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5HIGH FREQUENCY SOLUTION OF ELASTODYNAMIC STRESS INTENSITY 

FACTORS DUE TO THE DIFFRACTION OF PLANE LONGITUDINAL WAVE 

BY AN EDGE CRACK IN A SEMI-INFINITE MEDIUM 

1. INTRODUCTION 

The problem of scattering of elastic waves by a surface breaking crack is of considerable 

importance in a variety of engineering applications. In fracture mechanics, the interest is in the 

determination of the stress field near the crack tip as a prerequisite to the study of crack propagation 

under dynamic loading. 

Elastodynamic analysis of an edge crack has been done by Achenbach eta! [1980] when the 

cracked half plane is subjected to time harmonic line load applied to its free surface. Stress intensity 

factors for three dimensional dynamic loading of a cracked half space has also been studied by Angel 

and Achenbach [1985]. Low frequency solution of the scattering ofSH-wave by an inclined edge 

crack in a semi-infinite medium was studied by Dutta [1979] using the method of matched 

asymptotic expansion. The problem of anti-plane shear waves by an edge crack was studied by Stone 

et a! [ 1980]. Scattering of body waves by an inclined surface breaking crack has also been studied 

by Zhang and Achenbach [1988] using Boundary Integral Equation method. Detailed discussion on 

the problems of fracture mechanics can be found in the books of Freund [1990], Brock [1986] and 

Cherepanov [1979]. 

In the present paper, the problem of the determination of the high frequency solution of 

5 Communicated to The Journal of Technical Physics, 2000. 
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elastodynamic stress intensity factor due to the incidence of a time harmonic plane longitudinal wave 

in the presence of a vertical edge crack in a serni-infmite medium has been studied. The solution of 

the diffraction problem is complicated by the presence of the free surface of the medium in addition 

•· to the crack surface and the associated sharp comers. The resulting boundary value problem for the 

cracked half-plane is decomposed into two problems for the quarter plane, which represent the 

symmetric and antisyrnmetric motions relative to the plane of the crack, respectively. 

The plane longitudinal wave, when incident on the free surface of the semi-infinite medium, 

gives rise to reflected longitudinal and shear waves. These body waves are broken up into symmetric 

and antisymmetric parts with respect to the plane of the crack. In both the symmetric and 

antisyrnmetric motion, firstly, assuming the free surface of the semi~infinite medium to be absent, 

• 
body waves are assumed to be incident on the semi-infinite crack. Using Wiener-Hopftechnique, 

diffracted field arising from the tip of the crack consisting of both the body waves and Rayleigh 
~ 

surface wave moving along the surface of the crack are obtained. For high frequency, body waves 

after a few wave lengths are found to be insignificant so that important part of the diffracted field 

which reaches the comer of the 90° wedge formed by the plane free surface and the surface of the 

• crack is Rayleigh wave. The Rayleigh wave on reaching the corner of the wedge is reflected back 

as Rayleigh wave, the reflection coefficient being given by Li et al [1992]. Diffracted body waves 

from the corner of the wedge being again insignificant after a few wave lengths may be n_eglected 

for high frequency solution. This reflected Rayleigh wave on reaching the crack tip again gives rise 

to diffracted Rayleigh wave which reaches the corner of the wedge and is again reflected back. This 

process of reflection of Rayleigh wave from the comer and subsequent diffraction from the edge of 

the crack tip continues. Using Wiener-Hopftechnique, stress components just ahead of the crack tip 
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due to the incidence of body waves and all the reflected Rayleigh waves on the crack tip have been 

obtained. The expression for the resulting stress intensity factors have been determined. The 

dependence of the stress intensity factors on the frequency and on the angle of incidence has been 

.,_ depicted by means of graphs. 

2. FORMULATION OF THE PROBLEM AND ITS SOLUTION 

Let us consider a plane harmonic compressional (P-) wave of frequency w to be incident on 

an edge crack of length h located at right angles to the free surface of an homogeneous isotropic 

semi-infinite medium. The x-axis is taken along the free surface andy-axis along the direction of the 

crack as shown in Fig.1. 

