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Abstract

The most prominent symbol of a city is the high-rise structures, whose behavior under extreme loading conditions
is the main area of concern for structural engineers. High-rise buildings must have sufficient stiffness to withstand
the forces generated by wind and earthquakes. The provided shear walls in the structure counteract the lateral
loads caused by wind and earthquakes as well as to provide the structure more rigidity. This paper aims to study
the effect of shear wall positions on six different cases in a G+12 multi-storied residential building and to
investigate the behavior of structure subjected to seismic loads in three different zones of Bangladesh (Zone I,
Zone Il1, and Zone V) by adopting Response Spectrum Analysis. The building is subjected to gravity and lateral
loads following BNBC 2020 with SD-type stiff soil and analyzed for base shear, story displacement, and story
drift using ETABS v2016. It has been found that, compared to other cases, the building with shear walls placed
symmetrically in each of the four corners shows the best results in terms of all seismic parameters.
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1 Introduction

An earthquake is a big natural disaster that causes significant damage to structures due to a sudden shaking of the
soil (Hasan et al., 2017). As earthquakes are now unavoidable and unpredictable, therefore, designing and
constructing earthquake-resistant structures is our only option. Thus, efforts are being undertaken worldwide in
this area in order to ensure the safety of a structure and investigate its behavior during seismic activity. The
structures are subject to lateral loads from earthquakes that cause sway in addition to gravity loads, which is far
lower in low-rise structures than in high-rise ones.

Shear walls are added to a structure to enhance its stiffness, strength, and energy-dissipating capacity as well as
to lessen the consequences of lateral loads exerting on buildings (Basavalingappa & Anil kumar, 2020; Mahadik
& Bhagat, 2020). When compared to all other lateral force resisting techniques, shear walls are thought to be the
most effective, especially for tall buildings (Reddy & Peera, 2015). Shear walls have different cross sections, such
asL, T, C,and U, and generally have forms like rectangles or other irregular shapes (Sylviya & Eswaramoorthi,
2018). The structure's behavior can be significantly affected by the placement and shape of a shear wall, which
helps it withstand seismic pressures and lateral stresses. Shear walls must be placed at desirable places within a
building to minimize lateral displacements caused by seismic loads and provide an effective lateral force-resisting
system.

A study by Ahamad & Pratap, 2020 on a G+20 story reinforced concrete (RC) building found that shear walls at
all four building sides are more effective than just two sides, recommending their use in high-rise buildings.
Venkatesh Rajeeva & Manilal (2017) performed a test on seismic response analysis of RC-framed buildings and
found that shear walls significantly reduced seismic activity and stresses, especially in high-rise buildings, and
their placement was crucial. Placing shear walls in a multi-story structure’s corner or the shape of a box improves
stability, lowers overturning moments, and decreases drift and story displacement (Magendra & Titiksh, 2016).
The study by Abidi & Madhuri (2012) revealed that the shear walls at intermediate location is optimally suited
for seismic stresses compared to the center and periphery positions. Based on the elastic and elasto-plastic
behavior, a study on symmetric rectangular high-rise structures was carried out by Bhunia & Ramjiyani (2011) to
determine the proper location for the shear wall. It was discovered that the shear wall caused the
maximum deflection to decrease and reach within the allowable deflection. In addition, when designing frames
for seismic forces, the soil-structure interaction needs to be taken into account appropriately. The seismic behavior
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of RCC buildings with and without shear walls under various soil conditions was investigated by Anand &
Mightraj (2010). In their study, for all building frames, when the soil type varies from hard to medium and then
from medium to soft, the axial force, moment, lateral displacement, and base shear increase in the column.

This work aims to provide a dynamic analysis of a G+12 multi-story building by assessing displacements, story
drifts, and base shear under varied structural stiffness in different seismic zones of Bangladesh as per BNBC
(2020). This involves determining the ideal shear wall positioning for efficient lateral load resistance and
analyzing the impact of lateral loads on the structure by implementing shear walls.

2 Methodology

In this study, a G+12 RC building model was analyzed using ETABS v2016. According to BNBC 2020, the
analysis was conducted with site-specific seismic data, a significance factor, and a 5% damping ratio. The
specification of the structures is presented in Table 1. The structure had rigid floor diaphragms and moment-
resisting frames, and it was modeled with the required material properties. In accordance with code
recommendations, cracked section modifiers were applied, and geometric nonlinearity (P-A effects) was taken
into account. The size of the slab, beam, and column is given in Table 2. The governing seismic code defined
mass sources from dead load and a percentage of living load, and dead loads, live loads, and other superimposed
loads were allocated, as tabulated in Table 3. During the primary analysis, the base was considered to be fixed.
Base shear was scaled to satisfy minimal code requirements, and response quantities like member forces, story
drifts, and base shear were acquired. Drift limitations, and period validation were checked to assess the
performance and results were contrasted with code restrictions.

Table 1. Specifications of structure.

Parameter Value
Building height from base 136 ft.
Ground floor and 1% to 12 floor height 11 ft. and 10 ft.
Soil type SD
Damping ratio 5%
Importance Factor, | 1.35
Response reduction factor, R 8

Table 2. Structural member dimension used in the model.

Member type Section Id. Ground Floor 1t floor 2" floor 3" to 12%" floor

Floor slab Slabl - 5" 5" 5"

Grade beam GB1 12" x 24" - - -

Floor beam FB1 - 12" x 20" 12" x20" 12" x20"
C1 16" x 34" 12" x 30" 12"x30" 12" x 30"

Column Cc2 18" x 28" 12" x 25" 12" x25" 12" x25"
C3 18" x 34" 15" x 30" 15”"x30" 12" x 30"

Table 3. Applied loads on the building model.

