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stability of these tall structures. Therefore, it is crucial to account for wind loads when
designing high-rise buildings, particularly in areas prone to strong winds, such as coastal
regions, where winds can exert substantial force on the structure. This study focuses on KEYWORDS
analyzing wind pressure coefficient distribution around high-rise buildings by examining
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ay OEIE . c ) y ) High-rise building
building shapes modifications and wind flow behavior through Computational Fluid Dynamics Wind pressure
(CFD) simulations. The suggested tapering ratio and aerodynamic modification factor is 10% Computational fluid dynamics
was applied to this study. The findings reveal that the maximum negative pressure coefficient Computer simulation
(CP) or suction observed is -1.630, associated with the M4 model, which features a tapering Windstorm

design with rounded corners. This high suction is attributed to wind flow behavior for instance
the flow separation and reattachment at the edge of the building's top (Zone 2). Except for the
M4 model, which has a rounded edge on the leeward side, the thickness of the recirculation
eddies is nearly uniform across all models. The M4 model's design results in a smaller wake
region and reduced turbulence on the leeward side. Therefore, the M4 shape is the most
effective in minimizing the impact of wind on the building structure.

1. INTRODUCTION

Tall structures are frequently exposed to wind forces, necessitating cautious consideration of wind interaction in
structural engineering and architecture [1]. Wind pressure can greatly affect the design and stability of high-rise buildings,
especially in areas prone to strong winds [2]. Engineers must thoroughly evaluate the wind load that the structure
encounters during the design and construction phases. Additionally, Mou [3] highlighted that a building's orientation can
influence wind flow and behavior. Modifying a building's aerodynamic shape can significantly mitigate wind-induced
responses in wind-sensitive structures, particularly tall buildings. Numerous researchers have explored the impact of
building shape on wind-induced responses and wind loads on tall structures [4].

Bharat and Ahmed [5] highlighted that airflow patterns around buildings are largely influenced by their geometries.
Additionally, the external form of tall buildings plays a crucial role in the development of wind loads, as the flow separates
and reattaches around bluff bodies. Thus, optimizing the aerodynamic design of a building's external shape can reduce
wind stresses on high-rise buildings [6]. Merrick and Bitsuamlak [7] found that a circular building shape is particularly
effective in minimizing torsional loads. Their study, which compared square, circular, triangular, rectangular, and
elliptical shapes using a boundary layer wind tunnel (BLWT), revealed that the triangular section is a poor choice for
structures sensitive to torsion.

Bairagi and Dalui [8] examined the effects of wind loads on pressure distribution around square and setback-shaped
tall buildings. Kumar et al. [9] found that ensuring the functional performance of flexible structures and controlling wind-
induced motion in high-rise buildings involve adding structural alternatives and dampening systems. A more effective
approach includes aerodynamic modifications such as sculpted building tops, horizontal and vertical openings, and
changes to the cross-sectional shape and corner geometry. These modifications alter wind flow patterns and reduce the
impact of wind on high-rise buildings. Previous research has primarily focused on individual modifications and their
effects on basic models. This study, however, investigates the impact of building shapes on wind pressure distribution
around high-rise buildings using Computational Fluid Dynamics (CFD) simulation.

2. METHODOLOGY

2.1 Flow Field

A schematic view of the building model used for the tests is shown in Figure 1. An isolated high-rise building for
dimensions 3000 x 3000 x 6300 mm was placed such that it was perpendicular to the approaching flow. The model could
be given one of five (5) different building shapes, specifically M1-basic (without tapering ratio), M2-tapered (with 10%
tapering ratio), and three (3) composite modification models namely M3-chamfered (with 10% tapering ratio and 10%
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chamfered), M4-rounded (with 10% tapering ratio and 10% rounded), and M5-recessed (with 10% tapering ratio and 10%
recessed). The tapered model has a 10% tapering ratio as suggested by [10]. All five (5) models are designed to represent
a high-rise building with a total height of 63 m and a base plan area of 30 m by 30 m. All models are scaled down by a
ratio of 1:10 to decrease the computational time.

(a) M1 (b) M2 (¢c) M3 (d) M4 (e) M5

Figure 1. Isometric view of models (a) M1-basic (b) M2- tapered (c) M3- chamfered (d) M4-rounded and
(e) M5-recessed

2.2 Computational Method

ANSYS FLUENT 18.5 commercial software was used to perform the steady-RANS computations based on a control
volume approach for solving the flow equations. The turbulence models, namely, Reynold’s-averaged Navier—Stokes
(RANS) turbulence model k-epsilon (k-€) were used to generate the wind environment in this study. All of the transport
equations were discretized using a second-order upwind scheme. Pressure interpolation was of the second order. The
SIMPLE algorithm was used for pressure velocity coupling.

