
ADMISSION AND ACCOMMODATION

The course is offered in a hybrid format, allowing participants the flexibility 
to attend either in person or remotely via the Microsoft Teams platform.
Limited spots are available for on-site attendance and will be allocated on 
a first-come, first-served basis.

Registration fees:

-  On-site participation: 600.00 Euro + VAT*
Includes a complimentary bag, five fixed menu buffet lunches, hot beverages, 
downloadable lecture notes.
Deadline for on-site application is June 1, 2024.

-  Live Streaming Online Participation: 250.00 Euro + VAT*
Includes downloadable lecture notes.
Deadline for online application is June 19, 2024. 

Application forms should be submitted online through the website: 
http://www.cism.it. 
A confirmation message will be sent to accepted participants.

Upon request, a limited number of on-site participants can be accommodated 
at CISM Guest House at the price of 35 Euro per person/night 
(contact: foresteria@cism.it).

 * where applicable (bank charges are not included) - Italian VAT is 22%.

CANCELLATION POLICY
Applicants may cancel their registration and receive a full refund by notifying 
the CISM Secretariat in writing (via email) no later than:
- June 1, 2024 for on-site participants (no refunds after the deadline);
- June 19, 2024 for online participants (no refunds after the deadline).
Cancellation requests received before these deadlines will be subject to a 
50.00 Euro handling fee. Incorrect payments are also subject to a 50.00 
Euro handling fee.

GRANTS
A limited number of participants from universities and research centres who 
do not receive support from their own institutions can request a waiver of 
the registration fee and/or free lodging.
Requests should be sent to the CISM Secretariat by May 1, 2024, along 
with the applicant's curriculum vitae and a letter of recommendation from the 
head of the department or a supervisor confirming that the institute cannot 
provide funding. Preference will be given to applicants from countries that 
sponsor CISM.

For further information please contact:
CISM (Seat of the course)
Palazzo del Torso - Piazza Garibaldi 18 - 33100 Udine (Italy)
tel. +39 0432 248511 (6 lines)
e-mail: cism@cism.it  |  www.cism.it

Udine  July 1 -  5  2024

9th CISM-ECCOMAS Advanced School 
coordinated by

Laura De Lorenzis
ETH Zürich
Switzerland

Corrado Maurini
Sorbonne Université, Paris

France
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MECHANICS AND MECHANICS AND 
PHASE-FIELD MODELSPHASE-FIELD MODELS
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The goal of this course is to 
provide to graduate students, 
young researchers and engineers 
a complete and multidisciplinary 
presentation of the variational 
phase-field approach to fracture.

This new paradigm for the theoret-
ical and computational treatment 
of damage and fracture has 
emerged in the past two decades 
as a game changer for both theory 
and applications and has attracted 
large attention in the broad frac-
ture mechanics community as well 
as from industry. The lecturers 
will present phase-field fracture 
modeling in the framework of the 
variational Griffith’ theory of frac-
ture mechanics and its variational 
regularization, of gradient damage 
models, as well as of phase-field 
modeling for phase transfor-
mations widely used in material 
science. Overviews of current 
research topics and open issues 
will be provided. Lectures on the 

theoretical and mathematical 
aspects will be complemented by 
hands-on tutorials introducing the 
participants to appropriate numeri-
cal methods.

The variational phase-field mod-
eling of fracture can be seen as 
the regularization of the variational 
approach to fracture (Francfort 
and Marigo 1998). The lectures by 
Blaise Bourdin will introduce the 
basic concepts of the variational 
formulation of brittle fracture. 
Flaviana Iurlano will give a general 
introduction to the mathematical 
notions needed to establish the 
link between the sharp-crack 
model and its regularized coun-
terpart (Gamma-convergence). 
The lectures, addressed to an 
audience of non-mathematicians, 
will also highlight the most impor-
tant mathematical aspects in the 
larger context of free-discontinuity 
problems.

The variational phase-field model 
of fracture can also be constructed 
as a special class of gradient 
damage models, thus establishing 
the link with continuum damage 
mechanics. The lectures of Laura 
De Lorenzis and Corrado Maurini 
will be devoted to the variational 
derivation of the set of equations 
which govern the quasi-static evo-
lution of damage in a body, their 
stability, and the discussion of the 
related crack nucleation criteria. 
Reference analytical solutions and 
extensions to elastoplastic cou-
plings will be presented.

Phase-field modeling as a general 
framework entails the regular-
ization of problems involving 
moving interfaces and is a very 
active area in the larger context of 
computational material science, 
fluid mechanics and topology op-
timization. The lectures by Peter 
Vorhees will provide a broad over-
view of the phase-field method, 

starting from its thermodynamics, 
and will highlight different classes 
of models involving conserved 
and unconserved phase-field 
variables.

A primary advantage of the phase-
field framework lies in its flexibility 
and performance in numerical 
computations.  Ensuring robust 
computations and obtaining accu-
rate results is not trivial. Numerical 
aspects will be the focus of the 
lectures by Jack Hale. He will first 
introduce basic concepts of linear 
and non-linear solvers and parallel 
computing, then focus specifically 
on non-linear coupled phase-field 
computations involving incremen-
tal constrained minimization, and 
finally provide hands-on numerical 
examples using the FEniCS Pro-
ject finite element framework.
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VARIATIONAL FRACTURE MECHANICS AND PHASE-FIELD MODELSVARIATIONAL FRACTURE MECHANICS AND PHASE-FIELD MODELS INVITED LECTURERS

PRELIMINARY SUGGESTED READINGS

LECTURES

Blaise Bourdin - McMaster University, Hamilton, ON, Canada
6 lectures on:
Variational formulation of brittle fracture and introduction to the 
regularized models.
 

Laura De Lorenzis - ETH Zürich, Switzerland
6 lectures on:
Variational formulation of damage models. Overview of current 
research topics and open issues: multiaxiality, compression, 
anisotropy, non-uniqueness, dynamics.
 

Jack S. Hale - Université du Luxembourg, Esch-sur-Alzette, 
Luxembourg
6 lectures on:
Introduction to the FEniCS Project and parallel computing (MPI), 
Numerical implementation of phase-field fracture models.
 

Flaviana Iurlano - Sorbonne Université, Paris, France
6 lectures on:
Introduction to the mathematical aspects of phase-field models: 
Gamma-convergence; Phase-field models for phase transitions and 
fracture.
 

Corrado Maurini - Sorbonne Université, Paris, France
5 lectures on: 
Stability of solutions and crack nucleation criteria in variational 
phase-field models. Variational approach to coupled damage and 
plasticity models. 
 

Peter W. Voorhees - Northwestern University, Evanston, Illinois, USA
6 lectures on:
The general phase-field modeling framework: thermodynamics; 
models for conserved and non-conserved order parameters; the 
phase-field method as a computational tool, microstructure and 
fracture.


