Smart Wireless Sensor Technologies for Structural
Health Monitoring of Civil Infrastructures
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Fourler Spectra - Wireless Unit #20
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8-bit Microcontroller
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16-bit A/D
Converter

4 Sensing Channels’

33 12 2M 718 E MM ==(J, P, Lynch)

Vertical Acceleration - Senssor #4 (Installation #1)
5 —— - ——

Acceleration (g)

60 70 80 90

Time (sec)

23 14 4H MMojAel Tt

JP>
rz
fob

66 muTzZas x22dE M3S(2009, 5)

B Tstameligiion
O 208 nsigitaicn
@ dotinsiatafion

O 13 MM HX| 2|

[ I‘MQM(ZZM Z‘Baﬂngmode(z.ﬁﬂk) FMIngmode(B_m 1% Tordooalmode (4.984z)

&4t (FDD) (J. P. Lynch)



FArepag29) orEaA|

i

S AOE B MM &

B89 BE4

2

TH@2T B 344,

| amizsees

O3 18 Zleriw

AA EE A, @ A4 EYD Aol d B4 AHY
& TS WY g EY A, @) A4
EdE 752 §F au}z R AAS A 0 b

o 2%, @ A =¥

§59l 444 B A4 ?L%% A3
ok 699 F2 a9l 2 379

gﬁi
> i
{mm
£
I on
FIFH
WS
o

= AED] A% A 2 A= (1Y 16)0)ch A 2 A

dues Agdde g JA=E s F AR 484m

(70m+344m+70m)9] APAUR, thololR e & eyl 7}AFR;
g AR o|RoAYTE 2 Ao AE A 2 AEthae)

YA ¢ JANGZER YT A)AMLe NYPog An}
E A AA 715 PAZA A 2EE 28 o Holr) B
HA oA AL Y= ATLE B4 AAME Intelof A 7t

3t IInoteZ(:LE‘l7)E 13 189} Zro] & 7099 7§ 9] Imote27}
AAE qAoltt. AF7|vte AAA HAIE Y3to] u]=
UIUCO| 4] 7]t Imote2 3} 7145 AlA HE(SHM-A B

Sk $EH, vl ol $& AErae 842 13
st $4 0 FUL AZY 4+ UL Imoke2 T F& 9
2

Im
U AS EECHM-WEE)E 7, &43 oot w3t

Imote2 AX|AHE (2F 700{7H)

o5 UIUCS Q8 SAT RN AEE OF Ax uE
Soi7|uke] QT AZES IS olg, 18 199 ol 7}
B 8 A5 B4 2 AN YENRY THS Fotel &
FHOE TRBY £4S HAT 5 U AAUS FHY

dAoltt. ol A5H dolet ol W g sjvos
FREo2A A 2 AEduy 43Y 4 2do) 250
HF §ATe, 2201 B ATAEY AT B4 oA

HMMNTEZS M2 @ M35(2000. 5 ©O7



Bia)AL |

5. 2 B

o|Ak3} Zto] AS|7|HA N EQ FAZA FRAH Anf
24 AAM7&e] # FAE HEOMEYT ARE £
ME FASHE T4 a4 ALE AutE BA AA Z
Fof tfste] golE gk, 47kA] AntE A AA7{RE <t
Ak A2d9 &4 At 2 B 7)eg o LAY
& A F5AT A E Ak

A AutERA AA 7] WS w2 A $As 9l
ARE, A0FE B AA 7L AA AL 7| REA B Y] b ZEA|
o thefstAl &4-57]) YA g FokolA 9 Beto] I
a3tk sedojo] lojdE SAIEY, oy Af &%,
MEY &= Fo| MAE dart glou, 4y wE Ha
7l&d WHH 452 & o ofd FEL 2 JEE ¢+ U2
get dArgch 218y =gl E &EstA &85 Y3t
AZE 71&3 A A dnEE A ¥4 st
Holof NLE=E wepihz] K3l 9lon, ol ARlE B
A A 7leo] EE, 714, A2, A4 2ok 7|a& BE
2835} A7 9712 WA T 3] gRotk AN g
tal 9 ARIA A ogjgt BAIE dFsty] g kst
2 3R RS Yol 9o, 1o wepA o] Hokx

lFl r

do xS = W
2 i

ol

SE9I8 wet whe WAL T RS J|YEch Anp
2484 7149 UelA TP 2 SAE w2 v )
zolw, A4 hEl2l ) $9E F7HAAY) A A7 o2
o A AHEFE Fol7] A% UEYT 74 7%, A
A} iH(energy harvesting) 71&0] o1 H2F 4 Y& Yo
24 22 93 9tk 7% 2o theby 9o BA S0l
N2 A4S, Anke B4 AL 21 BG4 AR
29 AR B8 4 A AAHO|T AAH T
oK ARUY 4 9e Aol -

