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Numerical study on the composite microstructure for the improvement of fracture
properties
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This study developed a mesh-independent simulation tool in order to
comprehensively investigate the effect of microstructure on the macroscopic mechanical properties of
composites. The developed tool consists of homogenization method, extended finite element method,

and Monte-Carlo method. For progressive damage simulation, the elasto-plastic-damage constitutive
law of resin was implemented. As the verification, the homogenization simulations of general
circular carbon fiber reinforced plastics (CFRPs) were conducted and the predicted results are
compared with the experiment. Finally, the effect of fiber shape on the mechanical properties of
CFRP was numerically investigated. Among the five kinds of fiber shape (circular, elliptical,
2-lobed, triangular, and square), triangular CFRP exhibits the best transverse and shear mechanical
properties. This result enhances the possibility to improve the transverse and shear performance of
UD CFRP by optimization of fiber shape.
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1 CFRP
Exp. Sim. square Sim. random
Ep (GPa) 153 (2.02) 154 (—) 154 (9.18x107%)
Er (GPa)  8.00 (1.85)  8.39 (—) 7.96 (1.27)
vLT 0.34 (3.46)  0.262 (—) 0.262 (0.763)
VT 0.45-0.5" 0482 (—)  0.506 (0.438)
Gur (GPa) 4.03 (2.14) 3.12 (—) 3.36 (2.16)
Grr (GPa) 2.67-2.762  3.04 (—) 2.89 (0.863)
e (%) 0.90 (2.94) 0.92 0.89 (4.6)

I Typical value for an epoxy resin.

2 Calculated as G = Et/2(1 + vpr).
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CFRP 3D
Simulation Damage Experiment
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