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Abstract - This study presents a simulation-based analysis of
a high-rise (21+G floor) reinforced concrete building. The
simulations were carried out using ANSYS 17.2 software,
utilizing its "Static Structural”, "Modal", and "Response
Spectrum” tools to evaluate the performance of the building
under various loading conditions.

The structural response of the building was analysed under
dead load (DL) and live load (LL) using the Static Structural
tool. The Modal analysis was performed to determine the
natural frequencies and vibration modes of different shear
wall orientations. Finally, seismic performance was assessed
through Response Spectrum Analysis, simulating ground
excitation forces to evaluate earthquake resistance.

The focus of this research is to determine the most effective
orientation of shear walls to optimize the lateral resistance of
the structure. Five different shear wall configurations were
modelled and compared for their performance under seismic
loading. The building analyzed has a total height of 128.7 m,
with dimensions of 60 m x 30 m and total floor area of 52636.5
m? Key structural elements include M30 concrete columns (1
m x 1.2 m), beams (1.2 m x 1.2 m), slab thickness of 0.15 m,
and shear walls of 0.15 m thickness.

This study highlights the importance of strategic shear wall
placement in tall buildings to enhance structural stability
under lateral loads such as wind and earthquakes. The results
provide guidance for optimal shear wall design and contribute
to safer and more resilient high-rise structures.

Key Words: Shear wall orientation, tall building
simulation, ANSYS 17.2, Response spectrum analysis,
Earthquake resistance, High-rise structure, FEM.

1.INTRODUCTION

I am using ANSYS 17.2 software for simulation work. For
analysing dead load (DL) and live load (LL) on a tall building,
I use the Static Structural tool. To determine the natural
frequencies of different building types, I use the Modal tool.
Finally, earthquake analysis is performed using the Response
Spectrum tool.

The aim of this simulation is to identify the best orientation
of shear walls to resist ground excitation forces. For this
purpose, five different shear wall orientations are
considered.

Shear walls are vertical structural elements designed to
resist lateral forces parallel to their plane, such as those from
wind or earthquakes. In slender walls, they resist loads
through cantilever action. They act as rigid vertical
diaphragms, transferring lateral loads from floors, roofs, and
walls to the foundation.

These walls are critical in high-rise buildings to control
lateral displacement and resist torsional forces caused by
wind, seismic activity, or uneven settlement. Shear walls are
generally plane or flanged in section, while core walls often
have channel sections. Their position and shape significantly
affect building behaviour. Structurally, the ideal location is
central in each half of the building, but due to space
constraints, they are often placed at ends, around lift shafts,
stairwells, or windowless side walls to minimize openings
and maintain stiffness.

1.1 OUTLINE OF THE MODEL

In my simulation, I am analyzing a tall, frame-structured
building with an oval shape. The oval form has been chosen
as itis optimized to reduce wind forces acting on the building
surface, as supported by the findings in the paper "Tall-
Building Structure Shape Optimization using Computational
Fluid Dynamic (CFD)." [1] The building consists of 21 floors
above a ground floor (21+G), with an overall height of 128.7
meters. Ithas alength of 60 meters and a width of 30 meters,
resulting in a total floor area of 52,636.5 m?2.

Each floor has a height of 5.85 meters, while the structural
columns are 4.5 meters tall and spaced 10 meters center-to-
center. The building features slabs with a depth of 0.15
meters, columns measuring 1 meter by 1.2 meters, and
beams with dimensions of 1.2 meters by 1.2 meters. Shear
walls are also included, each with a thickness of 0.15 meters.

M30 grade concrete is used for all structural components,
with a density (p) of 2400 kg/m? and a Poisson’s ratio () of
0.15. The simulation considers an environmental
temperature of 22°C.

1.2 Earthquake Data

In my simulation, I am using the computed response
spectrum data from the Bhuj Earthquake to analyse the
seismic performance of the tall building. The earthquake
eventoccurred on 26th January 2001 at 08:46:42.9 IST, with
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amagnitude of 7.0 Mb or 7.6 Ms. The response spectrum data
used in this analysis was obtained from the Department of
Earthquake Engineering, Indian Institute of Technology
Roorkee, Roorkee-247667, India.

The data corresponds to recordings from the Ahmedabad
station, located at latitude 23°02'N and longitude 72°38'E,
with the compass direction-oriented N 78° E. The
accelerogram was bandpass filtered between 0.07 Hz and
27.0 Hz,and a 5% damping ratio is considered in the analysis,
which is typical for reinforced concrete structures.

