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Greetings from the
Co-Chairmen of the Congress

Welcome to the joint Eighth World Congress of Computational Mechanics and Fifth European
Congress on Computational Methods in Applied Sciences and Engineering WCCM8-
ECCOMAS 2008 in Venice. Welcome to Venice which is considered among the most beautiful and
best preserved historical cities in the world, unique in the fact that it is the only city built on water. In
Venice you will experience the impact of history and culture, enjoy the flavour of the Adriatic sea
and witness the problems which the preservation of such a unique cultural heritage poses. At the
same lime you will have the opportunily to discuss the latest developments in all aspects of
computational mechanics and computational sciences and their application to traditional fields and
new computation oriented areas in engineering and sciences.

This is the first time that IACM and ECCOMAS have joint their effort to set up a common
conference and the outcome is probably the largest conference ever held in the field of mechanical
sciences in its broader sense, with some 2600 papers to be presented. Several actions intended to
promote the participation of young researchers have been underiaken: 37 scholarships for doctoral
students have been offered by Eccomas, 25 by the US Association for Computational Mechanics
(USACM), 10 by the Associazione Veneziana Albergatori (AVA) and 79 more have been supporied
on the congress budget. In addition to this, USACM also sponsored 25 Young Investigators
Scholarships and 13 Scholarships for Refired Researchers have been supporied on the congress
budget. As an outcome of these actions, almost 500 participants registered as students, probably
the best result ever achieved in congresses of this type.

The local erganizing committee has been working very hard to set up a high guality technical
pragramme. The selected papers have been accepted after a strong selection procedure, starting
from 3457 submitted abstracts. The papers will be presented throughout the week in 35 parallel oral
sessions, scheduled both in the morning and in the afternoon. Furthermore, there will be 10 plenary
and 16 Semi-plenary lectures. This is a very dense programme and it will be surely a very intense
week for all of us. Nevertheless, we hope that you will also have a chance to relax and take part in
the social activities we have prepared. In particular we hope to see you in the Welcome Reception
on Sunday evening at the Hotel Excelsior, at the Award ceremony on the occasion of the
Conference Opening and at the banquet on Thursday evening in the harbour (Stazione Marittima).
You should also take some time to visit the beautiful city of Venice and its museums. We have
prepared on Tuesday and Wednesday, after the sessions, a guided visit to the basilica of San
Marco, with all mesaics lit up, samething which usually is not easy to see.

The selected conference venue is the Congress Center, located in the complex formed by the
Palazzo del Cinema and the former Venice Casino on the Lido di Venezia. The Lido di Venezia is
an island which limits the lagoon of Venice towards the Adriatic sea. The Conference Center is
located close to the sea front. You have just to cross the road and you will be able to stroll along the
beach or swim in the Adriatic sea. If your Hotel is on the Lido-Island, you can simply walk to your
Hotel after the sessions or take a local bus. If your Hotel is elsewhere in the city, there exist
frequent links between the island and other parts of the city. In that case you will experience the life
in a city without cars and with historical buildings everywhere you look. You will also learn how not
to be lost in its many alleys and bridges.

The organizers would like to thank the authors for submitting their contributions and for their
patience in respecting the deadlines. The list of those who have worked at various stages of the
preparation of the conference is long. We want to express our gratitude to all of them. In particular
we want to thank the students of the Specialization School for Secondary Teaching (SSIS Veneto)
at University of Ca Fascarl in Venice for providing assistance in the lecture rooms. Special thanks
go to the almost 400 colleagues who confributed to the organization of the Minisymposia and of the
other Technical Sessions and to the many Referees who, with their work, contributed to enhance
the scientific quality of this cangress. Without their help this congress would have not been
possible. We also want to thank the sponsors who have contributed generously to this canference.

We invite you to enjoy Venice and to experience an unforgettable week.

Bernhard Schrefler Umberto Perego
May 2008.
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Greetings from the
President of IACM

Dear Colleague,

It is my great pleasure to welcome you in Venice from June 30th to July 4 2008 to the
joint WCCM/ECCOMAS congress. The congress merges the 8" edition of the World
Congress on Computational Mechanics of IACM and the 5" European Congress on
Computational Mechanics in Applied Sciences and Engineering of ECCOMAS. The
success of this joint venture is clearly shown by large number of participants, close to
3000. This is a landmark in the history of past congresses of IACM and ECCOMAS.

The success of the WCCM/ECCOMAS congress is also reflected in the content of the
technical programme. Some 170 Minisymposia and Technical Sessions have been
organized by leading sclentists and engineers in topics covering most disciplines in
computational science and engineering, ranging from advances in fundamental and
emerging areas of computational mechanics such as nano-mechanics and material
modelling, to innovative applications in technological fields, such as aeronautics,
industrial forming processes, civil engineering and bio-mechanical engineering among
others. The congress programme, therefore, covers the state of the art on the theory and
practice of computational methods in many areas of engineering and applied sciences.

| thank ECCOMAS, and in particular its President Prof. Herbert Mang, for accepting to
merge the 8" WCCM with the 5" ECCOMAS congress. | hope that this positive
experience will be repeated in the future for the benefit of the computational community
worldwide,

Last but not least, | would like to thank the co-organizers of the WCCM/ECCOMAS
Congress, and particularly the two Co-Chairmen Profs. Bernard Schrefler and Umberto
Perego and their teams at the Universities of Padova and Milano in Italy for an excellent
and outstanding work.

| hope that you will enjoy attending the WCCM/ECCOMAS 2008 congress in the
wonderful and inspiring city of Venice.

