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Theoretical Modeling and Eigenvalue Analysis on In—plane Vibration of
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Abstract: In this study, a refined in—plane dynamic model of cable—stayed bridges was constructed, and the
corresponding free vibration characteristics were analyzed. Firstly, the in—plane motion equations of the cable—
stayed bridge were derived using the Hamilton variational principle, and the characteristic frequency equation of the
linearized model was determined based on boundary conditions. A three—span cable—stayed bridge with double
towers was chosen for the numerical calculation, and the correctness of the corresponding solution was verified
through the finite element method. Then, the modal characteristics of the cable-stayed bridge were quantitatively
reflected by introducing localization factors. Finally, the effects of structural parameters, cable—deck interaction,
and structural systems on the natural frequencies and modes were discussed. The results show that the natural modes

of the system exhibit the local characteristics when the natural frequencies of the cable—stayed bridge are close to the
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ones of pure cable. Moreover, the cable-deck interaction may significantly affect the low—order non—local modes.

However, the effects on the higher—order frequencies can be ignored.

Key words: cable—stayed bridge; cable—deck interaction; Hamilton s variational principle; natural frequen-

cies; local mode
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Fig.3 The first 16 modes of the cable—stayed bridge with double towers and four cables
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Tab.4 The in—plane natural frequencies and mode shapes of the cable—stayed bridge with double towers and eight cables

- THT PN [ A7 0% [ - THT PN [ A7 05 RS . THT P 1A 3% B
A AR Fem A3k AT B3] A3k AT JeRl

1 0.174 8 0.186 3 EC] 9 3.992 6 4.023 4 27 17 9.4257 9.710 7 i
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Tab.5 Effects of cable—deck interaction on the in—plane

natural frequencies of the cable—stayed bridge
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7 3.1522 3.1510
8 32959 3.4656
9 3.9926 4.1196
10 4.7518 4.8328
11 5.5517 5.602 1
12 6.282 7 6.284 1
13 6.3952 6.427 4
14 7.2919 73119
15 8.229 2 8.2524
16 9.2133 9.2490
17 9.4257 9.426 6
18 9.4351 94328
19 10.053 7 10.0152
20 10.366 2 10.301 7
21 10.681 7 10.681 7
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Tab.6 The influence of structural systems on the in—plane

natural frequencies of the cable—stayed bridge
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