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Abstract 

Wind-induced pressure plays a significant role in the safety and serviceability of tall buildings, slender 

vertical structures, and signboard hoardings. Currently, computational fluid dynamics (CFD) has 

become an effective supplemental tool in the analysis of the interaction of wind and structures. This 

paper presents a unified comparative study integrating multiple investigations various modal (ⅰ) Tall 

rectangular building (50 m × 50 m × 150 m), (ⅱ) Rectangular Building (18 m × 12 m × 51 m) analyzed 

using the force coefficient method as per IS 875 (Part 3):2015, (ⅲ) Tall Rectangular Building (24 m × 

12 m × 96 m) analyzed using the Guest Factor Approach as per IS 875(Part 3):2015, (ⅳ) Signboard 

Hoarding Structure analyzed using IS 875(Part 3):2015 with the CFD simulations performed in ANSYS 

Fluent. Three-dimensional (3D) numerical models were developed, and steady-state simulations 

employing the standard k–ε turbulence model were carried out under realistic boundary conditions. 

The CFD-predicted wind pressures show close agreement with codal values, with deviations generally 

within 0.3 - 4% for maximum windward pressures. However, CFD reveals significant spatial variations 

and higher suction zones on leeward and side faces that are not explicitly represented in codal methods. 

The study demonstrates that IS 875 and the gust factor method remain reliable for preliminary and 

global design, whereas CFD provides enhanced insight into localized pressure behavior critical for 

detailing, cladding design, and failure assessment. A combined use of codal provisions and CFD 

analysis is therefore recommended for improved accuracy and structural safety in wind-sensitive 

applications. 
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INTRODUCTION 

Wind tunnel testing, numerical simulation, and code-based techniques have been used extensively to 
study wind-induced effects on tall buildings and similar bluff bodies because wind determines the 

strength and serviceability of tall, thin, and light 
structures [1, 2]. Many studies have examined the 
effects of building aspect ratio, plan shape, and 
geometric modifications on pressure distribution 
and global responses using benchmark 
configurations such as the CAARC tall building to 
validate computational fluid dynamics (CFD) tools 
and turbulence models [1, 3, 4]. Recent reviews 
have demonstrated a sharp increase in the use of 
CFD for tall building wind design, with applications 
ranging from straightforward bluff-body 
aerodynamics to complex fluid-structure 
interactions and façade performance [2, 5, 6]. 
Comparing parallel HFBB or CFD results with wind 
code predictions (such as AS/NZS, AIJ, Eurocode, 
and ASCE 7) has typically been done [4, 7–15]. 
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Despite these advancements, the integrated use of IS 875 (Part 3):2015 and CFD for the routine 

structural design of wind-sensitive systems in the Indian context still has significant gaps. Without 
systematically quantifying the agreement and discrepancies between IS 875 and CFD predictions across 

multiple structural typologies and analysis methods (force coefficient method, gust factor approach, 
direct pressure evaluation), many investigations either apply codal procedures alone, perform CFD 

analysis in isolation, or treat only one idealized building form [15, 16]. Specifically, there is little 
comparative evidence in the literature regarding the capacity of IS 875 (Part 3):2015 to depict localized 

peak suctions, three-dimensional corner vortices, and wake-induced pressure fluctuations that govern 
cladding and connection design, particularly for tall buildings with sharp edges and signboard or 

hoarding structures [1, 5, 6, 17–22]. 
 

Furthermore, most CFD-based studies on tall buildings focus on advanced turbulence closures, such 

as LES or hybrid RANS–LES, and isolated high-rise buildings in relatively idealized surroundings [19]. 
CFD methods can reproduce detailed flow structures and peak pressures, which are computationally 

demanding and not yet widely adopted in everyday design practice. There is a need to clarify how far 
more accessible steady RANS models with standard k–ε turbulence, when carefully set up with realistic 

atmospheric boundary layer profiles and validated domain/mesh configurations, can support or refine 
codal design based on IS 875 (Part 3):2015 for typical Indian building geometries. Simultaneously, very 

few studies extend such comparisons to ancillary components, such as signboard hoardings, which are 
highly exposed, lightweight, and often critical in wind damage scenarios [3, 4, 23, 24]. 

