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/] ABSTRACT /

This paper is concerned with an experimental research to control of random vibration caused by external loads specially in cable-stayed
bridges which tend to be structurally flexible. For the vibration control, we produced a model structure modelled on Seohae Grand Bridge,
and we designed a shear type MR damper. On the center of its middle span, we placed a shear type MR damper which was to control its
vibration and also acquire its structural responses such as displacement and acceleration at the same site. The experiments concerning
controlling vibration were performed according to a variety of theories including un-control, passive on/off control, and clipped-optimal
control. Its control performance was evaluated in terms of the absolute maximum displacements, RMS displacements, the absolute
maximum accelerations, RMS accelerations, and the total power required to control the bridge which differ from each different experiment
method. Among all the methods applied in this paper, clipped-optimal control method turned out to be the most effective to reduces of
displacements, accelerations, and external power. Finally, It is proven that the clipped-optimal control method was effective and useful in

the vibration control employing a semi-active devices such MR damper.
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Fig. 1. Response from Real & Model Cable-stayed Bridge
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Table 1. Maximum Response of Model Bridge

Kinds of Acceleration Velocity Displacement
Response (m/s?) (m/s) (m)
Maximum 43122 0.1255 0.0036
Response

Table 2. Maximum Force of Model Bridge

Kinds of Inertia Damping Force |Restoring Force

Force Force (V) (V) (V)

Maximum

139 3.61 0.74
Force
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Displacement vs. Control Force(1Hz, 20mmys)

Control Force(N)

Control Force(N)

(a) 1THz, 10mm/s

Displacement vs. Control Force(1Hz, 30mmis)

(b) 1Hz, 20mm/s

Displacement vs. Control Force(1Hz, 40mmis)

Control Force(N)
Control Force(N)

(c) 1Hz, 30mm/s (d) 1Hz, 40mm/s

Fig. 3. Disp. vs. Control Force to Velocity Cases

Table 3. Control Forces and DR to Velocity Cases

Displacement vs. Control Force(2Hz, 40mm/s)

Displacement vs. Control Force(3Hz, 40mm/s)

Control Force(N)
Control Force(N)

- o
Displacement(mm)

(a) 2Hz, 40mm/s

Displacement vs. Control Force(4Hz, 40mm/s)

(b) 3Hz, 40mm/s

Displacement vs. Control Force(5Hz, 40mmis)

Control Force(N)
Control Force(N)

- o
Displacement(mm)

(c) 4Hz, 40mm/s

Displacement(mm)

(d) 5Hz, 40mm/s

Fig. 4. Disp. vs. Control Force to Velocity Cases

Table 4. Control Forces and DR to Freq. Cases

Velocity(mm/s) Frequency(Hz)
1Hz Avg, 40mm/s Avg.
5 |10 | 15 |20 | 25 | 30 | 35 | 40 1 2 3 4 5
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Force(N) Force(N)
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Table 5. Model Parameters of MR Damper

& MR " 3! Clipped-optimal MO{ZT2|ES 0188 AFZne| A 255 TSHA

Parameters of Bingham Model

Current (A) Cy (N/(mm/sec)) £ (N)

0.0 0.0248 3.3288

2.0 0.0687 9.1316

Table 6. Analysis Results of Bingham Model

Dynamic Velocity(mm/s) Avg
Modeling 5 10 15 20 25 30 35 40 '
Predict (0OA) Force(N) 345 3.57 3.70 3.82 3.94 4.07 419 4.32 3.89
Predict (2A) Force(N) 947 9.81 10.16 10.50 10.84 11.19 11.53 11.88 10.68
Predict Controllable Force(N) 6.02 6.24 6.46 6.68 6.90 712 7.33 7.55 6.79
Predict DR 274 2.75 2.75 2.75 2.75 275 2.75 2.75 2.75

Force(N)
Force(N)

Force(N)

Time(sec)

Displacement(mm) Velocity(mm/sec)

Fig. 5. Bingham Model Results to Freq. Cases
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Table 7. Performance Index of Vibration Control

Table 8. Material Properties of Cable-stayed Bridge
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Material of Structure Steel
Modulus of Elasticity (kgf / mm?) 2.10x 104
Shear Modulus of Elasticity (kgf /mm?) 8.10x10°
Poisson's Ratio 0.30
Unit Weight (kgf / mm?®) 785%10°°
Yield Strength (kgf / mm?) 40

4200

100 2200 1000

T e L R L “@Q@ﬁ

1220

Fig. 6. Products of Cable-stayed Bridge Model
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Table 10. Comparison of Control Test Results

Estimation Response
Results
Peak RMS Peak RMS Input
Control Disp. Disp. Accel, Accel. | Voltage
Case (mm) (mm) (@) (g) |(Sample)
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Passive-On 1.969 0.232 0.311 0.037 5000

Clipped 1.759 0.181 0.281 0.035 2398
Estimation Performance Index
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A Jy Jy J, J;
ComrolN 1 @ | @ | @& | & | ®
Case
Un-control 100 100 100 100 -
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Estimation Control Effect
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Control Disp. Disp. Accel, Accel, Power
Case (%) (%) (%) (%) (%)
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