In the absence of the crack, the free surface of the medium would give rise to the reflected plane (P) 

and inplane shear (SV) waves. Let the three waves be represented by the Stokes-Helmholtz potentials 

e·iwt Q>1, e·iwt Q>R and eiwt ljJR respectively. Then 

<!>1 = A 0exp[ -ik1 (xsin81 + ycos8 1) J 

<I>R = ARexp[ -ik1(xsin8 1 - ycos8 1)j 

ljJR = BRexp[ -iJs(xsin82 - ycos82) J 

(1) 

where 8 1 is the angle of incidence, Ao the amplitude of the incident wave, k1, k2 are the P and S wave 

numbers respectively related to their phase velocities c1, c2 through k 1 = w/c1 and k2 = wlc, . The 

remaining quantities in (l) are given by the laws of reflection of elastic waves as 

k1 sin8 1 = k2 sin82 (Snell'slaw) 

AR (sin282 sin28 1 - k 2 cos2282) =--...;:_ _ __:_ ____ -=.._ 

Ao (sin282 sin281 + k 2cos2282 ) 
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B R = - 2 cos282 sin2(\ (
2

) 

. Ao (sin282 sin281 + k 2 cos2282 ) 

where k2 is the ratio of the square of longitudinal and shear wave velocities and is given by 
2 2 

2 c, k2 
k =- = -. 

2 2 c2 k1 

We shall now determine the scattered field produced by the vertical crack when cP1, cPR and 

ljrR are incident on it assuming for the time being that the free surface y=O is absent. 

To this end, firstly we consider the scattered field when the longitudinal wave given by 

is incident on a semi-infinite crack in an infinite medium. The crack is on they-axis extending from 

y=-= to y=h. The diffrection of elastic waves by a semi-infinite crack in an infinite medium has been 

studied by Maue [1953], De-Hoop [1958] and also by Achenbach [1975] using Wiener-Hopf 

technique. 

We write cjJ1 in the form cjJ1 = <J>1, + <l>1o where 

(3) 

Clearly <J>1, is even in x and <j>10 is odd in x. 

Symmetric problem : 

Now consider the interaction of the field given by <J>1, with the semi-infinite crack. If <J>(ll and 

ljr<'l be the displacement potentials of the scattered field d].!e to the incidence of <J>1, on the semi-

infinite crack, then the displacement components corresponding to the scattered field are 

<•J _ a<j>(ll aljr(l) <•J _ a<j>(ll aw(IJ 
u1 - -- + -- and Uz - -- - --. ax ay ay ax 
From the geometry, it follows that in this symmetric problem <J>(ll, nz<•J and the stress 

components,,,, 'n are even functions in X while w<'l, u,<•J and 1:12 are odd functions in X. Thus the ,. 
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boundary conditions satisfied by the scattered field due to the incidence of <!>1, are 

u (e)= 0° 
I ' 

y>h, x=O (i) 

c12 = 0; -oo<y<oo, x=O (ii) 

_ 21 2c{cos
2

8 11 0 
0 't' 11 - A0 pw 1 - c~ exp( -1k1 ycose 1 ), y<h, x =Oo (iii) 

Introducing Fourier transform defined by 

- 1 00 

<1>(1\x,a) = -.- J <J>(ll(x,y)e iay dy 
{fi -oo 

we have 

<J)Cll = Ae -y1x and l]iC'l = Be -y,x for x;;, 0 

where Yj = Ja2 -ki
2

; j=1,2o 

(4) 

(5) 

(6) 

Branches ofyi are chosen such that Rey 1>0 and Rey2>0 for lm(-k1)<1m(a)<Im(k1)o 

and 

where 

The boundary conditions (i)-(iii) now become 

iah h 
-y

1
A- iaB = _e_ J u,c·:co+,y)ei•(y-hldy = ei•hu_(a) 

{fi -oo 

B(a2
- k/12)- iay1A = 0 
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M 

and G .(a.) = - 1- J 't 11 (0+,y)eia(y-h)dy. (10) 
{iih 

Eliminating A and B from equation (7), (8) and (9) one obtains the Wiener-Hopf equation 

