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Screw dislocations interacting with two asymmetrical interfacial
cracks emanating from an elliptical hole*
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The interaction between screw dislocations and two asymmetrical interfacial cracks emanating from an elliptic hole
under loads at infinity is studied. The closed-form solution is derived for complex potentials. The stress intensity factor
and the critical applied stress for the dislocation emission are also calculated. In the limiting cases, well-known results
can be obtained from the present solutions. Moreover, new exact solutions for a screw dislocation interacting with some
complicated cracks are derived. The results show that the shielding effect increases with the increase in the length of the
other cracks and the minor semi axis, but decreases with the increase of dislocation azimuth. The repulsion acting on
the dislocation from the other phase and the other crack extend in the horizontal direction, which makes the dislocation
emission at the crack tip take place more easily, but the minor semi axis of the elliptical hole extending in the vertical

direction makes it more difficult.

Keywords: interfacial crack, elliptic hole, shielding effect, dislocation emission

PACS: 46.05.+b, 46.25.Cc, 46.50.+a, 61.72.Lk

1. Introduction

The behavior of material near a crack tip forms the basis

1-16] the interaction

for all fracture theories. In the literature,!
between cracks and dislocations was studied in order to build
a fracture theory that describes plastic deformation based on
the behavior of dislocations near the crack tip. Once disloca-
tions are emitted, they move out of the crack tip area, leav-
ing behind a dislocation-free zone. An internal back stress
due to dislocations emitted from the crack tip accommodates
the stress intensity due to an applied load, causing an increase
of fracture toughness of materials. Rice and Thomson!!”! ob-
tained a quantitative criterion for ductile verse brittle behavior.
Wang!!®! analyzed dislocation nucleation and emission with a
slightly modified Rice framework. In addition, a few works

reported dislocation emission criteria for a V-shape crack!!’]

and a blunt crack tip.[?0-2!]

The behavior of dislocations near an interface plays an
important role in determining the mechanical properties of
composite materials and polycrystals. The study of disloca-
tions interacting with interfacial cracks in the mechanics and
material science is motivated by the need for a better under-
standing of the mechanism of strengthening and toughening
of materials. Head!*?! evaluated the image forces on a screw
dislocation due to a grain boundary or a free surface with an
oxide film. Pacheco and Mural>}! investigated a screw dislo-

cation near an interface. Chul?¥ studied the stress field of a
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screw dislocation in a two-phase isotropic thin film by using
the conformal mapping technique. Shiue et al.[>>) investigated
the elastic interaction between screw dislocation and an in-
terfacial surface crack. Lee and Huang?® studied the elastic
interaction between screw dislocation and an interfacial sur-
face crack emanating from a semi-elliptic hole. Leel?’! ob-
tained a general solution of screw dislocations near an inter-
facial crack. Ouyang and Leel*®! investigated screw disloca-
tions and a crack penetrating through an interface. Zhang and
Qian®! analyzed the emission of a screw dislocation dipole
from an interface. Wu et all*"! studied interface and interfacial
cracks interacting with screw dislocations in piezoelectric bi-
materials. Li et al’! investigated an uniformly moving screw
dislocation interacting with interface cracks in anisotropic bi-
materials. Liu ef al.’%! analyzed the interaction between screw
dislocations and an interfacial blunt crack with a viscoelastic
interface.

The elastic interactions mentioned above for different
boundaries have been investigated, but attention has only
been focused on simple shapes of cracks such as semi-infinite
cracks, internal cracks, and surface cracks. Sometimes cracks
can grow from an elliptic hole or a circular hole under the ac-
tion of an applied stress. It is very interesting and meaningful
to present the explicit and exact solutions in closed-form for
these complicated crack problems, since these solutions can
provide a theoretical analysis for fracture problems, and can
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also serve as a benchmark for judging the accuracy and effi-
ciency of various numerical and approximate methods.>3-38!
Sih* investigated two symmetrical edge cracks originating
from a circular hole using the mapping function method, and
presented the exact solution of the stress intensity factors.
Yokobori et al!*°! addressed the exact solution of a single
crack at the edge of an elliptical hole by using the stress func-
tion method. Shiue and Lee!*!! studied the elastic interac-
tion between screw dislocations and cracks emanating from

an elliptic hole. Lam et al*?!

