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Abstract— Growth of population leads to
development of constructing the residential and
commercial buildings. In India, Civil engineers
facing some of the new material to make the process
of construction in a easy manner. Expanded
Polystyrene Sheet is consider as a building material
has a less weight, density and satisfies the required
strength as an insulation layer in wall panels
suggested by many of the researchers. This type of
wall panels leads to strong, durable and  faster
construction. In the paper the experimental and
analytical investigation carried out to make the
lightweight wall panel using EPS sheet. This type of
wall panel used to improve the existing wall system,
sound insulation, fire resistance, Elasticity etc. The
paper describes the performance of wall panel under
compression load for both panel with EPS and
conventional concrete of wall panel. The finite
element study predict the reasonable value of
ultimate load carrying capacity is compared with the
experimental values. Finally, the load carrying
capacity, shortening, stress & strain values, load
deflection curve for the EPS wall panel is compared
with the conventional wall panel. These finding
shows the EPS wall panel is  used as a load bearing
& non load bearing wall.

Keywords—Structural Insulated Panel, EPS,
Shear Connectors, Load Carrying Capacity, Load
Deflection Curve.

I. INTRODUCTION

Expanded Polystyrene (EPS) core Panel
system is a modern, efficient, safe and economic
construction system for the construction of
buildings. These panels can be used both as load

bearing as well as non-load bearing elements. EPS
core panel is a 3D panel consisting of shear
connectors provided with the polystyrene insulation
core. Panel is placed in position and concrete wythe
on both the sides.

The EPS panels consist of a shear
connectors utilizing a truss concept for stress transfer
and stiffness. EPS panel includes shear connectors
with minimum reinforcement and self-extinguishing
expanded polystyrene concrete, manufactured in the
factory and assembled at the construction site, which
gives the bearing capacity of the structure. The
strength of any concrete form wall system comes
from the combination of the concrete itself and the
reinforcing steel utilized, not the insulating forms. It
is important to remember that an engineer should be
used to design any insulated wall system. There are a
few important variables to take into consideration
when designing EPS walls.

i. Height of wall
ii. Thickness of concrete wall (inside the form)

iii. Size and placement of shear connectors
iv. Size, placement, and quality of windows and

doors
v. Slender wall buckling

The piercing polystyrene with shear
connectors at equal distance. It gives a rigidity
spatial structure, and simultaneously prevents
polystyrene core shifting.

II. OBJECTIVE

Experimental and Analytical investigation
have been carried out to study the compressive
strength of wall panels with & without EPS sheet.
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III. MATERIALS
A. Cement :

Ordinary Portland Cement (OPC) of
‘DALMIA CEMENT’ brand was used during the
study. The OPC used of grade 53 complied with the
Type I Portland cement as in IS: 1489 Part (I):1991.

B. Fine Aggregate :

Aggregate which is passed through 4.75 mm
IS sieve and retained on 75 micron IS sieve is termed
as fine aggregate. It fills the voids in coarse
aggregate. Usually, the natural river sand is used as
fine aggregate. Ordinary river sand conforming IS
383-1970 is used in this project.

C. Coarse Aggregate :

Aggregate which passes through 75 mm IS
sieve and retained on 4.75 mm IS sieve are known as
coarse aggregate. Aggregates should be properly
screened and if necessary washed before use. Coarse
aggregates containing flat, elongated or flaky pieces
should be rejected. The grading of coarse aggregates
should be as per specifications of IS 383-1970. In
this project, 10 mm size of coarse aggregate is used.

D. EPS & Shear Connectors :

The size of the EPS sheet was taken as 1000
x 500  x 50 mm and 6 mm shear connectors. The
properties of this materials are given below

TABLE 1. PROPERTIES OF EPS & SC

IV. MIX DESIGN
The concrete mix M25 is designed as per IS
10262:1982,             IS 456:2000 for the
conventional concrete. The mix design is finalized as
1:2.1:2.

Materials Normal
concrete

Inner core
concrete

Cement 25.88 kg 14.17 kg

Fine Aggregate 54.35 kg 29.76 kg

Coarse
Aggregate

51.76 kg 28.34 kg

V. EXPERIMENTAL INVESTIGATION
The experimental work carried out by casting 3 wall
panels tested under the UDL has the size of 1000 x
500 x100 mm with light weight inner core material
has the dimension of 900 x 500 x 40 mm. The wall
casted with shear connectors of 6 mm diameter to
improve the composite action between the EPS sheet
& concrete and reducing the energy loss. The mix
ratio used to cast the wall panel is 1:2.1:2. The
bottom layer of the concrete is laid first and
maintained to be in uniform size of 50 mm as
capping of concrete. The EPS sheet is placed inside
the mould and pour the concrete evenly in both side
of the wall panel. The specimen is cured for 28 days
and tested in loading frame.

Figure 1 : Experimental setup of wall panel

The experimental setup is shown in figure 1. The
panel is whitewashed, mark the grid lines at 5 mm
interval and placed vertically under the loading
frame. Four dial gauges are placed to measure the
deflection of the wall panel. Two dial gauges placed
at l/4 distance from top and bottom of the panel, one
at the mid of the panel to measure the lateral
displacement of the wall and one at the top of the
wall panel to note down the shortening of wall.
DEMEC gauge placed on the l/2 distance on one
face of the wall to measure the horizontal & vertical
strain.

