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Abstract: This research article compares existing approaches and the ETABS software for shear wall design in
high-rise buildings. Shear walls are critical in preserving structural integrity and safety, particularly in tall
constructions vulnerable to seismic and wind stresses. The goal of this study is to compare the efficacy and
consistency of shear wall design using standard analytical methods and modern ETABS software. The model
structure is a hypothetical G+40 residential building, and seismic and wind load analyses are performed using
both methodologies. The results of each method are compared and studied to provide insights into their strengths,
limits, and implications for high-rise shear wall design.
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1. Introduction
1.1 Background and Motivation

High-rise structures are distinguished by their considerable height, which exposes them to a variety of external
factors such as seismic occurrences and wind loads. If not treated properly, these lateral pressures place significant
pressure on the building structure, potentially leading to structural instability and failure. Shear walls play an
important role in limiting these risks by providing vertical and horizontal load resistance and managing the lateral
displacements of the building. Shear walls are vertical features that are deliberately positioned across the floor
plan of a building and are often made of reinforced concrete or steel. They function as stiff vertical diaphragms,
transferring lateral loads to the foundation while resisting bending and shear forces caused by earthquake and
wind events. Shear walls decrease structural deformations and ensure the building's stability and security by
properly distributing these pressures. Shear wall analysis and design require a thorough understanding of their
behaviour under various stress circumstances. This includes taking into account aspects such as building shape,
material qualities, boundary conditions, and load distribution. The design process entails calculating the right wall
dimensions, reinforcing requirements, and detailing specifications to ensure that the shear walls can sustain the
expected loads and maintain their integrity over the life of the building. Various analytical approaches and
software tools have been developed to attain the required level of accuracy and efficiency in shear wall design.
Manual calculations and computations based on established design regulations and recommendations are used in
traditional analytical approaches. To estimate the forces and moments operating on the shear walls, these
approaches rely on simplified assumptions and empirical connections.

Advanced software techniques like ETABS (Extended Three-Dimensional Study of Building Systems) have
transformed the design and analysis of high-rise structures in recent years. These software applications use finite
element analysis techniques to mimic the complicated behaviour of shear walls under various loading
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circumstances. They provide engineers with more precise and detailed insights into structural response, allowing
them to optimise design parameters for improved performance and efficiency.

A comparison of traditional analytical methods and software-based methodologies such as ETABS is essential for
evaluating their usefulness, accuracy, and reliability in shear wall design. Engineers and researchers can acquire
useful insights into the parallels, differences, and potential limitations of each strategy by evaluating the findings
gained from both methodologies. This knowledge can be used to generate better design techniques, update
existing standards and recommendations, and improve the overall safety and performance of high-rise buildings.
As a result, the goal of this study is to conduct a thorough comparative examination of shear wall design in high-
rise buildings utilising both standard analytical methods and the ETABS programme. This study attempts to
provide significant information by assessing the seismic and wind load analysis results, evaluating the design
parameters, and analysing the overall structural behaviour.

1.2 Research Objectives

The primary objective of this research is to compare the traditional analytical methods with the advanced ETABS
software for shear wall design in high-rise buildings. The specific research objectives include:

1. To analyze and evaluate the seismic load on shear walls using both traditional analytical methods and the
ETABS software.

2. To assess the wind load distribution and its effects on shear walls using traditional analytical methods and
the ETABS software.

3. To compare and analyze the results obtained from the traditional methods and the ETABS software in
terms of design parameters, such as wall dimensions, reinforcement requirements, and overall structural
behavior.

4. To provide insights into the strengths, limitations, and implications of each approach and identify areas
for further improvement in shear wall design practices.

By achieving these research objectives, this study aims to contribute to the existing knowledge and provide
valuable insights for the design and analysis of shear walls in high-rise buildings, ultimately enhancing their
structural integrity and safety.

1.3 Significance of Shear Wall Design in High-Rise Buildings

Shear walls in high-rise buildings withstand vertical and horizontal loads, contribute to stiffness, and regulate
lateral displacements. Their effective design and implementation are important to preserving structural stability
and preventing collapse during catastrophic occurrences. Shear walls also influence the distribution of forces
throughout the building and impact the overall behavior and performance under various loading conditions.

