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Abstract:

Harbin Institute of Technology, Harbin, 150090, China)

To circumvent the curse of dimensionality and multicollinearity problems of traditional polynomial

chaos expansion approach when analyzing global sensitivity and structural reliability of high-dimensional models,
this paper proposes a sparse partial least squares regression-polynomial chaos expansion metamodeling method.
Firstly, an initial estimation of polynomial chaos expansion coefficients is obtained with the partial least squares
regression. Secondly, according to the principle of maximum sparsity under the allowance of regression error

threshold,

penalized

polynomials which have strong correlation with the structural response are adaptively retained with the
matrix decomposition scheme. Next, an updated estimation of the polynomial chaos expansion

coefficients is obtained with the partial least squares regression. Sobol sensitivity indices are obtained with a
simple post-processing of the expansion coefficients. Finally, the metamodel is greatly simplified by regressing
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with important inputs, leading to accurate estimations of the failure probability without additional computational
cost. The results show that with acceptable accuracies, the new method overperforms the traditional counterpart in
terms of computational efficiency when solving high-dimensional global sensitivity and structural reliability

analysis problems.
Key words:
global sensitivity; structural reliability
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Table 2 Distribution parameters of input variables

AR A Iy AT AL YA bRtk 2
1:4:29 Eiv MHIELS  3.0x10°Pa 2.0x10°Pa
2:4:30 biy S IE A 0.4m 0.015m
3:4:31 Ein MHOIER  3.0x10°Pa 2.0%x10°Pa
4:4:32 bin XIS 0.2m 0.010 m

33 Py Heft 1 1.0x10*N 3.0x10°N
34 P, Heft 1 1.5%10*N 3.5%x10°N
35:40 Pi(i=3:8) Mefti 1 2.0x10*N 4.0x10°N
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