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ABSTRACT 

This paper describes the application of a laboratory 
based experimental method [1] to three dimensional 
cracked body problems in pressure vessels in order to 
determine the crack shape and stress intensity fac- 
tor (SIF) distribution along the crack front when the 
crack shape is not known a-priori. Results for specific 
problems are presented and conditions and limitation 
of the method are described. 

INTRODUCTION 

Back in the mid sixties, when an explosion of three 
dimensional fracture problems solutions developed 
along with the digital computer, the writer and his 
associates decided that a laboratory based experi- 
mental method should be developed in order to par- 
tially fill the gap produced by the lack of proof test- 
ing for many large structures, such as ships, bridges. 

Approved for public release; distribution unlimited. 

aircraft, missiles and pressure vessels because of the 
excessive costs involved. By effecting a marriage be- 
tween the equations of linear elastic fracture mechan- 
ics (LEFM) with frozen stress photoelasticity (Ap- 
pendix A), such a method has been developed. Over 
the years, it has been used to check many numeri- 
cal solutions in a cost effective manner and, in the 
process has provided some novel, or unique aspects. 
The method of analysis with equations for all three 
local modes of stress intensity is described in [1], and 
is also presented in [2]. The unique feature lies in the 
fact that fact that starter cracks may be grown above 
critical temperature by applying service loads before 
cooling the model. When the crack reaches its de- 
sired size and shape (controlled only by loads and 
body shape) the loads are reduced in order to stop 
crack growth and stress freezing is then completed. If 
sufficient growth is permitted to occur, only Mode I 
will exist along the crack front. That is, as described 
by Cotterell [3], [4] the crack is a Class I crack, and 
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Table 1 

 

 

Loads
1
 

 

Crack Description
2
 

(dimensions in mm) 

 

3
 1 1 ifF K Q / P    i = 1, 2= πα  

Depth (d) Surface (s)   

 

Model 4 

  

Top 

 

Bottom 

 Off-axis inclined    

P = 88.97 N α = 8.71    ∆α = 2.18 F1 = 2.09 4
ns 20° ns 20° 

Pmax = 0.049 MPa c = 11.15  ∆c = 3.02 F1 = 0.53 2.88 2.81 

Psf = 0.035 MPa α/c = 0.78  α/t = 0.23    

     

 Model 8    

 Off-axis inclined    

P = 88.97 N α = 12.50   ∆α = 3.4 2.19 ns 30° ns 30° 
Pmax = 0.013 MPa c = 21.1     ∆c = 10.4  2.33 2.34 

 Psf   = 0.049 MPa α/c = 0.59   α/t = 0.34    

  ∗ F1  values   

 

 

Fin tip surface 

 

 

Notations: 

1. P = axial compressive load 

Pmax = maximum internal pressure to grow crack 

Psf = stress freezing pressure 

2. α = crack depth; ∆α = crack length growth 

c = half length of crack in fin tip surface; ∆c = half crack growth in fin tip surface 

3. Q  = approximation of elliptic integral of second kind 

 
1.65 1.65

Q 1 1.464      1     Q = 1.464     > 1
c c c c

α α α α⎛ ⎞ ⎛ ⎞
= + ≤⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
 

All flaws were characterized as semi-elliptic flaws of depth α and length 2c. 

However, off-axis cracks were neither perfectly semi-elliptic nor planar. 

4. ns = near surface slices were used in place of surface slices to avoid a possible surface 

fringe 

5. Slices at θ = 60° revealed a shear mode in Model 4 but not in Model 8. 
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