I'T Research

In the DIAGNOSTICS FIELD (engine monitoring and
fault detection) innovative techniques (in gas path
analysis, vibration and sound analysis) have been
developed. Some of these techniques are currently
employed by large companies (SNECMA, GE and P &
W). A modular Monitoring System has emerged,
applicable to gas turbine installations.

In the CFD FIELD a variety of methods has been
developed for structured and unstructured meshed
domains. These methods are applicable to external
and internal aerodynamics with particular emphasis to
turbomachines and they include two-phase flows. Key
words describing the development methods are:Finite
difference/finite volume, explicit/implicit, precondi-
tioned variants of the generalized minimal residual
technique, domain decomposition, artificial intelli-
gence, optimisation problems.

In the DESIGN /ANALYSIS OF TURBOMACHINERY
COMPONENTS FIELD, the capability exists for both
external and internal aerodynamic components. Par-
ticular emphasis has been placed on rotating machin-
ery of small size, for which innovative design ap-
proaches have been developed. Experimental results
place the LTT/NTUA designs in the frontier of the
current technology as far as performance is concerned.
LTT/NTUA possesses all experimental facilities for the
support of such developments.

[T Training

LTT/NTUA supports a number of undergraduate and
graduate courses in the Mechanical Engineering
Department of NTUA. In additional supports a
number of Ph D. Theses and short courses in Greece
and other european countries. Joint work with indus-
try in national or international funded programs
provide an opportunity to offer scientific and techni-
cal information to industrial outfits.

I'T Services

LTT/NTUA supports industrial activities not only
through research projects but, also, by designing
specific components of improved performance for
small engines and apparatuses. LTT/NTUA offers as
well support to users of large installations of power
production systems containing gas turbines.
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LTT/NTUA is an e&ucctia al Lab particularly
active in applied research, both scientific and
engineering. Areas of research performed in the
Lab are: CFD, fault diagnosis techniques, par-
ticularly active Lab particularly active in applied
research, both in applied to turbomachinery
installations, interactive analysis / design of
various kinds of turbomachinery components
and internal / external aerodynamics appara-
tuses and, finally, optimisation techniques,
applicable to a multitude of engineering / practi-
cal problems.

LTT/ NTUA is sitting in various scientific and
organizations expert committees (ASME,
ECCOMAS, ERCOFTAC, ISOABE, EU Evaluation
and Expert Committees, RTO)

It entertains strong relations with industry (has
or had contractual relations with approximately
50 european industrial outfits) and through
doctorate theses and teaching passes the accu-
mulated knowledge to students.

Since 1986, approximately 200 publications
have been issued from LTT/NTUA in the afore-
mentioned areas.

LTT/NTUA has joined Macsinet as a founding
member and has created a network of research /
educational units, around the Athens Node of
Macsinet, which participate on an equal basis,
sharing their scientific and technical knowledge
and enriching the Node in different fields of
mathematics, computer science and engineer-
ing.

This interesting situation permits a strong cross-
fertiligation and provides a firm basis for
multidisciplinary problem treatment.

A panorama of the created Network is provided

in the second page.
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WORKING GROUPS Group 1:

MULTIDISCIPLINARY
OPTIMIZATION AND
INVERSE PROBLEMS

Moderator: H. Engl / J. Périaux

Traditional and Deterministic Methods;
Probabilistic Methods; Hybrid Methods

Group 2:

COUPLED PROBLEMS AND
MODEL REDUCTION

Moderator: W. Schilders

Coupled problems can be tackled by constructing
reduced order models for the different aspects of the
problem. Therefore, model reduction plays an impor-

tant role in addressing coupled problems. The
working group aims at identifying techniques
for doing complicated coupled simulations,
with or without the use of model
reduction techniques.

Group 4:

PROBLEMS IN GLASS
INDUSTRY: MACSIGLASS

Moderator: N. Siedow

Radiative transfer; Buckling of drawn sheets;
Rippling at moving contact lines; Windscreen sag
(inverse problem); Necking corrosion at glass/

refractory contact lines; Thin turbulence in

float glass
Group 3: Group b:
MATHEMATICAL MODELING FINANCE AND INSURANCE
AND SIMULATIONS OF

Moderator: G. Peffer
ACOUSTIC PHENOMENA FOR

REDUCED NOISE TRANSPORT
SYSTEMS

Moderator: J. Périaux

There are four main areas in this WG:
external noise (fluids)
internal noise (structures)
fluid/structure noise interactions
industrial application

14 ®

Quantifying and managing financial risks is
crucial for participants in the insurance and finance
sector. The complexity of many of the contractual
obligations necessitates the use of computational
models for valuation and risk measurement
purposes and hence an understanding of

issues both in numerical mathematics
and computer implementation.



