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Abstract - A 20-Storey benchmark steel moment resisting
frame [1]Ohtori, Y (2004) is taken for study of seismic
response reduction by providing viscous fluid dampers for
chevron mechanisms. The model time history analysis of the
frame subjected to four types of earthquake loads with
chevron dampers is carried out. The Linear time history
analysis (LTHA) was carried out and responses such as
absolute acceleration, displacements, drifts, damper
displacements and damper forces are found for all six models
of chevron mechanism dampers for four different time
histories considered for analysis such as El Centro, Kobe,
Northridge and S_Monica with PGAs normalized to of 0.35g.
LTHA was carried out for six different types of chevron
mechanism damper with 40% damping coefficient. The
effective placement of damper in the bare frame is found by
comparing the peak average response reduction values of six
different models of chevron dampers. CH_M_5 model damper
placements are found to be more effective and cost effective
compared to other types of damper placement and
distribution. The peak average response reduction values for
CH M5 are 63.5 for absolute acceleration, 43.2 for
displacements and 39.8 for drifts.

Key Words: Linear Time History analysis, Chevron
configuration, Viscous fluid dampers, Displacements,
Absolute acceleration, Drifts

1. INTRODUCTION

In the present day scenario, the necessity of more
flexible civil engineering structures such as tall buildings and
long span bridges is increased and they are subjected to
undesirable vibration, deformation and accelerations due to
strong earthquakes, blasts, wind, moving loads, machines
and large ocean waves. Excessive vibration in structures is
an unwanted phenomenon which causes human discomfort,
waste of energy, partial collapse of structural parts,
transmits unnecessary forces and also poses a threat to
structural safety and, sometimes leads to collapse.

In order to eliminate the undesirable effects of
vibrations in structures, it is necessary to understand the
behavior and response of structural systems subjected to
dynamic loads such as earthquake and wind loads. One of the
main challenges the structural engineers of the present
decade are facing, is towards the development of innovative
design concepts to protect the civil engineering structures
from damages, including the material contents and human

occupants from the hazards of strong winds and
earthquakes. Traditionally, the structural systems relied on
their inherent strength and ability to dissipate energy to
survive under severe dynamic loading and blast loads. The
energy dissipation in such systems may occur by the
inelastic cyclic deformations at the specially detailed plastic
hinge regions of structural members. This causes localized
damages in the structure as the structure itself must absorb
much of the input energy from dynamic forces and this
involves high cost of repair. But, for essential structures such
as hospitals, police and fire stations must remain functional
even after an earthquake. For a structure to remain
functional after the earthquake, the conventional design
approach is inappropriate as it allows a structure to undergo
considerable damages.

Tall buildings are a special class of structures with
their own peculiar characteristics and requirements. Tall
buildings are often occupied by a large number of people.
Therefore, their damage, loss of functionality, or collapse can
have very severe and adverse consequences on the life and
limb and on the economy of the affected regions. Each tall
building represents a significant investment and as such tall
building analysis and design is generally performed using
more sophisticated techniques and methodologies.
Furthermore, typical building code provisions are usually
developed without particular attention to tall buildings,
which represent a very small portion of the construction
activity in most regions.

Therefore, understanding modern approaches to
seismic analysis and design of tall buildings can be very
valuable to structural engineers and researchers who would
like to have a better grasp on design and performance of
these icons of a modern megacity.

In recent years, innovative means of enhancing
structural functionality and safety against dynamic loadings
have gained momentum. This includes the wuse of
supplemental energy absorption and dissipation devices in
structures to mitigate the effects of these dynamic loadings.
These systems work by absorbing and reflecting a portion of
input energy that would be otherwise transmitted to the
structure itself. These systems can be classified as passive,
active, semi - active and hybrid vibration control systems
based on the manner in which they act to control the
vibrations.
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In the few decades, the use of energy dissipation
devices in structural system has gained momentum. To keep
the vibration of these structural systems within the
functional and serviceability limits and to control and reduce
structural and architectural damage caused by the extreme
loads, different passive-, semi active-, active- and hybrid-
devices and design methodologies are being developed.
Addition of supplemental passive devices and semi active
energy devices such as VFDs and MR dampers are
considered to be viable strategies for enhancing the seismic
performance of building structures. Several researchers have
carried out theoretical and experimental studies on passive
and semi-active vibration control systems.

