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Deformation, phase transformation and fracture micro-mechanisms of
steels

Arpan Das, Bhabha Atomic Research Centre (BARC), Mumbai, India

ABSTRACT

Metastable austenite undergoes deformation-induced martensitic transformation which enhances work-
hardening and ductility. This presentation focuses on understanding of: (a) martensitic transformation and
(b) ductile fracture micro-mechanisms of the steel. Many studies monitoring the formation of martensite
during tensile-deformation of austenite report data which are, in principle, affected by both applied stress
and resulting plastic-strain. It is not clear whether the transformation is stress-induced (i.e., stress provides
a mechanical driving force) or whether the generation of defects during deformation helps nucleate
martensite in a scenario better described as strain-induced transformation. It is demonstrated that a large
volume of published data relating the martensite-fraction to plastic-strain can in fact be explained in terms
of pure thermodynamic effect of applied stress. Influence of stress has also been determined by
crystallographic variant selection. This will be useful in understanding the ductile fracture micro-
mechanisms. Ductile fracture micro-mechanisms are well established. It is believed that the structure drives
the properties in materials. However, evidences to prove this relation is not often convincing and a direct
confirmation w.r.t. fracture properties is always desirable. Correlation of fracture-features to mechanical
properties has been demonstrated for steels and other alloys. The technique provides a method for direct
determination of mechanical properties from fracture-features.
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