
ADMISSION AND ACCOMMODATION
The course is offered in a hybrid format giving the possibility to attend the 
course also by remote (on Microsoft Teams platform). On-site places are 
limited and assigned on first come first served basis. 
The registration fees are: 

-  On-site participation, 600.00 Euro + VAT*
This fee includes a complimentary bag, five fixed menu buffet lunches, hot 
beverages, downloadable lecture notes.
Deadline for on-site application is May 13, 2022.

-  Online participation, 250.00 Euro + VAT*
This fee includes downloadable lecture notes.
Deadline for online application is June 1, 2022. 

Application forms should be sent on-line through the following web site: 
http://www.cism.it
A message of confirmation 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 30 Euro per person/night (mail to: 
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 
CISM Secretariat in writing (by email) no later than: 
- May 13, 2022 for on-site participants (no refund after the deadline); 
- June 1, 2022 for online participants (no refund after the deadline).
Cancellation requests received after these deadlines will be charged a 50.00 
Euro handling fee. Incorrect payments are subject to Euro 50,00 handling fee.

GRANTS
A limited number of participants from universities and research centres 
who are not supported by their own institutions can request the waive of 
the registration fee and/or free lodging.
Requests should be sent to CISM Secretariat by April 13, 2022 along with 
the applicant's curriculum and a letter of recommendation by the head of the 
department or a supervisor confirming that the institute cannot provide fund-
ing. Preference will be given to applicants from countries that sponsor CISM.

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

Udine  June 13 - 17  2022

Coordinated by

Luis Dorfmann
Tufts University

Medford, MA, USA

Ray Ogden
University of Glasgow

United Kingdom
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INSTABILITY AND 
BIFURCATION OF SOLIDS 

INCLUDING COUPLED FIELD 
PHENOMENA

25th CISM-IUTAM International Summer School on
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The purpose of this course is 
to provide a carefully crafted 
state-of-the-art overview of 
the fundamental theories, 
established models and ongoing 
research related to instability and 
bifurcation phenomena in solids 
undergoing finite deformations, 
including the effects of electric 
fields and growth.  The course 
will be organized around several 
complementary and interacting 
themes.  A comprehensive 
overview of the continuum theory 
of materials subject to large 
deformation will be presented, 
including the constitutive 
equations of nonlinear elasticity, 
elastoplasticity, Cosserat solids, 
electroelasticity, residually 
stressed and fibre-reinforced 
materials, and growth in biological 
systems. 

The general theory of bifurcation, 
instability and non-uniqueness 
within the framework of the 
continuum theory of solids will 

be discussed as the setting for 
applications to specific examples.

The equations governing 
linearized incremental deformation 
fields superimposed on a known 
finitely deformed configuration 
will be highlighted. The tensors 
of elastic moduli for isotropic 
and anisotropic materials will be 
derived, including their important 
incompressible specialization, and 
associated expressions for the 
incremental constitutive equations 
and boundary conditions will be 
provided.  These are needed for 
the analysis of possible bifurcation 
of the equilibrium configuration 
into periodic patterns, and will be 
applied in order to obtain specific 
results for exemplary constitutive 
laws. 

Particular applications that will be 
described are material, surface, 
interface and bending instabilities 
of diffuse type. The notion of 
strong ellipticity will be introduced, 
and phenomena, such as the 

appearance of shear bands, 
associated with loss of ellipticity 
of the governing equations will be 
described. Localized bifurcation 
phenomena will be examined in 
detail, including localized bulging 
of tubes, necking of plates, 
shear banding, creasing and 
folding. Appropriate numerical 
formulations will be provided in 
order to illustrate the solutions for 
a range of specific boundary-value 
problems.

A summary of the key equations of 
electroelasticity will also be given, 
leading to the corresponding 
incremental formulations of 
electroelasticity.  In this context 
wrinkling of a thin film of dielectric 
elastomer, treated as a prototype 
actuator, can be generated by 
application of an electric potential 
between compliant electrodes on 
the surfaces of the film, leading 
to pull-in instability and dielectric 
breakdown, and therefore 
rendering the actuator ineffective.  

Thus, analysis of such instabilities 
will be included in the course since 
this is important for the design and 
integrity of such devices.

The methods of stability analysis 
have a wide applicability in the 
context of the mechanics of soft 
tissue, particularly as related to 
instabilities associated with growth 
and remodelling.  In growth and 
development, instabilities are 
used constructively by nature 
for the formation of structures, 
such as in the folding of tissues 
to form different parts of the 
brain.  Aspects of stability and 
instability that relate to growth 
and the possible development of 
pathologies will also be discussed.

The course is addressed to 
doctoral students and postdoctoral 
researchers in mechanical, 
civil and electrical engineering, 
materials science, applied 
physics and applied mathematics, 
academic and industrial 
researchers and practicing 
engineers.
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All lectures will be given in English. Lecture notes can be downloaded 
from the CISM web site. Instructions will be sent to accepted participants.

INSTABILITY AND BIFURCATION OF SOLIDS INCLUDING COUPLED FIELD PHENOMENA LECTURERS

PRELIMINARY SUGGESTED READINGS

LECTURES

Martine Ben Amar - Ecole Normale Supérieure, Paris, France
6 lectures on:  Application of nonlinear mechanics to biological sys-
tems. Bifurcations and shapes due to growth. The D’Arcy Thompson 
hypothesis and conformal mapping.  Cracks and creases. Laser 
ablation as a technique to access stress.

Davide Bigoni - Università di Trento, Trento, Italy
6 lectures on:  Brief introduction to solid mechanics, with a view on 
Cosserat solids and elastoplasticity. Material stability criteria: posi-
tive definiteness of the constitutive operator, strong ellipticity, elliptic-
ity and wave propagation. Incremental perturbations to a deformed 
solid: derivation and use of Green’s functions. Models of shear 
bands and slip surfaces.  Cosserat effects: folding and faulting.

Michel Destrade - National University of Ireland, Galway, Ireland
6 lectures on:  Derivation of the incremental equations of nonlinear 
elasticity and the elastic moduli, with a treatment of the cases of 
material, surface, interface, plate and bending instabilities. The ap-
proach will at first be theoretical, with emphasis on the compactness 
of the formulas derived, in order to arrive at robust formulations for 
the numerical resolution of boundary value problems. 

Luis Dorfmann – Tufts University, Medford, MN, USA
6 lectures on:  Incremental deformations of nonlinear elastic 
materials.  Electroelasticity and the coupled formulation of incre-
mental electroelasticity.  Instability and bifurcation of electroelastic 
materials: general theory and application to particular geometries 
associated with actuation devices, including wrinkling of thin films 
with compliant electrodes.

Yibin Fu – Keele University, Staffordshire, United Kingdom
6 lectures on:  Methods of nonlinear bifurcation analysis. Localized 
bulging of inflated rubber tubes, with or without fibre-reinforcement, 
coupled with new experimental verification of theoretical predictions. 
Bifurcation and secondary bifurcation in film-substrate bilayers (in-
cluding creasing). Localized necking in electrodes-coated dielectric 
plates.

Ray Ogden – University of Glasgow, Glasgow, United Kingdom
5  lectures on:  Application of the general theory to solids with exam-
ples of local and global non-uniqueness in the context of nonlinear 
elasticity and rubberlike materials.  Formulation of constitutive laws 
for materials supporting residual stresses, and the influence of resid-
ual stresses in promoting or demoting bifurcation in soft solids.


