
International Journal of Research in Engineering, Science and Management  
Volume 7, Issue 6, June 2024 
https://www.ijresm.com | ISSN (Online): 2581-5792 

 

 
*Corresponding author: kaushalsathe123@gmail.com 
 
 

221 

 
Abstract: This review paper provides comprehensive analysis of 

methodologies, advancements, challenges and best practices which 
can be used in wind analysis for tall building. Wind load presents 
the most critical lateral loading for modern tall buildings and such 
buildings need to be analyzed for such type of varying loads to 
resist well to them. The stiffness and stability requirement 
becomes more important as height of structure increases which 
results in larger displacement and story drift. To analyse it 
different methods such as Wind Tunnel Test, Computational Fluid 
Dynamic Test, and High Frequency Base Balance are adopted and 
some software tools like STAAD PRO and ETABS used to analyse 
and design buildings for changing loads. These methods are widely 
used in analysis and show better result with greater efficiency. 
This review paper mainly focuses on studying methods used for 
analysis making structure efficient to withstand against wind-
induced loads assessing occupant safety and pedestrian comfort 
around the building. 
 

Keywords: computational fluid dynamic test, high frequency 
base balance, larger story drift, STAAD PRO, ETABS, wind 
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1. Introduction 
As the global population is extensively increasing rapidly, a 

more need of land area is required which is merely not possible, 
which leads to the construction of tall building. To counter this, 
expert engineers design to address complexities of today’s 
construction market [1].Wind load analysis is a critical aspect 
of designing tall buildings to ensure structural integrity and 
occupant safety. Tall buildings are particularly susceptible to 
wind forces due to their height and exposure, making it essential 
to accurately assess and account for these loads during the 
design and construction phases. This review paper will delve 
into the various methods of wind load analysis, the factors 
influencing wind loads on tall buildings, and provide insights 
from case studies. One of the primary methods for wind load 
analysis is wind tunnel testing. Wind tunnel testing entails 
constructing a scaled-down version of the building and 
exposing it to simulated wind conditions to assess the pressures 
and forces exerted on the structure. This process allows 
engineers to study the aerodynamic behavior of the building, 
identify potential areas of high wind pressure, and optimize the 
design to mitigate these effects. 

 While wind tunnel testing provides valuable data for wind 
load analysis, it also has its limitations, such as the high cost 
and time-intensive nature of the testing process. Several factors  

 
influence the wind load on tall buildings, with building height 
and shape playing a significant role. Facades are the first 
aesthetical feature of a building that distinguish one building 
from another [2]. Significant progress in façade technology 
enables architects and specialists to customize the building 
envelope, integrating various elements like windows, 
ventilation systems, aluminum features, etc., while ensuring 
superior weatherproofing [2]. Tall building commonly faces 
aerodynamic forces when subjected to strong winds, primarily 
along the wind effect and across wind effect, leading to 
significant fluctuations in wind pressure across their surface [1]. 
The shape of the building also affects the distribution of wind-
induced pressures, with complex geometries often experiencing 
fluctuating forces across different facades [10], [11]. These 
wind-induced pressures can result in structural challenges and 
require careful consideration during the design phase to ensure 
the building’s stability and performance. Wind speed and 
direction play a crucial role in determining the magnitude and 
direction of wind loads on tall buildings. Higher wind speeds 
exert greater pressure on building surfaces, while changes in 
wind direction can lead to dynamic wind effects such as vortex 
shedding and buffeting. Additionally, the height and shape of a 
building significantly influence the distribution of wind loads. 
Taller buildings experience higher wind speeds at upper levels, 
leading to increased wind-induced forces. The shape of a 
building can also affect wind loads, with aerodynamic designs 
reducing wind pressures compared to boxy structures. 
Consequently, substantial aerodynamic loads are placed upon 
the structural system, and the facade of such structures 
experiences intense localized fluctuating forces. Under the 
combined influence of these fluctuating forces, buildings tend 
to oscillate in both rectilinear and torsional modes., as shown in 
fig. 1 [3]. 

