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1. Introduction

Buildings are among the most prevalent types of structures, and it is crucial for engineers to enhance
their performance under various loads, particularly the lateral loads caused by earthquakes. Since
these uneven structures are more frequently vulnerable towards earthquakes, it is crucial to take loads
of earthquake into account while constructing these structures (1).For structural engineers, it goes
without saying that regular structures often perform better than irregular ones and are simpler to
evaluate. A building needs to have four key characteristics in order to perform well during an
earthquake: a simple, regular layout, enough lateral strength, stiffness, and ductility (2). Due to site
conditions or a decision made by architects, it is frequently impossible to have regular blueprints,
which results in irregular structures. ETABS analyses gravity, thermal, and lateral loads in both static
and dynamic modes (3). In these circumstances, it is necessary to conduct more precise
analyses. When facing earthquakes, especially strong ones, structure having regular geometric
arrangements are generally resistant to them than those with dissimilar geometric configurations (4).
Research also on tectonic behaviour of the structure with non-parallel system irregularity is
surprisingly limited. With the advancement of seismic design theory, it has become widely accepted
that the torsion effects caused by the irregular layout of the structure should be taken into
account(5).It is crucial that the structure has enough strength to withstand vertical loads and enough
stiffness to withstand lateral stresses(6). Asymmetric constructions are more likely to collapse or
sustain structural or non-structural damages, according to the way they behaved during previous
earthquakes(7).The maximum story response and the impact of non-parallel lateral systems (non-
parallel shear walls) on the torsion ratios of reinforced concrete buildings are explored in this article.
Stress walls are constructed to lessen the effects of lateral stress placed on such a building. Shear
walls are outside, straight walls that usually form a box and give the building all of its lateral support
(8).

In high structure, it is crucial to guarantee appropriate lateral constraint to resist lateral force. To
minimise total torsion, shorten the distance between the centre of stiffness (CS) and the centre of mass
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(CM) during design phase. The primary objective of this study is to present the theoretical method for
minimising torsion by shortening the gap between CM & CS at each floor level of the construction.
(9). It has already been noted that as a structure's eccentricity grows, the displacement caused by an
earthquake excitation also increases, so it is essential to design infrastructures for impact loading (10).
Assuring structural safety during severe earthquakes seems to be the primary goal of structural
systems for seismic forces. How a structure behaves to seismic events is governed by how weight,
stiffness, and strength were spread inside the horizontal and angular planes of the building (11). The
primary criteria for designing RCC structures in seismic zones just at moment seems to be the
management of lateral forces brought on by lateral stresses. Torsional irregularity increases uneven
displacements at the building's margins and may stress the lateral load-resisting components there.
Due to its structural effectiveness and versatility in architectural designing, the diagrid structural
system is used in tall buildings (12). For the building to function effectively and reliably, it is crucial
to assign shear wall in the correct place. Shear walls use their great structural rigidity to transmit
seismic loads downward to the foundation. Such dual systems interact at the horizontal floor slabs
when subjected to lateral loads because of the deflected shapes of the wall and frame (13). The
analyses demonstrated the torsional effects that resulted from the building's non-symmetrical
horizontal plan when it was subjected to lateral excitation, as well as how to minimise or eliminate
these effects by using suitable shear walls with particular properties in particular locations throughout
the structure. For the building to function effectively and reliably, it is crucial to place the shear wall
in correct place (14). Therefore, it is crucial that the structure has enough strength to withstand
vertical loads in addition to having enough stiffness to withstand lateral stresses.
The displacement of one story of a multi-storey structure away from the level below is known as story
drift. Inter story drifts, that occurred when a structure sways during an earthquake, is just the gap
between both the displacements of the any given story's roof and floor, standardized by story height.
The twisting moment that causes torsion in structures. It is known as the displacement type loading,
also represented as the load-deformation curve of the building or a structure, and occurs when a
building is subjected to a random ground motion or vibration at its base. This creates inertia forces in
the building that in turn induce stresses (15). Buildings' seismic response can be considerably altered
by torsional effects, which have resulted in serious damage or structural collapse in a number of
previous earthquakes. Different factors, such as uneven mass distribution, stiffness and strength,
among others, contribute to these impacts. Examples of structural eccentricity include a lack of
symmetric or irregularity among shape, mass, stiffness, too. (16).
The building's L.F.R.S.(lateral force-resisting system) could be of a variety of types. Shear walls,
frame-shear wall dual systems, and special moment resistant frames are the most prevalent types of
these systems in a structure (17).Shear walls are typically used as an upward underlying component to
resist the horizontal loads that may be induced by the effect of wind and tectonic loads (18).Structural
walls made of reinforced concrete, also known as shear walls, serve as the main components of an
earthquake-resistant building. Shear walls are particularly useful in tall buildings that are subject to
lateral wind and seismic forces (8).The effective bracing system and source of lateral load resistance
are structural walls. Shear walls are typically offered in thicknesses between 200 and 400mm.The
minimum and maximum percentages of steel needed for the shear wall are 0.25% and 4%,
respectively. Shear walls, which lessen lateral sway and hence lessen structural damage (19).It was
crucial to properly assess the seismic reaction of the walls because the characteristics of these tectonic
shear-walls dictate the response of buildings. Given the presence of floating columns, it may be said
that many buildings cover the greatest amount of appropriate space.
During both shear and bending, The side forces throughout the wall level will be transmitted by a
vertical structural member (shear wall)(20).Effective understanding exists of the potential effects of
torsion on several parameters. We can see these parameters by starting with a building's basic
construction and then including factors like infill walls, shear walls, and base isolation (21).One of the
often utilised lateral load reducing systems in RCC constructions is the reinforced concrete shear wall.
Due to its great strength and in-plane stiffness, it can withstand significant horizontal forces and
support a load at the same time (22).The (G+15) storey building was examined in this study using
various shear-wall configurations. Therefore, choosing the basic plan arrangement of the structure is
crucial to the structural design. The choice of the conceptual design will have an impact on how well
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the building can endure earthquake ground shaking (23). Along with the weight of the building and its
occupants, lateral pressures brought on by wind, earthquakes, and uneven settlement loads produce
strong twisting (torsion) forces. A building can be actually torn apart by these pressures. Due to its
indirect ground contact, the lower portion of a building is more likely to shake during an earthquake.
However, the forces of inertia maintain the top position (24). A frame can be strengthened by adding
a stiff wall inside of it or by attaching one to it. This keeps the frame's shape and prevents rotation at
the joints. Shear walls become particularly important for high structures prone to lateral wind and
seismic pressures because of unequal mass and stiffness ratios in multi-story concrete structures lead
those civil structures to just be torsion sensitive under dynamical applied loads like seismic events or
wind. The structural layout affects a building's behaviour and stability in a sloped area. In practically
every nation, including India, irregular buildings are being developed more and more frequently as a
result of the fast global urbanisation trend. Seismic analysis on a vertical irregular building with a flat
slab on a plain and varied slopes of ground under the seismic zone V and compared the RSA results to
establish how both building layouts would respond (25).