Boundary conditions were set using the best practical guidelines [11-12]. The important parameters for the input at
the inlet are roughness height, Ks, and roughness constant, Cs. The value of Cs lies in the range of 0 to 1.0 [13]. For
uniform sand-grain roughness, the value of the roughness constant, Cs was taken as 0.5 as suggested by [14]. Furthermore,
a flat terrain was represented by a power-law profile of 1/7. Since this simulation used the scale-down models with a ratio
of 1:10, the roughness length (zo) also needs to be scaled to zo = 0.035/10 as recommended by [18]. The boundary
conditions were implemented on each surface of the domain. In this case, six (6) boundary conditions were set to the
surface of the domain including the model. The wind flow at the inlet was generated using the User Defined Function
(UDF) file to create the real wind flow pattern in the simulation using the C-programming language. The UDF enabled
the generation of wind flow conditions based on input parameters such as wind speed, wind direction, and turbulence
intensity. Symmetry boundary conditions were imposed at the sides and the top of the domain, implying zero normal
velocity and zero gradients for all the variables at these boundaries as stated by [11-12,15]. At the outlet from the domain,
zero static pressure was imposed.

Wall function

Pressure Oulet

¥

Side wall

Side Wall

Velocity Inlet

Figure 2. Computational domain and boundary condition for 3D view [11]

The computational domain covered a volume of 12H x 21H x 9H as shown in Figure 2 as recommended by [16]. The
recommendations on the dimension of the computational domains may differ between research but it is important to make
sure the blockage ratio must be less than 3% [3,17,10] to eliminate the flow obstacle effect on the inflow and outflow
boundary conditions. The computational grid consisted of 728337 cells for the domain of the basic model. Tetrahedron
meshing is utilized, and all borders are inflated. Every domain face and edge has been appropriately resized as shown in
Figure 3. The grid was based on a grid sensitivity analysis that will be described in the validation model.
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Figure 3. The utilization of tetrahedron meshing for a basic model

3. RESULTS AND DISCUSSION

The current computational study was validated with the previous study by Isdris et al. [19] using a basic model. The
validation process involved grid sensitivity analysis and wind flow pattern. The numerical simulation of composite
modification high-rise buildings involved the parametric study of the change of shapes.

3.1 Validation of the Model

The wind flow around an isolated basic high-rise building was qualitatively validated by visualizing the streamlines.
In the quantitative analysis, the pressure coefficient Cp from the current study were compared with the Cp by [19].

3.1.1 Grid sensitivity analysis

This analytical study was validated by the previous researcher who conducted the square model as the basic structure
adopted by [19]. To quantify the impact of grid resolution on the solution, Franke et al. [20] suggested conducting at least
three (3) systematically refined grids is recommended. In this study, three (3) different grid sizes namely coarse mesh,
medium mesh and fine mesh with the number of elements are 728337, 915925 and 1237101, respectively were generated.
The selection of coarse mesh was due to the number of elements gained by [19] for fine grid size is 727997 while the
current study gets 728337. The grid sensitivity analysis is important to investigate the level of accuracy with respect to
the computational time in order to produce the most economical model as mentioned by Isdris et al. [19]. Furthermore,
the creation of the standing vortex and the placement of the stagnation point are comparable in the streamlines pattern
result shown in Figure 4.

3.1.2 Wind flow pattern

When compared to the previous researcher, the presence of the vortex area at the leeward face is slightly different.
While in the current study, it occurred very close to the leeward face and had a huge radius of vortex while the vortices
produced by [19] has a tiny radius of the vortex at the bottom surface that is quite far from the leeward face. This might
have happened because the fundamental model's meshing structure was generated differently. Moreover, Isdris et al. [19]
obtained a Cp of 0.73 while the current study gained the Cp of 0.65 with a percentage difference of 12%. The parameter
utilized by [19] has been set up to produce the result for every model in this study, despite the fact the validation result
for the basic model is a bit different from the previous researcher.
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Figure 4. Streamline pattern of the basic model by (a) Isdris (2019) (b) current study

3.2 Effects of Building Shapes on Airflow Properties on the Building

The effect of modification of building shapes can be illustrated using contour and distribution graph as well as
streamlines.

