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Abstract - Concrete is a widely used material and is a mix of Cement, aggregates and water. Aggregates being major part of 
concrete volume, it increases the dead load of components which increases the load on foundation. Use of Light weight 
aggregates in concrete is thus gaining momentum which can reduce the dead load of concrete without compromising the 
quality characteristics of concrete. In the current study an attempt is done to understand the various studies done on 
Styrofoam concrete and investigate the behaviour and properties of Styrofoam based concrete.  This study also makes an 
attempt to visualise and understand the ITZ of Styrofoam based concrete by using F.E.S.E.M analysis.  
 
Index Terms- Styrofoam Concrete, F.E.S.E.M. 
 
I. INTRODUCTION 
 
Conventional concrete is still one of the most widely 
used construction material in the world. But this 
conventional concrete too has its limitations. One 
such limitation of conventional concrete is its high 
density. The general range of density for conventional 
concrete is 2240 - 2400 kg/m3 [1]. Due to its high 
density the overall dead load of the structure 
increases, which in turn results in larger footings, 
larger cross sections of members, large number of 
columns, closely spaced columns, reduced usable 
space, higher loads during construction and leads to 
uneconomical designs. 
 
To overcome the above limitations, concrete having 
comparatively lower density with an acceptable or no 
compromise in strength is needed. One such type of 
concrete is lightweight concrete. Structural LWC has 
an in-place density in the range of 1440 to 1840 
kg/m3 (90 to 115 lb/ft3) [1].When such concrete is 
made using lightweight aggregates it is known as 
lightweight aggregate concrete. Lightweight 
aggregates can be either artificial lightweight 
aggregates or natural lightweight aggregates.  
 
Artificial aggregates, which are widely used, are 
Styrofoam also known as Epoxy Polystyrene (EPS). 
Styrofoam is popularly used as a good thermal 
insulation material in building construction. Besides, 
it widely produced as food packaging and also as 
protective devices for securing goods and materials 
from vibration and damage during delivering and 
transporting process. Normally after delivering 
process, it commonly treated as waste product and it 
is seldom to be recycled as a new Styrofoam as it is 
not economical to be reproduced [2]. It is also a cause 
of concern to environmentalists due to its issue of 
disposal [3].Hence by using Styrofoam as lightweight 
aggregate; we can develop lightweight aggregate 
concrete and also overcome the issue of waste 
disposal.  

II. LITERATURE REVIEW 
 
In a study, Epoxy polystyrene (EPS) beads having 3 
mm diameter and bulk density 16 kg/m3 were 
replaced with coarse aggregates to develop EPS 
concrete. It was observed that EPS concrete showed 
higher compressive strength and peak strain with the 
increase of dry density and curing age. Curing age 
also had little effect on failure pattern of the 
specimens. The peak strain observed in EPS concrete 
was 3.5–5.1 % and larger than that of the normal 
concrete 2% & EPS concrete behaved better ductility 
and energy dissipation capacity compared with the 
normal concrete. For the same dry density, the peak 
strain of EPS concrete increased by 13.7– 14.8% at 
60 days compared with 28 days [4]. 
 
In another study, standard sized cylinder specimens 
were prepared by partial replacement of coarse 
aggregates by 0.5 inch-square (3.2258cm2) sized 
Styrofoam particles and of unit weight 0.696 lb/ft3 i.e. 
11.36 kg/m3. The results were compared with a 
normal density concrete (NDC). It was observed that 
when the water cement ratio of concrete with 20% 
Styrofoam was reduced from 0.5 to 0.45, the 28 days 
compressive strength of concrete was increased by 
68%.For the concrete having 20% Styrofoam and 5% 
silica fume at water cement ratio of 0.45, the 
compressive strength of concrete was 42% less than 
that of NDC. Hence we can conclude that the 
compressive strength of Styrofoam concrete reduces 
with use of silica fume [5]. 
 
