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Abstract. To gain insight into the phenomenon of the interaction of stress waves with material defects and the linkage 
of two cracks, the transient response of two semi-infinite inclined cracks subjected to dynamic loading is examined. The 
solutions are obtained by the linear superposition of fundamental solutions in the Laplace transform domain. The 
fundamental solution is the exponentially distributed traction on crack faces proposed by Tsai and Ma [-1]. The exact 
closed form solutions of stress intensity factor histories for these two inclined cracks subjected to incident plane waves 
and diffracted waves are obtained explicitly. These solutions are valid for the time interval from initial loading until the 
first wave scattered at one crack tip returns to the same crack tip after being diffracted by another crack tip. The result 
shows that the contribution of diffracted waves to stress intensity factors is much less than the incident waves. The 
probable crack propagation direction is predicted from the fracture criterion of maximum circumferential tensile stress. 
The linkage of these two cracks is also investigated in detail. 

1. Introduction 

In contrast  to static fracture mechanics, both mathematical  and experimental difficulties are 

encountered in the efforts to unders tand dynamic  fracture phenomena.  In recent years a 

considerable amoun t  of  research has been directed towards the solution of problems involving 

wave diffraction by cracks in elastic media in an effort to improve an understanding of the 

behavior  of  material failure under dynamic loading, but there still remain some unanswered 

questions. The initiation, bifurcation and linkage of a main crack and a neighboring micro-crack 

subjected to dynamic  loading is an impor tan t  phenomenon  in material fracture analysis. The 

interaction of stress waves with cracks is a complicated diffracted process. The diffracted waves 

emitted from one crack tip will generate mixed mode I and II  deformation fields, and cause the 

other  crack to initiate kinking and linking. Numerous  experimental investigations using optical 

techniques [2-5] ,  have been carried out  to study parameters such as the stress intensity factor 

in order to characterize the condit ions at the crack tip. According to the experimental 

observations by Ravi -Chandar  and Knauss  [2, 3], the micro void and flaws will divert the crack 

to propagate  along another  plane. In this study, we at tempt to simulate the interaction between 

stress waves and multiple inclined cracks and predict the propagat ing direction of the cracks. 

In conventional  studies of a single semi-infinite crack in an unbounded  medium subjected to 

uniformly dynamic  loading on the crack faces, the complete solution can be obtained by integral 

t ransform methods together with the direct application of the Wiener-Hopf  technique [6] and 

the Cagniard-de H o o p  method l-7] of the Laplace inversion. If  the loading is replaced by a 
nonuni form distribution having a characteristic length, then the same procedure using integral 

t ransformat ion methods  can not  be applied directly. Freund [8] studied the problem of an 

elastic solid containing a half-plane crack subjected to concentrated impact  loading on the faces 
of the crack. To overcome the difficulties of the case with characteristic length, he proposed a 



78 C.-H. Tsai and C.-C. Ma 

fundamental solution arising from an edge dislocation climbing along the line ahead of the crack 
tip with a constant speed. The solution can be constructed by taking an integration over a 
climbing dislocation of different moving velocities. Basing their procedure on this method, 
Brock [9-11] and Ma and Hou [12, 13] analyzed a series of problems of a semi-infinite crack 
subjected to impact loading. Recently, Lee and Freund [14] analyzed fracture initiation of an 
edge cracked plate subjected to an asymmetric impact. 

Because of their complexity, most problems of dynamic fracture that have been solved 
are restricted to single crack configurations. Jian and Kanwal [15] and Itou [16] investigated 
the diffraction of two coplanar cracks subjected to normally incident anti-plane shear waves. 
The dynamic stress field around two noncoplanar cracks subjected to anti-plane shear and 
inplane waves was solved by Huang and So [17]. Numerical results of scattered fields 
and elastodynamic stress intensity factors for two neighboring cracks have been obtained 
from the boundary element method by Zhang and Achenbach [18]. However, all the 
multiple crack problems mentioned above are restricted to incident periodic stress wave 
loadings. The problem to be considered in this study is the plane strain transient response 
of an elastic medium, with two inclined cracks in an arbitrary orientation, subjected to an 
incident plane longitudinal tensile wave (P wave) (or transverse shear wave (SV wave)). 
Particular attention is given to the elastic field near the crack tip, which is completely 
characterized by the stress intensity factor. The investigation of the idealized semi-infinite cracks 
can provide some information for an actual elastodynamic fracture problem. It should be noted 
that while the analysis has been carried out assuming two semi-infinite cracks, the results remain 
valid for a finite crack up until the time at which waves diffracted from the far tip reach the 
near tip. 