3.2.1 Wind pressure coefficient, Cp contour

Figure 5 compares the spatial distributions of static pressure, represented by the pressure coefficient (Cp), on the walls
and roof surfaces of five different high-rise building shapes: M1-basic, M2-tapered, M3-chamfered, M4-rounded, and
Mb5-recessed. The maximum Cp value indicates locations on the building's surface where the pressure is significantly
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higher than the surrounding air. Positive pressure was observed on all parts of the windward side, causing high pressure
in front of the wall due to the direct impingement of the flow onto the building and the facade behind it, resulting in a
large stagnation area. Conversely, negative pressure (suction) developed at the edges and sides of the building due to the
sharp edges, as shown by the blue and green colors. The findings suggest that sharp edges (M1, M3, M5) cause high
suction values at the sides of the building. Negative Cp values represent areas where the wind pulls or sucks the building
in those directions.
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Figure 5. Pressure coefficient contour on the walls and roof surfaces of building a) M1-basic b) M2-tapered c) M3-
chamfered, d) M4-rounded, and d) M5-recessed

3.2.2 Wind pressure coefficient, Cp distribution graph

The pressure coefficient (Cp) is a non-dimensional parameter that describes the loading effect on buildings and other
structures [21]. Figure 6 compares the Cp profiles for different building shapes across three zones: Zone 1 (windward
wall), Zone 2 (top of the building), and Zone 3 (leeward wall). The distribution pattern of the pressure coefficient is
similar for all models. The Cp values were extracted along the building's mid-axis. In Zone 1, the Cp starts with positive
values, with M4 showing the highest value of 1.790, indicating that this model experiences more intense pressure changes
and wind forces than the others [22].
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Figure 6. Comparison of Cp profiles for different shapes of buildings according to the zones
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As the Cp approaches Zone 2, there is a sudden drop in positive pressure, with the minimum values located near the edge
of the building top due to reattachment, resulting in negative pressure (suction). The maximum suction occurs near the
edge of the building top, with a value of -1.630 for the M4 model. The negative Cp decreases as it approaches the leeward
wall in Zone 3, eventually becoming constant, which weakens the suction effect.

3.2.3 Wind streamlines

Figure 7 illustrates the pattern of streamlines along the vertical profile for all the building models. Stagnation pressure
was generated on the windward wall as the wind flow impinged on the building models. A similar pattern was observed
for nearly all the models, except for M4-rounded, due to its rounded edges [23]. The windward wall deflected the wind
flow, leading to circulation, as highlighted in the red rectangle. This recirculation results in high pressure in the windward
region, as confirmed by the Cp distribution graph in Figure 6. The streamlines that separated from the windward edges
reattached to the top of the building models; a phenomenon known as reattachment. In this scenario, separation zones
primarily involved the top of the building, from the leading edge to the reattachment point. Suction occurred within the
separation zone, and upon reattachment, the Cp recovered from its low values in these zones. The reattachment zone
experienced much less suction than the separation zone.

Figure 7. Streamline on the walls and roof surfaces of building (a) M1-basic (b) M2-tapered (c) M3-chamfered,
(d) M4-rounded, and (e) M5-recessed

However, the recirculation behind the building models displayed different patterns for each model, as highlighted in
the red rectangle. The thickness of the recirculation eddies was almost the same for all models except for M4, due to its
rounded edge. M4 had a smaller wake region, resulting in less turbulence. In the wake region, the air pressure is below
ambient pressure, generating strong turbulence that causes fluctuations in the negative Cp (suction).
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4. CONCLUSION

This paper focused on the variation of wind pressure coefficients on different building shapes, particularly those with
tapering and corner modifications. The analytical simulations revealed that the highest-pressure coefficient occurs on
M4's windward face, due to the ineffectiveness of the rounded corner cut on the building. It was found that a 10% corner
modification is sufficient to reduce the pressure coefficient on high-rise buildings. M4 also had a smaller wake region,
but the leeward side developed a wake region that led to high turbulence. In this region, the air pressure is below ambient
pressure, generating strong turbulence that causes fluctuations in the negative Cp (suction). Overall, building geometry
and shape significantly impact how wind interacts with its surface. These elements must be strategically designed to
withstand wind loads, ensuring the building's stability and safety. Wind, as a real phenomenon, affects neighboring
buildings before impacting a structure’s fagade. This study demonstrated that a rounded edge provides a beneficial effect
on wind flow around high-rise buildings
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