2. Objective
Main aim of the current work is to use response spectrum analysis to investigate the tectonic response
of irregular R.C. multi-story buildings in India that are situated in earthquake zone and have medium
soil types (iii).

1. InIS code 1893(part 1):2016 table 5 of serial no.5 page no 16 there is no defined percentage in a non-
parallel lateral force system that allows us to determine the maximum lateral force that will cause a
structure to fail.

2. Utilising response spectrum analysis to investigate the seismic reaction of an RC multi-story building
with torsional irregularity.

3. To choose, out of the models under consideration, the building arrangement that is most efficient.

3. Narrative of Model

In the current work, regular and irregular buildings in the same region with varied shear wall positions
are analysed. Modelling and analysis for G+15 tales are done in this project. Utilizing the ETABS-
2018 programme, modelling and analysis are performed. The Base model dimensions are 16 metres
by 16 metres for normal buildings. For irregular buildings, the dimensions are same only the angle of
one side of building is increasing by 3° These 5 models are located by the shear wall in same
positions with five different angle i.e.(3°6°9°12%15°). In regular and irregular buildings 5 each
models are done by ETABS.A strong tool called ETABS was created by Computers and Structures
Inc. in Berkeley, California, USA. It can significantly improve engineer's ability to analyse and
designing part of structural systems (26).

4. Building Descriptions

TABLE I-Material Specification

S.No Specification Details

1 Grade of Fek=30N/mm?
Concrete,M30

2 Grade of Steel f,=415N/mm?

3 Density of Concrete | Y=25kN/m?

TABLE II- Summarized of specification
S.No Specification Details
1 Building height 48m
2 Stories above ground G+15
3 Number of basements | 0

below ground
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4 Type of building RC frame
5 Software used ETABS
2018
TABLE III-Building Data
S.No | Specification Details
1 Column 500X500mm
dimensions
2 Beam 500X300mm
dimensions
3 Slab 150mm
Thickness
4 Shear wall 250mm
Thickness
5 Live load AKN/m?
6 Importance 1.15
factor
7 tectonic zone | 3
factor
8 Response 5
reduction
factor

Methodology
ETABS-2018 software is utilised in this study to analyse the building model.
The parameters in the table given above were taken into account when modelling the structure in
ETABS.To test the capacity of the building model's basic structural member dimensions, the model in
all figure was put under both dead load and live load conditions. Only when all members have passed
a design assessment and are therefore safe are seismic analyses performed.
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* G+15 storey building is modelled in Etab

