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Stress Intensity Factor Analysis for Surface Crack in Inhomogeneous Materials
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ABSTRACT

Accurate stress intensity factor analyses and crack growth rate of surface-cracked components in inhomogeneous
materials are needed for reliable prediction of their fatigue life and fracture strengths. This paper describes an automated
system for analyzing the stress intensity factors of three-dimensional (3D) cracks in inhomogeneous materials. 3D finite
element method (FEM) was used to obtain the stress intensity factor for subsurface cracks and surface cracks existing in
inhomogeneous materials. To examine accuracy and efficiency of the present system, the stress intensity factor for a semi-
elliptical surface crack in a plate subjected to uniform tension is calculated, and compared with Raju-Newman’s solutions.
Then the system is applied to analyze cladding effect of subsurface cracks in inhomogeneous materials. The results were
compared with those surface cracks in homogeneous materials. It is clearly demonstrated from these analyses that the stress
intensity factors for subsurface cracks are less than those of surface cracks.
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Fig. 1 Structure of the input part
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Fig. 2 Input screen of crack configuration and geometry
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Fig. 3 Subsurface crack and surface crack of
inhomogeneous plate

- 817 -



Qase materials

wadding materials

Cladding

Singular element

Fig. 4 A typical mesh of a quarter portion of an

inhomogeneous plate with a surface crack
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Fig. 5 Comparison of present stress intensity factor with
Raju-Newman solutions
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Table 1 Material properties

Base materials Cladding materials
[Steel] [Stainless steel]
Young’s Poisson’s Young’s Poisson’s
modulus E ratio © modulus E | ratio v
[GPa] [GPa]
170 0.3 190 0.3
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Fig. 6 Stress intensity factor for subsurface crack in
inhomogeneous plate (a/c=0.2, a/t=0.2)
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Fig. 7 Stress intensity factor for subsurface crack in
inhomogeneous plate (a/c=0.4, a/t=0.2)

Table 2 The difference between uncladding and cladding
(a/t=0.2, t'/1=0.02)

F=—X_(2g/m=1)

alc 0',/713/Q

Uncladding | Cladding | Difference[%]
0.2 1.13344 0.78333 30.92 7HA
0.4 1.10052 0.81884 25.62 T
0.6 1.07759 0.85428 20.75 A
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Fig. 8 Stress intensity factor at the surface point for single
surface crack in inhomogeneous plate
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Fig. 9 Stress intensity factor at the deepest point for
single surface crack in inhomogeneous plate
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