obtained the Dugdale solu-
tion for cracks at the edge of an elliptical hole in an infi-
nite or finite plate. Guo et al*** investigated cracks em-
anating from an elliptical hole in a piezoelectric material and
in a one-dimensional hexagonal quasi-crystal. Rogowski and

Bogdanl!46!

studied the mode III cracks emanating from an el-
liptical hole in the piezo-electro-magneto-elastic materials.
However, no work has been done involving the interaction
between interfacial cracks emanating from an elliptic hole and
screw dislocations. Hence, it stimulates us to study the elastic
interaction of a screw dislocation and two asymmetrical inter-
facial cracks emanating from an elliptical hole under remotely
anti-plane mechanical loading. The complex potential, stress
field, image force on the dislocation, stress intensity factor,
and the critical condition for the dislocation emission are de-
rived. This generalized investigation can be reduced to several
special cases. This paper focuses on the anti-plane problem
of screw dislocation and crack propagation in a blunt interfa-
cial crack tip. Because the plane problem of edge dislocation
and crack propagation in a blunt interfacial crack tip is more

complex, it will be investigated in the future.

2. Solution

Consider a two-phase material with shear modulus p; for
phase 1 (ST) and shear modulus g, for phase 2 (S7). The in-
terface (real axis) contains two asymmetrical edge interfacial
cracks emanating from an elliptical hole, as shown in Fig. 1.
Here a and b are the lengths of the major and the minor semi
axes of the elliptical hole, respectively, and /; and /; are the
lengths of the right and the left edge interfacial cracks, respec-
tively. A screw dislocation of Burgers vector b, is located at zg
in phase 1. The dislocation line is perpendicular to the z plane.

The problem under consideration is an anti-plane elastic
strain one. The anti-plane displacement ®; (j = 1, 2), shear
stresses Oy,; and Oy;; (j =1, 2) can be written in terms of an
analytical function f; (z) of the complex variable z = x 4 iy{*"!
as

w; = [0+ 5G] /2, ()
Oy;j —10y;j = Ujf],' (2)- 2
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Fig. 1. Screw dislocation and two asymmetrical interfacial cracks ema-
nating from an elliptical hole.

Now, we introduce the transform function

Z b
(=6()=-2
atb 4 (2—a?+b?)

which transforms a linear interfacial crack in the { plane

72 3)

(a1 < € < by) into two asymmetrical edge interfacial cracks
emanating from an elliptical hole. Here a; and b; are the left
and the right tips, respectively, and

,7“+12, b
R at b+ (b2 +2al +12)'*
_a+l b
VTath g (02 2an 4 2)
Under the action of a mode III stress I/ = —ic, the

V2o
complex potential in the ¢ plane is given asi>!]

dfi(&) b { (Go—a1)(8o—b1)

¢ 2mi(w + ) ¢—%

Vb—a) (6-n)
¢-&

+2] !
C—an(C—b1)

b 1 1 1
" 2 (i + o) (C—Co - C—éo)
(oI —uI") (2§ — a1 —b1)
2 (1 + )/ (E—ar) (C— 1)
where 50 is the complex conjugate to .
From Eq. (3) and expression (4), the complex potential

of a screw dislocation interacting with two asymmetrical edge
cracks emanating from an elliptical hole can be derived as

