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Abstract - The shape of the building and orientation of the
building is the main concern of an architect. While the
aerodynamic loads is the concern of civil engineer or wind
engineer. The aerodynamic forces can be reduce by the
changing in shape orientation and shape optimization of
structure as well as shape optimization of corners of structure.
In this paper, we will see the results that changed by the
optimization of shape of corners compare with original or
non-modified shape. Aerodynamically shape optimization is
the technique, in which shape modified by cutting the corners
such as chamfered, roundness of corners or adding some
material at the corners. This technique is applicable for high
rise building as well as low rise building. But in the previous
study, in high rise building, the shape optimization technique
is more efficient while in low rise building it is expensive due to
requirement of very high skilled person. The analysis is done in
the Ansys Fluent which is worked on the principle of fluid
dynamics, it is also called Computational Fluid Dynamics
(CFD). Now these days, the CFD is highly used in this field,
because it is most economical method than conventional
methods ie. wind tunnel test. An overview of the shape
optimization aerodynamically namely major modification and
minor modification, the minor modification is presented. It is
expected that this research ignite the interest in the area of
optimization of building.
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1. INTRODUCTION

Ahigh rise building is a Multi Dwelling Unit (MDU) used as a
residential, commercial, hotel etc. In these days the culture
of construction of high rise building is more because of lack
of land in metro cities and popular cities. Now these days
high rise building is more popular because of luxurious
facilities. In the field of civil engineering, the construction of
high rise building is a challenge for structural and
geotechnical engineers, especially if high rise building
located in a seismically active region or if the soils have high
compressibility then the risk factor is high, the serious
challenge for the firefighters in high-rise structures during
emergency condition. So many parameters are there which
work against the high rise building such as wind load,
seismic load etc. Wind load is most important parameter in
the designing of high rise building, because wind speed
increases with the height. At great height, it plays a vital role.
Mostly buildings have sharp corners cause wind flow

separation by which a strong induced force generates
because of wind-structure interaction. But now these days,
engineers and the architecture construct tall buildings with
different geometries, such as Burj khalifa, Shanghai tower
having 828m, 632m respectively. At the great height wind
force is concern because it is the most powerful force which
is impulse on the face of building.

Wind forces includes three forces drag force, lift force and
torsional moment. The drag force is that force which acts in
the direction of flow also called along-wind forces. The
motion due to along-wind forces is the main concern results
from pressure fluctuation on leeward face and windward
face. The lift force is that force which acts in the
perpendicular direction in the same plan also called cross-
wind forces. The common source of cross-wind motion is
associated with vortex shedding. Tall buildings are also
called bluffbodies as opposed to streamlined that cause flow
separation from the surface of the structure, rather than
follow the body contour.

2. TECHNIQUES OR METHODS TO ANALYSE THE
HIGH RISE BUILDING

2.1 Wind Tunnel Test

A wind tunnel is a mechanism used in aerodynamic research
to study the effects of air/wind moving over the structure. A
wind tunnel consists of a passage of tubular form with the
object under test attached in the middle. Air is flow over the
object by a powerful system having fan or other means. The
test object, called a wind tunnel model, is instrumented with
appropriate sensors to find aerodynamic forces, pressure
distribution, or other aerodynamic-related characteristics.

Fig -1: Wind Tunnel Test
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2.2 Simulation using Computational Fluid
Dynamics (CFD) tool in ANSYS

The advancement of computational fluid dynamics (CFD)
modeling on high speed digital computers has shortened the
demand of wind tunnel testing. However, CFD results are yet
not fully reliable. That's why, we use wind tunnels test to
verify CFD predictions. Analysis and design of tall buildings
for lateral load such as seismic load and wind load are the
major issues which are playing important role in recent
decades. This paper represents a recent application of the
computational fluid dynamics technique for wind analysis.
Conventional wind analysis proposed wind tunnel

experiment for appearing at the wind forces for a given
structural form.

The modeling of tall building is done in Ansys Workbench
and then the mesh file is import to the Ansys fluent for CFD
simulation. After analysis in CFD, the wind forces are
extracted from Ansys CFX-Post and imported to the
structural model in SAP 2000 for the structural analysis.

