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A B S T R A C T

The effect of adhesive thickness on fatigue crack growth in an epoxy film adhesive (FM94) was
investigated, using a combination of experiments and numerical modelling. For the range of
thicknesses investigated an increased thickness led to an increased crack growth rate. It was
found that the energy required per unit of crack growth did not depend on the adhesive thickness.
In contrast, the energy available for crack growth does depend on the adhesive thickness.

The numerical analysis confirms that the energy required per unit crack growth is not sensitive
to the adhesive thickness, but that the plastic energy dissipation increases with the thickness. The
experimental results imply that this increase of plasticity has an anti-shielding effect, as the crack
growth rate is increased.

1. Introduction

Compared to mechanical fastening, adhesive bonding offers the promise of lower weight structural joints. This is achieved by
creating a smoother load transfer and removing the need for holes, and thus stress concentrations. Consequently adhesive bonding is
an attractive option for structural designs in mass-critical applications, such as aerospace and automotive.

Before adhesive bonding can be applied on a wide scale however, more understanding is needed of its fatigue crack growth (FCG)
behaviour. Many prediction methods have been proposed in the past, but these are all based on empirical correlations rather than an
understanding of the physics [1]. Pascoe et al. [2,3] and Alderliesten [4] have suggested that more insight into the underlying physics
can be gained by measuring the dissipation of strain energy during the crack growth process. They showed that correlating the crack
growth rate to the measured strain energy dissipation per cycle ( U Nd /d ), rather than to the strain energy release rate (SERR), could
account for most of the effect of the stress ratio (R).

A small stress ratio effect was still observed. It was suggested that this might be caused by non-linearity of the force-displacement
curve [3]. However further examination has shown that the force-displacement curve remains linear throughout the fatigue test [5].
An alternative hypothesis is that the observed difference in energy dissipation at different stress ratios, for a given crack growth rate,
is caused by differences in the stress state and amount of plasticity at the crack tip. It is known from previous work that adhesive
thickness affects these parameters [6–10], and thereby the fracture toughness.

While various studies on the effect of layer thickness on fatigue crack growth have been published [11–20], identifying that
thickness can have an effect, the reported results are not consistent. Furthermore there has been little effort to understand the
mechanisms that cause adhesive thickness to affect the fatigue crack growth rate.
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