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Identification of Substructural Model using Measured Acceleration
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ABSTRACT
A substructural model for a part of a long continuous bridge is identified using measured acceleration
at limited locations within the part. Boundary spring constants and structural properties are identified
using a system identification method. The proposed method has been examined through simulation
studies for static and dynamic responses and the results are discussed in the paper. The method is
applied to an actual plate-girder gerber bridge with modal response obtained from a moving truck and

construction blasting vibration.
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AEE Sl ¢uAFL HH FTRAFEL 2HLHH HAYoz2 ANY &9 Holg AFL
Haggozn FAHUD. B dAFoME RQP(recursive quadratic programming) 7]*§ 3} Fletcher
active set strategy9t 22> X3} 7/|YES HELUT £ R=ARE AMEF SI YuSZo =
2 2Hnoise)st FAAES EHMH] % FH BAAS $3A57] ddtd M7
(regulation scheme)g 2 &3} 91} ®
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Minimize J(x)=Jo(X)+Jg (x) = %f"% -6 [ +-2—!|A KW 0
xeR'? ml

subject to x,, <x<x,,

A7A, nmme ZHY BES Folu, xi ZYASHE o5},
eatgsel Hold wet AFe XY goz 1Hen 2HY DFUFFY Aot mous
£l Histe] FAY F¥ A3 2oh 2HY AFEAM A4Ho Add WA R=ug

b= 4% 2ol FH3YE Tt A% e WHoz 7 4 At
¢.,(x) =B, (x) = BK;'(x) f (x) )
o] 7] A, pseudo-stiffness matrix K,(X) 9} pseudo-force vector [{OF 2(3)7 o] Aot}

K(0=K®x)-u20 M|
= G)
f=ul 0o,

4714, MNxR ) MINxN,), 6N, xR ) ONxN) e 299 H45s nagasse 4oas
AYA3} JyYYolrh.

22 ¥g9 By
HAR7IME AH8Etd ZHSHo2RY WFEEL Ay 93td A(1)9] gradient vectors}
hessian matrix7} AAbE o]z oF & m, mxje] WL xo ol FAHALE uBsle AL 4 Q)
329 wioje o] A9 2 HHD 6719 AFET AFREHY 249 B4 PF K(x)(12X12)E
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Zde] FgEF F 2004 WAk E 204 & £ %] A WA RSolX T mdo] gy
AEFE 7AW, 2 olFoe F Edo] dXNSHE TRIFFS RoyPA4 L HAFEx 2
3¥ 38 F 2do A WA R=yyo] ZAHoE dXNEE BAFN, T oo uaz4
MAC(Modal Assurance Criterion)2. 2 § R =7} ZHES E 204 &g 2= 9}

o 7\1 fr

- 437 -



313 FA3FY 4%

dogd RETE 299 AL LS FHEF AFHNE BS IARLH} REFR 2de
e FASHEE vudt BA3Y. B dFdAME SAP2000S 0] £3 RoFH o 9ty
HA4E YR on, F 2de] Fggo] 47 30%7 @ W] EEo] & ALEEA Aoy e
A3k ot '

Y HACA AMY ARG BETZ 2de 9L nug A, § L@ Fye 2
HetA A AEA Aolg Holi Y& FAY ¢ YUY L oJfE F 2L 3 WA
EEEAQR dAHe dA Y Aol A 4 mde F&g A7) AAAM Az gx3A
A EEES ANV dEelth B AT go] &A sy ReE4 vg FHIE F g
o hal REFHYA g ZZde $EE vudE Ffoe 4 2de FodLd B FHo)
AL REo] ¥ o Frle dAHeZ AU, ALEE Rl o uiE) AZo) §53
o2 ¥ A74E ¢ 5 Uk

32 A g g A8

S TR FAN gl oA #EE 2HE vg oz 574% A% A=y
we} 274zt FETE RAE e ATE FIPFAL. S|ges 38 7
2% 7 APRAZ e MFELoR I £8 #A2AHD(2E 9)

FEE
A7k

L)
B oft

fr ro

4 K

321 I/ EF R 229439 g9

EEAEE T AT dFASE A3 EYIFTE olBAH %S AFAHoH, AYY
AHoM 7tEEE FA, FFTE ¥t 2z ufAEFd 2egd4e Fagnh 71 E Al7to]
dolA REZAZEE F3l7] 98l random decrement 7| & ALsgon, 13 59 S FFT 2
#g Fai

Az a8 78 2709 2/AFFe A WA REg4Le H 49 29 69 el

322 HETFE 249 FHal
A5 HYE A glenz BREJE mdoX & (A FAATY Afs BEs 2
< A&sRen, FEAM E4st ¥ A A El, 37t EIE v A5 SIE $835 90}

2
2 7
& 72 wdol Hgste] ANRARe] $HY AolE lLabgioh

|z A
E 3d e A2 & 2xE 12ld Monte Carlo iterationg 50% 4 8J¢F 2o EZHA9 AP
&e Ayst

slg o gelg PETz Bdd AAude D055 ZEYAe £ANEYolHe 2
shet BYsA A WA REE SAS dASEod ¥ AA REREE dolg A%E dehy
TH(E 4)

