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ABSTRACT - Current trends in construction industry
demands taller and lighter structures, which are also more
flexible and having quite low damping value. This increases
failure possibilities and also problems from serviceability
point of view. Now-a-days several techniques are available to
minimize the vibration of the structure, out of the several
techniques available for vibration control; concept of using
dampers is a newer one. Supplemental damping in
conjunction with appropriate stiffness offers an innovative
and attractive solution for the seismic response control of
structures.

This study deals with the effectiveness of one such damper,
friction damper as a passive dissipative device in structures
for controlling vibration of structure and also discusses the
effect of number of dampers and position of dampers in a
structure. To fulfill this objective, a 25-storey L-shaped
building have been modeled with five different damper
location formats in ETABS subjected to El Centro earthquake
record. Non-linear modal Time history method has been used
and seismic zone V is considered for analysis. Base shear,
storey displacement, storey drifts, storey shears, storey
accelerations, forces in columns and Total energy
components has been compared to find out most optimal
damper location format among five different damper location
formats and also to find out the effect of number of dampers.
Results showed that position and number of dampers has
considerable influence in the seismic performance of the
structure.

1. INTRODUCTION

The world population is growing so rapidly in recent years
that there has been a resurgence of high - rise
constructions in the major cities. High rise buildings have
become a trend and, moreover, they have paved the way to
world competition in constructing tall buildings to exhibit
the symbol of power and technology possessed by its
population. However, high rise buildings are subjected to
vibrations. These vibrations can be due to wind loads,
earthquakes, machinery vibrations and other sources of
vibration. These vibrations can cause structural damage or
even collapse of the structure.

In particular, during recent years earthquakes have been
the main cause of structure collapse. An earthquake is a
natural phenomenon of ground shaking caused by the
sudden energy release inside earth and thus, it causes
breaking and movement of the tectonic plates. This may
contribute to create other phenomena such as tsunamis,
landslides, rock falls, ground settling and liquefaction. As a
matter of fact, high rise buildings are not suitable to be
constructed in areas with high seismicity, if not studied and
analyzed accordingly.

Friction Damper

Pall Friction Dampers are simple and foolproof in
construction. Basically, these consist of series of steel
plates, which are specially treated to develop very reliable
friction. These plates are clamped together and allowed to
slip at a predetermined load. Their performance is reliable,
repeatable and they possess large rectangular hysteresis
loops with negligible fade. Pall Friction Dampers are passive
energy dissipation devices and, therefore, need no energy
source other than earthquakes to operate it. They do not
require any repair or replacement after the earthquake and
are always ready to do their job.
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Tension only cross brace with friction damper
Scope
The main objectives of this study can be listed as following.

a) To assess the effectiveness of friction dampers in
reducing the earthquake induced response of structural
systems.
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b) To assess, how the variation of placement and number of
dampers affect the seismic response of a frame structure,
and

c) Comparison of the building performances for five
different formats of placement of friction dampers in terms
of base shears, storey drifts and storey accelerations etc.,

Shaik Kamal Mohammed Azam et al., (23) states that the
dual structural system consisting of special moment
resisting frame (SMRF) and concrete shear wall has better
seismic performance due to improved lateral stiffness and
lateral strength. A comparison of structural behavior in
terms of strength, stiffness and damping characteristics is
done by arranging shear walls at different
locations/configurations in the structural framing system.
The results of the study indicate that the provision of shear
walls symmetrically in the outermost moment resisting
frames of the building and preferably interconnected in
mutually perpendicular directions forming a core will lead
to better seismic performance.

Abhijeet Baikerikar et al., (3) study has been done to
examine the effect of different cases using shear wall and
bracings for the different heights, maximum height
considered for the present study is 75m. The modeling is
done to along with different heights on seismic parameters
like base shear, lateral displacements and lateral drifts. The
study has been carried out for the Zone V and all types of
soils as specified in IS: 1893-2002. By locating shear walls
at different positions and by comparing the results it can
conclude that time period is significantly lowered after
placing shear walls and bracings.

