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Fig. 1 An edge dislocation and a circular inhomogeneity Fig. 2 An infinite plane containing a crack and an

in an infinite plane arbitrarily oriented inhomogeneity
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Fig. 3 The finite element model
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Fig. 7 Normalized strain energy density vs. ¢ near the crack tip

W
(=]
T

""""""""""""" —o— ,Uz/,UIZ]O, 6=60° "

—_ w
w =
33
=

T

(=
T

—_
(=]
T

(=]
T

crack propagation direction @4/ (°)
1
%

crack propagation direction 8 4/ (°)

— iy iy =1

30p = U/ 1, =1/10, =90 “1o}
—— 13/ 11,=10,0=90°

-45 e AR ; . , . .

1.4 1.8 2.2 2.6 3.0 -2 -1 0 1 2
d/R lg( 1o/ 1))
B8 Ry I d/R 1921 B9 WY R lg(uy/py) FAIEE
Fig. 8 Crack propagation direction vs. d/R Fig. 9 Crack propagation direction vs. lg(u,/m,)
under the uniaxial tensile load under the uniaxial tensile load

3.6 HELXNARLY BA RN

El 9 S Eihh A E G AL T, AR d/R B RS BT b 1g (w, /i, ) FIZ2E4E.R/a = 0.5,6
=90° AR IR BEE lg(u,/m,) BISEIN, 2% 50X 24204 Ji 5 ) 149 52 e 528 ¥ A2 553 , S 6038 Kk
W |53 2 o, RIS A B 7 14 o 5 Xo A 2% ot , 2% Jooxh S804 i 0y ] 1 5 Wie) 32 ¥ 34 0 | 2445
HER e B 2% 5T, BVHE R e ) 2 B 8. B 2 o o B2 B A HE R S8R B 5 2% o B 40, e 51 44
BRI .
3.7 ZRAMFERE R/a MAELI BARKEME

Bl 10 S ERRRLA S LR AR e,/ B 2EST ST ) B R/a W24 4R d/a = 10,60 =
90° . Bifi 5 % o 1 A2 A 15 R 4% BN S S0 )™ 8 T ] ()5 e 348 i, K 2% Jo X S 0™ Joé [ 7D 5 i 22
LU A 2 Jo T K,
3.8 FRAEXNRLY BAEEFNE

Bl 11 TR AR IE LT AR /e, B ZES EJ7 mBEA B A L 6 282 R/a =
0.5,d/a = LXERZR T, 78 6 WIZEXHE/INT 30° B, 2% B0 480y ' Jy [l A3 52 i s e, >4 6 1Y
Y XHELR T 30° B, 2480y R Jr i bifi 0 46 X5 (B A3 R M AR K, B4 B X s A KA WS 1 VE A
X2 T, 7E 6 MIZEXHE R T 30° B, 22 B e K ATHERAE A, 280 R 71 bl 60 /35 K
FEHERIEI/N, 2 0 = +60°, AP Rk B E RAH X — 2550 5 3CHR[ 15 ] A2 SR — 3L



196 B * o5 £ A T &

3.9 LWARMUBLERMIILL

K12 (a) FIEL 12(b) LI RS e F AR Y52 0. B 24 B O T, B0 A 2 &
AR A PRAE DR TG 18 5 ) 97 JR AR AR SCEE 2R, 4 LI -5 2R AR v 0 AR X 5 R i AR /N
X RS FETT ] MR AR RSB0 ol LAWLEE 2 FLIR % 2R A0y eI i B A A R R 52 5 25 4L
{IF] B 8 2R AR Vi 5T -5 AT A AR RO IR LR R SRS JR A W 5 1A T, SRS W 51 A
i 8 S0 75 DR A AR T i) A L SRR A R G A A R T — 2L

20

—=—u/ =110 /
—o—/lz//l|:]
——ty/ ;=10

—— 0,/ 1, =1/10
F—e— gt/ gty =1
——ly/ 1 =10

[N}
[=

W

—_
[«
T

(=}
T

/

crack propagation direction 8/ (°)

propagation direction 8 ./ (
wn

4
T TR S R 90 60 30 0 30 60 90
R/a 6/(%)
10 REWJRITIAE R/a 197E4L B 11 R8I MRS A U B 6 1721k
Fig. 10 Crack propagation direction vs. R/a Fig. 11  CPD vs. inhomogeneity orientation 6
under the uniaxial tensile load under the uniaxial tensile load

(b | lmm.
¥ 1 )

12 1 BB T AE R AR I S B 4l R 1282

Fig. 12 Experimental results of the crack propagation path under the mode I load[2*%
+: >\
4 % e

FET o A A5 712 Gauss-Chebyshev quadrature J7 7575 3] 1 JC PRI A AL & — >3448
AT 7 18] 1Y [T % T A B (B A, TR AT 1 3. i o 23 BT A B0 S0 e i 52 il , 4453
UM

1) B 2% o RN 2L (B] B ) 34 O, 3% SRS SR 0™ R T v )52 e 38 7 2 535

2) BfAE 2% BT O 248y R 7 [l VR R HS 5.