The problem investigated in this study involves multiple characteristic lengths which make a 
direct solution by standard techniques difficult. Furthermore, none of the methods proposed by 
Freund [8] and Brock et al. [9] work for this problem. Therefore, some other approach must 
be followed. A new fundamental solution proposed by Tsai and Ma [I] has been applied 
successfully in solving multiple characteristic length problems [19-20] and will be used in this 
study. This alternative fundamental solution is successfully applied to solve the problem and 
will be demonstrated to be an efficient methodology. The final formulations of dynamic stress 
intensity factors are expressed explicitly and the effect of each wave is presented in a closed form. 
The results are valid before the first wave scattered from one crack tip returns to the same crack 
tip after being diffracted by another crack. Numerical results for elastodynamic stress intensity 
factors for several configurations have been obtained. Finally, the fracture criterion of maximum 
circumferential tensile stress proposed by Erdogan and Sih [21] is used to determine the 
possible direction of crack propagation. 

2. Fundamental solutions 

The mathematical formulation presented in this study is two-dimensional, and for a state of 
plane strain. As usual in problems of the type considered here, superposition of solutions plays 
a significant role. The solutions to the problems considered in this study can be determined by 
superposition of the following problems A and B. Problem A treats the dynamic force acting 
on a semi-infinite crack; the diffracted waves generated by the crack will induce a traction on 
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the planes that will eventually define other crack faces. In problem B, an infinite body 
containing a semi-infinite crack is considered in which the faces are subjected to tractions which 
are equal and opposite to those on the corresponding planes in problem A. Unlike usual 
superposition methods which are performed in the time domain, the superposition scheme 
proposed in this study is performed in the Laplace transform domain. This methodology allows 
us to solve more general and difficult problems. 

Consider the plane strain deformation of a semi-infinite crack contained in an unbounded 
medium. An exponentially distributed traction in the Laplace transform domain is applied to 
the crack faces. The traction force can be divided into a normal force (mode I) and a tangential 
force (mode II). Because of symmetry with respect to the plane x2 = 0, the problem can be 
viewed as a half-plane problem with the material occupying the region Xz ~> 0, subject to the 
boundary conditions 

( 7 2 2 ( X 1 , 0 ,  p )  = e p"~', - ~  < xl ~< 0, 

•12(x1,0,p) = 0, -(30 < x 1 ( (3(3, 

Uz(XI,O,p) = O, 0 ~ X 1 < (X3 

(1) 

for mode I and 

1~22(Xl, O, p)  = O, - -  (30 < X 1 < O, 

a12(xl,0, p ) = e  p~x', --o0 < x l  ~<0, 

~x(xl,0, p ) = 0 ,  0 ~ < x l <  

(2) 

for mode II, where p is the Laplace transform parameter and q is a constant. The overbar 
symbol is used to denote the transform of time t. The final results of the dynamic mode I and 
mode II stress intensity factors in the Laplace transform domain for the boundary conditions 
(1) and (2) are 

2 e f2K r , gffp) = - X/~K~ (t/), /(II(P) = - -  ~/p 11(/1) (3) 

where 

(a + t/) '/2 Klei(r/) = (b + t/) '/2 
K((t/) - (c + t/)S+ (r/)' (c + t/)S+ (r/)' 

S+_(tl,=exp(~nl fftan_,[422(22-aZ)'/2(b2-22)'/21 dZ ~, 
• [ j  sSi   +_ ,7/ 

a = x/P/(Y + 2#), b = x / ~ ,  a, b and c are the slownesses of the longitudinal wave, shear wave 
and Rayleigh wave, /~ and p the shear modulus and mass density, and 7 the Lame elastic 
constant. 
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3. Stress intensity factors of two inclined cracks 

