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ABSTRACT: In this paper, the performance of the Tuned Mass Damper (TMD) control system in
seismic response reduction of a four-span integral bridge is investigated. Two classic analytical methods

selecting each of the three methods for calculating TMD parameters on the seismic response of the
bridge is studied. Three objective functions are considered for the optimization procedure in MATLAB.
After calculating TMD parameters, nonlinear dynamic analysis of the bridge in a transverse direction is
carried out in OpenSees. The purpose of this study is to compare different methods for obtaining damper
parameters and to introduce a method that calculates damper parameters in such a way that the damper
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has a better performance on the bridge. Numerical results indicate the performance of the damper is Inteeral brid
. . . . . . .o . ntegral oriage
affected by its parameters and selecting the objective function. It is recommended to use the optimization g o &
method to calculate the damper parameters with maximum lateral displacement of the deck midpoint Optimization

objective function. Also, the results show that the reduction of the response is related to the response ~ Optimum parameters of damper
corresponding to the objective function. For the studied bridge, the maximum values of reduction of Particle swarm optimization
displacement and acceleration of the middle deck are equal to 22.4 and 17.7%, respectively, and for

the base, shear is 4.3%. Therefore, the lateral displacement of the deck midpoint objective function is

introduced as the best cost function.

1- Introduction

Bridges are critical structures in highways and their
failure under seismic excitation disrupts the transportation
system. One effective method to avoid seismic failure is to
apply passive control systems. Tuned mass damper (TMD)
is one of the passive systems for controlling seismic forces
on structures. It was first designed to reduce the ship’s lateral
rotation and movement fluctuations, developed by Farham
in 1909 [1]. Yin et al. [2], Bathaee et al. [3], and Bayat and
Daneshjoo [4], among other researchers, recently published
papers on using TMDs for decreasing the bridge’s seismic
response.

In this paper, the influence of TMD on decreasing
responses of a four-span integral bridge under several severe
carthquakes is investigated. Researchers have developed
a variety of methods to estimate TMD parameters. Here,
three methods are employed to calculate TMD’s parameters.
Nonlinear time history analyses are then performed to study
the effect of method selection on the efficiency of the TMD
in reducing the seismic response of the bridge.

2- Methods for calculating TMD parameters
An ordinary TMD consists of mass M connected to the
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main structure via a spring with stiffness K, and a viscous
damper with damping C. TMD parameters can be determined
using dynamic equations, first introduced by Den Hartog
[6] for single-degree-of-freedom systems. Afterward,
Sadek et al. [7] extended this method to the multi-degree of
freedom structures. Another method for calculating TMD
parameters is the optimization method. In this study, Passive
Congregation-based Particle Swarm Optimization (PSOPC)
is selected due to its popularity and simplicity. To calculate
TMD parameters using the PSOPC optimization algorithm,
single cost functions, including minimization of the deck
maximum displacement, the deck midpoint acceleration
and the maximum base shear are considered. This paper
uses both classic methods (dynamic equations and Sadek et
al. equations) and optimization methods to calculate these
parameters.

3- Numerical analysis and results

To perform seismic analysis on the bridge with TMD,
seven earthquakes are selected from major earthquakes in
the world. In this study, the PGA of the records is scaled to
0.4g [8]. The characteristics of the selected ground motions
are summarized in Table 1. Earthquakes are applied in the
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Table 1. List of the selected input ground motions

Earthquake Year Station—component  PGA(g)
Iwate,Japan 2008 IWTO010 0.223
Kobe,Japan 1995 Nishi-Akashi 0.503
LomaPrieta,USA 1989 13- BRAN 0.501
Northridge,USA 1994 24087 0.344
Shizuoka,Japan 2009 SZ0014 0.314
Shizuoka,Japan 2011 SZ0011 0.511
Tabas,Iran 1979 9101-Tabas 0.852

T™MD

Deck Element

(Nonlinear Beam Column Element)

Rigid ConnectionElement

Fig. 1. Schematic geometry of the bridge with TMD
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Fig. 2. Displacement of the deck midpoint in the
controlled and uncontrolled bridge under the selected
earthquakes, in classic and optimization methods

transverse direction. [9]

In the finite element model of the bridge in OpenSees [10],
as shown in Figure 1, the TMD is located at the midpoint of
the deck, with a maximum weight of 5% of the total bridge
weight. A total number of 35 nonlinear time history analyses
are performed on the bridge and average value responses are
compared. The average displacements of the deck midpoint
in different methods are presented in Figure 2.

