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Abstract— In order to find whether EPS system can 

completely replace R.C.C structure also to find out the actual 

cost difference between R.C.C Structure & Expanded 

Polystyrene Core Panel System structure & comparison of 

time for completion respectively. The first step for this 

project is to design a reinforced cement concrete structure and 

Expanded Polystyrene Core Panel System structure and 

compare them. The second purpose of this paper is to 

compare the construction method, time, cost required in both 

the project & to compare the construction procedure of 

conventional RCC structure and Expanded Polystyrene Core 

Panel System structure also to carry out study on tone and 

cost incurred on conventional RCC structure and Expanded 

Polystyrene Core Panel System structure and differentiate 

between them & finally to analyze and compare a similar 

structure constructed with both methods & the design results 

obtained for both methods. 

Keywords: EPS System, Polystyrene Core Panel System 
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I. INTRODUCTION 

 The Concrewall System is mainly an industrial system 

for the construction of structural walls of reinforced 

concrete for building in single panel. 

 The system is composed of a factory produced panel of 

undulated (wave shape) polystyrene covered on both 

sides by an electro-welded zinc coated square mesh of 

galvanized steel and linked by 40 connectors per sq m 

made of high-elastic-limit 3mm dia wires. 

 The panels are assembled on site and in-situ concrete 

(double panels, floors, stairs) and shotcrete concrete 

poured (single panel) to realize the following different 

elements of the system: 

1) Vertical structural walls 

2) Horizontal structural elements 

3) Cladding element 

4) Internal walls. 

 
Fig. 1: Typical cross section of wall panels 

A. Objective 

1) Design a R.C.C Structure. 

2) Design same structure as Expanded Polystyrene Core 

Panel System Structure. 

3) Key objectives are to replace R.C.C Structure with 

Expanded Polystyrene Core Panel System Structure and 

to compare the construction method, time required, cost 

required in both structures. 

II. LITERATURE REVIEW 

Rohan D More and Dr. Y.S Patil (2016)  has point out the 

various aspects of construction of structure using brickwork 

or various type of brick & using Expanded Polystyrene Core 

Panel System to reduce the cost of construction and making 

low cost houses which is basic need of middle class people in 

our India. 

They concludes that use of Expanded Polystyrene 

Core Panel System sheets or different panels in the 

construction of building is very economical. By adopting this 

methodology the construction work is fast and saves 

construction time. 

Kaira Sneha and T.P.Tezeswi (2016)  has utilize 

time study method to determine the time taken by manpower 

and equipment to perform each task and show advances in 

technology that are making management of productivity, 

resource utility, cost, time which are more predictable. 

Their study indicates that expanded polystyrene wall 

and slab panels are cost effective and efficient enough as a 

construction technology to be used as a replacement for the 

traditional RCC frame with brick infill buildings. 

Sheikh Abdul Qadir,  Atul Singh,  Amit Dhaka and 

Sagar Singh (2018) has proposed the study of a method to 

implement a new technique regarding using polystyrene in 

construction of structure wall for housing which includes not 

only construction of bungalow but also building up to four 

floors as well as row houses whichever is necessary. 

Their study explains that polystyrene wall is a 

monolithic structure and it is only the structure whose bottom 

floor wall is connected with top floor wall. Its construction 

time can be reduced by significant amount over the 

conventional method of construction resulting in cost saving. 

Also, Manpower requirements (especially skilled labourer’s) 

are optimized as the panels are manufactured in the factory 

and transported to sites for erection. Training of unskilled 

labour can be undertaken to replace the traditional form of 

construction. Polystyrene panels can be carried, handled and 

placed in position by a single workman without the use of 

hoist or lifting equipment. This simplifies and accelerates the 

construction process and no particular skilled labour is 

required while at the same time labour output is increased. 

The materials use in the panels have excellent insulation 

properties against heat and cold and external noises. 

III. DESIGN PHILOSOPHY AND METHODOLOGY 

The design capacities given in these guidelines are based on 

limit state design procedures considering the ultimate limit 
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state for strength design, treating the 1.2m wide and 3m high 

EPS building panel as the unit building material.  

