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Abstract 
Tall buildings, like other engineering buildings, have become increasingly important in era of rapid 
urbanization since they provide a lot of vertical space in a small plan area and also symbolize a country's 
achievement.  However, the building's exposure to natural forces, such as wind, rises with its height.  The 
passage of wind may cause tall buildings to sway in both the along and across wind directions. Modern high -
rises may nevertheless experience unacceptably high levels of vibration during a cyclone, despite being built 
to resist lateral drift. Oscillations caused by strong winds may be particularly dangerous for tall structures. 
Even if the oscillations do not pose a hazard to the buildings, they might cause discomfort to the residents. As 
a result, serviceability necessitates a precise assessment of building motion.  There are number of different ways 
to figure out how tall buildings react to wind loads.  The ASCE 2010 (USA), AS/NZ 2011 (Australia and New 
Zealand), AIJ 2004 (Japan), CNS 2012 (China), NBCC 2010 (Canada), Eurocode 2010 (Europe), IS 875 (Part 3)-
1987, ISO 2009, and IWC 2012 (India) all used a similar theoretical framework to compare and contrast the effects 
of wind loads on tall buildings.  For regularly shaped structures, the IS 875 (Part 3)-1987 analytical technique is 
provided, which is based on the Gust Factor Method (GFM). However, it is only applicable to regular shaped 
buildings. For irregular shaped buildings, a prototype measurement in a wind tunnel offers accurate reaction 
and behavior under high wind speeds. In order to get above the limitations of analytical formulation, it is 
important to conduct a comprehensive examination of the impact of wind load on tall building structures. 
This paper's primary objective is to examine the results of physical (wind tunnel test) and software 
(Computational Fluid Dynamics, or CFD) analyses of the influence of wind load on high -rise structures with 
irregular and different geometries. 
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1. Introduction 

 
A building's interaction with wind creates a wide 
variety of flow conditions, making wind a complex 
phenomena. In a broad stream of air that is flowing 
in a relative manner to the surface of the earth, 
there are a number of eddies of varying sizes and 
rotating properties. The eddies cause the wind to 
be strong and gusty. Strong winds are often 
accompanied by erratic fluctuations due to the 
interaction of surface features at lower altitudes of 
the atmosphere [1]. Over longer time intervals (ten 
minutes or more), the average wind speed rises 
with altitude but the frequency of gusts decreases. 
[2]. 
 
When it comes to wind, there are two aspects to 
consider. The first involves harnessing wind as a 
source of energy for things like turbines, sails, and 
air conditioning. Parasitic in that it devours 
anything it can get its hands on, the second is found 
at [3]. The latter is what an engineer cares about 

since the load must be supported by a structure 
that satisfies the necessary safety criteria. As a 
result, all municipal and industrial buildings must 
be designed to withstand wind loads. An overview 
of the part of wind engineering that deals with civil 
engineering buildings is attempted by different 
researchers [4-8] and codes [9-17].  
 
1.1. Significance of Wind Loads on Tall Buildings 
Structures may be used as homes, offices, or 
storage spaces. Increasing numbers of tall 
buildings are being constructed as a consequence 
of a focus on vertical development owing to a lack 
of land for constructing additional structures at a 
quicker pace in both residential and industrial 
contexts [4]. Tall buildings are especially prone to 
internal mechanical stresses and moments as well 
as variations in air pressure within and outside the 
building, or "wind pressure," two types of wind-
related effects.  
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The production of eddies is an outcome of dynamic 
loading that manifests as turbulence on the structure. 
The severity of the effects of turbulence is 
determined mostly by the dimensions of the eddies. 
Positive pressure is created as large eddies, about the 
same size as the building, swirl around it. Fig. 1 
depicts that when the air is flowing in a turbulent 
flow regime, it creates swirls and a reverse current 
called an eddy. This moving air creates a space devoid 

of downstream air on the downstream side of the 
object [19]. 
 
During some Wind Storms, the destructive nature of 
the wind might create problems with the building's 
ventilation system [20]. Consequently, the 
importance of airflow research in the construction 
industry is growing. 

 
 

 
Fig. 1. Generation of eddies [18] 

 
The following four commonly used building sizes 
have been selected for inclusion in this study. The 
effects of wind on the construction of these 
structures have been studied. [21-23]: 
1 Tall Buildings 
2 Low Buildings 
3 Equal-Sided Block Building  
4 Roofs and Cladding 
Technology for creating the layout of tall 
structures has progressed in recent years. 
Structural designers have been put to the test by 
the trend in building layouts to stack floors in 
order to maximise space by increasing the net-to-
gross floor area [24]. Typically, A building that is 
less in height than taller structures is referred to as 
a "low building" in the context of structural 
engineering and wind load analysis. The precise 
height cutoff for "low" can change depending on 
regional building laws and standards [15]. 
Engineers can forecast how wind will affect equal-
sided block buildings by using simple shapes like 
Simple Cubes Rectangular Prisms and buildings 
with Regular Polygonal Shapes. Even though real 
buildings are more complex, starting with these 
basic designs makes it simpler to initially predict 
how the wind would affect them. It's comparable to 
making a rough drawing before going into great 
detail. Roofs and cladding are necessary for a wide 
range of structures, including homes, workplaces, 
factories, skyscrapers, schools, hospitals, sports 
arenas, airports, retail malls and residential 
complexes. Buildings with these amenities offer 
shelter and protection from the elements while 
being tailored to each building's demands. 
Together, they defend a building's structural 
integrity from wind and weather damage [25-26].  

1.2. Estimation of Wind Load on Buildings 
The code IS 875: part 3-1987, which is based on the 
Davenport analytical method, describes an 
analytical approach for buildings of uniform shape 
and scale. Because it focuses almost entirely on the 
geometry of the building and disregards the 
influence of neighboring buildings, this approach is 
effective [27]. The expected wind load is calculated 
by testing a scale model of the structure in an air 
stream. The scaled structure model is subjected to 
wind tunnel testing, where Balendra's approach of 
dynamic analysis is used. For the cladding design, 
an investigation of surface pressure is carried out 
using pressure measuring instruments [4]. It is 
also the sum of vector pressure that acts on the 
building surfaces such as walls and roofs or 
structural elements [8]. According to GB-50009-
2001-2006 [17], the reference wind speed 
pressure is taken from the last 50 years records 
but the minimum shall be 0.3 kN/m2. The reference 
wind pressure for high-rise structures subject to 
wind load should be increased, as determined by 
the applicable design rules. Depending on the size 
of the structure, EN 1991-1-4 (2005) gives 
procedures to determine the wind loads for each 
vulnerable location to be protected. These delicate 
regions are: 
 
a) the whole building; 
b) structural elements like walls and roofs; or 
c) modular cladding and related fasteners are 
examples of structural components that may be 
treated separately. 
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Fig.2. Height Notations [16] 

 
At every given height s, the effects of wind load are 
determined by duplicating the breeze pressure 
following up on the design at that level z by a 
powerful reaction factor Cdyn that relies upon 
both z and s where s < z < h [16]. 
 
