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The final failure of unidirectional (UD) composites in tension-tension mechanical fatigue 
loading is a result of initiation and development of several microdamage phenomena. Often 
the time (number of cycles) to initiate damage and the time for development of almost non-
interactive damage entities is significantly larger than the time required for the final 
coalescence of the damage events and catastrophic final failure. Therefore, from macroscopic 
point of view there is a large portion of the fatigue life with “stable” microdamage state 
evolution and rather modest mechanical properties degradation and a relatively short part of 
the fatigue life where dramatic changes happen. It is certainly critical to understand the 
processes and feature in the final stage. Nevertheless, the increase 

of the “stable” evolution time region or even a delay of the individual microdamage initiation 
and evolution would increase the fatigue life significantly. 

In the “stable” microdamage development region the damage entities (fiber breaks, matrix 
breaks between fibers, fiber/matrix debond cracks ) are very small and randomly distributed 
in the bulk material. Therefore the damage development in the “stable” region is difficult to 
observe and even indirect damage quantification methods based on elastic properties 
degradation measurements are not reliable due to very small properties change.   

This is  motivation for the theoretical investigation and comparison of most probable 
microdamage initiation and development scenarios in UD composites performed in this paper. 
The two main possible scenarios are: a) Damage starts with random fiber breaks according to 
statistical fiber strength distribution (not affected by fatigue) and is followed by small fiber/ 
matrix debonds which grow along the fiber with time. As a modification the fiber break 
(crack) can propagate in the matrix and stop at the next fiber leading to different conditions 
for the debond crack growth; b) Random small matrix cracks between fibers are leading to 
debond growth along the fiber. Exposing the fiber surface defects the fiber strength is reduced 
leading to increasing number of fiber cracks. Certainly combination of both cases (especially 
at low maximum load levels is possible). In both cases the fatigue mechanism is related to 
debond crack growth. 

The interface crack propagation in fatigue is analyzed using Paris type of power law with 
strain energy release rates calculated using FEM as well as analytical methods. Comparing the 
energy release rates for both scenarios the most probable of them is identified. An axi-
symmetric model is considered where the broken fiber with a partially debonded interface is 
surrounded by matrix. This element is embedded in an effective composite with properties 
determined using simple models for UD composites. The fiber volume fraction and 
constituent properties are used as parameters in analysis. 


