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Analysis of Shape Change of a Surface Crack during Stable Fatigue Growth
Seok Jae Chu

Key Words: Stress Intensity Factor (& 7 = # &), J-Integral(J-= 2 ), Finite Element
Method (38 4 %), Semi-Elliptical Surface Crack (u}e}] Fwiqd), Aspect
Ratio (3] AFu]), Multipoint Procedure({c}A )

Abstract

The multi-point procedure is developed to predict the shape change of a semi-elliptical surface
crack during stable fatigue crack growth. 3-D stress intensity factors along a crack front are
calculated using the simplified 3-D J-integral. Crack growth rate coefficient in the Paris law is
assumed to be constant along the crack front by excluding the plane-stress prevailing surface
region in predicting crack growth. Crack growth rate is set to be the distance between the two
parallel tangent lines on the two semi-elliptic crack fronts before and after crack growth.
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Fig. 5 A penny-shaped crack in a cylinder



gz T TR WA o ¢

Y

&

Model A (Coarse mesh)

Model B

2847

S

Model C (Fine mesh)

Fig. 6 Finite element model for a penny-shaped crack in a cylinder
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Fig. 7 A penny-shaped crack in a large medium
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Fig. 8 Finite element model for a penny-shaped
crack in a large medium

Table 2 Normalized stress intensity factors for
an embedded penny shaped crack in an
infinite body

| Kuz& a/z'”
) Farrrris‘“‘”m . | ] . )02‘: 7
Present 7{ 7177)7616 ’*J B
 Theory"” | 1.0000

43 Ofld 3: EHOY etATFAb/a 1)t BHE
- E (b/a=0.25)

Fig. 99} o] XoXs XoX, Hwiel shslel oy

ol g Fig 103 3ol A Kwae] 1/491 20ax20

ax20alat ebelarodel Aubd) Aguialel w4
alel 1/4 F}"Jﬁf"iﬂ e abgdeh, ghik7d vb akdk
719l W] b/at Farrise} Liu'e} 7te] 13 0.2591
27b2] 4% Hakairh

ele] FAaAAAde A Fig 113 3lte| A<

el S
FARAS Fasdch A A
%%a@yafaﬂ%sm%ﬂaﬂq.ﬂaﬂﬂ
A5} Fig 390 o] sted dglel i
RN RS K NS

o)
2 7 67 gabsbgal o) e
Falad
&

I~
i 94| aab-e A A o 7

(R v

Iy
o 1\/ ) .
o ! \'} MF
| P 1
'I/" /'/A' ‘ :
o 7 [
L |
N :
! T’
| i v ‘
; > ‘
| i L i
| i ¥ /,,/'/\
Py
N PGk
LN
R
. - \\L/ ‘
o

Fig. 9 A semi-circular or a semi-elliptical surface
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Fig. 10 Finite element model for a semi-elliptical
surface crack in a large medium
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Table 4 Predicted aspect ratios of a semi-elliptical surface crack during stable fatigue growth

be/ac=1 bo/ac=0.4
Jb/t=0.10 Ab/t=0.05 db/t=0.10 Ab/t=0.05
(a/t, b/t) b/a (a/t, b/t) b/a (a/t, b/t) b/a (a/t, b/t) b/a
(0.200, 0.200) 1.000 (0.200, 0.200) 1.000 (0.500, 0.200) 0.400 (0.500, 0.200) 0.400
(0.258, 0.250) 0.967 (0.491, 0.250) 0.509
{0.317, 0.300) 0.947 (0.314, 0.300) 0.956 {0.496, 0.300) 0.605 (0.496, 0.300) 0.605
(0.369, 0.350) 0.950 (0.513, 0.350) 0.682
(0.424, 0.400) 0.944 (0.424, 0.400) 0.944 (0.529, 0.400) 0.757 (0.541, 0.400) 0.740
(0.480, 0.450) 0.938 (0.576, 0.450) 0.781
(0.536, 0.500) 0.933 {0.538, 0.500) 0.930 (0.602, 0.500) 0.830 (0.618, 0.500) 0.809
(0.597, 0.550) 0.921 (0.665, 0.550) 0.827
(0.656, 0.600) 0.915 {0.659, 0.600) 0.910 (0.701, 0.600) 0.856 (0.718, 0.600) 0.836
(0.724, 0.650) 0.897 (0.776, 0.650) 0.838
(0.787, 0.700) 0.890 (0.793, 0.700) 0.883 (0.820, 0.700) 0.853 (0.839, 0.700) 0.835
(0.867, 0.750) 0.865 (0.907, 0.750) 0.827
(0.935, 0.800) 0.856 (0.946, 0.800) 0.846 (0.962, 0.800) 0.832 (0.983, 0.800) 0.814
(1.032, 0.850) 0.824 (1.066, 0.850) 0.797
(1.107, 0.900) 0.813 (1.124, 0.900) 0.801 (1.132, 0.900) 0.795 (1.158, 0.900) 0.777
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Fig. 14 Predicted semi-elliptical surface crack growth
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