1.3. Dynamic Analysis of Wind Forces on Tall 
Buildings 
Throughout recent many years, analysts have 
examined the way of behaving of tall structures in 
the presence of a simulated atmospheric boundary 
layer, evaluated numerous experimental and 
analytical approaches for computing dynamic 
response and presented a comprehensive 
overview of analytical approaches. Recent 
advances in computer technology made it possible 
that Large Eddy Simulation (LES) can be used for 
general engineering purpose as a sound design tool 
for setting turbulent models. In contrast to the Re-
Normalization Group (RNG) k- model, the LES 
model is superior when it comes to simulating 
turbulent conditions.  The 2-D model can predict 
the response of the building with sufficient 
accuracy for preliminary design purposes [28]. 
Since a designer cares about story-wise even 
powers for dynamic examination and primary edge 
plan, there are a few ambiguities that need to be 
clarified before a more accurate forecast of the 
response can be made. As a result, the focus is on 
applying an analytical technique to compute the 
story-wise lateral pressures on the structure, as 
well as base forces determined from Computation 
Fluid Dynamics (CFD) Analysis. [29-30] 
Since the other components of dynamic reactions 
are never zero, the along-wind force was used to 
record the dynamic analysis [31]. Shear force and 
normal stress in the columns were the 
consequence of coupled wind loads even for low 
and middle-rise structures. Tall structures must 
think about all possible dynamic reactions. Outside 
force acknowledgment for nonlinear designs is 
troublesome as a result of nonlinearity, model 
blunder, and estimation clamor [32-33], in spite of 
the rising corpus of examination into dynamic 
burden recognizable proof for direct designs. The 
immediate modular reactions are evaluated 
utilizing direct mode and multi-level of-

opportunity dynamic models. Two methods of 
linear mode modelling are developed, with the sole 
difference between them being the mounting 
mechanism used for the models. The gimbals in the 
first system allowed for two degrees of freedom, 
whereas the torsion bars in the second system only 
allowed for one.  
 
The hybrid Reynolds Averaged Navier-Stokes - 
Kinematic Simulation (RANS-KS) methodology has 
become more popular as a straightforward 
approach to dynamic analysis.  Applying this 
RANS-KS hybrid approach to the full-scale 
Commonwealth Advisory Aeronautical Research 
Council (CAARC) tall building for high wind 
conditions [34] confirmed its efficacy without the 
usage of the LES method. The investigation on 
primary execution under powerful wind stacking 
was contrasted with several international codes, 
and it was found that the EN/BS code has the most 
observed lateral wind forces, while the NBCC code 
has the second highest recorded lateral wind 
forces, which is about 10% less than the EN/BS 
code. Since wind is not very prevalent in India, the 
local code assigns it the lowest value possible. The 
dynamic wind load estimates provided by ASCE 
and AZ/NZS use the same basis—the gust factor 
approach. The shear wall construction shows the 
greatest storey displacement in almost all national 
codes for dynamic wind loading calculations [35-
36]. 
 
2. Review on wind load parameters on tal 

buildings 
For buildings with regular geometry, code and 
experimental tests, the results are similar. 
However, the results for other wind load 
parameters compared to the buildings with 
irregular plan or elevation provides conservative 
values.  In this regard, comparative study is 
referred for the various parameters of wind load 
between many international codes.       
                       
2.1 Comparison of international codes on wind 
load parameters. 
Cross wind is often disregarded in construction 
regulations such as ASCE 7-05, BS 6399-2, and ECP 
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201-08. However, wind tunnel experiments take 
this into consideration and reliably provide 
accurate readings. Wind pressure is a square 
capability of wind speed, in this manner as the 
breeze speed rises, so does the story shear and 
story second on the floor [37]. It is true that not all 
codes are created equal; for example, the 
Eurocode's story shear and story second 
prerequisites are around 31% and 29% greater 
than the Malaysian National Annex design. 
IITK Australian and ASCE-7 codes were compared 
to IS 875 (Part 3) – 1987 for shear and bending 
moment parameters.  Three tall buildings of height 
60 m, 96 m and 200 m were studied. For terrain 
category-2, 3 and 4, the shear and bending 
moments values are higher, equal and lower 
respectively. Total loads are fairly constant in wind 
response but more variable in wind response [38], 
according to a review of parameters from multiple 
international codes. 
 
2.2 Wind load analysis of tall buildings by wind 
tunnel method  
There are three distinct kinds of wind tunnels used 
to concentrate on the breeze's impact on 
structures [39].  The original Synchronous Multi-
Pressure Scanning System (SM-PSS) uses a 
pressure tube attached to the models' exteriors to 
get pressure readings. The second form of High-
Frequency Base Balance (H-FBB) test is more 
practical since the key parameters are linked to 
design and dynamic response, both of which may 
be directly retrieved via the use of a specialised 
data gathering device. The third type is an aero 
elastic model test that is the only source, which 
relates the effects of wind/structure interaction on 
the model. A crucial source for a cladding design 
solution is the findings of wind tunnel testing 
investigations on a scale model, but measurements 
on actual structures are also necessary for 
practical simulations.  
A 1:400 scale model of a tall building structure 
with various balcony styles was used to estimate 
the mean surface strain on the structure's façade. 
The measurements were made in the Centre for 
Building Studies' air limit layer open-circuit air 
stream at Concordia University. The methodology 
stream mean speed and longitudinal choppiness 
power profiles were estimated in the turntable (for 
example without a structure model) in the air 
stream test with a segment of 12.2 m long and a 
cross-part of 1.8 x 1.8 m2.The profiles were 
modelled in a wind tunnel using an aerodynamic 
roughness value that reflected their exposure to 
open country. This results in a variation in the 
strength of incoming longitudinal turbulence, 
ranging from approximately 20% at ground level 
to approximately 77% at higher inclinations. 
With its automated surface roughness features, the 
Boundary Layer Wind Tunnel (BLWT) could 

produce a variety of wind contours and calculate 
wind and wave forces on coastal structures. For 
structures with complicated geometry, air stream 
testing is the highest quality level. When precise 
distribution of wind pressure is required, the wind 
tunnel method is the best option. It works well for 
adaptive structures that are vulnerable to 
crosswind loads and vortex shedding and have 
natural frequencies lower than 1 Hz. 
2.3 Wind load analysis of tall building by CFD analysis 
method 
Since both buffeting and cross-wind loading 
excitation methods may generate large dynamic 
responses, general plan prerequisites for 
underlying strength and workableness take on a 
significantly more prominent importance on 
account of tall construction plan. The effect of wind 
loading on tall building design is something that 
has been given a lot of thought serviceability in 
terms of occupant impression of sidelong vibration 
reaction might turn into the predominant plan 
worry to decrease vibrations to a decent level, 
requiring the utilization of direction planned 
hosing gadgets. Dynamic reaction levels are 
additionally significant in the particular plan of 
façade frameworks. It is widely accepted that tall 
building designers may benefit greatly from 
boundary layer wind tunnel testing. This kind of 
testing is used to calculate worldwide and nearby 
power coefficients and to evaluate the impacts of 
wind directionality, geological elements, and 
adjoining structures on primary reaction. CFD 
codes are becoming more significant in the 
construction of tall structures, especially during 
the concept design phase. 
 
2.4 Comparative review on wind load analysis 
method 
A wind tunnel experiment is a regular practice to 
explore the flow around buildings in the 
constructed environment. For catching the breeze 
energy over the rooftop, and the measurement of 
flow on various building shapes and configurations, 
the software can estimate the velocity, above-roof 
flow, and surface pressure as well. These designs 
incorporate, however are not restricted to high-
rises with flat roofs, low-rises with tilted roofs, and 
industrial structures with slanted roofs. Separate 
studies were conducted on each building type from 
a number of different perspectives on flow [40]. 
In addition to the aforementioned efforts, the 
influence of different building layouts on 
interference was investigated. At many elevations, 
wind speeds were observed as they passed over the 
tops of buildings of varying shapes and sizes. At 
varying heights from the ground, surface tensions 
on the rooftop and a couple of rings were also 
measured. CFD and wind tunnel data were 
compared for each case.  
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Table 1- Review on wind load parameters on tall building by Wind tunnel method 
Name of Journal  Title of Paper Keywords Summary Author (s) 

Journal of Wind 
Energy Ind. 
Aerodynamics  

Wind 
pressures on 
building with 
appurtenance
s 

Modeling, 
Properties, 
Turbulence 
Intensity  

At ground level, the intensity of entering longitudinal 
turbulence was about 20% and at gradient height, it 
was around 7%. Inside the setting of the Australian 
Breeze Code, this examination spreads out the many 
degrees of cutting edge breeze plan and portrays the 
many advantages they give over traditional wind 
tunnel methods. 

