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1 Introduction and Background 

The delamination behaviour in the interface of Al (Aluminium)-LDPE (Low Density Polyethylene) 
substrates was focused in this study. The interface was resulted from a thin molten LDPE layer 
between the substrates. The materials used in this study are constituent of a specific type of food 
packages. Tensile testing was performed on each substrate material to calibrate the numerical 
constitutive material model and peel testing at different peel arm angle was done for finding normal 
cohesive zone parameters to model the interface. The Al layer is low ductile/ brittle where as LDPE 
can withstand large strains and shows extensive necking along width and thickness direction before 
failure. Continuum damage model was used to mode both of the materials where damage model 
contained both damage initiation and evaluation. Cohesive element was used to model the interface 
between the substrates. The analysis was performed in static general solution step in Abaqus 6.13. 
The materials were assumed to be isotropic and independent of effects from strain rate and 
temperature. During tensile testing of centre pre-cracked laminate, it was observed that additional 
energy was dissipated due to interfacial delamination close to the propagated crack area. A combined 
approach of physical and virtual testing was used to separate the energy dissipated due to 
delamination and a relation was established to develop more accurate in-plane shear delamination 
numerical quantities for simulation in Abaqus. 
 

2 Experimental Testing and Simulation 

The experimentations and simulations were based on the observation that, a pre-cracked two material 
laminate dissipates significantly more energy during crack propagation when compared with the 
combined energy dissipation of each substrate. This study aimed to relate the additional energy 
dissipation to the delamination along the interface near crack faces and use the findings to determine 
in-plane shear cohesive zone parameters. For this study, it was essential to gather information about 
numerical constitutive properties of the substrates and the interface by different physical tests. Tensile 
tests were performed on very thin Al and LDPE sheets using standard specimens (230 mm X 95 mm).  

 
Fig.1 a) Tensile test response, b) Measuring delamination, c) SEM of delamination surface 
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Based on the test result, numerical material model parameters for Al and LDPE were identified with 
inverse modelling approach. An elastic-plastic progressive damage constitutive based on Hooke’s law, 
the J2 yield criterion, isotropic hardening, associated flow-rule and ductile damage model is formulated 
to demonstrate the substrates material behaviour in Abaqus.  
In second stage, tensile tests were again performed on same Al and LDPE specimens and their 
laminate with through pre-crack at the middle [1]. The difference between energy dissipation for 
laminate fracture and fracture of interfaces (all pre-cracked) is referred here as “energy difference“.  
The test process was video recorded to identify the mechanism of damage of each layer and 
delamination along interface. LDPE deforms continuously after Al breakage causing shearing in the 
interface. Experimental and SEM (Scanning Electron Microscope) investigations supported the 
delamination to be shear dominant (Fig 1 c). Bright coloured fluid was applied to the interface to 
highlight the delaminated area and it was calculated from images (Fig 1 b). Measurement of 
delamination area and energy difference provided estimation of the in-plane shear delamination 
energy release rate which in this case was found to be 216 J/mm

2
. Cohesive Element based on 

Traction-Separation with quadratic nominal stress criterion was used to simulate delamination. As the 
interfacial strength of the cohesive law was observed to most significantly governing the overall 
strength of the laminate during the simulation, it was calibrated to establish a bi-linear cohesive law 
based on calculated energy release rate. Same law was used for out-of-plane shear. For 
completeness, standard peel test was also performed at 0, 90 and 180 degree angle to determine 
normal cohesive law quantities [2]. Simulation model was scaled down to 1/200 along length and width 
of experimental specimen while keeping the thickness same to keep the simulation time manageable. 
3D stress elements were used with linear geometric order while use of plane stress element could 
prove more efficient.   
 
 

3 Result and Conclusion 

It was observed from the SEM study that delamination was dominantly caused by in-plane shearing. 
But study of deformation history from test video indicated that, depending on being a single layer or a 
substrate, strain at failure is different. This is another potential cause of energy dissipation difference.  
 

 
 
Fig.2 Delamination in an Al-LDPE interface during crack propagation 
 
The Fig. 2 shows the Von Mises stress distribution during crack propagation in the first three images at 
0, 1.37 and 2.54 mm of axial deformation. In the next three associated images show the delamination 
in the interface along crack length while the bottom most image is the magnification of delamination at 
2.54 mm axial deformation. This technique provides a method to approximate the shear delamination 
in very thin flexible sheet material interface and improve the numerical model. 
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