The lateral loads mainly consist of seismic forces,
blast load, wind load, mooring load, tsunami etc., amongst
which the seismic force and the wind force are the common
ones. The application of these forces and the behavior of the
structure vary.

In order to design a structure to resist wind and
earthquake loads, the forces on the structure must be
specified. The exact forces that will occur during the life of
the structure cannot be anticipated. Most national building
codes identify some factors according to the boundary
conditions of each building considered in the analysis to
provide for life safety[2] (Khaled, M H., 2012).

The placing of fluid dampers to a structure does not
significantly alter its natural period, butitincreases damping
from about 2 to 5% (internal damping) to between 20% and
40%, and sometimes even more[3] (Haskell and lee, 2007). 1t
is found that external damping beyond 30% results in small
decrease in responses, and such increases lead to usage of
more dampers [4](Hanson and soong, 2001).

An analytical study was carried out on three new
configurations of toggle braced dampers about their
configurations, placements, equation, magnification factors
and efficiency . Experimental verification was done on these
toggle dampers [5] Constantinou MC, et.al, (2001).

Ohtori, Y (2004) [1] proposed a guideline for set of
benchmark control problems for seismically excited
nonlinear buildings for 3-, 9- and 20- storey steel frame
structures and developed various structural control
strategies.

In the present study, G+19 storey steel frame
structure are considered for linear time history analysis
subjected to four types of time history earthquakes such as
Elcentro, Kobe, Northridge and S_Monica with their PGAs
normalized to 0.35 using SAP2000. For a steel frame
structure, a lateral force resisting system namely viscous
damper in Chevron configuration is implemented while
analyzing the building.

The following are the objective of the present work.

o

« To study the responses such as displacements,
acceleration, inter-storey drifts in 20-storey
moment resistant steel frame subjected to four
types of earthquake loadings for bare frame
structure, and chevron damped structures.

« To study the response reduction in steel frame
structure for different types of damper
configuration and damper type in comparison with
bare frame structure.

« To study about the damper responses such as
damper displacements and damper forces for the
viscous fluid dampers placed in the building during
earthquake excitation.

+ To find the effective damper configurations to be
provided in a steel frame structure.

DESCRIPTION OF MODEL

The plan, and elevation of the 20-storey bench mark building
considered in the present study are shown in Fig 1 and Fig 2.
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Fig 1 Plan of Twenty storey benchmark building,
( Y.Ohtori et al,, 2004)
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Fig 2 Elevation of Twenty storey benchmark building,
1.1 CHEVRON BRACE CONFIGURATION

In Chevron configuration (Fig-3 and Fig-4) the
energy dissipation devices are fixed parallel to beam element
in structure. The magnification factor for chevron braced
configuration is equal to one. The magnification factor
depends on the angle of inclination and placement of
dampers. The magnification factor is defined as the ratio of
damper displacement to inter-storey drift. It is denoted as f.
For chevron bracing the magnification factor (f) = 1.
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Fig -3 Chevron configuration above ground floor
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Fig- 4 Chevron configuration for ground floor

The damping coefficient (Co) values for chevron
damper to be used as inputin SAP2000 are given in Table 1.
There are six different types of chevron mechanism damper
configuration (CH_M1, CH_M;, CH_M3, CH_M4, CH_Ms, and
CH_Mg)to distribute along the height of the frame. The
corresponding detail of placing dampers along the frame are
as shown in Fig-5.

2 TYPES OF CHEVRON CONFIGURATION DAMPER
MODELS

Six different types of chevron mechanism damper
models (CH_M;, CH_M,; CH_Ms, CH_M4, CH_Ms, and
CH_Mg)are considered for analysis to find the effective
placements and distribution of lower toggle mechanism
system. The chevron mechanism systems are distributed
along the height of the frame. The corresponding models of
placing dampers along the frame are as shown in Figure 3.
The following six models are used for the study.

