Exact Transient Full-Field Analysis
of an Antiplane Subsurface Crack
Subjected to Dynamic Impact
Loading

The transient problem of a half-space containing a subsurface inclined semi-infinite
crack subjected to dynamic antiplane loading on the boundary of the half-space has
been investigated to gain insight into the phenomenon of the interaction of stress
waves with material defects. The solutions are determined by superposition of the
Sfundamental solution in the Laplace transform domain. The fundamental solution
is the exponentially distributed traction on crack faces. The exact close-form transient
solutions of stresses and displacement are obtained in this study. These solutions
are valid for an infinitely long time and have accounted for the contributions of
incident, reflected, and diffracted waves. Numerical results of the transient stresses
are obtained and compared with the corresponding static values. The transient
solution has been shown to approach the static value after the first few diffracted
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waves generated from the crack tip have passed the observation point.

1 Introduction

The difficulty in determining the transient stress field in a
cracked-elastic body subjected to dynamic loading is a well-
known problem. A considerable amount of research has been
directed towards the solution of problems involving the inter-
action of stress waves with the crack and boundary to improve
understanding of the behavior-of material failure under dy-
namic loading. The investigation of an idealized semi-infinite
crack can provide some information for a realistic elastody-
namic fracture problem. It is noted that while the analysis has
been carried out assuming a semi-infinite crack, the results
remain valid for a finite crack up until the time at which waves
diffracted from the far tip reach the tip near the boundary.

In conventional studies of a semi-infinite crack in an un-
bounded medium subjected to dynamic loading, the complete
solution is obtained by integral transform methods together
with direct application of the Wiener-Hopf technique (Noble,
1958) and the Cagniard-de Hoop method (de Hoop, 1958) of
Laplace inversion. If the loading is replaced by a nonuniform
distribution having a characteristic length, then the same pro-
cedure using integral transformation methods does not apply.
The problem of an elastic solid containing a half-plane crack
subjected to concentrated impact loading on the faces of the
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crack has been previously studied by Freund (1974). He pro-
posed a fundamental solution arising from an edge dislocation
climbing along the line ahead of the crack tip with a constant
speed to overcome these difficulties of the case with a char-
acteristic length. The solution can be constructed by taking an
integration over a climbing dislocation of different moving
velocity. Basing his procedure on this method, Brock (1982,
1984, 1985) and Ma and Hou (1990, 1991) have recently ana-
lyzed a series problems of a semi-infinite crack subjected to
impact loading. Lee and Freund (1990) analyzed fracture ini-
tiation of an edge cracked plate subjected to an asymmetric
impact.

Whenever dynamic loading is applied to a body with an
internal crack, the resulting stress waves may initiate crack
growth, Few solutions for a cracked elastic solid subjected to
dynamic loading are available. Exact transient close-form so-
lutions for a stationary semi-infinite crack subjected to a sud-
denly applied dynamic body force in an unbounded medium
have been obtained by Tsai and Ma (1992) for the in-plane
case and by Ma and Chen (1993) and Brock (1986) for the
antiplane case. The problem to be considered in this study is

" the antiplane response of an elastic half-plane, with an inclined

crack extending from infinity to a location near the half-plane
surface, which is subjected to dynamic antiplane loading on
the half-plane surface as shown in Fig. 1. The propagation of
stress waves through an unbounded medium, which are due
to applying dynamic loading on the boundary, is not a difficult
subject. A pre-existing fault inside the medium would disturb
the propagation waves and make the theoretical analysis much
more difficult than in an homogeneous medium. In this study,
a free boundary and crack are incorporated into the analysis
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Fig.1 Configuration, coordinate systems of a subsurface inclined crack
subjected to impact loading on the half-space