 
In light of this, the current study compares wind pressures across four representative structural 

models: 
1. A tall rectangular structure measuring 50 m × 50 m × 150 m 

2. A rectangular structure measuring 18 m × 12 m × 51 m was examined using the force coefficient 
method 

3. A tall rectangular building measuring 24 m × 12 m × 96 m was examined using the gust factor 
method 

4. A signboard hoarding structure that was created in compliance with IS 875 (Part 3):2015 
 

For every scenario, three-dimensional CFD simulations were run in ANSYS Fluent using a steady 

RANS framework with the standard k–ε model under realistically modeled atmospheric boundary layer 
conditions and systematically compared with wind pressures derived from codal procedures. The results 

of three-dimensional (3D) computational fluid dynamics (CFD) simulations using ANSYS Fluent were 
systematically compared with wind pressures derived from IS 875 (Part 3):2015 [25]. The primary goal 

of this study is to assess the degree of agreement between codal and numerical approaches, draw 
attention to the shortcomings of oversimplified analytical techniques, and illustrate the importance of 

CFD in capturing localized aerodynamic effects. The primary goals of this study are to examine the 
degree of agreement between codal and numerical approaches, highlight the drawbacks of simplified 

analytical techniques, and highlight the importance of CFD in capturing localized aerodynamic effects 
for safe, cost-effective, and dependable structure design [14, 17, 26–29]. 

 

METHODOLOGY 

The current study evaluated wind-induced pressure on different structural models using an integrated 

analytical and numerical framework. The results of three-dimensional (3D) CFD simulations are 

routinely compared with wind pressure values computed in compliance with IS 875 (Part 3) 2015 [7, 

8]. To ensure reliability and uniformity, identical boundary conditions, wind characteristics, and 

assessment parameters were maintained for all cases [11]. Throughout this section, relevant Figure 

references are included to clearly illustrate the modeling process, associated geometries, meshing 

details, and CFD simulation results [14–16, 27–29]. 

 

Structural Configurations Considered 

Four representative structural configurations were selected to cover a broad range of geometries and 
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codal wind load evaluation methods prescribed in IS 875 (Part 3):2015 [7, 26]. The overall geometry 

and placement of the models within the computational domain are illustrated in Figures 1 to 4. 

• Tall building: A 50 m × 50 m × 150 m [9] model as a rectangular prism subjected to oblique wind 

incidence (geometry shown in Figure 1). 

• Rectangular building with dimensions of 18 m × 12 m × 51 m was analyzed using the force 

coefficient method [9] (Figure 2). 

• Tall rectangular building: 24 m × 12 m × 96 m [10] was analyzed using the gust factor approach, 

with representative pressure contours shown in Figure 8. 

• Signboard hoarding structure: [9] A flat rectangular panel supported on vertical members, 

representative of roadside or rooftop hoardings (geometry shown in Figure 4) [2, 25]. 

 

These configurations represent typical buildings, slender structures, and lightweight exposed systems 

that are commonly encountered in urban environments. 

 

 
Figure 1. Building geometry (50 m × 50 m × 150 m) modeled in ANSYS (SpaceClaim). 

 

 
Figure 2. Building geometry (18 m × 12 m × 51 m) modeled in ANSYS (SpaceClaim). 
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Figure 3. Building geometry (24 m × 12 m × 96 m) modeled in ANSYS. 

 

 
Figure 4. Signboard hoarding structure modeled in SpaceClaim (ANSYS). 

 

IS 875 (Part 3) 2015 Wind Load Calculations 

Wind pressure calculations were performed in accordance with IS 875 (Part 3):2015 using the 

appropriate analytical method for each structural configuration [12]. Graphical comparisons between 

codal and CFD-derived wind pressures are presented later in Table 1. 

 

Design Wind Speed and Pressure 

The design wind speed at height z was calculated using: 

𝑉𝑧 =  𝑉𝑏 × 𝑘1 × 𝑘2 × 𝑘3 × 𝑘4   (1) 

Where, 

𝑉𝑏  = Basic wind speed, 

𝑘1= Risk coefficient, 

𝑘2= Terrain, height, and structure size factor; 

𝑘3= Topography factor, 

𝑘4= Importance factor. 
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The corresponding design wind pressure was obtained as: 

pz = 0.6 ×  Vz
2  (2) 

Where, 

pz= Wind pressure 
 

Direct Wind Pressure Method 

For the 50 m × 50 m × 150 m building and signboard hoarding, the wind pressure was calculated 

directly using the design wind pressure pz. This method assumes a uniform pressure distribution and is 
typically used for rigid and moderately tall structures [10]. The CFD pressure contours used for 

comparison with this method are shown in Figures 7–9 [9]. 
 

