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The problem of determining stress distribution in a thin circular elastic plate containing unsymmetrical cruciform 
crack is considered. The faces of the crack are subjected to different internal pressures. The problem is reduoed to 
a pair of dual integral equations. These equations are further reduced to simultrtneous Fredholm in@gral equations 
of the aecond kind which are solved numerically. Quantities of physical interest are calculated. 

Stallybrassl, Rooke and Sneddona have considered the problem of determining the stress distribution 
in an elastic solid containing a crack in t'he form of a cross, with arms of equal length. Stallybrass3 also 
considered the same problem and obtained explicit formulae for an arbitrary, but integrable, distribution 
of pressure. Srivastava and Gupta4 have solved the problem of determining-the stress distribution in a 
thin elastic circular plate containing - - a cruciform crack of equal arm lengths. 

Recently, Sneddon and Das5 have considered the problem of determining the distribution of stresain 
an infinite medium containing unsymmetrical cruciform crack. In this paper we consider the problem of 
finding the stress distribution in a thin circular elastic plate containing unsymmetrical cruciform crack. 
The! corresponding m%ed boundary value problem is solved by reducing it to a pair of dual integral equa- 
tions. This pail is further reduced to simultaneous Fredholrn integral equations of the second kind which 
are solved numerically. - -*', - 

The present investigation are motivated with th6 object of finding perturbation in the stress and dis- 
placement field due to finite circular boundaries. 

-.% --- 

We superimpose the expressions of the circular plate problem given by Srivastava and Kumars on the 
expressions of the non-vanishing stless tensors (uee, ow, vre ) and displacement veotor (ug, ur, o) given" 
and obtain the following expressions : 
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where p and q are modulus of rigidity and Poisson's ratio for the material of the plate respectively. 

F O R M U L A T I O N  O F  T H E  P R O B L E M  

, , - .  We consider, under assumption of plane strain, a thin circular elastic plate containing unsymmetrical 
cruciform crack. In plane polar co-ordinates (r, 81, the plate is supposed to occupy the region 0  < r 4 p, 

0 8 < 2 n, and the crack inside the plate occupies the region Oc; r -4 a ,  8 = 0, K : 0 < r < b, B = z/2, 
- 3 712, where p is the radius of the plate and a and b are length of the two arms of the cracks. The faoes 

of. the crack in the arm 0 < r < a, B = 0, ;T are subjected to pressure f (ria) and those on 0 r b, 
- 8 = ~ / 2 ,  3 .'-I2 ;,are subjected to pressure g (rib). It is further assumed that these are even functions of y 

r. Thus the problem reduces to a qua'rter plate problem. The boundary conditions on 8 = 0 are 

DO e (r, 0) = -f ( 4 4  ; O < r < a ,  (a) 1 ' 

Y) ug (r, 0) = 0 ' * (6) 

or9  (r, 0) = 0 a 

The boundary conditions on 0 = v/2 are , 
- \ 

A ,  

0 < r < b, ~ (a) 1 i 
b k r <_p, (b) : (7) 

and conditions on free boundary are 
u r g  Xp, 8) = urr (p ,  8) = 0; 0  6 6) < 4 2  (8) 

DERIVATION 0 $  INTEGRAL EQUATIONS 

The boundary conditions (6 o) an$ (70) are automatically satisfied if all odd-co&cients e, ,.+ , and 
d,. + are zero.' The boundary conditions (6 a) and (6 b) & (7 a) and (7 b) lead to a pair of dual Integral 
equations : 
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Substituting ria = v  and a/b = a  , 
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Substituting the values of' A ( I )  and B  (0 in the above expressions ; changing order of - integration and 
@ using the rersults which are given in appendix, we find that 
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The numerical solution of integral equations (31) and (32) is obtained. 
w 
Q U A N T I T I E S  O F  P H Y S I C A L  I N T E R E S T  

The problem of determining the components of the displacement and stress fields *refore reduces , ' 

to that of solving the pair of sirnultsneo@s integral equations (31) and (32) for the 4nkGi'q funobion a ( t )  
and 6 (t). We IbSBWe tha$ the faces of the cracks are subjected to uniform internal pressure Ijo. . .1 

The normal displacement along the line of cracks are 
i 

, $  

and , BI 
* .  

w 

% p u e ( r , = / 2 )  = - 2 ( l - - q ) b S ~ l ~ ( f )  c o e f ( r / b ) d f .  
- ,  

0 

Substituting the valuss of A ( f )  and B (6,) and changing the order of integr8;tion;ve get 
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. , Thus we e d y  find the normal displacements a t  the junction of the crack by set* r = 0 in (33) 
and @4). The tiobi crack energy 'is given by - \ 
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The ~treas intensity faotors K, K1 at the tips of the arms of the crack ale given by 

N I U M E R I C A L  S O L U T I O N  O F  , T H E  I N T E G R A L '  E Q U A T I O N S  

The integral equation (31) and (32) are numerically solved for a ( t )  and b ( t )  by the method of Fox and 
GoodwinR. The numerical values of a( t )  and b(t)  are calculated for various values of a = a / b  (= 0.4, 
0.6, 0 .6,0.7,0.8 and 0.9), and p = 2.0. 

The quantities of physical interest were also calculated numerically. Their values for various values 
of a are given in Table 2. 

VALWEB OF BTRESa INTENSITY PACTOR, CRACK ENERaY AND D I S P L A C ~ l ~  VBi3TOR S'OE VARIOUS VALWIES OF a 
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A P P E  N D ~ X  

@ The results presented below can be found ing 
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with the help of above intograls it isquite simple to derive the following results : 
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