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An Integral Equation of Various Cracks for Safety in Finite Plane Bodies
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ABSTRACT

An integral equation representation of cracks was presented, which differs from well-known
“dislocation layer” representation. In this new representation, the integral equation representation
of cracks was developed and coupled to the direct boundary-element method for treatment of
cracks in finite plane bodies. The method was developed for in-plane(mode I and II) loadings
only. In this paper, the method is formulated and applied to various crack problems involving
multiple and branch cracks in finite region. The results are compared to exact solutions where
available and the method is shown to be very accurate despite of its simplicity.
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Fig. 1 Plane elastic region containing a branch crack

n

Fig. 2 Plane elastic region containing multiple cracks
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Fig. 3 Discretized plane region containing a discretized
branch crack
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Fig. 4 Discretized plane region containing discretized
multiple cracks
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Table

1 Stress intensity factors for two egual length

collinear cracks in a finite plate
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Table 2 Stress intensity factors for two equal length offset cracks in a finite plate

Tip A Tip B

a’ Present J Ref.[10] Present Ref.110]

K, Kn K¢ Ki K¢ Ko K Kn Kr Ki K Ki
0 1.30 0.03 1.22 0.04 1.3 0.02 1.40 0.20 147 0.16 1.39 0.22
15 1.20 0.21 | 1.18 031 131 0.15 1.18 0.25 1.19 0.17 1.18 0.30
30 097 0.50 J 0.94 0.49 095 0.52 1.02 0.50 110 0.44 0.9 0.52
45 0.70 0.60 R 0.64 0.59 0.79 0.65 0.65 0.60 Q.70 0.58 064 0.61
60 0.42 0.60 J 0.36 0.56 0.43 0.68 0.36 0.60 0.38 0.68 0.34 0.56
™ 0.13 0.51 0.14 0.45 0.11 0.54 0.10 0.40 0.10 0.58 0.11 0.39
90 0.09 0.25 - 0.09 0.28 0.01 0.20 0.06 0.33 0.00 0.13

Tin C Tip D

a" Present Ref 110] Present Ref.[10]

K1 Ko | K Ko K& Kd Ky Ko K¢ K Kf Ky
0 1.40 0.20 1.42 0.21 1.39 0.22 1.30 0.03 1.28 0.00 135 0.02
15 127 0.21 1.30 0.20 1.27 0.22 127 0.01 128 0.00 1.25 0.00
30 1.25 0.19 | 1.27 0.19 1.22 0.19 1.20 0.01 118 0.01 121 001
45 1.16 0.14 1.14 0.14 1.18 0.14 1.16 0.01 1.16 0.04 118 0.01
60 1.14 0.10 114 0.08 1.14 0.10 1.164 0.01 115 0.06 1.14 0.01
7 110 0.05 1.08 0.05 111 0.05 1.10 0.00 1.06 0.02 112 0.01
2] 1.06 0.03 1.05 0.08 1.08 0.02 1.00 0.00 1.10 0.02 1.09 0.01

A obMEtE| x| M14H ®M13 'ogd 39

15



(43

A ‘\ 0.8
o \ Y%
N - ‘
h_*—“:l"xﬁf N R
¢ ———-Y1'p
fa— |
0.8
15
2a=0.8
N i )

o

g‘ N
45 I
Fig. 6 Geometry and loading for two equal
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Table 3 Stress intensity factors for a straight crack
and a kinked crack in a finite plate
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Table 4 Stress intensity factors for a branch crack in

a finite plate
2a/w=05 H/w=10 Present Ref.[11]
o’ Kia | Kis | Ko [Kia]| Kis |Kas
10 0871061 | 012 {0871 062 [0.12
20 092 | 0581024 1092 058 [0.24
30 090 { 049 | 0351091} 050 [0.35
45 087 | 0.33 | 050 | 0.87 | 0.33 |050
60 0821012 {052 {081 012 {052
70 0.77 | -0.08| 0.50 {0.77 | -0.08]0.50
hWw=10, a =45 present Ref.[11]
2a/w Kia| Kin | Kas |[Kia| Kis [Kas
0.10 069|031 032 (069 031 1032
0.25 0731032034 [074{ 031 10.34
0.40 0810321041 [081] 032|041
0.50 087 | 033 {050 {087 0.33 |0.50
0.60 0931035} 060 093} 0.35 | 0.60
2a/w=05 o =45 Present Ref[11]
h/w Kia {Kis| Kns [Kia| Kis |Kns
08 099 10.38] 055 |1.00( 038 |0.55
10 087 10.33) 050 10871 033 |0.50
12 080 [0.31] 043 {0804 0.31 [0.43
16 0.74 10301 0.40 {0.74 0.30 | 0.40
2.0 071 10.30] 038 [0.71 | 0.30 {0.38
24 0.70 10304 0.37 10.70} 030 | 0.37
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