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Abstract: Need of multi-storey buildings are increasing 

now-a-days because of rapidly growing population. But when 

natural calamities like earthquakes occur, there will be great loss 

to these structures, not only in terms of property but also in terms 

of causalities. In this paper, an attempt is being made to minimize 

the loss caused by lateral loads during earthquakes. Shear walls 

are the one of the most commonly used strategies for resisting the 

lateral loads. But placing a shear wall at every location is not 

economical. In this paper, comparison is made among 

multi-storied structure in different seismic zones by placing shear 

wall at different locations. Four different configurations viz.., a 

bay Frame without shear wall, a bay Frame with shear walls at 

corners, a bay Frame with shear walls at central exterior bays and 

a bay Frame with shear walls at alternate bays. These Frames are 

analyzed and results are compared in terms of deflection, bending 

moments and base shear. Based on the results best configuration 

is suggested. Analysis of these structures are carried out using 

STAAD. Pro V8i conforming to Indian codes i.e., IS456:2000, 

IS1893:2002, IS875 (PART1), IS875 (PART2), IS1343. 

Keywords: Multi-storey building, Earthquakes, Seismic zones, 

lateral loads, shear wall configurations, deflection, bending 

moment, base shear. 

I. INTRODUCTION 

The Earthquakes are natural disasters which occur without 

any warning. These are sudden movements of earth and they 

cause heavy damages within very short period of time. About 

90% of earthquakes causes due to tectonic events mainly from 

the movements of the faults. Remaining 10% may result from 

volcanoes, man-made activities and many other 

consequences. Damage will be more if earthquakes are 

occurred in urban centres with more population densities. In 

view of the intense activity in construction all over the 

country, there is a need to study the past Indian Earthquakes 

and collect the seismic data to use it in future. Bureau of 

Indian standards made several attempts in studying seismic 

data and finally adopted the Indian Standard code IS1893, 

PART1 for General provisions in buildings in 1962.Many 

revisions had been made and the latest revision is IS1893 
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(Part1):2016.The standard incorporated seismic zone factors 

on a rational basis in its third revision. Fifth revision comes 

out with only four zones(Zone I and Zone II are combined and 

together called as ZoneII)Seismic zoning is done to classify 

the regions with similar probable intensity of earthquake. 

From the zoning data, lateral loads applied on structure can be 

found and there by structure which can withstand earthquake 

is designed. So seismic zoning is also helpful in town 

planning.  

 Occurrence of earthquakes results in large amount of 

lateral forces. It is necessary to provide ductility in the 

structure so as to resist the lateral loads. Ductility is a property 

which arises from inelastic behaviour and detailing of 

reinforcement should be done in a way by which the brittle 

nature is avoided. It is possible to get more stable structure by 

using the same quantity of material but by just changing the 

placements of the structural members. The gap between the 

actual and design forces can be reduced by providing shear 

walls. 

II. OBJECTIVES 

 To study the seismic performance of the structure in 

different seismic zones. 

 To design a structure, that can resist the lateral loads 

occurring from an earthquake with safety and minimum 

damage. 

 To find the best possible configuration of shear walls to 

make the structure economically feasible. 

III. RESEARCH SIGNIFICANCE 

Akash panchal and Ravi Dwivedi [1] carried out analysis 

on G+6 RCC Modeld structure by equivalent static method in 

different seismic zones and concluded by comparing shear 

force, bending moment and deflection variations. Anjali B.U. 

, Godisiddappa [2] studied the effect of positioning on seismic 

response of RC building on hilly and plain terrain and found 

that straight shape shear wall configuration gives better 

results. Mohd Atif [3] compared multi-storey building with 

bracing and shear wall, he has shown results that shear wall 

elements are very much efficient than braced Model and plane 

Model. Sachin.P.Dyavappanavar [5] studied a 20 storey 

building in Zone IV and analysed the structure by changing 

the position of shear walls and concluded that building with 

shear wall at corner is better location compared to internal 

core.  
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In this study a structure is compared with shear walls at 

corners, at external central bays, at alternate bays and 

structure without shear wall. 

IV. METHODOLOGY 

In this paper attempts are made to determine the lateral 

force by Equivalent Static procedure. In this Equivalent Static 

method is used to find the magnitude of lateral forces is based 

on the natural period and on the distribution of forces. To 

determine the basic components like deflection, bending 

moments, support reactions and beam end forces using 

STAAD.Pro V8i software and compare the results obtained. 

The analysis is carried out using Equivalent Static Method. 

The Models are modelled with different seismic configuration 

to increase the seismic response to the structure. 