The investigation of defects subjected to oblique incident plane stress waves is an important 
topic in dynamic fracture analysis. In the time period during which diffracted waves generated 
by a crack tip have not yet returned to the same crack tip, the problem can be treated as two 
semi-infinite cracks located in an inclined angle 0-as shown in Fig. la. The origins of the two 
coordinate systems (xl ,x2) and (2~,~2) are located at the tips of crack A and crack B, 
respectively. The crack tip of crack B is located at Xx = l and x2 = h. The coordinate transforms 
and stress relations between these two systems are 

21 = - (Xl  - 1) cos 0- - (x2  - h) sin 0", 

22 = (xl - 1) sin ~7-(x2 - h) cos (4) 

0":2 ----- (711 s i n  2 0-+ 0"22 COS 2 0 - - -  0"12 s i n  20, 

0"I2 = ½(0"22 - -  0"11 ) s i n  20- + 0"12 COS 2~. (5) 

3.1. Stress intensity factors of crack A and B subjected to an incident wave 

At time t = 0, a longitudinal plane tensile wave (P wave) or transverse shear wave (SV wave) 
strikes the crack tip. The position of the plane wavefront prior to time t = 0 is shown in 

crack Bz/~ 

×2 / /  

crack A ~o x~ 

/ P, SV 

Fig. la. Configuration, coordinate system of the two cracks subjected to an incident wave. 

B 

J DP 
Fig. lb. Wave fronts of the two cracks subjected to an incident wave. 
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Fig. la. 0 is the angle of the normal to the wavefront and the x2-axis. The incident P wave (or 

SV wave) would give rise to the following stresses 

aoo = aoH(t + axi sin 0 - ax2 cos 0) for P wave, 

a,o = aoH(t + bxl sin 0 - bx2 cos 0) for SV wave, (6) 

where H denotes the Heaviside step function. The scattered field of crack A subjected to the 

incident P wave (or SV wave) can be obtained by applying the opposite tractions on crack 

surfaces as follows 

t r 2 2 = F x H ( t + s x l ) ,  - ~  < xi  <~ O, 

t r l 2=F2H( t+SXx) .  - o 0  < x l ~ < 0 ,  (7) 

where 

F1 = - ao 1 - ~ sin / 0 for P wave 

= - ao sin 20 for SV wave, 

a 2 . 
F2 = ~ro ~ sm 20 for P wave 

= - e o  cos 20 for SV wave, 

s = a s i n 0  f o r P w a v e  

= b sin 0 for SV wave. 

The stresses of the scattered field can be obtained by dividing the problem into mode I and 

mode II deformation fields. The corresponding stress components expressed in the Laplace 
transform domain are 

41(xl,x2,p) = ~ Al(,l)e - '~x2÷"~' + A2(,~)e - p ~ x 2 + ~  d,~, 

(8) 

81~l(xl,x2,P)=2~tpfsBl(2)e-V~x~+P~xl + B2(2)e-Pax:+v~Xld2, 
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~ 2 ( x l , x 2 , P )  = 2~tp f B30 . )e - '~x~+v~ '  + B4(2)e-V~x2+'~:" d2, 

~ 2 ( x x , x 2 , P )  = 2Ttp fBBs(2)e-P'x2+P;~x~ + B6(2)e-p#x~+Pz:" d2, 

where  

CC = (a 2 - -  2 2 )  1/2,  fl = (b 2 __ ,~2 )1 /2 ,  

(b 2 --  222)(b 2 -- 20~ 2) -- 2) 2Ctfl 
AI()~) = , A2(2) = - - ,  

2G(2) G(2) 

--  2o~(b 2 - 222) 2~(b 2 - 2), 2 ) 
A3().) = , A4()~) = , 

G(2) G(2) 

(b 2 - 222) 2 222ctfl 
A 5 ( 2 ) -  2G(2) ' A 6 ( 2 ) -  G ( 2 ) '  (9) 

-- 2fl(b 2 - 2cc 2) - 2fl(b 2 - 222 ) 
B1(2) = , B2(2) = , 

H(2) H(2) 

222 ~fl (b 2 _ 222)z 
B3()') = H(2) B4(21 2H(2) 

-- ~,fl(b 2 - 222) ,~fl(b 2 - 222) 
B 5  (,~) = , B 6 ( ) 0  - , 

H(2) H(2) 

F l x / a  + s 
G(fQ = (b 2 _ a2Xc + s)S+ (s)(a + )~)1/2(s - 2Xc - )OS-().) '  

