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Aim of this lecture

To explain what does it mean to be a researcher in Mathematics
by presenting:

• the scientific research carried out at LAMPS of UPVD.

• an interesting topic of Applied Mathematics: the
Mathematical Theory of Contact Mechanics (MTCM).

• some messages destinated to future young researchers.
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I. THE LAMPS OF UPVD
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University of Perpignan Via Domitia (UPVD)

• founded in 1350, one of the oldest in Europe

• 5 faculties (Sciences, Letters, Law, Engineering, Economy)

• 16 laboratories, 2 doctoral schools, 10 000 students

French system

• Teaching : Department (Director) → Faculty (Dean)

• Research : Laboratory (Director) → Vice-president Research

Laboratory of Mathematics and Physics (LAMPS)

• 3 teams (Mathematics, Physics, Computer Sciences)

• 45 members (27 faculty, 3 administrative, 15 PhD students)



Fondamental and Applied Research

Fondamental Research :

• Its aim is to enlarge the knowledge without considering an
immediate application or specific use.

• It provides the foundation of knowledge necessary, sooner or
later, for any other type of research.

Applied Research : focuses on applications.



Research carried out at LAMPS:

• Applied Mathematics

• Statistical Physics

• Computer Science

• Contact Mechanics

• Fluid Mechanics

• Energetics

Common denominator : mathematical and numerical modeling.



To exemplify this research, we start with some simple questions:

• Can we describe the deformation of a tennis ball during an
impact?

• Can we control the vibrations of a metal bridge during the
passage of a train?

• Can we estimate the heating of the TGV wheel during
braking?

• How to reduce energy losses in a house?

Similar questions arise in:

• various manufactury processes

• car industry, aeronautics, civil engineering

• geophysics, medicine



To find an answer to these questions we need:

• To invent equations that describe these phenomena, that is to
say, to create mathematical models.

• To develop theories associated with these models.

• To practice algorithms allowing their numerical solution.

• To implement these algorithms on the computer.

• To compare our numerical simulations with the results of the
experiments which validate the reliability of our models.

The research performed at LAMPS follows all these steps.....



II. MATHEMATICAL THEORY OF CONTACT
MECHANICS

Figure: 1. Tire of the plane at landing.



Figure: 2. Motion of tectonic plates.



Figure: 3. Some examples of contact problems.



Figure: 4. Bone phrotesis.



Main steps in the study of contact problems :

• modelling (constitutive law, contact boundary conditions,
assumptions on external forces,...) =⇒ mathematical model;

• variational analysis (variational formulation, existence and
uniqueness results, properties of the solution, control,...);

• numerical analysis (analysis of semi-discrete and fully
discrete schemes, error estimates,...);

• numerical simulations (including mechanical
interpretations).



Mathematical Theory of Contact Mechanics (MTCM)

Part of Applied Mathematics which deals with the study of
mathematical models which describe general contact problems
with different constitutive laws, varied geometries, and different
contact conditions.

Main feature of MTCM

Cross fertilization between modelling and applications on the
one-hand, and mathematical analysis on the other-hand.



Basic references

A. Signorini, Sopra alcune questioni di elastostatica, Atti della
Società Italiana per il Progresso delle Scienze, 1933.

G. Duvaut and J.-L. Lions, Inequalities in Mechanics and

Physics, Springer-Verlag, Berlin, 1976.

P.D. Panagiotopoulos, Inequality Problems in Mechanics and

Applications, Birkhäuser, Boston, 1985.

N. Kikuchi and J. T. Oden, Contact Problems in Elasticity:

A Study of Variational Inequalities and Finite Element

Methods, SIAM, Philadelphia, 1988.



IV. A FRICTIONLESS CONTACT PROBLEM
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Figure: 6. Physical setting.



Problem P. Find the displacement field u : Ω→ R
d and the

stress field σ : Ω→ S
d such that

σ = Fε(u) in Ω,

Divσ + f 0 = 0 in Ω,

u = 0 on Γ1,

σν = f 2 on Γ2,

uν ≤ g , σν + kν(uν) ≤ 0,
(σν + kν(uν))(uν − g) = 0.