1. Model_1 (CH_M;): Dampers are placed in all stories
along the height of the building and distributed as 5
chevron along with dampers per storey. So that total
number of dampers placed throughout the height is
100. The distributions of dampers are as shown in Fig-
5 (a).

2. Model_2 (CH_M;): Dampers are placed in G+9 stories
throughout  the  bay length  such as
5chevronconfigurations dampers in each stories and
from 10t to 20t storey dampers are placed in 2nd, 3rd
and 4t bay length such as 3chevron configuration
dampers per story. So that, total numbers of dampers
placed along the height of the building are 80. The
distributions of dampers are as shown in Fig-5 b).

3. Model_3 (CH _M3): Dampers are placed in G+9 stories
throughout the bay length such as 5chevron
configuration dampers in each stories and from 10t to
20th storey dampers are placed in 1st, 3rd and 5t bay
length such as 3chevron configuration dampers per
story. So that, total numbers of dampers placed along
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the height of the building are 80. The distributions of
dampers are as shown in Fig- 5 c).

4. Model_4 (CH _M4): Dampers are placed in G+9 stories

throughout the bay length such as 5chevron B ZANZANZaNZaN !

configuration dampers in each stories and from 10t to NN N NN 4

20t storey dampers are placed in 3rd bay length alone, B AN AN T4 740 i B T A A0 |
such as 1chevron configuration dampers per story. So B A A .

that, total numbers of dampers placed along the height Ol By e By St t

of the building are 60. The distributions of dampers ‘ e e B VAR Vo VA Vai Vel
are as shown in Fig- 5 d). VAN VAt Fairatvad i 1

5. Model_5 (CH _Ms): Dampers are placed in G+4 stories

—p - —~ -
throughout the bay length such as 5chevron VAL
. : . ) Y B ) 0 0
configuration dampers in each stories and from 5t to |
20t storey dampers are placed in 1st, 34 and 5t bay | VA VAN AN A
length, such as 3chevron configuration dampers per VAN \J Y AN TR T A AN
story. So that, total numbers of dampers placed along RN ZZN AN VAN VAN [ *
the height of the building are 70. The distributions of NVANVANVANVA VYV VW
. . “+ , 1
dampers are as shown in Fig- 5 e). | | S N S S
6. Model_6 (CH _Ms): Dampers are placed in ground story
alon? for. the bay -length such as 5chevron a) CH_M;b)CH_M,
configuration dampers in that storey and from 1t to
19th storey dampers are placed in 1st, 3rd and 5t bay (wad| T
length, such as 3 chevron configuration dampers per Vat B Ve B VAN
story. So that, total numbers of dampers placed along P BEE VA B A 7
- . . . . - F - ) Sa e ¢ ¢ '
the height of the building are 62. The distributions of | ] /N
- - o
dampers are as shown in Fig-5 f). N AN N N
ottt
For six different types of chevron mechanism damper 7Y B A I VA
configuration linear time history analysis are made and S S VA S
40% of damping are used for present study based upon T T YN
base shear graphs. So, damping coefficient values of 40% is e S Berom S SR
used for analyzing all models. At Vet Vet Vad Vad|
» - e 4 e =l * ¥ ! >
. . . ¥ . e e I ' J
Table 1 Damping coefficients (Co) for chevron ‘
d . kN ek Pad Pad Pad | "“ S AN\ AND. AR\ A
ampers in Ketoeloe oot I} I}
| S Y Y G SR F N NNV N N
Distribution of damping coefficient ST TS SIS S J/ J o
Entire ¥ ’ . 9 R
zeta building storey 5 dampers per | 3 dampers |1 dampers per K ARV AN
storey per storey storey | <1 151
v L ’ . % g X ¥
0.1 87865 4393 879 1464 4393 I T 1 T
0.2 175730 8787 1757 2929 8787
03 | 263600 | 13180 2636 4393 13180 ¢) CH_M; d) CH_M,
04 | 351460 | 17573 3515 5858 17573
0.5 439330 21966 4393 7322 21966
0.6 527190 26360 5272 8787 26360
0.7 615060 30753 6151 10251 30753
08 | 702920 | 35146 7029 11715 35146
09 | 790790 | 39539 7908 13180 39539
1 | 878650 | 43933 8787 14644 43933
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Fig- 5 Six different models of chevron placements in
bare frame

3 LINEAR TIME HISTORY ANALYSIS FOR CHEVRON
MECHANISM AND ITS RESPONSES

Linear time history analysis was carried out and
responses such as absolute acceleration, displacements,
drifts, damper displacements and damper forces are found
for all six models of chevron mechanism dampers for four
different time histories considered for analysis such as El
Centro, Kobe, Northridge and S_Monica with PGAs
normalized to of 0.35g.

