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Stress Intensity Factor Analysis for Three-Dimensional Cracks
in Inhomogeneous Materials

Jun-Soo Kim’, Joon-Seong Lee”

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
stress intensity factor analysis 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 resuits 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. Also, this system is applied to analyze
cladding effect of surface cracks in inhomogeneous materials.
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Fig. 1 The flowchart of S.I.F analysis system
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Fig. 2 Input screen of crack configuration and geometry
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Fig. 7 Comparison of stress intensity factors from FEM
and Raju-Newman solutions

Table 1 Difference present S.LF from Raju-Newman
solutions at the deepest point (a/t=0.2)

K
F= L—_(2¢/m=1)

o\m/Q

alc -
Present Raju-Neman Difference

Sol. Sol. [%]
0.2 1.133 1.173 341
0.4 1.100 1.138 3.33
0.6 1.077 1.110 2.97
1.0 1.050 1.049 0.95

Table 2 Material properties

Base materials Cladding materials
[Steel] [Stainless steel]
Young’s Poisson’s Young'’s Poisson’s
modulus E | ratio v modulus E ratio v
[GPa] [GPa]
170 0.3 190 0.3
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Fig. 8 Stress intensity factor for subsurface crack in
inhomogeneous plate (a/c=0.2, a/t=0.2)
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Table 3 The difference between uncladding and cladding
for single subsurface crack (a/t=0.2, t’/t=0.02)
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Fig. 9 S.LF for twin subsurface crack in inhomogeneous
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materials and effect of cladding thickness (a/c=0.2,
a/t=0.2, ¢/d=0.5)

Table 4 The difference between uncladding and cladding
for twin subsurface crack (a/t=0.2, t’/t=0.02)

e on_\/.I;TQ(Zqﬁ/zr:'l)

Uncladding Cladding Difference[%]

0.2 1.13344 0.77785 31.37 Reduction

0.4 1.10049 0.81390 | 26.04 Reduction

0.6 1.07635 0.88069 18.17 Reduction
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Fig. 11 Stress intensity factor at the deepest point for
single surface crack in inhomogeneous plate
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Fig. 12 S.LF at the surface point(2d /m =2) for twin
surface cracks in inhomogeneous plate
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