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Table 1  The first ten frequencies of double cable-stayed beam

Frequencies 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
Theory value 0.1355 0.2307 0.4354 0.7848 1.2162 1.3503 1.3503 1.7417 2.3740 2.6854
ANSYS results 0.1360 0.2307 0.4349 0.7840 1.2147 1.3436 1.3437 1.7391 2.3696 2.6890

Relative error/% 0.3163 0.0000 0.1288 0.1059

0.1235 0.4987 0.4912 0.1495 0.1857 0.1339

ANSYS results

Results of the proposed theory
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Fig.2 The first 5 mode shapes of double cable-stayed beam
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Table 2 Effect of the flexural rigidity of the beam on the Sth modeshape and the internal force of the structure

Flexural rigidity of

beam (xE,I,) Mode shape Bending moment diagram Shearing force diagram
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Table 3  Effect of the axial rigidity of the cable on the 5th mode shape and the internal force of the structure

Flexural rigidity of

Mode shape Bending moment diagram Shearing force diagram
cable (x4,) P 8 g g o
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Table 3  Effect of the axial rigidity of the cable on the 5th mode shape and the internal force of the structure ( continued)

Flexural rigidity of

cable (XA,) Mode shape

Bending moment diagram

Shearing force diagram
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Table 4 Comparison of frequencies obtained by two methods

This paper Paper[ 20 ] Relative error (%)
cable 1.3503 1.3502 0.0074
beam 0.1355 0.1370 1.107
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Fig.5 Comparison of sine function and the 1st mode of modal
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A MULTIPLE CABLE-BEAM MODEL AND MODAL ANALYSIS
ON IN-PLANE FREE VIBRATION OF CABLE-STAYED BRIDGE

WITH CFRP CABLES”

Cong Yunyue' Kang Houjun'"  Guo Tieding' Su Xiaoyang' Jin Yixin®
(1.College of Civil Engineering ,Hunan University, Changsha 410082, China)
.Chengdu Alga Engineering New Technology Development Co Lid, Chengdu , China
(2.Chengdu Alga Engineering New Technology Devel Co Lid, Chengdu 610031, China)

Abstract Based on the classical dynamic theory of the cable and Euler beam as well as the dynamic equilibrium
conditions at the joint of cable and beam, the in-plane vibration theory of a multiple cable-stayed beam was estab-
lished, in order to study the couple vibration between cables and bridge deck. The combined effects of nonlinear
terms due to the cable’s geometry were considered, and the beam was separated into some segments. Using a
double-cable-stayed beam model as an example, the variable separation approach and boundary conditions were
considered to solve the eigenvalue problem of the in-plane free vibration of a double-cable-stayed beam structure.
Meanwhile, a finite element model of the double-cable-stayed beam was also developed to verify the proposed the-
ory and method, and a well match of the results between the two methods was obtained. Finally, the analysis
about the key parameters was conducted, and a comparison was made between the early outcomes of project group
and this paper. It shows that the CFRP cables can improve fundamental dynamic properties of the system than the
traditional steel cables. Increasing the axial rigidity of cable and the flexural rigidity of the beam can, respective-

ly, obviously enhance the lower and higher frequencies of the model.

Key words multiple cable-stayed beam, modal analysis, CFRP cable, frequency, finite element
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