The responses of absolute acceleration (a),
displacements (d), The responses of inter-storey drifts (dr)
for all six models are presented in Table-2, Table-3, Table-4,
Table-5, Table-6, and Table-7 and represented as graphs in
Fig-6, Fig-7, Fig-8, Fig-9, Fig-10 and Fig-11.

for peak absolute acceleration, displacements and drifts

a d drifts % difference

s BF |CH_M_2 BF CH_M_2 BF CH_M_2 a d drifts
20 9.57 1.76 0.39 0.34 0.034 0.014 81.6 134 59.2
19 5.24 1.62 0.38 0.33 0.021 0.015 69.0 139 25.3
18 4.95 1.47 0.36 0.31 0.028 0.019 70.3 133 325
17 4.85 1.30 0.33 0.29 0.029 0.019 73.3 11.6 34.3
16 4.14 1.13 0.30 0.27 0.028 0.021 72.6 9.4 25.1
15 4.62 0.97 0.30 0.25 0.024 0.024 79.0 15.3 0.7

14 4.89 1.05 0.29 0.23 0.015 0.018 78.5 22.8 -15.4
13 4.55 1.34 0.29 0.21 0.016 0.019 70.6 28.7 -16.5
12 5.85 1.63 0.30 0.19 0.021 0.021 721 37.4 3.3

11 6.12 1.88 0.31 0.17 0.023 0.018 69.3 44.8 18.4
10 598 2.03 0.30 0.15 0.017 0.015 66.0 50.1 11.2
9 6.13 2.10 0.29 0.14 0.020 0.014 65.8 53.1 29.6
8 6.44 212 0.27 0.12 0.026 0.014 67.1 54.8 474
7 6.49 2.14 0.24 0.11 0.024 0.014 67.0 55.6 44.1
6 5.88 2.24 0.22 0.10 0.026 0.014 61.8 56.1 48.5
5 5.54 243 0.20 0.08 0.030 0.014 56.0 579 54.3
4 5.68 2.70 0.17 0.07 0.034 0.014 525 58.6 59.6
3 5.21 3.07 0.13 0.06 0.038 0.015 411 58.3 61.3
2 5.76 3.49 0.10 0.04 0.041 0.016 39.3 57.1 61.0
1 4.609 | 4.01 0.056 0.03 0.056 0.025 13.0 54.3 54.3

Table 4 Peak Response Reduction b/w BF and CH_M_3 for
peak absolute acceleration, displacements and drifts

