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Abstract

This licentiate thesis is generally concerned with the ductile failure and rupture
mechanisms encountered under combined tension and torsion loading. In
the first part entitled Paper A, an experimental investigation of the rupture
mechanisms in a mid-strength and a high strength steel was conducted
employing a novel test configuration. The specimen used was a double notched
tube specimen loaded in combined tension and torsion at a fixed ratio. The
effective plastic strain, the stress triaxiality and the Lode parameter was
determined in the centre of the notch at failure. Scanning electron microscopy
of the fractured surfaces revealed two distinctively different ductile rupture
mechanisms depending on the stress state. At high stress triaxiality the
fractured surfaces were covered with large and deep dimples, suggesting that
growth and internal necking of voids being the governing rupture mechanism.
At low triaxiality it was found that the fractured surfaces were covered with
elongated small shear dimples, suggesting internal void shearing being the
governing rupture mechanism. In the fractured surfaces of the high-strength
steel, regions with quasi-cleavage were also observed. The transition from
the internal necking mechanism to the internal shearing mechanism was
accompanied by a significant drop in ductility.

In the second part entitled Paper B, a micromechanics model based on the
theoretical framework of plastic localization into a band introduced by Rice is
developed. The model employed consists of a planar band with a square array
of equally sized cells, with a spherical void located in the centre of each cell.
The periodic arrangement of the cells allows the study of a single unit cell for
which fully periodic boundary conditions are applied. The micromechanics
model is applied to analyze failure by ductile rupture in experiments on double
notched tube specimens subjected to combined tension and torsion carried out
by the present authors. The stress state is characterized in terms of the stress
triaxiality and the Lode parameter. Two rupture mechanisms can be identified,
void coalescence by internal necking at high triaxiality and void coalescence
by internal shearing at low triaxiality. For the internal necking mechanism,
failure is assumed to occur when the deformation localizes into a planar band
and is closely associated with extensive void growth. For the internal shearing
mechanism, a simple criterion based on the attainment of a critical value of
shear deformation is utilized. The two failure criteria capture the transition
between the two rupture mechanisms successfully and are in good agreement
with the experimental result.
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