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Abstract  Torsional effects, typically induced by 

asymmetrical mass and stiffness distribution, pose 

significant challenges to structural integrity during seismic 

events, leading to catastrophic failure. The present study 

presents a comprehensive evaluation of the torsional 

behavior of reinforced concrete (RC) high-rise structures 

subjected to seismic loading, with a focus on the influence 

of diverse shear wall resisting systems (Configurations 1 to 

4). The study employs advanced finite element modeling to 

analyze four distinct shear wall configurations through 

inelastic static and nonlinear time history analyses. Both 

cracked and uncracked models are considered, 

incorporating stiffness modifiers as per IS 16700:2023 and 

P-Δ effects to simulate realistic seismic responses. Key 

performance indicators such as storey drift, storey 

displacement, modal behaviour, and torsional displacement 

are systematically assessed. Configuration 1, characterized 

by a symmetric and uniformly distributed shear wall layout, 

consistently demonstrates superior seismic performance. It 

exhibits reduced fundamental time periods, minimized 

storey drift and displacement, and a close alignment 

between the center of mass and center of rigidity, thereby 

mitigating torsional irregularities in accordance with IS 

1893:2016 criteria. Furthermore, the shear wall area in 

Configuration 1 exceeds the codal minimum requirements, 

ensuring adequate lateral stiffness and stability. 

Comparative analysis reveals that configurations with 

asymmetrical shear wall placement are more susceptible to 

torsional amplification and dynamic instability. The 

findings underscore the critical role of strategic shear wall 

placement in enhancing seismic resilience and structural 

safety. Design recommendations are provided to optimize 

shear wall configurations for improved performance in 

earthquake-prone regions. Future research directions 

include the study of irregular geometries, nonlinear 

material behavior, higher mode effects, and soil-structure 

interaction to further refine seismic design methodologies. 

Keywords Torsional Behavior, Seismic Loading, 

Lateral Load Resisting Systems, Finite Element Analysis 

1. Introduction

In modern urban scenarios, the demand for robust 

seismic design has become increasingly critical due to the 

growing complexity in geometry and height of RC high-

rise structures, resulting in disproportionate responses to 

seismic events. One of the key challenges in seismic design 

is addressing torsional irregularities, which often arise from 

the interaction between lateral seismic forces and the 
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structural geometry, leading to variations in stiffness 

distribution. These irregularities can intensify structural 

damage and, in severe cases, lead to catastrophic failure. 

Shear walls play a vital role in resisting lateral forces and 

significantly enhance the stiffness and stability of tall 

structures. Given the diversity in shear wall placement and 

design, a comprehensive study is necessary to investigate 

and evaluate the impact of various shear wall 

configurations on the torsional response of RC high-rise 

buildings. The present study establishes the concept of 

torsional restraint as the basis for classifying structural 

responses. A finite element method (FEM) based analysis 

was carried out on a three-dimensional RC frame building, 

focusing specifically on the structure’s behavior under 

torsional loading conditions [1-4]. Earlier studies have 

demonstrated the significance of three-dimensional 

modeling and analysis of RC buildings with irregular plans 

for torsional response under seismic loads [5-7]. Many 

comparative studies have been conducted on different 

structural configurations with varying in-plane layouts and 

frame ductility design values, aiming to mitigate torsional 

effects [8-12]. The studies have evaluated the influence of 

torsion on the deformation and damage distribution in both 

plan and elevation, with particular attention to the increased 

shear demand on RC structural elements due to torsional 

amplification [13-15]. Results have revealed significant 

torsional rotation, especially in columns impacted by the 

top floor of adjacent structures, leading to elevated shear 

and ductility demands. Overlooking torsional irregularities 

caused by asymmetry can lead to unsafe designs [16]. An 

approach was proposed that offers benefits like seismic 

isolation and reduces inter-storey drifts. The effectiveness 

of a proposed method was assessed numerically on 

multistorey asymmetric buildings subjected to near-fault 

and long-period seismic events, showing a notable 

reduction in structural responses, including torsional 

effects. Applying this method to the base storey proved to 

be the most efficient strategy [17]. Additionally, a 

coefficient was proposed to quantify vertical stiffness 

irregularity in buildings, incorporating geometric 

dimensions, in-plane stiffness eccentricity, and the height-

wise location of stiffness irregularity [18-24]. Similar 

analyses on systems with mass and stiffness eccentricities 

produced three-dimensional response curves, indicating 

that higher eccentricity expands the region affected by 

torsion in the second mode. Additionally, in systems with 

mass eccentricity, torsional effects appear in a limited area 

during the first mode of vibration [25-31]. From previous 

studies, a brittle collapse mechanism, characterized by the 

formation of shear hinges, was observed in the damaged 

column of an irregular building [32-38]. 

Traditional methods for identifying the optimum 

torsional axis involve applying static horizontal forces and 

torsional moments at each storey level. Mathematical 

formulations were proposed to allow the use of either static 

torsional moments or torsional ground motion excitation 

for locating the optimal torsion axis [39-44]. A 

comparative study of shear wall structures and bare frame 

buildings of asymmetrical ductile RC buildings with a soft 

first storey revealed that corner columns on a flexible side 

of such buildings should be conservatively designed for 

forces 1.5 times higher than those obtained from standard 

bare frame analysis [45]. The torsional effects reduce 

seismic performance due to the unfavorable redistribution 

of plastic deformations in vertical elements [46-50]. 