Stathopoulos 
T. and Zhu 
[47] (1988) 

EJSE Special Issue: 
Loading on 
Buildings 

Wind Loading 
on Tall 
Buildings 

Simple Quasi-
static 
treatment, 
CFD, Wind 
Loading, 
damping, 
Wind tunnel 

In tall buildings, unlike wind tunnel testing, the 
application of CFD codes is becoming increasingly 
crucial, particularly during the concept design 
stage.. 

Mendis P. et 
al., [19] 
(2007) 

Final report of a 
Short-Term Scientific 
Mission cost action 
TU1304 

Wind Tunnel 
Test –Air Flow 
Around 
Building 

Roof Flow, 
Wind Tunnel, 
CFD, 
Interference 
Effects, Flow 
Attack, 
Velocity 

The velocities over the roofs of various building forms 
were measured at various heights. 

Al- Kodmany, 
Hassan Hemida 
et al., [21] 
(2012) 

2. Review on Modeling of Tall Buildings with 
Irregular Different and Diverse Geometries. 

Innovative solutions to the problems given by 
irregular and varied geometries have been 
investigated in recent studies in the field of tall 
structure design and modelling. To effectively 
mimic the behaviour of tall structures with 
complicated shapes, researchers have been 
concentrating on advanced structural modelling 
approaches, such as finite element analysis (FEA) 
and computational fluid dynamics (CFD). To 
guarantee the structural integrity of these 
unconventional structures, these models take into 
account a number of variables, such as wind loads, 
seismic forces, and material qualities. 
 
3.1 Advancements in Architectural and 
Structural Modeling 
Architectural designers and structural engineers 
have typically preferred symmetrical designs like 
rectangles, triangles, or circles when creating 
towering buildings. To achieve equal load 
distribution and structural integrity, this decision 
was made. However, in recent years, the 
architectural landscape has undergone a notable 
change towards more inventive and free-form 
forms, motivated by a desire for eye-catching and 
distinctive constructions (as shown in Table 2). 
Architects and structural designers have faced a 
variety of unusual difficulties as a result of this 
divergence from conventional designs. These 
experts must struggle with developing structural 
solutions that can support these new designs while 
ensuring safety and functioning as they work to 
produce increasingly appealing and unorthodox 
buildings. 
Recognizing ethnic variety and its impact on design 
choices is an important factor to take into account 
in this dynamic architectural world. The 
architectural traditions and aesthetics of many 

civilizations vary greatly, and these elements can 
have a substantial influence on modern design. 
Making meaningful and contextually appropriate 
architectural designs, then, requires an 
understanding of and respect for this cultural 
heterogeneity. 
As a result of these shifts in design philosophy, we 
have witnessed a proliferation of non-traditional 
building forms. These include buildings with 
twisted facades, tapered profiles, slanted 
structures, and parametric designs [41]. These 
architectural innovations not only challenge the 
norms of structural engineering but also serve as 
expressions of contemporary art and culture, 
contributing to the rich tapestry of modern 
architectural achievements. 
 
3.2 Parametric Design and Optimization  
The use of parametric design and optimisation 
tools is another noteworthy development in recent 
literature. Using parametric modelling software, 
architects and engineers are creating and 
perfecting complicated geometries that not only 
adhere to aesthetic standards but also retain 
structural efficiency. With the help of these tools, it 
is possible to explore many design options and 
develop tall structures that are both aesthetically 
appealing and sound structurally. In order to fine-
tune the geometries and boost performance, such 
as lowering wind-induced vibrations or increasing 
energy efficiency, optimisation algorithms are also 
being used. 
For architects and engineers working on tall 
buildings with irregular and varied geometries, 
these recent advancements in modelling 
methodologies and parametric design are offering 
invaluable insights and solutions, ultimately 
pushing the boundaries of architectural innovation 
and structural engineering. 
  



Journal of Harbin Engineering University                                                                                     Vol 44 No. 10 
ISSN: 1006-7043                    October 2023  
  

971 
 

Table 2- Review on Modeling of a tall building with irregular or different shapes 
Journal Name Title Keywords Summary Author 

Ain Shams 
Engineering 
Journal 

The ideal design 
procedure for the 
structural systems of 
complex-shaped 
buildings in the United 
Arab Emirates 

Skyscraper  
Measurable layout  
Designing structures 
Data sharing 
Arabian Peninsula, UAE 

Extra examination on the 
significance of every component 
innovation using the AHP 
procedure is important in the 
accompanying phase of 
exploration to satisfactorily pick 
and dissect an ordinary high rise 
improvement structure 
framework utilizing the 
enhancement cycle depicted in 
this review. 

Chuloh J. et al. 
[20] (2022) 

Ain Shams 
Engineering 
Journal 

Drag coefficient was 
evaluated by CFD 
modelling after research 
was conducted on the 
wind aerodynamic and 
flow properties of 
triangular-shaped high-
rise structures. 

Aerodynamics of wind 
Aspects of Flow 
Massive structure 
Using a CFD model 
Forme triangulaire 
The Dragging Factor 

 
The effectiveness of aerodynamic 
modification strategies in 
decreasing the drag coefficient 
was evaluated in a 120 m tall 
triangular structure. 

Abdollah 
Baghaei 
Daemei, et al., 
[37] (2019) 

3. Review on Simulation Studies and Modeling of 
Urban Wind Behavior 

In-depth simulation studies and modelling 
methods are covered in this review, which is 
devoted to comprehending and analysing the 
complicated behaviour of wind in urban settings. 
To investigate how urban structures affect wind 
patterns and velocities, it looks at several 
computational techniques and tools, including 
computational fluid dynamics (CFD) simulations. 
Insights into the nuances of urban wind behaviour 
are sought in order to build urban areas that are 
both safe and sustainable. In order to shed light on 
the most current advancements in this subject and 
their implications for urban planning and 
architecture, the review synthesises research 
findings from recent studies. 
 
4.1 Review of the RANS and LES-based study 
Recent research into building overhang ventilation 
and wind comfort, which takes into account the 
building façade pressure coefficient (Cp), has 
revealed a significant difference between using 
Reynolds-Averaged Navier-Stokes (RANS) and 
Large Eddy Simulation (LES). Utilising RANS has a 
history of inflating wind speed ratios and 
ventilation airflow rates that have been calculated. 
In essence, higher actual ventilation flow rates and 
real wind speeds in RANS-based building designs 
could result in more wind disturbance. 
For a building with balconies, Zheng X. et al. (2020) 
[42] evaluated stable RANS and LES in forecasting 

near-façade airflow patterns and mean surface 
pressure coefficients (Cp), taking three probable 
wind directions into account: 0 degrees, 90 
degrees, and 180 degrees. Through wind tunnel 
testing, the mean surface pressure on the balcony-
equipped façade was validated. The results of the 
CFD validation showed that LES predicts Cp with 
high accuracy for all three wind directions (0, 90, 
and 180 degrees), with average absolute 
deviations of around 0.091, 0.096, and 0.038, 
respectively. With an absolute deviation of 0.113, 
RANS, on the other hand, showed adequate 
accuracy only for = 0. With mean absolute errors of 
0.302 and 0.161, respectively, for = 90 and = 180, 
RANS consistently underestimated the absolute 
value of Cp. 
Further analysis using RANS and LES data revealed 
the following findings: 
A. RANS and LES projected comparable local Cp 
values for = 0, with the exception of higher 
altitudes. RANS and LES yielded surface-averaged 
Cp values of 0.507 and 0.511, respectively. 
However, RANS consistently displayed lower 
absolute values of local Cp than LES at = 90 and = 
180. 
B. RANS significantly overstated the mean wind 
speed ratio (K) at pedestrian level between 0 and 
180 compared to LES. This overestimation varied 
between 17.4% and 38.9% for different levels at = 
0 and between 32.5 and 67.9% at = 180. RANS 
overestimated and underestimated K in various 
places for = 90. 

