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Abstract. In this paper, the dynamic behavior of an interface crack between two dissimilar functionally graded piezoelec-
tric/piezomagnetic material half infinite planes subjected to the harmonic anti-plane sheavattesss inestigated. To make

the analysis tractable, it is assumed that the material properties vary exponentially with coordinate vertical to the crack. By
using the Fourier transform technique, the problem can be solved with the help of a pair of dual integral equations in which
the unknown variable is the jump of displacements across the crack surfaces. These equations are solved by using the Schmidt
method. The relations among the electric filed, the magnetic flux field and the dynamic stress field near the crack tips can be
obtained. Numerical examples are provided to show the effect of the functionally graded parameter and the circular frequency
of the incidentwavesupon the stress, the electric displacement and the magnetic flux intensity factors of the crack.
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1. Introduction

The magnetoelectric coupling is a new product property of the composites, since it is absent in each
constituent. In some cases, the coupling effect of piezoelectric/piezomagnetic composites can be even
obtained a hundred times larger than that in single-phase magnetoelectric materials. Consequently,
they are extensively used as magnetic field probes, electric packaging, acoustic, hydrophones, medical
ultrasonic imaging, sensors, and actuators with the capability of magneto-electro-mechanical energy
conversion [1]. The development of piezoelectric/piezomagnetic composites has its roots in the early
work of van Suchtelen [2] who proposed that the combination of piezoelectric-piezomagnetic phases may
exhibit a new material property — the magnetoelectric coupling effect. Since then, the magnetoelectric
coupling effect of BaTiQ-CoFeO, composites has been measured by many researchers. Much of
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the theoretical work for the investigation of magnetoelectric coupling effect has only recently been
studied [1,3,5-8]. When subjected to mechanical, magnetic and electrical loads in service, these
magneto-electro-elastic composites can fail prematurely due to some defects, e.g. cracks, holes, etc.
arising during their manufacturing processes. Therefore, it is of great importance to study the magneto-
electro-elastic interaction and fracture behaviors of magneto-electro-elastic composites [9-20]. On
the other hand, the development of functionally graded materials has demonstrated that they have the
potential to reduce the stress concentration and increase of fracture toughness. Consequently, the
concept of functionally graded materials can be extended to the piezoelectric/piezomagnetic materials
to improve the reliability of piezoelectric/piezomagnetic materials and structures. Some application of
functionally graded piezoelectric materials have been made [21,22]. Recently, the fracture problems
of functionally graded piezoelectric materials have been considered in [23—-28]. Li and Weng [27] first
considered the static anti-plane problem of a finite crack in functionally graded piezoelectric material
strip. Their results showed that the singular stress and electric displacements in functionally graded
piezoelectric materials carry the same forms as those in the homogeneous piezoelectric materials but
the magnitudes of the intensity factors depend significantly upon the gradient of the functionally graded
piezoelectric materials properties. More recently, Zhou and Wang [29,30] first studied the static ant-
plane problems of two parallel cracks and a crack in functionally graded piezoelectric/piezomagnetic
materials by using Schmidt method [31]. Their results also showed that the singular stress, the singular
electric displacements and the singular magnetic flux in functionally graded piezoelectric/piezomagnetic
materials carry the same forms as those in the homogeneous piezoelectric/piezomagnetic materials but
the magnitudes of the intensity factors depend significantly upon the gradient of the functionally graded
piezoelectric/piezomagnetic materials properties. However, to our knowledge, the dynamic magneto-
electro-elastic behavior of functionally graded piezoelectric/piezomagnetic materials with an interface
crack subjected to the harmonic anti-plane shear stress waves has not been studied. The present work is
an attempt to offer the related information. Here, we give a theoretical solution for this problem.

