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Abstract: In the whole lifetime of steel structures subject to long-term wind loads, there will be fa-
tigue damage accumulation in the steel material and beam-to-column connections. Seismic perfor-
mance of the structures will certainly change because of the wind-induced fatigue. It is essential to de-
termine the residual mechanical properties of the steel materials and connections under the action of fa-
tigue cumulative damage when assessing the seismic performance of the deteriorated structures. In this
regard, a Bayesian-based method is proposed to establish the physics-based strength degradation mod-
el of steel. Firstly, collect the static mechanical experimental data of pre-fatigued steel and choose the

widely used strength degradation models, then the Bayes theory is used to develop posterior probabili-
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ty distribution of the unknown model parameters. Secondly, according to the strength degradation
model of steel, an analytical method is presented to develop the moment-rotation model for the fa-
tigued welded connections. It can be concluded that: (1) Traditional strength degradation model con-
sidering the fatigue cumulative damage will produce large scatter, and lacks necessary mathematical
and physical background, which limits their applications, on the contrary, the degradation model ob-
tained by the Bayesian-based method can effectively reduce the model error. (2) For the same test da-
ta, there is significant difference in different degradation models and there is no universally applicable
optimal strength degradation model. The effects of steel type, experimental specimen size, fatigue
load mode and loading mechanism can be well considered in the proposed physics-based strength deg-
radation model. Furthermore, this presented degradation model can be used to reflect the impacts of
the wind-induced fatigue cumulative damage on the structural behaviors’ deterioration, which is bene-
ficial to improve the reliability of seismic risk assessment on the deteriorated high-rise steel structure
buildings suffered the wind-induced fatigue cumulative damage.

Keywords: strength degradation model; wind-induced fatigue; Bayes theory; beam-to-column con-

nection; high-rise steel structure
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