EPS concrete generated by partial replacement of fine 
aggregates by epoxy Styrofoam of density ranging 
between 16–27 kg/m3. The comparison was done 
among 9 different mixes of partial replacement of 
fine aggregates by 5%, 10%, 15%, 20%, 25%, 30%, 
35% and 40% and M25 grade concrete. The 
compressive strength of EPS concrete with 5% EPS 
was decreased by 20.9% and that of the concrete with 
10% EPS was decreased by 21.67% from NDC. Use 
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of EPS content more than 10% results into decrease 
in compressive strength to the value less than 17.5 
MPa. Hence cannot be classified as structural 
concrete. This study also concludes that the EPS 
concrete with 5%, 10% and 15% EPS has the same 
growth like NDC i.e. concrete gains 65% strength at 
7 days and 88% strength at 14 days curing duration. 
Percentage of EPS present in concrete is inversely 
proportional to the modulus of elasticity of the 
concrete [6]. 
 
M30 grade concrete is compared with the EPS 
concrete with replacement of coarse aggregate by 
spherical EPS by 5%, 10%, 15%, 20%, 25% and 
30%.It was found that, at 28 days, the compressive 
strength of 5%, 10%, 15%, 20%, 25% and 30% EPS 
based concrete was reduced to 91%, 77 %, 71%, 
63%, 56%, and 45%, respectively. The results of split 
tensile tests conclude that, the higher the amount of 
polystyrene beads in concrete mixture, the lower the 
tensile strength. Concrete with 15% EPS has 80% 
tensile strength and concrete with 30% EPS has 70% 
tensile strength in comparison with NDC [3]. 
 
Another study gives performance of concrete with 
partial replacement of coarse aggregate by Styrofoam 
particles of size 10 mm2 and 10% pulverized fly ash 
(PFA). It concludes that this mix of concrete yields 
highest value of long term (180 days) compressive 
strength of concrete. Styrofoam particles used in this 
concrete are formed by allowing them to shrink in 
oven for 10 minutes. But, as the concrete thus 
modified uses untreated Styrofoam hence it does not 
have proper bond with the other material in the 
concrete and thus it may yield lesser value of 
compressive strength [2]. 
 
The 28 days compressive strength of EPS concrete is 
increased from 5.6 MPa to 11.9 MPa with increase in 
water cement ratio from 0.6 to 0.35. Tensile strength 
of EPS concrete decreases with increase in water 
cement ratio. Modulus of elasticity produced is 
highest (11.9GPa) when lowest water cement ratio 
(0.35) is used [7]. 
 
EPS beads were used as lightweight aggregates to 
produce concrete and mortar, which also contained 
silica fume as an additional cementitious material. 
The study aimed at understanding the strength and 
durability performance of EPS concrete. Also the 
fresh concrete densities and flow values were 
measured immediately after mixing and it was seen 
that the flow values were between 47 and 58 cm. 
Compressive strengths of cubes of 100 mm size were 
measured at 1, 3, 7, 28, and 90 days. Split tensile 
strength test was conducted on 100 mm diameter by 
200 mm cylinders at 28 days. This study also reported 
that the EPS concrete specimens exhibited more 
gradual failure as compared to brittle failure in case 
of conventional concrete and that the EPS concrete 

specimens were capable of retaining the load after 
failure without full disintegration. This clearly shows 
the high-energy absorption capacity of these 
concretes [8]. 
 
Another study aimed at studying the properties of 
EPS concrete containing fly ash. The study reported 
that the hydrophobic nature of EPS aggregates in 
these mixes has to be compensated through bonding 
additives or through the use of chemically treated 
aggregates. Unconfined compression test at 1, 3, 7, 
28, and 90 days were done on cubes of 100 mm size. 
Split tensile test at 28 days was done on cylinders of 
100 mm by 200 mm size. Cylinders of 150 mm 
diameter and 300 mm height were used for stress–
strain behavior and modulus of elasticity studies that 
were conducted at the age of 60 days. It was observed 
that the strength is decreasing with the increase of 
EPS percentage and with an increase in water cement 
ratio, similar to the normal concretes. This study also 
reported that concretes with higher EPS volumes 
showed that there was no splitting and indicated only 
a local failure. In case of the higher EPS aggregate 
concretes the failure was more ductile compared to 
the lower EPS concretes. It was also observed that the 
specimen sustained the ultimate load with increasing 
strain for some time [9]. 
 
