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Abstract

This note is specifically concerned with cracks emanating from a surface semi-spherical cavity in an infinite body (see
Fig. 1) by using the boundary element software FRANC3D developed by a fracture mechanics investigation group of Cor-
nell University. The numerical results can reveal the effect of the geometry of the surface cavity on the stress intensity
factors.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Due to the stress concentration effect around the hole, cracks are likely to initiate at the hole under the action
of fatigue loading. Consequently, a number of papers dealing with hole edge crack problems are available.
Bowie [1] gave solutions of a circular hole with a single edge crack and a pair of symmetrical edge cracks in
a plate under tension. Newman [2] by means of the boundary collocation method, and Murakami [3] by using
the body force method performed analysis of the tension problem for an elliptical hole with symmetrical edge
cracks. Tweed and Rooke [4] used the Mellin transform technique to make analysis of biaxial tensions for a
branching crack emanating circle hole. Isida and Nakamura [5] made an analysis of a slant crack emanating
from an elliptical hole under uniaxial tension and shear at infinity by using the body force method. Recently,
Yan [6-9] used the displacement discontinuity method with crack-tip elements to study cracks from a hole in
finite plate. For cracks emanating from a circular hole in rectangular plate in tension [9], especially, it was found
that the circular hole has the shielding effect on the cracks and the amplifying effect on the SIFs, which depends
largely on the ratio of the crack size to the hole size. This finding motivates us to pay attention to cracks ema-
nation a surface spherical cavity in an infinite body (see Fig. 1) by using the boundary element software
FRANC3D developed by a fracture mechanics investigation group of Cornell University (CFG). By comparing
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Fig. 1. Schematic of cracks emanating from a surface semi-spherical cavity in infinite elastic body: (a) total view, (b) local view (a half of
Fig. (a)) and (c) the symmetry plane in which the crack surface occurs.

the numerical results obtained in this note with those reported in the literature for the surface semi-circular
crack, the effect of the geometry of the surface cavity on the stress intensity factors (SIFs) can be revealed.
By the way, the detail of the FRANC3D and the relevant investigations (for example, Refs. [10-12]) can be
seen at www.cfg.cornell.edu. For surface crack problems, some typical results are reported by Newman and his
coworkers [13-21] by using a finite element method and Isisa and his coworkers [21-24] by using a force method.

2. Numerical results and discussions
In order to study the effect of the geometry of the surface cavity on the stress intensity factors, first of all, we
should pay our attentions to surface semi-circular crack to find out when we can treat the cracked body as

infinite. According to Newman and his coworkers’ research [13], the following modes are considered:

(1) R/t=0.1, R/YW=0.1 and R/H=0.1.
(2) R/t=0.2, R/W=0.2 and R/H=0.2.
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The calculated SIFs normalized by ¢4/ (na)/Q by using FRANC3D are given in Table 1. For comparison
purpose, Table 1 also lists those reported in Ref. [13], from which it can be seen that the agreement is very
good, except at 2¢)/n = 0 (where the crack front curve intersects the free surface) at which the biggest error
exists. This error should be due to the presupposition of plane strain.

From Table 1, we can see that the maximum SIFs occur at 2¢/m = 0 and we can easily come to the con-
clusion that if R/r < 0.2, R/W < 0.2 and R/H < 0.2 we can accept the cracked body as infinite. For conve-
nience, we denote the maximum SIFs in mode (2) as Kjorm (Kporm = 1.251).

And then we can study our interested mode (see Fig. 1). As done for the above study of the surface semi-circular
crack, we should also learn when we ignore the boundary effect on the SIFs. The following modes are considered:

(1) R/t =0.125, R/W =02, R/H=0.2 and R/r =2.
(2) R/t =02, R/W=0.125, R/H = 0.125 and R/r =2.
(3) R/t =02, R/W=02, R/H=0.2 and R/r = 2.

For convenience, we denote the SIFs normalized by o1/(na)/Q by Kin when we study the crack emanating
from a surface semi-spherical cavity in a infinite elastic body. Then the Ky calculated by FRANC3D are given
in Table 2, from which it can be seen that the maximum SIFs also occur at 2¢/n = 0 and it is concluded that a
cracked body with R/t < 0.2, R/W < 0.2 and R/H < 0.2 can be perceived as infinite.