4.1 Building modelling 

In this building RC model multi-storeyed structure with 10 

floors is modelled. The height of each storey is 3m and 

foundation depth is 2m.Four different configurations are 

modelled, i.e, a bay Model without shear wall,a bay Model 

with shear walls at corners, a bay Model with shear walls at 

central exterior bays and a bay Model with shear walls at 

alternate bays. The structure is in rectangular shape with 

21.5m in X-axis and 10m in Z-axis. 

The plans for all the four different configurations which are 

compared are given below: 

 

Figure 1 

 
Figure 2 

 
Figure 3 

 

 
Figure 4 

4.2  Specifications 

Building modelling is carried out by giving the plan 

dimensions mentioned below for all the 16 models. 

Table 1. Dimensions of the Structural elements and type 

of materials. 

S. No Parameters Dimensions/Type 

1.  Plan dimension 10m x 21.5m 

2.  Number of storeys G + 9 

3.  
Total height of the 

building 
30m 

4.  Height of each storey 3m 

5.  
Exterior column 

dimension 
0.6m x 0.6m 

6.  
Interior column 

dimension 
0.45m x 0.45m 

7.  Beam size 0.3m x 0.45m 

8.  Model type SMRF 

9.  Type of Soil Medium soil 

10.  Inner wall thickness 0.2m 

11.  Outer wall thickness 0.3m 

12.  Slab thickness 150mm 

13.  Shear wall thickness 250mm 

14.  Unit weight of concrete 25KN/m
3
 

15.  Unit weight of brick 20KN/m
3
 

4.3Material Properties 

Material properties of the models are taken as the same for 

all the models and the values 

given below are used for 

analysis. 
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Table 2. Material properties of concrete and steel 

 

4.4Load calculations 

Loads taken are confirmed to IS875 (Part1) for dead loads 

and (Part2) for imposed loads. Seismic loads are taken using 

IS1893-2002 for seismic load (Part1). 

4.4.1Dead loads 

Self-weight of slab = 0.15 x 25 = 3.75KN/m
2
 

Load due to exterior wall =0.35 x2.85 x 20 = 19.95Kn/m 

Load due to interior partition wall = 0.2 x 2.85 x 20 

=11.4Kn/m 

Load due to partition wall = 0.2 x1.5 x 20 =6Kn/m 

Load due to plaster on two faces = 0.02 x 2.85 x 1 x 18 x 2 

= 2Kn/m 

4.4.2Live loads 

Live load on every floor (except roof) = 4KN/m
2
 

Live load on roof = 2KN/m
2
 

4.4.3Seismic loads 

From IS 1893(Part1):2002 

Loads are calculated based on Equivalent Static Method. 

Seismic base shear along any direction is given as 

 

 

The values of Z, I, R and Sa/g can be obtained from the 

code. 

I is taken as 1 for residential building 

R is taken from code by taking damping percentage ad 5% 

Sa/g is found out from the inputs given by Staad software. 

Table 3. Seismic Parameters 

Seismic zone ZoneII ZoneIII ZoneIV ZoneV 

Intensity of 

earthquake 
Low Moderate Severe 

Very 

Severe 

Zone factor 

(Z) 
0.1 0.16 0.24 0.36 

The natural period of vibration is given in seconds 

approximately as   

 

 
 

By calculating,                 =  = 0.621 sec 

 

                                             =  = 0.911 sec 

 

 

Fig. 5. Seismic input in STAAD-pro. 

4.6. Load combinations 

Load combinations used in the analysis of Models are 

given below: 

1.5×(D.L+L.L) 

1.2× (D.L + L.L ± EQX) 

1.2× (D.L + L.L ± EQZ) 

1.5× (D.L ± EQX) 

1.5× (D.L  ±  EQZ) 

0.9D.L  ± 1.5 EQX 

0.9D.L  ± 1.5 EQZ 

These load combinations are given as Staad inputs and the 

structure is analysed based on these loads for the limit state of 

design of reinforced concrete. 

V. RESULTS AND DISCUSSIONS 

The structures with all the four configurations are 

modelled, analysed and the results obtained from 

STAAD-PRO are compared in the four seismic zones. The 

results are compared for  

Displacements  

Bending moments 

Base Shear 

5.1 Displacements 

Maximum displacement in the direction of X in the 

structure is due to the load combination 13 i.e., 1.5(D.L + 

EQX). The permissible limit of deflection from  IS 1893 is 

obtained as 120mm. In Zone-V, Model-1 gave a displacement 

of 211.66mm whereas Model-3 gave least displacement of 

18.043mm which causes a reduction of 89.27% in 

displacement. 
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Table 4. Displacements in the direction of X for four 

Models in different seismic zones 

 

 

Fig. 6. Displacements in different zones for four Models in 

the direction of X 

 

Maximum displacement in the direction of Z in the 

structure is due to the load combination 14 i.e., 1.5(D.L + 

EQZ). The permissible limit of deflection from IS 1893 is 

obtained as 120mm. In Zone-V, Model-1 gave a displacement 

of 186.71mm whereas Model-3 gave least displacement of 

29.668mm which causes a reduction of 84.1% in 

displacement. 

