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ABSTRACT

An analysis of scattering of elastic waves in 2 layered medium with multiple non—coplanar interface
Griffith eracks is presented in this paper. Making use of Fouricr intcgral transform, the problem is re-
duced to a sct of dual integral equations which can be reduced to a set of singular integral cquations and
then solved by numerical methods, As an example, the casc of two layered half-space with iwo cracks has
been inverstigated in more detail. The features of the scailered waves at the crack—lips are discussed,
Finally, the numecrical values of the dynamic stress intensily faclors are plotied versus the frequency of the
incidont wavces.

1. INTRODUCTION

The problem of clastic wave seatlering in a media with multi~cracks is difTicult to deal with
mathematically, but duo Lo its practical significance, more and more anthors pay atlention o this subject
now. Iiou 1980 has first considered the diffraction of an antiplanc shear wave in an infinite clastic me-
dium with two coplanar Griffith cracks. Zhang ct al. 1988 using the Green funciion and integral cquation
mcthods, have analysed the scaltering of clastic waves duc to multi-cracks and ils fcature at the
far~ficlds. For the casc ol multiple interface cracks, Karim and Kundu 1988 have considered the transient
surface response of SH wave in a layerced hall space with two inicrlace eracks and the dynarmic intcractlion
of SH waves wilh iwo interface cracks in a three layered plate,

This paper is concerned with ihe scattering of SH waves in a layered medium with multiple
non—coplanar interface cracks. Using Fourier transform, the probicm is redueed io a sct of dual integral
equations, Then take the case of two layered half—space with two cracks as an cxample, the featurc of the
scatiered waves al the crack tips has been investigaled in more detail. And finally, the numerical resalts
and discussions arc presented.

2. DUAL INTEGERAL EQUATIONS

L

i
Supposc n laycres and a half~space are bonded together per- l
fectly, except in the rcgions |X| <1, y=dg(i=1,2+ K), L
where the interface Grilfith cracks exist as shown in Fig.1. A5
B p{i=0,1,2->-n1) are the constants of materials. The inter- \
face between the jth and j—1 th layeres is represented by j,

When the incident waves are harmonic SH waves, Let @

be its frequeney, The governing equations in displacements is

VU, + K0, =0 j=012%n (2—1) Fig.1. The mechanic model
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where K=o pj/,ujﬂ Vi =o"soX +20" /oy .
The relations beilween siresses and displacements arc

Qu” Qu”

s A Py P
x1f ﬂlgx’ vl #lgy

s f=10,1,2ec0n8 (2—-12)

Thc elastic fields can be sxpressed in the sum of the incident field and scaitered ficld as follows
{Um,a'm } = {Umyg(n b {Um,am}

where {Um ,am Y represents the incident ficld with no cracks, {Um,ﬁm}lhc scatiered field and {Umgam}
the total ficld.
Defining the openning displacement functious of the crack surlaces as:

AU}),(():{é]mn_U,m-i ilﬂz]; y=dgy s =12k (2-3)
The boundary and coutinuity conditions of the scatiered ficld are expressed as
;’:ﬂ=@ ye=d. ¥ <o
et =l = a y=djefd, X) <]
{2—4)
O =0, UL Ul =AU S, y=d, j=12en|¥]<wo

In addition, the scatered {ield must satisfy the following radiation condition
fin %{Q—U:) '|K|Um} =0
T T THRIY, (7 G5
wherer = (x° + »°)'"7, | Klis the wave number vector modulus.
Far convenlence,we omit the superseripts of the scattered field in what follows.
Applying Fourier integral transfonm to the equation (2—1)and taking account of the
radiation condition (2—5),we have
1 ce oy =t
U”—ﬂj_m[,ﬁ](é)e + 8 (O e

e j=0,1,200 (2 - 6)
2 2 1/2
where Vo = ( Kj,j - ¢ , A ](ﬁ).Bj(é)are unknown functions. 4 ()= C.

Substituting (2—6) into the boundary and continuity condition, one obtains the follow-

ing results
k)

(4,) = ¥ [L,+K, H{i~j-DIIS,] @7
J= ki)
where [Lﬂ 1. [Kﬁ Jare known matrixes, H(i—j—1) is a Heavside function,
[4,1=14 (&L &) ,5,1=10,5,1",5,=[" AU, e axs .

Then substituting (2—7) into (2—6), from the surface condition of the cracks and the
definition of the openning displacement functions, we have
Ak)

L pe —iex ® 1

T LIPS, e Tde= —o) x| <

e Tem t g =i (2-8)
@ —1¢x

oI 18, 1e T M ag=0 x> 1

— 340 —



where [Fﬂ ] is a known matrix.

The equations (2—8) are a set of dual integral equations for the scattering of SH waves
in a layered medium with multiple non—coplanar Griffith cracks.