“

dfi(z) _ b, { Hu
d¢ 2mi (1 + p2) | G(2) — G(20)
_ Hi n J27)
G(x)—G(z0) +/(G(z)—a1)(G(z)—b)
" {\/(G(Zo)al)(G(Zo)bl)
G(z) = G(2)
\/(G(ZO)—al) (G(ZO)_bl)
* G(2) -G ) +4}
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(a+b) (Ul — ) 2G(z) —ai —bi]
2u1 (1 + 12) /(G ()—al)(G() by)

e

where I' = —ic;;,
G (20)-

The stress field produced by the screw dislocation and the
mode III load is

and G(z9) is the complex conjugate to

Oxz1 — icfyzl
_ mdfi(z) _ mdfi(z) dg
dz d¢ dz
1 b

atb (Zz_a2+b2)l/2 [Z+(Z2_a2+b2)1/z]
{ Hipob;
2 (1 +p2) /(G (2) —ar) (G (z) — br)

" [\/(G(ZO) —a1)(G(z0) — b1)

G(z) = G(20)
\/(G(zo) —al) (G(zo) —b])
" +2)
G(z) —G(z0)
uib, 1 B 1
2mi(i+ 1) | G(z) =G (20)  G(z)—G(z0)
o (a+b) [ZG( )*al — b
i e TG ©
If uy = up, the elastic interaction between a screw dislo-

cation and two asymmetrical edge cracks emanating from an
elliptical hole can be calculated. With Eq. (6), we have

s _ b

Oy, —i0y; = Oy,

ol Lol _igl
—ioy; + 0, —io,,, (7N

where 67, — iGyhz and o, — icyg are the stress fields produced
by the screw dislocation and the mode III load, respectively.
In addition,

b _ b
oy, —ioy,

1 b
B {a+b_ (2 —a?+b2)'? z+(zz—a2+b2)1/2]}

% Hib; 1 _ !
4mi |G(z2)-G(20) G(z)—Glzo)

+ Hib;

47i\/(G(z) —a1) (G(z) —by)
y {\/(G(Zo)—al)(G(Zo)— 1)

G(z) —G(20)

\/(G(Zo —al) G(z b1)

T Go-cw +4}

is identical to the results of Shiue and Lee,[*!]

cr;—icyg
i (a+b)[2G()—a1—b1]
‘ZZ\/ 701 ()7[)1)
1 b

atb (224 [z—l—(zz

—a2 + b2) 1/2
and is in agreement with the results of Guo ez al.[*¥!

3. Discussion

In some limiting special cases, new exact solutions of
some crack configurations can be derived from the present re-
sults, as shown in Fig. 2, a discussion in detail is given as
follows.
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Fig. 2. Some special cases.

1) If b = a, equation (6) reduces to the case of a screw
dislocation interacting with two asymmetrical edge cracks em-
anating from an circular hole

Oyz1 — 10y
_ <1 . ) {ﬂ%b
2a 272 ) | 2@i(w + o)
1 1
Gi(2)=Gi(20) Gy (z)—Gi ()
M1 tab,
o (w1 +12) /(G (2) — a2) (Gi (2) —b2)
" {\/(Gl (z0) —a2) (G1 (20) —b2)
G (z) — G (20)
@) (G -)
+ S +4
G (2) — G1(20)

®)

o a2G1(2) —ar — by }
Y V(Gi(z)—a2) (Gi(z) = b2) |

where ap = —1 <a+lz +a+,2) by = %(Hll +a+,1>, and
G1(Z):%(§+%).
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2) If the crack length /5 approaches to /;, equation (6) be-
comes

zelfio-yzl
) b
T la+b (22 —a? +b2) '/ [z—i—(zz a2+b2)1/2}
J@@-r) | (F-4)
X{ 6@ -GG) G(z)—G(z0) +2]
o HiH2b, uib,
omi(w + 1) /(G2 (x) —b3) 2T (1 + 1)
y 1 - 1
G(2)-G() G(z)—Glz)
_ic,;;wm@}. ©
(G*(2)—b7)

Equation (9) gives the stress field of the elastic interac-
tion between a screw dislocation and two symmetrical edge
interfacial cracks emanating from an elliptical hole.