which made the analysis extremely difficult. In analyzing this
problem, the reflections and diffractions of stress waves by
the boundary and by the crack which will generate infinite
waves, must be taken into account. This problem involves a
characteristic length which makes a direct solution by standard
techniques difficult. Since none of the methods proposed by
Freund (1974) and Brock et al. (1985) have worked for this
problem, some other approach must be followed. A new fun-
damental solution is used for overcoming these difficulties.
This alternative fundamental solution is successfully applied
towards solving the problem and is to be demonstrated as an
efficient methodology. The final formulations are expressed
explicitly and the dynamic effect of each wave is presented in
a closed form. The results are valid for the infinitely many
waves that are scattered from the crack tip and reflected by
the free boundary. In some classes of dynamic problems, the
ability to find a static field may hinge on waiting for the wave
fronts to pass and the transient effect to die away. The char-
acteristic time after which the transient effect can be neglected
is also investigated in this study.

2 Required Fundamental Solutions

As usual in problems of the type considered here, super-
position of solutions plays a significant role. The solutions to
the problem considered in this study can be determined by
superposition of the following problems. Problem A treats the
dynamic concentrated force acting on a half-plane medium
without a crack, which induces a traction on the planes that
will eventually define the initial 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.
Problem C considers a half-plane free surface subjected the
incident waves which are generated by the crack in problem
B. The reflected waves coming from the free boundary can be
constructed by employing the method of images.

Problem B in the above-mentioned three fundamental prob-
lems is the only one which needs careful analysis. Reflected
and diffracted waves are generated from physical considera-
tions, thus eliminating the stress induced by incident waves on
the traction-free boundaries of crack faces. For most of the
dynamic problems, the incident waves can be represented in
an exponential functional form in the Laplace transform do-
main of time. The reflected and diffracted waves generated by
the crack can thus be constructed by the superposition method;
that is, if the responses toward an applied exponentially dis-
tributed traction on the crack face in the Laplace transform
domain can be obtained preliminarily. The superposition
scheme proposed in this study, unlike usual superposition
methods which are performed in the time domain, is performed
in the Laplace transform domain.

This solution for an exponentially distributed loading ap-
plied to the crack faces in the Laplace transform domain will
be referred to as the fundamental solution. The problem can
be viewed as a half-plane problem with the material occupying
theregion y = 0, subject to the following boundary conditions:

Ty (X, 0, p) =€ —o00<x<0, N ¢))

Ww(x, 0, p)=0 0<x<oo, 2)
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where p is the Laplace transform parameter and 5 is a constant.
The overbar symbol is used for denoting the transform on time
t. The governing equation can be represented by the two-
dimensional wave equation

’Pw Fw , Pw
actar Ve
where b is the slowness of the transverse wave given by
b=1/v=+/p/p,

in which w(x, y, t) is the displacement normal to-the xy-plane,
v is the shear wave speed, and u and p are the respective shear
modulus and the mass density of the material. The nonvan-
ishing shear stresses are

€)

aw ow
Tyz=p,$, sz=.u'5;' (4)

This problem can be solved by the application of integral
transforms. Applying the one-sided Laplace transform over
time, the two-sided Laplace transform over x under the re-
striction of Re(n) > Re()), finally the Wiener-Hopf technique
is implemented. The solutions of stresses and displacement for
the boundary conditions (1) and (2) in the transform domain
are

_ 1 S (b+N) 2Pty
b ) =—. ? 5
R N TR O VIR
- 1 S Ae Pl
y s = —a . y 6
TXZ(x y p) 27” F)\ (b+7])1/2(7)_)\)(b_')\)1/2d>\ ()
1 e—p(ay—M)
W(x,y) )="—.S d>\9
PY= " omi o ) (=N (b-N)
Q)]

where
o= (bz_ }\2) 1/2.

