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The buckling sphere is a symbiosis of mechanics of solids and spherical geometry. The
surface of an octant of the unit sphere is shown to be the geometric locus of curves which
permit categorization of buckling, based on the evolution of the ratio of the bending
energy to the total strain energy in the prebuckling regime and on the one of the rotation-
dependent part of the membrane energy to the total membrane energy in this regime.

Fig.1 illustrates such a curve on the surface of the first octant of the unit sphere, herein,
for convenience’s sake, referred to as the buckling sphere. It starts at point A on the
null meridian and ends at the stability limit S, representing the point of intersection of
the so-called buckling parallel and buckling meridian. In the given case, S represents
a bifurcation point, i.e. S = B. The zenith angle is related to the former ratio and

y

x

z

ze

ϕ

a

P

S B�

�

A

null
meridian

O

bending
pole

membrane equator

xe

ye

buckling
meridian

buckling
parallel

Figure 1: Surface curve on an octant of the buckling sphere, containing the stability limit S = D



H. A. Mang, X. Jia and S. Pavlicek

the azimuth angle to the latter, which may be interpreted as the normalized aggregate
nonlinearity of the underlying stability problem. The two angles describe the position
of an arbitrary point on the surface curve. It depends on the load, which is assumed
to increase proportionally from zero to the stability limit. The tool for determination of
these curves is the consistently linearized eigenproblem in the frame of the Finite Element
Method (FEM) [1].

The theoretical objective of this lecture is to present a novel energy-based concept, which
provides fundamental insight into the behavior of structures before and at the onset of
buckling.

The medium-range practical goal of the underlying research is to numerically prove the
anticipated usefulness of this concept for sensitivity analysis of the initial postbuck-
ling behavior of structures, aimed at converting imperfection-sensitive structures into
imperfection-insensitive ones by means of small changes of their original design [2, 3].
The benefit of such a conversion is expected to be the greater, the smaller the percentage
bending energy of the total strain energy is.

At first, the concept of the buckling sphere will be presented. Then, the consistently
linearized eigenproblem will be used to link up structral mechanics with spherical geometry
and to verify this link for the two limiting cases of buckling from a membrane stress
state and from a state of pure bending. Thereafter, the algorithmic translation of the
theoretical concept will be discussed. Finally, results from a numerical investigation,
aimed at categorization of buckling on the basis of the percentage bending energy of the
total strain energy, will be presented.
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