a d drifts % difference
S
BF CH_M_3 BF CH_M_3 BF CH_M_3 a d drifts
Table -2 Peak Response Reduction b/w BF and CH_M_1 for
. . . 20 9.57 1.76 0.39 0.34 0.034 0.014 81.6 134 59.2
peak absolute acceleration, displacements and drifts
19 5.24 1.62 0.38 033 0.021 0.015 69.0 139 25.3
A d Drifts o difference 18 4.95 1.47 0.36 0.31 0.028 0.019 70.3 133 325
S
BF CH_M_1 BF CH_M_1 BF CH_M_1 a d drifts 17 4.85 1.30 0.33 0.29 0.029 0.019 733 11.6 343
20 9.57 2.05 0.39 0.34 0.034 0.012 78.6 139 65.3 16 414 113 0.30 0.27 0.028 0021 72.6 9.4 251
19 5.24 1.72 0.38 0.33 0.021 0.013 67.2 139 36.4
15 4.62 0.97 0.30 0.25 0.024 0.024 79.0 15.3 0.7
18 4.95 1.52 0.36 0.31 0.028 0.015 69.2 12.6 46.1
14 4.89 1.05 0.29 0.23 0.015 0.018 78.5 22.8 -15.4
17 4.85 1.35 0.33 0.30 0.029 0.016 72.1 9.8 45.9
16 | 414 122 0.30 028 0.028 0.016 705 | 63 43.4 13 | 455 | 134 0.29 0.21 0016 0019 70.6 28.7 -16.5
15 4.62 111 0.30 0.27 0.024 0.017 76.0 10.4 28.7 12 5.85 1.63 0.30 0.19 0.021 0.021 721 37.4 33
14 4.89 1.10 0.29 0.25 0.015 0.018 77.6 15.5 18.8 1 612 188 031 017 0.023 0018 693 448 184
13 4.55 1.38 0.29 0.23 0.016 0.016 69.6 215 0.2
10 5.98 2.03 0.30 0.15 0.017 0.015 66.0 50.1 11.2
12 5.85 1.72 0.30 0.21 0.021 0017 70.6 29.6 19.9
11 | 612 2.02 031 0.20 0023 | 0017 | 671 | 359 | 249 9 | 613 | 210 0.29 0.14 0.020 0.014 658 531 296
10 5.98 2.25 0.30 0.18 0.017 0017 62.4 40.6 0.9 8 6.44 212 0.27 0.12 0.026 0.014 67.1 54.8 47.4
9 6.13 2.41 0.29 0.16 0.020 0.017 60.6 43.7 15.4 7 6.49 2.14 0.24 0.11 0.024 0.014 67.0 55.6 44.1
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6 5.88 2.24 0.22 0.10 0.026 0.014 61.8 56.1 485 4 5.68 3.11 0.17 | 0.06 |0.034| 0.012 |45.2|62.3| 64.1
5 5.54 2.43 0.20 0.08 0.030 0.014 56.0 57.9 543 3 5.21 3.39 0.13| 0.05 |0.038| 0.013 (35.0(61.8| 65.2
v | ses | 270 | o1r 0.07 003t | o004 | sz5 | sse 596 2 5.76 372 |0.10| 0.04 |0.041| 0.015 |35.4|60.5| 64.4
3 | sz | 300 | oms 006 o038 | oot | a1z | ses s 1 4.609 413 [0.056| 0.02 [0.056| 0.024 |10.4|57.5/57.5
2 5.76 3.49 0.10 0.04 0.041 0.016 39.3 57.1 61.0

Table 7 Peak Response Reduction b/w BF and CH_M_6 for
1 4.609 4.01 0.056 0.03 0.056 0.025 13.0 54.3 54.3 . . .
peak absolute acceleration, displacements and drifts