In the last, the following modes are selected to reveal the effect of the geometry of the surface cavity on the
stress intensity factors (SIFs).

R/r=12,1.24,14,16,18,2,3,4,5.5

The calculated maximum Kyy (denoted by Kinm) for each mode by using FRANC3D are given in Table 3. For
the purpose of conveniently observing the effect of the geometry of the surface cavity on the SIFs, the data in
Table 3 are pictured in Fig. 2. If we denote R/r by a (a = 1), the R/r when Kinm = Knorm DY ai1(ay = 1.351), R/
r=2 by a, (see Fig. 2). Thus KNy, is only a function of a.Then it is concluded that:

Table 1
The calculated SIFs for semi-circular crack the of the two selected modes

2¢/n Mode (1) Mode (2)  Error (%) (mode (1) — mode (2))/mode (1) Newman  Error (%) (mode (2) — Newman)/Newman

0 1.231 1.251 1.61 1.174 6.56
0.125 1.164 1.185 1.82 1.145 3.49
0.25 1.115 1.137 1.92 1.105 2.85
0.375 1.082 1.101 1.78 1.082 1.79
0.5 1.064 1.082 1.69 1.067 1.37
0.625 1.059 1.077 1.64 1.058 1.75
0.75 1.064 1.081 1.65 1.053 2.68
0.875 1.068 1.084 1.45 1.050 3.24
1 1.059 1.075 1.51 1.049 2.51
Table 2

The calculated Ky of the three selected modes

2¢/m Mode (1) Mode (2) Mode (3) Error (%) (mode (3) — mode (1))/mode (1)  Error (%) (mode (3) — mode (2))/mode (2)

0 1.378 1.366 1.383 0.351 1.222
0.125  1.223 1.213 1.224 0.159 0.912
0.25 1.178 1.169 1.180 0.160 0.951
0375  1.161 1.152 1.163 0.167 0.951
0.5 1.152 1.143 1.154 0.167 0.920
0.625  1.145 1.137 1.147 0.163 0.888
0.75 1.139 1.131 1.141 0.159 0.863
0.875  1.135 1.127 1.136 0.153 0.846

1 1.131 1.123 1.133 0.150 0.839




X. Xiao, X. Yan | Engineering Failure Analysis 15 (2008) 188—192 191

Table 3
Kinm calculated by FRANC3D for the considered modes
a 1.2 1.24 1.4 1.6 1.8 2.0 2.5 3.0 4.0 5.5
Kinm 1.143 1.186 1.280 1.342 1.367 1.383 1.317 1.289 1.269 1.263
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Fig. 2. Variation of normalized SIFs with a.

(1) Kinm increases with increase of @ when a < a,. And the biggest of Ky, occurs at about a,.

(2) When a > a,, Kinn, decreases with increase of a. When a = 5.5, Kinpy, 18 1.010 times of Koy, Which illus-
trate the effect of the surface cavity on the SIFs can be neglected.

(3) When a < ay, Kinm 18 less than K., Which illustrates the surface cavity has a shielding influence on the
surface crack.

(4) When a > ay, the surface cavity has the amplifying influence on the SIFs. When a = a5, it amplifies the
SIFs by 10.5%.

3. Conclusions

(1) It is found that there is such a dimensionlessa, that as a is less than a; the surface cavity has a shielding
influence on the surface crack and that while a is more than a; the surface cavity has the amplifying influ-
ence on the SIFs.

(2) The biggest amplifying factor is about 10.5%.

(3) The amplifying influence of the surface cavity on the SIFs is neglectable as a > 4.

Acknowledgements

Special thanks are due to the National Natural Science Foundation of China (No. 10272037) for support-
ing the present work. Thanks for the fracture mechanics investigation group of Cornel University for
FRANC3D.

References

[1] Bowie OL. Analysis of an infinite plate containing radial cracks originating at the boundary of an internal circular hole. J] Math Phys
1956;35:60-71.

[2] Newman Jr JC. An improved method of collocation for the stress analysis of cracked plates with various shaped boundaries. NASA
TN D-6376; 1971. p. 1-45.

[3] Murakami Y. A method of stress intensity factor calculation for the crack emanating from an arbitrarily shaped hole or the crack in
the vicinity of an arbitrarily shape hole. Trans Japan Soc Mech Engrs 1978;44(378):423-32.