A summary of the average reduction of the deck midpoint
displacement and acceleration, and the base shear of the
bridge with TMD in different methods, are presented in Table
2.
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Table 2. The average reduction of displacement, ac-
celeration, and base shear of the bridge with TMD in
different methods

Reduction (%)
Method - :
Displacement Acceleration Base Shear

Dynamic Eq. 4.7 12.2 1.3

Sadek et al. 4.2 9.1 0.6
Optimization

(cost Function is 224 13.3 2.4
Displacement)
Optimization

(cost Function is 1.0 17.7 0.2
Acceleration)
Optimization

(cost Function is 4.7 7.0 4.3

Base Shear)

4- Conclusions

This research studied the TMD performance on a four-
span integral bridge. OpenSees software was employed
for bridge modeling, and MATLAB was used for
programming the optimization method. Analysis results
are as below:

TMD is effective in reducing seismic responses of the
bridge according to numerical results. The maximum
observed reduction value was 23% in the deck midpoint
displacement in the optimization method.

In classic methods, the maximum reduction value of
the response occurs in acceleration. Therefore, TMDs
designed based on the classic method perform better
in reducing the deck midpoint acceleration. It is by the
code’s purpose that the prominent role of dampers is to
decrease the acceleration caused by dynamic actions.

Among the three provided methods to estimate damper’s
parameters, the optimization method calculates more
suitable parameters for TMD to reduce seismic responses
of the bridge. Therefore, the optimization algorithm
showed better overall performance due to the calculation
of TMD parameters based on each earthquake separately,
while the two classic methods consider a constant value
for mass, damping, and stiffness for all earthquakes.
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¢ Inthe PSOPC optimization algorithm with 3 costs function
(displacement and acceleration of middle point of deck
and base shear), the reduction of each response of the
bridge is based on the selected cost function. Also, if the
displacement of the middle point of the deck is selected
as a cost function, TMD reduces every three values of
displacement, acceleration, and base shear in the bridge.
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Table 1. Definition of the optimization problem
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Table 2. Characteristics of earthquakes applied on the bridge
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Table 3. The mass, stiffness and damping of TMD in different methods
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Fig. 6. Mass values of TMD in classic and optimization methods in different earthquakes
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Fig. 8. Damping values of TMD in classic and optimization methods in different earthquakes
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Table 4. Maximum displacement, acceleration and base shear for controlled and uncontrolled bridge in different methods

(M) 0 i 510> m/s?) olid Eslas &N) 4y oy 510
435 95 09N L , 09N L woyd 09N L 2,3
ol sy

