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XFEM-based mechanism of influence of microcrack on main crack

RUI Zhryuan, HU Xu-chun, FENG Rui-cheng, YAN Chang-feng

(College of Mechano-Electronic Engineering, Lanzhou Univ. of Tech. , Lanzhou 730050, China)

Abstract: A model of main crack in local mesoscopic-scale area with microcrack defect is established with
extended finite element method (XFEM) and the influence of microcrack on main crack located collinearly
with or offset vertically from the microcrack is studied. The investigation result shows that when the mi-
crocrack and the main crack are collinear, the shorter the distance between them, the greater the influence
of microcrack on stress intensity factor at the tip of the main crack will be; otherwise, the result will be
opposite. The influence of the unilateral offset double microcracks on the stress intensity factor at main
crack tip will exhibit periodic fluctuation with the variation of the horizontal position of main crack. This
fluctuation is caused by the enhancement and shielding effect of the microcracks on the main crack. Wheth-
er in the case of collinear or offset cracks, only the microcrack close to the main crack tip will have a grea-
ter effect on the main crack, otherwise, the result will be opposite.

Key words: microcrack; extended finite element; main crack; stress intensity factor; defect

R ,Kachanovt*"

,Rubinstein"

2]

Kachanov

: 2016-03-02
b
(148RJZA008) ,
(2014A-033)

(1962-), . . . Rose!™



XFEM

Rose

b

Kachanov

’

Moes . Daux

’

nite element method)

[11-12]
b

[13]

Feng  Yan [

1
1.1
1
mm, a
hsh/a 0.6~1.8,

0.01 mm,

Belytschko [

XFEM (extended fi-

[14]

, Ju, Chen,

0.1 mmX0.1 mm

N

0. 03

K,=2.99 MPa « mm'?,

(quad-dominated) ,

o 37 o
2 , a
., 0.008 mm, s
l/a=0.5,1.0,h/a —1.5~6.0.
h/a

) a

K, 4.5
MPa « mm'?.

BT 2 (o
= i
‘l\—‘_k ot
|

A A A

1

ig. 1 Collinear model of single microcrack and main crack

TERUCK

<9 o a < h
| | | [

/ — —

WROBIX TRLBX  ~ 33%5([2

TRIAR |

THERELAIX ‘

Fig. 2 Model of unilateral offset double microcracks and

main crack

A B .C A B , 2
v-TiAl'*, 200 GPa, 0. 3.
1.2
s (ramp) ,
0. 01 mm.

(sweep)

H

(CPESR).

2.1



.« 38 . 44

72.00
51.00
1 30.00
K 3 s 1)
19.00
s 3
8.60
D) h/a K
2.50
b
0.29
32) 4 K
K 3.0 MPa » mm"/? , 5 0.001 4 mm (MPa)
K,= 2.99 MPa - Fig.5 Nephogram of stress at crack tip under loading up
1/2 to 0. 001 4 mm(MPa)
mm ’ ’
4 3 . ’
, 1 2 K
2.2
3 2 s
6
2 1 K
b ’
b
h/a R 1
b
b
325 ¢
A
200 A\“A\A_‘__‘_“A_“FAi‘ 55 = RR1I/a=05 —+ RR11/a=1.0
- M A A —o— RR2 1/a=0.5
= 275t - 2N & 50t g i
£ e AR E
§ 250 —am B3 % 45 L
z L e —v- R4 g
Q 225 \,\.\ % 40 |
200 F "eew L e, >
B M 35+
175 . . . . A '
050 075 100 125 150 175 200 3.0 . . . . . . . ,
hia 2 -1 0 1 2 3 4 5 6
3 h/a
Fig. 3  Influence of collinear single microcrack on main 6
crack at different position Fig. 6  Influence of unilateral offset double microcracks
, on main crack
. ,  h/a=—1.500~
4 2 3 , —0.125 , A 1,
1 4 .5 , 1 K
(0.001 4 mm), 2 ,
3 , ,
, h/a=—0.125
72.00 1 K ., h/a=0
= 5100 ., h/a=0.625 )
30.00 K . h/a=5.120 , h/a
1960 =—0.125 , h/a=
£:60 2.625 .
2.50
, 1
0.29
K ,
4 h/a=1.5 (MPa) , B
Fig. 4 Nephogram of stress at crack tip when h/a=1.5(MPa) (h/a=3 ),

