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ABSTRACT

Now a day’s many tall structures and high rise towers and Building are being built all around the world. Designer
facing two measure problem first is earthquake and second is wind load. It is important to reduce the static wind load
effect or lateral load on high rise building. In this research paper presenting the three technology which is use in G+30
high rise building to reduce the static wind load is TMD (tuned mass damper), FD (friction damper) and Shear wall.
The 31 story symmetric building modal without any damper with TMD, with Friction damper and with shear wall are
analyzed by static wind analysis method. Work is considered to carry out the effectiveness of TMD, Friction damper
and Shear wall where dampers are design for same damping value. The result of model frequencies displacement will
be compared of four models. It concluded the responses of building is reduce by using of dampers and shear wall.

KEYWORDS: wind analysis, comparative analysis, TMD (tuned mass damper), friction damper, shear wall

I. INTRODUCTION

Buildings are defined as structures utilized by the people as shelter for living, working or storage. As now a days there
is shortage of land for building more buildings at a faster growth in both residential and industrial areas the vertical
construction is given due importance because of which Tall Buildings are being built on a large scale. Wind in general
has two main effects on the Tall buildings

Firstly it exerts forces and moments on the structure, Secondly it distributes the air in and around the building mainly
termed as Wind Pressure. Sometimes because of unpredictable nature of wind it takes so devastating form during some
Wind Storms that it can upset the internal ventilation system when it Pass into the building. For these reasons the study
of air -flow is becoming integral with the planning a building and its environment.

In the last few years, many wind studies have been carried out on a particular shape and particular height of building.
The analysis of wind load in tall building has been suggested as below the IS code IS 875 part III has provided certain
guideline on the basis of which the building structures can be designed when subjected to wind loads. The literature
survey in the performance and behaviour of building structures when subjected to wind loads suggests that the
requirement of establishing a methodology for studying the response of building structure to winded loads has become
extremely important.

Tuned Mass Damper (TMD), is a devise which combination of a mass string and a damper that attached to structure
for reducing the lateral load on structure. They work on the principal that the frequency of damper is tuned to
particular structure frequency. Energy is dissipated the damper inertia force acting on the structure. The properties of
damper are calculating by the following formula.
Mass Ratio p = m/M
Optimum frequency of damper fy = f,/1+n
Where m = mass of TMD
M = model mass of structure
M = mass ratio
fyq = first natural frequency of the damper
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f,, = first natural frequency of structure.

And the other optimum parameter used in this work for single TMD as the optimum frequency ratio,
damping ratio, spring stiffness and damping are as

Gopt =1/14p N(2-0/2)

£op = V3WB(1+1)] V(2/2-p)

Ky = 4mu£[M/(T+T)]

Cy= 4’ u£(M/T)

Where o, = optimum frequency ratio

£op = damping ratio
K4 = spring stiffness and

C4 = Damping

Friction damper is use to conserve the structure from damage during an wind pressure acting on building.
The static response of the structure refers to the manner of response to the lateral loading which depends on
its shape, mass structure form, self damping, geometry.

As we can observe the cyclic force deformation behaviour of friction damper is described as.

Keq = [+Fe'('Fe)]/(6+ -6)
€.q= 1/2n[area of 100p/F pax Omax]

Where K., = equivalent stiffness

€., = damping

Shear wall is a structural member in a reinforced concrete framed structure to resist lateral forces such as wind
forces. Shear walls are generally used in high-rise buildings subject to lateral wind and seismic forces.

II. MODELING & ANALYSIS

For these study work G+30 story RCC frame building heaving length at ground are 55x55 of symmetrical of 110m
typical height. The plan and elevation of model are shown in figure. The analytical model of structure is prepared and
analyses are done. The effect of soil interacted on structure has been neglected and the columns are considered fixed at
the base. Tuned mass damper is placed on the top story of the building define as damper link member with one end
fixed with structure and other end is freely attached by mass of damper. The stiffness and damping proprieties of
damper is assigned as per calculation. The friction damper is placed in building as diagonally like bracing. Shear wall
are placed on middle columns of the building. All four models are analyzed by using ETABs 2015. The static wind
load method are adopted in this study.
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Structural modelling
Table 1: structural properties of model

