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Geometric beam theory

In this course we aim to provide an overview of the theory of continuum mechanics in general and of
beams in particular from a geometric and variational point of view. There will be a heavy emphasis on
the theoretical and mathematical aspects.

A diffeomorphism modelling the nonlinear
deformation of a continuum.

We will begin by learning the mathematical tools necessary to study
the subject in depth. However, only a good command of linear algebra
is assumed. A refresher on vector spaces and tensors will be given and
then, we will move on to smooth manifolds.
Armed with those tools, we will dive into the subject of continuum
mechanics, from the general nonlinear setting to the linear setting the
students might already be familiar with. We will see how the result-
ing equations of motion can also be obtained as the Euler-Lagrange
equations of a variational principle.
We will derive the equations for a beam from the linear theory, recu-
perating the classical Euler-Bernuolli and Timoshenko beams.

d1(0)

d2(0)

d3(0)

d3(s)

∂su(s)
e1

e2

e3

u(s)

Sketch of a geometrically exact beam model.

Finally, we will introduce and study a non-linear beam model
known as the geometrically exact beam and see how it may be
derived from the general nonlinear theory of continuum mechan-
ics. The study of this model leads us to the introduction of Lie
groups. These will tie with our initial study of smooth mani-
folds.
If time permits, we will also see how Lie groups can help us de-
rive conservation laws from variational principles via Noether’s
theorem and how this in turn allows us to derive the balance
laws from continuum mechanics.

Addressed audience: Master’s students in engineering, mathematics and physics
Recommended previous knowledge: Knowledge of dynamics and statics, elastostatics, linear algebra
and differential equations.
Date and location: Wednesday and Friday from 10:15 to 11:45. The lecture will take place online in
livestream via Zoom.
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