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Abstract

The purpose of this study is to accurately estimate the wind-induced responses of a tall building structure for using the estimated
responses in the process of calculating the optimal force of an active control device. Kalman filter was used for the estimation
process and a 3-storied model structure on a shaking table was tested for the verification of the estimation accuracy. The system
matrices of the model were constructed based on the mode parameters obtained by the system identification. The estimated
displacement matched up well with the measured one. Finally, the wind-induced responses of a real 39-storied building structure

excited by the typhoon MUIFA were estimated.
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Table 1 Estimation of the damping ratios

Mode
Method 1st 2nd 3rd

Logarithmic decrement 0.0035 0.0023 0.0020

Half-power bandwidth 0.0107 0.0087 0.0058

Curve-fitting 0.0043 0.0235 0.0637

Li & Reinhorn 0.0082 0.0061 0.0031
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Table 2 |dentified modal parameters

Mode
Parameter 1st 2nd 3rd
Damping ratio 0.0044 0.0033 0.0034
Natural frequency, Hz 1.40 4.05 5.98
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Fig. 2 Measured and estimated accelerations
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Fig. 4 Time-history and frequency responses of the
impact noise
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Table 3 Displacement estimation results with regard to
the noise type

FA%E S ogms
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Table 4 Correlation coefficient between estimated and
measured responses of a 3-storied building

Estimation| Displace Acceleration
ment

Reference (1F) IF 2k 3K
1F 0.9932 1 0.9917 | 0.9972
2F 0.9884 | 0.9950 1 0.9942

3F 0.9900 | 0.9987 | 0.9970 1
1F & 2F 0.9918 1 1 0.9877

1F & 3F 0.9919 1 0.9932 1

2F & 3F 0.9898 | 0.9699 1 1

1F & 2F & 3F 0.9920 1 1 1

Displacement(1F)
Peak error RMS error Corr. Coof.
(mm) (mm)

Raw 0.6182 0.0811 0.9914
White noise 0.6243 0.0823 0.9912
Impact noise 1.0393 0.1551 0.9660

White noise with| o ;g0 0.0763 0.9913
filter
Impact noise
with filter 0.9301 0.1416 0.9694
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Table 5 Correlation coefficient variation with regard to
the number of modes

Estimation| Displace Acceleration
ment
Mode (1F) IF 2F 3
1st 0.9457 | 0.3205 | 0.7606 | 0.6556
1st~2nd 0.9906 | 0.9576 | 0.8714 | 0.9842
1st~3rd 0.9961 | 0.9997 | 0.9997 | 0.9996
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Table 6 Modal parameters
Mode

Parameter 1st 2nd 3rd

Natural frequency, f(Hz) 0.200 0.213 0.288

Modal mass(ton) 22,500 | 22.515 9.634
Damping ratio, ¢ 0.014 0.016 0.013

Y1 1 1 1
Mode Vector Y2 1.041 1.080 0.547
X1 0.880 -0.726 | -0.046
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Table 7 Correlation coefficient between estimated and
measured accelerations of a 39 storied building

Referenc Estimation v1 Vo X1
Y1 1 0.823 0.804
Y2 0.763 1 0.821

X1 0.568 0.536 1
Y1 & Y2 1 1 0.822

Y1 & X1 1 0.820 1

Y2 & X1 0.760 1 1
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Fig. 7 Estimated displacement and velocity responses
of the top floor
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