EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

A ‘quasi-discrete’ model of fracture in geomaterials

Citation for published version (APA):
Berke, P. Z., Massart, T. J., Peerlings, R. H. J., & Geers, M. G. D. (2010). A ‘quasi-discrete’ model of fracture in
geomaterials. Poster session presented at Mate Poster Award 2010 : 15th Annual Poster Contest.

Document status and date:
Published: 01/01/2010

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

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
DOl 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/8c524b34-3c91-4991-9979-5ffc03703d21

Technische Universiteit
e Eindhoven
University of Technology

A ‘quasi-discrete’ model of
fracture in geomaterials

P. Berkel, T.J. Massart!, R.H.J. Peerlings?, M.G.D. Geers?

lUniversité Libre de Bruxelles (ULB), BATir depit.
?Technische Universiteit Eindhoven (TU/e), MaTe

Motivation

A large variety of geomaterials used in civil engineering
exhibits a quasi-brittle behavior. The understanding and
the prediction of the cracking and the failure behavior of
these materials in construction and building applications
are of the highest interest In order to ensure their
structural safety and to estimate the load bearing
capacity of existing historical buildings.

Bruxelles, ‘Notre-Dame au Sablon’ Crack in a longitudinal section due
start of construction XllI century to differential settlements (soll)

Numerical challenge
Fracture is a phenomenon bridging multiple scales.

Numerical model using continuum scale
constitutive laws
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Most numerical models for quasi-brittle fracture using
continuum scale constitutive laws remain limited by their
high complexity or computational cost. The prime purpose
of this project is to propose a multi-scale scheme which
bears high efficiency coupled to simplicity to attenuate
these common drawbacks.

A ‘quasi-discrete’ approach

The principle of the proposed formulation is a coupling
between numerical scale transition techniques and a
discrete description of equilibrium on the structural
level. The structure iIs composed of assembled cells (unit
volume of microstructure) Iin both behavioral and
geometrical sense. The deformation of a cell iIs imposed
by the displacements of its control points, which are the
only representation of a cell that appears on the structural
scale. Different cellular boundary conditions can be con-

sidered to allow realistic crack propagation and
branching in the cell and on the structural level (cross-talk
between neighboring cells).
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Application to masonry

‘QD’ scheme

Standard FE

Deformed configuration of a compressed, sheared masonry wall. (Only
the brick contours are plotted for QD, the underlying FE mesh of each
cell is omitted for the sake of clarity.) Crack initiation is shown by
arrows. Load-displacement curves agree well.

Conclusions and outlook

The proposed scheme benefits from a natural
representation of fracture on the structural scale
(simplicity) and from a potential easy adaptivity of this
discrete network of points as a function of crack
propagation in the underlying microstructure (efficiency).
Adaptivity on the macroscale based on force-displacement
type relations will be investigated in a future work. As a first
step a selectivity condition will be defined which leads to
conduct a cell computation only when a particular cell
exhibits a nonlinear response. The ‘quasi-discrete’
approach is first applied to periodic microstructures
(masonry) with the ultimate goal to extend it to
heterogeneous random microstructures (concrete).
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