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Abstract

The strain-induced phase transformation from austenite to martensite is responsible for the
high strength and ductility of TRansformation-Induced Plasticity (TRIP)-assisted steels. The
large deformation behavior of conventional steels is governed by crystallographic slip. In
the case of TRIP steels, the phase transformation provides an additional microstructural
deformation mechanism, which has a particularly strong effect on the strain hardening
response at the macroscopic level. This thesis work develops a new plasticity model for
TRIP steels that accounts for the effect of phase transformation. In particular, the large
deformation behavior of 1.5mm thick stainless steel 301LN sheets at room temperature is
studied in detail. Several techniques for quantifying the martensite volume fraction are
evaluated including micrography, X-ray diffraction, neutron diffraction, magnetic
saturation, and magnetic permeability measurements. The latter is then used to measure the
evolution of the martensite content throughout mechanical experiments. The experimental
program for different stress states includes experiments for uniaxial tension, uniaxial
compression, equi-biaxial tension, pure shear, and transverse plane strain tension. The
resulting experimental data demonstrate the influence of both the stress triaxiality and Lode
angle parameter on the austenite-to-martensite transformation kinetics. A stress-state
dependent transformation Kinetics evolution equation is proposed which describes the
martensite content as a function of plastic strain, the stress triaxiality, and the Lode angle
parameter. Furthermore, a phenomenological plasticity model is developed comprising an
anisotropic yield function, an isotropic hardening law, and a nonlinear kinematic hardening
law with initial back stress. The isotropic hardening law expresses the increase in
deformation resistances as a function of the plastic strain and the martensite content and is
directly coupled with the stress-state dependent transformation kinetics equation. As a
result, the model is able to describe the experimentally observed effect of stress state on the
macroscopic hardening response. The constitutive model is implemented into a finite
element program and used to simulate all experiments performed. The model predictions
agree well with the experimental results for a wide range of stress states and for both
specimens with homogeneous and heterogeneous stress and strain fields.
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