Best wishes,
Yours Sincerely,

Eugenio Ofiate
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Greetings from the
President of ECCOMAS

It is fair to say that the Joint 8th World Congress on Computational Mechanics (WCCM 8)
and the 5th European Congress on Computational Methods in Applied Sciences and
Engineering (ECCOMAS 2008) is a mega-event in the history of these relatively young
scientific fields at the forefront of technological progress. The organization of this
Congress by the International Association for Computational Mechanics (IACM) and the
European Community on Computational Methods in Applied Sciences (ECCOMAS) is a
long-term conseguence of an agreement signed by the former Presidents of ECCOMAS
and |IACM, Profs. Oskar Mahrenholtz and Alf Samuelssen. This co-operation shows that,
irrespective of its geographic focus, ECCOMAS is acting globally to fulfill its mission to
“encourage the exchange of information and to enable the transfer of knowledge between
research and industry”.

Today we are confronted with problems in engineering and in the applied sciences with
levels of complexity never encountered before in the history of mankind. The solution of
problems characterized e.g. by the interaclion of fluids and structures, not to forget
materials, is of paramount importance in a technical world of rapidly increasing
sophistication, referred to as the Leonardo World by the eminent philosopher Jurgen
Mittelstralt.

WCCM 8/ECCOMAS 2008 is the ideal forum to report on and discuss solutions of
complex problems in engineering and in the applied sciences with special emphasis on
interdisciplinary research activities. Not the least it is a place where researchers and
practicing engineers of different age groups and from all parts of the globe can exchange
their ideas on these problems and at the same time renew old friendships and establish
new ones in one of the most beautiful cities in the world.

On hehalf of ECCOMAS | wish to thank the Chairmen of the Joint IACM and ECCOMAS
Congress, Profs. Bernhard A. Schrefler and Umberto Perego, for the excellent
organization of the Congress. Their dedicated efforts guarantee that the participants of
WCCM B/ECCOMAS 2008 will return home from Venice under the impression of an
unforgettable scientific and social event.

Prof. Herbert A. Mang
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ABSTRACT

Intumescent coatings are an important group of passive fire protection materials,
representing about one third of steel fire protection costs. This insulating system is
made of four different chemical compounds that can be classified as: a carbonisation
agent, an acid source, a foaming agent and a catalyst. When protecting a steel structure
under fire conditions, the intumescent paint is heated, beginning to melt, to bubble and
to swell, forming a multi-cellular barrier which decreases the heat transfer from the fire
to the substrate. The film behaviour is characterized by an expansion and mass loss,
producing a foam char with a geometry that varies from 5 to 200 times its original
volume. In order to design this type of protection, the intumescence physical and
thermal behaviour must be acknowledged, being the thickness and the effective thermal
conductivity the key parameters during this process.

The performance of a commercial water-based intumescent paint is assessed by a set of
experimental tests, conducted in a cone calorimeter, which enables the mass loss rate
calculation, the substrate temperature and the intumescence thickness variation with
time.

T Ti2 - Top surface temperatures
Bi.1 Bi.2 - Bottom surface temperatures

Fig. 1 — Coated steel plates, with fixed thermocouples, cone calorimeter setup and intumescence
development.

The samples are made of 100 [mm] squared steel plates, coated in one side with
different dry film thicknesses and tested in a cone calorimeter as prescribed by the
standard E1354-04 [1], considering different heat fluxes. Substrate temperatures are
measured by means of four thermocouples, type k, welded at the plate in the heating
side and at the opposite side, at two different positions, see Figure 1. Using discrete



frames, obtained from the camera during tests and by image processing techniques, the
intumescence profile development was measured over time.

Although the problem of solving energy equation on each side of the intumescence
moving boundary is considered as a generalized Stefan problem, in which the moving
boundary and the free boundary locations must be determined as part of the proposed
problem, [2], in this work the intumescence is treated as one homogenous layer of
constant specific mass and constant specific heat. The development of the intumescence
may be considered as a one-dimensional heat conduction problem, where the heat flows
through the coating layer. The governing equation and the corresponding boundary
conditions for the problem are:

oT o oT

—=—k, — 0 L(t 1
P = 5y et 5y <X<L(t) 1)
o T = e~ (T-T,)-eo(T* - T}) x=L() @

aX x=L(t)

oT oT,
k., —=d K =0 3
eff aX scsps Bt X ()

The solution for the effective thermal conductivity and the temperature field, defined by
equations 1-3, may be considered an inverse heat conduction problem (IHCP), being ill-
posed, since it will not, in general, have a unique solution. Such problems are extremely
sensitive to measurement errors, [3]. The proposed numerical solution is obtained by the
finite difference method, considering a single temperature sensor, corresponding to the
thermocouple at the plate top surface, and using the function specification method,
comparing the single future time step and r future time steps methods, as proposed by
Beck, [3].

The intumescence effective thermal conductivity will be estimated by solving the IHCP,
considering the influence of: (1) initial dry thickness, (2) incident heat flux, (3) substrate
thickness and (4) intumescent coating type.
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