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Abstract

Reliability sensitivity refers to the derivative of the failure probability with respect to the distribution parameter of basic
random variable. Conventionally, this requires repetitive evaluations of the failure probability for different distribution
parameters, which is a direct but computationally expensive task. An efficient simulation algorithm is presented to perform
reliability sensitivity analysis using the line sampling technique, which gives a good failure probability evaluation for high-
dimensional problems and still presents a comparative one for low-dimensional problems. On the basis of the line sampling
procedure for failure probability analysis, the concept and implementation are presented for reliability sensitivity. It is
shown that the desired information about reliability sensitivity can be obtained by a very limited increase of computation
effort based on the failure probability analysis by the line sampling technique. The presented reliability sensitivity algo-
rithm is more efficient than the one based on the direct Monte Carlo technique, especially for cases where the failure prob-
ability is low and the number of random variables is large, which is illustrated by several examples. Additionally,
limitations of the line sampling based reliability sensitivity method are demonstrated by a numerical example as well.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The reliability sensitivity refers to the partial derivative of the failure probability with respect to the distri-
bution parameter of basic random variable. It can rank the distribution parameters of the design variables and
guide the reliability based design, therefore it is important to develop an efficient method for assessing reliabil-
ity sensitivity. This paper provides a novel reliability sensitivity method that is based on the line sampling
which is a new technique for evaluating the reliability of the structure with small failure probability and many
random basic variables.
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Although the reliability sensitivity analysis and the reliability analysis serve different aims, in practice, the
implementation of the reliability analysis and that of the reliability sensitivity analysis are very closely con-
nected on both a conceptual and a computational level [1]. Thus the available reliability sensitivity methods
are mostly based on the corresponding reliability analysis methods. After brief review of several reliability sen-
sitivity methods, why the line sampling method is used to construct the novel reliability sensitivity method is
explained.

Ditlevsen and Madsen [2] presented an expression based on the first-order reliability method to evaluate
reliability sensitivity for structural system with linear limit state and normal random variables. An accurate
reliability sensitivity result can be obtained by Ditlevsen’s method in the case of the limit state function being
linear and the random variables being normal distribution. However, for the non-linear limit state function,
this method can only give an approximate result with an unknown precision. As a development of Ditlevsen’s
method, Melchers and Ahammed [3] proposed a fast approximate method for parameter sensitivity estimation
in Monte Carlo structural reliability. When the structural reliability is estimated by the Monte Carlo simula-
tion, Melchers’ method could provide the reliability sensitivity with a very limited increase in computation
cost. However, the Monte Carlo simulation is time-consuming for the small failure probability estimation with
high dimension of basic random variables, especially for a large scale structure with its response controlled by
the finite element method.

Combining the most probable point system simulation (MPPSS) and the sampling based reliability sensi-
tivity method [4,5], Sues and Cesare [6] proposed a simple reliability sensitivity method for multiple failure
modes by constructing the linearization approximations of the non-linear performance functions. Obviously,
the linearization of the non-linear performance function will lead to a loss in precision in the reliability eval-
uation and the reliability sensitivity evaluation.

Wu [4,5] presented a reliability sensitivity method based on the cumulative distribution function (CDF) of
the structural response variable, wherein the sampling based method can be used to compute the reliability
sensitivity. Although the variance reduced sampling method (e.g. importance sampling) is more efficient than
Monte Carlo sampling, the computation cost is still expensive. Especially for the high dimensional problems,
the precision of the importance sampling-based reliability sensitivity analysis is problematic, which is the same
as the precision problem of the importance sampling-based reliability analysis for high dimensionality.

Au [7] presented a method of reliability-based design sensitivity analysis by efficient simulation. Au’s
approach is based on consideration of an ‘augmented reliability problem’ where the design parameters are
artificially considered as uncertain. The efficient simulation of the approach is a subset simulation on the basis
of Markov Chain Monte Carlo (MCMC). Although MCMC simulation is a class of powerful simulation
methodologies [8–13], the required computational effort in the reliability sensitivity analysis grows exponen-
tially with the number of design parameters whose sensitivity is to be studied, therefore it is not applicable
to a large number of design parameters.

The moment method was presented to analyze the reliabilities of both series structure systems and non-ser-
ies structure systems by Zhao and Ono in Refs. [14–17]. Since the moment based reliability method requires
neither the computation of derivatives nor the determination of the design point and the computation of
mutual correlations among failure modes, the procedure should be computationally effective for the reliability
assessment [16]. Based on the moment method for reliability analysis, the authors of this paper established a
quantitative and simple method for reliability sensitivity analysis. The advantages and the disadvantages
shown in Ref. [17] of the moments based reliability analysis are all propagated to the moments based reliability
sensitivity analysis simultaneously. The major disadvantage of the moment based reliability sensitivity method
involves inapplicability to the high dimension problems, because the required computational effort grows fast
with the number of basic random variables.

Line sampling and subset simulation are declared as effective methodologies for reliability analysis in the
high dimensionality [7–13,18]. The line sampling does not require any approximating surrogate of the limit
state surface and therefore combines the property of robustness with accuracy [12]. Moreover, multiple failure
domains can be treated quite simply and straightforwardly. Therefore the line sampling technique is used as a
basis of the reliability sensitivity method presented in this paper. By use of the line sampling technique and the
Ditlevsen’s reliability sensitivity method, the concept and the implementation of the presented line sampling
based reliability sensitivity are explained in the following sections.
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