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Abstract— The expanded polystyrene is one of the most 

widely use plastic, the scale being several billion kilograms 

per year. The use of expanded polystyrene in construction has 

lot of advantages compare with the use of conventional 

material which results in sustainable future. EPS is used as 

lightweight weight aggregate to produce lightweight concrete 

with unit weight less than 1000 kg/m3 which make it as light 

weight concrete. Coarse aggregate is a major contributor for 

heavy weight of concrete as replacing it with EPS Beads 

result in the reduction of the density of concrete. The 

Expanded polystyrene beads are the material which 

substitutes in the place of coarse aggregate. The concrete 

consist of 10%, 25% 50% and fully replace by volume of 

coarse aggregate. The cubes were tested at 3d, 7d and 28d of 

curing. The main objective of this investigation to study the 

properties, such as density, compressive strength, water 

absorption and splitting tensile strength of lightweight 

Expanded Polystyrene (EPS) beads concrete.   
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I. INTRODUCTION 

The polystyrene foam is a thermoplastic material obtained by 

polymerization of styrene. The use of expanded polystyrene 

in construction has lot of advantages compare with the use of 

conventional materials which results in sustainable future. 

EPS is a versatile durable material that offers excellent 

insulation properties. As the structure of EPS consists of 98% 

air its initial thermal properties are maintained throughout its 

working life. It can be manufactured in a wide range of shapes 

and sizes. It is non- toxic, moisture resistant and rot proof. 

EPS is primarily used as an effective thermal insulation 

material for walls, roofs and floors in a wide range of 

buildings. It also used as a packaging material and has 

applications avoid-forming fill material in civil engineering 

projects, as lightweight fill in road and railway construction, 

and as flotation material in the construction of floating 

pontoons in yachting marinas. Expanded Polystyrene 

(Thermocol) offers a non hydroscopic and does not readily 

absorb moisture from the atmosphere. Its closed-cell structure 

reduces absorption and/or migration of moisture it is odorless, 

rigid, closed cell Expanded Polystyrene containing 98% by 

its volume still air entrapped in its cell and is the major reason 

for its excellent insulation properties. Most of the Expanded 

Polystyrene beds which are produced are either used in bean 

bags and thermacol in packing industry. After their uses there 

is no use of these materials. These cannot be recycled very 

easily and also cannot be dumped. The waste that is generated 

is leading to environmental hazards and also temperature of 

the earth is increasing day to day. Expanded polystyrene 

(EPS) is a lightweight cellular plastics material consisting of 

fine spherical shaped particles which are comprised of about 

98% air and 2% polystyrene.  It has a closed cell structure and 

cannot absorb water. It has a good sound and thermal 

insulation characteristics as well as impact resistance.  

Polystyrene foam is a non-biodegradable material. It is a 

waste material from packaging industry.  It creates disposal 

problem. Utilizing crushed polystyrene granules in concrete 

is a valuable waste disposal method. In this work, an attempt 

is made to address the possibility of utilizing Expanded 

Polystyrene (EPS), a packing material in the form of beads in 

concrete, which otherwise is posing a threat to waste disposal 

as well as for waste management.  This material is a cause of 

concern to environmentalists.  In this study, it is attempted to 

partially replace coarse aggregates by means of EPS beads.  

A general discussion on EPS, its production and its 

application along with environmental concerns are being 

discussed. The present investigation was taken up, keeping 

two targets in view, disposal of the polystyrene waste from 

the point of view of environment and for the replacement of 

aggregate from the point of view of construction industry. 

There are many advantages to be gained from the use of 

lightweight concrete.  These include lighter loads during 

construction, reduced self-weight in structures, and increased 

thermal resistance.  Lightweight concrete is generally 

accepted as concrete having a density of about 1800 kg/m3 or 

less. The present study aims at utilization and the suitability 

of polystyrene beads as coarse aggregate.  A comparative 

study on strength parameters is also done against 

conventional concrete to study the behavior of the 

polystyrene aggregate.  For this 10%, 25%, 50% and fully 

replacement of coarse aggregate by expanded polystyrene 

beads is attempted in this work.  

II. MATERIALS 

This project work deals with the experimental program for 

the making of floating concrete by using EPS beads as 

replacement of aggregate. The materials used in this project 

are cement, fine aggregate, Coarse aggregate, EPS beads and 

water. Various tests on materials like, cement, fine aggregate, 

EPS beads and water have been conducted to confirm their 

suitability to use in concrete making as per the procedures 

laid down in IS Codes. It is observed that all the materials 

satisfy the relevant provisions of IS Code of practice. 