In this paper, we attempt to extend the concept of functionally graded materials to study the fracture
problem of piezoelectric/piezomagnetic materials. The dynamic magneto-electro-elastic behavior of
a permeable interface crack between two dissimilar functionally graded piezoelectric/piezomagnetic
material half infinite planes subjected to the harmonic anti-plane shear stress waves is investigated using
the Schmidt method [31]. To make the analysis tractable, it is assumed that the material properties
vary exponentially with coordinate vertical to the crack. Fourier transform technique is applied and
a mixed boundary value problem is reduced to a pair of dual integral equations. To solve the dual
integral equations, the jump of displacements across the crack surface is expanded in a series of Jacobi
polynomials. Numerical solutions are obtained for the dynamic stress, the electric displacement and the
magnetic flux intensity factors for permeable crack surface conditions.

2. Formulation of the problem

It is assumed that there is an interface crack of lengthe®veen two dissimilar functionally graded
piezoelectric/piezomagnetic material half infinite planes as shown in Fig. 1. It is also assumed that
the propagation direction of the harmonic elastic anti-plane shear stress wave is vertical to the crack in
functionally graded piezoelectric/piezomagnetic materialswitit the circular frequency of the incident
Wave.w(()’) (m,y,1), ((f) (m,y,t) andw((f) (z,y,t)(i = 1,2) are the mechanical displacement, the electric
potential and the magnetic potential, respective&.}g)o(x,y,t), D,g’g(x,y,t) and B,Efo)(x,y,t) (k =
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Fig. 1. An interface crack in functionally graded piezoelectric/piezomagnetic materials.

x,y, i = 1,2) are the anti-plane shear stress field, in-plane electric displacement field and in-plane
magnetic flux, respectively. Also note that all quantities with supersdfipt 1, 2) refer to the upper

half plane 1 and the lower half plane 2 as shown in Fig. 1, respectively. Because of the incident wave is
the harmonic anti-plane shear stress waves, all field quantiti@é%(tn, y, 1), ((f) (z,y,t), wéz) (2,9,t),

TZ(QO(x, Y, t), D,(jg (x,y,t) andB,fO)(x, y,t) can be assumed to be of the forms as follows

w2, y,8), o (@, 0,1), O (@, y,8), 7 (@, 9, 1), DY (2,9, ), B (2, y,1)] =
wD(z,y), ¢D(z,y), vD(x,y),7D(x,y), D (x,y), BY (z,y)]e ™" 1)

In what follows, the time dependence of ! will be suppressed but understood. The functionally
graded piezoelectric/piezomagnetic materials boundary-value problem for the harmonic anti-plane shear
waves is considerably simplified if we consider only the out-of-plane displacement, the in-plane electric
fields and the in-plane magnetic fields. As discussed in [32,33], since no opening displacement exists for
the present anti-plane problem, the crack surfaces can be assumed to be in perfect contact. Accordingly,
permeable condition will be enforced in the present study, i.e., the electric potential, the magnetic
potential, the normal electric displacement and the magnetic flux are assumed to be continuous across
the crack surfaces. Here, the standard superposition technique is used in the present paper. So the
boundary conditions of the present problem are (In this paper, we just consider the perturbation field.)

T?)(,i) (:C,0+) = 7'353)(30’0 ) = —To, |z| <1 2
(1) +\ _ (2 - 1) +) — (2 - @

Tyz' (2,07) = 72" (2,07), w'M (2,07) = w(x,07), |z| >

o0 (,07) = 6 (2,07), D (2,07) = DY (,07) 3)

v (2,0) = v (2,07), B (2,01) = BP (x,0)

(z,y) = 6P (z,y) =0 for (2 +9*)"/? - @

wherery is a magnitude of the incident wave.