Force Coefficient Method 

For the 18 × 12 × 51 m rectangular building, the wind force was evaluated using the force coefficient 
method prescribed in IS 875: 

F =  CfApz (3) 

Where, 

𝐶𝑓 = force coefficient based on the building shape and aspect ratio; 

A = projected area normal to wind direction. 

𝑝z = Wind pressure. 
 

The equivalent wind pressure was obtained by distributing the calculated force over an exposed 

surface area. The comparison between the codal and CFD-derived windward pressures for this case is 
illustrated in Figure 6 [8, 18]. 

 
Gust Factor Approach 

For the 24 × 12 × 96 m tall rectangular building, the gust factor approach was adopted to account for 
the dynamic amplification effects due to turbulence: 

F =  GCfApz (4) 

Where, 

G = Gust Factor Approach for turbulence intensity, size reduction factor, and structural response 
characteristics. 

𝐶f = force coefficient based on the building shape and aspect ratio; 
A = projected area normal to wind direction. 

𝑝𝑧 = Wind pressure. 
 

This methodology is particularly appropriate for tall and flexible structures, where dynamic wind 
effects are dominant. The gust factor pressure distribution values obtained from IS 875(Part 3): 2015 

and comparison with the CFD are presented in Figure 7. 
 

CFD Modeling and Simulation 

Computational Domain and Geometry 

Three-dimensional (3D) CFD models were developed for each structural configuration considered in 

this study. The structures were positioned within adequately sized computational domains extending 
upstream, downstream, and laterally to minimize blockage effects and ensure realistic flow 

development [8]. The computational domains and corresponding geometries for the tall building, 
vertical structural element, and signboard hoarding are illustrated in Figures 1–4, respectively. 

 
Mesh Generation 

The computational domains were discretized using unstructured and hybrid mesh systems for the 
numerical analysis. Local mesh refinement was applied near the structural surface, edges, and corners 
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to accurately capture high pressure gradients, flow separation, and vortex formation [8, 21, 23]. A 

gradual transition from fine near-wall cells to coarser far-field elements was maintained to ensure 
numerical stability and computational efficiency [8, 9]. The mesh arrangement for the tall building is 

shown in Figure 5, while the mesh details for the vertical structural element and signboard hoarding are 
presented in the corresponding Figures. 

 

Boundary Conditions 

The boundary conditions were defined uniformly for all numerical simulations to ensure consistency 

and comparability of the results. 

• Velocity inlet: Prescribed wind velocity corresponding to the design wind speed 

• Pressure outlet: Zero-gauge pressure condition 

• Structural surfaces: No-slip wall condition 

• Ground surface: No-slip wall condition 

 

Data Extraction and Post-Processing 

The static pressure contours of the windward and leeward faces of all structural configurations were 

obtained from the CFD simulation [22, 24]. The corresponding Figures show representative pressure 

distributions for the signboard hoarding, vertical structural element, and tall building. Figure 8 shows 

the specific changes in the front-face pressure on the signboard hoarding [10, 8]. 

 

Evaluation by Comparison 

The spatial pressure distribution and maximum windward pressure percentage deviation were 

compared between wind pressure values obtained using IS 875 (Part 3) 2015 and CFD-derived results 

[28, 29]. This comparative framework would enable the assessment of the accuracy of codal provisions 

and show how the localized aerodynamic phenomena can be represented using CFD [7, 9]. 

 

 
Figure 5. Meshing of the computational domain showing the very fine wall cells and gradual transition 

towards far-field regions. 
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Figure 6. Static pressure distribution CFD-based on a 50 m × 50 m × 150 m building. 

 

 
Figure 7. Computational fluid dynamics-based static pressure distribution for the 24 m × 12 m × 96 m 

building. 
 

RESULTS 

This section presents the results of numerical calculations of wind flows with the assistance of CFD 

and analyzes them against the values of wind pressure calculated according to IS 875 (Part 3) 2015 [26]. 

 

Wind Pressure Characteristics from CFD Simulations 

The wind pressure characteristics were computed using CFD. The computations showed that all the 

structural types exhibited consistent aerodynamic performance.  
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Figure 8. Computational fluid dynamics-based static pressure distribution around the signboard 

hoarding structure CFD, ANSYS Fluent). 
 
