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Abstract Plain woven carbon fiber composites have multi-scale characteristics and spatial randomness in structure.
Meanwhile, the mechanical properties of the component materials vary due to different storage conditions, composition

phase components and batches. When the stochastic mechanical properties of plain woven carbon fiber composites are
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predicted with considering of the parameter uncertainty at different scales, there are two main difficulties: first, the large
number of random variables makes the accuracy and efficiency of the uncertainty propagation method required; second,
a high-precision correlation model is needed to be established because of multi-dimensional correlations. To solve above
problems, this paper proposes a multi-scale prediction method based on polynomial chaos expansion and vine Copula
for the stochastic mechanical properties of plain woven composites. The random parameters of materials and structures
at the microscopic and mesoscopic scales of the plain woven composites are taken into account, and the uncertainties
of mechanical properties are studied scale by scale based on the bottom-up hierarchical propagation strategy. In this
method, Vine Copula theory is used to construct the multi-dimensional joint probability distribution of correlated random
variables, and the non-embedded polynomial chaos expansion is used to realize uncertainty propagation. Results show
that the correlation coefficients of the dependence model constructed by the proposed method are almost the same as
that of original data and the stochastic prediction of mechanical properties at different scales are realized efficiently and

accurately.
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Fig. 1 Multiscale characteristics of plain woven CFRP
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Table 1 Basic mechanical properties of carbon fiber and matrix

En/ Ennf Gia/ G/
Component V12
GPa GPa GPa GPa
fiber 230 18.6 0.255 20.5 5.05
matrix 3.08 — 0.35 1.11 —
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Table 2 Geometric parameters

Parameter Upper bound Lower bound Mean
major axis of yarn a/mm 1.601 1.701 1.651
minor axis of yarn b/mm 0.105 0.111 0.108
thickness of single layer #//mm 0.202 0.214 0.208
spacing of yarn //mm 0.334 0.354 0.344
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Table 3 Prediction results of mechanical properties

Unidirectional fibre Unit cell

Evyam/  Eyyam/  Gyyyam/ — Ex/ Gl

GPa GPa GPa GPa GPa

proposed 151.26 9.46 4.82 60.39  3.86
FEM 150.15 9.68 4.48 59.21 3.50
relative error/% 0.74 2.27 7.59 1.99 10.29
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Fig. 8 Hierarchical structure of plain woven CFRP
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Table 4 Stochastic prediction results of mechanical
properties for unidirectional fiber

Property Relative
1/GPa o Cy Ck

parameter error/%
Cliyam 154.43 2.61 0.06  3.05 3.14x 1072
C2yam 12.65 032 0.18 3.08 6.35x 1072
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