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Abstract - Increased urban development has resulted in the 
increase in demand for high rise building, which get hit by 
wind forces more often. This research analyses the 
performance of G+21 residential building with rectangular 
and square floor plans under wind conditions. It identifies the 
micro and macro changes to enhance how the structure 
performs in response to wind. With the help of ETABS 
software, various 3D models were generated that comprised 
both micro alterations such as corner cuts, recessions, 
roundness, and fins, and macro alteration such as setbacks. 
These models were investigated under wind loads as per IS 
875 (Part-3) and investigated such key parameters as storey 
displacement, storey drift, and storey shear. The findings 
indicate that aerodynamic adjustments, particularly vertical 
fins, minimized top storey displacements substantially—by as 
much as 30% in the X direction for rectangular forms—while 
setbacks uniformly reduced all parameters. Square structures, 
due to their symmetrical form, inherently had smaller wind 
responses but still gained with some aerodynamic 
modifications. This research underlines how optimizing 
building form can enhance wind resistance, minimize 
structural movement, and provide greater comfort to 
occupants. These results provide architects and structural 
engineers with valuable design information on how to make 
tall buildings more robust and sustainable in the face of wind. 

Key Words:  Micro modifications, Macro modifications, 
ETABS, Wind performance, High-rise buildings, IS 875 
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1.INTRODUCTION  

The consistent urbanization and dwindling supply of land 
to be built upon have compelled construction trends toward 
upward growth. Skyscrapers are fast becoming a solution to 
spatial constraints in cities, but with increased height comes 
increased susceptibility to environmental stresses—most 
notably, wind. Taller and more slender buildings are more 
likely to sway, vibrate, and be subject to dynamic pressures 
that can influence both their long-term performance and the 
comfort of occupants within them. This necessitates that 
wind effects should be addressed from the very earliest 
stages of design. 

In India, the process of wind resistance design is 
according to IS 875 (Part 3): 2015 guidelines. The standard 
prescribes a fundamental wind speed for each of six zones in 
the country. These are further adjusted to suit site 

conditions by employing three parameters: risk coefficient 
(k₁), terrain-height factor (k₂), and topography factor (k₃). 
Proper utilization of these corrections is important to 
establish true wind pressures and safe but economic 
construction. 

A proven strategy for increasing wind performance is 
aerodynamic shape optimization—altering a building's form 
so it deflects or disrupts airflow naturally. Macro changes 
involve large-scale modifications, such as tapering the 
silhouette, adding setbacks, or twisting the shape to disrupt 
wind flows. Micro changes—such as rounding edges or 
creating recessed corners—also decrease the intensity of 
vortices. These techniques have been used effectively in 
buildings such as the Burj Khalifa in Dubai, which employs 
spiral setbacks to break up vortex creation, and the Imperial 
Towers in Mumbai, where tapering decreases overall wind 
pressure. 

In addition to decreasing wind forces, aerodynamic 
shaping provides several advantages. It enhances structural 
efficiency, reduces material and construction expenses, 
beautifies the architectural aspect, and achieves compliance 
with safety requirements. Performance can also be 
augmented with devices such as damping systems, porous 
façades, or strategically located openings that permit 
controlled airflow. 

Engineers usually test wind performance by monitoring 
storey displacement (total floor movement at each floor), 
storey drift (relative floor movement), and storey shear. 
Maintaining these amounts within secure parameters 
guarantees stability, reduces non-structural damage, and 
ensures occupant comfort. The most effective high-rise 
structures integrate aerodynamic techniques with good 
structural engineering, resulting in buildings that are not just 
safe and economical but also aesthetically unique and 
resilient.  

A. Storey Displacement 

Storey displacement is the sideways movement of a 
particular floor level when the building is hit by 
lateral forces such as wind or earthquakes. This 
movement is measured from the floor’s original 
position and helps engineers understand how much 
the building “sways.” If the displacement is too high, 
it can affect stability, make occupants 
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uncomfortable, and damage non-structural parts 
like walls, glass panels, and partitions. 

B. Storey Drift 

Storey drift measures how much one floor moves 
sideways compared to the floor directly below it. It 
is essentially the difference in displacement 
between two consecutive floors, divided by the 
height of that storey. Controlling storey drift is 
crucial because excessive relative movement can 
crack walls, damage cladding, or disrupt building 
services. Design codes like IS 1893 (Part 1): 2016 
set limits to ensure buildings remain safe, 
comfortable, and serviceable. 