C. When compared to LES, RANS consistently 
overestimated Kmax for all values of between 0 
and 90. RANS, however, demonstrated a higher 
Kmax at some values at = 180 and a lower Kmax at 
others compared to LES. 
The substantial mesh requirements of Large Eddy 
Simulation (LES), especially in the turbulent flow 
near-wall layers, made it previously impracticable 
to calculate wind loads on full-scale tall structures. 
A hybrid strategy was put forth to solve wind flow 

pressure variations near tall structures, combining 
mesh-free Kinematic Simulation (KS) with RANS 
simulation (which uses coarser cross-sections). 
RANS is frequently used to produce the mean flow 
characteristics of turbulent wind flows, but KS has 
the ability to provide a simulated fluctuating 
velocity field that satisfies both the requirements 
for flow coherence and the distinctive energy 
spectra of atmospheric turbulence. The 
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atmospheric boundary layer's anisotropy requires 
that turbulent kinetic energy be split into three 
orthogonal components. A Strouhal wave number 
peak in the energy density spectrum was used to 
partially account for the effects of periodic vortex 
shedding. The Poisson equation might then be used 
to calculate pressure fluctuations by being applied 
to the velocity fluctuation field produced by KS. 
The Canadian Aerodynamic Aeronautical Research 
Committee (CAARC) tall high-rise building is 
employed to illustrate the effectiveness of the 
hybrid approach, as it exhibits strong agreement 
with LES results and wind tunnel testing. 
 
4.2 Review on Wind Behaviour Modelling in 
Urban Environments  
In order to conduct research to better comprehend 
wind dynamics in urban environments, a full-scale 
urban model with buildings was constructed near 
to a weather station [43]. This 2–20 km long model 
served as a link between mesoscale and microscale 
representations of wind flow. Urban wind flows 
were simulated using three-dimensional Reynolds-
Averaged Navier-Stokes (RANS) equations. 
Although only one technique provided information 
on ground-level wind, the results from two distinct 
definitions of ground roughness were equivalent. 
Micro-scale local models that were limited to 
community structures and their immediate 
surroundings were contrasted with the full-scale 
model. It's noteworthy to note that while the full-
scale model anticipated wind speeds roughly 20% 
higher than those measured, the micro-scale model 
forecasted winds almost two times as high as those 
recorded by climate sensors on a neighbouring 
rooftop. The full-scale model was recommended 
for determining wind dispersion in urban settings 
(Table 3), although requiring longer to build due to 
its mathematical complexity. 
The results of the research were as follows: 
A. When compared to experimental data, the small-
sized model, which used boundary conditions from 
a wind tunnel, had a relative error of 36.4%. 

Surprisingly, the simulation turned out to be just 
as accurate as the study team's wind tunnel 
measurements. 
B. For open areas without structures, both of the 
two methods for determining roughness explored 
provide appropriate wind profiles. It was advised 
that when figuring out wind dispersion close to the 
ground, keep the roughness constant (ks = 1) in 
mind. 
C. By employing information from a meteorological 
station 11 kilometres distant, the full-scale model 
was able to accurately reproduce the wide-area 
wind speed distribution. The wind speeds, 
however, were two times exaggerated when the 
same data was used for the small-sized model. This 
mismatch was attributed to the alterations made to 
the wind profiles to adjust for the urban 
environment, without taking wind degradation 
within the city into consideration. 
Additionally, using Computational Fluid Dynamics 
(CFD) simulations, the study compared tall 
rectangular and 'E'-shaped structures in a 
boundary layer wind flow scenario [15]. The 
investigation analysed pressure distributions on 
various sides of both models under different wind 
angles. 
Additional research used CFD to evaluate the effect 
of surrounding low-rise structures on the wind 
pressure distribution around a high-rise structure 
[43-44]. The findings were in line with earlier wind 
tunnel tests, which demonstrated that when B/H 
(building height to base width) was 0.1, wind 
pressure on the windward side, particularly the 
bottom half, reduced. The distribution of wind 
pressure for the different layers of nearby 
structures, however, barely changed. By changing 
the B/H ratio from 0.1 to 2, factors like skimming 
flow and wake interference were taken into 
account. When a building had more than two 
stories, there were diminishing variances between 
the air flow regimes and a raised average Cp 
(pressure coefficient) as the B/H ratio grew. 
 

 
Table 3- Review on Wind Behaviour Modelling in Urban Environments 

Journal Name Title Keywords Summary Author 

Journal of Wind 
Engineering and 
Industrial 
Aerodynamics 

A hybrid RANS and kinematic 
simulation of wind load 
effects on full-scale tall 
buildings 

Reynolds Averaged Navier–
Stokes (RANS), Kinematic 
Simulation (KS), Large-
eddy simulation (LES), 
wind loads 

For handling pressure changes of wind 
flows around tall buildings, a hybrid 
approach based on the RANS simulation, 
which requires coarse meshes, and the 
mesh-free Kinematic Simulation is 
provided (KS). 

Mingfeng 
Huang et 
al., [34] 
(2011) 

National Conference on 
Innovations in Design 
and Construction of 
Industrial Buildings 

Comparative study between 
regular and irregular plan 
shaped tall building under wind 
excitation by numerical 
technique 

Computational Fluid 
Dynamics (CFD), 
turbulence model, Pressure 
distributions, ANSYS CFX 

Investigation analysed pressure 
distributions on various sides of both 
models under different wind angles. 
 

Biswarup 
Bhattach
aryya et. 
al. [6] 
(2014) 

9th International 
Symposium on 
Building 9th 
International 
Symposium on 
Building 

Surrounding Buildings And 
Wind Pressure Distribution 
on A High-Rise Building 

Computational Fluid 
Dynamics (CFD), Skimming 
Flow (SF), Wake 
Interference (WI), Wind 
Tunnel, Flow Regimes. 

When a building had more than two 
stories, there were diminishing variances 
between the air flow regimes and a raised 
average Cp (pressure coefficient) as the 
B/H ratio grew 

Zhiwen 
Luo et. al. 
[43] 
(2008) 

https://www.researchgate.net/journal/Journal-of-Wind-Engineering-and-Industrial-Aerodynamics-0167-6105
https://www.researchgate.net/journal/Journal-of-Wind-Engineering-and-Industrial-Aerodynamics-0167-6105
https://www.researchgate.net/journal/Journal-of-Wind-Engineering-and-Industrial-Aerodynamics-0167-6105
https://www.researchgate.net/journal/Journal-of-Wind-Engineering-and-Industrial-Aerodynamics-0167-6105
https://www.researchgate.net/profile/Mingfeng-Huang-2
https://www.researchgate.net/profile/Mingfeng-Huang-2
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4. Review on Different Methods and Codes for 
Analysis 

Limitations on actions like displacements and 
acceleration reactions in wind load calculations for 
tall structures were established in the Euro code 1 
and the Italian design standard code [45]. Pressure 
integration method (PIM), Finite Element Method 
(FEM), and High-Frequency Force Balance method 
(HFFB) were contrasted with accentuate the 
intricacy of the strategies (Table 4). The high angle 
proportion of the structure had an enormous 
influence on the design requirements, and the 
results of the comprehensive analytical technique 
showed larger base shear and moment values than 
those stipulated. Both PIM and HFFB observed 
effects consistent with vortex shedding, and these 
effects were found to be highly dependent on the 

building shape, a factor that was not adequately 
addressed in the rules. Supported Edge, Body 
Center, and Shear Wall Structures had their 
structural response to dynamic wind loading 
analysed and compared using five different codal 
provisions from India (IS 875 (Part-3):2015), the 
United States (ASCE 07-10), Australia/New 
Zealand (AZ/NZS 1170.2:2011), Canada (NBCC 
2015), and the United Kingdom (BS EN 199). In the 
open and rough exposure categories, all of the 
constructions produce good outcomes. 
Conclusions are drawn from a comparison of 
dynamic lateral forces that have been evaluated. 
The core structure of the hull has outperformed the 
other two components. The greatest story 
displacement is used to assess the results.  