A. General Requirements 

 The design shall satisfy the standards of IS 456, IS 1905, 

IS 11447, IS 875 (Part1-5), IS 1893 (Part 1), IS 4326, IS 

13920.  

 Cutting drawings shall be prepared with clarity to 

facilitate the cutting at the manufacturing plant of the 

various wall or floor panels to appropriate size case of 

wall panels opening for doors, windows etc. shall be 

suitably marked in the respective panels.  

 When the panels are to be cut at the factory in accordance 

with the cutting joints, these shall be suitably marked on 

the surfaces beforehand to facilitate correct identification 

for proper placement during erection at the construction 

site.  

 In construction using EPS panels as load-bearing 

structural walling, the walls in the ground floor shall be 

typically founded on the reinforced concrete (RC) plinth 

beam.  

 Appropriate starter bars shall be embedded at the 

locations in a staggered way to a minimum specified 

distance. This ensures the connections of the super 

structure with the foundation spread over the entire wall 

length over the network of RC plinth beams.  

 Plinth beams shall be supported on appropriate 

foundations, typically comprising spread footings or raft 

foundations suitably designed.  

 In the case of multi-storey buildings in high seismic 

zone, the design and detailing shall ensure proper transfer 

of base shear at the interface of the foundation and the 

super structure.  

 EPS panels used as walls or floors shall be shotcrete with 

a concrete of grade not less than M20 using aggregate of 

size less than 5mm.  

 The insulation core of expanded polystyrene (EPS) must 

comply with ASTM C578 and IS 4671: 1984. 

 With 40 mm of shotcrete applied to both sides, each 

panel achieves a fire rating of 90 minutes [EVG].  

 Reinforcement mesh with steel wires shall be used in 

accordance with ASTM A185 [EVG].  

 The diagonal truss wires, as well as the wire used in the 

manufacture of welded wire fabric, must be in 

conformity with ASTM A82 [EVG].  

 In case of cantilever projections such as balconies, 

suitable RC beams (Concealed within EPS forms) may 

be designed and detailed as required.  

 Special care shall be taken during construction to ensure 

proper connections at the junction such as plinth to wall 

panels, wall panel to wall panel, wall panels to slab panel 

etc.  

IV. METHODOLOGY 

The structure is designed for G+3 structure. A plan is chosen 

for R.C.C structure design followed by its Expanded 

Polystyrene Core Panel System structural design. Our 

material here is observed is M25 Fe500. The R.C.C structure 

will be designed with help of built master. The structure is 

loaded with live load of 3 KN/m2 as per requirement from IS 

845 part 2 assuming it as residential building & te design of 

Expanded Polystyrene Core Panel System is done manually.  

A. Design Calculation 

Design the Concrewall load bearing wall panel building for 

following – 

Dead load - 2.015kN/m2 (Calculation shown in later text) 

Wall Load - 2.015kN/m2 (Calculation shown in later text) 

Live load - 2kN/m2 (as per IS 875-2: 1987) 

Roof live load - 1.5kN/m2 (as per IS 875-2: 1987) 

Design the exterior wall panel and check for its safety for the 

above loading. 

B. Assumption 

If the building is located in a seismically active region. The 

floor is assumed to act as a diaphragm, distributing the 

seismic forces to the load-bearing walls. Check the safety of 

the wall panels for in-plane shear forces. 

C. Wall Panel 

Consider a wall panel of following dimensions as shown 

 
Fig. 2: Cross-section of Concrewall Wall Panel 

 
Fig. 3: Detail A 

T (Total Panel thickness) 180mm 

Tc(Depth of the Shotcrete on one side) 40mm 

y (Distance between Compression and 

Tension Reinforcement) 
140mm 

t (Thickness of EPS core) 100mm 

fy(Yield Strength of Steel Wires) 415MPa 

Es(Elastic Modulus of Steel) 
200000 

MPa 

𝛽1 Factor for fc ≤ 30 MPa 0.85 

d Distance from the extreme compression 

fiber to the centroid of tension 

reinforcement [T-(Tc/2)] 