Be -ia0h 

CI<z(a.)U_(a.) + G.(a) = (11) 
. (ex -ex

0
) 

where 

B = (12) 

and j = 1,2. (13) 

Following Chang [1971], it can be shown that 

(14) 
-, .. 

where 

(a.±k,) exp _!_ Jk, tan-1{f(s)} ~s I 
(cx±Js) 1t (s±ex) 

k, 

(15) 

with 

(16) 

where I(,.( ex) and K_(ex) are analytic in upper and lower half of the complex ex-plane and k,. is the root 

ofRay1eigh wave equation R(a.)=O. 

By the usual Wiener-Hopf argument, equation (11) subsequently yields 

G.(ex) = - ---=--Be -ia,h.Kz.(ex) [ 1 1 ] 

(ex -ex0 ) Kz.(ex) Kz.(ex0 ) 
(17) 

(18) 

In order to determine the value of 1:11 just ahead of crack tip, we need the form of G+(ex) as ex-=. 
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Using the fact that K2.(a:) -a:112 as la:l-oo, we obtain from equation (17) 

G.( a:)= Ea:-112
, as la:l-oo, -1t/2 <argo:< 31t/2 

Be -ia0 h 
E = - -::-::----c----:-

~+(a:o) 
where 

;). Taking Fourier inversion, we obtain 
oo+ic E I e -ia(y-h) 

[ • 11 (O+,y)j = - f do:. (19) 
y-h+O IF r;:; 

V £ 1t -w+ic
1 

V CJ. 

Here o:=O is the branch point We draw a cut from a:=O along negative imaginary axis. The line of 

integration is deformed into a loop round the branch cut as shown in Fig.2. 

So equation (19) reduces to 

E(l-i) ~ e-P(y-h) (i-1)Be -ia,h 
[ 1: (O+,y)] = f d~ = (20) 

II y-h+O .fit 0 -% ~+ (a:o)\f(y- h) 

Next, in order to determine the scattered field of displacement due to the incidence of <l>1e on 

the semi-infinite crack we consider equation (18) which yields 
. h oo+ic1 

u[el(O+,y) = Be -lao J e -ia(y-h) do:- Im(o:)<Im(o:o) 

{iitc~.(o:o) --•ic
1 
(o:-a:o)~_(o:) ' 

where the line of integration is in the common region of regularity ofU_(o:) and G.( a). We draw cuts 

through k1 and k2 parallel to the imaginary axis in the upper half of the complex a-plane. 

Taking a semi circular contour with loops round the cuts in the upper half plane as shown 

in Fig.3, we get (for y<h) 

where 

21tiBe -ia,y + 21tiBe -ia,h .j(k,- is) e -ik,(y-h) + 

{iii C~ ( o:o) {iii C(k, - o:o) ~ • ( o:o) S(k,) 
+ contribution from the branch line integrals (21) 

S(k,) = expl_!_ Jk, tan-1{f(s)} ds _ (22) 
1t k (s- k,) 

I 

Now consider the contribution from the branch line integral along the loop Lk round the 
I 

branch point o:=k,. This is equal to 
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·~ 

(y<h) (24) 

where RYl (k1 + ik1 u) is the value of R~'l on the right hand side of the cut whereasR~2l (k1 + ik1 u) 

is its value on the left hand side. 

If (h-y) > 0, then for large values ofk1(h-y), the main contribution to the integral (24) will 

be from the value of the integrand near u=O. So, for large values of k1(h-y), the integral (24) can 

approximately be written as 

Now 

where 

1 

Bie -ia0h- ik1(y-h) J e -k1 (h-y)u 

v'21t)C~-k,)C~.(a0 ) 0 [u-i(l-aofk1)] Lt R~1l(k 1 +ik1u) x 
u-0 

R~'l (k1 + ik1 u)) 
x Lt 1 - du. 

u-0 R~2\k1 + ik1 u) 

exp j=1,2. 

