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Abstract

The number of buildings built increased as the population grew, which in turn reduced the
amount of available land. As a result of this more and more high-rise structures are being
constructed to meet the existing demands. These high-rise structures are more vulnerable than a
low-rise structure to dynamic loadings like wind load and earthquake load. The wind loads are
such that, its effect increases as height increases. This study uses numerical simulations to
examine the impact of wind load on high-rise structures with two alternative "Fish" shapes-
Model 1 (S-1) and Model 2 (S-2). CFD simulation software ANSYS is used here. Both the
shapes are analysed in isolated condition. Angles of wind incidence ranges from 0° to 180°. The
scale used here is 1:100. The coefficient of pressure at different wind incidence angles and
velocity streamlines of both models are found in the result part. Both the model shows almost
similar variation in Cp in majority of faces under different wind incidence angles. Model 2
exhibited better streamline pattern at every angles.
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1. Introduction

Wind is a very complex phenomenon, having infinite varieties of flow conditions. When it comes to the
wind flow around a structure, it becomes very difficult to analyze the wind effects on it. So, it’s very
important to consider this part during the design stage of a structure for its safety and stability. It is to be
noted that the wind condition during the design phase won’t be the same once it starts functioning. The main
reason for the variation in wind characteristics is the effect of surface friction. The objects on the ground
surface causes an obstruction to the wind flow which causes it to slow down near the surface, whereas, an
increase in height causes a decrease in the frictional effect which thereby increases the wind velocity. Hence,
the wind action on tall building is to be given prior concern. The wind effect on tall buildings can also be
related to the cantilever property of tall buildings which is fixed at ground level. The main points to be taken
while considering wind are natural ventilation and structural stability. The pressure acting can be taken to
determine the ventilation part, whereas forces can be considered for stability part. Interference effect in
buildings should also be considered because the presence of adjacent structures influences the wind load
acting on it. It will be entirely different from that of isolated conditions. The factors affecting the changes
will be distance from adjacent structure, its shape, height, etc.

[1] calculated the uncertainties that arise while using computational fluid dynamics to forecast wind loads
for full-scale constructions. [2] analyzed the properties of wind flow and the distribution of wind pressure on
the surfaces of an octagonal-shaped building model. [3] studied the effects of wind on tall buildings using
CFD simulation in various ways. [4] used CFD to analyze the interference effect of three identically tall
square-plan buildings on the pressure at the faces of an octagonal-plan structure. [5] used CFD to conduct a
numerical analysis of Y-shaped tall buildings. [6] conducted an experimental analysis on the various
interference circumstances in building models with square and remodel-triangle shapes.

[7] weighed the benefits and drawbacks of choosing an atypical butterfly-shaped building over a square-
shaped one. [8] studied the interference effect on a row of 3- square plan shaped buildings. [9] did a
parametric studyto determine the pressure distribution around a differential height structure. [10] looked at
the wind-induced mean interference between L and T-shaped buildings that were placed close together. [11]
presented information on ambient vibration collected during instances of strong winds to provide
conclusions about the modal characteristics of two tall structures.

[12] examined the wind flow pattern and pressure distributions on the re-entrant wing facades of an
irregular L-cross sectional form model at various wind incidence angles. [13] explored if a building model
with an equal area and height and a regular or irregular cross-section would be affected by wind. The ratio of
change in the cross-sectional form is maintained for both models with regular and irregular shapes. [14]
found the pressure acting on each face of a Y-shaped tall building using both experimental and numerical
methods. [15] determined the wind pressure on tall buildings with L and U shapes using both numerical and
experimental research. [16] investigated behaviour of a pentagonal plan shaped building under varied wind
incident angles.

This chapter deals with wind effect on fish-shaped high-rise buildings which is analyzed for isolated
condition using Computational Fluid Dynamics in ANSYS CFX. The height of the building taken is of 60 m
with a cross-sectional area of 400 m2. The wind angle ranges from 0°-180° with a 15° interval.

