2.25 (cement:sand). Firstly, cement and sand were 

mixed according to the mix proportion. Secondly, 

water was added to prepare mortar. Thirdly, foam 

agent was diluted in 40 parts of water according to 
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manufacturer (leyco Chem LEYDE GmbH Germany), 

this water is considered as a part of total water of the 

mix. Water cement ratio (w/c) was determined 

depending on flow of the mix (flow range 110-130%). 

Lastly, the foam was added to the mortar and the flow 

of the batch was measured by using flow table 

according to ASTM C 1437[24] and ASTM C230[25]. 

The fresh density for all mixes were measured and 

recorded as shown in Table (4). On the other hand, 

for the mixes with expanded polystyrene beads (EPS), 

the addition of these beads were added to the mortar 

1:2.25 and mixed. The proportions of EPS were 

calculated and also the flow and fresh density are 

shown in Tables (4) and (5). 

Table 1. Physical characteristics of ordinary Portland cement 

 

Test 

Result IQS : 5/1984 

Consistency 0.25 0.24-0.32 

Initial setting time (minute) 229 Min. 45 minute 

Final setting time (minute) 285 Max. 600 

minute 

Fineness (%) 5 Max. 10% 

 

Table 2. Chemical properties of ordinary Portland cement 

Constituent Component of OPC (%) Limits of IQS : 5/1984 

SiO2 21.31 … 

Al2O3 5.89 … 

Fe2O3 2.67 … 

CaO 62.2 … 

MgO 3.62 ≤ 5% 

SO3 2.6 ≤ 2.8% 

Loss of ignition 1.59 ≤ 4% 

Insoluble 

residue 

0.24 ≤ 0.75% 

Free CaO 1.74 … 

L.S.F. 0.8818 … 

C3S 33.37 … 

C2S 35.92 … 

C3A 11.09 … 

C4AF 8.12 … 
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Table 3. Grading of fine aggregates 

Sieve No. (mm) Passing (%) Limits of ASTM C 33 

No.4 (4.75) 100 95-100 

No.8 (2.36) 80.96 80-100 

No.16 (1.18) 66.33 50-85 

No.30 (0.6) 51.5 25-60 

No.60 (0.3) 24.65 5-30 

No.100 (0.15) 7.26 0-10 

 

Table 4. Mix proportions 

Mix 

No. 

Mix 

proportio

n 

 

W/C 

Cement 

kg/m3 

Sand 

kg/m3 

Water 

kg/m3 

EPS (%) 

by volume 

of concrete 

Foam 

agent 

kg/m

3 

Theoretical 

density 

kg/m3 

Flow 

(%) 

C0 

  

(1
 : 

2.
25

) 
(c

em
en

t 
: s

an
d

) 

 110 2105.77 ــــــــ ــــــــ 266.05 1273.65 566.07 0.47

C1 0.48 526.47 1184.56 252.70 13.00 110 1963.75 ــــــــ 

C2 0.46 513.01 1154.28 235.98 16.25 110 1903.29 ــــــــ 

C3 0.45 476.11 1071.26 214.25 22.75 110 1761.63 ــــــــ 

C4 0.44 438.75 987.20 193.05 29.25 110 1619.02 ــــــــ 

C5 0.46 393.56 885.52 181.04 35.75 110 1460.12 ــــــــ 

C6 0.47 351.59 791.09 165.25 42.25 110 1307.93 ــــــــ 

C7 0.44 551.93 1241.86 242.85 110 2036.64 0.4 ــــــــ 

C8 0.43 533.54 1200.46 229.42 110 1963.42 0.6 ــــــــ 

C9 0.42 532.43 1197.97 223.62 110 1954.02 1 ــــــــ 

C10 0.42 492.18 1107.40 206.71 110 1879.34 1.2 ــــــــ 

C11 0.49 452.33 1017.74 221.64 130 1691.71 1 ــــــــ 

C12 0.53 494.56 1112.77 262.12 125 1869.45 0.6 ــــــــ 

C13 0.46 521.77 1173.98 240.01 120 1935.76 0.8 ــــــــ 

 

Table 5. Hardened concrete properties 

Mix 

No. 