The present study evaluates the torsional behavior of RC 

high-rise structures with diverse shear wall resisting 

systems under seismic loading. RC buildings were modeled 

using ETABS 2021 finite element software. Two types of 

analyses were conducted: inelastic static analysis to 

evaluate structural capacity, and nonlinear time history 

analysis to assess drift behavior. The study examines the 

seismic behavior of asymmetric tall buildings by analyzing 

both cracked and uncracked models, using stiffness 

modifiers as specified in IS 16700:2023 [51] to closely 

reflect real-world conditions. The analysis also 

incorporates P-Δ (P-delta) effects, which account for 

additional moments and forces induced by displacement 

under load. A comparative evaluation of structural wall 

systems versus RC framed systems is carried out, with a 

particular focus on torsional performance. A 

comprehensive parametric study was carried out by 

varying key factors such as lateral force distribution, 

torsional resistance, and the stiffness of lateral load-

resisting elements to evaluate the effectiveness of different 

lateral load-resisting systems in mitigating torsional effects. 

The present study aims to support the current design 

practices by contributing to the enhancement of seismic 

resilience of RC frame structures. The findings provide 

valuable insights for the informed and cautious design of 

buildings in earthquake-prone regions, ultimately 

improving structural safety and performance during 

seismic events. 

The use of shear wall systems has become a widely 

accepted structural strategy, particularly in high-rise 

residential buildings. This is largely due to the nature of 

residential architecture, where the repetitive floor-to-floor 

layout enables the vertical continuity of these walls — a 

key requirement for their effective performance. Vertically 

continuous shear walls enhance the building’s ability to 

resist lateral forces, such as those caused by wind and 

seismic activities. While shear walls do not need to be 

symmetrically arranged in the building plan, achieving 

symmetry is generally regarded as beneficial. 

Asymmetrical configurations can introduce torsional 

effects during lateral loading, potentially leading to uneven 

displacement and increased stress concentrations in certain 

parts of the structure. To mitigate such undesirable 

responses, designers often aim for a balanced and 

symmetric layout, both in-plane and out-of-plane, when 

configuring shear walls. This strategic arrangement helps 

to improve the overall seismic and wind performance of a 

building by distributing lateral forces more uniformly.
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2. Materials and Methods 

2.1. Material Properties 

The material properties adopted for a multistorey 

structure considered in the present study were chosen to 

ensure both optimal performance and safety across all 

structural components, including beams, slabs, and walls. 

Beams were designed using high-strength concrete with a 

compressive strength of 30 MPa and reinforced with steel 

having a yield strength of 550 MPa, providing adequate 

resistance to bending and shear forces. Slabs, which are 

essential for load distribution and act as horizontal 

diaphragms, were also designed with concrete of 30 MPa 

compressive strength to maintain a balance between 

strength and weight. They were also reinforced with 550 

MPa yield strength steel bars to effectively resist tensile 

stresses. 

2.2. Seismic Analysis 

In the present study, the response spectrum approach is 

utilized, as per IS 1893: 2016 [52] that illustrates the peak 

responses, such as maximum displacement, velocity, or 

acceleration, of a range of single-degree-of-freedom 

(SDOF) systems with varying natural frequencies under a 

given ground motion input. In the present study, the dead 

and live loads for high-rise residential structures are 

considered as per IS 875:1987 (Part 1) [53] and IS 

875:1987 (Part 2) [54], respectively. 

Seismic effects for the high-rise RC structure in Greater 

Noida, Uttar Pradesh, India, considered in the study were 

calculated in accordance with Indian Standard IS 1893-

2016. Greater Noida is in Zone IV on medium-type soil. 

The effectiveness of the lateral load-resisting system 

depends on the type of structural system used, with the 

Response Reduction Factor (R) determined as per IS 1893-

2016 (Part 1) guidelines. To ensure the structure's 

resilience to seismic forces, the dynamic base shear was 

scaled to be no less than 100% of the equivalent static base 

shear. The analysis utilized the response spectrum function 

in ETABS 2021, ensuring compliance with IS 1893-2016 

standards. 

2.3. Structure Configuration 

The structure, utilizing shear wall systems, was modeled 

using finite element analysis software ETABS 2021. This 

sophisticated modeling enables an in-depth analysis of the 

structural system under seismic loading, incorporating a 

range of loading parameters as outlined in the applicable 

Indian codes and standards. 

IS 16700:2023 provides comprehensive guidelines for 

the design and construction of buildings to ensure structural 

stability and safety, particularly in the context of seismic 

events. One of the critical requirements outlined in the 

standard pertains to the minimum percentage of wall area 

necessary to effectively resist seismic lateral loads. 

This requirement ensures that buildings possess 

sufficient lateral stiffness and strength to withstand 

earthquake-induced forces, reducing the risk of excessive 

deformation, instability, or collapse. The minimum wall 

area, expressed as a percentage of the total floor area, is 

meant to ensure that the structural system includes enough 

shear-resisting elements, such as shear walls, to distribute 

and absorb seismic energy effectively. 

Table 1 in the study presents the calculated percentage 

of shear wall area for the various shear wall configurations 

examined. These values are compared against the 

minimum thresholds set by IS 16700:2023, helping to 

assess the adequacy of each configuration in meeting 

seismic safety requirements. 

Table 1.  Percentage of Shear Walls for the various shear wall 
configurations examined in the study 

Configuration No. X Y 

1 1.35% 2.8% 

2 1.10% 3.01% 

3 1.41% 2.85% 

4 2.69% 3.41% 

The analysis assesses the structure's performance and 

behavior under various seismic scenarios, with a particular 

focus on key parameters such as storey displacement, 

storey drift, and storey stiffness. Structural details of 

different configurations considered in the study are 

tabulated in Table 2. 

