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Abstract

Mode updating and parameter identification belongs to the category of structural
identification, which is conducted by pairing the model with field test results, and is
of significant importance for condition assessment and structural health monitoring.
Due to its complexity inherent in long-span arch bridges, plenty of epestimic
uncertainty may be induced during the FE modeling procedure. This paper discussed
the two structural identification methods to identify uncertain parameters using the
field test results. The first method is based on one optimal model which is best
coincide with tests data. Significant updating parameters are selected by sensitivity
analysis and model calibration is carried out based on the optimization of objective
function which denotes the relative difference between FE model and test data. The
second method is based on the theory of uncertainty and probability theory. Model
calibration is based on a set of candidate models to simulate the real structure, during
which parameters are identified according to the posterior probability calculated by
the bayes formula. Major contents of this research are drawn as follows:

(1) Field tests including ambient vibration tests and static loading tests carried
out by loaded-trucks were summarized. Results of elevation observation showed that
real structure is in strict accordance with design blueprints. Uncertainties due to
geometry parameters are mitigated by precise modeling guieded by complete field
investigation. As the early stage of structural identification, field test results laied the
foundation of model calibration and parameter identification.

(2) Ambient vibration tests were carried out on both bridge decks and arch ribs
and two kinds of operational modal analysis methods were employed. Before using
the complex mode indicator function (CMIF) method, two kinds of pre-processing
techniques were used. In order to research the impact of inputs considering
acceleration signals of reference point in each sub-structure tests, modal parameters
identified were compared. When constructing the frequency response function of the
whole structure, considering different kind of auto spectrum may lead to
misidentification of modal parameters. Besides, spatial mode coupling is obvious
according to modal analysis on arch ribs and bridges decks.

(3) During model calibration, uncertain parameters are identified through

optimization of objective function. In order to avoid iterative search trapped into local
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minima, model calibration based on artificial intelligence are employed. Afterwards,
it was applied to numerical simulation model and FE model of Laihua Bridge. In order
to overcome the shortcoming of genetic algorithm in local search ability, simulated
annealing algorithm and a hybrid algorithm were also investigated.

(4) After the recognizition of error compensation, multi-model identification
based on bayes theory was used in this research and uncertain parameters were
identified by bayes estimation. According to this method, both the maximum
likelyhood of uncertain parameters and its distribution could be acquired.

Key Words: Operational modal analysis; Epistemic uncertainty; Artificial
intelligence; Model calibration; Multi-model based identification
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Bm 45 A6 (1 TAEREAS REAT W00, AR T8 531 &5 SR SR 22 Ml AbA v 5 0 2 A PR e A 2 3k
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T P BN A8 H Ax oR O E BT T T 0 B AR . BEE T E LR S R T, AR
PUIE K S TARE R SIS TR AR BS T ZMMA ™, &, TER
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Bl BIEIIHON . F R S P IR S . TEAR I B E BRI 3
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A IS R . TR SRR AL A =R N TR R SVE AT TR AR KM 1 45 R
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RD #1 CC HAR K CMIF J5 3256 i 7 M S AN HE M P AN 7 [ BE2S 40 A o AT 3R HL T
KERMABEIRNMES S HHFM IR T =M Em g, SSI 5
CMIF J7iE¥Re vl SRR RS S8, R A B H I8 B AR — 5
H SSI fiRHlie Far K, WSS BT R E, RSB REERS
M EAE G, T T RS R L XIS BRI A RIS R T CCH
AR CMIF AL R g T 58, Z2RHHTHRA KRB RAEHE —%. T RD HA
[ CMIF J7 36 U0 B A 2 B2 B0 (i 1 T e, BES B E R 2, H CMIF I KT
BT CC HARMMMNEE R, R, ZhFfae Rz, WSS a0
WS, mHRBERES S NEEES, MRESESRE T/EMT/ERE. 2K
T 5 A6 WA A A AR T B 2 3 s B D B I AT R R B S S
ST 00 70 I N 0 1) A0 B PT  2 B T A FH 19%) T  H  AS [)  RE RBE AS 1 U
ghah, SR RSN, B THSMBER. B948WERESR, FEMNHE
THERNFHIESHEIR L,

37



KA TR UM (R 3 6 e 5 R R E T

F4E ETEHERNEAFEZEZNSBRANFREINR 5]

41 5|5

AT TRERGAEIRANE TS TR 5 Al b, AT iE
B S SR A R 1 A PR e AR 2R B AT &5 4 O A DL i N T, AT BR oo 2 AR R AR A
B ES R BE T RENES AT, KiEEE 7 AR KR8 Wi L
WZHERZE . BT R R R E IR EE B SR A EE S, A EE
o JE AR PR AR Y 1) H A eR Bk AT PR T R R8s 5 2 80RO T REE
SRR TR R SR, ARTESIN T A R R SCRBUE T H, IR KR %7k
XF N B 447 BEAT 7RG, JRAE SRR AL B 58 BT R KM 2 B0 BT .
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(2) BB Hr 2R S A P S PR R
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W, RAE T S RO i BRI AN Bl 5 A O Xk AR 2R i 8 ey Y )
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ol 36 SR A B AN E P S AR THE R 0.6 5 AT 1.5 5. A B IEP R H bR R B R
g R, RERMA RGBS AT eS80 TR HE 85
BiE . ANHLR A . MR AR B E A . AATIEMR SRR R . AATER B
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