F 2 x / b  + s 
H(2) = (b 2 _ a2)( c + s)S+(s)(b + 2)z/2(s - 2)(c - 2)S_ (2) '  

in which  B is the usua l  i nve r s ion  p a t h  for  the  t w o - s i d e d  L a p l a c e  t r a n s f o r m  f rom 21 - i ~ to  

21 + i v ,  a n d  21 is a real  n u m b e r  l o c a t e d  in the in t e rva l  1211 < a. The  s t ress  in tens i ty  fac tors  

exp res sed  in the  t ime  d o m a i n  are  

- 2x /2x / -b  + sF2 - 2 w / 2 x / a  + sF ,  x/7, K . ( t ) =  .,/7, 
K,(t)  = ~ ( c  + s)S+ (s) x /~(c  + s)S+ (s) 

(lo) 
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for crack A, and 

K,(t) : - 2 x / 2 x / # d  + s* F* x / t  _ to, 

,f~(c + s*)S,(s*) 

2x/2~/b + s* F~ . /  _ 

to, (11) 

for crack B. Where F*, F* and s* are obtained by replacing 0 at F~, F 2 and s by ~7- 0. to in 
(11) is denoted as ~ + h 2 sin(0o - 0), 0o is the angle of the line that connect the two crack 

tips as shown in Fig. la. 

3.2. Stress intensity factor of  crack B subjected to diffracted waves induced by crack A 

Assume that the incident plane P (or SV) wave reaches crack A first, and the diffracted 
cylindrical waves are generated from the crack tip of crack A. After some time, these diffracted 

waves will strike crack B. For  the traction-free condition in crack surfaces of crack B, an 
additional scattered field must be generated by applying negative traction to the surface of crack 

B. The stresses in the crack surfaces of crack B induced by the diffracted waves emitted at crack 
A can be obtained from (8). Taking a coordinate transform from (x~, X2) to ( ~ ,  2¢2) and letting 
~2 = 0, these stresses can be expressed as 

622 = ~ Cl(~,)e p(-;~c°so+~sino)sc'-p~h+p~'l + C2(2)eP(-;~c°sO+#sinO)sq-P#h+P;d d2, (12) 

~I2  = C3(~') ep(-~'c°sO+asinO)~-p~h+p;~l + C4(}0 ep(-~'c°sO+#sinO)x~-p¢h+p~'l d)~, (13) 

where 

C1 (2) = (A1 + B1)sin2 0 - -t- (As + Bs)cos 2 0 --(A 3 + B3)sin 20, 

C2(2) = (AE + B2) sin z 0-+ (A 6 + B6)  c o s  e 0 - (A 4 + B4) sin 20, 

C3 = ½(As + B5 - A1 - B1) sin 20 + (A3 + B3) cos 20-, 

C 4 = ½(h  6 -k- B 6 - Az - B2) sin 20 + (A4 + B4)cos 2ft. (14) 

It is shown in (12) and (13) that tractions on crack surfaces of crack B that must be negative 
are represented by the exponential functions e p(- z cos 0 +, sin O)x, and e p(- ~ cos 0 + a sin 0)x,. Since the 

stress intensity factors resulting from applied tractions e v"x' are expressed in (3), the solution of 
this problem can be constructed by the superposition of the fundamental solution obtained in 
the previous section. Replacing t/with - 2 cos 0- + ~ sin 0 and - 2 cos ff + fl sin 0- and combining 
(3), (12) and (13), the results for the mixed mode dynamic stress intensity factors in the Laplace 
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transform domain for crack B can be expressed as 

KI = x~rtipS/z C1 (2)K~(-2 cos 0 + 0~ sin 6)e -n~h+p~l 

+ C2 (,~)KIF(--~, COS 6 + fl s in  6) e -pah+p~l d2,  (15) 

gll = x/~Tri p 3/2 C3 00KI~( - 2 cos tg- + g sin 6) e - pan + p~ 

+ C4 (2)K~( - 2 cos 6 + fl sin 6) e -  pah + pat d2. (16) 

Finally, the mixed mode stress intensity factors in the time domain can be obtained by 
employing Cagniard's method for inversing the Laplace transform. 

