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Estimation of equivalent damping ratios of a real-world
passively controlled building structure

YANG Pengchao' XUE Songtao' > XIE Liyu'
(1. College of Civil Engineering Tongji University Shanghai 200092 China;
2. Department of Architecture Tohoku Institute of Technology Sendai 982-8577 Japan)

Abstract: The estimation of equivalent damping ratios of a real-world passively controlled building structure subjected
to earthquake excitation was presented in this study. It was carried out and validated by using finite element ( FE)
model updating techniques. Considering that the initial FE model of this building has large modelling errors the direct
model updating technique was first adopted to calibrate this FE model by using the measured modal parameters of the
building and mitigate modeling errors. In addition the mode shape expansion method was utilized to deal with the
spatial incompleteness of identified incomplete mode shapes due to the limited number of sensors installed in this
building. Based on the concept of modal strain energy the equivalent damping ratios and equivalent frequencies
provided by the oil damper brace system were derived analytically by using the identified system modal frequencies.
Frequencies and damping ratios of the main building can be further estimated by deducting these supplemental
contributions from the corresponding identified system modal parameters. At last a set of earthquake measurements of
the building was selected to demonstrate the effectiveness of the proposed approach for estimation of equivalent damping
ratios and equivalent frequencies through comparing the measured and predicted seismic responses by the updated FE
model.

Keywords: passively controlled structure; equivalent damping ratio; oil damper; model updating; earthquake

measurement
(2016 YFE0127600) (51778490) .
1988 o email: murphy_ypc@ 126. com
: 1978 o email: liyuxie@ tongji. edu. cn
12020 1

341



342

59

2011

1445

8 1043

34.2m

56

Fig. 1

2003
7.0)

5

48 m-. 9.6 m
1 8

1
A steeldramed building structure with

oil dampers

2
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Fig. 3 Acceleration responses of monitored floors
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Fig. 4 Response measurements of monitored oil dampers
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Fig. 5 Initial finite element model
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Table 1 Model parameters of oil dampers
;(I/(N's'mmfl) lhﬁd/(N'mmfl)
I 695. 93 4257.10
Il 746. 35 3154.10

6
Fig. 6 Predicted responses by initial FE model and

measured responses
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Table 3 Equivalent damping ratios and equivalent
frequencies provided by oil dampers

Wy i/(rad +s7") Logi
0.106 1 0.0186
0.405 1 0. 006 4
0.1418 0.000 6

Table 4

4

Damping ratios and frequencies of

main structure

2
Table 2 Identified modal parameters of building
w  M(rad-s7h) bis b 6
1 5.608 5 0.0313 0.0147 0.0254
2 18.1322 0.0613 -0.0266 0.0165
3 34.1183 0.0939 0.0126  -0.003 3
7
Fig. 7 Initial and expended modal shapes
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8
Fig. 8 Predicted acceleration response by updated

models and mearsured response

9
Fig. 9 Predicted damper force by updated FE models and

measured force

5
Table 5 Normalized root-mean-square errors of predicted
acceleration by initial and updated models

ex wu!% ey /%
-7.45 6.44
55.19 55.24
72.07 77.33
len a ON a8 1 8

6
Table 6 Normalized root-mean-square errors of predicted
damper force by initial and updated models

ex /% ey 3 /%
23.37 -18.70
41. 04 33.35
72.39 65.01
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