3) When b = a and [, = [}, it can be further reduced to the
case of a screw dislocation interacting with two symmetrical
edge cracks emanating from an circular hole, then equation (9)
can be simplified as

Oxz1 _icyzl

_ (1_ a ){ i pab
- 2
2a 2z 27 (,ul +“2) (G

1(2)—b3)

Gi(2) — G (20) G1(z) — G (20)
uib, ! _ !
27i (W +2) | Gi(z) —Gi(20) Gy (z)—Gi(z0)
_i(,;za@(z)}_ (10)
(G} (2)—D3)

4) If the crack length I, tends to zero, i.e., [, = 0, equa-
tion (6) leads to

Oxz1 _iGyzl
1 b
atb (2 g4 )2 {ZJF(Zz,aerbz)l/Z}

{ Hifab;
27 (W + ) /(G (z) + 1) (G (z) — by)

V(G (z20) +1)(G(z0) — b1)
G(z) —G(20)

() (@)

- G(2) - Gla) i
uib: oo 1
27i (W +p2) | G(2) =G(20)  G(z)—G(z0)

an

i (a+b)[2G(z) +1—b]
2/ (GO+ D) (G —b) |

This is the stress field of the elastic interaction between a screw
dislocation and an edge interfacial crack emanating from an
elliptical hole.

5) When b = a and [, = 0, it can yield the result of a screw
dislocation interacting with an edge crack emanating from an
circular hole, then equation (11) becomes

Oxz1 _icyzl
(1 a ub,
N <2a _2Z2> 271 (11 + fh2)
1 - 1
Gi(z) —Gi() G (z) — G (20)
n M1 H2b;
27 (1 + 12) /(G (2) + 1) (G1 (2) — b2)
V/(G1(20) +1) (G (z0) — b2)
G (z2) — G (20)
\/<G1 (z0) + 1) (61 (20) —bz)
+ +2
G (z) — Gi (20)
i (a+b)[2G; (z) +1 =53]
N GIEEN IO )}' 12

6) If the major semi axis tends to zero, i.e., a = 0, equa-
tion (6) can give the solution of a screw dislocation interacting
with an interfacial crisscross crack 48]

7) If the minor semi axis tends to zero, i.e., b = 0, equa-
tion (6) can be reduced to the solution of a screw dislocation
interacting with an interfacial crack.l*’!

8) With [} =1, =0, we have b; =
tion (6) can be reduced to the case of the interaction between

—a; = 1, and equa-

a screw dislocation and an interfacial blunt crack.*”! When
U1 = Uy, equation (6) can be reduced to the case of a screw
dislocation interacting with a blunt crack, which is in accor-

dance with the results of Li er al.P%

4. Shielding effect

The stress intensity factor at the right tip can be obtained
from a stress field defined as
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1 b
z—a+l| ¥z a+b (lf+2all+b2)‘/2 {a+ll+(l%+2all+b2)l/2}
G - G —b
) s VG) —an (Gl —b) | (@) ) (6 -1 »
(1 +w2) /27 (by —ar) b1 —G(20) b1 — G (20)

T o0
+\/;(a+b) by —alcyz}.

It is found that the stress intensity factor induced by the screw
dislocation is just the same as that in the single-phase case if
the shear modulus of the single-phase medium u is replaced
by the effective shear modulus 24y 1 /(1 + Uz).

Figure 3 shows the normalized stress intensity factor
(SIF) Kmi/ui1v/b; versus |z0 —a—1I|/b; for different values
of r/uy at o7 =0, 6 =1, a/b, = 10*, b/a = 0.5, and
Iy =l = a. It can be seen that Kyj1/u1+/b; is always nega-
tive, which means that positive screw dislocations can reduce
the SIF (shielding effect). The shielding effect increases with
the value of ,/u increasing, but it quickly decreases as the
value of |z0 —a — 1| /b, increases.

L —a— o/ =02 ]

Kt/ p14b:

—e— 2/ =1

—100 —a— 2/ =5 1
—1.50 . L . .
0 2 4 6 8 10
|Zo—a—l1|/bz

Fig. 3. (color online) Kyy/ 1y v/b; versus |zo —a — [1|/b, for different
values of t /.
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s —0.10
3
=

< _o20

—0.30

Fig. 4. (color online) K1 / i1 +/b;, versus 0 for different values of 1 /(.

