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Comparative study of stress and strain partitioning behaviors in
medium manganese and transformation-induced plasticity-aided
bainitic ferrite steels
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Abstract: The origins of the superior work hardening capability of medium manganese
(M-Mn) and conventional transformation-induced plasticity-aided bainitic ferrite (TBF)
steels of similar tensile strength and elongation are comparatively investigated via
synchrotron X-ray diffraction measurements. The M-Mn steel undergoes preferential
plastic deformation in austenite; its superior work hardening capability and associated
uniform elongation are attributed to the high rates of martensitic transformation and
dislocation accumulation per strain in the retained austenite. By contrast, the excellent
work hardening behavior and uniform elongation of the TBF steel are attributed to the
sustained transformability until the occurrence of a large strain and significant stress
partitioning between the face-centered cubic (FCC) and body-centered cubic (BCC)
phases due to the high austenite phase stability and high resistance to slip deformation of
austenite.
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Fig. 1. (a), (d) Inverse pole figure (IPF) maps, (b), (¢) phase maps and (c), (f) nominal
stress—strain curves of (a), (b), (c) M-Mn steel and (d), (e), (f) TBF steel. ND and RD represent
normal direction and rolling direction, respectively.
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Fig. 2. Variations in austenite fraction as a function of nominal strain in (a) M-Mn and (b)

TBF steels. Corresponding nominal stress—strain curves are also plotted.
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Fig. 3. Variation in elastic strain of BCC (aFe321) and FCC (yFe311) phases as a function of
nominal strain and corresponding nominal stress—strain curve in (a) M-Mn and (b) TBF
steels.
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