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Abstract 
 

Multistory buildings are more vulnerable to sway and hence risky in earthquakes. Shear walls act as major lateral 
load-resisting elements. In this paper, the linear static analysis is conducted as per BNBC 2020 for zone II for 
various symmetrical structural models having a 10-story ordinary RC moment-resisting frame using Etabs. The 
locations were selected in such a way that at corners, along the periphery, in one direction in case of exterior 
placement with lift core placement. The results obtained from the models were studied based on seismic 
parameters: axial force, story drift, story displacement, base share, and time period due to the earthquake force. 
The variations of results with different configurations were tabulated for the most effective placement of the 
shear wall based on performance. Such a study may help to provide guidelines for more accurate seismic 
vulnerability of building frames and may be useful to further study with the asymmetrical model. Model 1 is a 
general structure with lift core shear wall. Model 2,3,4,5 Shear wall placed in longer and shorter direction in the 
corner side of the periphery of the Building, and Model 6,7 shear wall placed in longer and shorter direction in 
the middle side of the periphery of the building. Finally, it was found that the lift core shear wall in Model 1 
exhibited the poorest performance. Model 8, positioned along a shorter direction at the middle of the building's 
periphery, displayed the best conditions.  
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1. Introduction 

A building is a permanent construction that generally contains frames, roofs, and walls. Initially, structures were 

built to withstand the environment's adverse effects, preserve food, and provide refuge for animals. During the 

late 19th and early 20th centuries, the rapid increase in population led to significant growth in modern 

multistoried buildings for both commercial and residential purposes (Devi, 2023). Industrialization and urban 

expansion, along with rising costs in urban real estate, contributed to the surge in multistory construction. 

However, due to limited land availability, the floor areas of the upper levels in tower buildings are consistently 

increasing. With the increase of story the effect of wind, earthquake are greatly influencing factor for the safe, 

stable structural design. The more the height of the building the more risk be generated to lateral sway, 

deformation, and probable resonance thus reducing stiffness. Eventually failure of the structure.  

 

The structural integrity of these buildings under lateral loads is crucial for engineers. Therefore, it should bear in 

mind with the increasing of story height, the sufficient lateral load resisting should be provided. The necessity of 

various lateral load resisting system such as diagrid, shear wall, and bracing etc. were came to concern. Shear 

wall frequently used in Bangladesh nowadays. This study aims to find out optimum placement of shear wall for 

increasing lateral load resisting system. Using ETABS various configurations will be analyzed to determine the 

optimal placement for maximizing structural efficiency and safety. The outcomes from this study are expected to 

contribute to better design practices for high-rise buildings, ensuring their resilience in lateral forces. 

1.1 Literature review 

Nandi and Ali (2024) analyzed the strategic placement of shear walls, particularly at building corners, 

significantly enhances the lateral stiffness and seismic performance of high-rise structures. Mehta and Dhameliya 

(2017) compared different lateral load systems with a G+17 storey building to evaluate seismic response in 

medium soil, focusing on lateral displacements, base shear, lateral drifts, and time period of the model. Another 

study carried out the structural performance of multi-storied building under lateral loads, particularly earthquake 
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forces comparing three lateral load-resisting systems, structural capability and effective mitigation of earthquake 

loads (Hasrat et al., 2024). The dynamic responses with and without shear walls of the frame structures in 

seismic design were studied (Thapa & Sarkar, 2017). The use of shear walls and bracing systems in R.C 

buildings to resist seismic lateral forces, improving design flexibility and reducing drift compared R.C shear 

walls and bracings with ordinary R.C structures in another study (Karthick, Kumar, & Geetha, 2016). 

2. Objectives 

The main objective of this study is to evaluate the performance of multi-story buildings for different placements 

of shear walls. The specific objectives of this study are- 

o To compare the performance of buildings in terms of static analysis parameters for different locations of 

shear walls. 

o To know the variations in displacement, story drift and axial loads with shear walls at different locations  

3. Methodology  

An analysis of a typical G+9-storey residential structure in zone 2 (Z = 0.20) of Bangladesh with 7 different 

models was conducted using ETABS to determine the effect of various placement of shear walls.  

