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Fracture initiation

Industrial background

A local damage indicator is defined for ductile fracture in
the soft phase and brittle fracture in the hard phase.
Macroscopic fracture initiates when 1% of the grains in the
ensemble have fractured.

Morphology around fracture initiation
Important engineering examples of multi-phase materials are
metal matrix composite and dual phase steel (DPS). DPS is often used in complex shaped structural parts of a car-body (figures)
due to its unique combination of strength and ductility.
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We consider a general dual phase material with a microstructure that comprises hard particles embedded in a soft matrix
(fig. b). The stress–strain response displays a combination of
these phases (fig. a).
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The average microstructure (phase) around the locations at
which fracture initiates is calculated for the ensemble. It is remarkably similar for fracture initiation in the soft phase only (left)
and hard phase only (right): a band of hard phase intersected by
bands of soft phase in the direction of shear are critical.

Macroscopic fracture initiation
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macroscopic fracture initiation as a function of local
fracture mechanisms.
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the distribution of phases (morphology) leading to the
highest damage (i.e. the ’worst’ microstructure),
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To improve the failure characteristics a better understanding of the
failure mechanisms is needed. Therefore we characterize
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The most striking result of the initiation of macroscopic fracture is
the fracture strain (vertical axis) for different stress states (horizontal axis). For low triaxialities ductile fracture of the soft phase
dominates, whereas brittle fracture of the hard phase dominates
for high volumetric stresses.
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Conclusion and outlook

Microstructural model

To systematically study the effect of the distribution of phases,
a structured microstructural model is used. The damage response is calculated on an ensemble of many random microstructures, using the finite element method.
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We have identified a critical morphology for damage.
Macroscopic fracture initiation is dominated by the soft
phase or the hard phase depending on the stress state.
Open questions:
The influence of the sub-surface microstructure.
The mechanisms governing the propagation of fracture.
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