C. Storey Shear 

Storey shear is the total sideways force a floor must 
resist, caused by wind or earthquake loads on that 
floor and all the floors above it. Lower floors 
typically experience higher storey shear since they 
carry the combined effect of the entire building 
above. Understanding this helps engineers design 
strong columns, beams, and shear walls, ensuring 
the building can safely transfer these forces to the 
foundation while meeting the requirements of IS 
1893 (Part 1): 2016 and IS 875 (Part 3): 2015. 

D. Forces in Aerodynamics  

Lift: The force that acts perpendicular to the airflow, 
typically seen in objects like airplane wings. 

Drag: The resistive force opposing an object’s 
motion through the air. 

Thrust: A force that moves an object forward 
(commonly seen in engines). 

Weight: The gravitational force pulling an object 
downward. 

Pressure Distribution: When air flows around a 
body, pressure differences are created. 

Lower pressure on one side can generate lift, while 
higher pressure can increase drag. 

E. Wind Load Effects 

Along wind load- 

Along wind load acts in the same direction as the 
wind flow, pushing directly against the building and 
producing bending and shear effects. This load, often 
called a drag force, arises from pressure differences 
between the windward face (the side facing the wind) 
and the leeward face (the opposite side). The building’s 

response to this force, known as the along-wind 
response, determines how it sways and how internal 
forces are distributed. Accurate assessment of along wind 
effects is essential for ensuring structural stability and 
occupant comfort. 

Across wind load- 

Across wind load acts perpendicular to the wind 
direction and is mainly caused by vortex shedding. As 
wind flows past the building, it forms alternating vortices 
on either side, producing side-to-side forces. In many 
modern tall buildings, the across-wind response can be 
more critical than the along-wind response, especially for 
slender structures. This motion occurs in a plane 
transverse to the wind and can significantly influence 
structural performance and occupant comfort. 

Torsional Load- 

Torsional load arises when wind pressure is 
distributed unevenly around a building, causing rotational 
forces. Asymmetrical building shapes or uneven openings 
can lead to twisting of the structure, which adds 
complexity to its overall lateral response. Accounting for 
torsional effects is vital in tall buildings to prevent 
excessive rotation and maintain structural integrity. 

Vortex-Shedding Phenomenon- 

Vortex shedding is a fluid dynamics effect that 
occurs when wind separates alternately around a 
building, creating swirling vortices in its wake. These 
vortices exert fluctuating lateral forces perpendicular to 
the wind direction. If the vortex shedding frequency aligns 
with the building’s natural frequency, resonance can 
occur, amplifying vibrations. Aerodynamic measures like 
tapering, twisting, or rounding corners are often applied 
to disrupt vortex formation and reduce these oscillations. 

 

Fig-1: 2-D flow of wind showing along wind and across 
wind motion 

F. Aerodynamic modifications  
 
a. Micro modifications include corner roundness, 

corner cut, fins and corner recession. All corner 
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modifications such as rounded and recessed corners, 
which have no effect on the main concept of the 
shape and the form of tall buildings, are considered 
micro modification.  

b. Macro modifications include setback, tapering, 
twisting and openings. Macro modifications have 
major effects on the main architectural concept of 
the shape and form of tall buildings. Using these 
aerodynamic modifications can maximize the 
structural performance of buildings and the reduce 
wind-induced effects. 

 

Fig -2: Examples of Micro and Macro Modifications  

1.1 Literature Review 

This literature review examines existing studies on the 
aerodynamic performance of high-rise buildings, 
highlighting different optimization approaches, wind tunnel 
experiments, and numerical simulations used in the field. 
The review also explores the impact of shape modifications 
on structural design and sustainability. By analysing past 
research, this study aims to identify gaps in the literature 
and establish a foundation for further advancements in 
aerodynamic shape optimization for high-rise structures. 

Matin Alaghmandan, Farid Abdolhossein-Pour & 
Jamshid Mohammadi, 2013 [1] an innovative 
computational approach has been proposed to optimize 
wind effects on tall buildings by integrating both 
architectural and structural strategies. The study emphasizes 
that while aerodynamic modifications like tapering, 
setbacks, twisting, and corner treatments can passively 
reduce wind loads, structural systems such as braced tubes, 
diagrids, and outriggers actively enhance stability. 
Importantly, the research highlights that the best outcomes 
come from combining these two approaches rather than 
applying them separately. By using parametric design, CFD 
simulations, structural analysis in ETABS, and genetic 
algorithms for optimization, the method ensures efficient 
building forms with reduced wind impact and minimized 
structural weight. This collaborative, iterative framework 
bridges the gap between architects and engineers, leading to 

designs that are both aerodynamically efficient and 
structurally economical. 