3 Transient Full-Field Analysis

The investigation of a subsurface crack subjected to dynamic
loading is an important topic in material failure analysis. The
problem considered here is an inclined semi-infinite crack lo-
cated under the surface of a half-plane. Having two coordinate
systems in the following analysis is convenient, since the surface
of the half-plane is not parallel to the crack faces. The origins
of the two coordinate systems (¥, ¥) and (x, y) are both located
at the crack tip as shown in Fig. 1. The planar crack lies in
the plane ¥y = 0, ¥ < 0 and the inclined angle of the crack is
¢. The coordinate transforms and stress relations between these
two systems are

X=X cos ¢+ sin ¢, (3
Y= —Xxsin ¢+y cos ¢, ©)
Txe = Tiz COS ¢ — T3z sin ¢, (10)
Tye =Tz SiN ¢+ 75 COS . (11)

This problem has a characteristic length. A direct attempt
towards solving this problem by transform and Wiener-Hopf
techniques is not applicable. The transient elastodynamic prob-
lem is solved by superposition of the fundamental solutions
obtained in the previous section in the Laplace transform do-
main. The transient solutions are composed of an incident
field, reflected field, and diffracted field, which are denoted
by superscripts of i, r, and d, respectively. The incident wave
is the response to loading applied to a semi-infinite unbounded
medium. The reflected and diffracted waves are generated
through application of an opposite traction at the crack surface
thus eliminating the stress induced by incident wave.

Transactions of the ASME

Downloaded 31 Oct 2008 to 140.112.113.225. Redistribution subject to ASME license or copyright; see http://www.asme.org/terms/Terms_Use.cfm



Consider a half-plane body which is stress-free and at rest.
At time ¢ = 0, an anti-plane concentrated dynamic force is
applied at the free surface of a half-plane at position (/, A).
The time dependence of the loading is represented by the Heav-
iside step function H(¢). The incident fields in the Laplace
transform domain can be obtained as f0110w3'

- 1
W' (X, y,p)~2—S —— PO EA=Dgy (1)
i Jr, wpo
i I
e, 7, p) =5 | OO y)
I
1 A pla(y—h) +Nx-1N]
ThelX, »p) =5 e dA. (14)
T\

The incident stress field 75 (X, 0, p) induced in the crack
face at y =0 expressed in the ¥ — ¥ coordinate system is

15

. 1 -
%%, 0, p) =5 S e~ Pt E-logy,
'\

where

lo=/cos ¢+hsin o, hy=—1sin ¢+ A cos ¢.

The applied traction on the crack face, in order to eliminate
the incident wave as indicated in (15) has the functional form
™, Since the solutions of applying traction e”™ on crack faces
have been solved in Section 2, the reflected and diffracted
fields generated from the inclined crack can be constructed by
superimposing the incident wave traction that is equal and
opposite to (15). When we combine Egs. (5) and (15), the
solution of reflected and diffracted waves for 75z and 7 in the
Laplace transform domain can be expressed as follows:

g g G (1, e Plerhotmio
Fm Fnz

—d+r

Tyz (x, 7, 17) =F

X e PP Xy, (16)
d b r = 1 2 —plejhg+ailo)
Txz (X,J/ap)=—4 2 ——G(nb "72)3 "o
T Jr Jr 02
m Tmp
X e~ PP .y,
where
' (b+m)""?
Gy, )= ,
I b ) P ()
o= (BaD2, ar= (B )

The above solutions for stresses are expressed in the X — y
coordinate system. If the solutions are expressed in the x —
y coordinate system, then a small modification should be made
to account the effect of coordinate transformation, and the
result for 7, is

- 1 e
Tg;r(x, Vs p)=E Sr SF Kl(nz)G("']], 7]2)e plajhg+ilp
oM

x e~ PV ) dnydy,,

where

K, (n,) =cos ¢>—11- sin ¢,
o

Equation (16) constitutes a double inversion integral where
the path T';, and I',, refer to Laplace inversion contours in the
m-plane and the 5,-plane, respectively. The inverse transfor-
mation is carried out here through use of the Cagniard-de Hoop
technique. Cagniard contours are introduced here in both ;-
and 7,-plane by setting
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)

