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Damper Optimization of Partial Cable-Stayed Bridges Based on
Vibration Response Analysis

YOU Jiawei, GU Jianfeng, LU Hailin
School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430074, China

Abstract: To optimize the design of seismic dampers for partial cable-stayed bridge, the analysis was performed
using the Jitimen Bridge in Zhuhai as an example. An ANSYS finite element model was established, and the
response spectrum method was used to analyze the structural vibration in the earthquakes with the exceeding
probabilities of 10% and 2.5% in 50 years under different working conditions. The study reveals that the seismic
performance of this type of bridge can be improved by increasing the horizontal bearing capacity of the fixed
support or allowing the fixed support to be sheared in an earthquake. In addition, the damper of the bridge was
optimized. Based on the comparison analysis, the optimal damping parameters are determined as follows: & =
0.3,C=2x10" kN (m/s)~. With the verification of damper optimization results, it is found that the internal force
of the key section of the bridge pier column is significantly reduced under the optimized damper parameters. The
yield bending moment can be reduced by up to 69.3%.
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Tab.1 Peak acceleration of vibration, horizontal seismic

coefficient and characteristic parameters of ground level
HiRZ AR Awe ! (em/s®) Ko Stww /g T,
100 4 B % 63% 69.2 0.064 0.160 0.52
50 47 AR 10% 114.6 0.117 0292 0.57
50 45 AR 2.5% 174.8 0.178 0.445 0.75
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Fig. 3 Acceleration over time:
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Tab.2 Natural vibration characteristics of

first ten orders of bridge

[ PR [ Hz F PRk
1 0.296 Fo gy
2 0.562 F2 gy
3 0.712 F gy
4 0.848 B lses)
5 0.987 W B A i) 25ty
6 0.997 A B A i 45
7 1.141 P B i) 5t/ = )
8 1.162 F Gy
9 1.380 iR €N
10 1.409 i A8 ) 45 i/ 32 R
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Fig. 5 Main vibration modes of first six orders of bridges
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Tab. 3  Verification of bending moment of

controlled section (E,)
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Tab.4  Verification of bending moment of

controlled section (E,)

i 3 o B N B JEREM 2w
nJ 2 . N Y
(VAL (kN-m)  (kN-m) g
11-1#3UKE -4.49x10° 9.50x10° 1.79x10*° 2
11-2#80E -9.01x10° 9.12x10°  2.09x10* &
11-3#BE -8.97x10° =9.06x10° 2.55x10" &
11-4#8E -9.01x10° =9.12x10°  2.09x10* J&
L1-5#3UE -4.49%x10° -9.50x10°  1.79x10* &
2#8UE -3.11x10° 1.02x10°  1.08x10° &
13#8UE  -3.11x10° 9.17x10°  1.08x10° &

- 14-1#8JE -3.71x10° 6.74x10°  1.71x10"  J&
o 14-2#8Jf% -8.66x10° 6.35%10°  1.97x10" J&
14-3#JE -8.7210° -6.31x10° 2.60x10* &
14-4#UE -8.66x10° -6.35x10°  1.97x10* &
14-5#UE -3.71x10° -6.74x10°  1.71x10* &
TR —5.93x10° -2.01x10°  7.79x10° &
128055 -4.80x10" 9.28x10°  3.07x10"° &
13#FE 4L —1.84x10" 1.90x10° 3.07x10° &
14#FE 5 -5.25%10° -1.86x10° 7.79x10° =&
1-1#B0JE -9.49x10° 2.19x10°  1.79x10° 7%
L2850 -9.20x10° 2.21x10*  2.09x10° 7%
11-3#BE -8.48x10° —2.20x10"  2.55x10° &
L1-4#30 -9.20x10° -2.21x10* 2.09x10* &
11-S#BUE -9.49x10° -2.19x10*  1.79x10° &
R2#8UK -3.07x10° 8.73x10°  3.51x10° &
13#BUE  -3.05x10" 8.42x10° 3.51x10° &

