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Abstract— In current scenario there is demand of light weight 

structures which should be environment friendly as well, so 

use of Polystyrene which is nondegradeable and one of the 

most extensively used plastic, is proposed as an alternative to 

coarse aggregate in this experimental study. So This study 

reports the results of an experimental investigation into the 

properties of polystyrene blocks prepared with using silica 

fume and fly ash as admixtures respectively, in which coarse 

aggregate were fully(100%) replaced by expanded 

polystyrene beads. The design approach of preparing new 

mixes for experimental study were as per weight batching and 

confirming to guidelines as per IS 10262:2009. Total seventy 

two blocks were casted and tested from which thirty six 

blocks(6 batches - each batch contains 6 blocks) were 

prepared by using silica fume as admixture and thirty six 

blocks(6 batches - each batch contains 6 blocks) were 

prepared using fly ash as admixture. The cement content, 

water-cement content, sand-polystyrene content and the 

content of admixture replaced by cement varies from batch to 

batch as per mix design. The cubes were tested for 

compressive strength in a compressive strength testing 

machine after 14 and 28 days of curing period. 
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I. INTRODUCTION 

Due to usage of conventional methods of construction the 

structures are heavier and are also not at all environment 

friendly, Due to the booming demand in construction industry 

there is an increased demand of coarse aggregate and paucity 

in terms of supply so an sincere attempt to eliminate the dead 

load due to coarse aggregate and the environmental concerns 

is made and An alternative method to use expanded 

polystyrene beads(EPS) as full replacement of coarse 

aggregate in concrete which to be casted as concrete masonry 

blocks and to be used as non-structural member. 

 Polystyrene (EPS beads) 

Expanded polystyrene beads are hydrocarbon polymer made 

from monomer styrene. It could be either solid or foamed. 

Polystyrene is one of the most widely used plastics, scale of 

production being very huge up to several million tons per 

year. The footprint of EPS on our environment is negligible 

compared to other pollutants. EPS is made up of 98% air, 

leaving 2% as crude oil derived plastic, making it one of the 

most effective insulators. Buildings are one of the main 

contributors of greenhouse gas emissions, More than half of 

this energy demand is used for the purpose of heating and 

cooling buildings we work and reside in, EPS has very low 

thermal conductivity due to its closed cell structure consisting 

of 98% air, so Insulation is a cost effective method to reduce 

our energy demand and greenhouse gas emissions,. Expanded 

polystyrene beads does not degrade over time and is 

unaffected by moisture and is non-toxic. 

 Merits of Polystyrene 

 Lightweight - EPS is to a great extent used for food 

packaging and is made up of 98% air, making it one of 

the lightest packaging materials. 

 Thermal insulation - EPS has very low thermal 

conductivity due to its closed cell structure consisting of 

98% air. 

 Durability - Because EPS is rot-proof and durable, it will 

remain an effective insulant until the life of the building. 

 Mechanical strength - Flexible production makes EPS 

versatile in strength which can be adjusted to suit the 

specific application. EPS with high compressive strength 

is used for heavy load bearing applications, whereas for 

void forming EPS with a lower compressive strength can 

be used a void-forming fill material in civil engineering 

projects, as a lightweight fill in road and railway 

construction. 

 Environmental safety - EPS has no nutritional value to 

support fungal, bacteriological or animal growth. 

 Demerits of Polystyrene 

 Production - polystyrene is usually made with hydro 

fluorocarbons which is not environment friendly and is 

1000 times adverse then carbon dioxide. 

 Non-biodegradable – discarded polystyrene does not 

biodegrade for thousands of years. 

 Litter – the polystyrene is not disposed properly and if 

littered could severely affect health of birds or animals 

who swallows it. 

 Recycle – recycling of polystyrene is not similar to other 

types of plastics it requires special treatment which is not 

feasible and is generally used as insulation or 

construction material.  

II. OBJECTIVES OF EXPERIMENTAL STUDY 

 The main objective of this experimental work is to study 

the effects of replacement of coarse aggregate by 

polystyrene in concrete and various properties of 

concrete, so that it can be used as concrete masonry 

block. 