Group 9:

AFFORDABLE
PARALLEL COMPUTING
Group 7: Moderator: M. Garbey / P. Wilders
AGRO-FOOD
TECHNOLOGIES Providing state of art information on PCs cluster in

terms of hardware performance, software environment
and benchmark of applications. Special emphasis is
on the description of existing experiences in order to

. ] . . avoid the reproduction of inefficient or costly solu-
Modelling and simulation of food processing tions.

operations are crucial aspects for the food industry. Improving the interactions between

The quality control, monitoring and registering of academia and industry regarding
the evolution of the food properties during their affordable parallel computing,

treatment, packaging or operations in generic
sense involve the use of software modules
Group 10:

and mathematical algorithms.
INDUSTRIAL
PROBLEM-SOLVING DAYS

Moderator: H. Ockendon

Moderator: F. J. Mora Serrano

The Industrial Problem-solving Days will be devoted to
organising meetings with industry to discuss industrial problems.
The Working Group will organise workshops on this theme
throughout Europe. They will be based on the successful ‘Study
Groups with Industry’ and the 1999 Newton Institute meeting

on ‘Free Boundary Problems in Industry’, but will concentrate
on the MACSI-net themes and on encouraging SMEs to take
advantage of MACSI-net. The workshops will be explora-
tory sessions specially designed to give industry the
opportunity to bring problems -both specific and
generic - to a forum where they can be looked
at-in depth by a team of academic
mathematicians.

Group 12: Group 11:
SHAPE AND SIZE IN MEDICINE CONCRETE AS MULTIPHASE
AND BIOTECHNOLOGY POROUS MATERIAL
Moderator: V. Capasso Moderator: B. Schrefler
Shape analysis deals with the geometrical informations of ob- Setting up infrastructure for exchange of informa-

jects that is left after location, scale and rotation effects are removed. If |\ tion, identification of problems, etc.
scale effects are not removed, then we are led to form (size and shape). | \ Concrete action: internet meeting point.
In applications, bodies rarely have exactly the same shape within meas-
urement error; hence randomness of shapes need to be taken into
account. Thanks to the development of information technologies, the
last decade has seen a considerable growth of interest in the statisti-
cal theory of shape and its application to many and diverse scien-
tific areas. From the mathematical point of view shape analysis
uses a variety of mathematical tools from differential geom-
etry, geometric measure theory, stochastic geometry, etc.
As far as applications are concerned, we will em-
phasize here topics which are relevant in
medicine and biotechnology.

©® 15
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PARTICIPANTS FROM INDUSTRY

Dr. S. Odorizzi, Enginesoft
s.odorizzi@enginsoft.it

Prof. J. Periaux, Dassault Aviation, Direction de la
Prospective
periaux@rascasse.inria.fr

Dr. P. Ruffo, ENI-AGIP Division, RIGE Dept.
paolo.ruffo@agip.it

Dr. K.-P. Estola ,Nokia Research Center
kari-pekka.estola@nokia.com

Dr. M. Karvinen, Valmet Corporation
mikko.karvinen@valmet.com

Prof. M. Masmoudi and Dr. M. Rocquette, CADOE
masmoudi@cadoe.com,
michel.rochette@cadoe.com

Dr. Gotthard Rainer, AVL, Graz
gotthard.rainer@avl.com

Dr. Andreas Binder, MathConsult GmbH, Linz
binder@mathconsult.co.at
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LINKED EUROPEAN PROJECTS

Representatives of the following ongoing or recent
projects focused on optimization and design could
contribute to the WG:

FRONTIER (IT)
DECISION (IT)
INGENET (DG12)
AEROSHAPE (DG12)
TRA3 (DG12)

