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Abstract:In this study, we chose high-performance shaking-table tests of a full-scale seven-story
reinforced-concrete shear wall structure at the University of California, San Diego to test this
method with respect to damage identification. We alternately tested the structure under the exci-
tations of white noise, the environment, and nine earthquakes. For each case, we scaled the am-
plitudes of the input ground motions to various levels. We recorded the acceleration responses be-
fore and after the earthquake excitations with seismometers located on the seven floors. We deter-
mined the vibration characteristics for each earthquake excitation by analyzing the acceleration re-
sponses mentioned above. These characteristics include the modal information, the shear-wave
propagation characteristics, and the inter-story drift ratio. We estimated the modal frequencies of
the first three modes from the recordings when white noise was first applied to the building, and
considered these as the criterion. The subsequent modal frequencies were then normalized and
compared with this criterion. The normalized frequencies diminished gradually with the load case
tests and the normalized frequency reduced by 51 percent for the first mode. The reduction in the
modal characteristics indicates that crevices develop as the amplitude of the input ground motions
increase, and thereby decrease the rigidity. Lower rigidity suggests that damage throughout the
building has been aggravated. However, changes in modal frequencies cannot be used to locate
damage. Mode shape curvatures of the building were similarly applied to identify the building
damage. Test results demonstrate that the mode shape curvatures increase significantly with the

test process and the main changes were concentrated on the second floor. After the excitations of
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earthquakes 1, 2, 3, and 4, the curvature values were 0.214, 1.214, 7.101, and 9.641, respec-
tively. Therefore, we conclude that the damage on the second floor was more severe. Subsequent-
ly, we used a one-dimensional shear-wave propagation model to form the virtual waveform by de-
convolving the recordings on each floor with the signal on the seventh floor. This waveform has a
wave equation that is identical with that of a physical waveform and reflects the propagation char-
acteristics of the shear wave in the building. Upward traveling and downward traveling waves are
recognized in the virtual waveform. The travel time of the shear waves is inferred from the up-
ward and downward traveling waves. At the same time, we obtained the changes in the travel
time. The travel time and its changes both increase with the amplitude of the input ground mo-
tions. The travel change after the earthquake-4 excitation rose by 44.5 percent on the first floor.
The travel time and its changes suggest that the lower two floors were more damaged than the
upper floors, and are appropriate for damage identification as well. Finally, we computed the in-
ter-story drift ratio and compared the results with the response after the excitations of the four
earthquakes. The inter-story drift ratio increases after the input ground motions and breaks
through the limit values of immediate occupancy of 0.5 percent and life safety of 1.0 percent for a
reinforced concrete building. After excitation by earthquake 4, the drift ratio approaches the limit
value of collapse prevention of 2.0 percent. Our analysis indicates that the parameters described a-
bove are sufficient to identify the damage.

Key words: shaking table test; damage identification; modal parameters; equivalent travel time

of shear wave; inter-story drift ratio
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Fig.1 The 7-story full-scale test structure
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Table 1 Procedure of the shaking table test
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Table 2 The first three natural vibration frequencies identified from the white noise test data

earthquake test procedure in the first mode
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1 1.72 1.00 10.17 1.00 23.57 1.00

3 1.56 0.91 9.84 0.97 24.13 1.02

5 1.27 0.74 8.66 0.85 23.43 0.99

7 1.14 0.66 7.91 0.77 21.11 0.90

9 0.85 0.49 5.10 0.50 15.26 0.65
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Fig.3 Velocity time history and time window of the white noise

for the deconvolution analysis and travel-times, calcula-

tion and the deconvolved interferometric waveforms
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Table 4 The absolute travel-time of shear wave and its

rate of change

e Fi il i A T B U0 0k i

EL — S
245 %5 7E i /s LR AG7D)

1 0.057 26 -
SCHRE D 0.058 56 2.2
5(HLRE 2) 0.062 16 8.6
T(HLE 3) 0.065 70 14.7
I(HLFE 4) 0.082 76 44.5

T 25 40 18 A7 b 7B AR F S AS B4 36 S i Az B 5%
e 5 B8 Al A L A WY S BT 4 (b) O VR M 2 i
SEUO I L AR AR R R R B B )2 L R 1
UM 7R W Kk S I B Rk A T 0 Sk B AR ARk
0.001 3 s, M7ESS 4 WK Hb 7= ¥ & 5050 J5 8 B A 1k
0.025 s, B R HTH 2 20 1% . T AR K P
V8 AN VBT 1 235 A 6 47 0 97 o B A R A Ak ) R 2R
B REG In Fa 5YUI E IR E B R A R R
WO S5 A7 — 2 LA AR A 2, R T
JH A B R AE I A A St YR 85 #1493 405 R B O o 4

%38 % 1M TR TR A S B B BT 5T 133
[0.00-12.50] s i J=
8
6 6 —— gy
N
. . — b 2 K
5 3K I
:: —e— b JE4H R TR
=
TR 4
Py g
—3_.%‘ 0 % 3
210 2
-4 1
s . .
0 100 200 300 400 1 01 0
i i/ s B s 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
(a) MR B RIS (0) RGBT o e b
. . o o i a Jee R EE A
B3 AT EAART oAkt e Gk AR
75 ik JE S A2 R A) e BB R TR ——

e AW R S
—— HuRE48UR Ja

Sz

00 0.005 0.01

0.015 0.02
B AL/ s
(b) Hh 5 ok 3 W A 4k
B4 REMEOARMERE FHEWHE KL
bl A e 1

Fig.4 The absolute travel-time of seismic wave and its change
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Fig.5 Limit values inter-story drift ratio for various
limit states and the maximum ratios after 4

earthquake excitations
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