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Researches of the decoupled method for reliability-based
optimization
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Abstract

Abstract

Reliability-based Optimization is a most appropriate and advantageous

methodology for structural design. And the efficiency and accuracy of the

optimization is the focus of research. Decoupled method is effective and applicable to

solve reliability-based optimization problems which contain multivariate design, small

failure probability and complicated or implicit limit state functions in structural. The

key issue of this method is that the construction of an approximate representation of
the probabilities, that is, the solution of failure probability function (FPF). Therefore,

it is of great significance for the structural design to search methods which can

construct the approximation of FPF efficiently, and improve the efficiency and

accuracy of the optimizing by the decoupled method. This paper is precisely centers

on this kind of subject to launch the research work, and it includes the following parts.

1.

Proposed a method which utilizes the sensitive information to construct an
exponential function to approximate the local FPF fast, and use it to the
decoupled and sequential approximation optimizing strategy to solve the
reliability-based optimization problem. First, set interpolation points and solve
the failure probability and sensitivity of them to obtain the single or quadratic
exponential function to approximate the local FPF. It needs only once or twice
reliability analysis to get the estimation of the FPF, and overcome the weakness
that the reliability analysis time is increasing long with the number of design
parameter. After that, decoupled the reliability optimal problem into a certainty
optimal sub-problem by the local FPF, then it can be solved by normal optimal
methods. Finally, several examples are taken to verify the applicability and
effectiveness of the proposed method.

Based on the existing expanding important sampling method, an integration
approach is proposed in this paper. That is, in the process of optimization, the
FPF for decoupled in the k-th iteration is expressed as a weighted integration of
failure probability functions constructed by k iterative design points. The
integration approach makes the most use of the information of each iteration for
the decoupled optimization, the approximating precision of the local FPF can be

improved, and then the number of iteration will decrease in the optimal process.
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Examples verified the validity and high efficiency of this proposed approach.

3. Anextend line sampling method is proposed to construct the FPF. In this method,
the FPF can be expressed as a weighted sum of the samples get through the line
sampling, and the impact of design variables on FPF is included in the weighting
coefficient. So the approximation of the local FPF can be obtained through just
once reliability analysis with a small sample points. Next, combine the proposed
method with decoupled sequential approximation optimization strategy to solve
the reliability optimal problem. Through the example solved by the proposed
three methods this paper, we can know the extend line sampling method is more

efficient.

Keyword: reliability-based optimization; decoupled method; failure probability
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