Fresh density 

kg/m3 

Dry 

density 

kg/m3 

Compressive strength 

MPa 

Modulus of rupture 

MPa 

Voids 

(%) 

7 days 28 day 7 days 28 day 

C0 2460.00 2376.00 38.56 47.98 6.90 8.54 7.00 

C1 2019.84 1936.00 18.86 29.31 4.89 5.62 14.10 

C2 1930.12 1860.50 15.44 28.50 4.90 5.36 17.40 

C3 1839.64 1791.08 16.87 21.89 3.46 4.05 23.20 

C4 1768.00 1726.00 14.47 18.29 2.49 3.20 31.50 
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C5 1694.15 1638.43 13.70 16.13 2.30 2.83 36.50 

C6 1589.23 1498.18 11.25 14.50 2.12 2.56 43.16 

C7 2056.70 1920.12 19.52 28.79 4.25 5.14 11.00 

C8 2000.00 1870.22 22.76 31.34 4.51 5.50 14.50 

C9 1953.04 1830.45 23.82 34.02 4.26 5.36 15.21 

C10 1855.09 1725.90 12.45 16.10 2.30 2.78 21.62 

C11 1750.00 1690.84 14.00 20.50 3.10 4.15 24.30 

C12 1938.90 1894.53 10.79 19.00 2.74 3.41 15.87 

C13 1970.31 1829.08 17.63 25.95 3.86 4.69 14.82 

 

III. Experimental Work 

 

The moulds of 50 mm cubes were used for testing the 

compressive strength of lightweight concrete 

according to ASTM C109[26]. The average of three 

cubes is used to determine the compressive strength 

for each age of test. Besides, the prismatic moulds of 

(40×40×160) mm were used to determine the flexural 

strength according to ASTM C348[27]. The average of 

three prisms was used to determine the flexural 

strength. The density and voids were determined 

using (100) mm cubes according to ASTM C642[28]. 

Foam produced by using a mixer, which forming the 

foam according to the pre-foaming method, adding 

the preformed foam to a base mix (cement, sand, and 

water). In expanded polystyrene beads case, the EPS 

beads should be mixed well in order to distribute the 

beads in all mix and to prevent them from being as 

lumps in concrete mix. 

IV. Results and Discussion 

Flowability 

The results of the flow for each mix are shown in 

Table (4). The recorded range of flow is between 

(110–130)%. The flow depends on the water cement 

ratio, whereas the water cement ratio is affected by 

EPS beads proportions as given in Figure (1). It can be 

seen from this figure that the increase of expanded 

polystyrene beads would reduce the flowability of 

lightweight concrete and more water in mix is 

required. The mix C4 has given the optimum flow 110% 

with w/c equal to 0.44 and 29.25% of EPS beads. This 

mix gives acceptable values of compressive strength of 

18.29 MPa and flexural strength of 3.2MPa. On the 

other hand, for foam concrete the flowability depends 

on the water cement ratio and also foam agent 

percentage. Too wet mortar may lead to unstable 

foam, whereas too dry mortar would make the foam 

unable to blend with the mortar[29]. The mix C11 

gives the highest value of flowability 130%, this is 

may be due to the suitable amount of foam and the 

high w/c ratio equal to 0.49, and thus the foam 

concrete is very sensitive and affected by water 

amount in the mixture[6]. 
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Fig. 1. Effect of EPS beads percentage on water 

cement ratio, (flow 110%) 

 

Fresh and Dry Density 

 

The voids in the concrete containing EPS beads 

related to the EPS volume percentage in the mix. 

Thus, the increase of EPS beads tends to reduce the 

fresh density of concrete as well as, its effect on dry 

density as shown in Table (5) and Figure (2). It can be 

seen from this Figure that the increase in the EPS 

beads percentage would result in significant reduction 

in dry density of lightweight concrete. 

 

For foam concrete, the dry density decreased with the 

increasing foam volume (voids). The foam volume 

depends on the amount of foam agent in the mix and 

water cement ratio, continuously, the water cement 

ratio would also form the voids within concrete [6]. 

Figure (3) shows the relationship between foam 

volume and dry density. The dry density is reduced 

with foam volume increased; this may be due to the 

increase of the interior voids in concrete. However, 

the density of lightweight concrete is reduced with 

the increase of voids that represent EPS beads or foam 

volume. 

