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Abstract Initial imperfections with uncertainty characteristics are well-known recongnized as the main reason why the
actual critical load values of thin-shell structures do not match the theoretical solutions and exhibit dispersion
characteristics. In order to model the initial imperfections of actual thin-shell structures more appropriately, seveal

2022-11-24 YFi, 2023-03-07 3% H1, 2023-03-08 P 441tk 3.
1) 5K FRREF AL G (11772228), Tl 5K S0 M7 815 T 40 96 5 T R (GZ21103) RIRHETT AU FHIF &) (20222D013) ¥ 55 F
2) SRR R, W, LT 10 o5 %%, E-mail: lijianyu@tust.edu.cn.cn
SIRME: Ak, Wy, TN, SR, AMEAEE T L SR e B A 2 PR I IR i, )25 2741, 2023, 55(4): 1028-1038

Li Jianyu, Yang Kun, Wang Bo, Zhang Lili. A maximum entropy approach for uncertainty quantification of initial geometric

imperfections of thin-walled cylindrical shells with limited data. Chinese Journal of Theoretical and Applied Mechanics, 2023, 55(4):
1028-1038



https://doi.org/10.6052/0459-1879-22-556

¥4 W R AR EAR B A R e AR S R AN E PR A OB RS ik 1029

sources of uncertainty quantification should be handled carefully, such as the quantification of the inherent randomness in
the form and magnitude of the imperfection distribution, and the quantification of the uncertainty in the statistics due to
small sample size and inaccurate measurements in practice. In this paper, a novel modeling approach for initial geometric
imperfections of thin-walled shells is proposed based on the principle of maximum entropy and the Karhunen-Loeve
expansion method of random fields. Firstly, the maximum entropy approach is used to estimate the probability density
function of the Karhunen-Loeve random variables, which is aimed to model the gemometric imperfections as random
fields without the assumpation of Gaussian and homogeneity. Secondly, the quantification of the epistemic uncertainty
caused by the availability of only a small size of data on geometric imperfections of thin-walled shells is achieved by
extending the classical equationally constrained maximum entropy model to an interval constrained maximum entropy
model. Finally, the proposed method is used for imperfection modeling and critical load prediction for A-Shell of the
international imperfection databank. It is shown that the proposed random field modeling approach based on the interval
constrained maximum entropy principle not only has the ability to quantify the epistemic uncertainty due to small size of
data, but also effectively characterizes the higher order moment information of the measured data. Furthermore, it is

shown that the Gaussian random field model and the random field model based on the equation constrained maximum

entropy principle are the two special cases of the proposed modeling approach in this paper.
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Fig. 4 Flow chart of stochastic buckling analysis for axial compressive thin-walled cylindrical shell with geometrical imperfection
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Table I Model parameters

Radius  Height Thickness Young's modulus Poisson's Density
R/mm  H/mm t/mm E/MPa ratiov  p/(mg-mm%)
101.60 20229 0.1160 104410 0.3 2
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Table 3 KDF of the cylindrical shell limit load
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