Crack problems in the non-homogeneous piezoelectric/piezomagnetic materials do not appear to be
analytically tractable for arbitrary variations of material properties. Usually, one tries to generate the
forms of non- homogeneities for which the problem becomes tractable. Similar to the treatment of
the crack problem for isotropic non-homogeneous materials in [21-30,34—36], we assume the material
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properties are described by:

1 1 1
0514) = 0514)065 Y 655) = 655)065 Y 551) = 551)065
1 Wy (1 €) 1 €) 1) g
qig,)— 552) #y d()—dgl)o ﬂly,ﬂgl)—ﬂgl)o By P(l)( )= P()eﬁly )
@ _ (2) B@y (2) _ (2) BPy (2 _ (2) Py
Cag = Caq0© €15 = €11 = €110€
2 @)y 42 2) 3@ 2 2) 32 2) 3@
i = qis) 9% ) = dgl)() 0y 1Y) = uhe® @, o2 (y) = piPe?

wherec{), eD W gD alD o8 and 3@ (i = 1,2) are the shear modulus, the piezoelectric
coefficient, the dielectric parameter, the piezomagnetic coefficient, the magnetioelectric coefficient,
the magnetic permeability, the mass density and the functionally graded parameter of two dissimilar
functionally graded piezoelectric/piezomagnetic material half planes, respectively. Here, the normalized
non-homogeneity constant?i(i = 1,2) are varied betweer-2 and 2, which covers most of the
practical cases.

The constitutive equations for the mode Il crack can be expressed as follows:

7@ = ol + Do) + o (k=2y, i=12) (6)
Dy = effuf) — <o) — v}, (k=wy. i=12) @)
BY = @ — a6~y (k=zy, i=12) @®

The anti-plane governing equations can be written as follows:
o) )
dy

__p( )w2w() (9)

Ow® ; . NG IAO)
(TPl + BOZE) + ey (V20 + BT g (720 4+ 5O

) 001 g
‘2) (2@ 4 g wy) 0 (10

i i i duw? i
6(15)0(V2w( ) + ¢ )6—y) - 5(11)0(V2¢( + 69

aw

A 7 3 a¢z
qis)o(vz @+ g ay ) — 110(V2¢( + 80

0y ) — 110(V2¢(Z + 8¢ 81,!)

y) 0 (11

; . . i) ; i —iw
where—pPw?w® (z, y)ei<t = p@ # pél)% andv? = 920z + 0% /9y? is

the two dimensional Laplace operator.

3. Solutions

Because of the assumed symmetry in geometry and loading, it is sufficient to consider the problem
for0 < z < 00, —00 < y < oo only. The system of above governing Eqs (9)—(11) is solved using the
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Fourier integral transform technique to obtain the general expressions for the displacement components,
the electric potentials and the magnetic potentials as follows:

w (z,y) = %fooo Al(s)e_%l)y cos(sz)ds "
oW (z,y) = a(()l)w(l)(x,y) + 2 [ Bi(s)e 2 Ycos(sz)ds » (y=0) (12)
M (2, y) = aVw® z,y) + 2 [ O (s e*“él)y cos(sx)ds

1 m JO

w® (z,y) = %f As(s )671 ycos(sx)ds
o3 (z,y) = a(() : @ (z,y) + 2 fo By(s eWéQ)y cos(sz)ds » (y<0) (13)
»@ (z,y) = ay @)y ( )+ = fo Co(s 6752)9 cos(sx)ds

whereA; (s), Bi(s), Ci(s), Az2(s), Ba(s) andCsy(s) are unknown functions,

BW 4, /82 4 452 — w2 /2] B 4+ /B2 4 452 /
1y \/ ’ 751) _ \/ﬂi’ o = M(()l)/p(l)’

M= 9

(1) D 1) (1) @ D) 1) 1)

1 (1 1) (1 1 Hi10€150 — q 1 q e
M(() ) _ 634)0 + a(o )6(15)0 + a(1 )q§5)0, a(()) _ 11(01)15?) 11?1);507 a(1) _ 15(0)11(()1) 11(()1)1250’
1104110 — d110 €110M110 — 4110

B 4, /B2 4 452 — w2/c3 B? 4 /322 4 452 /
@ \/ ’ 752) _ \/ﬂi’ cy = MéQ)/p(Q)’

M= 9

(2) (2) d() (2) 2 2 42 2

2) (2 2) (2 2 1Y - 2 q €
Hé ) _ 6514)() + a(() )655)0 + ag )q&%, a(()) _ 11(%)15?2) 11?2);50’ g ) _ 15(02)11(22) 11(()2)1250
€110M110 — d110 £170M110 — D110