A. Cement:  

Ordinary Portland cement of 53 grade of Ambuja Cement 

confirming to IS 12269 standards was used. Test result are 

taken as it is as given by company. The cement shall be 

measure on the weight basis each bags weighing 50kg which 

is equal to 35 liters in volume. The tests like fineness of 

cement, specific gravity, initial and final setting time tests 

were performed and all were within the specified limit of 

Indian standard.  
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B. Fine Aggregate:  

The sand is satisfy all Indian Standard requirement and shall 

be clean, strong, hard, durable and free from dirt, dust and 

impurities etc. Specific gravity of fine aggregate was 2.74. It 

confirming to grading zone II with Particles in between 4.75 

mm and 150 µm. The sand was air dried and free from any 

foreign material, earlier than mixing. 

C. Coarse Aggregate:  

The aggregates having size more than 4.75 mm are called as 

coarse aggregate. Locally available crushed stone was used 

as coarse aggregate. Specific gravity of Coarse aggregate was 

2.74. Particles sizes in between 4.75 mm to 20 mm. 

D. EPS Beads:  

Expanded Polystyrene (EPS) used in the project was in the 

form of ‘EPS Beads’ which is spherical in shape with size 

varying in between 6 mm to 8 mm in diameter. It is made up 

of pre-extended Polystyrene globules. It offers a non 

hydroscopic and does not readily absorb moisture from the 

atmosphere. Expanded polystyrene exhibits no of outstanding 

properties such as light weight, high strength and structural 

stability, economy, insulation, aging resistance, recyclability 

etc. 

 
Sr. no. Specification Values 

1 Size 6 mm to 8 mm 

2 Density 18 kg/cu.m 

3 Moisture absorption Low 

4 Thermal conductivity Low 

III. MIX PROPORTION 

The Mix Proportion for conventional concrete arrived as per 

IS 10262-2009. This Mix proportion of conventional concrete 

was taken as reference to the Lightweight Concrete by 

making replacement to aggregate by EPS Beads. The mix 

proportion of EPS beads concrete taken by replacing coarse 

aggregates by EPS beads as 0%, 10%, 25%, 50% and fully. 

The following mix proportion for EPS beads based concrete 

is obtain partially replacement coarse aggregate with different 

percentage of EPS beads volumetrically. Following are the 

quantities of materials for various mixes are obtained by 

partial replacement ( 0%, 10%, 50%, 100% ) by volume of 

coarse aggregate by EPS beads. 

Following are the mix proportions for 1 cu.m for 

M20 grade of concrete. Assume W/C  Ratio : 0.50 

 

 

Mix Proportion For 1 Cu.M (0% Replacement) 

Cement 

(Kg) 

Sand 

(Kg) 

Coarse 

Agg. (Kg) 

EPS 

beads 

(Kg) 

W/C 

Ratio 

280 923.38 1172.72 00 0.50 

Table 2: Mix proportion for 0% replacement of coarse 

aggregate by EPS beads. 

Mix Proportion For 1 Cu.M (10% Replacement) 

Cement 

(Kg) 

Sand 

(Kg) 

Coarse 

Agg. (Kg) 

EPS 

beads 

(Kg) 

W/C 

Ratio 

280 923.38 1054.90 0.77 0.50 

Table 3: Mix proportion for 10% replacement of coarse 

aggregate by EPS beads. 

Mix Proportion For 1 Cu.M (25% Replacement) 

Cement 

(Kg) 

Sand 

(Kg) 

Coarse 

Agg. (Kg) 

EPS 

beads 

(Kg) 

W/C 

Ratio 

280 923.38 879.54 1.926 0.50 

Table 4: Mix proportion for 25% replacement of coarse 

aggregate by EPS beads. 

Mix Proportion For 1 Cu.M (50% Replacement) 

Cement 

(Kg) 

Sand 

(Kg) 

Coarse 

Agg. (Kg) 

EPS 

beads 

(Kg) 

W/C 

Ratio 

280 923.38 586.36 3.852 0.50 

Table 5: Mix proportion for 50% replacement of coarse 

aggregate by EPS beads. 

Mix Proportion For 1 Cu.M (100% Replacement) 

Cement 

(Kg) 

Sand 

(Kg) 

Coarse 

Agg. (Kg) 

EPS 

beads 

(Kg) 

W/C 

Ratio 

280 923.38 00 7.704 0.50 

Table 6: Mix proportion for 100% replacement of coarse 

aggregate by EPS beads. 