3. RESEARCH METHODLOGY

The purpose of this study is to evaluate the effect of the
position and number of friction dampers on seismic
behavior of high rise unsymmetrical building. The design
and analysis is performed by using ETABS software. For this
five RCC structures have been modeled i.e, Model 1 is
without friction dampers, Model 2,3,4 have been modeled
with same number of dampers i.e., 96 friction dampers at
different locations and Model 5 with full dampers in all the
bays i.e., 288 friction dampers.

In order to understand the seismic behavior of the building
time history analysis is considered to be performed. For the
purpose of analysis, Time History of El Centro earthquake
data that has been recorded is considered. Once modeling is
completed, it automatically generates and assigns code-
based loading conditions for gravity, seismic. Then two load
cases TIMEX (Time history record of El Centro in X-
direction) and TIMEY (Time history record of El Centro in
Y- direction) is given as dynamic loading.

Basic parameters considered for the analysis are

1. Utility : Residential Building
2.  Number of stories : 25

3. Shape of Building : L-Shape
4. Geometric details

a. floorto floor height :3m
b. Column to column distance in both X and Y axis :
3m

5. Material details

a. Concrete Grade :M30
b. All Steel Grades: HYSD reinforcement of Grade
Fe500

6. Type of Construction: RCC Framed structure
7. Column : 0.5mX05m

8. Beams : 0.3mX0.6m

9. Slab : 0.150 m

10. Live Load: 3 kN/m?
11. Live Load contribution : 25% (as per 1S:1893-2016)

Link properties of the single diagonal tension/compression
brace with friction damper.

Link Type Plastic (Wen)
Mass (kg) 22207
Weight (kIN) 2.18
Effective Stiffness (kN/m) 152500
Effective Damping (kNs/m) 0

Yield Strength = Slip Load (KkIN) 450

Post Yield Stiffness Ratio 00001

Yielding exponent 10

Brace section ISNIB200

4. MODELS IN ETABS

ces

Q

Plan View of Building
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Note: In all the models Dampers are placed in Elevation

Grid M&13 And F&6.

4. RESULTS & DISCUSSION

4.1 Modal participating mass ratios

Modal participating mass ratios (MODEL 1)

