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Structural time and space dependent reliability analysis based on
active learning surrogate model

ZHAN Hongyou, LIANG Junyuan, and XIAO Ningcong’
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Abstract: The limit state function of structures is often implicit and influenced by uncertainty, time, and
space, rendering its output a time-dependent random field. Structural failure is typically a small probability event,
requiring numerous finite element simulations, making existing methods difficult to apply. First-order/second-order
reliability analysis methods are available, but their accuracy and efficiency are limited. This paper proposes a time
and space-dependent reliability analysis method based on the active learning surrogate model, aimed at enhancing
efficiency. Firstly, derive the probability of extreme value sign prediction for a random sample in the time and
space domains and then construct a corresponding learning function. Selecting candidate samples with the
minimum sign prediction probability to add to the training set and sequentially updating the Kriging model until the
accurate prediction probability of all candidate samples exceeds 99%, the failure probability is computed
simultaneously. The efficiency and accuracy of the proposed method are validated through three case studies,
offering a new way to time and space reliability analysis.
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