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Fig.5 Paris law exponent relation with mode mix ratio 

 
Tab. 1 Coefficients for Paris law at different mode-mixtures 

Sample ID Actual GII/G Paris law log A Paris law r 

009 0 % -26.8677 8.002 

006 0 % -27.8142 8.134 

014 24 - 28 % -25.4931 7.957 
016 53 - 55 % -23.5969 7.112 
010 83 - 85 % -20.7375 5.796 

 
Finally, all data were filtered and fitted by the Russell and Street analytical model (Fig. 4) 

obtained from the article [1], nevertheless other more recent models can be found [2, 3]. The 
model with 4 constants (AI, AII, rI, rII) is presented by Eq. (13). Gi denotes to maximum strain 
energy release rate in the cycle and ΔGi to the range of G in the cycle. Gic is fracture 
toughness. 
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                         (13) 

The mode mixture is slightly changing during the crack growth as the fixture setup is fixed. 
Actual mode mixture range where the crack growth rate and the coefficients were evaluated is 
stated in Tab. 2. 

 
Tab. 2 Coefficients for fatigue crack growth at different mode-mixtures determined by Eq. 12 

fitting based on total energy release rates components of ΔG. 

 
AI AII rI rII 

Russell and Street model [1] 2.813E-05 4.976E-03 7.209 4.839 
 
A finite element numerical simulation of quasi-static tests utilizing cohesive zone 

modelling was also evaluated. The analysis was performed for three values of GII/G: 26, 54, 
and 80%. The results are presented in Fig. 6 together with only one representative 
experimental result for each GII/G ratio (dashed lines).  
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Fig.6 Load-displacement curves; FE analysis and representative experimental data 

 
The initial stiffness is in good correlation with experimental data. Before the maximum 

load-carrying capacity the softening is present. The effect is more severe with GII/G ratio 
increase. The maximum level of loading corresponds with the maximum test load, but 
displacement is greater in the FE analysis. The loss of load-carrying capacity is sharp in the 
case of experiment, but FE analysis shows gradual load decrease. It is also more severe with 
increase of GII/G ratio. This response can be caused by gradual development of cohesive zone 
before crack advance; especially in mode II. 

Conclusions 

A method for fatigue crack growth evaluation under mixed mode I/II was established. 
The curves of crack growth rate vs. strain energy release rate were obtained and fitted 
by the analytical regression model considering the mode mixtures. In the FE-analysis, the 
cohesive zone modelling technique was used to represent the cohesive behaviour of 
interlaminar interface. The comparison of experimental data and computed load-displacement 
curves shows initial corresponding development, but slow crack advance in comparison with 
the experimental rapid crack growth. The experiment provides unique composite material data 
that can be sparsely found in the literature. 
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