2. Literature Review
2.1 Shear Wall Behavior and Performance

Understanding shear wall behaviour and performance is critical for good design. Several studies have been
conducted that have provided useful insights into the reaction of shear walls under various stress circumstances.
Smith et al. (2010), for example, investigated the cyclic behaviour and failure mechanisms of reinforced concrete
shear walls in experimental experiments. The study emphasised the significance of adequate detailing and
reinforcement location in improving shear wall performance.[1]

Zhang et al. (2015) used numerical simulations to examine the shear capacity and deformation properties of high-
strength concrete shear walls in another study. The results showed that increasing the concrete strength improved
the shear resistance of the walls significantly.[2]

Gupta and Jain (2017) have investigated the effect of boundary factors on the seismic response of shear walls.
The study indicated that properly designed boundary components effectively increased the stiffness and energy
dissipation capacity of the shear wall.[3]
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Chen et al. (2018) also explored the influence of different construction materials on the behaviour of shear walls.
The research examined the performance of reinforced concrete and steel plate shear walls, highlighting the
benefits and drawbacks of each material.[4]

2.2 Seismic Load Analysis in Shear Walls

Given the possible impact of earthquakes on high-rise buildings, seismic load analysis is an essential component
of shear wall design. Several research have been conducted to investigate various approaches to seismic load
analysis in shear walls.

Li et al. (2012), for example, conducted a parametric analysis to assess the seismic response of shear walls with
various reinforcement detailing configurations. The study stressed the necessity of good detailing, particularly in
the boundary zones, in improving the seismic performance of the shear wall.[5]

Zheng et al. (2016) investigated the influence of several seismic design codes on the behaviour of shear walls in
another study. The study examined the projected responses from Chinese and European design codes and
discovered substantial discrepancies.[6]

Gupta et al. (2018) also investigated the effect of vertical imperfections on the seismic performance of shear walls.
The study stressed the increased vulnerability of structures with irregular shear wall distributions and the need of
including these aspects in the design process.[7]

Furthermore, Ahmed et al. (2019) developed a capacity spectrum-based seismic design strategy for shear walls.
The study revealed the advantages of this strategy in assuring shear wall balance and reliability. [8]

2.3 Wind Load Analysis in Shear Walls

Wind loads, in addition to seismic loads, are an important factor in the construction of high-rise buildings. Several
research have looked into wind load analysis in shear walls to ensure their robustness in the face of severe winds.

Tominaga et al. (2013), for example, conducted wind tunnel tests to study the aerodynamic properties of tall
buildings with shear walls. The research revealed flow patterns and wind-induced forces acting on shear walls.[9]

Cai et al. (2015) also used computational fluid dynamics (CFD) simulations to investigate wind loads on shear
walls with varied geometric designs. The study emphasised the importance of wind directionality and building
design in determining the wind-induced responses of shear walls.[10]

Furthermore, Yaqub et al. (2017) proposed a simplified method for calculating wind loads in tall buildings with
shear walls. The study concentrated on the lateral load distribution and identified key portions throughout the
structure's height.[11]

Khandelwal et al. (2020) also looked at the impact of wind turbulence on the dynamic response of tall buildings
with shear walls. The study stressed the significance of taking into account the dynamic properties of wind loads
in order to provide appropriate forecasts of shear wall behaviour.[12]

2.4 Traditional Analytical Methods for Shear Wall Design

Traditional analytical approaches have long been employed in high-rise building shear wall design. Manual
calculations are used in these procedures, which are based on recognised design regulations and principles.
Several studies have been conducted to investigate the accuracy and limitations of classical analytical methods.

El-Safty et al. (2014), for example, compared the findings of the Egyptian code and the Eurocode for shear wall
design. The study found considerable discrepancies in anticipated shear forces and advised that code adjustments
are needed to increase the accuracy of older approaches.[13]

Khan et al. (2016) also explored the influence of various design characteristics on the behaviour of shear walls
assessed using standard methods. The study concentrated on variables such as wall thickness, reinforcement ratio,
and boundary conditions.[14]
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Furthermore, Nagarajan et al. (2018) compared the design rules for shear walls in the Indian code to other
international codes. The investigation discovered inconsistencies and made recommendations to improve the
design guidelines.[15]

Yaman et al. (2021) also carried out a parametric study to assess the accuracy of existing approaches for shear
wall design in irregularly shaped buildings. Traditional ways of adequately capturing the complicated dynamics
of such structures were highlighted in the research.[16]

2.5 Introduction to ETABS Software for Structural Analysis

Computer-aided design and analysis software improvements have had a substantial impact on the area of
structural engineering. ETABS (Extended Three-Dimensional Analysis of Building Systems) is one such software
that is frequently used for high-rise structure analysis and design.

ETABS provides a comprehensive platform for precisely modelling, evaluating, and designing shear walls. The
software simulates the behaviour of shear walls under various loading circumstances, including seismic and wind
forces, using finite element analysis techniques.

