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ABSTRACT

In standard stability investigations of structures applying the finite element method usually bifurcation
and snap-through loads – so-calledsingular or stability points– are detected, see e.g. [4],[6],[7]. It is
well-known that for complex structures like cylindrical shells these loads depend strongly on the geo-
metrical and other imperfections, see [8],[9],[10]. It has been shown in [1] that the singular points and
the corresponding modes vary significantly for small deviations of the approximated geometry using
different ansatz-functions. Furthermore investigations in [1] have shown that the converging behavior
for imperfect structures is non-monotone. Particular limitations exist for the stability analysis of shell
structures which involve contact between parts or with surrounding objects. In the end it could be fol-
lowed that stability points and the corresponding loading determined numerically by static stability
analysis are often of limited use for design purposes.

In contrast to the loading obtained for singular points the so-called post-buckling loads, which are the
stable equilibrium states in the post-buckling region, are rather independent of geometrical imperfec-
tions and of approximation order, see [1]. Therefore it is advantageous to use post-buckling loads for
design purposes instead of loads obtained for singular points. Since the applicability of static analyses
in the computation of post-buckling paths like proposed e.g. in [5] is rather limited, it is favorable to
model the complete loading and deformation behavior by a time dependent process, see [3], [2], [11],
[12]. The major advantage of a purely transient analysis is the complete simulation of the buckling
process as it happens in reality. This is possible with moderate numerical effort, since the matrices used
in the solution are usually better conditioned compared to pure static analysis. In addition, this allows
to take the changing boundary conditions as found in contact situations properly into account.

For practical design purposes not only the equilibrium state itself is significant but also the ”robust-
ness” of such states against finite perturbations in contrast to infinitesimal perturbations. In the case of
systems with many equilibrium states at a defined load level finite perturbations can transfer the me-
chanical system from a stable equilibrium state to another equilibrium state or in some cases even to
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an unbounded motion initiating buckling. Then a sensitivity measure can be defined as the reciprocal
value of the minimum perturbation energy, necessary for this transferS = 1/Wper,min, see [2].

In the present paper stability and sensitivity studies are performed for simple stability problems (beams)
and finally for rather general shell structures involving geometrical imperfections and in particular
contact.
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