160mm 

d’ Distance from the extreme compression 

fiber to the centroid of compression 

reinforcement [Tc/2] 

20mm 

d” Distance from the plastic centroid to 

the centroid of the tension steel of the wall 

panel when eccentrically loaded.[(T-

Tc)/2] 

70mm 

ab Depth of the equivalent rectangular 

concrete stress block 
80.39mm 
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Density of Shotcrete 25kN/m3 

Density of EPS 0.15kN/m3 

Thickness of the Slab 180mm 

Area of tension and compression Steel 
13-3 

ϕ@100mm 

Calculation of loads acting upon the exterior wall panel  

Wind Load by IS:875-3 1987[9] 

Basic Wind Speed at Roorkee, Vb= 39 m/s  

Risk Factor, k1 = 1  

Building height terrain factor (Class A, Category III), k2 = 

0.91  

Topographical Factor, k3 = 1  

Design Wind Speed, Vz = Vb x k1 x k2 x k3 = 39 x 1 x 0.91 

x 1 = 35.49 m/s 

Design wind pressure, Pz = 0.6 Vz2  = 0.6 x (35.49)2  /1000= 

0.76 kN/m2  

Calculation of Dead Load & Wall Load as per IS:875-1 

1987[7] 

Total Dead Load = 58.04kN  

Live load per panel as per IS:875-2 1987[8]  

Total Live Load = 27 kN  

Axial Force due to Total Dead and Total Live Load,  

Pu = 1.4Total Dead load 1.7Total Live Load =127.16 kN  

If the eccentricity of 25.4 mm is assumed.  

Eccentric Moment due to Pu, Mu = Pu x 0.0254 =3.22 kNm  

Moment due to wind, Mw = 0.76 x 32 / 8 = 0.85 kNm  

Axial Force for combined D+L+W  

Pf  0.75  1.4D + 1.7L + 1.7W   

Pf = 95.37 kN 

Moment for eccentric axial load and wind load, 

Mf = 0.75(Mu + 1.7 Mu ) 

Mf = 3.49 kNm  

D. Slenderness: 

 βd = 
Factored Dead Load

Factored Total Load
 = 

1.4 x 58.04

127.16
 = 0.64 

(Note: βd does not apply to wind load moments)  

Gross Moment of Inertia, Ig = (Width of the panel × 

Thickness of the shotcrete at one side  (Distance between 

Compression and Tension Reinforcement)2 )/2  

Gross Moment of Inertia, 

Ig = 
1200 𝑥 40 𝑥 1402

2 𝑥 10004  = 4.70 x 10
-4 m4  

EC = 5000√𝑓𝑐𝑘  x 103 kN / m2 

EC = 5000√20 x 103 kN / m2 

 

EC = 22360.68 x 103 kN / m2 

EI = 
(ECIg)/5

1+ βd
 = 

22360.68 𝑋 103 𝑋 4.70 𝑋 
10−4

5

 1+ 0.64
 = 1281.65 

 PC = (π2EI)/(lu)2 = 
𝜋2 𝑥 1281.65

32  = 1404.06 kN 

 δ =1/(1 – (Pf/ϕPc))   = 
1

1− 
127.16

0.85 𝑋 1404.06

 = 1.12 

Modified Moments due to slenderness, 

D + L, Mf = 3.22 x 1.12 = 3.61 kNm 

D + L + W, Mf = 3.49 x 1.12 = 3.91 kNm 

E. In-Plane Shear 

Calculation of Seismic Weight  

Calculation of Dead Load & Wall Load  

Dead Load per m2 & Wall Load per m2 (For 180mm Exterior 

Wall) = (Density of Concrete × Thickness of concrete in the 

wall panel) + (Density of EPS × Thickness of EPS in the wall 

panel) = 2.015 kN/m2  

Dead Load per m2& Wall Load per m2 (For 120mm thick 

Interior Wall) = (Density of Concrete × Thickness of concrete 

in the wall panel) + (Density of EPS × Thickness of EPS in 

the wall panel) =1.757 kN/ m2  

Dead load  

Floor Load = (Dead Load per m2) × (Area of Slab) × 

(Number of storey) = 1353.7 kN  

Exterior Wall Load = (Wall Load per m2) × (Height of the 

wall) × (Total Length of the exterior wall per storey) × 

(Number of storey) = 1701.50 kN  

Interior Wall Load= (Wall Load per m2) × (Height of the 

wall) × (Total Length of the exterior wall per storey) × 

(Number of storey) = 445.34 kN  

Total Dead Load= 3500.54 kN  

Live load  

Consider the wall at corridor,  

Floor Load at Corridor= (Live Load per m2) × (Area of Slab) 

