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Adaptive Kriging model based finite element model updating of
a cable-stayed pedestrian bridge

QIN Shigiang, LIAO Sipeng, HUANG Chunlei, TANG Jian
School of Civil Engineering and Architecture , Wuhan University of Technology , Wuhan 430070, China

Abstract: To reasonably determine the number of data samples for Kriging model and to improve the
predicting accuracy of Kriging model at minimum areas of objective function, this study proposes an
adaptive Kriging model and applies it in the finite element model updating of bridge structures. The
proposed method first estimates the initial number of data samples using central composite design, then
Latin hypercube design is utilized to obtain the spatial distribution of data samples. The Kriging model
is constructed based on the initial data samples set. Finally, the expected improvement (EI) criterion
is employed to control the location of newly increased data samples, making them mainly locate at the
minimum areas of objective function. The number of newly increased data samples are determined by
convergence criterion. The predicting accuracy of standard Kriging model and adaptive Kriging model
are compared by using test functions. The model updating of a pedestrian cable-stayed bridge is taken
as an example, in which the updating results of Kriging model and adaptive Kriging model are com-
pared. The results show that the accuracy indexes of Kriging model and adaptive Kriging model are al-

most the same under that the premise the total number of data samples is equal. However, the adaptive
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Kriging model can avoid the random distribution of data samples in design space, thus provide a higher

predicting accuracy in minimum areas of the objective function and obtain better updating results.

Key words: bridge engineering; adaptive Kriging model; model updating; expected improve criteri-

on; surrogate model
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Fig. 5 The sensitivity analysis of design parameters
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Fig. 6 The 1" order frequency response sufarce fitted by standard Kriging and Adaptive Kriging
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Table 3 The accuracy of Kriging and Adaptive Kriging model

AKX S g friein B Rriging
R? RMSE R? RMSE
1 0.999 3.60x10™ 0. 999 3.70x10™
! MAC 0. 994 1. 10x10™ 0. 989 1.40x10™
5 0.999 1.50%x10™ 0.999 2.40x10™
2 MAC 0. 987 4. 60%x10™ 0. 988 4.30%x10™
5 0. 998 5.30%x10™ 0.999 4.40x10™
: MAC 0.976 5.10x10°° 0.973 5.40%x10°°
£ 0. 995 1.02x107° 0.994 1.07x107°
! MAC 0.929 3.94%x107° 0.932 3.25%107°
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K PSO B AE 1 125 () N9 & H bR s 3
se/ME; Hrb, BAR B TR 53 5 B AR I K-
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UOECHL 100, 3R PERC0. 729, L4 R %L
WK 2.0, S HI s iE PSO Y ERIASEL,
HA RS L83 K T RSB F58E
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R, E3M LA AR EREAR T 20. 9%, Bl HA)
WRIE R 0. 7945, X 5 HTA A 1% ) Kriging B A A
SO E R B, R H IS Kriging 38 1 PEAL
WIRREAS S, R3] T H A5 oR EO0 E T 76 19 X8,
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BERMEIE, ERMEEZBIEREAE 17. 9%.
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Table 4 The updating parameters before and after model updating

N Kriging 35 1 Kriging
BIESH B {E
Il W% IR P E 1%
E3/GPa 210 175.0 -16.7 166. 0 -20.9
E5/GPa 210 262.5 25.0 262.5 25.0
P3/ (kg-m™) 7900 6332.3 -19.8 6001. 1 -24.0
P5/ (kg-m™) 7900 9875.0 25.0 9875.0 25.0
E4/GPa 210 213.1 1.5 192.6 -8.3
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Fig. 7 The mode shapes of experimental values and updated values obtained from Adaptive Kriging



52 iRz CH AR

%60 %

5451 T B IERTE %A MAC 5 X 56 (E
BT EE, ATLAEH: (1) S SREIE, e
URAEHL, PP Kriging #5581 (1) & 1F 25 R 38 5 50
TR 5 5 A0 ES — B A AR AR A R 25 B IEFT Y
7. 02% AR & 1E )5 11 3. 08% F12. 81%; HiAx4%
B 401 RS B 2 N R R B (R $2 T 5 A ER A I AT,
B IEJE B MAC WA /NEEEF; (2) AH HEARHE Krig-

ing 570, A 1E I Kriging S 3RAS T B4 A9 8 IE K
£ EREIESS R R, EREA SEUE —BUW T
PEF, AN Kriging 58 52 5015 LU Kriging 15274 51
GFEEIERG B . 7 25 T P A S 4 TR RN 1 A
N Kriging 18 1F J5 BURL R HR RN LU IR, T LLE
i, @ BAMEIE, £S5 SSNRAY S
RA4f,

%S5 BIELGRX I
Table 5 The comparison of the updating results

T SR FrifE Kriging FR 7Y H 3% W Kriging £ 7
S NIGZIES S w VA
Bk VeSS RZ1% MAC{H AR /Hz R2E/% MAC {4
1 2. 080 2.016 3.08 0. 955 2.022 2.79 0. 955
2 4.559 4. 698 3.04 0. 946 4. 694 2.96 0. 944
3 6. 449 6.387 0. 96 0. 966 6.389 0.93 0.970
4 9.329 9.416 0.93 0. 940 9.396 0.72 0. 947
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