Table 5. Displacements in the direction of Z for four 

Models in different seismic zones 

 

 

Fig. 7. Displacements in different zones for the four 

Models Z-direction 

5.2Bending moment 

Bending moment was maxima for MODEL-I with 

783.704Kn-m and by placing shear wall at exterior bays 

centrally; it is reduced to 76.872Kn-m. So the change in 

bending moment is nearly 90.19%. 

Table 6. Bending moment in the direction of Z for four 

Models in different seismic zones 

 

 

Fig. 8. Bending moment in different zones for four Models 

in the direction of Z 

Bending moment in the direction of X was maxima for 

MODEL-I with 603.43Kn-m and by placing shear wall at 

exterior bays centrally; it is reduced to 70.872Kn-m. So the 

change in bending moment is nearly 88.23%. 
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Table 7. Bending moment in the direction of X for four 

Models in different seismic zones 

 

5.3Base shear 

Base shear in the direction of X was maximum for 

MODEL-I with 4439.051KN in Zone-V and by placing the 

MODEL-II, base shear was reduced to 2599.591KN.Change 

in base shear is approximately 42%. 

Table 8. Base Shear in the direction of X for four Models 

in different seismic zones 

 

 
Fig. 9. Base shear in the direction of X in different seismic 

zones for four Models 

Base shear in the direction of Z was maximum for 

MODEL-I with 3025.961KN in Zone-V and by placing the 

MODEL-II, base shear was reduced to 1749.564KN.Change 

in base shear is approximately 42.18%. 

Table 9. Base shear in the direction of Z for four Models 

in different seismic zones 

 

 

Fig. 10. Base shear in the direction of Z in different zones 

for four Models 

VI. CONCLUSIONS 

Four Models in four seismic zones are analysed, so a total 

of sixteen models were studied and the results among them are 

compared. 

Shear wall thickness, beam and column dimensions are 

taken same for all the sixteen models in all the four seismic 

zones. 

Out of all the load cases, 1.5(D.L+EQX) and 

1.5(D.L+EQZ) has given maximum affect on the structure. 

Presence of shear wall greatly reduces the displacement, 

bending moment and base shear in all the seismic zones. 

From limit state of serviceability criteria, deflection is 

minimized for MODEL-III i.e., structure with shear wall at 

central external bays which causes a reduction of 84.1%  with 

respect to displacement of MODEL-I 

Structures in Zone-II and Zone-III have deflections less 

than the permissible limit without the shear walls, so 

structures in those Zones can resist earthquake without shear 

walls also. 

It is evident from the obtained results that the bending 

moment is greatly reduced for Model-III. 

Base shear is reduced for MODEL-II i.e., structure with 

shear wall at exterior corners. 

Displacement in Zone V is increased by 72.18% 

approximately for bare Model when compared with Zone II. 

MODEL-II satisfies better than other Models in economy 

point of view because it needs less number of shear walls for 

the same thickness.  

It can be concluded that MODEL-II and MODEL-III have 

shown better performance in all the zones by satisfying 

displacement, bending moment and base shear criteria when 

compared to the results of MODEL-I and MODEL-IV. 

 

Nomenclatures 

Ah Design horizontal acceleration 

spectrum value 

d Base dimension of the building at the 

plinth level in Metres 

D.L Dead load 

EQX Seismic load in the direction of X 

EQZ Seismic load in the direction of Z 

Model-I Structure without shear wall 

 



 

Compartive Analysis of G + 9 Structure with Shear Wall at Corners, Central Bays and Alternate Bays 

254 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: E1839017519©BEIESP 

Journal Website: www.ijrte.org 

 

Model-II Structure with shear walls at corners 

Model-III Structure with shear wall at central 

external bays 

Model-IV Structure with shear wall at alternate 

bays 

h Height of the building in metres 

I Importance Factor based on the 

structural functionality 

L.L Live load 

R Response reduction factor based on 

the ascertained seismic response of 

the building. 

Sa/g Average response acceleration 

coefficient 

Ta Approximate fundamental natural 

period of vibration is given in 

seconds 

TX Natural period of vibration in the 

direction of X 

TZ Natural period of vibration in the 

direction of Z 

Vb Design seismic base shear along any 

principal direction 

W Seismic weight of the building 

Z Zone Factor for Maximum 

Considered Earthquake 
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