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(Integrate Software and Hardware for Building Structure Health
Monitoring under Operating Condition)
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The objective of this research includes:

(1) Develop a smart sensing system which can archive the structural response data
from its operating condition. Automatic system identification method will be used to
analyze the data and display the dynamic characteristics of the structure.,

(2) Integrate the hardware and software of the system identification and implemented
in the real structure,

(3) Use the update subspace identification (SI) technique to identify the system
dynamic characteristics (including mode shapes, damping ratios and natural
frequencies). For the abnormal cases a more detail analysis (such as time-frequency

analysis) will be applied.
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Earthquake | PGA | PA |PA/PGA| Freq. Freq. Freq. | Damp. Damp. Damp.
Name (gal) | (gal) | (ratio) 1 2 3 1 2 3
2009/07/13 087 | 716 | 82 1.3 1.54 1.59 2.05 1.7 3.26
2009/11/05 3.64 13 3.6 1.34 1.62 1.71 1.55 2.45 2.14
2010/02/22 114 | 4.78 4.2 1.38 1.72 1.77 1.39 2.18 16
2010/07/08 3.21 | 135 4.2 1.32 1.55 1.66 1.77 3.88 243
2010/07/25 162 | 83 51 1.32 1.64 1.68 1.77 2.25 2.45
2012/06/13 3.4 110.25 3.0 1.33 1.59 1.68 2.1 2.14 2.79
2012/11/05 0.99 | 4.9 5.0 1.36 1.63 1.7 1.56 2.19 1.76
2013/03/07 53 |1472| 28 1.33 1.58 1.67 2.03 3.26 2.9
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Earthquake Epicenter Depth Mag. PGA PA PA/PGA
Name Long. Lat. (km) (ML) (gal) (gal) (ratio)
2009/07/13 | 12222 | 24.02 18.08 6 24.64 | 4591 1.86
2009/12/19 | 12166 | 23.79 43.78 6.92 27.71 | 4878 1.76
2011/04/30 | 121.81 | 24.65 75.02 5.81 1464 | 294 2
2012/06/09 | 12231 | 24.26 69.88 6.62 1354 | 29.75 2.2
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Name
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140 12 170 20 200 8 200 8
T=10~30 sec T=30~50 sec T=50~70 sec T=70~90 sec
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200 14 200 14 140 6 140 6
T=10~28 sec T=28~40 sec T=40~60 sec T=60~80 sec
2011/04/30 i Order i Order i Order i Order
140 16 170 18 150 6 150 6
T=18~30 sec T=30~50 sec T=50~70 sec T=70~90 sec
2012/06/09 i Order i Order i Order i Order
130 18 130 12 200 6 200 6
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54 Events, Depth Distribution
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Event 1999/09/20 PGA=86.3 gal Event 2004/11/08 PGA=17.12 gal
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79 Events, Depth Distribution
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Event 1999/07/07 PGA=4.76 gal

Mode 1 Mode 2 Mode 3
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SI-DATA, Order=10
100 - .
- L]
- L]
- e
- e
90+ 3 .
- .
- L]
g - L]
@ 8o} - . £ B
o - L]
o - . ) 5
5 - ° I I
Qo - L]
e 70t - .
=) - L]
=z L ) °
- L]
- L]
60 - - .
- L]
- e
- e
- .
50t | - | ° ! | |
2 2.5 3 3.5 4 4.5 5
Frequency (Hz)
(@)
302Hz 1.7 % 305Hz, 1.5% 390Hz, 1.8%

(b)

B 12107 2~ 53 A1 ~ @iz * SI-DATARH 2% I TR % =7

(@) SI-DATA #£ % Bl % i B1(921 & 2+ £ i2)

(b) % - HAE 4R model~ % = 34535 mode2(-k T v )2 % = Rk #23) mode 3(4=
)2 RERD R



Event 2012/06/14 PGA=1.12 gal
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134 Events, Depth Distribution
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Event 2001/06/14 PGA=53.71 gal
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79 Events, Depth Distribution
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Event 1994/10/05 PGA=19.6 gal
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Freq.=1.37 Hz, Damp.=2% Freq.=1.15Hz, Damp.=8.41% Freq. = 1.17 Hz, Damp. = 6.06%

T=10~30sec T =30~50 sec T=50~70sec
(@)
Freq. = 1.37 Hz, Damp. = 2% Freq.=1.15Hz, Damp.=8.41% Freq.=1.17 Hz, Damp. = 6.06%

Freq.= 1.6 Hz, Damp. = 1.2% Freq.=1.25Hz, Damp. =5.6% Freq.= 1.3 Hz, Damp.=5.26%

Freq.= 1.36 Hz, Damp. =4.74% Freq.=1.45Hz, Damp.=2.67%

T=10~30sec T=30~50sec T=50~70sec
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Freq.= 1.34 Hz, Damp. = 2.45% Freq.=1.21Hz, Damp. =8.8% Freq.=1.24 Hz, Damp. =5.5%

Freq.=1.62 Hz, Damp. = 4.68%
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Freq.= 1.54 Hz, Damp. = 4.09%
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T=10~30sec T=30~50sec T=50~70sec
(@)
Freq.=1.34 Hz, Damp. = 2.45% Freq.=1.21 Hz, Damp.=8.8% Freq.=1.24 Hz, Damp. =5.5%
o ——
—
Freq.=1.62 Hz, Damp.=4.68% Freq.=1.33 Hz, Damp. = 13.4% Freq. = 1.46 Hz, Damp. =5.93%
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Freq.=1.74 Hz, Damp. =2.1% Freq.= 1.5 Hz, Damp.=3.12% Freq. = 1.54 Hz, Damp. = 4.09%
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Freq.= 1.22 Hz, Damp. =6.7% Freq. = 1.28 Hz, Damp. = 2.3%

Freq. = 1.37 Hz, Damp. = 1.6%

Freq.=1.59 Hz, Damp. = 3.86%

T=10~28 sec T=28~40sec T=40~60 sec
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Freq.=1.64 Hz, Damp. = 2%
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Freg.= 1.55 Hz, Damp. =3.58%
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Freg.=1.33 Hz, Damp.=2%

T=18"30sec

Freqg.= 1.33 Hz, Damp.=2%

Freq.=1.62 Hz, Damp.=1.7%

T=18~30sec

Freq.=1.26 Hz, Damp. =5.5%

T =30~50 sec
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Freq.=1.26 Hz, Damp. =5.5%

Freq.= 1.4 Hz, Damp.=6.3%
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Freq.=1.27 Hz,Damp. =3.45%

Freq.=1.48 Hz, Damp. =4.86%
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Freq. = 1.58 Hz, Damp.=3.53%
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T=50~70sec

Freqg.=1.27 Hz, Damp. =3.45%

Freq.= 1.46 Hz, Damp.=7.1%

Freq.= 1.58 Hz, Damp. =3.53%
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Before main shock

2009/07/13 Earthquake
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Frequercy (H2)
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