Sum Sum Sum Sum Sum
Case | Mode | Period | Frequency | UX oy RX RY RZ
=== = sec cye/sec
Modal| 1] 3.138 0310 02682 | 02682 | 00771 00771 | 02408
Building with friction dampers in every two alternate floors Modal| 2] 3.085 0324 063591 06501] 0.1877] 01877] 02408
(MODEL 2) Moda| 3] 2793 0338] 0.7849 | 0.7849 | 02176 ] 02176 | 0.7921
Modd| 4] 101 000 | 08287 0.8287 0.4003 | 0.4003 | 0.8285
Modal| 5| 0988 1.002| 08892 | 0.8892 | 0656| 0.636] 0.8285
Modd| 6] 0921 1.086 | 00031 | 00031] 0.7335 | 07335 | 0.9034
Modal| 7] 0561 1782 | 00203 | 09203 0.7676 | 07676 0.9047
Modal| 8| 036 1.786 | 09383 | 09383 ] 0.8046 | 08046 ] 0.9047
Moddl| 9] 0437 2287| 0943 | 0943 ] 08195] 08195 ] 09192
Modal| 10] 0384 254] 0952] 0952] 08524 0.8524] 09192
Modal| 11] 0335 2.086] 09633 | 0.9633 | 0.8904 | 0.8904 | 0.9251
Modal| 12| 0298 3351 09695 | 0.9603 | 00067 | 0.9067 | 09251
Modal| 13| 0215 4657 09765 | 0.9765] 09292 ] 00292 0.9251
Modal| 14| 0.176 5.667| 09892 | 09802 | 00652 0.9652 | 09279
Modal| 15| 012 8354] 09967 | 0.9967| 09877 | 0.9877| 09279 ]
Modal participating mass ratios (MODEL 2)
= pessssssetes Sum | Sum | Sum | Sum | Sum
Case | Mode | Period | Frequency | UX Uy RX RY RZ
Building with friction dampers in every two alternate bays sec | cychec
(MODEL 3) Modal| 1] 3023 0331 0.1106 ] 0.1106 0
Modal] 2] 2839 034 02014] 02014 0.1141
Modal] 3] 2748 0364 02148] 02148 ] 0.7056
Modad| 4] 0874 1.026 04733 04733 | 07936
Modd] 3] 0833 1047 0.7184] 0.7184] 08089
Modad] 6] 0802 1.109 0.7397] 07397 | 09086
Modd| 7] 0544 1838 0.7776 | 0.7776 | 09086
Modal| 8] 0341 1847 0.8127] 08127 ] 09087
Modal] 9] 0384 1607 0.8433 | 0.8433 | 09087
Modal| 10 0382 1616 0.8777] 0.8777 | 0.9097
Modad| 11| 029 343 0.8933 | 0.8934 | 0.9097
Moda] 12 028 3573 09163 09163 | 09132
Modal] 13] 0200] 4781 0.0365] 0.9363 | 09131
Modal| 14] 0131 6627 0.9699 | 0.9699 | 09152
Modal] 15] 0118 8482 0.0925] 09925 [ 09152
Building with friction dampers at zigzag location Modal participating mass ratios (MODEL 3)
(MODEL 4)
Sum Sum Sum Sum Sum
Case | Mode | Period | Frequency | UX Uy RX RY RZ
sec cyc/sec
Modal| 1] 3.036 0329 03899 03899 0.1117 | 01117 0
Moda| 2] 2072 0337 07223 0.7223] 0.2049 | 02049 | 0.1145
Modd| 3] 2752 0363 | 07847 0.7842] 0.2183 | 0.2183 | 0.7896
- Modd] 4] 0976 1.024 | 0.8450 | 08450] 04732 04732 | 0.7896
Modal| 5| 096 1.042 | 05017] 09017| 0.718] 0.718 | 0.7989
Modd| 6] 09 1112 | 05037 | 09037] 0.7345 | 0.7345 | 09043
Modal| 7] 0343 1835| 0022] 0022] 0.7726]0.7726 | 0.9043
Modal| 8] 0343 1842 ] 09399 | 09399 0.308] 0.808] 0.9044
Moda| 9] 0392 2.35 | 0.9475 | 09475| 08363 | 0.8365 | 0.9087
Modal| 10| 0382 2.618 | 00567 | 0.9567] 0.8696 | 0.8696 | 00087
Modal| 11] 0297 337 09650 | 0.9650| 0.8964 ] 0.8964 | 09142
Modal| 12 0289 3458 | 00721 09721 09129 | 09129 09142
ettt - Modal| 13 0209 4754 ] 09789 | 09789] 09349 0.9349 | 09142
S : Modd| 14] 0.162 6.166 | 00902 | 0.0902] 0.9696 | 0.0696 | 09179
Building with friction dampers in all the bays. (MODEL 5) Heddl Lo 23 OB ORI PR R 0T
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Modal participating mass ratios (MODEL 4) 4.3 Base shear