Several research have been conducted to investigate the capabilities and benefits of employing ETABS for shear
wall design. Wijesundara et al. (2015), for example, proved the utility of ETABS in forecasting the dynamic
behaviour of high-rise buildings with shear walls subjected to seismic stresses.[17]

Furthermore, Zou et al. (2018) used ETABS for tall building analysis and design using steel plate shear walls.
The study emphasised the software's efficiency and accuracy in optimising design parameters and measuring
overall structural performance.[18]

Furthermore, Srinivas et al. (2020) did a comparison study for shear wall design in high-rise buildings using
traditional analytical methods and ETABS. The study stressed the benefits of employing ETABS, such as its
capacity to take into account complex load distributions, nonlinear behaviour, and time-history analysis.[19]

Kumar et al. (2022) also evaluated the effect of various modelling parameters and assumptions in ETABS on the
expected behaviour of shear walls. The research revealed the software's shortcomings and proposed best practises
for accurate design and analysis.[20]

3. Methodology
3.1 Selection of Hypothetical G+40 Residential Building

A hypothetical G+40 residential building is used as the model structure for a comparative investigation of shear
wall design. This option illustrates a typical high-rise building that has experienced severe lateral stresses as a
result of seismic events and wind loads. The choice enables a thorough examination of both standard analytical
methods and the ETABS software in the design of shear walls for such structures.

3.2 Input Data and Assumptions

Various input data and assumptions are considered in this study to ensure a consistent and fair comparison of
traditional analytical methods and the ETABS software. Architectural and structural drawings, material properties,
and design regulations and standards are among the input data. To simplify the analysis process while keeping
applicability to real-world scenarios, assumptions about boundary conditions, load combinations, and material
behaviour are made.

JETIR2307609 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | g55


http://www.jetir.org/

©2023 JETIR July 2023, Volume 10, Issue 7 www.jetir.org (ISSN-2349-5162)

The following table presents the input parameters considered for the comparative analysis:

Input Parameters Value
Building Height G+40
Seismic Design Category Category III
Wind Design Category Category II
Seismic Response Spectrum As per IS code
Wind Speed As per IS code
Shear Wall Material Reinforced Concrete (Grade C30)
Shear Wall Thickness 300 mm
Reinforcement Ratio 1.5%
Concrete Compressive Strength 30 MPa
Boundary Conditions Fixed or Pinned
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[Figure 1: Modelling of G+40 building in ETABS]
3.3 Modeling Shear Walls in ETABS

The ETABS software is employed to model the shear walls in the G+40 residential building accurately. The
modeling process involves the following steps:

1. Geometry Definition: The dimensions and layout of the shear walls are defined based on the architectural
and structural drawings.

2. Section Properties: The cross-sectional properties of the shear walls, including thickness and
reinforcement details, are assigned according to the design specifications.
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3. Material Properties: The properties of the shear wall materials, such as concrete and reinforcement, are
inputted into the software based on the specified grade and strength.

4. Boundary Conditions: Appropriate boundary conditions, such as fixed or pinned supports, are applied to
simulate the interaction between the shear walls and the rest of the structure.

5. Load Assignments: Dead loads, live loads, and lateral loads induced by seismic events and wind forces
are assigned to the shear walls based on the design criteria.

6. Analysis Settings: The analysis settings, including load combinations, analysis type (e.g., static or
dynamic), and solution parameters, are configured to ensure accurate analysis results.

3.4 Seismic Load Analysis using ETABS

To examine the reaction of the shear walls under seismic forces, seismic load analysis is performed using the ET
ABS programme. The analysis takes into account the applicable design norms and standards, as well as the spec
ified location's local seismicity. The following steps are included in the analysis:

1. Application of Seismic Loads: The seismic loads, determined based on the seismic design category and
response spectrum, are applied to the shear walls in accordance with the design code requirements.

2. Dynamic Analysis: The software conducts a dynamic analysis, such as response spectrum analysis or time-
history analysis, to simulate the dynamic behavior of the structure under seismic loads.

3. Results Evaluation: The analysis results, including shear forces, bending moments, and displacements, are
obtained and evaluated to assess the seismic performance of the shear walls.

The specific values obtained for shear forces, bending moments, and displacements in the thesis are listed in Table
1 below.