—_ 14-1#FJE -8.87x10° 1.61x10°  1.71x10°  J&
U 14-2#8UK -9.04x10° 1.59x10° 1.97x10' &
14-3#8JiE -8.27x10° —1.59x10" 2.60x10" J&
14-4#8JE -9.04x10° -1.59x10" 1.97x10" J&
14-5#UKE -8.87x10° -1.61x10*  1.71x10* &
TI#MEEL  —4.44%x10° -2.74x10°  7.79x10° J&
128083 -3.10x10° 3.33x10°  3.07x10* &
13#ME 5L —2.94x10" 3.18x10° 3.07x10° J&
148055 -3.94x10° -3.21x10°  7.79x10° &

e EdE B IR S T
n
(VA kN (kN-m)  (kN-m) g
1-1#8JE -4.78%10° 1.73x10°  1.79x10° &
11-2#81J% -9.86x10° 1.70x10"  2.09x10* J&
L1-3#3UE -9.46x10° —1.69x10° 2.55x10°  J&
11-4#8JE -9.86x10° —1.70x10* 2.09x10" &
11-5#80% -4.78%10° -1.73x10" 1.79x10° &
2#3UE -3.15x10° 2.05x10°  1.08x10° A&
3#UIE -3.17x10°  1.40x10° 1.08x10° &
- 14-1#BE -3.97x10° 1.00x10* 1.71x10* J&
14-28#81JK -9.70x10° 9.65x10° 1.97x10* &
14-3#B0E -9.18x10° -9.62x10° 2.60x10* 2
14-4#BUE -9.70x10° -9.65x10° 1.97x10* 2
14-5#8K -3.97x10° -1.00x10* 1.71x10* &
1#PEELE  -8.93x10° -3.31x10° 7.79x10° &
12#0E 5L —8.08x10" 1.77x10°  3.07x10° &
13#HEIE  —2.04x10° 2.42x10°  3.07x10* =&
1440E 5L —6.94x10° -2.52x10° 7.79x10° &
1-1#IE -1.44x10° 4.18x10°  1.79x10* 7%
TI-2#B0)E -1.02x10° 4.26x10°  2.09x10° &
11-3#81iE -8.48x10° —4.25x10° 2.55x10" &
11-4#BU% -1.02x10° -4.26x10"  2.09x10" 7%
11-5#8Ji% —1.44x10" -4.18x10" 1.79x10° 7%
R2#3UE -3.07x10°  1.69x10°  3.51x10° J&
13#UIE -3.05x10°  1.40x10°  3.51x10° &
TH— 14-1#BUE -1.17x10° 2.44x10'  1.71x10" &
142880 —9.79x10° 2.44x10°  1.97x10° &
14-3#B)E -8.27x10° -2.43x10"  2.60x10* &
14-4#81)% -9.79x10° -2.44x10" 1.97x10* &
14-5#B1J% -1.17x10° -2.44x10" 1.71x10* }&
LI#FEE  —6.28x10° -5.25%10° 7.79x10° &
240 S —4.54x10" 5.56x10°  3.07x10° &
13#ME 5L —3.90x10" 4.70x10°  3.07x10* &
14805 5L —5.01x10° -4.89x10° 7.79x10° &
XF 22 3 FFE 4 53] F0
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Tab. 5 Verification of horizontal bearing capacity of support

BERAESR  fuE FJKN FJNy  FJKN  F.J Ny
11-1# / /' 5.86x10° 0.390
11-2# / /' 5.86x10° 0.390

1.51x10* 0.101
1.51x10*  0.101

12-1#  2.96x10* 0.197
12-2#  2.96x10* 0.197

10%
13-1# / / 1.50x10*  0.100
13-2# / / 1.50x10"  0.100
14-1# / / 9.25x10°  0.617
14-2# / / 9.25x10°  0.617
11-1# / / 1.13x10*  0.753
11-2# / / 1.13x10*  0.753
12-1#  5.97x10° 0.398 2.94x10" 0.196

5500 12-2# 5.97x10° 0.398 2.94x10" 0.196
13-1# / / 2.44x10"  0.163
13-2# / / 2.44x10"  0.163
14-1# / / 1.42x10"  0.947
14-24# / / 1.42x10"  0.947
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i
= 0.36 1 1 1 . .
1 000 1500 2000 2500 3000 x6 MHEREFETFTIR_ASEHT
Damping constant / [ kN/(m/s) | HAEHEERE (L)
0.28 Tab. 6 Verificaiton results of controlled section of pier
¢ ——Without damper column under combined condition 2 with damper settings (E,)
026 1.0
0.7 i il R R/ R
| T o
o (kNem)  (kN-m) J#zf

-1#8UE -1.52x10* 1.16x10°  1.79x10°
L1-2#% -2.06x10" 1.27x10'  2.09x10°
L1-3#U8 -2.15%10" -1.32x10"  2.55x10°
L1-4#J% -2.06x10" -1.27x10"  2.09x10°
11-5#88 -1.52x10* —1.16x10*  1.79x10*

Relative velocity between tower
and pier / (m/s)

=
=
=
T
=
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