Megha Kalra, Purnima Bajpai & Dilpreet Singh, 2016 [2] 
investigated that Wind plays a decisive role in the stability of 
high-rise buildings, and the overall shape of a structure can 
greatly influence its response. A study on 50-storey buildings 
with different plans—rectangular, L, U, T, I, plus, and non-
uniform—showed that irregular shapes generally 
experienced higher drift and joint displacement compared to 
more compact or symmetric ones. Among the models, the 
Plus-shaped and non-uniform structures proved to be the 
most stable under wind loads, while L- and U-shaped plans 
performed the worst. The research emphasized that as 
height increases, drift and displacement also rise, making 
shape optimization a vital consideration in tall building 
design. 

Sushmitha H O & Chetan gonni S, 2022 [3] analyses using 
ETABS highlighting how aerodynamic modifications can 
effectively improve the wind performance of tall buildings. 
In a comparative study on a 40-storey square tower, minor 
changes such as rounded and recessed corners, as well as 
major modifications like tapering and setbacks, were 
analysed against a basic square model. The results showed 
that corner treatments significantly reduced story 
displacement, drift, and base shear, while tapered and 
setback models provided moderate improvements. Among 
the tested shapes, recessed corners performed best in 
minimizing wind-induced effects, demonstrating that even 
relatively simple geometric changes can make tall buildings 
safer, more stable, and more serviceable under strong winds. 

Nikhil Gaura, Ritu Raj, 2022 [4] showed that Minor 
modifications like corner-cutting may lead to reductions in 
drag force by 25% when compared with no corner cut. 
Corner modification showed better performance up to 12–
15% modifications in section. 

Mokhtari et al., 2023 [5] research shows that simple design 
changes—like rounding or chamfering corners, adding 
setbacks, tapering, or twisting the building form—can 
reduce wind pressures by disrupting vortex formation. 
Studies also highlight that openings at higher levels help 
reduce wind excitation by allowing air to pass through, 
though their effectiveness depends on placement. Recent 
work emphasizes the dual benefits of such aerodynamic 
modifications: improving comfort and safety while also 
offering economic advantages by lowering structural 
demands. CFD and wind tunnel studies remain essential 
tools, with CFD useful for early design comparisons and wind 
tunnel tests serving as validation. Some studies even explore 
using shape modifications to harness wind energy, showing 
that rounded or circular plans can boost local wind speeds 
for potential energy generation. Overall, the literature 
consistently underlines that thoughtful aerodynamic shaping 
is a practical and cost-effective way to optimize tall building 
performance. 
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1.2 ETABS 

ETABS (Extended Three-Dimensional Analysis of Building 
Systems) is a powerful and widely adopted tool for 
structural analysis and design, extensively used for projects 
ranging from skyscrapers and parking structures to steel and 
concrete buildings, both low-rise and high-rise, as well as 
portal frames. Its widespread use is attributed to its user-
friendly interface, adherence to Indian Standard (IS) codes, 
versatility in modelling varied structural forms, and high 
precision in analysis results. 

In the present study, a reinforced concrete (R.C.C.) high-
rise building is modelled and analysed in ETABS to examine 
its structural performance. Structural analysis involves 
defining the geometry, dimensions, and load-bearing 
capacity of a building to ensure it can safely fulfill its 
intended purpose throughout its lifespan. The investigation 
particularly focuses on the building’s response to wind loads, 
with an emphasis on evaluating the effect of modifications 
on rectangular and square building to improve lateral 
stiffness and wind resistance. 

1.3 Objective and Methodology 

A. Objective -  

 To analyse the impact of wind loads on high-rise 
buildings on different modified structures using 
IS 875 (Part 3) and ETABS.  

 To optimize building shapes by identifying the most 
effective design for reducing storey displacement, 
storey drift, and storey shear. 

 Perform comparative analysis between baseline 
and optimized designs to quantify improvements. 

B. Methodology -   

Objective → ETABS Model Generation → Analyzing the 
Buildings for Different Cases → Presentation and 
comparison of results in the form of graphs and tables → 
Results and Conclusion. 

