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An alterqatxve method of ﬁndmg dxstr:&xtmn of stress in’a lon 1so’oro’pw elastxc cylinder cons
taining a strip crack situated Bymmptyi Iy ona diametral pland isPredented hege. The problem
is redneed to the solution of a Fredholm integral equation of second kmd by makmg use of
'sultable mtegral representatlon of complex potentmls . SR

Recently Srivastav & Prem Narain? have given a method of determmmg : &lstnbﬁ-
tion of stress in a long isotropic elastic cylinder containing a strip erack. They point out
that the problem is eqmva.lent to that of finding the stress distfibution in a circular dise
of homogeneous isotropic material containing a Griffith crack situated on & diameter. A

ilt)néﬁsiona} ‘erack problem based on copiplex variable. “technique
developed by England & Green? is given in this paper. The complex variable technique
used here is a direct a;nd a snmp)er way ¢ of solvmg t]ns type of problem ’
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3ASIC FORMULAE

The basic equatwns for two dlmensmnal isotropic elasticity is quoted here, Ifr, ﬂ ate

polar coordinates and .
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where (v, , up) are components of (flsplacement and (o3 » 099, rg) are components of stress
Also k = 3—4 nfor plane strain and k = (3—)/(1-+) for r generalized plane stress, 5 being
Poisson’s ratio. The abdve expressions are easﬂy derived from those gwen by England &
[._Greenﬁ by. usmg the relatlons R L
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Polar coordinates are used. Suppose there isa hne crack along the real axis between
the points 0<<7<'1 on the line § = 0, = the region being hounded by the circle of radius
p>> 1. We assume that the line crack is opened. by equal and opposite normal pressure -
on each side of the crack. The following eonditions must be satisfied on § = 0:

agg (1, 0) = —f(r) — g {r) ”0<r<1 ,0=0, T
og(r,0) =0 *  ,|r] <p I S Ol
ug{r,0) =0 l<{ ]gp . ]

where f' () is even and ¢ (r) is odd function of r. We assuie thatf () and ¢ (rj ate sectionally
continuous, If the circular boundary of the disc is free from traction, we have

owlp, O =on (p, =0, 0<I<Ix- (Y
In order to solve the problem posed by () and (6), we assume that '

2 = fz’(t)+;§(t) @+ i as m
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where F () and @ (t) are real continuous functirqns‘ of ¢ in the interval 0 < < 1

' If we examine the function on the line 6 = 0, we find that

' '.(zlf-rtz)i =@ —F,  r>tand 6>40
ond (B = i @— o0, CQrl<t, 640
(z’A—tB)i=—i(-zB;.rﬁ)§ |rl<t, 0 —)-—0.

Taking into account the above definitions of square root we see that the second
and third boundary conditions of (b) are satisfied. - The first condition of (5) yields the
integral equations; .

d 1F
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’ whlch on mvertmg and simple adjustment of terms become
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X ; z N

 Bp= J' ar k2 Gy de

The boundary condition (6) after some. mampu}a%aén yxelés following telation fdr the
determination of coeﬂicients w,, and b, in terms of the functions F (t) and @ (t)s :
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from these expressions we get, for n > 0
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"Shbsﬁmtmg the 'vaiuen 6f w,. and b in (8) and- (9) we' ﬁhally obta.-m Fredholinmtegral
equatxons, B o




-

.

el

S

~{79) (

e oF

T e

MMV A m.\m

L
. .
THbsiede ek b ¥

: S e »cm oM
Ta Aav «@ + T,.. (@) Hw + Aev 0 = Aav o

na +¢lmﬁ.&mm.ms¢1q (@)t +.(@) 0= Asvﬁ
e L e
€+«sv 2291

e e

Fugum MON
?I& 0 +

L9

i ele® Bl

Al

no

0=u - Y
IL:

N\m:s ?éw o

@._u%re‘

S

ele®

\ *vig N

Co=e

v a.faw

o

%.T«p.

T g Ry peaGTiatiey GMf 't HVRQY]  VAVISVATES



170 ' ~ Dan Sot. 7., xfor;.j’ét; Jory 1071 |
. 1 » =
I:’, (t) = 3¢ f [ Fy (@) —( + ) Fy (v) + 422 Fy () ] dx
S | : S R

" t
1 29 (x)ds
Gy () =— 5 f @ » G =0
0
1 .
¢, (t)»=9tJ‘ 22 6, (o) do
0
158 '
G, (t) =— 5 a? (2% - tz) Go () dw
0
* 'The normal dlsplacement over the surfa,ce of a crack may be obtamed from (1)

F@+rG@ . _
,u.uaU‘ 0) = —~(1+k)f Wﬁ, lrl%l

Partlcular problems can now be exammed for example, if f (r) = %p g(r) =%p,%0

that the crack is opened by uniform pressure over one half (0 < r < 1 == 0}, and zero
pressure over remalmng half (0< <1, 0=n), we have
, 3pt 3pt | ' - 3pt
BO=—2 no=-2n0= 22 @-1,50--22% @
and L
o : 3pt t(3+ 51 "
G0 =~ 60 = 0,6, = -—\;—jf,f'—,Gs 0 =260y
Henee, \
puy (r,0) 3p 3 SR
1 0 iy 16p2 (1= — 3 rf T@—2r—rh (1t 4
‘ pr 3pr ) -
-+ "Z'; cosh—1 m + 4,”?4 (L—r3t 4 0 (pF)

If we consider the-ease of a crack opened by a uniform pressure p , G (¢) = 0 and the

F (t) terms take twice their valuesin (13). . Itis of interestin this case to derive the change

in internal energy of the crack due to openmg of crack. After simple caloulation it is
found to be equal to

app(l+k) [, _3 3
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