In a study, Sand-wrapping technique, which is a 
premix method, was used to make EPS concrete. EPS 
Concrete was made by partially replacing both coarse 
and fine aggregates by EPS beads. In addition, steel 
fibers were used which significantly improved the 
drying shrinkage. Therefore, in this study, a type of 
fiber-reinforced concrete with EPS aggregates was 
developed; with up to 20 MPa design strength. Cubes 
of 150-mm size were used for studying the 
compressive strength at 3, 7, 14, 28, and 60 days. 
Split tensile strength tests were conducted on cubes of 
100 mm.  Fine silica fume greatly improved the bond 
between the EPS beads and cement paste and 
increased the compressive strength of EPS concrete. 
This study also commented on various factors 
affecting the compressive strength such as Effect of 
age, Effect of density and EPS volume, Effect of 
silica fume and steel fiber [10]. 
 
Another study developed EPS concrete by partially 
replacing coarse aggregate in the conventional or 
normal weight concrete mixtures with equal volume 
of the chemically coated crushed polystyrene 
granules. The coarse aggregate replacements levels 
used were 30, 50 and 70%. Cylinders of 150 mm x 
300 mm were used to test the Compressive strength, 
modulus of elasticity, drying shrinkage and 
compressive creep. It was observed that for the 
compressive strength reduced from 32.2 MPa to 13.8 
Mpa as the percentage replacement increased from 
30% to 70% [11]. 
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An attempt to study the flexural strength of external 
reinforced concrete beams and Styrofoam-filled 
composite beam was made. The beam test samples 
had dimensions of 150 mm x 200 mm x 2700 mm. A 
control specimen was used which was a normal beam 
with 26.0 MPa concrete with transverse 
reinforcement. The other specimens were made up of 
external transverse reinforcement and truss system 
and Styrofoam filled composite. Results showed that 
the flexural capacity of the normal concrete beam is 
36.7 kN, but for external reinforced beams it is 
reduced to 30.6 kN, on the other hand for external 
reinforced truss system beams it is relatively equal 
35.8 kN. External reinforced beams are prone to 
corrosion and fire and also require maintenance. 
Therefore Styrofoam was used on the outer portion 
with Styrofoam content of 30%, 40%, and 50% which 
had flexural strengths of 33.8 kN, 31.0 kN and 29.0 
kN respectively. It has been seen that the Styrofoam 
beams performance is comparable to that of other 
beams [12]. 
 
III. OBJECTIVES 
 

a) To understand the strength characteristics of 
concrete made using Styrofoam. 

b) To visualize the ITZ of Styrofoam concrete 
using Field Emission Scanning Electron 
Microscope (F.E.S.E.M). 

 
IV. METHODOLOGY 
 
The methodology adopted to understand the strength 
characteristics of Styrofoam based concrete described 
further. The materials used were locally available. 
Cement used was Birla Super (O.P.C Grade 53), 
Crush sand, 10mm Aggregates and 20 mm 
Aggregates. Mix design was done as per I.S 10262 
(2009). Styrofoam beads were replaced with fine 
aggregates in varying percentages of 5%, 10% and 
15%. The 0% replacement was used as a control 
sample. Proportions were in the ratio of 1: 1.57: 2.05. 
BASF 850I was used as admixture. Standard 
dimension of cubes (150mm side) and Cylinders 
(150mm x 300mm) were casted. Three samples of 
cubes and cylinders were casted for control sample, 
5%, 10% and 15% replacement of Styrofoam for 7, 
28 and 56 days. Cubes were used to determine 
compressive strength and cylinders to determine split 
tensile strength for 7, 28 and 56 Days. Samples of 
concrete at 7, 28 days of testing were carefully 
collected to carry out Field Emission Scanning 
Electron Microscope (F.E.S.E.M) analysis on these 
samples. F.E.S.E.M analysis was carried out at 
Central Instrumentation Facility (C.I.F) situated at 
Pune University. Plain concrete beams of cross 
section 150 x 150 mm and of length 700 mm were 
casted. These plain beams were tested for 28-day 
flexure under two-point loading. 
 

V. RESULTS AND DISCUSSION 
 
The procured material was tested to determine the 
material properties. Table 1 below shows the 
properties of material used. 
 

