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ABSTRACT

The final objective of this work is to define a reliable tool for dimensioning of
adhesively bonded assemblies, particularly for marine and underwater applications.

In a previous study, an experimental methodology enabling the adhesives of interest to
be characterized up to failure has been proposed [1]. A modified Arcan fixture, which
allows compression or tension to be combined with shear loads, has been designed. It
has been numerically shown, on one hand, that the use of a beak close to the adhesive
joint makes it possible to limit the contribution of the singularities due to edge effects;
and on the other hand, that the geometry of the joint near the edge is an important
parameter. This experimental fixture associated with non-contact extensometry and
optimization techniques allows us to analyze, for proportional loadings, the non linear
behaviour of an adhesive joint (epoxy resin Huntsman™™ Araldite® 420 A/B has been
used). The experimental data are defined by curves relating the relative displacement of
both ends of the adhesives versus the applied load.

The next step of the work detailed in this paper is the development of a model in order
to represent the non linear behaviour of the adhesive joint. The aim is to propose a
numerical tool for 2D adhesively bonded assemblies which allows us to take into
account the non linear behaviour of the adhesive with a low numerical cost. When the
dimension of one of the constituent of an heterogeneous structure is small with respect
to the others, it is possible to replace the continuum elements by an interface element or
a joint element [2]. These elements use the same type of nodal variables as continuum
finite elements and therefore they can be easily combined. However, while for
continuum elements the relevant variables at the integration points are the components
of the local stress tensor, the relevant quantities for the joint element are the components
of the local stress vector acting on the interface. Thus we have to propose a model
which represents the evolution of the relative displacement of both extremities of the
adhesive joint as a function of the stress state.



To describe the behaviour of the adhesive under proportional loadings for a given strain
rate, a 2D non-associated elasto-plastic behaviour law has been proposed in order to
represent accurately the experimental data. The elastic yield surface is defined as a
dissymmetric elliptic function. The flow rule is described by a second elliptic function.
The interest of this model is to reach the important ratio, around 20, between the relative
displacements in the normal and tangential directions of the adhesive observed
experimentally for traction—shear loads. The model has been implemented in the finite
element code CAST3M using a return-mapping algorithm [3]. Besides it is also
necessary to take into account the various viscous phenomena of the adhesive behaviour
[1] which are quite important for the adhesive used. Thus an extension of this model is
proposed in order to take into account some aspects of the viscous phenomena.

Moreover, numerical simulations performed assuming linear-elastic material behaviour
of the constituents showed a non-uniform stress evolution in the adhesive for the Arcan
test [1]. Thus inverse techniques have been developed to characterize the parameters of
the adhesive behaviour. A coupling method between the optimization software
MATLAB and the finite element code CAST3M is used to perform the identification of
the of the non-associated elasto-visco-plastic law behaviour, starting from a large
experimental data base (load-displacement curves). The proposed model represents
accurately the different experimental responses for proportional traction/compression—
shear loadings and for a large range of deformation rate.

Numerical results for adhesively bonded assemblies will be presented. The proposed
strategy allow us to take into account the non linear behaviour of the adhesive with a
low numerical cost in order to optimize the design of adhesively bonded structures.
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