Table 5 Peak Response Reduction b/w BF and CH_M_4 for d drifts % difference
peak absolute acceleration, displacements and drifts ’ BF hc,['fg BF | CHMG6 | BF | CHMS6 | a d | drifts
20 | 957 | 148 | 039 030 | 0034 | 0011 | 845 | 229 | 674
s a d drifts % difference 19 | 524 | 134 | 038 029 | 0021 | 0013 | 744 | 231 | 3738
BF | CHM4 | BF | CHM4 | BF | CAM4 | a d | drifts 18 | 495 | 121 | 036 | 028 | 0028 | 0017 | 756 | 222 | 393
20 | 957 210 039 036 | 0034 | 0020 | 781 | 74 | 423 7 | 285 | 103 | o33 026 | 0020 | ooz | 787 | 208 | 410
19 | 524 185 038 034 | 0021 | 0023 | 647 | 92 | 119 o | 212 | 087 | o030 024 | 008 | ooz | 789 | 187 | 390
18 | 495 158 | 036 | 032 | 0028 | 0033 | 680 | 105 | 167 15 | 462 | 086 | 030 023 | 0024 | 0015 | 814 | 234 | 376
17 ] 485 122 033 029 | 0029 | 0033 | 747 | 128 | 134 14 | 489 | 091 | 029 021 | 0015 | 0014 | 814 | 279 | 7.1
16 | 414 104 030 025 0028 | 0028 | 748 | 153 | 08 13 455 | 115 | 029 0.20 0016 | 0018 | 748 | 326 | 77
15 | 462 1.40 030 023 0024 | 0023 | 698 | 237 [ 64 12 585 | 139 | 030 0.18 0021 | 0017 | 761 | 408 | 194
14 | 489 L76 029 020 0015 | 0019 | 640 | 308 | 221 11 612 | 161 | 031 0.16 0023 | 0013 | 737 | 471 | 435
13 | 455 1.90 029 0.18 0016 | 0020 | 583 | 37.0 [ 244 10 598 | 175 | 030 0.15 0017 | 0014 | 707 | 494 | 197
12 | 585 197 030 0.17 0021 | 0025 | 663 | 447 | 177 9 613 | 186 | 029 0.14 0020 | 0015 | 696 | 508 | 27.3
11 | 612 227 031 015 | 0023 | 0015 | 629 | 504 | 341 s o2t | 195 | oz 013 | 0026 | oos | 698 | 517 | 212
10 | 598 247 030 015 | 0017 | 0009 | 587 | 518 | 473 = 610 | 205 | o024 o1z | ooze | ooz | 65 | 521 | 213
9 | 613 249 0.29 014 | 0020 | 0009 | 593 | 518 | 552 o <88 | 221 | oz 010 | 0026 | oos | 623 | 532 | 438
8 | 644 243 027 013 | 0026 | 0011 | 622 | 513 | 584 s 554 | 244 | 020 009 | 0030 | 0014 | 559 | =55 | saa
7 | 649 235 0.24 012 | 0024 | 0013 | 638 | 506 | 47.0 " s68 | 260 | o017 007 | 0032 | oo1s | 526 | 557 | =51
6 | 588 238 022 011 | 0026 | 0015 | 594 | 51.0 | 44.0 3 s21 | 300 | o013 006 | 0038 | ootg | 223 | =58 | =31
5 | 554 2.59 0.20 009 | 0030 | 0016 | 533 | 530 | 474 2 =76 | 351 | o010 00t | oomt @ 391 | 560 | 571
4 | 568 2.80 0.17 008 | 0034 | 0016 | 507 | 540 | 53.4 1 2609 | 206 | 0056 | 00z | 0056 | coze | 1zo | s68 | s68
3 | s21 3.06 013 006 | 0038 | 0017 | 412 | 541 | 558
2 | 576 3.46 0.10 005 | 0041 | 0018 | 399 | 534 | 568
1 | 4609 | 397 | 0056 | 003 | 0056 | 0027 | 138 | 509 | 509 Peak absolute acceleration for six models
2 of CH _ - ===
Table 6 Peak Response Reduction b/w BF and %g f’ - - -RBF
CH_M_5 for Peak absolute acceleration, 17 P —=CH M 1
displacements and drifts 16 < LA
%i \ oo CH M 2
~ bl
a d drifts % difference ~ 13 \,\ (:.H_I\I_D
S : 512 ~N —#—CH M 4
BF CH.M.5 | BF |CH.M_5| BF [CH.M.5| a | d |drifts =11 ) CH M 5
20 9.57 146 |039| 030 |0.034| 0.011 [84.8[22.7|67.8 % 10 e
19 5.24 1.32 0.38| 0.29 |0.021| 0.013 [74.9|22.8| 38.5 : g \\ V (H—I\I—G
18 4.95 1.19 0.36 | 0.28 |(0.028| 0.017 |75.9|21.9|40.0 7 /
17 4.85 1.03 0.33 | 0.26 |(0.029| 0.017 |78.7|20.4| 42.4 g ‘/
16 4.14 091 |030| 025 [0.028] 0.018 |78.0[18.2|35.9 4 )
15 4.62 0.89 0.30 | 0.23 |0.024| 0.019 |80.7|23.2| 19.6 % I\ 28 3
14 4.89 0.96 0.29 | 0.21 |0.015| 0.017 |80.3|29.2| 10.4 I \. l’ s
13 4.55 1.21 0.29| 0.19 |0.016| 0.016 |73.5(34.8| 2.6 0.0 50 . 10.0
12 5.85 147 |030] 0.18 |0.021| 0.018 [74.8[42.4{ 178 Absolute aceleration (a)
11 6.12 172 |031]| 0.16 [0.023| 0.013 |72.048.843.6
10 5.98 189|030 0.15 [0.017] 0.014 |68.4]52.0] 19.4 Fig-6 Peak absolute acceleration for six models
9 6.13 2.03 0.29 | 0.13 |0.020| 0.015 [66.8/53.9| 26.5
