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Abstract 
 
Now a days, the problem associated with the construction industry is raw materials. 
Some of them are availability of raw materials, the energy needed for the 
manufacturing of cement and also the environment pollution happens due to emission 
of CO2 during its manufacturing and so on. Hence advanced research is taking place 
to avoid the usage of the raw materials like Cement, fine and Coarse aggregate without 
affecting the indented environmental and structural behavior.  One of the ideas to 
avoid its usage is replacement of raw materials. In other words, dormant, inactive 
portion of the building sections also helps to mitigate this problem. That is the 
compressive and tensile force acting in the neutral axis of concrete member is zero. 
Hence the materials filled in and around the neutral axis grants neither strength nor 
resistance. Thus the neutral axis along the member gets replaced with an alternative 
like low-grade concrete, Poly Vinyl Chloride (PVC) balls and expanded polystyrene 
sheets (EPS) or it can be left hollow will give a promising effect in reducing the 
consumption of raw materials. With this eco-friendly environment is obtained due to 
the reduction in usage of concrete in the neutrals axis , hence forth consumption of 
cement is greatly reduced and also usage of supplementary cementing materials like 
fly ash as an additive in this work also helps to achieve this. It also leads for moving 
towards green technologies and reduces emission of CO2. In this paper, the feasibility 
study on the behavior of flexural member with replacement of expanded polystyrene 
sheets having various thicknesses of 12 mm, 25 mm, 50mm is analyzed for M20 grade 
self-compacting concrete (SCC) members are studied. 
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1 Introduction 
 
      In this paper an attempt has been carried out to reduce weight and cost of the 
reinforced concrete structures by replacing a part of concrete with expanded 
polystyrene sheet in the neutral axis.  In less stressed RC area on the neutral axis 
effective material can be replaced. Several types of infilled materials like Brick, 
Expanded polystyrene sheet, LSRC (Lightweight Sandwich Reinforced Concrete) 
sections, Terracotta hollow blocks, etc. were already experimented which shows goo d 
result. But it was observed that EPS does not provide the necessary cross section to 
resist shear and compaction process is tedious [1]. To overcome these drawbacks an 
attempt has been made to investigate the effects of RC beam for which a part of self-
compacting concrete is replaced with Expanded Polyethylene sheet in the core of its 
neutral axis. 
      Self-compacting concrete is a concrete which can flow and spread through the 
reinforcement bars over the formwork by its own weight without a need of mechanical 
vibration. They have high cohesiveness and high workability [2]. SCC can be 
transported without any segregation and placed without the use of vibrators to 
construct concrete free of honeycombs. SCC may show more plastic shrinkage or 
creep than normal concrete mixes due to high content of cement.SCC is characterized 
with properties like filling ability, passing ability, Segregation resistance. The methods 
for achieving self-compaction is by limiting the aggregate content and  water- powder 
ratio to a certain extent along  with an addition of super plasticizer [3]. 
      The experimental study has been conducted and determined that  thesis are the 
flexural behavior of an RC beam using expanded polystyrene sheet embedded on 
neutral axis. As SCC is costlier than normal concrete, economical SCC members can 
be designed by reducing the concrete area [4]. EPS can be a good partial replacement 
material in the core of the neutral axis in beams and yield excellent results in both 
bending and shear. Self-weight of the beam is reduced by replacing the core with EPS. 
SCC is a solution for problems like in adequate compaction causing honeycombs and 
reduction in durability. In this project an attempt has been made to evaluate the 
properties of SCC for a beam using expanded polystyrene sheet embedded on neutral 
axis [5].  
      The objective of this paper is to determine the flexural behavior of the Self 
compacting concrete beam using varying thickness of expanded polystyrene sheet 
embedded on neutral axis and test the beams using two point load method for a span 
of 1000 mm and find out the following behavior of concrete. 
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2 Experimental Methodology

 

