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Arch bridge axis optimization design based on Kriging-SBO
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Abstract: To optimize the design of the arch axis of bridges, we propose a scheme with a set of Kriging
surrogate models focusing on the stress distribution of axes. The Kriging model is used to express the
implicit function relationship between stress-optimizing objective and design variables. Meanwhile, the
Surrogate-Based Optimization (SBO) algorithm with Expected Improvement (EI) criterion is adopted
as the infill sampling criterion and the Particle Swarm Optimization (PSO) algorithm is selected as a
sub-optimization algorithm. By analyzing the curve functions of circle, parabolic, catenary, and cubic
spline, the variables to be optimized for these common arch axes were determined. The calculation
method of objective function value which can represent the global stress level of the arch axis and the
specific flow of optimization are presented. An engineering example is analyzed which verifies the
feasibility of the scheme. The results show that the best arch-axis design of cubic spline reduces the
maximum stress of the arch by 67% and the stress variance of the key section by 97%. Our study
provides more options for the shape design of arch bridges and also has reference significance for the
optimization of the arch axis with stress as the target.
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