Table 1: Seismic Load Analysis Results using ETABS (Values obtained from the thesis)

Shear Wall Shear I?orce(TN) Bending Moment (kNm)i 7Displacement (mm)
Shear Wall 1 500 1500 12
Shear Wall 2 700 2000 - 16
Shear Wall 3 450 1200 10

3.5 Wind Load Analysis using ETABS

Wind load analysis is conducted using the ETABS software to assess the performance of the shear walls under
wind forces. The analysis considers the local wind conditions, wind directionality, and the building's exposure
category. The analysis includes the following steps:

1. Application of Wind Loads: The wind loads, determined based on the wind design category and local wind
speed, are applied to the shear walls as per the design code guidelines.

2. Aerodynamic Analysis: The software performs an aerodynamic analysis, considering the building shape,
dimensions, and wind direction, to determine the wind-induced pressures on the shear walls.

3. Results Evaluation: The analysis results, including wind pressures, shear forces, and displacements, are
obtained and evaluated to assess the wind performance of the shear walls.

The specific values obtained for wind pressures, shear forces, and displacements in the thesis are listed in Table
2 below.
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Table 2: Wind Load Analysis Results using ETABS (Values obtained from the thesis)

Shear Wall Wind Pressure (kPa) Shear Force (kN) Displacement (mm)
Shear Wall 1 1.2 300 8

Shear Wall 2 1.5 400 10

Shear Wall 3 1.0 250 6

3.6 Traditional Analytical Methods for Load Calculation

In parallel to the ETABS analysis, traditional analytical methods are employed to calculate the loads on the shear
walls. The steps involved in the analytical method for load calculation are as follows:

1. Dead Load Calculation: The self-weight of the shear walls and other permanent loads, such as floor
finishes and fixed partitions, are calculated and applied to the shear walls.

2. Live Load Calculation: The imposed loads, such as occupancy loads and movable partitions, are calculated
based on the design code guidelines and applied to the shear walls.

3. Seismic Load Calculation: The lateral loads induced by seismic events are determined using the design
code provisions considering the seismic design category and response spectrum.

4. Wind Load Calculation: The wind loads on the shear walls are calculated using the design code guidelines
considering the wind design category and local wind speed.

The specific values obtained for shear forces, bending moments, and displacements using traditional analytical
methods in the thesis are listed in Table 3 below.

Table 3: Traditional Analytical Method Results for Load Calculation (Values obtained from the thesis)

Shear Wall Shear Force (kN) Bending Moment (kNm) Displacement (mm)
Shear Wall 1 480 1400 11

Shear Wall 2 670 1950 15

Shear Wall 3 430 1150 9

3.7 Comparison Framework

A thorough framework is built to assess the efficacy and consistency of shear wall design with standard analytical
methods and the ETABS software. The comparison framework takes into account a variety of factors, such as
projected shear forces, bending moments, displacements, and overall structural performance. The outcomes of
the ETABS analysis and standard analytical methods are compared using predetermined criteria such as accuracy,
efficiency, and practicability. The comparison framework's findings lead to a better knowledge of the advantages,
disadvantages, and implications of each technique in shear wall design for high-rise buildings.

The study intends to provide significant insights into the comparative analysis of shear wall design utilising
traditional analytical methods and the ETABS software by adhering to this methodology. The technique ensures
that shear wall performance is consistently and comprehensively evaluated under seismic and wind loads.
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4. Results and Discussion
4.1 Seismic Load Analysis Results

The seismic load analysis, which used both the ETABS software and classic analytical methods, produced useful
results for the shear wall design. The seismic forces operating on the shear walls were calculated using the seismic
design category and response spectrum. Figure 2 depicts the acquired values for shear forces, bending moments,

and displacements.
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[Figure 2: Seismic Load Analysis Results]

In Figure 1, it can be observed that the shear forces and bending moments vary along the height of the shear walls.
The values obtained from both the ETABS software and traditional analytical methods show a similar trend,
indicating the consistency in predicting the seismic behavior of the shear walls.

4.2 Wind Load Analysis Results

The wind load analysis using the ETABS software provides insights into the response of the shear walls under
wind forces. The analysis considered the wind design category, local wind speed, and building shape to determine
the wind-induced pressures on the shear walls. The obtained results for the wind pressures, shear forces, and
displacements are presented in Figure 2.
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[Figure 3: Wind Load Analysis Results]
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Figure 3 illustrates the distribution of wind pressures, shear forces, and displacements along the height of the
shear walls. Both the ETABS software and traditional analytical methods provide consistent predictions for the
wind load effects on the shear walls, indicating the reliability of the analysis.

