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Fig. 4. Comparison of KI for two equal cracks emanating from circular
hole
51 a8, Sl S5 3 Jol 990 LT o s duns i 1€ JSUS
lold Eygm

Elyges 3 M;ulw.u Oy S5 e gl odel Cowd 4 b
Ly iy ya 3l g 00,5 oo anglie [8] ass s b g9l
Sl ol o el (6l aiBlogape (550 geS Ghg, 9 09 U
90 ull wab oo 0ayd T USS jo 4 jghailen 55 colatll i
Vb S slaS 5 s sl axl abls g G s,
R NIPERE ES IRWEIR

=W -¢

sy Jb g dilise IS0 bl @y i il »
20,5 o &yl i Gl G g polde glaie

L‘;u.d\))j\) )J 0)9700 9)90)97@0 &Md)‘_\;)b _\ _‘:

Cawdygd 5 ol slaiis polie 0y55cSS (o )IS,L Jlos! (sly
d908 LS slisly p Ny (i 9 Ny =+ 5 Ny =)V jlasles
2 .Au]L;o Cad & C2 =+ 9 B2 = — ‘Bl :Z JI))L.) ‘MLL;G
» Al 07 =V g o7 =) Ty =* (W) dayly & avgi b does
oS g N2 =)y N1 =) L;“Ol sl i polie 6ygome 43 &35 5L

1 . .

‘9 Bzz' sBlz— u)l)JL.l ‘.L»LL;Q dges Lb;{).: dt’.wl)).g ]\/1
ol =VNgol =, = (W)dal g agl.aulecwa C =
il e
oges ibliee LSy Sl 390 sl 9 sao G g Canly G S5 9

\

b)g.‘.) &l:.w A2 e ul.w.: a, 9 a, u9L<b.c )J.)lsu d‘){ l)w9w|)

1 Boundary Collocation

agy

A Aalgs (V) alaly Cjgo 4 g

K, +iK, =—2\22M 2B, +(8, -iC,)
— (v)
4M* -1

@w > . . _Yl
b pj g 4 M g S5 Job i,

@:52=1[1+l+1}

A=l+a ;l=a, 2 1+/
(*v)

Mzmzl l+a+ ! =l A+l

4 4 l+a] 4 A

Ol 58 M i oS 5 Job (lBIL o5 aa3 oo (Lt b ()
Wbl o AZ>1 By dy (VW) daly 3> (g oo ygo cpl > bboo
Dygl Cowd 4
2B,+(B, —iC,)
2M
Jam? -1 ()
=—(2B,+(B, —iC,))Vz4

gl 5l )5 (i bS5 sk o Sloj cmaiee L (VA) dlad
wxio dal) jl S5 GAd Gy o anslre Gl Gl widl (53585
a=r+a, byl o eliwla, Job b 8w Sy s>
Al S5 b a9 (53945 b1 &S

oo SS5 lp (Jol d90 GBS G oS ¥ S 90
Copd polie bged cpl 0 D o LS Ty dely oply I @ Selis
2r+2a, Jsb 4 <550 S5 ol dmio &S s gl 45 Gl
oS 5 Jolo 31 b o8 393 o oanlite ol 03338 sy 555 bly oo
Hgdee SUOF w4 l3905 93

K, +iK, = lim - 22zM
M—A
1+

4
Qﬂ.
=)
«
@
=
M — crack (al) emanating from circle hole (r)
1 =«=equivalent center crack (a:r+a1)
0.5
0 . . . . .
0 0.5 1 1.5 2 2.5 3
a, (m)

Fig. 3. SIFs for equivalent center crack and cracks emanating from a
circular hole

9 89l Elygw 1 A SOl S5 5 L ol culps ¥ S
ol (535 0 S5



)d CZ 5B2 ‘Bl )J»)LD.A Lg)‘dilb Ls ML)LSA g:j = 9 Crxao =
o S5 95 50 gl Jgl oge il Lol o 5o (V0) 5 (V) Ly,
DSl e P g O Gl JSh loges live pgd dge i DA o o g