3) FRIFHE , 2% FN BB TS 0] RO HE T R ; JeBUBER, SR BN RS R T 1] S |
R,

4) TEARJANREI ARG XHE/NT 300 I, 2 FOM RS0 e J7 0] RAT B2 5200 5 1 4%
JBT AL f A B R T 300 B, B AR B0 RS KA W5 IR, B A% o RS0 KA HEF
YER.

5) RO B0 I Y 5 5 DR 5 I A B % RN g 37 A AR R s T s 2% o EL AT



I 2 R 450 R B B 107

e H.

3% Xk (References)

(1]

(5]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

HAN J J, DHANASEKAR M. Modelling cracks in arbitrarily shaped finite bodies by distribution
of dislocation[ J]. International Journal of Solids & Structures, 2004, 41(2) . 399-411.
B, XUMEL. 85O0 2806 T BIFLAL I RS [ I ). WA, 2016, 37(7) @ 740-
747.(DUAN Shijie, LIU Shuhong. Solutions for a circluar hole with edge cracks under shear
load[ J]. Applied Mathematics and Mechawics, 2016, 37(7) : 740-747.(in Chinese) )

LI Z, CHEN Q. Crack-inclusion interaction for mode I crack analyzed by Eshelby equivalent
inclusion method[ J]. International Journal of Fracture, 2004, 118(1) . 29-40.

SRIAME, AT HE, RECS WP I A M R [T ). B ACA RSy %, 1995, 16(4) @ 289-300.
(ZHANG Minghuan, TANG Renji. Interaction between crack and elastic inclusion[ J]. Applied
Mathematics and Mechanics, 1995, 16(4) . 289-300. (in Chinese) )

Wiz RECGAEEI NI A AR IR E UL [ D], P2 3 Bl B sCil R,
2005. ( YANG Lihong. Approximate solution of interaction between crack and inclusion of arbi-
trary shape[ D ]. PhD Thesis. Shanghai: Shanghai Jiao Tong University, 2005.(in Chinese) )
MOGILEVSKAYA S G, CROUCH S L, BALLARINI R, et al. Interaction between a crack and a
circular inhomogeneity with interface stiffness and tension[ J . International Journal of Frac-
ture, 2009, 159. 191-207.

ﬂmﬁ” e GIe gz B Ak By K 1 B SR AP X BN [ DL 22 i 3 |k
W, IgASM K2, 2012. (ZHOU Rongxin. The configuration force between crack and inclu-
sion & the shielding effects of plastic zone at mode II crack-tip[ D]. Master Thesis. Shanghai;
Shanghai Jiao Tong University, 2012.(in Chinese) )

YANG R, XU P, YUE Z, et al. Dynamic fracture analysis of crack-defect interaction for mode
I running crack using digital dynamic caustics method[ J]. Engineering Fracture Mechanics,
2016, 161 63-75.

XIAO Z M, BAI J, MAEDA R. Electro-elastic stress analysis on piezoelectric inhomogeneity-
crack interaction[ J]. International Journal of Solids & Structures, 2001, 38(8) . 1369-1394.
PENG B, LI Z, FENG M. The mode I crack-inclusion interaction in orthotropic medium/[ J].
Engineering Fracture Mechanics, 2015, 136, 185-194.

CHEN Y Z. Solution for a crack embedded in thermal dissimilar elliptic inclusion[J]. Engi-
neering Fracture Mechanics, 2016, 160 15-21.

DUNDURS J, MURA T. Interaction between an edge dislocation and a circular inclusion[ J].
Journal of the Mechanics & Physics of Solids, 1964, 12(3) . 177-189.

WANG X, SCHIAVONE P. Interaction between an edge dislocation and a circular inhomogene-
ity with a mixed-type imperfect interface[ J]. Archive of Applied Mechanics, 2017, 87(1):
87-98.

WANG C C, ZHAO Y X, ZHANG Y B, et al. The interaction between an edge dislocation and
a semi-infinite long crack penetrating a circular inhomogeneity [ J ]. Theoretical & Applied
Fracture Mechanics, 2015, 76 91-99.

