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Application of Improved Response Surface Method in
Modification of Bridge Structure FE Model
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Abstract: In order to obtain the accurate finite element calculation models of bridge structures and provide
the benchmark finite element models for health monitoring and re-analysis of mechanical performance, the
modification methods of bridge structure finite element models are studied, and an improved response surface
method combining second-order polynomial and radial basis function is proposed. This method is applied to
the modification of the finite element model of a tied arch bridge. Selecting the pavement thickness, the
elastic moduli and densities of arch ribs, main girder, beams and hangers of the bridge as the parameters to
be corrected, the test design is conducted by using D-optimal test design method, and the analysis of variance
on a series of sample points obtained from the experimental design is conducted. The parameters that
significantly affect the deflection of each measuring point and the frequency of each order are screened out by

F test method, the improved response surface model is established, and the response values about design
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parameters are calculated. The objective function is constructed based on the static and dynamic test data

obtained from the field test. The objective function is optimized and solved to obtain the optimal solution of

each parameter, which is substituted into the initial finite element model to complete the modification of the

initial finite element model. The result shows that (1) The elastic modulus of each member and its quadratic

term and the thickness of the deck pavement have a highly significant influence on the deflection. The elastic

modului and the densities of some members have a significant influence on the frequency. The response

surface model fitted with more significant parameters has higher accuracy. The error between the calculated

value of the modified finite element model and the measured value of the field test is significantly reduced.

(2) The modified finite element model of the tied arch bridge is more consistent with the actual structure

and can be used as a reference finite element model. It can be used as a benchmark finite element model,

which is of great significance and practical value for future health monitoring, static and dynamic performance

analysis, and damage identification of bridge structures.

Key words: bridge engineering; finite element model ; improved response surface method ; tied arch bridge ;

significance analysis
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Tab.1 Material parameters

Gilh M BEBUR/(x10" Pa) /(e m )

A C40 IR E, =3.25 D, =2 549
WP S0 R+ E,=3.45 D, =2 549
BB C40 R+ E;=3.25 D; =2 549
R R E,=20.5 D, =7 850

2.2 EEhEIR
2.2.1 &BHRE
2 A P 2000 55 25 DU A A A R, KA
SRR rh RS B b A I A R . D BRI
MR, SR R f AL B AT A, IR
UEAS BT 1IN BECRAE 0. 95 ~ 1.05 Z (8], A 3K
IR 4 995 35T 1y =Hhmak s, BeE 4 IO
(1) B L2t GO fe R IE S HE
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Fig.3 Field load test
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Tab.2 Strain values in static load test
P 1 2 3 4 5 6 7 8 9 10 11 12
TEAE/ ne -32 -37 -13 ~14 16 19 21 20 49 54 60 55
TH1
ST/ e -23 -27 -9 -10 11 14 17 16 33 40 42 37
AR/ pe -23 -47 -10 -20 14 18 24 22 39 50 71 74
TH2
SEME/ e -17 -34 -8 -14 10 13 17 17 28 35 47 52
A e -71 - 64 -12 -8 46 59 51 51 69 95 90 87
TH3
S e -45 -33 -10 -5 31 33 33 32 51 54 55 53
AR pe -60 -71 -8 -10 36 55 62 52 56 74 110 104
T4
SEMAE/ pe -35 -40 -7 -7 24 34 35 33 34 52 64 62
=3 BHHIKKNREE
Tab.3 Deflection values in static load test
) d,;/mm d,/mm d3/mm d,/mm MIP=3 d,/mm d,/mm d3/mm d,/mm
THAE 3.65 3.71 6. 44 6.67 PEAE 7.71 8. 14 10. 36 10. 62
Tl TH3
SR 3.14 3.15 5.41 5.54 S 6.36 7.01 8.97 9.15
A 3.18 4.53 5.31 7.71 THEE 6. 86 8. 69 9.70 12.48
TH2 T4
S 2.64 3.86 4.27 6. 66 SEPUME 5.94 7.42 7.79 10.53
2.2.2 FHEFINW FRINGHBE A% e as AT B e e . 78 ERRIHLE) L2

AR AT AT L2 AT A S 5 AT T 0 A
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Tab.4 Comparison of natural frequencies

) A 4R34/ Hz
T H - - HAXTHR 2L/ %
WA A SN
— B 1. 740 1.99 ~-12.95
51712 S 2.481 2.88 -13.82
=B 3.199 3.61 ~11.28
DY By 47 3% 3.828 4.22 -9.28

2.3 BARTERBEEIE
2.3.1 {EIESH RNk EIEEY

XP A G R0 5 s AT 50 A, A5 AT e i g A A
HEMAAEMENHRERA : MERESE. JUTR
o, AR WA TR MR R it R ST Y
WU ROTHRZ BN, MBS PR SC% 4, Bl
AT X AR W M /), i Tk R bR v A 5
ZEWIFFAE 2 AT o WO T Bl e R R B P AR ik 22, DU
MRIEZER A 2R AR B IEX S, FERTHE
R 20% WHHTEUE, SEOMEIEERLZE S,

RS5 REEESHIEE

Tab.5 Model correction parameter selection

¥ SRR BIEEE

A BUFAERTR E,/( x 10" Pa) [2.6, 3.9]