3.1. General layout details 

A 10-storey RC residential building with a total height of 125 feet all other dimensions and materials properties 

are given in Table 1. 

Table 1. Structural details of models 

Length of Building 51.25 ft 

Width 31.5 ft 

Height 7'(Below GL) +G+10 @11'+Terrace@ 8'=125' 

Live Load on the Floor 45 psf 

Compressive Strength of Concrete 3.5 Ksi 

Yield strength of Steel 60 Ksi 

Column Size 15"×29" 

Beam Size 12" ×24" 

Slab Thickness 6" 

Total No. of Columns 12 (one floor) 

Total No. of Beams 17 (one floor) 

3.1 Preparation of the seven layout model 

The plan for the model has been meticulously prepared. This layout was then accurately created using AutoCAD, 

ensuring precision in the planning process. While there are no definitive rules governing the thickness of shear 

walls, the wall thickness around the lift core has been thoughtfully established at 0.83 feet. To maintain 

consistency, the shear wall thickness was also set at 0.83 feet, with an arbitrary length of 4 feet, approximately 

half of the smallest beam-column layout dimension at 9 feet. Model description is given in Table 2. 

Table 2: Model description of a Ten-storied building with different positions of shear wall 

 

 

In  

 

 

Figure 1 to 8 represent the eight model layout with plan and 3D view.  

Model Number Position of Shear Wall 

1 Shear wall in lift core 

2 Breaching along periphery 

3 Placed In longer span direction to the opposite corner of the building 

4 Placed along longer span direction to the opposite corner of the building 

5 Placed along shorter span direction to the opposite corner of the building 

6 Placed along shorter span direction to the opposite corner of the building 

7 Placed along a longer direction in the middle of periphery of the building 

8 Placed along a shorter direction in the middle of periphery of the building 
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Figure 1. Plan and 3D view of Model 1 in ETABS                   Figure 2. Plan and 3D view of Model 2 in ETABS 

              
 

Figure 3. Plan and 3D view of Model 3 in ETABS                  Figure 4. Plan and 3D view of Model 4 in ETABS 

 

 

           
Figure 5. Plan and 3D view of Model 5 in ETABS                Figure 6. Plan and 3D view of Model 6 in ETABS 

            
Figure 7. Plan and 3D view of Model 7 in ETABS        Figure 8. Plan and 3D view of Model 8 in ETABS 

3.2 Assigning Loads  

Different types of calculated dead load are given in Table 3. The live load is chosen according to the BNBC 2020 

code. 
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3.2.1 Dead load  

Table 3: Different dead loads 

Serial 

no 
Load case details Thickness Direction 

1 Self-Weight  Downward 

2 Pressure on full plate (floor Load) 6  Downward 

3 

Uniform member load   

Interior Wall 6ʺ Downward 

Exterior Wall 10ʺ Downward 

Parapet Wall (height=3’) 10ʺ Downward 

3.2.2 Live Loads   

For apartment type residential building, live load is taken around 60 psf according to BNBC 2020. For flat roof 

the value of Roof Live load stated around 20 psf. It was assumed to be 15 psf (BNBC, 2020). 

3.2.3 Seismic Load   

Bangladesh is situated very near the boundary of northeast moving Indian plate and Eurasian plate. The seismic 

zoning map of Bangladesh gives an idea about Maximum Earthquake motion considered at different parts of the 

country shown below [Fig. 6]. The location of the building taken at Dhaka (Z = 0.20). The value of the seismic 

parameters are given in Table 4.  

Table 4. Seismic design parameter of building 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.4 Wind Load   

According to BNBC 2020 (BNBC, 2020), the basic Wind speed for Dhaka Region was kept at 147 mph the 

exposure category was taken as A.   