Next consider the evaluation of 
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Lt R~ll(kl + ikr u) = Lt R~IJ(S) (Say). 

u~O R <2l(k + ik u) u~O R <2l(t) - I I - 1 
We know 

R_(a) = (k,-a) exp[_!_ II<, tan-l{f(s)} ds I 
~-a) rc (s-a) 

k, 

,;_~ where a is either t1 or ~ . 

Following~:~ [1971],/t can be shown~ that R_(~~~:~~~2be wnl"tte::s 

R_(a) = exp- I log 1 -----=---
(~-a) 2rci 2 ~k2{z4Ik2 (s-a) 

L' +L'k z z - 1 z - 2 
kl 2 

where the paths L 'k, and L 1 k, are shown in Fig.4. 

The point t1 and~ being just on opposite sides of the cut through k1, the pathL 'k is deformed so as 
I 

= - 1 + 
2.jU(1 -i)k(/ki-k~ -

(k~- k"f/2)
2 

Using the results (25) and (27), the integral (24) reduces to the form 
2BC e ni/4 lj( e -i•oh e -ik, (y-h) oo -k, (h-y)u r:: 

I V"I I e yu du 
yiz1tC(k, -k1 )~.(a0 ) 0 {u-i(1-a0/k1)} 

= 
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where 

w 
0
(-iz) = Joo e-"(udu ={it +2{itie-izJZ{F(vz)} 

U-!Z 
0 

where F(y) is the Fresnel integral given by 

F(y) = J e iu' du ( c.f. Noble [1958] ). 

y 

Using the asymptotic value of 

W ( -iz) = {it as lzl-oo 
0 -2iz 

expression (28) becomes 

Be 
. ni/4 /j( -ia0h -ik1 (y-h) 

11e V"Ie e 

provided k1(h-y) is large and cos8 1 is neither equal to 1 nor nearly equal to 1. 

(29) 

Expression (29) is the diffracted P-wave originating from the edge of the crack due to the 

incidence of <!>1,. 

Next consider the contribution to u1 (e) (O+,y), (y<h) from the branch line integral along the 

(30) 

Using similar procedure as used while evaluating (23), it can be shown that for large value 

ofk1(h-y), the expression (30) becomes 

4iBC2 e in/4(kz- kl )/kl (kz + kl) e -ia,h e -ik,(y-h) 
(31) 

Therefore in the symmetric problem involving <j>,, the x-component of displacement 

u,C•l (0+ ;y), (y<h) due to scattering by semi-infinite crack is given by 
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(32) 

The first term ofu1<eJ (O+,y) in (32) arises due to the reflection of <P1e on the surface of the 

crack. The second term gives the Rayleigh wave and the last two terms are difffracted body waves 

due to the diffraction of <P1e from the edge of the crack. While evaluating body wave contribution, 

it has been assumed that k1(h-y) is large and that (1 - cos81) is different from zero. For cos81=1, the 

third term of(32) giving diffracted P-wave is o{[kl (h -y) Y12 } for large values of[kl(h-y)]. 

The diffracted body waves near the edge of the crack are of the same order as the Rayleigh 

wave terms since their joint contribution must vanish at the edge. However, at high frequencies the 

order of these body wave terms change to 0 {[ k1 (h- y) J-312 } within the distance of a few wave 

lengths from the edge. Therefore at distances away from the crack, the displacement on the crack 

J"' surface can be approximated very well by Rayleigh wave contribution in (32) (c. f. Achenbach eta! 
"' 

[1982]) 

. D M -ik (y-hl + 2m e ' I 2 (33) 

where 

j=1,2. (34) 

The first term of (33) is due to the geometrical reflection of <P1e from the surface of the crack. 
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The geometrically reflected rays from the surface of the crack after striking the free surface y=O 

generate reflected rays again. These reflected rays do not reach the surface of the crack and therefore 

do not make any new contribution to u1 (o) (O+,y). The second term of (33) is due to diffracted 