[4] Tweed J, Rooke DP. The distribution of stress near the tip of a radial crack at the edge of a circular hole. Int J Eng Sci
1973;11:1185-95.



192 X. Xiao, X. Yan | Engineering Failure Analysis 15 (2008) 188-192

[5] Isida M, Nakamura Y. Edge cracks originating from an elliptical hole in a wide plate subjected to tension and in-plane shear. Trans
Japan Soc Mech Engrs 1980;46:947-56.

[6] Yan X. A numerical analysis of cracks emanating from a square hole in a rectangular plate under biaxial loads. Eng Fract Mech
2004;71(11):1615-23.

[7] Yan X. An effective method of stress intensity factor calculation for cracks emanating form a triangular or square hole under biaxial
loads. Fatigue Fract Eng Mater Struct 2003;26(12):1127-33.

[8] Yan X. A numerical analysis of cracks emanating from an elliptical hole in a 2-D elasticity plate. Euro J Mech-A 2006;25(1):142-53.
[9] Yan X. Cracks emanating from circular hole or square hole in rectangular plate in tension. Eng Fract Mech 2006;73(12):1743-54.
[10] Martha Luiz F, Gray LJ, Ingraffea AR. Three-dimensional fracture simulation with a single-domain, direct boundary element

formulation. Int J Num Meth Eng 1992:35.

[11] Miyazaki K, Emery JM, Ingraffea AR. Simplified method to calculate stress intensity factors for a surface crack in a weld of a pipe
penetrating a thick plate with a stub tube, JSME (Japan Society of Mechanical Engineers) International Journal Series A, to appear
2004.

[12] Hwang C, Wawrzynek PA, Tayebi AK, Ingraffea AR. On the virtual crack extension method for calculation of the rates of energy
release rate. Eng Fract Mech 1998;59:521-42.

[13] Newman Jr JC, Raju IS. Stress intensity factors equations for cracks in three-dimensional finite bodies. NASA TM, 83200; 1981. p. 1-
49.

[14] Raju IS, Newman Jr JC. Stress-intensity factors for a wide range of semi-elliptical surface cracks in finite-thickness plates. Eng Fract
Mech 1979;11(4):817-29.

[15] Newman Jr JC, Raju IS. Empirical stress-intensity factor equation for the surface crack. Eng Fract Mech 1981;15(1-2):185-92.

[16] Raju IS, Newman Jr JC. Stress-intensity factors for two symmetric corner cracks, vol. 677. ASTM Special Technical Publication;
1979. p. 411-30.

[17] Tan PW, Newman Jr JC, Bigelow CA. Three-dimensional finite-element analyses of corner cracks at stress concentrations. Eng Fract
Mech 1996;55(3):505-12.

[18] Zhao W, Newman Jr JC, Sutton MA, Wu XR, Shivakumar KN. Stress intensity factors for corner cracks at a hole by a 3-D weight
function method with stresses from the finite element method. Fatigue Fract Eng Mater Struct 1997;20(9):1255-67.

[19] Shivakumar KN, Newman Jr JC. Stress intensity factors for large aspect ratio surface and corner cracks at a semi-circular notch in a
tension specimen. Eng Fract Mech 1991;38(6):467-73.

[20] Newman Jr JC, Reuter WG, Aveline Jr CR. Stress and fracture analyses of semi-elliptical surface cracks, vol. 1360. ASTM Special
Technical Publication; 1999. p. 403-23.

[21] Zhao W, Newman Jr JC, Sutton MA, Shivakumar KN, Wu XR. Stress intensity factors for surface cracks at a hole by a three-
dimensional weight function method with stresses from the finite element method. Fatigue Fract Eng Mater Struct 1998;21(2):229-39.

[22] Isisa M, Noguchi H, Yoshida T. A semi-elliptical surface crack in finite-thickness plates under tension and bending. Int J Fract
1984;26:157-88.

[23] Isisa M, Yoshida T, Noguchi H. A plate with a pair of semi-elliptical surface cracks under tension. Trans Japan Soc Mech Engrs
1983;49(448):1572-80.

[24] Isisa M, Noguchi H. Tension of a plate containing an embedded elliptical crack. Eng Fract Mech 1984;20(3):387-408.



	A numerical analysis for cracks emanating from a surface  semi-spherical cavity in an infinite elastic body by FRANC3D
	Introduction
	Numerical results and discussions
	Conclusions
	Acknowledgements
	References