Flee Sl Pl Sl el Pl Sy o5
Saeliys @Yolea NOY Y -0l nA YA YY YoM VofY -If
e 5 Sale TS ST -0l NnA 5 VajY YOAL  VofY -Jp
Iwate  obals Gas ol ATS SERYIRE & ¥ nA 24 VEIA YOA V) Y
olus Gas &l ATS SERYAYN Y WAV VYA YOAL  vav- Y
iy e &l SNOY S NYA K WA Y Y YoM YR\ YI
Saeliss @Y¥oles dYe Yy oY YAy v WY YYYY VY. )
S 5 Sl Ve ef8A A Y/AY YIYs AR YYYvT. Y
Kobe  sbrals Gus ol deYe 08 ¥z YAy YIYs N4 YV sA0f B\
Sl Gas mls VD +[eYA -f1 Y/AY N YAID YYYY O vrey -\
S Bas &l VSR Vi YAY V¥ VIA VYV veo0 i
Seals SY¥olas R VALY Y e A-Y VY YEY. VRO \IF
Loma OS5 Sale RL VAV \ e AT VeI VY. YEAY VA
elals Gus &b RN VY Yy e U WY VY. Ve o/
Prieta oles Gus ol YRLVERRYARS ¥V ave YN E YY) VY. YFFA Yy
S Bas &l YRL VSRR -a)Y e AIYY " VY. YYAY ¥/
Sealys SY¥olas A S URRYI 2% ¢ i YIY £120 Y/f VETY  vs¥R eIy
OSen 5 Sale A SC UYL 2% Y YIY £ ¥ YEYY  vefs -
N}:lr th ebals Gua &b SYeq VY e YN Y A £IA yEYY YEVE — 10
niese Sl Gas mbs A S SERVIET da VY B 0 YEYY  VSVA IV
i e s A SC YL 2L Y YIY $IAF Yio YEYY vy N
Sealys SY¥olas TR AN & YFIA WY Ay Vo 008 AWY A
Shizu Kes 5 Solu YRS ARV o YY IRV SR RVAYS /A 8033 avaa 2
oka elals Gus &b R AUV o' YY/¥ WIOY  ANA YA/ O 72 A
2009 s s w R SR Y/ RVSEEERRLY N 0048 dVF Vo
iy aw &l R ST o' A VWIOY AT YV 0038 ¥rov \#14
Saeliys @¥oles RAY AV o/F IIECEE VY f VY0P YYVA s
Shizu OS5 Salo JAY Al Y VR VA YIA Yros  YRI¥ 1A
oka elals Gus &b RAY oA VA VoA vied YR YYOF VYYD -y
2011 ol Gas wls YA ¥ VeRY O BNg YA YYOF VYYD ¥
iy o &l RAYfeYA Vo VARV e/FF 5 YYos o veof )
Saeliys @Yolea o ey -y YI¥A s X YYVO  VEAY -1
OS5 Sl ol ey -y YI¥A #IAQ YR YYVO  VEVY mY

Tabas bl Gus ol o <A VA/A VA AY) By YYVO Ve )

ol Gas s o RLE V¥ YIEA $IAY AIY VYO VEst VY
Sy an &l o SRLE Jf YIEA \las =n YYve o vray I

FYY.



FYVE B FY-Y asan MY Jl.u: AR o)‘.o.aﬁ O 0)9° ‘)g.f),..ol u])a& @“W 4.3)..:.:

0.23
. 0.18 -
'%' W ST o
—291 S aliys E¥lee — 1o |
%013 -
E EIRNRCOVIRE NUE T
0.08 - B ol al iBae mb -5l 4 - ST b
WOl iBae al - gl ange - S b
0.03 - -QQ&ﬁ:dM@U—G}Lﬁ%—;lﬂL}
e)'ﬁ
>
&

Silwdiae 9 SeMlS slagysg, 51 03l b A5V 3 TMD g 9 b Sl )3 adpe (Ghe 05 (alaarle yla905 A JSS

Fig. 9. Displacement of the deck midpoint in controlled and uncontrolled bridge under the 7 earthquakes, in
classic and optimization methods
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Fig.10. Acceleration of the deck midpoint in controlled and uncontrolled bridge under the 7 earthquakes, in
classic and optimization methods

YY)



FYYE L FY-Y daan (¥ JL») N o)l.cuﬁ OHF 0)9d 6):45)-:.0] u])o.c (e Ayl

8,000

7,500 -

7,000 -
X WS
% 6,500 - et
iﬁ Seolizs SYolee - 510 b
% 6.000 - e 5 ol - ST b

5500 | B ol alrBan ol -g5lo e - Shee b

WOl :Bas b -5l age - 5w b
5,000 - Bl Gpidoe b -gle dge - ST b
4,500 -
<> <> Nad Aad > N >
g & & ¢ § § ¥
'@} “oe} & bqgﬂ ‘éz} %g; Q‘b%
¢ e ©
& & SN\ SN
$ = ) )

S5l 9 SowdlS (s g 5l o3liiul L U35 Y > TMD (g g b dls j3 by arly (152 513505 1) U

Fig. 11. Base shear of the controlled and uncontrolled bridge under the 7 earthquakes, in classic and
optimization methods
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