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ABSTRACT

High-alloyed, initially fully-austenitic TRIP-steels are well known for their favorable combina-
tion of mechanical properties, namely high strength and pronounced ductility, which is observed
over a wide temperature range. This combination is due to a deformation-induced evolution of
the material’s microstructure, including various deformation mechanisms. At high temperature,
conventional plastic gliding in the fcc austenite (γ) is observed, whereas at intermediate temper-
atures, the formation of twins and stacking-faults (ε) with a subsequent phase transformation
to the bcc martensite (α′) is detected. However, the direct γ → α′ phase transition is favored
at low temperatures.
The formulation of a material model at the single crystal scale that accounts for all of these
mechanisms is naturally a very challenging task, in particular if one wants to avoid the commonly
adopted assumption of a Taylor-type homogenization for the elastic part of a multiplicatively-
decomposed deformation gradient, as proposed in [1, 2]. The current contribution therefore
focuses on a multi-scale approach based on mean-field homogenization [3], in which twinned
or transformed domains are considered as ellipsoidal inclusions embedded into the austenite
phase. The interaction of the different twinned or transformed variants and an evolving elastic
anisotropy is automatically incorporated in this approach. The respective constitutive behavior
of the austenite and the martensite phase is described by a finite deformation crystal plastic-
ity model, adopted from [4]. The mean-field based model is used to assess the validity of the
Taylor-type homogenization associated with the elastic deformation measure. Furthermore, the
implementation of the constitutive model into a Finite Element Code, employing Nonlinear
Complementary Functions [5] or an Augmented Lagrangian formulation [6], is addressed.
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