Four different shear wall configurations considered in 

the study are shown in Figure 1, Figure 2, Figure 3, and 

Figure 4. The strategic arrangement of the shear walls in 

these configurations is aimed at optimizing the structure’s 

ability to resist lateral forces, such as those induced by wind 

or seismic activity. By analyzing these different layouts, 

the study seeks to evaluate the effect of the positioning of 

shear walls on structural performance. 
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Table 2.  Structural Details of Building for Different Shear Wall Configurations 

Parameters Configuration 1 Configuration 2 Configuration 3 Configuration 4 

No. of storeys 2 Basement + Ground floor + 30 Storeys 

Total Length in X Direction (mm) 30560 34340 54040 44260 

Total Length in Y Direction (mm) 27600 19975 24910 22086 

Slab Thickness (mm) 150 150 150 150 

Slab Element type Shell Thin Shell Thin Shell Thin Shell Thin 

Diaphragm Semi-Rigid Semi-Rigid Semi-Rigid Semi-Rigid 

Shear Wall Thickness (mm) 240 240 240 240 

Basement to Ground Floor Height (mm) 5600 5600 5600 5600 

Typical Floor to Floor Height (mm) 3100 3100 3100 3100 

Height of Building (mm) 109750 109750 109750 109750 

   

Figure 1.  Configuration 1                                           Figure 2.  Configuration 2 

   

Figure 3.  Configuration 3                                       Figure 4.  Configuration 4 
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3. Results and Discussions 

3.1. Modal Analysis 

In structural engineering, modal behavior refers to the 

dynamic response characteristics of a structure, specifically, 

how a structure vibrates in its various natural modes when 

subjected to dynamic forces such as earthquakes, wind, or 

mechanical vibrations. Each mode represents a unique 

deformation pattern, and understanding these modes is 

essential for evaluating seismic performance and ensuring 

structural safety. 

In the present study, the time period associated with 

Configuration 1, as presented in Table 3, indicates that the 

configuration is likely to perform effectively under seismic 

loading. Time period typically reflects an optimal 

distribution of stiffness and mass, contributing to improved 

seismic resilience. Furthermore, the percentage variation 

between modes remains within acceptable engineering 

thresholds, reinforcing the structural adequacy and stability 

of this configuration. 

Table 3.  Modal Behavior for Shear Wall Configuration 1 

Percentage 

Difference 
Mode 

Period 

(s) 

UX 

(mm) 

UY 

(mm) 

RZ 

(degree) 

- 1 3.992 0.7446 0.0009 0.004 

9.594 % 2 3.609 0.0011 0.724 0.0001 

14.214 % 3 3.096 0.0038 0.0002 0.7525 

Table 4 highlights the higher time period observed in 

Configuration 2, which can be attributed to the increased 

mass in the X-direction. This added mass results in a longer 

duration to complete one full cycle of oscillation. In this 

configuration, the first mode is dominated by translational 

motion, while the second and third modes primarily exhibit 

rotational behavior. 

Table 4.  Modal Behavior for Shear Wall Configuration 2 

Percentage 

Difference 
Mode 

Period 

(s) 

UX 

(mm) 

UY 

(mm) 

RZ 

(degree) 

- 1 6.168 0.7576 0.0001 0.0069 

35.798 % 2 3.96 0.004 0.3891 0.3411 

9.621 % 3 3.579 0.0031 0.3303 0.3994 

Table 5 illustrates the higher time period observed in 

Configuration 3, which is primarily due to significant mass 

participation in the X-direction. As a result, the structure 

requires more time to complete one cycle of oscillation. 

Notably, the percentage difference between the first and 

second modes exceeds 10%, indicating distinct dynamic 

behavior between these modes. The first and third modes 

are predominantly translational, while the second mode is 

characterized by rotational motion. 

Table 5.  Modal Behavior for Shear Wall Configuration 3 

Percentage 

Difference 
Mode 

Period 

(s) 

UX 

(mm) 

UY 

(mm) 

RZ 

(degree) 

- 1 7.41 0.6132 0.0004 0.0401 

27.787 % 2 5.351 0.0419 0.0057 0.6085 

6.765 % 3 4.989 0.0015 0.6323 0.0047 

Table 6 highlights the higher time period observed in 

Configuration 4, which is attributed to partial mass 

participation in both translational directions. This indicates 

that the structure's response involves contributions from 

both X and Y directions during one cycle of oscillation. 

Additionally, the percentage difference between the first 

and second modes exceeds 10%, suggesting a significant 

variation in dynamic behavior between these modes. 

Table 6.  Modal Behavior for Shear Wall Configuration 4 

Percentage 

Difference 
Mode 

Period 

(s) 

UX 

(mm) 

UY 

(mm) 

RZ 

(degree) 

- 1 5.832 0 0.4605 0.0534 

22.702 % 2 4.508 0.4767 0.0009 0.0137 

12.333 % 3 3.952 0.0402 0.0144 0.1318 

3.2. Centre of Mass and Centre of Rigidity 

The center of mass (CM) is a fundamental concept in 

structural dynamics, representing the point at which the 

entire mass of a building or structure can be considered to 

act. In practical terms, it is the average location of all the 

mass in the structure, considering the distribution of both 

structural elements (such as beams, columns, slabs, and 

walls) and non-structural components (such as finishes, 

partitions, equipment, and furniture). 

In building design, accurately identifying the centre of 

mass is crucial for dynamic analysis, especially under 

seismic or wind loading. When external forces act on the 

structure, the position of the CM in relation to the center of 

rigidity (CR), which represents stiffness distribution, can 

significantly influence how the building responds. If there 

is a large offset between CM and CR, it can induce 

torsional effects, where the building not only translates but 

also twists, potentially increasing the risk of structural 

damage. 

Table 7 presents the coordinates of CM and CR for 

various storeys in Building Configuration 1. The data 

indicate that there are slight variations in the positions of 

both CM and CR across different floors. These changes are 

relatively minor and remain within acceptable limits. This 

small variation suggests that the mass and stiffness 

distribution are uniform throughout the height of the 

structure, which is beneficial for seismic performance. A 

close alignment between CM and CR at each storey reduces 

the likelihood of significant torsional effects during lateral 

loading events, such as earthquakes. When these two 
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centers are well-aligned, the building tends to move more 

uniformly, primarily in translation, rather than exhibiting 

twisting or rotational behavior that could lead to stress 

concentrations and localized damage. 

Table 7.  Coordinates of Centre of Mass and Centre of Rigidity for 
Configuration 1 

Storey 

No. 