The acceleration response spectrum of Bhuj Earthquake is
shown in the following Fig-1.
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Fig -1: Acceleration response spectrum
2. EARTHQUAKE ANALYSIS METHODS

In earthquake engineering, lumped mass systems are a
common way to idealize structures for dynamic analysis.
These systems assume that mass is concentrated at discrete
points (typically at floor levels), while the stiffness is
distributed through the structural elements (like beams and
columns). Two widely used methods for analyzing such
systems under earthquake loading are:

1. Response History Analysis (RHA)
2. Response Spectrum Analysis (RSA)

2.1 RESPONSE HISTORY ANALYSIS (RHA)

Response History Analysis (RHA) is concerned with the
calculation of structural response as a function of time when
the system is subjected to give ground acceleration. The RHA
procedure is first presented for an arbitrary structural
configuration and subsequently specialized for multistory
building with a symmetric plan and for multistory with an
unsymmetrical plan. Response History Analysis (RHA) is
devoted mainly to a single component of ground motion,
typically one of the horizontal components. Combining the
structural responses determined from such independent
analyses for each excitation component gives the response of
the linear system to multiple-component excitation. Also
developed is procedure to analyze the response of structure
subjected to different prescribed motions at various

supports. Response History Analysis (RHA) ends with a brief
section on the principal requirements that the structural
idealization must satisfy so that the response of a structure
predicted by analysis agrees satisfactorily with the recorded
during an earthquake.

2.2 RESPONSE SPECTRUM ANALYSIS (RSA)

Response Spectrum Analysis (RSA) is concerned with
procedures to compute the “peak response” of a structure
during an earthquake directly from the earthquake response
spectrum without the need for response history analysis of
the structure. This procedure is not an exact predictor of
peak response, but it provides an estimate that is sufficiently
accurate for structural design applications. Response History
Analysis (RHA) procedure provides “structural response” as
a function of time, but the structural design is usually based
on the peak values of forces and deformation over the
duration of the earthquake-induced response.

3. FINITE ELEMENT ANALYSIS

The finite element analysis (FEA) is a numerical technique,
which is used to obtain the approximate solution in complex
engineering problems. It is a matrix-oriented method and
computer-based solution method also. In “finite element
analysis” the given system which is divided into smaller sub-
division that is known as ‘finite element’ for analysis. Further
sub-division (elements) assumed to be connected in a finite
number of points called as nodal points. So the basic
elements as three nodes but any number of nodes can be
introduced in an element. Matrix displacement method is
applicable only to the skeleton structure. To determine the
element characteristic in finite element analysis (FEA) the
valuation of unknown function in displacement is assume in
term of its nodal value.[2]

4. RSA SIMULATION

The study aims to determine the total displacement and
story drift of a tall oval-shaped building before and after
applying ground excitation. Initially, the building is analyzed
without shear walls, and then with varying numbers and
orientations of shear walls to assess stability improvements.
The objective is to compare the story drift results with the
permissible limit defined in IS:1893 (Part 1), Clause 7.11.1,
which is 0.004 times the story height (0.51m for a 128.7m
tall building).

For analysis, ANSYS tools—Static Structure, Modal, and
Response Spectrum—are used. Static analysis (FEA)
considers only dead and live loads (DL + LL), while the
modal and response spectrum analyses incorporate
earthquake loads (DL + LL + EQ) to evaluate dynamic
responses and optimize shear wall orientation for seismic
performance.
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Fig -2: ANSYS project page

For the purpose of earthquake analysis, the three ANSYS
modules Static Structural, Modal, and Response Spectrum
were integrated, as illustrated in Fig-2.

4.1 STATIC STRUCTURAL

In the static analysis, the objective is to determine the
displacement caused by dead and live loads (DL + LL). First,
the structural model is created and imported into ANSYS
Mechanical under the 'Geometry' section. The model is then
discretized into smaller elements through a process called
meshing, as shown in Fig-3. ANSYS offers various meshing
techniques, including automatic, tetrahedral, surface, beam,
body, and mapped face meshing.
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Fig -3: Meshing

After meshing the boundary condition also applied to the
model. For building analysis, all the columns of the ground
floor should be fixed support. Here I am using M30 concrete
material. So I need to assign the material in each part of the
frame structure (i.e.; beam, column, and slab). In Ansys, only
two engineering data Young’s modules (Es) and poison ratio
(W) required to define the material.