IV. PROCEDURE 

A. Cleaning and Fixing Mould:  

The standard size of cubes 150 mm x 150mm x 150mm is 

used. The moulds are made up of cast iron or cast steel. The 

inside faces must be machined plane. The cube mould is 

normally made in two halves to facilitate removal of the 

concrete cube without damage. Before assembling the 

moulds, make sure that there is no hardened mortar or dirt on 

the faces of the flange that prevent the sections from fitting 

together closely. The inside of the mould must also be oiled 

to prevent the concrete from sticking to it. The two sections 

must be bolted firmly together, and the moulds held down 

firmly on the base plates. For cylinder same procedure of 

cleaning and fixing is followed. Clean the cylinder mould 

properly and apply oil on inner surface of mould. But no oil 

should be visible on surface. Fix the cylinder mould with base 

plate tightly. No gap should be left in joints so that cement-

slurry doesn’t penetrate. Place the mould on leveled surface. 

B. Batching and Mixing:  

Batching was done as per mix proportion with the help of 

electronic weigh balance. Take the weight of all ingredients 

as per mix proportion. The mixing of cement, sand, EPS 
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beads and water is done by using hand mixing. The main 

purpose of mixing of concrete is to finally obtain a uniform 

mixture that shows uniformity in terms of color and 

consistency.  Mixing should be done on a smooth, clean and 

water tight platform of suitable size. The main purpose of 

mixing the concrete is to finally obtain a uniform mixture that 

shows uniformity in terms of color and consistency. The 

mechanical mixing is not possible as it gives more 

segregation. The mixing was prepared by hands or manually. 

Firstly mix cement, sand, aggregate and EPS beads which had 

dry materials then mix these ingredients by adding water 

which makes the uniform mixture. 

 

C. Placing:  

Before the placing the concrete, mould was cleaned and oiled 

to prevent the formation of bond between concrete and 

mould. Before placing of concrete, mould is placed in plan 

surface to avoid uneven surface. The concrete is filled in the 

mould before the initial setting time. The fresh concrete filled 

into the mould in three layers with compaction due to this 

method placing is done accurately. 

D. Compacting:  

In the compaction phase we firstly perform the compaction of 

one cube by the Table vibrator which gives more segregation 

so we decide to the hand compaction.  In hand compaction, 

compaction is done by using tamping rod. During the 

compaction of each layer with the Tamping rod, the blows 

should be distributed in a uniform manner over the surface of 

the concrete and each layer should be compacted to its full 

depth. The minimum number of blows per layer required to 

produce full compaction will depend upon the workability of 

the EPS beads, but at least 25 blows will be necessary. After 

the top layer has been compacted, a trowel should be used to 

finish off the surface level with the top of the mould, and the 

outside of the mould should be wiped clean.  

E. Demoulding:  

Test specimen should be demoulded after 24 hours they have 

been made. If after this period of time the concrete has not 

achieved sufficient strength to enable demoulding without 

damaging the specimen then the demoulding should be 

delayed for a further 24 hours. When removing the specimen 

from the mould, take the mould apart completely. Take care 

not to damage the specimen because, if any cracking is 

caused, the strength may be reduced. Due to use of EPS beads 

so more chances of damage at corners of specimen. After 

demoulding, each specimen should be marked with a visible 

identification onthe top or bottom using a waterproof crayon 

or ink. The mould must be thoroughly cleaned after 

demoulding the specimen.   

F. Curing:  

After the demoulding, the specimen is kept into a tank full of 

water for curing. As per the testing duration i.e 3days, 7days, 

28days specimens are Take out from the water tank. Before 

testing specimens are allowed to become dry naturally to get 

the actual test results.  

V. TESTING ON CONCRETE AND RESULTS 

A. Density Test on EPS Beads:  

After study we know that the density 6kg/ m3 is the density 

of EPS Beads by Pycnometer which include the void volume, 

to overcome this problem we make discussion with group 

guide and senior staff of department they suggest us to 

perform actual density test  on EPS beads. For that we simply 

use the definition of density which says that density is ratio 

of mass to volume. For calculating mass we take 50 EPS 

Beads and calculate their weight. For calculation of volume 

we measure diameter of each EPS beads by using vernier 

caliper and by calculating average diameter we got total 

volume of all Beads. Then by dividing mass by volume we 

got density of EPS Beads. 

Quantity 

of EPS 

Beads 

Average 

Diameter 

(M) 

Total 

Weight 

(Kg) 

Total 

Volume 

(m3) 

Density 

(Kg/m3) 

50 8x10-3 2.412x10-

4 

1.340x10-

5 18 

Table 7: Density Test on EPS beads. 

B. Compressive Strength Test:  

Compressive strength test of concrete provides an idea about 

all the characteristics of concrete. By this test one can judge 

that whether concreting has been done properly or not. 