Centre of Mass Centre of Rigidity 

XCM (mm) YCM (mm) XCR (mm) YCR (mm) 

1 15.3112 12.2154 12.1185 15.2031 

5 15.2933 12.108 15.1836 12.5833 

10 15.2932 12.1102 15.1936 12.6969 

15 15.2933 12.108 12.1188 15.2086 

20 15.2933 12.108 15.2208 12.7264 

25 15.2932 12.1102 15.2312 12.7093 

30 15.3167 12.1475 15.2406 12.6933 

Table 8 presents the coordinates of CM and CR for each 

storey in Building Configuration 2. The data reflect general 

stability in the center of mass, with only minor fluctuations 

across the height of the building, indicating a consistent 

mass distribution. 

Table 8.  Coordinates of Centre of Mass and Centre of Rigidity for 
Configuration 2 

Storey 

No. 

Centre of Mass Centre of Rigidity 

XCM (mm) YCM (mm) XCR (mm) YCR (mm) 

1 17.5179 4.9361 18.3872 3.0794 

5 17.4639 5.0407 18.5313 3.0606 

10 17.4639 5.0407 18.6011 2.9594 

15 17.4639 5.0407 18.6188 2.8668 

20 17.4639 5.0407 18.6138 2.7998 

25 17.4639 5.0407 18.5991 2.758 

30 17.4629 5.0409 18.5836 2.7745 

However, a decreasing trend in the Y-coordinate of the 

center of rigidity is observed from lower to upper storeys. 

This shift implies that the stiffness distribution in the Y-

direction is gradually altering, possibly due to changes in 

the arrangement or density of structural elements such as 

shear walls or columns. 

The overall effect of this shift results in minimal 

horizontal offset between the CM and CR, which helps 

reduce torsional responses under lateral loading. However, 

the downward shift in rigidity may indicate that the upper 

stories are becoming relatively more flexible in the Y-

direction compared to the lower storeys. This variation 

could influence the dynamic response, potentially affecting 

how seismic or wind loads are distributed and absorbed by 

the structure. 

Table 9 presents the coordinates of the CM and CR 

across various stories for Building Configuration 3. The 

CM remains constant from the 5th to the 30th storey, 

indicating a stable mass distribution throughout the upper 

levels. In contrast, while CM remains unchanged, the CR 

gradually shifts downwards along the Y-direction, 

suggesting an increase in structural rigidity in this direction 

as the building height increases. 

Table 9.  Coordinates of Centre of Mass and Centre of Rigidity for 
Configuration 3 

Storey 

No. 

Centre of Mass Centre of Rigidity 

XCM (mm) YCM (mm) XCR (mm) YCR (mm) 

1 24.24 13.2218 24.264 12.32 

5 24.2239 13.2122 24.1604 11.5262 

10 24.2239 13.2122 24.1497 10.7109 

15 24.2239 13.2122 24.1981 10.2083 

20 24.2239 13.2122 24.2716 9.7313 

25 24.2239 13.2122 24.3312 9.3554 

30 24.2239 13.2122 24.3435 9.0709 

Table 10 provides the corresponding data for Building 

Configuration 4. In this case, the X-coordinate of the CR 

shows a notable decrease with height, and the Y-coordinate 

also exhibits a downward trend. This consistent reduction 

in both coordinates indicates a progressive shift in rigidity 

distribution as the building rises. 

Table 10.  Coordinates of Centre of Mass and Centre of Rigidity for 
Configuration 4 

Storey 

No. 

Centre of Mass Centre of Rigidity 

XCM (mm) YCM (mm) XCR (mm) YCR (mm) 

1 31.7626 4.4818 28.5988 7.0454 

5 21.4494 4.8634 24.2208 3.8693 

10 21.4494 4.8634 22.6906 3.8133 

15 21.4494 4.8634 22.0873 3.8497 

20 21.4494 4.8634 21.6569 3.9144 

25 21.4494 4.8634 21.3558 3.9593 

30 21.4494 4.8634 21.2928 3.9551 

3.3. Storey Drift 

Storey drift, defined as the difference in lateral 

displacement between two consecutive floors, is a critical 

parameter in assessing seismic performance. Figure 5 

illustrates the storey drift in X-direction under earthquake 

loading applied along the same axis. When compared to 

Configuration 3, the drifts in Configurations 1, 2, and 4 

were significantly lower by 65.09%, 15.785%, and 62.22%, 

respectively. This demonstrates that Configuration 1 offers 

the most effective performance in reducing storey drift 

under seismic loads in X-direction, followed by 

Configurations 4 and 3. Overall, Configuration 1 emerged 

as the most advantageous in mitigating lateral displacement, 



 Civil Engineering and Architecture 13(6): 4559-4569, 2025 4565 

 

indicating that its implementation can substantially 

enhance the structural resilience of buildings during 

seismic events. 

 

Figure 5.  Storey Drift in X-direction 

Figure 6 illustrates the storey drift in Y-direction under 

seismic loading applied along the same axis. Among the 

four shear wall configurations evaluated, Configuration 3 

exhibited the highest storey drift. In contrast, 

Configurations 1, 2, and 4 showed significantly lower drift 

values—reduced by 55.54%, 43.60%, and 4.94%, 

respectively, compared to Configuration 3. These results 

indicate that Configuration 1 offers the best performance in 

minimizing storey drift in the Y-direction, followed by 

Configurations 2 and 4, highlighting its superior 

effectiveness in enhancing seismic resilience along this 

axis. 

 

Figure 6.  Storey Drift in Y-direction 

3.4. Storey Displacement 

Storey displacement is a key parameter in evaluating the 

performance and stability of buildings under lateral loads. 

It measures the relative movement between adjacent floors, 

providing insights into the building’s structural integrity, 

stability, and occupant comfort. Excessive storey 

displacement may indicate issues such as excessive sway, 

structural deformation, or even potential failure. Therefore, 

careful analysis and control of displacements during the 

design process are essential to meet safety and performance 

standards. 