8 6.44 217 |027| 012 |0.026] 0.015 |66.3|55.4| 41.1
7 6.49 2.34 0.24| 0.11 |0.024| 0.015 [64.0|56.6|39.2
6 5.88 258 [022] 0.09 [0.026] 0.015 [56.158.442.2
5 5.54 2.86 0.20 | 0.08 |(0.030| 0.013 |48.3|61.5|57.4
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ig -, -CH_M_l“fL'H 19
17 o soovoees CH M 2 18 -
= CH_M_3 £
{-} | —=—CH_M_4 15 -
512 - CH_M_5 11
S35 CH_M_6 13 - - = =BF
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8 - =11 e e CH. M1
6 7] lg : wnows CH M 2
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3= 8 1 CH_M 3
.l': E 6 —&—CH M 4
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= , < == CH M5
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4 ~
Fig-7 Peak absolute accelerations and their response 1 N s
reduction compared to BF for six models of CHD 0.00 0.02 0.04 0.06
Inter-storey drifts
28 .
§ ] Fig-10 Peak Inter-storey drifts for six models
G
j ] Peak inter-storey drifts response reduction
31 20 compared to BF for ix models of CH
il 7 - —~—— N
O1T 4
=10 b — =CH_M_1
EB g . 17 cecemmune (_“H_]\[ 2
£ ] {E ] ——CH M 3
¢ 7 i1 —a—CH M 4
4 - S l.:» 1 e CH_M_5
37 -El "H M 6
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Fig-8 Peak Displacements 2‘ I
_‘ -
Peak Displacements response 3 1
20 qreficfioncompared to BF for six 1 1 , .
%g : JilOdelS of CHr~ -CH_l\';[_l 0 :(I!{ 40 et 6(()0 ) S0
17 3 el esponse reduction (%o
%g i CH M 2
X H ] CH, M. 3 Fig-11 Peak inter-storey drifts and their response
512 - |—=—CH M 4 reduction compared to BF for six models of CHD
=11 A 3
o .
#19 W CH M 5 4 RESULTS AND DISCUSSIONS
8 %y~ CH M 6
/A § Among the four time histories EQ analysis, such as
g i ANV El Centro (EC), Kobe (KO), Northridge (NR) and S_Monica
4 | 1K (SM), the peak responses and its difference between bare
3 A oA i i
3 ] 0/ frame are found for absolute acceleration, displacements,
1 , : d , drifts, damper displacements, and damper forces for each
N , _ model. Now peak responses from different models (CH_M4,
0.0 ‘Oﬁespoﬂ)s% redif&fon (9/809'0

CH_M;, CH_M3, CH_M4, CH_Ms, and CH_Ms) are compared
with peak responses of bare frame and their respective peak
Fig-9 Peak displacements and their response reduction response reduction are found out.
compared to BF for six models of CHD
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The effective placement of damper in the bare frame
is found by comparing the peak average response reduction
values of six different models of chevron dampers. CH_M_5
model damper placements are found to be more effective
and cost effective compared to other types of damper
placement and distribution. The peak average response
reduction values of CH_ M5 are 63.5 for absolute
acceleration, for displacements 63.5,43.2 and 39.8 for drifts.

5 CONCLUSIONS

The study on a 20 storey steel model frame with six
different configuration of chevron dampers was carried out
under various LTHA. Based on the seismic performance, the
optimum position of chevron dampers in the model frame is
arrived .The effective placement of damper in the bare frame
is found by comparing the peak average response reduction
values of six different models of chevron dampers. CH_M_5
model damper placements are found to be more effective
and cost effective compared to other types of damper
placement and distribution. The peak average response
reduction values of the frame model CH_M_5 for absolute
acceleration, storey displacements and drifts are 63.5 ,
43.2and 39.8 respectively.
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