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Defining Optimum Location of Shear Wall in an

Irregular Building by Considering Torsion
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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.

[. 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
dtiffness. 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.

Centre of mass and rigidity

Centre of rigidity

center of mass

balanced resistance

[
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shearwall

Fig. 1 Centre of Rigidity/Stiffness & Centre of Mass
(Sour ce: 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 giffness 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.

[I. 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.

[11. DETAILSOF THE TESTED MODELS

A. Geometrical Details

= Length of baysin building frame (uniform) is 5m
= Cross- section of beamis 300 X 450 mm

= Cross-section of column is 350 X 750 mm
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» Thickness of slab is 150 mm Fig. 5Model 02 T Shaped

» 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 N I

= Dead Load at floor is 2 kN/m? Fig. 6 Model 03 T Shaped

= Live Load at floor is 3 kN/m?

= 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. Ll .

= Time History Data for testing the modelsis considered
from Array Recording Station, ElI Centro, U.S.A. for T
Shaped Building and Nepal Earthquake Data for U
Shaped Building.

IV. ANALYSISDETAILS Fig. 7Model 04 T Shaped

The analysis of the models will be done by ETABS ver. 16

by using the inbuilt data of Response Spectrum and Time ) S | | e |

History Analysis. - |- |- - |- -
V. MODEL LAYOUT
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Fig. 2 Assumed Direction [ ] |
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{ ) | Fig. 9 Model 01 U Shaped
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Fig. 3BareFrame T Shaped
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Fig. 4Model 01 T Shaped Fig. 10 Model 02 U Shaped
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Fig. 12 Model 04 U Shaped = Model04 28.84 33.48

Fig. 14 Maximum Storey Displacment (Response

VI. COMPARATIVE STUDY Spectrum Analysis) - U Shaped

A. Base Shear & Storey Displacement

After the dynamic analysis from ETABS, we have the 7000
following comparative representation of the test models for
base shear and storey displacement — 6000
50
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20 2000
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0
X Y X DIRECTION | Y DIRECTION
DIRECTION | DIRECTION (in kN) (in kN)
(in mm) (in mm) ® Bare Model 2115.11 2542.57
"Bare Model | 43.68 35.4 ® Model 01 5451.97 5910.36
¥ Model 01 17.17 15.32 = Model 02 4262.96 4689.34
" Model 02 24.96 21.6 u Model 03 5518.78 3545.56
¥ Model 03 18.38 29.37 = Model04 5577.31 4221.33
= Model04 17.72 24.96 _ i
) i i Fig. 15 Storey Shear (Response Spectrum Analysis) — T
Fig. 13 Maximum Storey Displacment (Response Shaped

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

Fig. 18 Maximum Storey Displacement (Time History

Shaped Analysis) — U Shaped
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Fig. 19 BaseForce(TimeHistory Analysis) — T Shaped
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Fig. 20 Base Force(TimeHistory 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 —

1400
1200
1000
800
600
400
200
0
T SHAPED U SHAPED
(in mm) (in mm)
® Bare Model 57 240
® Model 01 610 71
Model 02 510 980
= Model 03 60 1220
= Model04 40 107

Fig. 21 Eccentricity (In Mm)

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

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

VIII. . CONCLUSION

From the above points, it is concluded that shear walls are
very important in high rise buildings in resisting latera
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 torsiona 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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