Figure 7 illustrates storey displacement in the X-

direction under seismic loading applied in the same 

direction. Among the four shear wall configurations 

analyzed, Configuration 3 exhibited the highest 

displacement. In contrast, Configurations 1, 2, and 4 

demonstrated significantly lower displacements—reduced 

by 63.78%, 9.57%, and 52.07%, respectively—compared 

to Configuration 3. These results indicate that 

Configuration 1 provides the best displacement control 

under lateral loads in the X-direction. 

 

Figure 7.  Storey Displacement in X-direction 

Figure 8 presents the storey displacement in the Y-

direction under an earthquake load applied in the same 

direction. Among the four shear wall configurations 

analyzed, Configuration 4 exhibited the highest storey 

displacement. In contrast, Configurations 1, 2, and 3 

showed significantly lower displacements—reduced by 

61.74%, 50.42%, and 19.85%, respectively—when 

compared to Configuration 4. These results indicate that 

Configuration 1 offers the most effective performance in 

minimizing storey displacement under seismic loads in the 

Y-direction, followed by Configurations 2 and 3. 
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Figure 8.  Storey Displacement in Y-direction 

In summary, Configuration 1 consistently proved to be 

the most advantageous in reducing storey displacement due 

to seismic activity in the Y-direction. Its superior 

performance highlights its potential to enhance the 

structural resilience and overall seismic safety of buildings. 

3.5. Torsional Irregularity in the Structure 

According to IS 1893:2016, which governs earthquake-

resistant design in India, the evaluation of torsional 

irregularities is essential for ensuring structural stability 

and minimizing the risk of damage during seismic events. 

Torsional irregularities occur when there is a significant 

offset between the center of mass and the center of rigidity, 

leading to uneven lateral displacement or rotation of the 

structure during seismic activity. 

 

Figure 9.  Torsional Displacement in X-direction 

Figure 9 and Figure 10 illustrate the torsional behavior 

of the structure under seismic loading in X and Ydirections 

across four different shear wall configurations. This 

graphical representation helps in assessing the dynamic 

rotational response of each configuration. Configuration 1 

displays a gradual increase in torsional response, followed 

by stabilization, suggesting a well-distributed stiffness and 

controlled rotational behavior. Configuration 2 also shows 

a minimal and consistent torsional response, indicating a 

symmetrical and stable layout with little risk of torsional 

irregularity. Configuration 3 exhibits a moderate response 

with some variation, which, while not excessive, indicates 

potential asymmetry that should be monitored. However, 

the behavior remains generally within acceptable limits. 

 

Figure 10.  Torsional Displacement in Y-direction 

Configuration 4 demonstrates a significant oscillatory 

torsional response, with noticeable peaks and fluctuations. 

This behavior suggests that the structural configuration has 

a less uniform distribution of stiffness or mass, making it 

more dynamically sensitive and potentially more 

vulnerable to torsional amplification during seismic 

activity. 

These observations highlight the importance of shear 

wall placement and mass-stiffness balance in reducing 

torsional effects. Configurations 1 and 2, by showing stable 

torsional behavior, align more closely with IS 1893 

recommendations, whereas Configuration 4 may require 

re-evaluation or redesign to improve its seismic 

performance. 

4. Conclusions 

This study presents a comparative evaluation of four 

shear wall configurations in high-rise reinforced concrete 

(RC) buildings subjected to seismic loading. Indian seismic 

design standards (IS 1893:2016 and IS 16700:2023) are 

integrated to assess torsional behavior and codal 

compliance. Advanced finite element modelling (FEM) in 

ETABS 2021 is employed, incorporating cracked and 

uncracked models, stiffness modifiers, and P-Δ effects for 

realistic simulation. A storey-wise assessment of the center 
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of mass (CM) and center of rigidity (CR) is carried out to 

examine torsional irregularities and their influence on 

dynamic response. The results highlight quantitative 

improvements in modal behavior, storey drift, and 

displacement, with Configuration 1 demonstrating superior 

seismic performance. Torsional irregularity criteria (Δmax > 

1.5 × Δmin), as specified in IS 1893:2016, are validated, 

confirming structural stability under seismic excitation. 

The findings further provide design recommendations for 

optimizing shear wall placement in configurations 

exhibiting higher torsional sensitivity. The conclusions 

drawn from the analysis highlight specific shear wall 

configurations that exhibit superior performance under 

seismic conditions, emphasizing efficient load distribution 

and enhanced resistance to earthquake-induced damage. 

Based on the analysis, the following key conclusions are 

drawn: 

 The time period of the shear wall structural system in 

Configuration 1, which features well distributed shear 

walls throughout the plan, was 46.13% lower than that 

of Configuration 3, which had a relatively less 

scattered shear wall arrangement and exhibited the 

highest time period. This indicates that the shear wall 

system in Configuration 1 responds more quickly to 

lateral forces. The shorter time period aligns with the 

requirements outlined in Indian standards for 

designing structures to effectively withstand wind 

loads. Additionally, the modal behavior of 

Configuration 1, with the first and second modes in 

translation and the third mode in rotation, further 

enhances its suitability and makes it a preferred 

choice for seismic performance. 

 The storey drift was reduced by more than 65% in X-

direction and 55% in Y-direction for the shear wall 

system in Configuration 1. Additionally, the storey 

displacements for Configuration 1 were 64% and   

62% lower compared to the other structural systems, 

demonstrating their superior performance in 

minimizing lateral displacements under seismic 

loading. 

 The torsional behavior of Configuration 1 met the 

requirements outlined in the Indian Standard code, 

specifically the clause stating that Δmax should be 

more than 1.5 times Δmin. This demonstrates that 

Configuration 1 maintains stable torsional 

performance under seismic loads, ensuring 

compliance with the established guidelines for 

torsional irregularities. 