2ol 9Y AARFS SUAZA 232 REFE Bdo] A% Y AR 4B A
A AAE Y TAA Hastgon, ZE RN TYE ARE HAFT YSE BAY
# 9ok

PEe FYRALRAN 248 HSER PHUYo R AE nastd m2hd A
A& 72 dEsgTh FAANEANANAS) FUHA FI& 80%7t HES RETFE RN
2709l REg AT FRA, ANSF F7E dA2 YA} WFY TN s o)
g uolz gt

- 438 -



€— AToAME 7HEE AFE B3 T2E AR T0 g RETE 2EL SI|Yoz A
e 3HE 24T Agd FETE 2d AFYE FALTYL 148 7T2EL 2
T 71¥e ARt
FAANEHIAY A FHF A AW AA Rdy RETZ Rdo] dAHE AWYs
HoAFdo a8y, Redye] dae A WA 2520545 € Reg4w ZAHez 918y
o o2, REZH % FHMo] A 9A oj2F Fgd o JRH Frle 2H
A dAsRo WY SEA e AEoA Aol & HHTh

FRAAEH) NN AFE AHg ugoz FYF 74L 9% A=v BYR FFEL
274t RETE 2de] A% 9 Hxd éﬂra BoAFEA. ﬂ]iﬂl s 7§ A siges
A FEFE RN AT R A 2R/AEFY Redge 2HEA dAHGY ad
T, R o8 AFE FAHIGH A RETFE Rdo] ¥R F L JdAsd ANG B
AeH® dA 2AHoE dAste Fr712 FHPLY, AEAN 2olg BoFch

1. C.H. Dowding(1996), "Construction vibration," Prentice Hall.

2. G.C. Mays and P.D. Smith(1995), "Blast effects on buildings: design of building to optimize
resistance to blast loading”, Thomas Telford.

3. RJ. Guyan(1965), "Reduction of stiffness and mass matrices,” AIAA J., Vol.3, No.2, pp.380.

4. S.R. Ibrahim(1977), "Random decrement technique for modal identification of structures,” Journal of
Spacecraft and Rocket, Vol.14, pp.696-700.

5. S. Shin(1994), "Damage detection and assessment of structural systems from measured response,” Ph.
D. thesis, Dept. of Civil Eng., Univ. of Illinois at Urbana-Champaign.

6. ©1% 2, A4, AWT(1999), "RREFEYe] 4% AZEY FEAEHY", dFANTZ T8
AT+, AP A%, pp.57-66.

7. 0131(1993), "R E, $HFL L uAe] 2L 9 FALH, JFEZ3 A, vol. 41,
pp.99-104.

8. FA#(2000), " R FHLHE o4 TFRE SAZAVE", HARJAT, M euista
EZE%3.

9. WAEQO0D, “WEAZ] A A&A=MT FETFZAN, HARHAT, Solystn £2
B3},

- 439 -



E LAY 2 FF Sl % FRUREL, ED (9 kN, m)

; e e < Btatie cage Dynamic case
. No. | Parameter | Baseline valug oy - ,
e N  Daseline veW® ST Remit_ | Estmated |51 Result | Estimated
1 (A7 ‘EA 75850320 Fix 75850320 Fix 75850320
(B El 7178873.94 Fix 7178873.94 0.86438 6205275.056
. EA 210000000 Fix 210000000 Fix 210000000
2 (Rigid link) - -
El 2100 Fix 2100 Fix 2100
EA 137130000 0.99999 137128628.7 0.97542 133759344 .6
3 (Left offset)
El 2100 32.291 67811.1 0.001 2.1
EA 137130000 1.0012 137294556 1.1064 157120632
4 (Center offset) - .
El 2100 Fix 2100 Fix 2100
. EA 137130000 0.99985 137109430.5 1.0066 138035058
5 (Right offset)
El 2100 264.91 556311 140.23 294483
2 AA 2ds £EF2 2o o n{HIEFY v
Natural frequency (Hz)
Mode - MAC
Global(7743H) Local(Identified)
1 10.35 10.30 0.991
2 11.12 15.84 -
3 12.38 2828 -
4 15.22 45.46 -
3 17.04 70.03 -

3. Slol & ¢t FRUL(EA, EN) (29 kN, m)

Element noise amplitude=0.0 noise amplitude=0.000873
Group Parameter ‘baseline 1" perturbation | - Estimated ‘1 SQpeMcrtqral;z;tion STD Estimated 2
El 8349726 5396928.90 4901030.32
El 7178874 4640136.96 4213776.46
El 2100 1357.36 1232.63
1 El 23495392 0.64634 15477343.40 0.584708 0.0097069 14055202.65
EI 13548281 8757067.07 7952421.10
El 23652679 15288145.40 13883389.19
El 12670142 8189473.12 7436980.70
2 EA 137130000 Known 137130000.00 Known Known 137130000.00
El 2100 0.001 2,10 0.001 0.0000012 2.10
3 EA 1371300 1.1 1508430.00 0.283106 0.1275612 388223.00
El 2100 Known 2100.00 Known Known 2100.00
4 EA 137130000 Known 137130000.00 Known Known 137130000.00
El 2100 100 210000.00 167.2872 14.48398. 351303.00
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