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ABSTRACT 

Every structure should be able to endure two things: strength and stability. Tall, slender 
RC chimneys are always vulnerable to wind and vibrations, significantly impacting 
performance and stability. Understanding the wind-induced effects on various shapes of 
RC chimneys is critical for designing and constructing safe and resilient structures. 
Various chimney shapes can have distinct aerodynamic properties, varying wind-induced 
effects, and surface interference, significantly impacting the structure's dynamic 
response. The critical response can affect essential factors such as the design along-
wind moments, load loss due to wind effect, and dynamic characteristics of the chimney. 
Rigorous investigation of case studies, analysis of simulation results, and practical 
engineering guidelines were established for valuable insights into the complex interaction 
between wind and RC chimneys. Therefore, it can improve design standards and risk 
management strategies for mitigating the wind effect on RC chimneys. Conducting 
detailed computational fluid dynamics simulations to address these challenges and 
understand the wind effect on different chimney shapes is essential. The current study 
investigates the wind response of RC chimneys with varying shapes: circular, square, 
hexagonal, and octagonal. The primary focus is on the impact of shape on the mean 
pressure coefficient and generated turbulence intensity under wind loads. The research 
employs computational analysis methods to simulate wind flow around each chimney 
shape. Site-specific wind data, including wind speed probability distributions, turbulence 
intensity profiles, and prevailing wind directions, are integrated into the analysis. This 
allows for a more realistic assessment of the effects of wind on the chimney. The results 
have been compared to assess how shape influences The pressure co-efficient and 
turbulence intensity. The study aims to identify optimal shapes for RC chimneys 
considering wind effects by comparing the results across different shapes. The findings 
can provide valuable insights for engineers designing chimneys to withstand wind loads 
while minimising mean pressure co-efficient. A comprehensive understanding of various 
chimney designs' aerodynamic behaviour can help to develop effective mitigation 
measures to enhance RC chimneys' structural stability and resilience.  
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1. INTRODUCTION 
 
     Wind is the motion of air about the Earth's surface, driven by variations in pressure 
caused by heat exchanges between different places. Significant differences in 
atmospheric heating between the equator and the poles generate large-scale wind 
streams, further influenced by the Earth's rotation. Frictional forces are generated due to 
the interaction between wind and the Earth's surface, reducing wind speed near the 
ground. The interaction between the Earth's surface and the air induces frictional forces 
that reduce wind speed near the ground. The gradient of wind speed with height within 
this turbulent zone, known as the atmospheric boundary layer, extends up to 1000 
meters, aligning with the geostrophic wind (Holmes 2007). The average wind speed 
within the atmospheric boundary layer increases with height, whereas turbulence 
decreases with increasing height. The terrain type significantly influences turbulence 
intensity (Haldar and Karmakar 2022). 
 Consequently, site-specific wind data are highly preferred for wind simulation, 
offering superior accuracy and relevance. The primary benefit of field measurements is 
the ability to represent the true complexity (Haldar et.al 2023). On a counterpart, there is 
no control over inherently variable meteorological conditions. Additionally, site-specific 
wind data cannot be obtained during the design stage of a building or urban area in 
complex terrain. Typically, only point measurements are conducted, limiting the 

