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Modeling of bending vibration characteristics of stay cables and analysis of
cable force under elastic boundary condition

YAN Wei, FENG Zhi-min, CHEN Yue—hua*, ZHANG Gang, CHENG Peng
( Faculty of Maritime and Transportation, Ningbo University, Ningbo 315211, China )

Abstract: In order to solve the problem of inaccurate estimation of cable force, an analytical model of cable
vibration characteristics based on Galerkin principle under elastic boundary conditions is presented. The
vibration characteristic function of the cable is described as Chebyshev series. According to the principle of
virtual displacement, the vibration characteristic equation is constructed and the nth order natural frequency and
corresponding mode shapes of the cable are obtained with calculation of the cable force. By comparing with the
reference results from literature, the validity of the proposed method is verified. The influence of the cable
boundary constraints on cable force and vibration characteristics is studied. Cable force is analyzed and
estimated when the natural frequency of the cable changes within +3%. Finally, a cable vibration test platform is
built to verify the method by comparing the test results with the calculation results. The results show that when
the cable boundary is fixed-fixed, the maximum error of estimated cable force is around -7.83% to 8.17%. When
the boundary is fixed-hinged, the maximum error of estimated cable force is around -6.83% to 6.69%. The error
is varied around -1.00% to 1.48%. The above analysis shows that the corresponding cable force should be
calculated according to the actual boundary constraints at both ends of the cable.

Key words: Galerkin principle; Chebyshev series; elastic boundary; restrained stiffness; vibration characteristics;
cable force analysis