B HUh®E D/ (kg m™?) [2039.2, 3058.8]
c YRHE D,/ (kg - m™?) [2039.2, 3058.8]
D YRESPEBIE E,/( x10' Pa) [2.76, 4.14]

E MR D/ (kg m™?) [2039.2, 3058.8]
F BRI R Ey/( x 10" Pa) [2.6, 3.9]

G BT D,/ (kg - m™?) (6280, 9420]
H o WFFFERE £,/ (% 10" Pa) [16, 24]

J B i 2 )2 R B T/ em [14.4, 21.6]

2.3.2 AWEHESHEZHST

AR SEATR 1) 45 K 4 5 A OB B A TE 1) H Y,
VefE o0 L AEHT P S DO o, d,, HRESH
BB dy, dy RET=B0R S0, S, fo AR (E DT
Wiit. i TFRBIESHERZ, LRRUR DA
RARAT A R B I, e D — de e Y
AP R BHRE 65 4> (55 Bl
M5 DAERC AT +5 N EEE ) BEHLREA S
%6, BRREA SRR UAA FROCE AT 21 0 13 (DL 2%
7, HATITFZEIINT o ARIGA S BT KR R %
HER R ETEATIEL, i 4 B
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Tab. 6 D-optimal test design parameters

. FHEIESHL
KA " "
E/(x10° Pa) D,/(kg-m™>) E,/(x10°Pa) D,/(kg-m™3) Ey/( x10° Pa) Dy/(kg-m™3) E,/(x10°Pa) D,/(kg-m™>) T/em
1 3.9 2931.3 2.82 3058.8 3.9 3058.8 16 9 420 14.4
2 3.9 2159.6 4.14 3058.8 2.6 2039.2 24 6 280 21.6
64 2.6 2263. 1 4.14 2039.2 2.6 2039.2 16 8 583.55 14.4
65 3.9 2039.2 2.76 2039.2 3.5 2758.95 24 6 280 21.6
®7 D-RHERXWIEITIENEE [0, 0.001] B}, BHEWEHELE, X4 Pc
Tab.7 D-optimal test design response values (0.001, 0.05], ZESEEWMEE; 4 Pe(0.05, 1]
bk i i 15 B, ZSECEMA W3 . S B0 R 8
S A By P VG
fi/Hz  f,/Hz  f3/Hz  d;/mm d,/mm d3/mm d,/mm %%%\:{Eﬂi , EEQ&@EF‘ El s D1 s E2 S D2 Xﬁﬁu:l@?ﬂ%ﬁ%
| 2.4368 3.3775 3.8152 3.938 3.940 6.298 6.442 S R, Ey, Dy, E, ORWET =B I

22,9923 3.9019 4.3631 2.994 2.999 5.807 5.983

64 3.1291 3.7717 4.6095 3.909 3.913 6.799 6.984

65 2.7632 3.9096 4.4517 3.456 3.457 5.937 6.086

AWM BB B E MK 0.05, Xpe

F 5 KR5S 805 BRI R IGUR R = B A5 5 1)
AEE . SES BN RE Ve REW], EK
O HR AR R ) BRI R S s TR SR S
AR FAXTGE RER WA E, FE O A R AR S
T ARG R U, PSR TR B
FER WA R R, HA I 5IRS d,, dy, dy, dy
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Fig. 4 Parameter significance analysis
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Tab.8 Response surface accuracy test

B2 SBACAA BROCE T3, 15 23R A
GEREITH I 5 M EBEA TR FE I3 10,

YE] f1/Hz f>/Hz f3/Hz d,/mm d,/mm d3/mm d,/mm

R? 0.999 9 0.999 8 1 0.999 5 0.999 8 1. 000 1.000 O

Ridj 0.999 4 0.999 7 0.999 8 0.999 4 0.995 7 0.999 9 1.000 0

R MUKBEHSH
Tab.9 Parameters after optimization

e E/Me  D/(g-m™)  Ey/He  Dy/(g-m™)  E/He  Dy/(gem™)  E/Hi D/(g-m™)  T/em

VIR 3.25 2 549 3.45 2 549 3.25 2 549 2.0 7 850 18
BIEkE 3.78 2 319 4.08 2 612 3.71 2 606 2.13 7 824 18.7
w2/ % 16. 31 -9.02 18.26 2.47 14.15 2.24 6.50 -0.33 3.89

R10 TR 1EEREMEE 2.3.5 Z5H3FRTh 100 R IGIE

Tab. 10 Comparison of response values before and

after correction of working condition 1

o VRO TG BEGY WEEY R
R_A
Hz Hz Hz R/ % FXHRZE %
A 1. 740 1.99 1. 983 -12.56 -0.35
b 2.481 2.88 2.862 -13.85 -0.62
fa 3. 199 3.61 3.582 -11.39 -0.78
S WA/ SENME/ EIE[E/ BIERARXT BiEE
- mm mm mm R/ % HIXTRE %
d, 3. 652 3.14 3.183 16. 31 1.37
d, 3.711 3.15 3.176 17.81 0. 83
dsy 6. 442 5.41 5.507 19. 08 1.79
d, 6.674 5.54 5.621 20. 47 1. 46
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Fig. 6 Comparison of calculation results before and after model correction
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