comprehensiveness of the data (Blocken et al. 2015). The mean wind speed profile 𝑈̅(𝑧) 
is shown in Figure 1 along the height above the ground z for different terrains. In Figure 
1, Z0 is the roughness length, and ZD is the height of the zero displacement plane where 
wind speed is not considered. Using real wind data to calculate wind effects on structures 
offers enhanced accuracy and realism, providing site-specific analysis that accounts for 
local wind conditions. It ensures that structural designs are validated against actual wind 
patterns, improving safety, reliability, and regulatory compliance. Real data allows for 
precise prediction of wind loads, preventing over and under-design, thus optimising 
material use and cost. Additionally, it facilitates dynamic analysis by incorporating 
temporal variations and gust effects, aiding in assessing structural performance under 
fluctuating conditions and extreme events. Real wind data leads to safer, more efficient, 
and more durable structures. A statistical investigation of wind speed provides 
comprehensive insights crucial for various applications, such as engineering, 
meteorology, and environmental science. Analysing descriptive statistics (mean, median, 
mode, standard deviation, variance, range) (Gupta and Biswas 2010) and frequency 
distributions (histograms, PDFs), distribution models (Weibull, Gaussian), and Wind rose 
diagrams offer a detailed understanding of wind speed distributions and directions (Tizgui 
et al. 2017), helping to understand wind behaviour over time. Meanwhile, extreme value 
analysis (maximum/minimum speeds, return periods) helps assess the likelihood of 
severe wind events (Anastasiades and McSharry 2014). These combined insights are 
invaluable for designing resilient structures, optimising wind energy systems, and 
enhancing our understanding of wind-related phenomena. However, in the case of 
structures, slender structures are more vulnerable under wind, which can be categorised 
as vertical and horizontal slender structures. This study typically discusses one vertical 
slender structure, a reinforced concrete (RC) industrial chimney.  
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RC Chimneys are naturally built around industrial areas and provide hot smoke, 

fluent gas or water stream ventilation. Their tall height and slenderness become 
vulnerable to wind. Different chimney shapes, like cylindrical (Bhatt and Vasanwala 
2021), square, hexagonal, or octagonal, can be constructed at a significant height. 
Maintaining a clean environment leads to increasing the height of the chimney. Due to 
its gigantic height, it has become vulnerable to wind load. Major International codes are 
compared to analyse RC chimneys for wind loads (Karaca andTürkeli 2012). Ten 
different constructed chimneys were taken, and their wind load calculation was compared 
for different international code specifications. The cylindrical shape of the chimneys was 
selected. Similarly, wind response on RC industrial chimneys due to the slenderness 
ratio was described as a critical parameter of the tall chimneys for wind loading (Karaca 
andTürkeli 2014). Another critical property that influences the wind response of the RC 
chimney is its shape.  

Considering those mentioned above, the current study investigates the shape 
effects of the RC chimney. While on-site for twenty-two years (2001-2023), wind data of 
Durgapur has been collected from NASA Power. The statistical distribution has been 
done by comparing the goodness of fit between the Weibull and the Gaussian distribution 
method and the mean, median and standard deviation collected from there. Again, 
extreme value distribution has been conducted to determine the site's design wind speed. 
Further, the estimated wind speed has been considered to find the shape effect of the 
cylinder, square, hexagonal, and octagonal RC chimney through CFD simulation. Finally, 
the estimated data has been compared by considering each shape's, pressure coefficient 
and net turbulence intensity values. The novelty of this study lies in investigating the 
shape factor of tall RC chimneys influencing on-site wind effects.       

2. LOCATION AND TERRAIN ANALYSIS 

     The study site is Durgapur, a major Industrial city and a planned urban area in India. 
The latitude and longitude of the place are 23.52 N and 87.31E, respectively. It contains 
an alluvial terrain with an average elevation of 65 meters (213ft). It is situated near the 
bank of the Damodar River. The city experiences a transitional climate between tropical 
wet and dry climate. Summers are sweltering when temperatures rise to 45-47 degrees 

 
Fig. 1 Terrain variation with gradient 
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and drop to 9 degrees in winter. Monsoons hit after summer with an average of 1320 mm 
of precipitation. Figure 2 explains the location details of Durgapur. As described, the 
terrain condition is mainly undulating. Land areas with moderately high buildings 
constructed with proper planning and industrial areas near town consumed many 
chimneys in their factories. IS 875 (III), which is dedicated to wind load calculation, 
suggests roughness length (Z0) with a value of 0.2m. The Nasa Power Project Data 
Acess Viewer (DAV) provides real wind data at a reference height of 10 m from 2001 to 
2023 years of data for this location.          

