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Analysis of Variations of Stress Intensity Factors of a Rectangular Crack
Subjected to Shear Loading
(Relationship between Kiimax, Kimax and varea)
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In this paper, a singular integral equation method is applied to calculate the stress intensity
factor along crack front of a 3D rectangular crack in an infinite body under mixed mode loading. The
body force method is used to formulate the problem as a system of singular integral equations with
singularities of the form 7~ using the stress field induced by a force doublet in an infinite body as
fundamental solution. In the numerical calculation, unknown body force densities are approximated
by using fundamental density functions and polynomials. The present method yields rapidly converg-
ing numerical results for various aspect ratios of a rectangular crack. Distributions of stress
intensity factors are indicated in tables and figures with varying the shape and Poisson’s ratio. The
maximum stress intensity factors Kumax and Kiumax are found to be controlled by the varea parameter
in a similar way of the case of Kimax.
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Fig.l (a) A rectangular crack in a infinite body.

(b) Change of integral parameter from (&,7) to (r,@).
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Table 1 Convergence of the results F, (bfa=10,v =03, Number of collocation points 10x10)-

x/a

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.84632]0.84313}0.83388]0.81938j0.80061)0.7780510.75055]0.71304)|0.65152]0.52658[0.00000
0.83912|0.83767{0.83273]0.82282|0.80614]0.78139]0.74813]0.70565)0.64732{0.53886]0.00000
0.84186|0.8394410.83243]0.82110|0.805020.78231|0.74997]0.70505/0.64367|0.54204[0.00000
0.84099|0.83899]0.83274]0.82160|0.80497|0.78193{0.750210.70552]0.64210|0.54186)0.00000
0.84116|0.83906]0.83266|0.82156)0.80502]0.78194{0.750280.70585)|0.64140|0.53965}0.00000
0.84119|0.83906]0.83263|0.82155)0.80504]0.78189]0.750260.70618)0.64139]0.53814]0.00000

~N oL e wNlD

Table 2 Convergence of the results F,(b/a=0.25,v =03, Number of collocation points 10x10)-

x/a 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

1.00274]1.00015]0.99311[0.98353[0.97395]0.966270.95968|0.946650.90427|0.76706|0.00000
0.98761]0.98840|0.98991|0.98988)0.98571]0.97561{0.95918[0.93546 |0.89375]0.77868|0.00000
0.992560.99164]|0.98934 | 0.98655|0.98313]0.97679|0.963120.93682|0.88960{0.78051]0.00000
0.990950.99081|0.98997|0.98756 |0.98300{0.97568]0.96299|0.93814 |0.88913(0.78080|0.00000
0.99157[0.99104|0.98965|0.98740|0.98336]0.97584]0.96261|0.93834|0.88931/0.781200.00000
0.9912040.99097|0.98988|0.98737 [0.98318|0.97601]0.96268]0.93821|0.88959/0.78129}0.00000

N o s wn|s

(a) n=2 (b) n=5 (c) n=7

Fig.3 Compliance of boundary condition 7, =0 when b/a=1.0,v=03,

Table 3 Dimensionless stress intensity factors IZ along the crack front y=»4 when y=03 in Fig.101=7).

/

;/: 0(Kassir:[7]) 0.1 0.2 0.3 0.4 0.5 | 0.6 0.7 0.8 0.9 1.0
§.000 | 0.120 ( - ) ] 0.120 | 0.119 | 0.118 | 0.116 | 0.112 | 0.107 | 0.099 | 0.088 | 0.067 | 0.000
4.000 | 0.239 ( - ) | o0.238| 0.236 | 0.232 | 0.227 | 0.220 | 0.212 | 0.200 | 0.181 | 0.145 | 0.000

2.000 0.466 ( - ) 0.464 | 0.460 | 0.453 | 0.443 | 0.429 | 0.410 | 0.384 | 0.350 | 0.293 | 0.000
1.000 0.841 (0.831) 0.839 | 0.833 | 0.822 | 0.805 | 0.782 | 0.750 { 0.706 | 0.641 | 0.538 | 0.000
0.500 0.955 (0.940) 0.954 | 0.949 | 0.942 | 0.929 | 0.911 | 0.883 | 0.842 | 0.777 | 0.661 | 0.000
0.250 0.991 (0.987) 0.991 | 0.990 | 0.987 | 0.983 | 0.976 | 0.963 | 0.938 | 0.890 | 0.781 | 0.000
0.125 0.998 ( - ) 0.998 | 0.998 | 0.998 | 0.997 | 0.996 | 0.992 | 0.985 | 0.964 | 0.890 | 0.000

Table 4 Dimensionless stress intensity factors F, along the crack front x=g when y =03 in Fig.1l(n=7).