 
Table 1 – Properties of Materials Used 

 
The Styrofoam beads used to replace fine aggregates 
in varying percentages as mentioned earlier were of 2 
mm and 4 mm in size. The Slump of the mix for was 
maintained around 80 – 90 mm as seen in the figures 
below. It was seen that as the percentage replacement 
of Styrofoam increased the slump remained same but 
the workability increased which may be due to the 
smooth surface of Styrofoam foam beads. 
 

 
Fig. 1 – Slump measurement of control sample. 

 
Fig. 2 – Slump measurement of Styrofoam concrete 

(80 mm). 
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Fig. 3 – Slump measurement of Styrofoam concrete 

(90 mm). 
 
Table 2 shows the compressive strength at 7, 28 and 
56 days and the graph in figure 4 compares the 
average compressive strength at 7, 28 and 56 days for 
varying percentage replacement of Styrofoam. At 7 
days it is seen that as the Styrofoam percentage 
increased the compressive strength of 5%, 10% and 
15% samples decreased by 20%, 15.85% and 28.75% 
respectively as compared to that of control sample. 
Similar trend is observed at 28 days with the decrease 
in strengths by 11.45% for 5% sample, 35.4% for 
10% sample and 36.72% for 15% sample as 
compared to the control sample. Similarly at 56 days, 
the strength’s decreased by 17.78% for 5% sample, 
21.648% for 10% sample and 34.51% for 15% 
sample as compared to the control sample. It was also 
observed that the 28 day compressive strength for 
control sample and 5% replacement sample increased 
by 38.74% and 53.56% respectively as compared to 
the 7 days compressive strength of these samples. On 
the other hand for 10% and 15% samples the 28 day 
compressive strength has increased only by 6.5% and 
23.22% respectively as compared to the 7 days 
compressive strength of these samples. Hence the 
strength gain is observed to be lower for 10% and 
15% samples as compared to that of 0% and 5% 
samples. However from Figure 4 it can be seen that 
the 56 day compressive strength for control sample 
and 5% replacement sample increased by 13.52% and 
5.42% respectively as compared to the 28 days 
compressive strength of these samples. On the other 
hand for 10% and 15% samples the 56 day 
compressive strength has increased significantly by 
37.695% and 17.5% respectively as compared to the 
28 days compressive strength of these samples. 
Hence it was observed that there is significant 
strength gain between 7 and 28 days for 0% and 5% 
replacement samples and the 10% and 15% 
replacement samples showed better strength gain 
between 28 and 56 days. The relations between 7 - 28 
Days, 7 - 56 Days and 28- 56 Days compressive 
strength’s were determined using trend line analysis. 
The variables x and y in the equations below are 
independent and dependant variables respectively.  
The relation between 7(x)-28(y) Days strength’s is 
given by y = 1.584x - 7.635 with coefficient of 

Correlation (R) = 0.758. The relation between 7(x)-
56(y) Days strength’s is given by y = 50.93ln(x) - 
126.4 with coefficient of Correlation (R) = 0.966.  
Similarly the relation between 28(x)-56(y) Days 
strength’s is given y = 28.64ln(x) - 59.86 with 
coefficient of Correlation (R) = 0.883. 
 

Table 2 – Average Compressive Strength at 7, 28 and 56 Day’s. 
 

 
Fig 4 –Average Compressive Strength for 7, 28 and 56 days. 