0y — X =l (18)
Equations (17) and (18) can be solved for », and 7, to yield

athy+mly=1y,

{Lcos Oy .sin O
7 =1 Cei—=2 (A
R, R,

- bR}, (19)

& _hcos ¥

sm
7 = sin ¢ (£5-bd*'"?,

£
d d
where (R, O) and (d, ¥) are the respective polar coordinates
of the source point and field point, and

Ro= (13+h})"?, ©p=cos™

d= (x*

(20)

"(lp/Ro),

1/2, "I(X’/d)

+3%) Y =cos

In the ,-plane (or n,-plane), (19) (or (20)) describes a hy-
perbola which is denoted as the Cagniard contour. The %;- and
no-integrations are then shifted onto Cagniard contours along
which ¢; and 1, are both real and positive. The two Cagniard
contours must be superimposed in this technique for different
locations of source and field points. Continuing from this, the
reflected and diffracted waves can be automatically con-
structed. Because G(yy, 1,) possesses a pole at 9, = 73, the
contribution of the pole has to be taken into account in the
change of integral paths from %, to #; and 7, to %. Recall from
(16) that a pole term arises, representing the reflected waves.
The contribution of this pole represents the reflected r wave
generated from the crack surface. The reflected r waves can
be concluded to pass the region for y > = — O, By using
the Cagniard-de Hoop method of Laplace inversion, reflected
field in the time domain is obtained in a simple closed form

t sin 8, H(t— bry)

s 21
(B D)2 (21)

T;Z(xs Y t): -

where

n=[(x—1)*+ y+h)I"% 6=cos™’ <x_11> )

I

ly=1cos (2¢)+ h sin 2¢), hy=1sin 2¢)—h cos (2¢).

The diffracted wave generated from the crack tip is consid-
ered next. Recalling that p is real and positive, the 5,- and ;-
integrations are shifted here onto Cagniard contours. The stress
Tﬂz induced by the diffracted wave from the crack tip is found
to be

~bd
! i dny

d _
7% s t)—21r2 S at, oty

RCl:Kl('rIZ )(G(m y02) oo

bRy

3711 dny
G, m) 57— at, ot >:'dtls (22)

where
bL=t—t,.
The incident shear wave (i wave) will generate a reflected
wave (r wave) and a diffracted wave (d wave) from the sub-

surface crack. After some later time, these two waves are to
reflect from the free half-surface which is to be indicated as

"the rr wave and dr wave. The solutions for rr and dr waves

can be constructed by employing the method of images, which
are easily obtained from the solutions of r and d waves, hence
the results are omitted here. The reflected rr and dr waves will
arrive at the crack tip at later time. The reflected waves (rrr
and drr waves) and diffracted waves (rrd and drd waves) gen-
erated from the crack can be constructed following the pre-
viously indicated similar analysis.

The complete full-field solutions that account for the con-
tributions of all the reflected and diffracted waves are finally
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Fig.2 Image method used to construct the transient full-field solutions

obtained explicitly. The image method shown in Fig. 2 is used
for constructing the solution. The complete solutions for
stresses and displacement can be simplified into a very compact
form as follows:

S n o« m
DI DIDIPIL (23a)
i=0 k=0 1=0 j=0
S i n x m i
RIS IDIDIL (230)
i=0 k=0 1=0 j=0
S n o m K
IEDINEDIPIDI e (23¢)
i=0 k=0 [=0 j=0

The complete solutions consist of two terms as shown in
(23). The first term with one summation is the contributions
of incident wave and reflected waves which are only generated
by reflected waves, i.e., i = 0 for incident wave, i = 1 for r
wave, i = 2 for rr wave, i = 3 for rrr wave. The explicit forms
are expressed as follows:

t sin 8;H (¢t— br;)

rhe=(~1) T (P ) (24a)
; t cos O, H(t—br;)
The= —m’ (24b)
1 t \?
w'=—In[ —+ — ) —1|H{t~br), (24c)
T br; br;
where
2 1172 _ifx=4
ri=((x=1)"+-n))"", 6=cos o
’ I
l():l, h0=h,