In ANSYS, only the live load data is manually input, as the
dead load is automatically calculated based on the material
density and standard earth gravity. For this model, standard
gravity (9.8 m/s?) acts downward in the negative Z-
direction. All connections between elements are defined as
“Bonded” to ensure proper structural interaction. [Refer to
Fig-4]

Fig -4: Connection Between Elements

4.2 MODAL ANALYSIS

In ANSYS is used to calculate the structure’s natural
frequencies and corresponding mode shapes (¢), which are
essential for determining displacement due to seismic
activity. Without these modal values, the maximum
displacement under earthquake loading cannot be computed
using the response spectrum method. The displacement
equation is expressed as:

|uii(t)|max =Pi ‘Pji SD(wy, &)

Modal analysis utilizes the mass and stiffness matrices of the
structure to determine its natural periods of vibration. These
natural periods are critical in earthquake engineering
because resonance can occur if a structure’s natural
frequency matches the predominant frequency of an
earthquake, potentially leading to severe damage.

This type of analysis is also significant in structures like
bridges, where matching of natural frequencies with human
or traffic-induced excitations can cause resonance. For
example, military personnel are advised to break step when
crossing bridges to avoid synchronized excitation.

Although modern software like ANSYS automates modal
analysis, simplified hand calculations are possible by
idealizing a tall building as a fixed-base cantilever with
lumped masses.

In this study, ten mode shapes were considered in ANSYS,
and the corresponding displacements for each mode were
calculated as part of the seismic response analysis.

4.3 RESPONSE SPECTRUM

In this part of the analysis, earthquake-induced displacement
is calculated using the acceleration response spectrum from
the Bhuj Earthquake. The Complete Quadratic Combination
(CQC) method is used to combine modal responses, as the
natural frequencies of the structure are closely spaced.
ANSYS offers three modal combination methods: SRSS, CQC,
and ROSE; CQC is selected due to its suitability for closely
spaced modes. The computed displacements are then
compared with the permissible limits to assess the building's
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safety. The response spectrum is applied in both the
horizontal (X-direction) and vertical (Y-direction) for amore
comprehensive analysis.

5. RESULT AND DISCUSSION

Table -1: Shear-wall orientation

Building | Shear Wall Orientation | Descriptions
Model
M-1 p - :: : . | Noshear-wall used
M-2 al : : : : : : 1 . | 4shear-walls used. 2 shear
walls placed in y-axis at 2
sides of the building
M-3 - :: e 4 shear-walls used. 2 shear
. walls placed in x-axis at 2
sides of the building
M-4 p : :: A_: : : . | 4 shear-walls used. 2 shear-
I A walls placed in the x-axis,
and 2 shear-walls placed in
y-axis at the center of the
building.
M-5 y F::: ::_I 3 6 shear-walls used. 2 shear
B, walls placed in the y-axis,
and 1shear-walls placed in
x-axis at both ends of the
building.
M-6 . 6 shear-walls used. 2 shear-
T : ::' walls placed in the x-axis,
S and 4 shear walls placed in
y-axis at the center of the
building

5.1 TEST RESULT OF STATIC ANALYSIS

In this part, [ calculate the deformation of the building due to
static loads. I consider dead load and live load as a static
load. The values of total deformation due to dead load and
live load (DL+LL) are in Table 2.

Table -2: Total deformation

Model name Total deformation in m.
M-1 0.059682m
M-2 0.050722m
M-3 0.053051m
M-4 0.056915m
M-5 0.049164m
M-6 0.056347m

Deformation due to (DL+LL)
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Chart -1: Static deformation

From Table 2 and Chart 1, it can be observed that building
model “M-5” is more stable than the other models. This is
because the total deformation value of model “M-5” is the
lowest among the six models. Under static loading, the
configuration with two shear walls placed along the y-axis
and one shear wall at each end along the x-axis provides
greater stability. In contrast, the largest deformation is
observed in building model “M-1".

