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in Z-pinned composite laminates 

 
Marco Francesco FUNARIa, Fabrizio GRECOa, Paolo LONETTIa, Raimondo LUCIANOb, Rosa PENNAc  

Department of Civil Engineering, University of Calabria, Via P. Bucci, Cubo39B, 87030, Rende, Cosenza, Italy. 
Department of Mechanics, Structures and Environment, University of Cassino, via G. Di Biasio 43, 03043 Cassino, Italy 

Department of Civil Engineering, University of Salerno, Via Giovanni Paolo II 132, 84084 Fisciano, Italy 

 

ABSTRACT: An FE approach based Arbitrary Lagrangian-Eulerian (ALE) and cohesive fracture mechanics is 
implemented to investigate the effects of debonding mechanisms on the behavior of z-pinned composite laminates. The 
model is based on the combination of moving and discrete cohesive interface elements, which allow the simulation of 
interfacial damage or strengthening mechanisms produced by debonding phenomena or z-pinned techniques, 
respectively. Moreover, complex phenomena such as crack initiation, coalescence mechanisms are easily implemented 
in both static and dynamic frameworks. Despite existing approaches, available from the literature, the computational 
procedure is able to overcome difficulties concerning mesh dependence of the solution, numerical complexities and 
costs involved in the solving procedure. The numerical implementation of the model and its capability to predict 
debonding mechanisms are discussed with respect different laminate configurations and onset conditions. Moreover, 
comparisons with existing experimental results available from the literature are developed to investigate the relationship 
between strengthened and unstrengthened composite laminates.  
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Nomenclature 

pin
IG  mode I energy release rate for the z-pin  

pin
IIG  mode II energy release rate for the z-pin 

pin
ICG  single pin critical energy release rate (mode I) 

pin
IICG  single pin critical strain energy release rate (mode II) 

pin
fg  fracture function of z-pins 

fg  crack growth function for interlaminar damage 

LN  number of the layers 

DN  number of internal discontinuities 

ZN  number of z-pin elements 

c
npP  z-pin critical cohesive stress (opening) 

c
tpP  z-pin critical cohesive stress (sliding) 

T  kinetic energy 

c
nT  critical cohesive interlaminar stress (mode II) 
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