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Abstract— Concrete structures are prone to earthquake due to 

mass of the structures. primary use of structural lightweight 

concrete (SLWC) is to reduce the dead load of a concrete 

structure, which allows the structural designer to reduce the 

size of the structural members like beam, column, and 

footings which results in reduction of earthquake forces on 

the structure. This study is an attempt to predict the seismic 

response of a ten-storied reinforced concrete frame with the 

use of lightweight concrete. A well-designed ten storey 

example is taken for study. The structure is modelled with 

ETABS software, and analysis is carried out with normal 

weight and lightweight concrete. The main motive of our 

study is to assign a light weight concrete in a high rise 

structure, where we can check its positive and negative effect 

on the stability of the structure. Also to justify the structural 

cost reduction due to implementation of light weight material. 
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I. INTRODUCTION 

A tall building is a multi-story structure in which most 

occupants depend on elevators [lifts] to reach their 

destinations. Now a days due to growth of the population 

Housing has developed into an economy generating industry. 

Given this demand, while high-rise building structures have 

become a solution in the metropolitan cities. 

 The use of LWC (Lightweight concrete) has been a 

feature in the construction industry for centuries, but like 

other material the expectations of the performance have 

raised and now we are expecting a consistent, reliable 

material and predictable characteristics. Structural LWC has 

an in place density (unit weight) on the order of (1440 to 1940 

kg/m³) compared to normal weight concrete a density in the 

range of 140 to 150 lb/ft³ (2240 to 2400 kg/m³). 

 Foam material is a versatile material which is made 

up of cement, fly ash and protein based foam. Basically it is 

a new material which is currently using in India for walling 

purpose. Improved insulating block form for use in the 

construction of concrete wall structures wherein the block 

form is formed from expandable polystyrene material to 

provide a lightweight, rigid, box-like structure having a pair 

of oppositely disposed side walls and end walls which 

together define a body cavity to receive concrete therein. 

 Foam material gives better sound insulation, thermal 

insulation, durable, lightweight, uniform size & shape, reduce 

permeability. It is non-load bearing structural element which 

has lower strength than conventional concrete. Cellular 

concrete is popular because of its light weight which reduces 

self-weight of structure. 

 In this research work light weight concrete blocks 

are casted with 65% of Fly ash and 35% of cement with 

preformed foam content 1.5% of total weight and to increase 

its strength quarry dust is added in its composition up-to 30% 

in an interval of 5% in different cubes to check properties of 

these Foam Concrete (FC) blocks test like compressive 

strength, density and water absorption is done in the 

laboratory to determine which sample is showing stable 

results to provide its properties and grade for analysis 

purpose. 

 
Fig. 1: Tall Structure 

A. Response Spectrum 

The seismic forces strikes the foundation of a structure will 

move with the ground motion. It shows that structure 

movement is generally more than the ground motion. The 

movement of the structure as compared to the ground is 

refused as the dynamic amplification. It depends on the 

natural frequency of vibration, damping, type of foundation, 

method of detailing of the structure. The response “design 

acceleration spectrum” which refers to the max acceleration 

called spectral acceleration coefficient Sa/g, as a function of 

the structure for a specified damping ratio for earthquake 

excitation at the base for a single degree freedom system. The 

revised IS 1893-2002 uses the dynamic analysis by response 

spectrum. The fundamental natural period of vibration of the 

building (T in seconds), the damping properties of the 

structure, type of foundation provided for the building. 

II. LITERATURE REVIEW 

T.Subramani et. al. (2017) the computer aided analysis is 

done by using E-TABS to find out the effective lateral load 

system during dynamic loading in light weight concrete 

building. The performance of the building is evaluated in 

terms of Lateral Displacement and Storey Drifts. The study 

found that Response spectrum analysis reduced lateral 

displacement and storey drift due to dynamic loads compare 

to static analysis for all analyzed models. RCC constructions 

have more weight and larger cross sections for structural 
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members. In our study about effective lateral load system 

during dynamic loading in light weight concrete building 

comparing to RCC member. The study also found; lateral 

displacement, storey drift with respect to dynamic loading in 

LWC section. 

