
IASS Annual Symposium 2019 - Structural Membranes 2019
Form and Force

7–10 October 2019, Barcelona, Spain

Numerical Investigation of Stability for Single- and
Multi-parameter Systems

Steffen ROTH∗,a, Malte VON SCHEVENa, Manfred BISCHOFFa

∗,a Institute for Structural Mechanics, University of Stuttgart
Pfaffenwaldring 7, 70550 Stuttgart, Germany

∗roth@ibb.uni-stuttgart.de

Abstract

In structural analysis with finite elements, both the solution of a problem (e.g. displacements) and the
domain on which it is defined (i.e. the undeformed geometry) are approximated. Spline-based finite
elements allow removing the error in geometry approximation also in non-trivial cases by exactly repro-
ducing the geometry, independent of the mesh. For stability analysis of imperfection sensitive structures,
slight changes of the initial geometry can tremendously change the results. Here, a perfect initial geome-
try approximation offers new possibilities because it removes the problem of mesh-dependent, numerical
imperfections present in classical finite element analysis. Corresponding effects are demonstrated by
means of numerical examples.

In nonlinear stability analysis, computation of the first bifurcation point is significant, e.g. to study im-
perfection sensitivity or to study the post-buckling behavior. The method of extended systems [1] allows
the direct and exact computation of critical points. Here, the required computation of the partial deriva-
tive of the stiffness matrix K with respect to the displacements d poses a major technical challenge. It can
be dealt with by particular numerical differentiation algorithms using complex or hyper-dual numbers,
proposed by [2] and [3], which allow computation of exact derivatives. In a further step, the procedure
of extended systems is expanded to inhomogeneous Dirichlet boundary conditions (“displacement load
cases”) and to the case of multiple, independent load parameters.

With the methods described above, buckling sensitive structures can be analyzed efficiently. The exten-
sion to multiple load parameters allows the design of motions and to study the stability properties of
complex deformation trajectories, for example for deployable and adaptive structures. It thus opens up
new possibilities for computational structural design.
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