M k. o 2

dAtel =2

£ 7148 Adsted =4S & vl= Michiganth st a 9]
JP. Lynch 4, 0] UIUCY] BF. Spenceri.f, & 57
t)8tw o] T. Nagayama@ =7 ZHAF S uth

= g

Mo
ral

1. Aoki, S. Fujino, Y., and Abe,M. (2003). “Intelligent bridge
maintenance system using MEMS and network technology,”
Proc. SPIE Conf., 5057, San Diego, CA, USA

2. Brincker, R., Zhang, L., andAnderson, P. (2001). “Modal

68 muRZTS M2 HM35(2009, 5)

10.

1L

12.

identification of output-only systems using frequency domain
decomposition,” Smart Materials and Structures, 10 (3), pp.
441-445

. Celebi, M. (2002). Seismic Instrumentation of Buildings (with

Emphasis of Federal Buildings). Technical Report
No.0-7460-68170, United States Geological Survey, Menlo
Park, CA, USA

. Cho, S., Lynch, J. P. and Yun, C-B. (2008). “Development of

a low-cost automated tension estimation system forcable-stayed
bridges,” Proc. ASME Conf. Smart Materials, Adaptive
Structures& Intelligent Systerns, Ellicott City, MD, USA

. Chung, H-C., Enomoto, T., Shinozuka, M., Chou, P., Park,

C., Yokoi, L,and Morishita, S., (2004). “Real-time
visualization of structural response with wireless MEMS
sensors,” Proc. 13th world conf. Earthquake Engineering,
Vancouver, BC, Canada

. Farrar, C. R. (2001).Historical Overview of Structural Health

Monitoring. Lecture Notes on Structural Health Monitoring
Using Statistical Pattern Recognition, Los Alamos Dynamics,
Los Alamos, NM, USA

. Farrar, C. R., Allen, D. W_Ball, S., Masquelier, M. P., and

Park. G, (2005). “Coupling sensing hardwarewith data
interrogation software for structural health monitoring,” Proc.
6thInt’l Symp. Dynamic Problems of Mechanics, Ouro Preto,

Brazil

. Gao, Y. and Spencer Jr., B. F.(2008). “Structural bealth

monitoring strategies for smart sensor networks,”Newmark
Structural Engineering Laboratory report Series 011

. James, G. H., Camne, T. G., and Lauffer, J. P. (1993). “The

natural excitation technique for modal parameter extraction
from operating wind turbine,” Report No. SAND92-1666,
VC-261, Sandia National Laboratories

Kim, S. B. and Sohn, H. (2006) “Instantaneous reference-free
crack detection based on polarization characteristics of
piezoelectric materials,”Smart Materials &Structures, 16, pp.
2375-2387

Koo, K-Y., Park, S., Lee, J-J. and Yun, C-B. (2008)
“Automated Impedance-based Structural Health Monitoring
Incorporating Frequency Shift for Compensating Tempetatute
Effects,” Journal of Intelligent Material Systems and
Structures, 20, pp. 367-377

Lee, J-1. and Shinozuka, M. (2006) “Real-time displacement
measurement of a flexible bridge using digital image processing
techniques,”’Experimental Mechanics, 46(1), pp. 105-114



F A IRiA| B0 OIMTIIAIE 9Ot ATIE S MIA T|a

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Levis, P., Madden, S., Polastre, ., Szewczyk, R., Whitehouse,
K., Woo,A., Gay, D., Hill, J., Welsh, M.,.Brewer, E., and
Culler, D. (2005). TinyOS: An Operating System for Sensor
Networks. Ambient Intelligence, Weber, W., Rabaey,J.M,,
Aarts, E., Eds. 115-148, Springer, Berlin, Heidelberg
Lynch, J. P, Law, K. H., Kiremidjian, A. S., Kemny, T.
W., Carryer, E. and Patridge, A. (2001). “The design of a
wireless sensing unit forstructural health monitoring,” Proc.
3rd Int’l Ws. Structural Health Monitoring, Stanford, CA,
September 12-14