13)

The variations of Kiy/i+/b, with 6 for different val-
ues of Wp/py are shown in Fig. 4 for the case of o,; = 0,
a/b, =10% |zo0—a—1;|/b,=5,b/a=0.5,and l; =, = a.
It can be seen that the shielding effect increases as the value of
Uz /1y increases, but decreases as the value of 6 increases.

Figure 5 shows K/ t+/b; versus I /1; for different val-
ues of b/aat ;2 = 0,0 =1, [zo—a—1L|/b; =5, a/b, = 10°,
W/ =0.2, and [} = a. It can be seen that the shielding ef-
fect increases as the value of b/a increases, and increases as
the value of [, /I, increases.

—0.0514 . . . .
« —0.0516
S
=
>~
X 0.0518
—0.05205 2 4 6 8 10
lo/1y

Fig. 5. (color online) Kin/p1+/b; versus lp/1; for different values of
b/a.
5. Dislocation emission

According to the work of Pak,°!! the image force acting
on the screw dislocation can be written as

F = F,—iF, = ib,(6y, — i6y.), (14)

where 6y, and 6, are the components of the perturbation
stress in point zg.
Substituting expression (9) into expression (14) yields

F =F,—iF, = Fimae + I, 15)
where
Fimag = £ (20)
pib2b(a+b)
320 bla+b)(5—a®+b?)
- w0+ (B-a+p?)"

4m | (5 —a®+b?)
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uleA 0, the slip force acting on the screw dislocation can be written
27 (1 + o) as
% ! n H2 .
G(z0)—G(z0) /(G(z0)—a1)(G(z0)—b1) Fumit = Re[F]cos @ —Im[F]sin 6. (16)
\/ (G (z0) — al) (G (z0) — bl) A commonly accepted criterion!!*! for the emission of
+2 dislocation monopoles from a crack tip is that the force acting

G (20) = G (20) on them is equal to zero. Moreover, the dislocation distance

to the crack surface must be equal to, or larger than, the dislo-
__ 26 (z0) — a1 — bi] }, cation core radius. In the present work, a similar assumption
Z(G(m) _al) (G(ZO) _bl) is held, and r = r; + a+1; is set to be the condition for the
A = ! _ b emission of screw dislocation. By combining expressions (15)
atb (% —a*+b?) 1/2 [Zo + (- a®+1?) 1/ 2} " and (16), the critical condition for the dislocation emission at
- b A(a+b)[2G (z0) —ay — by the right tip of the right crack yields

' Z 726G z0) —a1) (G z0) =) wp _ SinOIm[Q (z1)] —cosORe (2 (z1)]

For a screw dislocation slip on a plane denoted by angle 2o = b.(cosORe[H] —sinOIm[H]) a7
|

K = \/z(a—kb) by —ayop” ! b (18)

atb (2 yoan +p2)' {a+ll+(1f+2all+b2)'/2} 7
where 71 =a+1; + b, (cos0 +isinb),

L b (a+b)[2G(z) —ar1 —by]
b (G-a+n) P [+ (G- +0?) ] [ 2/(G ) —a) (G ) —b)

\

Figure 6 shows the normalized critical load at infinity ~ of b/a are shown in Fig. 7 for the case of b, = 107 m,
oy2P /1y versus 6 for different values of /g ath, =107 m,  pp/puy =0.2,and l, =I; =a = 10" m. It can also be seen that
b=05x10"m, and , =l =a=10"> m. It can be the critical load at infinity 62" /1, increases with the increase
found that the critical load at infinity G;ZD /U increases with  of the emission angle 6. In addition, when emission angle 6 is
the increase of the emission angle 8. So the most probable  fixed at a certain value, the value of G;;D /1 increases with the
angle for positive screw dislocation emission is always zero.  value of b/a increasing, which means that the minor semi axis
When emission angle 0 is fixed at a certain value, the value of  of the elliptical hole extending in the vertical direction makes

oD
Oy:
means that the repulsion acting on the dislocation from phase

/U1 decreases with the value of u,/u; increasing, which it more difficult for the dislocation emission to take place.

