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Multi-phase materials are often used in engineering applications because of their high
strength and ductility. An important example is dual-phase steel, which is used in essential
parts of a car body. The failure of such materials is only partly understood and often
only heuristically predicted. In particular the role of the microstructure remains an open
question that is taken up in this contribution, see also [1].

In this work we study the initiation of ductile damage in such materials at the microstruc-
tural level; the level at which the inhomogeneity between phases is clearly distinguishable.
By ‘switching off’ other failure mechanisms we are able to identify the influence of the
microstructure on the onset of ductile failure of the matrix phase.

Several authors have studied the failure mechanism at the microstructural level [2, 4–6].
From these studies, only [2] attempts to systematically identify the role of the microstruc-
tural morphology. In their study, Kumar, Briant, and Curtin [2] reconstruct a damage
“hot-spot” – a microstructural feature that leads to high levels of damage, independent of
the surrounding microstructure – by using a random process to generate microstructures.
This method may however be dependent on local features. To overcome this, we also
make use of an idealized microstructural model (see Figure 1(a)), however we consider a
large number of samples at the same time. We limit ourselves to a two-phase material in
which both phases are taken to obey an elasto-plastic constitutive relation, albeit with
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different yield stresses and hardening. The microstructures are represented using a square
periodic grid. The periodicity is much larger than the size of one cell.

Damage initiation is characterized on the deformed periodic cell using a damage indicator.
We then characterize the microstructure around “hot-spots”, i.e. those locations that
experience high levels of damage. This is repeated for many (random) microstructures,
thus obtaining a – statistically relevant – characterization of the distribution of phases
around these hot-spots.

A single morphological feature is identified in which critical levels of damage consistently
occur, shown in Figure 1(b). It consists of a small region of matrix phase, with particles
of the hard inclusion phase on both sides in a direction that depends on the deformation.
This configuration causes a large tensile hydrostatic stress and plastic strain inside the
matrix, resulting in a high level of damage. This morphological feature has, to some
extent, been recognized before for certain multi-phase materials (e.g. [6, 7]). This study
however provides insight in the mechanics involved, allowing us to identify additional
morphological influences.
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Figure 1: (a) The microstructural model: each square corresponds to an element of the same phase – the
hard particles are dark and the soft matrix is light gray – each discretized using several quadratic finite
elements. The microstructure is assumed periodic. (b) The resulting damage statistics: the probability
to find hard phase around high damage (chosen in the center).
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