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Fig. 1 Closed state model of an arch bridge
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Fig. 2 Transfer schematic diagram of arch and cable
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Fig.4 Closed state model diagram of certain arch bridge
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Tab.1 The first 10 frequencies of the long-span arch bridge closed state model
ViRr 1 2 3 4 5 6 7 8 9 10
ARt/ Hz 1. 3648 1. 8226 1. 8339 1. 9865 2.3393 2.3694 2.4869 2.4958 2.5803 2.5808
AL/ Hz 1. 35 1. 8158 1. 8342 1.9264 2.2871 2.4367 2.4856 2.501 2.6245 2.6881
xR 2/ % 1. 10 0.37 —0.02 3.12 2.28 —2.76 0.05 —0.21 —1.68 —3.99
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Tab. 2 The first 10 frequencies of the model before the closure of the arch bridge

Ik 1 2 3 4 5 6 7 8 9 10
HIRIT/Hz 0.5316 1. 8300 2.1384 2.4051 2.5118 2.9358 3.1389 3.6768 3.7344 4.2682
AICIES/Hz 0.5115 1. 8307 2.099 2.4827 2.6138 3.0309 3.2505 3. 6834 3.7358 4.4702

MIXFiR 2/ % 3.93 —0.04 1.88 —3.12 —3.90 —3.14 —3.43 —0.18 —0.04 —4.52
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Transfer matrix method of in-plane eigenvalues during cantilever
construction of arch bridge

KANG Hou-jun*"?, ZHU Guo-jing', SU Xiao-yang'
(1. College of Civil Engineering, Hunan University,Changsha 410082, China;

2. College of Civil Engineering and Architecture, Guangxi University, Nanning 530004 ,China)

Abstract; The transfer matrix method is used to solve the in-plane eigenvalue problem during the
cantilever construction of arch bridges,and an evaluation method for solving in-plane vertical bending
stiffness during construction of this type of bridge is established. Firstly, the cables and arches are
regarded respectively as tensioned strings with no sag and Euler Bernoulli beams,and the total transfer
matrix of the system is derived based on the basic theory of the transfer matrix method, and then the
frequencies and modes of the system are calculated by considering the eigenvalue equation of the system
combining the boundary conditions of the arch and the cables and the displacement of the cable-arch
nodes. Meanwhile, the finite element analysis software ANSYS 15. 0 was used to establish the finite
element model of an arch bridge in the closed state and obtain the frequencies and modes solution. The
comparison of results of the proposed method in this paper and the finite element method shows the
correctness of the present method and model in this paper. Then,the above-mentioned theoretical method
and finite element method are applied to analyze and compare the frequencies and modes of the half-span
model before the arch bridge is closed. The consistent results of the two method further illustrate the
correctness of the method and model in this paper. Finally, the modulus of elasticity and the initial force
of the cables,the radius of the arch bridge and other parameters are selected as factors that affect the
natural frequencies of the structure. A systematic parametric analysis of the first six-order frequencies of
the model is carried out,and the influence principle of the design parameters of the arch bridge and of the
cables in the closed state on the dynamic performance of the structure is obtained,and the corresponding

improvement measures for the actual project are given.

Key words: cable-arch model; transfer matrix method; free vibration; frequency; finite element method
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