PARTICIPANTS FROM ACADEMIA

Prof. Ing. G. Maier, Politecnico di Milano
giulio.maier@polimi.it

Prof. V. Capasso, MIRIAM , Universita di Milano
vincenzo.capasso@mat.unimi.it

Prof. B.A. Schrefler , Universita di Padova
bas@caronte.dic.unipd.it

Prof. H.W. Engl, J.K. Universitat, Institut fir
Industriemathematik
engl@indmath.uni-linz.ac.at

Dr. Martin Burger, J.K. Universitat, Institut fir
Industriemathematik
burger@indmath.uni-linz.ac.at

Prof. P. Neittaanmaki, University of Jyvaskyla
pn@math.jyu.fi

Dr. M. Makela, University of Jyvaskyla
makela@mit.jyu.fi

Prof. J.-A. Désidéri, INRIA Sphia Antipolis
Jean-Antoine.Desideri@sophia.inria.fr

Prof. O. Pironneau, LAN, UPMC
olivier.pironneau@inria.fr

Prof. C. Poloni, Dipartimento di Energetica Universita
di Trieste
poloni@univ.trieste.it



The WG is a triangular cluster made of three sub-
groups, whose chairmens jointly act as coordinators

of the WG.
OPTIMIZATION INVERSE
PROBLEMS PROBLEMS
Chairman: J.Periaux, Dassault Chairman: H.W. Engl,
Aviation Kepler Universitat Linz,
Austria

SOFTWARE

Chairman: S. Odorizzi,
EnginSoft, Italy

Another aim is to exploit synergies between these
areas, also working on a single data-base at the
centre of the triangular cluster.

POSSIBLE ACTIVITIES SUBJECTS

* Workshops with presentations of current problem ‘s T
fields by industry and current methods by [T Traditional and Deterministic

academia, Methods

* industry proposing and /or running test cases,

* academia running test cases with innovative
methods, and

* both academia and industry installing data on a
database with html papers describing the optimi-
zation/inverse method

* Automatic differentiation

* Large scale linear and non-linear programming
* Surrogate models

* Non-smooth problems

* Convex and non-convex objective functions

* Regularization methods

through: I'T Probablistic and Adaptive Methods

Meetings (M), « Neural Networks
* Fuzzy Algorithms

* Multi-objective / Multi-disciplinary optimization
* Parameter Identification
* Multi Criteria Decision Making

Open Industrial Days (OID) TT Hybrid Methods
Cross fertilize through Open Industry Days;

Gather experience of academic and industrial
experts in different disciplines in prospective
meetings;

* coupling deterministic and stochastic methods

* coupling neural networks and stochastic
DataBase Workshops (DBW) ethods
Identify generic test cases from Industry and
evaluate performances of hew computational

tools through yearly Database Workshops.
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of cement hydration C oy when hydration or dehy-
dration phenomena are analysed, or carbon dioxide
concentration p? and degree of carbonation I,

RSN
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In several S|tuat|ons it is necessary to model concrete
as a multiphase material [1-5], i.e. a material made
up of a solid phase and pores which are filled with
water (capillary and adsorbed), vapour and dry air.
Typical cases deal with concrete performance in the
high temperature range, e.g. during fire, with early
stages of maturing of massive concrete structures,
with shotcrete in tunnelling [6], and with durability.

We present here a general model for chemo-hygro-
thermo-mechanical analysis of concrete applicable to
the above situations. All the important phase
changes of water, i.e. adsorption-desorption, conden-
sation-evaporation, and hydration-dehydration, as
well as the related heat and mass sources or sinks
are considered. Changes of the material properties
caused by temperature and pressure changes, con-
crete damage or carbonation, fresh concrete harden-
ing, as well as coupling between thermal, hygral and
mechanical phenomena are taken into account. This
model further allows to incorporate sorption hyster-
esis [31.

Two applications of this general model are shown.