Fig -2: CFD model in Ansys Fluent

3. TYPES OF SHAPE MODIFICATION OF HIGH RISE
BUILDING

The aerodynamic modifications have large effects on the
structural systems. There are two approaches for reducing
the wind loads on building. First approach is “Aerodynamic
Mitigation” technique. This method effectively uses simple
and new architectural feature to transform the aerodynamic
shape of the buildings in order to decrease the wind loads.
Aerodynamic modifications assist either by interrupt the
formation of strong corner vortices or by splitting the
coherent formation of vortices or by rerouting the flow in
the separation zone above the roof edge or away from the
weakened members. Second strategy to attain reductions in
wind-induced forces on buildings is to use “Shape
Optimization Aerodynamically” technique. Basically there
are two types of modification are as follows;

3.1 Major Modification

In major modification, we modify the shape of building in
which includes setbacks along the height, openings at the
top, tapering effects, twist the building, etc. This modification
has consequential effects on the structural design and
architectural design of the building. For instance, varying the
shapes of building are curvilinear form, Setback, Tapering,
Adding opening and twisting respectively. This modification
reduces the wind forces with large value on the building. In
addition, we also use minor modification to reduce the
vortex formation or vortex shedding.

il

Curvilinear ~ Setback  Tapering Adding Twisting
Form opening
Fig -3: Various major modifications

3.2 Minor Modification

In minor modification, corner modifications are done such as
fitting of vented fins, recessed corners (single recession,
double recession, and triple recession), slotted corner,
chamfered corners, and roundness of the corners and
orientation of building is the most important factor to reduce
the strong wind force. This modification has minor effects on
the overall structural design and architectural design of the
building. Most of the building shapes are square or rectangle
which causes the strong vortex induced forces on the
building experience. These forces (excitation forces) can be
reduced via minor modifications to the aerodynamic shape
optimization of the high rise building. For instance,
modifications in the corners of the cross sectional shapes of
the building like chamfered corners, slotted corners,
recessed corner, roundness of corners and changing the
orientation of the building according to the most frequent
strong wind direction, the minor modification methods that
can be done to improve the wind performance of high rise
building. This method can be very effective in reducing the
drag and fluctuating lift forces.
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Fig -4: Different shapes of corners of building

In this study, roundness at the corner is taken with different
radius such as R=0.00m to R=2.00m having 0.25m interval.
There are nine geometries were taken but in this chapter the
base model i.e. square shape with sharp corners or square
corners and the optimized model i.e. square shape with
modified corner having 2.00m radius at the corners were
taken. In this chapter, we can see the velocity contour,
velocity streamline in the figure. The data of the models
were extracted from the software are following:
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Fig -5: Flow field around different corner radius

The initial velocity of wind is 30 m/sec from velocity inlet.
When wind is strike to the building then the flow pattern of
the wind flow will change. The velocity of flow is going
beyond 200 m/sec. While the velocity of Hurricane is 70
m/sec, it is considered in devastating category. But here,
velocity goes beyond 200 m/sec. In high rise building, the
structure experience 100 m/sec to 300 m/sec wind flow in
any direction. In opposite face region vortex shedding
occurs. The structure experience the drag force and lift force
by which structure get unstable. The velocity of the wind get
reduces due to reduction in area. The velocity at the co-
ordinate (-5,5) is 64.34 m/sec while in square geometry
having sharp corners has beyond 210 m/sec.

4. CONCLUSION

According to study, turbulence is created due to sharp
corner and this is also the cause of flow separation.
Vortex shedding is occurred at the opposite face of
windward having the high intensity of flow. While in
case of modified corners the intensity of vortex
shedding is less due to the less decrement of in area of
vortex shedding. Here, 8 modified models be simulated.
According to study, when roundness at the corners is
more the intensity of flow at the opposite face of
windward face is less and the intensity of velocity of
wind in vortex shedding area is also less, as well as
drag force is also less. So, the stability is high of the
structure. Here, we can see the results of drag forces of
different geometries are following:

Table -1: Drag force against rounded corners having

different radius
Roundness (R) | Drag Force
in meter in Newton
0 22801.789
0.25 7544.404
0.50 7472.455
0.75 4288.341
1.00 3909.06
1.25 2844.363
1.50 2530.073
1.75 2214.362
2.00 2079.185

Table -2: Drag coefficient against roundness

Roundness (R) | Drag
in meter Coefficient
0 41.363
0.25 13.685
0.50 13.555
0.75 7.779
1.00 7.091
1.25 5.159
1.50 4.694
1.75 4.016
2.00 3.771
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Chart -1: Roundness (m) vs Drag Force (N)

After the optimization, drag force is reduced from
22801.789N to 2079.185N as well as the decrement in
drag coefficient.
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