
Combining CZM and VCCT for holistic simulations of fatigue 

propagation of delaminations 

One of the most dangerous and common forms of damage in laminated composites is delamination 

propagation under fatigue loads. Predicting the evolution of delamination defects under fatigue loads is thus 

of critical importance. The most common modelling techniques used for this purpose are the Virtual Crack 

Closure Technique (VCCT) and the Cohesive Zone Modelling (CZM) [1].  

VCCT allows a correct estimation of the strain energy release rate at the crack tip, which is the driving force 

of delaminations propagations; however, it requires the initial definition of the crack front, which is not 

always available. Conversely, CZM does not require such definition, but relies on non-physical fitting 

parameters which makes it less usable, especially for fatigue propagation analyses. Recently, the supervisor’s 

research group developed a Python-based approach to run very efficient fatigue simulations with Abaqus 

using VCCT. 

The objective of this thesis is thus the development of a simulation approach that uses CZM to predict the 

nucleation of the crack front and its initial shape; the delamination evolution under fatigue loadings will then 

be predicted using the VCCT-based approach developed earlier. In this way, CZM and VCCT intrinsic flaws 

are mitigated, while their advantages are enhanced. 

The following tasks will be performed: 

• Familiarise with the Python-based FE approach developed by the supervisor’s group 

• Implement a CZM-based crack nucleation identification approach 

• Validate the developed approach against experimental data and assess the model performance 

Required skills: 

• Finite element modelling with Abaqus 

• Knowledge of Python (or willing to learn) 

• Basic knowledge of fracture mechanics and fatigue propagation (e.g. different modes of fractures, 

Paris law, etc.) 

Expected duration: 6 months 

Type: full thesis, with examiner (controrelatore) 

Experimental activity: no 

 

Figure 1: A mode I simulation using CZM 
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