2. PHYSICAL AND MATHEMATICAL
MODEL

Moist concrete is modelled as a multi-phase mate-
rial, which is assumed to be in thermo-dynamic
equilibrium state locally. The voids of the skeleton
are filled partly with liquid water and partly with a
gas phase. The liquid phase consists of bound water,
which is present in the whole range of moisture
content, and capillary water, which appears when
water content exceeds the upper limit of the
hygroscopic region, Sssp. The gas phase is a mixture
of dry air and water vapour, and is assumed to be an
ideal gas. The chosen primary variables of the model
are: gas pressure pg, capillary pressure p¢= pé&—p*
(p* denotes water pressure), temperature T, displace-
ment vector of the solid matrix u, as well as degree
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when carbonation is considered. In the first case the
degree of cement hydration is a function of the so
called “equivalent period of hydration” depending on
temperature, relative humidity and activation energy
of the hydration process, [7]. When dehydration
process is considered, one may assume that the
degree of dehydration depends on the maximum
value of temperature reached during heating
[1,2,4,5]. In the second case, the mass balance
equation of carbon dioxide, [81, and the evolution
equation for the carbonation process are needed.

Hence, the general mathematical model of chemo-
hygro-thermo-mechanical processes consists of four
or five balance equations, depending on the problem
analysed. They are completed by an appropriate set
of constitutive and state equations, and some ther-
modynamic relationships. For a full description of the
model and its mathematical formulation, see
[1,2,4,9].

Fresh concrete is modelled as a visco-elastic material
by use of the rate (incremental) formulation of solidi-
fication theory [10,111. In this theory concrete
maturing is attributed to a growth of the volume
fraction of load-bearing hydrated cement, which itself
is considered as a non-aging visco-elastic material.
Usually, the creep on these non-aging constituents is
described by a Kelvin chain with a finite number N
of Kelvin units. In this case the spectrum is discrete
and its identification from test data is an ill-posed
problem. To overcome this problem a continuous
retardation spectrum technique has been introduced
in the model. This means that a continuous Kelvin
chain model with infinitely many Kelvin units and
retardation times spaced infinitely closely, has been
used [11].

During analysis of concrete behaviour at high tem-
perature the material damage caused by develop-
ment of cracks is considered following the theory of
non-local scalar isotropic damage [12]. This theory
defines a modified effective stress Qand takes into
account the damage D (0 < D < 1) as a parameter
measuring the reduction of resistant area due to



cracks development, and considers the different
performance of concrete in traction and compression
by means of coupling of damage in traction D, and in
compression D_ [12].

Furthermore, because of significant increase of
concrete intrinsic permeability at high temperature
mainly generated by arising micro-cracks and by
changes of material inner structure, as well as by
crack-opening due to high gas pressure values,
coupling between intrinsic permeability and me-
chanical damage has been developed for the descrip-
tion of changes of concrete physical properties during
complex hygro-thermal and mechanical phenomena
at high temperature [1,2,4,13].

3. APPLICATIONS ON THE
MODEL

The finite element code HMTRA, based on the theory
presented in the previous sections, was successfully
applied for the analysis of several problems concern-
ing hygro-thermal behaviour and deformations of
building materials [11, soils [9], concrete elements
taking into account capillary hysteresis [1,3], fresh
concrete components [1] and concrete structures at
high temperatures [2,4,5,13]. Below two applica-
tions of the code in the latter two situations, which
are rather difficult from the theoretical and numerical
point of view, are shown.

3.1 Concrete in high temperature
environment

The model has been applied to the analysis of be-
haviour of concrete structures under severe tempera-
tures and pressures conditions. In these situations
assessment of concrete performance is of great inter-
est for instance in nuclear engineering applications,
in safety evaluation of tall buildings and tunnels. In
particular, as far as tunnels are concerned, recent
major fires in key European tunnels (Channel, Mont-
Blanc, Great Belt Link, Tauern, Gotthard) empha-
sised the serious hazards they represent in human

Foto:dpa
and economic terms. Present design procedures
against fire have been shown by these incidents to
be seriously insufficient. In the cases referred above,

the duration and extent of the fire were longer than
expected and, in some cases, the temperatures re-
gimes were much more severe than those considered
in the codes. Moreover the post inspection showed
extensive damage to the concrete elements. In the
affected sections of the Channel Tunnel the concrete
lining was almost completely removed by spalling.
Spalling, which may be explosive, is mainly due to
different coexisting coupled processes, such as ther-
mal (heat transfer), chemical (dehydration of cement
paste), hygral (transfer of water mass, in liquid and
vapour form) and mechanical processes (material
damage, cracks development).