Ly=1cos (2¢) + h sin 2¢), hy=1Isin (2¢)—h cos (2¢),

&
y <iasz,k+1 N
al‘k+l

i2-1
li=1cos (i¢)+hsin (i) + Z 2h sin 2ma),

m=0

i=2,4,6, ...

i/2—-1
hy= —Isin (i) +h cos (ip)+ D, 2k cos (2md),

m=0

i=2,4,6, ...
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(i—-1)/2

li=lcos ((i+1)g)+hsin ((i+Dg)+ , 2k sin (2mg),
"L sasT,
(i-1)/2

hi=1sin ((i+1)¢)—hcos ((i+1)¢)— D 2k cos (2me),

m=l =357, ... .

The second term in (23) with three summations comes from
the contributions for diffracted waves and reflected waves
which are generated by diffracted waves, i.e., k = 0,/ = 0,
Jj = 0 for d wave, j = 1 for dr wave, j = 2 for drr wave; k
=0,/ =1,j = 0for drd wave, j = 1 for drdr wave, j = 2
for drdrr wave; k = 0,1 = 2, j = 0 for drdrd wave, j = 1
for drdrdr wave; k = 1,1 = 0,j = 0 for rrd wave, j = 1 for
rrdr wave; and k = 1,1 = 1,j = 0 for rrdrd wave, j = 1 for
rrdrdr wave. k = 0 can be seen here to consist of the diffracted
d wave which is diffracted by the incident wave and the se-
quence of diffracted waves and reflected waves which are gen-
erated by the d wave. k = 1 consists of the diffracted rrd wave
which is diffracted from the rr wave by the crack tip and the
sequence of diffracted and reflected waves which are generated
by the rrd wave. The index notation j = 0 will stand for the
diffracted waves and j # 0 stands for the reflected waves. The
results are expressed as follows:

- 9 a a a4
T_{,’z’ o S S ..... S

2w 2wI)" Jpry oy Y2nb 2hb

XFUNlj,k,1dl‘k+[+1dtk+/ ....... dty.,
_ -1 @ 2 a1
=y S S ----- S
2m7(27) bRy gy Y2hb 2hb
XFUNZj,k'ldl‘k+1+1dl‘k+/ ....... dtk.”,

—1 ¢t e als1
ok o~
W S S S """ S
TALTI I Yok YoRg g V2hb 2hb

(25b)

XFUN3j,k,1dl‘k+1+1dtk+[ ....... dty.;, (25¢)

where

bk=b(Ro+d;+2lh),

ay=t—bd;—2ihb, aj=7~bd;~2lhb,

av+1=t—bdj—t1—t2— ..... —tU—Z(I—U)hb,
v=1,2,3....,!

ay o =1—bdi—ti—t—. .. .. —t,—2(I-v)hb,
v=1,23....,!

FUNY,; ;= 0p(G(S5s 1> )G (Sikszs Mera)- -+ -

XG(SZ*,k+2v 77/?:+3)~ Cee
aSdek+2 <:taszi,k+1+1 <aSI+,k+l+p+2
Oty 2 Otpyivt Mirrepsz ) )’

+
Sl,1‘+k+p+2
Ty 7
(0" =811k kep+2)

X G(Skeas Merd) - - o

FUNZj‘k‘/= Op<< 2>G(Slfk+ls m::+2)

Sy
X G(SFkeir1s Nirrs2) <=‘=_2’l£‘+_1
atk+1
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o (iaszk”) _____ (taSikw) <asr,k+,+,,+z) ’
atk+?. atk+l+1 atk-H+p+7.
1
FUN3j,k,l=Op<<(b2_Sl+[2 . 2)1/2>G(Ssz+l) Nir2)
J+k+p+