2. Wind Load Analysis on Tall Buildings 

A. Wind Tunnel Test 
Wind tunnel testing is an important tool in the assessment 

and validation of wind-induced effects on structures, playing a 
crucial role in the design and optimization of bridges, and other 
civil engineering marvels, especially tall buildings. In wind 
tunnel testing, construction of scaled model of tall building is 
done which is subjected to controlled wind flow within a wind 
tunnel facility [13], [20]. The model typically comprises 
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detailed representations of the building's geometric features, 
including its shape, dimensions, and surface properties. Various 
instrumentation, such as pressure taps, strain gauges, and 
anemometers, are installed on the model to measure key 
parameters like wind pressures, forces, and structural 
responses. Scale models used in wind tunnel tests are typically 
geometrically similar to the actual tall building but scaled down 
in size to fit within the constraints of the wind tunnel facility. 
The choice of scale depends on factors such as the desired 
Reynolds number similarity, which ensures that fluid flow 
behavior is accurately reproduced in the wind tunnel model. 
Data obtained from wind tunnel tests are analyzed to determine 
key parameters such as peak wind pressures, aerodynamic 
coefficients, and dynamic responses of the structure. 
Computational techniques, such as statistical analysis and data 
visualization, are employed to interpret wind tunnel test results 
and derive meaningful insights into the aerodynamic behavior 
of the tall building model [4]. Based on the wind tunnel test 
results, engineers can make design modifications to improve the 
building's performance. This may involve changing the 
building's shape, adding aerodynamic features, or adjusting the 
structural elements to better withstand wind loads. 

 

 
Fig. 1.  Wind response direction [1] 

 
In conclusion, wind tunnel test plays vital role in analyzing 

structures especially tall structures for different magnitude of 
wind loads. Also, by analyzing data, response of structure 
against different magnitude of wind load is taken in context and 
potential risks are find out and according to which structure is 
modelled and designed. Different methods can be adopted to 
minimize wind-induced vibrations and stress enhancing 
resilience of structure [30]. 

 

 
Fig. 2.  Wind tunnel test [4] 

B. Computational Fluid Dynamics (CFD) 
Computational Fluid Dynamics (CFD) has been at the 

forefront of numerical modelling and commonly adopts the 
Finite Volume Method (FVM) for discretization in most 

commercial codes [5]. CFD, or Computational Fluid Dynamics, 
is a widely accepted and frequently employed mathematical 
technique for simulating the behavior of gases and liquids in a 
range of applications. The simulations utilize high-performance 
computing environments to ensure swift delivery, while 
maintaining a high level of accuracy and resolution. By 
employing CFD, we are able to conduct virtual prototyping at 
an early stage of the design process, offering valuable insights 
and detailed information that facilitate the achievement of 
sustainable objectives in a more efficient manner. Additionally, 
CFD presents opportunities for faster design processes and 
substantial cost savings [35], [37]. The primary goal is to assess 
the wind-induced loads and effects on tall buildings. This 
includes understanding wind pressures on the building surfaces, 
identifying areas of high turbulence, and evaluating pedestrian 
comfort around the building. Engineers create a digital model 
of the building and its surroundings, including nearby structures 
and terrain [28]. This model is then divided into a grid of small 
elements called mesh, allowing for precise calculations. Wind 
speed, direction, and turbulence characteristics are defined as 
boundary conditions. These conditions may vary depending on 
factors like building location, local climate, and surrounding 
structures. The simulation software solves the Navier-Stokes 
equations, which govern fluid flow, within each mesh element. 
This process calculates how air moves around and interacts with 
the building. After running the simulation, engineers analyze 
the results to understand the wind flow patterns, pressure 
distribution, and other relevant data. This analysis helps 
identify potential design improvements and assesses the 
structural integrity of the building. The insights gained from the 
CFD analysis can be used to optimize the building design for 
factors such as reducing wind-induced vibrations, improving 
energy efficiency, and enhancing occupant comfort [17]. 

In conclusion, computational fluid dynamics is a power fool 
tool for analyzing behavior of wind load on tall building 
providing insights about response of structure to wind load 
optimizing structural performance. CFD can provide detailed 
and comprehensive simulation of wind flow around the 
structure, capturing phenomena’s such as turbulence. 

 

 
Fig. 3.  Computational fluid dynamics (Source: Google) 

C. High Frequency Base Balance (HFBB) Analysis 
High Frequency Base Balance (HFBB) analysis is a method 

used in wind engineering to evaluate the response of tall 
buildings to wind-induced vibrations. Tall buildings are 
particularly susceptible to wind loads due to their height and 
slender profiles, which can lead to uncomfortable vibrations or 
even structural damage if not properly addressed. HFBB 
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analysis focuses on high-frequency wind excitations, which are 
typically those with frequencies above 1 Hz. In FBB technique, 
a force balance is attached to the base of lightweight and rigid 
structural model to measure wind induced overturning and 
torsional moments acting on entire structure. When the 
structure exhibits linear translation mode shape and a consistent 
torsional mode shape, the first three generalized force in 
dynamic response analysis can be accurately determined from 
the measured base overturning and torsional moments [6]. The 
first step is to create a detailed numerical model of the tall 
building using specialized software. This model should 
accurately represent the building's geometry, structural 
components, and material properties, as shown in fig.4. The 
next step involves estimating the wind loads acting on the 
building. Wind loads depend on factors such as wind speed, 
direction, turbulence, and the building's shape and orientation 
[31].   