-~ Rayleigh wave arising from the edge of the crack occuring due to the incidence of cp1, • The 

corresponding displacement component in the y-direction which is even in x can easily be 

determined and is found to be equal to 

21tiD
1 
Mz (2k; - k{) e -ik,(y-h) 

2ik, Jck,
2 

- k1
2

) 

(35) 

The Rayleigh wave with displacement components given by (35) and the second term of(33) 

when incident on the free surface y=O gives rise to reflected Rayleigh wave and body waves. 

The displacement on the surface of the crack arising from the reflected body waves can again 

be neglected as in the case of direct incidence. The reflection co-efficient of the Rayleigh waves 

when Rayleigh wave is incident on a wedge has been determined by Hudson and Knopoff [1964] 

and by Mal and Knopoff [1965] theoretically and also recently by Li, Achenbach et al [1992]. We 

denote the complex reflection co-efficient for a 90° comer by ;\/";a where A,=0.32, 3=0.106 for 

"f, Poisson ratio equal to 1/4 (c. f. Li, Achenbach eta! [1992]). Therefore the reflected Rayleigh wave 

components on the surface of the crack corresponding to the incident Rayleigh wave given by (35) 

and second term of (33) are 

and 

Rayleigh waves which can be determined by the usual Wiener-Hopftechnique. While carrying out 
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the Wiener-Hopf procedure, it should be remembered that Rayleigh waves from the comer given by 

(36) which are incident on the crack tip are such that u1R(eJ is odd in x whereas li:JR(e) is even in'x. 

Clearly the shear stress 't'\~l of the first reflected Rayleigh wave given by (36) is odd in x and 

··'~ the stress 't'rr\o + ,y) ·for that Rayleigh wave is even in x. Since the total x-component of 

displacement for y>h, x=O is zero, the scattered field due to incidence of the Rayleigh wave given 

by equation (3 6) on the crack musi: satisfy the boundary conditions 

u (O+y) = -21tiD M A e 2nilieik,(y+h) 
lRD ' 1 .... ~ r ' 

't'\~ (O+,y) = 0; 

't'\?(O+,y) = 0; 

-oo<y<oo, 

y<h, x=O. 

x=O 

y>h, x=O (iv) 

(v) 

(vi) 

where 't'\~ (0 + ,y) and 't'\? (0 + ,y) are stresses of the scattered field due to the incidence of the 

Rayleigh wave given by (36) on the crack tip. 

where 

The boundary conditi[ns yield the Wiener-Hopf equatio~ 
{ii D M A e 2nili e 2•k,h 

Gl• (~) = - CI<z(~) Ul_(~) + 1 2 r 
<~ + k,) 

1 h . 
Ul_(~) = -- J Um0 (0+,y)e'"(y-hldy. 

{ii -oo 

By the usual Wiener-Hopf argument, equation (3 7) subsequently yields 

G (~) C '2nD M lA I e2nioe2ik,h 
1 + = _ V "-" 1 2 r T(' ( k )· 

Kz.(~) (~+k,) ·~- - r' 
Im(~)>- Im(k,) 

(37) 

(38) 

(39) 

_ {liD!~ IA,Ie2nilie2ik,h 
u~-<~) - - <~+k,)Kz_(~) [Kz_(~) -Kz_(-k,)j. (40) 

In order to determine the value of 't'\? (O+,y) just ahead of the crack tip, we need the form 
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G 1.(a) asa-oo. Usingthefact ~.(a)-a112 as lal-oo, weobtainfromequation(39) 

C{fiiD ~ lA I e2nioe2ik,h 
G1.(a) =-

1 
r ~-(-k,); as lal-""· 

.;a 
Fourier inversion gives 

Be -i•ohM lA I e2nioe2ik,hl< ( -k )(1-i) •\? (O+,y) = _ .,'"2 r •'2- r 

(k,- a0)~. (a0 ) y(y-h) 
just ahead of the crack tip. 

