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Estimation of Localized Structural Parameters Using Substructural Identification
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ABSTRACT

In this paper, a method of substructural identification is presented for the estimation of localized
structural parameters. For this purpose, an auto-regressive and moving average with stochastic input
(ARMAX) model is derived for the substructure to process the measurement data impaired by noises.
The sequential prediction error method is used for the estimation of unknown localized parameters.
Using the substructural method, the number of unknown parameters can be reduced and the
convergence and accuracy of estimation can be improved. For some substructures, the effect of the
input excitation is expressed in terms of the responses at the interfaces with the main structure, and
substructural identification may be carried out without measuring the actual input excitation to the
whole structure. Example analysis is carried out for idealized structural models of a multistory
building and a truss bridge. The results indicate that the present method is effective and efficient for

local damage estimation of complex structures.
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dZ e xhygo] AMEHAEH, o] WYL 7€ tE Wy HlF FAHLE o &
TS EAL JIA T Ut} [56,78]. X 12 &XF dF APy AE g 5EA
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Table 1. &x}3 o2 @ x4 3} Extended Kalman Filter®H 3 €] H) ul

Properties Extended Kalman Sequential prediction error
filtering method

Required expertise " substantial medium

Numerical sometimes always
convergence II
On-line potential " low high
Initial guess close anywhere
Reliability of resultﬂr medium good
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2AATRE § 20] BRoldEd, FAZAR7) /1A D AZol i 23 AL E T AU

ARl A nHHA G FHH FTZ 35 49 disAE 2 A7} “H"r ¥3ES &

+ YAk

g3 5FAEYd
¥2 FRAZHA L AAYPHS T ADLUD)
Tom I K, x107
Cases Exact | nonoise | 5% noise Exact | nonoise | 5% noise

Substructure 1 3.338 -3.338] 4.030 -2.914] 3.402 -3.764]| 2.813 -2.813] 2.818 -2.814] 2.825 -2.837
(mDOF5,4) |[-2.670 4.920| -2.422 5.353]-2.647 5.250§}-2.250 5.250 |-2.254 5.273]-2.258 5.265
Substructure 2 J] 4.920 -2.250] 5.735 -1.631] 5.239 -1.952|] 5.250 -3.000] 5.489 -3.000] 5.440 -3.010
(mDOF4,3) |[-1.125 2.400 |-0.576 3.610|-0.851 2.877||-1.500 3.188 |-1.487 3.208|-1.484 3.183
Substructare 3 || 2.400 -1.275] 3.505 -0.374] 2.721 -1.278|| 3.188 -1.688] 3.204 -1.684] 3.180 -1.671
(mDOF32) ||-0.850 1.750 |-0.104 3.543]-0.674 2.074||-1.125 2.250|-1.129 2.323]-1.143 2.297
Substructure 4 || 1,750 -0.900] 3.547 0.487] 1.980 -0.341|] 2.250 -1.250] 2.266 -1.245] 2.247 -1.262
mDOF2,1) |[-0675 1.350] 0.498 3.489}-0680 1.362}1-0.938 1.781}-0935 1.789]-0.931 1.757
NOTE : F(0)= 1001, 0(0)= 0, Af= 001, no.ofdata = 2000
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(b) Acceleration Response Time Histories (Substructure 1)
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(c) Acceleration Response Time Histories (Substructure 3)
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