2 makes the dislocation emission take place more easily. 0.00100 ' ' ' '
T T T T 0.00095
0.00092F 7
. o/ =0.1 £ 0.00090
—e— po/p1=1 N
>
g 0.00088r  _a— po/p1 =10 b © 0.00085
~
[=lY
iy 0.00080
0.00084 1 '
00007553 04 06 08 10

0

0 0.2 0.4 0.6 0.8 1o Fig. 7. (color online) The G;;D/[.Ll versus 0 for different values of b/a.

Fig. 6. (color online) The G;E'D /1 versus 6 for different values of

™ Figure 8 shows the G;;D /1 versus 6 for different values

of b/l atb, =10 m, b=0.5x 1075 m, ur/u; = 0.2, and
The variations of G;;D /iy with 6 for different values I} =a =107 m. It can also be seen that the critical load at
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infinity O';;D /U increases with the increase of the emission
angle 8. When emission angle 0 is fixed at a certain value, the
value of O';;D /11 decreases with the value of I, /[; increasing,
which means that the left crack extending in the horizontal di-
rection makes the dislocation emission at the right tip of the
right crack take place more easily.

0.00100 . . . .
—— 1/l =0
0.00095F —*12/li=0.5
—A— lg/ll =1.0
g 000090 v~ l/lh=1.5
~
ey
& 0.00085
0.00080
0.00075 - - - :
0 0.2 0.4 0.6 0.8 1.0

Fig. 8. (color online) The G;D /1 versus 6 for different values of /5 /1; .

6. Conclusions

The interaction between screw dislocations and two
asymmetrical interfacial cracks emanating from an elliptic
hole under loads at infinity is studied. By utilizing the con-
formal mapping technique, the closed-form solutions are de-
rived for complex potentials and stress fields. In the limiting
cases, well-known results can be obtained from the present
solutions. Moreover, new exact solutions for a screw disloca-
tion interacting with some complicated defects including two
asymmetrical edge cracks emanating from a circular hole, two
symmetrical edge interfacial cracks emanating from an ellipti-
cal/circular hole, and an edge interfacial crack emanating from
an elliptical/circular hole are derived. The stress intensity fac-
tor due to a screw dislocation located near the right interfacial
crack and the critical applied stress for a dislocation emission
at the right tip are also calculated.

The results show that the shielding effect in a two-phase
material is just the same as that in the single-phase case with
the effective shear modulus, which is the harmonic mean of the
shear modulus of the two phases. The positive screw disloca-
tions can reduce the SIF of the crack emanating from an el-
liptic hole (shielding effect), and the shielding effect increases
with the increase of the lengths of the other crack and the mi-
nor semi axis, but decreases with the increase of the disloca-
tion azimuth.

The most probable angle for positive screw dislocation
emission is zero. The repulsion acting on the dislocation from
phase 2 and the other cracks extend in the horizontal direction
make the dislocation emission at the crack tip take place more

easily, but the minor semi axis of the elliptical hole extend in
the vertical direction makes it more difficult for it to take place.