So from Egs (6)—(8), we have

28y )
Y (a, y) / {70 Ar(s)e Y 4 A8V el Bi(s)

+q§5)001(3)]e*"’2 Y} cos(sx)ds (14)
() 27 1% 0y ) p (1) D
Dy (z,y) = 7, Y3’ [E110B1(s) + diypCa(s)]e™ 7> ¥ cos(sz)ds (15)
2e8y oo )
B y) = 2= [ BB () + W ()] cos(sa)ds (16)
0
eﬁ(g’y

(2)
7 (,y) = / (P42 Ag(5)e” Y + 48 82 Ba(s)

+q§5)002(s)]672 Y} cos(sx)ds 17)
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98Py oo @)
D (@) =~ — /0 757 (o110 Bals) + dijpCas))e’s ¥ cos(sz)ds (18)
2) 2970 %)) (2) 7wy
By (x,y) = ), Yy [di1oBa(s) + pi1pCa(s)]e ¥ cos(sz)ds (19)

To solve the problem, the jump of displacements across the crack surfaces is defined as follows:
f(@) = wW(@,0%) — w®(x,07) (20)

Substituting Eqs (12)—(13) into Eq. (20), and applying the Fourier transform and the boundary conditions
(3), it can be obtained

f(s) = Ai(s) — Ax(s) (21)
al" A1 (s) — al?) Ay(s) + By (s) — Ba(s) =0 (22)
alV Ay (s) — a'? Ay(s) + Ci(s) — Ca(s) = 0 (23)

A superposed bar indicates the Fourier transform throughout the paper. Substituting Eqgs (14)—(19) into
the boundary conditions (2)—(4), we have

171" A () + 75" [elso Br(s) + aisoCr ()] + 671> As(s)

+987 €82 Ba(s) + 42 Ca(s)] = 0 (24)
5 0 B1(s) + diinCr ()] + 257 [T Bals) + diiyCals)] = 0 (25)
V(A By (s) + i Ca(s)] + W23, Ba(s) + 12 Ca(s)] = 0 (26)

By solving six Egs (21)—(26) with six unknown functions and substituting the solutions into Eqgs (14)—(16)
and applying the boundary conditions (2)—(3), it can be given:

/f cos(sxr)ds =0, z>1 27)

2 [ o)) costsards = —m. 0w 28)
™ Jo

whereg; (s) is a known function (see Appendix)im g;(s)/s = (1. (1 is a constant which depends on
the properties of the materials (see Appendix). Howefelis independent of the functionally graded
parametergs(!) and 5. When the properties of the upper and the lower half planes are continuous

along the crack linej; = 0440/2 The above a pair of dual integral Eqgs (27)—(28) must be solved to
determine the unknown functiofy(s).
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4, Solution of thedual integral equations

The Schmidt method [31] is used to solve the dual integral equations. The jump of displacements
across the crack surfaces is represented by the following series:

lvl €T xl. 1
J@) =Y bRy (D)1= T)E, foro <o < (29)
n=1
f(z) = wW(z,0) —w?(z,0) =0, forz > I (30)
l
whereb,, are unknown coefficients to be determined a?;gf ?/(x) is a Jacobi polynomial [37]. The

Fourier transforms of Eqs (29)—(30) are [38]

I'(2n — %)

(2n —2)! (31)

> 1
=Y bnGn—Jan-1(sl), G = 2/m(—1)" 1
n=1

whereI'(z) and.J,, (x) are the Gamma and Bessel functions, respectively.
Substituting Eqg. (31) into Eqs (27)—(28), Eq. (27) has been automatically satisfied. After integration
with respect tac in [0, 2|, Eq. (28) reduces to