3. STATISTICAL DISTRIBUTION OF WIND 

 Various kinds of computational tools were developed to analyse wind speed data. 
Among them, the widely accepted statistical distribution for wind data is considered the 
two parameters of the Weibull distribution (Akdag et al. 2010). It is a unique instance of 
the Gamma distribution. The Weibull probability density function (PDF) is expressed as, 

            𝑓(𝑣) = (𝑘 𝑐⁄ )(𝑣 𝑐⁄ )(𝑘−1)𝑒𝑥𝑝[(− (𝑣 𝑐⁄ )𝑘]               (1) 
Where f(v) is the probability density function(CDF), k is the shape parameter, and c is 
the scale parameter in (m/s). In addition to the cumulative distribution function of the 
Weibull, which is the integration of PDF and expressed in Equation 2.  

𝐹(𝑣) = 1 − 𝑒𝑥𝑝[−(𝑣 𝑐⁄ )𝑘] (2) 
The parameters of Weibull distribution can be calculated by following various methods 
like the least square regression method (LRM), maximum likelihood method (MLM), non-
iterative method (NIM), and method of moments (MOM). Among them, MLM preferred to 
find the results given in equations 3 and 4, and estimated results are tabulated in Table 
1. Figure 3 (a to c) describes the Weibull PDF, CDF, and histogram.  

  𝑘 =  [
∑ 𝑢𝑖

𝑘𝑙𝑛(𝑢𝑖)𝑛
𝑖=1
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𝑖=1

−
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                           𝑐 = (
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𝑛
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1
𝑘⁄
        (4) 

Where k is the shape parameters, c is the scale parameters, and u is the mean wind 
speed. 
 

 

Fig.2 Location of the site 
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Table:1 Statistical Parameters of Wind Data 

Parameters Values Explanation 

Mean 1.7981 (m/s) It is 22 years of hourly data gives this mean value 

Median 1.7895 50% of the observed wind speeds are below this value, 
and 50% are above. 

Standard 
Deviation 

0.605 variability of wind speeds around the mean 

Scale factor 2.0082 Estimating the typical wind speeds expected at the 
location. 

Shape factor 3.1782 Values of k greater than 1 suggest fewer low-speed 
and high-speed outliers, with most wind speeds near 
the central value. 

 
   

Fig.3a PDF of Weibull Dist Fig.3b CDF of Weibull Dist Fig.3c Histogram 
 
 The design wind speed has been estimated from the extreme value analysis of 
these data, from which a 50-year return period is calculated (Anastasiades and McSharry 
2014). Although 50 years of wind data would be ideal, the analysis is based on the 
available 22 years of data due to limitations in data availability. Several methods are 
available for extreme value analysis: Gumbel Extreme Value Analysis, Frechet Extreme 
Value Analysis, Weibull Extreme Value Analysis, Generalized Extreme Value (GEV) 
Distribution, Generalized Pareto Distribution (GPD), Block Maxima Method(GMM), etc. 
(Reiss et al. 1997). Weibull distribution has already been used to find wind statistical 
distribution in previous wind distributions. Connecting with the previous Weibull Extreme 
Value Analysis adopted for the work. The annual maximum wind speed plotted in Figure 
4 and the Weibull extreme value scale and shape factor are tabulated in Table 2 with the 
50-year return period of wind speed. 
 
Table:2: Extreme value analysis of Wind 

Parameters Values 

Shape 12.6505 

Scale 6.2248 

Return Period 21.1416 m/s 
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Fig 4. The annual maximum wind speed 

 This estimated 50-year return period of wind speed is considered the design wind 
speed of Durgapur, which has been further applied to the structures. 

4. DETAIL DISCUSSION ABOUT THE RC CHIMNEYS 

 Four different chimney shapes have been considered in the current study. The 
height and materials of the chimney are the same. Only their shapes and sizes are 
different. Sizes have been chosen so that their natural frequency is approximately the 
same. The height is 120 meters, and the grade of the concrete is M30. The young 
modulus is 33 GPA, and the Poisson ratio is 0.2. The details of the four are given in Table 
3. Figure 5 (a to d) explains all four types of shapes. 
 