 Figure 1 

3 Literature Study
 

      Anuja Mary Kuriakose et al. (2015) carried an experimental investigation on 
Reinforced Concrete Beams, which has Low Grade Concrete in neutral axis zone and 
Hollow Neutral Axis Zone. In this project, flexural test of beams with hollow neutral 
axis and low grade concrete replaced beams are studied. It is shows that there is no 
difference in the flexural strength for both of the beams. Thus in that study, it 
concluded that flexural behavior of beams with  hollow neutral as well as  low grade 
concrete near neutral axis are similar while compare to prevailing concrete beams. 
      Jain Joy et al. (2014) had done an experimental and analytical study on Reinforced 
Concrete Beam with Hollow Neutral Axis. In this paper, PVC pipe is embedded in the 
neutral axis zone where the tensile strength and compressive strength is zero to make 
the reinforced concrete beam hollow. The beam is considered as economical because 
of the self-weight of this RC beams is reduced due to decrease in concrete volume. 
Experimental and analy
Flexural strength of beams with hollow neutral axis is nearly same to that of typical 
reinforced concrete beams. From this project it can be concluded that the circular 
hollow section takes more loa
      Nibin Varghese et al. (2015) investigated an experimental study on Flexural 
Behavior of Reinforced Concrete Beam with Hollow Core at numerous depths. The 
hollow core is introduced by using PVC pipe in tension 
beam. Flexural Performance of beam with hollow core shows better results when 
compared with conventional concrete beams. Replacement of PVC pipe in the low 
stressed zone of concrete has increased the flexural strength up to 21 p
depth of 160 mm from top, (i.e. just beneath the neutral axis is considered as optimum 
depth of hollow core) 
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Experimental Methodology 

Figure 1 Flow chart representing the Project Summary 

Literature Study
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Reinforced Concrete Beams, which has Low Grade Concrete in neutral axis zone and 
Hollow Neutral Axis Zone. In this project, flexural test of beams with hollow neutral 

grade concrete replaced beams are studied. It is shows that there is no 
difference in the flexural strength for both of the beams. Thus in that study, it 
concluded that flexural behavior of beams with  hollow neutral as well as  low grade 

tral axis are similar while compare to prevailing concrete beams. 
Jain Joy et al. (2014) had done an experimental and analytical study on Reinforced 

Concrete Beam with Hollow Neutral Axis. In this paper, PVC pipe is embedded in the 
where the tensile strength and compressive strength is zero to make 

the reinforced concrete beam hollow. The beam is considered as economical because 
weight of this RC beams is reduced due to decrease in concrete volume. 

Experimental and analytical validation with ANSYS 12.1 software is carried out. 
Flexural strength of beams with hollow neutral axis is nearly same to that of typical 
reinforced concrete beams. From this project it can be concluded that the circular 
hollow section takes more load than any other sharp corners sections. 

Nibin Varghese et al. (2015) investigated an experimental study on Flexural 
Behavior of Reinforced Concrete Beam with Hollow Core at numerous depths. The 
hollow core is introduced by using PVC pipe in tension zone of reinforced concrete 
beam. Flexural Performance of beam with hollow core shows better results when 
compared with conventional concrete beams. Replacement of PVC pipe in the low 
stressed zone of concrete has increased the flexural strength up to 21 percentages. The 
depth of 160 mm from top, (i.e. just beneath the neutral axis is considered as optimum 

 
 
 

Flexural Behavior of Sustainable Self Compacting Concrete Beam 178 
 
 

 

Anuja Mary Kuriakose et al. (2015) carried an experimental investigation on 
Reinforced Concrete Beams, which has Low Grade Concrete in neutral axis zone and 
Hollow Neutral Axis Zone. In this project, flexural test of beams with hollow neutral 

grade concrete replaced beams are studied. It is shows that there is no 
difference in the flexural strength for both of the beams. Thus in that study, it 
concluded that flexural behavior of beams with  hollow neutral as well as  low grade 

tral axis are similar while compare to prevailing concrete beams.  
Jain Joy et al. (2014) had done an experimental and analytical study on Reinforced 

Concrete Beam with Hollow Neutral Axis. In this paper, PVC pipe is embedded in the 
where the tensile strength and compressive strength is zero to make 

the reinforced concrete beam hollow. The beam is considered as economical because 
weight of this RC beams is reduced due to decrease in concrete volume. 

