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a b s t r a c t

Mathematical modeling of physical systems is essential to understand and, if possible,

control such systems. However, insufficient information may be available about the

level of uncertainty related to material properties, geometric parameters, boundary

conditions and the applied loads. In the context of structural reliability, the uncertain-

ties may be uncontrollable when designing for robustness. These problems in the

modeling of the uncertainties are often complicated by the model’s inability to describe

the physical phenomena that are involved. In this paper, the proposed approach

combines a dynamic reliability method and a meta-model (reduced model) to obtain

good results in terms of the reliability and optimization of such systems. Using the

available information about the uncertain design parameters, we use the hybrid model

coupling of the possibility and probability approaches for the propagation of the

uncertainties in the model. The proposed method was implemented on theoretical

structures with different meta-models. The results are compared with the Monte Carlo

simulations. This allowed us to prove the robustness and efficiency of the proposed

methodology for reliability calculations of complex dynamic structures.

& 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Reliability calculations for complex mechanical problems increasingly necessitate the use of the finite element method
(FEM), which has to present the physical phenomenon being studied as faithfully as possible.

In this paper we apply these probability and possibility methods to reliability problems. However, in terms of the
available information, we may need methods to process the imprecision, which will allow more a realistic modeling of the
uncertainties relative to the structural modeling.

Some reliability problems can be resolved analytically, but they are often simple theoretical problems. Monte Carlo
simulations are widely used, despite their high calculation times, and are used as a reference for our calculations.

Several strategies have been developed to reduce the number of samples that we needed. We distinguish the
importance sampling [1] which is based on design point estimation undertaken at the beginning, by carrying out some
sampling and by only holding the point belonging to the failure domain, which is nearest to the origin of the normalized
space. The density of the importance sample can then be estimated and centered at this point. A precise sampling can then
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