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and
V2 (r,0,2)=0 (2)

where V? is Laplace’s operator referred to the generalized cylindrical polar
coordinate system. The displacement and stress components referred to the
cylindrical polar coordinate system can be expressed in terms of ¢ (r, 6, z) and
Y (r, 6, z) in the following forms:
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where G and v are the linear elastic shear modulus and Poisson’s ratio respec-
4avralr
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force T which acts in the + ve xdirection. The in-plane displacement of the
r1g1d circular inclusion is denoted by 4. From an examination of the problem,
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where H,[f (£); r] is the Hankel transform of order » which is defined by

H,[f (¢ I $f(&)J,(Er)de. (24)
We now make the assumptlon that as b — oo, we should recover, from the
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tion of a penny-shaped rigid inclusion which is embedded in an uncracked elastic
solid. It is convenient to introduce functions C (¢) and D (£) such that

AQ) = éi (C(E)+ 2D @) 25)

b
& (1 —2v)
The integral Egs. (20)—(23) can now be written as
Ho[ {D(é) f‘(z ;C(é)} ] %%) 0srsa Q)
H[E71C(&);r=0; 0sr<a (28)
Hy[{C&)+2(1 —v)D(&)};r] =0; a<r<owm (29)
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where f, (co) = 0. With the aid of (34) and (35) we find that

20 =)D = jfl (tycos( ft dt — jfz (t)sin (¢ 1) dt (36)
g o

éa—fp(g)J (ERdé=0; b<r<w. 37)

By substituting the value of D (£) from (36) into (37) we obtain an integral
equation of the Abel type for £, (t); i.e.,
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The solution of (38) gives

2te  rdr @ fi(E)dE
f )= 5(7‘ tz)1/zj(r - )3/2;

b<t<ow. 39)

Changing the order of the integrations we find that
f1(9) dé
f 2
o (t5 —
Also using (35) and (36), the integral Eq. (27} can be reduced to the following Abel
typenteeral eanation far £,.(6)- |
e

(40)
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L 4
to its argument. The integral Eq. (40) can be written in the form
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Using the third equation of (44) and the expression for F| (¢,) given by (48) in (56)
we obtain the following result for f, (u, b):
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here the accuracy of the series estimates in predicting exact solution to certain
limiting cases.

In the limiting case when the radius of the externally cracked region be-
comes infinite (i.e., ¢ — 0), the result (53) reduces to

_64Gsa(l —v)
T (7-8v)

This expression is in agreement with the results obtained, independently by
Keer I111, Kassir and Sih 121 and Selvadurai [131 for the in-nlane translational
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Appendix A

The general expressions for m; (1) (i = 0, 1, 2, ..., 5) take the following forms:

mo(t) =1
my () =—2¢
my(t;) = 402

m3(t1)=—4l[}sm2(s)d3+§i‘st2+s mo(s)ds}

0 0

my (t;) =—4C2[i (t§+s2)m1(s)ds+ism3(s)ds]
03 0

ms(tl)=——4C[~§—}s(t‘f+s4+sztf)ds+ism4(s)ds
0 o

1
+ {50t + P m,(s) ds].
0
Explicit results for m; (t,) (i = 3, 4, 5) take the following forms:

ms(ty) =— 4020 + £ G + D)}
my(t) =42 {501+ +46G5+20)

2 2
m5(t1)=—4é[116<t‘1‘+%+§>+4C2( +2§> %(t%-&-%):].
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