 The percentage of shear walls provided in 

Configuration 1 exceeded the minimum requirements 

specified in the codal provisions for each principal 

plan direction. Specifically, the shear wall percentage 

was 1.35% in the X-direction and 2.80% in the Y-

direction, ensuring that the structure meets or 

surpasses the necessary criteria for seismic load 

resistance as per Indian standards. 

The shear wall configuration 1 outperforms as compared 

to other shear wall configurations, due to the symmetrical 

arrangement of the shear wall in the plan and uniform 

distribution in the elevation. However, the rearrangement 

of shear walls in configurations 2, 3, and 4 can be 

considered for improved lateral resistance. 

5. Future Scope 

The current study has provided a comparative evaluation 

of torsional behavior in reinforced concrete high-rise 

structures with varying shear wall configurations under 

seismic loading. To further advance this research, the 

following directions are proposed: 

 Optimization of shear wall layouts 

 Analysis of irregular and non-symmetrical structures 

 Incorporation of nonlinear material behaviour 

 Consideration of higher mode effects 

 Performance-based seismic design 

 Integration of supplemental damping systems 

 Soil-structure interaction (SSI) 

 

REFERENCES 

[1] T. Paulay, “Displacement-based design approach to 
earthquake-induced torsion in ductile buildings,” 
Engineering Structures, vol. 19, no. 9, pp. 699–707, 1997, 
doi: 10.1016/S0141-0296(97)00167-3.. 

[2] P. Bahmani, J. W. van de Lindt, and T. N. Dao, 
“Displacement-Based Design of Buildings with Torsion: 
Theory and Verification,” Journal of Structural Engineering, 
vol. 140, no. 6, 2014, doi: 10.1061/(asce)st.1943-
541x.0000896 

[3] X. Wang, C. E. Wittich, T. C. Hutchinson, Yehuda Bock, 
Dara Goldberg, Eric Lo, and F. Kuester, “Methodology and 
Validation of UAV-Based Video Analysis Approach for 
Tracking Earthquake-Induced Building Displacements,” 
Journal of Computing in Civil Engineering, vol. 34, no. 6, 
2020, doi: 10.1061/(asce)cp.1943-5487.0000928. 

[4] T. N. Tjhin, M. A. Aschheim, and J. W. Wallace, “Yield 
displacement estimates for displacement-based seismic 
design of ductile reinforced concrete structural wall 
buildings,” 13th World Conference on Earthquake 
Engineering, Vancouver, B.C., Canada, Aug., 2004, no. 
1035, url: https://iitk.ac.in/nicee/wcee/article/13_1035.pdf 

[5] W. A. Thanoon, D. K. Paul, M. S. Jaafar, and D. N. Trikha, 
“Influence of torsion on the inelastic response of three-
dimensional r.c. frames,” Finite Elements in Analysis and 
Design, vol. 40, no. 5–6, pp. 611–628, 2004, doi: 
10.1016/S0168-874X(03)00099-4. 

[6] S. Albanesi, T. Albanesi, and F. Carboni, “The influence of 
infill walls in r.c. frame seismic response,” High 
Performance Structures and Materials, vol. 76, pp. 621–630, 
2004, doi: 10.2495/HPSM040601 

[7] A. Ghersi, F. Neri, and P. P. Rossi, “Influence of random 
variation of strength on seismic response of r.c. frames,” 
WIT Transactions on The Built Environment, vol. 23, pp. 



4568  Torsional Behavior of Reinforced Concrete High-Rise Structure with Diverse Shear Wall Resisting Systems   

under Seismic Loading 

483-492, 1996. doi: 10.2495/ERES960391. 

[8] F. Mazza, E. Pedace, and F. Del Favero, “Effectiveness of 
damped braces to mitigate seismic torsional response of 
unsymmetric-plan buildings,” Mechanical Systems and 
Signal Processing, vol. 85, pp. 610–624, 2017, doi: 
10.1016/j.ymssp.2016.09.003. 

[9] G. Tamizharasi, A. Meher Prasad, and C. V. R. Murty, 
“Lateral-torsional seismic behaviour of plan unsymmetric 
buildings,” Earthquakes and Structures, vol. 20, no. 3, pp. 
239–260, 2021, doi: 10.12989/eas.2021.20.3.239. 

[10] F. Mazza, “Nonlinear seismic analysis of unsymmetric-plan 
structures retrofitted by hysteretic damped braces,” Bulletin 
of Earthquake Engineering, vol. 14, no. 4, pp. 1311–1331, 
2016, doi: 10.1007/s10518-016-9873-z. 

[11] F. Mazza, “Displacement-based design of damped braces 
for existing R.C. Buildings with degrading seismic 
response,” 7th ECCOMAS Thematic Conference on 
Computational Methods in Structural Dynamics and 
Earthquake Engineering, Crete, Greece, Jun., 2019, no. 
1035, doi: 10.7712/120119.7291.18697. 

[12] G. D. Hahn and X. Liu, “Torsional Response of 
Unsymmetric Buildings to Incoherent Ground Motions,” 
Journal of Structural Engineering, vol. 120, no. 4, pp. 1053–
1373, 1994, doi: 10.1061/(asce)0733- 9445(1994)120:4(11
58). 

[13] C. Caruso, R. Bento, E. M. Marino, and J. M. Castro, 
“Relevance of torsional effects on the seismic assessment of 
an old RC frame-wall building in Lisbon,” Journal of 
Building Engineering, vol. 19, pp. 459–471, 2018, doi: 
10.1016/j.jobe.2018.05.010. 

[14] A. Gebreyohaness, C. Clifton, and J. Butterworth, 
“Assessment of the seismic performance of old riveted steel 
frame-RC wall buildings,” Journal of Constructional Steel 
Research, vol. 75, pp. 1–10, 2012, doi: 10.1016/j.jcsr.2012
.02.009. 

