
Problem:  Find the stress state in a plate with a circular hole of radius a.  
The plate is subjected to a simple tensile stress of 0σ . 
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Solution:  
The boundary conditions for the problem are 
On the edge of the hole at r = a, 
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The solution to the problem of a plate with no hole is given by the stress function 
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Hence the stresses in the problem of a plate with no hole subjected to a uniaxial tensile 
stress is 
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The above will be the stress state far from the center of the hole.  Hence, the stress 
function can be assumed to be of the form 
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Since the first term does not include ‘θ ’ terms and the second term does, 
 

[ 02Cos)r(f

0)r(f

2
4

1
4

=θ∇

=∇

]
 (4) 

respectively, give 

04141

011

2
22

2
2

2

22

2

1
2
1

2

2

2

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−+

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

r
f

dr
df

rdr
fd

rdr
d

rdr
d

dr
df

rdr
fd

dr
d

rdr
d

 (5) 

The above two linear ordinary differential equations have the solution respectively as 
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Using  and the stress-Airy Stress Function relationships θ+=φ 2Cos)r(f)r(f 21

2

2

2r r
1

rr
1

θ∂
φ∂

+
∂
φ∂

=σ  

2

2

r∂
φ∂

=σθ  (6) 

 2



⎟
⎠
⎞

⎜
⎝
⎛

θ∂
φ∂

∂
∂

−=τ
r
1

rr  (7) 

we get 

θτ

θσ

θσ

θ

θ

2sin2662

2cos61222)ln23(

2cos4622)ln21(

2
8

4
72

65

4
72

652
3

21

2
8

4
7

52
3

21

⎟
⎠
⎞

⎜
⎝
⎛ −−+=

⎟
⎠
⎞

⎜
⎝
⎛ +++−++=

⎟
⎠
⎞

⎜
⎝
⎛ ++−+++=

r
c

r
crcc

r
crcc

r
ccrc

r
c

r
cc

r
ccrc

r

r

 (8) 

 
As ∞→r , that is the far away from the hole, the stresses are  
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Looking at the far field stress, that is the stresses far way from the center of hole given by 
Equation (2) gives c1 =0 and c6 =0 (since as . )r,rln,r 2 ∞→∞→∞→
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From the stress state far away from the center (Equation (2)) 
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The constants are hence given by 
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From Equation (8), the stress state then is 
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Appendix A 
 
Question: 
How does∇  give the solution as  0)r(f1
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Since f1(r) is a function of ‘r’ only, 
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Since f1 is a function of ‘r’ only, 
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Assume r = et (A-5) 
Then t = ln r (A-6) 
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Substituting these in the expression (A-4) gives 
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This is a linear ordinary differential equation but with fixed constants.  The characteristic 
equation then is: 
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So 
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Here is another way to solve equation (A-4) 
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The above expression is same as obtained in expression (A-8). 
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