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Mechanics of materials

Introduction

Polymer coated metals play a major role in a variety of
products, for example food and beverage cans, see fig-
ure 1.

Figure 1: Applications of polymer coated steel

Interfaces may delaminate during forming processes or
in service. An important delamination mechanism was
found to be fibrillation, see figure 2. The dissipative pro-
cesses related to fibrillation happen at a much smaller
scale than the typical application scale (macro-scale). To
couple the micro-scale dissipation to the macro-scale a
multi-scale approach is needed.

Figure 2: Fibrillation in peel-off test [1]

Objective

Develop a technique for the multi-scale modeling of co-
hesive interfaces to (1) obtain a better understanding of
themicro-scale processes occurring during delamination
and (2) use this knowledge to develop and quantify pre-
dictive models at the application scale.

Methods

The multi-scale scheme is shown in figure 3. At the
macro-scale the cohesive zone (CZ) element formulation
of Van den Bosch is used [1]. However, instead of as-
suming the traction-opening relation a priori, it is deter-
mined from the underlyingmicro-structural model. In the
micro-model the processes leading to dissipation can be
taken into account explicitly. The overall work of separa-
tion obtained from the micro-model incorporates the de-
adhesion energy at the interface and the mechanically
induced dissipation near the interface (e.g. by fibrilla-
tion).
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Figure 3: Multi-scale scheme. Macro (top) and micro (bottom)

Future work

The influence of non-homogeneous adhesion at the
micro-scale, e.g. resulting from fibrillation and rough-
ening of the substrate, will be studied. The constitutive
behavior of the polymer is described using a non-linear
visco-elastic material model [2]. Subsequently, models
capable of describing fibril formation, extension, break-
down and de-adhesion from the surface will be used.
Where needed these models are obtained from coarse
graining molecular results, involving another scale tran-
sition.
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