/b
i/a "0 0.1 0.2 0.3 0.4 0.5 0.6 | 0.7 0.8 0.9 1.0

8.000 0.995 0.995 | 0.995 0.993 1 0.991 | 0.988 | 0.980 | 0.965 | 0.931 | 0.836 0.000

4.000 0.953 0.951 | 0.947 0.940 | 0.927 | 0.909 | 0.881 | 0.839 | 0.772 0.653 0.000

2.000 0.839 0.837 | 0.931 | 0.819 | 0.802 | 0.778 | 0.746 | 0.700 | 0.635 0.530 0.000

1.000 | 0.654 | 0.653 | 0.647 | 0.637 | 0.622 | 0.602 | 0.576 | 0.539 | 0.488 | 0.408 | 0.000

0.500 0.335 | 0.334 | 0.331 | 0.326 | 0.318 1 0.308 | 0.295 } 0.278 | 0.252 | 0.205 | 0.000

0.250 0.168 0.168 | 0.166 0.164 | 0.161 | 0.156 | 0.150 | 0.140 | 0.124 0.095 0.000

0.125 0.086 0.086 | 0.085 0.083 | 0.081 | 0.077 | 0.072 0.066 | 0.057 0.042 0.000
Table 5 F, .. vs. b/a and v for a rectangular Table 6 Fy ., vs. b/a and v for a rectangular
crack in an infinite body [( ):Kassir!”]. crack in an infinite body.
b/a d b/a v

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
8.000 | 0.102 | 0.108 | 0.114 | 0.120 | 0.129 [ 0.139 3.000 | 0.995 | 0.99a | 0.952 | o.99%0 -
4.000 | 0.203 } 0.213 | 0.225 | 0.239 | 0.255 | 0.274 4.000 | 0.977 | 0.971 | 0.963 | 0.953 g gg; g':ig
2,000 | 0.400 | 0.419 | 0.441 | 0.466 | 0.4%94 | 0.525 2.000 | 0.903 | o.888 | o0.866 | o0.8sa0 | o0.805 | 0.762
1.000 | 0.753 { 0.781 [ 0.810 | 0.841 | 0.874 | 0.910 1.000 | 0.753 | 0.725 | o.692 | o0.654 | o.610 | 0.556

(0.759) | (0.796) | (0.831) | (0.866) 0.500 | 0.400 | 0.380 | 0.359 | 0.335 | 0.308 | 0.277
0.500 | 0.906 | 0.922 | 0.938 | 0.955 | 0.971 | 0.987 0.250 | 0.203 | 0.192 | o0.181 | o0.168 | 0.154 | 0.138
(0.908) | (0.926) | (0.940) | (0.966) 0.125 | o0.102 | 0.097 | 0.092 | 0.085 | 0.079 | 0.071
0.250 | 0.978 | 0.982 | 0.987 | 0.991 | 0.996 | 0.999
) (0.973) | (0.984) | (0.987) | (0.996)

0.125 | 0.995 | 0.996 | 0.997 | 0.998 | 0.999 | 1.000
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Fig.4 Variation of dimensionless stress inten-
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Fig.5 Variation of dimensionless stress inten-
sity factors F, along the crack front x =g when
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Table 7 F, at A vs. b/a in-Fig.1 when O, =1,
'r; =0 independent of Poisson’s ratio.

FaiA K, at A Fat A K, atd
atd=—cgm RPN N o
! o, b ! o, JrJarea
‘A b/a FatA FElat A
8.000 0.102 0.136
26| 4.000 0.202 0.202
2.000 0.400 0.336
1.000 0.753 0.533
2a 0.500 0.906 0.539
> 0.250 0.976 0.489
0.125 0.995 0.471
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blas1 TF, =055, blaz1TF,, =045KRIT 3

HDEEIZLND.

6. ¥ &
(1) EFREEUNEF THANMEZZITSHEZE
BBNEORBEMSFRAZEZMITLTERLE. X
HEKEELSEEEEELSEAORTHELUT S Z &
k> THEMDR VB R (10 x10) TRFRIUK