 

Compressive Strength 

 

Table (5) shows the results of compressive strength 

for specimens at ages of 7 and 28 day after water 

curing. It can be seen that C0 (reference mix) has a 

compressive strength of 47.98MPa. Whereas, the 

mixes C1-C6 for concrete which contain expanded 

polystyrene beads exhibit significant decrease in 

compressive strength as the amount of EPS beads 

increase. This can be attributed to the fact that the 

compressive strength of concrete might be affected by 

voids ratio and w/c ratio of the mix. Thus, the 

increase in voids and w/c ratio cause a reduction in 

the compressive strength of the lightweight concrete 

[6,30]. The water cement ratio is changed for each 

mix to maintain 110% flow. The mix C1 gives highest 

compressive strength 29.31MPa due to the least 

percentage of EPS beads 13%, in spite of the highest 

water cement ratio 0.48. On other hand, the increase 

of EPS beads in the mix C2 decreases the compressive 

strength of lightweight concrete to 28.5MPa. This 

slight decrease may be attributed to the fact that w/c 

for the mix C2 is 0.46 whereas the w/c for mix C1 is 

0.48. Figure (4) shows the relationship between EPS 

beads and compressive strength of lightweight 

concrete. However, from the mentioned figure, it can 

be seen that the increase of EPS decreases 

significantly the compressive strength. Furthermore, 

dry density has reduced with the increase of the EPS 

beads (voids) but the decrease in dry density will 
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reduce the compressive strength as shown in Figure 

(5). The comparison between C6 and C0 shows that 

the reduction of compressive strength of such 

concrete was about 69.77% by the inclusion of EPS 

beads in order of 42.25%. On the other hand, the 

results of compressive strength for the lightweight 

concrete mixes containing foam agent (mixes C7-C13) 

show that the voids exists in concrete depends on the 

amount of foam agent in the mix and also the water 

cement ratio in the mix[6]. The Compressive strength 

of the foam concrete has reduced as the foam volume 

increased. Figure (6) shows the relationship between 

compressive strength and foam volume. Also the 

compressive strength is reduced with the reduction of 

dry density of lightweight concrete. This can be 

attributed to the effect of foam volume (voids) that 

induced in such concrete as shown in Figure (7). 

From the previous results, it can be seen that mix C9 

gives acceptable values of compressive strength 

34.02MPa, dry density 1830.45 kg/m3 and flow 110% 

as given in Table (5). 

 

 

Fig. 2. Relationship between EPS beads and dry 

density 

 

 

 

Fig. 3. Relationship between foam volume and dry 

density 

 

Fig. 4. The relationship between EPS with 

compressive strength of concrete 
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Fig. 5. The relationship between the compressive 

strength and dry density for concrete containing EPS 

beads 

 

Fig. 6. The relationship between foam volume and the 

compressive strength of concrete 

 

Fig. 7. The relationship between the compressive 

strength and dry density for concrete contain foam 

agent 

 

Modulus of Rupture 

Table (5) shows the results of modulus of rupture for 

lightweight concrete containing 

  

EPS beads or foam agent. The modulus of rupture for 

concrete containing EPS beads is reduced with the 

increase of EPS beads volume. Concrete Mix C1 

shows good modulus of rupture 5.62 MPa due to low 

volume fractions of EPS beads. However, modulus of 

rupture has reduced gradually with the increase of 

EPS beads proportion as shown in Figure (8). The 

least value of modulus of rupture is obtained with mix 

C6 

2.56 MPa. For lightweight concrete forming from 

foam agent, the modulus of rupture is affected by 

water cement ratio and amount of foam agent[31]. 

Increasing the amount of foam agent would increase 

the foam volume (voids) and subsequently reduce the 

flexural strength as shown in Figure (9). 

 

Fig. 8. The relationship between of EPS beads and 

modulus of rupture 
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Fig. 9. The relationship between of foam volume and 

modulus of rupture 

  

V. CONCLUSIONS 

 

This paper shows proportioning of lightweight 

concrete having acceptable workability, density, 

compressive strength and modulus of rupture by 

using EPS beads or foam agent. Some conclusions can 

be drawn as follows: 

1- The density of lightweight concrete is reduced 

with the increase of the voids resulted from EPS 

beads or foam volume. Thus, the density of 

lightweight concrete was 1498 kg/m3 by inclusion of 

43.16% EPS. Whereas the density of foamed concrete 

was 1690.84kg/m3 by the inclusion of 1kg/m3 foam 

agent. 

2- For the lightweight concrete with EPS beads, the 

use of 31.5% of EPS exhibits the best performance in 

terms of density, compressive strength and modulus 

of rupture. The values for them are: 1726 kg/m3, 

18.29 MPa and 3.2 MPa, respectively. 

3- For lightweight concrete using foam agent, the use 

of 1 kg/m3 of foam agent is found to induce about 

15.21% of voids in the lightweight concrete mix and 

thus the best performance for density, compressive 

strength and modulus of rupture are: 1830kg/m3, 

34.02MPa and 5.36MPa, respectively. 
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