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Numerical Simulation of Stress Intensity Factor of Surface Crack
under Biaxial-bending Loading
LI Chong GONG Xu-hui WANG Ren-fu

( Luoyang Ship Material Research Institute Luoyang 471023 China)
Abstract: Stress intensity factor of surface crack front under biaxial-bending loading was calculated by FRANC3D. The re—
sults of simulation and theoretical calculation are totally consistent. Besides stress intensity factor of surface crack front of
various aspect ratios in the case of equal area crack is analyzed. It is found that ellipse surface crack with a/c =1/3 is
mostly dangerous if the surface crack is shallow; ellipse surface crack with a/c =2 is mostly dangerous if the surface crack
is deep.
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Table 1  Meshing parameters
(0 1);
C3D20R 15 176 73 635 Structured °
: C3D20R——20
A
26.47 MPa * m'”; B
33.98 MPa * m'"*.
D=530 mm
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P=5 MPa
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1 Fig. 3 Schematic diagram of surface crack
Fig. 1 Dimension of specimens
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Fig.2  FRANC3D calculation flowchart
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4 Fig. 5 Stress intensity factor distribution
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along surface crack front
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Table 2  Stress intensity factor formulae of surface crack at points A and B
A B
Ky = MF H,0 A/%a Ky = MFyHyo e /\/%
o=y e (2) () o=y e (2) ()
= [ () ()] = [ () ()]
172 172
F, = [sec(ic /i,] F, = 1.1+0.35(a/t)? [sec(ic /i']
2w t 2w t
H, =1+G,(a/t) +G,(ali)? Hy =1.0-0.34(a/t) -0.11(a/c) (a/i)
M, =1.13 0. 09( a/c)
M, =—0.54 +0.89/(0.2 + a/c)
M, =0.5 -1/(0.65 + a/c) +14(1 —a/c)™
G, =-1.22 -0.12( a/e)
G, =0.55 -1.05(a/c)*” +0.47(a/c)'”
(KK A ya  c il
yQ aM ;F.\‘FB ;H.—\‘HB ;o-mmx
. A 29.05 MPa » m'?; B
35.37 MPa * m'”.
2.3 . 3
A B
FRANC3D 10% o
3 A B

Table 3 The comparison of numerial and theoretical calculated values of stress intonsity factor at points

A and B on surface crack front

K, /(MPa*m'?) K, /(MPa*m'?) 1%
A 26. 47 29. 05 8. 88
B 33.98

35.37 3.93
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Table 4 Surface crack under equal area with Fig. 6  Stress intensity factor distribution
diff | t rati along surface crack front (a/c <1)
1ierent aspect ratios
(a/c) (@) /mm (¢) /mm
1:1 5.200 5.200
1:2 3.675 7.350
1:3 3.000 9. 000
1:4 2. 600 10. 400
1:5 2.325 11. 625
2:1 7.350 3.675
3:1 9. 000 3.000
5:1 11. 625 2.325
7 (a/c=1)
FRANC3D Fig.7 Stress intensity factor distribution
M along surface crack front( a/c=1)
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(a/c) 1/3 K, _
39.12 Mpa * m'”? ’ _
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(a/c) (3)
KI 44.81 Mpa
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