With the wind loads known, a dynamic analysis of the 
building's response to wind-induced vibrations is conducted. 
This involves solving the equations of motion for the building 
subjected to the applied wind loads. In HFBB analysis, 
particular attention is given to high-frequency vibrations, which 
can be critical for occupant comfort and structural integrity. The 
goal is to ensure that the building's natural frequencies align 
appropriately with the frequency content of the wind loads.  
Based on the results of the HFBB analysis, mitigation measures 
may be recommended to improve the building's performance 
under wind loading. Finally, the results of the HFBB analysis 
should be verified and validated against real-world 
measurements where possible [23]. 

 

 
Fig. 4.  High frequency force balance [7] 

D. Wind Load Analysis Using STAAD Pro Software 
The wind speed and direction at the site of the building are 

crucial inputs. These are typically obtained from local wind 
codes or meteorological data.  The geometry of the building, 
including its height, shape, and cross-sectional dimensions, 
affects how it interacts with wind. STAAD Pro allows users to 
input accurate geometric data for precise analysis. Different 
parts of a tall building experience varying wind speeds and 
pressures due to the boundary layer effects [22]. STAAD Pro 
can apply appropriate wind profiles to simulate this behavior 
accurately.  Tall buildings are subject to dynamic responses to 

wind loads, such as sway and vortex shedding. STAAD Pro can 
perform dynamic analysis to assess these effects, ensuring the 
structure's stability and comfort. STAAD Pro calculates the 
structural response of the building to wind loads, including 
deflections, stresses, and accelerations. This information is 
crucial for verifying that the building meets safety and 
performance criteria. We can use STAAD Pro to optimize the 
design of tall buildings to minimize material usage while 
meeting strength and serviceability requirements under wind 
loads.  

As shown in fig. 5, the structure is modelled in STAAD Pro 
and Dead Loads, Live Load and Wind Load in X and Z 
direction is assigned and then results could be found out easily. 
In results, Displacement, Moments and Shear Forces, Story 
drift are found out and according to which Structure is designed. 
In conclusion, employing STAAD Pro for wind load analysis 
of tall buildings offers a comprehensive and efficient approach 
to ensuring structural integrity and safety. 

 

 
Fig. 5.  Example of (G+10) Building Model in STAAD PRO Software [8] 

E. Wind Load Analysis Using ETABS Software 
As height of structure increase, the force acting on it also 

increases along its height, impacting structural stability. 
Therefore, it is crucial to design the structure to withstand 
lateral forces, story drift and moments by ensuring the structure 
has sufficient strength to resist lateral load is essential [9].  
ETABS software is used to generate wind loads based on 
different codes like Europeans, Indian code, ASCE-7, etc. 
ETABS can easily perform dynamic analysis to simulate these 
effects and assess structural integrity. ETABS optimize 
structural design, such as adjusting column size, reinforcement, 
bracing system to enhance its performance.    

In conclusion, using ETABS for wind load analysis allows 
accurately assessing the structural response of tall buildings to 
wind loads and optimize their design for safety, durability, and 
performance. ETABS can also perform response spectrum 
analysis to evaluate the building's response to wind-induced 
lateral forces. This helps to ensure that the building can 
withstand wind loads without excessive deflections or 
accelerations. The effect is then analyzed by comparing lateral 
displacement and story shear in terms of the force involved. A 
graphical representation is created to illustrate the impact of 
these force and design modification are made based on the 
result obtained. 
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Fig. 6.  Example of (G+12) Building Model in ETABS Software [9] 

3. Conclusion 
The Study provides throughout analysis of different methods 

used to analyze wind load for tall building. It can be seen that, 
wind tunnel test has efficiency to easily find key parameters 
such as peak wind pressure, dynamic response of structure with 
accurate results without any difficulty. The Structure which is 
placed in wind tunnel can be easily analyze for different wind 
intensities and the structure is designed assuring safety and 
comfort of people. Using this building can be modified in 
different shapes or adding aerodynamic features into structure 
and adjusting structural elements to enhance performance of 
structure.  The CFD (Computational fluid Dynamic Test) 
requires small or discrete elements (mesh cells) which make it 
easier to identify areas of high turbulence, evaluate pedestrian 
comfort around the building. This technique is used to analyze 
the wind flow behaviour of around the building which can help 
to modify or do some changes in geometry of building to resist 
wind-induced forces. On the other hand, HFBB technique have 
capability to record exact forces and moment generated at base 
due to wind load. This method is useful for higher modal 
frequencies can use to avoid resonant condition and also 
distribution of mass, stiffness can be easily predicted according 
to building response and critical areas where find out and 
require solutions can be assured for enhancing structural 
integrity. Also, software such as STAAD PRO and ETABS also 
can be used to find response of building for different wind 
condition and design in accordance with results. At the end this 
study concludes by adopting different tests used for analysing 
wind load on tall building enhancing structural integrity and 
pedestrian comfort and contribute to safe and more sustainable 
and resilience structure which can withstand wind-induced 
vibrations effectively.  
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