0 

(41) 

Assuming the Rayleigh waves given by equation (36) to be incident on the semi-infinite 

crack extending from y= -oo to y=h on the y-axis in an infinite medium, the x -component of the 

displacement on the cracked surface due to the diffracted Rayleigh wave from the crack tip is 

obtained by taking the Fourier inversion of equation ( 40) and considering only the contribution to 

the integral from the Rayleigh pole a=k, in the upper half of the complex a-plane for y<h, the 

Rayleigh wave part of the diffracted wave ~· s given by I 
. M ~ ( k ) 2ik,h · -e -ik-h u (0+ y) = 27ti I A I e2mllD M 2 - r e ,(Y l. 

IRD ' r I 2 2k 
r 

This waves on rdlection from the comer (x=O, y=O) again gives rise to Rayleigh waves with 

displacement on the crack surface . 

I

M 1< ( k) 2ik,hl 
(0 ) = 2 ·1 A 12 4nioD M 2·'2- - r e ik,(y•hl 

UIRDR +,y 1tl r e I 2 2k e 
r 

and the corresponding stress •\1/l due to the incidence of the Rayleigh wave given by equation ( 42) 

(42) 

just ahead of the crack tip is 

Be-i•ohM lA le2nioe2ik,hl< (-k)IIA le2nioe2ik,hM 1< (-k)l _. 
•\1/)(0+,y) = _ 2 r •'2- r r .,'"2.'2- r (1 1) . (43) 

(k,- a0)~.(a0 ) 2k, y(y-h) 

In presence of the free surface at y=O Rayleigh wave which originates at the crack tip and 

moves along the surface of the crack is reflected back to the crack tip which again gives rise to the 

Rayleigh wave that is subsequently reflected from the free surface. This process continues again and 

again. Considering the contribution to 't11 at the crack tip due to the incidence of all Rayleigh waves 
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which are reflected from the free surface and sununing up and adding with (20), the total stress just 

ahead of the crack tip due to the incidence of cp1e is obtained as 

1: 0+ = - 1 + 
Be -ia,h [ N2 ] ( 1 - i) 

[ II ( ,y) ly-h+o ~. (a
0

) (k,- a
0

) ,f(Y=r1j (44) 

dt where 

-j.' 

I A, I e 2xi8MJ. e 2ik,h KJ_ ( -k,) 
~= . ~ 

-[ . I A I e 2xiaM. e 2ik,h K. (-k ) I 
1-(-1)l r J J- r 

2k, 

Next suppose that cp1, = -iA0 exp( -ik1ycos8 1) sin(k1xsin8
1

) is incident on the semi-infinite 

crack given by -oo<y<h, x=O in an infinite medium. 

Antisymmetric problem : 

From geometry, it follows that in the antisymmetric problem involving cp1,, the scattered field 

given by q,C2l, ui2), <W, 1:~ will be odd functions of x whereas ljPl, u1(
2), <\~ Will be even 

functions of x. 

q 

where 

So the conditions to be satisfied are 

y>h, x=O 

~C2J - o· 
loll - ' -oo<y<oo, X =0 

(2) _ 2k2A . 28 -ia0 y. 
'12 - p c2 I osm I e , y<h, x=O. 

Using these conditions we obtain the Wiener-Hopf equation 

H.(a) 

Pe -ia0h 

~ 

= _1_ J <\~(O+,y) eia(y-h) dy 
{21ih 
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(47) 



and 

and 

Q>,. as 

where 

h 

v - (a) = _1_ J uJ2l (0 + ,y) e ia(y-h) dy. 
{ii -oo 

(48) 

Using the usual Wiener-Hopf argument, equation ( 46) subsequently yields 

H.(o:) = Pe-ia,h[ 1 I l 
K 1.(o:) (o:-o:0) K 1.(o:) K 1.(o:0 ) 

(49) 

(SO) 