For concrete at high temperature one cannot predict
heat transfer from just the traditional thermal proper-
ties: thermal conductivity and volumetric specific
heat (or, under some conditions, one of these proper-
ties plus thermal diffusivity). Movement of air and
water through the concrete is accompanied by sig-
nificant energy transfer, particularly associated with
latent heat of water and heat of dehydration. Be-
cause of the high pore pressures that result when
concrete, particularly high-strength concrete, is
exposed to a fire, it is necessary to consider forced
advection and water vapour particles diffusion.
Moreover, with the temperature increase the aggre-
gates progressively expand as long as they are not
chemically altered, while the cement matrix, after an
initial expansion, is subjected (over 150°C) to a
progressive shrinkage. These two opposite phenom-
ena involve a micro-cracking process, which results
in damaging of the material microstructure. Further,
initial low permeability inhibits water mass transfer
causing high gas pressure values, crack-opening and
a further increase of intrinsic permeability. This
process, resulting in a reduction of Young’s modulus,
a decrease of final strength and a different slope in
the softening part of stress-strain curve, may lead to
a collapse of the structure.

The following example deals with a square column
(30 x 30 cm) subjected to a fire. This simulation
allows for studying the behaviour of a real scale
structure in such conditions, in particular as far as
mechanical behaviour and residual load bearing
capacity are concerned.

Initial conditions for concrete are: p¢=101325 Pa
(atmospheric pressure), $=60% RH, T=298.15 K.
Mixed radiative-convective and purely convective
boundary conditions on the heated sides of the
column, for heat and mass exchange respectively,
are used, with the coefficients a =10 W/m?K and
B.=0.1 m/s. The main characteristic parameters of
the material employed in the calculation are shown
in Table 1.
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Table 1: Characteristic properties of concrete

Parameter Symbol | Value
Porosity n [-] 0.13
Intrinsic permeability k [m?] 3.2°1018
Apparent density p [kg/m?] | 2585

Specific heat C [J/kgKl | 940
Thermal conductivity A IW/mKI | 1.67
Young's modulus E [GPal 33

Poisson’s coefficient v [-] 0.20

Compression strength | f. [MPal 30

Experimentally this kind of geometry presents a
spalling process close to the corner with a possible
exposure of steel bars to the fire and a consequent
collapse of the structure. These phenomena are
clearly visible in Figures 1 and 2, where damage,
vapour pressure, temperatures and relative humidity
distributions are shown. The most damaged part of
the cross section is localized close to the corner (Fig.
1a) where the simultaneous presence of a peak of
pressure (Fig. 1b) can explain the separation of a
part of the column.

Fig. 1. Damage (a) and vapour pressure (b) distribution in the cross section of the

column after 10 minutes of fire

This high value of vapour pressure is mainly due to
pore water evaporation and thermo-diffusion proc-
esses, that take place in the zone immediately be-
hind the corner because of temperature increase
(Fig. 2a), and condensation phenomenon, which can
lead to arising of moisture clog, (Fig. 2b).

e
e
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Fig. 2. Temperature and relative humidity distributions in
the cross section of the column after 10 minutes of fire

3.2 Fresh concrete components

In early age concrete the material properties develop
due to exothermic chemical reactions between water
and cement, denoted hydration, and due to the
thermal activation of water in the pores of concrete
microstructure.

Creep, shrinkage, thermal deformations, i.e. time
dependent deformations caused by mechanical load,
deformations related to moisture content and tem-
perature changes, respectively, are coupled. This
coupling is magnified in the case of fresh concrete
because of the internal drying and the heat genera-
tion due to hydration. Moreover, concrete, as com-
monly used engineering material, is produced under
different environmental conditions. The external
climatic conditions during the casting of concrete
affect the properties of this material. For instance,
hot weather conditions (high air and concrete tem-
peratures, variable relative humidity, intense solar
radiation, and high wind speed) are associated with
high rate of evaporation in porous concrete. The
chemical processes that occur in the first days after
casting, i.e. during hardening of young concrete, are
accompanied by significant volume and temperature
changes.

Initially, heat is generated, and while the stiffness of
the concrete mass is low, the overall volumetric
expansion of the concrete results in moderate
(mainly compressive) stresses. In the second phase,
the concrete mass starts to cool down and, because
the stiffness has markedly increased, significant
tensile stresses develop. The ensuring cracks are

== present before the structure has been loaded.

