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Abstract:

Mechanical structures subjected to complex randora-varying stresses may suffer of severe damages.
The classical deterministic approaches for higHecyatigue life prediction are not sufficient fdret design
of these structures. Indeed, the uncertaintiesadihgs involve a probabilistic prediction of tlaidue life.
Furthermore, for design economical and reliablacstres under the probabilistic fatigue life coaistts, a
strategy involving the Reliability Based Design @ptation (RBDO) has to be applied.

The RBDO problem involves the evaluation of probstii constraints performed by the reliability
analysis, which can be done by stochastic simulatior by moment methods. Monte Carlo simulations
being computationally expensive, the moment metravdswidely used in RBDO procedures due to their
simplicity and efficiency [1], especially the firstder reliability method (FORM). The most commoBFO
formulations are based on a nested optimizatioblpno called the two-level RBDO approach, with ateou
loop for design optimization and an inner looprerability analysis. Therefore, an expensive cotapanal
effort is required to solve the RBDO problem. Irder to overcome computational difficulties, many
formulations have been recently developed, asitigdesloop and the decoupled approaches [2]. Howeve
RBDO approaches are still a difficult task sincerefjuires the coupling of optimization algorithms,
reliability analysis and mechanical modeling. Thituation becomes impracticable for complex stmastu
when finite element analysis considering nonlineeaterial behavior, dynamic analysis and fatigue lif
prediction analysis are involved.

Several works are focused on developing efficiemi aobust approaches for RBDO problem [2].
However, few studies are interested by Time-VarReliability-Based Design Optimization (TV-RBDO).
The TV-RBDO approach aims in finding the optimaside by satisfying appropriate safety level duting
whole structure lifetime by minimizing an objectiftenction defined by the initial and expected fegleosts
under time-variant reliability constraints [3]. Thene variant reliability analysis consists in camipg the
probability of failure during the whole structuiigetime, when the time dependency lies in the Ingdind
the degradation phenomena. .Several approachesldressed to assess the time-variant reliabilityichv
can be done either by simulation techniques orpgpraimate approaches. Sampling methods such as the
Monte Carlo simulation are computationally very empive. The approximate approaches are generally
based on the outcrossing approach [4], which eslab the mean number of outcrossing of the random
process through the limit state surface [5].

While the RBDO is a very active research field lrede last decades and several authors have been
proposed reliability methods using a random apgrdacthe fatigue life prediction [6-10], only feworks
consider the fatigue life function in RBDO problefi4-13]. The originality of this work is to considthe
time-variant reliability based design optimizatiomder the fatigue constraints by using the speafpptoach
for the fatigue life prediction and the outcrossmegthod for the time variant reliability analysis.

This paper focuses on a probabilistic life praditimethodology based on random process represemtat
computationally efficient for assessing the prolighof failure on the basis of the Rice Formul&]for the
outcrossing rate. The numerical example demonstridte effectiveness of the proposed approach to
consider the probabilistic fatigue life constraints the TV-RBDO formulation by using the spectral
approach for the fatigue life prediction
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