From (49) we can derive the shear stress just ahead of the crack tip due to the incidence of 

(2)(0 ) __ Pe -ia,h (1-i) 
'12 +,y -

K,.Co:o) {Cy-h) 

Taking Fourier inversion of (50) we obtain (neglecting the diffracted body waves) 

ui2)(0+,y) = 

Pe -ia0h 
D = 2 

{iiCK1.(o:0 )(k, -o:0 ) 

(51) 

(52) 

(53) 

The first term of(52) is due to the geometrical reflection of Q>,. from the surface of the crack 

and the second term is due to diffracted Rayleigh wave arising from the crack tip. Taking account 

_., of the shear stress contribution due to successive reflection and diffraction of the Rayleigh wave 
'. 

given by the second term of(S2) from the comer of the wedge and the edge of the crack respectively 

and summing up, we obtain fmally the shear stress just ahead of the crack tip due to the incidence 

Pe -ittoh [ N, ] (1 -i) 
['12 (Q>,.)lr-h•O = - 1 - --,......._..:.- --'-~'--

K,.(o:o) (k,-o:o) {(y-h). 
(54) 

Following the same procedure, the stresses just ahead of the crack tip due to the incidence of 
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(55) 

where 

(56) 

-t and 

f..-

(57) 

where 

iARI-lkfsin28 1 pI = - _.:.:_-'-------'-

.fin 
(58) 

Similarly the stresses just ahead of the crack tip due to the incidence of tjrR=tlrRo +tJrRe are 

given by B i~oh [ N l 
2e 2 (1-i) 

't (tjr ) = - 1 + 
[ II Ro ] y-h+O Kz.( -Po) (k, +Po) ~ 

where 

and 

where 

p = 
2 

iBRI-lk1\cf /c{)cos282 

{2TI 

(59) 

(60) 

(61) 

(62) 

Therefore considering the contribution from <j>1, <I>R and tjrR together, the resultant stress components 

(63) 

and 
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(64) 

3. STRESS INTENSITY FACTOR 

The singular parts of the stress components 1:" and 1: 12just ahead of the crack tip may be 

expressed in the form 

Kr Kn 'li = and '12 = ---;=:;;:::::::::; 
Jy/h -1 Jy/h -1 

and the corres~onding stress intensity factors at the crack tip are defmed by 

/fii Kr /fii Kn 
sl = (65) and s2 = 

(1-i)A0 ~-Lk~ (1-i)A0 ~-Lk~ 
(66) 

'i: .. , 

4. NUMERICAL RESULTS AND DISCUSSION 

The absolute values of the complex dynamic stress intensity factors S1 and S2 as defmed by 

equations ( 65) and ( 66) have been plotted against the dimensionless wave number k1h for different 

values of the angle of incidence 81=30°, 40°, and 50°. Numerical results have been computed for 

Poisson ratio y=1/4 so that 
c c {3 
__!_ = {3 and - 1 

= . In the figure, values ofk1h have been taken 
C2 · CR 0.9194 

to vary from k1h=1 to 30. 

Both stress intensity factors show a tendency to decrease, though oscillatory for increasing 

k1h. The general oscillatory feature for the curves in Fig.5 and Fig.6 is due to the effect of interaction 

between the incident plane waves and Rayleigh waves which originate at the crack tip and are 

reflected back and forth between the crack tip and the comer of the free surface. In both the figures 

Fig.5 and Fig.6, S1 and S2 show distinct peaks, which indicate constructive interference phenomena. 

129 



~~' 
_, .. ;;:.... ___ ::.._ :. 

' ' ' 

, r 
5 

DIMENSIONLESS WAVE NUMBER (k1h)-> 

---6=30' 
················· a:=40° 
-··-··-··- 6!= 50° 

Fig.S Stress intensity factor S1 versus dimensionless wave number k1h for 6 1=30°, 40°, and 50°. 
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Fig.6 Stress intensity factor S2 versus dimensionless wave number k
1
h for 8

1
=30°, 40°, and 50°. 
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