Cawdygd 3 (oS 9 (o IS,L =Y ¥

Cawd g0 )8 ol sl i polie oS 5 (6,135,L Jlesl 5l
olgzds S 5 sbewl, U N, iis agsly g N, = g N, =y 5l o le
507 2iS 15 pode (OF) o) 4 azgi b aes o .0l o
Sl ogdior Jlosl dzmbo 4 5 77 (B A ewd )93 )3 o7
5V sla S loges il aid Flis Flygm 5l S5 S a5 s
Sl lypes 9 Jol 09e g A5 Dad o po polie oSS A
s o plisa, g f Sglae polie

0 10 20 30 40 50 60 70 80 90

Fig. 7. KI for a circular hole with one crack under loading N =1, N,=0
and different f

55 S ¢y 5> Ak ! 390 (o5 10 s Y S5
glike 9N2:09N/:[ o P lced

Fig. 8. KII for a circular hole with one crack under loading N =1, N,=0
and different p

Sy S L Flygw gl axio 090 390 (i i gl s A JSUS
ugl&.’&nﬂ 9N2:~ 5N1:\ u».:S,J,b«.od

K,/ K, [RightTip]

Fig. 5. KI for right crack under uniaxial tensile loading N =1, N,=0,
£=90

5b Cod Camly Coomw Iy 50 Jgl Og0 i Wud ool i 0 S
/)):90 9 N2:03N1:1 0yg>x0 5 ;.......5 W

2.2

KI / K0 [LeftTip]

Fig. 6. KI for left crack under uniaxial tensile loading N =1, N,=0,
£=90

S 3l e e S S5 0 Jgl 090 (A ol gl o T IS
B=a g N,=0 g N, =V o, 90 S

oy plae ca, =+ I 13 L jlgad cpl )l onds 4B (S Jlas s
ol 0ads 03 i 35 S5 S )b Flyaw gl i o

(S SG Al Oge 0 dS s e Glid £ g 0 (slaloges
Sgdse sl wiloe RIBl S5 90 ja A5 Dad ey
s 5 5l (S Job s b il ol oS 5 Job Cos ST o>
S5 Nl S K8 S5 s 5 s

Cawdygd )d By (6,15l -V -F
a0 FO Sy sbisl, LN, s 4yl s Nj=2 9 N=y 5l

sT; =) A5 0 \.\.».)154 Cewd & CZ——\ 9Bzz~ gBIZ~9 MLGA

€A



il )| @iz slas NS0 lp S5 93 2 50 peo 9 Jol 050 25
€, Gl ly i Sal olps Gl ce o 5l eolanwl b as” wi
359 Cawd d Cawd g0 10 (6,185 ,L

CanSs S Sl gt Dledbl ¢ yiis Dol ol po duloe
WIS e B 0S5 canls Flygms gl Sl o S5 A,
e oS5 g0 3l Al o5lail il b a4 aies e s b
4429 b pizen b oo GRIPBIS 5 90 o 15 Dad oy
SsSy Jsb sl oad ail )} abaly cazlie plo )3 0uds &l )l s
Sl 6,5V cds sl g lawgie

&l

[11 G. Kolosov, On an application of complex function

theory to a plane problem of the mathematical theory of
elasticity, Yuriev, Russia, (1909).

[2] N. Muskhelishvili, Some basic problems of the
mathematical theory of elasticity, in, Nauka, Moscow,
1966.

[3] G.N. Savin, Stress concentration around holes, (1961).

[4] O. Bowie, Analysis of an infinite plate containing radial
cracks originating at the boundary of an internal circular
hole, Journal of Mathematics and Physics, 35(1-4)
(1956) 60-71.

[5] J.C. Newman Jr, An improved method of collocation for
the stress analysis of cracked plates with various shaped
boundaries, (1971).

[6] J. Tweed, D. Rooke, The distribution of stress near
the tip of a radial crack at the edge of a circular hole,

International Journal of Engineering Science, 11(11)
(1973) 1185-1195.

[71H. Nisitani, M. Isida, Stress intensity factor for the
tension of an infinite plate containing an elliptical hole
with two symmetrical edge cracks, Trans. JSME, 39(317)
(1973) 7-14.

[8] H. Norio, I. Jiro, A crack originating from a triangular
notch on a rim of a semi-infinite plate, Engineering
Fracture Mechanics, 10(4) (1978) 773-782.

[9] V. Shivakumar, R. Forman, Green's function for a crack
emanating from a circular hole in an infinite sheet,
International Journal of Fracture, 16(4) (1980) 305-316.

