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Abstract: Polynomial chaos expansion (PCE) is a widely used approach for establishing the surrogate
model of a performance function for the convenience of uncertainty quantification and reliability analy-
sis of a stochastic structure. However, it remains difficult to calculate the probability density function
of the PCE accurately for general cases, though the probability density function, as a complete repre-
sentation of a random variable, is often required in some reliability analysis problems. In order to
study the calculation method of the probability density function for the second-order polynomial chaos

expansion model, the cross terms in the model are eliminated through an orthogonal transformation.
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The explicit formulation of the characteristic function of the second-order PCE is derived and then the
corresponding probability density function of the PCE is computed via inverse fast Fourier transforma-
tion. The accuracy and applicability of the proposed method for structural reliability problems are veri-
fied through numerical examples. The results show that: the proposed method can provide the proba-
bility density function and cumulative distribution function of the second-order PCE model, and the
calculation results are accurately consistent with the theoretical solution. The tails of the cumulative
distribution function of the obtained non-centered chi-square distribution can be consistent with the ex-
act value at the 10-8 level and are suitable for high-dimensional cases. At the same time, the proposed
method can efficiently and accurately give the structural failure probability at different response thresh-
olds, even in the small failure probability cases. Compared with the first four-moment-based method,
the proposed method is of higher accuracy and is applicable to strongly non-Gaussian output variables.
In addition, the proposed method has some limitations for strongly nonlinear problems due to the error
in the second-order chaos polynomial expansion model to represent strongly nonlinear performance
functions. The research results provide a theoretical basis for the uncertainty quantification of PCE
models and their application in structural reliability analysis and optimization design.

Keywords: structural reliability ; polynomial chaos expansion; characteristic function; probability den-

sity function; Fourier transformation
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