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Analytical energy based mixed mode I/II fracture
criterion for functionally graded materials
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Abstract

New mixed mode I/II fracture criteria based on strain energy release rate theory are proposed
for investigating fracture behavior in cracked functionally graded materials. The fracture process
zone and the energy dissipated in this region are considered to enhance the prediction accuracy of
the proposed criteria. The mechanical and fracture properties of the damage zone are characterized
using the microcrack density parameter and damage factor. The proposed criteria are validated
through a combination of experimental and numerical investigations, demonstrating its
effectiveness in predicting crack growth behavior in functionally graded material fabricated using
a new method based on controlling resin gel time and varying chopped fiber volume fractions. The
critical mixed mode and pure mode II fracture toughness of the fabricated specimens are
determined through three-point and four-point bending tests. Scanning electron microscopy is
employed to identify different micro-mechanisms of fiber bridging during crack propagation. The
impact of interface frictional resistance, fiber volume fraction, and fiber aspect ratio on the
effectiveness of these bridging mechanisms is investigated. The crack resistance curve (R-curve)
and dissipated energy were determined for each FGM layer, revealing the effective role of fiber
volume fraction on the crack growth resistance of individual layers. The influence of each layer
on the overall crack growth resistance of the FGM is assessed by analyzing the FGM R-curve,
incorporating the effect of the fracture process zone on enhancing the material's resistance to crack
propagation. A comparison of the experimental data with the fracture limit curves demonstrates
the effectiveness of the newly proposed criteria for investigating mixed mode fracture in
functionally graded materials.
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