
Chapter 1
Introduction

The finite element method (FEM) can be considered as the most important com-
puter tool in structural mechanics. Despite the fact that there are other numerical
approximation techniques known in literature, e.g. the finite difference method or
the boundary element method, the FEM is the most common tool in industrial prac-
tice. The method itself has practically no limitations in regard to the physical prob-
lem. However, the available computer hardware, i.e. workingmemory and CPU,may
impose some limitations on the size of the problems. A diversity of commercial finite
element packageswith different specializations is nowadays available for the calcula-
tion engineer. Some finite element packages are even incorporated in computer-aided
design (CAD) programs. This facilitates the conversion of a geometry into a finite
element mesh. However, a reliable application of this powerful tool requires an in-
depth understanding of the underlying theory. The challenge is not to obtain from a
commercial package some numbers or colorful pictures. The challenge and task of
an engineer is to guarantee good results.

To study the finite element method is a challenging task and different approaches
are available. This ranges from classical lectures and the corresponding textbooks
[2, 3, 15, 22, 23] to the classical tutorials with ‘hand calculations’ [9]. In a more
modern academic context, so-called problem or project based approaches are also
common in some countries [16]. It is also common that the more theoretical sessions
are accompanied by computer based laboratories where a commercial finite element
package is introduced [17]. As an alternative, a real programming language can be
used to teach the computer implementation and to develop own routines [8, 20]. The
scope of this book is slightly different since we are going to use the functionality of a
free computer algebra system. Doing so, we can avoid the need to program standard
routines and focus more on the methodology. The idea for this books partly stems
from lecture notes which are based on the commercial computer algebra system
Mathematica [7]. However, we decided to use the free computer algebra system
Maxima to avoid any license issues since the software can be freely downloaded for
all common operating systems. Furthermore, different graphical user interfaces can
be used.
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