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In this study, damage propagation analysis of plain-woven carbon fiber-reinforced plastic (CFRP)
composites is performed using a decoupling multiscale analysis method. First, numerical material tests
based on a homogenization theory are conducted using a basic cell model of plain-woven CFRP to
determine material parameters for a macroscopic constitutive model and a damage criterion. Then, using
the obtained parameters, macroscopic damage propagation analysis of notched coupon specimen models
of plain-woven CFRP with [(0/90)], and [(0/90)/(+45)],, is conducted based on the finite element
method. The analysis results successfully reproduce macroscopic damage propagation behavior of the
plain-woven CFRP, showing that the present method can perform structural analysis of plain-woven
CFRP at considerably low computational costs compared to the fully coupled multiscale scheme.
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Fig.2 Unitcell ¥ and basiccell 4.
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Fig.4 Basiccell 4 of plain-woven CFRP and
finite element mesh; (a) full view and (b) fiber
bundles (weft and warp) in basic cell.

Table 1 Material properties of fiber bundle and epoxy.

Material Fiber bundle  Epoxy
Young's modulus E_ 165 E 408
[GPa] E, 9 '

Shear modulus
[GPa] G, 56 G -
Poisson's ratio v, 034
v 0.38
[-] vi, 05
: F' 2560
Tensile strength . .
[MPa] F 73 F' 99
F, 63
) F° 1590
Compressive strength . .
[MPa] F 18 F° 130
F;, 185
Shear strength F: 90 F 57
[MPa] F, 57
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Fig.5 Macroscopic stress-strain relations of basic cell;
(a) y, tension, (b) y, tension, (c) y, tension, (d) y,-v, shear,

(e) ¥,-v, shear and (f) y,-y, shear.
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Fig.6 Damage distributions;
(i) full view and (ii) fiber bundles in basic cell.
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Fig.7 Finite element model of plain-woven CFRP.

Table 2 Macroscopic properties of plain-woven CFRP.
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Fig.8 Stress-strain relations of plain-woven CFRP;
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