 To achieve environmentally sustainable, thermal 

insulating, light weight concrete masonry blocks and its 

application in civil engineering professions. 

 To increase properties of the mix by using admixtures 

and increase workability. 
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 The successful use of polystyrene will aid in reducing the 

disposal of polystyrene waste and the scarcity of land 

area needed for disposal. 

III. PROPERTIES OF MATERIALS AND METHODOLOGY 

 Materials used in Different mixes 

 (cement + sand + expanded polystyrene beads(eps) + 

silica fume + water) 

 (cement + sand + expanded polystyrene beads(eps) + fly 

ash + water) 

 Properties of Material. 

 Cement – the cement used for the experimental purpose 

was fresh OPC(ordinary Portland cement) of 53 grade 

(tata cement) conforming to IS : 8112-1989. the batch of 

cement was tested in the dispatchment laboratory and 

were satisfactory so no additional testing of cement were 

required. 

 Sand – river sand was bought from nearby construction 

site, sieved in 4.75 mm sieve to remove stones, leaves 

and other unwanted materials, dried of moisture before 

use and was conforming to is: 383. 

 Expanded polystyrene beads(EPS) – a bag of 2 kgs eps 

beads having bead size ranging between 4-8 mm was 

purchased from an nearby decoration shop as eps beads 

are also used in decoration work. quality of beads were 

tested by throwing the beads in bucket full of water as 

good quality beads tend to float on surface of water and 

the beads tested were good in quality. though this method 

is not official method of testing but it gives an hint of 

moisture resistance and quality of beads. 

 Silica fume – silica fume is an mineral admixture which  

is an ultrafine powder collected as a byproduct of the 

silicon and ferrosilicon alloy production and is a 

pozzolonic material. it is an property enhancing 

admixture with an average specific gravity between 2.2-

2.3 and particle size around 150nm which is why it is also 

called micro silica. 20 kgs of silica fume was bought 

from nearby cement/admixture shop. 

 Fly ash - fly ash is a heterogeneous material produced as 

by-product in the combustion process of coal used in 

power stations. It is a fine grey colored powder having 

spherical glassy particles and is a pozzolonic material. 

Fly ash is an eco friendly construction material in which 

fly ash replaces a part of Portland cement. The specific 

gravity of fly ash ranges from 1.90 for a sub-bituminous 

ash to 2.96 for an iron-rich bituminous ash. As the fly ash 

is a very fine material, the particle size ranges in between 

10 to 100 micron. The shape of the fly ash granules is 

usually spherical glassy shaped. 20 kgs of grade-2 fly ash 

was bought from nearby cement/admixture shop. 

 Water – running tap water (soft water) was used. 

 Mix Design 

 Mix design for the experimental study was with due 

reference to the IS:10262-2005 and  was done as per 

weight batching of materials. Water-cement ratio was 0.4 

for 275kgs cement and 0.45 for 300kgs of cement. 

 Mix Design with Silica Fume as Admixture 

S-P    =   Sand – Polystyrene Ratio. 

W-C  =   Water – Cement Ratio. 

W/C 

ratio* 

Water 

(lt/m3) 

Cement 

(kgs/m3) 

S-P 

ratio* 

(%) 

SF 

% 

(SF) 

Silica 

Fume 

0.4 110 275 65-35 0.20 55 

0.4 110 275 65-35 0.25 68.75 

0.4 110 275 65-35 0.30 82.5 

0.45 135 300 60-40 0.20 60 

0.45 135 300 60-40 0.25 75 

0.45 135 300 60-40 0.30 90 

 Mix Design with Flyash as Admixture 

W/C 

ratio* 

Water 

(lt/m3) 

Cement 

(kgs/m3) 

S-P 

ratio* 

(%) 

FA 

% 

(FA) 

Fly 

ash 

0.4 110 275 65-35 0.20 55 

0.4 110 275 65-35 0.25 68.75 

0.4 110 275 65-35 0.30 82.5 

0.45 135 300 60-40 0.20 60 

0.45 135 300 60-40 0.25 75 

0.45 135 300 60-40 0.30 90 

 Methodology  

 Cube Casting 

Mixing of materials and compaction was done manually with 

hands and for hand compaction tamping rod of 16mm 

diameter and 600mm long was used. The moulds were filled 

in three layers with 25 blows of tamping in each layer and 

leveled off with and smooth finish. 

