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Long-term Performance of Cross-Ply Thermoplastic Composites  

Thermoplastic polymers are increasingly used in automotive industry thanks 

to their recyclability, ease of manufacturing, and light weight. However, 

these materials are prone to creep failure under static loads well below their 

yield stress, which necessitates accurate lifetime predictions. Lifetime 

prediction methods developed for thermoplastic polymers depend strongly 

on the peculiar failure mechanisms they exhibit, such as plasticity-controlled 

failure at high stresses.  

Thermoplastic polymers are often reinforced with continuous fibers to meet 

the demands of engineering applications. A type of laminate that has drawn 

special attention is cross-ply laminate, which consists of 0° and 90° layers. Although there are many studies in the literature 

about damage development in creep and fatigue of thermoset cross-ply laminates, more research is necessary for 

thermoplastic cross-ply laminates.  

In transverse layers of the laminates the mechanical behavior is dominated by the polymer. Moreover, the time-

dependent damage that develops in transverse layers of the laminates might lead to other failure mechanisms; such as 

delamination between the layers and fiber breakage in on-axis layers, which might finally lead to ultimate failure. 

Therefore, accounting for the peculiar failure mechanisms of thermoplastics can contribute to development of better 

lifetime prediction methods for thermoplastic composites.  

In this study, the aim is to assess the creep and fatigue performance of cross-ply thermoplastic composites and investigate 

how its relation to the behavior of neat thermoplastics is. In scope of experimental work, creep and fatigue experiments 

will be performed by tracking the damage evolution. A model for prediction of lifetime is expected to be developed.  
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Figure 2 Different damage mechanisms in cross-ply laminates [2] 
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Figure 1 BMW i3 body frame [1]  

Figure 3 Transverse crack density evolution in [±45/902]S during tensile testing [3] 
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