 
 

Table 4- Review on different methods and codes for analysis 
Journal Name Title Keywords Summary  Author 

Hindawi, 
Shock and Vibration 

Structural Improvements 
for Tall Buildings under 
Wind Loads: 
Comparative Study 

Pressure Integration Method 
(PIM), 
High Frequency Force Balance 
(HFFB), Eurocode 
Tuned mass damper,  

The study demonstrates the potential 
for building damping augmentation to 
lower design loads and attenuate 
vibrations, resulting in an ideal 
combination of resilience, 
serviceability, and sustainability 
criteria. 

Nicola 
Longarini 
et al., [45] 
(2017) 

International Journal 
of Innovative 
Technology and 
Exploring 
Engineering (IJITEE) 

Structural Response of 
Tall Buildings under 
Dynamic Wind Loading 
(Various Codal 
Provisions) 

Dynamic Wind Loading, Gust 
Factor, Braced Frame Structure, 
Hull-Core Structure, Shear Wall 
Structure, IS 875 (III):2015, 
ASCE 07-10, AZ/NZS 
1170.2:2011, NBCC 2015, EN 
1991-1-1-4:2005. 

Wind forces are more vulnerable to 
high-rise buildings, and buildings at 
greater elevations may serve as 
dynamic sensitive buildings. 
 

Shridhar 
Shivam et 
al., [35] 
(2019) 
 
 
 

 
5. Survey trend analysis  

 
An in-depth analysis of the trends in wind 
engineering research is provided by the data from 
Figure 3, Table 6, and Figures 4 (a-d) taken together. 
This synthesis takes into account wind 
characteristics, the effect of different building heights 
on geometry, and the changing field of modelling 
methodologies.The analysis showed a significant rise 
in the initial wind engineering assessments for tall 
structures using computational fluid dynamics (CFD). 
While several other countries have yet to completely 
realise the potential of CFD, the United States and 
China stand out as leaders in using it to study the 
effects of wind on tall and super-tall buildings. 
Notably, the use of CFD for non-rectangular building 
designs has increased by 10-15% during the past 20 
years (Fig. 5(a)). The Finite Element Method (FEM), 
which accounts for 40% of instances, and Large Eddy 

Simulation (LES), which accounts for 80% of cases, 
are the two most popular numerical simulation 
techniques (Fig. 5(b)). Aerodynamic studies account 
for 23% of research efforts, dynamic response studies 
for 51%, and studies based on international codes for 
26% (Fig. 5(c)). 
Surprisingly, in more than half of the situations, 
experimental methods are still the best option. 
Methodologies including the Tension Integration 
Method (PIM), the High-Frequency Force Balance 
(HFFB) technique, the Force Balance Boundary Layer 
Wind Tunnel (BLWT), open-circuit air stream 
experiments, furious limit layer investigations, and 
others are frequently used by researchers. 
In terms of software tools, about 45% of researchers 
prefer simulation software tools to support their 
research (Fig. 5(d)). Collectively, these data 
demonstrate the dynamic nature of wind  
 

 
Table 5: Equation for Dynamic Wind Load Response 

Codes 

Dynamic Wind Load Parameters 

Along Wind Response 
Cross Wind 
Response 

Dynamic Response 
Vortex 
Shedding 

AS/NZS 
1170 

χ̈max

=
3

m0  h
2

 
ρair  gR Ih  √

SEt 

ς

(1 + 2gv Ih)  

 {Cfig,windward  ∑[Vdes.θ (z)]2

h

z=0

 bz zΔz

− Cfig,leeward  [Vdes.θ (h)]2 ∑ bz zΔz}

h

z=0

 

Wcq
= m(z)(2πn1 )

2  Ymax ∅1  (z) 

Cdyn

=  
1 + 2Ih√gv

2BS + 
HSgR

2SBEt

ς

(1 + 2gvIh)
 

ymax

=  kbt Sc⁄  
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BS 6399- 
2: 1997 

– – 
P = 0.85(∑Pfront − ∑Prear)

+ (1
+ Cr) 

– 

EN 1991-  
1-4 (2005) 

σa,x(z) =  
Cf.ρ. b. Iv.(zs). Vm

2(zs)

m1,x

. R. Kx.ϕ1,x(z) – – 
Vcriti,i

=  
b. ni,y

St
 

MS 1553 : 
2002 

χ̈max

=
3

m0  h
2

 
nair  gR √

SEt 

ae

(1 + 2gv Ih)  

 {Cfig,windward  ∑[Vdes.θ (z)]2

h

z=0

 bz zΔz

− Cfig,leeward  [Vdes.θ (h)]2 ∑ bz zΔz}

h

z=0

 

ÿmax 

=
1.5bgR

mo

[
0.5ñair[ Vdes]2

(1 + gv lh)2
] Km 

Cdyn

=
1 + 2lh  [gv  

2 Bs +
gR

2 SEt

ζ ]
0.5

(1 + 2gv lh)
 

ymax 

=
Kbt

Kc⁄  

IS 875  
(Part 3) : 
2015 

𝑥̈ = (2𝜋𝑓𝑎)2𝑥̅𝑔𝑟√
𝑆𝐸

𝛽
 

𝑀𝑐

= 0.5𝑔𝑔𝑔𝑝ℎ𝑏ℎ2(1.06

− 0.06𝑘)√(
𝜋𝐶𝑓𝑠

𝛽
) 

𝑀𝑎 = ∑𝐹𝑧  𝑍 
 

𝐹𝑎 = 𝐶𝑓,𝑧  𝐴𝑧 𝑝 ̅𝑑
𝐺 

𝑓𝑥 =
𝑆𝑡𝑉̅𝑧,𝐻

𝑏
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 

Structural 
Wind Engineering Concepts 

 
Table 6- Summary of the works that focused on the Structural Wind Engineering for the design of Tall buildings. 

Ref. Year 
Coun
try 

Journal/ 
conference 

General 
Structur
al 
Configur
ation 

Type of 
High 
Rise 
Structur
e 

Structural Wind Engineering 
Code/ 
Standard 

Type of 
Study 

Nume
rical 
Metho
d 

Experim
ental 
Simulati
on  

Softw
are 
Simul
ation  

Characte
ristic  

Aerodyna
mic  

Dyna
mic  

[20] 2022 UAE Ain Shams 
Engineering 
Journal 

Non-
linear 
geometry 

Skyscrap
er 

- Complex 
shaped 

- - Optimal 
Design 
Process 

- - BIM,F
EM 

[30] 2021 India - - - - - - - Computa
tional 
dynamics 

- - - 

[42] 2020 Nede
rland 

Building 
and 
Environme
nt 

Square - Wind 
direction 

Mean - - Wind 
Comfort 

RANS 
and 
LES 

✓ ANSYS 
Fluent 
18.0 

[35] 2019 India IJITEE Varying 
height 

Braced 
Frame, 
Hull-
Core, 
Shear 
Wall 

Gust 
Factor 

- Dyna
mic 
Wind 
Loadin
g 

IS 875 
(III):2015,   
ASCE 07-10, 
AZ/NZS 
1170.2:201
1,          
NBCC 2015,                           
EN 1991-1-
1-4:2005. 

