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A Study on Mode III Kinked Crack Analysis Using Displacement-Discontinuity Method

Ukhwan Sur*
*School of Mechanical Engineering, Halla University, Wonju 220-712, Korea

Abstract

An integral equation representation of cracks was presented, which differs from well-known
“dislocation layer’ representation. In this new representation, an integral equation representation of
cracks was developed and coupled to the direct boundary-element method for treatment of cracks in
plane finite bodies. The method was developed for in-plane( modes I and II} loadings only. In this
paper, the method is formulated and applied to mode III problems involving smooth or kinked 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.
(Received May 23, 2000)
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Fig. 1 Plane elastic region containing a crack

o

Fig. 1olX s Zo] ARAAN Iy * W%
Piecewise Smooth Crack Line I'.& #+ oj9
ATY 27 9RAAANY dRE 94 9
(traction) t; 2 U™A AAX o
(displacement) ;& WAst Yotz 7H3izt 2
o 21473 AR 2 2 (direct boundary integral
equation) & FTEH (1) 7HLd A A 2o

o 2ol dgdt

CXus(x) = f ro(UR)55(x, X)(X)ds(x)
- F n(ue)(x, Du(X)ds(x) @
+ Frluc)sx, HAuX)ds(x) xonT,

() = § r(R)ss(x, DLESE) - F (710 35(x, Dity(Dds (%)
+ & (0)(x, ) Auy(Dds(x)  xon T, 5)

03{7]}‘1 Aus = us - w'E )E}Eﬂa?, TEH @‘?‘]
vepdt,

]

3. X|8l| 8 (Numerical Treatment)
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Fig. 2 Discretized plane region containing a

discretized crack
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Fig. 3 Geometry and loading for a straight central
crack in a finite sheet under a uniformly
distributed shear stress.
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Fig. 4 Geometry and loading for a straight central
crack in a finite sheet with edges parallel to
the crack.
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Table 1 Stress intensity factors for a straight central crack under a uniformly distributed
shear stress as shown in Fig. 3

ab|. 1:1.2 1:1.4 1:1.6 1:2.0 1:o0
a‘h Present | Ref.[8) |Present | Ref.(8) |Present| Ref.(8) | Present| Ref.(8) |Present|Ref.(8)
1:0.25 1.897 | 1.900 | 1.780 | 1.782 | 1.771 | 1.773 | 1.770 | 1.772 | 1.770 | 1.772
1:0.5 1.723 | 1.725 | 1.460 | 1.463 | 1.399 | 1.401 | 1.377 | 1.379 | 1.375 | 1.377
1:1 1.689 | 1.691 | 1.369 | 1.370 | 1.254 | 1.256 | 1.176 | 1.178 | 1.147 | 1.149
1:2 1.686 | 1.689 | 1.359 | 1.361 | 1.233 | 1.235 | 1.127 | 1.130 | 1.046 | 1.047
1:4 1.686 | 1.689 | 1.358 | 1.360 | 1.233 | 1.235 ] 1.126 | 1.128 | 1.012 | 1.013
l:o0 1.687 | 1.689 | 1.358 | 1.360 | 1.234 | 1.235 | 1.127 | 1.128 | 1.000 | 1.000

Table 2 Stress intensity factors for a straight central crack under a uniformly distributed
shear stress as shown in Fig. 4

a:b 1:1.2 1:1.4 1:1.6 1:2.0 ]:o0
a‘h Present | Ref.[9] |Present | Ref.(9) | Present | Ref.(9) | Present| Ref.(9]) |Present | Ref. (9]
1:0.25 | 0.398 | 0.400 | 0.397 | 0.399 | 0.397 | 0.399 | 0.397 | 0.399 | 0.397 | 0.399
1:0.5 0.573 | 0.575 | 0.560 | 0.564 | 0.560 | 0.563 | 0.561 | 0.563 | 0.561 | 0.563
1:1 0.830 | 0.833 | 0.778 | 0.780 | 0.767 | 0.769 | 0.762 | 0.764 | 0.762 | 0.764
1:2 1.111 | 1.114 | 0.989 | 0.991 | 0.948 | 0.950 | 0.920 | 0.923 | 0.912 | 0.914
1:4 1.339 | 1.342 | 1.145 | 1.147 | 1.072 | 1.074 | 1.014 | 1.016 | 0.974 | 0.975
1:o0 1.687 | 1.689 | 1.3568 | 1.369 | 1.234 | 1.235 | 1.127 | 1.128 | 1.000 | 1.000
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Table 3 Stress intensity factors for a straight central crack under a uniformly distributed
shear stress as shown in Fig. 5