Sum Sum Sum Sum i
Case | Mode | Period | Frequency | UX | UY | RX | RY |SumRZ Max. Base shear in kN
e cyclsec _ 15539 1554483
Modal 1] 20984 0333 04026 03782 01079 | 0.1144| 128E03
Modd | 2| 2914 0341] 07469 0746] 02086 02083 00126 1546265 Lsaa1ss
Modal 3| 2017 0368 | 07863 07838 02168 | 02163 0.7928
Modal 41 0968 1033 08301 08436 04641 | 04818 0.7923
Modal 51 0045 1058 | 00048 00043 07305 07313 0797
Modal 6| 0883 112 09053 09048| 07365| 07373 09072
Modal 1 0.54 185 09263 09203| 07688 | 07809 09072 o
Moddl §] 0338 1858 | 00408 00403 0.8092| 0.8099] 08073 131602
Modal 91 0398 251 0Mn2 0947 08336 08330 009148
Modal 10 038 2633 09363 | 09339 08630 | 08671 09148
Modal 11| 0306 327 09652( O096A4| 0BO7R| 08046 00215
Modal 12 0288 3475 09721 09717| 00118 00131 09215
Modal 13| 0208 4816 09782 0979 09336 0833 09213
Modal 14| 0163 6.03% | 09904 09%] 09684 09699 09247 MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODEL 5
Modal 15| 0117 358 08972 09973 09906 | 08902 08247
Modal participating mass ratios (MODEL 5) 4.4 Storey displacements
Sum Sum Sum Sum Sum = Maximum storey displacement in mm
Case | Mode | Period | Freq UX | Y | RX | RY | RZ o
sec eye/see ;gug =
Modal 1| 292 0342] 03882 03882 0.1137] 01137 0
Meodal| 2| 2782 0365] 0.7022| 07022 0.193[ 0493] 0.1729 ///
Modal| 3| 2485 0402] 0.7859| 07859 0.2168 [ 0.2168] 0.7919
Modal| 4| 0524 1.082 | 0.8507| 0.8507 | 04717 04717] 0.7919 =
Modal| 5| 0901 1.11] 0895] 0895] 06920 0.6920] 0.8101 /
Modal| 6| 0.806 1241 09076| 00076 0.7414| 0.7414] 091 z / [
Modal 7] 052 1022] 00214 ] 09214 [ 07679 [ 0.7679] 0015 g" i [nlpistsin
Modal| 8| 0511 1957 094 094 08082] 0.8082] 0916 - heoELd
Modal| 9| 0423 2366 | 0.9472| 09472 0329] 0829] 09325 . //
Modal| 10| 0338 2.796 | 09564 09364 ] 0.8618 ] 0.3618] 0.9325 /
Modal| 11| 0306 3263 09675| 09675 0901] 0901] 09352
Modal| 12| 0271 3.602| 0.9735| 09735 09173 | 0.0173| 09352 ]
Modal| 13 0.196 5002 09799 09799 0.9383 [ 0.0383 ] 09352
Modal| 14| 0.164 6.081| 09913 | 09913 | 09712 0.9712] 0.9369
Modal| 15] 0.112 8932 09975] 09975 ] 0.9901 [ 0.9901] 0.9369 .

4.2 Comparison of Time periods of five models for

different modes Storey displacement vs. storey level in X- direction & Y-
direction for Load case: TIMEX AND TIMEY respectively.

Comparison of Time Periods of Five Models for Different

Modes Adaximum storey displacement in mm
MODEL | MODEL | MODEL | MODEL | MODEL L - =
Case | Mode 1 2 3 4 5 = N =
Period | Period | Period | Period | Period Fa o & .
sec Sec zec sec Sec £ -F." ‘ g
Modal 1 3.138 3.023 3.036 2.084 2.92 - 4 <
Modal 1| 3085 | 2030 2072 2924| 2742 - y .
Maodal 3| 2793 2.748 2752 2717 2485 o | o2
Modal 4 1.01 0.974 0.976 0.968 0.924 e
Modal 5] o000 | 0955 096| 0945| 0001 '
Modal 6 0.921 0.902 0.9 0.893 0.806
Modal 7] 0361 03544 03543 054 0352 -
Modal g 056 0541 0.543 0538 0511 .
Modal o] 0437] 0384] 0392| 0308 0423
Modal 10 0394 0382[ 0382 038] 0338
Modal 11| 0333 020| 0207] 0306] 0306 °% : p
Modal 12| 0293 028 0289 o0288| 0271
Modal 13 0215| 0200 o200 o0208| 0.196
Modal 14] 0176 | 0151 o162 0165] 0.164 Storey displacement vs. storey level in X- direction and Y-
Modal 13 012] 0118] 0117) 0117] 0112 direction for Load case: TIMEY and TIMEX
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4.5 Story Drift MAX STOREY ACCELERATION IN mmisec?
30 351.44
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MODELA MODEL2 MODEL3 MODEL 4 MODELS

Comparison of Storey acceleration in X & Y- direction for
Storey drift in X & Y- directions for Load case: TIMEX & load case: TIMEY & TIMEX respectively.

TIMEY respectively 4.7 Forces in Columns

Axial force in kKN

12809

123859 122308
120535
I 115170
Modat 1 Mog 2 Mogd 3 Mogs 4 Mod 5
Storey drifts vs. storey level in X & Y- direction for Load

Case: TIMEY & TIMEX respectively Comparison of Axial force of column C1

4.6 Storey acceleration Bending Moment M2 and M3 in kN-m

MAX STOREY ACCELERATION IN mmisec?