Structura
l 
response 

- - ETABS
v.16 

[75] 2019 USA Ain Shams 
Engineering 
Journal 

Triangul
ar with 
helical 
tapered, 
Setback 

120 m 
High 

Flow 
character
istic 

Chamfered, 
rounded, 
recessed 
corners 

- - Drag 
Coefficie
nt 

- - Autod
esk 
Flow 
Design 
2014. 

Wind Load         
Parameters

General Structural 
Configuration

Height,                   
Time Period,         

Mass, Stiffness         
Geometry

Structural Wind 
Engineering

Characteristic of          
Wind

Height,                              
Time Period,                     

Mass,              
Stiffness,                   
Geometry

Aerodynamic              
Study

Shape Effect,                
Number of Sides,            

Minor Modifications

Dyanamic                    
Response Study

Along Wind,        
Cross Wind,                     

Torsional Effect,         
Interference effect,                

Base shear and                      
Base Moment
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[46] 2019 Den
mark 

J. W.E. and 
I.A 

Regular 
Geometr
y 

High-rise 
building 

ABL, 
Turbulen
ce 
models 

- - ASCE Applicati
on of CFD 

LES - CFD 

[48] 2019 Califo
rnia 

The 
Clubhouse 
Press El 
Macero 

- Tacoma 
Narrows 
Bridge 

Oscillatio
n 
Mitigatio
ns 

- ✓ - Failure 
Investiga
tion 

- - - 

[49] 2019 Italy XV 
Conference 
of the 
Italian 
Association  

Full-aero 
elastic 
model 

CAARC - - - - - - WTT Pytho
n 

[33] 2018 Belgi
um 

J. W.E. and 
I.A 

- High Rise - - Turbul
ent 
Inlet 

- Wind 
loads 
assessme
nt 

LES ✓ ✓ 

[50] 2018 China Computers 
and 
Structures 

- Super-
tall 
building 

Field 
measure 
displace
ment 

Noise ✓ - Force 
Identifica
tion 

Kalma
n 
Filter 

✓ - 

[32] 2018 China Mechanical 
Systems 
and Signal 
Processing 

Nonlinea
r 
structure
s 

Isolated 
Structure 

- - Shake 
Table 
test 

- Dynamic 
load 
estimatio
n 

Kalma
n filter 

- - 

[51] 2018 Brazi
l 

J. W.E. and 
I.A 

Rectangl
e 

CAARC 
Standard 
Tall 
Building 

✓ Corner 
Modificatio
n 

- - aerodyna
mic 
performa
nce 

(FEM)  
(LES) 

✓ CFD 

[74] 2018 PR 
China 

J. W.E. and 
I.A 

Square Two tall 
Identical 
buildings 

Wind-
induced 
accelerat
ion 

- Vortex
-
induce
d 
resona
nce 

GB50009-
2012 

EIF Karma
n 

Boundar
y Layer 
Wind 
Tunnel 

- 

[24] 2018 India Journal of 
Building 
Engineering 

Square 
Plan, 
Taper 
Ratio 

tall 
buildings 

Wind 
Load 
Response 

Aerodynam
ic 
modificatio
n Mitigation 

Vortex 
sheddi
ng 

- Mitigatio
n of wind 
load 

- ✓ CFD 

[53] 2018 Mala
ysia 

IOP - Habitabil
ity to 
vibration
, 

Wind 
direction 

- ✓ AIJ 
Standard 
for 
structural 
Calculations 

Wind 
resistant 
design 

- - - 

[45] 2017 Italy Shock and 
Vibration 

- Slender 
Building 

Damping 
Solution 

✓ - Euro code 1 
and Italian  
codes 

Code 
Compara
tive 

- PIM and 
HFFB 

- 

[12] 2017 India BIS Framed 
System 

Less than 
250 m 

✓ - - - Structura
l Safety 

- - - 

[54] 2017 Cana
da 

Engineering 
Structures 

Square 
Corner 
Modificat
ion 

Tall 
building 

Turbulen
t 3D flow 

Corner, 
Turbulence, 
aerodynami
cs, 
optimizatio
n 

Along 
and 
Across 
wind 

- AOP LES, 
GA, 
ANN 

✓ CFD 

[55] 2017 India J. Struct. 
Eng. 

Square, 
mass 
centers 

High Rise Gust 
Factor 

- Lateral 
Torsio
nal 
Mome
nt 

- RMS Rando
m 
Vibrat
ion 
Theor
y 

atmosph
eric 
boundar
y layers 

- 

[70] 2017 Sri 
Lank
a 

Structural 
Engineering 
and 
Constructio
n 
Managemen
t 

Square Tall 
buildings 

Allowabl
e wind 
accelerat
ions 

- ✓ ICSECM201
7-463 

Performa
nce 
Based 
Design 

✓ ✓ CFD 

[13] 2016 India BIS Critical 
and 
Special 
Structure 

Building, 
Tanks, 
Walls, 
Dams, 

- - - - Earthqua
ke 
hazards 
Assesme
nt 

- - - 

[52] 2016 China JWEIA L-shaped 250 m 
high 

Wind-
induced 
response 

- Across
-wind 

- Optimal 
design 

FEM Boundar
y Layer 

- 

[56] 2016 Switz
erlan
d 

Key 
Engineering 
Materials 

- 25-
storey 
single 
and 
semi-
detached 
sections 

- - - - Structura
l 
strength, 
stability 

FEM - CFD 

              

[7] 2015 India BIS Regular 
Geometr
y 

Up to 250 
m 

- Four sides ✓ IS 875 (Part 
3) : 2015 

- - ✓ - 

[15] 2015 India BIS Regular 
Geometr
y 

- Basic 
Wind 
Speed 

✓ Along 
wind,  
Across 
wind 

- - - ✓ - 

[57] 2015 Japan JWEIA Polygona
l section 

13 
Straight 
and 
helical 
Super-
tall 
buildings 

Accelerat
ion 

Number of 
Sides 

Overtu
rning, 
Torsio
nal 
mome
nt 

- Effects of 
increasin
g number 
of sides 

Spectr
al 
modal 
metho
d 

turbulent 
boundar
y layer 

- 

[22] 2015 India - Regular 
Geometr
y 

60m,96m
,200m 
High 

Gust 
factor 

- Along 
Wind,S
F,BM 

Code-IS-875 
(part-3) 
1987 

Codal 
revisions 

- - - 
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Respo
nse 

[37] 2015 South 
Kore
a 

KoreaScienc
e 

Rectangu
lar 

200 – 
300 m 
High 

- - ✓ ECP; ASCE 
7-05; BS 
6399-2 

Compara
tive 
study of 
Codes 

- BLWT BIM 

[6] 2014 India Journal of 
Structural 
Engineering 

E- Plan - Wind 
angles 
varied 
from 0° 
to 330° 
at 
30°interv
al 

Asymmetry - - Experim
ental 

(SST) 
k-ω 
model
s 

✓ CFD 

[58] 2014 India - ‘+’ Plan Tall 
Buildings 

wind 
angle 

- Interfe
rence 
effect 

- Experim
ental and 
Numeric
al 

k-ε 
viscosi
ty 
model 

- CFD 

[5] 2014 Belgi
um 

JWEIA - Urban 
Physics 

Fluid 
Mechanic
s 

- - - CFD 
History: 
Review 

- - - 

[29] 2014 Austr
alia 

ACMSM23 Rectangu
lar 

210 m 50 m/s 
wind 
speed 

- - AS 1170.2 Case 
Study 

- ✓ BIM, 
CFD 

[59] 2014 China JWEIA Tapering 
Twisting 
Stepping 

Super-
tall 
building 

Strong 
winds 

Corner 
modificatio
ns 

Vortex 
sheddi
ng 

 
Aerodyn
amic 
optimizat
ion 

 
✓ 

 