085k42
Oty Oyn )77
> <:l:assz+1+l 377/:+1+p+2
Otisir ) \Otksreps2) )’

in which the operator ““Op’’ is “‘Re’’ or ““Im’’ depending on
whether / is even or odd and

><G(Szi,k+2, 77/?4»3)- e

sy
XG(ka+1+ls 77;+1+2)<=‘= 2’k+l> <=l=

7 . 7
+ _ Yereps2cOS Yy o.sing; o, b2y
Stk+i+pr2=— +1 (kwtrpra— i
S '
+ L1 coS Og2x . sin Boax .5 2R3 ..\ 172
Sik+1= i (tke1— D"Roak) ™",
Ro 2k Ro 2k

lwps1 SIN G cOS @
+1i

ka+v+1= 24 Y (t£+u+l“4b2h2)l/2,

v=1,2,3,...,!

erea= _fk+1+2d:05 ‘/’j+i Si’;j\[’j (124100 D222,

M= - A SR S8 (i),
v=1,23,...,

S$21500 bepirpr2=t—lepr1—tera—o o .. —lksitr1s

q=0, when [I=0,2,4,6, . ..... yg=1,

when/ = 1,3,5,7, . .. ...

p=j/2, when j=0,2,4,6, . ... .. ;p=(j-1)/2,

when j=1,3,57,......

12 2\1/72
Ropr= o+ 00" dj= (xF+ )",

, x—1
5= (= )+ (y=h))H)'"%; cos Y ==,

J

X lo2k
=t [$]) =
cos V; d,’ cos O Roa
k-1
loae=1 cos (2k+1)p+h sin 2k +1)¢+ D 2k sin 2m+1)¢,
m=0

hoax=—1sin 2k+1)$+h cos (2k+ 1)

k-1

+ 2h cos Qm+ 1)o,

m=0

xj=(x=1) cos (j+ 1)+ (y—h;) sin (j+ )¢,
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xp=(x—1;) cos (jo)+ (y—h;) sin (jo), j=13,57,.....
yi=—(x=1) sin (jo)+ (y—h;) cos (jo),

J=13,57,.....
[0=0; h0=0,
j/2
=] 2hsin @2mg), j=2,4,6, ... ..
m=1
J2
hj= - Z 2h cos (2m¢), j=294s6) """
m=1
(j—1)/2
[= 2h sin 2m¢), j=1,3,5,7, . . ...
m=0
(j=1)/2
hj= 2h cos 2mo), j=1,3,57,.....
m=0

The number of reflected waves (i.e., 7, s, and m) is dependent
on the location and the inclined angle ¢ of the crack, and the
position where the dynamic point loading is applied. The results
are expressed as follows:

If ¢p; 1 <7/2< ¢y, then n=.
If Qu—1D¢<dyyy1 <206, then s=2(n+v)+1.
If 29 < ¢y 1 <QU+ 1), then s=2(n+v) +2.
If Qu— D¢ <n/2<2v¢, then m=2v.

If 2vp<7w/2< QU+ 1)¢, then m=2v+1
where

- 12‘+1
¢ 1=c0s™! <—L— ,

R2j+1

2 2 \12
Ryjiy= (g1 +h5501)7""

J
bir1=1cos 2(j+ D¢ +h sin 2(j+ )¢+ Y 2k sin (2pg),
r=1

J/
hayjer=1sin 2(j+1)¢—h cos 2(j+1)¢— D 2k cos (2p9).

p=1

4 Numerical Results of Transient Solutions

The geometric configuration considered in this study is an
inclined semi-infinite crack located under the surface of a half-
plane. The incident wave generated by the dynamic antiplane
loading will be diffracted from the crack tip and reflected from
the crack surface as d and r waves, which will be reflected
from the half-plane and interact with the inclined crack again
at later time. The complete structure of the wave fronts for
the incident, reflected, and diffracted waves over a short time
period are expressed in Fig. 3.