Table 3: Parametric details of different shapes of chimney 

Shape of the Chimney Parameter  Values in metre 

Cylindrical 

Top dia 5.0 

Bottom dia 10.0 

Thickness 0.3  

Natural Frequency 0.55 

Square 

Topsides 5.6 

Bottom sides 8.5 

Thickness 0.3 

Natural Frequency 0.52 

Hexagonal 

Topsides 3.4 

Bottom sides 5.16 

Thickness 0.3 

Natural Frequency 0.5 

Octagonal 

Topsides 2.8 

Bottom sides 4.0 

Thickness 0.3 

Natural Frequency 0.52 
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 All the models' natural frequencies have been validated by comparing their natural 
frequencies estimated in Ansys Mechanical by modal analysis and by generating code 
to calculate the natural frequency of these four chimneys.  

  
Fig.5a. Natural frequency of Cylindrical 
Chimney 

Fig.5b. Natural frequency of Square 
Chimney 

  
Fig.5c. Natural frequency of Hexagonal 
Chimney 

Fig.5d. Natural frequency of Octagonal 
Chimney 
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 5. VALIDATION AND CFD SIMULATION 

 The CFD procedure validation has been conducted using an octagonal building with 
a height of 150 m and a base of the bottom of 30 m, followed by a scaled to a 1:300 scale 
for CFD simulation (Verma et al. 2015).The wind tunnel test was conducted on this 
structure, and from there, a scaled-down wind speed was adopted through user-defined 
function (UDF) coding for Ansys Fluent. The same procedure followed, and the result 
was established with an error of less than 1. The current study has taken different wind 
angles, whereas only a 0-degree wind angle is considered for validation. Completely 
hexa mesh has been generated with minimum orthogonal quality. A comparison between 
paper values and simulated values has been shown in Table 4. Figure 6 explains the 
details of the mesh and its quality.  
Table 4 Validation for mean pressure coefficient values 

Mean Pressure coefficient (Cp) 

Faces A B C D E  F G H 

Paper 
values 
((Verma et 
al. 2015). 

0.835 0.287 -0.572 -0.694 -0.638 -0.674 -0.572 0.286 

Simulated 
values 

0.839 0.289 -0.567 -0.698 -0.634 -0.675 -0.567 0.288 

Error(%) 0.47 0.69 0.87 0.57 0.63 0.14 0.87 0.67 

 
 

Fig. 6 Mesh Details 
 5.1 CFD Simulation 
 Four different chimney shapes have been modelled separately, achieving high 
mesh quality, as shown in Figure 7. The models have been scaled down following the 
literature, adhering to a 1:300 scale (Verma et al. 2015). The applied wind speed (u), 
derived from section 3, has also been scaled down accordingly. For these models, the 
reference height (href) has been set at 0.4 meters, while the wind speed has been 
measured at a height (h) of 10 meters. Using Equation 5, the reference wind speed (uref), 
which acts on the top of the structure, has been determined considering 'α' as 0.24 and 
a wind log profile established by User Defined Function applied in Ansys fluent 
(Lukiantchuki et al. 2020).  

 
𝑢

𝑢𝑟𝑒𝑓
= (

ℎ

ℎ𝑟𝑒𝑓
)

𝛼

      (5) 
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Fig.7a Hexa mesh of Cylindrical Chimney Fig.7b Hexa mesh of Square Chimney 

  
Fig.7c Hexa mesh of Hexagonal Chimney Fig.7d Hexa mesh of Octagonal Chimney 

 