1.4 Modelling 

The modelling of the models was carried out in ETABS 
software. Model description and parameters were tabulated 
below. Initially two base models i.e., rectangular and square 
models were modelled according to the below descriptions 
and then the micro, macro modifications were in co-
operated. 

 

 

 

Table-1: Building details for the models 

Building Shape Rectangle Square 

Building Dimension 24m x 20m 24m x 24m 

Total Storey G+21 G+21 

Total Height of 
Building 

66m 66m 

Grade of Concrete For BEAM, 
SLAB:  
M 35N/mm2  
For COLUMN:  
M 40 N/ mm2 

For BEAM,  
SLAB: 
M 35N/ mm2  
For COLUMN: M 
40 N/ mm2 

Grade of Steel Fe 500 N/ mm2 Fe 500 N/ mm2 

Nominal cover of 
Structural elements 

Beam – 25 mm, 
Slab – 25 mm, 
Column -60mm. 

Beam – 25 mm, 
Slab – 25 mm, 
Column -60 mm. 

Beam Dimensions B1 230x600 mm  

B2 230x230 mm 

B1 230x600 mm  

B2 230x230 mm 

Column Dimensions C1 450x450        
      mm  
C2 450x1200 
      mm  
C3 500x1200  
      mm 

C1 450x450  
       mm  
C2 450x1200 mm  
C3 500x1200  
      mm 

Slab Thickness 150 mm 150 mm 

Wind Speed 33 m/s 33 m/s 

Terrain Category 2 2 

Windward Coefficient, 
Cp 

0.8 0.8 

Leeward Coefficient, 
Cp 

0.25 0.25 

Type of Load Load Calculation Load Calculation 

Total Live load 
applied 

2 KN/ m2 2 KN/ m2 

Floor Finish Load 1 KN/ m2 1 KN/ m2 

Main Wall Load 15.24 KN/m 15.24 KN/m 

Partition Wall Load 2.78 KN/m 2.78 N/m 

 
A. Base Models 

  

Fig-3: Plan view of 
Rectangular base model 

Fig-4: Plan view of Square 
base model 
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B. Rectangular Models  

 

Fig-5: Plan view of corner roundness, corner 
cut, fins and corner recession, modifications 
respectively for rectangular model - Micro 

modification 

 

Fig-6: Elevation and 3-D view of single 
setback 

 

 

 

C. Square Models 
 

 

Fig-7: Plan view of corner roundness, corner cut, 
fins and corner recession, modifications 

respectively for square model - Micro 
modification 

 

Fig-8:Elevation and 3-D view of single setback 
modification for square model – Macro 

modification. 
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2. RESULTS AND DISCUSSION 

By using ETABS 22 software the G+21 structure models are 
done and analysed for rectangular and square model for 
loads like gravity load and wind load. By considering same 
properties for all the model, the model is checked and 
analysed for different modifications and compared the 
storey displacements, storey drift and storey shear with and 
without modifications. All the below values in graph are for 
load case of wind.  

In the below graphs, RX represent the rectangular model in 
X-direction, RY represent the rectangular model in Y-
direction. Whereas, SX represent the square model in X-
direction and SY represent the square model in Y-
direction. 

A. Comparison of Maximum Storey displacement for 
rectangular building and square buildings 

a. Micro Modification 

The single setback modification reduced storey 
displacement in all models compared to the base case. 
The improvement was most notable in the rectangular 
model (Y-direction), where displacement dropped from 
14.87 mm to 12.72 mm. The square model, already more 
stable, also showed reductions but to a lesser extent. 
Overall, setbacks provide a balanced and effective way to 
control displacement in tall buildings. 

Table 2: Comparison of Maximum Storey displacement 
for rectangular building and square buildings of Micro 

Modification 

Storey 
Displacement 
in mm → RX RY SX SY 

Base Model  9.998 14.874 8.654 10.122 

Corner 
Roundness  10.633 16.005 9.165 10.791 

Corner Cut  10.549 15.843 9.09 10.706 

Fins  7.849 10.739 7.259 8.225 

Corner 
Recession 11.902 18.199 9.92 11.776 

  

 

Chart -1: Comparison of Maximum Storey displacement 
for rectangular building and square buildings of Micro 

Modification 

b. Macro Modification 

The single setback modification lowered 
displacement in both rectangular and square buildings. 
The effect was strongest in the rectangular Y-direction, 
while the square model showed smaller but consistent 
reductions. Overall, setbacks offer a simple and effective 
way to improve wind performance. 

