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CFST arch/continuous beam bridge FEM model updating based on Kriging model
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Abstract ;

unbiased minimum variance estimation to the unknown data in a region according to some characteristic information of

A new method for FEM updating based on Kriging model was developed. The Kriging model is a linear

region’s samples which have similar features with the unknown data. This method can obtain higher accuracy predicted
results based on a small number of samples. Through a planar truss FEM updating example, the feasibility and accuracy of
the Kriging model were verified. And then the Kriging model was applied to a concrete-filled-steel-tubular ( CFST) arch/
continuous beam bridge FEM updating and the results were compared with those by the method of genetic algorithm ( GA)
combined with BP neural network. The analysis results show that the Kriging model needs only a certain amount of
measured frequency data for FEM updating. There is no iterative calculation like in the FEM, which will exhaust much
calculation time in updating program. This method can accurately predict the modal information outside the active
frequency range. The results testify the high computational efficiency, accuracy and feasibility of the method applied in
actual engineering.
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Tab.1 Comparison of Truss updating results ( Unit: Hz)

" s X - Krigi .
PR S SOROIT) B S B
1 8.79 8.83 -0.55 8.79 0.00
2 29.6 30.18 -1.48  29.78 -0.60
3 43.39 41.65 2.23 42.66 1.69
4 59.1 59.62 -0.24  59.55 -0.75
5 90. 62 91.34 -0.40  91.09 -0.52
6 119.81 120.84 -0.11 120.86 -0.88
3.2 &fi2

AR SN JAE R T A A TR R i s R B AR R
BF - AR KRR AT AT BROCASRUB IE . AT B5 1% 58. 4
m+ 128 m +58.4 m MR ULIE 2, G2 R HN iR EE
g BE A A R S5 R, SR A v AR T R
R 2.8 m, L 3% R B A P B TS B i TR
+ . HEAHIEEEAE 1=128.0 m, BT £=25.6 m,
SMEAL 14 5 BT, BAR BB RIERX, BATgE—
B2 & =85 mm,

A =

AT

5840 12800 5840

B2 SRR Sz A1 ] (B em)

Fig. 2 Dukeng bridge elevation (unit; ¢cm)
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Tab. 2 Comparison of testing results and FEM results (unit: Hz)

sgn AL e NEERE oogpgp P RAERE Senhig
0.591 1 0.489 4 17.21 0.536 9 0.540 8 0.537 5 HERD 1 R Rk S
1.180 4 1.0322 12.56 1.130 7 1.138 1.132 2 HEM 2 B S W R RS
1.838 7 1.614 5 12.19 1.766 4 1.780 5 1.769 3 HE 3 B w FRAE S
2.588 3 2.309 1 10.79 2.5228 2.544 5 2.528 HER) 4 By RO B
3.413 6 2.934 3 14.04 3.197 8 3.230 6 3.223 4 HERD 5 MR Rk 2
4.301 2 3.800 8 11.63 4.133 8 4.175 3 4.145 5 HERl 6 By S0 FR Al 2
5.102 1 4.5375 11.07 4.921'5 4.976 4 4.937 5 HERD 7 R R 2
2.014 3 2.079 9 -3.26 2.035 2.045 5 2.072 4 T+ HER L RO FR R
2.936 7 3.069 1 -4.51 2.973 3.005 7 3.037 4 T+ HEI 2 R RR T
3.249 9 3.590 5 -10.48 3.4377 3.494 2 3.5235 F I+ HER) 3 R RRIR A
3.828 9 4.2221 -10.27 41427 4.1815 4.2249 F I+ HER) 4 By RO FR IR A
4.794 4 4.4713 6.74 4.402 4.428 2 4.486 4 F o+ HERD S BRI 2
4.952 4 5.099 -2.96 5.257 3 5.161 4 5.311 6 F I+ HEH) 6 B OGRS
3.976 3.2979 17.05 3.763 7 3.846 6 3.863 8 FI 1 SRR A
4.626 2 5.279 4 -14.12 5.026 6 5.1318 5.1557 FIP 2 R
4.450 7 4.648 6 -4.45 4.858 8 4.820 3 4.965 4 HE) 1 YL
5.485 1 5.5923 -1.95 5.961 7 5.830 6 5.974 6 HERD 2 WY
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Tab.3 The MAC values of each model updating method
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HPh 1 By AR5 0.8153  0.8173 0.8193 0.818 8
A FRZE0.9931  0.9932 0.9932  0.993 1
e 1 Hr L 0.9796 0.9791 0.9791 0.978 8