 Vandanapu and Krishnamurthy (2018) Studied that 

Concrete structures are prone to earthquake due to mass of 

the structures. ,e primary use of structural lightweight 

concrete (SLWC) is to reduce the dead load of a concrete 

structure, which allows the structural designer to reduce the 

size of the structural members like beam, column, and 

footings which results in reduction of earthquake forces on 

the structure. This paper attempts to predict the seismic 

response of a six-storied reinforced concrete frame with the 

use of lightweight concrete. A well-designed sixstorey 

example is taken for study. The structure is modelled with 

standard software, and analysis is carried out with normal 

weight and lightweight concrete. Bending moments and shear 

forces are considered for both NWC and LWC, and it is 

observed that bending moments and shear forces are reduced 

to 15 and 20 percent, respectively, in LWC. ,e density 

difference observed was 28% lower when compared NWC to 

LWC. Assuming that the section and reinforcements are not 

revised due to use of LWC, one can expect large margin over 

and above MCE (maximum considered earthquake; IS 1893-

2016), which is a desirable seismic resistance feature in 

important structures. 

 Grethel (2015) Potential market to use structural 

lightweight concrete is increasing in Mexico due to high rise 

building construction, tilt-up and precast industry. Structural 

Lightweight Concrete can be designed to get similar 

performance to normal weight concrete and to offer a weight-

strength ratio more efficient in structural elements. Most of 

the cases, the marginal cost of lightweight concrete is 

compensated by size reduction of structural elements, 

decrease of reinforced steel, reduce dead load of structures, 

which means global costs reduction of the project. There are 

no several sources of lightweight aggregates in Mexico to 

design this type of structural concretes. This report validates 

different types of normal aggregates of five regions of 

Mexico (Mexico City, Tijuana, Guadalajara, Monterrey and 

Cancun) using lightweight synthetic particles to design 

lightweight concrete with structural performance including 

fresh concrete properties (slump, pumping, equilibrium and 

dry density) and hardened concrete properties (compressive 

strength, elasticity modulus and thermal conductivity). 

Structural lightweight concretes are validated in three levels 

of equilibrium density: 1500 kg/m3, 1700 kg/m3 and 1900 

kg/m3 with different dosages of lightweight synthetic 

particles. 

 Vanissorn et. al. (2012) in structural design, an ideal 

situation in material saving is to reduce the weight of the 

structure without having to compromise on its strength and 

serviceability. A new lightweight sandwich reinforced 

concrete section has been developed with a novel use of 

lightweight concrete as infill material. The section, namely 

LSRC section, is suitable for use as beam or slab members. 

Experimental investigations into the strength of beams with 

LSRC section shows promising results under both flexural 

and shear tests. Based on the test results, the flexural capacity 

of LSRC beams was found to be almost identical to the 

capacity of the equivalent solid beam. The shear capacity of 

the LSRC beams was expectedly reduced due to the low 

compressive strength of the lightweight concrete infill 

material. ANSYS 12.1 was employed to develop three 

dimensional nonlinear finite element models of LSRC beams 

and was verified against the experimental results. 

 Zulkarnain et al.(2013) investigated that 

compressive strength of foamed concrete is mainly a function 

of dry density and is only slightly affected by the percentage 

of cement replaced by silica fume. Large proportion of silica 

fume did not significantly affect the long-term compressive 

strength. The compressive strength of foam concrete with 

silica fume is higher than the foam concrete without silica 

fume and the difference of strength between foam concrete 

with silica and control samples is approximately same for all 

age. 

 Siram (2015) on her study he concluded that Foams 

formed from protein based surfactants have smaller bubble 

size, are more stable and have a stronger closed bubble 

structure compared to the foam produced using synthetic 

surfactants. Hence, they are high strength foam concretes. 

The density of foam concrete is the function of volume of 

foam that is added to the cement paste. The compressive 

strength of foamed concrete is an inverse function of the 

density of the material. 

The main aim of this study are as follows: 

 To reduce the cost of construction 

 To decrease the self-weight of the structure and also give 

a better material for wall panelling which can withstand 

to better sound insulation, thermal insulation, durable, 

lightweight, uniform size & shape, reduce permeability. 

 To analyse the implementation of light weight concrete 

in tall structure using ETABS”17. 

 To determine the variation in stability of the structure 

under lateral forces considering light weight concrete. 

III. SCOPE OF STUDY 

The main motive of this research is to study the effect of 

Foam Concrete blocks on a tall structure. Light weight 

cellular concrete blocks are casted with 35% of Fly ash and 

35% of cement with foam content 1.5% of total weight and to 

increase its strength quarry dust is added in its composition 

upto 30% increasing 5% in each case. Structural performance 

of light weight Material on high rise building using ETABS 

software. 

 By constructing the modern Light weight concrete 

building with all facilities and it is very useful the peoples 

including time saving, purchased to all things in single place, 

and also energy saving. 

