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Performance Evaluation of Seismic Vibration Control of
Asymmetrical Cable-Stayed Bridge Using MR Damper

ABSTRACT

A study has been carried out that effectively controls the vibration of asymmetric cable-stayed bridges caused by earthquakes with MR
dampers. In order to enhance the practical serviceability of MR dampers, an asymmetric cable-stayed bridge structure has been
designed and produced, and a MR damper has been produced so as to have this bridge structure controlled appropriately. An
experiment that controls vertical and horizontal vibrations has been carried out by exciting the asymmetric cable-stayed bridge in the
horizontal direction with the El-centro seismic wave. The control performance of the MR damper has been evaluated under the five
control conditions in the experiments of vibration control in each direction. As a result of the experiment, MR dampers were proved
to control vibrations more effectively when either Lyapunov control algorithm or Clipped-optimal control algorithm was used to
control vibrations of the asymmetric cable-stayed bridge caused by earthquakes. In addition, different controlling effects were found
in vibration controls in vertical and horizontal directions due to the asymmetry of the structure and the horizontal excitation. With such
controlling effects, semi-active MR dampers are evaluated to effectively control vibrations caused by earthquakes in flexible and
asymmetric structures such as asymmetric cable-stayed bridges.
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Table 1. Test Results of MR Damper
Test Results Extension Compression
Test Condition P
Displacement | Velocity | Ampere | Velocity | Load |Velocity| Load
(mm) (ms) | (A) | (ms) | (N) | (ms) | (N)
0 0.057 | 3,518 | 0.056 | 2,931
1 0.055 |11,220| 0.055 |10,520
18 0.05634| 1.5 0.055 |16,230| 0.054 |15,680
2 0.057 |21,130| 0.059 |20,560
0.057 |28,300| 0.056 |30,420
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Fig. 6. Disposition of Control Device

(b) Horizontal Direction

Fig. 7. Disposition of MR Damper for Vertical and Horizontal Direction
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Fig. 8. Acceleration Response Comparisons by Control Condition

Table 2. Max. Acceleration Response and Performance Index (Vertical Direction)

Estimation Results Maximum Response Performance Index Control Effect
Accel.(m/s?) 4 Accel.(%)
Control Case MAX. RMS MAX. RMS MAX. RMS
Un-control 0.248 0.0548 - - - -
Passive on 0.110 0.0282 44.51 51.46 55.49 48.54
Lyapunov 0.107 0.0255 43.05 46.53 56.95 5347
Clipped-optimal 0.124 0.0245 50.00 4471 50.00 55.29
Table 3. Max. Acceleration Response and Performance Index (Horizontal Direction)
Estimation Results Maximum Response Performance Index Control Effect
Accel.(m/s?) J Accel (%)
Control Case MAX. RMS MAX. RMS MAX. RMS
Un-control 0.121 0.0259 - - - -
Passive on 0.068 0.0179 56.45 69.11 43.55 30.89
Lyapunov 0.049 0.0104 40.74 40.15 59.26 59.85
Clipped-optimal 0.073 0.0157 60.33 60.62 39.67 39.38
500 . 1500 ‘
—Passive on —Passive off
400 —Clipped Optimal —Clipped Optimal
—Lyapunov 1000 1 } —Lyapunov
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200 |
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Fig. 9. Control Force Response Comparisons
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Table 4. Max. Control Force Response and Performance Index (Vertical Direction)

Estimation Results Maximum Response Performance Index Control Effect
Force(kgf) A Force
Control Case Max. RMS Max. RMS Max. RMS
Passive off 237.6 48.27 - - - -
Passive on 436.3 119.65 183.6 2479 83.6 147.9
Lyapunov 3219 82.84 135.5 171.6 355 71.6
Clipped-optimal 369.8 83.44 155.6 172.9 55.6 72.9
Table 5. Max. Control Force Response and Performance Index (Horizontal Direction)
Estimation Results Maximum Response Performance Index Control Effect
Force(kgf) A Force
Control Case Max. RMS Max. RMS Max. RMS
Passive off 695.2 88.68 - - - -
Passive on 1310 249.95 188.4 281.9 88.4 181.9
Lyapunov 1011 132.56 145.4 149.5 454 49.5
Clipped-optimal 1204 211.15 173.2 238.1 73.2 138.1

Table 6. Output Voltage Respon

se and Performance Index

Estimation Results Maximum Response Performance Index Control Effect
Input Voltage(v) Jy Input Voltage(%)
Control Case Vertical Horizontal Vertical Horizontal Vertical Horizontal
Passive on 35005 35005 - - - -
Lyapunov 12295 6240 35.12 17.83 64.88 82.17
Clipped-optimal 6365 7740 18.18 22.11 81.82 77.89
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