[60] 2013 India - - High Rise 
Building 

✓ - - ✓ Consulta
nt’s 
Perspecti
ve 

- - - 

[41] 2013 Germ
any 

CAADF13 Irregular - - Multi-
staged 
aerodynami
c 
performanc
e 

- - - - - CFD 

[61] 2013 Italy Alexandria 
Engineering 
Journal 

High-rise 
buildings
; 
Resilient 
structure
s; 

- Wind 
Induced 
load 

- Along 
wind , 
Across 
wind, 
Torsio
n 
Combi
ned 

- Pressure 
measure
ments 

FEM force 
balance 
techniqu
e 

- 

[62] 2013 Lithu
ania 

Procedia 
Engineering 
2013  

- Concrete
-Steel 
Tower 

Wind 
speed of 
24 m/s 
to 18 
m/s 

- - Multiple 
Load 
Factors 

Behavior 
Study 

Solid
Works 
Flow 
Simula
tion 

- CFD 

[38] 2013 USA Engineering 
Structures 
51 

- Tall 
building 

Accelerat
ion 

- Base 
shear/
mome
nt and 
peak/
RMS 
accele
ration. 

Eight major 
internation
al 
codes/stan
dards: 

Compara
tive 
study of 
Codes 

- - - 

[21] 2012 USA IJAR Irregular Skyscrap
er 

- - - - Aesthetic - - - 

[39] 2012 Turk
ey 

Advances in 
Civil 
Engineering 

Rectangu
lar prism 

- Wind 
angle of 
attack, 
turbulen
ce 
intensity 

- Vortex 
sheddi
ng 

ASCE, 
Eurocode 1 

Estimatio
n of Wind 
Loads 

- Boundar
y Layer 

- 

[34] 2011 China JWEIA - Tall 
Building 

Wind 
Turbulen
ce 

- Pressu
re 
Fluctu
ation 

- Hybrid 
simulatio
n 

RANS 
kinem
atic 
Simula
tion 

Pressure 
interacti
on 

CFD 

[9] 2011 New 
Zeala
nd 

- Regular 
Geometr
y 

Less than 
200 m 

Accelerat
ion 
Comfort 

✓ Along, 
Across 
Wind 

- - - - - 

[64] 2011 UK - Regular 
Geometr
y 

Less than 
200 m 

Accelerat
ion 
Comfort 

✓ Along, 
Across 
Wind 

- - - - - 

[63] 2011 India - Y - 
Shaped 

90 m 
High 

Wind 
Angle 

- Base 
Reacti
on 

IS 875 (Part
 III)1987 

- - - BIM 
and 
CFD 

[10] 2010 USA - Regular 
Geometr
y 

No 
Explicit 
Limit 
Specified 

Accelerat
ion 
Comfort 

✓ Only 
Along 
Speed 

- - - - - 

[73] 2010 USA CWE2010 - ✓ urban 
flows 

- - European 
COST 
Action 732 

The best 
practice 
guideline 

URAN
S and 
LES 

- CFD 

[23] 2009 USA Journal of 
Wind Engg. 

Bluff 
bodies 

Tall 
buildings 

- , - Base 
loads 

NBCC, ASCE Shape 
effects 

- RWDI 
low-
speed 
boundar
y layer 

- 

[28] 2009 Cana
da 

Journal of 
Wind Engg. 

✓ Super tall 
building 

- Shape 
optimizatio
n 

✓ - Wind 
engineeri
ng 

- ✓ - 

[43] 2008 Hong 
Cong 

Building 
and Urban 
Environme
ntal 
Engineering 

Idealized 
physical 
model 

Layer - - Shelte
ring 
effect 

- Effect of 
Surround
ing 

- - CFD 
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[17] 2008 China - Regular 
Geometr
y 

Less 
than550 
m 

Accelerat
ion 
Comfort 

✓ Along 
wind 
Across 
wind 

- - - - - 

[19] 2007 Vietn
am 

EJSE - - Dampers - Along 
wind , 
Across 
wind 

AS/NZS117
0.2 

Comfort 
Criteria 

- ✓ - 

[25] 2007 India IAEME 
Publication 

A-Type 
steel 
truss 
(12m,24
m Span) 

Industria
l Steel 
Structure 

Cyclonic 
Wind 

- Perme
ability 

IS 875 
(Part3):201
5 

Study of 
K4 
Factor 

- - BIM 

[36] 2004 China Engineering 
Structures 

Rectangu
lar 

Tall 
building; 

Wind-
induced 
dynamic 
torque 

- Torsio
nal 
Effect 

- Vibration RMS 
torque
, 
Strouh
al 
numb
er 

Boundar
y layer 
wind 
tunnel 

- 

[65] 2004 Cana
da 

Earthquake 
Engineering 

- Ductile 
Building 

- - Torsio
nal 
Effect 

- Displace
ment 
Control 

- - - 

[4] 2003 South 
Kore
a 

KoreaScienc
e 

Stiffness High Rise Wind 
Induced 
accelerat
ion 

- - - Full scale - Force 
balance 

Full 
scale 

[11] 2002 UK British 
Standard 

Regular 
Geometr
y 

- Gust 
peak 
wind 
loads 

- Exclud
ed 

- - - ✓ - 

[16] 2002 Mala
ysia 

Malaysian 
Standard 

- Less than 
200 m 

Wind 
direction 

- - - Limit 
states 
and 
permissi
ble 
stresses 

- ✓ Fluid 
Dyna
mics 

[66] 2002 Singa
pore 

Journal of 
Sound and 
Vibration 

Bluffed-
shaped 

- Turbulen
ce 
Modest 
WAWS 

- Vortex 
Shadin
g 

- R.M.S. 
response 

p 
(RNG) 
K-e 
and 
(LES) 

- GEOM
ESH 
FLUE
NT 5 

[67] 2001 New 
Zeala
nd 

CIB World 
Building 
Congress 

- - - - - CCSI Climate 
Change 
Impact 

- - - 

[26] 2001 India GSDMA - Existing 
Low rise 

Cyclonic 
Wind 

✓ - - Disaster 
Manage
ment 

- - - 

[31] 2000 Japan IOP Square Fifteen-
storey 
high rise 

Wind 
Speed 
Averagin
g 

- Storey 
shear 
and 
storey 
mome
nts 

EN 1991-1- 
4 code and 
MS1553:20
02 

Comparis
on of 
Codes 

- - - 

[68] 1998 UK Engineering 
Structures 

Square Structure
s, 

Wind 
loads 

- Interfe
rence 
effects 

- Review 
of SOP 

- - - 

[27] 1995 UK Tall 
Buildings 
1967 

- - - - - - - - - - 

[69] 1993 USA JWEIA Basic 
shape 

- Varying 
reduced 
velocities 
and 
angles of 
wind 
incidence 

Aerodynam
ic Effect 

Torsio
n 

AS 1170.2-
1989 

Mean 
and 
Dynamic 
Torsional 
response 

- Boundar
y layer 
wind 
tunnel 

- 

[14] 1992 India BIS Circular RCC 
Chimney 

✓ - - - Assessm
ent of 
loads 

- - - 

[47] 1988 Neth
erlan
ds 

JWEIA Plan : 
Square 

120 and 
15m 
High 

- Appurtenan
ces 

Pressu
re 
Fluctu
ation 

- Experim
ental 

- Boundar
y layer 
wind 
tunnel  

- 

[2] 1988 USA McGraw-
Hill 

Complex Tall Steel 
Composit
e 

- - Along 
and 
Across 
Wind 

- Construc
tion and 
Design 
Aspect 

- - - 

[8] 1985 UK JWEIA Rectangl
e 

183.88 m 
high 
models 
CAARC 
specificat
ion  scale 
of 1/500 

10 and 
15 m s -1 

- - - - Reyno
lds 
stress 
of the 
simula
ted 
wind 
model 

Force 
balance 
BRE 
BLWT 

- 

[3] 1985 USA Engineering 
Structures 

Stiffness - Random 
Vibration 

- Across 
Wind 

- Lateral 
Torsion 
Response 

- - - 

[18] 1980 Neth
erlan
ds 

JWEIA (30.48 X 
45.72 X 
183.88 
m) 

