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Computing 3D stress intensity factors based on new manifold method
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(Material and Engineering Structure Department; Research Center on Water Engineering Safety and Disaster

Prevention of Ministry of Water Resources, Yangtze River Scientific Research Institute, Wuhan 430010, P. R. China)

Abstract: This paper proposes a new manifold method combined with the analytical solutions of the crack
tip and its surrounding numerical solutions is used to solve the stress intensity factor to ensure the best
approximation at the crack tip. But this method is limited to type I and type II cracks in the plane problem.
This method follows the idea of combined application of analytical and numerical solutions. Taking the
three-dimensional penetrating straight crack as the research object, the Williams analytical solution series is
introduced at the crack tip, and the analytical covers and the surrounding numerical covers are combined to
solve the 3D stress intensity factor. Compared with other numerical methods, this method has higher
computational precision. Meanwhile, the corresponding formulas of the stiffness matrix and the strain
matrix have been deduced,and typical numerical examples shows the validity of the method in solving the
exact solution of the 3D stress intensity factor.
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Fig. 1 Coordinate system of crack tip
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Fig. 2 Analytical covers and numerical covers in

hexahedral mathematical mesh
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Fig. 3 Boundary crack in infinite long column with

both ends bearing uniform force
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Fig. 4 Manifold method mesh based on

partially overlapping covers
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Table 1 Stress intensity factors

m n=1 n=2 m n=1 n=2
1 1.07 1.73 5 1.51 1.52
2 1.09 1. 87 6 1. 49 1.52
3 1. 80 1. 81 7 1. 42 1. 48
4 1. 50 1. 54 8 1. 40 1.47
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4 1.42 1. 45 8 1. 47 1. 45
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Fig. 5 Boundary crack in infinite long column with

both ends bearing shear force
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Table 3  Stress intensity factors

m n=3.1 n=3.2 n=2,2 PRSI —A% n=2,2
5 2.17 2. 20 2.35 2.40
6 2.31 2. 00 2. 30 2.45
7 2.42 2.48 2.40 2. 50
8 2.45 2.51 2.43 2.52
9 2.51 2.49 2.48 2.54
10 2.53 2. 55 2. 46 2.54
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