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Many problems in computational mechanics
lead to large sparse systems of equations
with inequality constraints. Examples include
rigid and flexible multibody systems with fric-
tional contact and and constrained optimiza-
tion problems. Efficient iterative solvers are
therefore a key ingredient of modern simula-
tion software.

A particularly attractive class of methods are
projected iterative schemes, which combine
the simplicity of classical stationary iterations
with the ability to directly enforce inequality
constraints. Among these approaches, the
projected Gauss–Seidel (PGS) method pro-
posed by Jourdan, Alart and Jean [1] has be-
come a standard solver for nonsmooth con-
tact dynamics.

For frictionless contact problems, the time
discretized equations often take the form of a
complementarity problem [2]

0 ≤ Wr + q ⊥ r ≥ 0 ,

where the unknown reaction forces r are it-
eratively updated and projected onto the ad-
missible set. The resulting algorithm can be
interpreted as a projected block Gauss–Seidel
iteration and exploits the natural block struc-
ture induced by the contact constraints.

The objective of this thesis is to investigate
how this methodology can be generalized to
the saddle-point systems arising in mixed fi-
nite element formulations [3]. Such systems
frequently appear in constrained structural
mechanics and are typically of the form(
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A central question is whether the ideas un-
derlying projected Gauss–Seidel methods can
be adapted to efficiently solve such systems
while preserving important structural prop-
erties. This includes the investigation of

block relaxation strategies, projection opera-
tors, convergence behavior, and suitable pre-
conditioning techniques.

A second focus of the thesis is the develop-
ment of a high-performance block sparse ma-
trix framework. Classical sparse matrix for-
mats store individual scalar entries and there-
fore fail to exploit the dense sub-blocks nat-
urally occurring in multibody dynamics and
mixed finite element discretizations. Inspired
by the design of the Bogus library, the goal is
to develop amodern C++ implementation that
supports block sparse storage, cache-efficient
matrix-vector products, and block-wise itera-
tive solvers.

The work will comprise a literature study on
projected iterative methods, complementar-
ity problems, and mixed finite element tech-
niques, followed by the design and imple-
mentation of a block sparse matrix infrastruc-
ture. The resulting solver framework will then
be applied to both contact mechanics and
mixed finite element benchmark problems.
Numerical experiments will investigate con-
vergence rates, computational performance,
memory consumption, and scalability with re-
spect to problem size and block structure.
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