Lynch, J. P. and Loh, K. J. (2006). “A summary review
of wireless sensors and sensor networks for structural health
monitoring,” The Shock and Vibration Digest, 38 (2), pp.
91-128

Lynch, 1. P. (2007). “An overview of wireless structural health
monitoring for civil structures,” Philosophical Transactions
of the Royal Society of London. Series A, Mathematical
and Physical Sciences, 365 (1851), pp. 345-372
Mascarenas, D. L., Todd, M. D.,Park, G. and Farrar, C. R.
(2006) “A Miniaturized Electromechanical Impedance-based
Node for the Wireless Interrogation of Structural
Health,”Proceeding of SPIE’s 13th Annual International
Symposium on Smart Structures and Materials, 6177
Nagayama, T., Spencer, B. F, Jr., Agha, G. A., and Mechitov,
K. A.,(2006). “Model-based data aggregation for structural
monitoring employing smart sensors”, Proc. 3rd Int’] Conf.
Networked Sensing Systems, pp. 203-210

Nagayama, T. (2007). Structural Health Monitoring Using
Smart Sensors.Ph. D. Dissertation, University of Illinois at
Urbana-Champaign, Urbana, IL, USA

Nagayama, T. Spencer Jr., BF., Mechitov, K. A., and Agha,
G. A. (2008). “Middleware services for structural health
monitoring using smart sensors.” Smart Structures and
Systems

Rice, J. A, and Spencer, Jr.B. F. (2008a). “Structural health
monitoring sensor development for the Imtoe2 platform.”
Proc. SPIE Conf., 6932, San Diego, CA, USA

Rice, J. A., Mechitov, K. A., Spencer Jr., B. F., &Agha,

23.

24.

25.

26.
217.

28.

20.

30.

31

G. A.(2008b). “A service-oriented architecture for structural
health monitoring using smart sensors,” Proc. 14th World
Conf. Earthquake Engineering, Beijing, China

Straser, E. G. and Kiremidjian, A. S. (1998). A Modular,
Wireless Damage Monitoring System for Structures.
Technical Report 128, John A. Blume Earthquake Engineering
Center, Stanford University, Palo Alto, CA, USA

Wang, M. L., Koontz, S., and Jarosevic, A. (1998) “Monitoring
of cable forces using magneto-elastic sensors,” Proceedings
of the 2nd U.S.-China Symposium/Workshop on Recent
Developments and Future Trends of Computational Mechanics
in Structural Engineering, Dalian, China, pp. 337-349
Wang, Y., Lynch, J. P. and Law, K. H. (2005). “Validation
of an integrated network system for real-time wireless
monitoring of civil structures,” Proc.5th Int’l Ws. Structural
Health Monitoring, Stanford, CA, September 12-14
Website : Crossbow Technology, Inc.( http://www.xbow.com)
Yi, J-H., Cho, S-J., Koo, K-Y., Yun, C-B, Lee, C-G., and
Lee, W-T.(2007) "Structural Performance Evaluation of a
Steel-Plate Girder Bridge Using Ambient Acceleration
Measurements,” Smart Structures and Systems, 3(3), pp.
281-298

Zhao, F. and Guibas, L. (2004). Wireless Sensor Networks:
An Information Processing Approach. Morgan Kaufman, San
Francisco, USA

Zhang, Y. (2006) “In-situ fatigue crack detection using
piezoelectric paint sensor,” Journal of Intelligent Material
Systems and Structures, 17(10), pp. 843-852
Zimmerman, A. T., Shiraishi, M., Swartz, R. A. and Lynch,
1. P. (2008)“Automated modal parameter estimation by
parallel processing within wireless monitoring systems,”
Journal of Infrastructure Systemsm, ASCE, 14 (1), pp. 102-113
Zui, H., Shinke, T. and Namita, Y. (1996). “Practical formulas
for estimation of cable tension by vibration method,” Journal
of Structural Engineering, ASCE, 122(6), pp. 651-656 N

i

EERE

Oo —

. BEfE]

MARZDE H22H X35(2000. 5) 69