5.2 TEST RESULT OF DYNAMIC ANALYSIS
5.2.1 RS-ACCELERATION IN X DIRECTION

To find out the total deformation of the tall building due to
earthquake I applied “RS-Acceleration in X-direction.
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Chart -2: Total deformation due to RS-acceleration

When RS-Acceleration is applied in the X-direction, building
model “M-3” is found to be more stable. This is because
model “M-3” has the minimum total displacement of 0.14366
m. The deformation in both the X and Y directions due to the
response spectrum is presented in Chart-3.
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Chart -3: Deformation RS- acceleration
5.2.2 RS-ACCELERATION IN X DIRECTION

To find out the total deformation of the tall building due to
earthquake I applied “RS-Acceleration in Y-direction.
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Chart -4: Total deformation due to RS-acceleration

When RS-Acceleration is applied in the Y-direction, building
model “M-5” is found to be more stable, as it has the
minimum total displacement of 0.2988 m. The deformation
in the X and Y directions due to this response spectrum is
presented in Table 3 and Table 4 respectively.

Table -3: Deformation in x-direction

Table -4: Deformation in y-direction

BUILDING MODEL DEFORMATION IN m
M-1 1.6247

M-2 0.35087

M-3 1.1

M-4 0.57069

M-5 0.2988

M-6 0.3128

TOTAL DEFORMATION

H X-DIRECTION

B Y-DIRECTION

Deformation in m

M-1 M-2 M-3 M-4 M-5 M-6
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Chart -5: Total Deformation

Chart 5 provides a graphical representation of the total
deformation of each building model due to earthquake
loading. The “Blue” bars indicate the total deformation
resulting from RS-Acceleration applied in the X-direction,
while the “Orange” bars represent deformation from RS-
Acceleration applied in the Y-direction. Building model “M-3"
shows the minimum total displacement when RS-
Acceleration is applied in the X-direction. However, when the
RS-Acceleration is applied in the Y-direction, its deformation
is significantly higher and exceeds the story drift limit
specified in IS 1893. Therefore, building model “M-3" is not
considered a stable structure. In contrast, building model
“M-5" remains stable under RS-Acceleration in both
directions.

5.3 DETAILS ANALYSIS OF BUILDING MODEL M-5
5.3.1 TOTAL DEFERMATION

Drift is defined as the lateral displacement of a structure.
Story drift refers to the displacement of one level of a multi-
story building relative to the level below. Inter story drift is
the difference in lateral displacement between the roof and
floor of a given story as the building sways during an
earthquake, normalized by the story height. In Table 05, I
present the displacement at each floor and the
corresponding inter story drift.

BUILDING MODEL | DEFORMATION IN m
M-1 0.038956

M-2 0.0036563

M-3 0.036173

M-4 0.039532

M-5 0.0095044

M-6 0.024339

© 2025,IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal | Page 385



‘,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 12 Issue: 08 | Aug 2025

www.irjet.net

p-ISSN: 2395-0072

Table -5: Inter story drift

DEFORMATION INTER STOREY
FLOOR (inm) DRIFT (in m)
G 0.0104 0.0104
1 0.016891 0.006491
2 0.024387 0.007496
3 0.032326 0.007939
4 0.040552 0.008226
5 0.048937 0.008385
6 0.057393 0.008456
7 0.065857 0.008464
8 0.074249 0.008392
9 0.082468 0.008219
10 0.090438 0.00797
11 0.098105 0.007667
12 0.10542 0.007315
13 0.11234 0.00692
14 0.11882 0.00648
15 0.12483 0.00601
16 0.13035 0.00552
17 0.13535 0.005
18 0.13983 0.00448
19 0.1438 0.00397
20 0.14723 0.00343
21 0.15043 0.0032

5.3.2 MODE SHAPE

Fig -5: Mode Shape

6. CONCLUSION

Initially, I analyzed a G+20 building model without any shear
wall. The total displacement was found to be 0.0596 m,
which falls within the permissible limit as per IS: 1893 (Part
1). However, when ground excitation was applied, the total
displacement increased significantly to 1.6248 m, exceeding
the allowable limit.

To improve the structural performance, shear walls were
introduced, and five modified models were created: M-2, M-
3, M-4, M-5, and M-6 (refer to Table 5). After conducting
simulations on all models, it was concluded that Model M-5
is the most stable under response spectrum (RS)
acceleration applied in both the X and Y directions.

Forinstance, in Model M-3, the total displacement under RS-
acceleration in the X-direction was 0.14366 m, which is
within limits. However, in the Y-direction, the displacement
increased to 1.1084 m, exceeding the acceptable range (refer
to Tables 7 and 10).

In contrast, Model M-5 showed displacements of 0.15043 m
(X-direction) and 0.2988 m (Y-direction), both of which are
within the permissible limits.

Therefore, itis concluded that the M-5 model provides better
stability and safety under seismic loading conditions.
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