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Machine learning-based assembly fault-tolerant interval inversion
method for stay cables

WANG Xiaoming', WANG Fan', ZHAO Jianling' , QI Zezhong', WANG Huan’, LI Pengfei', TAO Pei'

(1. School of Highway, Chang’an University, Xi’an 710064, China;
2. Sichuan Highway Planning, Survey, Design and Research Institute Ltd., Chengdu 610041, China)

Abstract; In order to quantify the capacity of stay cables to resist construction errors during installation and hence
improve the constructability of cable-stayed bridges in industrialized construction processes, an interval inversion
framework for mining the performance of assembly tolerance was proposed. The lower bound of interval reliability
index was used to describe the extreme interference of multi-source uncertainty, and the inversion process was
solved as a multi-objective optimization problem with reliability constraints. A decoupling prediction algorithm
based on machine learning was developed, with the direct mapping of the worst-case reliability index realized by
integrating finite element calculation, reliability boundary prediction, and surrogate models. The fault-tolerant
planning for the cable stretching process of a real-scale cable-stayed bridge was carried out. Results show that when
uncertainties were reasonably quantified, the maximum allowable tension errors of target cables ranged from 217.4
to 317.3 kN, with an anti-error rate of 7.29% to 12.98% . The interval inversion method proposed in this paper
avoids the huge computational effort required by multi-loop nested optimization. On the premise of ensuring
structural reliability and design optimality, the compatibility and controllability of the on-site tensioning process can
be effectively improved.

Keywords: cable-stayed bridge; construction error; assembly fault-tolerant capacity; interval inversion; reliability
optimization ; surrogate model; cable force adjustment
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Fig.1  Assembly error of cable-stayed bridge with complex spatial configurations
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Fig.2 Machine learning-based decoupling framework for calculating worst-case reliability index
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Tab.6 Fault-tolerant interval of cable tensions and stretching lengths for strategy S8#
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Tab.7 Comparison between fault-tolerant cable force in strategy S8# and cable force of reasonable finished bridge
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