tical validation with ANSYS 12.1 software is carried out. 
Flexural strength of beams with hollow neutral axis is nearly same to that of typical 
reinforced concrete beams. From this project it can be concluded that the circular 

Nibin Varghese et al. (2015) investigated an experimental study on Flexural 
Behavior of Reinforced Concrete Beam with Hollow Core at numerous depths. The 

zone of reinforced concrete 
beam. Flexural Performance of beam with hollow core shows better results when 
compared with conventional concrete beams. Replacement of PVC pipe in the low 

ercentages. The 
depth of 160 mm from top, (i.e. just beneath the neutral axis is considered as optimum 



 
 
 
179 M.Franchis David et. al. 
 

 
 

      Mallesh.M et al. (2015) investigated an Experimental research on Self 
Compacting Concrete of grade M25. All the ingredients required for SCC mix is 
recommend by modified Nan Su design mix method, by changing the w/c ratio and 
Nan Su’s coefficient to achieve M25 grade SCC. In this paper, fly ash is utilized as a 
filler material. All the workability test for self- compacting concrete are carried out to 
check whether the design mix is correct or not by EFNARC guidelines. The 
Compressive strength test has been conducted for the test cubes after 7 and 28 days 
curing. After completion of all the tests, for M25 grade SCC is achieved for Nan Su’s 
coefficient 12 at w/c=0.55 by satisfying all the requirements of EFNARCguidelines 
and also strength criteria as per IS: 456- 2000  
 
4 Material Properties 

 
4.1 Cement  
 
      Commercially available Ordinary Portland cement (OPC 53 grade) of specific 
gravity 3.13 conforming to IS: 8112-1989 is used. 

 
4.2 Fine aggregate 

 
      Locally available river sand of specific gravity 2.6 and size below 4.75 mm 
conforming to Zone II of IS 383-1970 is utilized as fine aggregate. The physical 
properties as per IS 2386 (Part III) were also found using laboratory experiments. The 
Fineness modulus is 2.89 and Bulk density 1642 Kg/m3 as per these experiments.  
 
4.3 Coarse aggregate 

 
      Coarse aggregate utilized in this study consists of maximum size of 10 mm and 
below. The physical properties as per IS 383-1970 were also found using laboratory 
experiments. The Bulk density is 1597 Kg/m3 and Specific gravity is 2.66 as per these 
experiments.  
 
4.4 Water 

 
      Water is a significant ingredient of concrete.  It is used to start the hydration 
reaction during concrete production. The portable water is used for concrete 
manufacturing. As per Indian Standards, the Acceptable PH value of water is 6.5 to8.5 

 
4.5 Reinforcement  

 
      10mm and 8 mm HYSD bars are used for longitudinal reinforcement and lateral 
ties respectively. 

 
4.6 Fly ash 

 
      Commercially available fly ash conforming to ASTM C618 – 15 of class F is used, 
with a specific Gravity of 2.1. 
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4.7 Super plasticizers 
 
      Conplast SP-430 is used as super plasticizer. This improves the durability by 
increasing mechanical strength and reducing concrete permeability. 

 
Table 1 Properties of Conplast SP-43 

 
 
 
 
 
 
 
 
 
 
 
 

4.8 Viscosity Modifying Agent 

      Master Glenium SKY 8630 is a modified poly carboxylic ether based admixture 
which is mainly used in the concrete which required high durability and performance. 
It is chloride free & low alkali. It is suited for all types of cements. 

 

Table 2 Properties of Master Glenium Sky 8630 

 
 
 
 
 
 
 
 

4.9 Expanded polystyrene sheet 

      EPS is widely used in construction field because of its cost effectiveness, 
versatility, performance. It is used in lot of applications where its light weight, thermal 
insulation and shock absorption. The expanded polystyrene sheet is easily available in 
the size of 12.5 mm, 25 mm and 50 mm in the local market. Hence these three sizes 
selected for this project. 

