
 

The effect of morphology on ductile failure in multi-phase
materials
Citation for published version (APA):
Geus, de, T. W. J., Peerlings, R. H. J., & Geers, M. G. D. (2012). The effect of morphology on ductile failure in
multi-phase materials. Poster session presented at Mate Poster Award 2012 : 17th Annual Poster Contest.

Document status and date:
Published: 01/01/2012

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023

https://research.tue.nl/en/publications/4647b101-94af-4a24-aef5-0b34fb1dff89


Materials
innovation
instituteM

The effect of morphology on ductile
failure in multi-phase materials

T.W.J. de Geus, R.H.J. Peerlings, M.G.D. Geers
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Introduction
Multi-phase materials are frequently being applied in engineering
applications because of their typical high strength and ductility,
e.g. to design light-weight but crash resistant cars. In contrast to
the overall hardening response, the failure mechanisms are not
well understood. We identify the microstructural morphology
(i.e. distribution of phases) responsible for the initiation of duc-
tile failure; i.e. the morphology that governs the location where
the damage D is maximum in Fig. 1.

Figure 1. Sketch of the failure location (microstructure taken from [1]).

Model
A Representative Volume Element is used in which the mi-
crostructure is modelled in a highly idealised fashion. The hard
inclusion phase is randomly distributed in a soft matrix. The
‘worst-case’ distribution (the ‘RVE’ highlighted in Fig. 1) is iden-
tified by comparing a large number of randomly generated RVEs.
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Figure 2. Microstructure of a multi-phase material: (left) microscopic im-
age of a dual-phase steel, adapted from [2]; (right) a randomly generated
RVE. The critical feature of Fig. 3 is highlighted in white (left).

Result
The RVEs are compared in terms of damage, defined as the
product of hydrostatic stress and plastic strain. Three examples
are shown in Fig. 3 where the damage increases from left to

right. The highest level of damage is consistently observed in a
critical feature such as sketched. A similar feature is observed
experimentally (highlighted in white in Fig. 2(left)). Closer in-
vestigation reveals that the feature’s orientation with respect to
the load is essential. The level of damage is influenced by the mi-
crostructure in the vicinity of the feature. Indeed similar features
are found where damage is low (Fig. 3(left)).
The hardness, characterized by the factor χhard, and the volume
fraction, fhard, of the inclusion phase are varied for the most
critical microstructure. Fig. 4 shows that the overall hardness
increases with both, however failure initiation occurs at a lower
applied strain.

Figure 4. The overall equivalent stress σ̄eq for different hardening factors
χhard (left) and volume fractions fhard (right) of the inclusion phase.

The combined effect is studied by comparing the failure initiation
at constant overall hardness. It is observed that the ductility is
increased by increasing the volume fraction of the inclusion phase
while at the same time decreasing its hardness.

Conclusion
The influence of the load and microstructure on the damage in
the critical morphological feature is understood, simplifying the
a-priory identification of critical locations inside the microstruc-
ture. Also the effect of hard phase volume fraction and hardness
on the ductility is identified.
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Figure 3. The normalized damage D of RVEs characterized by the lowest, intermediate, and the highest level of damage. The critical feature is
highlighted, in which the hard inclusion phase is dark.
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