The exact full-field solutions have been determined in the

previous section. The transient response for a point dynamic

Fig. 3 Wave fronts of the incident, reflected, and ditfracted waves for
a short time period after the impact loading is applied on the half-space
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Fig. 4 Transient shear stresses for the field point located at r = 5, ¢
= 30 deg due to impact loading applied at (- 25, 10)
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Fig. 5 Transient shear stresses for the field point located at r = 5, §
= 60 deg due to impact loading applied at (~ 25, 10)

loading is next investigated here with a Heaviside function
H(t) time dependence and with a magnitude P applied at (— 25,
10) which is at the left-hand side of the crack tip. The inclined
angle ¢ of the crack is chosen to be 30 deg and the shear wave
speed is assumed to be 3200 m/sec. It is worthy to note that
only the incident wave and the second reflected rr wave will
pass through the crack tip and generate a sequence of diffracted
waves; the other pure reflected waves (i.e., rrr, rrrr, etc.) will
only reflect back and forth between the crack face and the
half-plane surface. Hence, in this particular case, k is equal
to 0 and 1 and the associated wave fronts are shown in Fig.
3. The field points located at r = 5, § = 30 deg, 60 deg, and
120 deg are selected for analyzing the transient response. The
transient shear stresses of these points are expressed in Figs.
4-6. The time has been normalized by dividing br. The cor-
responding static solutions are also indicated in these figures.
The incident and purely reflected waves are singular at their

wave fronts while the diffracted waves have finite jumps at

their wave fronts. In these figures the transient stresses tend
toward the corresponding static value after the third diffracted
wave has passed the field points. Next, we consider the point
loading being applied directly above the crack tip, so that / =
0 and & = 10. The field points to be investigated are at r =
5,0 = 0 deg and 120 deg. In this case, only the incident wave
will generate a sequence of diffracted waves, hence k¥ = 0.
The transient shear stresses are plotted in Figs. 7-8. It is in-
dicated in these figures that after the second diffracted wave
has passed, the transient stresses will approach the static value.
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Fig. 6 Transient shear stresses for the field point located at r = 5, ¢

= 120 deg due to impact loading applied at (- 25, 10)
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Fig. 7 Transient shear stresses for the field point located at r = 5, ¢
= 0 deg due to impact loading applied at (0, 10)
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Fig. 8 Transient shear stresses for the field point located at r = 5, ¢
= 120 deg due to impact ioading applied at (0, 10)

5 Conclusions

Most of the problems which have been studied in the de-
velopment of fracture mechanics are quasi-static. Because of
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loading conditions and material properties, numerous prob-
lems have existed for which the assumption of quasi-static
deformation is invalid, and the inertia of the material must be
taken into account. It would be difficult to state precise con-
ditions under which inertia effects might be neglected. The
propagation of stress waves through an unbounded medium
has not been a difficult subject. However, if boundaries are
introduced, reflected and diffracted waves will be generated
from boundaries, making the problem much more compli-
cated.

The transient response of a half-space containing a subsur-
face inclined crack has been considered here to gain under-
standing of the interaction of stress waves with material defects.
This problem contains a characteristic length and is solved by
superposition of the fundamental solutions in the Laplace
transform domain. The exact transient full-field solutions for
stresses and displacement over a long period of time are ob-
tained in this study. The complicated close-form transient so-
lutions are expressed in a very simple formulation which account
for all contributions coming from incident, reflected, and dif-
fracted waves. The transient stresses near the crack tip can be
used for analyzing the condition for unstable crack propa-
gation. The transient displacement responses at the half-plane
surface could possibly be used to detect the location of the
subsurface crack and its orientation.

One of the main objectives in this study is to investigate the
characteristic time in which the transient solution would ap-
proach the correspondent static value in dynamic fracture
problems. With the exact analytic solutions at hand, numerical
calculations for the transient stresses have been presented and
compared to corresponding static values. It is found in this
study that the transient effect in this problem can be neglected
after the first few diffracted waves being generated from the
crack tip have passed the field points.
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