  
4.10 Test Results 

Table 3 Workability properties of SCC 

Physical properties Limits 

Colour Brown 

Chloride ion content < 0.2% 

Dosage 
500 ml to 1500ml per 100kg of 

cementitious material 

pH >6 

Relative density 1.09 ± 0.01 at 25°C 

Specific gravity 1.22- 1.225 @ 300 C 

Physical properties Limits 
Appearance Brown 

Dosage 
300 to 1200ml /100 kg of 

cementitious material. 
Chloride content <0.2% 

pH > 6at 25°C 
Relative density 1.08± 0.01 at 25°C 

S.No Method Property Unit 
Typical range 

of values 
Min Max 

1 
Slump-flow 
by Abrams 

Filling ability mm 650 800 
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Table 4 Workability test results for SCC 

S. No Method Unit 
Test Results 

Trail I Trail II 

1 
slump flow by 
Abrams cone 

mm 670 690 

2 T50cmslumpflow sec 4 3 

3 4 V-funnel sec 9 8 

4 
V-funnel at 
T5minutes 

sec 11 11 

5 L-box h2/h1 0.82 0.84 

 
Table 5 Hardened test results for SCC 

S. No Tests Unit  Trail 1 Trail 2 

1 
Compressi
ve Strength 

N/mm2 7 Days 15.5 16 

N/mm2 28 Days 24 26 

 

5 Experimental Work 
 

5.1 Experimental Program 
 

      This project deals with the study of compression behavior of self-compacting 
concrete beams for which Expanded Polystyrene Sheet (EPS) embedded on neutral 
axis. For this study, 12self-compacting concrete beams were casted having length of 
1100 mm, breadth of 150 mm and depth of 200 mm using M20 grade of concrete. 
Slump test, V funnel test, and L box test were conducted for a fresh SSC to satisfy the 
basic requirements. 
      In this preliminary stage, 12 cubes of M20 grade of concrete were casted. The mix 
design is based on Nan-su-et.al method. After 7 days and 28 days curing, the 
specimens are tested in CTM of 3000 kN to determine the compressive strength of the 
concrete. It shows that the Performance of Hollow Core Sandwich Beams under 
flexure is better when compared to conventional solid beams. Flexural behaviour of 
conventional reinforced concrete beams and hollow core reinforced concrete beams 
are same. Presence of hollow PVC pipe in the low stressed zone of concrete had 
increased the strength of 21 percentage more than that of reinforced concrete beams. 
Patel Rakesh (et.al.,) “In filled Reinforced Concrete Beams for Sustainable 
Construction” Journal of Civil Engineering and Architecture, ISSN 1934-7359, USA. 
 

 
 
 

cone 

2 
T50 cm 
slump flow 

Filling ability sec 2 5 

3 J-ring Passing ability sec 6 12 
4 4 V-funnel Filling ability sec 0 +3 

5 
V-funnel at 
T5 minutes 

Segregation 
resistance 

h2/h1 0.8 1.0 
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S.No Specimens

1 
2 
3 
4 
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Table 6 Specimen details 

Specimens 
EPS Thickness 

(mm) 

Position of EPS about 
neutral axis

Above 
(mm) 

Below (mm)

B1 - - 
B2 12 6 
B3 25 12.5 12.5
B4 50 25 

Figure 2 Specimen with 12 mm EPS sheet 

Figure 3 Specimen with 25 mm EPS sheet 

Figure 4 Specimen with 50 mm EPS sheet 

 

Figure 5 Experimental set up 
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Position of EPS about 
neutral axis 

Below (mm) 

- 
6 

12.5 
25 
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5.2 Casting and Testing of Specimens 
 

