




Ductile Isotropic materials (Clean failure):  
1. Crack initiation 
2. Crack propagation 
3. Sudden fracture 

Fiber-Polymer Composites (Dirty failure): 
1. Crack initiation 
2. Edge crack increase without inward 
     propagation 
3.Transverse crack propagation 



Bulging is the consequence of the presence of a crack on a 
pressurized cylindrical shell structure that leads to complex  
stress and displacements fields resulting in nonlinear  
out-of-plane deformations.  





ASTM D 6416/D 6416: This standard 
 was designed to determine the two-
dimensional flexural properties of sandwich 
composite plates under a distributed load.  
This standard consists of a square 
specimen, steel clamping frame and 
pressure bladder. 
All these elements are mounted on an 
 Universal Testing Machine (UTM). The 
loading fixture is made up of a  
two-piece rigid part that is bolted to the 
 crosshead that is then fixed at the top and 
is pressed against a bladder filled-up with 
 fluid to provide an evenly distributed 
pressure. 



The pressure chamber was designed to accommodate a 12” X 12” 
specimen having the same curvature as a hatch service door from a 
Boeing 727. One of the major challenges was to replicate the 
curvature of the part accurately. This factor is extremely important 
since it is the basis for the bulging phenomenon.   





In order to drive failure areas away from the edges, a 
gradual increase of the number of plies is staggered 
toward the critical zones 



Pressure Calculated B.F. B.F. Chen B.F. FAA % Error (Chen) 
2 1.792 1.758 1.61E+00 1.9 
4 1.792 1.563 1.62E+00 12.8 
6 1.792 1.466 1.60E+00 18.2 
8 1.792 1.405 1.58E+00 21.6 