This early-age cracking plays an important role in
= the definition of the characteristics of the material
with regard to long-term structural response of

concrete structures and to their durability. Cracks
can favour carbonation process, which can modify
the initiation phase of corrosion phenomena, ions
penetration, which may lead to a subsequent corro-
sion, and silica-alkali reactions, whose expansive
products may fracture the matrix of the material. The
model presented above has been modified for study-
ing the behaviour of fresh concrete, taking into ac-
count the above mentioned couplings and the influ-
ence of moisture and temperature distributions.

In the following an example concerning hygro-ther-
mal behaviour of a concrete column (60x40 cm)
during the first 30 days of its maturing in ambient air
of different relative humidity will be shown. The heat
and mass sources related to the concrete maturing
process are expressed as a function of the hydration
degree . (t ). Effect of the temperature and relative

hydr*~e
_humidiyty on the time evolution of the cement

|'::'-': hydration is taken into account, using experimen-

tal data given in [14]. The following material data
are used in computations: p =1900 kg/m?,
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n=0.1, A,=1.67 W/(mK), C_=940 J/(kgK), k=10
¥m?, B,=0.9-10° 1/K, E= 55 GPa and v=0.18.
Initially the column has relative humidity ¢ =99.9%
RH and temperature T =293.15 K. It is assumed
that the hydration process started 2.5 hours before,
hence the element has already a certain shape
rigidity. The external surfaces of the column are
exposed to convective boundary conditions for heat
and moisture exchange. The temperature and relative
humidity of the surrounding air are constant: T,
=293.15 Kand ¢=95 or 55 %RH. The convective
heat and mass transfer coefficients are assumed as
B,=0.033 m/s and a_=8.3 W/(m?K). Because of the
symmetry, only one quarter of the column has been
spatially discretized by use of 130 eight node seren-
dipity elements (13x10), i.e. 437 nodes. During
computations various time steps (from 10 s up to
900 s), according to the stage of the process evolu-
tion, are used. The resulting distributions of the
temperature at time instant t=24 hours for the two
analysed cases of relative humidity are presented in
Fig. 3. In Fig. 4 time evolutions of the relative hu-
midity and hydration degree, in the centre and the
corner of the column, are compared for the two
cases. They show a considerable effect of the ambi-
ent relative humidity upon the kinetics of hydration
process and hygro-thermal state of the maturing
concrete, especially during first hours of the process.
Self-desiccation and self-heating phenomena, char-
acteristic for a fresh concrete, are clearly visible,
influencing significantly the column deformations.
For the analysed column the hydration degree and
the relative humidity, for both analysed cases, have
almost the same value inside the element and close
to its surfaces.

Fig. 3. The distributions of temperature in concrete column
maturing in ambient air having
a) 95% RH,

b) 55% RH, at time instant t=24 h

Tkt g COTIPATISON Of time
evolutions of the
__,‘_relative humidity
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ECMI OVERVIEW

Realizing the need of interaction between universi-
ties and research groups in industry, the European
Consortium for Mathematics in Industry (ECMI) was
founded in 1986 by mathematicians from ten Euro-
pean universities.

ECMI has a threefold philosophy:

To promote the use of mathematics in industry,
To educate young “industrial mathematicians”
To operate on a European scale.

The first objective is quite vivid and has only gained
momentum - even worldwide - as many initiatives
towards bringing mathematics to industry have
become fruitful undertakings, through meetings,
math in industry study groups, special programmes
and even special institutes, where funding from
industry is essential.

The second objective has probably had the most
success, as far as ECMI’s joint post graduate educa-
tional system is concerned. At the moment more
than fifteen institutions, spread out over twelve
European countries, are working together on a pro-
gramme that includes a transnational common
curriculum.

From the onset those who shaped ECMI’s ideals had
in mind a clear relationship between education and
research.

Cooperative research in the ECMI network is made
visible through a variety of meetings, from the bian-
nual large ECMI meeting till the so called Industrial
Days.

Moreover, ECMI has Special Interest Groups (SIG's)

which are application oriented. Successful examples
of SIG’s are on polymers, glass, textiles etc. Thus the
third objective has induced many cooperative efforts.

In summary ECMI’s basic ideas have been imple-
mented in the following activities:

E C M I
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Conferences

A Research Conference is held every two years on
Mathematics for Industry attended by academic
applied mathematicians and industrial scientists, the
latter comprising about 25% of total attendance.