a:b 1:1.2 1:1.4 1:1.6 1:2.0 1io0
a‘h Present| Ref.(9) |Present | Ref.(9] | Present| Ref.[9) | Present| Ref.(9) |Present | Ref.(9]
1:0.25 1.650 | 1.653 | 1.759 | 1.760 | 1.769 | 1.771 | 1.770 | 1.772 | 1.770 | 1.772
1:0.5 1.177 | 1.180 | 1.295 | 1.298 { 1.351 | 1.354 | 1.373 | 1.375 | 1.375 | 1.377
1:1 0.844 | 0.847 | 0.981 | 0.984 | 1.065 | 1.058 | 1.120 | 1.122 | 1.147 | 1.149
1:2 0.772 | 0.775 | 0.868 | 0.871 | 0.920 | 0.922 | 0.977 | 0.979 | 1.046 | 1.047
1:4 0.767 | 0.770 | 0.856 | 0.859 | 0.899 | 0.901 | 0.941 | 0.943 | 1.012 | 1.013
1:00 0.768 | 0.770 | 0.857 | 0.859 | 0.900 | 0.901 | 0.942 | 0.942 | 1.000 | 1.000

Table 4 Stress intensity factors for a straight central crack under a uniformly distributed
shear stress as shown in Fig. 6

ab 1:1.2 1:1.4 1:1.6 1:2.0 1.
a‘h Present| Ref.(9) |Present | Ref.(9) | Present | Ref.(9) | Present| Ref.(9] |Present | Ref.[9)
1:0.25 0.396 | 0.398 | 0.397 | 0.399 | 0.398 | 0.399 | 0.398 | 0.399 | 0.398 | 0.399
1:0.5 0.546 | 0.551 | 0.560 | 0.562 | 0.561 | 0.563 | 0.562 | 0.563 | 0.562 | 0.563
1:1 0.700 | 0.702 | 0.746 | 0.748 | 0.758 | 0.760 | 0.762 | 0.764 | 0.762 | 0.764
1:2 0.763 | 0.765 | 0.844 | 0.846 | 0.878 | 0.880 | 0.903 | 0.905 | 0.913 | 0.914
1:4 0.767 | 0.770 | 0.856 | 0.858 | 0.899 | 0.900 | 0.940 | 0.940 | 0.915 | 0.915
lioo 0.768 | 0.770 | 0.857 | 0.859 | 0.900 | 0.901 | 0.942 | 0.942 | 1.000 | 1.000
A X A X,
= 3
h h
v ole @° x ¥ X
N ¥ ® ©® & > r >
2a ¢
h h
¥ X

N
i

¢
I 2 l¢ »
[ 2 '

Fig. 5 Geometry and loading for a straight central
crack in a finite sheet with fixed edges
perpendicular to the crack.

Fig. 7& Ho] < dYF ¥ Ht-$= (uniform
antiplane shear stress)e] #&3le F43FH
(square plate)l A el A F <L (Symmetric
shaped crack) g BHoFth, #E€E 40842 o
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Fig. 6 Geometry and loading for a straight central
crack in a finite sheet with four fixed edges.
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Fig. 7 Geometry and loading for a synnetruc V-
shaed crack in a finite sheet under a
uniformly distributed shear force.
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Fig. 8 Geometry and loading for a straight central
crack in a finite sheet under a uniformly
distributed shear stress.
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45 60 75
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Table 6 Stress intensity factors for a antisymmetric kinked crack under a uniformly distributed shear stress

as shown in Fig. 8

a 15 30

45 60 L 75
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