./~3/2 j~t I 
2 x ~ K , ( t ) =  .. t.f~-~-~Im CI(~I)KIF(-/tl 

+ t x / t ~ -  z Im C2()~2)KF(-)~2 cos 6 +  flsin 6) H(br - r)d'r 
H O 

2 x ~  K " ( t ) =  , t x / t~ - r lm C3()~I)/IFII(--,~lCOS6+ Ocslntt)~-z3dz 

+ tx/~-r-  r Im C,(22)K~(-22 cos 8 +  f ls in6)  H(br - z)dr 
H o 

(18) 

fbr tx / - f~-z lmIC4() t3 ,K~(-23costT+f ls in- -~-z  ] dr , 

where 

T 
21 = - - -cos  0o + i 

r •/T2 - -  a 2 s in  0o, 7 
"C 2 

22 = -Z-r cos 0o - - ~-sin 0o, 

"C 
~-3 = - - - C O S  0 0 -['- i 

r 
zX/~2- b2sin0o, Trio = r(alcos Oo[ + x ~ -  a2sin 0o), (19) 

r 2 = l 2 + h 2, 
l h 

c o s 0 o = - ,  s i n 0 o = - .  
r r 
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The three terms in (17) and (18) represent  the contr ibut ion of stress intensity factors f rom the 

diffracted longitudinal  wave (DP wave), head wave ( D H  wave), and shear wave (DS wave), 

respectively. The  D H  wave only exists in the region cos 0o < - a/b. Times equal  to ar, Trio and 
br represent  arrival times of wave fronts fro DP ,  D H  and DS waves, respectively. In the region 
- c o s ( 0 o  - 0)  > a/b, the branch  point  A 2  = - -  a cos 0 - -  ~ - a 2 sin 0- in the second term of 

(17) and (18) is embraced  in the integral path.  It  represents the reflected head wave f rom the 

crack surface generated by the diffracted DS wave, the corresponding arrival t ime of this wave 
front is r ( -acos (Oo  - 0-) - x / ~  - a 2 sin(0o - 0-)). 

3.3. Stress intensity factor  o f  crack A subjected to diffracted waves induced by crack B 

Assume the incident P (or SV) wave will reach crack A first and strike crack B at a later time. 

Diffracted waves will be generated f rom crack B and these cylindrical diffracted waves will 

p ropaga te  to strike crack A. F r o m  the same methodo logy  as described above,  the stress 
intensity factors of crack A subjected to a diffracted wave emitted at crack B can be obta ined  
as follows 

2x//~gl( t)  = x / t  - to - r i m  D I ( ; q ) K ~ ( - 2 1  cos 0 - -  ~t sin g)0211 

f/o [ + ~ t -  t o -  r i m  D2 ()l.2)Kie(- 22 cos 0- - ri sin if) H ( b r - z ) d z  
H 0 

+ , , / / t - t o - z I m  D2(23)Kf(-)~3cosg-risinO)--~( dr, (20) 
r 

2x/~K~i(t) = x / t  - to - z Im D3(21)K~( -2~  cos 0--- e sin 0-)~72~] r ~ - r J  dr  

f/o [ + x / t  - to - r i m  D 4 ( , , ] . 2 ) K l ~ ( - 2 2  c o s  g - -  rl sin 0-) H(br - z )d r  
H o 

fY [ + x / t  - to - r i m  D4(23)Kg(-~.3 cos g -  risin 0-) dr, (21) 
r 

where 

DI(2) = (A1 - B1) sin 2 0-+ (As - Bs) cos 2 0-+ (A 3 -- B3) sin 20-, 

Dr(2) = (A2 - B2) sin 2 0- + ( a  6 - -  B 6 )  COS 2 0- -t- ( h  4 - -  B 4 )  sin 2if, 

D3 = ½(As + Bs - A1 - B1) sin 20-+ (A 3 - B3) cos 20-, 

D4 = ½(A 6 + B 6 - A 2 - B2) sin 20- + (A4 - B4) cos 20, 
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21 = - z_ cos(0o - 0-) + i - a 2 sin(0o - 0-), 
Y 

T2 
22 = __r r cos(0o - 0-) - - ~ sin(0o - 0-), 

23 = - _z cos(Oo - ~7) + i - b 2 sin(Oo - ~7), 
r (22) 

THo = --r(alcoS(Oo -- 0-)[ + x ~  -- a2 sin(0o -- 0-)). 