The most recent one, ECMI2000 was held in
Palermo (ltaly) during September 2000.

Conferences are an important and integrating part of
ECMI's activities. They ensure timely distribution of
ideas and thoughts and provide a forum where
“supply and demand” can meet. In view of its special
role ECMI focusses on applications rather than on
mathematical subjects.

The goals of an ECMI Conference are in synthesis

To provide a forum for those who are actively
involved and those more generally interested in
mathematics in industry.

To serve as a venue for ECMI members at large.
To explore new and relevant industrial areas
where mathematics plays a role.

In addition to the biannual general Conferences,

ECMI organizes more frequent meetings and work-
shops specifically designed for interaction with in-
dustry. Let me mention the most regular activities:

Industrial Days: ECMI members address the
industries of the country, where the meeting is
organised. Typical attendance is about 50 peo-
ple, 50% from industry

Special Topic Symposia: On one hand industry
can display timely problems and on the other
experts can talk about their results. Attendance
50-80, a large number from industry.

ECMI Educational Programme

ECMI offers a European Post Graduate Programme
“Mathematics in Industry” , where some 70 students
participate from all ECMI Educational Centres yearly.

As part of the ECMI Educational Programme “Math-
ematics in Industry” ECMI organizes the so called
“Modelling Weeks”; week long meetings for training post
graduates in modelling problems arising in industry.
This has largely a didactical purpose. Attendance is
some 70 students and 10 university teachers.

Special Interest Groups

ECMI Special Interest Groups (SIGs) stimulate long-
term collaboration on specific areas.

Special Interest Groups (SIG) play a key role in the
research branch of ECMI. They are typically applica-
tion oriented. They provide a forum across bounda-
ries, where a single European country would often be
to small. They have turned out to be a successful
means to let industrialists discuss relevant actual



problems with mathematicians, thus increasing
knowledge for the first and expertise for the second.

The goals of an SIG are:

To give mathematicians an oportunity to appreci-
ate the problems and interests of a certain
branch of industry, by studying and solving
relevant problems in relevant areas

To offer industry is specific advice and assist-
ance, in particular with regards to mathematical
modeling of problems

To provide a basis that would not be possible or
meaningful in a single country in terms of numbers
To provide a forum for the exchange of ideas and
crossfertilization of ideas across borders, through
meetings and publications

European Study Groups with
Industry

These are genuine brain-storming sessions on real
problems, the only formal sessions being at the
beginning and the end of the week.

The spin off is substantial in terms of contacts with
industry and genuine mathematical problems.

Industrial participants bring a specific problem of
current interest to a week-long meeting hosted by a
group of applied mathematicians. Intensive discus-
sions are held on each problem over several days
followed by a verbal report at the end of the week.

A more detailed written report is completed within a
few weeks. The aims of this kind of initiatives are

To act as an “introduction meeting” so that
industrialists are able to identify the most useful
group for further collaboration

To stimulate academics by working on problems
that are both new and relevant and often present
exciting mathematical challenges

To introduce students to industrial research in
action

To provide recruitment possibilities for students.

The Study Groups were pioneered in Oxford and
have since been copied all over the world. In quite a
few cases ECMI experts have helped to set up such
initiatives elsewhere. An annual meeting has been
held in the UK since 1968 and since 1991 the
meetings have been designated European Study
Groups with Industry. These meetings are now held
under the ECMI umbrella and are organized any-
where in Europe.

Training
ECMI offers opportunities for young researchers to
work on mathematical problems in industry on
doctoral and post doctoral level. EU grants have
supported a network of postdoctoral researchers at

key institutions who work on specific industrial
problems and take part in a joint training pro-
gramme.

ECMI postdoctoral fellowships are important for
maintaining and strengthening its research base and
collaborative links between centres. They provide
young researchers a unique possibility to learn from
the (to some extent) complementary expertise at the
various centres.Until now most have been funded
under the HCM and TMR schemes of the EU. Ap-
pointments are currently being made for the TMR
Network “Differential Equations in Industry and
Commerce” which will run till 2002.