 
Table 3 shows the Split tensile strength at 7, 28 and 
56 days and the graph in figure 5 compares the 
average split tensile strength at 7, 28 and 56 days for 
varying percentage replacement of Styrofoam. At 7 
days it is seen that as the Styrofoam percentage 
increased the Split tensile strength of 5% sample 
increased by 9.17% as compared to that of control 
sample. The split tensile strength for 10% and 15% 
samples decreased by 8.57% and 20.29% respectively 
as compared to that of control sample. Similar trend 
is observed at 28 days, the increase in strength is 
3.44% for 5% sample and that of 10% and 15% 
decreased by 11.53% and 14.31% respectively with 
respect to that of control sample.  It is clearly seen 
from the graph in figure 5 that with respect to the 
control sample the split tensile strength for 5% 
sample increased and that of 10% and 15% decreased 
in case of 7 and 28 day split tensile strength. On the 
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other hand, the 56 day split tensile strength for 5%, 
10 % and 15% samples decreased by 1.87%, 4.83% 
and 18.35% respectively. The rise in split tensile 
strength of samples is not significant as far as 7 and 
28 days split tensile strength are concerned. However 
it can be seen from figure 5 that the split tensile 
strength for all samples has increased drastically from 
28 to 56 days.  
The relations between 7 - 28 Days, 7 - 56 Days and 
28- 56 Days split tensile strength’s were determined 
using trend line analysis. The variables x and y in the 
equations below are independent and dependant 
variables respectively. The relation between 7(x)-
28(y) Days strength’s is given by y = 0.143x2 - 
0.855x + 6.460 with coefficient of Correlation (R) = 
0.959. The relation between 7(x)-56(y) Days 
strength’s is given by y = -1.030x2 + 12.44x - 27.43 
with coefficient of Correlation (R) = 0.9989. 
Similarly the relation between 28(x)-56(y) Days 
strength’s is given y = -3.871x2 + 49.39x - 147.0 with 
coefficient of Correlation (R) = 0.955. 
 

 
Table 3 – Average Split Tensile Strength at 7, 28 and 56 Day’s. 
 

 
Fig 5 –Average Split Tensile Strength for 7, 28 and 56 days. 

 
It was also observed that the control sample which 
had no replacement of Styrofoam disintegrated easily 
as compared those samples with Styrofoam during 
the compressive and split tensile tests. In the research 
done earlier it has been reported by the researchers 

that the bond between Styrofoam beads and cement 
paste is weak and that the beads were easily plucked 
out. However in this case it was seen that Styrofoam 
beads were not easy to remove and most of the beads 
failed under loading as seen in the figure 6 below.  
 

 
Fig 6 –Failure of Styrofoam Beads. 

 
The bond between Styrofoam and cement paste is not 
as strong as compared to that between that of natural 
aggregates and cement, but Styrofoam samples have 
more energy absorption as compared to that of 
control samples. This is because Styrofoam samples 
did not disintegrate easily as compared to that of 
control samples. The bond between Styrofoam beads 
and cement matrix can be seen in the figures below.  

 
Fig. 7 – Bond between Styrofoam and cement matrix. 

 

 
Fig. 8 – Bond between Styrofoam and cement matrix magnified 

view. 
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The figures 7 and 8 above are the images of the 
sample obtained under scanning electron microscope. 
Figure 7 shows the general view of the sample at 68 
times magnification. The Styrofoam bead and the 
cement matrix along with some deposits can be 
clearly seen in the same. 
On the other hand figure 8 shows the view of the 
sample at 2000 times magnification. The surface on 
the left is that of Styrofoam bead and that on the right 
is the cement matrix. The surface of the Styrofoam 
beads does appear to be rough and the deposits on 
Styrofoam surface are clearly visible. Due to the 
surface being rough the bond between Styrofoam 
beads and cement matrix is possible.  
Table 4 shows results for plain concrete beams tested 
under two-point loading for flexure and figure 9 
compares the performance of these beams under 
flexure. It was observed that the performance of the 
beams with 5% and 10 % Styrofoam replacement was 
almost same as compared to those beams casted using 
control sample mix. However the performance of 
15% sample was observed to be 22.97% more than 
that of the control sample. Hence it can be said that 
the flexural strength of concrete increases with 
increase in Styrofoam replacement. 
 
CONCLUSION 
 
The compressive and split tensile strength of 
Styrofoam based concrete decreases with the increase 
in percentage replacement of Styrofoam. However it 
is seen that as the percentage replacement of 
Styrofoam increases the samples undergo more 
ductile failure, which shows that Styrofoam based 
concrete, has better energy absorption as compared to 
the conventional concrete. The flexural strength of 
Styrofoam based concrete increased with the increase 
in Styrofoam and this increase was more significant 
in case of 15% sample. 
 

 
Table 4 - Ultimate load at failure under Flexure. 

 
Fig 9 – Ultimate load at failure under Flexure with varying        

percent of Styrofoam 
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