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of crack area. Thus. if expressions for the potential energy of 
deformation of the blister can be obtained, the work of adhesion 
can be found by applying the peel criterion 
(2). 

The potential energy of the blister is related to both the 
blister load-deflection behavior (how the blister deforms in 
response to an applied load) and the blister geometry. 
Therefore, in order to apply Eg. (2), we have assumed various 
blister geometries and calculated the load-deflection behavior 
of each. The standard blister geometries of interest in our 
work are a square of side length 2a and a circle of radius a. 
The films to be blistered can be treated as membranes (no 
resistance to bending) or as plates, and are characterized by a 
Young's modulus E, a Poisson's ratio v, and an in-plane 
residual stress ao. Many authors have taken up the subject of 
the load-deflection behavior of such plates and membranes. 7-10 

We have applied the energy minimization methods of 
Timoshenk08 and Way ,9 but have modified them to include 
the possible contribution of residual stresses to the film 
behavior. 

Using these methods, it is readily shown11 that the load-
deflection behavior of all three cases (square membrane, 
circular membrane, clamped circular plate) can be described 
by the equation: 

p = k1d3 + (k2 + k3)d (3)  
where p is the applied (uniform) pressure, d is the deflection 
of the 
blister at its geometric center, and k1, k2, and k3 are functions 
of the geometry of the test site and of the type of film (plate or 
membrane). Equation (3) is the general load-deflection 
relation which will be used in the analysis of the blister 
potential energy. 

The values of the constants in Eq. (3) for the three cases 
examined here are given in Table I, assuming a Poisson's ratio 
of 0.25. Most of the constants are not very sensitive to 
Poisson's ratio; for example, the value of k1 for the square 
membrane changes from 1.83 to 2.05 when v changes from 
0.25 to 0.35. The full dependence of the constants on 
Poisson's ratio is given in the Appendix. 

Consider the flawed elastic body shown in Figure 2, where P 
is some generalized load-point force acting on the body and ? 
is the corresponding work-conjugate displacement through 
which the body moves.6  The potential energy of deformation 
can be related to these generalized loads and displacements by: 

?= V - P?= - V* for dead loading (prescribed P) (4a) 
 



















 