VI. ANALYTICAL INVESTIGATION
Analytical investigation is done by using FEA
Software of ABAQUS 6.12-3. The wall panel is
model as a 3-D solid extrusion and assembled as a
single specimen. The light weight wall panel

S.No Property EPS Shear
Connectors

1 Density, ρ 20 kg/m3 7700 kg/m3

2
Young's
Modulus

0.8963
GPa

200 GPa

3
Poisson's Ratio,

υ 0.2 0.3
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properties used in ABAQUS is tabulated in table 1.
To simulate the nonlinear behavior of lightweight
concrete damage plasticity model is used. Tie
constraint is used to create proper interaction
between the EPS sheet and concrete wythe.
Uniformly distributed load is applied in the top of
the wall as a nodal loads and the boundary condition
as a fixed ends. To get the best result, various mesh
size is tried & analyzed. The lowest difference of
ultimate load by using the certain mesh size is
finalized. The eight noded solid element C3D8R is
used for EPS, normal concrete and  two noded beam
element as B31 for shear connectors. In this process
the visualization gives the contour view of the wall
panel behavior.

VII. RESULTS
A. Maximum Principal Stress

Maximum principal stress theory states that
when the maximum principal stress developed in a
body exceeds the yield strength of the material the
failure will occur.

Figure 2 : Plain panel Figure 3 : Wall Panel
without SC

Figure 4 : Wall Panel with SC

B. Load Deflection Curve
The load deflection curve plotted against load and
deflection of wall panel is shown in figure 5. The
figure clearly shows the experimental and analytical
results plotted to shoe the shortening of the wall
panel.

Figure 5 : Load Vs. Deflection Graph
C. Comparison of Failure Pattern

Under the comparison of experimental and
analytical results failure occurred at the top corner
sides of the wall panel as shown in figure 6. The
shear connectors used in the panel to avoid
debonding. Crushing of concrete happens nearer to
the top layer of the wall panel shows in figure 7.

Figure 6 : Failure pattern of wall panel with SC

Figure 7 : Crushing of concrete in wall panel

Failure
Region

Crushing of
concrete
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VIII.CONCLUSION

The following results arrived from the analytical and
experimental investigation of wall panels

 A slight variation in the results of wall panel
under uniform load from the analytical and
experimental tests. So, the reliability of material
used as a light weight concrete is proposed.

 The ultimate load obtained from analytical and
experimental investigation is not matched
precisely due to the debonding occurs in the wall.
That has to be improved.

 By using this type of wall panels reduced the
density of the wall up to 45% when compared to
the conventional concrete.

 This type of EPS sheet wall panels has a main
advantage of heat transfer, sound insulation, less
time consumption & cost effective. It act like a
ductile material and have a low cost when
compare to the EPS beads wall panel.

REFERENCES
1. Agustín Pérez-García, Arianna Guardiola Víllora,

Guillermo González Pérez (2014), 'Building’s eco-
efficiency improvements based on reinforced
concrete multilayer structural panels' Energy and
Buildings 85, 1–11.

2. Benayoune.A., Samad. A.A.A., Ali. A.A., Trikha.
D.N.  (2007), 'Response of pre-cast reinforced
composite sandwich panels to axial loading'
Construction and Building Materials 21, 677–685.

3. Dissanayakea.D.M.K.W., Jayasingheb.C, Jayasinghe.
M.T.R. (2016), 'A comparative embodied energy
analysis of a house with recycled expanded
polystyrene (EPS) based foam concrete wall panels'
Energy and Buildings 135, 85–94.

4. Fabrizio Gara, Laura Ragni, Davide Roia, Luigino
Dezi (2012) 'Experimental tests and numerical
modelling of wall sandwich panels' Engineering
Structures 37, 193–204.

5. Fernando.P.L.N.,  Jayasinghe.M.T.R., Jayasinghe.C
(February 2017), 'Structural feasibility of Expanded
Polystyrene (EPS) based lightweight concrete
sandwich wall panels' Construction and Building
Materials 139, 45–51.

6. Knappett. J.A., Reid.C, Kinmond.S., OReilly.K.,
'Small-scale modelling of reinforced concrete
structural elements for use in a geotechnical
centrifuge' (2011) Journal of Structural Engineering
137, 1263–1271.

7. Matthew J. Gombeda, Patrick Trasborg, Clay J.
Naito, Spencer E. Quiel  (January 2017) 'Simplified
model for partially-composite precast concrete
insulated wall panels subjected to lateral loading'
Engineering Structures 138, 367–380.

8. Mugahed Amran.Y.H., Abang Ali. A.A., Raizal S.M.
Rashid, Farzad Hejazi, Nor Azizi Safiee (2016),
'Structural behavior of axially loaded precast foamed
concrete sandwich panels' Construction and Building
Materials 107, 307–320.

9. Mugahed Amran.Y.H., Nima Farzadnia,  Abang Ali.
A.A.  (2015), 'Properties and applications of foamed
concrete; a review' Construction and Building
Materials 101, 990–1005.

10. Noridah Mohamad, 'The Structural Behaviour of
Precast Lightweight Foamed

11. Concrete Sandwich Panel as a load bearing wall'
(Ph.D. thesis), University Teknologi Malaysia, 2010.

12. Noridah Mohamad, Goh Wan Inn, Redzuan
Abdullah, Abdul Aziz Abdul Samad, Priyan Mendis,
Massoud Sofi (2016), 'Structural performance of FCS
wall subjected to axial load' Construction and
Building Materials 134, 185–198.

13. Prabha.P, Marimuthu.V, Saravanan.M, Palani.G.S,
Lakshmanan.N, Senthil.R (2013), 'Effect of
confinement on steel-concrete composite light-weight

14. load-bearing wall panels under compression' Journal
of Constructional Steel Research 81, 11–19.

15. Soon-Ching Ng, Kaw-Sai Low, Ngee-Heng Tioh
(2011), 'Thermal inertia of newspaper sandwiched
aerated lightweight concrete wall panels:
Experimental study' Energy and Buildings 43, 2956–
2960.