3.2.1 BRI IE T

Kriging 7 3 T/ MEA e 1127 51 5 F 27 >
BEAE  WRR e L LR AR A T, 776 AN S0 45 S0
HIHE ST AT OB, R T AR . RS
TSN X ~N(w, o) BIES 0 ,u S SETHE,
o =pa FEREFREY o WSHUE R AR B 100 45
AR A Ansys A BRICHR 3545 100 414 BRIG/ 7
25 A T BB ) R 1) i TR X R A % | 2 SR ) 12 )
Y RN IO A0 5 | 37 0 1 I TR X o7 A1 % e 44t L 4
RUXE WA R 2.3 B R oA YN ZRFE A, I A A %k
100, DAFrfs 4 g IE RIS HO0 A, 5 05 E 45 Rk
£ T R AL HEA T R AB IE 5 S 2B IE 45 . FUH
REORATCH 1 A BEHLEL, I BEORS B2 43 Bl 1B 1E )5
WRLE R 2, SR 4,

F GA Bk, BB HCA X ~UM(1 -a),
M(1+a)) 351504 M R 8 SRS THE, o N
TS50 % R4 #57 Ansys 5 Matlab #211, GA 574
TEFE E AE BB N A TS5 AR A Ansys A FROTHEL
RIS R SR (M T 25 1 R BT
SHUE AT S5 R IR T B IR Bl 2 242, 5 F Modal Assur-
ance Criterion( MAC) 75 %™ BEAT4R TR DL JiC L) K45 46 137
PR o KRS A G AT AR RAR 25 2 SR F AR
PRIER, L Sy 3oit A2 0507 (1R 308 1 B PRBIC, 8 40 ARG
AT AR S R BIEEWRREE R IR 2 B IE )G
BB H 4,

BP 122 90 £6% 015 A 390 i3 AS A -5 10 0 4 o 199 2% )1
SRS, T GA B X ) A AU 5 R (4 o 147
AL A 22 X 2% Tt o 40 AT I P2 [R) Kriging #5270,
I 300 it s i, A Ansys A FRITECRL, 15 300 2H
AT e — MR 0L T, VI 2R AR BOh 7 B AL
B0 2 ~ 10 75 A48 5 i 190 2 1 bk Je , 43 50 SO A
B 1 R TR IO 3R | R I 88 1) 4% 50 %) AR R | 2R
R 1) I TR XS I 3T 53 K Ll L A IR TR 6T AT 2 3 By
RN R, BETH S BN W48 i DL I
SEREAR M TR, YIZRREATR 270, IRAE AT 30, LU
Frfs 4 EIE BT S BN SR, F 18 1 45 58 B R T
FIRLAUB HEAT R AB IE, RIS I R IE 45 B . B R

BB 1 R BEHLEL, 420K BENRUFP 73 BiE . 1B 1E )5 9t
REERWE 2 MBERBOTSHILE 4,
3.2.2 HERHES T

% 4 N Kriging 5 “ B IE  GA 53k & BP 22
W25 J5 16 — B IE BT AR R e 5 18 1E 5 524
RS BB IE T kR ZETUR L

x4 ARTERZHSHBELR

Tab.4 FEM model design parameters updating results
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Tab. S5 The comparison of results norm
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Fig. 6 Model updated results 45°line matching
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