[15] C. Caruso, R. Bento, and J. M. Castro, “A contribution to 
the seismic performance and loss assessment of old RC 
wall-frame buildings,” Engineering Structures, vol. 197, p. 
109369, 2019, doi: 10.1016/j.engstruct.2019.109369. 

[16] C. G. Karayannis and M. C. Naoum, “Torsional behavior of 
multistory RC frame structures due to asymmetric seismic 
interaction,” Engineering Structures, vol. 163, pp. 93–111, 
2018, doi: 10.1016/j.engstruct.2018.02.038. 

[17] M. Ismail, “New approach to seismic-resistant design and 
structural torsion mitigation,” Engineering Structures, vol. 
207, p. 110092, 2020, doi: 10.1016/j.engstruct.2019.11009
2. 

[18] A. J. Satheesh, B. R. Jayalekshmi, and K. Venkataramana, 
“Effect of in-plan eccentricity on vertically stiffness 
irregular buildings under earthquake loading,” Soil 
Dynamics and Earthquake Engineering, vol. 137, p. 106251, 
2020, doi: 10.1016/j.soildyn.2020.106251. 

[19] J. De-la-Colina, J. Valdés-González, and F. Manzanarez 
Morones, “Accidental torsion within the frame of nonlinear 
dynamic analysis using code accidental eccentricities and 
Monte Carlo simulations,” Engineering Structures, vol. 248, 
2021, doi: 10.1016/j.engstruct.2021.113196. 

[20] J. De-la-Colina, C. A. González-Pérez, and J. Valdés-

González, “Accidental eccentricities, frame shear forces 
and ductility demands of buildings with uncertainties of 
stiffness and live load,” Engineering Structures, vol. 124, 
pp. 113–127, Oct. 2016, doi:10.1016/j.engstruct.2016.06.0
12 

[21] M. Meghdadian and M. Ghalehnovi, “Retrofitting of Core 
Reinforced Concrete Shear Wall System with Opening 
Using Steel Plates and FRP Sheets, A Case Study,” 
International Journal of Steel Structures, vol. 22, no. 4, pp. 
920–939, 2022, doi: 10.1007/s13296-022-00614-1  

[22] V. Mohsenian, A. Nikkhoo, S. Rostamkalaee, A. S. 
Moghadam, and F. Hejazi, “The seismic performance of 
tunnel-form buildings with a non-uniform in-plan mass 
distribution,” Structures, vol. 29, pp. 993–1004, 2021, doi: 
10.1016/j.istruc.2020.11.063. 

[23] V. Mohsenian, N. Gharaei-Moghaddam, and I. 
Hajirasouliha, “Seismic performance assessment of tunnel 
form concrete structures under earthquake sequences using 
endurance time analysis,” Journal of Building Engineering, 
vol. 40, 2021, doi: 10.1016/j.jobe.2021.102327. 

[24] V. Mohsenian, I. Hajirasouliha, S. Mariani, and A. Nikkhoo, 
“Seismic reliability assessment of RC tunnel-form 
structures with geometric irregularities using a combined 
system approach,” Soil Dynamics and Earthquake 
Engineering, vol. 139, pp. 106356, 2020, doi:10.1016/j.soi
ldyn.2020.106356. 

[25] M. Bhatt and S. Vasanwala, “Comparison of Ultimate 
Capacities of RC Chimney Sections under Wind Loading,” 
Trends in Sciences, vol. 19, no. 1, 2022, 
doi:10.48048/tis.2022.1722. 

[26] Siu Kui Au, James M. W. Brownjohn, Binbin Li, and Alison 
Raby, “Understanding and managing identification 
uncertainty of close modes in operational modal analysis,” 
Mechanical Systems and Signal Processing, vol. 147, pp. 
107018-107018, 2021, doi: 10.1016/j.ymssp.2020.107018. 

[27] Y. C. Ni, M. M. Alamdari, X. W. Ye, and F. L. Zhang, “Fast 
operational modal analysis of a single-tower cable-stayed 
bridge by a Bayesian method,” Measurement, vol. 174, 
2021, doi: 10.1016/j.measurement.2021.109048. 

[28] Zuo Zhu, Xinrui Wang, Siu‑Kui Au, Yan‑Long Xie, and 
James Brownjohn1, “Operational modal analysis of a ten-
storey building featuring vertical modes,” Journal of Civil 
Structural Health Monitoring, 2025, doi: 10.1007/S13349-
025-00998-8. 

[29] S. K. Au, F. L. Zhang, and P. To, “Field observations on 
modal properties of two tall buildings under strong wind," 
Journal of Wind Engineering and Industrial Aerodynamics, 
vol. 101, pp. 12–23, 2012, doi: 10.1016/j.jweia.2011.12.00
2. 

[30] S. K. Au, J. M. W. Brownjohn, and J. E. Mottershead, 
“Quantifying and managing uncertainty in operational 
modal analysis,” Mechanical Systems and Signal 
Processing, vol. 102, pp. 139–157, 2018, doi: 10.1016/j.y
mssp.2017.09.017. 

[31] H. Pan, F. Jiang, J. Wu, T. Deng, and J. Fu, “Bayesian 
operational modal analysis of two supertall buildings under 
Super Typhoon Saola,” Eng. Struct., vol. 330, p. 119907, 
May 2025, doi: 10.1016/J.ENGSTRUCT.2025.119907. 

[32] A. Koçak, B. Zengin, and F. Kadioğlu, “Performance 



 Civil Engineering and Architecture 13(6): 4559-4569, 2025 4569 

 

assessment of irregular RC buildings with shear walls after 
Earthquake,” Engineering Failure Analysis, vol. 55, pp. 
157–168, 2015, doi: 10.1016/j.engfailanal.2015.05.016. 

[33] Abhija Mohan and Arathi S, “Comparison of RC Shear 
Wall with Openings in Regular and Irregular Building,” 
International Journal of Engineering Research & 
Technology, vol. 6, no. 06, pp. 471–476, 2017, doi: 
10.17577/ijertv6is060267. 