 
 Curing 

The cubes were de-moulded after 24 hours and submerged in 

ponded water body for curing. The cubes were cured for 14 

and 28 days. 

 
 Testing of Cubes 

After 14 and 28 days of curing respectively the cubes were 

tested for compressive strength in an compression testing 

machine.  
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IV. RESULT AND GRAPHS 

 Compressive Strength Test Results of Blocks with Silica 

Fume as Admixture. (15x15x15CM) (standard concrete 

block). 

cement 

silica 

fume 

% 

S-P 

ratio* 

14 days 

strength 

28 days 

strength 

(%) 
N/ 

mm2 

Kg 

/cm2 

N 

/mm2 

Kg 

/cm2 

275 20% 

65-35 5.07 50.7 7.55 75.5 

65-35 4.66 46.6 8 80 

65-35 4.53 45.3 6.22 62.2 

275 25% 

65-35 5.77 57.7 5.13 51.3 

65-35 6.67 6.67 5.13 51.3 

65-35 6.22 62.2 7.26 72.6 

275 30% 

65-35 7.55 75.5 6.41 64.1 

65-35 6.67 66.7 6.41 64.1 

65-35 7.11 71.1 7.26 72.6 

300 20% 

60-40 8.22 82.2 6.84 68.4 

60-40 7.11 71.1 6.41 64.1 

60-40 6.67 66.7 6.84 68.4 

300 25% 

60-40 8 80 7.26 72.6 

60-40 6.67 66.7 6.84 68.4 

60-40 5.77 57.7 7.69 76.9 

300 30% 

60-40 6.22 62.2 7.69 76.9 

60-40 8 80 7.69 76.9 

60-40 6.22 62.2 6.84 68.4 

 Graphs 

 

 

 Compressive Strength Test Results of Blocks with Fly Ash 

as Admixture. (15x15x15CM) (standard concrete block). 

cement 

Fly 

ash 

% 

S-P 

ratio* 

14 days 

strength 

28 days 

strength 

(%) 
N/ 

mm2 

Kg/ 

cm2 

N/ 

mm2 

Kg/ 

cm2 

275 20% 

65-35 3.87 38.7 7.72 77.23 

65-35 2.3 23 6.3 63 

65-35 3.5 35 7.5 75 

275 25% 

65-35 1.43 14.38 3.26 32.66 

65-35 2.9 29 4.93 49.32 

65-35 2.3 23 4.5 45 

275 30% 

65-35 3.03 30.31 3.78 37.83 

65-35 3.26 32.69 3.52 35.27 

65-35 2.79 27.93 4.03 40.39 

300 20% 

65-35 3.5 35 6.52 65.25 

65-35 6.62 66.2 6 60.20 

65-35 3.65 36.5 6.98 69.8 

300 25% 

65-35 2.18 21.8 6.23 62.35 

65-35 6.6 66 6.82 68.21 

65-35 3.7 37 5.64 56.49 

300 30% 

65-35 4.02 40.25 5.89 58.95 

65-35 4.56 45.60 7.24 72.4 

65-35 3.44 34.4 4.55 45.5 
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V. CONCLUSION 

 Between cubes with silica fume and fly ash as admixture 

respectively cubes with silica fume as admixture gave 

optimum results. 

 Cubes with silica fume as admixture – the optimum result 

for compressive strength was 72.63 kg/m3 having mix 

design with 300 kgs/m3 cement content, 0.45 water-

cement ratio,60-40% sand-polystyrene ratio and 25% 

replacement of cement content with silica fume 

admixture. 

 Cubes with fly ash as admixture – the optimum result for 

compressive strength was 71.78  kg/m3 having mix 

design with 275 kgs/m3 cement content, 0.4 water-

cement ratio,65-35% sand-polystyrene ratio and 20% 

replacement of cement content with Fly ash admixture. 

 These blocks can be used as a non-structural members in 

a structure. 
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