Grade of concrete M-25
Weight per unit volume 25Kn/m
Modulus of elasticity E (MPa) 25000.0
Poisson ratio U 0.2
Coefficient of thermal expansion o (1°/c) 5.5x10°
Shear modulus, G (MPa) 11410.89
Grade of steel Fe-500
Weight per unite volume (KN/M~) 78.5Kn/m’
Modulus of elasticity, E (MPa) 2x10°
Coefficient of thermal expansion 0.0000117
Slab thickness (mm) 150 mm
Size of beams 300x500
Size of column 750x750 mm
600x600 mm
500x500 mm
Floor finishing load (dead load) 1.25Kn/m”
Live load 2.5Kn/m’
Wall loading (on each beam) 13.65Kn/m”

Figure 1: G+30 story building elevation and plan
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Figure- 3 : View of RCC Building with TMD
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Figure- 4 : View of RCC Building with Friction damper
Damper Properties
The single tuned mass damper which is provide on the top of the building and the friction damper which is applied at
the corners and at the canter column of building. This dampers having following properties are.

Table 2 : Properties of tuned mass Dampers (TMD)

Mass of building M 1435000 KN
Natural time period of building T 1.9 sec
Critical damping ratio 0.06
Mass ratio p 0.04
Mass of damper m 8970 KN
Optimum frequency ratio oy 1.568
Optimum damping ratio €,y 0.105
Spring stiffness of Damper Ky 87800KN/M
Damping of Damper Cq4 6400 KN-M/S”

Table 2 : Properties of Friction Damper

Slip load 1200KN
Brace section ISMB200
Stiffness of element 149883.99
Yielding load 1200KN
Post yield stiffness ratio 0.0001
Yielding Exponent 10
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In this research work static analysis of wind is down with using ETABs software according with IS code 875(Part 3).
The result of story displacement of four model (basic model, model with shear wall, model with tuned mass damper
and model with Friction damper) are compared in modal analysis.

Model analysis results
Comparison of building models with or without shear wall show in figure-5, the story displacement. It is clear the
displacement in basic model building is in between 200 and 250 mm and the displacement in model heaving shear wall
is in between 50 and 100. Therefore shear wall reduce displacement in building.

250

200 T~

150 \
= hasic model mm

100 \ \\ shear wall mm
50
0 rT T 17T 1T 1T 1T 1T 1T 1T 1T T1TT |N

1 3 5 7 91113151719 212325272931

Figure 5: Comparison between basic model and model with shear wall

Comparison of building models with or without TMD (Tuned Mass damper) show in figure-6, the story displacement.
It is clear the displacement in basic model building is near 250 mm and the displacement in model heaving TMD is
near 200mm. Therefore TMD reduce displacement in building.
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Figure 6: Comparison between basic model and model with TMD
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Comparison of building models with or without FD (Friction damper) show in figure-7, of story displacement. It is
clear that displacement in basic model building is near 250 mm and the displacement in model heaving friction damper
is near 210mm. Therefore FD reduces displacement in building.
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Figure 7: Comparison between basic model and model with friction damper

Comparison of building models with TMD (Tuned Mass damper) or with FD (Friction damper) show in figure-7, the
story displacement. It is clear the displacement in FD model building is near 210mm and the displacement in model
heaving TMD is near 230mm. Therefore FD reduces displacement in building more then TMD, means FD perform
batter then TMD.
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Figure 7: Comparison between model TMD and model with FD model
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Overturning moment, it is clear by the figure 8 the overturning moment is minimum in TMD model and maximum in
basic model. The difference in the value of moment is shear wall reduce the moment 30% for basic model, the friction
damper reduce the moment 50% for basic model and the tuned mass damper reduce the model 65% for basic model,
therefore TMD performs batter then fiction damper and shear wall.
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Figure 8: Comparison of overturning moment between models

IV. CONCLUSION

The study explains the behaviour of dampers and shear wall on structural system under the performance of static wind
load for which the following conclusion can be drown based on the result:

A.

B.

C.

The analysis shows that the displacement and overturning moment of the model is decreases by using
shear wall dampers.

The value of displacement under static analysis of wind is decrease 15% in TMD model, 25% in FD
model and 45% in shear force model approx.

The value of overturning moment under static wind load analysis is decreases by 25% in shear force
model, 45% in FD model and 65% in TMD model.

After comparing all model the shear wall give maximum result in story displacement.

In comparison of TMD and FD, the friction damper gives maximum result in story displacement then
the tuned mass damper.

In comparison of overturning moment TMD gives the maximum result
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