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Analysis of an Elliptical Internal Crack near Free Surface Using
Singular Integral Equation of the Body Force Method
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In this paper, a singular integral equation method is applied to calculate the distribution of stress
intensity factor along crack front of an elliptical internal crack near the free surface. The stress field
induced by the force doublet in a semi-infinite body is used as the fundamental solution. Then, the
problem is formulated as an integral equation with a singularity of the form of »*. In the numerical
calculation, the unknown functions of the density of body force doublet are approximated by the
product of fundamental density function and polynomials. The numerical results show that the
present method yields smooth variation of stress intensity factors along crack front very accurately
even when the crack is extremely near from the free surface. The mode I, IT and III stress intensity
factors for an inclined elliptical crack are shown for various geometrical conditions.
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Fig.1 Inclined elliptical internal crack
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Table 1 Dimensionless stress intensity factor F | along the crack front
(@) Fi( B y=Ki( 8 YoV , b/a=05, d/b=2.00, ¢ =0° , v =03

n | B=90deg.1| 80 0 | 60 30 0 30 | -60 | -0 80 -90
T o 83762 | 0.83278 | 0.81839 | 0.79483 | 0.68076 | 0.59353 | 0.69693 | 0.80732 | 0.83234 | 0.84765 | 0.85281
o | 083817 | 083339 | 081915 | 0.79578 | 0.68190 | 0.59365 | 0.68603 | 0.80769 | 0.83350 | 0.84943 | 0. 85482
2 | o822 | 083343 | 081914 | 0.79570 | 0.68169 | 0.59370 | 0.68601 | 0.80753 | 0.83352 | 0.84963 | 0.85509
4| 08318 | 0.83339 | 0.81911 | 0.79569 | 0.68172 | 0.59369 | 0.68602 | 0.80748 | 0.83347 | 0.84961 | 0.85509
| 083320 | 0 83340 | 0.81912 | 0.79570 | 0.68172 | 0.59369 | 0.68602 | 0.80747 | 0.83345 | 0.84960 | 0.85508
(b) F1( B y=Ki( B )/a;’\/ﬂb, b/a=0.5, d/b=1.05, ¢ =0° , v =0.3
n | B=90(deg.)| 80 | 70 60 30 0 =30 | 60 ~70 80 | -9
5| 089183 | 0.88745 | 0.87189 | 0.84602 | 0.72332 | 0.63731 | 0.76638 | 1.04365 | 1.17140 | 1.30752 | 1.38559
17| ose31e | 0.88782 | 0.87188 | 0.84507 | 0.72329 | 0.63423 | 0.76636 | 1.04368 | 117141 | 1.30753 | 1.38506
8| 089265 | 0.88763 | 0.87184 | 0.84601 | 0.72330 | 0.63703 | 0.76632 | 1.04366 | 117143 | 130662 | 1.38316
10| 089327 | 0.88779 | 0.87186 | 0.84599 | 0.72335 | 0.63866 | 0.76634 | 1.04365 | 117147 | 1.30648 | 1.38320
00| 089293 | 0.88773 | 0.87187 | 0.84601 | 0.72336 | 0.64088 | 0.76633 | 1.04365 | 1.17147 | 1.30639 | 1.38306

(a) b/a=0.5, d/b=2.0, ¢ =0° , v =0.3, n=5 (b) b/a=0.5, d/b=1.05, ¢ =0",

Fig.4 Compliance of boundary condition
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Table 2 Dimensionless stress intensity factor M | nearby the free surface
M1( B =Ki( B8 YKig( 8 ), b/a=0.5, v =03, ¢ =0°)
Kig( 8 ) : Stress intensity factor of the elliptical crack in an infinite body

B =90[deg. ] B =270[deg. ]
/b Present Noguchi d/b Present Noguchi

results et al[5] results et al[5]
2.00 1. 015 1.015 2.00 1. 036 1.035
1.80 1. 020 1. 020 1.80 1. 051 1. 051
1.60 1. 027 1. 026 1.60 1.078 1.078
1. 40 1. 037 1. 037 1. 40 1.131 1.130
1.30 1. 045 1.044 1.30 1.178 1.178
1.25 1. 050 1. 050 1.25 1.212 1.212
1.20 1. 056 1. 055 1.20 1.259 1. 260
1.10 1.071 1.069 1. 10 1. 436 1. 439
1.05 1.081 1. 080 1.05 1.675 1. 663
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Fig.5 Variation of dimensionless stress intensity factor along the crack front
(b/a=0.5, v =0.3, ¢ =0° and 15° )
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Fig.6 Relation between maximum dimensionless stress intensity factor and inclined angle ¢
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Table 3 Comparison of ﬁ,’m for inclined crack and
F} .. forcrack having the same projected area

(F1 nex=K1 nax / G/ TbcOSQ | b/a=0.5, v =0.3)
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ik

Y LT DfERRE BT,

¢ =15°
d/b Ep Floe | Ffu ! o
1.1 1.224 1.129 1. 084
1.5 0. 940 0. 908 1. 035
2.0 0.884 0. 860 1.028
o 0.851 0. 833 1. 022

¢ = 30°
d/ b i};’max Flomﬂx ﬁ‘l'pmax /K Iomux
1.1 1. 309 1. 039 1. 260
1.5 1. 005 0.911 1.103
2.0 0. 944 0. 876 1. 078
©0 0.901 0. 855 1. 054

¢ =45°
d/b AIwmax F}Omax 1;;I¢mlx / Flomnx
1.1 1. 301 0. 987 1. 318
1.5 1. 039 0.924 1.124
2.0 0.970 0. 903 1.074
oo 0. 909 0. 890 1. 021
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/
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Fig.7 Crack projected on the plane perpendicular to the
tensile stress
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