*Making modal 0f 3%,6°.9%,12%and15" &
comparing wrt 0°

*shear wall is placed at 2 corners

*Earthquake load and wind load is applied

S

N

* At last.an study is done upto what % the

structure is going to fail when lateral force

is applied and which modal is best suited to
resist torsional movemenet

J

Chart 1.Methodology of work
Etabs Model Generation
In Etabs ver. 18.0.2, the 6 various buildings are examined. In the figure below, the angle of the
ground's with respect to the horizontal has been calculated as 3°,6°9°,12°%and15° & comparing wrt
0°,3°,69,9°,12% and15° .
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7. Results and Discussions

Results of the analysis about changes in the locations of the centres of mass and rigidity with respect
to the various models taken into consideration and it is represented in graph 3 and 4.Also, graph 1 and
2 show the plots of torsion at earthquake load at X and Y direction for model 0°,3°,6°9°,12°and15°
respectively.Graph 5,6 and 7 shows the value of torsion in wind load at X and Y direction
respectively.
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Graph 1-Torsion at Earthquake load at X direction (EQ) X-In 3°,6° and 12° maximum torsion
is at story 16 respectively and in 9° maximum is 1.0477 at story 5 and in 15° 1.069 at story 2.
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Graph 2-Torsion at Earthquake at Y direction (EQ) Y-In base modal or parallel modal torsion
is 1 at all the storey. In 3% and 6° maximum torsion is at storey 16 and on the other hand
maximum torsion at 9° is 1.044 at storey 2 and 12° is 1.088 at storey 1 and in 15° 1.11 is average
torsion generated at many stories.

Vol. 71 No. 4 (2022) 9637
http://philstat.org.ph



Mathematical Statistician and Engineering Applications

ISSN: 2094-0343
2326-9865

0.5

0
N SN O~ 000 AN mMm SN W
e e e o o i i o v o e e e
S 0 0 0 0 0 0 0 0 o o o o= oo o o=
8860686865665 5588858¢8¢8
[ e T T i T = = O~ = = = =

F
F
F
F
F
F
F

e () Degree =3 Degree 6 Degree

9 Degree s 13 Degree === 15 Degree

Graph 3- Distance of CM and CR in x direction (ex)-The ex-value at 16"storey of
30,6°,9°,12°,and15%re 0.8612,1.6419,0.2463,0.5514 and 3.976 respectively.hence lowest is at 9%i.e
0.2463.
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Graph 4- Distance of CM and CR in y direction (ey)-The ey-value at 16™ storey of
30,6,99,12° and15°%re 0.5633,0.5687,-0.1276,0.2535 and 0.7749 respectively.we can see highest
ey-value at 15° of 0.8418 at storey 3",

Vol. 71 No. 4 (2022) 9638
http://philstat.org.ph



Mathematical Statistician and Engineering Applications
ISSN: 2094-0343

2326-9865
123
1.18/\ —NG
1.13
1.08
1.03
M
0.98
L I o A o I~ S ¥ o ¥ = S+ < TR = R e B I o VA 4 B S Y =
S T B B |
C © © © © O 0O 0 0O o o= @ = = o= o=
2 © 0 0 © © © © © © Q © © © ©o ©Q
T L b @ ©@ © 0 © o o

() Degree s 3 Degree

9 Degree s 13 Degree === 15 Degree

Graph 5-Torsion in wind load at X direction (WX) at diaph D1X-In the 3° lowest is 1.015
at storey 3. In 6° lowest is 1.055 at 4™, 5" and 6" storey respectively. In 9° torsion is lowest at
13" storey with a value of 1.
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Graph 6-Torsion in Wind load at X direction (WX) at Diaph D1 Y-In 3°6°,9°12°and15° the
value of torsion at 16" storey are 1.488,1.336,1.028,1.215 and 1.295.Hence lowest among all 5 is
at9°
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Graph 7- Torsion in Wind load at Y direction (WY) at Diaph D1 Y- In 3°,6°,9°12°and15° the
value of torsion at 16" storey are 1.032,1.055,1.025,1.11 and 1.092.1n 9° curve meets the torsion
values of base modal i.e.0°.Hence torsion value is 1 in 9°.

Conclusion
Five various modelling techniques in terms of variable angle at ons side of base modal i.e. (16m X
16m) 3°,6°,9°912%and15° for seismic zone 3 of shear wall at various storey levels have been
examined.From the study, the following conclusion may be drawn.upto 9° we can take the non

parallel building or build it because above 9° torsion level suddenly increases as shown in all the
different chart drawn above.
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