References

[1] Lung C W and Wang L 1984 Philos. Mag. 50 19
[2] Lee S 1987 Eng. Fract. Mech. 27 539
[3] Shiue S T and Lee S 1992 J. Appl. Phys. 71 1196
[4] Zhang TY and LiJ C M 1991 Mat. Sci. Eng. A 142 35
[5] Zhang T'Y and Qian C F 1996 Acta Mater. 44 4513
[6] Qian CF, LiK, Chen Hand LiJ CM 1996 Mech. Mater. 24 221
[71 Lin KM, Lin H C, Chen K C and Chang H L 1997 Mat. Sci. Eng. A
224216
[8] Wang S D and Lee S 1998 Mat. Sci. Eng. A 246 61
[9] Xie HX, Wang C Y, Yu T and Du J P 2009 Chin. Phys. B 18 0251
[10] Song H P, Fang Q H and Liu Y W 2009 Eng. Fract. Mech. 76 1603
[11] Song HP, Fang Q H and Liu Y W 2010 Chin. Phys. B 19 056102
[12] Fang Q H, Song HP and Liu Y W 2010 Chin. Phys. B 19 016102
[13] Lin KM and Chang H L 1994 Mat. Sci. Eng. A 187 139
[14] Xie C and Liu' Y W 2008 Theor. Appl. Fract. Mec. 50 214
[15] Xie C, Liu' Y W, Fang Q H and Deng M 2009 Theor. Appl. Fract. Mec.
51139
[16] Zhou K and Wu M S 2010 Int. J. Eng. Sci. 48 237
[17] Rice J R and Thomson R 1974 Philos. Mag. 29 73
[18] Wang T C 1995 Int. J. Fract. 69 295
[19] Chen B T and Lee S 2000 Int. J. Fract. 102 287
[20] Huang M and Li Z 2004 J. Mech. Phys. Solids 52 1991

[21] Fang Q H, LiuY, Liu Y W and Huang B Y 2009 Physica B: Condensed
Matter 404 3421

[22] Head A K 1953 Philos. Mag. 44 92

[23] Pacheco E S and Mura T 1969 J. Mech. Phys. Solids 17 163

[24] Chu S N G 1982 J. Appl. Phys. 53 3019

[25] Shiue ST, Hu C T and Lee S 1989 Eng. Fract. Mech. 33 697

[26] Lee S L and Huang W S 1991 Mat. Sci. Eng. A 142 41

[27] Lee S 1994 Mat. Sci. Eng. A 176 335

[28] Ouyang H and Lee S 1996 Eng. Fract. Mech. 54 629

[29] Zhang T'Y and Qian C F 1996 Mech. Mater. 24 159

[30] Wu X F, Cohnb S and Dzenisa Y A 2003 Int. J. Eng. Sci. 41 667

[31] LiB, Liu Y W and Fang Q H 2007 Int. J. Solids Struct. 44 4206

[32] LiuY W, Xie C, Deng M, Fang Q H and Jin B 2009 Theor. Appl. Fract.
Mec. 52 146

[33] Bowie O L 1956 J. Math. Phy. 35 60

[34] Newman J C 1971 NASA TN D-6376

[35] Tweed J and Rooke D P 1973 Int. J. Eng. Sci. 11 1185

[36] Murakami Y 1978 Trans. Japan Soc. Mech. Engrs. 44 423

[37] Isida M and Nakamura Y 1980 Trans. Japan Soc. Mech. Engrs. 46 947

[38] Yan X Q 2006 Eur. J. Mech. A 25 142

[39] Sih G C 1965 J. Appl. Mech. (Trans. ASME) 32 51

[40] Yokobori T, Ichikawa M, Konosu S and Takahashi R 1971 Jpn. Soc.
Strength Fract. Mater. 6 58

[41] Shiue S T and Lee S 1988 J. Appl. Phys. 64 129

[42] Lam K'Y, Tay T E and Wang W 1996 Eng. Fract. Mech. 53 97

[43] GuoJH and Liu G T 2008 Chin. Phys. B 17 2610

[44] GuoJ H, Lu Z X, Han H T and Yang Z 2009 Int. J. Solids Struct. 46
3799

[45] GuoJH,LuZ X, Han HT and Yang Z 2010 Eur. J. Mech. A 29 654

[46] Rogowski B 2011 Arch. Appl. Mech. 81 1

[47] Muskhelishvili N L 1975 Some Basic Problems of Mathematical The-
ory of Elasticity (Noordhoff: Leyden)

