FFA2SN T = Al 14 7A A 103, pp. 923~929, 2004.

M) FEAPEE §13 AR dele3A

FVT Signal Processing for Structural ldentification of Cable-stayed Bridge

A AT o) A H -0 A Q7
Jah Geol Yoon, Jung Whee Lee and Jung-In Kim

(200433 1€ 12¢ A 0 2004 9€ 159 HAES)

Key Words : Signal Anomaly Index(2 ¥ & X)), Artificial Neural Network (91 Z 2179, Pattern Recognition
(¥ A4]), Structural Identification(7-322¥), Cable-stayed Bridge(AF37), FE-model Calibration
(RdrA)

ABSTRACT

In this research, Forced Vibration Test(FVT) on a cable stayed bridge was conducted to examine
the validity of the frequency domain pattern recognition method using signal anomaly index and
artificial neuralnetwork. The considering structure, Samchunpo Bridge, located in Sachun-Shi,
Kyungsangnam-Do, is a cable stayed bridge with the 436 meter span. The excitation force was
induced by a sudden braking of a fully loaded truck, and vertical acceleration signals were acquired at
14 points. The initial 2-dimensional FE-model was developed from the design documents to prepare the
training sets for the artificial neural network, and then the model calibration was performed with the
field test data. As a result of the model calibration, we obtained the FFT spectrums from the model
simulation, which was similar to those from the vibration test. These tests and the simulation data will
be used for the structural identification using arbitrarily added masses to the bridge.

z AT el o) F A £YF Z|AYFAEY AHEB AHEEIS
3 #AHol FHYgHer 729y Yok 53 wg AT =3
2AE A3 Sl(system  HEA4
identification) 71l thaf oheFst Ax7p Fd=ly ¢
Aoy, dAZA FR&H By EEe duloMe & &
¢ By 7B dig A deiAT 2 Aol oxY

' JE Be, AESaE A TR Az Wate] sk nde] uAdE PF2E
-mall : yoonjg 1C.CO.KT 0 Z)E i ALa & 7 Ao =

Tel : (02) 2011-8279, Fax : (02) 2011-8267 i E“TZL?“% “E@“E" SAxAE Wxd

£ Aeisty AATSATAE FH, 249 AN 2R 4% 59 AerEHE
UL ATBANSN TG ZAse] FANN st A& A3t Aole] 27

£ 0] =R 003 FAYLUY] $FUEETOT S

59 4 ARl Lol mE AR AHAZRE oA

o

UL ESSHE=2E/A 1418 A 105, 20049/923



A d-ol H 543

& Ego) WAT ol PxEol g el SRS W 2-60)e) DAY YZEA(Z 297ton) S ALS

AAARS FE N ALHE, ATAAY 71 AYon, 4F AW 2HS A FFEFS AN

B ASD $HATY AXBEd dsedE @4 9L 54 399 292 9% 199 9 9
A77t AWAT e, EYE FAANE HEE Agsgn

HE ERe 7B WS AR Fig 3

2. AR JHR U EIIRSHIY of ek wish ol PY5 F@% el thalA g

AAEtieH, & 14749 7HEEA AAEA 7t
2.1 MANEm Il

o] dre W} FEEQ HAIWIE e A Table 1 Loading cases
s

Ao} FAEE e FA-dHEdue 4RE F ;

ATV 436 m(FAT 230m) 9 347 A A Case ID | Loading location V(Vgﬁ})lt Nutnlllt:;,{rs of

Agaolth (Fig. 1) 8089 ARAClER 27]¢ &2 M1 Excitation only

JE Fg, Tgx 4T wEHeE pAE e M2 | Center span L/2 | 594 2

m, 20039 42 /HEE dA & S Atk M3 | Center span L/2 | 11838 4
07 2o 2 foo i oo T
/AP 20039 49 179 72A S4AF 5 | Conter span L/ 178'2 5

o] Ajefslg o, Fig 29 Table 19 el vle} 2 :

o] 2 84x] = ASd ot AH HA3} B4 S3 Ce'nter span L/8 | 1782 6
}——‘.‘E swe ZHaAY HEo2E 7} 3% AL S4 Side span L/2 89.1 3