28533
585.35 2&3.52
22033
52214
23530
23855

. N ) l
I I I Modal 1 Modal 2 Modal 3 hModal 4

Modal 5

MODEL MODEL2 MODEL3 MODEL 4 MODELS

Comparison of Bending Moment M2 and M3 of columns
Comparison of Storey acceleration in X and Y- direction for C161 and C65 respectively for five Models
Load case: TIMEX and TIMEY respectively
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Axial force in kN zigzag location of dampers (Model 4) has got lowest
time period.
178121
155703 4. It has been found that effect of dampers in building in
e e reducing the Maximum base shear is insignificant as
125099 buildings with dampers i.e.,, Model 2, 3, 4 and 5 got high
base shear values when compared to building without
dampers (Model 1). Among buildings with same
number of dampers at different locations (Model 2, 3
and 4) Model 4 got slightly lower maximum base shear
value.
5. Maximum storey displacements also reduced with the
introduction of dampers. Model 5 has got lowest
Maoda 1, T Modd 2, TI157 Maodd 3, T157 Modd 4, T13 Mol 5, T13
maximum storey displacement. However, among
buildings with same number of dampers at different
Comparison of maximum axial force locations (Models 2, 3 and 4), Model 4 has lowest
maximum storey displacements.
Energy components in kN-m
=input Energy =ianstc anergy =Poemial energy 6. It has been observed that storey drifts have been
Fonsdameng Bumengsienc Sy reduced with buildings having friction dampers and it
has been found that buildings having same number of
s aTes O #7191 R dampers got different drift values. So, it clearly shows
e that response of the structure varies with the location
342 5734 of the dampers.
324835 aarras EREEIER
== 7. Storey shears are also increased for buildings with
= s - b 5263 dampers when compared to building without dampers
= ua — same as in case of Base shears. This increase in base
0Ts0s shear and storey shears can be attributed to the
increase in mass of the structure with the introduction
495 (5.574 j3.4173
of dampers.
8. Storey acceleration decreases with addition of dampers
? but excessive dampers will not reduce the maximum
e i = o=t He=s storey accelerations.
Comparison of different Energy components 9. Maximum Axial forces in any column increases with
introduction of dampers. This is again because of
5. CONCLUSIONS addition of dampers weight of the structure increases
and also some dampers are in Non-slip mode due to
Following conclusions are made from the present study. their location, thus they behave as bracing members
because of this building becomes stiffer, hence axial
1. The results of this investigation show that the response forces in the columns increases.
of the structure i.e, time period, storey displacement,
storey drift and storey acceleration can be reduced by 10. Percentage of Dissipation of Input energy in the
using friction damper. building has been increased with the addition of
Friction dampers. The percentage dissipation of input
2. It has been found that Time period of the structure got energy through hysteretic behavior is maximum for
reduced with the introduction of friction dampers in Model 4.This increase in percentage dissipation
the structure. Building with full dampers in all bays through link hysteretic behavior depends upon location
(Model 5) has got lowest time period. of friction damper.
3. Among buildings with same number of dampers but at
different locations i.e., Model 2, 3 and 4. Building with
© 2018,IRJET | ImpactFactorvalue: 6.171 | IS0 9001:2008 Certified Journal | Page 3049



’, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

jeT Volume: 05 Issue: 05 | May-2018 www.irjet.net p-ISSN: 2395-0072
Scope for further study 8. Chang et al, (1992) ‘Seismic response of steel frame
structures with added Viscoelastic dampers.’
The following are suggestions for further research in this Earthquake Engineering, Tenth World conference 1992,
area: Balkema, Rotterdam. ISBN 90 5410 0605.
1. The method of optimizing the location of the dampers 9. Endrita Mulleti, “Seismic response of high rise building

within the structure can be further investigated. using friction dampers”. ME thesis, Albanian Institute of

Cultural Heritage, Albania.
2. The study can be extended to the steel structures also.

3. The study can be extended for earthquake induced
structural pounding between insufficiently separated
buildings.

4. The study can be compared with other dissipation
techniques like base isolation.

5. The study can be extended for wind loads also.
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