2. Methodology
2.1. Turbulence Model

The model taken in this CFD study to simulate turbulence is k-e model. In this model, the constantly
changing components of turbulent velocity in all three directions are utilized to determine turbulent kinetic
energy.

Computational Analysis of Buildings



Analysis of Wind Effects on Tall Buildings of Irregular Cross-Sections Using Numerical Simulation 3

Determining the dimensions of square model for validation
purpose

l

Selection of k-¢ model for CFD Simulation
l _d
Analysis of the square model (Geometry, Mesh, Setup,
Solution and Results)
_d

l

{ Comparing the obtained results with available standard codes

l

Using the respective parameters for the design of actual
models

w

Fig. 1. Flowchart depicting the various steps to be followed in analysis
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Here, Kk is the supplementary turbulent energy produced by the time-varying turbulent motions. From the
turbulent kinetic energy, the calculation of turbulent dissipation ¢ is given as,

(2)

This equation is taken for the calculation of flows in pipe with a diameter D. And the closure equation
is given as follows:For turbulent kinetic energy,

o(uk) 0 ) ok
=P +R —pe+—|| u+ | = 3
P TR —pet— Ku UJGXJ (3)

For turbulent dissipation,
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2.2. Validation

As a validation part of the study, the analysis is done on a square shaped tall building of height 60m and
of the same cross-sectional area (400m?). The obtained results are then compared with available standard
codes, so as to determine its acceptability. These parameters are used for the analysis of Fish shaped
building.

- 200mm

Fig. 2. Selected dimension of square model Fig. 3. Geometry of square model in ANSY'S

The comparison of the obtained results with available code is given in the table below:

Table 1. Comparison of obtained result with 1S:875 (Part I11)- 2015

C,at0° Faces of square model
A B C D
1S:875 (Part 111)-2015 +0.8 -0.25 -0.8 -0.8
Square Model +0.75961 -0.27062 -0.73655 -0.73655
C
;g"
[ B
A
D

Fig. 4. Square model as per IS: 875 (Part 111)- 2015

2.3. Numerical Analysis

Analysis using ANSYSS involves five steps: geometry, meshing, setup, solution, and results. The model is
imported from AutoCAD at the geometry stage. Once the building model is imported, the domain or the
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wind tunnel is built around it according to international standards. The building is positioned inside the
domain in such a way that the distance from windward face and lateral face is 5H and the distance from
leeward face is taken as 15H. The height of the domain from domain surface is taken as 6H (where, H is
taken as the total height of the building). The wind incidence angle is also assigned in this step.

Fig. 5. Geometry of Model 1 and Model 2 in ANSY'S

8H

| I

- - -

5H 15H

Fig. 6. Domain size

The prepared model is then taken to meshing stage where each face of the model is properly named. The
meshing is provided as face mesh, edge mesh, ground mesh and inflation. The meshing size of the domain is
taken as 0.2m.

The following boundary conditions are then assigned in the setup stage:

e Power-law is incorporated in the inlet.

e At the outlet 0 Pa is taken as the relative pressure.

e The side and top wall domain is taken as free slip wall, whereas the ground and building face is
taken as no slip wall.

The power-law is considered here as the wind varies throughout the height of the building. The power-
law is given by,

u y
LI ®)
uref ( yref J
where,

Uref - reference velocity which is taken in accordance with the actual velocity. Here it’s taken as 10 m/s
Yref - reference height at which the velocity is known. The value taken is 1m
y : the height at which velocity is to be found out
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The model is run and the results are obtained. Lines are drawn on each face of the model to obtain
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pressure at each point. The value of pressure at each point on the lines are extracted to excel and the value of

Cp is calculated as,
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P
C,=——— (6)
0.5x pxV

where,
P : pressure
P : density of air (1.225kg/m")
V : wind velocity at known reference height
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Fig. 9. Lines in post-CFX

3. Result and Discussions

The variation of coefficient of pressure with different wind incidence angle, the pressure contours of each
face and the velocity streamlines are discussed here.
The face of the model is named as below:

