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Abstract: An experimental investigation on three-dimensional(3D) surface crack under biaxial compression is
conducted to investigate the growth of wing crack and anti-wing crack. A digital speckle camera is used to record
the growth process of cracks during loading process. The images captured from the digital speckle camera are used
for digital speckle correlation analysis to study the strain field of 3D surface crack. From the experiments, it is
observed that the anti-wing crack initiates away from the crack tip region and then propagates towards the crack tip.
The stress and the stress intensity factors along crack front are analyzed by using the finite element method. 3D
wing crack growth pattern is revealed by the mixed-model fracture criteria. The theoretical analyses indicate that
the wing crack propagation can be predicted by the maximal circumferential stress criterion o,,, and maximal
circumferential strain criterion &, . The strength failure analysis is also conducted in the anti-wing crack area.
The anti-wing initiation and propagation can be predicted by the Mohr-Coulomb strength theory. The whole
fracture and failure process of the 3D surface crack is analyzed by both experiments and theories.

Key words: rock mechanics; three-dimensional(3D) surface crack; wing crack propagation; anti-wing crack
propagation; numerical analysis; fracture criteria; Mohr-Coulomb strength theory
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Table I Mechanical parameters of Fangshan granodiorite
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Fig.2 Digital speckle drawings of crack propagation
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Fig.3 Grids of entire model and submodel
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Table 2  Stress intensity factors in up-half circular crack tips
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al(%) (MPa * mm"?) (MPa * mm'?) (MPa * mm'?)
1 0.0 —86.5 —32.6 52.8
2 8.4 —87.3 —254 57.4
3 16.8 —88.1 —182 63.1
4 252 —98.2 —7.8 72.3
5 33.5 —121.7 0.0 79.8
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Table 3 Crock critical values of four criteria and fracture

angle on surface
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