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[9~ 11]°
[12]
Crouch  Sarfield ¥ ,
)
Kitagawa Yuuki ¥ ,
s Murakami! ™4 s
, [ 15]- ,
1
[4]
[12] .
1.1 4
lx1< a,y= 0 Di= (Dy, Dy),
(41,
Dy = uwe(x,0)— u(x,0 ),
lx 1< a,y= 0
Dy= u(x,0)- wu(x,0),
Ux Wy X A 5 D D}/ 1
Crouch  Starfield"” s
we = Def2(1= V)F3(x,y )= yFs(x,y)]+
Dy[- (1= 2V)Fa(x,y) — yFa(x,5)],
wy= Dif2(1= V)Fao(x,y)— yFa(x,y)]+
g Dy 2(1= V)Fs(x,y)— yFs(x,y)];
Ouw = 26D:[2F4(x, y)+ yFe(x,y) ]+ 26Dy[— Fs(x,y)+ yFi(x,y)],
Oy = 2GD:[= yFo(x, y)] + 2GDy[— Fs(x,y) - yFa(x,y)],
Oy = 26Di[- Fs(x,y)+ yFi(x,y)] + 2GDy[- yFe(x, y)]:
G Vv , Fa, -y F7 [4]* Crouch  Starfield*
(2) (3 .
1.2

(1)

[12]
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(4)
He Ha .
, , (4)
, - 172 .
(41, ’ (4)
(x.¥) o
we= H2(1- V)Bs(x,y) - yBs(x,y)] +
Huof- (1= 2V)Ba(x,y) = yBa(x.y)], (5)
uy= H2(1- V)Ba(x,y) - yBa(x, y)] +
. Hy[2(1- V)Bs(x,y)— yBs(x,y)];
Ouw = 2GH[2Ba(x.y) + yBe(x,y)] + 2GH o[- Bs(x,y) + yBi(x,y)],
Oy = 2GH - yBs(x,y)]+ 2GH[— Bs(x,y) - yBi(x,y)]. (6)
Oy = 26H- Bs(x,y)+ yBa(x,y)] + 2GH[- yBe(x, y)];
Ba(x,y) ~ Bo(x,y) [12] -
(5) (06) (2) (3) .
, , (2) (3)
Fi(x,y) (i= 273, --,7) Bi(x,y)(i=23 -,7), D:. D, H,
Hn . .
(4)~ (06) ; .
;
3 5 7 10 15 25
K,/(0 Jﬂ_a) 0.921 0.977 5 0.983 8 0.9885 0.9 1 0.950
2 Aea
A con
(e 0.60 0. 65 0.70 0.75 0. 80 0.8 0.90 0.95 1.00
K /(o [Ta) 12048 1.1600 1.1394 1.1143 1.0928 1.0742 1.0578 1.0433 1.0303
Aera/ @ con 1.05 1. 10 1. 15 1.20 1.25 1.30 1.35 1. 40 1. 45
K,/(0 JTf_a) 1.0I86 1.0080 0.984 0.9896 0.9815 0.9741 0.9671 0.9607 0.9547




752

Necra Neci , 4

1.3
Crouch  Sarfield" ¥ (2) (3) .
(35 (6) , Crouch  Starfield
2
K1 Ky
[12],
_ e P J2GH ¢ .
T wvde T T T 2= vl
2.1
° 2a,
oe . 1 K
2 o
11, 10 1 . 1 ,
2 ° 2
» 0.9~ 1.3 ,
2.2
'i‘ Tg T
- ' N
: [ ,/n ! A 24 ’IB
R/(L = 2’ b/(L = 3 23 3. 53 4) 5; 8 K 3 / ‘
’ - ;
200  800° A B %4 b N
Kia Kis . p |
Fi= Kia/(07a),
Fg= Kip/(0 [Ta), 3
3 , 3 Erdogan
[ 16] .
b/a= 3.5 R/ a= 2 , .
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3
b/a 3.2 3.5 4 5 8
Fy Fg Fy Fy Fy Fg Fy Fy Fy Fg
2.2650 1.4149 1.7173 1.2887 1.3918 118 1 1.1732 11007 1.438 1.0326
[16] 2274 1.417 1.72 1.290 1.3% 1.188 1. 174 1.102 1. 45 1. 033
V(%) 0.4 0.1 0.3 0.1 0.2 0.1 0.1 0.1 0.1 0.0
4
L3, 25 50 75 150
Mo 100 200 300 600
F, 1. 95 4 1.708 2 17111 1.718 1 17220 [16])
/(%) 1.5 0.8 0.6 0.2
Fy 1.2826 1.286 2 1.286 4 1.2890 12900 [16])
N/(%) 0.6 0.3 03 01
3 4 R .
2 2
] , )T
: oot
2 — ——
2
H
, X ¥y
. & J[_ Ag, o
x
A= 0, /W= 0.1, a/b= 1.1, H
, 100 - -
W v
¥ 7 ¥
4
( o /T[a) 5 .
, 5 [ 15] .
[ 15] y
5
W/b=H/b= 10 [15]
a/b= 1.1 1.086 4 1. 07
. A

