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Bayesian anomaly detection for a steel plate girder bridge using optimized sensor arrangement by means of the EFI
method
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This study aims to investigate the effectiveness of a Bayesian hypothesis-based

Bayesian damage detection using sensors arrangement optimized by means of the
effective independence (EFI) method. The feasibility of Bayesian anomaly
detection is verified using vibration and damage experimental data on an actual

steel plate girder bridge. The optimal sensor arrangement and Bayesian anomaly

detection for the bridge are also investigated using finite element analysis.
Observations demonstrated that it is possible to detect damage and to identify the

damage location approximately even with optimally arranged three sensors. In

addition, the EFI method was also useful in Bayesian anomaly detection.

Keywords: Bayesian hypothesis test, Optimal sensor arrangement, Vibration-

based structural health monitoring, Damage experiment
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Driving-Point Residue method (EFI-DPR %) 'YX Effective

Independence Kinetic Energy method (EFI-KE %) 972 &,
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FALRECIER RO E & RIFET L
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Factor: BF) '"®\Z X 2/ MUERNT 21T .
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OIS, BEREOW, SEHEET 5 2 L2/ 5.
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ToDICEFRIRICERT D, IS, FHOMAOWERE
FERBU TR AR ORfeE BB L OB SRS b —
BICEED. FRROFETERMMAEETT 2R Z2
A M & PR

A AR BN R R0 & FEE D FHi5
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EEOEE LT DXL ERHD. PLED X ST, ME
HENZ L TE=H Y > 74T 5 ODNIEROBHEE PR
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BRuzdh E D FIM 283, LEai- ¢, KRRVt &

INTE— R THID S 1 1THD RS Z &1, FIM AT
BRI LK. 20X 5L, FHaickdi-k
PHHEINNIe D FETETEERD L, fai/et il
EERELTL.

-321-



+— 6570 —s—— 6570 —+—

R

o T
6570 ——

6570 —4— 6570 —4— 6570 —

A

]

i

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

L L ') . ° . )
Abl Al, A6 A2, A7 A3, A8 A4, A9 A5, A10 Ab2
Damage Al A2 A3 A4 upstream I
I . . 1 : I
downstream A6 A7 A8 A9 A10

DMG 1

— DMG 2

Stop hole

A-o0z' 1 |

DMG% i

MG 1 A5 g

D
Damage

7 (5HE) ’

Eb—aoc" 6000 6000 x—— 6000 6000 6000 5000 5
o2 D) | - 1 1 1 1 T

[T T 1 [ 1 [ 1 | 1 1 [

i - 2000@3 2000@ 00@3 00@3 2000@3 T
to500 | _— : ==

k—300—

10

TISLY —— > -~
i o [ H
k— 5950 —lLMuc \' 18680 J 44 5950 —
100 60 460 100
i ,
; i -
! oy
g | E
to5y 833 i TV ERo
Y 1 g
o B, i ot
I
!
Ao X AR
—Qu—)‘
T 12 = =
g - -
_l_ RS S /g g =
sl ¥ T
TH ] g TH T 28
l’ 1} .l 1 i
<
11
(_* i il -I i
Ll I nlTg
T : L o
S 131
1 Ie

]

L.

k—100—

M —1 GAEORETT, MY o AfE & AN THRE

-322—

e Eﬂ))l 2000

F““w I—‘:le 1233 rtZ]O(Web)
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4.1 SHERHTHEDIREN S & UMEISEER
HSHSM TiER 2 xB s, TR A ORGEHEE
IZEES<HEERMOBETZ1T) 28 HAYE LTALHY
RS2, SHEETT Y ARV CEE TER A
17722, RIGHEGEIT 1957 FEIZZER S, 2017 A2t
MZERT LEO%EESNE, 26E 405m, AES
4.0m, H1E 2.0m OFHEHE 2 TIHRHAE TH 5. HBAEGELD
TH, \HE BUoVEE, BEEZK-1 IR BEEA
LIRTORGEROIRRER LIS INT L5859

BEERTE, K—1 12779 XL 212 Abl 3A&AO_EFHl
IR T 5. %%/%)ﬁ_OMTi HisiaR oD
FHKESPECBT A T 770 P27 L—hET
RS2 S RARHE L, B AU VT BRIy

