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Modelling of Shells with Nonlinear Behaviour

TU Muenchen, September 2.-4., 1992

The topic of this Colloquium received wide interest in the scientific community working in the
field of shells. More applications were received than could be included in the Colloquium in a
sensible manner. Nearly all of the invited scientists intended to present a paper and a lot of
additional proposals were received. Thus, a consistent program could be arranged from the
numerous interesting proposals for papers as a basis for the discussion of the main topics of
the Colloquium. In summary 32 papers were given, about half of them from non-German

participants.
The focus was directed on new trends and innovations of theoretical foundations of nonlinear

shell theory and corresponding numerical solution algorithms, as well as on the nonlinear
load carrying behaviour, in this case especially on imperfection sensitivity and safety against

stability failure.

With respect to the geometrical nonlinear description of shells for arbitrarily large deflections
and rotations a certain consolidation of the theoretical foundations can be observed. Due to
the highly advanced numerical solution techniques - especially the finite element method -
differential equations of arbitrarily complicated structure can be treated. Thus, there is no
specific need for simplifications in the formulations any more. In the frame of small strain
theory different kinds of basic assumptions - from continuum mechanics as well as from sur-
face theories (Cosserat continuum) - lead to good results as was shown in some papers.

From the theoretical point of view as well as from the numerical solution techniques increas-
ingly important are the polar decomposition of the deformation gradient and the introduc-
tion of rotations as primary unknowns in the field equations. In addition to other advantages
this allows a consistent derivation of the stiffness for drilling degrees of freedom normal to the
shell midsurface which are related to the membrane stresses, an important feature in calcula-

tions with the finite element method.

Actual developments were directed on models for large respective finite strain analysis of
shells and the corresponding material laws. Another domain under intensive investigation is
the extension of the classical shell theory for isotropic media to orthotropic and/or laminated
materials. In these cases Reissner-Mindlin-type theories are applied and a deformation of

the shell director is included.

As is well known the nonlinear load carrying behaviour of shell structures will be influenced
mainly by their imperfection sensitivity. Small imperfections often lead to large deformations



in the critical postbuckling range and a drastic reduction of the limit load. The papers dealing
with the safety against stability failure were mainly investigating the capabilities of the numer-
ical simulation techniques to describe this phenomenon and their theoretical foundations. Of
special importance is the definition of critical imperfection patterns to be used. In this field
more realistic assumptions compared to the classical buckling mode patterns are under devel-
opment. Among others a numerical technique was proposed to find the critical imperfection
patterns on the basis of some kind of perturbation energy related to a variational principle.

In conclusion the Colloquium made clear that the present level of nonlinear shell theory and
numerical modelling is very advanced and offers a broad spectrum of physical and mathemat-
ical applications. Also the more classical isotropic shell theories are extended to orthotropic
and/or laminated shells for applications in aircraft and automobile industry, but also in struc-
tural engineering. In addition the consistent inclusion of nonlinear material behaviour for
large strains and time dependent influences - from the up to now more continuum based ma-
terial sciences — is a demanding challenge for shell analysts. And as the material nonlinear
shell theory and analysis will become more important in the future, this could be a topic for a
further Colloquium on shells in two or three years where these questions could be discussedin

more detail.
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