A= 01, - I
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H/W= 1, b/W = 0.25,
a/ W= 0.26,0.27,0.28, 0. 29, 0. 30, 0. 35, 0. 40, 0. 50, 0. 60, 0. 70, 0. 80, 0. 85, 0. 90;
H/W= 1, /W = 0.50,
a/W = 0.51,0.52,0.525, 0.53,0. 54, 0. 55, 0. 60, 0. 70, 0. 78, 0. 85, 0. 90°
) 100 200,
( o [Ma) 67 67 A
1) , A . , (b/W
=025 a/ W= 026 (/W= 0.5 a/W= 0.51) , A= -1
A= 0 26.5% 45.1%:*
2) a/ W . . (/W= 0.25aW= 09 (b/W=
0.5 a/W=10.9) , A=-1 A=0 1. 8%
13. 4% *
6 7
(b/W= 025 (b/ W= 0.5)
a/ W X a/W *
0 1 -1 0 1 -1
0.26 1.1974 1.8806 1.5142 0.51 Ll L9%9 6 > 6438
0.27 1220 1.9228 1542 0.52 1.9020 1.060 0 2. 7440
0.28 1.2503 1.952 1 1.5485
0.29 1.263 4 1.976 5 1.5503 0% 1903 Lo 2763
030  1.27%3 1.998 3 1.550 3 0.53 19551 1106 4 2. 8038
0.35 1.322 1.091 1 1.5533 0. 54 1.98 8 L1481 2.8495
0.40 1.3743 1.174 1 1.5745 0.55 2.0382 1187 8 2.8386
0.50 15021 1.3401 16641 0. 60 2.2137 L3780 3.049 4
0.60 1.6622 1.5247 1.7997 0.70 5 575 L7803 3 3347
0.70 1.8657 1.7509 1.980'5
0.80 2.168 1 2.0807 2.2555 0.78 2.837 21564 3.510
0.85 2 4148 23443 5 4853 0.85 3.167 6 2.58 9 3.7543
0.90 2.8337 2.784 1 2.8833 0.90 3.5110 3.041 4 3.980 6
4
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An Effective Boundary Element Method for Analysis of
Crack Problems in a Plane Elastic Plate

YAN Xiang giao
(Research Laboratory on Com posite Materials,

Harbin Institute of Technology , Harbin 150001,P .R . China)

Abstract: A simple and effective boundary element method for stress intensity factor calculation for
crack problems in a plane elastic plate is presented The boundary element method consists of the
constant displacement discontinuity element presented by Crouch and Starfield and the crack tip dis-
placement discontinuity elements proposed by YAN Xiao giao. In the boundary element implementa-
tion the left or the right crack tip displacement discontinuity element was placed locally at the corre-
sponding left or right each cradk tip on top of the constant displacement discontinuity elements that
cover the entire crack surface and the other boundaries. Test examples (i. e., a center cack in an in-
finite plate under tension, a drcular hole and a crack in an infinite plate under tension) are included
to illustrate that the numerical approach is very simple and accurate for stress intensity factor cal cula-
tion of plane elastidty aack problems. In addition, specifically, the stress intensity factors of branch-
ing cracks emanating from a square hole in a red¢angular plate under biaxial loads were analysed.
These numerica results indicate the present numerical approach is very effective for calculating stress
intensity fadtors of complex cracks in a 2 D finite body, and are used toreveal the effect of the biaxia
loads and the aracked body geometry on stress intensity factors.

Key words: stress intensity factor; boundary element method, displacement discontinuity; crack tip el

ement