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



XFEM

.« 30

., h/a=3.25 , 1. 750

, 2 7

l/a=1.0 K l/a= s

0.5

3.1

R h/a=— 0.125

., h/a=0.625,2.625

l/a=0.5

-

A

6 h/a=—0.125

410.0
= 180.0
71.0
42.0
27.0

1.0

(a) h/a=-0.125

410.0
1 180.0
71.0
42.0
27.0

1.0

(©) h/a=0.625

410.0
1 180.0
71.0
42.0
27.0

1.0

(e) h/a=1250

410.0
1 180.0
71.0
42.0
27.0

1.0

(g) h/a=2.625
7 1/a=0.5
Fig. 7 Nephogram of tensile stress at double microcrack tip and at main crack tip in different position to microcracks

with I/a=0.5(MPa)

h/a=—0.125
,  h/a=—0.125
A

1 K ,

K,= 4.5 MPa » mm'?),

b

(b) h/a=0.250

(d) h/a=0.875

) h/a=1875

(h) h/a=3.250
(MPa)

7b



44

h/a=—0.125
’ 1 K ’ o 4100
., h/a=0.625 1 180.0
) A R 71.0
, 7c 42.0
1 7b 27.0
1.0
h/a=0. 625 1 K . (@) hf/a=1875
A s 410.0
., 7d A 1 180.0
7c . h/a=0.875 40
, 1 , 42.0
27.0
K B
1.0
, , Te , (b) h/a=0.625
A . h/a=1.875 8 1l/a=1.0
71 , ,
s A s Fig. 8 Nephogram of tensile stress at tips of unilateral
offset double microcrack and on main crack at I/a
=1.0
6’\’8 1) 1 K
’ 7a T, A
B , 7c Tg
7c A
,[/a=0.5 l/a=1.0
6 s b b
s 8 Z/Clzl. 0
l/a=1.0 K l/a=0.5 ’ ’
l/a= 1.0 ’ '
K 0.5 ; ’
Z/(l:O. 5 ] 8b . ’
6]
( ) o



XFEM e 4] .
method for crack growth without remeshing [J]. International
4 Journal for Numerical Methods in Engicering, 1999, 46 131~
150.
D [9] DAUX C,MOES N,DOLBOW J,et al. Arbitrary branched and
’ intersecting cracks with the extended finite element method

2) [J]. International Journal for Numerical Methods in Engieer-

ing,2000,48:1741-1760.

, [10] BELYTSCHKO T,BLACK T. Elastic crack growth in finite
elements with minimal remeshing [ J]. International Journal
for Numerical Method in Engineering,1999,45:601-602.

’ [11] , . Lyl ,2005,

’ 35(1):5-20.

[12] L1l .

3) R 2004,24(24) :4434-4439.

[13] ) , .
’ [c1// 21
22 . : s
2015:97-99.
[14]
[1] RUBINSTEIN A A. Macrocrack interaction with semi-infinite [I]. ,2015,3(10) :19-22.
microcrack array [J]. International Journal of Fracture, 1985, [15] JU ] W,CHEN T M. Effective elastic module of two-dimen—
27(1):113-119. sional brittle solids with interacting microcracks [J]. ASME
[2] R . [17. Journal of Applied Mechanics.1994,61(6) :349-357.
,2007,39(2) :279-283. [16] CHEN Y Z. General case of multiple crack problems in an in-
[3] KACHANOV M. A simple technique of stress analysis in elas- finite plate [J]. Engineering Fracture Mechanics, 1994, 20
tic solids with many cracks [J]. International Journal of Frac- (4):591-597.
ture,1985,28(1):11-19. [17] FENG X Q.LI1J Y,YU S W. A simple method for calculating
[4] KACHANOV M. Elastic solids with many cracks a simple interaction of numerous microcracks and its applications [J].
method of analysis [ ]J]. International Journal of Solids and International Journal of Solids and Structures, 2003,40(2) .
Structures,1987,56(6) :279-283. 447-464.
[5] , s s [18] YAN XQ. An effective numerical approach for multiple void-
[1]. ,2010,31(2):202-205. crack interaction [J]. Journal of Applied Mechanics,2006,73
(6] . . (4) :525-535.
[l 52010,31(1) :61-64. [19] . ., . TiAl -
[7] ROSE L R F. Microcrack interaction with a main crack [J]. In- [Jl. ,2006,32(6) :32-35.
ternational Journal of Fracture,1986,31:233-242. [20] s . Lyl

(8]

MOES N, DOLBOW J, BELYTSCHKO T. A finite element

22009,31(1) :12-16.