In the case of a high-rise structure of 50 m × 50 m × 150 m in height, the windward façade has high 

compressive pressure [which is caused by the lack of movement of air], especially when the exposed 
sides are subjected to oblique wind directions. However, the pressure level is low on the leeward and 
side faces owing to the development of boundary layer separation and downstream wakes [8, 9]. 
 

In the case of an 18 m x 12 m × 51 m rectangular building with a significant spatial difference in 

pressure, a large variation in pressure on the windward face was observed. Increased pressure 

concentrations are observed along the corners and edges, and powerful suction is generated on the 

leeward surface [9, 12]. These results suggest that the force coefficient approach, which estimates 

uniform pressure distribution, might not accurately describe localized aerodynamic behavior. 

 

In the signboard hoarding system, the windward panel experiences nearly uniform compressive 

pressure. In contrast, sharp pressure drops were observed near the boundary edges and on the rear 

surface. These high-gradient regions are critical for structural safety, particularly for fastening and 

support mechanisms [8, 9]. 

 

IS 875 (Part 3) 2015 and CFD Wind Pressure Value Comparison 

Table 1 presents a quantitative comparison of wind pressures derived from IS 875 (Part 3) 2015 and 

CFD simulations, considering the maximum windward pressure for each configuration [8]. 

 

For all cases, the results show a strong correlation between IS 875 (Part 3) 2015 and CFD wind 

pressure, with percentage differences remaining below 4%. Excellent agreement between the numerical 

and analytical methods was demonstrated by the smallest deviations found for the gust factor and 

signboard hoarding cases. 
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Table 1. Comparison of wind pressure obtained from IS 875 (Part 3) 2015 and computational fluid 

dynamics (CFD). 

Structure type Dimensions (m) IS 875 method used IS code wind 

pressure 

CFD wind 

pressure 

Percentage 

difference 

Tall Building 50 × 50 ×150 Direct Pressure 

method 
1.11 

𝐾𝑁

𝑚2
 1.15 

𝐾𝑁

𝑚2
 3.6% 

Rectangular 

building 

18 × 12 ×51 Force coefficient 

method 
1.90 

𝐾𝑁

𝑚2
 1.85 

𝐾𝑁

𝑚2
 2.6% 

Tall rectangular 

building  

24 × 12 × 96 Gust factor approach 2.087 
𝐾𝑁

𝑚2
 2.09 

𝐾𝑁

𝑚2
 0.14% 

Signboard 

hoarding 

_ Direct pressure 

method 

736.62 Pa 734.69 Pa 0.26% 

 

Analysis of The Findings 

The CFD results show significant spatial variation in pressure distribution, particularly in areas 

impacted by flow separation and wake formation, even though IS 875 (part 3) 2015 offers accurate 

estimates of global wind pressure [10, 12]. The design of cladding system connections and secondary 

structural elements depends on these localized effects, which are not clearly captured by simplified 

codal methods [18, 8]. 

 

CONCLUSIONS 

The maximum pressures of the windward side, which were calculated using CFD, were in good 

agreement with IS 875 (Part 3):2015, with discrepancies of approximately 4%. Therefore, the codal 

direct pressure method coefficient of force and gust factor is applicable and suitable for the normal 

estimation of global wind loads in structural design. 

 

However, CFD entails the simulation of so-called direct aerodynamic processes, which are indirectly 

or crudely represented in the code, such as the separation of flows, wake generation, corner vortices, 

and very localized suction minimum. The peak windward pressures are the same for both the gust factor 

and CFD techniques in tall and slender buildings; however, with CFD, significant leeward suction 

pressures and side-face pressures that are the primary concerns in cladding design, serviceability, and 

detailing requirements can be observed. In signboard hoardings, CFD is used to show that the pressure 

is highly concentrated at the edges and supports, and numerical analysis is required to design 

connections and anchorage. 

 

Overall, IS 875 (Part 3):2015 can be deemed sufficient for the preliminary and design-level 

estimation of global wind actions, and CFD can be viewed as a useful auxiliary tool for the additional 

evaluation and estimation of the local effect, optimization, and performance-driven design. An 

integrated codal process and established CFD analysis can make wind-sensitive structural systems much 

more accurate, stronger, and safer. 
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