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Selection of Optimal Model for Structural System Identification
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Abstract

A methodology of selecting an optimal model is proposed for applying a frequency—domain
SI method effectively. Instead of using a reduced finite element model, a reasonably detail
finite element model is established first and then the model is identified. To satisfy the
identifiability criterion, a parameter grouping scheme is applied to control the number of
unknowns. Among the simulated member grouping cases, an optimal model is selected as the
one with the minimal statistical error. The proposed approach has been examined through

simulation studies on a single span box—girder bridge.
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Table 1 SHHOIE ZAtol| AtSTH SMA|

Box girder
Property Slab /Cross beam
modulus of _
elasticity(GPa) 2860 205.90
Poisson's ratio 0.167 0.300
weight density (kN/m?) 24.52 76.98
Table 2 1RZISF2| H
Mode detailed model grid model
(Hz) type (Hz) type
1 5.82 B 5.95 B
2 10.75 T 11.30 T
3 20.82 B 23.81 B

% B! bending mode, T: torsional mode

Table 3 J&W= i Hatel H4HE DRSS (Hz)

Ny Mode 1 (B) | Mode 2 (T) | Mode 3 (B)
2 5.69 10.79 22.75
3 5.81 10.10 20.88
6 5.79 10.86 20.92
9 5.82 10.20 20.87
12 5.82 10.28 20.83
18 5.72 10.27 20.82

2

A AREEE AP el la sde e
HEg HoFal 95 Table 2004 1% &
uebA Fig. 39 aPl= 2E2 SIS #4846
AT dAE 7L e ol Aod 4 k.
TXHJ'*/] e HALE NeER wSsUEe
Sl E¥ehs A= dgstel Al
é 71‘:‘]9} TR E JEEE Al gAd Fae
WEYFO R FF7t Aol vo EAehs XE FAle
shtel aFo® ol HAeigith Adeld FAE
el el vt FAEEe] ThFedt] W
of Al FALE s 2 o= 5T B
FEAE Glaljof gt et
= A5 a7 719 FEdie]r] wie] B
M @A WS utgste] dotger w5




0.0E+00

1.2E-02 12
e "oy
,
£ H 0.8
8.0E-03
2 4E-05 5
o =
s 3 0.6
8 6.0E-03 , E
£ z
‘qc-; 2E-056 g oa |
T 4.0E-03
()E-HJ[)4 0.2
2.0E-03 9 12 15 18
0.0
0.0E+00 : : >— > -
1 4 7 10 13 16 19
Number of groups 1.6E-02
Fig. 4 FMI8E 7|1& FY2K et
5 1oE-02
L WO Qa3 =215} L=AE: Pl c
Table 39+ SI7|HS Agsle] FAH3 a5 5
T
5| S [
& ARgste] Alaket e TeleE REle] 1h3ES S
- [=
E B2ty Table 304 AdEE uixl § soe|
PN . L L L
E57F Table 20 4#¥ Fig. 19 Edo] ®r}y A T
1810 = = >~ =
e BT glo], SI7|el| 93 FRES 4
]

2 2o AdE 2] AAES ST 4 ik
Fig. 4= AweAtz AoH= 71& FAAPL F- %
A1F 9] bl weh ksl 3e a# Aol

Fig. 5% 4/M" SALAES Fig. 49 &
A2F ¢ 7kl wet a9 et 19
o Ale] Aol BARAS AXA & &
Awk vlagk Fig. 49 AfdAME FA2E NFIY oo

oA FHao] AHeAE BT YAR, FAE 2 s
S 538 olydt AE Hrh FAsA ER1E 2 “
1%0]]/\1 FPE‘Oﬂ H]8H PSE?% SME‘Q] 73‘?‘ 1 4 7 10 13 16 19

Number of groups

20

0.1

d

d

2L
Identification err

X on

<z &

(798 dolqwA FA% Aueite wHE He
Fi ek 53 SMEE FALES) F7b) wet Flo. 5 FHREE S5 FE24 =4
3P S7keRe AL e mefFa i,

