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ABSTRACT

The structural health monitoring has been gaining more importance in civil engineering areas

such as earthquake and wind engineering. The use of health momtoring system can also provide

tools for the validation of structural analytical model.

However, only few structures such as

historical buildings and some important long bridges have been instrumented with structural
monitoring system due to high cost of installation, long and complicated installation of system

wires. In this paper, the structural monitoring system based on cheap and wireless monitoring

system 1S investigated. The use

of advanced

technology of micro—electro—mechanical

system(MEMS) and wireless communication can reduce system cost and simplify the installation.
Further the application of wireless MEMS system can provide enhanced system functionality and
due to low noise densities. Identification results are compared to ones using data measured from
traditional accelerometers and results indicate that the system identification using wireless MEMS

system estimates system parameters accurately.
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24 MEMS A28 1) MEMS 7HEA, 2) &
ASA7Y, 3 FAFANY A BELR TR
F719 PC B =EHR Ale]9] QEHolAE o
WHel @ FEES AMSt TCPAP £A1L dhth
Ao 709 FA $A71E 199 FA7d 429
£ lom, aea o A AV AHEEE &
B Al2glo2 PCo| AT

2.1 MEMS Zt& =
o] Aelx AHgE MEMS ZHEE AME

Analog DeviceAb ADXL103¢]tf'". ADXL103<
A= JIEEAolH SAHAYAE £1.7golx, Y ¥
4% JMEEE SAS. £HAES] ofdRa A
ool digted riEre vlEEy, A e 5
mm X 5 mm X 2 mme|t}. MEMS 7}&% AlAe] =}

Table 1 ADXL103 accelerometer specification

Parameter Typical values

SENSOR INPUT

Measurement range +1.7¢g
Nonlinearity 10.2 %
SENSITIVITY

Sensitivity (Vs = 5V) 1000 mV/g
Sensitivity change due to temperature| £ 0.3%
resolution 1 mg at 60 Hz
ZERO g BIAS LEVEL

0 g Voltage 25V

Initial 0g Output deviation from ideal| *25mg

0g offset vs. temperature $0.1mg/°C
NOISE PERFORMANCE

Output noise 1 mV rms
Notse density 110 mg/OHz rms
FREQUENCY RESPONSE

Sensor resonant frequency 5.5 kHz
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Fig, 2 Fully assembled wireless transmitter and
receiver units, (a) Wireless transmitter (b)
Wireless transmitter(inside) {(c) Wireless
receiver

3. MEMS 7t5A & 0|88 AlLd AE

U9 HLE YehlY, Fig. 4= AW A8 A7
& BAFY, FAHEY 7 3 Fole 600 mm
ot} 715 & 50mm, T4 2mm¢ F¥H (A4
4 = 210GPa)o.2 g=waro s AFeA dA|st
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H@o g2 o]FoH vigd A S7HE S35k 50
mm X 4mm dVoE EYE B}

4748 MEMS 7M&EEAE ARRstod 71 widg
S X338t 7+ F9) HEEE AR eH, 37t
Moz 4719 Pizzoelectric® 7}E5EAE MEMS
dlo|el9} wlwslr] Y] AXsckFig. 4b). 7t
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Fig. 3 Schematic of the shaking table experiment
of a three story bulding with wireless
MEMS

(a) Three story test building

Pieroeletlric acteleromeler MEMS acceiergmeter

' ' 4

(b) MEMS and traditional accelerometers

Fig.4 Experimental setup for the system identi-
fication using wireless MEMS system
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Fig.5 Comparison of acceleration time history of
the third floor
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;f /\\*WWW mOdel
Z 4P P —_—
"0 : : ; - . . , [ 1st mode | 2nd mode | 3rd mode .
) 1 2 3 4 S 6 7 8 9 10
Frequency {Hz) 1St flOO[' 0514 ‘1319 1098
1o —— Mode = Gnd floor | 0.842 | —0.298 | -1.740
5 A nd Fioor vector
g \\ww 3rd floor | 1.000 1.000 1.000
0 i }"MTWW"WW' : :
10 I I , J R . 1 , Damping ratio(%) 0.710 0.783 0.924
° T eyt Frequency(Hz) 0.902 2.684 3.960
_ 10 1 et Floor |
g S N
Z 10° ”/ o T““f"‘“"““‘ e e v s Table 4 Modal characteristics of the updated FEM
] ‘Il I2 3 ‘Ii ‘I.i 6 7 8 IQ 10 model
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Fig. 7 Frequency responses of the free vibration Ist mode fhode | ord made
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Mode and floor| 0881 20.309 | -1.83%
Tabl:2 Modal characteristics of the initial FEM 3rd floor | 1.000 1.000 1.000
_____model Damping ratio(%) | 0.679 0.750 0.869
:‘ Ist mode | 2nd mode | 3rd mode _ Frequency(Hz) 0.902 2.684 3.960
st floor 0.445 -1.247 1.802
Mode o 37 0.802 0555 | -2.247
vector [Znd TOOT : : : N . - o e
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Fig. 10 Acceleration time history of second floor
subjected to white noise ground motion
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