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Finite element simulations of intrinsic hybrid composite structures require precise material models of the de-
ployed components. The investigated intrinsic hybrid composite, which is utilised for crash-relevant structural
parts, is made up of a continuous fibre-reinforced plastic (FRP) in which a metallic insert is integrated [2]. In
this contribution, inelastic material models at large strains are developed to predict the mechanical behaviour
of the applied metal, the FRP and the interface between these materials.

As shown by Kießling et al. [3], a concept by Ihlemann [1] enables material modelling at large strains
based on directly connected rheological elements within the framework of the multiplicative decomposition
of the deformation gradient. Consequently, a thermodynamic consistent material model at large strains can
be formulated by composing a rheological model, defining the connected rheological elements by appropriate
individual material models and evaluating relations demanding the stress power equivalence of the rheological
connections.

First, Ihlemann’s approach is applied to reformulate the viscoplastic material model of overstress type with
nonlinear kinematic hardening by Shutov et al. [4]. Note that this material model is established to estimate the
viscoplastic behaviour of metals. The second component of the hybrid composite consists of a polymer matrix
reinforced with unidirectional fibres. To simulate the complex behaviour without an explicit consideration of
the local material structure, an effective material model is generated based on directly connected rheological
elements as well. For this purpose, a material model for the polymer matrix is developed first. Next, the matrix
material model is extended by a rheological element of anisotropic hyperelasticity to account for the effect of the
unidirectional reinforcing fibres. The related material parameters of the resulting anisotropic material model
are identified from finite element simulations of a representative volume element of a unidirectional FRP.

In addition to the form fit, the connection between the components of the hybrid composite is realised by
adhesive bonding. The resulting interface is a critical point where failure often initialise. Within finite element
simulations, the interfacial region can be modelled assuming a homogeneous continuum. According to this
ansatz, a continuum damage model has to be formulated. Again, the concept of directly connected rheological
elements is applied to develop this phenomenological interface model. In this regard, an elastic-plastic model is
presented and extended by a porosity element. This element is introduced to account for the effect of damage-
induced volume change. Finally, the developed and implemented material models are utilised within a finite
element simulation of a representative volume of the intrinsic hybrid composite.
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