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Monitoring-Based Fatigue Reliability Assessment of

Steel Bridges: Analytical Model and Application
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Conclusions

In this study, a fatigue reliability model has been proposed by uniquely integrating the probability distribution of hot spot stress range with a
continuous probabilistic formulation of Miner’s rule, and has been applied for probabilistic fatigue life assessment of Tsing Ma Bridge by use
of the strain monitoring data from a long-term SHM system which has been permanently installed on the bridge. Considering highway and
railway traffic and typhoon effects, a monitoring-based standard stress spectrum was achieved by carefully examining one-year strain

-measurement data. The method of finite mixture distributions in conjunction with a hy

brid parameter estimation approach was applied to generate the PDF of stress range, while SCFs at fatigue-critical locations were calculated by
finite-element analysis method. The joint PDF of hot spot stress range and subsequently the failure probability and reliability index versus
iestfatigue life were obtained by structural reliability theory. The results show that: (1) the measured stress distribution with multimodal proper
can be accurately repre-sented in an explicit expression by the method of finite mixture distributions in conjunction with a hybrid parameter
study,nestimation approach; (2) the service fatigue life significantly affects the prob-ability of failure or reliability index of the welded detail i
and the reliability index decreases sharply when the service life requirement is increased; and (3) the proposed approach provides a viable way
for conducting monitoring-based fatigue reliability assessment of steel bridges taking account for uncertainty and randomness inherent in the

fatigue phenomenon and measurement data
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