L a P
M o
N K R N
J 8
p° T M
A A I A
L | k5
B B
c H & i
o D H
E o E G
F F

Fig. 10. Naming of model faces

3.1. Pressure coefficient

This factor is very important for a building to determine its air infiltration rate. The area of a surface, or
its appropriate fraction, is multiplied by the pressure coefficient (Cp) and the design wind pressure at the
surface's height above the ground to obtain the wind load operating normally on that surface, according to
IS 875 (Part 3): 2015. The variation of coefficient of pressure with different wind incidence angle is

represented in figure.
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(c) Face C of S-1 and S-2
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Fig. 11. Graphs showing variation of Cp for various faces

Book Series: Engineering Research Transcripts




10 Arya S M, Deepak Sharma and Ritu Raj

In Model 1, the maximum Cp value 0.65 is obtained in face | at a wind incidence angle of 180° and the
minimum value -0.78 is observed on face A at an angle of 60°. Whereas in Model 2, the maximum value
0.65 is obtained on face N at 135° and minimum value -0.77 on face M at 105°. The variation in Cp is
almost similar for faces A, B, C, D, E and F of both the models as shown in fig. There is a change from
positive C, to suction due to the formation of vortex. The change in other faces is due to the extra recession
provided in model 2. Face F shows suction for every wind incidence angle in both the models. In model 2,
face H also shows suction at every angles.

3.2. Velocity Streamlines

The tangent of velocity streamline at any point represents direction of velocity at that point. The velocity
streamlines of model 1 and model 2 is taken at a height of 300mm from the ground surface, at all angles
ranging from 0° to 180° at an interval of 15°. It is evident from the figures that the patterns are different for
different angles as well as different for both the models. The colours in pattern represents the velocity,
which is more on the windward side and decreases as it moves towards the leeward side. As the wind flow
occurs across the building corners, recirculation and flow separation results in a decrease in flow velocity, as
a result of which vortex is formed on the wake region. A suction zone is thus formed on the leeward side.

ql; -

) - , :

LI

(a) Streamline patterns at 0° for S-1 and S-2

> o ———

(b) Streamline patterns at 15° for S-1 and S-2

G (Q@)}%

(c) Streamline patterns at 30° for S-1 and S-2
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(d) Streamline patterns at 45° for S-1 and S-2
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(i) Streamline patterns at 120° for S-1 and S-2

(m)Streamline patterns at 180° for S-1 and S-2
Fig. 12. Streamline patterns at various angles
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Taking the case of both the models at 0°, we can see the vortex formation is not symmetrical. Its because
of the turbulence which is caused during the flow. From examining the flow patterns, it can be seen that both
the models perform well at 60° and almost symmetrical vortex is formed on both the side. The formation of
symmetrical vortex shows that the building will be stable at that condition. It can be also seen that model 2
performs well in almost every wind angle and this can be related to its extra recessed corner.

4. Conclusions

The numerical simulation of Model 1 and Model 2 in isolated condition is done in this paper with the help of
ANSYS CFX, at a scale of 1:100. The variation of C, with wind incidence angle and the velocity
streamlines of the models were analyzed and the following conclusions were drawn:

The validation of the square model gives satisfactory results with respect to 1S:875 (Part I11)- 2015.
It is observed that C, value is maximum when the wind direction is exactly perpendicular to the face
and is minimum when it is inclined.

The maximum Cp value observed was same for both model 1 and model 2.

As both the models are similar in their front and side geometry, the variation of C, with wind
incidence angle is similar for some of the common faces.

Streamlines are highly helpful for seeing the characteristics of flow separation and the creation of
vortices in the wake zone. The combination of the pulling force on the leeward side and the positive
force on the windward side produces vortices in the wake region, which deflects the body.

When comparing the wind effect on simple and complex cross-sectional shaped tall buildings, the
CFD methodology is more time and cost efficient than alternative approaches like wind tunnel
testing.
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