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Abstract: Producing structured mesh at the immediate vicinity of the crack front for three—dimensional (3D) crack
modelling is a very time consuming and difficult task. A geometry feature based method for 3D crack modelling
based on virtual crack closure-integral method (VCCM) for the tetrahedral finite element is proposed, and the im-
plementation details of employing tetrahedral finite elements for 3D crack modelling on the basis of ABAQUS are
described. On this basis, a 3D crack analysis package is developed by applying the Python programming language
combined with NumPy and SciPy to automate the whole process of crack problem analysis. The stability and ro-
bustness of the 3D crack automated modelling is improved by employing tetrahedral finite element. The numerical
examples are in good agreement with the results in the literature, proving the accuracy and reliability of the model-
ling method.
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Fig.1 Element face arrangements across the crack front
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(a) 2JRHAE

P52 gy L Aoy 4 A A (0] 8 80 T 1
Fig.5 The problem of embedded elliptical crack

(b) LT )y HB AL 1A

K16 a/c=0. 5 AL R LA BRIT R A%
Fig. 6 A typical finite element model for the embedded el-

liptical crack problem for the case of a/c=0.5

a/c=0.5, N.BOA [AH B VCCM ¥ 31 55 44
AR 0 X He A 2 1A%, Sk 1 3 AR R
NI A VCCM L 52, 3R 1 9 15 22 43 it
P8 = 00 /N B, JE SR AR 22 4 T 3 1R B A
INER
#1 a/c=0.58 NEARMEVCCM LT HE 45 A i 22 73 1

Table 1  Summary of error for mode | embedded
elliptical crack with different N, computing SIFs

N, FHRE/ % WRRE/ N
2 0. 507 1.639
6 0.269 0.767
10 0.175 0. 590
14 0.143 0. 544
18 0.122 0.429
22 0.115 0.433
26 0.128 0. 336
30 0.145 0. 360

M T LA N =2 W, 155 45 5 F B
[ 7 ¥R 22 M KR 2 4y Bk 0.507%
1.639% fH I sl 1 &, W& 7(a) s s B & Ntk —
AR VT2 J Uk s VR AR /N | RN B A7 A A X R
2275 /N 2 NUBCE 30 B, TR 45 5L B S Ak sk g
HARW I, IR 2 R 0. 145% , e KA AR 22
0.360% , & 7(b) Frox , 3 B A7 3 SCEk[ 11 ]
B2 WY KBS, UL W TE X4 [ 1) 24 S0RT 2 W
A B R (I 4 FE 6 iR ), VCCM 32 118 b 54
SHMREEARS . SES T HHEE, AXG
LI 5B N0,

1.0

R fiR
o VCCM

K/[o(ra)]

20/n
(a) N.=2
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Fig.7 The distributions of the stress intensity factor
along the crack front for different N,

a/c BUA [RE BF VCCM 3 & 45 3 R 28 i
fift R 2ZE T IR 2 TR AT LB Y a/c=
0. 4 BF, VCCM ¥ 7155 25 5 R B8 g W) & B 48
SRR ZE/NT 0. 24% e RIRZE/INT 0. 710 B
a/c BN IR ZEFEA YR AL SR R 338 g W) & 1R
.Y a/c=0.2 fla/c=0. 1 1}, 2 15% 2% 43 5] 4
0.53% M11.64% , e KA X2 2243 514 1. 02% 1
3.03% o TRZEAR KA JE B & /N o/ c B 5T K
(1) 24 S0 2% B o0 ROSE /N B 00 5 8 BOE (6 5 80
FICTE R A K.

222 1 B I S B0 25 AT

Table 2 Summary of error for mode | embedded
elliptical crack with fixed-width element faces

alc P2/ % R/ %
0.1 1.64 3.03
0.2 0.53 1.02
0.4 0.19 0.68
0.5 0.17 0.59
0.6 0.17 0.63
0.8 0.23 0.70
1.0 0.22 0.70

3.1.2 BT HE
P A T 20 B AT LA, 2 a/c BUIR /N A
Feam 0. 1), VCCM ¥ By 355 45 5 F 38 i i i 2%

RS A4 K, T Rl 2R 800 % 0 BT T IR AN B8 0 R o
AR B0 S R R FH R B8 RE BT B AE T IR
JCRGE W 8 i o B R F w=r=h=10c, %4
ST 5 TCH N B 360, a/c 43 L0, 1,0.2,0. 4,
0.5, 0.6, 0.8, 1.0, # % 5 5% % A 94 414~
131 068,47 S %M 133 788~183 942, VCCM ¥kt
LS AR R 2 T R 3R AT LLE
thia/c=0. 1B, A # T 24 BUHT % 500 98 B U@
{H, T 55 45 3R B A 04 7 3 1R 25 Rl e KRR 22 8
AU a/c=0. 20, FHBREA/NESGE i
KAHXFIRZRA D Ksa/c=0. 40F, W Fh 2 80RT 2
PATTA BB TR A R AR

PRl 28 S50 2 T AR B S A R U T
Yi X VCCM ¥ 1 52 ma AR /N, R80T 21 ooc oA
ERARIFIR NI R B g SR DA S T S O
FHIRE, N af c {E X I B R B8R A FEE
(4, FE 9% 55 BT VR T, 2 8001 2% BE i 1) 1L 77 Bl
BEHGWY RSP 22

B A
G

i
I

V000000004 %
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P8 7R G R B TT ] R () A ] 2R SO A
Fig. 8 Elliptical crack front template with
changing element width

#3 1 BN SR R Rk 25 o A
Table 3 Summary of error for mode | embedded
elliptical crack with changing—width element faces

alc TR/ Y% KR/ %
0.1 1.11 1.91
0.2 0.41 1.43
0.4 0.23 0.76
0.5 0.16 0.52
0.6 0.22 0.88
0.8 0.19 0.59
1.0 0.19 0. 80

3.1.3 HITRSF
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360, a/c 4y 0. 4,0.6,0. 8, 440 [ 2 .70 55 B A
WORE Y Lo N B 180 B, #5550 B4 ST 8k 56 644~
65 957, % BN 82 847~95 7303 N, L 360 I} , 45
TP ST R R 87 619~128 285, 7 s %k h 125 930~
180 278, & 4 B P ML [ 4 0 i3 25 4y an % 4
It
Fd AN HE A I LR 25 AT

Table 4 Summary of error for mixed mode
embedded elliptical crack

EAE TR (Y) BRIRZE(Y%)
axm Niw=180 N, =360 N,,=180 N, =360

0.4 0.35 0.23 0.7 0.79

1 0.6 0.35 0.25 0.8  0.86

0.8 0.24 0.27  0.77  0.98

0.4 1.21 0.57 150 1.02

i 0.6 0.56 0.45 194  1.10

0.8 0.57 0.36 162 0.77

0.4 0.68 0.32  3.27 177

il 0.6 0.61 0.27 267  1.46

0.8 0.47 0.30  2.36 1.1l
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Ma/c /3y HIELO. 6 F10. 8 HF, VCCM 3%+ 45 L
Newman-Raju fif (97 B A X 52 25 537 R 1. 13 % Fil
0.57% , e AN 22430 Ry 1. 9726 F1 1,47 % .

(a) &JRHLHE
P9 AR 5 M T 2L

Fig.9 The problem of semi-elliptical surface crack
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Fig. 10  The distributions of the SIFs for a/c
being 0. 6 and 0. 8
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