TTHRIEZEAT S, TAUWET 5, BERTRER
DEREZFFST-HIC, Yo7 7 L— MNIBATA XD

FINZA by FR—/V A% E LT, SOKED 6 180mm i
NINED 7 T o B @BI RSN LTBES T
4% [DMG1J, DMG1 > U FOEENENS S HIZY
=77 L— hOEE 200mm FTROICEZZEA LT
5TV A% IDMG2) &35, STKHIZ OV T Abl
MIAREIK, AR RN ER > FIkE 2o TWNA.
A TIE K DR OSRE S M ONMEEEIE % FHA
LI DIE TR SRR AT 7=, AEfTHEIL, REEN
32kN D/ =—Z (TOYOTA #)) Th 5. EATHER
20km/h CHEENSZER 2 5506 L, FEITIC X D TEuTen
Z, INT T60 A, DMGL T32[al, DMG2 T30 AT
HD. HTHREINL, Abl 2°5 A2 Z#FE LTV, fiE
1T 5. o) ST 200Hz, T—H
FI3 15 B @FEmETIC X D EfHREN IR 5 B CETH
OHBRENIFI 10F) THhDH. EIIBEEE L, &
JEREENHEERE ARS-10A GRORHIBEIFZERT) 2, 77—
Zuaf—b U TNEESEOFNC T~ L F L a—4
TMR-200 >V —X (BULHIgIFFERT 2 ez,
DR T Bl (AL 25 AS) & il (A6 7>
6Aw)%h%h@fﬁ?77//%’“ﬁ%kﬁéi
T 5 DFTT 08T 10 DETIERE Lz, FHEIL7oDmdEE
H#%EJ@@J Z X2~
FEGAZHY fHT T MR 241 X0 B S 7= hma
FEIEE#ANG, Stochastic Subspace Identification (SSI) 1 &
DIREVRFEREZAT o 72, EAIREEOFEHES L O%E
BRHAE R (T . F72, FEEST U AORH
By OIRENE— RIEIRE ZNEER L Li-t%, &5t

BRI B 72 5L ST — FIIRZ KD T

BHE T U AZBWTHEE ST — FERE X —
20)IRT. EHIC, INT OF— RIERISHT % DMGI
& DMG2 ® MAC fEH &R —1 1T~ 7

BRI D, HREOEITICHE O EA R O 2 b

R T 5. fhiF 2k, i 3 KE— FOBEAREEIT

F—1  [FERERRME:

Mode INT DMG1 DMG2

I*bending | Freq.(Hz) 3.15 3.25 3.28
CcVv 0.013 0.011 0.006

MAC - 1.000 0.999

2bending | Freq. (Hz) 9.53 9.24 8.85
CcVv 0.009 0.005 0.005

MAC - 0.993 0.975

3“bending | Freq. (Hz) 21.87 21.87 21.60
CcVv 0.005 0.004 0.003

MAC 0.998 0.991

Freq.: Frequency, CV: Coefficient of Variation,
MAC: Modal Assurance Criterion
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(b) FIERTIEEE— K
—2 REE ARTORBEANT) DOILHRE) I &
R E T IRERE— R,

HEOHITE & IR T T AHAA MR TE 5. Frcdh
2 E— ROFEAIREEOMBERICKE KT LTE
v, DMGI1, DMG2 DIEIZZEH 0.29Hz, 0.68Hz 721)
INT 2B T LTWA. HBEEZEATLHZ L8, #
DR EORWEIMET L= 2 & CERAEBIEIMET L
rrEZLND. 7, thif 1 kE— ROEARIESIC
BL T, BEBEARKIC AT DR L o7 HEIEIC
FLR T DR T & D HRBEROIK T & 13872 HIE M &
RLTND, AREBRCRIE Sz 1 kE— ROEA

-323-



R OZAIL, BB L DHTOMIMS LM, FHE
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AR LIRS, K3 1277 L 912, p=88 TBIC 28
B/INZI2 - TEY, p=88 Zfi AR L3 5.
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X—4 £V INT 7 —#IZB LT LOOCV %17\, GBF
EETCHHALIRSE, BFer —42NgEnTniens
WD,

Wiz, K485 U 4 (DMG1 & DMG2) @ GBF % 7
% (M—4@) &, INT |2 CRIES Fal-> T 0 IR
FUHES TS, T2 5 INT DIRREE KE S BB 7
WERBETH D LHTCEx 5. DMGL & DMG2 (&5
S HEEE EElo Ty, IR FEAIT DAL E
W, TRDBEENRGHDS TS, 51, DMGL £
V' DMG2 D J573 GBF DfERAKRENZ EMHHEEES
UVIRKREWNEERA ZETDBRE LD 2 L0005,
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BEE L TEELTNDD, BEHOFEBRTH 72720
O LT

RS OWTIE, S TfZE I CTRRE S 7= 985k
IREOHTHBEROFGE T T DN B A2 R L CGRET D, %f
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Yo PNEAERRT B T20I2, T OHERRERICKT LT+
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DE S TS, ZOIRE EROFEIZOWTE, 4
[0 FEA TIXEE L CWVau. £7-, ke, i
TCOE#ET— 2% Ial—a 52 2HE
LC, HfETIC L 28I I o L— g ATk
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39007 crack in lower flange | Crackin web plate
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