}

on Γ3,

στ = 0 on Γ3.



Variational formulation: Find u ∈ U such that

〈Au, v − u〉+ ϕ(v)− ϕ(u) + j0(u; v − u) ≥ 〈f , v − u〉 ∀ v ∈ U

where

A : V → V ∗, 〈Au, v〉 =

∫

Ω

Fε(u) · ε(v) dx for u, v ∈ V ,

ϕ : V → R, ϕ(v) =

∫

Γ3

ϕν(vν) dΓ for v ∈ V ,

j : V → R, j(v) =

∫

Γ3

jν(vν) dΓ for v ∈ V ,

〈f , v〉 =

∫

Ω

f 0 · v dx +

∫

Γ3

f 2 · v dx for v ∈ V .



Numerical simulations
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Figure: 7. Reference configuration of the two-dimensional body.



Figure: 8. Deformed mesh and interface forces for α = 80 and β = 2
(normal compliance, monotone case).



Figure: 9. Deformed mesh and interface forces for α = 20 and β = 2
(unilateral contact, monotone case).



Figure: 10. Deformed mesh and interface forces for α = 70 and β = 0.5
(normal compliance, nonmonotone case).



Figure: 10. Deformed mesh and interface forces for α = 50 and β = 0.5
(unilateral contact, nonmonotone case).



IV. CO-WORKERS AND ACHIEVEMENTS

Besides his teaching, a research professor accomplishes the
following activities:

• performs research and obtains new results

• writes books and research papers

• supervises PhD students

• organizes international conferences and workshops

• delivers lectures in international conferences

• takes part at national and international research projects

• performs editorial activities (journals, books series)

• travels abroad as visiting professor



To become a researcher professor in Mathematics you need:

• to love Mathematics with passion

• to love teaching Mathematics

• to love solving new and difficult problems

• to make studies in Mathematics (master, PhD, habilitation)

• to have pedagogical qualities

• to have specific human qualities



1972-1976 - Coriolan Brediceanu high school, Lugoj, Romania



Map of Romania.



1976-1981 - Student at University of Bucharest, Romania



1981-1990 - Researcher at Institute of Mathematics,
Bucharest, Romania: PhD thesis in 1988.



1990-1994 - Associate Professor at Blaise Pascal University,
Clermont-Ferrand, France: Habilitation in 1993.



Since 1994 - Full Professor at University of Perpignan,
France.



Main co-workers

MTCM is a transdisiplinary field; for this reason, my
collaborations over the time have been multiple, varied et
complementary. In particular, I had benefit collaborations with
China, Poland, Romania, Spain and USA:

Weimin Han, University of Iowa, Iowa City, IA, USA.

Meir Shillor, Oakland University, Rocherster, MI, USA.

Stanis law Migórski and Anna Ochal, Jagiellonian University,
Krakow, Poland.

Mikael Barboteu, University of Perpignan, France.

Andaluzia Matei, University of Craiova, Romania.



Iowa City, October 2015



Perpignan, June 2016



Main results of our team

• existence, uniqueness, convergence and error estimates results
for various classes of elliptic and evolutionary variational and
hemivariational inequalities.

• definition and study of main properties of history-dependent
and almost history dependent operators.

• study of history-dependent variational-hemivariational
inequalities by using a fixed-point argument.

• modeling, analysis and numerical approximations of new and
nonstandard models of contact with elastic, viscoelastic and
viscoplastic materials.

→ Books, papers in journals, presentations in conferences

















V. MESSAGE FOR YOUNG PEOPLE

• choose the job you like! In this way you will never work!

• be passionate in Mathematics and realistic in life!

• do not neglect the applications in Mechanics, Physics and
Engineering; they could help you to develop and to validate
abstract concepts!

• do not remain isolated, try to have international collaboration!

• use the complementarity as a crucial ingredient in your
collaborations!

• remember that plenty remains to be done in the future!



Thank you for your attention!


