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Notched Tensile Fracture of a Fe-15Mn-0.6C-2Al Twinning Induced
Plasticity Steel at Room Temperature
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Abstract: The tensile fracture behavior of an Al-bearing TWIP steel was investigated by conducting a series
of tensile tests on smooth and notched specimens with different notch geometries, focusing on the effects of
evolution of the stress triaxiality and the effective strain during deformation. The flow curve and digital image
correlation (DIC) analysis evidenced suppression of dynamic strain aging due to Al addition, and therefore, the
effects of local inhomogeneous deformation associated with Portevin-Le Chatelier (PLC) band on fracture could
be excluded. The smooth specimen fractured with negligible necking despite the absence of PLC bands. As a
result, the effective strain was uniform through the gage section and the stress triaxiality (7) of ~0.33 was nearly
unchanged over the entire cross-section up to the maximum load. This led to the fracture surface of the smooth
specimen being entirely covered with fine equiaxed dimples. For notched specimens, the fracture strain was
drastically reduced with decreasing notch radius, indicating the high notch susceptibility of the steel. The
effective strain of the notched specimens was the highest at the edge of the notch root, regardless of the notch
radius, so cracks first developed at the surface of the notch root. Although the 7 at the center of the notched
specimens (0.40~0.48 depending on the notch radius) was higher than that of the smooth one, the center of the
fracture surface of all notched specimens exhibited dimple features that were very similar to the smooth one,
even in size. In contrast, in spite of the same 7 of ~0.33, fractography at the edge of the notched specimens
revealed a fracture mode transition from dimple fracture to void sheet fracture to quasi-cleavage fracture as the
notch radius decreased. The present results were rationalized in terms of the local evolution of stress triaxiality
and effective strain during deformation, which were analyzed using the finite elemental method and DIC
technique. It can be said that the fracture mode of TWIP steel, showing limited necking, was more influenced
by the distribution and/or gradient of stress traiaxiality and effective strain rather than their local absolute
values - that is, the severer their gradient is, the easier the quasi-cleavage fracture occurs.
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Fig. 1. (a) Schematic illustration of the smooth and notched specimens used in the present study, (b) An example of the 1/4 axisymmetric
finite element mesh model for R = 4a notched specimen.
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Fig. 2. (a) EBSD image quality map and (b) EPMA elemental maps

showing microstructure of the present steel after cold rolling and
annealing at 1273 K for 1 hr.
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Fig. 3. (a) Engineering stress — strain curves of the smooth and
notched specimens of the present steel, and (b) Optical micrograph
showing mechanical twins in most grains in the gage section of the
fractured smooth specimen.
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Fig. 4. Effective strain distribution at selected nominal strains (e)
just before fracture obtained by in-situ digital image correlation
analysis. (a) smooth specimen, (b) R =4a notched specimen, and
(c) R = a notched specimen.
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Fig. 6. Effective strain distribution at the gage section of the smooth

and notched specimens at maximum load obtained by finite
element analysis.
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Fig. 10. Evolution of effective strain vs stress triaxiality at the edge, middle point, and center of the notch root section of 3 notched
specimen obtained by finite element analysis. (a) R =4a, (b) R=1.5a, and (c) R = a.
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