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Preface

In 1972 TNO Building and Construction Research originated the development of the
DIANA finite element code. Initially, the idea was to develop an in-house code for
research and consultancy. Gradually, the attractiveness of the code was also rec-
ognized by engineering offices and researchers outside TNO. For this reason, profes-
sional executable product versions of DIANA were prepared and made available to
external users since 1980. The first users came from the Netherlands, but soon the
commercialisation was undertaken world-wide with emphasis on Europe, Japan and
Korea. The research community discovered DIANA’s poteniiai as a software devel-
opment environment in addition to its service for end-use and asked for access to the
source code and programmer’s toolkit to undertake developments. This led to a
multi-disciplinary effort and a continuous process of renewal, partially supported by
the Ministry of Transport, Public Works and Water Management, CUR, NWO/STW
and others. :

Now, 1997, twenty five years later, DIANA has gained a strong position in
Computational Mechanics, still characterized by two key-words: research and end-
use. It is the purpose of this Second International DIANA Conference on Computa-
tional Mechanics to bring together researchers and end-users engaged in finite
element modelling. In line with the first conference, held in 1994 in Delft, the
conference is of special interest to those involved in new developments in computa-
tional mechanics as well as those who are interested in its wide variety of applica-
tions.

The papers and sessions are grouped under the following headings:

— Concrete mechanics and concrete structures;

— Geomechanics and soil-structure interaction;

— Steel and composite structures;

— Computational mechanics of materials;

— Finite element technology and software development.

For each session, practical and theoretical contributions have been mixed, so as to
encourage lively discussions and to promote utilisation driven research as well as
research driven utilisation.

In line with the first conference in 1994, the second conference is jointly organized
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by the four parties that form the DIANA knowledge chain (see also internet http:/
www.diana.nl):

— DIANA Foundation. The DIANA Foundation is a joint initiative of universities,
research institutes and industrial partners that undertake rescarch with the source code
of DIANA. The Foundation has been recognized by the Netherlands Organization for
Scientific Research (NWO) as Expertise Centre for Computational Mechanics. Key-
words are research and creation of new knowledge and pilot versions.

— TNO. TNO carries out the tasks of maintenance, integration and preparation of
new product versions. Activities include software engineering, quality assurance,
documentation, user interfacing, porting, data structuring, tactical developments,
strategic developments, etc. The work falls under the general TNO mission *Making
technology work’ and aims at bridging the gap between university type research and
industry.

— DIANA Analysis BV and international agents. TNO has contracted DIANA
Analysis BV and international agents to carry out tasks for commercialisation. At
present, agents are active in Japan, Korea, UK, Portugal and Spain and Poland, while
DIANA Analysis BV is head office and serving the other regions of the world. Key
words are marketing, sales, distribution and first-line user’s support.

— DIANA User’'s Association (DOV). End-users of DIANA are present in
research, industry and engineering offices. The Netherlands users have organized
themselves into the DIANA User’s Association. The users provide feed-back to the
developers by formulating wishes for new developments and new research.

DIANA Knowledge Flow

Example:

- YIANA Found ‘lor v researc!
Rasearch DIANA Foun ) \__Dew fesearch Doctral studeat develops new damage

-
Qn—ey wishes model for 1D simulation

research & pilot ver-
sions of software

Example

TNO integrates in DIANA mother version,
generalizes to 2D and 3D, avoids conflicts
with existing options, adds quality tests
and user's documentation

TNO
Computational Mechanics
section

Developments
&

Software Engineering

new development

wishes

maintained product
versions of software

Example:

DIANA Analysis BV includes new option
in brochures and newsletter, contacts po-
tential clients, sells and gives first line sup-
port.

DIANA Analysis BV
&

International agents

Commercialization

sales &
first-line support

Example:
End-user profits from new option in indus-
try for civil or mechanical engineering.

Dissemination
&
Industrial use

End-users:
DIANA User’s Association
D.O.V.

The four organizing parties hope that this volume and the conference sessions
contribute to strengthening the relationships and to intensifying the knowledge flow
illustrated above.
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The timing of the conference is such that it provides a unique opportunity to
celebrate the 25th anniversary of DIANA with colleagues and friends from the
computational modelling circle. There will be time for retrospective and even
nostalgic views over the past 25 years, for characterizing the present situation and for
announcing the future policy of DIANA Foundation and TNO. This will cover
technical, commercial as well as policy aspects, with anticipation on new trends not
only in computational mechanics, algorithms and constitutive modelling, but also on
developments in the field of graphical user interfaces and specials (vertical
applications, dedicated software for design and analysis), developments in the data
structuring and building block philosophy of DIANA, and trends in adaptation to new
hardware and software standards.

I wish the participants the best success and much satisfaction in the conference.

Johan Blaauwendraad
Conference Chairman

Delft University of Technology
March, 1997
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Invited paper: Effect of nonlinear behaviour of structures
under earthquake action

Th.Baumann & J. Bohler
DYWIDAG, Structural Design Department, Munich, Germany

Abstract

In many cases the maximum dynamic response of a nonlinear structure is evaluated using
so-called inelastic design spectra. These inelastic spectra are gained dividing the elastic
spectra by behaviour factors, which consider the effect of plastic deformations enabled by
the ductility of the structure. The present paper reports about comparisons of nonlinear
time-history analyses with the application of behaviour factors and inelastic response spec-
tra, respectively. The investigation of typical structures and earthquakes shows the approach
by means of inelastic spectra to be very rough. If more reliable informations about forces
and displacements of nonlinear structures are required, they have to be obtained by carrying
out time-history analyses under consideration of the nonlinear behaviour of the structure.

1 Introduction

Common standards like UBC 94 [9], EC 8 [3], API 620 [1] etc. allow to consider the
effects of the nonlinear behaviour of a structure, dividing its elastic response - assuming it
remains elastically beyond the real yield limit - by a factor which is in a range between 4.0
and 12.0, depending on the statical system and the material. Sometimes not the elastic
response of a structure is reduced, but in advance the spectrum, i.e. the loading, itself,
however, leading to same results (inelastic design spectrum). The reason, why this ap-
proach is permitted, may be the object to avoid a nonlinear dynamic time-history analysis
requiring much more time and money than a response spectrum analysis, which is strictly
limited to linear systems. An early substantiation of response and design spectra for in-
elastic systems has been given by Blume/Newmark/Corning [2]. In [5], [6] formulas have
been proposed for the determination of an appropriate reduction factor (= behaviour fac-
tor), presupposing a given ductility. The question, in how far the effect of nonlinearities
can be considered by means of simple reduction of the elastic results, is discussed follow-
ing by investigation of an uplifting steel tank, which has been treated as a typical nonlinear
IDOF-system with DIANA.