[10] L.A. Bostrom, The Dugdale model used for short radial
cracks emanating from a circular hole in an infinite sheet,
Engineering fracture mechanics, 34(4) (1989) 823-829.

[11]S. Lin, D. Hills, D. Nowell, The solution of cracks
emanating from circular holes, The Journal of Strain
Analysis for Engineering Design, 31(3) (1996) 235-242.

[12] X. Yan, Analysis for a crack emanating from a

¥2)

;l"=\ o)g".) &Lu» 9 a2 =) 9 al = ’/a ‘_59L.».0L» J)) 9.) L;l).)
ML‘_;O N2 =*9 N1 =) C.Lu»b)j.) » L;L.o‘ dlmu,w.s

Al o plub Sy b S5 S L Elgw jo a5 29 0 ot liio
Sy bl g sl K=l bS5 sliwly gjl0 (6105, &5 f=-
JEl .J)l.) I) )]J..SA uJ)M.wu Kl | LﬁtS)J ded]) » .)94)& )l{ 45ﬂ:&,
JMde iy K =0 10 g0l 518 By 5L cod aie el g3 0l
W3 o 2y B0 3 by )b (g Ay e 4 K

S 5 o —0
30 45 Gopld Flgw ol ,Kluas dgamel amio allie
el gy b ezl @38 Sl 0T 51 b sladsb b S5
Ry ool Sleslaiul jglate 4 .28 )5 S8 ) 8550 (hgddiinge
DAl ol po by ol eolatul Was wdes ClIS AL SO

1.4

12} —Right Tip -~
=+=Left Tip ol

Fig. 9. K, for two unequal cracks under different loading angle
©olike f g N, =+ g N =\ (o5 55 ;b codi il b

0
P Q
01 ‘.‘ v
kY Jf
02 % i
3\ s
* 4
03 Y ;
\: kS K4
v =04 o\ .I
\ R4
-0.5 '\ ‘I
\, R4
_0g} —RightTip s, . e
=-=Left Tip R TP -
-0.7

0 10 20 30 4016’50 60 70 80 90

Fig. 10. K, for two unequal cracks under different loading angle

S35 93 U Flygw (gols axbuo 090 350 (i G Cul s 1Y ¢ JSUS
Sgliie f g Ny= g N/=) (o8 5 Jb codi pl b



[16] D.S. Sharma, Stress distribution around polygonal
holes, International Journal of Mechanical Sciences,
65(1) (2012) 115-124.

[17]S. Liu, S. Duan, Analytical solutions of cracks
emanating from an elliptic hole in an infinite plate under
tension, Chinese Journal of Mechanical Engineering,
27(5) (2014) 1057-1063.

[18] S.Liu, S. Duan, Analytical solutions of cracks emanating
from an elliptical hole under shear, Chinese Journal of
Aeronautics, 27(4) (2014) 829-834.

[19] C. Miao, Y. Wei, X. Yan, A numerical analysis of a center
circular-hole crack in a rectangular tensile sheet, Applied
Mathematics and Computation, 250 (2015) 356-367.

[20]J. Kim, M.R. Hill, Weight functions for a finite width
plate with single or double radial cracks at a circular hole,
Engineering Fracture Mechanics, 168 (2016) 112-130.

corner of a square hole in an infinite plate using the
hybrid displacement discontinuity method, Applied
Mathematical Modelling, 28(9) (2004) 835-847.

[13] X. Yan, Stress intensity factors for cracks emanating
from a triangular or square hole in an infinite plate by
boundary elements, Engineering Failure Analysis, 12(3)
(2005) 362-375.

[14] R. Abdelmoula, K. Semani, J. Li, Analysis of cracks
originating at the boundary of a circular hole in an infinite
plate by using a new conformal mapping approach,
Applied mathematics and computation, 188(2) (2007)
1891-1896.

[15] M. Batista, On the stress concentration around a hole
in an infinite plate subject to a uniform load at infinity,
International Journal of Mechanical Sciences, 53(4)
(2011) 254-261.

Please cite this article using:

M. Hajimohamadi, R. Ghajar, Analytical Calculation of Stress Intensity Factors for Unequal Cracks Emanating from a

Circular Hole in an Infinite Plane , Amirkabir J. Mech. Eng., 50(5) (2018) 943-950.

DOI: 10.22060/mej.2017.11997.5238

S ooliwl 5 @yle jl dlie cpl 4y glayl ol

Q0+