TAO Y S, FANG Q H, ZENG X, et al. Influence of dislocation on interaction between a crack
and a circular inhomogeneity [ J |. International Journal of Mechanical Sciences, 2014, 80:
47-53.

WRog, RN, . BB 2% i B 248009 N5 BE R 98 [ C 1/ / s 5 2 R LSS



198

/i1 EES o M & A AN U

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

MR IR B AR 8 2. BE, 2002. (CHEN Yong, SONG Yingdong, GAO Deping. Study on
stress intensity factor of straight crack in front end of circular inclusion[ C]//Symposium on
Strength Vibration of Engine Structure of China Aeronautics Society. Weihai, 2002. (in Chi-
nese) )
TAMATE O. The effect of a circular inclusion on the stresses around a line crack in a sheet
under tension[ J |. International Journal of Fracture Mechanics, 1968, 4(3) . 257-266.
ZHANG J, QU Z, HUANG Q, et al. Interaction between cracks and a circular inclusion in a fi-
nite plate with the distributed dislocation method|[ J ]. Archive of Applied Mechanics, 2013, 83
(6): 861-873.

ERDOGAN F, GUPTA G D, RATWANI M. Interaction between a circular inclusion and an ar-
bitrarily oriented crack[ J]. Journal of Applied Mechanics, 1975, 41(4) . 1287-1297.
ERDOGAN F, SIH G C. On the crack extension in plates under plane loading and transverse
shear[ J]. Journal of Basic Engineering, 1963, 85(4) . 519-525.

PALANISWAMY K, KNAUSS W G. Propagation of a crack under general, in-plane tension[ J].
International Journal of Fracture Mechanics, 1972, 8(1) . 114-117.

NUISMER R J. An energy release rate criterion for mixed mode fracture[ J]. International
Journal of Fracture, 1975, 11(2) . 245-250.

LI C. Vector ctd criterion applied to mixed mode fatigue crack growth[J]. Fatigue & Fracture
of Engineering Materials & Structures, 1989, 12(1) . 59-65.

SIH G C. Strain-energy-density factor applied to mixed mode crack problems[ J|. Internation-
al Journal of Fracture, 1974, 10(3) . 305-321.

HILLS D A, KELLY P A, DAI D N, et al. Solution of crack problems: the distributed disloca-
tion technique[ J |. Journal of Applied Mechanics, 1996, 65(2) . 548.

ERDOGAN F, GUPTA G D, COOK T S. Numerical solution of singular integral equations
[ M]//Methods of Analysis and Solutions of Crack Problems. Netherlands: Springer, 1973
368-425.

KAYA A C, ERDOGAN F. On the solution of integral equations with strongly singular kernels
[J]. Quarterly of Applied Mathematics, 1987, 45(1) ; 105-122.

MIRANDA A C O, MEGGIOLARO M A, CASTRO J T P, et al. Fatigue life and crack path pre-
dictions in generic 2D structural components| J |. Engineering Fracture Mechanics, 2003, 70
(10) ; 1259-1279.

CHUDNOVSKY A, CHAOUI K, MOET A. Curvilinear crack layer propagation[ J |. Journal of
Materials Science Letters, 1987, 6(9) . 1033-1038.



IR 2% TN 408" e ) 52 ) 199

Effects of Circular Inhomogeneity on Crack Propagation

XING Shuaibing, WANG Qiangsheng, SHENG Yue, JIANG Xiaoyu
(School of Mechanics and Engineering, Southwest Jiaotong University,
Chengdu 610031, P.R.China)

Abstract: The solution of an infinite plane containing a crack and an arbitrarily oriented inho-
mogeneity under uniaxial tensile load was presented based on the distributed dislocation tech-
nique. The stress field and the strain energy density were obtained. The crack propagation direc-
tion was predicted according to the minimum strain energy density criterion. The results show
that, the soft inhomogeneity has an amplifying effect on the stress intensity factor, the strain
energy density and the stress field near the crack tip, while the hard inhomogeneity has a shiel-
ding effect. The effect of the inhomogeneity on the crack propagation direction increases with
the decreasing distance, the increasing absolute value of lg(u,/u,) , and the increasing inhomo-
geneity radius. The inhomogeneity has a little effect on the crack propagation direction for

- 30° < 0 < 30°. The soft inhomogeneity has an attracting effect, while the hard inhomogeneity
has a repulsing effect on the crack propagation for — 90° < # < - 30° and 30° < 6 < 90°.
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