2 g bnGn/ %gl(s)Jgn_l(sl) sin(sx)ds = —1pz, 0<z <1 (32)
T 0 S
n=1
From the following relationship [37]
/oo 1 (53) sin(be) { sin[nsinn_l(b/a)}’a b -
—Jn(sa)sin(bs)ds = . 33
n a” sin(nm/2)
o Al vVEr—azn P > @

the semi-infinite integral in Eqg. (32) can be modified as:

/O°° 1 [51 +( ( ) _ ﬂl)] Jon_1(sl) sin(sz)ds = 27151 1

sin [(Qn -1) sin71(§)]

+ /oo EMJ%A(SZ) sin(sz)ds (34)
0

S S

It can be seen that the integrands of the semi-infinite integrals in the right end of Eq. (34) tend rapidly
to zero. Thus the semi-infinite integral in Eq. (34) can be numerical evaluated easily. Equation (32) can
now be solved for the coefficients by the Schmidt method [31]. For brevity, Eq. (32) can be rewritten

as follows:

i bnEn(z) =U(x),0 <z <1 (35)

where E,,(z) andU(x) are known functions and the coefficiertts are to be determined. A set of
functionsP, (x) which satisfy the orthogonality condition

/ P, z)dz = Npbmn, Ny _/ P2(x (36)
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can be constructed from the functiéh, (x), such that

Palr) = Y TP Ei(r) (37)
i=1 """

wherelM;; is the cofactor of the elemerit; of D,,, which is defined as

di1,d12,d13, ..., diy
do1,da2,d23, . .., day

dz1, d3z, d33, d3p 1
D,=1... , dij:/ Ei(z)E;(x)dx (38)
0

_dnla dn2’ dn3’ e adnn_
Using Egs (35)—(38), we obtain

— M, 1
by, = Z q; ij' with ¢; = FJ /0 U(x)Pj(x)dx (39)
j=n

5. Intensity factors

The coefficientd,, are known, so that the entire perturbation stress field, the perturbation electric
displacement field and the magnetic flux can be obtained. However, in fracture mechanics, it is of

importance to determine the perturbation strejéé the perturbation electric displacememf) and the

magnetic qung(Jl) in the vicinity of the crack tips. In the case of the present stu@}, Dl(,l) ande(,l)
along the crack line can be expressed respectively as

2 1
0=23 b0, /0 ~91(5)Jan-1(s1) cos(ws)ds
n=1
_ 28§ -
== nZ:lbnGn/o Jon—1(sl) cos(xs)ds

+% > bGh /O h Egl(s) — ﬁl] Jon—1(sl) cos(zs)ds (40)
n=1

D(1 (x,0) Zb G, / 923 )Jzn 1(sl) cos(xs)ds
2 o0
= ﬁ Z bnGn / Jon—1(sl) cos(xs)ds
™ 0
n=1

—i—g Z bnGp, /00 Fgg(s) — ﬁg] Jon—1(sl) cos(xs)ds (41)
& n=1 0

S
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B(l by / g3(s) L (s]) cos(ws)d
(x,0) Z G, . Jan—1(sl) cos(xs)ds
2 o0
_ 20 anGn/ Jon—1(sl) cos(xs)ds
i 0
n=1

—i—g Z b,.Gn, /oo [lgg(s) — ﬁg] Jon—1(sl) cos(xs)ds (42)
ot 0 Ls

wheregs(s) andgs(s) are known functions (see Appendixlim gs(s)/s = [2. lim g3(s)/s = (3.
Wheres; andSs are two constants which depend on the properties of the materials (see Appendix). When
the properties of the upper and the lower half planes are continuous along the cragk HﬂeTe(115)0/2

andgs = —q150/2
From the following relationship [37]

0o cos[nsin~!(b/a)] a>b
In 5(bs)ds = VO ) 43
/O (Sa) COb( 8) & a” sin(nm/2) b>a (43)

VR —a2 b+ —a2|n’

the singular parts of the stress field, the electric displacement and the magnetic flux near the crack tips
in Eqs (40)—(42) can be expressed, respectively, as follows {):

