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Laminated composites which are increasingly used in engines and space applications are planned for 
exposure to a large number of thermal cycles in the temperature range between cryogenic to elevated, 
reaching temperatures close to glass transition. Thermal loading is often accompanied also by mechanical 
loads. Intralaminar cracks and inter-layer delaminations develop during the service life and lead to building of 
damage networks causing degradation of thermo-mechanical properties and increasing permeability and 
leakage in fuel tanks.  
 
At present, a common opinion is that the initiation and growth of these cracks takes place in the low 
temperature part of the thermal cycle because the stresses caused by the thermal mismatch of constituents 
on different length scales are the largest there. However, research at US AF MRL [1] and elsewhere has 
revealed the importance of the elevated temperature during the cycle on the damage level in thermal cycling.  
Since at the highest temperature the material is very close to the stress free state, this effect can not be 
explained by mechanics only. Our explanation is that in thermal cycling the fatigue resistance of the matrix is 
reduced during the time period at high temperature and more damage develops during the low temperature 
loading.  
 
The objective of this paper is to study the mechanisms of composite degradation in thermal fatigue by 
separating two mechanisms: 1) the effect of the exposure time period at high temperature during the thermal 
cycling; 2) the effect of the exposure to certain number of cycles with high thermal residual stresses 
corresponding to low temperature.  
 
The effects are studied on Carbon Fiber Epoxy as well as BMI resin laminates. To prove that the composite 
undergoes degradation of tensile transverse strength and Mode I fracture toughness during thermal 
exposure, laminates were subjected for 50 – 100h to temperatures close to Tg as well as to low cycle thermal 
fatigue.  
 
Only a few cracks were introduced by this treatment. Finally, the “untreated” and “treated” laminates were 
subjected to tensile loading. The crack density in the 90º-layer of cross-ply laminates was determined as a 
function of the applied strain level. Using these data the statistical strength parameter dependence on 
treatment was obtained.  
 
The focus in analysis was on separation of initiation mechanisms and propagation mechanisms. The initiation 
governed crack density versus applied strain curve depends on the strength distribution in the cracked layer 
and on the interaction between cracks which starts to be significant at high crack densities and may be 
accounted for as described in [2]. To accelerate the crack initiation one edge of the specimen was for a very 
short time immersed in liquid nitrogen. Information about the initiation and propagation stress levels was 
deduced comparing crack densities on this and on the other edge of the specimen during the increasing 
mechanical loading. 
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