      Presence of voids along the less stressed area of RC member did not affect its 
strength behaviour. This work can be further elevated by doing experiment with 
various percentage of replacement and by introducing other weightless inert materials 
which can take up stress. Ha Thanh Le, (et.al.) “The mix design for self-compacting 
high performance concrete containing various mineral admixtures,” Journal of 
Materials and Design. 
      In this stage, the EPS is fixed with reinforcement in the neutral axis depth and is 
placed in the beams. The Expanded polystyrene sheet is placed in between the stirrups. 
And EPS is tied with the stirrups to avoid dislocation at neutral axis.  
      First of all, the SCC is filled into the beam up to the depth of clear cover and then 
reinforcement with EPS sheet is placed. Then the concrete is poured through the gaps 
(cover) in the four sides. During the pouring of concrete the quality control is high 
      The specimens were cast and cured. All these specimens were tested in two point 
loading machine until failure. From this, Flexural Strength, Maximum deflection and 
Crack pattern were determined. The crack patterns are similar for all the beams as 
shown in figure 10. It clearly shows that the flexure behavior of partially replaced 
beams is almost similar to the control beam. 

 

 

Figure 6 Location of EPS Sheet in beam 

 

 
 

Figure 7 Testing of specimen with control specimen 
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Figure 8 Testing of specimen with 12mm EPS 

 
Figure 9 Testing of specimen with 50 mm EPS 

 

5.3 Flexural Strength 

The Flexural Strength fb = pl/bd2 

Where, 
b = width of specimen (mm)    d = failure point depth (mm) 
l = supported length (mm)          p = max. Load (N) 

      The flexural strength for four different specimens such as B1, B2, B3, and B4 was 
calculated using loading frame. The control mix version of B1 specimen failure at the 
maximum flexure load of 18.08 Mpa. For three different versions of mix B2 
replacement with 12 mm EPS sheet, B3 EPS sheet with 25 mm and B4 replacement 
with 50 mm sheet. The maximum load sustained for B2 mix. The flexural strength 
obtained is 19.75 Mpa. B3 mix shows flexural strength at a range of 19.4 Mpa. B4 mix 
with a comparable larger section of EPS along the beam shows a flexural strength of 
range 18.6Mpa. 

 
Table 7 Flexural strength of Beams 

 

S.No Specimen Flexural Strength (N/mm2) 

1 B1 18.08 

3 B2 19.75 

3 B3 19.4 

4 B4 18.6 
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      Quality control of EPS replaced specimens is slightly higher than the conventional 
specimen for avoiding the dislocation of EPS sheets while pouring the concrete. 
Hence this may give better flexural behavior of EPS has replaced specimens than 
conventional specimen. 

 
5.4 Crack patterns 

      It is found that the crack pattern is similar for all the beams as shown in figure 10. 
It is clearly shows that the flexure behaviour of partially replaced beams is almost 
similar to the control beam.  

 

 
 

Figure 10 crack pattern of all the beams 

 
5.5 Deflection of Beams 

      The deflection for the four different specimens such as B1, B2, B3, and B4 are 
found using loading frame. It has clearly shown that the deflection of partially 
replaced beams is almost similar to the control beam. 

 
Table 8 Maximum deflection values of Beams 

 

S.No Specimen 
First 

Crack 
Load (KN) 

Failure 
load 
(KN) 

Deflection (mm) 
At 

Ultimate 
load 

at load of 
108.5  KN 

1 B1 35 108.5 7.24 7.24 

2 B2 40 118.5 7.93 6.40 

3 B3 40 116.4 7.61 6.72 

4 B4 35 111.6 7.50 7.08 

 
      Quality control is one of the reasons for gives better deflection behavior of EPS 
replaced specimens than conventional specimen. 
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6 Conclusion 
 

      The comparative study of control beam and partially EPS replaced beams is done 
by means of experimental are as
As per experimental results
 The flexural strength for 12mm EPS 

flexural strength of control beam.
 The flexural strength for 25mm EPS replaced beam is 6.8% more than the 

flexural strength of control beam.
 The flexural strength for 50mm EPS replaced beam is 2.8% more than the 

flexural strength of conventional beam.
 The maximum deflection for 12mm EPS replaced beam at same load is 6.5% 

lesser than the maximum deflection of conventional beam
 The maximum deflection for 25mm EPS replaced beam at same load is 4.5% 

lesser than the ma
 The maximum deflection of 50mm EPS replaced beam at same load is 1.5% 

lesser than the maximum deflection of conventional beam.
 The crack pattern of all the beams are similar.
 Load vs Deflection curve for 
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