Load type Load
Floor live load 42 (psf)
Stair live load 100 (psf)
Roof live load 30 (psf)
Floor finishing load 20 (psf)
Wall load on beams 258 (Ib/ft)

2.1 Case Study Model With and Without Shear Wall

The aim of the current study is to determine the best position for a shear wall in a G+12 residential building that
has multiple stories and is subject to seismic loads. In a suggested layout, shear walls are positioned at various
points, and the software ETABS v2016 has been used to determine the best site for shear walls. The plan view is
shown in Figure 1, and six distinct situations have been examined for analysis in this paper.
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Case A : Model without shear wall.

Case B : Model with shear wall at X1-Y1 and X21-Y1 corner.
Case C : Model with shear wall at X1-Y4 and X21-Y4 corner.
Case D : Model with shear wall at X1-Y4 and X21-Y1 corner.
Case E : Model with shear wall at X1-Y1 and X21-Y4 corner.
Case F : Model with shear wall at four corners.

P O0000006 006066066 60
_ .

(a) Case A (Model without shear wall).
POOO000 0000000800 80
_ .

(b) Case B (Model with shear wall at X1-Y1 and X21-Y1 corner).

0000000000000 08 006 o
@—r — |

(c) Case C (Model with shear wall at X1-Y4 and X21-Y4 corner).

20000000 000000080 06 00

(d) Case D (Model with shear wall at X1-Y4 and X21-Y1 corner).

287



Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

2000000080000 06000 00
(va) — — ——

(e) Case E (Model with shear wall at X1-Y1 and X21-Y4 corner).
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(f) Case F (Model with shear wall at four corners).

Figure 1. Position of shear walls according to different cases.

3 Results and Discussion

The response spectrum analysis was performed, and a total of 14 mode shapes were taken for analysis, indicating
that the modal mass participation exceeded 90%. The time period and frequency for all cases (A, B, C, D, E, and
F) were 3.69 sec, 1.26 sec, 1.37 sec, 1.28 sec, 1.28 sec, and 1.14 sec, respectively.

3.1 Base Shear

Figure 2 shows the base shear values, for all six building types (Cases A, B, C, D, E, and F) in the three seismic
zones (11, 111, and IV) of Bangladesh. These base shear values represent the total lateral seismic force acting at the
base of the building that needs to be resisted by the structural elements. As expected, the maximum base shear
increases with the seismic zone. This reflects the higher seismic forces acting on the building in zones with greater
earthquake intensity (Zone 111 and 1) compared to Zone 1. Case F, which likely represents a building with shear
walls at four ends, consistently exhibited the highest base shear value across all seismic zones 11, I11, and IV with
a value of 1897 kip, 2655 kip, and 3414 kip, respectively. This indicates that Case F attracts the highest lateral
seismic force due to its increased stiffness and capacity to resist lateral loads.
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Figure 2. Maximum base shear
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In Zone 1 (the lowest seismic zone), Case A, likely representing a building without shear walls, has the lowest
base shear value (1585 kip). This suggests that Case A experiences the least lateral seismic force due to its lower
stiffness. Case B, C, D, and E exhibit identical base shear values across all three seismic zones. This observation
could be due to similar structural configurations resulting in comparable responses to seismic loads. It’s important
to refer to the specific case descriptions to understand the reasons behind their identical behavior.

3.2 Story Displacements and Drifts

The maximum displacements for a G+12 multi-story building for all cases (A, B, C, D, E, and F) and the three
seismic zones of Bangladesh (11, 111, and IV) in the global X and Y directions are presented in Figure 3, Figure 4,
and Figure 5. The maximum displacements are found as 3.66 inches, 5.12 inches, and 6.59 inches along the X
direction and 4.57 inches, 6.40 inches, and 8.23 inches along the Y direction in zones 11, I11, and 1V, respectively.
The displacement values are higher in seismic zone IV for all cases (A, B, C, D, E, and F) compared to the seismic
zones Il and I1l. Case A exhibits the maximum displacement among all the cases, while Case F shows the
minimum displacement. Case F yields superior results, suggesting that a structure with uniform stiffness can
reduce more displacement. In addition, case B, C, and D, E show similar displacement results. According to
BNBC, 2020, the overall sway at the top level of the building shall not exceed 1/500 times of the total height of
the building above ground. This translates to a sway limit of 3.12 inches for this building. The sway limits are
observed in both the global X-direction and global Y-direction for all cases (A, B, C, D, E, and F). The building
was found to be within the safe sway limits for cases B, C, D, E, and F in seismic zones Il, I11, and 1V, with the
exception of case C in zone IV along the X-direction.

It is also observed that the story drift values are greater in seismic zone IV for all cases (A, B, C, D, E, and F)
when compared to zones Il and 111. Case A (the building without shear wall) shows the highest story drift among
all cases, while case F (the building with shear walls at four ends) gives the lowest story drift. Case F (building
with shear wall at four ends) shows a better result for all zones 11, 111, and 1V, which suggests that story drifts can
be reduced by designing a framework with uniform stiffness.
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Figure 3. Story displacement for zone Il along (a) X-direction and (b) Y-direction.
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Figure 4. Story displacement for zone 111 along (a) X-direction and (b) Y-direction.
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Figure 5. Story displacement for zone 1V along (a) X-direction and (b) Y-direction.
4 Conclusion

This study yields the following conclusions based on the analysis of the results:

a) Shear walls provide the structure more stiffness and strength in compared to the structures without shear
walls.

b) The structure with shear walls at all four ends (i.e., Case F), exhibited superior results for base shear,
displacement, , and story drift.
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