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Finite element model updating of PPC cable stayed bridge based on the static

load experiment

CHEN Yu-zhong,ZHANG lJia-bin, YAN Dong-huang
(School of Civil Engineering , Changsha University of Science & Technology, Changsha 410114, China)

Abstract: The modal flexibility matrix was established based on the finite element model. The
sensitivity analysis, between the modal parameters, natural frequency and the boundary stiffness
coefficients, was performed. The sensitivity coefficient matrix for the relationship between the
flexibility matrix and the stiffness of the boundary support and the cable of the cable-stayed bridge was
then derived. According to the difference value between the measured deflection and the theoretical
deflection, the relationship expression between the difference value and the stiffness correction value
was established. Subsequently, the scaled structure of the real cable-stayed bridge was used as a
verification model. The deflection residual was set as the objective function to modify the finite element
model, verifying the feasibility of this model. The calculation results show that the theoretical value of
deflection is basically the same as the experimental value after the revising of the model. It can provide
reference for the research and application of similar engineering.

Keywords: modal flexibility; flexibility matrix; static load test; finite element model modification;
deflection residual
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Fig.1 The layout of the test model
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Fig. 3 The model structure diagram
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Table 1 The change of deflection of measuring points
7 & /em T —/mm T —/mm {78 /em T —/mm T —/mm

0 (ZE3LFE) 0.93 0.68 270 (L2#5) 2.74 2.08

65 1.43 1.08 345 2.95 2.14

110 1.77 1.34 395 2.60 2.03

135 (L/415) 2.00 1.51 440 (3L/415) 2.34 1.77

160 2.20 1.66 490 2.06 1.59

205 238 1.83 600 (473 Ji) 1.18 0.97

230 2.63 2.01
10# 11# 12# 14*
50 65 45 25 25 45 25 40 50 45 50 110 50
B4 A ERRL
Fig. 4 The layout of the displacement gauge
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Table 2 The design parameters of stay cables

%5 E/10° MPa A/10* m? L/m K/(103 kNem")
10% 1.95 1.39 12.58 2.16
1# 1.95 1.39 13.49 2.01
12¢ 1.95 1.39 14.42 1.88
13% 1.95 1.39 15.34 1.77
14 1.95 1.39 16.28 1.67
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Fig.5 The arrangement of supports
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Table 3 The initial value of parameters

45 WME/10kNem™) BIEELEI FIR/% 4B IE B R /%

K1 3.39 50 200
10* 2.16 90 110
11# 2.01 90 110
12% 1.88 90 110
137 1.77 90 110
147 1.67 90 110
K2 6.71 50 200
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Table 4 The comparison of deflection under working

condition one mm
P TP S 7l
e KR 1.14 0.92 -0.22
L/4 5 2.08 2.00 -0.08
L/2 5 2.78 2.79 0.01
3L/4 15 221 2.34 0.13
A S HE 0.93 1.19 0.26

3.0

2.5

2.0

£ /mm

1.0 e {E
& IE BT B A

0.5
0 100 200 300 400 500 600

x/cm

Ble Til—#9%E
Fig.6 The deflection curve diagram under the action of

working condition one

R5 TAMEATHHRE

Table 5 The comparison of deflection under working

condition two mm
A= TR SEAE Z1H
JE S 0.86 0.68 -0.18
L/AEs 1.56 1.51 -0.05
L2 2.09 2.08 -0.01
3L/AEE 1.66 1.77 0.11
VEB A0 0.70 0.96 0.26
22
2.0
1.8
1.6
g
E
14
2
1.2
1. X )
0 Wt
A T B A
0.8 1[4%5”@1&15‘
0.6
0 100 200 300 400 500 600
x/cm

B7 T=#3E
Fig. 7 The deflection curve diagram under the action of

working condition two
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Table 6 The correction results of parameters  10° kNem'!

G BitE (AR
Kl 3.39 5.08
107 2.16 2.08
117 2.01 1.93
12 1.88 1.81
13 1.77 1.70
147 1.67 1.61
K2 6.71 5.32
0.006
0.005
0.004
8
S 0.003
<
0.002
0.001
0 20 40 60 80 100 120
EL AN €

8  EATR A KA
Fig. 8 The iterative trend graph of objective function
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Table 7 The comparison of modified deflection under the
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B9 1SEETA—1ER TFaRA
Fig. 9 The deflection curve diagram under the action of
working condition one after modification
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Table 8 The comparison of modified deflection under the

action of working condition one mm
fr & ANGERT S Zl
A S 0.96 0.92 -0.04
LI4#E 2.01 2.00 -0.01
L2 2.78 2.79 0.01
3L/A 2.37 2.34 -0.03
T 3 e 1.21 1.19 —0.02

action of working condition two mm
for THEBE SEINME Z1H
e S 0.70 0.68 -0.02

L/AYs 1.51 1.51 0
LR 2.09 2.08 -0.01
3L/ARE 1.78 1.77 -0.01
A 3 0.93 0.96 0.03
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Fig. 10 The deflection curve diagram under the action of

working condition two after modification
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