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 Double cantilever beam (DCB) specimens composed of carbon fiber reinforced polymer laminate 

composites were tested.  Two material systems were investigated.  In the first, the specimens were 

fabricated from 15 plies of a plain woven prepreg (G0814/913) arranged in a multi-directional (MD) layup 

[1]. The plies alternated with yarn in the 00/900- directions and +450/-450- directions with the delamination 

between these two ply types.  For the second material type, the specimens were fabricated from 19 plies 

with the delamination between a unidirectional fabric and a woven ply with yarn in the +450/-450- directions 

[2].  The remainder of the plies were woven, with yarn alternating between the 00/900 and +450/-450- 

directions. This laminate was produced by means of a wet-layup. 

Fatigue delamination propagation tests were carried out with different displacement cyclic ratios Rd 

where  

m ax

m in
d

d

d
R      (1) 

with dmin and dmax the minimum and maximum displacements in a fatigue cycle.  For the prepreg laminate, 

Rd = 0.1, 0.33, 0.5 and 0.75; for the wet-layup, Rd = 0.1 and 0.48.  The tests were carried out with frequencies 

between 4 and 6 Hz, many of them running continuously up to 3,000,000 cycles.   

 

The delamination propagation rate da/dN was calculated from the experimental data and plotted using a 

modified Paris law with different functions of the mode I energy release rate 
I

G , as well as its normalized 

value 
I

Ĝ ; the energy release rate was normalized with respect to its fracture toughness.  As expected, the 

da/dN curves depend on Rd.  Using a different parameter, it is possible to obtain a master-curve for all Rd-

ratios.  Define 
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where Im axĜ  is the maximum value of the normalized energy release rate in a cycle and IthĜ  is the 

normalized value of the threshold energy release rate.  Using the parameter in eq. (2) in a Paris type law, it 

may be observed in Fig. 1 that for each material system a unified master-curve is found.  There is no 

dependence on Rd .  The data is shown as dots.  The slope of 5.2 for the prepreg is higher than that of 4.0 

for the wet-layup.  But the rate of propagation is higher for the wet-layup. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Delamination propagation rate as a function of IK  [3]. 
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