Table 3: Comparison of Maximum Storey displacement for 
rectangular building and square buildings of Macro 

Modification 

Storey 
Displacement in 
mm → RX RY SX SY 

Base Model 9.998 14.874 8.654 10.122 

Single Step back 8.503 12.72 7.632 8.319 

 

 

 

Chart -2: Comparison of Maximum Storey displacement 
for rectangular building and square buildings of Macro 

Modification 
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B. Comparison of Maximum Storey drift for rectangular 
building and square buildings 

a. Micro Modification 

Fins gave the best performance, reducing drift in both 
rectangular and square buildings, with the largest 
improvement in the rectangular Y-direction. Corner 
roundness and corner cuts slightly increased drift, while 
corner recession showed the poorest results with the highest 
values. Overall, fins are the most effective modification for 
drift control. 

Table-4: Comparison of Maximum Storey drift for 
rectangular building and square buildings for Micro 

Modification 

 

 

Chart-3: Comparison of Maximum Storey drift for 
rectangular building and square buildings for Micro 

Modification 

b. Macro Modification 

The single setback reduced drift in all models, with the 
largest improvement in the rectangular Y-direction. The 
square model, already more stable, also showed smaller but 
consistent reductions. Overall, setbacks are effective in 
controlling drift. 

Table-5: Comparison of Maximum Storey drift for 
rectangular building and square buildings for Macro 

Modification 

 

 

Chart-4: Comparison of Maximum Storey drift for 
rectangular building and square buildings for Macro 

Modification 

C. Comparison of Maximum Storey shear for        
rectangular building and square buildings 

a. Micro Modification 

Storey shear increased noticeably with fins, showing 
the highest values in both rectangular and square 
models. Corner roundness, corner cut, and corner 
recession produced almost no change compared to the 
base model. Overall, while fins effectively reduce 
displacement and drift, they come with the trade-off of 
higher storey shear. 

Table-6: Comparison of Maximum Storey shear for 
rectangular building and square buildings for Micro 

Modification 

Storey shear 
in kN  
→ RX RY SX SY 

Base Model  1132 1363.8 1310.7 1314.6 

Corner 
Roundness  1132.4 1364.7 1311.1 1315.3 

Corner Cut  1132 1364.1 1310.8 1314.9 

Fins  1291.4 1520.7 1467.7 1470.7 

Corner 
Recession 1132.1 1365 1310.9 1315.3 

Storey drift 
is Unitless → RX RY SX SY 

Base Model 0.000229 0.000342 0.000194 0.000231 

Corner 
Roundness 0.000244 0.000369 0.000205 0.000246 

Corner Cut 0.000242 0.000365 0.000203 0.000243 

Fins 0.000187 0.000262 0.000169 0.000197 

Corner 
Recession 0.000268 0.00041 0.000219 0.000265 

Storey drift 
is Unitless 
→ RX RW SX SW 

Base Model 0.000229 0.000342 0.000194 0.000231 

Single Step 
back 0.000191 0.000276 0.000169 0.000185 
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Chart-5: Comparison of Maximum Storey shear for 
rectangular building and square buildings for Micro 

Modification 

b. Macro Modification  

The single setback reduced storey shear in all cases 
compared to the base model. The reduction was most 
significant in the rectangular Y-direction. Overall, 
setbacks provide a balanced way to lower shear forces 
along with displacement and drift. 

Table-7: Comparison of Maximum Storey shear for 
rectangular building and square buildings for Micro 

Modification 

Storey shear in 
kN  
→ RX RW SX SW 

Base Model  1132 1363.8 1310.7 1314.6 

Single Stepback 1128.94 1130.37 1128.9 1130.3 

 

 

Chart-6: Comparison of Maximum Storey shear for 
rectangular building and square buildings for Macro 

Modification 

3. CONCLUSIONS 

 The study compared square and rectangular G+21 
storey buildings with different aerodynamic shape 
changes using ETABS. 

 Among the micro changes, fins worked best, 
cutting down displacement and drift by around 25–
30%, though they slightly increased storey shear. 

 Corner recessions were not very effective and, in 
some cases, even increased responses due to 
irregular stiffness. 

 The setback modification (macro change) gave the 
most balanced results, reducing displacement, drift, 
and shear, especially in the rectangular model. 

 The square plan already had better stability, but still 
showed improvements with modifications. 

 Overall, aerodynamic shaping is a practical and 
effective way to improve the wind resistance of tall 
buildings, supporting safer and more sustainable 
urban design. 
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