CAARC 
standard 
tall 
building 

- ✓ ✓ - Pressure 
and 
Response 
measure
ments 

- WTT - 

[1] 1978 UK CIRIA - - Strong 
winds 

- - - Mathema
tical 
model 

- - - 

[40] 2019 USA Engineering 
Structures 

Regular 
Geometr
y 

150m 
high steel 
frame 

Stochasti
c wind 
loads 

- Dyna
mic 
study 

- Performa
nce-
based 
wind 

Monte 
Carlo 
simula
tion 

WTT - 
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engineeri
ng  

[71] 1975 Neth
erlan
ds 

Journal of 
Industrial 
Aerodynami
cs 

- Two-
storey 
house 
Flat and 
Pitched 
Roof 

Variety 
of wind 
speeds 
and 
direction
s, 

- - - Full scale - - - 

[72] 1974 Neth
erlan
ds 

- Model 
and full 
scale 

57-
storey 
office 

Gust 
factor, 
Wind 
Turbulen
ce 

- ✓ - Compara
tive 
study 

- - - 

 
a b 

  

c d 

  
Fig. 4. (c). Configuration trends. (d) Numerical method tool (e) Wind engineering study (f) 

Experimental and software tool. 
 
engineering research, with a rising focus on CFD 
applications and a wide range of research domains 
and approaches. 
 
6. Review on Different CFD simulation methods 
Full dependence on existing air stream tests is 
somewhat expensive, and air stream tests directed 
at the starter configuration stage are 
uneconomical. This is because most design codes 
do not provide the necessary guidelines to meet 

the stability and serviceability requirements 
against aerodynamic and dynamic response 
mitigations for tall buildings. CFD methods have 
been used for quite some time, but in the last 
several decades, they have been quickly expanding 
into new fields. It developed into a potent 
instrument that helps engineers model how air 
flows around a moving target.  Its use is not limited 
to aircraft and automobiles, but recently its use 
has started to estimate wind loads on tall buildings 
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successfully [46]. Table 7 presents a 
comprehensive summary of practical applications 

of different numerical methods in modern CFD 
software. 
 

 
Table 7. Review of CFD Software based Numerical Methods 

Numerical Method Applications 

Reynolds-Averaged 
Navier-Stokes (RANS) 

Typically used for steady state or time averaged flow fields in wind studies, 
statistically models turbulence. 

Finite Element Analysis 
(FEA) 

Evaluates how buildings and structures respond to wind loads by integrating 
fluid flow models with structural analysis. 

Finite Volume Method 
(FVM) 

This method is appropriate for complicated geometries because it discretizes 
the computational domain into control volumes and solves governing 
equations inside them. 

Large Eddy Simulation 
(LES) 

Resolves bigger eddies while modelling smaller ones, and it models large-
scale turbulent patterns in wind flow. 

Detached Eddy Simulation 
(DES) 

Combines LES and RANS components to capture different turbulent flow 
sizes, particularly for flows that have separation and recirculation. 

7. Conclusions 
 

This review of the literature found that many 
studies have been conducted on wind assessment 
of tall designs. Researchers explored the approach 
to acting of designs under wind stacking in 
different circumstances, including a connection of 
pressure coefficients, drag coefficients, and torsion 
coefficients on building plan shapes and with 
various aspect ratios. Some scholars studied the 
impact of surrounding buildings on the central 
structure by varying the forms and orientations of 
the surrounding buildings. To assess their findings, 
several researchers used a wind tunnel, numerical 
analysis (CFD), or both. The following are some of 
the conclusions drawn from the review of studies. 
 
1. IS: 875 (Part3):1987 provides values of pressure 

coefficient for buildings of regular shapes with 
various aspect ratios and for several types of 
roofs. However, buildings cannot always be 
constructed in regular shapes. Wind loads 
operate primarily on tall buildings, a study of such 
buildings is required for both exterior and 
interior pressures. There is no universal formula 
accessible in IS code for such an evaluation.  

2. The effect of wind load on interior structural 
members, the effect of torsion on various plan 
shaped buildings is less reported and needs 
detailed investigation 

3. Crosswind on tall buildings is almost ignored in 
ASCE 7-05, BS 6399-2 and ECP 201-08 codes. In 
spite of the fact that breeze pressure is a square 
capability of wind speed, all codes give different 
values for base shear and base moment.                  

4. Wind tunnel test studies are the main source for 
cladding design solutions, but for practical 
simulations,. It is effective for flexible buildings 
with natural frequencies below 1 Hz. 

5. In the particular plan of exterior frameworks in 
even plans, The Limit Layer Air stream Research 
facility (BLWT),which is used to determine global 
and local force coefficients, is particularly 
valuable. However, in recent times, the design of 
high-rise buildings has become more free-style 
than before. In such a case, the application of CFD 
codes is becoming more demanding, particularly 
during the concept design stage of tall building.  
Additional research on the relevance of each 
element using the Analytical Hierarchy Process 
(AHP) approach is required in the next research 
stage. 

6. In the recent finding, RANS-based building design 
result in excessive actual ventilation flow rates 
and actual wind speeds ratios as compared to LES 
analysis. 

7. It is recommended to combine two different 
methods of model analysis to compensate for 
each other's shortcomings. RANS requires a 
coarse mesh while KS is a mesh-free simulation 
method. The fusion or hybrid simulation will 
prove to be more effective in addressing wind 
flow pressure variations around tall buildings.  

8. Boundary conditions around the model, model 
material, and model scale can all affect wind 
tunnel or CFD results. Such studies have not yet 
been carried out significantly and need further 
investigation. 

9. Predicting how wind will spread in an urban area 
requires testing the model at full size. While it is 
possible to simulate the type on the breeze profile 
for the important geography,no model can take 
into account wind deterioration as it travels 
across the terrain. 

10. Analysis of displacements and accelerations 
caused by wind action on tall structures using the 
PIM in conjunction with the FEM of the building 
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and the HFFB approach revealed the 
shortcomings of the conventional Design Code. 

 
8. Scope of Research Work 

 
1. The computational approach, together with 

experimental data, to calculate wind loads is a 
better choice. There is need for further study to 
better understand the interplay between wind 
speed and heading, as well as the pressure 
strain state of structural components in low-
rise structures and their connections under 
increasing wind load. 

2. Researchers may select and pair the best 
existing approaches that might deliver 
increased accuracy in findings by using a 
simplified model and a variety of numerical 
techniques. 

3. To better anticipate CFD data output to real-
world values, this review study may be 
improved by attempted CFD parametric 
examinations and coordinating the information 
with trial air stream models. 
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