× (Number of storey’s - 1) = 1007.76 kN  

Roof Load = (Roof Live Load per m2 ) × (Area of the slab) = 

251.94 kN  

Total Live Load= 1007.76 + 251.94= 1259.7 kN  

Seismic Weight = DL + 0.25LL = 3815.46 kN  

Calculation of design seismic base shear according to IS 

1893:2002[10]  

Vb = Ah× W  

Where, Vb is the the total design lateral force or design 

seismic base shear.  

Ah is the, Design horizontal acceleration spectrum value as 

per 6.4.2 IS 1893  

W = Seismic weight of the building as per 7.4.2  

 Ah = (ZISa/2Rg) 

Vb = 2.5 × (1/3) × (0.24/2) ×3815.46  

Vb = 381.55kN  

Shear Strength of the Assumed Concrewall Panel:  

According to ACI 11.1 318R-08[11] design of cross sections 

subject to shear are based on  

Vn  Vu  

Where Vu is the factored force at the section considered and 

Vn is the nominal shear strength computed by  

Vn = Vc + Vs                          [ACI 11.1.1 318R-08][11]  

Vc is nominal shear strength provided by concrete and Vs is 

nominal shear strength provided by shear reinforcement 

VC = 2√𝑓′𝑐 ℎ𝑑                 [ACI 11.2.1 318R-08] [11] 

h = 2 × (40) = 80mm (h is the thickness of shotcrete used in 

the wall)  

d = 0.8 × lw = 0.8 × 6.3 = 5.04m = 5040mm  

Use Imperial unit system  

1MPa = 145.038 psi 

1inch = 25.4mm 

1kN = 0.2248 kips 

h = 80mm = 3.15inch 

d = 4000mm = 198.42inch 

fck= 20MPa = 2900.75psi 

Vc = 
2 𝑥 √2900.75 𝑥 3.15 𝑥 198.42

1000
 = 67.32 kips 

Vc = 299.49 kN 

Area of wire = 77.715mm2 in a 1000mm width of a panel,  



Expanded Polystyrene Core Panel System Structures 

 (IJSRD/Vol. 7/Issue 04/2019/120) 

 

 All rights reserved by www.ijsrd.com 471 

Av = 2 x (77.715) = 155.43 mm2 , s = 1000mm 

Vs = Avfyd/s = 
155.43 𝑥 415 𝑥 5040

1000 𝑥 1000
 = 3525.09 kN                         

[ACI 11.9.9.1 318R-08] 

ϕVn = ϕ(Vc+VS) = 0.85(325.09+299.49) = 530.89>381.55 kN 

F. Floor Panel Design 

Design an Concrewall floor panel for a room measuring 3m 

x 5msize. The floor panel is to be designed as an interior panel 

according to IS 456:2000[12]. The loading on the panel is as 

mentioned below: 

Dead load: 2.015 kN/m2  

Live load: Typical - 3kN/m2  

Floor finish: 1.5kN/m2 

Design the floor panel and check for its safety for the above 

loading. 