251
= H, 44
26w
D=-= ;bnanﬂn(x) (45)
203
B=—"= H 4
= 2 b (@) (46)
whereH, (z) = (n P

\/1132 12[23_;’_\/332 l2}2n 1°
The stress intensity factdk, the electric displacement intensity facter” and the magnetic flux
intensity factorK'? can be expressed, respectively, as follows:

: 451
K= xhi% 20@ =1 7= E 2n — 2 (47)
b 4 & Ten-)) B
KP = lim /2 —10)- D = § T (48)
B 1. — L 4B > r(2n—%)_@
K” = zlirrll+ V2(z—1)-B= N E bni@n o ﬂlK (49)
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Fig. 2. The stress intensity factor versul/c; for I = 1.0, 31 = 0.2 and 31 = 0.3 (Material-l/Material-I1).
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Fig. 3. The electric displacement intensity factor versiy&:; forl = 1.0, 3V = 0.2 ands?1 = 0.3 (Material-I/Material-11).

6. Numerical calculationsand discussion

From works [29-31], it can be seen that the Schmidt method performs satisfy if the first ten terms of
the infinite series Eq. (35) are retained. At < x < [, y = 0, it can be obtained thatﬁ)/ro is very
close to negative unity. Hence, the solution of present paper can also be proved to satisfy the boundary
conditions (1). In all computations, according to [9,10,17], the constants of materials-l are assumed to
be thatcl}) = 44.0 (GPa),e{t) = 5.8 (C/n?), 1) = 5.64 x 109 (CYNm?), ¢\1) = 275.0 (N/Am),
dﬁ’o = 0.005x107* (NsNC),Mﬁ)O = —297.0x 1076 (NS?*/C?), pél) = 1500 kg/m? and the constants of
materials-1l are assumed to be thgjo = 34.0 (GPa),e%)0 = 4.8 (C/m?), 5521)0 = 4.64x 1077 (C?2/Nm?),
g2 = 195.0 (NJAm), d)) = 0.004 x 100 (NsIVC), u?) = —201.0 x 1076 (Ns¥/C?), P =
1000 kg/m?. The results of the present paper are shown in Figs 2-12. From the results, the following
observations are very significant:

(i) From the results, it can be shown that the singular stress, electric displacements and the magnetic
flux in functionally graded piezoelectric/piezomagnetic materials carry the same forms as those
in the homogeneous piezoelectric/piezomagnetic materials or in the homogeneous piezoelectric
materials but the magnitudes of the intensity factors depend significantly upon the gradient of the
functionally graded piezoelectric/piezomagnetic materials properties as discussed in [27-30].
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Fig. 4. The magnetic flux intensity factor versug/c; for i = 1.0, 61 = 0.2 and38® = 0.3 (Material-l/Material-Il).
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Fig. 5. The stress intensity factor versul/c; for | = 1.0, 31 = 0.4 and3® [ = 0.3 (Material-l/Material-1).

(i) The electro-magneto-elastic coupling effects can be obtained as shown in Eqgs (47)—(49). For
the electric displacement and the magnetic flux intensity factors, they have the same changing
tendency as the stress intensity factor as shown in Figs 2—4. This might be due to the linearity of the
fracture problem. However, the amplitude values of the electric displacement filed, the magnetic
flux field and the stress field are different. The amplitude values of the electric displacement
and the magnetic flux fields are very small as shown in Figs 3 and 4. The results of the electric
displacement and the magnetic flux intensity factors can be directly obtained form the results of
the stress intensity factors through Eqs (47)—(49). This means that an applied mechanical load
alone can produce the electric displacement and magnetic flux singularities. The results of the
electric displacement and the magnetic flux intensity factors of the other cases have been omitted
in the present paper.