3. THE SINGULAR INTEGRAL EQUATIONS AND ITS SOLUTION

Ag an example, the case of two layered half~space with double Grillith eracks has been investigated here
in more detail,

Letn=2, (1)=1, ¥2)=2,then the cquation (2-8) can be simplificd as
—Ifx

p o ¢ ®
P I LN GRN GRS P08, OV Fmd= ()

. i [x] <1

By (w ' e M,
—;;f_w{P3(8:>S1(¢)+94@)52(5)}&55{4= —o,(x0) | ey
1 ;o — ez

zﬂ—anSl(é‘)e dé=0 Xl

@ —i5x -
) eS8 =0

Where £ (£),P,(D,F, (0.2 (Dand A(are known functions of £ ¢ (x,d )

siresses on the faces of the cracks.
Using R (x), R,{x), instead ol AU and AU, it can be scen that

iy

m(x,())are the incident

SO =] & e, & =J1 R )" du (3-2)
substituting (3-2)into (3—1). il can be reduced 1o a sct of singular intcgral equations of first kind with
Canchy kernel.,

v S(w) 1 o T W
j_m—:; du— ;-",EL] [V (.x) f () + T(u,%) f, (1) 1du = WA (x,0)

L Fo(w) . e x| <1 (3-3)
o hsdut [ R, () + M (w001, ) ldu = — # o (nd)

where f (u)= R, (u), £, =R, (u), &, B arc know constants, N(u,x). T(up). L(u.x). M(u,x) are

Fredholm kernal,
Then expanding fi(u), [,(u) into a serics of Chebyshev polynomials in ihe form:

K== )7 A ) e =0-u) T AT ) (3—4)
i=0 j=0

and using the orthogonality of Chebyshev polynomials. the singular integral equation can be reduced toa
sct of algebraic cquations:

A
§A|k+1 + Z:l[a;kAU"‘bﬁAu]zqm

- -
3 Au t E [Cpdy+dd 1=q, k=0,1,2¢= (3-5)
where:
1 a1 2,172
q”‘=ﬂj_lanl(x,0)(1—x ) U (x)dx
7, = _%ji}a:?(x,dl)(ﬂ —x)7 U (x)dx
#1
i1 - .
a, =‘7ff/§ LI a—eh UZ(H——xz)'“N(u,x)Tj(u)Uk(,‘c)dua'x
[ 2, —1/2 2.9/2 ., 3
bﬁ =E}'_1j_l(u—u ) (1—x7) ](uy,\)fj(u)Uk(x)dwdx (3 —5)
1 .1 1 -1/ .
Co=im b =)0 P LT (0, ()duds
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—EE.ZI I )= =Y MO )T (x)dudx

T](u)and U, (x)are the first and sccond kind of Chebyshev polynomials respectively. From (3—35) the
unknown consiants A " A 2j(j: 1,2e0<)can be determined.

4, THE STRESS INTENSITY FACTORS AN ITS NUMERICAL RESULTS

Now we derive the expnessions of the siress intensity factors which is of particular interest in [racture me-
chanics.
Defining the dynamic stress intersily [aclor as
. 2 172 . 2
K, = lim|x" =10 @0, K, =tim | =1
x=1" v 32 =1

From (3—3), it is known that the dominat pants of the scattered siress ncar the crack tip at the interlaces

1/

Yo d)| lxl> (4-1)

arc
f(u) oo f{w)
7, (x,0) = —_j w, o, (xd)=""— j ml_xd (4—12)
substitutinng (4-2) into (4—1) and with (3—4) onc can obluin
st aip =
K =1 s U P AR LA NS | 43
* l Bo iy o Y ? (uﬁu,)(ulﬂez)g‘ ¥ “=a

The lormula (4-3) indicaics the dynamic feature of the scattcred ficld at the tips of the cracks. For
the casc of bonded material with the hatl-space, middle layer and top layer being iron, aluminium and
rickel respeetively, ils variation with the [requency of the incideni wave are shown in Fig.2 and Fig.3
whereQi=ad, / C

The Fig. 2 shows the stress intensity factors versus the frequency of the incident wave with the inci-
dent angle 0= 0. Obviously, there arc several resonance peaks in some range ol frequencics, which in-
crease as the thickness of the top layer increase, Lhis is because that the interference of two scattered lxcldq
of the two cracks will intensified as the relative distance decreases. In addition, the magnitude of X,
much larger then that of X, . From Fig.3 it can be scen that, with the incrcament of the incident anglc,

the magnitudes of £ and K, become small,

o)
X, Ky
301
d2/di=1.5
2.0
d2/di=1t.1

Fig.2 Variation of the SIF versus the [requency of incident waves

with incident angle 0=0, (a) Kﬂ , (B) ]K.'32
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Fig.3 Variaiion of the STF versus the frequeney of the incident waves
withincidentangle 0=30", (a} X, . (0) &£,.
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