& e Edaglen], SUldel A4S 918 A
j=2]
=

o
a9 8 28400 o) Aolse AU

5 | % ]
UlellA} =7gskotnt
B Ao ME meEdas ARgsls SI7HoR AN el GRS W7 Bha-Anae] o
b mEg AHE u) Fig 2o opd TEE & FAAE St ATk AEgh dAe] A
o] AL AYE TR 5 g A A 2= Follis EeAIME AAE FAEe] AhaelA
Ao fEah RIS Heshs PHS A o AEeAE Fu AW, AT EARYE
AN el dnbdor FrEEe] H7]d b3 & Boh ekl A2 FAlEe] ek Tl A
wlokst ZAARE AMgehRs 492 weste] Baa sk A s A9d = QA H9Irh 53] SuE



B m=RAAE w7 et g oA

& FRBIANE mh B3eh FaEel disiie T
& Ador Aol @ o fHTh & oA
ANE HHED AU RAage] 495 dEet
A wrsle Agel @gstel AR Ao, o]
FADES TP BE TP B9 U e
i 2 Aol AN o ARkARTe]
wol Ze]7] wize] nuh @bl Wyes s

=
T AR EAR S 04341 7]14C02-02)] AT
] Aol efsto] aE|glon, ojd] TR YU

Apes
1. Akaike, H., “Information theory and an ex-—

tension of the maximum likelihood principle,”
Proc. of the 2nd International Symposium on
Information Theory. B.N. Petrov and F, Csaki ed.
Akademiai Kiado, Budapest, 1972, 267-281.

2. Barron, AR, “Predicted squared error: a crite—
rion for automatic model selection,” Self-organ-—
izing Methods in Modeling, S.J. Falow ed,
Marcel Dekker, N.Y .1984.

3. Caicedo, JM., and Dyke, S.J. “Sensitivity of
static and dynamic parameters to damage on a
cable-stayed bridge,” The US-Korea Joint Seminar/
Workshop on  Smart Structure Technologies,
Seoul, Korea, 2-4 September, 2004, 385-396.

4. Hjelmstad, K.D., and Shin, S. (1996), "Crack
identification in a cantilever beam from meas—

224

o

ITEETCHeE Hod M235(2005. 4)

ured modal response,” Journal of Sound and
Vibration, 198(5), 1996, 527-545.

5. Hoff, C., "The use of reduced finite element
models in system identification," Earthquake
Engineering and  Structural = Dynamics, 18,
1989, 875-887.

6. Ibrahim, S.R., and Saafan, A.A, "Correlation of
analysis and test in modeling of structures as-—
sessment and review", 5th IMAC, 1987,
1651-1660.

7. Kammer, D.C., Test-analysissmodel develop-
ment using an exact modal reduction, Journal
of Modal Analysis, October, 1987, 174-179.

8. Park, J.H.and Lee, H.S. "Statistical treatment
of modeling errors for system identification
with  Ll-regularization,"” Proc. of the 5th
Korea-Japan Seminar/Workshop on  System
Identification and Structural Health Monitoring,
Seoul, Korea 30-31 January, 2004, 189-198.

9. Park, HW. Shin, S., and Lee, H.S. (2001),
"Determination of optimal regularization factor
in system identification with Tikhonov regula-
rization for linear elastic continua," Int. J. for
Numerical Methods in Engineering., 51, April,
2001, 1211-1230.

10. Sage, A.P., "System identification history,
methodology, future prospects," System
Identification of Vibrating Structure, Pilkey
and Cohen ed., ASME, New York., 1972.

11. Shin, S., "Damage detection and assessment
of structural systems from measured re-
sponse," Ph.D. thesis, Dept. of Civil Eng.,
Univ. of Illinois at Urbana-Champaign. 1994.

12. Wu, D., and Law, S.S., "Model error correc—
tion from truncated modal flexibility sensi-
tivity and genetic parameters. I  simulation, II
experimental verification," Journal of Mechanical
Systems and Signal Processing, 18, 2004,
1381-1419.

(H=x}: 2005 38 232))