[34] A. H. Tramboo and T. Choudhury, “Seismic Performance 
Assessment of a Tall RC Building Retrofitted with Shear 
Walls,” ASPS Conference Proceedings, vol. 1, no. 1, 2022, 
doi: 10.38208/acp.v1.556. 

[35] O. Onat, B. Yön, and Y. Calayir, “Seismic assessment of 
existing RC buildings before and after shear-wall 
retrofitting,” Gradjevinar, vol. 70, no. 8, pp. 703–712, 2018, 
doi: 10.14256/JCE.2068.2017. 

[36] A. M. Abualreesh, A. Tuken, A. Albidah, and N. A. 
Siddiqui, “Reliability-based optimization of shear walls in 
RC shear wall-frame buildings subjected to earthquake 
loading,” Case Studies in Construction Materials, vol. 16, p. 
e00978, 2022, doi: 10.1016/j.cscm.2022.e00978. 

[37] A. Kumbar and D. S. B. Vanakudre, “Performance 
Assessment of RC Framed Buildings with Shear Wall Due 
to Effect of Soil Flexibility,” Bonfring International Journal 
of Man Machine Interface, vol. 4, no. Special Issue, pp. 
162–166, 2016, doi: 10.9756/bijmmi.8175. 

[38] T. A. Ozkul, A. Kurtbeyoglu, M. Borekci, B. Zengin, and 
A. Kocak, “Effect of shear wall on seismic performance of 
RC frame buildings,” Engineering Failure Analysis, vol. 
100, pp. 60–75, 2019, doi: 10.1016/j.engfailanal.2019.02.0
32. 

[39] K. Rahgooy, A. Bahmanpour, M. Derakhshandi, and A. 
Bagherzadeh-Khalkhali, “Distribution of elastoplastic 
modulus of subgrade reaction for analysis of raft 
foundations,” Geomechanics and Engineering, vol. 28, no. 
1, pp. 89–105, 2022, doi: 10.12989/gae.2021.28.1.089. 

[40] P. Pezeshky, A. Sahraei, F. Rong, S. Sasibut, and M. 
Mohareb, “Static Analysis of Nonsymmetric High-Rise 
Buildings with Asymmetric Shear Walls under Lateral 
Loads,” Journal of Structural Engineering, vol. 151, no. 10, 
2025, doi: 10.1061/jsendh.steng-13629 

[41] V. G. Terzi and A. Athanatopoulou, “Optimum torsion axis 
in multistory buildings under earthquake excitation: A new 
criterion based on axis of twist,” Engineering Structures, 
vol. 249, 113356, 2021, doi: 10.1016/j.engstruct.2021.113
356. 

[42] V. G. Terzi and A. Athanatopoulou, “Dynamic optimum 
torsion axis under soil-structure interaction effects,” 
Engineering Structures, vol. 274, 2023, doi:10.1016/j.engs
truct.2022.115150. 

[43] V. G. Terzi, “Optimization matrix method for the 
determination of the real torsion axis orientation angle,” 
Engineering Structures, vol. 286, 2023, doi:10.1016/j.engs
truct.2023.116133. 

[44] V. G. Terzi and A. Athanatopoulou, “Elastic axis of special 
classes of buildings under earthquake excitation,” 
Engineering Structures, vol. 237, 2021, doi:10.1016/j.engs
truct.2021.112203. 

[45] C. H. B. V. Hareen and S. C. Mohan, “Evaluation of seismic 
torsional response of ductile RC buildings with soft first 
story,” Structures, vol. 29, pp. 1640–1654, 2021, doi: 
10.1016/j.istruc.2020.12.031. 

[46] R. Iacob Munteanu, R. Enache, C. Baciu, and V. Calofir, “A 
new perspective into torsional inelastic response of actively 
controlled irregular multistorey buildings,” Alexandria 
Engineering Journal, vol. 71, pp. 691–706, 2023, doi: 
10.1016/j.aej.2023.03.09. 

[47] R. I. Munteanu, V. Calofir, K. C. Lemnaru, and C. Ponta, 
“Advanced Investigation into Active Control Force 
Requirements for Seismic Damage Mitigation of Inelastic 
Structures,” Buildings, vol. 15, no. 9, 2025, doi: 10.3390/b
uildings15091402. 

[48] K. Karami and H. Ahmadi, “Torsional control of 
asymmetric buildings using online 3-D damage detection 
and adaptive stiffness devices,” Structural Control and 
Health Monitoring, vol. 28, no. 10, 2021, doi: 10.1002/stc.
2804. 

[49] G. B. Nica, F. Pavel, and G. Hojda, “A fast nonlinear 
dynamic analysis automated approach to produce fragility 
curves for 3D RC frames,” Engineering Structures, vol. 281, 
2023, doi: 10.1016/j.engstruct.2023.115695. 

[50] M. Yamamoto, S. Aizawa, M. Higashino, and K. Toyama, 
“Practical applications of active mass dampers with 
hydraulic actuator,” Earthquake Engineering fStructural 
Dynamiucs, vol. 30, no. 11, pp. 1697–1717, 2001, doi: 
10.1002/eqe.88. 

[51] Bureau of Indian Standards, “Criteria for Structural Safety 
of Tall Concrete Buildings,” no. September, 2023. 

[52] Bureau of Indian Standards, “Criteria for Earthquake 
Resistant Design of Structures,” 2016. 

[53] Bureau of Indian Standards, “Code of Practice for Design 
Loads (Other Than Earthquake) For Buildings and 
Structures. Part 1: Dead Loads-Unit Weights of Building 
Materials and Stored Materials (Second Revision),” 1989. 

[54] Bureau of Indian Standards, “Code of Practice for Design 
Loads (Other than Earthquake) for Buildings and Structures 
Part 2: Imposed Loads,” 1987. 

 