Method following in this project: 

1) Casting Light Weight Material 

For this investigation, a pre formed method was adopted to 

provide polyurethane foamed concrete. The readymade foam 

was added to the base mix through the nozzle of the foam can 

according to the calculated amount by trial & error. The 

density of the foamed concrete produced was then checked 

against the target density. 

2) Test on Material 

 Water absorption tested 

 Density and compression strength. 
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COMPRESSIVE STRENGTH IN MPa 

S.NO % of Quarry dust M-20 

1 0% 18.4 

2 5% 18.52 

3 10% 18.67 

4 15% 18.82 

5 20% 19.02 

6 25% 18.23 

7 30% 17.98 

Table 1: Test Results 

As per compressive testing machine results 20% quarry dust 

sample will be studied 

For further implementation in software: 

For this research work following steps should be followed: 

1) Step 1: Firstly literature survey should be done to 

determine the past research and need of study. 

2) Step 2: To prepare Sample of light weight concrete to 

determine its properties to be 

3) Assign in ETABS. 

4) Step 3: To prepare modelling of an unsymmetrical 

building frame (G+10) using ETABS”17. 

5) Step 4: To assign properties and support conditions. 

6) Step 5: To assign lateral force (response spectrum) 

dynamic analysis as per I.S. 1893-I: 2016. 

7) Step 6: To analyze the structure. 

8) Step 7: To compare the results with bare frame structure. 

9) Step 8: To determine cost analysis as per S.o.R. 2017. 

 
Fig. 2: Response Spectrum Defined 

 

 
Fig. 3: Plan & 3-d of Selected Building Frame 

IV. ANALYSIS & RESULTS 

Moment in kN-m 

Storeys 
Frame with light weight 

concrete 

Bare 

frame 

storey10 253.56 260.35 

storey9 250.09 256.87 

storey8 246.62 253.39 

storey7 243.15 249.91 

storey6 239.68 246.43 

storey5 236.21 242.95 

storey4 232.74 239.47 

storey3 229.27 235.99 

storey2 225.80 232.51 

storey1 222.33 229.03 

Table 2: Moment in Typical Storeys 

Shear force in kN-m 

Storeys 
Frame with light weight 

concrete 

Bare 

frame 

storey10 465.57 402.56 

storey9 446.52 377.76 

storey8 418.30 356.76 

   
storey7 390.08 335.76 

storey6 361.86 314.76 

storey5 333.64 293.76 

storey4 305.42 272.76 

storey3 277.20 251.76 

storey2 248.98 230.76 

storey1 220.76 209.76 

Table 3: Shear Force 

Storey displacement mm 

Storeys Frame with light weight concrete Bare frame 

Story10 16.486 18.331 

Story9 14.547 15.766 

Story8 12.582 13.243 

Story7 10.622 10.8 

Story6 8.698 8.479 

Story5 6.843 6.335 

Story4 5.092 4.417 

Story3 3.48 2.784 
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Story2 2.026 1.476 

Story1 0.757 0.545 

Base 0 0 

Table 4: Storey Displacement 

V. COST ANALYSIS 

S. 

No. 

Frame 

type 

Concrete 

cu.m 

Rate of 

concrete 

(m3) as 

per 

S.O.R. 

Cost of 

concrete in 

INR 

(Rupees) 

1 
Bare 

frame 
110.98 5757 6,38,911.86 

2 

Frame 

with light 

weight 

concrete 

96.98 5757 5,58,313.86 

Table 5: Cost Analysis 

S. 

No. 

Frame 

type 

Reinforcement 

in kg 

Rate 

of 

Rebar 

kg as 

per 

S.O.R. 

Cost of 

Rebar in 

INR 

(Rupees) 

1 
Bare 

frame 
9454.23 72.75 6,87,795.23 

2 

Frame 

with 

light 

weight 

concrete 

9252.87 72.75 6,73,146.30 

Table 6: 

VI. CONCLUSION 

1) It can be concluded that structure with light weight 

concrete as infill can be stable as results shows less 

bending moment which results in economic structure too. 

2) Performance of structure using light weight material 

(foam) a reduction in the risk of earthquake damage and 

increased thermal insulation and fire resistance using 

ETABS. 

3) The structure results in less lateral displacement due to 

lateral forces as observed in results. 

4) Structure is more economical in terms of material cost as 

per S.o.R. 

5) Capable of resisting lateral forces in severe seismic 

regions. 
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