3.3. Load Combinations  

The load combinations for strength design, as per the Bangladesh National Building Code (BNBC), are as 

follows: 

1.4 DL 1.2 DL + 1.6 LL  1.2 DL + 1.6 Lr + LL 

Earthquake parameters (BNBC 2015) Adopted values 

Site classification SD 

Zone coefficient, Z 0.2 (ZONE-2) 

Soil factor, S 1.35 

,   0.2 (sec), 0.8 (sec), 2.0 (sec) 

Β 0.15, 1.0 (for 5% Damping) 

Time period, T (sec) 1.07 

Occupancy category II 

Importance factor, I 1 

Seismic design category SDC D 

Lateral force resisting system Dual system: RC SMRF with RC SW 

Response reduction factor, R 7 

System over strength factor,  2.5 

Deflection amplification factor,  5.5 

Site coefficient,  1.35 

Site coefficient,  2.7 

Long period transition period,  (S) 8 

Spectral response acceleration,  0.5 

Spectral response acceleration,  0.2 

Spectral response acceleration,  0.45 

Spectral response acceleration,  0.36 
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1.2 DL + 1.6 Lr + 0.8 

WX+ 

1.2 DL + 1.6 Lr+ 0.8 

WX- 

1.2 DL + 1.6 Lr + 0.8 

WY+ 

1.2 DL + 1.6 Lr + 0.8 

WY- 

1.2 DL + LL + 0.5 Lr + 

1.6 WX+ 

1.2 DL + LL + 0.5 Lr + 

1.6 WX- 

1.2 DL + LL + 0.5 Lr + 

1.6 WY+ 

1.2 DL + L L+ 0.5 Lr + 

1.6 WY- 

1.2 DL + LL + EQX+ 

1.2 DL + LL + EQX- 

1.2 DL + LL + EQY+ 

1.2 DL + LL + EQY- 

0.9 DL + 1.6 WX+ 

0.9 DL + 1.6 WX- 

0.9 DL + 1.6 WY+ 

0.9 DL + 1.6 WZ- 

0.9 DL + 1.6 EQX+ 

0.9 DL + 1.6 EQX- 

0.9 DL + 1.6 EQY+ 

0.9 DL + 1.6 EQY- 

Here, D = Dead Loads, L= Normal Live Loads, Lr = Roof Live Loads, E= Earthquake Loads, and W = Wind 

Loads  

4. Result and Discussion  

With the lowest axial force, drift, and displacement, Model 2 (X-bracing) performed better than the others. With 

the highest displacement and base shear (679.99 kips), Model 1 (lift core shear walls) performed the worst. With 

high base shear (679.65 kips) and drift, Model 8 (shorter direction) outperformed Model 7 (longer direction) 

among periphery models. The base shear of Model 5 was the lowest (622.28 kips). Model 8, positioned along a 

shorter direction at the middle of the building's periphery, displayed the best conditions, similar result found in a 

study (Alam & Mohammed, 2023),  

 

 

  

Figure 9. Variation of Axial force for different 

model

  
 

Figure 10. Variation of story drift w.r.to storey 

height in X-direction 

 

 

 
 

Figure 11. Variation of story drift w.r.to storey 

height in Y-direction 

 
 

Figure 12. Variation of displacement w.r.to storey 

height in X-direction 

 

 
 

Figure 12. Variation of displacement w.r.to storey 

height in Y-direction 

 

 
 

Figure 13. Variation of base shear w.r.to type of 

model 
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5. Conclusion 

In the case of peripheral placement of shear walls, installation along the short side shows better performance than 

installation along the long side for static parameters. However, model with bracing (Model 2) showed best 

performance. From this study the following conclusion may be taken. 

o The building with the lift core shear wall (Model 1) has the maximum axial load and it exhibits the 

worst performance among the models with the highest story drift and displacement. 

o The performance of the building when the shear wall is placed along the shorter direction in the middle 

part of the periphery i.e. model 8 is the best in terms of static parameters. 

6. Recommendation  

For the further researches on this topic some recommendations are given below: 

o Further study may be done with the asymmetrical model both horizontally and vertically. 

o Thickness and length of shear wall may be increased. 

o Bracing and with shear wall combined can be used for to withstand high vertical and horizontal force. 
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