[48] Song H P, Fang Q H and Liu Y W 2010 Commun. Theor. Phys. 53 773

[49] Song HP, Fang Q H and Liu Y W 2009 Chin. Phys. B 18 1564

[50] LiTL, LiZ H and Sun J 2006 Scr. Mater 55 703

[51] Pak Y E 1990 J. Appl. Mech. (Trans. ASME) 57 863

014601-7


http://dx.doi.org/10.1080/13642818408238852
http://dx.doi.org/10.1016/0013-7944(87)90107-X
http://dx.doi.org/10.1063/1.351287
http://dx.doi.org/10.1016/0921-5093(91)90751-8
http://dx.doi.org/10.1016/1359-6454(96)00066-3
http://dx.doi.org/10.1016/S0167-6636(96)00023-3
http://dx.doi.org/10.1016/S0921-5093(96)10544-X
http://dx.doi.org/10.1016/S0921-5093(96)10544-X
http://dx.doi.org/10.1016/S0921-5093(97)00743-0
http://dx.doi.org/10.1088/1674-1056/18/1/041
http://dx.doi.org/10.1016/j.engfracmech.2009.02.020
http://dx.doi.org/10.1088/1674-1056/19/5/056102
http://dx.doi.org/10.1088/1674-1056/19/1/016102
http://dx.doi.org/10.1016/0921-5093(94)90340-9
http://dx.doi.org/10.1016/j.tafmec.2008.07.013
http://dx.doi.org/10.1016/j.tafmec.2009.04.001
http://dx.doi.org/10.1016/j.tafmec.2009.04.001
http://dx.doi.org/10.1016/j.ijengsci.2009.09.004
http://dx.doi.org/10.1080/14786437408213555
http://dx.doi.org/10.1007/BF00037380
http://dx.doi.org/10.1023/A:1007629613905
http://dx.doi.org/10.1016/j.jmps.2004.03.003
http://dx.doi.org/10.1016/j.physb.2009.05.025
http://dx.doi.org/10.1016/j.physb.2009.05.025
http://dx.doi.org/10.1080/14786440108520278
http://dx.doi.org/10.1016/0022-5096(69)90030-1
http://dx.doi.org/10.1063/1.331043
http://dx.doi.org/10.1016/0013-7944(89)90068-4
http://dx.doi.org/10.1016/0921-5093(91)90752-9
http://dx.doi.org/10.1016/0921-5093(94)90996-2
http://dx.doi.org/10.1016/0013-7944(95)00233-2
http://dx.doi.org/10.1016/S0167-6636(96)00033-6
http://dx.doi.org/10.1016/S0020-7225(02)00155-6
http://dx.doi.org/10.1016/j.ijsolstr.2006.11.017
http://dx.doi.org/10.1016/j.tafmec.2009.09.003
http://dx.doi.org/10.1016/j.tafmec.2009.09.003
http://dx.doi.org/10.1016/0020-7225(73)90084-0
http://dx.doi.org/10.1299/kikai1938.44.423
http://dx.doi.org/10.1299/kikaia.46.947
http://dx.doi.org/10.1016/j.euromechsol.2005.06.005
http://dx.doi.org/10.1115/1.3625783
http://dx.doi.org/10.1063/1.341456
http://dx.doi.org/10.1016/0013-7944(95)00096-E
http://dx.doi.org/10.1088/1674-1056/17/7/044
http://dx.doi.org/10.1016/j.ijsolstr.2009.07.002
http://dx.doi.org/10.1016/j.ijsolstr.2009.07.002
http://dx.doi.org/10.1016/j.euromechsol.2010.01.001
http://dx.doi.org/10.1007/s00419-009-0392-0
http://dx.doi.org/10.1088/0253-6102/53/4/35
http://dx.doi.org/10.1088/1674-1056/18/4/045
http://dx.doi.org/10.1016/j.scriptamat.2006.06.028
http://dx.doi.org/10.1115/1.2897653

	1. Introduction
	2. Solution
	3. Discussion
	4. Shielding effect
	5. Dislocation emission
	6. Conclusions
	References