6. Result and discussion 

 The wind pressure measurements have been conducted at a zero-degree angle of 
wind flow, where the hexagonal and octagonal chimneys are oriented with their vertical 
sides, designated as Face A, facing the Wind. The remaining faces have been named 
anticlockwise, as shown in Figure 8. The domain size adhered to the parameters outlined 
in the validation literature: the distance of the structure from the inlet, right, and left 
boundary walls has been set to 26 times the base width, and the distance from the 
structure to the outlet is 50 times the base width. The domain height has been set to five 
times the structure height. 
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Fig.8 Direction of wind attack 
 In the solver settings, a User-Defined Function (UDF) has been applied at the inlet, 
and a steady-state solution is employed. Second-order differencing has been utilised for 
the drag, lift, moment, pressure, and turbulence equations. A coupled pressure-velocity 
approach has been adopted. The residuals have fallen below the commonly applied 
criteria, reaching 10-6 of their initial values after 500 iterations. The detailed solution 
results for each chimney shape are tabulated in Table 5.  
 
Table:5 Comparison of results for each shape of the chimney 

Shape Mean pressure coefficient Turbulen
ce 

Intensity 

A B C D E F G H  
Cylindrical -0.415 3.99 

Square 0.815 0.509 0.419 0.496  3.594 

Hexagonal 0.257 -0.569 -0.630 -0.255 -0.630 -0.569   1.366 

Octagonal 0.416 0.212 -0.467 -0.545 -0.532 -0.545 -0.467 0.212 4.188 

 
 The flow velocity field and the mean pressure coefficient of the entire model have 
been explained in Figure 9. 

 

 

Fig.9a Flow velocity on Cylindrical 
Chimney 

Fig 9b Overall mean Cp on Cylindrical 
Chimney 

Circular Chimney 

Wind 
Direction 

Square Chimney 

Wind 
Direction 

Hexagonal 
Chimney 

Wind 
Direction 

Octagonal Chimney 

Wind 
Direction 

A A A 
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Fig.9c Flow velocity on Square Chimney Fig 9d Overall mean Cp on Square 
Chimney 

 

 

Fig.9e Flow velocity on Hexagonal 
Chimney 

Fig 9f Overall mean Cp on Hexagonal 
Chimney 

  
Fig.9g Flow velocity on Hexagonal 
Chimney 

Fig 9h Overall mean Cp on Hexagonal 
Chimney 

 

7. CONCLUSIONS 

 The increasing height of industrial RC chimeys become a major concern in the 
present scenario. Taller chimneys help in dispersing pollutants over a larger area, 
reducing their concentration at ground level and minimising environmental and health 
impacts. Many environmental regulations require taller chimneys to ensure pollutants 
disperse effectively and meet air quality standards. On the other hand, taller and slender 
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chimneys become vulnerable under wind loads. Wind exerts significant forces on tall 
structures, which must be accurately calculated to ensure structural integrity and safety. 
Tall chimneys are more susceptible to dynamic effects like vortex shedding and buffeting, 
which can cause oscillations and potentially lead to structural failure if not properly 
addressed. The shape, size, material, and slenderness ratios are crucial parameters to 
consider. This manuscript considers the shape of the chimney for study. 
 The chimney's shape significantly impacts the mean pressure coefficient and 
turbulence intensity. The cylindrical and octagonal chimneys experience higher 
turbulence intensities, suggesting they are more affected by turbulent flows. The 
cylindrical shape has a consistently negative mean pressure coefficient, indicating a low-
pressure region around it called flow separation, and it is also desirable. The square 
chimney shows positive mean pressure coefficients, meaning higher pressure zones are 
present. The hexagonal chimney demonstrates the lowest turbulence intensity, indicating 
smoother airflow, but has varied pressure coefficients. With the highest turbulence 
intensity, the octagonal chimney has a complex pressure distribution similar to the 
hexagonal shape. 
 These findings are crucial for the design and structural integrity of industrial 
chimneys. The choice of shape should consider the balance between pressure 
distribution and turbulence intensity to ensure stability and longevity. For instance, while 
cylindrical shapes are common, hexagonal shapes might offer advantages in reducing 
turbulence. Understanding these dynamics helps in optimising the design for 
environmental and structural performance. 
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