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Abstract- In this paper, the optimum or suitable location of 
shear wall in a high rise irregular shaped building is 
determined. The criteria of choosing suitable location are well 
mentioned with suitable examples. We have tested several 
models in dynamic analysis with the help of ETABS ver. 16. 
Both Time History and Response Spectrum Methods are 
performed in the analysis. The paper clearly specifies the causes 
of torsion in a high rise building as well as it also specifies the 
ways in which we can control the torsion and storey 
displacement with the help of shear wall in the high rise 
buildings. 

Keyword: Centre of Stiffness, Centre of Mass, Time History 
Analysis, Response Spectrum Analysis. 

I. INTRODUCTION 

The multi-storey buildings are vulnerable to wind and 
seismic forces. These forces have the capability to 
destabilise the structure within a matter of seconds. Thus, 
making a structure stiffer during these sudden calamities is 
very important. The lateral stability can be introduced in the 
building by providing shear walls. Shear walls are the 
planer structural elements possessing high structural 
stiffness. These are placed in high rise building with an 
intention to reduce storey displacement due to the lateral 
forces. The efficiency of shear wall is governed by its 
location in a building. When we talk about an irregular 
shaped building, defining optimum location becomes very 
difficult. This is because of the fact that, the irregular 
shaped buildings when subjected to lateral forces triggers 
torsion because of their geometry. In these cases provision 
of shear wall in danger zones can trigger more torsion in the 
building. The shear wall will be like, 'friend turned foe' for 
the building. Thus, it is very important to study the 
generation of torsion force in a high rise building. Along 
with that, we must not forget the use of shear wall, i.e. 
providing resistance against lateral forces. Thus, optimum 
location of shear wall can only be decided by considering 
the torsion generated in the building during the lateral 
forces. The following point will elaborate the cause of 
torsion in a high rise building - Before going in details, the 
following points will be worth noting: 
 Centre of Mass - It is an assumed point in a building 

which has equal distribution of mass around itself in all 
direction. In other words, the point where the whole mass 
of the building is assumed to be concentrated is called 
centre of mass. 
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 Centre of Stiffness/Rigidity - Like the centre of mass, 
centre of stiffness is also an assumed point in a building 
where the resultant stiffness of the building is assumed to 
be concentrated. 

 
Fig. 1 Centre of Rigidity/Stiffness & Centre of Mass 

(Source: www.slideshare.net)   
A. Cause of torsion in building – When the centre of mass 
and centre of stiffness in a building do not coincide, this 
produces torsion. The change in the location depends on the 
irregularity in structure. The more are the irregularities, the 
more is chance of eccentricity (gap between the centre of 
mass and centre of stiffness). This condition is very 
common in irregular shaped buildings. Thus, the location of 
shear wall should be such that, it should not ignite more 
torsion in the structure.  
Causes of dislocation of these points –  
 When the stiffness in one part of the structure is 

dominant as compared to other areas in the structure, 
the centre of stiffness shift towards that area, causing 
an eccentricity in a structure.  

 The stiffness can increase either through introduction 
of shear wall or in some of the cases; the building’s 

irregular geometry causes self triggering of torsion 
when subjected to seismic forces. 

II.  DEFINING THE CRITERIA FOR 
DETERMINING OPTIMUM LOCATION 

The location of the shear wall which will result in reduction 
of torsional forces as well as the storey displacement will be 
termed as the optimum location. If the location only 
exhibits reduction in displacement but produces huge 
torsion, that will not be considered as an optimum location. 

III.  DETAILS OF THE TESTED MODELS 

A. Geometrical Details 
 Length of bays in building frame (uniform) is 5m 
 Cross- section of beam is 300 X 450 mm 
 Cross-section of column is 350 X 750 mm 
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 Thickness of slab is 150 mm 
 Thickness of Shear Wall is 230 mm 
 The grade of concrete and steel used in the models are 

M25 and Fe 415 respectively. 
 The models are G+15 storey buildings with floor to 

floor height as 3m. 
 The models are U Shaped and T Shaped (Irregular in 

Plan). 
B. General Loading Details 
 Dead Load at floor is 2 kN/m2 
 Live Load at floor is 3 kN/m2 
 Dead Load at beam is 6.9 kN/m  
C. Seismic Loading Details 
 Response Spectrum Data from is as per IS 1893:2016 

(Table -12) for seismic zone- IV. 
 Time History Data for testing the models is considered 

from Array Recording Station, El Centro, U.S.A. for T 
Shaped Building and Nepal Earthquake Data for U 
Shaped Building. 