Compressive strength of concrete depends on many factors 

such as water-cement ratio, cement strength, quality of 

concrete material and quality control during production of 

concrete etc.  Test for compressive strength is carried out on 

cubes. For the Compressive strength test we cast nine cubes 

as per mix design. After demoulding we kept the cubes for 

curing and perform compressive strength test on every three 

cubes at 3days,7days and 28 days respectively and we take 

average of compressive strength for three cube at particular 

day. 
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% of Replacement 

of  C.A. by EPS 

Results 

after Days 

Average 

Compressive 

Strength (N/mm2) 

 

0% 

3 Days 8.57 

7 Days 13.5 

28 Days 20 

 

10% 

3 Days 6.67 

7 Days 11.55 

28 Days 17.48 

 

25% 

3 Days 6.29 

7 Days 8.88 

28 Days 10.22 

 

50% 

3 Days 4.14 

7 Days 5.77 

28 Days 7.55 

 

100% 

3 Days 2.37 

7 Days 2.96 

28 Days 4.07 

 

C. Split Tensile Strength:  

The tensile strength of concrete is one of the basic and 

important properties. Splitting tensile strength test on 

concrete cylinder is a method to determine the tensile strength 

of concrete. Test for Splitting tensile strength is carried out 

on Cylinder. For the Splitting tensile strength test we cast nine 

cylinders as per mix design. after demoulding we kept the 

cylinder for curing and perform Splitting tensile strength test 

on every three cylinder at 3days,7days and 28 days 

respectively and we take average of Splitting tensile strength 

for three cube at particular day. 

 

% of Replacement 

of  C.A. by EPS 

Results 

after Days 

Average Split 

Tensile Strength 

(N/mm2) 

0 % 28 Days 4.50 

10 % 28 Days 3.78 

25 % 28 Days 3.13 

50 % 28 Days 2.12 

100 % 28 Days 1.41 

 

D. Accelerated Curing Test:   

As per BIS the compressive strength of a concrete mix is 

determine by concrete cube (150mm) for 28 days, 

temperature maintain at 27+/- 20 C. But under special 

requirements to determine the grade of concrete it may not be 

feasible to weight as long as 28 days, BIS has recommended 

accelerated curing test to determine grade of concrete in about 

28 hours. Although, indicative strength can be achieved by 

testing the cubes after 3 days (50% of 28 days strength)  and 

7 days (60% of 28 days strength)  from casting, the more 

standard method if commonly called as accelerated curing 

test. Accelerated curing is a method used to get early 

compressive strength in concrete. Raising the temperature of 

curing water speeds up the cement hydration process there by 

both curing of concrete and achieving high early compressive 

strength. Boiling water method is commonly used for 

achieving the accelerated strength. The following formula are 

derive for 28 days compressive strength of concrete mix 

R28(strength at 28 days) = 8.09+1.64 Ra, where, Ra = avg. 

compressive strength of concrete used in the accelerated 

curing test. Following are the accelerated curing test results 

of replacement of coarse aggregate by EPS beads at various 

percentages. 

% of Replacement of  C.A. 

by EPS 

Accelerated Strength 

(Ra28) N/mm2 

0% 17.56 

10% 13.80 

25% 13.66 

50% 11.49 

100% 9.66 
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E. Water Absorption Test:   

This test was done as per procedure given in ASTM C 642-

06 by oven drying method for this test 15cm x 15cm x 15cm 

cubes were cast. After 24 hours of demoulding, the specimens 

were kept immersed in water. At the end of 28 days the 

specimens were taken from curing tank and air dried to 

remove surface moisture. Then take the weights of saturated 

specimens (B). The specimens were dried in oven at 

temperature of 100+100C for 48 hours, and allowed to cool 

room temperature. Take the oven dried weight of specimens 

(A). Determine the percentage of water absorption by 

formula.   

% of Replacement of  

C.A. by EPS 

Percentage of  Water 

Absorption in % 

0% 0.60 

10% 0.74 

25% 0.64 

50% 0.71 

100% 1.05 

 

VI. CONCLUSION 

The following conclusions were drawn from the study:  

1) It is Possible To make light weight concrete by using the 

EPS beads as a replacement to Aggregate in concrete. 

2) Increase in the percentage of EPS beads contain in 

concrete mixes reduces the compressive strength. 

3) The compressive strength of EPS concrete is less than 

conventional concrete. 

4) Increase in the EPS beads content in concrete mixes 

reduces tensile strength of concrete. 

5) It is seen that the larger amount of EPS beads lesser the 

strengths such as compressive strength, split tensile test. 

6) The cost of EPS beads is less compare to normal 

concrete. 

7) The replacement of coarse aggregate by using EPS beads 

had shown an alternate material in construction, and 

good solution for    EPS disposure. 
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