. 436.000
103.000 ™ 230.000 4 103.000

g

HHWL =1.56m B

!,O?Ol 3500 , $.750 [ 5.750 ‘ 1,500 1.070l
LT = = — |
oi’ 3 - il
&
a3
- |~

Fig.1 Side & section view of Samchunpo Bridge

PY5

PY5 PY6
N

)N N

| VAR U= VAR T —
/ / Jr excitalion
Fig. 2 Loading locations Fig.3 Measuring and excitation locations

924 /32 2SS =2 /A 14 ¥ A 11 3, 2004



AR FERAEE A A E dHolHEY

£z 9 $YUE (sampling rate) & 50 Hz® AA 8t
25 Hz7hA 9] BAo] 758l e s stgon, o= u4t

2B 28 Roo) Ud TRA5S W9E 3

Fosd9e $HOE HEAHD Fig 4o= Ed
9] FFT magnitude spectrum® <& el loh
7t 239 3 gy SHE EHES
H(reference signal)oll thdt *+a4 (coherence) #4,
A4 (phase angle) #41, &&4 A (noise filtering) &
o F4& A 9, FASYA ] F2 AL
71Ee] FAAA 1S HAE] Yda) wol2ER
o] %E&c}-’ﬁ(noise floor window function)& AH&-3}
ok o] WL Fu oA olRe ¥ AL
718171 S8k, 2 EF Al
At kolR EFojo) nlEle]
AEE gt} kolREE]
o] At AN d=FFot
i L3l E AAHA @ F7
F AEE Zﬂlﬂﬂ T 31‘"% A (Dol BaRAEAHE
& (averaged Fourier magnitude spectrum, AFM) ol

A=TrE

A 7 Fohd FAPRAZAAEY
(modified averaged Fourier magnitude spectrum,

MAFM) & d& 42 vepisich

MAFM(f )= AFM(f)- PW,(f)-CW,(f)- NW,(f)
(1)

71X, AFMAf) =

AFAELNEGOR 7} 27
A oA de W 259

Azrold A 2R 2o

Zoomed Averaged Magnitude
T

0 05 1 15 2 25
Frequency(Hz)

Fig. 4 FFT magnitude spectrum
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PW.(f)=1if A<APD(f)*<1 .
2

0 if 0<APD(f)2<H

CW(H=1 if 0<AC(S)<0,
0 if 0.<AC(f)<180— 4. (3)
—1 if 180—6.< AC,(f) <180
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NWiH=1 if AFM()= NF_AFM()
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714,

NFE_AFM(f) ={mal AFM()) + Cxmstd (AFM(¥))}
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Table 2 Measured natural frequencies

Frequency (Hz)| Period (sec) Modeshape
0.46 217 1** bending
0.65 1.54 2" bending
0.85 1.18 1** torsional
1.04 0.96 3 bending
1.60 0.63 3" torsional
1.84 0.54 5" bending
2.37 0.42 4™ torsional
2.68 0.37 5% torsional
3.05 0.33 7" bending
ZAZNEBES=22/A 1473 A 103, 20043/925
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Table 3 Variables for model updating

Variable
E of pyler

Basis of selection

Material uncertainty

Material uncertainty

Stiffness of girder Effective width uncertainty

Gross weight of girder Unknown loads

Uncertainty of boundary

Stiffness of end-spring condition

Stiffness of
pylon-spring

Uncertainty of boundary
condition

926 /32 A S EBEE =2 8/A 144 A1l 5, 20043
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Table 5 Change of natural frequencies due to
model update

Fig. 8 Reduction of RMS error ) "
Mode | Initial model | Updated model “@‘)re
Table 4 Change of variables due to model update .
Frequency |Error|Frequency| Error
Variable Initial value Updated value (Hz) 1(%)| (Hz2) | (%)
E of pylon | 2.80E6(tonf/m”) |2.80E6 (tonf/m?) ! 0408 |-113] 0482 | 47 | 046
Siitt : 2 0.569 [-12.5] 0.647 -0.4 0.65
lgfrlg: o [0392~1.286(m") | 0.392~1.286(m") 3 0893 |-142| 1042 | 02 | 104
; 4 1561 |-152( 1.768 -3.9 1.84
Gross weight of : - : : :
girder 10583(ton) | 11.485(ton) 5 | 2657 |-129] 3064 | 05 | 305
Stiffness of 0 10.80E6 6 3.021 (-124] 3507 1.7 3.45
end-spring (tonf-m/rad) RMS
Stiffness of 0 1.56E6 ERROR 13.14 2.61
pylon-spring (tonf-m/rad) (%)
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