3.4. Probable direction of crack propagation 

In this problem, the deformation field of a crack tip is not only subjected to tension but also to 
shear loading. In mixed mode experiments, it is usually observed that crack extension takes 

place at an angle with respect to the original crack. When the mixed stress intensity factors have 

been obtained, the maximum circumferential tensile stress criterion proposed by Erdogan and 
Sih [21] is introduced here to examine the crack growth direction. The criterion postulates that 

the crack will grow in a direction determined by the condition that when the circumferential 
tensile stress within the asymptotic field is at a maximum, the angle 0c between the crack line 

and the direction of crack growth satisfies 

sin Ocgl + (3 cos 0c - 1)K. = 0. (23) 

4. Numerical results 

In the previous sections, the exact dynamic mixed mode stress intensity factor history has been 
derived. For the numerical calculation of the mixed dynamic stress intensity factors, a Poisson 

ratio v equal to 0.25 has been chosen. In this case, the ratios of the slownesses are b = x/~a and 
c = 1.88a. The first case considered in this study is a horizontal crack A with its crack tip located 

at xl = 0, x2 = 0 and an inclined crack B with its crack tip located at the direction 0o = 30 ° and 

extended with an inclined angle 0-= 30 °. An oblique incident P wave with an oblique angle 
0 = 30 ° propagates toward the two inclined cracks. At time t = 0, the incident wave arrives at 

the crack tips of crack A and B simultaneously, then induces diffracted waves to be generated 
from the two crack tips. The valid time in this case before the diffracted waves generated from 

one crack tip return to the same crack tip is 0 ~< t/ar ~< 2. The normalized arrival times t/ah of 
diffracted wave fronts at the crack tip are 1 for the DP  wave and xf3 for the DS wave. The wave 

fronts of incident and diffracted waves are shown in Fig. lb. 
The mixed stress intensity factors are given in Fig. 2a which shows that the near tip stress 

fields along the crack tip line of crack A and B are in a tensile state during the time history valid 
in this study. Figure 2b shows the mode I and mode II stress intensity factor histories for 
incident SV wave. The mode I stress intensity factor for crack B is very small because the 
incident SV wave is parallel to crack B. The stress intensity factors are due to the combination of 
the influence of incident and diffracted waves. From the numerical investigation shown in Fig. 2 
for incident P and SV waves, the influence of diffracted waves is estimated to be about 5 percent. 
Hence the effect of diffracted waves is very small compared with the incident wave. The crack 
propagation direction predicted by maximum circumferential tensile stress is shown in Fig. 3. 



0 

Interact ion o f  stress waves 87 

O 

t3 

e0=30" I KI o crack A 
=300 . . . .  Kli [] crack B 

e =30 ° 

O - - 1 3 -  

0 
~ii ~I~FII]IIII lilll I l[lllllllIlilll iii 

I 

0.0 0.5 1.0 1.5 2.0 

t / a r  
Fig. 2a. Stress intensity factors K~ and K. of crack A 
and B subjected to incident P wave for 0o = 30 °. 

~ o .  

:x: 

0o= 30 ° 

=30 ° 
8 = 3 0 ° ~  . . . .  

[ ]  

K !  

K!! 

\ o crack A 

" ~-~.. [] crack B 

i I ' ' ' i I i , i i ] ~ "  

0.5 1.0 1.5 2.0 

t / a r  
Fig. 2b. Stress intensity factors K~ and K. of crack A 
and B subjected to incident SV wave for 0o = 30 °. 
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Fig. 3. Prediction of crack propagation direction of crack A and B subjected to incident P and SV waves for 0o = 30 °. 

The values of 01 and 02 are denoted as the propagat ing angles of  crack A and crack B with 

respect to the horizontal  line. Figure 3 shows that 01 and 02 are all positive for incident P wave 

which means that  these two inclined cracks will tend to link together, but the linkage of these 

two cracks does not  occur for incident SV wave. 