The scope of these postdoc fellowships is

To train industrial mathematicians for a career in
industry

To better exploit the benefits of complementary
expertise at the various centres through frequent
visits by the ECMI fellows to other centres

To increase the links with European industries
through research on relevant problems

Publications

In order to disseminate its results and achievements
ECMI has various publication links; ECMI is directly
responsible for the

ECMI Newsletter (biannual)
and the

ECMI book series; a subseries of Mathematics in
Industry published by Springer-Verlag.

Moreover, publications of academic papers is encour-
aged and facilitated via various journals on Industrial
and Applied Mathematics which are based at ECMI
centres such as European Journal for Applied Math-
ematics (Oxford), Journal of Engineering Mathemat-
ics (Eindhoven), Surveys on Mathematics in Industry
(Linz), IMA Journal on Industrial Mathematics and
Finance (Strathclyde).

ECMI is often asked to help set up mathematics in
industry activities elsewhere. Thus it has collabo-
rated worldwide on setting up educational pro-
grammes and studygroups. Just as an example,
teams from ECMI have led industrial workshops in
countries like Latvia (1996), Mexico (1995, 1997),
Brazil (1997), etc.

ECMI has three levels of membership:

Academic members
Industrial members
Individual members

In the past the main emphasis was on having indus-
trial and academic members. They are still the most
important category. However, the very nature of e.g.
SIG’s makes individual membership quite meaningful.
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ECCOMAS OVERVIEW

European Community for
Computational Methods in Applied

Sciences

ECCOMAS is an organisation grouping 23 European
Associations with interests in the development and
applications of computational methods in science
and technology.

ECCOMAS was created in 1993 with the aim of
fostering basic and applied research and dissemina-
tion of activities in Europe in the field of Computa-
tional Methods in Applied Sciences. ECCOMAS
Council is formed by official representatives of Na-
tional or Regional Scientific Societies or Organiza-
tions covering most of the European countries. Its
main mission is to favour the exchange of informa-
tion, and to promote the transfer between Research
and Industry at the European scale. Its fields of
interest are the applications of Mathematical and
Computational Methods and Modelling to major
areas such as Fluid Dynamics, Structural Mechanics,
Semi-conductor Modelling or Electro-magnetics.
Multidisciplinary applications of these fields to criti-
cal societal and technological problems encountered
in sectors like Aerospace, Car and Ship Industry,
Electronics, Energy, Finance, Chemistry, Medicine,
Biosciences, Environmental sciences are of particular
interest.

The main event organized by ECCOMAS is a Euro-
pean Congress in Computational Methods taking
place every four years. The main objective of the
ECCOMAS Congress is to provide a common forum
for presentation and discussion of state-of-the-art in
Scientific Computing applied to Engineering Sci-
ences, both in and outside Europe. Equal emphasis
is given to basic methodologies, scientific develop-
ments, industrial and societal applications.

The previous ECCOMAS Congresses were held in
Brussels in 1992, Paris 1996 and Barcelona 2000.
The ECCOMAS 2000 Congress in Barcelona at-
tracted some 1200 participants. The University of
Jyvaskyla, Finland will organize the next edition of
the ECCOMAS Congress in July 2004
(www.mit.jyu.fi/eccomas2004).

The ECCOMAS Congress includes invited lectures,
invited Special Technological Sessions (STS), contrib-
uted papers from Academy and Industry, and
minisymposia. Proceedings of the ECCOMAS Con-
gresses are widely disseminated in Europe.
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ECCOMAS also organises large conferences devoted
to structures and fluids. The second European Con-
ference on Computational Mechanics: Solids, Struc-
tures and Coupled Problems (ECCM 2001) was held
in Krakow (Poland) from 26 — 29 July 2001. The
meeting was organised under the auspices of
ECCOMAS and IACM and attracted over 500 partici-
pants. The third ECCOMAS CFD Congress took place
in Swansea (UK) on 4 — 7 September 2001. Some
450 participants attended this scientific event. These
series of global meetings are complemented with
more focused thematic conferences on state of the
art topics in computational science and engineering
organised with the support of ECCOMAS.

More recently several ECCOMAS Committees in
scientific areas such as CFD, Structures, Electro-
magnetics, Chemistry, Mathematical and Numerical
methods and CAD/CAM have been set up. The main
objective of the ECCOMAS Committees is to promote
the organisation of specific small thematic confer-
ences and workshops in scientific and technological
fields. For more information on ECCOMAS please
visit www.cimne.upc.es/eccomas.






