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Performance Enhancement of System Identification Model for
Vibration-Based Damage Detection in Flawed Plate-Girder Bridges
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ABSTRACT

System identification techniques can be used to build a baseline modal model for a flawed
structure that has no modal information on its as-built state. The accuracy of a system
identification proposed by Stubbs and Kim is analyzed for plate-girder bridges and its impact
on the accuracy of damage detection in those structures is also analyzed. A laboratory-scale
model plate-girder is experimentally tested and the initial four bending modes are examined
for certain damage scenarios. The performance of individual baseline modal models is assessed
by detecting damage in the model structure.
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Fig. 1. Vibration-Based Damage Detection
System Fig. 2. System Identification Method

EFANA R

- 444 -



 FxAd JERE NgE ol ZASY, NAY HES /IR NMAY BEg AME
s &8s g8 A (333 2o Stubbs & Kim, 1996].
%{( @;TC,D e+ g @;*Tcm @i‘)Ki}
.3;': = =L
gﬁ{( 0,7 Cp0,+ gx Q’iTCm@i) Ki‘}

=1

471N, O MiA Rz REHE, = A BERACD, Cre 788A ¥ue 2

E 348t aux &49 FRES 1852 EAEt dEog &AHXNE B@EE] 4
d FAH 71Ee AR FoAA REx &4 HAE FAFH HEHF(Testing of
Statistical Hypothesis)ol o1&l 2A€E £ doh. M, 55 dddszy IR g9 AEE
BHAS o2y, ARsE SAAAFE S 2o}
={B8;— B)/0s 4
2 ()9 B oy AR BES WEH EEARolD oyl AH4E BRPAL I YA A
&abo] HAR L e &9 AF M4 (Null Hypothesis)® FZE 4 jHs] BAoa &4
of WS AR Hy)e Reldh Hyrb ol a4, &4AANSLE] BXE f(f/HYLRE
FA % g grHd(Alternative Hypothesis) & TR E9] A FAoA &40 44 FARH))
T Rejdt. Foizl &4AXAT B Hiol &Y o, jAA FAAM &gol dAA e
Ped& 2] 93 2o, &40 AT HAdAMY s - Pl &4are A4 F
AFgel E4d d88 ale=z~DE F2¥ £337] o/ 4 6% Zo] vded 4+ ot

I &

c

N

8
p=1- fo frf%dﬁ )

- [ 07C0] K/
7 [ (D,“TC,U 0“.] Ki

-1 (6)

3. 2% Z@Yac] UF AR

¥ Zu¥uY 4L Fig. 3% Zon, o A ABHoldol dFH A Rl
Hell 2EJAIL A gl Y Feoln], AU L Stainless-Steele| th. Fig. 49 dH¥
Foz AR, £ FEgolda 2EJAE FHol S A A Fo 8
¥ol7h of AA A=A ol Aol HAAY SEFAE AR 4o HAHJUT

Navdh Girder Deck {Senm) oo Stringec 25mm » Ziroc - tses)

T T
Pin Joint
LR A WY AU VO | \ ] A N———

| R e
! South Girder Stiffener (mm!
& e | o . )
970 mm ot 1Wowe ) 0mm 2 100mm 4 iomem
..I t.__—__A.—-——.’ H.. o . e o —"fﬂ
b { 460mm
30 mm 2000 owm

30 ron

Fig. 4. Cross-Section of Steel
Fig. 3. Elevation View of Steel Plate-Girder Bridge Plate-Girder Bridge
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Fig. 5. Inflicted Damage
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Table 1. Natural Frequencies of Model
Plate-Girder

Fig. 6. Scheme of Roving Hammer Test
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Fig. 10. Frequency Change in SID Process
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: i Sensitivity
Mode Exv(egzl;lent ]nm(aI}IzI;EM EZ‘;ST Mode Group 1 { Group 2| Group 3 { Group 4
1 67.62 70.89 483 1 0.7383 0.1347 0.1439 0.0203
2 93.70 99.25 592 2 0.5508 0.2813 0.0682 0.1296
3 194.00 200.08 313 3 0.4838 0.1007 0.3988 0.0898
4 280.50 205.12 5.21 4 0.4800 0.2458 0.0947 0.2009
Table 3. System Identification Process
Natural Frequency (Hz) Error
Mode i Iteration. Number : (%)
RS [t — Target " -
- Initial 1 2 3 (Final) : Initial Final
1 70.89 67.62 67.62 67.62 67.62 4383 0.00
2 9.25 93.70 93.70 93.70 93.70 5.92 0.00
3 200.08 193.83 193.98 193.99 194.00 3.13 0.01
4 205.12 280.37 280.49 280.49 280.50 5.21 0.00
Table 4. Changes of Material Properties
LT Elastic Moduli (GPa)
Group Iteration Number
Initial 1 3
1 Flange, Web 210.00 192.07 192.06 192.09
2 Deck, Support 210.00 165.87 164.96 164.76
3 Stiffener 210.00 212.59 213.37 213.44
Spring (MN/m) 10.00 10.12 10.16 10.16
4 Bracing, Stringer 210.00 204.60 206.60 206.87
10
g \ ~e—Mode 1
5 0 .- . . —e—Mode 2
2 —a—Mode 3
& —a~Mode 4
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Fig. 11. Damage Localization Result of Scenario I
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Fig. 12. Damage Localization Result of Scenario I
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Fig. 13. Damage lLocalization Result of Scenario I
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Fig. 14. Damage Localization Result of Scenario IV

- 449 -



Z &Y ed &34 Ao HFFEE Table 59 223t ch Table 5914 fpe false
A= &40 e Aoz AAHE H$)S 9n3iy, fnd false negative (&
dol EAste Xol HRe] HA v BHE vt

Table 5 Accuracy of Damage Detection

Inflicted Damage Predicted Damage Prediction Accuracy
Case Location Severity Location Severity Location Severity
(Element No.)| (LEI/EI) |(Element No.)| (JEI/ED Error(%) Error(%)
1 SE19 0.586 - - fn fn
NE36 ™ NE40 0.521 fp fp
o SE19 0.586 - - fn fn
NE36 ~ NE40 0.515 fp fp
m SE19 0.586 - - fn fn
NE36, NE37 0.494 fp fp
v SE19 0.586 SE20 7 SE21 | 0.464, 0.470 25750 19.7720.8
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