(iii) The stress, the electric displacement and the magnetic flux intensity factors of crack in the
functionally graded materials increase with the increase of the incident wave frequency until
reaching a peak and then to decrease in magnitude as shown in Figs 2—-6. When the material
properties of the upper half plane and the lower half plane alone the crack line are continuous,
it can be got the same conclusion as shown in Figs 5-6. In this case, the results are very close
to one another showing a weak dependency on the val@?f. It can be also obtained that
this conclusion is the same as the dynamic anti-plane shear fracture problem in the isotropic
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Fig. 6. The stress intensity factor versul/c; for I = 1.0, 31 = 0.4 and3® 1 = 0.0 (Material-l/Material-1).

14

12

| Y

=
-

=10

08

2 1 0 1 2
ﬂ(l)l

Fig. 7. The stress intensity factor versgs)l for I = 1.0, wl/c; = 0.3 and5®1 = 0.3 (Material-I/Material-Il).
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Fig. 8. The stress intensity factor vers#€)[ for I = 1.0, wl/c; = 0.3 and"1 = 0.4 (Material-I/Material-I1).

homogeneous materials as shown in Figs 5-6. From the results, it can be concluded that the
stress, the electric displacement and the magnetic fields near the crack tips can be deduced by
adjusting the frequency of incident waves in engineering practices.

(iv) The stress intensity factors decrease with the increase in the functionally graded paraigters
(: =1,2) as shown in Figs 7-12. Form the results as shown in Figs 7-12, it can be obtained that
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Fig. 9. The stress intensity factor versgs’! for I = 1.0, wl/c; = 0.3 and 3?1 = gV (Material-l/Material-11).
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Fig. 10. The stress intensity factor versti$)[ for I = 1.0, wl/c; = 0.3 and 3?1 = 0.3 (Material-I/Material-I).
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Fig. 11. The stress intensity factor verstl$)[ for I = 1.0, wl/c; = 0.3 and3®1 = 0.0 (Material-I/Material-I).

the stress intensity factors have a similar changing tendency with the variatity bbr 3(2)1.

When the material properties of the upper half plane and the lower half plane alone the crack line
are continuous, it can be got the same conclusion as shown in Figs 10-12. This means that, by
adjusting the functionally graded parameters, the dynamic stress fields near the crack tips can be
reduced.
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Fig. 12. The stress intensity factor versti$[ for I = 1.0, wl/c; = 0.3 and3V1 = 0.4 (Material-I/Material-I).

(v) The solution of the present paper can revert to the one of the problem which the material properties

of the upper half plane and the lower half plane alone the crack line are continuous as shown in
Figs 5—6 and Figs 10-12.
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Appendix

The functions ofy; (s), g2(s) andgs(s) can be obtained by the operation of the follow matrixes.

r 1 1 1
1100 —120 0 A el 00
[X1] = a(E);lO X = —aéi—lo . X3l = |o A0
1 2
(07701 —a;” 0 -1 0 5D di5 2% ity
2 2 2 2
2D Al 42l }
(X4 = |0 78 <(>)0 Eidi)? sG] = 0] - (X (X)X,
10 di10 Y2 Hi10
B 1 1 1 1 1
R R 2 P Sl r11(8) T12(5) T13(8) .
[Xe] = |0 ’Yé )5(11) A )d(1)o ;o [Xrl = | za1(s) zaa(s) was(s) | = [Xe] [X5]™
_0 ’Yél)dgll)o (1 )lu’gll)o .Tgl(s) $32(8) $33(8)

91(s) = z11(s), g2(s) = w21(s), g3(s) = w31(s).
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The constants gf, 8> andSs; can be obtained by the operation of the follow matrixes.

1 (1) (1 2) (2) (2
A2 et o 2 2 o2
Y3l = |0 5(%%)? dﬁd)? . M=o e%;? dﬁ(%{)) :
0 dij K10 0 dijp K10

1 1 1
_M(() ) _6(15)0 _q§5)0

Y] = [X1] — [Xo] Vo] ' V3], [Yel= |0 &8 a4t

Moo |
0 diio  Hi1o
Y11 Y12 Y13 L
Y7l = |21 y22 923 | = [Y6][Y5] . Bi=wyu1, Bo=wy2u, [3=1ya1.
Y31 Y32 Y33
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