IV. ANALYSIS DETAILS 

The analysis of the models will be done by ETABS ver. 16 
by using the inbuilt data of Response Spectrum and Time 
History Analysis. 

V. MODEL LAYOUT 

 
Fig. 2 Assumed Direction   

 
Fig. 3 Bare Frame T Shaped 

 
Fig. 4 Model 01 T Shaped 

 

Fig. 5 Model 02 T Shaped 

 
Fig. 6 Model 03 T Shaped  

 
Fig. 7 Model 04 T Shaped 

 
Fig. 8 Bare U Shaped 

 
Fig. 9 Model 01 U Shaped 

 
Fig. 10 Model 02 U Shaped 
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Fig. 11 Model 03 U Shaped 

 
Fig. 12 Model 04 U Shaped 

VI.  COMPARATIVE STUDY 

A. Base Shear & Storey Displacement  

After the dynamic analysis from ETABS, we have the 
following comparative representation of the test models for 
base shear and storey displacement –  

 
Fig. 13  Maximum Storey Displacment (Response 

Spectrum Analysis) – T Shaped 

 
Fig. 14  Maximum Storey Displacment (Response 

Spectrum Analysis) – U Shaped 
 

 
Fig. 15  Storey Shear (Response Spectrum Analysis) – T 

Shaped 
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Fig. 16 Storey Shear (Response Spectrum Analysis) – U 

Shaped 
 

 
Fig. 17  Maximum Storey Displacement (Time History 

Analysis) – T Shaped 

 
Fig. 18  Maximum Storey Displacement (Time History 

Analysis) – U Shaped 
 

 
Fig. 19  Base Force (Time History Analysis) – T Shaped 

X DIRECTION 
(in kN) 

Y DIRECTION 
(in kN) 

Bare Model 2870.2 2322.56 

Model 01 8318 5094.7 

Model 02 6178.6 6320.3 

Model 03 5798.21 6904.13 

Model04 6142.66 5535.7 

0 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

X 
DIRECTION 

(in mm) 

Y 
DIRECTION 

(in mm) 

Bare Model 84.7 91.46 

Model 01 20.65 14.45 

Model 02 23.79 24.88 

Model 03 20.9 53.22 

Model04 20.64 36.97 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

X 
DIRECTION 

(in mm) 

Y 
DIRECTION 

(in mm) 

Bare Model 13.19 18.49 

Model 01 3.022 9.4 

Model 02 6.06 6 

Model 03 7.32 5.76 

Model04 6.09 7.28 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

X DIRECTION 
(in kN) 

Y DIRECTION 
(in kN) 

Bare Model 3795 6814 

Model 01 6949.17 7871 

Model 02 5484 5226 

Model 03 6651.2 6630 

Model04 6325.63 7438 

0 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 



International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249 – 8958 (Online), Volume-9 Issue-4, April 2020 

 

    2251  

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  
© Copyright: All rights reserved. 

Retrieval Number: D6822049420/2020©BEIESP 
DOI: 10.35940/ijeat.D6822.049420 
Journal Website: www.ijeat.org 

 

 
Fig. 20  Base Force (Time History Analysis) – U Shaped 

B. Eccentricity in Structure 

After the analysis from ETABS, we obtained that our U-
shaped & T-shaped test model were having an eccentricity 
along y-axis. Thus, in order to eliminate the eccentricity we 
have placed the shear wall at various locations elaborated 
above. The comparative representation is given below –  

 
Fig. 21 Eccentricity (In Mm) 

VII.  RESULT  

From the comparative analysis, it was found that MODEL 
04 of the T Shaped building & MODEL 01 of U Shaped 

Building from the test models were best in resisting both 
lateral displacement and torsion effects in the building.  

VIII. . CONCLUSION 

From the above points, it is concluded that shear walls are 
very important in high rise buildings in resisting lateral 
forces. But it is important to note that, the location of shear 
wall plays an important role in determining the efficiency 
of shear wall. If the location of shear wall is such that it 
causes an increase in torsional forces, it becomes the 
biggest enemy of the structure. Thus, one has to place the 
shear walls such that centre of mass and centre of stiffness 
of the structure should be as close as possible.  
It is possible that, some configuration of shear walls can 
cause huge reduction in lateral displacements but it can also 
trigger huge amount of eccentricity which in turn cause 
torsional forces in the structure. Thus, a balance has to be 
set up in the configuration of shear such that both the lateral 
forces along with torsion are eliminated at a greater extent. 
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