Table '8 F":mlx vs. b/a and y for a rectangular

crack in an infinite body.F,. =K,,m/r;JnJarea

(area = 4ab, if bfa< 0.2 area =20b%, if bfa = 5.0 area = 20a>)

b/a
] 0.1 0.2 0.3 0.4 0.5
8.000 0.1079 | o.1142 | o0.1205 | 0.1269 | o0.136¢4 | o0.1469
4.000 0.2030 | 0.2130 | o0.2250 | 0.2390 | o0.2550 | 0.2740
2.000 0.3364 0.3523 0.3708 0.3919 0.4154 0.4415
1.000 0.5325 0.5523 0.5728 0.5947 0.6180 0.6435
0.500 0.5387 0.5482 0.5577 0.5678 0.5774 0.5869
0.250 0.4890 0.4910 0.493S 0.4955 0.4980 0.4995
0.125 0.4705 0.4710 0.4715 0.4719 0.4724 0.4729
-0 0.4729 0.4729 0.4729 0.4729 0.4729 0.4729
.
Table 9 F vs. b/a and y for a rectangular

1 max

crack in an infinite body. F,.. =K”,,m/r;JﬂJarea

(area = 4ab, if blas 0.2 area = 20b°, if bfa =50 area = 20a2)

b/a
) 0.1 0.2 0.3 0.4 0.5

~+00 0.4729 0.4729 0.4729 0.4729 0.4729 0.4729
8.000 0.470S 0.4700 0.4691 0.4681 0.4667 0.4644
4.000 0.4885 0.4855 0.4815 0.4765 0.4695 0.4595
2.000 0.5369 0.5280 0.5149 0.4995 0.4787 0.4531
1.000 0.5325 0.5127 0.4893 0.4624 0.4313 0.3932
0.500 0.3364 0.3195 0.3019 0.2817 0.2590 0.2329
0.250 0.2030 0.1920 0.1810 '0.1680 0.1540 0.1380
0.125 0.1213 0.1154 0.1094 .{ 0.1011 0.0939 0.0844

Table 10 F,,:mlx vs. b/a and v for an elliptical

crack in an infinite body. Fyow = ”“m/rﬂJﬂ‘,area

(area = mb, if bfa <02 area =20b%, if bja = 5.0 area = 2002)

b/a - d
o 0.1 0.2 0.3 0.4 0.5

8.000 0.1633 0.1807 0.2022 0.2296 0.2655 0.3148
4.000 0.2477 0.2720 0.3016 0.3382 0.3852 0.4471
2.000 0.3688 0.3982 0.4329 0.4740 0.5238 0.5853
1.000 0.4782 0.5033 0.5313 0.5626 0.5977 0.6376
0.500 0.5215 0.5355 0.5502 0.5657 0.5822 0.5995
0.250, 0.4955 0.5009 0.5064 0.5121 0.5178 0.5237
0.125 0.4619 0.4636 0.4654 0.4672 0.4690 0.4708

=0 0.4729 0.4729 0.4729 0.4729 0.4729 0.4729

Table 11 F,’ vs. b/a and v for an elliptical

1l max

crack in an infinite body. F, . =K,,,m/rﬂJtharea

(area = mab, if bla <02 area = 20{)2, if bla = 5.0 area = 20(12)

b/a
0 0.1 0.2 0.3 0.4 0.5
—0 0.472% 0.4729 0.4729 0.4729 0.4729 0.472%
8.000 0.4619 0.4600 0.4576 0.4546 0.4506 0.4452
4.000 0.4955 0.4896 0.4825 0.4736 0.4622 0.4471
2.000 0.5215 0.5069 0.4897 0.4692 0.4444 0.4138
1.000 0.4782 0.4530 0.4251 0.3938 0.3587 0.3188
0.500 0.3688 0.3408 0.3112 0.2800 0.2470 0.2120
0.2s80 0.2477 0.2254 0.2026 0.1792 0.1553 0.1310
0.125 0.1633 0.1475 0.1316 0.1156 0.0995 0.0832

£ (k1 2) LERAGHEOMHBE (K3) &ESH
RISHIERBERODH (K4, 5) NELOWHIKED/a
ERT7Y v L TES N,
QEFHEHOBRIb/a ERT Y 2y ERHEMIC
FEEBEDODBRKENIEKRGERESHIERFREK
DM ERRITRLE (&S5, 6, K4~6). Kassir?
DEERITHE, BRT28%BEOBRENDD ZEMND
Mmole. ¥/, EAMZHOBRENEDOERET2X
NERHEDBEZDERELEER, R
b/a=1/8 T Fy o = 0995~ 1.000 T, b/a=80 T
Fy i =0982 ~0995TH D, 1ZEF, =1, F,=1Tdh5
ZENbMho T
GYEBAMIEHEZITAEAREZEHEES RS 2 E
BLIEHER, —RIIEBOIRTERUDOTARY ML
<1DFEBIZBNT, K, = O.SST;JnJarTa MR T 5.
¥, TARIZ b1 OBBITBB W T,
Ky = 0457 Jarea BRI T 5 (K 7).
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Fig.7 Relation between K, .. Ky vs. fres
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