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Fig. 1 Mechanical model of cable under self weight load
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Fig. 2 Mechanical model of mid span main cable
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Fig. 3 Mechanical model of side span main cable
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Fig. 4 Bending moment calculation nodes for stiffened beams
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Fig.5 Overall layout of the completed bridge(unit: m)
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Fig. 6 Comparison of suspension cable force in the
completed bridge state
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Fig. 7 Comparison of the main cable shape in the
completed bridge state
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Fig. 9 Calculation difference of suspension point displacement
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Analytical algorithm for determining the reasonable completion state of
suspension bridges based on multi-objective parameter optimization

ZHU Weihua', HUANG Lian"?, HUANG Guoping', YANG Shanbo', JIANG Lei'
(1. School of Civil Engineering, Hunan City University, Yiyang 413000, China;
2. School of Architecture Engineering, Guangxi Minzu Uiniversity, Nanning 530006, China)

Abstract: The computation mechanism of the calculation method for the completed state of existing
suspension bridges is unclear, and the target state is unreasonable. A reasonable numerical analysis
algorithm is proposed for bridge formation state. The cable theory consisting of the initial end angle and
horizontal cable force is validated based on the relationship between the initial end angle and cable force
in the theory of catenary equations. A system of bridge state analytical equations are constructed based
on the optimization principle of the target parameters of each component of the suspension bridge. The
calculation equation for the main cable configuration based on the geometric closure conditions of the
suspension bridge’ s main cable. The mechanical equilibrium equations are constructed for each
component based on the mechanical equilibrium conditions of the suspension cables and stiffening beams.
Based on the principle of minimizing the bending moment of the stiffening beam components and the
principle of uniform cable force of the suspension cable components in the completed state of the
suspension bridge, a calculation equation system for the stiffening beam and suspension cable is
established. The intelligent algorithm GRG is used to optimize the numerical solution of the objective
function of the completed state of a suspension bridge. A case study of a kilometer-long level suspension
bridge project. The derived analytical algorithm is compared with the calculation results of the finite
element model and rigid supported continuous beam algorithm. The results show that the difference
between the analytical algorithm and the finite element model calculation is relatively small in terms of
force of main cable, shape-finding of main cable, and the bending moment of the stiffening beam.
Compared with the rigid support continuous beam algorithm,the analytical algorithm has computational
advantages in ensuring the uniformity of cable forces in bridge suspension cables and the extreme
bending moment of stiffening beams.

Key words: suspension bridge;reasonable bridge construction status;chain theory;optimization principle;
analysis algorithm
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