4.3 Comparison of Results: ETABS vs. Analytical Methods

A detailed comparison of the results obtained from the ETABS software and traditional analytical methods reveals
interesting insights into the shear wall design. Figure 3 presents the comparison of shear forces obtained from

both approaches.
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[Figure 4: Comparison of Shear Forces]

Figure 4 clearly shows that the shear forces obtained from the ETABS software and traditional analytical methods
are in close agreement, validating the accuracy of both approaches in predicting the shear behavior of the shear
walls.

The consistent results between the two approaches emphasize their effectiveness in assessing the structural
response of shear walls under seismic and wind loads.

4.4 Discussion of Findings

Several notable discoveries emerge from a comparison of shear wall design utilising ETABS software and
traditional analytical approaches. To begin, both methodologies produce consistent shear force, bending moment,
and displacement data, suggesting their dependability in forecasting the structural behaviour of shear walls. This
consistency boosts trust in the design process and validates the usage of sophisticated software tools such as
ETABS.

The comparison also emphasises the benefits of using the ETABS software, such as its capacity to address
complex load distributions, nonlinear behaviour, and time-history analysis. These characteristics enable a more
thorough investigation and more accurate forecasts of shear wall performance under seismic and wind stresses.

Traditional analytical approaches, on the other hand, establish their worth by producing reasonably accurate
results. They are well-established and widely utilised in practise, making them accessible to engineers who lack
advanced software tool knowledge. These methods provide a trustworthy alternative for preliminary design
evaluations and can be especially beneficial when restricted resources or time restrictions prevent the use of
sophisticated software.

This study provides useful insights into the effectiveness and consistency of shear wall design using both standard
analytical methods and the ETABS software by comparing the results and discussing the findings. The findings
have the potential to improve design procedures and assist engineers in making educated judgments when
designing shear walls in high-rise buildings.
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5. Conclusion

5.1 Summary of Research Findings

In this study, a comparative analysis of shear wall design in high-rise buildings using traditional methods and
the ETABS software was conducted. The research findings can be summarized as follows:

Shear walls play a crucial role in ensuring structural integrity and safety in high-rise buildings subjected
to seismic and wind forces.

The analysis and design of shear walls are essential to mitigate potential risks and enhance the overall
performance of high-rise structures.

The literature review provided insights into shear wall behavior, seismic load analysis, wind load analysis,
traditional analytical methods, and the application of the ETABS software.

The methodology involved selecting a hypothetical G+40 residential building as the model structure and
performing seismic load analysis and wind load analysis using both traditional analytical methods and the
ETABS software.

The results obtained from the analysis demonstrated the effectiveness and consistency of both approaches
in predicting the shear forces, bending moments, and displacements of shear walls.

The comparison of results indicated a close agreement between the ETABS software and traditional
analytical methods, validating their reliability in shear wall design.

5.2 Contributions and Implications

This research makes several contributions to the field of shear wall design in high-rise buildings. The findings
highlight the following implications:

The ETABS software offers advanced capabilities for modeling, analyzing, and designing shear walls,
allowing for a more comprehensive assessment of their behavior under seismic and wind loads.

Traditional analytical methods continue to be a valuable tool for preliminary design assessments,
especially in situations where limited resources or time constraints restrict the use of sophisticated
software.

The consistency between the ETABS software and traditional analytical methods enhances the confidence
in the design process and provides engineers with multiple reliable options for shear wall design.

The research findings contribute to improved design practices and can help engineers make informed
decisions regarding the selection of design methods and software tools for shear wall design in high-rise
buildings.

5.3 Limitations and Recommendations for Future Research

While this study provides valuable insights, it is important to acknowledge its limitations and identify areas
for future research:

The analysis was based on a hypothetical G+40 residential building, and the findings may vary for
different building configurations and design requirements. Therefore, further studies encompassing a
wider range of building types and design scenarios are recommended.

The comparison focused on the accuracy and consistency of results between the ETABS software and
traditional analytical methods. Future research could explore other factors, such as computational
efficiency, cost-effectiveness, and ease of implementation, to provide a more comprehensive evaluation.

The research predominantly focused on seismic and wind load analysis. Additional investigations could
explore the influence of other factors, such as temperature effects, dynamic excitations, and construction
tolerances, on shear wall design.
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Finally, this research compares shear wall design in high-rise buildings utilising traditional approaches and
the ETABS programme. The results demonstrate the efficacy and consistency of both techniques in forecasting
the structural behaviour of shear walls. The study adds to better design processes and gives significant
information for engineers working on shear walls. Further research in different construction scenarios, as well
as the investigation of new elements, will improve understanding and application of shear wall design
concepts in high-rise buildings.
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