The second case is a horizontal  crack A and an inclined crack B located at 0o = 30°; the 
inclined angle 0- is chosen to be 0 °, 30 ° and 60 °. In order to unders tand the influence of the stress 

intensity factor by diffracted waves, a dynamic impact  loading tro is applied uniformly in the 

surfaces of crack A at time t = 0. The stress intensity factors of  crack B due to the influence of  

the diffracted waves generated by the tip of crack A are given in Fig. 4. In this loading condition, 
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o 
0o:30 ° 
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t / a  r 

Fi O. 4. Stress intensity factors KI and K n of crack B subjected to diffracted waves emitted at crack A for 0o = 30 °. 

only the effect of diffracted waves emitted at crack A needs to be considered. The value of the 
stress intensity factor is very small compared to the effect by the incident waves as shown in Fig. 
2. The valid time interval in this case is 1 < t/ah < 3. The normalized arrival times of diffracted 

wave fronts at the crack tip of crack B are 1 for the DP wave and x/3 for the DS wave. The 
probable crack propagation directions are given in Fig. 5 which shows that crack B will tend to 
connect with crack A in the case of 0-= 0 ° and will repulse crack A in the other two cases. It is 
clear that crack A is dominated by mode I deformation and the influence of diffracted waves 
emitted from crack B is very small, so that the probable propagation direction of crack A will 
remain along the xl direction with a negligible variation. 
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"i-1.0 1.5 2.0 2.5 
t / a r  

Fio. 5. Prediction of propagation direction of crack B subjected to diffracted wave emitted at crack A for 0 o = 30 °. 
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The third case considered in this study is the horizontal crack A and an inclined crack B 
located at 8e = 150” with the inclined angle (!I equal to 180”, 150” and 120”. The geometric 
configuration and wave fronts of incident wave and diffracted waves is shown in Fig. 6. The 
incident plane P wave is parallel to the x,-axis. Because crack B is located in the shadow zone of 
crack A, the incident wave will not pass through crack B and only diffracted waves emitted from 
crack A should be considered. The stress intensity factors of crack B subjected to diffracted 
waves generated by crack A is given in Fig. 7. The stress intensity factors induced from diffracted 
waves in this case are larger than those in the first and second cases discussed previously. In this 
case, the diffracted head wave (DH) emitted at the surfaces of crack A will strike the crack tip 
of crack B. The valid time interval is 1 < t/ah < 3, the normalized arrival time of diffracted 
wave fronts are 1 for DP wave, 1.573 for DH wave, and J? for DS wave. The prediction of the 
crack propagation direction is shown in Fig. 8. The probable directions are favorable for the 
linkage to occur. 

Fig. 6. Wave fronts of the two cracks subjected to an incident wave. 
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Fig. 7. Stress intensity factors K, and K,, of crack B subjected to diffracted waves emitted at crack A for 8, = 150”. 
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Fig. 8. Prediction of propagation direction of crack B subjected to diffracted wave emitted at crack A for 0o = 150 °. 

5. Conclusion 

The difficulty in determining the transient response in a cracked body subjected to dynamic 
loading is well known. It will become more complicated and difficult to analyze if two cracks are 
involved in the analysis. In this study, the transient solution of two inclined cracks subjected to 
incident plane wave and diffracted waves has been investigated. The dynamic mixed mode stress 
intensity factors are obtained in an explicit closed form. An exponentially distributed loading on 
the crack faces in the transform domain is considered as the fundamental solution. Unlike the 
usual superposition method which is performed in the time domain, the solutions are 
determined by superposition of the fundamental solution in the Laplace transform domain. This 
methodology is very powerful in solving more complicated and difficult problems. 

The solutions of dynamic stress intensity factors are valid for the time interval from initial 
loading until the first wave scattered at one crack tip returns to the same crack tip. The 
dynamic stress intensity factor of one crack due to the influence of the incident plane wave 
and the diffracted waves generated from another crack tip has been examined in detail. From 
the numerical results obtained in this study, it can be concluded that the stress intensity 
factors due to the diffracted waves emitted at another crack are less influential than the 

incident wave. 
Leaving aside the possibility of the compression state being generated in the near tip, the 

crack propagation direction is predicted based on the criterion of maximum circumferential 
tensile stress. The prediction shows that these two cracks would mostly tend to approach each 
other, which means the linkage of these two cracks will occur. However, the investigation of this 
study has shown that influence of an incident plane wave on stress intensity factors is much 
larger than diffracted waves emanated from crack tips. Hence the direction of a crack extension 
is highly dependent on the angle between a crack face and propagation direction of the incident 
wave. The transient response of a stationary crack subjected to diffracted waves generated by a 
propagating crack also has been investigated and will be discussed in a follow-up report. 
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