 
ly  = 6000 mm 

lx  = 3150 mm 

ly/lx = 6000/3150 = 1.90 

Consider a floor panel of following dimensions as shown 

 
Fig. 4: Cross-section of Concrewall floor Panel 

b (Width of the Panel) 1000mm 

T (Total Panel thickness) 180mm 

Tc(Depth of the Shotcrete on one side) 40mm 

y (Distance between Compression and 

Tension Reinforcement) 
140mm 

t (Thickness of EPS core) 100mm 

fy(Yield Strength of Steel Wires) 415MPa 

Es(Elastic Modulus of Steel) 
200000 

MPa 

fck(Compressive Strength of Concrete) 20MPa 

Density of Shotcrete 25kN/m3 

Density of EPS 0.15kN/m3 

Tension and compression Steel 
3 ϕ @ 

50mm 

G. Loading on Slab 

Calculation of Dead Load  

Dead Load of Floor Panel per m2 = (Density of Concrete × 

Thickness of concrete in the wall panel) + (Density of EPS × 

Thickness of EPS in the wall panel = 2.015 kN/m2  

Live Load = 2 kN/m2  

Floor Finish = 1.5 kN/m2  

Total Load = 5.51 kN/m2  

Factored Load = 1.5 x 5.51 = 8.265 kN/m2 

According to IS 456:2000 Table 26 Bending Moment 

Coefficients for Rectangular Panels Supported on Four Sides 

with Provision for Torsion at Corners.  

Bending Moment Coefficients,  

αx
+ = 0.0474  

αx
- = 0.063 

αy
+ = 0.032 

αy
- = 0.024 

Mux
+ = αx

+Wulx
2 = 0.0474 x 8.265 x 3.152 = 3.88 kNm  

Mux
- = αx

-Wulx
2 = 0.063 x 8.265 x 3.152 = 5.17 kNm 

Muy
+ =αy

+Wulx
2 = 0.032 x 8.265 x 3.152 = 2.62 kNm 

Muy
- =αy

-Wulx
2 = 0.024 x 8.265 x 3.152 = 1.97 kNm 

Minimum Area of Steel Wire Mesh is 3ϕ-50mm c/c  

Area of steel = 
1000 x Area of steel wire x 2

𝑆𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑡𝑒𝑒𝑙 𝑤𝑖𝑟𝑒𝑠
 = 

1000 𝑥 7.1 𝑥 2

100
 = 142 

mm2/m 

Moment of Resistance, 

 Mres = 0.87 x fy x An  x Lever Arm 

  Lever Arm = d - 
0.5𝑑

2
 

Mres = 0.87 x 415 x 142  x (160 - 
0.5 𝑥 160

2
) = 6.15 kNm/m 

Since factored moment demand is less than moment of 

resistance, floor panel is safe.  

V. RESULTS AND DISCUSSIONS 

For above design take off sheet is prepared for quantity 

estimation and cost is calculated for both the structures. 

Complete calculation is given in thesis report. Below given is 

the table for comparison of cost of both the structures.  

Component 
Cost in Rs. 

RCC Concrewall 

External walls 881809.7 1198800 

Internal walls 221085.5 425658.8 

Extra at joints - 418217.4 

Extra at openings - 74688 

RCC Column 

Concrete 196968.56 - 

Centering / Shuttering 169734.24 - 

Reinforcement 300222.94 - 

RCC Beams 

Concrete 247824.05 - 

Centering / Shuttering 129239.57 - 

Reinforcement 283296 - 

Slabs 

Concrete / EPS panels 407158.15 702869.76 

Centering / Shuttering 211942.67 105973.97 

Reinforcement 310270.41 - 

Total 3359551.79 2926207.93 

VI. CONCLUSIONS & RECOMMENDATIONS  

1) It is 3 times faster than conventional RCC construction. 

2) 12 – 14 % cheaper than conventional RCC construction. 

3) Low carbon footprint, as the material used in the   

construction is sustainable in nature. 

4) Proper construction schedule should be followed for    

ensuring the time between erections to shotcreting is  

completed within 48 hours. This will avoid deterioration 
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of EPS panels, which leads to reduced insulation 

properties. 

5) Proper waste disposal system should be in place, 

ensuring minimum wastage and spillage of concrete in 

the surrounding areas. 

6) EPS Core panel system should be adopted for 

construction only with the full list of equipments and 

machineries.  

7) Government should take active initiatives to make public 

aware of EPS Core panel housing technology by 

organizing seminars, training programmes, Construction 

of Demo units in deferent parts of the country. 
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